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CHAPTER 1

CRAFT WINEMAKING AS A PLATFORM
FOR INNOVATIVE DEVELOPMENT
OF WINE TOURISM IN UKRAINE

Chernykhivska A. V.
DOl https://doi.org/10.30525/978-9934-26-697-3-1

INTRODUCTION

In contemporary conditions of transformation of the tourism industry and
the growing demand for authentic tourist experiences, craft winemaking is
becoming one of the key factors in the development of wine tourism. Unlike
industrial wine production, which is focused primarily on standardized products
and large-scale distribution, craft wineries are oriented toward the creation
of unique wines with a pronounced territorial identity, limited production
volumes, and strong integration into local cultural and gastronomic traditions.
Such specificity significantly increases the attractiveness of wine-producing
regions because modern tourists increasingly seek individualized experiences,
emotional interaction with producers, authenticity, and immersion in local
culture.

The development of craft winemaking is closely connected with the
transformation of tourist demand and the emergence of experiential forms of
tourism consumption. Modern tourists are increasingly interested not only in
recreation but also in gastronomy, cultural interaction, participation in local
traditions, and authentic sensory experiences. Under such conditions, wine
tourism acquires a complex interdisciplinary character because it integrates
agriculture, gastronomy, hospitality, culture, and regional development into
a unified tourism system. Craft wineries create unique tourism products
based on terroir, local identity, manual labor, family production models, and
traditional winemaking practices, which cannot be reproduced within mass
tourism.

An important characteristic of craft winemaking is its orientation toward
authenticity and the preservation of regional identity. Small wineries
actively utilize local resources, revive historical winemaking traditions, and
increasingly focus on autochthonous grape varieties and natural vinification



technologies. This contributes to the formation of distinctive tourism
destinations and strengthens the competitiveness of wine-producing regions.
Tourists are attracted not only by wine tastings but also by opportunities
to communicate directly with producers, participate in excursions, visit
vineyards, attend gastronomic events, and experience local cultural
traditions.

Craft winemaking also contributes significantly to the diversification of
tourism products and the revitalization of rural territories. Many small wineries
combine wine production with tourism infrastructure, including tasting halls,
gastronomic spaces, small hotels, cultural events, and educational programs.
Such integration stimulates the development of rural tourism, supports
local entrepreneurship, creates employment opportunities, and increases the
investment attractiveness of regions. At the same time, wine tourism promotes
the preservation of cultural landscapes, traditional agricultural practices, and
regional gastronomic heritage.

A particularly important trend in contemporary craft winemaking is the
growing popularity of natural wines, orange wines, pet-nat sparkling wines,
and wines produced using minimal technological intervention. These products
correspond to modern tourism trends focused on sustainability, authenticity, and
unique sensory experiences. The use of indigenous grape varieties additionally
strengthens the territorial identity of wine regions and increases their tourism
attractiveness because such wines create experiences that cannot be replicated
in other destinations.

The development of craft winemaking also influences the spatial
transformation of wine tourism through the emergence of new wine-producing
microregions beyond traditional viticultural territories. This geographical
diversification contributes to the formation of new tourism routes, local brands,
and regional tourism products integrated with gastronomy, culture, and rural
tourism. As a result, craft wineries increasingly function not only as production
enterprises but also as centers of tourism, cultural communication, and regional
development.

The relevance of the study is determined by the growing importance
of craft winemaking in the structure of contemporary wine tourism and by
the necessity of investigating its role in the formation of authentic tourism
products, strengthening regional competitiveness, and stimulating sustainable
territorial development. The purpose of this study is to analyze the resource
base, infrastructural components, and development trends of wine tourism with
particular attention to the role of craft winemaking in the transformation of
modern tourism systems.



1. Regional Differentiation and Spatial Transformation of Viticultural
Regions of Ukraine and Their Wine Tourism Potential

The regional structure of viticulture and wine production in Ukraine has been
shaped through spatial differentiation, cultural and historical resources, and the
development of tourism infrastructure, which together create the preconditions
for the emergence and expansion of specialized wine tourism destinations.

In the theoretical dimension, this structure should be considered not
merely as the geographical distribution of wineries and tourist routes, but as
a complex territorial and economic system within which the agricultural sector,
processing industry, tourism business, transport infrastructure, local culture,
and institutional environment interact in a multidimensional and interconnected
manner.

From a spatial perspective, the regional structure of wine production is
characterized by uneven development, which can be explained by differences in
natural and climatic conditions, historical traditions, levels of socio-economic
development, and transport accessibility across territories. Certain regions
possess more favorable environmental conditions for viticulture, while others
demonstrate stronger tourism potential due to the concentration of cultural
heritage sites, developed hospitality infrastructure, and established regional
brands.

A significant factor in the formation of the regional structure is historical
and cultural heritage, as winemaking traditions in many regions have evolved
over centuries and constitute an integral component of local identity.

Historic wine cellars, ancient wineries, traditional wine production
technologies, festivals, gastronomic events, and cultural celebrations form
a distinctive cultural environment and substantially increase the tourist
attractiveness of wine-producing regions. In this context, wine tourism performs
not only an economic function but also a socio-cultural one, contributing to the
preservation of local traditions, regional authenticity, and intangible cultural
heritage.

The key category determining regional differentiation in viticulture and wine
tourism is terroir', which encompasses a combination of natural conditions,
including climate, soils, and relief, together with anthropogenic factors such
as winemaking traditions, cultivation methods, and production technologies.
Terroir ensures the uniqueness of wine products and shapes the identity of
the tourism product, which is critically important for the development of
competitive wine tourism destinations. The concept of terroir reflects the

! MiHicTepcTBO ~ arpapHOi MONITHKH Ta MPOZOBOJBCTBA  Ykpainu. KoHuemiis po3BHUTKY

BUHOTpajgapcTBa Ta BuHOpoOcTBa. URL: https:/minagro.gov.ua/ua/news/kontseptsiya-rozvytku-
vynohradarstva-ta-vynorobstva.
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close interconnection between geographical environment and human activity,
emphasizing the importance of local specificity in the formation of wine quality
and regional image.

Climate is one of the fundamental determinants of terroir because temperature
regimes, precipitation levels, the duration of the growing season, and solar
radiation directly influence grape ripening, sugar accumulation, acidity, and
the formation of aromatic compounds. Warm climatic conditions are favorable
for the cultivation of technical grape varieties used in the production of full-
bodied red wines, whereas moderate climates are more suitable for white wines
and sparkling wine materials. Microclimatic factors, including the proximity of
water bodies, wind circulation, humidity, and temperature variations between
day and night, also significantly affect grape quality and the sensory profile of
wines.

Soils determine the water regime of vines, the mineral composition of
grapes, and the development of the root system, thereby directly influencing
wine quality and varietal expression. The most common soil types in viticulture
include fertile chernozem soils, sandy soils, clay soils, limestone soils, and
volcanic soils. Chernozem soils are distinguished by high humus content and
balanced fertility, which contribute to stable yields and harmonious grape
development. Sandy soils provide effective drainage and are associated with the
production of light and aromatic wines, while volcanic soils enhance minerality
and create complex flavor profiles. Consequently, soil composition represents
an essential element in the formation of the organoleptic characteristics and
individuality of wine products.

Relief also plays an important role within the structure of terroir. Vineyards
located on slopes benefit from improved solar exposure, natural drainage,
and protection from cold air masses. Altitude above sea level influences
temperature conditions and grape maturation processes, which affect acidity,
aromatic intensity, and the balance of wines. Southern and southwestern
slopes are generally considered the most favorable for viticulture because
they receive greater amounts of solar heat and create optimal conditions for
grape cultivation. Variations in relief additionally contribute to the formation of
diverse microzones within wine-producing regions, increasing the diversity and
uniqueness of regional wines.

Another important element of the regional structure is the varietal composition
of grapes, which determines the production specialization of wineries, shapes
wine styles, and directly influences the uniqueness and competitiveness of wine-
growing regions. In scientific discourse, grape varieties should be considered
not only as agrobiological resources but also as elements of territorial identity,
instruments of regional specialization, and effective tools of tourism branding.



The varietal structure of Ukrainian vineyards includes both international
and indigenous grape varieties, creating significant diversity in wine production
and favorable conditions for the development of wine tourism.

International grape varieties facilitate the integration of Ukrainian
winemaking into global markets and increase the recognition of domestic wines
among international consumers. At the same time, indigenous grape varieties
preserve regional authenticity, emphasize territorial uniqueness, and strengthen
the competitiveness of local wine tourism destinations. The combination of
international standards with local traditions contributes to the formation of
a distinctive and diversified wine tourism product capable of attracting both
domestic and international tourists.

The most widespread international grape varieties cultivated in Ukraine
include? Cabernet Sauvignon, Merlot, Chardonnay, Riesling, and Sauvignon
Blanc.

The cultivation of international grape varieties plays an important role
in the development of both winemaking and wine tourism because these
varieties are widely recognized on the global market, possess established taste
characteristics, and contribute to the formation of a wine map of the region
that is understandable and attractive to tourists. Their international recognition
facilitates the integration of Ukrainian wine products into global gastronomic
and tourism networks while simultaneously increasing the competitiveness of
domestic wineries.

Alongside international varieties, autochthonous and local grape varieties
are of particular significance for the formation of the regional structure of
winemaking, among which Odessa Black, Telti-Kuruk, and Sukholiman White
should be especially distinguished®. These grape varieties represent an important
component of the national wine heritage and reflect the historical evolution of
viticulture within specific territories of Ukraine.

Autochthonous grape varieties constitute a crucial element of the territorial
identity of wine-growing regions because they have been formed under specific
natural and climatic conditions and are unique to particular localities. Their
cultivation and use in winemaking contribute to the authenticity of wine products
and are oriented toward providing consumers with a unique gastronomic and
cultural experience. Such wines embody regional distinctiveness and strengthen
the connection between local traditions, terroir, and tourism development.

From the perspective of wine tourism development, the use of indigenous
grape varieties is highly important for the creation of competitive advantages

2
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and the tourist specialization of wine-growing regions. Local grape varieties
ensure the uniqueness of wine products, enabling regions to establish
a differentiated tourism product and distinguish themselves from other wine-
producing territories. Wines produced from indigenous varieties are generally
not widely represented on international markets, and therefore the opportunity
to taste them directly at the place of production significantly enhances the
tourist attractiveness of wine regions. This creates additional motivation for
tourists to visit wineries, participate in tasting experiences, and explore regional
gastronomic traditions.

Autochthonous grape varieties also play a substantial role in the formation
of regional brands because they can be directly associated with a specific
territory, its environmental conditions, historical winemaking traditions and
cultural heritage®.

In this regard, indigenous grape varieties function not only as agricultural
resources but also as symbolic elements of regional image formation and
destination branding. Their presence strengthens the authenticity of wine
tourism products and contributes to the development of emotional connections
between tourists and destinations.

The use of local grape varieties is particularly characteristic of small-scale
and craft wineries that focus on the production of limited wine batches, the
organization of tasting tourism, gastronomic tours, and agritourism activities.
Craft wineries frequently emphasize authenticity, environmentally oriented
production methods, traditional technologies, and personalized tourist
experiences, which increases their attractiveness within the contemporary
tourism market. Such enterprises contribute to the diversification of rural
economies, support local employment, and stimulate the preservation of
regional cultural traditions.

The regional structure of Ukrainian winemaking is characterized by
pronounced spatial differentiation determined by a combination of natural
and climatic, historical and cultural, economic, and infrastructural factors.
Traditional wine-producing regions, as well as newly emerging viticulture
territories, have developed within the country and differ in their levels of
specialization, varietal composition, technological orientation, and types of
wine products produced. Certain regions specialize primarily in the production
of table wines, while others focus on sparkling wines, dessert wines, organic
products, or craft winemaking.

Such differentiation represents a key factor determining the potential of
regions for the development of wine tourism because it creates the foundation

4 The Heart of Wine. Wine. Culture. Inspiration. URL: https://theheartofwine.com/.



for authentic tasting routes, gastronomic tours, cultural and educational
programs, and integrated tourism experiences based on local traditions and
regional specificity. The diversity of wine-growing territories contributes to
the formation of multifunctional tourism products that combine gastronomy,
culture, history, agriculture, and recreation. As a result, the regional structure
of viticulture and winemaking becomes not only an economic system but also
an important component of sustainable regional development, destination
branding, and the promotion of Ukraine within the international wine tourism
market.

The Southern region of Ukraine®, which includes the Odesa and Mykolaiv
regions, historically also, encompassed the Kherson region, although under
contemporary military conditions the significance of Kherson for wine
production has substantially decreased. For many decades, the Southern
region remained the national leader in terms of vineyard concentration and
wine production volumes. This region accounted for more than 50% of the
total vineyard area in Ukraine, which ensured a high industrial potential for the
wine industry and created favorable conditions for the production of a broad
assortment of high-quality wines.

The natural and climatic conditions of the Southern region are characterized
by a temperate continental climate with a pronounced maritime influence from
the Black Sea, which performs an important thermoregulatory function and
mitigates extreme temperature fluctuations. The region is distinguished by high
levels of isolation, reaching approximately 220-250 sunny days annually, which
is critically important for ensuring adequate sugar accumulation in grapes and
achieving the desired balance of acidity and aromatic compounds.

The soil cover of the Southern region is represented by fertile chernozem
soils, chestnut soils, and sandy areas with sufficient water-retaining capacity.
Such soil diversity contributes to the cultivation of different grape varieties and
influences the organoleptic properties of wine products. The predominantly
flat relief and the presence of water resources create favorable conditions for
the development of irrigated viticulture, particularly in the Mykolaiv region.
Irrigation systems significantly increase harvest stability, reduce climatic risks,
and contribute to the production of wines characterized by high concentration,
extractivity, and balanced flavor profiles.

The varietal structure of the Southern region combines internationally
recognized grape varieties, including Cabernet Sauvignon, Merlot, Chardonnay,
and Sauvignon Blanc, together with autochthonous local varieties such as

> Bondar M. L. Strategic model of wine tourism development and conceptual approaches to its
accounting in the management of wineries // Exonomiunuii gichux /Jninposcekoi nonimexuixu. 2025.
Ne 2. C. 133-140. https://doi.org/10.33271/ebdut/90.133.

8



Odessa Black and Sukholyman White. The coexistence of international and
indigenous grape varieties allows wineries to diversify their product portfolios,
maintain competitiveness in international markets, and simultaneously preserve
regional authenticity and cultural identity.

Among the leading wine producers of the region are Shabo, Kolonist,
Odessos, Odessa Wine Company, Frumushika-Nova, Bolgrad Winery, Villa
Tinta, and Koblevo®.

These wineries play a significant role in the formation of the regional wine
industry, the promotion of Ukrainian wines, and the development of wine
tourism infrastructure through tasting halls, excursion programs, gastronomic
events, wine festivals, and cultural initiatives.

The Southern region specializes primarily in the production of full-bodied
red wines characterized by expressive tannin structures, as well as aromatic
white wines with pronounced fruity profiles. Such specialization ensures the
competitiveness of regional wines at both national and international levels
while simultaneously forming the basis for the active development of wine
tourism. Wine routes, tasting programs, gastronomic festivals, and integrated
tourism products contribute to the transformation of the Southern region into
one of the leading wine tourism destinations in Ukraine.

The Transcarpathian region represents a historically established center
of winemaking, the development of which occurred under the influence of
Central European viticultural traditions. The region possesses a mild and
stable climate protected by the Carpathian Mountain systems, which creates
favorable conditions for the cultivation of grape varieties intended primarily for
the production of high-quality white wines. These wines are distinguished by
elevated acidity, freshness, elegance, and a complex aromatic profile.

The soils of Transcarpathia, represented predominantly by volcanic and clay
structures, contribute to the formation of a unique mineral composition in wines
that reflects the specificity of the local terroir. Volcanic soils impart minerality,
structural complexity, and distinctive sensory characteristics to wine products,
thereby increasing their gastronomic value and tourism attractiveness.

The varietal composition of Transcarpathia includes well-known European
grape varieties such as Riesling, Traminer, and Furmint, together with local
varieties including Cserszegi Fiiszeres and Leanka’. This varietal diversity
allows regional wineries to combine European winemaking traditions with local
specificity and to produce wines that possess both international recognition and
regional uniqueness.

¢ Acomiamis comenbe Yrpainu. URL: https:/sommelier.org.ua/.

7 Ukrainian Wine Week. URL: https://ukrainewineweek.com/.



Among the leading wine producers of the region are Chizay, Cotnar, Leleka
Wines. These enterprises contribute significantly to the preservation of regional
winemaking traditions, the promotion of wine culture, and the development of
tourism infrastructure in Transcarpathia.

The principal specialization of the region is the production of white wines
characterized by high acidity, pronounced minerality and a sophisticated aromatic
profile. Such specialization determines the strong potential of Transcarpathia
for the development of gastronomic tourism, cultural and educational tourism,
tasting tourism, and ethnographic tourism connected with regional traditions
and multicultural heritage.

The long-term dynamics of vineyard development in Ukraine demonstrate
a significant concentration of vineyard areas within the southern regions prior
to 2014. The total vineyard area in Ukraine amounted to approximately 40—45
thousand hectares, of which the Odesa region accounted for more than 25-27
thousand hectares, representing over 60% of the national total. The Mykolaiv
region contained approximately 4—5 thousand hectares, equivalent to 10-12%,
while the Kherson region accounted for 3—4 thousand hectares, or approximately
7-8%. The Transcarpathian region consistently maintained vineyard areas at
the level of 4-5 thousand hectares, representing approximately 10-12% of the
national structure. Other regions, including Vinnytsia, Cherkasy, Kyiv, Poltava,
Rivne, Zhytomyr, Volyn, Lviv, Ternopil, and Khmelnytskyi regions, possessed
fragmented vineyard plantings totaling approximately 2—3 thousand hectares, or
5-6% of the national vineyard area®.

At the same time, the central regions of Ukraine, including Kyiv, Vinnytsia,
Cherkasy, and Poltava regions, have demonstrated a gradual increase in
vineyard areas by approximately 10-15% due to the implementation of new
investment projects, the expansion of craft winemaking, and the growing
popularity of agritourism. This trend reflects the diversification of the Ukrainian
wine industry and the increasing interest in regional wine production beyond
traditional viticultural territories.

Transcarpathia continues to demonstrate stability in vineyard areas at the
level of approximately 4-5 thousand hectares, which ensures the preservation
of traditional winemaking practices and supports the production of high-quality
white wines that remain closely associated with the cultural and historical
identity of the region.

After 2014, and especially following the events of 2022, the vineyard areas
of the southern regions of Ukraine experienced a substantial decline due to the

8 JlepxaBHa cinyx0a cratucTukE Ykpainu. Craructuka Typusmy B Ykpaini 2024. URL: https://www.

ukrstat.gov.ua/operativ/operativ2024/tur/tur.html.
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loss of territories, destruction of infrastructure, military threats, and significant
changes in the economic conditions of agricultural production. The full-scale
war has had a profound impact on the functioning of the wine industry and
tourism infrastructure, creating unprecedented challenges for the sustainable
development of viticulture and wine tourism’.

A considerable number of vineyards and wine production facilities were
located within active combat zones or temporarily occupied territories, which
resulted in severe infrastructural damage, the destruction of production
capacities, the loss of agricultural resources, and the disruption of logistical
connections. The interruption of supply chains, limitations in transportation,
labor shortages, and reduced investment activity significantly complicated the
operational activities of wineries and tourism enterprises.

In addition, many wine producers faced difficulties associated with export
logistics, rising production costs, and reduced domestic purchasing power, all
of which negatively influenced the overall stability of the sector.

Such territorial transformations within the structure of Ukrainian viticulture
have become a determining factor influencing contemporary trends in the
development of wine tourism. The reduction of vineyard concentration in the
southern regions has been accompanied by the gradual emergence of new
local viticultural centers in central and western Ukraine, thereby stimulating
the formation of multi-vector tourism routes and diversified regional tourism
products. This process contributes to the decentralization of wine tourism and
promotes the development of new destinations with distinct territorial identities
and cultural characteristics.

At the same time, new local wine brands are emerging that combine
craft production methods with the cultural identity and historical traditions
of individual regions. This integration of winemaking, gastronomy, heritage,
and local culture contributes to the individualization of tourism products and
enhances their attractiveness for both domestic and international visitors. The
emphasis on authenticity, regional specificity, and unique tourist experiences
corresponds to current global trends in experiential and gastronomic tourism.

The development of wine tourism remains inseparably connected with
the stability and sustainability of vineyard areas because the existence of an
adequate viticultural base is a prerequisite for the creation of authentic wine
routes, tasting programs, excursion activities, and festival events!’.

®  VYkpaiHCbKe BHHOPOOCTBO MiJ dYac BilHM Ta PO3BHUTOK Tramy3i BIANOBIAHO MO CTaHAAPTIB
€Bporneiicsxoro Co3y: polb 0XOPOHH IpaB iHTeNekTyanbHoi BracHocTi. URL: https://ukrpatent.org/uk/
news/main/ukrainske-vynorobstvo-prava-iv-13042023.

1 Pechko V. Wine tourism as a component of the strategic development of the viticulture and wine
industry. Haykosuui gicnux Ilonmascvkozo yuisepcumenty exonomixu i mopeieni. Cepia «Exonomiuni
naykuy. 2025. Ne 1(115). C. 108-112. https://doi.org/10.37734/2409-6873-2025-1-15.
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Without stable grape production, it becomes impossible to maintain the
continuity of regional wine traditions and ensure the long-term functioning of
tourism infrastructure associated with the wine industry.

The support and development of new winemaking centers in central and
western regions of Ukraine create favorable conditions for the establishment of
competitive local brands that integrate viticulture, gastronomy, hospitality, and
cultural practices into a modern tourism product. Such regional diversification
contributes to the resilience of the wine industry and reduces the excessive
territorial concentration that previously characterized Ukrainian viticulture.

It should also be emphasized that the share of small-scale and craft wineries
continues to increase, particularly those focused on the production of terroir
wines, the preservation of autochthonous grape varieties, and the implementation
of organic and biodynamic production practices. These wineries frequently
prioritize limited production volumes, artisanal technologies, environmental
sustainability, and personalized consumer experiences, thereby forming a new
philosophy of winemaking in Ukraine.

This transformation contributes to the emergence of a new culture of wine
consumption in which the emphasis gradually shifts from mass industrial
production toward authenticity, quality, exclusivity, and the uniqueness of
regional products. Such changes significantly increase the attractiveness of
wine-producing regions for tourists seeking distinctive gastronomic, cultural,
and educational experiences. Wine tourism increasingly becomes associated not
merely with wine tasting but also with immersion in local traditions, interaction
with producers, participation in gastronomic events, and exploration of regional
cultural landscapes.

2. Craft Winemaking in the Formation and Development
of Wine Tourism

Craft winemaking in contemporary Ukraine is emerging as one of the most
dynamic and innovative segments of the national wine industry, developing
at the intersection of agricultural production, the food industry, gastronomy,
and tourism. Within the broader transformation of the tourism sector, this
segment performs the function of an entreprencurial and innovation-oriented
niche focused not on mass production, but on the creation of unique products
characterized by clear territorial identification, authenticity, and a pronounced
cultural component. Craft wineries increasingly function not only as producers
of wine products but also as centers of gastronomic culture, local identity, and
tourism attraction'!.

' UN Tourism. Wine Tourism. URL: https://www.unwto.org/wine-tourism.
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Craft wine production can be defined as the activity of small-scale or family-
owned enterprises that carry out a complete or partial cycle of winemaking
using their own or locally sourced raw materials while applying traditional,
experimental, or natural vinification technologies. Such enterprises typically
operate with limited production volumes and orient their activities toward niche
markets, gastronomic consumption, premium positioning, and wine tourism
development. In this context, craft winemaking represents not only a production
model but also a philosophy centered on authenticity, territorial uniqueness,
environmental sustainability, and direct communication between producer and
consumer.

Craft winemaking has acquired particular significance under conditions
of structural transformations caused by the full-scale war, the loss of part of
the vineyards in the southern regions, disruptions in logistics chains, and the
decline in industrial wine production volumes. Under these circumstances, small
wineries demonstrated a comparatively high level of adaptability, managerial
flexibility, and operational resilience. Unlike large industrial enterprises that
depend heavily on extensive distribution systems and export logistics, craft
wineries were able to quickly reorient their activities toward direct sales,
local markets, tourism services, online communication with consumers, and
participation in regional gastronomic initiatives.

The functioning of craft winemaking is primarily based on small and
family-owned businesses, often referred to as micro-wineries, whose annual
production volumes generally range from several hundred to approximately
15-20 thousand bottles per year. In contrast to large industrial producers
focused on standardized products and mass retail distribution, craft wineries
operate within the niche segment of emotional and experiential consumption.
Their business models are constructed around the concepts of terroir, local
identity, artisanal production, limited batches, manual labor, and the creation of
personalized consumer experiences.

Therefore, craft winemaking should be considered a complex socio-
economic and cultural phenomenon that integrates agricultural production,
gastronomy, tourism, local territorial development, cultural preservation, and the
maintenance of historical traditions. Craft wineries frequently become catalysts
for rural development, contribute to the revitalization of local communities,
stimulate employment opportunities, and strengthen the cultural attractiveness
of regions.

One of the key characteristics of craft winemaking is the transformation of the
technological paradigm of wine production itself. While industrial winemaking
is based on standardization, technological regulation, and consistency of taste
characteristics, the craft segment is oriented toward the philosophy of minimal
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intervention in natural fermentation and maturation processes. This concept
prioritizes the preservation of the individuality of each harvest year and the
creation of wines that reflect the specific characteristics of terroir, climatic
conditions, and artisanal production methods.

The philosophy of minimal intervention involves the use of natural
biochemical processes, reduced technological manipulation, and limited
industrial correction of wine characteristics. Such an approach allows producers
to preserve the authenticity and individuality of wine products while forming
distinctive sensory and aromatic profiles that cannot be entirely reproduced
under industrial production conditions. Consequently, each wine becomes
a reflection of a specific harvest, territory, and production philosophy.

Among the principal technological approaches employed within craft
winemaking is the use of autochthonous microflora’. Instead of cultivated
industrial yeast strains, many craft producers rely on wild or spontaneous
yeasts naturally present on grape skins and within the winery environment.
Fermentation using spontaneous yeast occurs more slowly and unpredictably,
yet it enables the maximal expression of terroir characteristics, contributes to
the formation of complex aromatic structures, and enhances the uniqueness of
the final product. Such wines often possess greater depth, individuality, and
sensory diversity compared with standardized industrial wines.

Another important technological direction is the revival of alternative
aging methods traditionally associated with historical winemaking cultures.
Small wineries increasingly employ ceramic amphorae, clay vessels, and
Georgian qvevri buried underground for wine aging and fermentation'®.
These ancient technologies provide natural micro-oxidation without the
pronounced influence of oak barrels, thereby allowing the preservation of
varietal purity and the formation of distinctive organoleptic characteristics.
Wines produced using amphora or qvevri technologies are frequently
characterized by complex structures, enhanced texture, natural stabilization,
and unique aromatic profiles that attract consumers interested in authentic
and experimental wine styles.

The revival of traditional vinification technologies also possesses important
cultural and tourism significance because it strengthens the connection between
modern winemaking and historical heritage. Tourists increasingly seek authentic
experiences associated with traditional production methods, direct interaction
with winemakers, and participation in tasting activities that emphasize the
uniqueness of local wine culture. Consequently, craft wineries become

12 Great Wine Capitals. URL: https://www.greatwinecapitals.com/.
13 International Organisation of Vine and Wine (OIV). World Vitiviniculture Situation 2024. URL:
https://www.oiv.int/public/medias/9450/oiv-world-vitiviniculture-situation-2024.pdf.
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not merely production enterprises but multifunctional tourism destinations
integrating gastronomy, education, culture, and recreation.

Natural and experimental wines constitute one of the most innovative and
rapidly developing directions within contemporary Ukrainian craft winemaking.
This segment reflects global trends oriented toward authenticity, minimal
technological intervention, environmental sustainability, and the revival of
traditional production methods. Among the most widespread categories of
natural and experimental wines produced by Ukrainian craft wineries are
pétillant naturel wines, commonly known as pet-nat, which represent ancestral
sparkling wines produced through natural secondary fermentation in the bottle.
Such wines are characterized by freshness, lively acidity, and an artisanal style
that differs significantly from industrial sparkling wine production methods.

Another important category is orange wine'4, produced from white grape
varieties using extended skin maceration technology. This method provides
wines with an amber or orange color, enhanced tannic structure, complex
texture, and deep aromatic characteristics. Orange wines have gained increasing
popularity within gastronomic tourism and among consumers interested in
authentic and unconventional wine styles.

In addition, many Ukrainian craft wineries specialize in the production
of natural wines without filtration, wines with minimal sulfur addition, and
experimental blends created in limited micro-batches. These production
approaches emphasize the individuality of each vintage and the expression
of terroir characteristics while simultaneously reflecting the creativity and
experimental orientation of small-scale producers. Such wines are typically
associated with niche consumption and are highly attractive for gastronomic
tourism, tasting experiences, and wine festivals focused on artisanal production.

A particularly important trend within contemporary Ukrainian craft
winemaking is the revival and active use of autochthonous grape varieties,
among which Odessa Black, Sukholyman White, Telti-Kuruk, Zagrey, Rkatsiteli,
and Furmint occupy a special place. Rkatsiteli remains traditionally widespread
in Transcarpathia and southern Ukraine, while Furmint is especially associated
with the Transcarpathian wine region and Central European winemaking
traditions.

The use of indigenous grape varieties constitutes an essential component
in the formation of national wine identity and the strengthening of the
cultural distinctiveness of Ukrainian winemaking. Autochthonous varieties
allow wineries to produce wines with unique sensory characteristics that

4 Harypua H., Kypunenko 0. Jlocnimkennst puHky BuHOpoOCTBa YKpainu sk iH(pacTpyKTypu st

BHHHOTO TypH3MY. [nnosayii ma mexuonoeii'y cepi nociye i xapuysanna. 2024. Ne 3 (13). C. 101-105.
https://doi.org/10.32782/2708-4949.3(13).2024.15.
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cannot be replicated in other wine-producing countries. Consequently, these
varieties play an important role in the development of wine tourism because
contemporary tourists increasingly seek authentic local products, exclusive
tasting experiences, and regional gastronomic traditions connected with
specific territories.

One of the most significant tendencies in the development of modern
Ukrainian winemaking is the geographical diversification of the craft segment,
manifested through the expansion of viticulture and small-scale winemaking
beyond the traditional southern wine-producing regions. Historically, viticulture
in Ukraine was concentrated primarily within the Black Sea region and
Transcarpathia. However, during the twenty-first century, new wine-producing
microregions have gradually emerged within central, western, and even northern
regions of the country. This diversification reflects both changing climatic
conditions and the growing interest of entrepreneurs in craft production,
agritourism, and local gastronomy.

Despite this geographical expansion, the southern regions of Ukraine,
particularly Odesa, Mykolaiv, and Bessarabia, continue to remain the principal
centers of national winemaking due to their favorable climatic conditions,
extensive historical traditions, developed vineyard infrastructure, and established
wine culture. These regions possess strong potential for the development of
integrated wine tourism products that combine gastronomy, culture, history, and
rural tourism experiences.

Among the key representatives of contemporary craft winemaking in
southern Ukraine are Beykush Winery, Frumushika-Nova Family Winery,
Ofiussa Winery, 46 Parallel Wine Group, and SHABO". These wineries
actively contribute to the promotion of Ukrainian wines within domestic and
international markets while simultaneously developing tourism infrastructure
through tasting programs, excursion services, gastronomic events, and cultural
initiatives.

Particular attention should be devoted to Ofiussa Winery located in Odesa
Oblast within the historical region of Bessarabia. Founded in 2022, this young
winery operates within one of the oldest viticultural territories of Ukraine
and builds its production philosophy upon the principles of terroir-oriented
winemaking and the use of local grape resources. The winery places special
emphasis on indigenous grape varieties such as Telti-Kuruk and Odessa Black,
thereby contributing to the preservation of regional wine traditions and the
strengthening of local wine identity.

!5 JlepxaBHE areHTCTBO PO3BHTKY Typu3My Ykpainu. Crpareris possutky Typusmy. URL: https://

tourism.gov.ua/strategiya-rozvytku-turyzmu.
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The activities of such wineries demonstrate that modern Ukrainian craft
winemaking increasingly combines innovation with historical continuity,
integrating traditional viticultural practices, experimental technologies, local
identity, and tourism development into a unified socio-economic and cultural
system. As a result, craft wineries are becoming important centers of regional
branding, gastronomic tourism, and cultural communication, contributing to
the formation of a modern image of Ukraine within the international wine and
tourism space.

An important characteristic of contemporary Ukrainian craft winemaking
is the development of cooperative relationships between wineries and local
grape producers. In particular, cooperation with winegrowers from Shabo,
Starokozache, and Chabanske contributes to the formation of a network-based
model of craft production that integrates local agricultural resources, regional
identity, and small-scale entrepreneurship into a unified economic system. Such
cooperation enhances the sustainability of local viticulture, supports regional
economic development, and strengthens the integration of wine production
with tourism and gastronomy. Technologically, many craft wineries are
oriented toward the philosophy of natural wine production, which presupposes
minimal intervention in fermentation and aging processes while preserving the
authenticity of terroir and the individuality of each harvest.

Frumushika-Nova Family Winery located in Odesa region is integrated into
a large ethno-tourism complex that creates a synergistic combination of wine
tourism, gastronomic tourism, and cultural tourism. The vineyard area exceeds
10 hectares, while production activities are oriented toward organic cultivation
practices and environmentally sustainable approaches. The winery’s product
portfolio includes both international and autochthonous grape varieties,
particularly Citronny Magaracha and Odessa Black, which regularly receive
high evaluations at international wine competitions. A defining feature of the
enterprise is the formation of a comprehensive tourism product that integrates
wine tastings, ethnographic events, traditional gastronomy, and cultural
experiences connected with regional heritage. Such integration significantly
increases the attractiveness of the winery for domestic and international tourists
seeking authentic cultural experiences.

46 Parallel Wine Group located in Odesa region represents a new generation
of Ukrainian winemaking enterprises oriented toward international markets and
global competitiveness. The company’s concept is based on the use of grapes
cultivated along the 46th parallel, emphasizing the geographical identity and
climatic specificity of the products. The enterprise has received more than
90 international awards and forms part of the international wine group Vinos
de la Luz, which facilitates integration into the global wine industry and
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promotes the export of Ukrainian wines. Through participation in international
exhibitions, competitions, and professional networks, the company contributes
to strengthening the international recognition of Ukrainian winemaking and the
development of the national wine brand.

SHABO, located in Odesa region, is one of the oldest and largest wine
producers in Ukraine. Despite its industrial production scale, the company
actively interacts with the craft segment through the implementation of
innovative technologies, experimental projects, and the development of tourism
infrastructure. SHABO owns more than 1,200 hectares of vineyards and
has received over 500 international awards, confirming the high quality and
international competitiveness of its wine products. A particularly important role
is played by the Center of Wine Culture, which has become one of the key
wine tourism attractions in Ukraine. The center integrates museum exhibitions,
tasting halls, educational programs, excursion routes, and gastronomic events,
thereby transforming the winery into a multifunctional tourism and cultural
destination.

Beykush Winery located in Mykolaiv region is considered one of the most
innovative family wineries in Ukraine. Founded in 2010, the enterprise became
a pioneer in the field of experimental blends and the cultivation of non-standard
grape varieties adapted to local terroir conditions. The winery possesses its
own vineyards exceeding 15 hectares, which enables full control over the
entire production cycle from grape cultivation to bottling finished products.
Beykush Winery is actively integrated into international wine markets and
has received more than 100 awards at prestigious international competitions,
including the Decanter World Wine Awards. An important feature of the winery
is the creation of unique wine brands such as Kara Kermen, which contribute
to the formation of a new stylistic image of Ukrainian wine and enhance its
international competitiveness.

The wineries of southern Ukraine are generally characterized by an
orientation toward autochthonous grape varieties, the production of natural wines,
experimental vinification technologies, and active integration into wine tourism
development. Beykush Winery is especially recognized for its experimental blends
and innovative approach to terroir expression, Frumushika-Nova is distinguished
by the successful integration of wine production with ethnographic tourism and
gastronomy, while 46 Parallel Wine Group demonstrates a strong orientation
toward global markets and international branding strategies. Together, these
wineries contribute to the transformation of the southern regions into modern
centers of wine tourism and gastronomic culture.

Transcarpathia represents the second most important wine-producing region
of Ukraine where centuries-old winemaking traditions are combined with
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contemporary technological and tourism-oriented approaches. The region is
distinguished by favorable climatic conditions, volcanic and clay soils, mountain
terroir, and a multicultural historical heritage that significantly influence the
specificity of local wines and tourism development.

Among the key wineries of Transcarpathia are Chateau Chizay, Kohanovska
Winery and Copak Wine'. These enterprises actively contribute to the
preservation of regional traditions while simultaneously implementing modern
approaches to natural winemaking, tourism development, and international
promotion.

Chateau Chizay is considered one of the flagships of Ukrainian winemaking.
Operating since 1995, the company manages more than 270 hectares of
vineyards and successfully combines European winemaking traditions with
local Transcarpathian specificity. The winery actively represents Ukraine at
international exhibitions and wine competitions and has received numerous
awards for the quality of its products. Chateau Chizay specializes particularly
in wines produced from the Furmint grape variety as well as dessert wines that
reflect the historical traditions of Central European viticulture. The enterprise
also actively develops tourism infrastructure through tasting complexes, guided
tours, gastronomic events, and cultural programs associated with regional wine
heritage.

Kohanovska Winery located in Transcarpathia is a family-owned enterprise
specializing in the production of natural sparkling wines, particularly pet-nat
wines produced using ancestral fermentation methods. A distinctive feature of
the winery is its focus on mountain viticulture and the cultivation of grape
varieties such as Miiller-Thurgau and Zweigelt. The winery demonstrates
a strong orientation toward spontaneous fermentation, local wine styles,
artisanal production methods, and minimal technological intervention. Such an
approach corresponds to contemporary global trends in natural winemaking and
increases the attractiveness of the winery within the segment of experiential and
gastronomic tourism.

Copak Wine practices a fully natural approach to wine production, including
fermentation with wild yeast and the complete absence of technological
additives. The winery’s products represent an example of the «pure terroiry»
concept because they emphasize the natural characteristics of grapes, local
environmental conditions, and minimal human intervention in the production
process. This philosophy fully corresponds to current international trends in
the development of natural wines and sustainable gastronomy. The winery

® World Travel & Tourism Council (WTTC). Economic Impact of Tourism in Ukraine 2025.
URL: https://wttc.org/research/economic-impact/country-analysis.
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also contributes to the formation of a niche tourism product oriented toward
consumers interested in authentic, environmentally sustainable, and artisanal
wine experiences.

The wineries of the Transcarpathian region specialize primarily in European
grape varieties, natural wines, and the development of wine tourism integrated
with regional cultural heritage. A distinctive feature of the region is its mountain
terroir, which contributes to the formation of wines characterized by elevated
acidity, elegance, freshness, and pronounced minerality. Such characteristics
significantly increase the gastronomic value and tourism attractiveness of
Transcarpathian wines while strengthening the competitiveness of the region
within the national and international wine tourism market.

Podillia, which includes the Vinnytsia, Ternopil and Khmelnytskyi regions,
is gradually emerging as one of the newest centers for the development of
craft winemaking in Ukraine, particularly within the segments of pet-nat and
orange wine production. The region demonstrates the growing geographical
diversification of Ukrainian viticulture and reflects contemporary trends
associated with experimental vinification, terroir-oriented production, and
the integration of wine tourism into rural development strategies. Favorable
microclimatic conditions, increasing entrepreneurial activity, and the revival of
local agricultural traditions contribute to the formation of new wine-producing
microregions within Podillia.

An important example of the development of craft winemaking in Podillia,
particularly within the territory located between the city of Mohyliv-Podilskyi
and the village of Bronnytsia in Vinnytsia region, is the activity of the family
winery Vinnyi Dim Gigineishvili. This enterprise demonstrates a comprehensive
approach to the development of modern Ukrainian winemaking through the
restoration of historical vineyards, the implementation of traditional wine-aging
technologies, and the simultaneous development of tourism infrastructure. The
winery therefore functions not merely as a production facility but also as an
element of regional cultural and tourism development.

The enterprise has operated within the Ukrainian wine market for more than
ten years and has gradually formed its own production and marketing niche
within the craft wine segment. A distinctive characteristic of the winery is its
orientation toward the revival of historical vineyards covering approximately
16 hectares. A significant proportion of production processes is performed
manually, which fully corresponds to the philosophy of artisanal production,
small-scale viticulture, and the preservation of traditional agricultural practices.

From a technological perspective, the winery actively applies traditional
vinification methods, particularly the aging of wine in qvevri and clay amphorae.
Such technologies are characteristic of natural and terroir-oriented winemaking
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because they allow minimal technological intervention while preserving the
individuality of grape varieties and the authenticity of local terroir. The use of
amphora technologies also contributes to the formation of unique organoleptic
characteristics and enhances the gastronomic value of the wines.

In addition to production activities, Vinnyi Dim Gigineishvili actively
develops tourism infrastructure. The winery includes a tasting hall and a small
hotel designed for receiving tourists and organizing gastronomic events. This
approach corresponds to the contemporary model of craft winery development
in which wine production is integrated with rural tourism, wine tourism, cultural
tourism, and gastronomy, thereby forming a comprehensive and multifunctional
tourism product. Such integration significantly increases the attractiveness of
the region for visitors interested in authentic local experiences.

Bakota Bay Winery located in Khmelnytskyi region represents another
important example of the new generation of Ukrainian craft wineries.
Established in 2023, the winery develops wine tourism based on the unique
natural landscapes of the Bakota area, which possesses significant recreational
and tourism potential. The product portfolio includes international grape
varieties such as Chardonnay and Pinot Noir together with adapted hybrid
varieties capable of successful cultivation under local climatic conditions.
A defining feature of the enterprise is the integration of winemaking with
recreational activities, ecological tourism, and the active development
of tourism infrastructure associated with the natural attractiveness of the
region.

Fathers Wine Winery located in Ternopil region is considered one of the
most recognized craft wineries in Ukraine. Founded in 2010, the enterprise
possesses approximately 6 hectares of vineyards and annually produces around
40-50 thousand bottles of wine. The winery is distinguished by a strongly
experimental production philosophy that combines traditional technologies
with innovative vinification approaches. Among the principal technological
directions are the use of amphorae and oak barrels, the production of amber
or orange wines, and the development of pet-nat sparkling wines produced
through ancestral fermentation methods. The products of Fathers Wine Winery
have repeatedly received recognition at prestigious international competitions,
including the Decanter World Wine Awards, which confirms the growing
international competitiveness of Ukrainian craft winemaking.

An equally important trend within the transformation of Ukrainian viticulture
is the emergence of non-traditional wine-producing zones in regions such as
Sumy, Zhytomyr, Dnipropetrovsk and Lviv. These territories historically were
not considered suitable for large-scale viticulture due to climatic limitations.
However, climate change, technological innovation, the use of hybrid grape
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varieties, and the growing popularity of craft winemaking have stimulated the
gradual expansion of vineyards into these new geographical areas.

Dryukivskie Wines located in Dnipropetrovsk region represents one of
the few wineries in central-eastern Ukraine that demonstrates the successful
adaptation of viticulture to atypical natural and climatic conditions. The
operation of the enterprise for more than ten years indicates its institutional
stability and the establishment of a sustainable production model within the
craft wine segment. The winery’s assortment is characterized by considerable
diversification and includes a broad spectrum of wine styles ranging from
classic white and red wines to orange wines produced through extended skin
maceration technologies.

An important feature of Dryukivskie Wines is the combination of
international grape varieties such as Sauvignon Blanc, Riesling, Cabernet
Sauvignon, and Merlot with indigenous Ukrainian varieties, particularly
Odessa Black. This hybrid production model increases adaptability to local
environmental conditions while simultaneously preserving elements of national
wine identity. In addition to production activities, the winery actively develops
tasting tourism, thereby ensuring its integration into the regional tourism space
and contributing to the formation of demand for wine tourism within central-
eastern Ukraine.

Enko Winery located in Sumy region represents a vivid example of
experimental viticulture in the northern regions of Ukraine where climatic
conditions were traditionally considered unfavorable for grape cultivation.
The establishment of vineyards in 2018 indicates that the enterprise belongs
to the newest wave of development of non-traditional wine-producing
territories. The winery’s production strategy is based primarily on the use
of hybrid grape varieties such as Johanniter, Citronny Magaracha, and
Levokumskyi Chornyi, which demonstrate increased resistance to low
temperatures and diseases.

This approach reflects not only technological adaptation to local climatic
conditions but also the strategic direction of the future development of Ukrainian
viticulture under conditions of climate change and geographical expansion of
the industry. The use of hybrid varieties increases production sustainability
and opens opportunities for the further development of viticulture in northern
territories previously considered unsuitable for wine production.

Halytski Pahorby Winery located in Ternopil region is another young
winery focused predominantly on white grape varieties, particularly Sauvignon
Blanc and Solaris. A distinctive feature of the winery is the use of amphora
technologies and the integration of historical and cultural narratives into
brand formation and tourism positioning. Such an approach strengthens the
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authenticity of the tourism product and creates emotional connections between
visitors and regional heritage.

Rakovetska Loza Winery located in Lviv region is a family-owned enterprise
with relatively small production volumes amounting to several thousand
bottles annually. The winery operates under cool climatic conditions that
significantly influence the stylistic characteristics of the wines. Its products are
distinguished by elevated acidity, freshness, elegance, and high gastronomic
value, which correspond to contemporary trends in cool-climate viticulture.
The winery actively participates in tasting competitions, regional wine festivals,
and gastronomic events, thereby contributing to the growing recognition of
western Ukrainian winemaking within domestic tourism and professional wine
communities.

Biologist Craft Winery (Biologist Winery, Kyiv region) is a new generation
biodynamic winery, founded in 2019, with vineyards in both Kyiv and Odessa
regions. A biodynamic winery is a winery that grows grapes and produces
wine according to the principles of biodynamic agriculture, which involve
the rejection of synthetic agrochemicals, the use of biodynamic preparations,
taking into account natural and astronomical cycles and minimal technological
intervention in the wine production process. Key features: use of biodynamic
practices in viticulture; fermentation with wild yeast; production of natural,
orange and sparkling wines. The winery has over 20 international awards and
actively participates in international exhibitions, shaping the image of Ukraine
as a producer of quality craft wine.

Cassia family winery located in the village of Myla, Kyiv region, is an
example of how a small family micro-project can shape local wine culture and
influence the development of the craft sector. The winery specializes in craft
production with minimal technological intervention. Cassia's specialty is the
production of orange (amber) wines, which are made using the technology of
infusing white varieties on the skin, which is traditionally used for red wines.
This gives the product a rich color, increased tannin and a complex aromatic
profile with shades of dried apricots, nuts and spices.

The winery's varietal composition includes both international varieties
(Cabernet Sauvignon, Merlot, and Pinot Noir) and those adapted to the
Ukrainian terroir, such as Odessa Black. Wild yeast is used for fermentation,
and the amount of added sulfites is minimal, which ensures the naturalness and
"liveliness" of the wine, valuable for craft wine enthusiasts.

The contemporary Ukrainian wine sector demonstrates a remarkable
diversification of technological approaches that reflect both global winemaking
trends and the unique characteristics of local terroirs. Alongside established
commercial producers, a growing number of craft wineries are adopting
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innovative production methods ranging from natural and low-intervention
winemaking to organic cultivation, amphora fermentation and experimental
blending practices, Table 1.

The modern structure of the Ukrainian wine market is characterized
by the gradual decentralization of production and the growth of the role
of small producers. If earlier the market was concentrated mainly in large
wineries of the southern regions, today wineries appear in almost all regions

Table 1
Comparative characteristics of craft wineries in Ukraine
Technological Representative . .
Profile Wineries Main Regions Key Features
Ofiussa Winery, Minimal intervention,
. . spontaneous
Natural and Low- Kohanovska Winery, | Odesa, Zakarpattia, . .
. . * . . . . . fermentation, terroir
Intervention Wines Copak Wine, Biologist | Kyiv regions .
. expression, use of
Craft Winery

indigenous yeasts

Organic and
Biodynamic
Winemaking

Frumushika-Nova
Family Winery,
Biologist Craft Winery

Odesa, Kyiv regions

Organic vineyard
management,
environmental
sustainability,
biodiversity
preservation

Pet-Nat and Amber
Wine Production

Fathers Wine,
Kohanovska Winery,
Cassia

Ternopil, Zakarpattia,
Kyiv regions

Traditional bottle
fermentation, skin-
contact wines,
experimental production
methods

Amphora and Qvevri
Technologies

Fathers Wine,
Hihinashvili Wine
House, Halytski
Pahorby

Vinnytsia, Ternopil
regions

Ancient fermentation
techniques, clay vessel
ageing, revival of
historical winemaking
traditions

Premium and Export-
Oriented Wineries

46 Parallel Wine
Group, SHABO,
Chateau Chizay

Odesa, Zakarpattia
regions

International standards,
export focus, advanced
production technologies

Innovative
Innovatlve- Blending Beykush Winery, Mykolaiv, . blends, Varlet_al
and Experimental Bakota Bay Wine Khmelnytskyi experimentation,
Wines Y vy regions adaptation to local
terroirs
Development of
Cool-Climate and Enko Winery, Surpy, Lviv, Vltlc.u.lture in non-
. . Rakovetska Loza, Dnipropetrovsk traditional wine-
Emerging Viticulture R . . .
Driukivski Vyna regions growing areas, climate

adaptation strategies
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of Ukraine from Transcarpathia to Kyiv, Cherkasy and even the northern
regions.

Craft wineries are the basis for the formation of wine tourist routes, since
they offer the tourist a comprehensive experience:

— excursions to the vineyards,

— participation in the grape harvest,

—  wine tastings,

— gastronomic combinations,

— local farm products,

— wine festivals,

— thematic events and master classes.

In fact, a craft winery acts not only as a production enterprise, but also as
a tourist destination, gastronomic center and cultural space. In many cases, it is
small wineries that become drivers of the development of rural tourism, local
infrastructure, hotels, restaurants and farms.

Thus, craft winemaking in Ukraine, in the context of industry transformation,
is forming a new model of wine sector development, which is based on small
entrepreneurship, local identity, innovative production technologies and
integration with wine tourism. Unlike the industrial model of winemaking, the
craft segment focuses on quality, uniqueness, territorial origin of the product
and the consumer's tourist experience. In the future, craft winemaking can
become the basis for the formation of a national brand of Ukrainian wine,
the development of gastronomic and rural tourism, as well as increasing
Ukraine's competitiveness in the global niche wine market.

3. SWOT analysis and conceptual model of Ukrainian craft wine
tourism development

The contemporary development of Ukrainian craft wine tourism is
characterized by a combination of significant competitive advantages,
transformational opportunities, structural limitations, and external risks.

Under conditions of post-war recovery, globalization of gastronomic tourism,
changing consumer preferences, and the growing popularity of authentic
tourism experiences, the craft wine sector is gradually becoming an important
component of regional economic development and tourism diversification in
Ukraine.

The development of craft wine tourism should be considered through
a strategic analytical approach because this sector integrates agricultural
production, hospitality, gastronomy, cultural heritage, local entrepreneurship,
and tourism infrastructure into a unified territorial system. In this context,
SWOT analysis represents an effective methodological instrument for
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identifying the internal strengths and weaknesses of the sector as well as the
external opportunities and threats influencing its long-term competitiveness and
sustainability'”.

The strengths of Ukrainian craft wine tourism are primarily associated
with the diversity of terroirs, the presence of favorable natural and climatic
conditions for viticulture, and the preservation of authentic regional traditions.
Ukraine possesses considerable potential for the production of unique wines
due to the coexistence of international and autochthonous grape varieties,
including Odessa Black, Telti-Kuruk, Sukholyman White, and Zagrey. Such
diversity contributes to the formation of distinctive regional identities and
increases the attractiveness of Ukrainian wine destinations for domestic and
international tourists.

An important competitive advantage of the sector is the rapid development of
small and family-owned wineries oriented toward artisanal production, natural
vinification technologies, and experiential tourism. Craft wineries increasingly
integrate wine production with gastronomy, cultural heritage, tasting tourism,
rural tourism, and event tourism, thereby creating comprehensive tourism
products based on authenticity and emotional interaction with visitors. In
addition, the growing popularity of orange wines, pet-nat sparkling wines,
biodynamic production, and sustainable tourism practices corresponds to
current global trends in wine tourism development.

At the same time, the sector faces several internal weaknesses that limit its
competitiveness and international visibility. One of the principal problems is the
insufficient development of tourism and transport infrastructure within many
wine-producing regions. Limited accessibility of rural destinations, inadequate
road conditions, insufficient accommodation facilities, and underdeveloped
tourism services reduce the overall quality of tourist experiences and constrain
the expansion of wine tourism routes.

Another significant weakness is the relatively low level of international
recognition of Ukrainian wine brands compared with established European wine-
producing countries such as France, Italy, Spain, or Portugal. The fragmentation
of marketing activities, limited participation in international tourism promotion
campaigns, and insufficient digital communication strategies reduce the visibility
of Ukrainian wine tourism products within global tourism markets. In addition,
many small wineries possess limited financial and investment resources, which
complicates technological modernization, infrastructure development, and
large-scale tourism promotion.

7 HaujoHanbHuit iHCTHTYT cTpateriunux pocmimkenb. Typusm B Yipaini. 2025. URL: https://niss.gov.ua/

doslidzhennya/turyzm.
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Despite these limitations, Ukrainian craft wine tourism possesses substantial
opportunities for future development. One of the most promising directions is
the integration of Ukrainian wine destinations into the European wine tourism
market through participation in international wine routes, exhibitions, festivals,
gastronomic events, and cross-border tourism initiatives. The growing global
demand for authentic, sustainable, and experiential tourism products creates
favorable conditions for the promotion of Ukrainian craft wineries and regional
wine brands.

The expansion of wine and gastronomic tourism clusters also creates
opportunities for strengthening regional economic development and stimulating
rural revitalization. Craft wineries increasingly function as multifunctional
tourism destinations that combine hospitality services, gastronomy,
accommodation facilities, cultural activities, educational programs, and local
entrepreneurship into integrated territorial systems. Such clustering contributes
to the diversification of local economies, the creation of employment
opportunities, and the enhancement of regional investment attractiveness.

Digital transformation represents another important opportunity for the
sector. The implementation of online booking systems, digital marketing tools,
virtual tastings, social media promotion, multilingual informational platforms,
and smart tourism technologies significantly increases the accessibility of
wine tourism products and strengthens communication between wineries and
consumers. Digitalization also allows small producers to enter international
markets more effectively and to develop direct sales channels independent of
traditional distribution systems.

However, the development of Ukrainian craft wine tourism remains highly
vulnerable to external threats. The most significant challenge is associated
with the ongoing military aggression against Ukraine, which has caused the
destruction of vineyards, tourism infrastructure, transport networks, and
production facilities in several wine-producing regions. Military risks negatively
influence investment activity, reduce tourist mobility, and create long-term
uncertainty for the development of tourism businesses.

Climate change also constitutes a serious threat to the sustainability of
viticulture because rising temperatures, irregular precipitation patterns, droughts,
and extreme weather events directly affect grape quality, harvest stability, and
the geographical distribution of vineyards. In addition, Ukrainian wineries face
strong competition from internationally recognized wine destinations possessing
significantly larger financial resources, established branding systems, and
advanced tourism infrastructure.

Economic instability, migration processes, labor shortages, and disruptions
in logistics and export channels additionally complicate the functioning of the
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sector. Such factors reduce the operational resilience of wineries and create
barriers to long-term strategic planning and international market expansion.

The generalized results of the SWOT analysis of Ukrainian craft wine
tourism are presented in Table 2.

The proposed conceptual model of Ukrainian craft wine tourism
development reflects the complex interaction between natural resources,
craft wine production, tourism integration, infrastructure development, and
sustainable regional transformation. The model demonstrates that contemporary
craft wine tourism should be considered as an interdisciplinary socio-economic
system that integrates viticulture, gastronomy, hospitality, cultural heritage,
entrepreneurship, and territorial development into a unified tourism framework.

The first level of the model is represented by the resource foundation, which
includes natural and climatic conditions, terroir characteristics, grape genetic
resources, cultural and historical heritage, gastronomic traditions, human
capital, and institutional support. These components form the primary basis
for the development of viticulture and determine the uniqueness and territorial
identity of wine-producing regions.

The second level reflects the core of the system — craft wine production. At
this stage, the emphasis is placed on small-scale and family-owned wineries,

Table 2
Enhanced SWOT analysis of Ukrainian craft wine tourism development
Strengths Weaknesses
Significant terroir diversity and favorable
agro-climatic conditions for viticulture Insufficient transport, tourism, and hospitality
development. infrastructure in wine-producing regions.

Presence of unique autochthonous and locally | Limited international awareness and weak
adapted grape varieties that strengthen product | global positioning of Ukrainian wines.

differentiation. Fragmented marketing strategies and absence
Rapid development of craft, boutique, and of a unified national wine tourism brand.
family-owned wineries. Restricted access to investment capital and
Strong integration potential between wine financial support mechanisms.

tourism, gastronomy, cultural heritage, and Uneven regional development and

rural tourism. concentration of wine tourism activities in
Growing implementation of organic, selected destinations.

biodynamic, and sustainable winemaking Low level of digitalization, smart tourism
practices. technologies, and online promotion.

Authentic regional identity and preservation of | High dependence on seasonality and limited
local traditions, cuisine, and cultural heritage. | diversification of tourism services.

Increasing domestic consumer demand for Insufficient professional training and shortage
local and artisanal products. of qualified personnel in wine tourism
Competitive pricing of tourism products management

compared with European wine destinations
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Continuation of table 2

Opportunities

Threats

Integration into the European wine tourism
ecosystem and participation in international
wine routes.

Growing global demand for experiential,
authentic, and sustainable tourism products.
Formation of regional wine tourism clusters
and destination management partnerships.
Expansion of digital marketing, e-commerce,
and smart tourism technologies.

Post-war recovery and international
investment programs aimed at regional
revitalization.

Participation in international wine festivals,
exhibitions, and events.

Development of cross-border tourism
cooperation with European countries.
Increasing interest in gastronomic tourism
among younger generations and international

Military risks, security instability, and
destruction of tourism infrastructure caused
by war.

Climate change, environmental degradation,
and increased vulnerability of vineyards.
Intensifying competition from established
European wine destinations.

Macroeconomic instability, inflationary
pressures, and labor migration.

Disruptions in logistics chains, exports, and
international supply networks.

Reduction of vineyard areas due to economic
and environmental challenges.

Declining purchasing power of tourists and
reduced investment attractiveness.
Demographic decline and shortage of skilled
human capital in rural territories

travelers

artisanal production technologies, biodynamic and organic practices, limited
production volumes, and terroir-oriented winemaking. Craft production
forms the authentic character of wine products and creates the foundation for
experiential tourism development.

The third level demonstrates the integration of winemaking with tourism
activities. This component includes wine tastings, vineyard excursions,
gastronomic tourism, wine routes, festivals, cultural events, agritourism, and
educational tourism. The integration of these elements transforms wineries
into multifunctional tourism destinations that provide visitors with emotional,
cultural, and sensory experiences.

The fourth level of the model is associated with infrastructure and support
systems necessary for the effective functioning of wine tourism destinations. This
includes transport accessibility, accommodation facilities, tasting infrastructure,
digital communication technologies, destination branding, professional training,
and public—private partnerships. Infrastructure performs a critical role in
ensuring tourist mobility, service quality, and the competitiveness of regional
wine tourism products.

The fifth level represents the regional and socio-economic effects
generated by the development of craft wine tourism. Among the principal
effects are employment creation, support for small and medium-sized
enterprises, rural revitalization, regional branding, investment attraction, and
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the stimulation of related economic sectors such as hospitality, gastronomy,
and local agriculture.

The final level of the model reflects sustainable and strategic transformation.
At this stage, wine tourism contributes to environmental sustainability, cultural
preservation, economic resilience, integration into the European tourism market,
and the formation of long-term competitive advantages for Ukrainian regions.
Sustainable viticulture, balanced territorial development, and the preservation
of local identity become key priorities within the strategic evolution of the
sector.

The model also demonstrates the importance of feedback mechanisms,
monitoring systems, adaptive management, and continuous improvement
processes that ensure the long-term stability and flexibility of Ukrainian craft
wine tourism under conditions of economic transformation, globalization, and
post-war recovery.

Thus, the proposed conceptual model demonstrates that Ukrainian craft
wine tourism represents a multi-level and integrated system in which natural
resources, local identity, craft production, tourism activities, infrastructure,
and regional development are closely interconnected. The interaction of these
components creates favorable conditions for the formation of competitive wine
tourism destinations capable of generating sustainable economic, cultural, and
social effects.

The model confirms that the future development of Ukrainian craft wine
tourism should be based on the principles of authenticity, sustainability,
innovation, and territorial specialization. The growing role of craft wineries,
experiential tourism, gastronomy, digital technologies, and regional branding
contributes to the transformation of wine tourism into an important instrument
of post-war recovery and rural revitalization.

In the long-term perspective, the implementation of integrated development
strategies, infrastructural modernization, international promotion, and
sustainable tourism practices may significantly strengthen the competitiveness
of Ukrainian wine destinations within the European and global tourism markets.
Consequently, craft wine tourism possesses substantial potential not only for
the diversification of the national tourism industry but also for the preservation
of cultural heritage, stimulation of local entrepreneurship, and sustainable
territorial development of Ukraine.

CONCLUSIONS

The study confirms that Ukrainian craft wine tourism is transforming into an
important segment of the national tourism and hospitality industry, integrating
viticulture, gastronomy, cultural heritage, and rural tourism into a unified
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regional development system. The spatial structure of Ukrainian viticulture
is characterized by significant regional differentiation determined by terroir
conditions, historical traditions, tourism infrastructure, and local identity.

Southern Ukraine and Transcarpathia remain the principal wine-producing
regions, while central and western regions demonstrate active growth of
craft wineries and new wine tourism destinations. Craft wineries perform
not only production but also tourism, cultural, and socio-economic functions
through tastings, wine routes, festivals, agritourism, and gastronomic tourism,
contributing to regional branding and rural revitalization.

The study demonstrates that the competitiveness of Ukrainian craft wine
tourism is based on terroir diversity, autochthonous grape varieties, artisanal
production methods, and experiential tourism integrated with gastronomy and
cultural heritage. At the same time, infrastructural limitations, military risks,
climate change, and insufficient international promotion remain key barriers to
sustainable development.

The conducted SWOT analysis confirms significant opportunities for
integration into the European tourism market through sustainable tourism
practices, digitalization, wine routes, and innovative tourism products.

The proposed conceptual model shows that effective development depends
on the interaction between resource potential, craft production, tourism
infrastructure, local communities, and institutional support.

Under conditions of post-war recovery, craft wine tourism may become
an important instrument of sustainable regional development, investment
attraction, and the formation of a competitive international image of Ukraine.

SUMMARY

The study confirms that wine tourism represents a complex interdisciplinary
phenomenon integrating viticulture, gastronomy, culture, hospitality, and
regional development. Wine tourism performs recreational, economic, cultural,
and branding functions while contributing to the preservation of local heritage
and diversification of rural economies. A key role in this process belongs to
craft winemaking, which focuses on terroir-oriented production, local identity,
traditional technologies, and authentic tourist experiences. The effectiveness of
wine tourism development depends on the interaction of natural, historical and
cultural, production, gastronomic, and event resources. Natural conditions and
terroir determine the uniqueness of wine-growing regions, while gastronomy,
festivals, and wineries form tourism attractiveness. The research identifies
significant spatial transformations of Ukrainian viticulture through the
emergence of new craft wine microregions beyond traditional wine-producing
territories. This diversification contributes to the development of new tourism
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routes, regional brands, and tourism products. An important trend is the growing
role of autochthonous grape varieties, natural wines, orange wines, and pet-nat
production, which strengthen the authenticity and competitiveness of Ukrainian
wine tourism.
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CHAPTER 2

BEAN FUTURE: TPEH/J, BETAHCbKUX MPOAYKTIB
HOBOI'O NMNOKOJ1IHHA

AHnppeeBa C. C., OixTapb A. M.
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BCTYN

CyuacHa xap4oBa iHIycTpis epedyBae Ha eTari 1iro0anbHOI TpaHchopMarii,
10 3yMOBJICHO 3MIiHOIO CIIOKHBYUX TIPIOPHTETIB, 3POCTAHHAM IOMYJSPHOCTI
3I0pOBOTO CHOCO0Yy JKHUTTA Ta HEOOXIJHICTIO BIPOBAPKEHHS MPUHIIHITIB
sustainable food systems. Ympomomx oOcTaHHIX POKIB OJHHM i3 HaHOUTBII
TUHAMIYHHUX HAMPSIMiB PO3BHUTKY CBITOBOTO pHMHKY cTana vegan food iHmycTpis,
Opi€HTOBaHA Ha CTBOPEHHS (DYHKIIOHAIBHOI POCIMHHOI MPOIYKIIl 3 BUCOKOIO
Xap4oBOIO IIIHHICTIO, MOKPAIICHHMH OPTaHOJICNITHYHUMHU BIACTUBOCTSAMH Ta
MiHIMQJIbHUM €KOJIOTIYHHM HaBaHTA)KCHHSM.

OnHUM 13 KITIOYOBUX HAIpsIMiB pO3BHTKY vegan food tech € Buxopucranus
3epHO0000BOI CHPOBHHH SIK [DKEpesa POCIMHHOTO OiTKa, Xap4OBHX BOJIOKOH,
CKJIaMHUX BYIJIEBOMIB 1 OIONOTIYHO AaKTHBHWUX pedoBHH. BOOOBI KymbTyph
XapaKTepU3YIOThCS  BHCOKOIO  XapyoBOIO  IIHHICTIO, JOCTYIHICTIO Ta
IMIUPOKAMH  (DYHKLIOHAIBHO-TEXHOIOTIYHUMU MOMKIIMBOCTSIMHU, IO JO3BOJLIE
BHKOPHCTOBYBATH X y BHUPOOHHWIITBI Ne€CEpTHOI, KyNiHApHOI, XIi0600ymouHOi
Ta frozen convenience mpoxykmii. Came Tomy KoHmemtiss Bean Future Food
Tech po3misgaeThes SIK NEPCIEKTHBHUN HAIIPSIM CTBOPEHHS IPOLYKTIB HOBOTO
TTOKOJIIHHS Ha OCHOBI POCIMHHOI CHPOBUHH.

AKTyanpHiCTh MOHOTpa(ii 3yMOBIeHa HEOOXiTHICTIO pO3pOOIEHHS CyIacHIX
TEXHOJIOTii BUPOOHHUIITBA (PYHKITIOHATHHOI Vegan-IipoAyKIlii 3 BHKOPHCTaHHIM
3epHO0000BUX KYIETYp Ta IHHOBAI[IHUX CTPYKTYPOYTBOPIOIOYNX KOMITOHEHTIB.
HesBaxkatoun Ha aKTHBHHI PO3BHTOK PHHKY POCIMHHHX HPOXYKTIB, CydacHa
vegan food iHIYCTpis CTHKA€THCS 3 HU3KOIO TEXHOIOTIYHHX TPOOIEM, cepern
SIKUX — HENOCTaTHsS CTaOUIBHICTh CTPYKTYpH POCIHHHUX HamiB(paOpHKaTiB,
HaSBHICTh XapaKTEPHOTO «0000BOTOY» MPUCMAaKy, HU3bKa COKOBUTICTH aHAJIOTIB
M’SICHOT TPONYKINi Ta CKIAgHICTE (QOpMyBaHHS CTaOIIBPHUX TEKCTYp IMICHA
OUKITB «3aMOPOXKYBaHHS — TepMiuHa 00poOka». OcoOnIHMBO aKTyaIbHOIO
€ mpobieMa CTBOPEHHS KOHKYPEHTOCIPOMOXHOI Vegan-pomyKiii, ska 3a
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OPraHOJIENITUYHUMH TTOKa3HUKaMH HE IocTynanacsi 0 TpaJuLiiHUM BHpoOam
TBapHUHHOTO TTOXOJKEHHSI.

CyTrreBOro 3HaueHHs HaOyBae 1 mpoOiemMa oONTHMi3alii MpoLECiB
rizporepmiuHOi  00poOKM  3epHOO000BOI  cupoBuHu. Came mporecu
3aMOYyBaHHS, HAaOyXaHHs Ta BapiHHS BH3HAYAIOTh MIBHIKICTH TigpaTamii
OINKIB 1 ToJyicaxapuiiB, IJIACTHYHICTh CTPYKTYPH, CTYIMiHb IOAPIOHEHHS Ta
(YHKIIOHAJIBHO-TEXHOJIOTIYHI BJIACTHBOCTI HamiBdaOpukariB. Y Cy4acHHX
YMOBaxX OCOOJNMBHUII IHTEpEC CTAaHOBHTh BHKOPHCTaHHS PIZHUX CEpEJOBUIL
3aMOYYBaHHsS, 30KpeMa BOIM, JIY)XHHX 1 KHCIMX PO3YMHIB, 3/1aTHUX
iHTeHCcH(iKyBaTH IPOIIECH BOJIOTONOITIMHAHHS Ta IOKPAIlyBaTh CTPYKTYPY
0000BHUX CUCTEM.

He MeHm akTyaJlbHUM € BUKOPUCTaHHS (YHKIIOHAJIBHUX IHIPENi€HTIB
HOBOTO TMOKOJIIHHSA — akBagaOu, OKapW, HACiHHSA 4ia, JIbOHY, KCaHTaHOBOL
KaMe/li, MiCO-TTaCTH Ta MPSHUX CyMilleil, sIKi JO3BOJISIOTH POPMYBaTH CyYacHUN
racTpOHOMIYHUH pod ik NPOAYKIIT Ta HOKpAILyBaTH 1i CTPYKTYpPHO-MEXaHI4Hi
XapaKTepUCTUKH. BHKOpPHCTaHHS TaKMX KOMIIOHEHTIB 3a0e3reuye CTBOPEHHS
clean label mpOmyKTiB i3 BHCOKOKO CIIOKMBYOKO IIIHHICTIO Ta BiJIOBiga€e
cydacHuM TenzaeHuisiM healthy food i sustainable nutrition.

Y wmoHorpadii ocobnuBy yBary mnpuiiieHo KoHuenuii Smart Bean
Processing, sika 0a3yeTbcs Ha HaAyKOBOMY OOIPYHTYBaHHI MPOLIECIB riapararii,
CTPYKTYpOYTBOpPEeHHs Ta crabumizamii 000oBux cucreMm. IlpoBeneHo
JOCII/DKEHHS] KIHETHMKM HaOyXaHHsS KBacolli 3aJIe)KHO BiJ TeMIleparypH,
TUIly HaciHHEBOI OOOJIOHKM Ta CEepeloBMIIA 3aMO4yBaHHs. BcraHOBIEHO,
o HaiOUIbIl e(eKTMBHUMKM yMOBaMHu rinparauii € BukopuctaHus 0,2%
po3unHy OikapOoHaty Harpito 3a Temneparypu 60°C, 110 103BOJISE CKOPOTUTH
TPUBAJIICTD TEXHOJIOTTYHOTO NpOLECy Ta 3a0e3rneuuTr (hOpMyBaHHS IIACTUYHOT
KOHCHUCTEHIIT HamiB(aOpuKary.

VY Mmexax JOCHiPKeHHS TakoX po3pobieHo koHuenuito CryoBean Structure
Tech, cipsimoBaHy Ha cTa0iTi3alii0 CTPYKTYPH 3aMOPOKEHHX VEeZan-NMpOayKTiB.
JoBeneHo eeKTHUBHICTh BUKOPHCTaHHS COEBOI OKapW Ta KCaHTaHOBOI KaMeli
y texnonorii frozen falafel products. BcraHoBmeHO, MmO BUKOPUCTaHHS
KCaHTaHOBOI Kamei y KoHueHTpauii 0,5% 3abe3nedye cTablIbHICTh CTPYKTYPH,
30epeskeHHs (hopMHU BUPOOIB Ta ONTUMAJIbHI OPraHOJIENTHYHI XapaKTePUCTHKU
TTCIISL UKITY «3aMOPOXKYBAaHHS — CMayKCHHS».

[IpakTryna yacTuHa MOHOTpadii NpUCBIYEHA PO3POOJICHHIO IHHOBALIITHOTO
acoptumMenTy Bean Future Products. ¥ pe3ynbrari 1ocitiaKeHb CTBOPEHO CydacHi
vegan-IpoyKTH HOBOTO TOKOJIHHS: 0000Be meunBo «Velour», Xxmi0o0ymouHmii
Bupi6 «BibRoll», «Xpycrki 0000Bi Kymbku i3 3aarapom», «Kpadrosuit
xymye» Ta «Panadens 3amopoxeHuin». OcoONUBICTIO Po3po0IIeHOT MPOXYKIii
€ TIOEAHAHHA 3epHOOOOOBOI CHPOBUHHM, (YHKIIOHANBHUX IHIPENiEHTIB
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i clean label TexHoOTIH, 110 3a0€31eUy€e BUCOKY Xap4yoOBY LIHHICTb, Cy4acHUI
racTpOHOMIYHUH NPO(diTh Ta KOHKYPEHTOCIPOMOXHICTh HMPOAYKIII Ha PUHKY
healthy food.

Metoro monorpadii € HaykoBe OOIpYHTYBaHHS Ta pPO3pOOJICHHS
IHHOBALITHUX TEXHOJIOT1H BUPOOHHMLTBA Vegan-poAyKIii HOBOIO IOKOJiHHS
Ha OCHOBI 3epHO0O00BOI CHPOBHHM 3 BHKOPHUCTaHHSAM (DYHKIIOHAIBHUX
iHrpenieHTiB ta cyyacHux food tech texHosorii.

Jnst foCSITHEHHSI TTOCTABJIEHOI METH OyJI0 BU3HAYEHO TaKi 3aBIaHHS:

— TIIpoaHaNi3yBaTH cydyacHi TeHAeHLii po3BuTKy vegan food tech Ta
IHHOBAL[ITHUX TEXHOJIOTii BUPOOHUIITBA POCIMHHOI MPOMYKIIii;

— oOrpyHryBati BuOip 3e¢pHO0O000BOI CHPOBHMHHU JUIs TEXHOJOTiH Bean
Future Products;

—  JOCHIIUTH TpouecH HaOyXaHHS KBacoyli y pPI3HHX CEpEelOBHIIAX Ta
BU3HAYMTH pallioHaJbHI MapaMeTpy TripoTepMiuHoi 00poOKy;

— po3pobutn TexHoiorito HaniBdaOpukary «[lrope 13  kBacomi»
3 ONTUMAaJILHUMH CTPYKTYpHO-MEXaHIYHUMH BJIACTUBOCTSIMHU;

—  JIOCIIIUTH BIUIMB CTPYKTYPOYTBOPIOBadiB Ha CTaOUIbHICTH frozen vegan
products;

— cdopmyBaru KoHIEMIiI0 acoprumenTy Bean Future Products;

—  PO3pOOMTH pELENTypHUH CKIaJ Ta TEXHOJIOTii IHHOBAIIMHOI vegan-
MPOIYKIIT HA OCHOBI 36pHOO0O0OBOI CHPOBUHY;

—  OLIHUTH OPraHoOJENTHYHI Ta (yHKIIOHAIEHO-TEXHOJIOTIYHI BIaCTHBOCTI
po3po0iieHUX BUPOOIB.

1. Smart vegan food tech:
iHHOBaLLiliHi TexHOOTiT BAPOGHULTBA POCJIMHHOI NPOAYKLiT

Cy4acHul pUHOK BEraHCHKOi NMPOIYKIIi € OJHUM 13 HAHOUIBII JUHAMIYHHX
CerMEHTIB Xap4oBoi iHxycTpii. OCHOBHMH BEKTOp PO3BUTKY CHPSIMOBaHUI
Ha CTBOPEHHS MPOIYKTIB i3 BHUCOKOIO XapyuOBOKO MLIHHICTIO, MPHUBaOINBUMHU
OPraHOJISNITUYHMMHU  BJIACTUBOCTSIMM  Ta  MaKCUMaJbHOIO  IOAIOHICTIO
JO0 TPaAMLiiHOI TNpOMYKLii TBAPHUHHOIO IOXO/PKeHHs. [IpoBinmHy poisb
y LbOMY MpOLECi BiAIrparoTh TEXHOJOTIi TEKCTYpyBaHHS POCIMHHOTO Oijka,
(bepmMenTaniiiHi nporecu Ta QYHKIIOHATBHI IHTPEIIEHTH HOBOTO MOKOJIiHHS'.

BaxnuBuM HanpsMOM  pO3BHTKY € (epMeHTaliiHi TEeXHOJOrii, sKi
JI03BOJISIFOTH ITIBUIIMTH 3aCBOIOBAHICTh OlJIKa, 3HU3UTH BMICT aHTHITOXHBHUX
PEYOBHH 1 MOKpAIMTH cMak npoaykuii. OcoOnuBy MOMYNSPHICTE HaOyBalOTh
TeXHOJIOTll BUPOOHMLTBA TeMIe Ta (EPMEHTOBAHUX POCIMHHHMX CHpIB

' Jlertsap B. B., Paguenxo A. €., I'punuenxo H. I, I'punuerxo O. O. TexHomoriuui Ta eKOHOMi4YHI
ACIIeKTH BUKOPHCTAHHS 3¢pHOO000BUX y XapuOBHX TEXHONOTiAX : MiHioman. Journal of Chemistry and
Technologies. 2023. T. 31. Ne 4. C. 896-906. DOI: 10.15421/jchemtech.v31i4.290810.
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i3 BHUKOPHCTaHHSIM MOJIOYHOKHCIUX Oaktepiii i rpubiB pomy Rhizopus.
[lepciekTHBHUM HampsiMOM TakoX € precision fermentation — orpumMaHHS
(byHKIIOHATBHIX OLIKIB 32 JOMOMOIOI PEKOMOIHAHTHUX MIKpOOpPTaHi3MiBZ.

Y cerMeHTi POCIMHHOTO MOJIOKA HAMOLIBII IHHOBAI[ITHMMH BBaXKarOTHCS
TEXHOJIOT1] eH3uMaTHYHO1 Monudikaiii, MikpouIroian3amii Ta yIbTPa3ByKOBOi
00poOku. Came BOHM 3a0e3NEUylOTh CTaOUIBHICTD €MYIIbCii, KpEeMOBY
TEKCTYpy Ta MOKpaIlleHI OPraHoJIENTHYHI XapaKTePHUCTHKH TOTOBOTO IPOAYKTY.
Haii6ip11 mepcrieKTHBHIMY BHIIAMHU POCIIMHHOTO MOJIOKa BBaXKalOThCS BIBCSIHE
Ta TOPOXOBE, L0 MOEAHYIOTh (PYHKIIOHANBHICTH, JAOCTYNHICTh CHPOBHHH Ta
30aJaHCOBaHHIN CKIIasT .

Oxpemy poiib y po3BUTKY vegan food tech BinmirparoTh HOBI (pyHKIIOHAIBHI
iHrpenieHTH. AxBadabda BUKOPUCTOBYETHCS SIK €(DEKTHBHUI 3aMIHHUK SIEYHOTO
Oinka y 30MBHHX JlecepTax, METHJILIEN0I03a 3a0e3euye COKOBUTICTh aHAJIOTIB
M’sica, a iHyaiH i FOS 3acTOCOBYIOTBCS SIK KHMPOBI 3aMiHHMKU Ta NPEOiOTHUKH.
[NoennanHs nUX IHIPEIIEHTIB J0O3BOJISE CTBOPIOBATH IMPOAYKLIIO 3 BUCOKHUMH
CIIOKMBYMMH BJIIACTHBOCTSIMH 0€3 BUKOPHCTAHHS KOMIIOHEHTIB TBapHUHHOTO
MOXODKCHHST*.

[lepcniekTHBHUM HampsiMOM cy4dacHol 1HAycTpii € 3D-npyk xap4yoBux
MPOAYKTIB, SIKMH BIIKPHBAE MOXIIMBICTh CTBOPEHHS II€PCOHANI30BAHUX
BEraHChKHX BHMpPOOIB 13 3aJ@aHOI0 TEKCTypolo, (OPMOI0 Ta HYTPIEHTHHM
ckianoM. Taki TexHoyorii ()OPMyIOTh OCHOBY KOHIICHIIii MMEPCOHATI30BAHOTO
xapuyBaHHs Ta sustainable food systems. OCHOBHHII BEKTOp PpO3BUTKY
CIPSIMOBaHUM Ha CTBOPEHHs IPOAYKTIB 13 BHCOKOIO Xap4yOBOIO I[IHHICTIO,
MpUBaOJIMBUMU  OPTaHOJIENTUYHUMHU  BJIACTHBOCTSAMH Ta MaKCHMAJIbHOIO
MOAIOHICTIO 0 TpaauLiiHOT MPOAYKLil TBapWHHOTO noxomkeHHs. [IpoBinHy
poNb y IbOMY IpOLIECi BiAIrparOTh TEXHOJOTI] TEKCTypyBaHHS POCIMHHOTO
Oinka, ¢epmeHTaUiiiHi mnpouecH Ta (YHKUIOHAIBHI IHIPEIIEHTH HOBOTO
MOKOJTiHHS.

Ha puc. 1 mpeacraBieHo OCHOBHI HalpsIMHU PO3BUTKY CyYacHUX TEXHOJOTIH
vegan food tech.

AHaNi3 Cy4YacHUX JOCHIDKCHb CBINMYHUTH, II0 HAWOUIBII IHTCHCHUBHO
PO3BHBAIOTHCS] TEXHOJIOTIT (pOPMYBaHHS TEKCTYpH POCIMHHUX aHAJIOTIB M’sica.

2 Dhungana S. K., Yoon J. A. Fermented soybean products and their bioactive compounds. Foods.
2020. Vol. 9. No. 11. Article 1600. DOI: 10.3390/foods9111600.

> Tobin C., Ratel S., Ndiaye T. et al. Fermentation for designing innovative plant-based meat and
dairy alternatives. Foods. 2023. Vol. 12. No. 5. Article 1005. DOI: 10.3390/foods12051005.

4 TI'punuenxo O. O., Hertap B. B., Paguenxo A. €., Tlak A. O., Cmerancska L., Ilepuesoit @. B.
JlocmipKkeHHsT BIUTHBY TifipoTepMiuHOi 0OpoOKH 3epH060601314x Ha HAKOIMYCHHS CyXHX DPEYOBHH B
axBaabi. Cxiono-Egponeiicoruii scypnan nepedogux mexnonoeii. 2024. T. 5. Ne 11 (131). C. 51-61.
DOI: 10.15587/1729-4061.2024.313890.

5 Dick A., Bhandari B., Prakash S. 3D printing of plant-based meat analogues. Journal of Food
Engineering. 2019. Vol. 259. P. 68-77. DOI: 10.1016/j.jfoodeng.2019.04.018.
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Kawuosi innosauii y vegan flood tech

High-AMoizmre Extrosion Precision Fermentation
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Puc. 1. KiarouoBi Hanpsimu po3BUTKY vegan food tech

OcobmmBoro nmommpeHHas HaOymu high-moisture extrusion ta dry extrusion, siki
J03BOJISIIOTH CTBOPIOBATH BOJIOKHUCTY CTPYKTYPY, MAaKCHMaJbHO HAOIIKEHY
O M’S30BUX BOJIOKOH M’sica. BUKOpHCTaHHS CO€BOTO Ta TOPOXOBOTO Oika
3a0e3meyye BUCOKY Xap4oBY HiHHICTB i cTabiTbHI (DyHKIIOHATFHO-TEXHOIOTI9HI
BJIACTUBOCTI TIPOMYKIIii®.

BaxnuBuM HampsMoM pO3BHUTKY € (epMeHTaliiHi TEeXHOJIOTii,
SIK1 JO3BOJIAIOTH MIJABUINMTH 3aCBOIOBAHICTH OlJIKa, 3HU3UTH BMICT
AHTHMOXUBHUX PEYOBHH 1 MOKpamuTH CcMak mpoxykmii. OcobnuBy
MOMyMApHICTh  HaOyBalOTh  TEXHOJOTii  BHPOOHWITBAa TeMIle  Ta
(epMEeHTOBaHUX POCIMHHUX CHPIB 13 BUKOPUCTAHHSIM MOJOYHOKHCIIHX
Oakrtepiii i rpubiB pomy Rhizopus. IlepcieKTHBHUM HAmpsIMOM TaKOX

¢ Gupta C., Dhawan A., Kaur P. et al. Chickpea protein as sustainable plant-based protein: properties
and applications. Journal of the Science of Food and Agriculture. 2021. Vol. 101. No. 8. P. 3031-3043.
DOI: 10.1002/jsfa.10930.
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€ precision fermentation — orpuMaHHi (QyHKHiOHaNIBHHUX OINKIB 3a
JOTTOMOTOI0 PEKOMOIHAHTHUX MIKpOOpPTaHi3MiB’.

depmenTalliss € OJHMM 13 HAWIEPCIEKTHBHINIMX HAIpsSMIB Cy4acHOTO
vegan food tech, ockijbku NO3BOJISIE HE JIMILE TOKPAIIWTH OPraHONENTHYHI
XapaKTepUCTUKH IPOAYKLii, ajxe 1 CyTTEBO MiABMIIMTH i OloyoriuHy
uiHHICTb. OCOOJNIMBO aKTyalbHUM € BUKOPUCTAHHS MOJOYHOKHCIHMX OaxTepii
y BUPOOHMUTBI aJBTEPHAaTUB MOJOYHMM IPOLYKTaM Ta (EPMEHTOBAHUX
6000BHX BHPOOIB.

VY cerMeHTi POCIMHHOTO MOJIOKA HAMOLIBII IHHOBAI[ITHMMH BBa)KarOTHCS
TEXHOJIOT1] eH3uMaTHYHO1 Monudikaiii, Mikpoduroiau3amii Ta yIbTPa3ByKOBOi
00poOku. Came BOHM 3a0e3NeUylOTh CTaOUIBHICTD €MYIIbCii, KpEeMOBY
TEKCTYpy Ta MOKpalleHI OPraHoJIENTHYHI XapaKTePHUCTHKH TOTOBOTO IPOAYKTY.
Haii6ip11 mepcrieKTHBHUMY BUIIAMHU POCIIMHHOTO MOJIOKA BBa)KAalOThCS BIBCSIHE
Ta TOPOXOBE, IO MOEAHYIOTh (PYHKIIOHAIBHICTH, JAOCTYNHICTh CHPOBHHH Ta
36anancoBaHuil cknax’.

BukopucranHs cy4acHMX METONIB OOpOOKHM  JJO3BOJISIE  IIiBUIIUTH
CTaOUIBHICTh POCIMHHMX HAINOIB ITiJ yac 30epiraHHs, MOKPaIIUTH KPEMOBICTh
Ta YCyHYTH XapaKTepHHH «0000Bui» npucMak. CaMe TOMy POCIMHHE MOJIOKO
€ OIHMM 13 HalOLIBII KOMEPIIHHO MEepPCIEeKTUBHUX HANpsSMiB PO3BUTKY
BETaHCHKOI 1HIyCTPii.

Ha puc. 2 HaBeseHO XapaKTEpUCTUKY MEPCHEKTUBHUX JKEPET POCIMHHOTO
OinKa, SIKI HAMOUIBII aKTUBHO BHKOPHUCTOBYIOTHCSI y CYYacHHMX TEXHOJOTISIX
BUPOOHHIITBA BETraHCHKOT MPOIYKIIii.

AHamiz puc. 2 CBIIYMTH, MO KOXHE JDKEPEJIO POCIUHHOrO Oinka
XapaKTepU3YEThCSl BIACHUMHU (DYHKI[IOHAJILHO-TEXHOJIOTIYHIMH I1e€peBaramMu
Ta c¢epor MNPakTHYHOro 3actocyBaHHS. CO€BHH 130J8T BiJI3HAYAETHCS
MOBHOLIHHAM  aMiHOKHCJIOTHMM  CKJIQJIOM, 10  JIO3BOJIIE  LIMPOKO
BUKOPUCTOBYBATH HOTO y BUPOOHHIITBI aHAJIOTIB M’sica Ta POCIMHHOIO MOJIOKA.
TopoxoBuii OiOK Mae HEWTpalbHMHM CMak 1 JOOpl TEKCTypHI BIAacCTHBOCTI,
TOMY aKTHBHO 3aCTOCOBYETHCSl Y BUPOOHHUITBI OyprepiB, pOCIMHHUX HAIOiB Ta
HariBdabpukaris’.

CeliTan  XapaKkTepU3YETbCS BHPAXKECHOIO BOJOKHHCTOIO  CTPYKTYpOIO,
MaKCHMaJIbHO HaOJIMPKEHOI0 J0 M’S30BHX BOJIOKOH M’sca, IO POOUTH #HOro

7 Kyriakopoulou K., Dekkers B., van der Goot A. J. Functionality of ingredients and additives in
plant-based meat analogues. Foods. 2019. Vol. 8. No. 6. Article 179. DOI: 10.3390/foods8060179.

8 Li Z., Dhital S., Bhattarai R. R. et al. Ultrasound processing of oat milk: impacts on physical
properties and in vitro digestion. Food & Function. 2020. Vol. 11. No. 5. P. 4157-4167. DOI: 10.1039/
DOFO00449A.

®  Bulgaru V., Sensoy L., Netreba N. et al. Qualitative and antioxidant evaluation of high-moisture
plant-based meat analogs obtained by extrusion. Foods. 2025. Vol. 14. No. 17. Article 2939. DOIL:
10.3390/foods14172939.
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Puc. 2. IlepcnekTHBHI 1:Kepeia POCIHHHOTO OLIKA

OZIHUM 13 HaWOUIBII NMEPCIEKTUBHUX IHIPEIIEHTIB JUIS CTBOPEHHS POCIMHHHUX
a”ajoriB M’sicHoi mpoxykuii. KoHomstHuii Oinok € jkepenom omera-3 Ta
oMera-6 XHMPHUX KHUCJIOT, 3aBASKH YOMY BHKOPHCTOBYETHCS y BHUPOOHMIITBI
(YHKIIOHAJIBHUX  TPOAYKTIB  O370pOBYOro  mpu3HaueHHsA.  CripymiHa
BHPI3HAETHECSA BUCOKOKO OIOJOTIYHOIO I[IHHICTIO Ta 3HAYHAM BMICTOM OLJTKa,
BiTaMiHIB 1 MIKpOEJIEMEHTIB, TOMY IIHPOKO 3aCTOCOBYETbCS Y BHPOOHUIITBI
cynepdymiB Ta XapuoBHX 100aBOK'”.

VY Tabmumi | HaBeneHO XapaKTepHCTHKY (YHKIIOHaIBHUX IHTPENi€HTIB
HOBOTO IIOKOJIIHHS, SIKI BUKOPHUCTOBYIOTHCS y CYYacHHMX TEXHOJIOTISIX vegan
food tech.

Amamiz Tabmumi 1 cBimuMTH, MO0 HAHOUTBII  YHIBEpCATHHUMH
(YHKIIOHAJIEHUMH IHTpeieHTaMu € akBadada, KCaHTaHOBa KaMe/lb Ta HaCiHHS
yia, sIKi MOEIHYIOTH CTPYKTYpOYTBOpIOIOYI Ta cTabimi3aliiiHi BIacTMBOCTI. IX
BUKOPUCTAHHSI J103BOJIsIE ()OPMYBATH IUIACTUYHY KOHCHCTEHIIIO, yTPUMYBaTH
BOJIOTY Ta 3a0e3redyBaTd CTaOLIBHICTD XapuoBHX CHCTEM IIiJ] 4ac TEPMidHOI
00poOKH ab0 3aMOPOXKyBaHHS.

Bcranosneno, mo ¢yHKITIOHaIBHI IHIPEIIEHTH HOBOTO ITOKOJIIHHS HE JIMIIIE
MIOKPAITYIOTh TEXHOJOTIYHI XapaKTEPUCTUKU IPOAYKLil, ajie W IiABHIIYIOTh
ii ¢QyHkmioHambHY wmiHHICTB. 30KpeMma, iHymiH Ta FOS 3ab6esneuyioTs
mpebioTHUHMi edeKT, HaciHHS 4Yia Ta JBbOHY € JDKEpPEeJIOM OMera-3 >KHPHHUX

10 Valdivia-Lopez M. A., Tecante A. Chia (Salvia hispanica): a review of native Mexican seed and its
nutritional and functional properties. Advances in Food and Nutrition Research. 2015. Vol. 75. P. 53-75.
DOI: 10.1016/bs.afnr.2015.06.002.
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Tabmuus 1

DOyHKIiOHAJIBHI IHTPeiEeHTH HOBOT0 MOKOJIIHHS

IpakTuune
DyHKUiOHATbHMIT DyHKIiOHATBHA TexHoJi0riyHa posIb BHKOPHCTAHHSA
iHrpeaieHT XapaKTEePHCTHKA y npoaykKuii y Bean Future
Products
1 2 3 4
Harypanbunii 3aminauk | @opmyBaHHS Vegan-necepry,
Axpadata s€YHOrO OiNKa, cTabinbHOT miHM, MYCH, KPeMH,
JDKEPEIo PO3YMHHUX eMyJIbI'yBaHHS, XyMyCH, 30HBHI
OiNKiB Ta CanoHiHIB YTPHUMAaHHS BOJIOTH CHCTEMH
DopmyBaHHS ..
PMy . AHanoru M’sicHOi
. N COKOBHTOI TEKCTYPH .
T'iapokonoinHuit L MPOAYKLIi, POCIUHHI
Merminentonosa crovKTYhoyTEOpIoBad | T crabinizaris KOTIOTHL. veean
PYKTYpOYTBOP CTPYKTYPH TiJ 4ac » VeB
. burger systems
HarpiBaHHs
TlinBuIieHHs CrpykTypoBaHi
DepMeHTaTUBHE MIPY’KHOCTI, 01KOBI
TpaHcrmoTamizaza «3IIHMBaHHS» OUIKOBHX | INIACTHYHOCTL HariBdabpukaru,
CTPYKTYp Ta CTabiIBHOCTI vegan meat
TEKCTYpHU alternatives
DopmyBaHH
. . . KpPEMOBO1 Coycu, kpeMu
. Ipe6ioTn4ni XapaoBi p YCH, KpeMH,
Inynin Ta FOS BosToKHA KOHCHCTEHIIT, JIECepPTH, POCIUHHI
4acTKOBA 3aMiHa dairy alternatives
KUPY
I'eneyTBOpeHHs Vegan baker
Jlxepeno omera-3, N YyIBOp ’ 8 y
. . : 3B’s3yBaHHs Bojloru, | products, necepri,
Hacinns yia 6iKa Ta CIU30BUX S .
. . crabimizaris (dyHKUIIOHATBHE
roJricaxapuiis .
CTPYKTypH TicTa ICYHBO

ITinBuieHHs

Kcanranosa KaMeab

Crabinizatop Ta

CTPYKTYpH Iicis

HarypanbHuii 3aMiHHHK | B’SI3KOCT, X11i600ymouHi
Hacinns mpony AHIA Ta JKEpeIo (bopmyBaHHS BUpoOH, vegan dough
XapyOBHX BOJIOKOH eJIacTUIHOL systems
CTPYKTypH
IlinBuIeHHS
. . Frozen vegan
CTabIIBHOCTI

products, ¢anadens,

BOJIOTOYTPHMYBad structured food
3aMOPOXXYBaHHS Ta
systems
TepMOOOPOOKH
ITigBuieHHs
. . . Frozen falafel
BucokobinkoBuit COKOBHTOCTI Ta
Okxkapa . . N products, vegan meat
coeBuii HaniBpaOpHUKaT | CTPYKTYpHOT
. . systems
cTabinbHOCTI

m




[ponorxenns Tadmui 1

1 2 3 4
dopmyBaHHS umami-

DepMeHTOBaHUN Xymycu, coycu,
. . . CMaKy Ta 30araueHHs
Mico-nacrta GbyHKIiOHANBbHUI g savory vegan
. . MPpOOIOTHYHUMHU
IHTpeaieHT products
KOMITIOHEHTAMH

TIpsna ¢yHkuionansHa | DopMyBaHHS Vegan snack

cymi i3 Cy4acHOro
3aarap Y . Y . products, street food
BHCOKHM BMiCTOM racTPOHOMIYHOTO )
. . systems
AQHTHOKCHIAHTIB npodinto Ta apomary Y

KHCJIOT, a Mico-riacta ()opMye HPHUPOAHMI umami-cMak Oe3 BHKOPHCTaHHS
CHHTETHYHHX Mi/ICHITIOBAYiB CMaKy.

Otxe, cywacHi texnonorii vegan food tech cmpsimoBani Ha CTBOpEeHHS
BHCOKOSIKICHOT POCIIMHHOI NMPOMYKIii 3 MOKPAIIEHUMU OPraHOJENTHYHUMH Ta
(YHKIIOHAJTBPHUMH BJIaCTHBOCTSIMH. HalOinbIl mMepcneKTHBHUMH HanpsiMaMu
€ pepMeHTaLiitHI TexHoIOT1, precision fermentation, BUpOOHHUIITBO POCIMHHOTO
MOJIOKa T2 BHUKOPUCTAHHS (DYHKI[IOHAJBHUX IHTPEII€HTIB HOBOTO MOKOJIHHS.
[HHOBamiiHI TexHOMNOTI{ 3a0e3MmedyroTh HE JIMIIE BHUCOKY XapdoBY IIiHHICTh
MIPOAyKIii, ame i (OpMYIOTh OCHOBY CTaJIOTO PO3BUTKY XapdoBOI iHIyCTpii
MaiOyTHBOTO.

2. Bean Future food tech: TexHonorii, cTpyKkTypa Ta iHHOBaU,ii
BEraHCbKMX NPOAYKTIB HOBOrO MOKOJIiHHSA

2.1. Haykoee oorpynmyeanna Bean Future cupoeunu

3epHO0000BI KyJIbTypH € 0a30BOI0 CHPOBHHOK Y TEXHOJOTII CydacHOi
BETaHCHKOT MPOIYKIIT 3aBISKH BUCOKOMY BMICTY POCIMHHOTO OlJIKa, CKJIaHHX
BYIVICBOJIIB Ta XapyoBUX BOJIOKOH. J[j1s1 po3pobnenHs Bean Future mpomykriB
MIPOBEICHO KOMILIEKCHE JIOCII/DKEHHSI OPraHOJNeNTHYHUX, (DI3MKO-XIMIYHHX Ta
TEXHOJIOTIYHHUX BIACTUBOCTEH pi3HHUX cOpTiB KBacomi!l.

[epen Ttabnuiero 2 HaBeAGHO OCHOBHI KpuTepii BHOOpY 3epHOO000BOI
cupoBuHd a1 TexHomorii Bean Future Food Tech. Came mi mokasHHKH
BU3HAYAIOTh NEPCIEKTUBHICTh BUKOPUCTAHHS 0000BUX KYJIBTYpP Y BUPOOHUIITBI
BEraHChKOI MPOJYKIII HOBOIO MOKONIHHS Ta BIUIMBAIOTh HAa CTPYKTYPHO-
MEXaHi4YHI, OpraHoJENTHYHI W (YHKIIOHAIBHO-TEXHOJIOTIYHI BJIACTUBOCTI
TOTOBHX BHPOOIB.

' Hrynchenko O., Radchenko A., Dehtiar V., Grynchenko N., Serik M. Development of technology
for food products with emulsion structure based on pea groats and pea aquafaba. Eastern-European
Journal of Enterprise Technologies. 2025. Vol. 1. No. 11 (133). P. 51-61. DOIL: 10.15587/1729-
4061.2025.323339.
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Tabmuug 2

HayxoBo-TexHosoriuni kpurepii Bu6opy 3epH00000B0I CHPOBHHHI
s koanenuii Bean Future Food Tech

Kpurepiit
OLiHIOBaHHSI
CHPOBHHH

Texnoaoriuni
XapaKTEePUCTUKH

BruimB Ha sIKicTH
rOTOBOI MPOAYKUIT

MpakTuune
3Ha4YeHHA y Bean
Future Products

3HaYHMIA BMICT

DopmyBaHHS BUCOKOT

Buxopucranus

CMak Ta apomar

Ta CTOPOHHIX apoMariB

CIIPUHHATTS MPOIYKIIT

BHCOKHIT BMICT | IETK0O3aCBOIOBAaHUX .. . ... |y vegan meat systems,
. . xap4oBoi Ta GiogorivHoi
Oinka POCIMHHUX OLIKIB Ta . . bakery Ta snack
. L{HHOCTI MPOIYKILil
aMiHOKHCIIOT products
. | HasiBuicTs Hesaminuux | [lizBumieHHs DopmyBaHHS
306anaHcoBaHMit . . .
. .. | amiHOKHCIIOT Ta BUCOKa | DyHKIIOHATBHOI aJIbTePHATUB
AMIHOKUCJIOTHHH | _. . A ; . .
J—— GionorivyHa IiHHICTh L[IHHOCTI POCIUHHUX TpaJuLiHHIM
OiaKa MIPOIYKTIB OUIKOBUM MPOIYKTaM
VHiBepcabHICTh
T —— Bixcyrhicts Bupaxeroro | [TokpaieHHs BUKOPHCTAHHS
p «06000BOTO» MPUCMAKY OpraHoJIENTHYHOTO y JIeCepTHUX Ta

racTPOHOMIYHHX

BUpOOax
Bucoka IaTeHcuBHE . | OnTumizartis
. CKOpOYEHHS TPUBAIOCTI .
3IaTHICTH JI0 BOJIOTOTIOTJIHHAHHS Ta . o TEXHOJIOTIYHOTO
. . TiIpoTepMiuHOT 0OpOOKH

HaOyXaHHs MIBUJIKA TiApaTallis 3epHa MpoIeCy BUPOOHUIITBA
IInactnuna . BupoOuunrso

. 3narHicTh GOpMyBaTH ®dopmyBaHHS .
KOHCHCTEHILiS . . . .. mope, XyMyciB,

. OJJHOPIIHY MAacTONOAIOHY | CTaOlIBHOT TEKCTYpH

et CTPYKT HaniB(pabpukaris CTPYKTYpOBAHHX
TepMOOOpOOKH pyKIypy P CUCTEM
CrabinbHicTh 36epekeHHs 3anoGiranss CTBOpeHHS
CTPYKTYpH MicCJs | OTHOPIAHOCTI Ta Ppo3IIapyBaHHIO Ta KpeMomnogioHux ta
MOAPiOHEHHS JUCIEPCHOCTI CHCTEMH | BUALICHHIO BOJIOTH frozen vegan products

Caiimit Kouip
CHPOBHHH

BincyrhicTb
IHTEHCHBHOT'O
HIPHPOTHOTO
MIrMEHTYBaHHS

IMoxpamenns
30BHIIIHBOTO BHIIISIY Ta
KOIIbOpY BHPOOiB

Buxopucranus
y bakery products,
Jieceprax Ta XyMycax

Bucoxkuii BMicT
XapuoBUX
BOJIOKOH

3HaYHU BMICT
KJIITKOBUHH Ta
peOiOTHYHNX

KOMITOHEHTIB

ITigBuInEeHHS
¢dysKIIOHATBEHOT
LIHHOCTI Ta MOKPALICHHS
TpaBJICHHS

Pozpobnenns healthy
food Ta functional
food products

Amnani3 tabnuui 2 CBiTYNTb, 0 HAHOLIBII BaYKIIMBUMHU XapaKTEPUCTUKAMU
Bean Future cupoBHHU € BHCOKHII BMICT POCIMHHOTO OiJIKa, 3IaTHICTH IO
iHTeHCHBHOTO HalyXxaHHs Ta (pOpMyBaHHS CTaOUIBHOI IUIACTUYHOI CTPYKTYpH
micnst TepMivyHOi 00poOku. Came I NMOKa3HUKHM 3a0e3nedyloTh e(eKTHBHE
CTPYKTYpPOYTBOPEHHS Ta CTaOLIBHICTh TEKCTYpH TOTOBHX BHPOOIB.

OcobnuBoro 3HavyeHHst y TexHosorisix vegan food HaOyBaloTh HEHTpanbHI
OPraHOJIENITUYHI BJIACTHBOCTI CHPOBHHH, OCKUIBKH BiJICyTHICTH BHPa)KEHOTO
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«0000BOrO» TPHCMAKy JMO3BOJISIE BHKOPHCTOBYBAaTH 3€pHOO000BI KyIbTypH
y IIMPOKOMY acoOpTHMEHTI mponykuii — Bix agecepriB i bakery products no
savory vegan systems Ta frozen convenience products.

BcraHnoBneHo, 110 TEXHONIOriYHA YHIBEpPCAJbHICTh Ta CyMICHICTH i3 clean
label TexHOJIOTISIMU € KIIIOUOBUMH KpUTEpisIMU cydacHoi vegan food inmycrpii,
OCKUJIbKH JIO3BOJISIFOTH CTBOPIOBATH (DYHKIIOHAIBHY NPOAYKIIIO 3 HATYypajJIbHUM
CKJIaJIOM, BHCOKOIO XapuOBOKO I[IHHICTIO Ta KOHKYPEHTOCIPOMOKHHMH
CIIO)KMBYMMH BJIACTUBOCTSIMU.

VY rtabnuui 3 HaBeNeHO pe3yJbTaTd IMOPIBHAJIBHOTO aHalidy XiMIYHOTO
CKJIaay KBacoui copTiB «MaBka» Ta «HeBiy, siki Oyau BUOpaHi K nepcrieKTHBHA
cupoBuHa JuIst TexHonoriid Bean Future Food Tech. [locmimpkeHHst HyTpieHTHOTO
CKJIQJy  JIO3BOJISIE  OIIHUTH  (DYHKI[IOHAJHHO-TEXHOJOTIYHMH  IOTEHIial
3epHO0000BOi CHPOBMHHM Ta OOIPYHTYBard JOLUIBHICTH 1i BHUKOPHCTaHHS
y BUPOOHHUITBI vegan-IpoayKLii HOBOI'O HOKOJIIHHS.

Amnaui3 Tabnuii 3 CBiIUUTH, IO OOMIBA COPTH KBACOJI XapaKTePU3YHOThCS
BHCOKOIO Xap4oBOIO I[IHHICTIO Ta 3HaYHUM BMICTOM pPOCJIMHHOTO OijiKa.
Copr «MaBka» BiJI3Ha4Ya€eThCs IMiJABUIIEHHUM BMICTOM 3arajbHOro Oulka Ta
DI00YJIiHOBUX (pakiiid, 0 IMO3UTUBHO BIUIMBAE Ha (POpMyBaHHS CTaOLIBHOI
CTPYKTYpH OIJIKOBHX CHCTEM 1 3a0e3ledye BHCOKI CTPYKTYPOYTBOPIOIOYi
BJIACTHBOCTI HariB(haOpuKaris.

Copr «HeBi» XapakrepusyeTbcss BHIIMM BMICTOM Xap4OBHX BOJIOKOH,
KIIITKOBUHM Ta KPOXMAJIIO, IO CHPHs€E IMiJABUIIEHHIO BOIOYTPUMYBAJIBHOI
3[aTHOCTI, ITACTMYHOCTI Ta (YHKLIOHAIBHOI WIHHOCTI TOTOBOI HPOAYKIII.
[MizBumenuii BMICT peayKylouux LyKpiB y copry «Hesi» Takox crpuse
(hopMyBaHHIO OLTBII BHPAKEHOTO 30JOTHCTOTO KOJNBOPY IIiJ] Yac TEePMIidHOI
00poOKH BHPOOIB.

BcraHnoBneHo, 10 MMO€HAHHS BHCOKOTO BMICTY Oijlka, XapuoOBHUX BOJIOKOH
Ta J00OpHUX CTPYKTYpPHO-MEXaHIYHUX BIIACTUBOCTEH pOOUTH copTh «MaBkay
Ta «HeBi» mnepcHeKTUBHOIO CHPOBUHOIO JJIsi BUPOOHMITBA (DYHKIIOHAJIBHUX
vegan-npoayKriB, 30kpeMa bakery products, frozen convenience products,
snack systems Ta pOCIMHHUX OUTKOBHMX HarliB(paOpuKaris.

TakuM YMHOM, pe3yiabTaTd IOCTIJDKEHHS MiITBEP/UKYIOTh JIOLUIBHICTH
BUKOPUCTaHHs KBacoii copriB «MaBka» Ta «Hesi» y konnenuii Bean Future
Food Tech six Bucoko(yHKIIIOHATBHOT POCIMHHOI CHPOBUHH JUISi CTBOPEHHS
IHHOBALITHOT POAYKIii HOBOTO IOKOJIHHSI.

2.2. Smart Bean Processing: mexnonozisa 60606ux Haniepadopuxamie

Opanm i3 kmodoBmx eramiB Bean Future Food Tech € pospoGnenHs
pamioHaNBPHUX MapaMeTpiB TigpoTepMidHO 00poOkm O000BHX KyJBTYP.
IIpouecu 3aMovyBaHHS Ta BapiHHSA ICTOTHO BIUIMBAIOTh Ha CTPYKTYDY,
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Tabmuusg 3

IlopiBHSIILHA HYTPIEHTHO-TEXHOJIOTIYHA XapaKTEPUCTHKA KBAacOJIi COPTIB
«Magska» ta «Hesi» y Bean Future Food Tech

Tloxa3uuku (r/g) B 100 r

HyrpienTHnit KBACO COpTiB: TexHoJioriune 3Ha4YeHHS
MOKa3HUK - y vegan food
«MaBka» «HeBi»
Bimu, ycsoro 292 25.8 CD-OpMy.BaHIfH FI/ICOKO;I' Xap‘IOBO'iTa
61070T19HOT IHHOCTI IPOIYKITiT
TligBuIIEeHHS PO3YMHHOCTI OLIKOBUX
AnbpOyMiHU 11,9 11,2 CHUCTEM Ta eMYJbI'YBaJIbHUX
BJIACTHBOCTEN
DopmyBaHHS CTPYKTYPH GLITKOBHX
InoOysinu 13,7 10,55 HamiBpaOpuKaTiB Ta TEKCTypOBaHHUX
CHCTEM
TTigBHILEHHS TIACTUYHOCTI Ta
I'moteninu 3,6 4,05 CTaOLIBHOCTI CTPYKTYPH TIiCIIs
TepMOOOPOOKH
DopMyBaHHS M SIKOCTI TEKCTYpH
Kupu 1,58 1,67 Ta MOKpAIlEHHs CMaKOBUX
XapaKTEePUCTHK
ByrneBoau, 71.93 73.01 3abe3neueHHs eHepreTHYHOT IIHHOCTI
YCHOTO ’ ’ Ta CTPYKTYPOYTBOPEHHS
VYuactp y peakiisx
Penykyrodi mykpu 4,58 6,05 MeNIaHOIANHOYTBOPEHHSI Mif Yac
TepMOOOPOOKH
Kpoxmats 450 4724 CDOpMyBaHH-i.[. B’S{3‘KOCTi Ta CT§6inLHoT
KOHCHCTeHIIT HaniBpaOpHKariB
TigBuiueHHs (yHKIIOHAIBHOT
XapuoBi BOIIOKHA 17,2 19,24 LiHHOCTI Ta NMPeOiOTHYHUX
BIIACTHBOCTEN
KtitkoBHHa 5.15 5.48 Hoxpameynx BOHOyTpI/IMyBaJl'I)HO'l'
3[aTHOCTI Ta TEKCTYPU BHPOOiB
Joma 3,75 37 Xapakrepusye MiHEpalIbHHI CKIaz

i 610JI0riUHY LIHHICTD CHPOBHHH

IIBUJIKICTh HAOYXaHH Ta MONATBII (YHKI[IOHAIEHO-TEXHOIOT1YHI BIACTUBOCTI

HamiB(haOpHKaTiB.

[lepen mpoBeACHHSAM JOCHTIDKEHb KIHETHKH HaOyXaHHS KBacolli Oyio
0OTpyHTOBaHO BHOIp CEpEeNOBHII 3aMOYyBaHHSA, OCKUIBKM caMe (i3uKo-
XIMIYHI BJIaCTUBOCTI PiAMHU BHU3HAYAIOTh IHTCHCHBHICTH BOJIOTOIOTJIMHAHHS,
CTYHiHb TifpaTamii OUIKIB i MOJicaXapuIiB, a TaKOXX TPHBATICTH IMOJAIBIION
rizporepmiuHoi 00poOku 6000B0i cupoBuHU. [y nociimkeHs Oyno BHOpaHO
TPU pi3HI cepeloBHINA: BOLY, PO34YMH OikapOOHaTy HATpil0 Ta MOJOUYHY

48



CHPOBATKYy, SKi BiIPI3HAIOThCA piBHEM pH i MeXaHi3MOM BIUIMBY Ha CTPYKTYPY
HaciHHEBOT OOOJIOHKH KBACOJIi.

3aMouyBaHHS Yy BOIl BHKOPHCTOBYBA&JIHM SIK KOHTPOJIHE CEPEIOBHIIE,
OCKUIBKM TpaJgulifHa TEXHOJIOTiS MiArOTOBKH 3€pHOOOOOBUX  KYJIBTYP
nepeabavae came BONHY riaparaiito. JIOCTDKEHHS y BOMAI JIO3BOJISIOTH
OLIIHUTHU TPHPOJHY 3JaTHICTh KBacoji 0 HaOyxaHHs Oe3 BIUIUBY JOIATKOBHX
xiMiyHHX abo OioxiMidyHMX uYMHHUKIB. KpiM TOro, Boga € yHiBepcallbHUM
CepeloBHUILEM /sl BU3HAUEHHS 0a30BUX KIHETHYHUX 3aKOHOMIPHOCTEH Tporecy
BOJIOTOITOTTMHAHHSI.

Po3unn OikapOOHATy HATPIF0 BHKOPUCTOBYBAIM 3 METOIO JOCIIKCHHS
BIUIMBY JIy)XHOTO CEepeIOBHUINA Ha Ipolec HabyxaHHs 3epHo0000BUX. Binomo,
IO JIy)KHE CEpeJOBUILE CIPHUSAE YACTKOBOMY pYHHYBAaHHIO HEKTHHOBUX
PEYOBHH 1 reMIlIeII0JI03 HACIHHEBOT 0OOJIOHKH, YHACIJOK YOTO ITiABHILY€ETHCS
MIPOHUKHICTH KIITHHHHUX CTPYKTYp [uist Bojoru. Lle mo3Bossie inTeHCcH(ikyBaTn
mpouec Tifparainii, CKOPOTUTH TPUBAIICTh 3aMOUYYBaHHS Ta 3MEHIUIUTH 4Yac
MoAajblIol TemIoBoi oOpoOku. Bukopucranus OikapOoHaTy HATpil0 TaKOX
CIIpHSE IOM’SKIIEHHIO CTPYKTYpH 000iB i (opMyBaHHIO OUIBII MJIACTHYHOT
KOHCHUCTEHIIIT HamiB(aOpuKkary.

MoIo4Hy CHpOBAaTKy 3aCTOCOBYBAJIM SIK KHCJIE CEPEIAOBHIIE 3 METOIO
OLIIHKH BIUIMBY OpPIaHIYHUX KHUCJIOT Ta MOJIOYHOKHMCIMX KOMIIOHEHTIB Ha
KiHeTHKy HaOyxaHHs kBacoii. CupoBarka MICTUThH JIaKTO3y, MiHEpalbHi
pedoBUHHM Ta OIiJKOBI KOMIIOHEHTH, SKi MOXYTh 3MIHIOBATH IIBHJIKICTh
BOJIOTOTIOIJIMHAHHS Ta BIUIMBATH HAa CTPYKTYPHO-MEXaHIUHI BJIACTHUBOCTI
3epHa. JlOCHmiIpKeHHS Yy CHPOBATHi JO3BOJIMJIM OI[IHUTH IIOBEIIHKY
6000BOT CHUPOBMHM B YyMOBax KHUCJIOIO CEpEIOBHIIA Ta BHU3HAUYUTH
MOJKJIMBICTh BUKOPUCTAHHS BTOPMHHOI MOJIOYHOI CHPOBHHH Y TEXHOJIOTISIX
¢yHKUIiOHATHHUX HaniB()aOpHKaTiB.

Ha puc. 3 HaBeneHO pe3yabTaTh JOCTIKCHHS KIHSTHKH HaOyXaHHS KBaCOIi
3aJIeKHO BIJl TEMIEpaTypu, THUIy HAciHHEBOI OOOJIOHKM Ta CepeloBHILA
3aMOYyBaHHs. AHaji3 KIHETUYHHMX KPUBHX JI03BOJISIE OLIHUTH IHTEHCHBHICThH
BOJIOTONIOTVIMHAHHS, IIBUAKICT, HaOyXaHHS Ta BIUIMB (Di3MKO-XIMIYHUX
YMHHHKIB Ha IpOLEC rijgparamii 3epH00000BOT CHPOBUHH.

Amnauni3 puc. 3 CBiIYHTS, 10 31 30UIBIIEHHSIM TeMIIEpaTypH 3aMOYyBaHHS BiJl
20 no 60 °C iHTeHCcHBHICTH HaOyXaHHSI KBacojli CyTTEBO 3pocTae. HaiiBummii
cTyninb HaOyXaHHs crocTepiraersest 3a Temreparypu 60 °C, 110 HOSCHIOETHCS
MPUCKOPEHHAM Jau(y3il BOJOTHM Kpi3hb HACIHHEBY 000J0HKY. Jlisi 3paskiB
i3 TOBCTOIO OOOJIOHKOIO XapaKTepHE OUIbII IOBUIBHE BOJIOTOIOIIMHAHHS,
0coOJIMBO Ha IIOYAaTKOBMX eTamax Iporecy. MakcumanbHa MIBUAKICTh
HaOyxaHHs1 crioctepiraerecst y mepini 40-60 XB 3aMOuyBaHHsS, HICIS YOTO
MPOIIEC TIOCTYIIOBO CTAOUTI3y€eThCS.
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Puc. 3. KineruuHi kpuBi HaGyxanHsi kBacoJi copty «HeBi»
y BoJi 3a pi3HUX 3HAYEHb TeMIePaTypH

Ha puc. 4 HaBeneHO pe3yabTaTH JOCIIKCHHS KIHETHKH HaOyXaHHs KBacoJi
3 TOHKOIO HACIHHEBOIO OOOJIOHKOIO Y BOTHOMY CEPEIOBHIIIL.

Sx BugHO 3 puC. 4, KBacoids 3 TOHKOIO HACIHHEBOIO OOOJOHKOIO
XapaKTepU3YEThCSl  OUIBII  IHTEHCHBHHM  BOJIOTONODIIMHAHHSIM  HOPIBHSHO
31 3pa3kaMH 3 TOBCTOIO OOOJOHKOI. Yke B mepimi 60 XBHIMH TPOLECY
CIIOCTEPIraeThCsl aKTUBHE 3pPOCTaHHS CTymeHs HaOyxaHHs. HaiiGinbima
WBHIKICT,  HaOyxaHHS  XxapakrepHa s Temmneparypu 60 °C, ne
MOKa3HUKK CTyNeHs HaOyXaHHsS IIepPEBHUILYIOTh AaHAJIOTIYHI 3HAYeHHS JUIs
TOBCTOOOOJIOHKOBHX CcOpTiB. OTpuMaHi pe3yibTaTd MiATBEPIKYIOTh, IO
TOBIIMHA OOOJIOHKU € OJIHUM 13 BHU3HaYaNbHHUX (DAaKTOPIB KIHETHUKH Tifparariii
6000BUX KYIBTYP.

Ha puc. 5 HaBeneHO pe3yabTaTd AOCIIKEHHs Ipoliecy HaOyXaHHsS KBacoli
y JIy)KHOMY CEpEOBHILI — pO34KHi OikapOOHaTy HaTpiro.

Amnani3 puc. 5 mokasye, 110 BUKOPHCTAHHS JIy)KHOTO CEpPEIOBHUINA CYTTEBO
inTeHcu(ikye mporec HaOyxaHHsS KBacosli. Y po3uuHi OikapOOHaTy HaTpio
BiIOYBA€THCSI MTOM’SIKIIICHHS HACIHHEBOI OOOJIOHKHU, IO CIPHSIE aKTHBHILIIOMY
MIPOHMKHEHHIO BOJIOTH Y BHYTPILIHIO CTPYKTYpy 3epHa. HallOinbuinii cTymiHb
HaOyXaHHs CriocTepiraerbes 3a Temmeparypu 60 °C.

Ha puc. 5 HaBeneHO pe3yabTaTd AOCIIIKEHHs Ipolecy HaOyXaHHs KBacoli
y JIy)KHOMY CEpEOBUILI — pO34KHi OikapOOHaTy HaTpiro.
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Puc. 4. KineruuHi kpuBi Ha0yxaHHs1 KBacoJi copty «MaBka»
y Boli 3a pi3HUX 3HAYEHb TeMIepPaTypu

AHami3 puc. 5 moxasye, 1[0 BUKOPHUCTAHHS JIY>KHOTO CEpEOBHUIIA CyTTEBO
inTeHcu(ikye mporec HaOyxaHHsS KBacosli. Y po3uuHI OikapOOHaTy HaTpilo
Bi/IOyBAa€THCS MOM’SIKIIEHHS HACIHHEBOI OOOJIOHKH, IO CIPHsE aKTHBHILIOMY
MIPOHUKHEHHIO BOJIOTH y BHYTPILIHIO CTPYKTYpy 3epHa. Haitbinpmuii cTyminb
HabyXaHHs criocTepiraeThes 3a Temmeparypu 60 °C.

Ha puc. 6 HaBeeHO pe3yabTaTH JOCITIIKCHHS KIHCTHKH HaOyXaHHs KBAcOJIi
3 TOHKOIO 00OJIOHKOIO Y JIYXKHOMY CEpEIOBHIIII.

Pesysbraru, HaBeneHi Ha puc. 6, CBiAYaTh MPO MAKCHMAJIbHO IHTCHCHBHE
HaOyXaHHS cepejl yCiX TOCHTiKyBaHUX BapiaHTiB. [loeTHaHHS TOHKOT HACIHHEBOL
00O0JIOHKH Ta JIY)KHOTO CepelOBHUIIIA 3a0e31euye HaifBUIIy MIBUAKICTH Tipararii
1 aKTHBHE BOJIOTOIOITIMHAHHS BXKE HA IMMOYATKOBHUX €Talax 3aMOYyBaHHI. 3a
temneparypu 60 °C crymiHb HaOyXaHHsS JOCATa€ MaKCHMaJbHHX 3HAYCHb,
IO MiATBEpAXKYE e(PEeKTUBHICTh BUKOPUCTAHHS PO3UUHY OikapOoHaTy HaTpiio
y TEXHOJOTIi mAroToBKN 6060BUX HamiBpaOpHKaTiB.

Ha pwuc. 7 HaBeAeHO pe3yiabTaTd TOCTIIKCHHS HaOyXaHHS KBacoJli
Yy MOJIOUHIH CHPOBATIII.

3 puc. 7 BUIHO, IO KHCJIE CEPEJOBUIIEC MOJIOYHOI CHPOBATKH YIOBLIBHIOE
rpoliec HaOyXaHHs MOPIBHIHO 3 BOJOIO Ta JY>KHUM cepenoBuineM. J{ist 3paskiB
i3 TOBCTOIO OOOJIOHKOIO XapaKTepHE MEHII IHTCHCHBHE MOTIMHAHHS BOJIOTH,
ocobimmBo y pasi temnepatryp 20—40°C. BomHouac miBHINEHHS TeMIIEpaTypH
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B OikapOoHari HaTpis (coai) 3a pi3HUX 3HAYEeHb TeMIlepaTypu
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Puc. 5. Kinernuni kpui Ha0yxanusa kBacoJi copty «Hesi»

I enakicTs wadyxannsa, <102 xg !

n0 60°C 4YacTKOBO KOMIICHCYE BIDIMB KHCIIOTO CEpelOBHINA Ta 3abe3redye
017 aKTHBHE HAOyXaHHs 3epHa.
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Puc. 6. KinernuHi kpuBi Ha0yxaHHs KBacoJi copry «Maskay»
B OikapOoHati HaTpis (coai) 3a pi3HUX 3HAYEHb TeMIIepATypPH
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Puc. 7. Kinernuni kpuBi Ha0yxanHs kBacoJi copty «Hesi»
B KHCJIOMY CepeIoBHINI 32 pi3HMX 3HAYEHb TeMIlepaTypu

Ha puc. 8 HaBeneHO pe3ynbTaTH J0CHIIKeHHS KIHETHKHY HaOyXaHHS KBacoi
3 TOHKOIO HaCiHHEBOIO OOOJIOHKOIO y CHPOBATIIL.
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Puc. 8. KinernuHi kpuBi Ha0yxaHHs KBacoJi copry «Maskay»
B KHCJIOMY CepeJOBHINI 32 Pi3HUX 3HAYEHb TeMIlepaTypH
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Amnani3 puc. 8 miATBEpIXKYE, IO HABITh y KUCIOMY CEPENOBHII KBAcCOJIs
3 TOHKOIO 000JIOHKOFO HaOyXa€ iHTEHCHBHIIIIE IIOPiBHIHO 3 TOBCTOOOOJIOHKOBUMU
copramu. HaiiGinpimmii cryninb HaOyXaHHSI CIIOCTEPITa€ThCS 3a TEMIIEpaTypu
60 °C, mpore 3araibHa MIBHIKICTH INPOLECY € HIKYOI, HDK Y JIy)KHOMY
cepenouii. OTpuMaHi pesynsraru cBiguarb, mo pH cepemoBuina cyTTeBO
BIUIMBA€ Ha NMPOHMKHEHHS BOJIOTH y CTPYKTYpY 3€pHa Ta BH3HAYa€ KiHETHUKY
MpoIieCy rimparariii.

KommekcHuid aHaii3 KiIHETMYHHUX KPHUBUX HaOyXaHHS MiATBEPIDKYE, IO
HaOUIbII e()EKTUBHIUMHU YMOBaMH{ 3aMOYyBaHHS KBACOJI € JIy)KHE CEPelOBHUIIE
ta Ttemneparypa 60 °C. BcTaHOBIEHO, IO TOHKA HACIHHEBA OO0OJIOHKA
3a0e3neuye OLIBLI IHTCHCHBHE BOJIOTONOIIMHAHHS 1 MPUCKOPIOE JOCSTHEHHS
KyJTIHApHOi TOTOBHOCTI 3epHO0000BOi cpoBUHH. OTpUMaHi pe3ysbTaTu CTaliu
OCHOBOIO JUIsl po3poOineHHs TexHouorii Smart Bean Processing y BupoOHHULITBI
BEraHCHKHX MPOMYKTiB HOBOTO MOKOJIHHS.

VY Tabnuui 4 HaBeIEHO palioOHaNbHI IapaMeTpy TEXHOJIOTii BUPOOHMIITBA
HaniBdabpukary «[lrope i3 KBacoii», BCTaHOBIEHI Ha OCHOBI JTOCIIIKCHHS
IpoueciB  Tifparaiii, TigpoTepMiyHOi OOpOOKM Ta CTPYKTYpPOYTBOPEHHS
3epHO0000BOI CHUPOBHHH.

AHani3 Tabaui 4 CBiIYUTH, 110 HAWOLIBII Ba)KJIUBUM €TAllOM TEXHOJOTIT
€ mpouec 3amouyBanHs y 0,2% po3uuHi OikapOOHaTy HATpilO 3a TEMIIEpaTypu
60°C. BukopHcTaHHs JIy>KHOTO CEPEeIOBHILA CIPHSIE TIOM SIKIIEHHIO HACIHHEBOT
00OJIOHKH, TPUCKOPEHHIO IPOHMKHEHHS BOJIOTM Y CTPYKTYpYy 3€pHa Ta
CKOPOYEHHIO TPHBAJIOCTI IMOJAJIBILIOI TEMIIOBOI 0OPOOKH.

BcranoBneno, mo BapiHHsS KBacosli Hpu Tigpomoxmyni 1:3  ynmponomx
45 xBwinH 3a0e3reuye IIOBHE pO3M SIKIIEHHS 3€pHa Ta (OpMYBaHHS
IUTACTUYHOI CTPYKTYpH, NPHUIATHOI JUIsi OTPUMaHHS OJHOPITHOIO IIIOpeE.
[onankie mpoTupanHs dYepe3 oTBopu giamerpom 0,6-0,8 MM  103BOJISIE
chopMyBaTu IpiOHOANCIIEPCHY CUCTEMY 3 BUCOKMMH CTPYKTYPHO-MEXaHIYHUMHU
XapaKTepUCTUKAMHU.

3aKIoYyHMN eTan OXOJIOMKEeHHS 10 Temreparypu 4-8 °C 3abesneuye
crabini3anio KOHCHCTEHIIT HaniB(aObpuKaTy Ta MiIBHUILYE HOTO TEXHOJIOTTYHY
NIPUAATHICTh JJIsi BUKOpHCTaHHs y bakery products, vegan snacks, frozen
convenience products Ta inmmx cucremax Bean Future Food Tech.

2.3. CryoBean Structure Tech:
cmaoinizayia ma cmpyKmypoymeopeHHs 3amMopoyHceHux vegan-npooyKkmie

Opniero 3  KI090BUX mpobiem cydacHoi vegan food immyctpil
€ 3a0e3medeHHsT CTaOUTPHOCTI CTPYKTYPH POCIMHHHX HamiBpaOpukariB mixg
Yac IUKIIB «3aMOPOXKYBaHHS — TepMidHa 00poOka». OCOOIMBO 1€ CTOCYETHCA
¢danadenro Ta iHIUX CTPYKTYpPOBaHHX BHPOOIB Ha OCHOBI OOOOBHX KYJIBTYD,
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Tabmuusg 4

PanionanbHi TexHoJI0TiYHi MapaMeTpu BUPOOHULTBA HaniBpadpukary
«ITrope i3 kBacodi» y cucremi Smart Bean Processing

ETtan TexHogoriunoro
npouecy

Texnoaoriuni
napamMeTpu

DYHKIiOHAIBHO-TEXHOJIOTiYHE
NMpPU3HAYEHHS Mpouecy

IlinroroBka cHpOBHHU

CemnapyBaHHsI KBacoi

BuaneHHs: MeXaHIYHUX
JIOMIIIIOK Ta
TOLIKOJPKEHOTO 3€pHa

3albe3neueHHs CaHiTapHO-TirieHiYHOT
0e3MeYHOCTI Ta OHOPIAHOCTI
CHPOBHHH

IIpomuBanus

IIpomuBaHHS TPOTOYHOIO
BOZIOIO

BunaneHHs muiy, MOBEPXHEBHX
3a0pyIHEHb Ta CTOPOHHIX YaCTHHOK

TinpaTtanis (3aMouyBaHHs)

CepenoBuile 3aMOYyBaHHS

0,2% po3unn GikapOOHATY
HaTpito

IHTeHcudikauis nmpouecy HaOyxaHHS
Ta TOM’IKIICHHS HACIHHEBOT
000TOHKH

3abe3neueHHs JOCTaTHBOTO PiBHS

Tiapomonynsb 1 : 3 (kBacosst : pO34UH)
BOJIOTONOIIMHAHHS
IMpuckopennst nudy3ii Bonoru ta
Temneparypa 3amouyBaHHs | 60 = 2°C p P by .
AKTHBALS IIpoLecy rifparanii
DopMyBaHHS IITACTUIHOI CTPYKTYpH
TpuBamicTs 3aMOTyBaHHS 60 xB 3epHa Ta CKOPOYEHHS TPHBAIOCTI

BapiHHS

Tinporepmiuna o6podka

Bapinns

Y BoAHOMY cepemoBHIIL

JlecTpyKiisi KITITHHHUX CTIHOK Ta
[IOM’SIKIICHHS CTPYKTYPH 3€pHA

Tigpomomyss min yac
BapiHHSI

1:3 (xBacons : Boxa)

3abe3neueHHs] PIBHOMIPHOT TEILIOBOT
00poOKu

TpuBaiicts BapiHHS

45 xB

JlocsirHeHHs KyJIiHapHOT TOTOBHOCTI
Ta ()OpPMyBaHHS IIACTHIHOT
KOHCHCTEHIIIT

BI/I,[[aJ'IeHHSI BapHUIIbHOT'O

BinkumaHss Ha CHUTO

PerynroBaHHs Bosorocti Ta
MONEPEeKESHHS PO3PiKEHHS

cepeIoBHIIa
CHCTEMU
Mexaniune noapioHennst
iaMeTp OTBOpiB DopMyBaHHS OHOPiHOT
Tporupanus A p p PMY AHOPiZL
0,6-0,8 MM JpiOHOAUCIEPCHOT CTPYKTYPH IIOpe
Cradinizauis crpykrypu
Crabimi3alis KOHCUCTEHIIT Ta
OXO0NomKeHHS Temmeparypa 4-8 °C CIOBUIBHEHHS MiKpOO1OIOTiYHUX

Mpo1IeciB

SKI MiJ 4Yac CMaXeHHS MOXYTh BTpadatd (GOpMy, BHIUIATH Ha/JIHIIKOBY
BoJIOTY a00 pylHyBarucs. Y 3B 53Ky 3 UM aKTyaJIbHHM € MOUIYK e()eKTHBHUX
CTPYKTYypOYTBOPIOBaUiB Ta CTa011i3aTOPIB, 3AaTHUX 3a0€3MCUNTH IIACTHYHICTD,
COKOBUTICTb 1 XPYCTKY TEKCTYpY TOTOBOTO MPOAYKTY.
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Ha puc. 9 HaBeneHo pe3ynbTaTu HOCHIPKEHHS 3MiHU 00’ €My COeBHX 000iB
I 4ac 3aMOYyBaHHS, II0 MPOBOIWIOCH 3 METOI BH3HAYEHHS palliOHAIBHOI
TpUBAJIOCTI Tifparauii s oxepkaHHs HaniBdaOpukary «Oxapa». ITpouec
3aMOYYBaHHS € OIHHMM 13 KJIIOYOBHX €TaIliB TEXHOJOTii, OCKUIBKM caMme BiH
BIUIMBA€E Ha CTYIiHb HaOyxaHHs OUIKIB 1 INoiicaxapuaiB, HONANIBIIY 3/1aTHICTh
600iB 10 oapiOHEHHS Ta POPMYBaHHS OJHOPIIHOI INTACTUYHOI CTPYKTYPH.

Amnauti3 puc. 9 cBiTUUTh, IO B IPOIIECi 3aMOYYBaHHSI BiI0YBA€THCS MMOCTYIIOBE
30ubIIeHHS 00’€My cO€BUX OOOIB yHACNiZOK aKTUBHOTO BOJIOTOIOIIMHAHHSL.
Haii6inpir iHTeHCHBHEe HaOyXaHHS CIIOCTEpiraeTbcst y mepmi 6—8 roauH
3aMOYyBaHHs, KoJIM 00’eM 000iB 30inblIyeThCS Maibke y 1,5 paza HOpiBHSHO
3 MOYaTKOBMM cTaHOM. Hananmi mBHIKICTH Tigparamii mocTynoBO 3HWKYEThCS,
a micast 10—12 ronun nporec HaONMMKAETHCS A0 cTadLTi3aii.

OtpuMaHi pe3ynsraTd MHiATBEPIUKYIOTh, 10 HaAMIpHE 30iJIbLICHHS
TPHUBAJIOCTI 3aMOYYBaHHS € HEIOUIBHAM, OCKUIbKH miciast 12 ToIauH
IHTEHCHUBHICTh HaOyXaHHS NPAaKTHYHO HE 3MIHIOETHCS, BOJHOYAC MOXKYTh
3pOCTaTH BTPATH BOAOPO3UMHHHX OIJKIB, MIHEPAJILHUX PEUOBUH Ta BITAMIHIB.
BcraHoBneHo, 110 ONTHUMAJBHOIO TPUBAIICTIO 3aMOYYBaHHS CO€BUX 000iB
€ 10 romuH, OCKUIBKM caMe 3a IUX YMOB (DOpMYyeThCS M’sKa, IUIACTHYHA
CTPYKTypa 3€pHa, NMpUAaTHa ISl TOJNAJIBIIOrO MOAPIOHEHHS Ta OTPUMAaHHS
onHopinHoro HamiBdadpukary «Okapay.

Y wmexax kxonnennii CryoBean Structure Tech mocnmimkeHO MOXIHBICTH
BUKOPUCTAHHSI COEBOT OKapH Ta KCAaHTAHOBOT KaMeZll Y TEXHOJIOT1i 3aMOPOKEHOTO
¢danadenro. BcTraHoBIEHO, MmO OKapa BHKOHYE pOJIb BHCOKOOLIKOBOTO

&
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e T L
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-

80 ‘

60
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Puc. 9. 3mina 06’emy 600iB co€BUX MiJ Yac 3aMOYyBAHHS
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CTPYKTYpOYTBOpIOBa4a, a KCaHTaHOBa KaMelb 3a0e3reuye crabinizamito
Xap4oBOi CUCTEMH IIijl Yac 3aMOPOKYBAaHHSI Ta MMOAAJIBIIOI0 CMasKeHHSI.

Jns ontuMizanii TexHosorii OyJio JOCHIKEHO MapaMeTpd 3aMO4yyBaHHS
coeBux 000iB, mporec oxepxkaHHs HamiBhadpukary «Okapa» Ta BILIMB Pi3HUX
BUJIB KaMeJeW Ha TEKCTypHI XapakrepucTuku Qanademnto. BusnaueHo, mo
ONTHUMAJBHOIO € TpPUBAIICTh 3amouyBaHHs coi 10 roauH, sika 3a0e3medye
(opMyBaHHS OHOPIJHOI INIACTUYHOI CTPYKTYpU 0€3 TBEPAUX BKIIOUYEHb.

JlochikeHHsT MOJENPHUX 3pa3KiB MOKa3aH, 10 HAWOUIBII ¢(pEKTHBHUM
cTabiIi3aTOpOM € KCaHTaHOBa Kamenb y KoHieHtpamii 0,5%, sika 3a0e3medye
30epekeHHs] (hopMU BHPOOIB, COKOBHUTY KOHCHCTEHIIIO Ta XPYCTKY CKOPHUHKY
ITCIIST UKITY «3aMOPOXKYBaHHS — cMakeHHs» (puc. 10).

Amnaniz puc. 10 cBimuuTh, MO 3pa30K i3 BMICTOM KCAaHTAHOBOI KaMesi
0,4% xapakTepu3yBaBCsi HE JIOCUTh CTa0OUIBHOIO BHYTDIIIHBOIO CTPYKTYpOIO
Ta MiJBUIIEHOI KpuxkicTio. Ha po3pi3i crmocrepiraymacs HepiBHOMipHa
MIOPHCTICTH 1 YaCTKOBE PYyHHYBaHHs CTPYKTYPH, 110 OB’ S3aHO 3 HEIOCTATHBOIO
BOJIOTOy TPUMYBAJIEHOIO 3/[aTHICTIO CHCTEMH.

3pa3ok i3 KOHIIGHTpAIli€r0 KcaHTaHOBOi Kameni 0,5% wMaB HaiOiLIbII
OJHOPIZHY Ta IUIaCTU4YHY CTpyKTypy. Ha po3pisi crocrepiranacst piBHOMipHa
JpiOHOIIOpUCTA TEKCTYpa, AOCTATHS COKOBHTICTH Ta BiJCYTHICTH YIIIIbHEHHX
ninssHok. CaMe 1ed BapiaHT 3a0e3redyBaB ONTHMalIbHE TMOETHAHHS XPYCTKOL
30BHILIHBOI CKOPHHKH Ta HIXKHOT BHYTPIIIHBOT KOHCHCTEHIIII.

Jlist 3pa3ka i3 KOHIIEHTpAIli€r0 KcaHTaHoBoi kKameni 0,6% xapakTepHoro Oyiia
OUTBII MIUTbHA ¥ yIIiTbHEHA CTPYKTypa. He3Baxaroum Ha J00py cTaOUIBHICT
(dbopMH, HA/UTUIIKOBHIA BMICT Kamei MPHU3BOAWB JO 3HMKCHHS HIXHOCTI Ta
COKOBUTOCTI BUPOOY, a TakoXk (hOPMyBaB MEHIII BUPAXKEHY HOPUCTICTh M’ AKYIIIA.

OTpuMaHi pe3yJbTaTd MiATBEPIXKYIOTh, 110 BHUKOPHUCTAHHS KCaHTAHOBOI
kameni y kumekocti 0,5% € HaWOULIbII pamioHaNbHUM JUISL  TEXHOJOTIi

Keoanmowosa
waneide 0,55 | wanids 0,6%

Puc. 10. 3oBHimHili BUIIsA 3pa3kiB Ha po3pisi micas nukiIy
«3aMOpOKYBAHHS — CMA)KEHHS», 0€3 MePeIYacHOro Po3MOPOKYBAHHSA
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3aMopokeHoro (Qanadento, OCKiIbKM 3abe3neuye cTaOLIbHY CTPYKTYDY,
pIBHOMIpHY TEKCTYpy Ta BHCOKi OpraHOJCNTHYHI [OKA3HHKH TOTOBOIO
MPOAYKTY.

3. Bean Future Gastro Innovations: po3po6/ieHHs TeXHO10TiN
BEraHCbKMX NMpoAyKTiB HOBOIro NMOKOJIiHHA

3.1. Bean Future Products: po3poonenns Konyenuyii vegan-npooyKkyii

Cyuacna vegan food iHmycTpisi opieHTOBaHa Ha CTBOPEHHS IHHOBAIIHOT
MIPOIYKIIiT 3 BUCOKOIO XapYOBOIO LIHHICTIO, IPUBAOIMBUMHU OpPraHONCITHIHIMHA
XapaKTEePUCTUKAMH Ta CTA0UIbHUMH CTPYKTYpPHO-MEXaHIYHUMH BIACTHBOCTSIMH.
Y mexax xonnenmii Bean Future Food Tech po3pobneno acoprumenT cydacHux
vegan-npoayKTiB HOBOTO TIIOKOJIIHHS Ha OCHOBI KBAaCOJEBHX Ta HYTOBHX
HamiBaOpukatiB. o acopTuMeHTy yBIMOUIM (YHKIIOHAJIBHI IECepTHI,
x;i000ynouHi, cHeKkoBi Ta frozen convenience products, 30kpema 06oOoBe
meanBo «Veloury, xmi600ymounuit Bupid «Bib Rolly, «XpycTki 6000Bi Kynbku
i3 3aarapom», «KpadToBuit xymyc» ta «Danaderns 3aMOPOKESHHI».

Oco06nuBiCTIO PO3pOOICHOT MPOAYKIii € BUKOPUCTAHHS (DYHKIIIOHATBHIX
IHTPEiEHTIB HOBOTO TIOKONIHHSA — HACiHHS dYia, JIbOHY, MiCO-TIACTH, OKapH,
KCaHTaHOBOI KaMeJIi, IpSHUX cyMimiei Ta clean label kommonenTis. Lle no3Boste
MiIBUIIUTH Xap4yoBy i OioJOTriduHy MiHHICTE BHPOOIB, CHOPMYBaTH CydacHHHA
racTpOHOMIYHHHN TPOd ik Ta 3a0€3MeUnTH BiAMIOBIAHICTh aKTyaJIbHUM TPEHIAM
healthy food, sustainable nutrition i vegan gastro trends. Ha puc. 11 maBeneno
KOHIIeNIIifo acoptuMenTy Bean Future Products.

OCHOBHOIO i[Ie€10 KOHIIEMINI € CTBOPEHHS (YHKI[IOHATHHHUX TPOAYKTIB i3
BHCOKHM BMICTOM POCIMHHOTO OiKa, Cy4acHHM TacTPOHOMIYHHM Ipodiizem
Ta TOKPAmICHHMH CTPYKTYPHO-MEXaHIYHUMH BiacTUBOCTAMH. OcobnmBa
yBara IpUAUISETECS BUKOpPHCTaHHIO clean label Texnomori#i, GpyHKITIOHATEHIX
iHTpeieHTiB Ta sustainable food migxomis.

AmHani3 puc. 5 cBiguuTh, mo koumemnmis Bean Future Products opienToBana
Ha CTBOPEHHS iHHOBaIiitHO1 vegan food mpomykiii i3 BUCOKOIO (PyHKITIOHAIEHOO
Ta XapuoBOIO HiHHICTIO. OCHOBHOIO OCOOIUBICTIO ACOPTUMEHTY € BUKOPHUCTAHHS
3epHO0000BOI CHpPOBHHH $SK 0a30BOTO CTPYKTYpPOYTBOpIOBada Ta IDKeperna
POCIMHHOTO OiJTKA.

OcobnuBwii inTepec craHoBUTH NpoaykT «Frozen Falafel Bean Futurey,
IHHOBAIIHICTH SKOTO IOJIATA€ Y BUKOPUCTAHHI COE€BOI OKapH Ta KCAaHTaHOBOI
Kameni /uia cralimizamii CTPYKTypH IiI 4ac 3aMOpPOXKYBaHHS Ta TEPMidHOL
00pobku. Lle mo3Bomse ctBoputH frozen convenience product i3 XpyCTKOIO
CKOPUHKOIO, CTabiTBHOIO TEKCTypOI0 Ta BHCOKOIO COKOBHTICTIO TIICIHIA
CMa)KCHHSI.
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Konnenuis acopramenty Bean Future Products

«Velour» — 6o6ose pynxuionaasne neuneo |— —[ «Frozen Falafel Bean Future» I

[

. Savopoxcenuit garagperv. wa ocnoei
HVRHY M coE|aT oxapn

Bucovobimose  newuso  wa  ocHogi

K&(WO.?MO‘:WD kfIKiF,DP, RACIHKA  9iad Ma * BH’KG})N(‘"MHHR oxapu ma

ARG 020 YD) KCaHanogoi Kenvieo i a1s

Buxopucmawia Go60goco mope saMicins e cmaditizayll  cmpvennpn  nio uac

mpaguinnezo  Gopomna  Mda  JCUpoeuy - ULl HIAMOPONCNEAHNA =

KoMHOHeRe CMANCENNA D

«Bib-Roll» — vegan bakery product |— «Bean Cream Protein- kpadroBmii
XyMyC»

Aridodvaounuli  enpid i3 KeacarestM
Hanieadpuramon @ POCTHHANML
crelirM

|, Kpev-nacma wa ocnoei Gitol weacari
A POCTHRNOIG MOTONT

_, Buxopucnmannn Godogoro Gimwa AKX
ATLIEPHAMNEN MATOTHILN KPeVam

Toconanua seprotiodoeol cposunu ma _ |
clean label mexnoroail

—{ «XpycTki Ooboei KyIBEKH i3 3aaTapom

CHexoea NPOAYKNIA W ockoel Kedeall ma
VIV 3 HPARGIO CYMININGO 3ANap

Doprvedanud  xpvemrel  cnpVRHNE ez
= BUKOPHCINANNA WKLY apoMamusmnopie
e WOCNoeaYie CAaRy

Puc. 11. Konnenuiss acoprumenty Bean Future Products

Iponykr «Velour» € mpuknanom ¢yHkuionansHoro vegan dessert/snack
TIPOAYKTY, SIKMH ITO€AHY€E BUCOKHI BMICT OiIKa, HU3BKHH PiBeHb padiHOBAaHOTO
LyKPY Ta BUKOPHCTaHHS HATYPAIbHHUX IHTPEMi€HTIB. 3aBISKH LIbOMY IIPOIYKT
Ma€ IIepCreKTHBU TOmMyisipu3anii cepen cnoxuBauiB healthy food Ta
CHOPTHBHOTO Xap4yBaHHS.
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«XpycTki 6000Bi KyjibkH i3 3aarapom» (GOpMyIOTb HOBHWIl HampsiM vegan
snack products, opieHTOBaHMI Ha CydacHi racTpoHOMi4yHiI TpeHau street food
Ta healthy snacks. [xuboro mepesaroro € HarypanbHuil CKIaj, BUCOKHI BMiCT
OiyKa Ta BUpaXEHUH MpPSHUIA cMak 0e3 BUKOPHUCTAHHS CUHTETHYHHX J100aBOK.

Takum unHOM, KoH1emnist Bean Future Products cripsmMoBaHa Ha CTBOpEHHs
KOHKYPEHTOCIIPOMO)KHOT BETaHCHKOT IPOAYKIIiT HOBOTO HOKOJIIHHS, SIKa TOEAHYE
(YHKIIOHATIBHICTh, IHHOBALIWHICTh Ta BiIIOBITHICTh CYYaCHHUM TCHICHIISIM
sustainable food i healthy nutrition.

3.2. Texnonoziunuit npoyec eupooHuymea neuusa 60606ozo «Veloury

[TeunBo «bobose meunBo «Veloury» € iHHOBamiitHMM vegan dessert
MIPOAYKTOM, PO3pOOICHNM Ha OCHOBI KBACOJIEBOTO MIOPE, BIBCSIHUX IUIACTIBIIIB
Ta (QyHKIiOHAIBHUX iHTpenmieHTiB. OcobOnmBicTio peuentypu (Tabm. 5)
€ YacTKOBA 3aMiHa MaHHOI KPYHH BIBCSHHUMH IUTACTiBISIMH, BHKOPHCTAHHS

Tabmwus 5
Peuentypuuii ckiiaa neunBa «booose nmeunBo «Velour»»
Butpara npoaykris Ha 1 nopuiro, r
. IleunBo Tpaguuiiine Bo6oBe neunBo
Haiivenysanns cuposuin Ta n/ (RonTpmlebl; «Velour» (po3podka)
opyTTO HETTO opyTTO HETTO
TicTo
BopourHo nuieHnYHe HiTbHO3EPHOBE 10,0 10,0 10,0 10,0
BiBcsiHi mmacTiBii (IIBHIKOTO - - 20,0 20,0
MIPUTOTYBAHHS)
ManHa kpyna 37,5 37,5 8,0 8,0
KBacons 3Buuaiina - - 12,0 12,0
H/d «ITrope i3 kBacomi» — - - 32,0
Hacinus uia - - 3,0 3,0
Omneorenb 26,0 26,0 20,0 20,0
KokocoBuii 1rykop 4,0 4.0 4,0 4,0
Cinb MOpChKa 0,4 0.4 0,4 0,4
Bona nutHa 10,0 10,0 3,0 3,0
JIpixmki cyxi 0,5 0,5 0,5 0,5
Haunnka
Yoprocnus (6e3 KicTOYOK) 10,0 10,0 13,0 10,0
Cik amenbCHHOBHN CBIKOBHYABICHUI 2,0 2,0 3,0 3,0
Kopuug menena 0,1 0,1 0,2 0,2
Kapnamon menenunit — - 0,05 0,05
Maca HaniBdabpukary — 100,0 — 100,0
Buxin roroBoi crpaBu - 88,0 - 91,0
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HaCiHHA Yia, KOKOCOBOTO I[YKpY, OJIEOTEIII0, 1110 JIO3BOJISE HiABUIIUTH Xap4OBY
LiHHICT BUPOOY Ta 3HU3UTH HOTO ITIKEMidyHEe HaBaHTA)KECHHS.

TexHonoriuHmii mpouec BUPOOHHMITBA Mepeadavyac MiArOTOBKY KBacoi
LUIIXOM 3aMOYyBaHHS y po34MHi OikapOoHary Harpiro 3a TeMIeparypu
60 °C nporsirom 60 XBHIMH 3 MOJAJIbIINM BapiHHSIM JI0 KyJIiHapHOT TOTOBHOCTI
Ta MOoAPIOHEHHSAM 110 OJHOpiAHOrO miope. OKPeMO TOTYIOTH KXHPO-KpPYI' SHY
CyMilll Ha OCHOBI OJIEOTEJIIO, BIBCSIHUX IUIACTIBIIB 1 MaHHOI KpyIH, SKYy
BUTPUMYIOTb 32 HU3bKUX TEMIIEpaTyp AJsl cTadijizamii CTpyKTypH.

Ha nHacTynmHOMy eTari 3aMimIyIOTh TICTO i3 BHKOPHCTaHHSIM KBacOJEBOTO
II0pe, LIJIbHO3EpPHOBOTO OOPOIIIHA, KOKOCOBOTO IIYKpY, HACIHHS ia Ta JIPiXKIXKIB.
[Micns poscroroBaHHS TicTO (OPMYIOTH Y BHIISIII KOPXKIB 13 JI0JjaBaHHAM
HaYMHKW Ha OCHOBI UYOPHOCIHBY, alleJIbCHHOBOIO COKY, alejIbCHHOBOI Lienpu
Ta xopuui. HaniBdabprkaru GopMyroTh y JeKopaTHBHUX (OpMax Ta BUITIKAIOTh
3a temnepatrypu 230...240 °C npotsirom 7...10 XBuIuH.

ToToBuit BHPiO XapakTepH3yeThCs 30JI0THCTUM KOJIbOPOM, KPHXKOIO TEKCTYPOIO
Ta HDKHOIO TSATYYOI0 HAYMHKOIO 3 KapaMeNbHO-TIPSHUM apoMaroM. BukoprcranHs
KBaCOJICBOT'O IMOpe Ta (DYHKIIOHAIBHKX 1HIPEIIEHTIB JI03BOJISIE CTBOPUTH CyYacHHUN
Vegan-mpoayKT i3 BUCOKOKO Xap4OBOO Ta OPraHOJICITHYHOO I[IHHICTIO.

«boboBe  meumBo  «Velour»  XapakTepu3yeTbCsl  NPUBAOIMBHMHU
OPraHoJIENITUYHIMH BIIACTHBOCTSIMH Ta Cy4aCHHUM raCTPOHOMIYHHUM MpodijeM.
30BHIMHIA BUNISA BUPOOy — OKpPYIIO-NIPUILTIOCHYTa (opMa 3 UiTKOIO
JIEKOPAaTHBHOIO TEKCTYPOIO oBepXHi. [ToBepXHs piBHOMIpHA, 311€TKa MaroBa, 0e3
TPILIMH, MATOPUIOCTEH Ta MEXaHIYHUX IOIIKO/DKEHb. 3aBIsKH BUKOPUCTAHHIO
BIBCSIHUX IUIACTIBIIB BUPIO Ma€ BHPaKEHY HATYPajbHY TEKCTYpY.

3.3. Texnonoziunuii npoyec eupoonuymea xaiv006yn10unozo eupooy
Ha ocHogi 3eprobdobosux «Bib-Rolly

Xni600ynounnit  Bupi®  «Bib-Roll» €  ¢yHKIioHamBHOIO — Vegan-
IBTEPHATUBOIO TPaJULiHHIA TiTi, PO3pOOIEHOI0 HAa OCHOBI 3epHO0000BOT
CHPOBUHH, TaOIHIs 6. OCOONMBICTIO PELIENTYPH € YACTKOBA 3aMiHa MIIICHUYHOTO
OopoliHa HyTOBHM, BUKOPHCTaHHS KBAcOJEBOTO IIOPE Ta MEJICHOTO JIHSHOTO
HaCiHHS, 110 JO3BOJISE MiABUIINATH BMICT POCIMHHOTO O1J1Ka, Xap4OBUX BOJIOKOH
Ta OMera-3 >KHUPHUX KHCIIOT.

Texnonoriunmii mporec mnependadae MiATOTOBKY OOpOLIHSHOI cyMmimii i3
MIIIIEHUYHOTO Ta HYTOBOTO OOpOIHA 3 JOAABaHHSIM COJli, KMHUHY, YaCHUKOBOTO
MOPOIIKY Ta MEJIEHOro JIboHy. OKpeMO IpOBOISATH ITirOTOBKY KBAacOJEBOTO
IIOpe [UITXOM 3aMOYYBaHHS, BapiHHS Ta MOIPIOHEHHs KBAcOJi 10 OXHOPIIHOI
KOHCHCTEHII].
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Tabmuus 6
PenenTtypHuii ckian xs1i000ys104HOr0 BHpo0y Ha OCHOBi 3epHOG000BUX
«Bib-Roll»

Burtpara npoaykris Ha 1 nopuilo, r
HajiMeHyBaHHSI CUDOBMHM Ta H/( "lT(iJ::?::;;ma «Bib-Roll» (po3podxka)

opyrTO HETTO opyrTo HETTO
bopouHo nieHnyHe NepUIOro IaTyHKy 50,0 50,0 40,0 40,0
BopourHo HyToBE - - 10,0 10,0
Jpixmki cyxi 0,5 0,5 0,5 0,5
Cinb MOpChKa 1,5 1,5 1,0 1,0
YacHuK (TOpOLIOK) - - 1,0 1,0
Kmun menenuit - - 0,5 0,5
Hacinns nboHy menene — - 2,0 2,0
Lykop-micox 1,5 1,5 1,5 1,5
KBacouns 3Bnuaiina — - 8,0 7,5
H/¢ «KBacons 3amodena» - - - 12,0
H/¢ «ITrope i3 kBacomi» - - - 25,0
Hyrt 7,5 7,0 - —
H/d «Hyt 3amoueHniiy — 14,0 — -
H/p «ITrope i3 HyTY» — 25,0 - -
Onist 0JIMBKOBA 3,5 3,5 3,5 3,5
Bona nutHa 18,0 18,0 16,0 16,0
Maca HamiBpabpHuKaTy - 100,0 - 100,0
Buxin roroBoi crpaBu - 90,0 - 93,0

Ha HactynHOMy ertami IpiKIDKi pO3UMHSIOTH y TEIUIil BOII Ta 3 €IHYIOTh
i3 OOpOIIHSHOIO CYMIIIIIIO, KBAaCOJEBUM IIIOPE Ta OJMBKOBOIO OJI€IO.
TicTo 3aMilIyloTh 1O OAHOPIAHOI €JaCTUYHOI CTPYKTYpH Ta 3aJIMLIAIOTH Ha
po3croroBanHs. Ilicis nporo GopMyIOTh OKPYIJIi KOPKi, HPOBOAATH TOBTOPHE
PO3CTOIOBaHHS Ta BHITIKalOTh 3a TeMmeparypu 250 °C ynponosxk 5...6 XBUIUH.

loroBuii BupIO XapaKTepU3YETHCS ITiABUIIEHOI0 XapyoBOKO IIiHHICTIO,
M’SIKOIO €JIaCTHYHOIO TEKCTYPOIO Ta BUPAKEHUM T'OPIXOBO-IIPSTHUM apOMaroM.

3.4. Texnonozin npouecy supoonuymea «Xpycmki 60606i KynivKu i3
3aamapomy»

«XpycTki 0000Bi KyJIBKH 13 3aaTapoM» € Cy4acHOIO vegan-iHTepIpeTamieio
TpaauiiiHoTo (anadento, po3polIeHOI0 Ha OCHOBI KBAaCOJi 3 BUKOPHCTAHHSIM
(YHKIIOHATBPHUX CHEUid Ta NPSHUX KOMITOHEHTIB. OcOoONMBICTIO peuenTypH
(Tabnm. 7) € BHKOPHCTAaHHS CyMIimI 3aarap, KypKyMH Ta 3eJeHoi IOy, sKi
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Tabmuus 7
PenentypHnii ckiaa KyJiHApHOTO BUPOOY
«XpycTki 6000Bi Ky1bKH i3 3aaTapoM»

Burtpara npoaykris Ha 1 nopuilo, r
®danadean «XpycTki 6000Bi
HaiiMenyBaHHsI CHPOBMHM Ta H/( Tpaguuiiami KYJBKH i3 3aaTapom»
(KOHTPO.IB) (po3podka)

opyrToO HETTO opyTTO HETTO

KBacois 3Buuaiina - - 45,0 42,0

H/d «KBacosns 3amoueHa» - - - 80,0
Hyrt 40,0 36,0 — —
H/b «Hyt 3amoueHuii» - 78,0 - -
KMmun menenui 3,5 3,5 2,5 2,5
Kopianap meneHui 2,5 2,5 2,0 2,0
Cywmim 3aarap - - 3,0 3,0
Kypxyma menena - - 0,5 0,5
Cinmp MOpChKa 2,0 2,0 2,0 2,0
YacHuk 3,0 2,0 3,0 2,0
Hubyns 3enena - - 5,0 4,0
Po3nyniyBau 1,5 1,5 15 1,5
Bona nutHa 10,5 10,5 6,0 6,0

Maca HamiBdabpuxary - 100,0 - 100,0

Buxin rotoBoi crpaBu - 95,0 - 95,0

(hOpMYIOTh HACHYCHUH apOMATHIHHN TPOQINb 1 MiIBUINYIOTH (YHKIIOHATBHY
LiHHICTH BHPOOY.

Texromorivanii mporec Tmepembadae IMIATOTOBKY KBAacodi MIISTXOM
3aMOYyBaHHS y po3unHi OikapOoHary HaTpiro 3a Temmeparypu 60 °C mpotsrom
60 xBmmuH. [licns 3amodyBaHHS KBacoi0 Oe€3 TONEepeIHBOTO BapiHHA
TTOPiOHIOIOTH 10 TPYOyBaTOi MACTOMOAIOHOI KOHCHUCTEHITI.

OkpeMo TOTYIOTH CIIEI[iEBO-apOMATHYHY CyMIIl 13 3aaTtapy, KypKyMH,
KMHHY, KOpiaHApY, YaCHHKY, 3eJIeHOI nOy:i, comi Ta po3mymryBada. OTpuMani
KOMITOHEHTH 3’ €THYIOTB 13 KBaCOJICBOIO MacOI0, JONAIOTh BOAY Ta MEPEMIIIyIOTh
JI0 YTBOPEHHS IDIACTUYHOI CTPYKTypH. [liAroTOBIEHY Macy BUTPHMYIOTH
Y XOJOIVMIIFHUKY JUTS cTabisizarii KOHCUCTEHIII.

I3 roroBoi cymimn (GopMyrOTh KyJIbKH HiaMeTpoM ONMM3BKO 3 cM, micis
goro ix oOcMaxyioTh y (purtiopi 3a temmeparypu 180...190 °C mpotsrom
3—4 xBunwmH a6o 3amikaioTh B aepodputiopi 3a 200 °C mpotsirom 12... 15 XBuiH.
ToToBmit BHpiO XapaKTepu3y€eThCS XPYCTKOIO CKOPHHKOIO, HIXKHOIO COKOBHTOIO
CEpPEAMHKOI0 Ta BHPAXKECHHM IPSHHM apoOMaroM i3 XapaKTepHUMH HOTKaMH

3aarapy ¥ KypKymH.

63



3.5. Texnonoziunuit npoyec eupoonuymea «Kpagpmoeuit xymyc»

«KpadToBuit xymyc» € Cy4acHUM vegan-IpoJyKTOM Ha OCHOBI Oinoi
KBacoJli 3 BUKOPHCTaHHSIM MicO-IacTH Ta Kom4eHoi namnpuku. OcobnuBicTio
peuentypu (tadn. 8) € GpopMyBaHHs IOBKOBHCTOI KPEMOMOAIOHOT TEKCTYPH
Ta BHPAXEHOrO umami-cMaky 0e3 BHKOPHCTaHHS KOMIIOHEHTIB TBapHHHOTO
MTOXO/KEHHSI.

TexHoyoriyauii  mporiec  mnepexdadae  IMiArOTOBKY KBAacOJi  IUIIXOM
3aMOYyBaHHs y po3unHi OikapOoHaTy Harpito 3a Temneparypu 60 °C mpotsrom
60 XBWIJIMH 3 TIOJAJIBIINM BapiHHSM JI0 KyJJiHapHOi roToBHOCTI. [licis BuaaneHHs
3aiBOi PIIMHU KBACOJIO MOAPIOHIOIOTH IO OJJHOPIHOTO MIOpE.

Ha wHactynHoMy erami TOTYIOTh JKHPO-CMakoBy CyMIll i3 TaxiHHOI
MacTH, MiCO-NIACTH, JIMMOHHOTO COKY, YaCHHKY, KMHHY, KOIYEHOI MNarpuK{
ta crenid. OTpuMaHi KOMIIOHEHTH 3’€JHYIOTh 13 KBacOJIeBUM IIIOpe Ta
30MBalOTh y OJICHIEpI 10 YTBOPEHHS HIXKHOI KPEMOIOAIOHOI KOHCHCTEHIIII.
3a HEOOX1MHOCTI KOHCHCTCHIIIIO PEry/IOIOTh A0NaBaHHIM akBadabu. ['otoBwuii
XyMyc O()OPMIIIOIOTH CIIPaJIbHUM Bi3€PYHKOM, 3pOLIYIOTH OJIMBKOBOIO OJI€I0

Tabmums 8
PenenTtypuuii cknan xyjaiHapuoro supody «Kpadrosuii xymye»
Butpara npoaykris Ha 1 nopuiio, r
HaiimenyBanns cuposumn Ta 1/d Xymye TpaguuiiHmii «KpadroBuii xymyc»
(KOHTPOJIB) (po3podka)
opyTTO HETTO opyTTO HETTO
Hyt 25,0 22,0 - -
H/b «Hyt 3amoueHmii» - 43,0 - -
H/$ «ITiope i3 HYyTY» - 62,0 - -
KBacous 3Buuaiina - - 25,0 23,0
H/¢ «KBacomnst 3amoucHa» - - - 45,0
H/d «ITrope i3 kBacomi» - - - 65,0
TaxiHHa macra 13,0 13,0 13,0 13,0
CiK JUMOHY CBXHH 10,5 10,5 7,0 7,0
Mico-nacra (cBiTIa) — — 3,0 3,0
Cinb MOpchKa 2,5 2,5 1,5 1,5
YacHuk 3,0 2,0 3,0 2,0
Ouist OJIMBKOBA 1,5 1,5 2,0 2,0
Kmun menenuii 3,5 3,5 2,0 2,0
Komuena manpuxa - - 2,0 2,0
UepBoHuii nepens MeIeHUH 3,0 3,0 1,0 1,0
Onnist onuBKOBa (TI0/1a4a) 5,5 5,5 5,5 5,5
Mikpo3seneHs (monaqa) - - 3,0 3,0
Buxizx rotoBoi crpaBu - 100,0 - 100,0
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Ta JIEKOPYIOTh MIKpPO3EJICHHIO 1 KOITYEHO0 Nanpukoro. Bupib xapakrepusyeTbes
HDKHOIO «XMapHOIO» TEKCTYPOIO, BEPIIKOBO-TOPIXOBHMM CMakOM Ta JIETKHM
KOITYEHUM apOMaTOM.

3.6. Texnonoziunuit npoyec eupoonuymea «Danagento 3amoporcenozo»

TexHomoriyauiét  mporiec  BUPOOHUIITBA  (amadento  3aMOPOKEHOTO
nependadae MiATOTOBKY HYTYy Ta COE€BHX 000iB NUISIXOM 3aMOYyBaHHSA
y mpoxoioxHii Bomi BmpomoBxk 10—12 rommn. [licns mporo HyT BapsATh 10
TMOBHOTO PO3M’SKIICHHS Ta TOAPIOHIOIOTH JO MIOPETOAiOH0T KOHCUCTEHIIIT,
a coeBi 000 MOAPiIOHIOIOTH i3 MOJAIBIINM IPECYBaHHSAM IS OTPHUMAHHA
HamiBhabpukary «Oxapay.

Ha nHacTymHOMy erami HyTOBe mIOpe 3 €IHYIOTH 13 OKaporo, PO3YNHOM
KCaHTaHOBOI KaMmelli, BONOI0 Ta CYMINIIIIO CHemii, Iicias dYoro macy
TePMOOOPOOIISIOTE 1 OXONOKYIOTH. I3 TTiATOTOBIIEHOT CyMimTi (POPMYIOTh KyIbKH
ab60 MiHIOMTOYKH, SKi BaKyyMyIOThb Ta HiIJAar0Th IIOKOBOMY 3aMOPOKYBaHHIO
3a temmeparypu —24 °C i3 nmoganemmM 36epiranasam 3a —18 °C. PenentypHuii
ckiaa ¢anadennto 3aMOpoKEHOTo HaBelIeHO B Tabmwmin 9.

BuxopucranHs OKapH y pelenTypi J03BOJISE MiABUIIUTH BMICT POCIHHHOTO
0i1Ka Ta XapuOBUX BOJIOKOH, & TAKOXK ITOKPAIIIUTH BOJIOTOy TPUMYBAJIbHY 3[1aTHICTh
cucremu. KcanrtaHoBa KaMmenp BHKOHY€ (YHKIIIO cTabisizaTopa CTPYKTypH
Ta 3abe3nedye 30epekeHHs GOPMU BHPOOIB MICHIS IHKITY «3aMOPOKYBaHHS —
CMaKCHHA». BaXXJIMBUM €TarioM TeXHOJOTii € BaKyyMyBaHHS HamiB(haOpukaris,
sIKe CIIPUSiE 3MEHIICHHIO PU3UKY OKHCHIOBAJILHHX MPOILECIB Ta BTPaT BOJIOTH

Tabmuns 9
Peuentypuuii cknan ¢anadesio 3aMopo:keHOro
Butparu cupoBunu Ha 1 kr danadero

HajiMeHyBaHHSI pellenTYPHHX KOMIIOHEHTIB 3aMOPOKEHOI0, T

opyTTO HETTO
Hyr 293,0 288,0
H/¢ «ITrope 3 HyTY» - 710,0
u/¢p «Oxapa» - 150,0
Bona nutHa 120,0 120,0
Kamins kcanranosa 5,0 5,0
Cinb KyXOHHA 21,0 20,0
Iepeup yopHuit, MeneHui 10,0 10,0
Topix MyckaTHHI 3,4 3,4
3ipa 5,0 5,0
HuOyns menena, cyxa 16,0 16,0
H/¢ «Cymiwm ms danadenio» - 1,040
Buxin - 1000
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mig vac 30epiraHHsa. IlloxoBe 3amopoxyBaHHS 3a0e3redye (OpMyBaHHS
JPiOHOKPHUCTANIYHOT CTPYKTYPH JIbOJLY, 110 MiHIMIi3y€ MOMIKOKEHHS KIIITHHHOT
CTPYKTYpPH TPOAYKTY Ta J03BOJISiE 30€perTH TEKCTYPHI XapaKTePUCTHKH MIiCIIsA
nedpocramii. Bukopucranus cydacHux cryo food TtexHonoriii 3abesmedye
CTaOUIBHICTh OPraHOJENTHYHUX 1 CTPYKTypHO-MEXaHIYHUX BIACTHBOCTEH
TOTOBOTO IPOJYKTY BIPOJOBXK yChOTO TEPMiHY 30epiraHHs.

loroBuii HamiBaOpukar miciast TepMiuHOI OOPOOKM XapaKTEepU3yeThCs
XPYCTKOIO CKOPHHKOIO, COKOBHTOIO KOHCHCTEHIIIEIO Ta CTaOUIFHOIO CTPYKTYPOIO
0e3 nedopMariii micis MUKITY «3aMOPOKYBAHHS — CMaKCHHS.

BUCHOBKHA

1. TIpoanamizoBano cywacHi TeHzaeHIil po3BuTKy vegan food tech Ta
BCTAHOBJICHO, IO HAWOUIBII MEPCIEKTUBHUMH HalpsIMaMH € TEXHOJIOTIi
TEKCTYpyBaHHs pPOCIMHHOrO Olnka, precision fermentation, clean label
TEXHOJIOT1] Ta BUKOPUCTAaHHS (DYHKIIOHAJIbHUX IHIPENI€HTIB HOBOTO MOKOJIHHSL.

2. HaykoBo o0rpyHTOBaHO BUOip 3¢pHOO00OBOI CHPOBHHU JJIsi TEXHOJIOTIH
Bean Future Products. BecranoBneno, mo coptu kBacosi «MaBka» Ta «Hei»
XapaKTePU3YIOThCS BUCOKOK XapUOBOIO IIHHICTIO, JOOpUMH (YHKIIOHATHHO-
TEXHOJIOTIYHUMH BJIACTHBOCTSIMH Ta MEPCIEKTHBHICTIO BUKOPUCTAHHS Y vegan
food mponykrax.

3. HocnimxeHo npoueck HaOyxaHHS KBacolsi y BOJi, po3unHi OikapOoHaTy
HATPII0 Ta MOJIOYHIN cUpoBarili. BCTaHOBICHO, IO HAHOUIBII IHTEHCHBHE
HaOyXaHHS CIIOCTEPIraeThes y JYXKHOMY cepenoBuii 3a temneparypu 60 °C,
0 JI03BOJIIE CKOPOTHTH TPUBAJICTH TiJIPOTEPMIUYHOT OOPOOKH Ta MOKpAIIUTH
IUTaCTUYHICTh HamiB()aOpHKaTiB.

4. Po3pobneno texHomorito HamiBpaOpukary «[lrope 13 kBacomi»
i3 BHUKOPDHUCTaHHSM pAalliOHAJbHUX PEKHMIB 3aMOYyBaHHS, BapiHHA Ta
noapiOHeHHsl. BcTaHOBIEHO, IO 3alpPONOHOBaHI TEXHOJOTIYHI IapameTpu
3a0e3neuyoTh (GOpMyBaHHS OJHOPIMHOI JApIOHOMMCIIEPCHOT CTPYKTypH Ta
CTa0lTbHOT KOHCUCTEHII].

5. JlocnipkeHo BIUIMB CTPYKTYPOYTBOPIOBaviB Ha cTabiIbHICTD frozen vegan
products. JloBeneHo, 110 BUKOPHUCTaHHS KCAHTaHOBOI KaMeZl y KOHIIEHTpalii
0,5% 3abe3nedye ONTUMaNbHI TEKCTYPHI XapaKTEPUCTHKH, CTAOLIBHICTD (hOPMHU
Ta BUCOKY COKOBHTICTH 3aMOpPOXKEHOTo (hasadesro micis TepMiuHoi 00poOKy.

6. CdopmoBaHOo KoHIeMIi0 acoptumeHty Bean Future Products, 1o
BKJIIOYA€ JIeCepTHi, XJ1i000ynouHi, CHeKoBi Ta frozen convenience MpogyKTH Ha
OCHOBI 3epH00000B01 cupoBuHH Ta clean label TexHoOrIH.

7. Po3pobieno TexHoiorii iHHOBaLiWHOI vegan-mpoxyKiii: 60060BOTO
neuynBa «Velour», xmiboOynounoro BupoOy «BibRoll», «Xpyctkux
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6000BHX KynbOK i3 3aarapom», «KpadtoBoro xymycy» Ta «®Panademnro
3aMOpPOXXEHOTO». BCTaHOBIEHO, 10 BHUKOPHCTAaHHS (YHKIIIOHAJIbHHUX
IHTpeAiEHTIB HOBOT'O MOKOJIIHHA JO3BOJISIE I IBULIIUTH Xap4yoBy i Oioioriuny
MIHHICTH MPOIYKIIII.

8. OniHeHO OpraHOJENTHYHI Ta (YyHKIIOHAIEHO-TEXHOJIOTIYHI BJaCTHBOCTI
po3pobieHnx BHpOOiB. BcTaHOBIEHO, 110 BCi NMPOAYKTH XapaKTEpPHU3YHOThCS
NpyBaOJIMBUM 30BHIIIHIM BHIVISIZIOM, CTa0UIBHOIO TEKCTYPOIO, I'apMOHIHHUM
CMakoM Ta BHCOKMMH CHOXMBYMMH BJIACTUBOCTSAMH, WIO MiATBEPIKYE
MepCIeKTHUBHICTh BUKOpHcTaHHs KoHuenuii Bean Future Food Tech y cydacHhiit
vegan food iHgycTpii.

AHOTALLIA

Y moHorpadii gociimKeHo cydacHi TeHaeHii po3BUTKy vegan food tech ta
HayKOBO O0I'pyHTOBaHO II€PCIEKTUBHICTh BAKOPUCTAHHS 3¢pHOO000BOT CHPOBHHU
y TEXHOJIOTISIX BEraHChKOI NPOAYKI[i] HOBOTO MOKOMIHHS. AKTYaJIbHICTh pOOOTH
3yMOBJIEHa HEOOXIJHICTIO CTBOpEHHS (DYHKI[IOHAJBHUX POCIMHHHX INPOIYKTIB
i3 BHCOKOIO XapyoBOIO LIHHICTIO, CTa0UIBHUMH CTPYKTYPHO-MEXaHIYHHMHU
BJIIACTHBOCTSIMM Ta IPUBAOIMBUMH OPTAHOJICNITUYHUMHU XapaKTEPHUCTHKAMH.
OcoOnuBy yBary NmpuzijieHo npoOieMi onTuMizauii MpoeciB TigpoTepMidHOT
00poOku kBaconmi Ta (opMyBaHHS cCydacHOro acopTuMeHTy Bean Future
Products. IIpoBeneHo nociikeHHs KiHETUKY HaOyXaHHsI KBAacoJIi y BOII, PO34YHHI
OikapOoOHATy HATPil0 Ta MOJOYHIA CHPOBATIN, IO O3BOJHJIO BCTAHOBUTH
pauioHaNbHI MapamMeTpu 3aMOdYyBaHHS 1 BapiHHA ©0000BOI CHpPOBHHH.
BusnaveHo, mo HaiiOunb edeKkTHBHUM cepepoBHiieM st riaparanii € 0,2%
po3uuH OikapOoHary Hatpiro 3a Temneparypu 60°C. Po3po0iaeHO TEXHOIOTiH0
HamiBgabpukary «Iltope i3 KkBacomi» Ta acOpTUMEHT iHHOBauiiiHOI vegan-
MPOYKIIil, IO AKOTO yBinuM 6000Be meunBo «Velour», x11000ymouHMlA BUPIO
«BibRoll», «Xpycrtki 6000Bi Kyiabku i3 3aarapom», «KpadToBuil xymyc» Ta
«Danadenp 3amopoxkeHnid». BeTaHOBIIEHO, 1110 BUKOPUCTAaHHS (PyHKIIOHAIBHUX
IHTPEIIIEHTIB HOBOTO TOKOJIIHHS — HACiHHA 4Yia, JIbOHY, MICO-IIACTH, OKapH
Ta KCaHTAaHOBOi Kameni — 3a0e3ledye ITOKpAIeHHS OPraHOJENTHYHHUX Ta
CTPYKTYPHO-MEXaHIYHHX BJacTUBOCTeH mnpoxaykuii. OTpuMani pe3yasTaTté
MiATBEP/KYIOTh TIEPCIEKTUBHICT, BHUKOpUCTaHHS KoHuenuii Bean Future
Food Tech y BupOOHMITBI (yHKLIOHAIFHUX BETaHCHKUX IPOIYKTIB HOBOTO
TTOKOJTiHHSL.
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CHAPTER 3

THEORETICAL AND PRACTICAL ASPECTS
OF FERMENTED HUMMUS PRODUCTION
WITH STARTER CULTURES

Doronin K. A.
DOl https://doi.org/10.30525/978-9934-26-697-3-3

INTRODUCTION

Over the past decade, food systems have shown a sustained trend towards
an increasing share of plant-based, ready-to-eat products, as well as products
positioned as “natural”, “minimally processed”, and with a “short ingredient
list”. In this context, legume-based spreadable products — particularly hummus —
occupy a distinctive place, as they combine high nutritional value, convenience
of consumption, and culinary versatility (sauces, spreads, components of dishes,
etc.).!

At the same time, growing demand for “chilled” products with a short
ingredient list intensifies a technological challenge: consumers expect the
absence of preservatives while simultaneously requiring an extended shelf
life, a stable consistency, and predictable sensory characteristics. This creates
a need for technologies that ensure natural stabilization of the product and
reproducibility of parameters from batch to batch®.

The Ukrainian market is characterized mostly by conventional, non-
fermented hummus, whereas the segment of legume pastes, produced using
starter cultures, remains underdeveloped. Therefore, the scientific and practical
development of fermented hummus technology may be of both technological
and commercial significance.

The aim of the research is to provide a scientific rationale for, and to
develop, a technology for a fermented legume paste (fermented hummus) using

' Alajaji S. A., El-Adawy T. A. Nutritional composition of chickpea (Cicer arietinum L.) as affected

by microwave cooking and other traditional cooking methods. Journal of Food Composition and
Analysis. 2006. Vol. 19. P. 806-812. DOL: 10.1016/j.jfca.2006.03.015.

Ipekesen S., Basdemir F., Tunc M., Bicer B. T. Minerals, vitamins, protein and amino acids in
wild Cicer species and pure line chickpea genotypes selected from a local population. Journal of
Elementology. 2022. Vol. 27. P. 127-140.

*  Bintsis T. Lactic acid bacteria: Their applications in foods. Journal of Bacteriology & Mycology.
2018. Vol. 6. No. 2. P. 89-92.
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starter cultures, which ensures improved microbiological stability, an enhanced
flavor—aroma profile, and stable functional and technological properties of the
product without the use of chemical preservatives®, °.

The object of the research is the technological process for producing
fermented chickpea paste.

The subject of the research is the effect of starter cultures and fermentation
regimes on the quality and safety indicators of fermented hummus (physic-
chemical, rheological, microbiological, and sensory), as well as their changes
during storage

1. Factors determining the quality of fermented legume products

Chickpea (Cicer arietinum) is a source of plant protein, complex
carbohydrates, dietary fiber, and micro- and macronutrients. Its use in paste-like
products is justified by its ability to form a dense dispersed structure after heat
treatment and comminution, as well as by its technological compatibility with
the fat phase (oil) and with the emulsifying/structuring components of sesame
raw materials® 7.

The quality of the final paste is determined by the following groups of
factors:

— the properties of the protein—carbohydrate complex after heat treatment
(degree of swelling, starch gelatinization, protein denaturation);

— the dispersity after comminution and the extent of disruption of cellular
structures;

— the ratio of the aqueous and fat phases, which affects viscosity, plasticity,
and spreadability;

— the balance of flavor components (saltiness, acidity, sesame “nutty” notes,
spices) and the presence/absence of a “raw legume” aftertaste.

From a technological standpoint, water-binding capacity and the stability
of the dispersed system are also essential indicators. For products with
a paste-like structure, consumers are particularly sensitive to defects such
as syneresis (water separation) and phase separation, which directly affect
perceived quality.

4 Loutfi S., Hamdi M. Lactic fermentation of chickpea: Microbial dynamics and biochemical changes.
Journal of Food Processing and Preservation. 2016. Vol. 40. P. 129-138.

5 Vogel R. F.,, Knorr R., Miiller M. R. A., Steudel U., Génzle M. G., Ehrmann M. A. Non-dairy lactic
fermentations: A review. International Journal of Food Microbiology. 1999. Vol. 46. P. 181-196.

¢ Papalamprou E. M., Doxastakis G. 1., Biliaderis C. G., Kiosseoglou V. Influence of preparation
methods on physicochemical and emulsifying properties of chickpea protein isolates. Food
Hydrocolloids. 2010. Vol. 24. P. 50-58.

7 da Silva M., Neves V., Lourengo E. Protein fractions and major globulin from chickpea (Cicer
arietinum L.). Alimentos e Nutrigdo. 2001. Vol. 12. P. 131-149.
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Legumes may contain antinutritional components, including protease
inhibitors, oligosaccharides that may cause discomfort, phytates, and phenolic
compounds®. In hummus technologies, operations capable of reducing
undesirable effects play a significant role: soaking, rinsing, heat treatment, and
fermentation® '°,

Fermentation, particularly under controlled conditions, may contribute to:

— modification of available carbohydrates and a reduction in the intensity
of the “beany” aroma;

— development of a milder flavor profile;

— changes in functional and technological properties due to enzymatic
processes within the matrix'’.

Within the present study, these effects are considered elements of
a technological solution that enhances stability, process controllability, and
consumer attractiveness of the product.

Paste-like products with relatively high moisture content provide a favourable
environment for microbial growth in cases of non-compliance with process
discipline or unstable storage conditions. For chilled ready-to-eat products, the
following are critical:

— primary contamination (raw materials, water, equipment);

— secondary contamination after heat treatment during comminution/
mixing/fillin;

— temperature fluctuations along the “production—logistics—storage”
chain'?.

A practically significant marker of instability in pastes and sauces is yeast
growth, which may manifest as gas formation, changes in aroma, surface
defects, and an increased risk of organoleptic faults. This is particularly relevant
for products where intensive thermal sterilization of the final packaged product
is not envisaged.

Therefore, the technological solution must simultaneously reduce the risk
of growth of undesirable microflora and ensure the stability of organoleptic

8 Santos M. L, Lima A, Borges O., Carvalho A. P, Guiné R. P. F. Effect of processing on
oligosaccharides content in chickpeas and lentils. Journal of Food Science and Technology. 2018.
Vol. 55. P. 2195-2202.

9 Aman P. Carbohydrates in raw and germinated seeds from mung bean and chick pea. Journal of the
Science of Food and Agriculture. 1979. Vol. 30. P. 869-875. DOI: 10.1002/jsfa.2740300907.

1 Loutfi S., Hamdi M. Lactic fermentation of chickpea: Microbial dynamics and biochemical changes.
Journal of Food Processing and Preservation. 2016. Vol. 40. P. 129-138.

" Limén R. L, Pefas E., Torino M. L., Martinez-Villaluenga C., Duefias M., Frias J. Fermentation
enhances the content of bioactive compounds in kidney bean flour. Food Chemistry. 2015. Vol. 172.
P. 343-352.

12 Vogel R. F., Knorr R., Miiller M. R. A., Steudel U., Génzle M. G., Ehrmann M. A. Non-dairy lactic
fermentations: A review. International Journal of Food Microbiology. 1999. Vol. 46. P. 181-196.
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characteristics, while remaining compatible with the “preservative-free”
concept.

Lactic acid fermentation is widely used in food technologies as a means of
improving microbiological stability and developing a characteristic flavor. The
use of lactic acid bacteria (LAB) as starter cultures is technologically justified
in view of the following mechanisms:

— reduction of pH because of organic acid formation, which inhibits part
of the competing/undesirable microflora;

— competitive exclusion due to the rapid growth of a dominant beneficial
culture.

— formation of metabolites with antimicrobial properties (including
bacteriocins—depending on the species/strain);

— development of a flavor—aroma profile perceived as “fresh” and “clean”,
if cultures and regimes are appropriately selected'> 4.,

For legume pastes, fermentation has an additional technological dimension:
it can affect structural and mechanical properties. Since the paste is a multiphase
system (chickpea particles + moisture + fat phase), even moderate changes in
acidity and enzymatic modification of components can alter the degree of water
binding, dispersity, and the perception of texture.

Controlled fermentation involves the addition of starter cultures, which
should be:

— capable of active growth in the relevant matrix (chickpea paste);

— technologically stable and compatible with the production regime.

— predictable in their effect on flavor and aroma.

— safe for food use'.

In the practice of assessing the safety of microorganisms intentionally
added to food, systematic approaches such as QPS are applied, in which
correct identification, a history of safe use, and control of potential risk factors
are important. For fermented hummus technology, this is of dual value: it
substantiates the selection of cultures and supports the evidence base of
technological decisions when preparing technical documentation's.

13 Bintsis T. Lactic acid bacteria: Their applications in foods. Journal of Bacteriology & Mycology.
2018. Vol. 6. No. 2. P. 89-92.

4 Mokoena M. P. Lactic acid bacteria and their bacteriocins: Classification, biosynthesis and
applications against uropathogens: A mini-review. Molecules. 2017. Vol. 22. No. 8. 1255.

5 Turpin W., Humblot C., Guyot J.-P. Genetic screening of lactic acid bacteria from fermented foods:
Starter selection. Food Microbiology. 2011. Vol. 28. P. 150-159.

16 European Food Safety Authority. Introduction of a Qualified Presumption of Safety (QPS) approach
for assessment of selected microorganisms referred to EFSA — Opinion of the Scientific Committee.
EFSA Journal. 2007. Vol. 5. No. 12. 587.

73



The use of mixed LAB cultures is often technologically advantageous, since
different cultures can complement one another in terms of acidification rate,
spectrum of metabolites, and impact on sensory properties. For paste-like plant-
based products, such synergy may manifest as:

— faster attainment of a technologically appropriate acidity level;

— a milder, more “rounded” taste without harsh notes;

—  better stability during storage.

Within the present work, experimental data confirmed the expediency of
using a combination of Lactococcus lactis and Lactobacillus rhamnosus as
appropriate solution'’.

2. Technology of fermented hummus

Based on a series of preliminary experiments and taking into account
data from the scientific and technical literature, a process flow for producing
a fermented legume paste using starter cultures of lactic acid bacteria was
developed. The proposed technology — use of semi-prepared legume raw
material and the inoculation with starter preparations containing lactic acid
bacteria'®.

The raw material was cooked, comminuted legumes (namely chickpeas),
standardized in terms of total solids by adding a plant protein concentrate. As
the starter culture, a combination of microbial strains was used comprising
a mixture of lactic acid bacteria, in particular Lactobacillus rhamnosus and
Lactococcus lactis subsp. lactis.

Preliminary studies established that the use of Lactobacillus rhamnosus
and Lactococcus lactis starter cultures is appropriate for fermenting
hummus under a low-temperature regime, ensuring stable progression of the
microbiological process and improved sensory characteristics of the product.
It was shown that varying the starter dose within 1 x 10°..1 x 10°CFU/g
does not lead to substantial differences in the final pH values; however, it
affects the intensity of the initial stage of fermentation. The concentration of
1 x 107...1 x 103CFU/g was identified as rational.

It was determined that hummus fermentation at 2...6 °C is characterized by
a slow decrease in acidity and the formation of a pH plateau after 21 days, due
to the properties of the legume raw material, the limited amount of fermentable
carbohydrates, and the buffering capacity of the product. It was demonstrated

7 Twinesnmu B. A., Jlopouin K. A. JlocmimkeHHs napaMeplB cbepMeHTaun XyMyCy CTapOBHMH

KynbTypamu. [Ipayi Tab’pluchOZO Oepaicasnoeo azpomexnonoziunozo ynigepcumemy, 2026. (1). https://
doi.org/10.32782/2078-0877-2026-26-1-28

'8 EFFCA: European Food & Fermentation Cultures Association. About EFFCA [Electronic resource].
URL: https://effca.org/ (Last accessed: 20.05.2026).
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that fermentation temperature affects diacetyl accumulation: its most intensive
formation is observed at 2...6 °C which is associated with higher metabolic
activity of lactic acid bacteria compared with conditions of 2...4 °C. It was
established that the main accumulation of diacetyl occurs during the first
7 days of fermentation, after which its concentration stabilises due to substrate
depletion and the transition of microorganisms to the stationary growth phase.

The fermentation parameters for hummus using starter cultures were
optimized. In order to determine the optimal parameters of the fermentation
process, a multivariate experimental design method was employed using the
orthogonal symmetric Box—Wilson design'®. Table 1 presents the conditions for
conducting a full three-factor experiment®.

Table 1
Levels and Intervals of the Factors Varied
Factors
Levels Starter culture dose Fermentation Fermentation
(X1), logio (CFU/g) | duration (X2), days | temperature (X3), °C
x1 x2 x3
Base (xi 0) 7 21 4
Variation interval (Dxi) 1 7 2
Lower (xi min) 6 14 2
Upper (xi max) 8 28 6

As the response function Y, the diacetyl content (ng/kg) was adopted.
Based on the results of three series of measurements determining diacetyl
content for the multifactor experimental designs, its mean value was
established (Table 2).

Table 2
Trial results

X, 6 8 6 8 6 8 6 8 58 | 8,2 7 7 7 7 7
X, 14 14 | 28 | 28 14 14 | 28 | 28 | 21 21 112,5]129,5| 21 21 | 21
X, 201212112661 6|6| 4] 4| 4| 4|16|64]| 4
(=] (= (=) (= o~ on =) <t < Ne) N o~ < o (=3

o0 o Ne} (el O on < — Nel on [} o0 o N (=}

mean < v O o~ =3 — — [\ N o~ N} e} N} I\l ~
[\l o on o < < < < on o on o on < on

1 Box G. E. P, Wilson K. B. On the experimental attainment of optimum conditions. Journal of the

Royal Statistical Society. Series B (Methodological). 1951. Vol. 13. No. 1. P. 1-45.

2 Box G. E. P, Hunter J. S., Hunter W. G. Statistics for experimenters: design, innovation, and
discovery. 2nd ed. Hoboken : Wiley, 2005.
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The experimental were designed considering the orthogonality criteria. With
a total number of 15 runs for the orthogonal central composite design, the value
of a =1.2153.

Because the object of study exhibits significant non-linear properties,
a first-order design did not allow an adequate regression model to be obtained.
When investigating the region of the optimum and sections of the response
surface with pronounced curvature, a third-degree polynomial was used for
the mathematical description. In addition to the main effects b,, it includes all
pairwise interactions by, quadratic effects by, and also accounts for the interaction
of all three factors b,,;. After normalising the factor levels, the least-squares
method was used to obtain mutually uncorrelated estimates of the regression
coefficients. When converted to natural (uncoded) variables, the constructed
response-surface regression model takes the following form:

Y1 =-6513,98 + 1747,86x1 + 216,42x2 + 505,37x3 + 1,01x1x2 + 5,50x1x3 —
18,70x2x3 — 0,16x1x2x3 — 124,86x12 — 2,65x22 + 12,53x32 €))

The validation check confirmed the homogeneity of the reproducibility
variance for the experimental mean values Y, (Table 2) and the
theoretical levels Y calculated using mathematical model (1). According to
Fisher’s criterion, F = 0.33529<8.72868, which indicates the adequacy of the
obtained regression.

Construction of mathematical model (1) made it possible to formulate
an optimisation problem. The diacetyl content, which should be maximised,
was selected as the objective function; the limiting values of the fermentation
parameters were adopted as the constraint functions characterising the
processing conditions. The calculations yielded the following results:
for the most pronounced flavour, the starter culture dose should be
6.0x10°...3.1x10” CFU/g, the fermentation duration 19...21 days, and the
fermentation temperature 6 °C.

The production process for the new fermented product (Fig. 1) includes
the following stages: the legume raw material is soaked, boiled until soft,
comminuted to a paste-like state, portioned into packets, and frozen.

During paste preparation, oil, salt, and other ingredients are added to the main
raw material, followed by homogenization for 3—5 minutes until the required
consistency is obtained and the temperature reaches 6 °C. After completion of
the cutter-mixing process, the product is packaged on the line, cooled to 4+2 °C
and stored at 0...6 °C. Over the course of 3 days, cold fermentation of the mass
occurs with the formation of aromatic compounds.

76



Starter culture (Lb
rhamnosus, L.
lactis)

Chickpea

[

v

| Boiling, t= 100°C; 1t=240..300%60s; |

v

Homogenization

v

| Cooling, t=-5°C

> Cutting

Sunflower oil and
other ingredients

v

Pumping. 5 bar

A |

| Packaging

v

| Cooling, t= 4£2°C

------------------------------  Cp LT T T T Ty SR ————

Cold fermentation
t=4+2°C; =72 hrs

r
1
1
I
1
1
1
1
1
1
I
1
1
|
1
1
1
I
1
1
|
1
1
1
1
1
1
1
e s L et et it e
1
1
1
1
1
|
1
1
1
1
1
1
|
1
1
1
I
1
1
1
r
1
I
1
1
1
1
1
1
I
1

Storage, t=0..6°C

Y

Fermented legume paste with starter culture

1
1
|
1
1
1
1
1
1
1
1
1
1
1
1
|
1
1
1
I
I
1
|
1
1
1
1
1
1
|
1
1
1
1
I

Fig. 1. Fermented hummus production scheme

The resulting product has a uniform paste-like consistency, a pleasant
aroma, a mild taste with a characteristic tangy note, a light beige color, and
a stable texture without phase separation.

The studies conducted made it possible to develop the formulation
composition (Table 3) of the fermented hummus.

After pouring the packaging product is stored 0...+6 °C.
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Table 3

Recipe
Quantity, kg

N Name Control Trial
1 | Prepared chickpea 54.0 54.0
2 | Water 12.0 12.0
3 | Sunflower oil 14.0 14.0
4 | Takhini 12.0 12.0
5 | Starter culture - 5% 106
6 | Citric acid (45%) 1.24 1.24
7 | Salt 1.0 1.0
8 | Garlic 0.6 0.6
9 | Potassium sorbate 0.1 -
10 | Sodium benzoate 0.1 -

3. Study of the fermented hummus quality
Within the scope of the study, particular attention was paid to evaluating
the quality of fermented hummus as a multicomponent food system whose
properties are shaped by the fermentation process. An analysis of the
organoleptic, physicochemical, and microbiological indicators of the finished
product was carried out to determine the effect of fermentation on its consumer
properties, stability, and safety during storage?. The organoleptic indicators

used to assess the fermented hummus are presented in Table 4.

Table 4
Sensory evaluation criteria
Parameter Description
Appearance Creamy mass ranging in color from light cream to dark cream
Taste Neutral, slightly pea-like taste with a subtle acidic note from lemon juice
Flavor Delicate nutty aroma with creamy notes
Texture Paste-like, homogeneous mass without lumps

To provide a comprehensive assessment of the nutritional value of the
standard hummus sample, the amino acid composition of the product was
investigated. Determining the amino acid content makes it possible to
evaluate the biological quality of the protein fraction and to establish the

2 ISO 8589:2010+A1:2014. Sensory analysis — General guidance for the design of test rooms
[Online]. Geneva : International Organization for Standardization, 2014. URL: https://www.iso.org/
standard/36385.html (Last accessed: 21 May 2026).
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product’s potential nutritional value. The results of the study are presented
in Table 522

Table 5
Study of the relative amino acid composition of fermented hummus
. . Hummus (control) Hummus (trial)
Amino acid
Amount, mg/100 g | Content, % | Amount, mg/100 g | Content, %
Lysine 0.205 6.49 0.119 7.79
Histidine 0.084 2.66 0.035 2.30
Arginine 0.194 6.13 0.083 5.44
Aspartic acid 0.441 13.93 0.216 14.17
Threonine 0.127 4.01 0.072 4.75
Serine 0.186 5.89 0.072 4.69
Glutamic acid 0.719 22.72 0.319 20.94
Proline 0.168 5.30 0.101 6.60
Glycine 0.160 5.05 0.088 5.74
Alanine 0.126 3.97 0.106 6.92
Cystine 0.057 1.81 0.038 2.50
Valine 0.083 2.61 0.032 2.10
Methionine 0.013 0.41 0.013 0.85
Isoleucine 0.076 2.42 0.033 2.15
Leucine 0.193 6.10 0.060 3.96
Tyrosine 0.161 3.66 0.072 4.70
Phenylalanine 0.171 4.25 0.067 4.40
Total 3.163 100.00 1.525 100.00

The obtained results of the comparative analysis of the amino acid
composition of the control (standard) and experimental samples indicate
a substantial shift in both the quantitative and structural characteristics of the
amino acid profile under the influence of the investigated technological factor
(fermentation/use of starter cultures).

First, a significant decrease in the total amino acid content was observed
in the experimental sample from 3.163 to 1.525 mg (= —51.8%). This finding
suggests an overall reduction in the concentration of free (or analytically
detectable) amino acids in the product, which may be attributable to their active
involvement in microbial metabolism, conversion into secondary nitrogen-
containing compounds, or the transition of a portion of amino acids into bound
forms/fractions that are less accessible to determination by the method applied.

2 Alajaji S. A., El-Adawy T. A. Nutritional composition of chickpea (Cicer arietinum L.) as affected
by microwave cooking and other traditional cooking methods. Journal of Food Composition and
Analysis. 2006. Vol. 19. P. 806-812. DOI: 10.1016/j.jfca.2006.03.015.
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Along with the general decline in absolute values, a redistribution of the
relative contributions of individual amino acids within the total pool was
recorded. In the experimental sample, the relative share of alanine (3.97% —
6.92%), glycine (5.05% — 5.74%), proline (5.3% — 6.6%), and lysine (6.49%
— 7.79%) increased, resulting in a profile with a higher proportion of amino
acids associated with microbial stress responses and adaptive mechanisms and/
or with intensified proteolysis. In contrast, the proportions of leucine (6.10% —
3.96%), serine (5.89% — 4.69%), arginine (6.13% — 5.44%), and glutamic acid
(22.7% — 20.94%) decreased, which may reflect their preferential utilization
by the microbial community as sources of nitrogen and carbon or as precursors
for the synthesis of fermentation metabolites.

Overall, the experimental sample was characterized by lower amino acid
levels in both mass- and molar-based terms, but by a different component
ratio, indicating directed biochemical transformations within the substrate. To
conclusively substantiate the observed differences, it is advisable to complement
these findings with a statistical assessment of the significance of differences
between means and to account for the potential contribution of moisture/dry
matter when interpreting absolute values.

To assess the nutritional and biological value of fermented hummus,
the contents of key vitamins were determined in the experimental samples.
Analysis of the vitamin profile made it possible to evaluate the effects of
the raw materials used and the fermentation process on the development of
the functional properties of the final product. The results are presented in
Table 6.

Table 6
Level of vitamins, mg%/100g
Ne Parameter Hummus (control) Hummus (trial)
1 Vitamin B, 0.32 £0.02 0.26 + 0.01
2 | Vitamin B, 0.07 £ 0.01 0.12 + 0.03
3 Vitamin B 1.06 = 0.06 0.86 + 0.01
4 Carotenoids 1.34 £ 0.03 1.55 £ 0.05

A comparative assessment of two batches of hummus — a standard (control)
product and a product manufactured using starter cultures — indicates a targeted
modification of its biochemical profile with respect to B-group vitamins
and carotenoids. In the starter-culture sample, the riboflavin (vitamin B,)
concentration increased from 0.07 = 0.01 to 0.12 + 0.03 mg% (mg per 100 g),
corresponding to an approximately 71% increase relative to the control. This
trend is consistent with the presumed ability of certain members of starter
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consortia to biosynthesize riboflavin, as well as with the release of bound
vitamin forms due to enzymatic activity during fermentation.

In contrast, thiamine (vitamin B,) and niacin (vitamin B;) decreased in the
starter-culture variant: B, from 0.32 + 0.02 to 0.26 + 0.01 mg%, and B, from
1.06 £ 0.06 to 0.86 £ 0.01 mg%. These changes may be attributable to the
involvement of thiamine and niacin in microbial metabolism as cofactors of
enzymatic systems, as well as to possible oxidation and/or transformation of
these compounds during processing. Notably, carotenoid content increased in
the starter-culture sample from 1.34 + 0.03 to 1.55 + 0.05 mg%, which may
indicate improved pigment stabilization within the fermented matrix or altered
conditions affecting their retention and analytical determination.

Overall, the results demonstrate that the use of starter cultures exerts
a differentiated (selective) effect on the levels of bioactive components in
hummus: increases in vitamin B, and carotenoids occur alongside decreases
in vitamins B, and B,. This supports the need for further optimization of
starter-culture composition and fermentation parameters with consideration of
target quality attributes, as well as confirmation of the observed differences
using mathematical statistical methods (i.e., significance testing of differences
between means given a sufficient sample size).

A comparative analysis of relative changes in volatile aroma-forming
compounds in the experimental sample versus the control (Table 7) indicates
that the investigated processing regimes/variants induce multidirectional
and multi-scale restructuring of the aroma profile, manifested both in the
overall magnitude of shifts and in the dominance patterns of individual
marker metabolites. The experimental sample exhibited the most
pronounced deviations from the control, primarily due to an anomalously
large increase in acetoin and diacetyl. This result may be interpreted as an
indicator of substantial intensification of enzymatic conversions toward the
formation of carbonyl compounds (in particular, via pyruvate metabolism
and associated redox transformations), which can generate a creamy-buttery
sensory dominant and markedly shape the overall aromatic impression of
the product.

Concurrently, moderate decreases in certain components — specifically ethyl
acetate and selected disulfides — were observed in the experimental sample,
which may be associated with shifts in the balance between esterification and
hydrolysis reactions and with transformations of sulfur-containing compounds
within the matrix.

In between, these findings indicate that the experimental sample provides
a high degree of controlled aroma modulation; however, it may also increase the
risk of sensory imbalance due to excessive accumulation of 1-2 key compounds
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with high odor activity. By contrast, the control sample is characterized by
a more moderate, multicomponent pattern of changes without the formation
of extreme peaks. The observed increases in a range of volatile compounds —
particularly alcohols, terpene constituents, and selected heterocyclic compounds
— are generally limited in magnitude, which is consistent with the development
of a more balanced, polycomponent aroma profile.

Table 7
Comprehensive analysis of aroma compounds
Aromatic compound Hummus (control) Hummus (trial)
Misc 1,8-Cineole 5 2
Alcohol 1-Hexanol 10 27
Aromatic 3-Carene 22 2
Ketone Acetoin 195 15
Sulfur Allyl methyl sulfide 25 25
Aromatic a-Pinene 5 -5
Misc Cubebene 5 -5
Aldehyde Decanal 2 2
Ketone Diacetyl 136 -10
Aromatic Limonene 9 -2
Aromatic o-Cymene 4 4
Pyrazine 2,5-Dimethylpyrazine -3 2
Sulfur 2-Acetylthiazole -2 15
Ketone 2-Butanone -3 -7
. 2-Ethyl-3,5- 2
Pyrazine dimethy?]pyrazine 2
Furan 2-Hexanoylfuran -2 15
Aldehyde 2-Methylbutanal -2 10
Furan 3-Methylfuran -18 -5
Sulfur Diallyl disulfide -20 2
Sulfur Dimethyl disulfide -3 -3
Alcohol Ethanol -37 -3
Ester Ethyl acetate -2 -2
Misc Indole -5 -2
Pyrazine Trimethylpyrazine 3 -2

During the study, changes in the principal microbiological indicators were
determined as a function of product storage duration, enabling assessment of
fermentation efficiency and the product’s ability to maintain stable consumer
properties throughout the established shelf life. In evaluating the quality of
fermented products, a key criterion is the composition and dynamics of the
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microflora, as it determines both product stability and the potential evolution of
sensory properties during storage.

The microbiological results (Table 8) demonstrate a sustained positive trend
in the development of lactic acid microflora and confirm that microbiological
safety indicators complied with the requirements of TY V¥10.8-37146938-
002:2023 over the investigated period.

Table 8
Microbiological study of fermented hummus
TU U 10.8- Results
Parameter 37146938-
002:2023 0 day | 7 days | 14 days | 25 days | 30 days | 35 days
MAFAM, CFU/g not more | 8.0-101 | 9.0-101 | 3.1-102 | 5.5-102 | 9.0-102 | 1.0-103
1.0-103
LAB - 5.5-106 | 1.1-107 | 1.7-107 | 5.2-107 | 1.3-108 | 5.3-108
(Lactobacillus
curvatus &

Lactococcus lactis
spp lactis),

CFU/g

Coliforms), not allowed | not detected

per 1,0 g

Salmonella, not allowed | not detected

per 25 g

Staphylococcus not allowed | not detected

aureus, per 1,0 g

Yeast, CFU/g not allowed | not detected 5.5-101
Mold, CFU/g not allowed | not detected

L. monocytogenes | not allowed | not detected

In the freshly produced product (day 0), the count of lactic acid bacteria
(Lactobacillus curvatus and Lactococcus lactis ssp. lactis) was 5.5x10° CFU/g.
Subsequently, their abundance increased: on day 7 to 1.1x 107 CFU/g; on day
14 to 1.7x107 CFU/g; on day 25 to 5.2x10” CFU/g; on day 30 to 1.3x10?
CFU/g and on day 35 to 5.3x 10° CFU/g. This trend is typical of fermented food
systems and reflects the sustained metabolic activity of the starter microflora
during storage. At the same time, increasing LAB counts may correlate with
changes in acidity and, consequently, with shifts in the sensory profile during
extended storage, underscoring the need for an integrated assessment of
physicochemical and organoleptic parameters.

Microbiological safety indicators remained within regulatory limits
throughout the entire observation period: coliform bacteria, pathogenic
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microorganisms (including Salmonella), Staphylococcus aureus, and Listeria
monocytogenes were not detected. Mould fungi were likewise not detected
during storage, indicating the absence of conditions conducive to their growth
under the adopted storage regime and confirming the product’s microbiological
stability with respect to this parameter.

Yeasts were not detected over 0...30 days of storage; however, on day
35 they were detected at a level of 5.5x10' CFU/g. The emergence of yeast
microflora at this late storage stage may be considered a marker of the onset of
undesirable microbiological changes that could potentially lead to deterioration
in quality attributes (in particular, the development of off-odours/off-flavours
and gas formation) during further storage.

Thus, the data confirm that the fermented hummus, over the study period,
was characterized by a high level of lactic acid microflora and complied
with microbiological safety requirements regarding coliforms, pathogenic
microorganisms, S. aureus, and L. monocytogenes. The detection of yeasts
on day 35 substantiates the advisability of setting the maximum storage life
at 30 days under the specified storage and packaging conditions

CONCLUSIONS

As a result of the conducted research, a scientifically substantiated
technology for fermented hummus was developed using starter cultures of
lactic acid bacteria, ensuring stable quality and safety parameters of the finished
product without the use of chemical preservatives. It was established that the
combined use of Lactococcus lactis subsp. lactis and Lactobacillus rhamnosus
is appropriate for the controlled fermentation of chickpea paste and supports the
stable progression of fermentation processes during storage.

Fermentation was shown to positively affect the sensory characteristics of the
product, promoting a milder flavour—aroma profile and ensuring the stabilization
of a homogeneous paste-like structure. Changes in the amino acid composition
of fermented hummus indicate the occurrence of biochemical transformations
within the protein matrix driven by microbial fermentation. The experimental
sample was characterized by increased levels of certain amino acids, notably
alanine, proline, glycine, and lysine, which may be associated with proteolysis
and the metabolic activity of lactic acid bacteria.

The vitamin profile analysis demonstrated that fermentation contributes
to the modification of the product’s biochemical profile, in particular to an
increase in riboflavin and carotenoid contents in the experimental sample
compared with the control. These results confirm the potential of lactic
acid fermentation as a tool for imparting functional properties to fermented
legume-based pastes.
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Microbiological testing established that throughout the entire storage
period the safety indicators complied with regulatory requirements: coliform
bacteria and pathogenic microorganisms, including Salmonella spp., as well
as Staphylococcus aureus and Listeria monocytogenes, were not detected. At
the same time, active development of lactic acid microflora during storage was
observed, confirming the stability of the fermentation process. The detection
of yeasts on day 35 indicates the onset of undesirable microbiological changes
and substantiates the advisability of setting the maximum shelf life at 30 days
at a storage temperature of 4..6°C.

SUMMARY

Current trends in food technology are driving increased demand for ready-
to-eat (RTE) products with enhanced nutritional value and minimal use of
synthetic preservatives.

One promising approach is the application of lactic acid fermentation in
the processing of legume-based foods, particularly hummus. This section
investigates the effect of controlled fermentation on the quality formation of
fermented hummus using the starter cultures Lactococcus lactis subsp. Lactis
and Lactobacillus rhamnosus. The finished product was evaluated in terms of
sensory properties, amino acid profile, vitamin composition, and microbiological
parameters.

Fermentation was found to improve the product’s flavor and aroma
and to stabilize the texture of hummus. Positive changes in the amino
acid profile and increased levels of selected vitamins were observed in
experimental samples compared with the control. The use of lactic acid
bacteria was shown to ensure the microbiological stability of the product
without the addition of chemical preservatives. During storage, fermented
hummus complied with the relevant regulatory requirements for safety
and quality.

The feasibility of applying lactic acid fermentation in the development of
functional chickpea-based products is substantiated, and a rational shelf-life for
fermented hummus is defined.
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CHAPTER 4

TEOPETUYHI ACINEKTN BUKOPUCTAHHA CYXOIo
HAMNIBOABPUKATY HA OCHOBI OJIEOIEJ1IB

Y TEXHONOTIT NIHONOAIEHOI AECEPTHOI
NPOOYKLIT

Kotnsp O. B.
DOl https://doi.org/10.30525/978-9934-26-697-3-4

BCTYN

OcTtaHHIME poKaMHu y cdepi BUPOOHUIITBA TECEPTHOI KyIiHAPHOI MPOIXYKIIil
CIIOCTEPIraeThCs TEHACHIIS 10 aKTUBHOTO BIIPOBAKEHHS pecypco3depiraloumx
TEXHOJIOT1H, 110 CIPSIMOBaHI Ha MiABUIIECHHS e€()eKTUBHOCTI BHPOOHHIITBA Ta
pamioHaJbHE BHKOPUCTAHHS CHPOBHHHHX pecypciB. BomHowac axTyasbHOIO
3aNUIIAETECA  TpoOiemMa  MeiluTy JKUTTEBO  HEOOXINHWX  HYTPI€HTIB
Yy XapuyBaHHI HAaceJCHHsS, IO 3YMOBIIOE HEOOXiIHICTh PO3POOICHHS HOBHX
BUJIB JECEpTHOI NPOAYKLil 3 YZOCKOHAJEHUM pELENTypHUM CKIAJ0M Ta
T IBUIIEHOIO0 XapYOBOIO IiHHICTIO.

Cepen mIMPOKOTO aCOPTHMEHTY XapUOBHX IPOMYKTIB AECEPTHA TPOMYKILis
mocimae ocobnuBe MicIe 3aBOJKH CTaOUIPHOMY TIONMUTY CIIOKHBAdiB,
BHCOKHM OpPTaHOJENTHYHUM IIOKAa3HHKaM Ta Pi3HOMAHITHOCTI pPElenTypHUX
pimeHs. 3HauHA KUTBKICTh MOMUIMBHX KOMOiIHAmid CHPOBHHHUX KOMIIOHEHTIB
CTBOPIOE TIEPEAYMOBH I (pOpMyBaHHS HOBHX BHIB NIECEPTIB i3 3aJaHUMH
(YHKIIOHATTPHO-TEXHOJMIOTIYHUMH ~ BJIACTHBOCTSAMH  Ta  THOKpAIleHUMH
TTOKa3HUKAMH SKOCTI.

Oco0nmMBOi yBaru 3aciyroBy€ ecepTHA MPOAYKILS 3 MHHOK CTPYKTYPOIO,
SKa XapaKTepU3yeTbCS INPHUBAOIMBUMH CHOKHBYMMHU BIACTUBOCTSAMH Ta
KOPHUCTY€ETHCS 3HAYHUM MOATOM. Pa3oM i3 THM HasBHUH piBEHb BUPOOHHUIITBA
HENOBHOIO Mipoio 3abe3medye MOTpeOM CHOXKHBAdiB y MM TPy MPOMYKIIii.
OnHUM i3 IePCIIEKTUBHUX HANPsMIB BHPIIICHHS ITi€l IPoOIeMH € PO3MHPEHHS
BHPOOHMIITBA Ta peaizamii MHOMOAIOHNX NECepTiB y 3aKiIagax pecTOpPaHHOL
iggyctpii. Ha cygacHoMy erarmi acOpTHMEHT Takoi MPOMYKIii MpencTaBIeHIHA
IIMPOKHM CIIEKTPOM BHPOOiB, 30KpeMa MOPO3UBOM, MycaMH, cyire, camOyKaMH,
IMyAWHTaMH Ta mapde.
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CyvacHa KOHIWTEpChKa IPOMHCIIOBICTh Ma€ 3HAYHUHA IPAKTUYHHHA JTOCBIJ
BHUKOPUCTAHHS (PYHKI[IOHAIBHUX CYMIilllel, MO 3a0e3MedYyloTh CTa0lIbHICTh
TEXHOJIOTIYHOTO MPOLIECY, CHPUSIOTH YCYHEHHIO BHMPOOHWYMX PHU3UKIB Ta
MiHIMI3yIOTh MOMJINBICTh BUHUKHEHHS! HEOa)XaHUX 3MiH y TOTOBIH HPORYKIII.
BaxsuBy ponb y GopMyBaHHI CTPYKTYpHO-MEXAaHIYHUX Ta OPraHOJEHTUYHUX
XapaKTepUCTUK JIECEPTIB BIJIIrpaloTh IMIHOYTBOPIOBAYl W EMyJIbraropu, sKi
LIMPOKO 3aCTOCOBYIOTBCS Y KOHJUTEPCHKOMY BHPOOHHITBI Ta CyMDKHHUX
rajry3sx XapuoBoi IIPOMHCIIOBOCTI.

[lepciekTHBHUM HamnpsiMOM € BUKOPHCTaHHS CyXuX HamiBpaOpHKaris,
30aTHUX 3a0e3ledyBaTH BUCOKY SIKICTH TOTOBOI IPOXNYKIii, CKOPOYCHHS
TPUBAJIOCTI TEXHOJOTIYHUX TIPOLECIB Ta 3HWKEHHS EHEPreTUYHHX BUTpAT.
3actocyBaHHsl Takux HamiB(aOpHKaTiB [03BOJISIE HE JIMIIE DPO3IIUPUTH
ACOPTHMEHT JIeCepPTHOI HPOAYKIII Ta MOKPALIMTH 1i SKICHI XapaKTepHCTHKH,
a ¥ 3a0e3nmeyuTH OUIBIN pallioHaJbHE BHKOPHCTaHHS CHUPOBMHHHMX Ta
€HEepreTUYHUX PECypciB.

[lix wac po3poOieHHs HOBUX BHUJIB JECEPTHOI IMPOAYKLIT BaXXIIMBUM
€ 3a0e3medeHHs ii 30aJaHCOBAHOTO CKIIa1y Ta HassBHOCTI HE3aMiHHUX HYTPI€HTIB.
@®opmyBaHHSI TIHHOI CTPYKTYpH MpPOXYKLii 3a0e3nmedyeThcsi 3a paxyHOK
BUKOPUCTAHHsI TTOBEPXHEBO-aKTMBHHX PEYOBHH 1 OIJIKOBHX KOMIIOHEHTIB
POCJIMHHOTO Ta TBAPHHHOTO ITOXO/DKEHHS, SIKI XapaKTePHU3YIOTHCS BHCOKOIO
3aCBOIOBAHICTIO, Xap4OBOIO Ta OIOJIOTIYHOIO LIHHICTIO. Y CKIajl pelenTypHUX
CHCTEM TaKi KOMIIOHEHTH yTBOPIOIOTH CTallNbHI 0araTOKOMIIOHEHTHI CUCTEMH,
rapamerpu SKHX JO3BOJISIOTH PEryjIroBaTH (yHKLIOHAIBHO-TEXHOJIOTI4HI
BJIACTHBOCTI TOTOBOT IPOAYKIIIT.

MeTo10 gocaiikeHHsI € HayKoBe OOIPYHTYBaHHS Ta pPO3pOOJICHHS
TEXHOJIOTI] IeCepTHOT MPOAYKIIT 3 HIHHOIO CTPYKTYPOIO MAacCOBOTO CIIOKMBaHHS
3 BUKOPHCTAHHSIM CyXOro HamiB()aOpHKaTy Ha OCHOBI OJIEOTEIIiB.

Jns ngocsrHeHHsT NOCTaBleHOI MeTH Iepe0ayeHo BHPIIICHHS TaKUX
3aB/1aHb:

—  0OrpyHTyBartu AOLUIbHICTH BUKOPHCTaHHS CyXoro HamiBpaOpukary Ha
OCHOBI OJICOTEJIB Y TEXHOJIOTIi MiHOMOAIOHOT 1eCepTHOT MPOIYKIIii;

—  JIOCIIIUTH BIUIMB BUJYy Ta KOHIEHTpALi] cTabii1i3aTopiB Ha CTPYKTYpHO-
MEXaHIYHI BJACTUBOCTI MIHOMOMIOHOT MPOMYKIIIT;

— BHM3HAQUUTH pALiOHAIBHUH BMICT pELENTYPHUX KOMIIOHEHTIB JUIs
(opMyBaHHS aCOPTUMEHTY AECEPTHOI NPOAYKIIT 3 HIHHOIO CTPYKTYPOIO;

— BCTAQHOBUTH OINTHMAJIbHI TapaMeTpH TEXHOJOTIYHOIO MPOLECY, IO
3a0e3MeuyoTh BUCOKY MIHOYTBOPIOIOYY 3JaTHICTh Ta CTIMKICTh MiH;

—  pO3pOOHTH HAyKOBO OOIPYHTOBAHI PEIENTYpPHU i TEXHOJIOTIi JeCepTHOL
MIPOAYKIIT 3 BUKOPUCTAHHIM CyXOro HamiB(haOpHKkaTy Ha OCHOBI OJICOTEINIB;

—  BHU3HAYUTH NMOKA3HUKU SKOCTI Ta OC3MEYHOCTI TOTOBOI MPOAYKIIIT;

89



1. AHani3 cy4acHoro cTaHy Ta NepcrneKTUB PO3BUTKY TEXHOJIOrIi
cyxux HaniB¢abpukaTiB Ha OCHOBI osieorenis
AN niHonoAi6HoT aecepTHOI NpoayKLUii

Metoro  po3poOKM  TEXHOJNOTii MIHOMOAIOHOiI JTeCcepTHOi MPOAYKIii
MacoBOTO CIIOXKHMBAaHHS Ha OCHOBI CyXOro HamiBpaOpHKaTy € CTBOPEHHS
ACOPTUMEHTY MIHOMOAIOHOT KyIiHAPHOI MPOAYKIi 3 BUCOKAMHU ITOKa3HUKAMH
SIKOCTi, CTa0IMBPHOCTI Ta eKOHOMIYHOI edekTuBHOCTI. ComianpHa 3HAYYINICTH
IBOTO JOCITIKCHHS TOJNATaE Y BHCOKOMY IONHUTI Ha MIHOMOMIOHY JecepTHY
MIPOIYKIIIIO 3 IIUPOKUM aCOPTUMEHTOM Ta BUCOKMMH O10JIOTIYHIMH i CMaKOBUMH
nokasHukamu. Came po3poOKa 3aJaHOi TEXHOJOril Mae 3aJOBOJILHUTH
3pOCTalOYMii MONHKT. 3alaHa PO3poOKa Ma€e CyTTEBE 3HAYCHHS JUISl OJANBIIOrO
PO3BUTKY CETMEHTY NEeCepTHOI MPOAYKIii Ta CyXuX HamiBpaOpuKaTiB st
30MBaHHSA, BOHA PO3IIUPIOE TEOPETHYHI Ta MPAKTWYHI 3HAHHS y BHUPIMICHHI
mpo0JIeM CTBOPEHHS CTaOiTbHUX MIHHUX CHCTEM 3 BUCOKOKO MIHOYTBOPIOIOUOIO
3ATHICTIO.

3a JaHMMU aHAJITHYHUX areHTCTB, CBITOBHI PHHOK JECEPTHOI MPOXYKILii
JIEMOHCTpY€E cTabinsHe 3poctanus’ 2. Y 2025 pori o6Csr CBITOBOrO PHHKY
necepriB omiHroBaBcs noHan y 120 mupa gomapie CHIA, a cepemHbopidHMIA
TEMII IIPUPOCTY CETMEHTY MiHOMOAIOHUX NECePTiB CTAHOBUTH OIM3BKO 5—7%.
Haii6inpury yacTKy puHKY 3aiMalOTh MYCH, KPEMOBI JIeCEPTH, 30UTi BEpPIIKOBi
CyMIIIi, TOTOBI CYXi CYMIIIi JJIsi MPUTOTYBAHHS IECEPTIB Ta MOJIOYHI aepOBaHi
npoAykTH. B YkpaiHi cerMeHT AecepTHOT MPOAYyKIii TAKOXK XapaKTepHU3y€eThCs
MO3UTHBHOIO IWHAMIKOI0. HacTka JecepTiB MBHIKOTO PUTOTYBaHHS Ta CYXUX
cyMimeil y CTpyKTypi peamizalii KyJdiHapHOI HpPOXYKIii OIOPIYHO 3pocTae
Ha 8-10%, {0 3yMOBIEHO 3MIHOIO CIOXXHBYMX BIIOZ00AaHb, PO3BHUTKOM
3aKJIaliB PECTOPAaHHOI IHAYCTpii Ta MOMYMSAPHU3AIIEI0 MPOAYKTIB IIBHUAKOTO
MIPUTOTYBaHHS.

Cyxuii HamiBpaOpUKaT Ha OCHOBI OJICOTENIB Yy TEXHOJOTII Ma€ CyTTEBE
3HAYEHHS Ul CTBOPEHHS HOBHX HANpPSMIB Yy CETMEHTI JeCepTHOI MPOMYKIIii,
00 mpeacTaBise CyMim, sSKy MOXXHa BHKOPHUCTOBYBATH Yy Pi3HOMaHITHHX
neceprax®. Boma Bupimye mHTaHHS CTaOUIBHOCTI, MIHOYTBOPEHHS Ta
pPO3LIMPEHHsT AaCOPTUMEHTHOTO HEpeNiKy Ta CHpHsA€E SKICHUM 3MiHaMm

! Dessert Mixes Market Size, Share, and Growth Analysis. SkyQuest Technology. 2025. URL:
https://www.skyquestt.com/report/dessert-mixes-market?utm_source=chatgpt.com (mara 3BEpHEHHS:
18.05.2026)

2 Dairy Desserts Market Size and Share Outlook to 2031. Mordor Intelligence. 2026. URL: https://
www.mordorintelligence.com/industry-reports/global-dairy-desserts-market?utm_source=chatgpt.com
(nara 3BepHennst: 18.05.2026)

3 Murray B. S. Stabilization of foams and emulsions by mixtures of surface active food-
grade particles and proteins. Food Hydrocolloids. 2011. Vol. 25(4). P. 627-638. DOI: 10.1016/
j.foodhyd.2010.07.025.
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y BuUpoOHUITBI'. OcoOIMBOro 3HaueHHs HAOyBae BHKOPHCTAHHS OJECOTEIiB
SIK CTPYKTypOBaHOi J>KMPOBOi CHUCTEMH, IO JIO3BOJSE 3MEHIIMTH BMICT
TPaHC)KMPIB Ta MOKPAIIUTH (QYHKI[IOHAIBHO-TEXHOJOT1YHI BJIACTHUBOCTI
roToBOi MPOAYKIIi > 6.

BigmiHHicTE 3amaHOl  po3poOKM ToONArae |y HU3BKIH coOiBapTocTi,
BHCOKHX TEXHOJIOTIYHUX BJIACTHBOCTSX, MOKJIMBOCTI BHKOPHCTAaHHS y PI3HUX
MIPOJYKTaX, BUCOKMX IOKa3HMKaxX sKocTi. KpiMm Toro, 3acTocyBaHHS CyXOro
HamiBdaOpukary 3abe3neduye CIpOIEHHS! TEXHOJIOTIYHOrO MPOLECY, 3HUKCHHS
BUTpAT Ha TPAHCIOPTYBaHHS Ta 30epiraHHs, 30UIbILICHHS TEPMiHY PUAATHOCTI
MIPOAYKLIT Ta MiHIMI3allil0 BTpaT CUPOBHHHU.

AHai3 puHKy JecepTHOI NPOAYKIi MOKa3as, 10 Cyxuid HamiB(aOpuKaT s
MHONOMIOHOT MPOIYKLIT XapaKTepU3yeThCsl JOCHTh BY3bKHUM aCOPTHMEHTOM
MIPOIYKIII] 3 FeTePOTreHHOI0 CTPYKTYPOI0. ACOPTUMEHT (POPMYETHCS TPOIYKILIELO,
IO BHIYCKA€ThCS IIIPHEMCTBAMH MOJIOKOIICPEPOOHOTO KOMIUIEKCY, SIKi
B XOIi TEXHOJIOT'IYHOT'O ITPOLIECY BUTOTOBIISIOTH OOMEXEHY KiJbKICTh MPOIYKIii
3 MIHHOIO CTPYKTypoto. HasiBHa npoayKIlist He 3310BOJILHSIE MONUT CHOKHBAYa
Ta AUKTYE HEOOX1IHICTh PO3IMINpPEHHs HamiB()aOpHUKaTiB JUIsl MPOIYKLIT 3 TIHHOIO
CTPYKTYPOIO, L0 XapaKTEPH3y€EThCS BUCOKUM HOIHUTOM Yy CIIO)KHUBAiB.

3a pesynabraraMd MapKETHHTOBHX JIOCTIJDKEHb BCTAaHOBJICHO, L0 IOHAJ
60% croxuBadiB HAJaIOTh NEpeBary JiecepramM 3 HOKHOIO MIHHOK TEKCTYpOIO,
a Omm3pko 45% TOKYNIIB 3BEPTAlOTh yBary Ha IIBWJAKICTb HPUTOTYBaHHS
nponykiii. Takox CIOCTEepIraeTbCs TEHICHIlIS J0 30LUIbIICHHS MOMUTY Ha
MPOAYKTH 3 HONINIICHUMH IIOKa3HUKAMHM XapyoBOi LIHHOCTI, 3HM)KEHUM
BMICTOM HACHYCHHX >KHUPIB Ta BINCYTHICTIO CHHTETHYHHX cTabinizaTopis’.
VY CTPYKTYpi aCOPTUMEHTY CYyXHUX CyMIIIeH JUIs IECEPTHOI MPOAYKIIiT HAHO1IbIITY
YacTKy 3aliMaroTh CyMilIi JUIsi KpeMiB, MyCiB, MaHHA-KOTH, Tipamicy Ta 30MTHX
BEpLIKIB.

Ha ocHOBI aHaIIITHYHKX TOCIIIKEHb HAMU TUIAHYETHCS PO3pOOKa TEXHOJIOTI i
MHONONIOHOT IecepTHOT MPOIYKII.

3 ypaxyBaHHSM aHAJITHYHUX JOCII/DKCHh Ta IHHOBAI[HOTO 3aJyMy
MIPOAYKLIT HAMH BH3HAUCHO IHHOBALIHHY CTPATErito po3poOKH HOBOT IPOAYKIIIT.
Jlo ocHOBHM iHHOBaIiifHOI cTparerii NOKJIaJeHO MPUHIMI pealtizallii B3aeMouii

4 Goralchuk A., Gubsky S., Omelchenko S., Riabets O., Grinchenko O., Fedak N., Kotlyar O.
Impact of added food ingredients on foaming and texture of whipped toppings: a chemometric analysis.
European Food Research and Technology. 2020. Vol. 246(10). P. 1955-1970. DOI:10.1007/s00217-020-
03547-3.

5 Patel A. R., Dewettinck K. Edible oil structuring: an overview and recent updates. Food &
Function. 2016. Vol. 7(1). P. 20-29. DOI: 10.1039/C5FO01006C.

¢ Fayaz G., Calligaris S., Nicoli M. C. et al. Potential of oleogel technology in food applications.
Food Research International. 2017. Vol. 100. P. 467-476. DOI: 10.1016/j.foodres.2017.05.018.

7 Wassell P, Rajah K. Bakery Fats. Cambridge : Woodhead Publishing, 2014. 408 p.
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KOMIIOHEHTIB CyXOro HariBpaOpukaTy Ha OCHOBI OJEOrelliB y TEXHOJIOri Ta
crabinmizaropa 3ajJeXHO BiJl CTPYKTypH IpPOIAYKLii, a TakoX OOIPYHTYyBaHHS
HalOBHIOBAYIB Ul TIHOMOAIOHOT mpoxmykmii Aiast po3poOKH acopTUMEHTY
MiHONOAIOHOT MPOMyKIIii.

[lepcieKTHBHUM HanpsiMOM € BHUKOPHCTaHHS HATypaJbHHX HAIIOBHIOBadiB
POCIIMHHOTO TIOXO/DKEHHS: (PPYKTOBHX MOPOILKIB, CyOITIMOBaHHX STiJl, KaKao-
MIPOAYKTIB, KAaBOBHX €KCTPAKTIB, TOPIXOBHX IacT, POCIMHHHUX OUIKIB Ta
Xap4oBuX BONMOKOH®. Taki KOMIIOHEHTH MO3BOJAIOTH (HOPMYBATH IIHPOKHA
ACOPTHMEHT JIECEPTHOI MPOAYKLIl (PYHKIIOHAIBHOTO CIIPSIMYBaHHS.

AKTyaJIbHICTh JTOCJI/DKCHHST BU3HAYAETHCSI MOXIIMBICTIO BHKOPHCTaHHS
cyxoro HamiB(paOpuKaTy y TEXHOJOTIi MiHOMOJIOHO MECepTHOI MPOIYKIIii.
Cyxuil HamiBpaOpuKaT 3aJ0BOJBHSIE BUMOTaM TEXHOJOTIYHOCTI, BHCOKOI
e(eKTUBHOCTI Ta Ma€ BUCOKI IIOKa3HWKU ITIHOYTBOPEHHS Ta CTIMKOCTI 3a
PaxyHOK KOMIIJIEKCY IHI'PEIIEHTIB, IO BXOAATH 0 CKIIAJY.

Hampsim anst cTBOpeHHs JTiHINKM HOBOI mMiHOMOAIOHOT mHponyKuii — e
MOEJHAHHS TIHOYTBOPIOIOYMX BJIACTHBOCTEH CyMimn Ta crabimizamidHol
cucremu. Lleil HampsM Tamy3i pO3BHMBAETHCS CTPIMKMMH TEMIIaMH Ta
Mae JesKi TpUTaMaHHI TPOOJIEeMH, TOB’s3aHI 31 CTaOLII3aIli€l0 CUCTEMH,
BUOOPOM ONTHUMAJIBHOTO IIHOYTBOPIOBAaYa Ta OTPUMAHHSIM MIHHUX CHCTEM
3 TEBHUMH BJIACTHBOCTSIMH. AKTYaJIBHICTh JOCIIUKEHHS Ta pPO3pOoOKH
CTpaB 3 MIHOMOMIOHOI CTPYKTYPOIO IOJIATa€ Y BHU3HAYCHHI paI[iOHAIBHUX
KOHIIGHTpAIlii cTabini3aTopiB Ta CHPOBUHH, SIKa BU3HAYA€ aCOPTUMEHT.

Hamip VYkpaiHu Bce OuIbII TICHO IHTErpyBaTHCsS B Di3HI €BPOINEHCHKI
CTPYKTYPU CTaBUTh I€peJl HEI0 TOCTPi MHUTaHHS KOHKYPEHTOCIPOMOXKHOCTI
BITYM3HSHMX TOBapiB 1 MIANPUEMCTB HA HAliOHAJIBHOMY, a OCOOJIMBO Ha
CBiTOBOMY pWHKax. HUHI MO)XXHa BIIEBHEHO CKasaTu, 110 MaiOyTHE YKpaiHu
TICHO TIOB’sI3aHE 3 PO3BUTKOM Xap4OBOi MPOMHUCIIOBOCTI Ta arporpoOMHUCIIOBOTO
xomruiekcy. Lle came Ti ramysi, sIKi MOXXYTh BUBECTH YKpaiHy Ha TiJHE Micue
cepell CBITOBHX JIiZIEpiB 3 BUPOOHHLITBA MTPOIYKTIB XapayBaHHS.

3a pmanuMu [lepkaBHOi CIy)kOM CTaTHCTHKHM YKpaiHH, BUPOOHHLITBO
Xap4yoBUX MPOIYKTIB Yy CTPYKTYpl NepepoOHOi NPOMHCIOBOCTI CTAaHOBHUTH
noHax 20%. 3HayHa yacTKa IpUIaJac€ Ha MOJIOYHY Ta KOHIMTEPCHbKY raiysi,
Jie aKTMBHO BHKOPUCTOBYIOThCS CyXi HamiBpaOpukaru ta cymimi. Cermesr
JICCEPTHOT MPOAYKIIIT 3aJIUIIAETHCS OJHUM 13 HAWOUTBII JUHAMIYHUX HAIIPSIMiB
PO3BUTKY Xap4yOBOi iHAYCTPii.

[lix yac anayizy HasBHMX TEXHOJIOTiH Ta HOBITHIX PO3POOOK BU3HAYEHO
BaroMicTh HampsMy pPO3POOKHM TEXHOJIOTIl CTpaB 3 MIHHOI CTPYKTYpOIO Ha

8 McClements D. J. Food Emulsions: Principles, Practices and Techniques. 3rd ed. Boca Raton : CRC

Press, 2015. 714 p. DOI: 10.1201/b18868.
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OCHOBI CyXO0ro HamiBpaOpukaty. ¥ po3po0ili MPOEKTY HEOOX1THO JOTPUMYBATHCh
TaKUX BHMOT:

—  3aJI0BOJICHHSI TEXHOJIOTTYHUX BJIACTHBOCTEH HPOAYKTY, B sIKOMY Oyie
BUKOPUCTOBYBaTHCh CHPOBHUHA;

—  BHUKOPHCTaHHS 0€3IeYHOl Ta SIKICHOI CHPOBHHU;

—  cTaOUIBHICTD y PI3HUX YMOBaXxX 30epiraHHs Ta BUKOPUCTAHHS;

—  JIOCTYITHA I[iHOBA MOJITHKA;

—  BHCOKI OpraHOJICIITHYHI TOKa3HUKHY;

—  3[ATHICTB 10 NIBHUKOTO BiHOBJICHHS Ta 30WBaHHS;

— 3a0e3nedyeHHs cTabLIBHOI MIHK Ta CTPYKTYPHOI MILHOCTI.

Cyxi xupoBMicHI HamiB)aOpHKaTH TaKOro THUIy BHKOPHCTOBYIOTHCS
y 0ararbOX TEXHOJIOTISIX — Bifl HaMoiB JI0 JI€CepTHOI MPOAYKLII TPOMHUCIOBOTO
BUpoOHMLTBAa. HaiiOinbll akTHBHO BOHM 3aCTOCOBYIOTHCS Y BHPOOHUIITBI
KOH/IUTEPCHKUX KPEMiIB, MOJIOUHHX KOKTEHIIIB, MOPO3HBa, a€POBaHUX JIECEPTIB,
MYCiB, KpEM-4H3iB, KABOBHX HAIOIB Ta MPOAYKIIi IIBUIKOTO MPUTOTYBaHHSI.

AHani3 cyXxux cCyMilen Jyisi ofiepKaHHs MiHOMOAIOHOT 1ecepTHOT MPOIyKIii
(Tabmn. 1) 103BOJUB 3pOOUTH BUCHOBKH 00 MiHIMAIBHOT KOHKYPEHIIIT Y I[bOMY
cermenTi. Cyxi cymimi i 30uBaHHS 3/1€OLIBIIOTO NMpeACTaBIeH] CyMillamMu
JUIL OTPUMaHHs KpeMiB Ta BEpIUKiB. BOHHM XapaKTepu3yloThCs BY3bKOIO

CYYACHWA ACOPTUMEHT
NIHOMOAIBHOI AECEPTHOI MPOAYKLIT
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Tabmuus 1
MoHiTOpHHT cyxXux cyMmillei 1Jisl oaep:KaHHs MiHOMOAIOHOT
AecepTHOI MpoxyKuil

Tepmin
Hassa npoaykuii Bupoouuk Kpaina . Ckua,
poyku p P 30epiranus 4
Iykop, neunBo
3 mepcinana, MIICHHYHE
«Dr. August 60 (I))I_IIHO 6’iJ‘IOK ST
JHecept «Dr.Oetker» | Oetker . . P N T
. . Himeyuuna | 18 wmic. POCIHHHI XupH,
KpeM Tupamicy Nahrungsmittel
apOMaTH3aTopH,

KG» h
po3my1ryBadi,
crabinizaropu

KO, KaKao-TOPOIIOK

Dr. August EIZKOi’a ocnmfﬂnﬁ ’

Mye mokonanHui Oetker Himeuyuna | 18 mic KU )KSI’&I?FI/IH MOJIOYHHIA
«Dr.Oetker» Nahrungsmittel ’ 1P, i

KG 610K, eMyIbraTopH,
KappariHaH
Kakao-nopomiok

Jecepr «Dr.Oetker» | Dr. August P ’
- LIOKOJIAJ, eMYJIBraTopH,
MYC HIOKOJIaIHUH Oetker . . U
. . Himeuunna | 18 wmic. MOJIOUHHH O1JI0K,
31 IIMaTOYKaMH Nahrungsmittel . o
MozaudikoBaHUH
LIOKOJIaty KG
KpPOXMaJib
Iyxop, cyxe MOIOKO,
Cymim it Mmyc . . apoMaTu3aTopH,
ymu i yey Haas ABcTpis 12 wmic. pomar P .
BaHIIEHOTO cTabii3aTopy, POCINHHI
KUPH
MonudikoBanuii
CymMimr uist Kpem . . KpPOXMaJlb, IYKO
Y A peny Prestige TTonpma 12 wmic. P » HYKOP, .
«ITatucee» eMyJIbraToOpH, MOJIOYHI
KOMIIOHCHTH
Lykop, MoandikoBanuii
KpOXMallb, CyXe
3HEXKUPEHE MOJIOKO,
MOJIOYHI OiNIKM, s€4HMI
IMopomikosa cyminr JKOBTOK, apOMAaTH3aTOPH,
JUTSL TIPUTOTYBaHHS crabinizaropu:
KOHIHTEPCHKOTO Elenka Tramnis 12 mic. E401, E407, E412,
kpemy «Pronto eMYIIbIaToOpH:
Crema» E472a, E472b, E460,
aHTHOKcuaanTH: E322
(coeBuit nenurun), E304,
E307, E330, 6apBHuK:
E160a

HATIPABJICHICTIO Ta CIeUu(IYHICTIO BUTOTOBIEHHs. Jlimmpyrodi mo3mmii Ha
puHKY 3aiiMaioTh Kommadii «Dr.Oetkery», «Haas», «Prestige», a Takox okpemi
BHpOoOHMKH mpodeciiaux cymimeit aas HoReCa.
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TakuMm yMHOM, ITPOBEJCHUI aHaji3 PUHKY MOKa3aB, 10 ACOPTHMEHT CyXUX
cymimed s miHOMOAIOHOT JecepTHOI MPOAYKIIT 3ajMIIaeTbcss 0OMEXEHHM,
a OLIBIIICTh MPOAYKIIT MpencTaBicHa iMIIOPTHUMHE BUupoOHuKaMu® 1. BogHouac
CIIOCTEpIraeTbcss TEHACHIST JO PO3IIUPEHHS CETMEHTY (yHKIIOHAIBHUX
JIeCepTiB, HHU3bKOKAJOPIHHOT MNpOAYKUil Ta cymimed 3 HaTypalbHUMH
KOMIIOHEHTaMH.

ToMy BHPOOHHIITBO MIHOMOMIOHOTO JECEPTY 3 BHKOPHCTAHHSIM CYXOTO
HariBpaOpukaTy Ha OCHOBI OJIeOreNiB Yy TEXHOJOril Oyne NepcrieKTHBHIM
HanpsiMOM, T03asK BHKOPUCTaHHS ITIHOYTBOPIOIOYMX BIJIACTMBOCTEH CyXOro
HariBpaOpukaTy Ha OCHOBI OJieOreNiB y BHPOOHMITBI JIECEpTIB JIO3BOJIUTH
OTPHMaTH TPOAYKT Oe3 IITyYHHX MiHOYyTBOPIOBAUIB i CTaOLIi3aTOPIB, MiBUILUTH
XapyuoBy I[IHHICTb TOTOBOTO MPOIYKTY, POLIMPUTH aCOPTHMEHT Ta 3a0e3Ne4nTH
KOHKYPEHTOCIPOMOXKHICTB TIPOYKIii Ha PUHKY.

[epciekTHBH MOAANBIIMX JOCHTIPKEHb HOJISATAalOTh Y PO3pPOOLi TEXHOIOTIH
miHONOMIOHOT JecepTHOI MpoxyKHii 3 BHUKOPHCTAHHSAM OJICOTENIB Pi3HOTO
CKJIaJly, BU3HAUYEHH] ONTHMAJIbHUX PELENTYPHUX CIIBBIIHOLIEHb KOMIIOHEHTIB,
JOCII/DKEHHI CTPYKTYpHO-MEXaHIYHHUX BJIACTHBOCTEH cHUcTeM Ta (opMyBaHHI
HOBHX BH[IB IeCepTHOI MpOAyKii GYHKIIOHATBHOTO cripsiMyBaHHs'" 12,

2. TeopeTuyHi acneKTn popmMyBaHHA NiHONOAIGHUX
Ta NiHOeMY/IbCiIHUX Xap4OBUX CUCTEM

[lina sByse COOOK BHCOKOTUCIIEPCHY CHCTEMY, Y sKiii rasosa (hasa
posmozisieHa y BUDIsAAl OynbpOamok y Oe3nepepBHOMY DiIKOMY CEPEIOBHILI.
CyKyInHICTh TOHKHMX DPIJKHX IUTIBOK (popMye NMpOCTOPOBUI KapKac IiHH, KU
BH3HAYa€ il CTPYKTYPHO-MEXaHIUHI BIACTHBOCTI Ta CTIMKICTh. 3aJIEXKHO Bij
CHIBBIZHOIICHHS 00’€MiB Ta30BOi Ta pinkoi (a3 OyapOaIlKH MOXYTh MaTH
chepuyny abo momienpuyHy QopMy. Y BHCOKOKOHIICHTPOBAHHMX ITiIHHUX
cucrteMax (OpMyeThCS KOMip4acTa CTPYKTypa, XapakTepHa Ui Xap4yOBHX
aepoBaHMX MPOIAYKTiB'.

VYTBOpeHHsI MIHHUX CHUCTEM MOXKE 3JIMCHIOBATHCS JHUCHEpraliiHuM abo
KOH/ICHCALlITHUM CcHOCO0OM. Y TEeXHONOril XapyoBUX IPOAYKTIB HalOUIbII
MOUIMPEHUM € MeXaHiuHe 30MBaHHS 3 OJHOYACHOIO aepalli€l0 CHUCTEMH, LI0

°  Dr. Oetker Ykpaina. 36uri necepru ta cyxi cymimi. URL: https://www.oetker.com.ua/
10" Metro Chef. Cymiwi ans geceprroi mpoxyxuii. URL: https://shop.metro.ua/

" Pate] A. R. Alternative routes to oil structuring via oleogelation : a review. Food Research
International. 2015. Vol. 76. P. 448-460.

12" Ppuscas A., Muresean V., Socaciu C., Muste S. Oleogels in Food: A Review of Current and Potential
Applications. Foods. 2020, 9, 70. DOI: 10.3390/f00ds9010070.

13 Ropciuc S., Amariei S., Gutt G. Development and Characterization of New Plant-Based Ice Cream
with Oleogels. Gels. 2024. Vol. 10, No. 6. https://doi.org/10.3390/gels10060397
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3a0e3neuye pPIBHOMIPHHM PO3MOAT ra30BOi (asd y PiAKOMY CepeToBHII'?,
@®opmyBanHsl Ta cTabuTizallisl MiHKM 3HAYHOIO MIpOIO 3aiexarb BiJ (i3uKo-
XIMIYHUX BJIACTHBOCTEH KOMIIOHEHTIB CHUCTEMHM, KOHIIEHTpalii MOBEpPXHEBO-
aKTHBHHUX PEUOBHH, B’SI3KOCTI CEPENOBHIIA Ta 3MAaTHOCTI MDK(pa3HUX IUTIBOK
MIPOTUISATH PYHHYBaHHIO.

Ha wmexi posminy ¢a3 ¢opMmyerbes ancopOUidiHUK IIap IMTOBEPXHEBO-
AKTHBHHX PEUOBHH, SIKM CTab11i3ye ra30Bi Oyap0allky Ta 3HHXKYE TOBEPXHEBUI
Harsar. BaxuuBy posib y MiJBHMINEHHI CTIMKOCTI MiH BiXIrpaloTh OUIKK Ta
MOJTIMEPHI PEeYOBHHM, IO 3J1aTHI YTBOPIOBATH IPY)KHO-B’s3Ki MiX(a3Hi mapu
Ta CMOBUTBHIOBATH TIPOIIEC BUTIKAHHS pianHK 3 KaHamiB [lmato — ['i66ca's.
Binku € edexTMBHUMU NPUPOIHUMH IIHOYTBOPIOBAYaMHU 3aBJISIKW HasBHOCTI
rizpodinmbHUX 1 TiIpooOHUX Tpym, sKi 3a0e3NeYyloTh IXHIO IOBEPXHEBY
aKTHMBHICTh Ta 3JaTHICTh B3aEMOMIATH 3 JIMiZaMH 1 MOBEPXHEBO-aKTUBHUMH
pEYOBUHAMM.

VY Ccy4acHMX TEXHOJIOTisIX JecepTHOI NPOAYKIii OCOOJMBOTO 3HAUCHHS
HaOyBae BUKOPUCTaHHS OLITKOBO-TIOJIiCAXapHIHUX KOMIUIEKCIB, OJEOTeNiB Ta
KOMOIHOBaHHMX CTa0ULTI3aMiMHUX CUCTeM. Taki KOMIIOHEHTH 3a0e3MeuyroTh
ITiABUIIEHHS CTIIIKOCTI aepOBaHUX CTPYKTYP, (POPMyBaHHS HEOOX1THOT TEKCTYpH
Ta MOKpAIIEHHs OPraHOJIENTHYHUX IMOKa3HUKIB TOTOBOT MPOITYKIIii.

3. HaykoBe 06rpyHTYBaHHS peLLenTypPHOro CK/agy Ta TEXHOJIOMYHOro
npouecy BUpO6HMULTBA AeCepTHOI NPOAYKLii 3 BAKOPUCTAHHAM
cyxux HaniBpabpuKaTiB Ha OCHOBI osieorenis

B ocHOBy iHHOBAI[I/fHOT CTparerii MOKIAJCHO MPHHIUI KOMIUICKCHOT
B3a€MOJIil KOMIIOHEHTIB MIHHOI CHCTEMH 31 CTaOLI3yIOYMMH areHTamH,
a TaKOXX HAyKOBE OOIPYHTYBaHHsS BUKOPHCTaHHS CHPOBUHH Ui (POPMYBaHHS
IIMPOKOTO aCOPTHUMEHTY JecepTHoi mponykiii. OCHOBHOIO METOK TaKOro
MiIX0my € 3a0e3MeueHHs] BUCOKUX IMOKA3HKUKIB CTaOLIBHOCTI, MIHOYTBOPEHHS Ta
CTPYKTYPHO-MEXaHIYHUX BJIACTUBOCTEH TOTOBHX BHPOOIB.

Bubip cTpyKTypOyTBOpIOBaYa TIPYHTYEThCA Ha JCKUIBKOX KIFOUOBHX
npuHIUnax. Hacammepen CTpyKTypOyTBOpPIOBau MOBHHEH XapaKTCPU3yBaTHChH
BHCOKOIO BOJIOTOYTPHMYBAJIbHOIO 3/IaTHICTIO Ta 3a0e3ledyBaTd CTaOiIbHICTH
MiHHOI cucTeMu. BogHOUaC BayKIIMBO, MO0 HOr0 BUKOPUCTAHHS HE CIIPHUYUHSIIO
ocakeHHs abo pyiiHyBaHHA WiHM. [HmWA miAXix nepexnbadae 37aTHICTH
CTPYKTYypOYTBOpIOBaua €(DEKTUBHO B3AEMOIIATH i3 CyXuUM HamiBpaOpUKaToM,

14" Ferdaus M. J., Islam M. T., Hasan M. et al. Characteristics and Functional Properties of Bioactive
Oleogels. Gels. 2025. Vol. 11, Ne 1. https://doi.org/10.3390/gels11010069

15 Asqardokht-Aliabadi A., Mohammadzadeh Milani J. Application of oleogelators in bakery
products: A comprehensive review. Applied Food Research. 2026, Vol. 6, Is. 1, https://doi.org/10.1016/
j.afres.2025.101610
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3aJy4aroyd KOMIIOHEHTH CHCTEMH 10 CHHepreTHyHol Bzaemonii. Lle no3osse
3a0e3MneunuTy HeoOXiIHI CTPYKTYpHO-MEXaHIuHI Ta OpPraHoJENTHYHI TOKa3HUKU
MPOAYKILI, @ TAKOXK IMiABUIIUTH 11 CTIHKICTh MTij yac 30epiranus'®,

VY nporneci mpoBeeHHs TEOPETHYHHUX Ta EKCIIEPUMEHTAIbHUX JOCIHIIKEHb
OCHOBHUM O0’€KTOM BHBYEHHs Oyina TeXHOJOrisi cyxoro HamiBdabpukary
Ha ocHOBi oneoremi'” '8, TIpeaMeToM MOCTIIKCHb BHCTYMANH pPELENTYPHI
KOMITO3ULIi JUIsi OTPHMaHHs Cyxoro HamiBhaOpHukaTy Ha OCHOBI OJIEOrelniB
(Tabm. 2), a TakoX JecepTHa NPOAYKIisl, BUTOTOBJIEHA 3 HOrO BUKOPHCTAHHSIM.

Tabmuug 2
CkJian cyxoro HaniB(adpukaTy Ha OCHOBI oJ1eoresiB
HaiimenyBaHHs
XapaKkTepHCTHKA CHPOBHHHU
CHPOBHHH
Onist PocauuHi onii — 1ie onii, sSiKi J0OYBaIOTHCS 3 PI3HUX YaCTUH POCIHH

COHSIIIHUKOBA i CKJIaIalOThCsl B OCHOBHOMY (Ha 95-97%) 3 TpHIMINEPHUAiB BUIIHX
padinoBana JKHPHUX KUCIOT. CHPOBHHA, 1[0 BUKOPUCTOBYETHCS Y BUTOTOBICHHI
JIe3010pOBaHa HPOAYKIii, Ma€ HU3bKY BOJIOTICTh HU3BKUH BiICOTOK OKHCIICHHS, MOXE

BHUKOPUCTOBYBATHCh y PI3HHX BUJAX MPOAYKLIi, 301IbIIyE TEPMiH
peamnizanii npoxykuii.

Lykop 6inuit

BaxuBHil CTPYKTYPOYTBOPIOIOUHI KOMITIOHEHT OLIBIIOCTI KOHANTEPCHKHX
BUPOOIB 1 HpyKTOBHX MmifBapoK. BiH € HamoBHIOBaYeM MacH i 3abe3mnedye
TEKCTYPY MOJIOYHHX JIECEepTiB.

MoHo- Ta
JUDTILEPUAN
JKUPHHX KHCJIOT

E471 — xapuoBa nobaBka, ska BUKOPHUCTOBYETHCS Y POl cTabinizaTopa
Ta emynbraropa. OCHOBHE NPU3HAYEHHS TaKoi J00aBKH — OTPHMAaHHS
3 PEYOBHH, SIKi B IPUPOJIi HE 3MINTYIOTHCS, OJHOPIAHOT MacH.

Jlerurna JlenuTHH — pevOBUHA, IO MA€ CHIIbHI IOBEPXHEBO-aKTUBHI BIACTHBOCTI,
3aBJISIKH YOMY YaCTO BHKOPHCTOBYETELCS SIK XapuyoBa J00aBKa-eMyJIbrarop.
Kapparinan KappariHanu mipoko 3aCTOCOBYIOTBCS SIK CTa0L1i3aTOpH B’ SI3KOCTI,

TeJIey TBOPIOBAYi.

docdar KanpLio

Xapuosa no6aBka E341 BUKOPHCTOBYETBHCS B Xap4OBiii IPOMHCIOBOCTI
SIK cTabimi3aTop, peryaiarop KUCIOTHOCTI, po3mynyBad, Gikcarop
3a0apBIICHHS.

Baninin BuKopHCTOBY€eTBCS 11 HaJlaHHS BaHIJIFHOTO apOMATy XapuOBHM
TPOJYKTaM i HarosiM.
B-xapoTun bapBHHK
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Jns HaykoBOro OOIpYyHTYBaHHSI TEXHOJIOTII MIHONOMIOHMX JiecepTiB i3
3aCTOCYBaHHSIM CyXUX HamiB(QaOpUKaTiB Ha OCHOBI OJEOTeNiB HEOOXiTHUM
€ IIPOBEJICHHS KOMILIEKCY €KCIIEpUMEHTAIbHUX AOCIIKEeHb. TaKi JOCIiIKeHHS
MOBUHHI OyTH CIIpSIMOBaHI Ha BU3HAUCHHS BIUIMBY TEXHOJIOTIYHMX YUHHUKIB Ha
(i3uKO-XIMI4Hi, PEOJIOTIYHI Ta CTPYKTYPHO-MEXaHIuHI BIACTUBOCTI MOJIEJILHUX
CHCTEM 1 TOTOBOI J€CEepPTHOI NPOAYKILI.

Ha mepmomy erami  BCTaHOBIEHO 4Yac 30MBaHHS PO3YMHEHOI CyMiIi
Ha [iHOYTBOPIOIOUY 3AaTHICTh Ta CTiMKiCTh miHM (pHc. 2) «cyxuid
HariBdaOpuKaT—BoIay.

JociikeHHs TpOBOAMIINCH Y Niana3oHi yacy 1...10 XB. 3 Temmeparyporo
Bomu 70°C. OpepxaHi JaHi CBi4aTh, L0 paliOHAJbHUH 4Yac 30MBaHHS
ctanoBuTh (3...6)x60', ¢, 3a SKOro MiHOYTBOPIOKOYA 3[IATHICTh CTAHOBHTH
780+1%...810+1%, monanpiie 30MBaHHA € Hee(PEKTUBHHM, OCKIJIbKH
cnoctepiraetbes HesHauHe 30inbmeHHs [13. Takoxk oneprkaHi JaHi CBigyarTh,
mo 3a 4acy 30uBaHHs Oinbin HiX 9x607, ¢, crmocrepiraerbcs 3MEHIICHHS
CTIMKOCTi, 110, Ha HAIl TODIAJ, CHPUYMHEHO MEXaHIYHMM pPyHHYBaHHSIM
MHHOTO KapKacy.

3 MeTOl0 BH3HAYCHHS BIUIMBY CTa01Ii3aTOpiB Ha MIHOYTBOPIOIOUY 3/1aTHICTh
Ta TPaHUYHY HaIpyTy 3CyBY IiHM BUBYeHO ix Ha [13 Ta 'H3 ninm.

AmHamni3 oTpUMaHMX pe3ynbraTiB (puc. 3) CBIAYMTH PO CYTTEBY 3MiHY
BJIACTMBOCTEH IIHHOI CHCTEMH 3aJIe)KHO BiJl KOHIIEHTpalii CyXOro KpoxXmalio.
BcranoBneno, 1m0 31 30UIbIIEHHSM BMICTy cra0imizaTopa IOKa3HUK
MIHOYTBOPIOIOUOi 3AaTHOCTI IOCTYNOBO 3HIDKYETHCS. Tak, 3a II0YaTKOBOI
KOHIIEHTpalii kpoxmaiaro 5% TMIHOYTBOPIOKOYA 3/ATHICTh 3MEHIIYETHCS

800 100
700
600 80
500 60
400
300 40
200 20
100
0 0

3 4 5 6 7 8 9 10 11 12
Puc. 2. 3anexnicts I13 (0) Ta CII (¢) CXKH Bix yacy 30mBanHs
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npubmuzHo 'y 3,5 pasa, a y TNOAaJbIIOMY MiJABHINCHHI KOHIICHTpPAIil
criocrepiraeTbess 1i 3HIKEHHS Maibke y 14 pasiB. OrpumaHni pesyabraTté
CBi/I4aTh PO BUCOKY BOJIO3B’SI3yBAJIbHY 3[aTHICTh KPOXMAJIIO, 10 MPU3BOANUTH
JI0 3MEHILIEHHS KUIBKOCTI BUIBHOT BOJIOTH Y CUCTEMI Ta HEraTUBHO BILUIMBA€E Ha
Ipolec MiHOYTBOPEHHS IiCIIsl BBEJICHHs cTablitizaropa.

BcranoBneno, mo B jiama3oHi KoHUeHTpauiii 5-15% cyxuil kpoxmaib
XapaKTepU3YEThCSl IHTEHCUBHUM BOJOINOIIMHAHHAM. Y pa3i BHECEHHsS HOro
J0 30MTOi MIHHOI CHUCTEMM CHOCTEPIra€ThCs 3HWKEHHS MiHOYTBOPIOIOYOI
3[aTHOCTI, IIPOTE OHOYACHO BiJOyBa€ThCS MiABHUILIEHHS CTPYKTYpPHOI MIIIHOCTI
miHy. 30KpeMa, 3a KOHIIEHTpAIlil ctabiizaTopa moHan 5% MOKa3HUK CTIHKOCTI
minu craHoBuB 91+1%, a rpanmyHa Hampyra 3cyBy jnocsrana 1550+1 Ila,
IO CBIYMTH NMPO 3MIIHEHHS CTPYKTYPH MIHHOI CUCTEMH Ta MiJABUILEHHS ii
CTa0UIBHOCTI.

3 MeTol BHM3HAYeHHS BIUIMBY cTabilizaTopa — KPOXMAIO XOJIOAHOTO
HaOyxaHHs Ha IiHOYTBOPIOIOUY 3/aTHICTh Ta T'PaHUYHY HANpyry 3CyBYy HiHH
BHBUYECHO BIUTMB KPOXMAJIO XOJIOJAHOTO HAOyXaHHS Yy TipaTOBaHOMY BHUIVISIIl Ha
I13 Ta 'H3 ninu (puc. 4).

VY pesynbrari NpOBENEHUX JIOCHIDKEHb BCTAaHOBJIEHO, IO BBEICHHS
TipaTOBaHOTO KPOXMAIIIO XOJOJHOTO HaOyXaHHS /0 CKJaay 30MTOrO CyXOro
HamiBpaOpUKaTy TNPU3BOJAUTH 1O 3HIDKCHHS MIHOYTBOPIOIOUOI 3aTHOCTI
cucTeMd. 30KpeMa, y pa3i BHECEHHS KPOXMalI0 Yy PI3HMX KOHIEHTpALisix
noka3Huk I13 y cepennpboMy 3meHmyersest Ha 31%. Taxe siBUILE MOSACHIOEThCA
BHCOKOIO BOJOYTPUMYBAJIBHOIO 3/IaTHICTIO KPOXMalllo, BHACIIJOK YOr0o

200 1560
700 1550
600
400 1530
300 1520
200

0 1500

0 2 4 6 8 10 12 14

Puc. 3. 3anexnicts I13 (0) Ta TH3 (o) C)KH Bix BmMicTy KpoxmaJuiio
X0J10AHOT0 HAOYXaHHSI, BBEIEHOI0 Y CYXOMY BHIVISIAI
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0 2 4 6 8 10 12 14

Puc. 4. 3anexnicts I13 (0) Ta TH3 (o) CIKH Bix BmMicTy Kpoxmaiiio
X0JI0HOT0 HAOYXaHHA Yy riApaTOBaHOMY BMIVIAIL

3HW)KY€EThCS KIUTBKICTh BIJIBHOT BOJIOTH, HEOOXiqHOI it e(eKTHBHOrO
(opMyBaHHS MIHHOT CTPYKTYPH.

PazoM i3 THM BCTaHOBJIEHO, L0 BUKOPUCTAHHS KPOXMAJIO XOJIOAHOTO
HaOyXaHHs IMO3MTHBHO BIUIMBAE Ha CTPYKTYPHO-MEXaHIUHI XapaKTepPUCTHKU
niHHOi cucteMu. HaiiOinpln panioHaJbHOIO BU3HAYEHO KOHIEHTpauiio 5%,
3a SAKOi CIOCTEPIrajoch MiABHMINCHHS CTIMKOCTI miHM 10 94+1%, a moka3HUK
rpaHuyHOi Hanpyru 3c¢yBy mocsiraB 1600 kIla. Otpumani pe3yasraTd CBiqYaTh
npo 3MIIHCHHS CTPYKTYPH IMHHOI CHCTEMH Ta MIJBHIICHHS ii CTaOLIBHOCTI
y pa3i BUKOPHUCTaHHs ONTHMAJIbHOI KOHIICHTpAIlil cTabimizaropa.

3 MeTOl BH3HAYCHHS BIUIMBY MaJBTOJIEKCTPUHY Ha MIHOYTBOPIOIOYY
3[aTHICTh Ta TPAHUYHY HAIPyry 3CYBY IMiHH OYyJlO TaKOX JOCIHI/PKEHO BIUIUB
MaJIbTOICKCTPUHY Y CyXoMy BUDIsiai Ha moka3Huku [13 Ta 'H3 minHO1 cuctemu
(puc. 5).

AHaJi3 pe3ynpTaTiB IOCHIIDKEHb (pHUC. 5) MOKas3aB, IO MajbTOACKCTPUH
€ He JocuTh e(EeKTHBHMM CTalOiIi3aTopoM JUIs Takoi MiHHOT CHUCTEMH.
BcranoBneno, 1o y pa3i BHECEHHsI MalbTOJCKCTpUHY Yy KiibkocTi 37,5; 50
Ta 62,5% crnoctepiraeTbcsi MOCTYNOBE 3HMKEHHS MIHOYTBOPIOIOYOI 3/1aTHOCTI
cucrtemu. OTpUMaHi pe3ysbTaTH CBII4aTh, 0 MaJBTOJEKCTPUH He 3a0e3rneuye
(dbopMyBaHHS HEOOXINHOI B’SI3KOCTI MIHHOI CHUCTEMH Ta XapaKTepU3YEThCS
3HAYHUM BWJIIJICHHSIM BOJIOTH Mifl 4ac 30epiraHHsl.

PazoM i3 TMM BCTaHOBJICHO, 110 BBEACHHS MaJBTOACKCTPUHY TO3UTHBHO
BIUIMBA€E HAa OKpPEMi CTPYKTypHO-MEXaHiYHI NMOKa3HUKU MiHU. Tak, CTiHKiCTh
miHu ctaHoBmiIa 92+1%, a MOKa3HMK TPAaHWYHOI HAMpyrW 3CyBY IOCSTaB
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Puc. 5. 3anexnicts 113 (0) Ta FTH3 (0) C’KH Bin BMicTy

MAaJbTOAEKCTPHHY

1400 xI1a. [Ipore HemocTaTHS 3MAaTHICTH IO YTPUMAHHS BOJIOTH Ta 3HWKECHHSA
MIHOYTBOPIOIOYOi 3aTHOCTI OOMEKYIOTh MOXKJIMBICTh HOTO BHKOPHUCTAHHS SIK
OCHOBHOTO cTabisi3aropa y TeXHOIOTI] MiHOMOAIOHOT JeCcepTHOT MPOMYKIIii.

3 Meror0 BU3HAYCHHSA BIUIMBY (OHAY XOJOAHOTO HaOyXaHHA Ha
MIiHOYTBOPIOIOWY 3[aTHICTH Ta TPAHWYHY HAIPYTy 3CYBY IIHHOI CHCTeMH OyIo
JOCTI/KEHO HOro BIUTUB Y TifpaTroBaHOMY BHUIVIAALI Ha mokasHuku 13 ta [H3
miny (puc. 6).
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0 3 6 9 12 15
Puc. 6. 3anexnicts I13 (0) Ta T'H3 (o) C/KH Bin BmicTy donay
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VY Xoami JOCHIPKEHb BCTaHOBJIEHO, IO TIOKa3HWKU MiHOYTBOPIOIOYOT
30aTHOCTI Ta T'PaHUYHOI HANpYIW 3CYBY BiJJHOBJICHHUX CyMilIeH 3MiHIOBAJIHCS
HEPIBHOMIPHO 3aJIC)KHO B  KOHIEHTpalii BHeceHoro Qonmy. Tak,
y pasi 301IbLIeHHs KUTBKOCTI cTablrizaropa y CHCTeMI MakcUMallbHE 3HauUCHHS
MI{HOYTBOPIOIOUO] 3aTHOCTI CIIOCTEPIrajgoch 3a KoHueHTpanii 3% 1 craHoBHIIO
700+1%, Toxi sik 3a KoHIEHTpawii 15% 1ieii moka3HuK 3HImKYyBaBcs 10 610+£1%.

Boanouac anami3 CTIHKOCTI IiHM T[IOKa3aB, IO HANBHUIN ITOKAa3HUKH
CTaOLIBHOCTI CIIOCTEpIrajanch came y pasi BHeceHHI 15% (oHIy XOI0mHOTrO
HaOyxaHHs1. PaniioHalbHUMU TEXHOIOTTYHUMH IIOKa3HUKAMH XapaKTepH3yBajlach
cUcTeMa y pas3i KOHIEHTpaliil cradimizaropa 3%, /e CTIHKICTh MiHU CTAaHOBUIIA
87+1%, rpannuna Hampyra 3cyBy — 1500 klla, a miHOyTBOpIOIOUYa 31aTHICTh
3aJMIIaj]ach Ha JIOCHTh BUCOKOMY PiBHI.

3 MeTol BW3HAYEHHsS BIUIMBY cTalimizaTopa >KelaTnHy XapdoBOro Ha
MIIHOYTBOPIOIOUY 3[aTHICTh Ta IPaHUYHY HANpyry 3CYBY IiHM BHBYEHO BIUIUB
KeJaTHHY y rigparoBaHomy Bunisiai Ha 13 ta T'H3 ninwm (puc. 7).

Pesyneratn  nmociiukeHp  mHpolecy 30MBaHHS — BiJHOBJICHOTO — CYXOTO
HamiBdaOpuKaTy 3 BUKOPUCTAHHSM KEJIaTHHY CBLIYATh IIPO 3MiHY CTPYKTYPHO-
MEXaHIYHUX XapaKTepPUCTHK CHCTEMH 3aJIeKHO BiJl KOHIEHTpalii cTabiizaropa.
Bcranosneno, mo y pasi BHeceHHs 3% jKeJIaTUHY HMIHOYyTBOPIOKOYA 3/1aTHICTH
3HIKYBanach Ha 8% Ta craHoBmia 670+£1%, Toni sik y pasi koHeHTpaii 4%
el OKa3HUK 3MEHITYBaBcs Ha 7% 1 ctaHOBUB 650+1%.

He3Bakatoun Ha He3HauyHe 3HW)KEHHS MIHOYTBOPIOIOYOi 3aTHOCTI,
BBE/ICHHS JKEJIATHHY ITO3UTUBHO BILUIMBAJIO HA CTaOUIBHICTD Ta MIIJHICTh MIHHOI
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Puc. 7. 3anexnicts I13 (0) Ta TH3 (o) CJKH Bin BmicTy :keaaTuHy
y rizparoBanomy BULJISIAI
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CTpyKTypu. HaiiGinpm panioHaJbHOI BH3HAYEHO KOHIIEHTPALIO JKEJaTHHY
3%, 3a AKOi CIIOCTEPIrajuch ONTHMAJIbHI TEXHOJOTIYHI MOKA3HUKH: CTIHKICTH
niHu craHoBmia 95%, a rpaHu4Ha Hampyra 3cyBy nocsraia 1560 kIla. Kpim
TOro, caMe 3a M€l KOHIEHTpalii cucTeMa XapakTepusyBajlach HaOLIbII
30aJlaHCOBaHNM TIO€JTHAHHSIM MIHOYTBOPIOIOYOI 3/IaTHOCTI Ta CTPYKTYpHOI
CTabUIBHOCTI.

OTpumani pe3yiabTaTH, WMOBIPHO, TOB’s3aHI 31 3aTHICTIO JKEJIATHHY
(dopMyBaTH TIPOCTOPOBY CTPYKTYpPOBaHy CITKy Ta YTPUMYBAarTH BOJIOTY
y MDKIUTIBKOBOMY IPOCTOPI ITIHHOI CHCTEMH. 3aBIsIKH LIbOMY 3a0€3MeuyeThest
3MIIHCHHS TUTIBKOBOTO Kapkaca IiHU Ta MiJBUINCHHs 11 CTIHKOCTI MiJ Yac
30epiraHHs.

IIpoBeneHi qociiKEHHS TO3BOJIMIIN BCTAHOBUTH PalliOHATBHUMN CTA01Ti3aTOp
JUIA THHOI CHCTEMHM Ha OCHOBI BiJHOBJICHOIO CyXOro HamiBgdaOpukary. 3a
pe3yabraraMi  €KCIIEPUMEHTAIBHUX JOCIIUKEHb BH3HAYEHO, II0 HAHOLIbII
€(eKTUBHUM CTPYKTYypOYTBOPIOBAYEM € XKEJIATHH Y KOHLEHTpauii 3%, OCKITbKI
caMe 3a TaKHX YMOB CHUCTE€Ma XapaKTepU3yBaJlaCh ONTHMAJIbHUM IO€IHAHHSIM
MIIHOYTBOPIOIOUO] 3aTHOCTI, CTIMKOCTI MIHK Ta T'PAaHUYHOI HAIIPYTH 3CYBY.

BoxgHouac BCTaHOBJIEHO, IO IHIN JOCIIKYBaHi CTPYKTYpOYTBOPIOBaui
TaKO)X MOXYTh OyTHM BHKOPHCTaHI y TEXHOJIOTii NpPOAYKUil 3 MiHHOIO
CTPYKTYypor. 30Kpema, 3acToCyBaHHS (OHIIB Ta IHIIMX CTaOLTI3aTOpIiB
€ JIOUUIBHUM Yy BUPOOHMUTBI KpeMiB, MycCiB Ta JECepTiB pi3HOro
(YHKIIOHAJIBHOTO TIPU3HAYEHHS, JI€ BAXIIUBY pOJb BIJIrpaloTh crenugiuHi
OPraHOJIENITUYHI XapaKTEPUCTHUKH, KOHCHCTEHIS Ta TEKCTypa TOTOBOTO
nponykry. Lle cBinqUUTH PO MOXJIMBICTH BapilOBaHHS PELENTYPHOTO CKJIay
3aJ€KHO BiJ TEXHOJOTIYHOIO IPU3HAYEHHS Ta CIIOXKHMBYMX BIACTUBOCTEH
JIECEPTHOT MPOIYKIIIL.

4. Po3pobKa TexHoorii AecepTHOI NPOAYKLii 3 BAKOPUCTAHHAM
cyxux HaniBpabpuKaTiB Ha OCHOBI osieorenis

Ha  ocHOBi  aHamily  eKCIEpUMEHTAJBHHX  JIAHWX,  HaBEICHUX
y TONEpEHIX MiIpo3aiiaxX, Oylno po3poO0JICHO MPOEKT PEUEHTYPHOTO CKIATY
Ta TEXHOJIOTIYHOTO MpOLECY BUPOOHHLTBA NECEPTHOI MPOAYKLIl 3 MIHHOIO
CTPYKTYPOIO 13 BUKOPUCTAHHSAM CYXHX HamiB(paOpHUKaTiB Ha OCHOBI OJICOTEIIB.
@dopmyBaHHST peuentyp 3AIHCHIOBAIOCH 3 ypaxyBaHHSIM (DYHKIIOHAJIBHO-
TEXHOJIOTIYHUX BJIACTUBOCTEH KOMIIOHEHTIB, IX 37aTHOCTI 3a0e3reuyBaTH
CTa0UIBHICTh MHHOI CUCTEMH, HEOOXiIHI CTPYKTYPHO-MEXaHIuHI OKa3HUKU Ta
BHCOKI OpraHOJICNTHYHI XapaKTEpPUCTUKH TOTOBOI MPOIYKIIi.

Oco0nuBy yBary npuaiIeHO Hi0OpY CHPOBHHH, IO JO3BOJISE PO3LIMPUTH
ACOPTHMEHT IHOMOAIOHOT JecepTHOI MpoxayKuii Ta cdopMyBaTu IIHIHKY
BUPOOIB PI3HOrO (YHKLIOHAIBHOTO TIPU3HAYCHHs. BuKOpHCTaHHS CyXuX
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HamiBpaOpHUKaTiB Ha OCHOBI OJICOTCNIB CIPHSE IiIBUIICHHIO CTa0LIBHOCTI
MIIHHOT CTPYKTYPH, NOKPALIEHHIO KOHCHCTEHLIT Ta ONTHUMI3alii TEXHOJIOTIYHOTO
MPOIECY BUPOOHHUIITRA.

J10 acOpTUMEHTHOTO psily IPOAYKIIii, BATOTOBJIEHOI HA OCHOBI PO3POOIEHUX
HamiBdaOpuKariB, MOXYTh OyTH BiHECEHI MYCH, KPEMH, aepoBaHi JecepTH,
BEpLIKOBI HAYMHKH, JIECEPTU THITY Tipamicy, HU3bKOKAJOPiiHI MiHHI CUCTEMH,
a TaKoX MPOAYKUis (YHKIIOHAJIBHOTO Npu3HadeHHs (puc. §). BukopucranHs
pI3HMX CMako-apOMaTHYHUX HAllOBHIOBaYiB, (PYKTOBHX MOPOILIKIB, Kakao-
MIPOAYKTIB Ta MOJIOYHO-O1IKOBOT CHPOBHHH JI03BOJISIE 3HAYHO YPI3HOMaHITHUTH
ACOPTHMEHT I'OTOBOI IPOAYKIIT Ta ananTyBaTH ii 10 MOTped CydyacHOro PUHKY.

Pesyneraty mpoBeseHHX IOCITIKEHb CTalld OCHOBOIO U PO3POOJICHHS
penentypHoro ckiany (taOm. 3) Ta TEXHOJOTIYHOI CXEMH BHPOOHHIITBA
JIECepPTHOI TMPOAYKLii 3 MIHHOIO CTPYKTYpPOIO 13 BHUKOPUCTAHHSM CyXHX
HamiBdaOpukariB Ha OcHOBiI oneoreniB (puc. 9). Pospobnena TtexHooris
3a0e3neuye OTpUMaHHS CTaOUILHUX MIHHUX CUCTEM i3 BUCOKUMH ITOKa3HUKaMHU
MIHOYTBOPEHHS, CTIMKOCTI Ta ONTHMAIBHHUMH CTPYKTYPHO-MEXaHIYHUMHU
BJIIACTHBOCTSIMH TOTOBOI MPOJYKIIiI.

AcopruvenT npoxykiii
Monoyna ®pyKTOBO-0BOUEBA okonanua Tonixu Kaxao Ta kakao
TPOTYKIIist TPOIYKIIist TPOIYKIIist P TPOJIYKTH

Puc. 8. lIponykuisi, ika cnpusi€e po3MIMPEHHIO ACOPTHUMEHTY MiHOMOAIOHOT
AecepTHOI MpoAyKUil

Tabmurs 3
IIpoeKT peuenTypHOro ckjaagy JecepTHOI NPOAYKUii 3 MiHHOIO
CTPYKTYPOIO 3 BUKOPHUCTAHHAM CyXHX HamiBgaOpukaris
HA OCHOBI oJieoreJiB

HajiMeHyBaHHsI CHPOBMHH Jecept «CoJionka HACOJ012»
Cyxwuii HamiB()aOpHUKaT Ha OCHOBI OJICOTENiB 24,9
Bopa nutHa miaroTosieHa 100,0
Iyxop Oinuii kpucTATIYHUH 2,0
BaninpHui 1yKop 0,1
Kenarun 3,0
3ryuieHe MoJIOKO 20,0
Yeboro 154,0
Buxin 150,0
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Puc. 9. TexHosoriuna cxema BHpOﬁHHHTBa aecepry «Costoaka Haco101a»

TexHonoriyHMil nporec BUPOOHHIITBA BKJIIOYAE ITTOTOBKY PELENTYPHUX
KOMITOHEHTIB, BiJHOBJIEHHS CyXOTro HamiB(aOpHKaTy, BBEAECHHs CTa0lIi3yIounx
cucreM, Ipolec 30MBaHHS Ta aeparii, CTPyKTypOYTBOPEHHS, OXOJOIKECHHS
1 ¢acyBaHHA TOTOBOi MPOAYKIIi. BaskMBUM eTanoMm € KOHTpPOJb IapameTpiB
30MBaHHS Ta TEMIIEPaTypHOTO PEXHMY, II0 Oe3nocepesHbO BIUIMBAIOTH Ha
CTabUIBHICTh MIHHOI CTPYKTYPH Ta SKICTh TOTOBOTO JIECEPTY.

OTpuMaHi pe3ysIbTaT! CBi4aTh PO MEePCHEKTHBHICTE BUKOPHCTAHHS CYXHX
HariB($aOpHKaTiB Ha OCHOBI OJICOTENIB Y TEXHOJOTII JlecepTHOI MPOAYKIii Ta
JIOLUTBHICTB TTOJATBIINX JTOCTI/UKEHb y HANpsiMi BIIOCKOHAJICHHS PELETITYPHOTO
CKJIJTy, ONTHMI3allii TEXHOJOTIYHMX MapaMeTpiB Ta PO3IMIMPEHHS ACOPTHMEHTY
MHOMONIOHUX JIeCepTiB HOBOTO MOKOiHHS.
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TexHOJNIOTIYHUI TMPOIEC BUPOOHHUITBA JECEPTy 3 IMIHHOK CTPYKTYPOIO
Ha OCHOBI Cyxoro HamiBpaOpuKkary Ha OCHOBI OJIEOTEJNIiB CKJIaIaeThCs
3 takux cucteM (puc. 9). A — «YTBOpeHHs LIJILOBOTO Mponykry «Jecepr»,
B — «YTBOpenus HamiBpabpukary «[liHHHI necept 31 3ryIIEHHM MOJIOKOM»Y,

Cl - «YrtBopeHHs HaniBdabpukary «JKemarmH  MiATOTOBIEHUIM,
C2 — «YtBopenHns HamiBdabpukary «3rymeHe Moiaoko»», C3 — «YTBOopeHH:S
HamiBpaOpukary  «BanimiH  migrorosneHui»», C4 —  «YTBOpeHHs

HamiBpadpukary «Cyxuil )kupoBuid HamiBhaOpHUKaT MiATOTOBICHUI».

BUCHOBKHA

1. OOIpyHTOBaHO Ta EKCHEPHUMEHTAJIbHO JOBEICHO BHKOPHCTaHHS
CyXoro HamiBpaOpHKaTy Ha OCHOBI OJICOTENIB SK OCHOBU Ui BHUPOOHHIITBA
MIHOMOMIOHOT JeCepTHOI MPOMYKI[I MAacOBOTO CIIOXKHBAaHHSA. BcTaHOBICHI
3aKOHOMIPHOCTI JI03BOJIMJIM PO3POOMTH TEXHOJOTIIO IHOMOAIOHHUX JecepTiB
3 BUKOPHCTAHHSM Pi3HUX HAIOBHIOBAYiB.

2. AHanitMuHMiA oy iHGOpPMaUiHHUX JPKEpes, MapKeTHHTOBUI aHaui3
PHMHKY MiHONOAIOHOT ecepTHOT NPOAYKIIT Ta y3arajJbHEHHs HayKOBO-TEXHIYHOT
iHpopMaNii MiATBEpAMIN aKTyalbHICTh PO3POOKH MPOAYKIii Ha OCHOBI CYXOro
HamiBdaOpuKaTy Ha OCHOBI OJIeOTeliB. AKTYyaJbHICTh PO3POOKH MiATBEPIHKEHO
aHaJI30M IOTPeO Ta BUMOT CYy4aCHOTO PHHKY TOBapiB.

3. JloBeleHO HAYKOBY KOHIICHI[IF0 JOCIIJDKCHHS, SKa IMOJSATa€ B TOMY,
IO pauioHalbHI Alama3oHU TEMIlepaTyp Ta KOHLEHTpaliid NpoBeJeHHS
rizpaTanii, BBeJICHHS CTa0UII3aiiHOT CHCTEMHU Ta aCOPTUMEHTHOTO CKJIaIy
J03BOJISIE OTPUMATH CTaOUIbHY NPONYKLII0 3 BUCOKUMHU ITOKa3HUKaMHU
MHOYTBOPIOIOYOT 3/aTHOCTI Ta OPraHOJENTUYHHUMH BIACTUBOCTSIMH.
BcranoBiieHO, 1[I0 BHUKOPHMCTaHHS CHCTEMH Tiapartanii Ta 30MBaHHS
CyMillli 3 MOCJiJOBHUM J0JaBaHHAM CTaOiNi3aliifHUX PEYOBHH Y SIKOCTI
XKeJIaTUHY Xap4yoBOro y KoHueHrtpauii 1,5...3%, Kkpoxmaiio riipaToBaHOro
Ta cyxoro 5%, ManbToaeKCTpUHY 7...10%, doHaiB 3%, BUKOPUCTAHHS SKOT
3abe3neuye cTilkicTh miHM 3a 24 roguHu 97+1%. CrabinizoBaHa NiHHA
CHUCTEMa JIa€ MOJKJIHMBICTh BBEJEHHSI 3HAUHOI KIJIBKOCTI PI3HOMaHITHHUX
HaIrOBHIOBaYiB.

4. HaykoBo OOIpYHTOBaHO TEXHOJIOTiIO MIHOMOMIOHOT AecepTHOT MpOoxyKuii
Ha OCHOBI CyXoro HamiB(aOpHUKaTy Ha OCHOBI OJICOTCIIIB 3 BHUKOPHCTAHHSIM
CTaOLTI3aIfHUX CHCTEM Ta aCOPTUMECHTHHUX OIUHHIIb.

AHOTALLIA

Y mMoHorpadii po3mITHYTO TEOPETHYHI Ta MPAKTUYHI ACTIEKTH BUKOPUCTAHHS
Cyxux HamiB)aOpUKaTiB Ha OCHOBI OJICOTETIB Yy TEXHOJOTIl MHOMOAIOHOT
JeceptHoi npoxaykuii. [IpoBeneHo aHaii3 cydacHOTo CTaHy PHHKY JE€CEpPTHOI
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MIPOAYKIil, BU3HAUYEHO TEHICHLII PO3BUTKY CETMEHTY IIHOMOIIOHMX JecepTiB
Ta OOIPYHTOBaHO JOLUIBHICTh BUKOPUCTAHHS CyXUX HamiB(aOpHKaTiB ajs ixX
OZlep KaHHS.

Y pobori 1ociikeHo 0cooruBoCTi popMyBaHHS IHHUX Ta TIHOEMYJIBCIHHUX
CHCTEM, MEXaHi3Mu crabiiizanii MiH, a TakoX BIUIMB CTPYKTYypOYTBOPIOBauiB
i craOimizaTopiB Ha (I3MKO-XIMIYHI Ta CTPYKTypHO-MEXaHiYHi BJIACTUBOCTI
niHononiOHoi mpoxykuii. HaykoBo o0OIpyHTOBaHO peLENTypHHH CKian
i TEXHOJIOTiIF0 BHUPOOHHIITBA JCCEPTHOI MPOIYKIIi 3 IMHHOK CTPYKTYpPOKO Ha
OCHOBI CyxHX HamiBpaOpuKariB 3 BUKOPHCTaHHSAM oJjeoreliB. BcraHosieHo,
o HaiOIbIl e()EeKTMBHUM CTPYKTYpPOYTBOpIOBa4YeM sl cralimizamii MmiHHOI
CHCTEMH € KeNaTWH y KOoHUeHTpauil 3%, mo 3abe3rnedye BHCOKI IMOKa3HUKU
MHOYTBOPEHHS, CTIMKOCTI Ta CTPYKTYPHOI MIIHOCTI TOTOBOI HPOAYKIII.
Po3po6ieHo TeXHONOTiI0 JecepTHOi NPOAYKIII 3 BHKOPHCTaHHSIM CYXOTO
HamiB(daOpuKaTy Ha OCHOBI OJICOTEIIB.

[pakTryna niHHICTE MOHOTpadii momsirae y po3poOJeHHI TEXHOIOTIYHUX
pillleHb II0J0 BHKOPHCTaHHS CyXHX HamiB(aOpHKaTiB Ha OCHOBI OJicOTelNiB
y BHUPOOHMITBI JleCEpTHOI HPOAYKII MAacoBOrO CIOKHBAHHSI, IO J03BOJISIE
MiJABUIINTH SIKICTh, CTAa0UIBHICTH Ta KOHKYPEHTOCIIPOMOXHICTh TOTOBHX
BUPOOIB, @ TAKOXK PO3IIUPUTH ACOPTUMEHT MPOAYKIIT JUIs 3aKJI1a/1iB pECTOPaHHOT
iHIyCTpIi.

Jliteparypa

1. Dessert Mixes Market Size, Share, and Growth Analysis. SkyQuest
Technology. 2025. URL: https://www.skyquestt.com/report/dessert-mixes-
market?utm_source=chatgpt.com (nara 3sepuenss: 18.05.2026).

2. Dairy Desserts Market Size and Share Outlook to 2031. Mordor
Intelligence. 2026. URL: https://www.mordorintelligence.com/industry-reports/
global-dairy-desserts-market?utm_source=chatgpt.com  (mara  3BepHEHHS:
18.05.2026).

3. Murray B. S. Stabilization of foams and emulsions by mixtures of
surface active food-grade particles and proteins. Food Hydrocolloids. 2011.
Vol. 25(4). P. 627-638. DOI: 10.1016/j.foodhyd.2010.07.025.

4. Goralchuk A., Gubsky S., Omelchenko S., Riabets O., Grinchenko O.,
Fedak N., Kotlyar O. Impact of added food ingredients on foaming and
texture of whipped toppings: a chemometric analysis. European Food
Research and Technology. 2020. Vol. 246(10). P. 1955-1970. DOI:10.1007/
$00217-020-03547-3.

5. Patel A. R., Dewettinck K. Edible oil structuring: an overview and
recent updates. Food & Function. 2016. Vol. 7(1). P. 20-29. DOI: 10.1039/
C5FO01006C.

107



6. Fayaz G., Calligaris S., Nicoli M. C. et al. Potential of oleogel
technology in food applications. Food Research International. 2017. Vol. 100.
P. 467-476. DOL: 10.1016/j.foodres.2017.05.018.

7. Wassell P.,, Rajah K. Bakery Fats. Cambridge : Woodhead Publishing,
2014. 408 p.

8. McClements D. J. Food Emulsions: Principles, Practices and Techniques.
3rd ed. Boca Raton : CRC Press, 2015. 714 p. DOI: 10.1201/b18868.

9. Dr. Oetker Ykpaina. 30uTi neceptu ta cyxi cymimi. URL: https://www.
oetker.com.ua/

10. Metro  Chef. Cymimni  mis  meceprHoi  mponykmii.  URL:
https://shop.metro.ua/

11. Patel A. R. Alternative routes to oil structuring via oleogelation :
a review. Food Research International. 2015. Vol. 76. P. 448-460.

12. Puscas A., Muresean V., Socaciu C., Muste S. Oleogels in Food:
A Review of Current and Potential Applications. Foods. 2020, 9, 70. DOI:
10.3390/f00ds9010070

13. Ropciuc S., Amariei S., Gutt G. Development and Characterization of
New Plant-Based Ice Cream with Oleogels. Gels. 2024. Vol. 10, Ne 6. https://
doi.org/10.3390/gels10060397

14. Ferdaus M. J., Islam M. T., Hasan M. et al. Characteristics and
Functional Properties of Bioactive Oleogels. Gels. 2025. Vol. 11, Ne 1. https:/
doi.org/10.3390/gels11010069

15. Asqardokht-Aliabadi A., Mohammadzadeh Milani J. Application
of oleogelators in bakery products: A comprehensive review. Applied Food
Research. 2026, Vol. 6, Is. 1. https://doi.org/10.1016/j.afres.2025.101610

16. Aunmpeesa C., Hixtap A., Ipindenko O., IluBoBapor IO.,
KonecnikoBa M., Omensuenko C., Kommsip O. Po3poOka TexHonorii kpemis
3 BUKOpHCTaHHAM rinpokoioiniB. EUREKA: Life Sciences, 2021. (6), 34-42.
https://doi.org/10.21303/2504-5695.2021.002187

17. Texnonoriss HamiBpaOpukary Cyxoro 30MBHOTO >KHPOBMICHOTO
moHorpadis / O. B. Kommip, A. b. Topampuyk, O. O. I'punHuenko,
C. b. Omenpuenko. XapkiB : BupaBuunrso IBandenka I. C., 2017. 138 c.

18. Goralchuk A., Gubsky S., Tereshkin O., Kotlyar O., Omel’chenko S.,
& Tovma L. Development of a theoretical model for obtaining the whipped

108



emulsions from a dry fat-containing mixture and its experimental verification.
Eastern-European Journal of Enterprise Technologies, 2017. 2(10 (86), 12—19.
https://doi.org/10.15587/1729-4061.2017.98322

Information about the author:

Kotliar Oleh Volodymyrovych,

Candidate of Technical Sciences,

Associate Professor at the Department of Food Technology
in the Restaurant Industry

State Biotechnological University

44, Alchevskikh Street, Kharkiv, Ukraine

109



CHAPTER 5

FERMENTATION OF VICIA FABA BEAN PROTEIN
CONCENTRATE FOR THE DEVELOPMENT
OF PLANT-BASED BEVERAGES

Litvinov A. O.
DOl https://doi.org/10.30525/978-9934-26-697-3-5

INTRODUCTION

The contemporary transformation of food systems is driven by global
challenges associated with ensuring food security, population growth, climate
change, and the imperative for rational natural resource management. Under
these conditions, identifying alternative protein sources capable of providing the
population with high-quality food products while simultaneously mitigating the
environmental burden on ecosystems becomes of paramount importance. One
of the most promising avenues entails utilizing plant proteins, specifically those
derived from grain legume crops, to manufacture next-generation functional
food products'.

Over the past decade, the global market for plant-based alternatives to
traditional dairy products has demonstrated consistent growth. The heightened
demand for plant-derived commodities is driven not only by the popularization
of vegan, vegetarian, and flexitarian dietary models but also by an increasing
cohorts of consumers exhibiting lactose intolerance or allergies to bovine milk
proteins, alongside a general orientation toward a healthy lifestyle?. Fermented
plant-based beverages are garnering exceptional interest, as they seamlessly
combine the inherent benefits of plant matrices with the positive impacts of
biotechnological fermentation on the nutritional and biological value of the
finished product.

' Prevalence of lactose intolerance and nutrients intake in an older population

regarded as lactase non-persistent / E. Dewiasty, S. Setiati, R. Agustina et al
Clinical ~ Nutrition ESPEN. 2021. Vol. 43. P. 317-321. DOL https://doi.org/10.1016/
j.clnesp.2021.03.033.

2 Areview on current scenario and key challenges of plant-based functional beverages / N. Sharma,
N. Yeasmen, L. Dube, V. Orsat. Food bioscience. 2024. Vol. 60. Art. 104320. DOI: https://doi.org/
10.1016/j.fbi0.2024.104320.
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Among a broad spectrum of grain legumes, faba beans (Vicia faba L.) attract
substantial scientific attention. They are characterized by a high protein content
that can reach 30-35%, a favorable amino acid profile, and substantial amounts
of dietary fibers, vitamins, and minerals. Compared to alternative plant protein
sources, notably soybeans, Vicia faba possesses several distinct advantages,
including lower allergenicity, suitability for cultivation in temperate climatic
zones, high crop yields, and a positive impact on soil fertility due to its nitrogen-
fixing capacity. Furthermore, the manufacturing of protein ingredients from
faba beans exhibits a lower carbon footprint and reduced resource consumption
compared to the production of animal-derived proteins®.

Advanced processing of Vicia faba beans yields protein concentrates and
isolates with elevated protein concentrations, which can be utilized as functional
ingredients across diverse food matrices. Due to their capacity for emulsification,
foam formation, water binding, and the development of structured networks,
faba bean proteins represent a highly viable raw material for alternative
dairy production. Concurrently, the widespread integration of legume protein
concentrates into food technologies is constrained by several restrictive factors,
including a native “beany” off-flavor and aroma, limited protein solubility, and
insufficiently explored mechanisms governing the development of consumer
properties in the finished products.

Biotechnological fermentation stands out as one of the most effective
methods for modifying the functional, technological, and sensory
characteristics of plant proteins. Microbial action triggers complex
biochemical transformations that facilitate partial protein and carbohydrate
hydrolysis, reduction of antinutritional factor concentrations, improvement of
protein digestibility, and the generation of a more appealing flavor and aroma
profile*. Moreover, fermentation is capable of enhancing the bioavailability of
specific nutritional components and promoting the synthesis of biologically
active compounds, thereby expanding options for designing health-promoting
functional commodities.

Despite a substantial volume of literature dedicated to the fermentation
of soy-based products, utilizing Vicia faba proteins for the manufacturing of
fermented alternative beverages remains an under-researched area. Investigating
the effects of the fermentation process on the properties of faba bean protein
concentrates, the formation of beverage texture and sensory characteristics, as

3 Fortification of yogurt with bioactive functional foods and ingredients and associated challenges: A
review / I. Ahmad, M. Hao, Y. Li et al. Trends in food science & technology. 2022. Vol. 129. P. 558-580.
DOTI: https://doi.org/10.1016/j.tifs.2022.11.003.

4 A review of nutritional profile and processing of faba bean (Vicia faba L.) / S. B. Dhull,
M. K. Kidwai, R. Noor et al. Legume Science. 2022. Vol. 4. No. 3. Art. ¢129. DOI: https://doi.org/
10.1002/1eg3.129.
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well as establishing optimal microbial cultivation parameters to achieve high-
quality yields, is of particular relevance.

Consequently, exploring the fermentation processes of Vicia faba bean
protein to design alternative beverages constitutes a timely scientific and
practical task. This research is directed toward diversifying the assortment of
functional plant-derived commodities, enhancing the utilization efficiency of
domestic plant raw materials, and satisfying modern consumer demands for
healthy nutrition.

The aim of this work is to investigate the technological conditions for the
fermentation of Vicia faba L. bean protein and to evaluate the feasibility of its
application in developing fermented plant-based dairy analogues with enhanced
organoleptic, nutritional, and functional properties.

The object of the research encompasses the regularities of the lactic acid
fermentation process of Vicia faba L. protein concentrate for the development
of plant-based beverages.

The subject of the research comprises Vicia faba L. bean protein
concentrate, a bacterial a-amylase enzyme preparation, starter cultures, and the
physical-chemical and organoleptic indicators of the fermented beverage.

To evaluate the fermentation process, a protein concentrate manufactured
from Vicia faba L. beans via a “dry processing method” was utilized. The
hydrolytic enzyme preparation used was a thermostable a-amylase, Termamyl
(produced by “Novozymes”), while the bacterial starter cultures included
Iprovit-Kefir, Iprovit-Symbilact, Iprovit-Vitalact, Iprovit-BTA (supplemented
with bifidobacteria), Iprovit-Yogurt, and Iprovit-Streptosan, all of which were
standardized in accordance with state regulatory requirements’. The hydrolysis
of starch, which occurs as an impurity within the protein concentrate structure,
was conducted under laboratory conditions using a conventional thermostat as
well as within an ultra-high-frequency electromagnetic field using a Panasonic
microwave oven operating at a maximum power of 900 W. The total content
of reducing substances (RS) expressed in g/dm® of the product was quantified
using the Willstétter-Schudl method; total acidity was determined via standard
titrimetric analysis, and the free amino nitrogen (FAN) content was measured
using the ninhydrin method®.

> TY ¥V 15.5-00419880-10:2010. Kynsrypu 3aksaurysansHi cyxi ta pinki. HAAH Vkpaiuu, Incruryr
MpooBONIBYHX pecypciB. Kuis, 2010.

¢  Free Amino Nitrogen (International Method) / Technical Committee A. ASBC Methods of Analysis.
St. Paul, MN : American Society of Brewing Chemists, 2011.
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1. Vicia faba L. beans as a promising raw material for the production
of plant-based fermented products

The projected increase in the global population to 9 billion people by 2050
necessitates a profound revision of protein nutrition structures and the discovery
of innovative technological paths for processing renewable raw materials.
Currently, the primary foundation for plant-based milk analogues is established
by soy and various nuts (such as almond, cashew, and coconut). However, nut
raw materials involve high initial production costs, and their concentration in
finished beverages typically does not exceed 5%, which keeps the final protein
level critically low (under 0.2 g per 100 g)’. Soy protein, while nutritionally
complete and functional, encounters consumer skepticism due to its high
allergenicity and the mass utilization of genetically modified lines of this crop®.

In this regard, faba beans (Vicia faba L., also known as broad or field beans)
emerge as a highly viable alternative. Due to their large seed size, ease of
dehulling compared to chickpeas or lentils, and minimal lipid content, this crop
represents an ideal object for advanced deep processing technologies aimed
at extracting protein concentrates. The chemical composition of dry matter in
faba beans demonstrates clear advantages in protein content compared to other
widely distributed legumes (Table 1).

Table 1
Approximate composition of faba beans compared to peas and soybeans
(g/100 g dry matter)’

Beans Proteins Carbohydrates Fats Ash
Faba beans 27.6 66 1.4 3.4
Peas 23.4 63.5 1.6 3
Soybeans 40 28.6 19.7 5.2

The fatty acid spectrum of Vicia faba L. lipids is predominantly composed
of mono- and polyunsaturated fatty acids, specifically oleic and linoleic acids.
These fractions exert a beneficial effect on the human blood lipid profile, notably
stimulating the synthesis of high-density lipoproteins (HDL), which serves as an

7 TexHONOriYHi Ta CKOHOMIYHI ACNEKTH 3aCTOCYBaHHSA GOOOBUX B TEXHOJIOTISAX Xap4OBOI HPOLYKILi:

mini-ornsan / B. B. Jlertsp, A. E. Paguenxo, H. I. I'punuenko, O. O. I'punuenxo. Journal of Chemistry
and Technologies. 2023. Vol. 31. Ne 4. C. 886-896. DOI: https://doi.org/10.15421/jchemtech.
v31i4.287753.

8 Nutritional quality of protein flours of fava bean (Vicia faba L.) and in vitro digestibility and
bioaccesibility / V. A. Ayala-Rodriguez, A. A. Lopez-Hernandez, M. L. C. Lomeli et al. Food Chemistry:
X.2022. Vol. 14. Art. 100303. DOI: https://doi.org/10.1016/j.fochx.2022.100303.

®  Labba I. C. M. Nutritional and antinutritional composition of fava bean (Vicia faba L., var. minor)
cultivars / I. C. M. Labba, H. Frekier, A. S. Sandberg. Food Research International. 2021. Vol. 140.
Art. 110038. DOI: https://doi.org/10.1016/j.foodres.2020.110038.
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essential factor in preventing cardiovascular pathologies. The mineral complex
of the beans is characterized by significant concentrations of potassium, iron,
and zinc, combined with a low sodium level, presenting an added benefit for
specialized dietary nutrition. Beyond starch, the carbohydrate fraction contains
a substantial amount of dietary fibers. They exhibit a pronounced prebiotic effect:
passing transit through the upper sections of the gastrointestinal tract, these
fibers are fermented by the colon microflora to generate short-chain fatty acids,
which effectively suppress the proliferation of pathogenic microorganisms.

According to Osborne’s classification, the protein fraction of Vicia faba L.
consists primarily of salt-soluble globulins (69.5%—78.1%) and alkali-soluble
glutelins (12.0%—18.4%), whereas the proportions of water-soluble albumins
and alcohol-soluble prolamins are negligible!’. The amino acid profile of the
total protein is characterized by elevated levels of lysine, leucine, threonine,
and arginine; however, consistent with most legumes, it exhibits a deficit in
sulfur-containing amino acids (methionine and cysteine) as well as tryptophan
(Table 2). This nutritional limitation is easily overcome by designing composite
formulations with cereal crops that possess a highly complementary amino acid
spectrum.

Table 2
Amino acid composition of faba beans compared to peas and soybeans
(g/100 g protein)"

Amino acids Faba beans Peas Soybeans
1 2 3 4
Histidine 2.41 2.52 2.91
Isoleucine 3.94 3.33 4.6
Leucine 7.47 6.58 7.76
Lysine 7.08 6.84 7.08
Methionine 0.87 1.03 1.29
Cysteine 1.33 1.55 1.19
Phenylalanine 4.19 4.19 5.87
Tyrosine 2.78 3.16 3.65
Threonine 34 3.59 3.69
Tryptophan 0.87 0.94 1.38

10 Proximate composition and anti-nutritional factors of fava-bean (Vicia faba), green-pea and yellow-

pea (Pisum sativum) flour / K. A. Millar, E. Gallagher, R. Burke et al. Journal of Food Composition and
Analysis. 2019. Vol. 82. Art. 103233. DOI: https://doi.org/10.1016/j.jfca.2019.103233.

' Oluwajuyitan T. D. Amino acid profile, peptide size distribution, antioxidant effect, and enzyme
inhibitory activities of fava bean (Vicia faba) protein hydrolyzates / T. D. Oluwajuyitan, D. Kadam,
R. E. Aluko. International Journal of Food Properties. 2025. Vol. 28. No. 1. Art. 2466575. DOL:
https://doi.org/10.1080/10942912.2025.2466575.
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Continuation of table 2

1 2 3 4
Valine 431 3.89 4.64
Arginine 9.46 6.84 8.86
Alanine 4.15 4.27 4.39
Aspartic acid 10.74 10.68 11.98
Glutamic acid 16.51 16.92 17.88
Glycine 4.73 4.32 4.2

Proline 3.94 3.76 4.92
Serine 4.69 4.79 4.77

Based on the sedimentation coefficient, the dominant globulins are
classified into hexameric legumins (11S), comprising up to 55% of the
total seed protein, and trimeric glycosylated vicilins (7S). The ratio of
the 11S/7S fractions directly establishes the functional and technological
attributes of the resulting concentrates. Legumins exhibit a higher
denaturation temperature (95.4 °C) than vicilins (83.8 °C), which
surpasses the corresponding values of soy and pea proteins, thereby
ensuring excellent thermal stability of colloid systems formulated from
these beans'?. Vicia faba L. proteins display strong potential for gelation,
emulsification, and the stabilization of disperse systems, which is critically
important for forming a smooth, uniform texture in plant-based yogurts,
fermented dairy alternatives, and beverages.

However, the successful realization of this structural potential requires
overcoming several biochemical and technological barriers. The primary flaw
of the raw material is its specific “beany” or herbaceous aroma and a bitter
aftertaste. These arise from the oxidation of linoleic acid residues catalyzed by the
lipoxygenase enzyme, yielding volatile aldehydes and ketones (predominantly
hexanal). A secondary obstacle involves the presence of antinutrients (tannins,
phytic acid, and protease inhibitors), along with the glycosides vicine and
convicine, which impair the absorption of essential micronutrients and lower
the efficiency of gastric proteolysis.

The adoption of traditional processing methodologies (such as soaking,
germination, and extended thermal treatment) only partially minimizes
the concentration of antinutritional compounds, while potentially inducing

12 Milk Analog: Plant based alternatives to conventional milk, production, potential and health

concerns / A. A. Paul, S. Kumar, V. Kumar, R. Sharma. Critical reviews in food science and
nutrition. 2020. Vol. 60. No. 18. P. 3005-3023. DOI: https://doi.org/10.1080/10408398.2019.
1674243.
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protein denaturation and severely reducing solubility'®. Consequently, directed
lactic acid fermentation serves as the most effective strategy for targeted
biotechnological modification. Driven by the enzymatic apparatus of the starter
cultures, partial macromolecular hydrolysis, breakdown of antinutritional
components, and a transformation of the volatile compound profile occur. This
minimizes the intensity of the unwanted beany flavor, enhances the rheological
properties of the protein matrix, and results in a next-generation plant-based
product characterized by superior sensory attributes and heightened nutrient
bioavailability.

2. Investigation of the fermentation
of Vicia faba bean protein concentrate

The development of scientific and practical foundations for utilizing
plant-based raw materials in fermented beverage technologies is anchored
in the foundational works of numerous domestic and international scientists,
including O. Vitriak, V. Hnitsevych, S. Nevmyvanyis, A. Petryna, N. Prytulska,
I. Romanchuk, A. Trubnikova, Yu. Savchuk, A. Serenko, T. Yudina, A. Almnuri,
M. Tangyu, M. Youssef, and others.

Despite a substantial volume of scientific research, plant-derived proteins
remain underutilized and have limited industrial applications in the food
sector. Currently, systematic scientific investigations focusing specifically on
the technology of fermented plant-based beverages utilizing legume protein
concentrates are lacking in Ukraine.

The innovative concept of this study lies in establishing a scientifically
substantiated technology for fermented beverages using Vicia faba processing
products, specifically a protein concentrate that serves as the protein base for
forming a plant dispersed system. It is anticipated that the integration of this
ingredient will facilitate the creation of a product with elevated plant protein
concentrations while establishing a structural matrix highly susceptible to
further targeted biotechnological modification during fermentation.

The essence of the proposed innovative approach consists in coupling
specialized technological methods of plant substrate preparation with controlled
microbial fermentation, thereby enabling precise control over the physical-
chemical and organoleptic transformations of the finished matrix. This strategy
supports the development of novel functional plant-based dairy analogues that
align with modern nutritional safety and consumer standards.

3 Fermentation  of  plant-based milk alternatives for  improved flavour  and

nutritional value / M. Tangyu, J. Muller, C. J. Bolten, C. Wittmann. Applied
microbiology  and  biotechnology. 2019. Vol. 103. No. 23. P 9263-9275. DOL
https://doi.org/10.1007/300253-019-10175-9.
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The operational framework of this innovative strategy is grounded in three
fundamental principles. The first principle is the rational utilization of plant-
derived protein raw materials, which mandates the maximum preservation of
their native nutritional and biological value throughout the technological cycle.
This is achieved by determining the optimal limits of processing parameters,
preventing excessive, destructive thermal denaturation while preserving the key
functional properties of the protein assemblies.

The second principle is the adaptation of processing modes of the plant
protein system to the distinct operational conditions required for fermented
food production. Thermal treatment, specifically pasteurization, represents
a critical phase that ensures microbiological safety and early structural
stabilization. The selection of these thermal limits must strictly accommodate
the specific structural boundaries of the plant protein matrix, as excessive
thermal exposure induces non-reversible aggregation and impairs the final
texturological behavior.

The third principle of the innovative strategy implementation is the
exploitation of fermentation processes as a highly efficient biotechnological
instrument for altering the macro-composition and properties of the plant matrix.
Fermentation drives the deep biochemical transformation of raw substrate
constituents, accompanied by the accumulation of organic acids, free amino
nitrogen compounds, and volatile metabolites that establish the target flavor,
aroma, and bioavailability profiles'*. Beyond this, fermentation can facilitate
enhanced protein digestibility and heightened nutrient bioavailability.

Based on the synthesis of prior scientific literature and preliminary
experimental trials, a working hypothesis was formulated, according to which
utilizing Vicia faba bean protein concentrate as the foundation for plant-based
beverages, when coupled with optimized enzymatic and microbial fermentation
parameters, enables the generation of a stable system with significantly enhanced
physical-chemical, structural-mechanical, and organoleptic properties.

To validate this hypothesis, a conceptual technological matrix for producing
a fermented beverage based on Vicia faba L. protein concentrate was engineered.
The generalized technological scheme of the process is shown in Figure 1.

The generalized technological architecture comprises the preparation
of a protein suspension, treatment with a hydrolytic thermostable bacterial
alpha-amylase preparation, stabilization via sterilization, cooling to the target
inoculation temperature, culture inoculation, and subsequent multi-hour

4 Jiang L. Unlocking the microbial mechanisms in fermented bean products: Advances and future
directions in multi-omics and machine learning approaches / L. Jiang, Y. Lu, H. Qu. Critical Reviews in
Food Science and Nutrition. 2026. Vol. 66. No. 7. P. 1364-1386. DOI: https://doi.org/10.1080/10408398.
2025.2544764.
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fermentation. The primary focus was directed toward identifying the optimal
processing configurations for raw suspension preparation.

The baseline plant substrate was formulated as an aqueous dispersion with
a dry matter mass fraction of 6% by blending the dry-processed Vicia faba L.
bean protein concentrate with water. Following mechanical homogenization,
the suspension was inoculated with 1 mL of a bacterial alpha-amylase enzyme
preparation (per 500 ml of total volume) to initiate the targeted enzymatic
hydrolysis of the native starch fractions.

Vicia fabha L. bean protein concentrate

:

Preparation of suspension (6%), homogenization [ Water
Addition of thermostable a-amylase enzyme Bacterial
preparation K a-amylase

:

Thermal treatment (t = 85-920°C, T = 60 min)

:

Sterilization, enzyme inactivation
(1=110"C, T = 15 min}

:

Cooling to t = 37°C, homogenization

!

Inoculation of starter culture - Starter culture

'

Fermentation (t = 37°C, 1= 12-18 h)

}

Fermented plant-based beverage

Fig. 1. Process flow diagram for the production of a fermented
plant-based beverage from Vicia faba protein concentrate
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The native faba bean protein concentrate contains approximately 10%
starch as a structural impurity, which undergoes intense gelatinization at
elevated temperatures in the presence of protein macro-assemblies, resulting
in a highly viscous, paste-like consistency that seriously impedes downstream
liquid processing. Furthermore, the development of a highly viscous, sticky
starch gel network acts as a steric hindrance, disrupting proper protein-protein
interactions and inhibiting the formation of a clean, acid-induced protein gel
matrix. Consequently, such unrefined, gelatinized protein-starch systems display
far lower texturological properties than traditional emulsion-based food gels.
Therefore, the thermal processing of the protein suspension in the presence of
alpha-amylase was targeted at reducing system viscosity via starch liquefaction
into reducing sugars, optimizing the fermentation environment for the starter
cultures, and reducing the native legume aroma.

The initial experimental stage involved a comparative validation of two
distinct thermal processing setups for the protein-enzyme mixture: conventional
heating using a water bath at 80-85 °C for 60 minutes versus electromagnetic
microwave treatment performed in an ultra-high-frequency microwave field.
The microwave treatment was applied to a 200 g aliquot of the suspension
inside a glass vessel at an operating power of 900 W for a total duration of
6 minutes, utilizing discrete exposure cycles (30 seconds of heating followed
by a 10 seconds mechanical stirring phase). During the microwave exposure,
a continuous increase in foam generation was monitored once temperatures
surpassed 7 °C, followed by an abrupt alteration in the structural aggregation
state of the protein system within the 80—-85 °C range. Aliquots were periodically
sampled throughout both thermal operations to evaluate the accumulation
kinetics of reducing substances (Table 3).

Table 3
Kinetics of reducing substance accumulation during the enzymatic
hydrolysis of the faba bean protein suspension

Ne Water Bath Thermal Treatment Microwave Field Thermal Treatment
Hydrolysis Time, Reducing Hydrolysis Time, Reducing
min Substances, g/mL min Substances, g/mL
20 4.8 2 5.2
2 40 6.3 4 7.2
3 60 8.9 6 8.15

The experimental data indicated that both the water bath processing at
80 °C for 60 minutes and the microwave treatment were equally viable regarding
their starch liquefaction efficiency; however, the drastic kinetic acceleration
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achieved within the ultra-high-frequency microwave field was severely
counterbalanced by negative physical phenomena, specifically uncontrolled
foam destabilization and macro-protein aggregation.

Following the enzymatic liquefaction via alpha-amylase, the liquefied
suspension was subjected to sterilization in an autoclave at 110 °C for 15 minutes.
This phase achieved complete microbiological sterilization, enzyme inactivation,
and the chemical thermal degradation of the key volatile compounds responsible
for the native helical legume off-flavor. As a direct outcome of the sequential
enzyme-thermal treatment, the visual profile of the suspension shifted from
a yellowish cast to a milk-white appearance, accompanied by a major drop in
the intensity of the beany odor. The subsequent microbial fermentation phase
further transforms the organoleptic profile, as specific lactic acid bacteria utilize
and metabolize native volatile aldehydes and ketones, notably reducing their
concentrations. Strains such as Lactiplantibacillus plantarum, Lacticaseibacillus
casei, Limosilactobacillus fermentum, and Streptococcus thermophilus possess
metabolic pathways capable of converting volatile green aldehydes into low-
odor alcohols or organic acids, naturally refining the flavor profile's. Moreover,
fermentation triggers structural modifications within the protein-polysaccharide
complex, enhancing the matrix’s capacity to bind volatile flavor components
and reducing their overall volatility.

The prepared white protein base was subsequently cooled to 37 °C, inoculated
with selected starter cultures, and subjected to an 18-hour incubation period.

The selection of appropriate bacterial ecosystems represents a core challenge
in plant-based dairy alternative design, as the specific microflora directly
governs the rate of biochemical transformations, the kinetics of acidification,
carbohydrate utilization, proteolytic protein cleavage, and the sensory attributes
of the final product.

The experimental matrix evaluated six commercial freeze-dried bacterial
starter cultures: Iprovit-Kefir, Iprovit-Symbilact, Iprovit-Vitalact, Iprovit-BTA
with bifidobacteria, Iprovit-Yogurt, and Iprovit-Streptosan. An uninoculated
sample incubated under identical thermal conditions served as the control. The
cultures demonstrated universal viability within the legume-based medium,
though their metabolic efficacy varied considerably. The parameters monitored
during the fermentation process included titratable acidity, free amino nitrogen
content, and the accumulation of reducing substances.

Acidification kinetics served as a primary gauge of fermentation intensity,
with all inoculated matrices exhibiting a steady increase in titratable acidity

15 Effect of lactic acid bacteria on the level of antinutrients in pulses: A case study of a fermented faba
bean—oat product / M. Kahala, I. Ikonen, L. Blasco et al. Foods. 2023. Vol. 12. No. 21. Art. 3922. DOIL:
https://doi.org/10.3390/foods12213922.
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relative to the control, verifying the progression of active lactic acid
fermentation (Figure 2). The highest acidity values were recorded in samples
driven by symbiotic multicomponent starter cultures, an outcome supported by
their complex microbial consortia and metabolic synergy.

The highest metabolic rates and superior adaptability to the Vicia faba
matrix were displayed by Iprovit-BTA and Iprovit-Symbilact. This intensive
acid production allowed the system to rapidly shift toward the target pH value
of 4.7.

Consequently, investigating the fermentation processes of Vicia faba bean
protein concentrate using various cultures of microorganisms, tracking the
acidification kinetics, and monitoring the improvement of sensory parameters,
namely color and aroma, confirms the positive effect of fermenting raw plant
proteins from Vicia faba beans.

Carbohydrate conversion dynamics further illustrated the metabolic activity
of the inoculated microflora, as the reducing sugar concentration dropped
steadily throughout the fermentation period (Figure 3). The initial reducing
sugar concentration of 5.01 mg/mL within the control medium dropped sharply
to 1.0 mg/mL across the fermented samples by the end of the incubation cycle.
This rapid sugar consumption correlated directly with the surge in titratable
acidity, confirming the active conversion of mono- and disaccharides into
organic acids. The most intense drop in this parameter was recorded in samples
with elevated enzymatic activity, correlating with the acid profile.

Proteolytic transformations were verified by monitoring the accumulation
of free amino nitrogen (FAN) (Figure 4), with inoculated samples displaying

' I|IE

Control Kefir Symbilact  Vitalact Yogurt  Streptosan

N W A 1N O

mL of 0.1 N NaOH

Fig. 2. The effect of bacterial starter cultures on the titratable acidity
of fermented samples
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a significant increase in FAN concentrations, reflecting active bacterial
proteolysis. This enzymatic cleavage of dense legume globulins into low-
molecular-weight nitrogenous fractions significantly enhances both the
biological value and the metabolic digestibility of the finished product.
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The multi-species consortia proved most effective at driving both deep
carbohydrate conversion and advanced protein proteolysis, ensuring intensive
acidification, sugar depletion, and structural transformation.

The ultimate sensory quality and texture of the fermented beverage were
found to be highly dependent on the strain profile of the starter culture used
(Table 4). The highest scores were secured by the samples driven by the
Iprovit-BTA, Iprovit-Symbilact, and Iprovit-Yogurt consortia, which were
distinguished by a pleasant taste, smooth consistency, and a well-balanced
aroma. Crucially, the intense enzymatic activity of these cultures managed
to completely mask or transform the volatile compounds responsible for
the native “beany” off-flavor, which represents a substantial breakthrough
for consumer acceptance. Conversely, the unfermented control exhibited
the lowest properties, characterized by a weak, unbalanced flavor profile,
a coarse, non-homogeneous texture, and a strong, unpleasant herbaceous
aroma and aftertaste.

To systematically evaluate these sensory metrics, a specialized scale was
designed across core indices: taste, aroma, consistency, and appearance. An
expert evaluation method was used to calculate weight significance coefficients
for establishing a 20-point sensory scoring framework. Each specific descriptor
was scored on a scale where 1.5 represented highly significant, 1 stood for
significant, 0.5 meant minor significance, and 0 was evaluated as unnecessary
for inclusion.

Based on the optimization of these parameters, a structured 20-point scoring
database was compiled for the sensory profiling of the fermented plant-based
beverages, as detailed in Table 4.

Table 4
Weight coefficients and score distribution for the sensory evaluation
of fermented plant-based beverages within a 20-point framework

Sensory Attribute Significance Coefficient Max‘alzl::: /S:)(‘)];iegﬁtll(:lc)atlon
Taste 1 5/5
Aroma 1.5 5/7.5
Consistency 1 5/5
Appearance 0.5 5/2.5
Total Value - 20

Based on the quantitative panel scores collected during the sensory trials,
a database was compiled to track individual sample performance across the

weighted criteria (Table 5).
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Table 5
Sensory profile evaluation of the fermented Vicia faba L. protein
beverage samples

Total
Sa;;:) ple Starter Culture Type | Taste | Aroma | Consistency | Appearance | Weighted

: Score

1 Iprovit-Kefir 3.9 4.1 4.0 4.0 16.05

2 Iprovit-Symbilact 4.5 4.4 4.6 4.5 17.95

3 Iprovit-Vitalact 4.1 4.0 4.2 4.1 16.35

4 Iprovit-BTA 4.8 4.7 4.9 4.8 19.15

5 Iprovit-Yogurt 4.3 4.2 4.4 4.3 17.15

6 Iprovit-Streptosan 4.0 4.1 4.1 4.0 16.25

The sensory matrix demonstrated that fermenting the legume protein
concentrate with diverse starter microflora yields products with comparable
physical characteristics. Regarding structural consistency and surface
appearance, the fermented plant matrices closely mirrored traditional dairy-
based yogurts. However, despite these favorable texturological profiles, the
unflavored fermented bases require further fine-tuning through the incorporation
of targeted flavorings and natural aromatic modifiers. Thus, the current matrices
serve as a functional, structural baseline for the subsequent design of fully
finished consumer plant-based functional beverages.

CONCLUSIONS

The experimental findings confirm that legume protein concentrate represents
a highly viable and technologically sustainable raw material for manufacturing
next-generation functional plant-based dairy analogues.

Preliminary enzyme-thermal processing of the raw protein suspension using
a bacterial alpha-amylase successfully drives the partial liquefaction of structural
starch impurities into reducing sugars, which effectively prevents uncontrolled
starch gelatinization, improves the rheological properties of the raw suspension
prior to inoculation, and optimizes the liquid substrate for subsequent microbial
fermentation by starter cultures.

Evaluation of different starter cultures demonstrated that Iprovit-BTA,
Iprovit-Symbilact, and Iprovit-Yogurt exhibit superior metabolic activity, acid
production, and sensory design capacity within the legume matrix. Lactic
acid fermentation plays a transformative role in product design, stabilizing
the physical-chemical structure, eliminating the native “beany” off-flavor,
and yielding a smooth, uniform yogurt-like matrix with elevated nutrient
bioavailability.
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As an outcome of fermentation, the sensory indicators of the matrix
are markedly refined: the characteristic beany aroma disappears, the color
improves, and a dense, uniform, yogurt-like structure is formed, confirming that
the developed product represents a stable baseline for constructing commercial
alternatives to traditional milk beverages.

SUMMARY

This study addresses the relevant challenge of expanding the assortment
of plant-based milk alternatives through the biotechnological modification
of non-deficient domestic raw materials. It presents the experimental results
on the topic “Fermentation of Vicia faba bean protein concentrate for the
development of plant-based beverages” characterized by enhanced biological
value. The parameters for the preliminary enzyme-thermal treatment of the
protein suspension using a-amylase were substantiated, enabling a targeted
reduction in system viscosity via starch liquefaction. It was established that both
water bath processing and microwave heating are equally effective regarding
starch hydrolysis efficiency, though the kinetic acceleration within the ultra-
high-frequency field is accompanied by intense foaming and partial protein
aggregation. Based on the evaluation of six “Iprovit” commercial starter cultures,
the “Iprovit-BTA” and “Iprovit-Symbilact” consortia demonstrated the superior
acidification kinetics, effectively driving the system to the protein isoelectric
point at pH 4.7. Microbial carbohydrate utilization was verified by a sharp
decline in reducing sugars from the baseline 5.01 mg/mL down to 1.0 mg/mL.
The maximum proteolytic activity was displayed by the “Iprovit-Kefir” culture,
which triggered a 2.2-fold increase in free amino nitrogen compared to the
unfermented control. Sensory profiling performed via a developed 20-point
expert framework confirmed that directed lactic acid fermentation successfully
masks the specific native beany off-flavor, establishing a smooth cream-like
consistency and a well-balanced flavor profile.
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CHAPTER 6

OPTIMIZATION OF THE BUTTERMILK
FERMENTATION PROCESS IN THE TECHNOLOGY
OF LOW-LACTOSE YOGURT

Serenko A. A., Yudina T. I., Hnitsevych V. A.
DOl https://doi.org/10.30525/978-9934-26-697-3-6

INTRODUCTION

In the current conditions of global transformation of food systems, the
implementation of the principles of sustainable development, resource efficiency,
and ESG-oriented (Environmental, Social, and Governance) production in the
food industry is of particular importance. The FoodTech concept involves the
active use of innovative technologies aimed at the rational utilization of raw
material resources, minimization of food waste, increasing the nutritional value
of products, and adapting food technologies to modern requirements of healthy
nutrition. In this context, the dairy industry requires new technological solutions
related to the comprehensive processing of secondary dairy raw materials,
reducing environmental impact, and creating functional products with enhanced
biological value.

One of the promising directions for implementing circular economy
principles in the dairy industry is the use of buttermilk as a valuable secondary
raw material in the technology of fermented dairy products. Buttermilk
is characterized by a high content of proteins, phospholipids, minerals,
biologically active components of fat globule membranes, and possesses good
functional and technological properties. At the same time, a significant portion
of buttermilk in production conditions is underutilized, which contradicts
modern ESG principles and the sustainable development of food systems. Its
inclusion in the production of low-lactose fermented dairy products allows not
only for increasing the resource efficiency of enterprises but also for expanding
the assortment of functional and special-purpose products.

The relevance of developing low-lactose yogurts is driven by the steady
growth in the number of consumers with lactase deficiency and an increased
demand for healthy food products. Reducing the lactose content in fermented
dairy products improves their digestibility, enhances consumption comfort,
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and expands the target audience of the products. However, using buttermilk
in low-lactose yogurt technology requires the optimization of technological
parameters, as changes in the composition of the dairy base affect the lactic
acid fermentation process, the rate of acidity accumulation, the formation of
the clot structure, water-holding capacity, and the organoleptic characteristics
of the finished product.

The optimization of the buttermilk fermentation process is of particular
importance, as it is one of the key stages in forming the quality of low-lactose
yogurt. A rational selection of starter cultures, temperature regimes, fermentation
duration, and the degree of lactose hydrolysis makes it possible to intensify
the technological process, ensure the stability of the product's structure, and
enhance its consumer properties. Furthermore, optimizing the fermentation
process contributes to increasing the energy efficiency of production and
reducing technological losses, which aligns with modern requirements of ESG-
oriented food manufacturing.

Thus, research aimed at optimizing the buttermilk fermentation process
in the technology of low-lactose yogurt is relevant from both scientific and
practical perspectives. It combines the principles of FoodTech, the innovative
transformation of food systems, resource conservation, and the creation
of functional products tailored to the modern needs of consumers and the
sustainable development of the food industry.

1. Definition of prerequisites and formulation of the research problem

milk and dairy products are valuable sources of essential nutrients required
for the normal functioning of the human body, including complete proteins
of animal origin, calcium, phosphorus, as well as vitamins B2 (riboflavin)
and D (calciferol)!. Due to their balanced composition, dairy products play
an important role in the formation and maintenance of bone tissue, ensuring
the normal course of metabolic processes, the functioning of the nervous
system, and supporting immunity. Lactic proteins are of particular significance,
characterized by high biological value and containing all essential amino acids
necessary for growth, tissue repair, and the synthesis of enzymes and hormones?.

Fermented dairy products are a source of probiotic microorganisms that help
maintain a normal balance of the gut microbiota, improve digestive processes,
and enhance the barrier functions of the body. Disruption of the gut microflora

! Sharikadze O. Malabsorption and lactose intolerance: pathophysiology, diagnosis and treatment of
pathogenesis. World Science. 2022. Vol. 75. No. 3. P. 1-13.

2 Essa, M. M., Bishir, M., Bhat, A., Chidambaram, S. B., Al-Balushi, B., Hamdan, H.,
Govindarajan, N., Freidland, R. P., & Qoronfleh, M. W. Functional foods and their impact on health.
Journal of food science and technology. 2023. Vol. 60. No 3. P. 820-834. https://doi.org/10.1007/
$13197-021-05193-3.
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composition can lead to a decrease in immune defense, impaired absorption of
nutrients, and the development of functional disorders of the digestive system?.

Insufficient consumption of milk and dairy products throughout a person's life
is associated with an increased risk of developing chronic non-communicable
diseases, particularly pathologies of the cardiovascular and musculoskeletal
systems. A deficiency in calcium and vitamin D can cause a decrease in bone
mineral density, the development of osteoporosis, and an increased risk of
fractures. At the same time, a lack of complete protein and micronutrients
negatively affects metabolic processes, the functional state of the body, and the
overall quality of life of the population. However, the consumption of dairy
products becomes impossible for individuals suffering from lactose intolerance
— a functional disorder of the gastrointestinal tract caused by the impaired
breakdown of lactose in the small intestine by the enzyme lactase®.

According to WHO data, approximately 70% of the world's population is
unable to fully digest the lactose contained in milk and dairy products. For
Ukraine, this figure stands at 15-35% of the adult population’. When lactase
enzyme activity is greater than 50%, symptoms of lactase deficiency usually
do not manifest. The primary method for treating lactase deficiency is dietary
therapy, which involves the complete exclusion or limited consumption of
products containing lactose®.

Since milk and dairy products are valuable sources of essential nutrients,
excluding them from the diet will lead to an insufficient intake of many
beneficial substances and, as a result, a decrease in work capacity and body
resistance to diseases and other negative environmental factors’. Therefore,
a promising direction for resolving this issue is the creation of technologies for
dairy products that are lactose-free or have a reduced lactose content.

Market analysis of lactose-free and low-lactose dairy products in Ukraine
indicates that the largest share belongs to domestic goods such as kefir and

3 Faienza M. F., Giardinelli S., Annicchiarico A., Chiarito M., Barile B., Corbo F., & Brunetti,
G. Nutraceuticals and Functional Foods: A Comprehensive Review of Their Role in Bone Health.
International Journal of Molecular Sciences. 2024. Vol. 25. No. 11. P. 5873-5885. https://doi.org/
10.3390/ijms25115873.

4 Corgneau M., Scher J., Ritie-Pertusa L., Le D. T., Petit J., Nikolova Y., Gaiani C. Recent advances
on lactose intolerance: Tolerance thresholds and currently available answers. Critical reviews in food
science and nutrition. 2017. Vol. 57. No. 15. P. 3344-356.

5 Kpasuernko M., lepenenuis M. TexHomoris cMy3i Ha OCHOBI MOIOYHOI CHPOBHHHU. Midichapoonui
Haykoso-npakmuunui  ocypran  «Toseapu i punxkuy. 2024. Ne 1. C. 117-126. https://doi.org/
10.31617/2.2024(49)08.

¢ Tminesunu B. A., IOxmima T. I, Tlonuap 0. M. Texuonoris HamiBpaOpukaTy Ha OCHOBI
HM3BKOJIAKTO3HOI MOJIOYHOI CHPOBATKH Ta mrope rapbysa. Miochap. nayk.-npaxm. ocypran «Toeapu i
punkuy. 2018. Ne 4. C. 105-117. https://doi.org/10.31617/tr.knute.2018(28)10.

7 Suchy F. J., Brannon P. M., Carpenter T. O., Fernandez J. R., Gilsanz V., Gould J. B., Miller N. J.
NIH consensus development conference statement: lactose intolerance and health. NIH Consens State
Sci Statements. 2010. Vol. 27. No. 2. P. 1-27.
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sour cream, while the smallest share belongs to yogurts®. Yet, the consumption
of yogurts provides the body with beneficial biologically active substances
and metabolites of lactic acid and bifidobacteria, promotes better calcium
absorption, lowers blood cholesterol levels, and ensures the normalization
of the intestinal microflora. They are in high demand among consumers and
occupy a significant segment of the dairy market (27%)°; therefore, saturating
it with yogurts of domestic production that are lactose-free or low-lactose
is a relevant direction for the development of the country's dairy processing
enterprises.

The current state of the domestic dairy market is characterized by an
increased level of instability caused by the prolonged impact of military actions
on the territory of Ukraine. Some dairy processing enterprises were forced to
terminate or significantly limit their activities, leading to a reduction in milk
production volumes. According to available estimates, the decline in production
in recent years amounted to about 10...15%, which, in turn, led to an increase
in prices for dairy products of domestic origin and exacerbated the problem of
providing the population with accessible food products'®.

Under these conditions, the effective use of secondary dairy raw materials
—specifically buttermilk, which is formed during the production of butter
— becomes particularly urgent. The rational involvement of such resources
allows not only for increasing production efficiency but also for expanding the
assortment of accessible food products with high biological value, corresponding
to modern principles of resource saving and sustainable development of the
food industry. In the general structure of secondary dairy raw materials, their
share is relatively small, accounting for about 5%. At the same time, buttermilk
is characterized by high nutritional and biological value.

Research results indicate that buttermilk obtained by the cream-churning
method (in batch and continuous butter makers) is characterized by a higher
content of biologically active substances compared to buttermilk obtained by
the method of converting high-fat cream. Specifically, it contains an increased
amount of complete whey proteins — 8.6% and 10.5% more compared to
whole and skimmed milk, respectively''. The fat content in buttermilk averages

8 IOpina T, Ceperxo A. PopMyBaHHs BITYM3HSHOTO DPHHKY OE3JAKTO3HMX 1 HH3bKOIAKTO3HHX

MOJIOYHHX TPOXYKTIB. MidcHapooHuii Haykogo-npakmuunuil scypuan «Tosapu i purkuy. 2021. Ne 2.
C. 33-43. https://doi.org/10.31617/tr.knute.2021(38)03.

? Ibid.

1 Bonrosa H., Caminuk M., Hazapenko O., Coxonenko B. TexHosoris BUpoOHHUITBA GE3IIAKTO3HOTO
Horypry 3 norpumanasM npuHuniB cucteMu HACCP. Taepiiicokuil naykoguil gichuk: mexniyni Hayku.
2021. Ne 4. C. 33-46. https://doi.org/10.32851/tnv-tech.2021.4.4.

" Sakkas L., Evageliou V., Igoumenidis P. E., & Moatsou G. Properties of Sweet Buttermilk Released
from the Churning of Cream Separated from Sheep or Cow Milk or Sheep Cheese Whey: Effect of Heat
Treatment and Storage of Cream. Foods (Basel, Switzerland). 2023. Vol. 11. No. 3. P. 465.
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0.4...0.7%, but its nutritional value is quite high due to the presence of
polyunsaturated fatty acids, particularly linoleic, linolenic, and arachidonic
acids, which feature an anti-sclerotic effect'”. An important feature of buttermilk
is also its increased content of phospholipids: their amount is 1.4 times higher
than that of whole milk and approximately 11 times higher than that of skimmed
milk".

The carbohydrate composition of buttermilk is close to that of whole milk
and is represented mainly by lactose, the content of which can reach about 5%.
The mineral composition of buttermilk corresponds to approximately 75% of
the mineral composition of whole milk and includes elements such as calcium,
magnesium, sodium, phosphorus, and potassium. Furthermore, buttermilk is
a source of water-soluble B-group vitamins, as well as fat-soluble vitamins A,
E, and K™,

Thus, the results of the conducted research allow for the conclusion that
buttermilk obtained during butter production by the cream-churning method is
characterized by a significant content of complete proteins, low fat levels, and
a balanced composition of vitamins and minerals. Given this, it is precisely this
type of buttermilk that is advisable to use as a dairy base in the technology of
low-lactose yogurts in further research.

The works of domestic and foreign scientists are dedicated to the
theoretical and practical aspects of producing food products for special dietary
uses, including lactose-free and low-lactose dairy products. Researchers
have identified priority areas for using secondary dairy raw materials in the
technologies of food products for special dietary uses.

Based on the research results of foreign scientists (Yang J., Rainville P. et
al.), a technology has been developed for a biologically active product made
from dairy whey with a dry matter content of 13...20% at pH 6.73...6.77 and
a temperature of 30 °C, wherein the first part of the lactase enzyme and the
first part of the starter culture are added to the dairy whey, held for 20 minutes,
and then the second part of the enzyme and starter culture are added. The
hydrolyzed whey is concentrated in vacuum-evaporation units to a dry matter
content of at least 40%"°.

12 Contarini G., Povolo M. Phospholipids in milk fat: composition, biological and technological
significance, and analytical strategies. International Journal of MolecularSciences. 2013.Vol. 14. No. 2.
P. 2808-2831.

13 Nmurpukos B. I1., TopGenko O. B., Antonos A. B. Oco6muBocTi nepepoOKi BIOPUHHOT MOJIOYHOT
CHPOBHMHH: EKONOTI4YHI iHHOBawii. Exonoeia nuoc. 2019. Ne 1. C. 7-11.

4 Baruk¢i¢ L, Lisak K., & Bozani¢, R. Valorisation of Whey and Buttermilk for Production of
Functional Beverages — An Overview of Current Possibilities. Food Technology and Biotechnology.
2019. Vol. 57. No. 4. P. 448-460.

5 Yang J., Rainville P, Liu K., & Pointer B. Determination of lactose in low-lactose and lactose-free
dairy products using LC-MS. Journal of Food Composition and Analysis. 2021. No. 100. P. 1038-1057.
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Scientists at the Institute of Food Resources of the NAAS of Ukraine used
the enzyme preparation “GODO-YNL2” in an amount of 0.01...0.02% for the
production of skimmed hydrolyzed condensed milk, with a process duration
of 18...20 hours at a temperature of 6...8 °C'®. There are studies related to
investigating methods of lactose removal and developing resource-saving
technologies for lactose-free and low-lactose dairy products, where enzymatic
hydrolysis has been identified as a promising method"”.

Researchers Trubnikova A. A., Sharakhmatova T. Ye., and Mamintova K. O.
substantiated the technology of obtaining a yogurt base from buttermilk for the
production of low-lactose ice cream. The effect of compositions of lactic acid
cultures Streptococcus thermophilus, Lactobacillus bulgaricus, Lactobacillus
acidophilus, and Bifidobacterium lactis on the fermentation process, acid
formation, and lactose reduction was studied. A rational concentration of
dry skimmed lactose-free milk was established at 5% of the mixture weight,
ensuring the formation of a dense consistency and high foaming properties of
the product. The resulting yogurt base was characterized by a protein content of
5.41%, lactose — 3.01%, a high amount of probiotic microflora, and suitability
for the production of functional low-lactose ice cream'®.

The authors investigated the process of lactose hydrolysis in dairy raw
materials using enzyme preparations of [B-galactosidase, where its content
decreases to 1...2% while the nutrients of the dairy raw materials are maximally
preserved!’.

Hnitsevych V. A. and Honchar Yu. M. proposed a method for producing
a fermented semi-finished product based on dairy whey with a reduced lactose
content by the method of enzymatic lactose hydrolysis. This is achieved by
adding an activator of the enzymatic lactose hydrolysis process — a targeted
enzyme preparation produced by a microorganism culture — to the dairy raw
material. The technological process includes the optimization of separated
or unseparated dairy raw materials to a pH value of the medium within
5.0...5.5 using an NH4OH solution. The targeted enzyme preparation is

16 Pomanuyk I O. HaykoBe o0OIpyHTyBaHHS Ta pO3pOOJCHHS CHOCOOIB  IMiJABUIICHHS

pecypcoed)eKTHBHOCTI MPOMICIIOBOIO MEPEPOOICHHST MOTOYHOI CHPOBHHH : [IUC. ... I-Pa TEXH. HAyK:
05.18.04 «TexHonoris M'SICHUX, MOJIOYHUX HPOAYKTIB i MPOAYKTIB 3 rizpobiontiB» / Ipuna OneriBHa
Pomanuyk; HYXT. Kuis, 2020. 290 c.

17 Pomanuyk 1. O., Minoposa A. B., Pynakosa T. B., Moiceesa JI. O. 3akoHOMipHOCTI hepMEHTATHBHOTO
TiIPOJT3Y JIAKTO3H B MOJIOUHi# cupoBuHi. [Ipodosonsbui pecypcu. 2021, Tom 8. Ne 14. C. 165-174.

'8 TpyOuixoBa A. A. BioTexHONOri4Hi acreKkTH OTPHUMAHHS HOTYpTHOI OCHOBH Ul BHPOOHHILITBA
HHM3BKOJIAKTO3HOTO Mopo3uBa / A. A. TpyOuikosa, T.€. lllapaxmarosa, K. O. Mawmintosa, O. C. Llynpa.
Bicuux HTY «XI1l», Cepia: Hosi piwenns 6 cyuacnux mexuonoeisx. Xapkis : HTY «XIII», 2018. Ne 9
(1285). C. 243-255. DOI: 10.20998/2413-4295.2018.09.35.

19 Sharakhmatova T. Ye., Lozova O. O. Development of ice cream technology for people with lactase
deficiency. Scientific works of the Odessa National Academy of Food Technologies. 2009. No. 2.
P. 311-316.
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introduced at a concentration of 0.03 g/L along with a catalyst solution into
the prepared whey, which has been cooled to 55...65 °C after high-temperature
pasteurization. The obtained hydrolysate is held in a thermostat at a temperature
of 50 =2 °C for 12 hours. As a result of the hydrolysis process, the mass fraction
of lactose decreases from 5.7...5.8% to 2.0...2.2%. The obtained low-lactose
whey-based semi-finished product is used as a base for sauce production®.

Despite the large number of scientific studies, work in this direction
continues and is aimed at creating new technologies and expanding the
assortment of dairy products with reduced lactose content by involving new
raw materials that are natural sources of essential nutrients and possess a wide
range of technological properties. At the same time, it has been established
that systematic studies aimed at studying the process of lactose hydrolysis in
buttermilk and developing technologies for low-lactose dairy products based on
it are absent.

Based on a series of prior theoretical and experimental studies, a hypothesis
has been put forward that utilizing buttermilk as a dairy base for low-lactose
yogurt production, under conditions of directed regulation of functional and
technological properties, will make it possible to obtain a new product with
high nutritional and biological value.

Scientists at the State University of Trade and Economics proposed a technology
for low-lactose yogurt based on buttermilk?'. Based on experimental studies, the
need to normalize buttermilk by dry matter content was determined. It has been
proven that using dry milk protein concentrate for buttermilk normalization in an
amount of 2.5...8.5% helps improve the organoleptic properties of the product,
prevents syneresis, enables obtaining a product with a stable consistency, and
increases the yield of the finished product.

The authors studied the process of lactose hydrolysis in dairy mixtures
based on buttermilk with an increased content of dry matter®> 2. It was
established experimentally that to achieve a lactose hydrolysis efficiency within
70...75% in dairy mixtures with a dry matter content of 14% and 15%, the

2 Tuinesnmu B. Kinetnka ¢epmentomnisy makro3n momounoi cuposarku / B. Tminesmd, H. Yukys,

10. Tonuap. Tosapu i punxu. 2017. Ne 2. C. 97-104.

2 Opina T., Cepenko A. TexHonoris HH3bKOJAKTO3HMX MOJOYHMX CyMimieidl s Horypris.
Misxcnap. mayx.-npakm. owcypn. «Tosapu i punkuy. 2022. Ne 3 (43). C. 108-116. https://doi.org/
10.31617/2.2022(43)09.

2 Yang J., Rainville P., Liu K., & Pointer B. Determination of lactose in low-lactose and lactose-free
dairy products using LC-MS. Journal of Food Composition and Analysis. 2021. No. 100. P. 1038-1057.
3 Minoposa A. Ilin6ip Ta mocimiukenHs eeKTHBHOCTI 3aKBANIYBAIBHAX TIPEMAPATIB 3 MiJABHUIICHOIO
B-ranakro3nnasHoro aktuBHiCTEO / MiHopoBa A., Pomamuyk 1., Jlammnenko C., Pymakoa T.,
Kpyurensuuubka H., Iloremceka O., Hapixuuit C. TIligbip Ta gocimifukeHHs e(eKTHBHOCTI
3aKBAIIyBaJIbHAX HPEIApATiB 3 MiABHIICHOK P-TalaKTO3WAa3HO0 aKTHBHICTIO. [Ipodosonvui pecypcu.
2022. Tom 10. Ne 19. C. 88-98.
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most rational process duration parameters are 120...150 min when adding an
enzyme preparation dose of 0.03%, and 90...120 min when adding a dose of
0.05%. At the same time, it should be noted that increasing the process duration
to 180...240 min is inappropriate for the following reasons: first, it leads to
a decrease in hydrolysis rates, which is caused by a decrease in lactose content
and an increase in the concentration of its hydrolysis products-glucose and
galactose, which act as inhibitors of -galactosidase GODO-YNL2; second, it
leads to an increase in energy costs, which is undesirable®.

Thus, based on the aggregate of conducted experimental studies, rational
parameters for the lactose hydrolysis process in dairy mixtures with an increased
dry matter content for low-lactose yogurt production were determined: enzyme
preparation dose — 0.03...0.05%, hydrolysis temperature — 40 + 2 °C, duration
—90...150 min®.

In the production of fermented milk drinks, particularly yogurts, an
important technological stage is the use of starter cultures and the fermentation
of the dairy base. It is the fermentation process that ensures the formation of the
structural-mechanical properties of the fermented milk clot and the characteristic
organoleptic indicators of the finished product. The efficiency of fermentation
directly depends on the concentration of the starter culture, temperature, and
duration of the process.

The aim of this work is to optimize the technological parameters of
fermenting buttermilk-based dairy mixtures with an increased dry matter
content and hydrolyzed lactose.

The following were selected as the subject of research: buttermilk obtained
by cream-churning in butter makers; dry milk protein concentrate; dry
demineralized dairy whey; dairy mixtures normalized by dry matter content;
yeast-derived lactase enzyme preparation “GODO-YNL2” (manufacturer
Shusei Company Limited, Japan); direct vat set starter cultures for yogurt
production YC-X11 (Chr. Hansen, Denmark); and food systems modeling low-
lactose yogurts in their composition.

2. Substantiation of Technological Parameters for the Production
of Low-Lactose Yogurts Based on Buttermilk
The fermentation process is one of the key stages in yogurt production, as
it is during fermentation that the main quality characteristics of the finished

2 Moiceesa JI. O. Po3po0iieHHS TEXHOIOTTi HU3bKOIAKTO3HOTO KHCIOMOJIOIHOTO TIPOAYKTY : JUHAC. ...

kauz. TexH. Hayk: 03.00.20. Incrutyt nponoBonsunx pecypeisB HAAH Vipainu. 2021. 183 c.

% IOpina T., Cepenko A. TexHonoris HH3bKOJAKTO3HMX MOJOYHHMX CyMileil s HOrypris.
Miocuap. nayx.-npaxm. ocypn. «Tosapu i pumiuy. 2022. Ne 3 (43). C. 108-116. https://doi.org/
10.31617/2.2022(43)09.
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product are formed. At this stage, the fermented milk clot forms, and the
structural-mechanical properties as well as the characteristic taste and aroma
of the yogurt are established. A decisive role in the course of fermentation
processes is played by the type of starter culture, its concentration, temperature,
and duration, under the influence of which complex biochemical transformations
of dairy raw material components take place.

Based on an analysis of the starter culture market and the legacy of works
by domestic and foreign scientists, the direct vat set starter culture for yogurt
YC-X11 (manufacturer Chr. Hansen, Denmark) was selected for the production
of low-lactose fermented milk drinks?.

The fermentation parameters recommended by the manufacturer using
the direct vat set starter culture YC-X11 are defined for whole milk as the
starting raw material in yogurt production. Therefore, in order to substantiate
the operating conditions of the starter culture in a different dairy system, the
effect of its added dose on the quality indicators of low-lactose yogurt based on
buttermilk was studied.

The fermentation of buttermilk-based dairy mixtures with a dry matter
content of 14.1% and 15.3% was carried out in a thermostat at a temperature
of 40 + 2 °C. The fermentation duration was 30...300 min, with a sampling
interval of 30 min.

The effectiveness of the starter culture was evaluated by the physicochemical
and organoleptic indicators of the formed fermented milk clots, taking into
account that according to DSTU 4343:2004’, the standardized titratable acidity
for yogurts is 80...140 °T.

In order to determine the optimal fermentation parameters of buttermilk
with an increased dry matter content and hydrolyzed lactose, under which
the product acquires appropriate physicochemical and structural-mechanical
indicators, a process optimization was carried out.The experiment was planned
according to an orthogonal symmetric Box-Behnken design. Experimental
factors were selected at the upper (“+”) and lower (“=) levels based on the
results of preliminary studies. A full three-factor experiment with variation
levels of —1; 0; +1 was utilized. The fermentation process of buttermilk-
based dairy mixtures is characterized by the following parameters: x, — dose
of the starter culture, mg; x, — fermentation duration, t-60s; x, — fermentation
temperature, °C.The response functions adopted were: Y, — titratable acidity,
°T; Y, — effective viscosity, mPa-s.

% 3aKBaulyBalbHi Ipenapary s KUCIOMOIOYHUX HaroiB. PexxumM goctymy: https://www.chr-hansen.
com/en/food-cultures-and-enzymes/fresh-dairy/our-products-fresh-dairy.
27 JICTY 4343:2004. Uorypru. 3aransHi TexHiuni ymosu. Kuis, 2005. 16 c.
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Based on the results of the experiments, mathematical dependencies were
obtained that describe the influence of the starter culture dose, duration, and
fermentation temperature on the formation of the fermented milk clot in yogurt
production. The adequacy of the developed mathematical models was checked
using Fisher's criterion at a 5% significance level, and the significance of the
coefficients was verified using Student's t-test.

Table 1 presents the conditions for conducting the full three-factor experiment
to optimize the fermentation process of buttermilk with an increased dry matter
content and hydrolyzed lactose.

Table 1
Levels and ranges of experimental factors
Factors
Levels Fermentation starter Ferm.entation Fermentation
dose, mg duration, t-60s temperature, °C
X, X, X,
Main (x,,) 2,7 195 40
Variation range (A x,) 0,1 15 5
Lower (X ;) 2,6 180 35
Upper (X; pu) 2,8 210 45

The research results (Figs. 1-3) indicate that the formation of a fermented
milk clot with target organoleptic properties and a standardized titratable acidity
within 80...140 °T is achieved under the following rational parameters: for
a dairy mixture with a dry matter (DM) content of 14.1% — starter culture dose
0f2.6...2.8 mg/100 g; process duration — 210...240 min; for a dairy mixture with
a DM content of 15.3% — starter culture dose of 2.6...2.8 mg/100 g; process
duration — 180...210 min.

When lower doses of the starter culture are added, a decrease in the
intensity of clot formation and an increase in fermentation duration occur,
which leads to unnecessary energy expenditures that are undesirable. Adding
a starter culture dose of 3 mg/100 g does not significantly affect the change in
indicators characterizing the quality of the developed product, but it increases
its production cost.

It is known that the strains of lactic acid bacteria in the YC-X11 starter culture
are chemoorganotrophic microorganisms® %, This means they obtain energy by

% Delorme, C. Safety assessment of dairy microorganisms: Streptococcus thermophilus. International

Journal of Food Microbiology. 2008. Vol. 126. P. 274-277.

¥ Han X, Yang Z., Jing X., Yu P., Zhang Y., Yi H. et al. Improvement of the texture of yogurt by
use of exopolysaccharide producing lactic acid bacteria. Biomed. Res. Int. 2016. 2016:7945675. DOLI:
10.1155/2016/794.
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oxidizing organic substances. In our case, lactic acid bacteria oxidize lactose,
converting it into glucose and galactose. Glucose and galactose serve as substrates
for the synthesis of lactic acid. Temperature affects the activity of dairy bacteria and
their metabolic rate. At higher temperatures, the enzymes involved in the metabolism
of dairy bacteria work faster, producing more lactic acid per unit of time, and, as
a consequence, the process of fermented milk clot formation accelerates.

Therefore, considering the above, the next series of experiments investigated
the effect of fermentation temperature on starter culture activity in dairy
mixtures with an increased dry matter content (Figs. 2, 3).

The study was conducted by varying the temperature within the range of
15...55 °C, with an added starter culture dose of 2.6...2.8 mg, and a process
duration of 210 min.

The obtained results proved that the starter culture exhibits the highest
efficiency in the temperature range of 40...45 °C. At lower temperatures, the
process of fermentation and clot formation occurs more slowly, which is
explained by the low activity of the lactic acid bacteria Lactobacillus bulgaricus
and Streptococcus thermophilus at the specified temperatures. When the
temperature is increased above 45 °C, a decrease in starter culture efficiency is
observed due to the inactivation of lactic acid bacteria under the action of high
temperatures.

Thrased e Taraied
ok, e o anidiny
oT i ar T b
1]
L]
a2
[
L %
14 3 e T
L > L e 2
L'lmndl.'.l.rﬂr:l‘.run. 1 I ::’:‘:: “""""':‘;"“"m W 15:::;%::
g h 1-fd |-tein
Fig. 1. Dependence of titratable Fig. 2. Dependence of titratable
acidity on the starter culture dose acidity on the starter culture dose
and fermentation duration and fermentation temperature
at a temperature of 40 °C at a duration of 195:60s

138



Figs. 4-6 present the results of studying the effect of the starter culture dose
and fermentation duration of dairy mixtures with different dry matter contents
on the rheological properties of low-lactose yogurt.
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The presented results (Figs. 4-6) proved that with an increase in
fermentation duration, an increase in the viscosity of the test samples occurs.
This is explained by the fact that dairy mixture components, such as proteins
and lactose, participate in the formation of the fermented milk clot. Lactic
acid bacteria included in the starter culture convert lactose into glucose and
galactose, which serve as a substrate for biochemical reactions that result in
the formation of lactic acid. Lactic acid leads to the coagulation of proteins,
followed by the formation of a fermented milk clot™®.

Thus, when adding starter culture doses of 2.6...2.8 mg/100g and
a fermentation duration of 180...210 min, the viscosity of the finished product
for a dairy mixture with a dry matter content of 14.1% was 523...559 mPa-s,
and for a dairy mixture with a dry matter content of 15.3% — 560...564 mPa-s,
respectively. The resulting low-lactose yogurt is characterized by a stable
structure and a semi-liquid consistency. This correlates well with data from
previous researchers regarding the rheological properties of drinking yogurts®'.

During the further course of the fermentation process for 210..240 min, an
insignificant change in viscosity indicators is observed in the test samples, while the
consistency of the yogurt remains uniform, semi-liquid, and without whey separation.

For the mathematical substantiation of the optimal process parameters of
fermentation, a method for solving compromise problems of multi-objective
optimization using the conjugate gradient method was used. To solve the
formulated problem, we used the “Solver” add-in of the MS Excel package.

The method consists of choosing a target function limited to a set value and
describing constraints from a system of equations. In the calculations, a relative
error of 1-10°and a permissible deviation of 5% were assumed. Optimization
was performed by the conjugate gradient method. During the calculation, the
following results were obtained:

Variables Objective function

Name X, X, X, Y, (X,.X,.X;)

Value 2,625 206,0000626 | 39,60075575 | 561,7332159 | — max

Constraints

Y, (X, X, X)) =| 82,608 >= 80

Y, (X, X,, X)) =| 82,608 <= 140

X,= 2,625 >= 0

X,= 206,000 >= 0

X= 39,601 >= 0

30 Kyuirin M. JI. JIoci/DKeHHS! BIUTUBY PEryJIsTOPiB KOHCHCTEHILI Ha SIKICTh Ta PEONIOTiuHi BIIACTHBOCTI
Horypry. Bicnux XepcoHcbkoeo HayionanbHo2o mexniynozo yHisepcumeny. 2020. Ne. 2 (73). C. 41-47.

3 Tenix A. O., Manmnenxo C. I, Kpmxeska T. A., Cemeprst O. B. OnTumizarist peosoriyHiX MOKa3HHKIB
CTPYKTypH HOTypTa i3 TOTaBaHHsM 13011Ty Oiiika HaciHHs KoHOILT. [Ipodosomsui pecypeu. 2022. Ne 18. C. 51-60.
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Consequently, through a multi-factor experiment, it was proven that the
formation of a stable fermented milk clot with a standardized titratable acidity
within 80...140 °T occurs under the following parameters: starter culture dose —
2.6 mg/100g, process duration — 210 min, temperature 40 + 2 °C.

CONCLUSIONS

Based on the conducted research, it was established that during the
fermentation of buttermilk with an increased dry matter content, obtaining
a stable fermented milk clot with target organoleptic properties and a standardized
titratable acidity within 80...140 °T is achieved at an introduced starter culture
dose of 2.6...2.8 mg/100g.

The effect of temperature on the buttermilk fermentation process with an
increased dry matter content was investigated. It was found that the highest
efficiency of the starter culture is observed at a temperature of 40...45 °C. Under
lower temperature regimes, the process of fermentation and clot formation
proceeds more slowly, which is due to the insufficient activity of the lactic acid
bacteria Lactobacillus bulgaricus and Streptococcus thermophilus. Raising the
temperature above 45 °C leads to a decrease in the effectiveness of the starter
culture due to the partial inactivation of lactic acid bacteria under the influence
of high temperatures.

The regularities of the influence of technological fermentation parameters on
the formation of the fermented milk clot of low-lactose yogurt were established.
It has been proven that the optimal parameters for the fermentation process of
buttermilk with an increased dry matter content and hydrolyzed lactose are:
starter culture dose — 2.6 mg/100 g, process duration — 210 min, temperature
40 £2 °C.

SUMMARY

The work investigates the process of buttermilk fermentation in the
technology of low-lactose yogurt, and determines the optimal parameters of the
fermentation process.

The conditions for conducting a full three-factor experiment are proposed.
The effect of temperature on the fermentation process of buttermilk with a high
content of dry matter is studied. It is established that the highest efficiency of
the fermentation preparation is observed at a temperature of 40...45 °C.

The patterns of the influence of technological fermentation parameters on
the formation of a sour milk clot of low-lactose yogurt are established. It is
proven that the optimal parameters of the fermentation process of buttermilk
with a high content of dry matter and hydrolyzed lactose are: the dose of

14



the fermentation preparation is 2.6 mg/100 g, the duration of the process is
210 min., the temperature is 40 + 2 °C.
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CHAPTER 7

INNOVATIVE TECHNOLOGY
OF NON-ALCOHOLIC HEALTH BEVERAGES

Tkachenko L. V., Vitriak O. P., Martsyn T. O.
DOl https://doi.org/10.30525/978-9934-26-697-3-7

INTRODUCTION

Scientists in many countries are working to create food products and
beverages that have health-promoting properties, that is, they contribute to
improving human health by enriching food products and beverages with
biologically active substances (BAS)'. In the modern world, due to unfavorable
environmental conditions, stress, extreme loads, and malnutrition, the human
body does not have enough internal reserves to maintain homeostasis of the
main functional organs and systems.

Some plant components, in particular alkaloids, have a positive effect on the
central and autonomic nervous systems, this property is used both for treatment
and for prevention. This effect can be stimulating, toning or calming, relaxing.
A significant amount of BAS is contained in natural plant raw materials:
vegetables, fruits, medicinal plants, nuts.

The Ukrainian market of non-alcoholic health drinks is mainly
represented by herbal and fruit herbal teas, to a lesser extent by drinks and
syrups based on fruits, berries, and vegetables. Traditional herbal teas do not
contain black and green tea leaves, but only local herbs, fruits, and berries.
The high demand for herbal teas is due to their combination of nutritional,
taste, and healing properties, and their consumption is associated with
a healthy lifestyle?. Consuming herbal extracts with tea helps increase the
body's protective functions and reduce the impact of negative environmental
factors on human health.

It is worth noting that the menu of restaurant establishments is almost devoid
of non-alcoholic drinks for health purposes. In view of this, a rather relevant
direction for scientists is the development of technologies for non-alcoholic

' Mipsoea T.B. Amami3 cydacHOro craHy BHpPOOHHMITBA JIKapCHKHX pOCIMH B  YKpaiHi.
Tpuasoscokuii ekonomiunuii gichux. 2018. Ne 6 (11). C. 62—-67.

?  @emprko JI. Dirovait y mpodinmakTHIli Ta JTiKyBaHHI 3aXBOPIOBaHb OOMIHY DPEUOBHH. BicHux
Jvsiscoroco ynieepcumemy. Cepis bionoeiuna. 2016. Ne 73. C. 442-445.
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drinks for health purposes using extracts of medicinal plants. Modern beverage
production has a tendency towards the development of craft productions that
have local use and quickly implement the latest technologies.

1. Characteristics of herbal medicinal raw materials
in the technology of non-alcoholic health beverages

Among the raw materials used in the technology of non-alcoholic drinks,
extracts of medicinal plants are promising. Most often, calendula, plantain and
nettle leaves, yarrow roots, thyme grass, mint, viburnum, blackthorn are used
in drinks®.

The following plant raw materials were selected for use in the technology
of non-alcoholic health drinks: rose hips, linden blossom, St. John's wort,
calendula flowers, mint, lemon balm, valerian root, plantain leaves, and
chamomile flowers.

Linden blossom (Flores Tiliae) contains saponins, flavonoids, ascorbic acid,
carotene, essential oil. Linden blossom enhances the secretion of gastric juice,
increases bile formation, has pathogenic, antimicrobial, anti-inflammatory
properties. Promotes the elimination of toxins and metabolites.

Rosehip (Rosa majalis Herrm.) is a “treasure trove” of vitamins. Rosehip
fruits contain vitamins A, B, B,, E, K and P, ascorbic acid, pectins, tannins,
organic acids, fatty oil, flavonoids, carotene, glycosides, kaempferol and
quercetin, salts of manganese, iron, magnesium, calcium and phosphorus.
Rosehip fruits are used as an astringent, firming agent, they are prescribed for
liver diseases, malaria, urolithiasis, colds. Decoctions and syrups from rosehip
fruits are used for preventive and therapeutic purposes for scurvy, bleeding,
anemia®,

St. John's wort (Hypericum perforatum L) is a perennial herbaceous plant
that grows in Ukraine. Contains flavonoids, tannins, carotene, essential oil,
nicotinic and ascorbic acids, vitamins P and PP, choline, anthocyanins, alcohols,
traces of alkaloids and other compounds. St. John's wort is characterized by
antispasmodic, capillary-strengthening, anti-inflammatory and antibacterial
properties.

Calendula officinalis or marigolds (Calendula officinalis) is an annual
herbaceous plant. The flowers of the plants contain: carotene, rubixantin,
flavochrome, flavoxanthin, glycosides, resins, mucous and bitter substances,

3 Vitriak O., Tkachenko L. Spicy and aromatic raw materials in the technology of healthy desserts

and drinks // Sustainable food chain and safety through science, knowledge and business : Scientific
monograph. Riga, Latvia : Baltija Publishing, 2023. P. 381-395. DOI: 10.30525/978-9934-26-328-6-17

4 JlikapchKi POCIMHH: TpaJuiii Ta mepcrnekTuBy gociimkenb. bropo Ipesunii HAAH. URL: http:/
naas.gov.ua/news/?ELEMENT ID=2829 (nara 3Beprenns: 01.06.2026).
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organic acids, ascorbic acid, vitamins. Calendula has anti-inflammatory, wound
healing, bactericidal, properties®.

Mint (Mentha) is a genus of plants in the family Stinging nettle. Mint is
rich in essential oil (not less than 2% menthol), contains organic acids, tannins,
flavonoids, carotene, trace elements (copper, manganese, strontium, etc.). Mint
has sedative, choleretic, antiseptic properties, and also enhances the secretion
of digestive glands, improves appetite, and has an antispasmodic effect.
Peppermint is mainly used for herbal teas, and in vitro studies have proven that
this plant has significant antimicrobial and antiviral activity, strong antioxidant
and antitumor effects, as well as some antiallergenic potential®.

Lemon balm (Melissa officinalis L.) (lemon mint, lemon grass, lemon
balm) is a perennial herbaceous plant. Lemon balm leaves contain essential
oil (up to 0.3%), ascorbic acid, carotene, resins, tannins, caffeic, oleanolic and
ursolic acids. Lemon balm water is a part of anticonvulsant mixtures, the oil has
a sedative effect, the leaves have antibacterial properties. Lemon balm essential
oil contains citral, citronellal, geraniol, and has a lemon aroma. It is part of
herbal preparations used for insomnia and as a sedative’.

Valerian (Valeriana officinalis L.) is a perennial herb with a bunch of
numerous thin roots that have a strong odor. The rhizome and roots of valerian
contain essential oil, free isovaleric acid, borneol, terpenoids, alkaloids (valerine,
hatinine, actinidin), glycosides (valeride), sugars, tannins. The roots of the plant
have a calming effect on the nervous system, are used as an antispasmodic,
tonic, for nervous excitement, hysteria, dizziness, insomnia, heart neuroses,
nervous palpitations, asthma, migraines®.

Plantain (Plantago major L., Plantago borysthenica Rogow) is a perennial
herbaceous plant of the plantain family. Plantain extract has an antisclerotic
effect, reduces cholesterol in the blood. Plantain seeds contain aucubin, protein
and tannins, fatty oil, enzymes, resins. In folk medicine, they are used for
inflammatory processes in the stomach, intestines and chronic constipation.

Chamomile (Matricaria recutita L.), its flowers contain essential oils
(chamazulene), organic acids, coumarins, mineral salts, glycosides, vitamins.

5 JlikapchKi poCIMHM: TpaiuLil Ta IepCcHeKTuBr Kociikens. bropo Ipesunii HAAH. URL: http://
naas.gov.ua/news/?ELEMENT 1D=2829 (nara 3Bepuenns: 01.06.2026).

6 Switalski M., Rybowska A. Non-alcoholic beverages with plant additives as a case of product
innovation — A systematic review of scientific articles. Humanities & Social Sciences Reviews. 2022.
Vol. 10. P. 34-45. DOLI: 10.18510/hssr.2022.1015.

7 Shakeri A., Sahebkar A., Javadi B. Melissa officinalis L. — A review of its traditional uses,
phytochemistry and pharmacology. Journal of Ethnopharmacology. 2016. Vol. 188. P. 204-228. DOL:
10.1016/j.jep.2016.05.010

8 Shakeri A., Sahebkar A., Javadi B. Melissa officinalis L. — A review of its traditional uses,
phytochemistry and pharmacology. Journal of Ethnopharmacology. 2016. Vol. 188. P. 204-228. DOI:
10.1016/j.jep.2016.05.010.
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Chamomile decoctions have a choleretic effect, exhibit painkilling, and sedative
properties. Chamomile preparations are used for gastritis, hepatitis, cholecystitis,
colitis, cystitis, and gastric and duodenal ulcers’.

Below is a detailed analysis of the beneficial properties and chemical
composition of the selected raw materials (Table 1)

Table 1
Useful properties of medicinal plant raw materials

Plant name Consumer Biologically active Health benefits from use
form substances (BAS)
1 2 3 4
Rosehip Dried Ascorbic acid; carotene; Antisclerotic and anti-
May fruits vitamins B,, B,, PP, K; inflammatory effect; activation
(Rosa majalis pantothenic acid; flavonoids; | of enzyme systems and redox
Herrm.) pectin substances; organic processes in the body; elimination
acids; salts of iron, of vitamin C deficiency;
manganese, magnesium, normalization of carbohydrate
potassium metabolism; reduction of capillary
fragility and permeability
Mint Fresh Menthol, carotene, organic Sedative, hypotensive, antiseptic,
(Mentha) and dried | acids; vitamin C; rutin; analgesic and antiemetic
leaves flavonoids; trace elements; effects; antihypoxic and weak
tannins; cineole antispasmodic effect; stimulation
of bile secretion; thinning and
removal of phlegm from the
bronchi and lungs
Melissa Fresh Vitamins: C and B vitamins; | Overcoming insomnia; sedative;
officinalis and dried | minerals: potassium, iron, improving the functioning of the
(Lemon balm) |leaves magnesium; essential oils nervous system; lowering blood
(Melissa pressure in hypertension; analgesic
officinalis L.) effect; improving the functioning
of the gastrointestinal tract
St. John's Dried Flavonoids, tannins, Antispasmodic, capillary-
wort twigs with | carotene, vitamins P, PP, strengthening, antibacterial and
(Hypericum inflores- choline, essential oils anti-inflammatory effects
perforatum cences and
L) leaves
Calendula Flowers Carotenoids, flavochrome, Anti-inflammatory, bactericidal,
officinalis glycosides, resins, mucilages, | wound healing effect
(Calendula organic and ascorbic acids
officinalis)

?  Jlikapcbki pocauHM: Tpamuuil Ta NepcreKTHBH pocmimkeHb. biopo Ilpesuaii HAAH. URL:
http://naas.gov.ua/news/?ELEMENT_ID=2829 (nara 3Beprenns: 01.06.2026).

1 Shaik M., Hamdi 1. H.,, Sarbon N. A comprehensive review on traditional herbal drinks:
Physicochemical, phytochemicals and pharmacology properties. Food Chemistry Advances. 2023. Vol. 3.
Article 100460. DOI: 10.1016/j.focha.2023.100460.
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Continuation of table 1

(Flores Tiliae)

1 2 3 4
Valerian root | Roots Essential oil, isovaleric Pronounced sedative effect;
(Valeriana acid, borneol, alkaloids antispasmodic effect in heart
officinalis L.) (valerenic), glycosides neuroses and insomnia
Plantain Fresh Glycoside aucubin, Anti-sclerotic effect; cholesterol
(Plantago and dried | polysaccharides, tannins, reduction; anti-inflammatory effect
major L.) leaves enzymes, organic acids in gastritis
Chamomile Flowers Essential oil (chamazulene), | Choleretic, antispasmodic,
(Matricaria organic acids, coumarins, sedative effect; used for peptic
recutita L.) glycosides, vitamins ulcer disease
Linden Flowers Saponins, flavonoids, Antimicrobial, diaphoretic effect;
blossom ascorbic acid, carotene, increased secretion of

essential oil

gastric juice; elimination
of toxins

Source: developed by the authors based on Shakeri A. et al (2016), Shaik M. et al
(2023) and 5. IT. HAAH (2025).

The chemical composition of medicinal plants is represented by the main
groups of physiologically active substances: flavonoids, tannins, vitamins,
macro — and microelements, organic acids, essential oils (Table 2).

Table 2
Chemical composition of medicinal plants
Mass fraction, %

Plant raw " "

materials extractive substances | essential oils tannins asco::;ncﬂ Z cid,
Chamomile 423 0.85 3.8 18
Calendula 42.1 0.02 2.5 100
St. John's Wort 43.0 0.35 13.0 120
Mint 343 2.75 12.1 260
Plantago 37.8 0.01 5.0 300
Linden 40.7 0.05 6.8 25
Rosehip 384 0.01 4.5 2900
Lemon balm 45.7 0.33 5.0 150
Valerian 36.8 1.50 2.3 5

Source: developed by the authors based on Shakeri A. et al (2016) and b. Il. HAAH

(2025).
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2. Technology and comprehensive quality assessment
of new non-alcoholic beverages

As a control sample for the research, non-alcoholic drinks typical of
Ukrainian cuisine “Rosehip Drink” and “Linden Blossom Tea” were chosen''.

Extracts from medicinal plants were prepared in a ratio of 1:10 by keeping
a portion of each plant in distilled water at a temperature of 75°C for 30 minutes
with constant stirring. The obtained aqueous extracts of mint, chamomile,
St. John's wort, calendula, lemon balm (melissa), valerian, and plantain were
filtered and compositions were created by organoleptic analysis. The best results
in terms of taste and aromatic qualities were obtained by composition A, which
included: extracts of plantain, calendula, mint, and St. John's wort in a ratio
of 1:0.5:2:1, respectively. The second composition D consisted of extracts of
lemon balm (melissa), valerian, and calendula in a ratio of 2:1:0.5 (Fig. 1).

St. John's wort Plantain Calendula
extract exiract; f.fgf-:'l
0% 20%%; 8%

= Comipasitian D
Composition A ¥

_ B Calendula Valerian T )
Mlint o  viract: i
% extract extract
- *
extract; L0%: 14% P

4]

B Lemon
it

4 balm exract
N 57%

Fig. 1. Structural model of the prescription composition of herbal extracts
(Composition A and Composition D)

Source: developed by the authors.

Rosehip and linden blossom, as a base, were brewed separately according
to the recipe of these drinks “Rosehip Drink” and “Linden Blossom Tea”.
According to the results of organoleptic studies, it was found that composition
A is the most successful for a roschip drink, since its refreshing and tonic
properties are harmoniously combined with the sweet and sour taste of rosehip
fruits. Composition D turned out to be optimal for linden blossom tea, the
components of which form a soft aromatic bouquet and emphasize the delicate
honey-herbal taste of linden blossom.

The amount of composite solutions of herbal extracts in the experiments
(% of water content according to the recipe) was 5, 10, 15, 20%. The
organoleptic evaluation of the drinks “Rosehip drink with herbal extracts”

1" Jlammmpka H. B. TexHOMOTisE HATIOIB, €KCTPAKTIB Ta KOHIICHTpATIB : HaB4. moci6. Yepriris : HYUK

imeni T. I. [leBuenka, 2021. 217 c.
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(based on composition A) and “Linden blossom drink with herbal extracts”
(based on composition D) was carried out on a 5-point scale (Table 3).

Table 3
Organoleptic characteristics of non-alcoholic health drinks

Organoleptic evaluation of indicators, points
Experiment Appearance | Smell | Color | Taste | Consistence or(:l‘xlli)rlzlltic
options KoedinienT Baromocri g mfnt
2 [15] 15 [ 3 | 2
“Rosehip drink with herbal extracts”
Control 4.8 4.7 4.6 4.8 4.9 4.6
Experiment 1 (5%) 4.8 4.8 4.6 4.8 4.9 4.7
Experiment 2 (10%) 4.8 4.8 4.6 4.9 4.9 4.8
Experiment 3 (15%) 4.8 4.8 4.6 4.6 4.9 4.6
Experiment 4 (20%) 4.8 4.7 4.6 4.5 4.9 4.4
“Linden blossom drink with herbal extracts”
Control 4.8 4.7 4.6 4.8 4.9 4.6
Experiment 1 (5%) 4.8 4.8 4.6 4.6 4.9 4.6
Experiment 2 (10%) 4.8 4.8 4.6 4.8 4.9 4.7
Experiment 3 (15%) 4.8 4.8 4.6 4.9 4.9 4.8
Experiment 4 (20%) 4.8 4.7 4.6 4.5 4.9 4.5

Source: developed by the authors.

When the content of the herbal extract composition is increased to 20%
in a non-alcoholic drink based on rose hips, a deterioration in taste and the
appearance of excessive bitterness are observed. According to the results of
the study, it was found that the most optimal option for the “Rose hip drink
with herbal extracts” is Experiment 2 using the herbal extract composition A in
an amount of 10% of the total volume of the drink. The developed drink is
characterized by a refreshing sweet-sour taste and pleasant spicy-herbal shades
of aroma, which are harmoniously combined with the natural taste of rose hips.

According to the results of organoleptic studies of the drink “Linden
blossom drink with herbal extracts”, the optimal option for the content of herbal
extracts of composition D is 15% (Experiment 3). Flavor components of the
drink: refreshing, spicy, sour, herbal. The aroma of the drink is formed from
spicy and fruity shades. The intensity of the aroma is well expressed in two
samples of health drinks.

The developed technology of the drink using linden blossom and spicy-
aromatic plant raw materials is presented in Fig. 2.

The technological process of preparing “Rosehip Drink with Herbal
Extracts” includes preparing plant raw materials, extracting medicinal herbs,
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preparing rosehip infusion, and mixing components in certain proportions
(Fig. 3).

Lmden Mlels ”‘l.':lluri:m ‘ Calendlla
blossmm

h h A F

Clenmprostion 2

Water |
t=100"C l l
_-‘ Mixing dry herbs |1—

Infusion t=640 mimn » Herbal Extrachion 4J
‘ =30 min I=75 907

"TLmden blossom drmk with herbal extracts"

Fig. 2. Technological scheme for preparing “Linden blossom drink
with herbal extracts”

Source: developed by the authors.

An important stage of the comprehensive evaluation of the developed non-
alcoholic product “Rosehip drink with herbal extracts” (using the optimally
defined composition A in an amount of 10% of the total volume) was the study
of the chemical composition. Since the purpose of the innovative technology is
to provide the drink with health-improving properties'?, key attention was paid
to the analysis of the transition of biologically active substances (BAS) from
plant raw materials (rosehip, plantain, calendula, mint and St. John's wort) to
the finished product (Table 4).

Since linden blossom has a moderate content of nutrients, the addition
of a balanced complex of medicinal herbs increases the biological value of
the drink and enhances its therapeutic and prophylactic properties due to the
synergistic interaction of the components of composition D. The content of
Pectin substances, Vitamin C (Ascorbic acid), and minerals (Iron, Phosphorus,
Sodium, Magnesium, Calcium) increased (Table 5).

To summarize the results of experimental studies and conduct an objective
assessment of the developed non-alcoholic health drinks, a complex quality
indicator was calculated. For the calculation, key descriptors were selected that

12 JKemninceka M., Myurrpyk M., Bacunis B., Topenkos K. Hamoi 3 BUKOpPUCTaHHAM eKCTPAaKTiB

JKapchKoi POCIMHHOI CHPOBHHH. 300pos'a noounu ma nayii. 2023. Ne 1. C. 37-48. DOI: 10.31548/
humanhealth.1.2023.37.
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Fig. 3 Technological scheme for preparing
“Rosehip drink with herbal extracts”

Source: developed by the authors.

Table 4
Chemical composition of “Rosehip drink with herbal extracts” (per 100 g)
Substance content .
Chemical Rosehip drink Rosehip (::lt::c?:th nerbal g f’l“n j_g
composition % of daily . % of daily £ % 2
Control requirement Experiment requirement | = s
1 2 3 4 5 6 7
Ascorbic acid 0.8 0.9 1.20 1.30 +0.40 +150.0
(Vitamin C)
Beta-carotene 0.02 0.36 0.03 0.60 +0.01 +150.0
Calcium 0.23 0.03 0.37 0.05 +0.14 +160.9
Iron 0.30 3.00 0.60 6.00 +0.3 +200.0
Magnesium 0.70 0.18 0.80 0.20 +0.10 +28.6
Phosphorus 0.70 0.09 0.70 0.09 0.00 0.00
Potassium 1.90 0.08 2.00 0.08 +0.10 +105.2
Sodium 0.40 0.03 0.60 0.05 +0.20 +150.0
Manganese 0.20 4.00 0.40 8.00 +0.20 +200.0
Zinc 0.30 2.50 0.70 5.80 +0.40 +233.3
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Continuation of table 4

1 2 3 4 5 6 7
Pectin 0.12 0.05 0.23 0.09 +0.11 +191.7
substances
Tannins 0.02 - 0.03 - 0.01 +150.0
Organic acids | 0.37 - 0.40 - 0.03 +108.1
Energy value, | 6.09 0.38 8.14 0.51 +2.05 | +133.7

kcal
Source: developed by the authors.

are crucial for ensuring high quality of restaurant products and providing drinks
with clearly expressed functional properties. Since drinks have a different raw
material base, the nomenclature of determining parameters for each of them
was formed individually. For the “Rosehip drink with herbal extracts”, the list

Table 5
Chemical composition of “Linden blossom drink with herbal extracts”
(per 100 g)
Substance content N
. Linden blossom drink with g Il G\:“
Chemical Linden blossom tea herbal extracts E =) 2
composition & E ]
Control o o.f daily Experiment v O.f daily 23 g
requirement requirement _a
Ascorbic acid
(Vitamin C) 0.40 0.44 0.50 0.56 +0.10 | +125.0
Beta-carotene 0.02 0.40 0.05 1.00 +0.03 | +250.0
Calcium 0.14 0.02 0.20 0.03 +0.06 | +142.8
Iron 0.20 2.00 0.40 4.00 +0.20 | +200.0
Magnesium 0.60 0.15 0.90 0.26 +0.30 | +150.0
Phosphorus 0.40 0.05 0.70 0.09 +0.30 | +175.0
Potassium 1.20 0.05 1.50 0.06 +0.30 | +125.0
Sodium 0.50 0.04 0.80 0.06 +0.30 | +160.0
Zinc 0.23 1.92 0.23 1.92 0.00 0.00
Aluminum 0.60 1.71 0.70 2.00 +0.10 | +116.7
Pectin 0.60 0.25 0.90 0.38 +0.30 | +150.0
substances
Tannins 0.04 - 0.05 - +0.01 | +125.0
Organic acids 0.46 - 0.50 - +0.04 | +108.7
E:;rgy value, 542 0.31 7.51 0.45 42.09 | +138.6

Source: developed by the authors.
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included organoleptic assessment, content of Ascorbic acid (Vitamin C), Iron,
Magnesium, Pectin substances and Beta-carotene. For the “Linden blossom
drink with herbal extracts”, the organoleptic assessment, Beta-carotene
(Provitamin A), Phosphorus, Calcium, Pectin substances, Sodium were selected
as determining criteria. During the assessment, the real significance of each
individual parameter in their totality was taken into account by determining the
corresponding weight coefficients. The results of mathematical calculation of
single and complex quality indicators for control and experimental samples of
both drinks are given in Table 6.

Table 6
Calculation of a comprehensive quality indicator for non-alcoholic health
beverages
Indicator coe}')f‘i]:gxl:tt,ir:lgni ts Control Experiment
1 2 3 4
“Rosehip drink with herbal extracts”
Organoleptic assessment, points 0.2 4.60 4.80
Ascorbic acid (Vitamin C) 0.2 0.80 1.20
Iron 0.1 0.30 0.60
Magnesium 0.2 0.70 0.80
Pectin substances 0.2 0.12 0.23
Beta-carotene 0.1 0.40 0.05
Single quality indicators
Organoleptic assessment, points K, 0.225 0.614
Ascorbic acid (Vitamin C) K, 0.225 0.614
Iron K; 0.112 0.307
Magnesium K, 0.225 0.614
Pectin substances Ks 0.225 0.614
Beta-carotene K4 0.112 0.307
Comprehensive quality indicator, units 1.124 3.07
“Linden blossom drink with herbal extracts”

Organoleptic assessment, points 0.2 4.6 4.8
Beta-carotene (Provitamin A) 0.2 0.3 0.4
Phosphorus 0.1 0.4 0.5
Calcium 0.2 0.6 0.7
Pectin substances 0.2 0.12 0.9
Sodium 0.1 0.5 0.8
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Continuation of table 6

1 | 2 | 3 | 4
Single quality indicators
Organoleptic assessment, points K, 0.215 0.334
Beta-carotene (Provitamin A) K, 0215 0.334
Phosphorus K, 0.103 0.206
Calcium K, 0.215 0.334
Pectin substances Ks 0.215 0.334
Sodium K 0.103 0.206
Comprehensive quality indicator, units 1.12 2.05

Source: developed by the authors.

According to the calculation results, the complex quality indicator for the
“Rosehip drink with herbal extracts” increased from 1.124 (control) to 3.07
units (experiment), and for the “Linden blossom drink with herbal extracts” —
from 1.12 (control) to 2.05 units (experiment). In order to clearly visualize the
results obtained and model the consumer value of non-alcoholic health drinks,
quality profile graphs were constructed (Fig. 4).

CONCLUSIONS

The relevance of developing health drinks, which corresponds to the current
trends of increasing consumer demand for functional products, has been
substantiated. The feasibility of using extracts of medicinal plants for enriching
drinks has been proven. Consumption of drinks based on extracts of medicinal
plants is aimed at increasing the protective functions of the body by enriching
the diet with biologically active substances.

Organoleptic
evaluation
10

M’.:_nu_-n
Calcium
== CONAD] e EXpETIMSENL - = CONHro] ==t experiment
Rosehip drink with herbal extracts Linden blossom drink with herbal extracts

Fig. 4. Quality profiles of non-alcoholic health beverages
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9 types of plant raw materials were selected and analyzed, including rosehip
fruits; mint, plantain, lemon balm leaves; chamomile, calendula flowers; linden
blossom, St. John's wort grass, valerian roots. The beneficial properties of the
raw materials were determined in terms of the presence of biologically active
substances, as well as the health-improving effect on the human body. The
chemical composition of plant raw materials was analyzed for the content of
extractive substances, essential oils, tannins and ascorbic acid. The value of
these indicators was taken into account when creating compositions of extracts
of medicinal plants. Rosehip and linden blossom extracts were proposed as the
basis for non-alcoholic health drinks. Various compositions of plant extracts were
tested. The best results in terms of taste and aroma were shown by: composition
A, which consists of extracts of plantain, calendula, mint, St. John's wort in
a ratio of 1:0.5:2:1, and composition D, which consists of extracts of lemon balm,
valerian, and calendula in a ratio of 2:1:0.5. “Rosehip drink with herbal extracts”
(based on composition A) and “Linden blossom drink with herbal extracts”
(based on composition D) were developed, and an organoleptic assessment of
the drinks was carried out. Based on the tasting assessment, rational amounts of
plant extract compositions in the composition of health drinks were determined.
Technological schemes of drinks were developed, calculations of chemical
composition, complex quality indicators were carried out, quality profiles of non-
alcoholic drinks for health purposes were built.

Technologies of new health drinks were developed, which have improved
taste properties, increased content of biologically active substances, and also
have a positive effect on the human body. The prospects of introducing the
developed drinks in restaurant establishments, as well as in fitness clubs, SPA
centers and health-improving establishments were substantiated. The technology
of the developed soft drinks can be recommended for craft productions that are
focused on the rapid introduction of innovations and meeting local demand for
non-alcoholic health beverages.

SUMMARY

The article reveals an innovative technology of non-alcoholic health drinks
based on plant raw materials and compositions of herbal extracts. The relevance
of the study is due to the need to expand the range of functional products enriched
with biologically active substances (BAS) in the conditions of an unfavorable
environmental situation and growing demand for a healthy lifestyle, as well as
the need to introduce such drinks into the menus of restaurant establishments
and craft industries. The chemical composition and beneficial properties of
promising medicinal raw materials (rose hips, linden blossom, mint, lemon
balm, St. John's wort, calendula, etc.) are analyzed. The process of creating
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prescription compositions of extracts is characterized and their effect on the
organoleptic indicators of finished products is determined. The optimal doses
of herbal complexes were substantiated: 10% of the composition of plantain,
calendula, mint and St. John's wort for the “Rosehip Drink” and 15% of the
composition of lemon balm, valerian and calendula for the “Linden Blossom
Drink”.

The chemical composition of the developed drinks was studied and
a significant increase in their biological value (in particular, the content of
vitamin C, vitamin A, pectin substances and mineral elements) was proven due
to the synergistic effect of the components. A complex quality indicator was
mathematically calculated, which confirmed the superiority of the experimental
samples over the control ones. The results of the study confirm that the
developed craft technology is an effective tool for increasing the consumer
value of drinks and can be successfully recommended for implementation in
restaurant establishments.
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CHAPTER 8

BUKOPUCTAHHSA OIETUYHOI OOBABKU
«KNITKOBUHA TrPEHAHA» Y BUPOBHULITBI
BOPOLUHAHUX KOHOUTEPCbKUX BUPOBIB

€snauwi B. B., Kobaca I. M., la33asi-Porosina J1. B.
DOI https://doi.org/10.30525/978-9934-26-697-3-8

BCTYI

XapuyBaHHSI HaJEKUTh 10 HAWBAXKIMBIIIKX (HAKTOPiB, 10 BU3HAYAIOTH
SKICTh 1 TPUBAJICTh JKUTTS CYYacCHOI JIFOMUHHU, YCKIAJHEHOTO HECIPUSTIHBOIO
€KOJIOTIYHOI0 CUTYAIII€10, COL[IaIbHUMH POOJIEMaMu, CTPECAMH, MAJIOPYXJIUBUM
CIOCOOOM KUTTS, HIKI[UIMBUMH 3BHuUKamu 1 T.. Ha npomy ¢Qoni mopyuieHHs
OCHOBHHUX IPUHIIMIIIB Pal[iOHAILHOTO XapuyBaHHsI, II0B’s3aHe 3 HOPYIICHHIM
OanaHcy eHeprii Ta XapyoBUX PEYOBHH, OJHOMAHITHICTIO XapyOBUX PALliOHIB,
B)KMBaHHSM B Ky padiHOBaHUX MTPOIYKTIB, IO IPOUILUIN NIMOOKY ITPOMHUCIIOBY
nepepoOKy, a TakoXK 3 HENpaBHJIBHUM PEKHUMOM XapuyBaHHs, MPHU3BEJIO 0
3MEHILIEHHSI OIMIPHOCTI OpPraHi3My BIUIMBY HaBKOJMIIHBOTO CEPEJOBHIIA Ta
3pOCTaHHS YHUCJa XPOHIYHUX 3axBOproBaHb. OIUH 13 OCHOBHHMX HPUHIIMIIB
KOHIICTIIIT 3/J0POBOT0 Xap4yBaHHs — HOJIOXKEHHS PO T€, [0 XapuyBaHHs Ma€ He
TIIBKK 33/I0BOJIBHATH TOTPEOU OpraHi3My JIFOAMHU B Xap4OBHX PEYOBHMHAX Ta
eHeprii, a it BUKoHyBaTu PO TAKTUYHI Ta JIiKyBabHi 1. OHAK pe3yIbTaTi
eMiJIEMIOJIOTIYHUX JOCHI/DKEHb, MPOBEACHUX Yy Hamlil KpaiHi, BUSBHIU
cepio3Huil aucbananc y 3a0e3rneueHOCTi HAaCeJICHHS! XapuyOBUMH PEUOBHHAMH,
30KpeMa 3HIDKCHHS pIBHS CIIOKMBAaHHS JDKEped IIOBHOIIHHOTO Oijka,
HOJIHEHACHYEHUX )KUPHUX KUCIIOT, HU3KH BITaMiHIB Ta MiHEpaJIbHUX PEUOBHH,
XapyOBUX BOJIOKOH Ha TJIi MiIBUIIEHOTO PIBHS CIIOKMBAHHS HACUUEHHX JKUPIB,
IyKpPY Ta aJIKOTOJII0. 3a CY4acCHOTO MaJIOPYXJIUBOTO CIIOCOOY MHUTTS OLIBIIOCTI
JKUTEJIIB MICT IXHI CHepPreTHYHI MOTpeOu (cepenni BuTpatu eHeprii) y 2010 p.
cranoBu 2964 kkan, y 2020 p. — 2190 kkan'. Cepen HacmiAKiB Takoi cUTyaril
— PO3BHTOK Ta MOLIMPEHHS PI3HOMaHITHUX ITOPYLIEHb OOMiHY PEYOBHH, Y TOMY
YHUCIII OKUPIHHA. Y HaiOLIbmuX obmactax Ykpainu Bix 20 10 23% mopocioro

' Epstein D. E., Sherwood A., Smith P. J., Craighead L., Caccia C., Lin P. H. et al. Determinants
and consequences of adherence to the dietary approaches to stop hypertension diet in African-American
and white adults with high blood pressure: results from the ENCORE trial. Journal of the Academy of
Nutrition and Dietetics. 2012. Vol. 112. No. 11. P. 1763-1773. DOI: 10.1016/j.jand.2012.07.007.
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HacelleHHs1 Mae iHnekc Macu Tina monaj 30 3a Hopmu 20-25. EdexkruBHuit
3aci0 MpodiTaKTHKU OXKHUPIHHS — BBEJCHHS JI0 XapYOBHX PAIliOHIB TOCTaTHHOL
KUIBKOCTI XapuoBHX BOJIOKOH, PEKOMEH/IOBaHUH PiBEHb I000OBOTO CIIOKUBAHHS
skux craHoButh 25-38 12 Ilpore B Hamiii KpaiHi morpeba HaceJIeHHs
B XapyOBHMX BOJIOKHAaX IMPAaKTUYHO B YCIX pEriOHaxX 3a/J0BOJILHAETHCS JIMIIIE
Ha TPETHHY Y pa3i 30epeKeHHsS TCHJACHIT JO MONANBIIOT0 3HWKCHHS PiBHS
CIOXKUBaHHS 1i€l rpynu (QyHKIIOHANBHUX IHIPEIIEHTIB — OBOYIB, MPOIYKTIB,
IO MICTATH LiJbHE 3€pHO, OOPOIIHO rpyOoro momeny, BUCIBKHA. B parionax
XapuyBaHHsS HaceJIeHHS YKpalHM IepeBaXaloTh OOpOLIHSHI KOHAMTEPCHKi
BHUpOOHU, MaKapoHHI BUpOOU Ta XJ1i0 3 OOPOIIHA BUIIOTO IaTyHKY, NITi(OBaHUN
pHUC, OUYHMIICHI Ta OOpOOJCHI KPymH TOUIO, ajieé BOHH HE € TMOBHOLIHHUMH
JDKEpEeTaMi  XapuoBUX BOJIOKOH> * 5. OmuH 31 cnoco6iB, M0 J03BOJISIOTH
3MEHIIUTH Je(ilUT XapuoBUX BOJIOKOH y XapyyBaHHI HACEJIEHHs, — BBEJCHHS
BOJIOKOH y PI3HOMaHITHI XapuoBi TNPOAYKTH, OCOOIMBO Yy OOpOLIHSAHI
KOHIIUTEPCHKI BUPOOH, ITiIBUIIICHHS TXHBOT CTIOKUBYOT MPUBAOIUBOCTI 3aBIISKH
BHCOKHM OPraHOJICIITUYHUM BJIACTHBOCTSIM, HOBH3HI Ta OUEBHIHII KOPHCHOCTI
JUTS 3I0pOB’S1.

1. AHani3 MOXX/IMBOCTi BUKOPUCTaAHHSA HETPaAULLiIHHUX BUAIB CUPOBUHU
Y BUPOOHULTBI GOPOLLUHAHMX KOHAUTEPCbKUX BUPOGIB

Sk 3a3Ha4asocs BUILE, OIMH 13 e()EeKTUBHUX CIOCO0IB 3HIDKEHHS AediluTy
Xap4yoBUX BOJIOKOH Y PalliOHI HAaceJeHHs Iojisirac y 30aradeHHi HUMH Pi3HUX
MIPOAYKTIB XapuyBaHHs, 30KpeMa OOpOIIHSHHUX KOHJUTEPCHKHX BUPOOIB, i3
OZIHOYACHUM IIJIBUILEHHSAM IXHBOI CIIO)KHMBUOi NpPUBAOIMBOCTI 3a pPaxyHOK
BHCOKHX OPraHOJENTHYHUX NMOKA3HHUKIB, HOBH3HM Ta OYEBHIHOI KOPHCTI JUIs
3J10pOB’Ssl.

XapuoBi BoJOKHA (KJIITKOBHHA) — 1€ PI3HOBHJ CKJIaJHHUX BYIVIEBOAIB, KPiM
JITHIHY, SIKi HE PO3YHHSIOTHCS 1 HE MiJIAI0ThCs pyHHYBaHHIO KHCIOTaMU, TyTaMH

2 Muxaiinenko B. JI. IIpodinaktuka oxupinss — 3armopyka 310pos’s Haiii. Civetina meduyuna. 2022.
Ne 1-2 (99-100). C. 54-59. DOI: https://doi.org/10.30841/2307-5112.1-2.2022.260505.

3 Tsykhanovska I., Yevlash V., Gazzavi-Rogozina I., Lazarieva T., Tovma L. Pokrashchennia
spozhyvnykh vlastyvostei keksiv, zbahachenykh kharchovoiu dobavkoiu kombinovanoho skladu. Food
Science and Technology. 2025. Vol. 19. No. 2. P. 18-31. DOI: https://doi.org/10.15673/fst.v19i2.3185.

4 Tsykhanovska I., Tovma L., Lazarieva T., Blahyi O., Alexandrov A., Rikunov M., Kaplun S.,
Rikunov O., Smahin O. Improving the quality of rye-wheat bread enriched with flour from extruded
kernels of sunflower seeds for food supplies to military personnel. Eastern-European Journal of
Enterprise Technologies. 2023. Vol. 1. No. 11 (121). P. 50-59. DOI: https://doi.org/10.15587/1729-
4061.2023.273933.

5 Iluxanosceka 1. B., Jlazapesa T. A., €snam B. B., I'a33ai-Porozina JI. B., [magkockok A. A.
Onrumizaris pelenTypHOro CKiaay KeKCiB, 30arayeHMX OOpOLIHOM 3 €KCTPYNOBAHOTO spa HACIHHS
consnuky (BESIHC). [lpoepecusni mexwika ma mexnonoeii xapuosux upoOHUYme pecmopasHozo
2ocnodapcmea i mopeieni : 30. Hayk. mp. / pexkon.: B. M. Muxaiinos (Bimmos. pen.) Ta iH. XapkiB :
JBTY, 2025. Bum. 1 (37). C. 149-164. URL: http:/pttfpecbt.btu.kharkiv.ua/pttfpecbt/article/view/195.
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Ta (pepMEHTAMHU TPABHOTO TPAKTY JIFOIUHU. Xap4yOBi BOJIOKHA PO3LIEIUIIOIOTHCS
JIMIIE YACTKOBO Y TOBCTOMY KHILICYHUKY I1i]] BILTMBOM MiKPO(IOPH KHIIICUHHUKAS.
L{iHHiCcTh XapyOBUX BOJIOKOH Y TOMY 1 ITOJISITA€E, 10 BOHH HE IIEPETPABIIOIOTHCS
y [UTyHKOBO-KHIIKOBOMY TpakTi JroauHH. CHHOHIMAMM Ha3BH XapyOBUX
BOJIOKOH € TEPMiHH «0aJacTHI pEYOBUHM», «BYIJICBOIH, 1[0 HE 3aCBOIOIOTHCSY,
«KIIITKOBHHAY», «POCIIMHHI BOJIOKHa» Ta iHIIl. Hall0iinp11 npaBriIbHAHN 3 OIS LY
HayKH PO XapyyBaHHS Ta XIMIYHY CTPYKTYpY ILIMX PEYOBHH TEPMIH «XapyoBi
BOJIOKHA»’. Xap4yoBi BOJIOKHA — [[€ KOMIUIEKC CKJIaJHHIX BYINICBO/IB: KITITKOBUHU
(uentono3u), reMileIoNo3Hy, IIEKTHHIB, KaMe/i (TyMMi), CIIM3Y, a TAKOX JICHIHY,
IO HE € BYIIEBOAOM (IOJIIMEP apOMATHYHUX CIHUPTiB)S.

Lemrono3a (KJIITKOBHHA) € TOJIMEPOM ITFOKO3H. MIKPOCKOMIYHA KITITKOBUHA
(«oumilieHa KITITKOBHHA») — XapuoBa J100aBKa, IO 3aCTOCOBYETHCSA B Ji€Tax
y pa3i OKHpPIHHSA, YKPOBOTO AiabeTy 2 THIy Ta IHIIMX 3aXBOPIOBaHb. Bkl
KOPHCHO BUKOPHCTOBYBaTH KIIITKOBHHY (LIEJOJIO3y) HE 3 XapuoBoi 100aBKH,
a 3 MPOMYKTIB, IO MICTATh KOMIUIEKC HYTPIEHTIB Ta IHII KOMIIOHEHTH
Xap4oBUX BOJIOKOH. Leitoo3a — 11e o7iMH i3 BaXKIIMBHX €JIEMEHTIB y XapuyBaHHI
moauHu. BoHa ckopouye yac nepeOyBaHHs 1K1 y IUTyHKOBO-KUIIKOBOMY TPakKTi
Ta OJHOYACHO CIIPHSE OYMIICHHIO OPraHi3My BiJl TOKCHHIB Ta HuakiB. IpyOi
Xap4oBi BOJIOKHA (KJIITKOBHHA) — 1€ OJMH 13 BO)KIIMBUX XapUYOBHX KOMIIOHEHTIB.
KiiTkoBUHA HANCKUTh JO0 MOXHBHUX PEUOBHH, sKI MOMIOHO 10 BiTaMiHiB,
MiHEpaJbHUX COJICH 1 Bomm, HEe 3a0e3MeYyrOTh OpraHi3M CHEprier, aie
BiJIIrpaloTh BAXJIMBY POJIb Y HOro >KUTTeRisuIbHOCTI. KpiM TOro, KimiTkoBHHA
€ DKero Juis MIKpoQuiopH KHIIKiBHUMKA. UeMIioHaMH 3a BMICTOM TIpyOHX
Xap4yOBUX BOJIOKOH € Pi3HI MakyXu — Te, L0 3aJMIIA€THCS MICJs BIIDKUMY
pociuHHOT oIl (JIbHSHE OOPOIIHO, KOHOIUISTHA Makyxa, IIPOT PO3TOPOINIIi Ta
iH.) Ta BHCIBKH, sIKi HIyTh y BiJXiJ y HpoLECi BUTOTOBJIEHHS padiHOBAHOTO
OopolrHa BUIIUX COPTiB. BUCIBKY, SIK 1 MaKyXH, MICTATh Ipy01 Xap4oBi BOJIOKHA
y BHUCOKii KoHLeHTpauii. JleHHa HOpMa Xap4oBHX BOJOKOH CTaHOBUTH 25-35
abo 10-15 rpamiB Ha 1000 xkanm xapuoBoro pauioHy. He meHmie nomoBuHU
3 HUX HOBUHHI CTaHOBUTH TpyOi Xap4oBi BOJIOKHA (LEIT0NI03a, TEMILIEITI0NI03a,
JITHIH), a Jpyra IMOJIOBHHA T0OOBOI HOPMH MOBHHHA HAJXOIUTH Yy BUIISAIL
M’SIKMX Xap4yOBHX BOJIOKOH (TIEKTHHY, Kameni, ciu3y). Koxna ¢pakuis 3 HUX
BUKOHYE CBOi (yHKLIi IOJO O3JOPOBJICHHS OpraHi3My, HOJIMIIEHHS SKOCTI

¢  EFSA Panel on Dietetic Products, Nutrition, and Allergies (NDA). Scientific opinion on dietary

reference values for carbohydrates and dietary fibre. EFSA4 Journal. 2010. Vol. 8, No. 3. Art. 1462. DOL:
https://doi.org/10.2903/j.efsa.2010.1462.

7 QiX.,LiY., Fang C., Jia Y., Chen M., Chen X, Jia J. The associations between dietary fibers intake
and systemic immune and inflammatory biomarkers: a multi-cycle study of NHANES 2015-2020.
Nutrients. 2023. Vol. 15. No. 17. Art. 3390. DOI: https://doi.org/10.3390/nul15173390.

8 Slavin J. Fiber and prebiotics: mechanisms and health benefits. Nutrients. 2013. Vol. 5. No. 4.
P. 1417-1435. DOI: https://doi.org/10.3390/nu5041417.
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XKHUTTS Ta Ipane3farHocTi. Y 30aJaHCOBaHOMY XapyOBOMY palliOHi MaroTh
OyTH pi3HI NpPEICTABHUKH XapuoBHUX BOJOKOH’. Haremep mpiopuTeTHi HAayKOBi
JOCII/DKEHHST 3 pO3pOOKH e(DEeKTHMBHUX TEXHOJIOTIH KOMIUIEKCHOI mepepoOKu
BiJIXOJ[IB BUPOOHUIITBA, IO JTO3BOJISIE HANIOBHIIIE BUKOPUCTOBYBATH BUXIIHY
CHPOBHUHY 3 OTPUMAaHHSIM IPOAYKTIB, YHUKAIOYH HAKOIIMYEHHSI Ta OTPAIISTHHS
LIK|JUIMBUX PEYOBUH Y JOBKULIA. IlepcrieKTHBHa CHpPOBMHA Uil OTPUMaHHS
PI3HUX KOPUCHHX JIIOIWHI (PYyHKLIOHAIBHUX MarepiajiB — BEIMKOTOHHAXHI
BIJIXOIM CIJIbCHKOTO TOCIIONApCTBA, SKI HacaMmIepel KOHLEHTPYIOTBCS Ha
NepepoOHNX MiJANpHeEMCTBaX. TOMy OCTaHHIMM pOKaMM BEJIUKY YyBary
MIPUAUIIOTH TIOIIYKY HOBHX CIOCOOIB BHIUICHHS Ta aHaJli3y LIHHUX PEYOBHH
3 BIZIXOJIB BUPOOHUIITBA, SIKi paHilllc HE BUKOPUCTOBYBAJIKCh.

2. BuKopucTaHHS rpe4yaHoi J1y3ru siK LjiHHOro Xap4oBOro iHrpegieHTa

I'pevana nmysra — e Biaxoau BUPOOHMITBA rpedaHoi kpynu. Ilig wac
NepepoOKN 3epHa TIpeuKd Ha KpyIy Jy3ra CTaHOBUTh Onm3bko 22% BiX
3arajgbHOi Macu BHXiIHOI cupoBuHHM. Ilonmpm HH3BKY co0iBapTicTh, BOHA
€ IIHHOI0 CHUPOBHHOIO JUIsl MOAANbIIOl nepepoOku. ['peyana jry3ra CTaHOBUTH
1/3 Bix 3arajpHOi MacH 3epHa, BOHA TEMHO-KOPHYHEBOTO KOJILOPY, CKIaIa€ThCs
3 rpyOMX TOBCTOCTIHHUX KJITHH, SIKIi YaCTKOBO 3allOBHEHI BOJOPO3YMHHHM
KOPHYHEBUM MirMeHToM — (aromipuHoM. XiMIYHHHA CKJaJ TpevyaHoi JIy3ru
KOJIUBAETHCS B IIMPOKHX Jiala3oHaX 1 3aJIe)KUTh Bil COPTY I'PEYKH, YMOB ii
BUPOIIYBaHHS Ta BiJ] XapaKTEePHCTHKH TEXHOJOTIYHOTO IpPOLECYy NepepoOKn
3epHa. ToMy B JIiTepaTypHUX JDKEpesiaX BIIOMOCTI MIONO XiMiYHOTO CKJIaJy
rpeyaHoi JIy3rH JIeII0 BiJpi3HSAIOThCS MK coOoro. Jly3ra rpeduku y 3Ha4YHId
KIJIBKOCTI MICTUTH TIIOJIiCAaxXapuiy, $IKi Ba)XKKO TiIpOJ3yIOThCs, MiHEpajbHi
pEYOBHUH, OIIKH, KPOXMaib, MIKPOEIEMEHTH, a TaKOK KyMapHHH, MOXiIHi
KOPUYHOI KHCIIOTH, aMiHOKHCIJIOTH, aHTPALEHIIOXiJHI 1 JyOWJIbHI pEYOBWHH,
MIEPEBAYKHO TiJPOITI30BaHOl IPyIIH.

B ocHoBHOMY uy3ra rpedku mictuth 10 50% kiitkoBuHH, 3—4% cuporo
oinka, 4—5% nininis, 0,2—0,3% ykpi, 9—10% 30mu. BoHa 0arara KOMIUIEKCHUM
MiHEpaJbHUM CKIIQJIOM; y Hill HasBHI 3aii30, XpoM, KaJiid, HaTpid, MarHiu,
LUHK, Mizb, Gocdop, cpibno, kanblii, amomiHiid. BMicT MiHepaabHUX PEe4OBHH
3aJeXKHUTh BiJ| 0araTboxX MOKA3HMKIB, 30KpeMa, 3HAYHOIO MiIpOI0 BiJ COpPTY
IpEUKH, aje JJisl BCiX COPTIB XapaKTepHHUil 3HAYHHUIT BMICT Kasifo'.

®  Stabnikova O., Stabnikov V., Paredes-Lopez O. Wild edible plants, berries, mushrooms and

seaweeds in food production. In: Gubsky S., Stabnikova O., Stabnikov V., Paredes-Lopez O. Wild edible
plants: Improving foods nutritional value and human health through biotechnology. Boca Raton : CRC
Press, 2025. P. 1-47. DOI: https://doi.org/10.1201/9781003486794-1.

1 Bopobeup M. M., €pnam B. B., Kobaca I. M., Konapauyk I. B. ®opmysauust sikocti xmida
TIIEHMYHOTO 3 100aBKoto «KiiTkoBHHA rpedyanay. Haykosi mpani HarioHanbHOTO YHIBEPCHTETY Xap4OBHX
texHouorii. 2023. T. 23. Ne 1. C. 207-218. DOI: https://doi.org/10.31388/2078-0877-2023-23-1-207-21.
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['peuana mysra paHimie He BUKOPHCTOBYBAJIACh Y XapuoBili MPOMHUCIIOBOCTI,
aje 3riJHO 3 JITEepaTypHUMHU JDKEpelnaMH, Wicis BiANOBiAHOI 00pOOKH
BoHa HalyBae HEOOXiTHMX (YHKIIOHAJIBHO-TEXHOJOTIYHUX BJIACTUBOCTEH
Ta MOXIIMBOCTI BHKOPHUCTOBYBaTH i B TEXHOJIOTISIX XapuoBOi MpPOIyKLii Ta
IieTHYHUX 100aBoK'!.

Bimoma TexHojoriss OoTpuMaHHS TiApojizoBaHOi TpeyaHoi Jy3rH, ii
TEXHOJIOTIYHI BIIACTHBOCTI JO3BOJISIIOTH BUKOPUCTOBYBAaTH ii SIK J100aBKY
Ui OOPOIIHSHMUX KOHJOUTEPCHKUX BHpoOiB. [igponizoBana my3ra Mae
MPUEMHUH CMaK, apomar, I[IOKOJIaJHO-KOPUYHEBHH Koiip. bopomHsHi
KOHJIUTEPChbKI BHpPOOM 3 TpedyaHOIO JIy3rol0 MICTATH XapyoBi BOJIOKHA,
HeoOXiJHI JJIsl MMOCWIJICHHS ITPOLIECY TpaBieHHSA. TeXHOJIOTis KPiOreHHOro
MOJAPIOHEHHS JIy3rH, SIKy NPOBOASATH Y HU3BKOTEMIIEPATyPHUX ITOMOJBHHUX
arperarax, J103BOJII€E OTPUMATH MPOAYKT BHCOKOI JMCHEPCHOCTI, YHUKHYTH
py¥iHyBaHHs 0i0JIOTIYHO-aKTUBHUX PEYOBWH IIiJ Yac MepepoOKH CHUPOBUHH,
301BIIMUTH  OIOJOCTYHHICTH YyCIX TOXKWUBHUX pEYOBHH Y HPOAYKTI,
MiJBUIINTH 3aCBOIOBAHICTH OPraHi3MOM JIIOJIMHU Ta HAJaTH HOBI CHOXHBYI
BJIACTMBOCTI — 30UIbIIEHHS COPOWIMHOT 3JaTHOCTI IIOAO PagiOHYKIIIIB
1 BaXKMX METalliB, sIKa IEPEeBUINYE akTHBOBaHe Byriuisi. Kpiac-mobaBka
3 I'PEYaHol JIy3rd MICTUTh MiHEpajJbHI PEUOBUHH, MOJi(EHOIBHI CIIONYKH,
OprasiuHi KHCJIIOTH. Mae IOKOoJaJHUN KOJIip, 3HAYHUI TepMiH 30epiraHus,
HOro MOXXHa JI0ZaBaTh JI0 PEeLeNTypy XapuyoBUX IPOLYKTIB 0e3 A0AaTKOBOi
I ATOTOBKH.

XapuoBi BOJIOKHAa TpEYaHOi JIy3TH MICTATh KOMIUIEKC OiomonimepiB
(momicaxapuay, JITHIH), TOMY BOHHM IOTaHO IEPETPABIIOIOTHCS B IUTYHKOBO-
KHIIIKOBOMY TPAaKT1 JJFOANHH, aJie CTUMYIIOIOTh MOTOPHY AisJIbHICTD KUIIKIBHHUKA,
MEPEIIKO/UKAIOTh BCMOKTYBAHHIO XOJIECTEPHHY, HOPMaIli3yloTh Mikpoduopy
KHIIKIBHUKA, TPUTHIYYIOTh THWIBHI TPOLECH, ITO3UTHBHO BIUIMBAIOTH Ha
JIITHAA 00MiH, aJIcOpOYIOTh KOBUYHI KUCIOTH. Ha TeXHOJOriYHi BIACTHBOCTI
Xap4yOBUX BOJIOKOH BIUIMBAE CTPYKTYpa 1 iX MIDKMOJEKYJSpHI B3aeMopii, sKi
BU3HAYAIOTh: 3/aTHICTh YTPUMYBATH BOJIOTY, MOBEAIHKY ITiJ| 4ac KyJIiHapHOI
00pOOKH XapuoBUX TPOMYKTIB'Z.

VY rpeuanii Iy33i BHCOKMH BMICT MOJI(EHONIB: PyTUHY, KeMmdepoiy,
KBapLEeTHHY; (DEHOIKapOOHOBUX KHCIIOT: IPOTOKATEXIHOBOI, XJIOPOT€HOBOI.
Sk BimoMmo, aist MPOQUIAKTUKY 1 JIIKYBaHHS CEpLIEBO-CYJMHHHUX 3aXBOPIOBaHb,
IYKPOBOTO J1ia0eTy, peBMaTu3My, TilIEPTOHIi, 3aXBOPIOBAHB MICYIHKH 1 JKOBYHOTO

" Cimaxosa O. O., Huxugopos P. I1. Po3pobka HOBITHIX TexHOIIOTi# BHPOOiB 3 GopomiHa i3 3afaHUMH
BiIacTHBOCTAMY : MOHorpadis. Kpusnii Pir : JlonHYET, 2018. 146 c.

12 Goémez M., Martinez M. M. Fruit and vegetable by-products as novel ingredients to improve the
nutritional quality of baked goods. Critical Reviews in Food Science and Nutrition. 2018. Vol. 58.
No. 13. P. 2119-2135. DOI: https://doi.org/10.1080/10408398.2017.1305946.
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MiXypa 3aCTOCOBYIOTH IperapaTH 3 pyTHHY, KPIM TOTO, BiH IiJICHIIIOE 3aXHUCHI
GbyHKLIT opraHi3My, BILTHBAaE Ha iMyHITeT'.

Jlysra Tpeyku Mae KOpUYHEBE 3a0apBIICHHS, SIKE 3yMOBJIEHE ITIrMEHTOM
MenaHiHOM. € HaBiTh CIOCOOM OfEep)KaHHS KOPUYHEBOro OapBHUKA 3 JIy3rd
rpeukd. MenaHiH € palionpOTEKTOPOM, 33aXMIIAE KIITHHY BiJl KaHIIEPOICHIB,
JIe3aKTUBYE BUIbHI paJJUKaIn, HEHTPaJi3ye NPOAYKTH IIEPOKCUIHOTO OKMCHEHHS
nimigiB, KaramizaropoM O6ioXiMiuHHMX mporeciB y TkaHuHax'‘. TlepcrekTuBHE
3aCTOCYBaHHS JIYIIITMHHS T'PEYKH y XapyoBiii MPOMHUCIOBOCTI — OTPUMaHHS
KOPUYHEBOTO IIIIMEHTY (HaTypajbHOro OapBHHMKA), KW CTIHKMH 1O CBITIA,
IiIBUIIEHUX TeMIeparyp, i0HIB MeTaliB, YP-BUIIPOMIHIOBaHHS.

Po3paxyHox ¢izionoriyHoi noTpeOu CydacHoT JIIOIUHU B XapuOBUX BOJIOKHAX
cranoBuTh 30—40 r Ha 100y 3a eHEepreTHYHOI IIHHOCTI Xap4oBOTO pallioHy
2500 xkay. OgHaK MOAHS A0 PAIiOHYy BXOAWThH Y CEPEAHBOMY TPOXH Oinblie
10 T gieTMYHOT KITITKOBUHY, 110 B 3—4 pa3u MeHIIe HeoOxigHol Hopmu. Huni
CBITOBI TEHJEHLII 3HIKEHHS KaJOPIIfHOCTI pallioHy XapuyBaHHS 3yMOBIIIOIOTh
HEOOXiJHICTh PO3LIMPEHHS AaCOPTUMEHTY XJi0ONeKapchbKUX BHPOOIB, SKi
0 XapaxkTepu3yBalIuCh 301IbIIEHUM YMICTOM Xap4OBHX BOJIOKOH.

I'peuany ny3ry paHille He BUKOPUCTOBYBAIM Y XapyoOBili NPOMHCIIOBOCTI.
OnHak, Oepy4yd 1O yBard XiMIYHMHA CKJIaJ 1 HHU3BKY COOiBapTiCTh, MOXKHA
po3misiaary ii sk [iHHY Xap4oBy J00aBKy. 32 HEBEJIMKOT BapTOCTI riipoilizoBaHa
rpeyaHa Jjy3ra HaOyBa€ UYIOBHX TEXHOJOTIYHMX BJIACTHBOCTEH 1 MoOxe
BUKOPUCTOBYBATHCSl sSIK XapyoBa J00aBKa, 30KpeMa y XJi0oOyJouHHMX Ta
OOpOLTHAHUX KOHIUTEPCHKUX BUpoOax. OOpoOiieHa Jry3ra Ma€ NpUEMHHH CMak,
apomMar, II0KOJIaJHO-KOPHYHEBUH KOJIip.

OTKe, JOCIHIPKEHHS HETPpaJiLiHOT POCIIMHHOT CHPOBHHH — IPEYaHo] JIy3TH,
Oaratoi BiTaMiHaMH, Makpo- 1 MIKpOEJIEMEHTaMH, Xap4OBHMH BOJIOKHAMH
Ta CTBOPEHHS Ha Il OCHOBI HOBHMX BHJIB Xap4OBHX HPOAYKTIB — aKTyajbHE
3aBaHHs CbOTOJICHHSI.

3. O6rpyHTYBaHHSA TEXHOJIOTIi BUTOTOBJIEHHA GOPOLLHAHUX
KOHAUTEPCbKUX BUPOGIB 3 BUKOPUCTAHHAM Ai€ETUYHOI A06aBKU
«KniTKoBMHA rpeyaHa»

[Tig yac po3poOKK MPOAYKIT BUXOAMIN 3 TAKOrO: CTBOPEHHS MPOMYKIii,
sAKa 6 MAaKCHMaAJIbHO 3aJ0BOJIbHsJIA HOTpe6I/I CHO)KI/IBa‘IiB, 10 HacaMmepeq
nepeﬂ6aqae 3MiHy OpPraHOJICIITUYHUX HOKa3HI/IKiB HNIAXOM JA0AaBaHHSA

13 Martins Z. E., Pinho O., Ferreira I. M. P. L. V. O. Food industry by-products used as functional
ingredients of bakery products. Trends in Food Science & Technology. 2017. Vol. 67. P. 106-128. DOL:
https://doi.org/10.1016/.tifs.2017.07.003.

14 Mirpoor S. F., Giosafatto C. V. L., Porta R. Biorefining of seed oil cakes as industrial co-streams for
production of innovative bioplastics : a review. Trends in Food Science & Technology. 2021. Vol. 109.
P. 259-270. DOI: https://doi.org/10.1016/j.tifs.2021.01.014.
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nieTnuHol mo6aBku «KiiTkoBuHa rpedana». [locyn Ta iHBeHTap migOupaiu
y BIIMOBIIHOCTI JI0 TEXHOJOTIYHHX MPOIECIB Ta CHEIU(IKA MPHUTOTYBAHHS
3pas3kiB il jgociipkeHHs. Ilix  dYac  BiAmpamioBaHHS — peuenTypu
BHUKOPHCTOBYBAJIM CUPOBHHY Ta IPOAYKTH Macolo HeTTo. Po3poOky peuentypu
Ta TEXHOJIOTIi MPOBOAWIN Ha HeBenukux naprisx (10 mopuiit) y S-kparHid
MOCIIIIOBHOCTI. YCsI CHPOBHHA, 1110 BUKOPHCTOBYBaJIach, Bi/IITOBi1a1a BAMOTaM
YMHHOI HOPMATUBHOI JJOKyMeHTallii. 3a KOHTPOJIb BUOpaHO MadiHK Ta IEYHBO
BiBCSIHE, SIKI BUTOTOBJISUTUCH 3a TPAaIULIHHOIO perenTtypoto. Jinst nociimkeHHs
SIKOCT1 CHPOBHHH 1 TOTOBOI MPOAYKIiT OyJ0 BUKOPHCTAHO CTaHAAPTHI (i3HKo-
XIMIYHI Ta OPraHOJENTUYHI METOAM JTOCIIPKEHHS.

Bigbip mpo® Ta opraHoienTUYHY OLIHKY SKOCTI TOTOBHUX OOpPOLIHSHUX
KOH/UTEPCHKUX BUPOOIB 3 jieTH4HOIO J100aBkol0 «KiliTkOBMHA TpedaHa»
npoBoiy 3a JICTY 4683:2006 «Bupobu koHAMTEpCHKi. MeTOMU BU3HAYCHHS
OPraHOJIENITUYHHUX IOKa3HHUKIB SIKOCTI, PO3MIpiB, MacH HETTO 1 CKJIQJIOBHX
YaCTHHY.

SIKiCTh KOHTPOJBHOTO Ta JOCIIHOTO BUPOOY OILIHIOBANACS JIETyCTAIlIHHO0
KOMICI€I0 32 TaKMMHM ITOKa3HUKaMH, sIK: (opma, CTaH MOBEPXHi, BUA Y 3JaMi,
KOJIip, CMaK, 3arax.

JerycraniiiHa oLiHKa TPOBOAMIIACS 32 PO3POOICHUMH TAOIHULSIMH, B SKUX
KO)KHOMY ITOKa3HHUKY SIKOCTI BIANOBiJajia HOro XapakTepUCTHKa.

Busnadennst Bonorocti meunmBa mnpoBomwi 3rigo 3 JCTY 4910:2008
«Bupobu koHauTepchKi. MeTonu BU3HAYaHHS MacOBHUX YacTOK BOJIOTH Ta
CYXUX PEYOBHH.

Busnauenns cyxux peuogun

Mertos BU3HAUSHHSI CyXHX PEYOBHH TOTOBHX BUPOOIB IPOBOISTH IILIIXOM
pedpakToMeTpipyBaHHsS TONEPEIHLO PO3UYMHEHOI y BOJI HABICKHM BHPOOIB
Macor 5-10 .

Pospaxynox enepeemuunoi yinnocmi

EnepretnuHy LiHHICTB, KKaJl, pO3paxoByloTh 3a (opmysoro (1):

E=4xB+9xK+4xy (1)

ne b — 3aranbHa KidbKICTh OLJIKIB, T;

7K — 3arampHa KiNBKICTB JKHUPIB, T;

VY — 3aranpHa KiIBKICTh BYTJICBOJIB, T;

4 — xoe(ilieHT eHepreTHYHOI IIHHOCTI OiNKa;

9 — xoeQili€HT eHepreTHYHOT IIIHHOCTI XKUPIB;

4 — xoeQiIliEHT eHePreTUYHOT I[IHHOCTI BYIJICBOIIB.
JIy>XHICTh TICYMBA BH3HAYAIH TUTPOMETPUIHUM METOIIOM.
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HamokaHHsl TeynBa OIIHIOBATHM 3a BIJHOIICHHSM MacH HABaXKH IICIsA
3aHypEHHs Yy BOAY 10 MacH HABaXKW meped 3aHypeHHsM 3rigHo 3 JICTY
5023:2008.

4. Pe3ynbTaTu A0CNig)KEeHHS Ta IX 06roBopeHHs

4.1. 3azanvha xapaxmepucmuka oiemuunoi 000aeKu
«Knimkoeuna zpeuana»

Hietnuna pob6aBka «KiriTkoBHHA TpedaHay — CyXuil, OTHOPIIHUH,
IpiOHOMICTIEpCHUM  TOPOIIOK, SKWH OTPUMYIOTH 13 TpedaHoi Jy3TH,
3 MiJBUIIICHAM BMICTOM KJIITKOBUHHU Ta MiHEPaJTbHUX PEUOBHH JJIs 30aradeHHs
pamioHy xapuyBaHHS KOPHCHUMH XapuyOBUMH BOJIOKHaMH (puc. 1).

e nobaBka, sKa TmpH3HAYeHA Ui BHUKOPHCTAaHHS Yy BHPOOHHIITBI
XJ11000y709HNX, OOpPOUTHSIHUX KOHIUTEPCHKHUX, M SICHHX BHPOOIB, MPOXYKIii
XapYOKOHIIEHTPATHOI TMPOMHCIOBOCTI, K YaCTKOBa 3aMiHA IIICHHYHOIO
OopoITHa Ta 32 TEXHOJOTIYHOIO HEOOXiTHICTIO.

OpranonmenTidHi Ta (i3UKO-XIMIYHI TOKa3HWKH JI€ETHYHOI J00aBKH
«KitiTkoBHHA TpeyaHa» HaBeAeHO y Tabmuii 1.

Puc. 1. 3oBHimHi#i Buriaa aieTuuHoi 1o6aBku «KiliTkoBHHA rpeyanay

Tabmmsa 1
OpranosienTuyHi T2 ¢QizMKo-XiMivHI NOKAZHUKH
HaiimenyBanHus
. XapakTepHcTHKa
MOKA3HUKIB
1 2
30BHIMIHIN BUIIIS JlpibHa cyxa Maca cepe/iHbOI JUCIEPCHOCTI 63 CTOPOHHIX

JIOMIIIIOK 1 TBEPIUX IPYIOYOK.
Jonyckaerbest 10 10% HasiBHOCTI IPYIOYOK, LIO JIETKO
PO3CHIAIOTHCS Y pasi JISTKOro HaTHCKAHHS
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[Iponorxenns Tadmui 1

1 2

Koncucrenuis Poscumnuacra, ogHOpifHa

Kouip Bia CBITI0-KOPHYHEBOTO 0 TEMHO-KOPHYHEBOTO
JlomycTrMa HasiBHICTh BIATIHKIB BiJ CBITIO-KOPUYHEBOTO 10
TEMHO-KOPUYHEBOI'O 3aJIEKHO BiJl COPTY Jy3rH

3anax TIpuemunii, XapakTepHHii JUIsl LIOTO BUIY CUPOBHHH, Oe3
IUTICEHEBOT'0, 3aTXJIOr0, 3ripKJIOTO Ta iHIIMX CTOPOHHIX 3amaxiB

Cmax IIpuemHniA, XapakTepHUH 11 IHOTO BUAY CHPOBHHY, MPICHUIM,
HEUTpanabHUil

Dizuko-xiMiYHi MOKa3HUKH

Macosa yactka Bojoru %, | 6,5+ 0,3

He Oinbie

MiHepaibHi peYOBHHH, 5,33 +0,1
3araljibHa KiJIbKicTh %

Bwmict knitkoBuHH, % 67+ 3,0
daBonoinu, % 0,4
JlyounbHi pedoBuHH, Y% 1,7
Cepenniii po3mip 46,8303

YaCTHHOK, MKM

[Noka3Hukm Oe3mekw, a came: BMICT BaXXKHX METaJIB i MiKpoOioioriuHi
MMOKa3HUKH MJieTH9HOi mo0aBku «KiiTkoBHHa TpedaHa» BiAMOBIZAIOTH
BumoraM JICTY 4660 Ta pmep>xaBHHM Tiri€HiYHHM IpaBHIaM i HOpMawm,
3arBepxeHNM HakazoM MO3 VYkpaiau Ne 368 Big 13.05.2013 p.

4.2. Po3pobxa peyenmypu i yOOCKOHANEHHA MEXHO102IT Maginie
ma neuuea 8igcAHO-cpeuanozo «Biecanouka» 3 dodasannam
diemuunoi 0o6aseku «Knimxosuna cpevanay

Sk BUAHO 3 JaHWX, HaBEACHUX y TaOm. 1, 3a (hi3MKO-XIMIYHHM CKJIIaJIOM
1 OpraHoJEeNTHYHUMH MTOKa3HUKaMH JlieTndHa 1o0aBka «KiliTkoBMHA rpedaHa»
MoXke OyIu BBEJCHA 10 PELENTYpH OOPOLIHSHUX KOHIUTEPCHKUX BUPOOIB —
MadiHiB Ta NeYHBa BiBCSIHOTO.

Tomy Hamm Oyno po3po0JE€HO pelenTypy NednBa BiBCSIHO-IPEYaHOTO
3 J0oJaBaHHAM JieTHyHOI gJo0aBka «KIliTkOBMHa TpedaHa» — IIEUUBO
«BiBcsiHOUKa», 32 KOHTpOIIb Oyiia MpUITHATA CTaHAApPTHA PELEenTypa BiBCIHOTO
neynBa. Penentypa mneunBa BiBCSIHO-rpedaHoro «BiBcsHoukay HaBeneHa
y Tabnui 2.

Y pocnii NPOBOAMJM 3aMiHy MNIIEHMYHOTO OOpOIIHA Ha JIETHYHY
nobaBky «KiiTkoBuHa TrpeuaHa» y kimbkocti 20 Ta 30% Binm Macu
MIICHUYHOTO OOPOIIHA.
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Tabmuug 2

Peuentypa neunBa BiBcsiHO-rpedaHoro «BiBcsiHouka» (10c.1in)

Burpara cMpOBHHH, KI'
. MacoBa yacTka - "
InrpenienTu o 20% Big macu 30% Bin macu
CYXHX pe4oBHH, %
OopoHa OopouHa
BopourHo nieHnuHe 85,50 140 120,0
BUII[OTO COPTY
BopourHo BiBCsiHE 85,5 75,0 75,0
Llykop-micox 99,85 100,0 100,0
Jietnuna nobGaBka 91,0 50,0 70,0
«KiiTkoBHHA rpedyana
Maprapun 84,0 80,0 80,0
TTaroka/men 70,0 20,0 20,0
[lynpa BaHigbHA 99,85 10,0 10,0
Cinb 96,50 2,0 2,0
Harpiii Byrnekucnuit 50,0 1,2 1,2
Ponszunku 0,0 30 30,0
Kopuus 0,8 0.8
3arajiom — 600,0 620,0
Bomnoricts 8,00 + 2,0%
Tabmurs 3

Penentypa MadiniB 3 1o1aBaHHAM Ti€THYHOI 100aBKH
«KniTkoBuHa rpeyana»

Burparu cHpOBHHH, KT
HasBa N . .
Ne Madin KOHTPOJIb Madiun gocuin
CHPOBUHH
Y narypi | Y cyxiii peuoBuni | Y Harypi | VY cyxiii pequoBuni

1 | bopolHo nieHn4He 380,0 3240 266,0 215,0
2 | Kedip 220,0 24,2 220,0 24,2
3 | Oyxop 250,0 249,62 250,0 249,62
4 | Situs 66,0 17,82 66,0 17,82
5 | Maprapun 165,0 138,6 165,0 138,6
6 | BaninpHuii myxop 8,5 8,48 8,5 8,48
7 | Hatpiit nBoyrnekucnuit 2,50 2,5 2,50 2,50
8 | diernuna mobaBka - - 114,0 109,0

Pazom 1092,0 - 1092,0 -

Buxin 1000,0 1000

Jnst BurotoBiieHHss MaQiHiB 3 JIETHYHOIO J00aBKOIO Oyi0 B3ATO 06a30By
peuentypy. [pyHTyIO4MCh Ha TOIEPEAHIX MOCIIUKEHHSX, OYIO BBEICHO
J0 pelenTypHoro ckiaxy MadiniB gietmyHy no0aBKy y KiigpkocTi 30% 1o
3arajpbHOi KiTbKOCTiI OOpOITHA TIIIeHNnIHOTO (Tadm. 3).
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4.3. Jlocnioicennn opzanonenmuyHux ma QizuKo-xiMivHux NOKA3HUKIG
Mmaghinie ma neuuea siecano-zpevanozo «Biecanouxka» 3 0o0asanHAM
diemuunoi 0o6aseku «Knimxosuna zpevana»

Skicte roTOBHX BUpPOOIB  BCTaHOBIIOBAJIM 32  OPraHOJCNTHYHUMH
MMOKa3HUKAMU: 30BHIIIHIN BUIVISII, CMaK, KOJIIp, 3amax i KoJip Ha 3JaMmi.

VY Ttabmumi 4 npeAcTaBieHi pe3yNbTaTH OPraHOJCHTHYHOI OINIHKH SKOCTI
reyrBa BIBCSHOTO (KOHTPOJIb) 1 meuuBa BiBcsiHO-rpedanoro 3 20% ta 30%
KUIBKICTIO Ti€THYHOI 100aBKku «KIIITKOBHHA IpedaHay Bij 3arajibHOi KiJIBKOCTI
0OpoIIIHA 3 YpaxyBaHHSIM BaroMOCTI OCHOBHHX IMOKa3HHKIB.

Tabmuug 4
Pe3yabTaTu oprano/ienTUYHOI OI[iHKU MeYUBa BiBCSIHOIO 3 PiZHOIO
MACOBOI0 YaCTKOI0 Ti€eTHYHOI 100aBKkM «KiliTKOBHHA rpeyaHa

XapakTepucTHKA Ne4YnBa
3 JOXABAHHAM Ai€THYHOI J00aBKH

Haiimenypanus «KuiTkoBUHA rpeyaHa»

XapakTepucTuka

NMOKAa3HUKa

ne4ynBa (KOHTPOJIb)

3 20% piernunoi
106aBKH

3 30% npiernmunoi
00aBKH

30BHIIIHIA BULIISAL

®dopma npaBuIIbHA,
3 TPIIIMHAMEU

®opma npaBuiIbHa,
3 He3HAYHHMH
TpilIMHAMH

®opma npaBuIIbHA,
3 He3HaYHHMH
miipuBaMu

Kounip

CKOpHMHKH —
30JI0TAaBHH, M’ AKYILIKH
— 30J10TaBO-)KOBTUH

CKOpHHKH — CBITIIO-
KOPUYHEBUH,
M’SIKYIIKH — CBITIIO-
KOPUYHEBUH

CKOPHMHKHM — TEMHO-
KOPUYHEBUH,
M’SIKYILIKH — TEMHO-
KOpPUYHEBUH

Koncucrentis

M’sika BeepeuHi,

3 JIETKOIO KPUXKICTIO Ta
XPYCTKOIO CKOPHHKOIO
30BHI, 13 BUP2KEHOIO
3E€PHUCTOI0 TEKCTYPOIO

JlpiGHOMOpHICTA

JlpibHomopucra,
rpy0ima, nemo
3aTsATHYTA,

3 BKPAIUICHHSIMHI
no6asku. Kpuxka

Bursan y poznomi

3epHHCTA, TOMIPHO
MOPHCTa CTPYKTypa

3 BUIMMHMH BiBCSHUMHU
TUTACTIBLSAME

TouxocTinHa
LIapyBaTiCTh

3 HEpIBHOMIPHUMH
nopamu

TouxocTinHa
1IapyBaricTh

3 HEPIBHOMIPHUMH
rnopamu

TpilIKK CONOAKHH,

MeHn cononkuit
3a KJIaCHYHE

MeH11 coaoaKui,
3 JIETKUM

MICYUBY, 3 JIETKHM
BIATIHKOM ropixa

Cmak BJIACTHBMI NE4MBY, O6€3 MEYUBO, 3 JIETKUM .
MIPUCMAKOM >KapeHoT
CTOPOHHBOTO IPHCMaKy | MPHCMAKOM Maky Ta | .
ropixa P
BnactuBwmii Bractusuit
. KJIACHYHOM KJIACHYHOM
3amax Ipuemunii y y

HICYUBY, 3 BiATIHKOM
TPEYKH
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Pesynbrar opraHONENTHYHOI OIIHKY IMOKAa3aJd, MO 30UTBIICHHS KUTBKOCTI
nietnyHoi no0aBku «KITKOBHHA TpedaHa» «3arsArye» IOBEPXHIO BiBCSIHOTO
NeyrBa, pa3oM 3 LUM 3HUKIM XapakTepHi TPIIIUHM, ITOBEPXHS CTaBajia
OINbII IVIAJKOIO, IO TOTIPIIYE 30BHIIMIHIA BHUIVISLI, HIBEIIOIOYH XapaKTepHY
O3HaKy BIBCSHOIO IeYMBa — TPIIIMHM Ha moBepxHi. Komip meyuBa craBaB
IHTCHCHBHINIMM, TEMHIIIMM, 3MIHIOIOYHCh BiJl PIBHOMIPHOTO, CBITJIO-
COJIOM’SIHOTO JIO TeMHO-KOpu4HeBoro. Cmak mneurBa 3 20% aieTHYHOT 100aBKH
3aJIMLIABCS BIACTUBUM IHIPEIEHTaM, 1110 BXOASATH Y PELENTYpY MeUrBa BiBCSIHO-
rpeyaHoro, a 3 gonasaHHsIM 30% JieTHYHOI 100aBKM OLIBII BUPAKEHHH CMak
XKapeHoi rpedkd. Y 3yami BCl 3pa3ku IeYrBa MaJId NPOIEYEHY DPiBHOMIpHY
MIOPHUCTY CTPYKTYpy O€3 MyCTOT 1 BIICYTHICTIO CIIi/IiB HEPOMICY.

Sk BunHO 3 Tabnuii 4, 3paskw, B siki Oyno goxano 20,0% nieTHyHOi 100aBKH
BiJl Macu OOpolIHa, Mai)ke He 3MIHWINCS HOPIBHSHO 3 KOHTPOJIEM. Y BUIAJIKY
nonaBanHs 30,0% nmieTnyHOi MOOABKHM BiAYYBA€ThCS 3araX CMa)keHOI T'PEUKH,
TEKCTypa BUPOOIB cTae OLIBII KPHXKOIO, a CTPYKTypa TrpyOilllol0; TOTOBHUM
MPONyKT HaOyBae OULTBIIOI TBEPHOCTi. Y pa3i BBEIACHHS MIETHYHOI JOOaBKH
B Kinbkocti 20,0% BHpOOM MalOTh NMPUEMHUM TOPIXOBUH CMaK 1 JIETKHH 3amax
CcMakeHOi rpedkd. KpiM TOro, MOKpaIlylOThCsS TaKi XapaKTepHCTHKH, K
30BHILIHIK BUDIISAA (TIpaBWiibHA (OpMa 3 BHITYKIIOIO IIOBEPXHEI0), MOBEPXHS
(3 HeBEIMKMMH TpIlIMHaMH), KOHCHCTeHLis (apiOHomopucra) i BHIIAL
y po3ioMi (TOHKOCTIHHA LIapyBAaTiCTh 3 HEPIBHOMIPHMMH Imopamu) (puc. 2).
Takum 4YnMHOM, HaWKpalli OpPraHOJENTHUYHI MOKAa3HHKH CIIOCTEPIralThCs
y BHpoOax, B siki BBegeHo 20,0% maieTnuHoi 100aBKU Big Mack OOpoIHa.

Takoxx Oynau mpoBeneHi NOCITIPKEHHS BIBCSHOTO IEYMBa 3 JIOJaBaHHAM
nietnyHol 100aBkK «KiliTKOBMHA rpedaHa» MO0 BH3HAUSHHS MAcOBOi YacCTKU

Puc. 2. 3oBHimHIl BUIIA1 Me4nBa BiBCAHOTO (KOHTPOJIb)
i BiBCSIHO-TpeyaHoro 3 4acTkoo AieTnyHoi 100aBku «KiaiTkoBuHa
rpedyana» 20% Bin 3arajabHol KibkocTi GopomHa
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BOJIOTH Ta CyXHX PEYOBHH, JiaMeTpa TICTOBHUX 3arOTOBOK Ta BHPOOIB Micis
BUIIKaHHS, KUCIOTHOCTI 1 JY>)KHOCTI Ta OLIIHKM iX HAMOYYBaHOCTI.

Busnauenns macoeoi uacmxku eonoeu ma cyxux pevosun. 3rigao 3 JCTY
MacoBa YacTKa BOJIOTH B IIEUMBI BIBCSHOMY He IMOBHHHA nepeBuinysaru 10,5%.
UuM MeHIIa BOJOTICTH TicTa, TUM WIBHAWME 1 edexTHBHIIE BinOyBaeThCs
MIPOLIEC BUIIYKY 3 MEHIIMMHU €HEPreTUYHIUMHU BUTPATaAMH.

Busnauennsa kucnommnocmi i nyscnocmi. JIy)KHICTb € BaXKJIMBUM ITOKa3HUKOM
SIKOCTI, 0COONMMBO Yy BUPOOHHMITBI TeunBa. Jly>kHa peakiisi ednBa 3yMOBJIEHa
3aJMIIKaAMU XIMIYHHX pO3IIyIIyBayiB, sKi HE MOBHICTIO PO3KJIAIMCS il Yac
BUIIIKaHHS, a TAKOXK MPOAYKTaMH iX po3kiananHs. HesanexxHo Bix Buay reyrBa
JIY’)KHICTh HE IOBUHHA NepeBuiryBatu 2°T.

Busnauenna namoxanns. Hamokanss (a00 HaOyXaemicTh) BU3HAYAETHCS SIK
CHIBBIJHOIIEHHSI MAacH II€4MBa IICIsl HAaMOKAaHHS MPOTSATOM IIEBHOTO 4acy 0
HOro mo4aTkoBOi MacH y CyXoMy CTaHi, BUpakeHe y Bigcorkax. Llel mokasHuk
XapaKTepHU3Yye SIKICTh Ta IIOPUCTICTh BUPOOIB.

Pesyneratn  i3MKO-XiMIYHMX TOKa3HHMKIB II€YMBA BIBCSHO-IPEYAHOTO
3 PI3HOI MAacOBOIO YacTKOWO JieTH4HOi mo0aBku «KiriTkoBHHA TpedaHa»
MIOPIBHSIHO 3 KOHTPOJIEM (IIEYMBO BiBCSIHE) HaBEJICHI B TAOMMIII 5.

Tabmuns 5
Di3uKo-XiMiYHi NOKA3HUKHU NeYUBA BIBCSIHO-TPEYAHOIO0 3 Pi3HOI0
MACOBOI0 YaCTKOI0 AieTH4HOI 1o0aBkH «K/iTKOBHHA rpedyaHay
NMOPiBHAHO 3 KOHTPOJIeM (TIeYMBO BiBCcsHE)

3pa3ku neynBa
MacoBa 4yacTKa Ji€eTHYHOI 100aBKH
Tloxa3zunku «KuiTkoBuHa rpeyana»,% Bin Macu
KounTpous GopouHa
20 30

JiameTp TicTOBHX 45%45 45%45 45%45
HamiB(haOpHKaTiB, MM
Bwmict Bonoru, % 7,0+0,08 6,7+0,08 6,4+0,08
Jlyxuicts, °T 0,80+0,01 1,1+0,01 1,6+0,01
Macosa yactka 307u, % 0,52+0,01 2,97+0,03 4,68+0,07
Hawmoxannst, % 168,0+2,2 162,0+2,3 150,0+2,2
TotoBi BHpOOU-AiaMeTp, MM 54x54 54x54 54x54

Ax BumHO 3 Tabmmii 5, piBeHP HaAMOKaHHS CTaHOBUTH 156% i 150%
y 3paskax meunBa 3 gomaBaHHsIM 20% Ta 30% mieTndaHOI JOOABKHU BiIIOBITHO.
Jnsi KOHTPONBHOTO 3pas3ka el IOKa3sHWK CTAaHOBUTH 166%. 3MeHIICHHS
HaMOKaHHS y JOCIHIAHUX 3pa3Kkax MOSCHIOETHCS TUM, IO JOAABAHHS TIETUIHOI
I00aBKH IMiJBUIIY€E B SI3KICTh TICTa, MO cCHpHsie (GOpMyBaHHIO JpiOHOMOPHCTOL

174



cTpykTypu BupoOiB. Kpim Toro, nonmaBanHs mietmyHol no6aBku «KiriTkoBHHA
rpeyanay y MacoBiii uactui 20,0%, 30,0% Bin 3aranbHOi Macu OopomrHa
BHII[OTO TaTyHKy 30inbluye yxHicTh Ha (0,3+0,01 Ta 0,8+0,01)°T BigmosiaHo,
3MeHIrye Bojoricts Ha (0,3 ta 0,6)%, HamokanHs Ha (6,0 Ta 18)%, migBuIye
MacoBy 4acTKy 30y Ha (2,45 ta 4,16)% y 3pa3kax neurBa BiBCSHO-IPEYAHOTO
MOPIBHSHO 3 KOHTPOJILHUM 3Pa3KOM.

Takox HaMu OyJO MPOBEAEHO IOCIIKEHHS OPraHOJECITHYHHUX Ta (i3UKO-
XIMIYHUX TTOKa3HUKIB SKOCTI Ma(iHIB 3 BUKOPUCTAHHSIM JIETUYHOI JOOAaBKU
«KiitkoBuHa rpeuana» B 30 Ta 50% MmacoBiii yacTii Bij KUIBKOCTI OOpoIIHA.
JaHni HaBesieHO B Tao. 6, 7.

Tabmuug 6

Pe3ynbraTi oprasojienTH4YHOI OliHKkH MadiHIB 3 Pi3HOI0 MaCOBOIO
YaCTKOI0 Ai€TH4HOI 100aBKN «KiniTkoBHHA rpeyaHa»

XapakTtepucruka Madinis
3 J0JABAHHAM Ji€THYHOI J00aBKH

HajimenyBannsi | XapaKkTepHCTHKA «KIiTKOBHHA rpeuanar»
NOKa3HUKA MaQiHiB (KOHTPO.JIb) R . K .
3 30% npiermynoi | 3 50% npiermuHol
100aBKH 100aBKH
L ®opma mpaBuibHa, | DopMa IpaBUIbHA
30BHIiIIHIHI dopma npaBUiIbHa, p p ? p p ’
. 3 He3HAYHUMH 3 He3HAYHUMH
BUIIISIL 3 TpilMHAMH . .
TpilMHAMUI HiApUBaMH
CKOpUHKH — CKOpHHKH — CBIiTIO- | CKOPUHKH — TEMHO-
Kot 30JIOTaBUH, KOpUYHEBHH, KOpUYHEBHH,
b .
p M’ SIKYIITKH M’ SIKYIIKH — CBITJIO- | M’ SIKYIIIKH — TEMHO-
— 30JI0TaBO->KOBTUH KOPUYHEBHH KOPUYHEBHH

CraH M’SKyIIKH

M’sika, mobpe
po3mynieHa

M’ska, po3mymieHa,
3 BKPAIUICHHAMH
JI00aBKH

Jlemo 3araruyra,
3 BKPaIUICHHAMH
00aBKH

Tpimku conoakuii,

MeHII COTOaKHI
3a KIIACHYHUH

MeHI COTOKHA,

BIACTHBUI MadiHy, . 3 JIETKUM
Cmax MadiH, 3 JIerkuM
0€e3 CTOPOHHBOTO MIPUCMAKOM
MPUCMAKOM MakKy Ta R
TIPUCMAKy . KAPEHOI TPEUKN
ropixa
. Bnactusuit
Brnactusuit
KIIaCHIHOMY
. KJIACUYHOMY .
3amax [puemumnii . Madiny,
MadiHy, 3 JIETKUM S
. . 3 BIATIHKOM
BIZITIHKOM ropixa
TPEUKH
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OTpuMaHi 1aHi MOKa3yIOTh, 110 3pa3KH, B sKi 0yi10 moaaHo 30,0% mieTuanol
N00aBKM BiJ Macu OOpoOIlHa, MaiKe He BiJPI3HAIOTHCS BiJl KOHTPOJIbHUX,
HaBiTh MalOTh Kpallli OPraHOJECNTHYHI MOKA3HUKH, TaKi SIK CMaK, KOJip, 3amax.
VY pasi nopaBanns 50,0% mieTnyHOi OOABKM 3’SBISETHCSA 3amax CMasKEHOL
PEYKH, TEKCTypa BHPOOIB cTae OUIBII KPUXKOI, a CTPYKTypa TrpyOilior.
V pasi nonasanns 30,0% mieruuHoi 1006aBKM BUpOOU HAOyBarOTh MPUEMHOTO
TOPiXOBOI'O CMaKy 3 HE3HaYHHUM apoMaToM Maky. 30BHIIIHIA BUDIsAA MaQiHIB
nepeabayae HasBHICTH TPINIMH Ha iXHIH ITOBEPXHI, fKI € XapakTepHOIO
03HaKoI0, a He HenoiikoM. I1ix yac noxaBaHHs qieTHYHOT 100ABKHU Y KIJIBKOCTI
30,0% i3 3aMiHOIO YacTHHM OOpOIIHAa BUPOOHU 30epiratoTh NpaBWIEHY (HOpPMY
1 MarOTh XapakTepHi TPIIIMHYU Ha MMOBEPXHI, HE TOCTYAIOYUCh KOHTPOIBHOMY
3pasky (puc. 3). OmHak y pasi 30UIbImIeHHS KUTBKOCTI mo06aBku 10 50,0%
CIIOCTEPITaeThCS MOTIPIICHHS 30BHIIIHLOTO BHUIVIAAY, OCKUIBKH Ha TOBEPXHI
MadiHiB BUHUKAIOTHh MiApuBU. M’sKymika MadiHiB i3 JIETHYHOIO J0OaBKOIO
y kinbkocTi 30,0% i3 3aMiHOIO OOpOIIHA HE BiJPi3HSETHCS BiJl KOHTPOJIBHOTO
3paska, 3 50% — M’ska, PO3MyIICHa, 3 BKPAIUICHHSIMHU J00aBKH, JIEIIO
3aTSITHYTOT M’ SIKYIIKH.

ToMy ONTHMaTBHOK MAaCOBOI) YaCTKOI Ji€THYHOI 100aBku «KimiTkOBHHA
rpeyana» € 30% Bix Macu GopoIHa.

Skicte  rOTOBMX BUpPOOIB  BCTaHOBIIOBAJIM 32  OPraHOJENTHYHUMH
MMOKa3HUKAMU. Bylln BU3HAYCHI TaKi MOKa3HUKH SIKOCTI, SIK 30BHIIIHIA BUIIIAL,
CTPYKTYypa, KOJNip, CMaK Ta 3amax. Pe3ynpraTti HaBeJcHi B TaOnmIi 5.

3a pe3ynbraTaMy OpraHOJENTHYHOTO aHalli3y BCTAHOBJIEHO, IO JIOAAaBaHHS
nieTnaHol mobaBku «KIIITKOBHHA rpedaHay 10 perentypu MagiHiB (KOHTPOIb)

Puc. 3. 3oBuimniii Burisig maginiB (koHTpoJIb) (2) i Madina (6)
3 4acTKOI0 AieTu4HOi J00aBku «KiiTkoBuHa rpedyana» 30% Bix 3arajabHoi
KiJIbKOCTi OopoiiHa
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HECYTTEBO 3MIHIOE OPTaHOJCNTHUYHI XapaKTCPUCTUKU: CMaK, 3amax, KOJip.
Hamu Oymun pmocmimkeHi (i3uKo-XiMi4HI TOKa3HUKH sKocTi MadiHIB 13
nieTnaHoro 00aBkoro «KitiTkoBuHA rpeyanay. JlaHi HaBeneHi B Tabm. 7.

Tabmuusg 7
®@i3zuko-xiMiuHi NoKka3HNKH AKocTi MadiHiB i3 KieTHYHOIO 100aBKOI0
«KniTkoBuHa rpeyana»

3pa3ok madinis Boaoricts, % HMTOI\:]]:I:I/FOG’CM, JlykHicTb, rpaja
KonTponn 27,0+0,6 2,5+0,04 1,8+0,04
3 momaBaHHSIM AIETHYHOT 28,4+0,6 2,4540,05 1,65+0,04
nobasku 30%
3 J01aBaHHAM Ji€THYHOT 29,0£0,6 2,4540,04 1,5+0,04
nobasku 50%

Ax BumHO 3 TaOmUIi 6, BOJIOTICTH BHPOOIB i3 JOJAaBaHHSAM Mi€THYHOL
n06aBku 30imbIIyeThess HA 5%, JYXKHICTh 3MEHIIYETHCS, II€ MOKHA IOSICHUTH
30UTBIICHASAM CHPOBUHH 3 OiNBII BUCOKOIO KHUCIIOTHICTIO HIJK Y OOPOIIIHI.

BUCHOBKU

Busnaueno, mo pnietmyHa pgo0aBka «KITKOBHMHAa TrpedaHay MOXe
3aCTOCOBYBaTUCh Yy BHPOOHHUITBI OOPOIIHSHUX KOHAWTEPCHKUX BHPOOIB
SIK YacTKOBAa 3aMiHa IMIIEHHYHOTO OOpOIIHA, MO3asiK € IpiOHOAMCIIEPCHUM
MOPOIIKOM (3 OCHOBHOIO (pakmieto 50 MKM), Mae OUTBII BHCOKHIA BMICT
MiHEpaJIbHUX PEYOBHUH, KIITKOBUHH Ta 32 CBOEI0 KOHCHCTEHIII€IO.

BcranoBneno, mo qomaBaHHS AieTHYHOI noOaBKu «KiriTkoBHMHa rpedaHa
y kimpkocti 20% y meumBi Ta 30% y MmadiHax HO3WTHBHO BIUIMBAE€ Ha
OpPTraHOJEeNTHYHI TOKAa3HWKH SKOCTI BHpPOOIB, a caMe: BOHH HaOyBaroTh
MIPUEMHOTO TOPIXOBOTO CMaKy, KOJip M SKYIIKA Ta CKOPUHKH BHPOOIB CTAarOTh
IIOKOJIAaTHOTO Kombopy. Kpim Toro, BBeIeHHS Ni€THYHOI JOOABKH B 3a3HAYEHUX
KUTBKOCTSIX crpusie  (GOpPMyBaHHIO IpiOHOMOPUCTOI CTPYKTypH BHPOOIB.
A (i3uKo-xiMiuHI TOKa3HUKHA BHPOOIB HE3HAYHO BiIPi3HAIOTHCS BiJl KOHTPOJIIO.

AHOTAUIA

AKTyaJbHUM HAIpPsSIMOM y BHUPOOHHUITBI OOPOUTHSHHUX KOHIUTEPCHKHX
BHPOOIB € BUKOPHUCTAHHA HOBUX BHUAIB CHPOBHHH IS ITIABHUIICHHS IXHBOL
SIKOCT1 Ta Xap4oBOi MIHHOCTI. 3aCTOCyBaHHS MiCIIEBOI POCIMHHOI CHPOBHHH,
30KpeMa y BHUPOOHHUIITBI IEYWBA, CIPHUAE 3MEHIICHHIO XapYOBHUX BiIXOIiB
i 3abesmeuye CTabimpHICTH arpo-¢yx ekocucTteMu. llepceKTUBHUM
KOMIIOHEHTOM € JIy3ra T'PedYKH, sIKa MICTHTh 3HA4YHY KiTbKiCTh 010J0Ti9HO
aKTHBHHUX peYOBHH. BOHa XapaKTepH3yeTbCs BUCOKHM BMICTOM XapuyOBHX
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BOJIOKOH, MIHEpaJbHHX PEYOBUH, OIJKIB Ta IHIIUX KOPUCHHUX CIIONYK.
Oco0nuBicTIO TpedaHoi Jy3TH € HasBHICTh MONiQEHONIB, 30KpeMa PyTHHY,
KeMI(epoy Ta KBEpLUETHHY, SKi MalOTh AHTHOKCHIAHTHI BJIACTHBOCTI.
Xap4yoBi BOJIOKHA JIy3rM CIPHUSIIOTH HOpMaiizanii po0OOTH IIITYHKOBO-
KHMIIKOBOTO TPaKTy Ta MO3UTHBHO BIUIMBAIOTH Ha OOMIH pEYOBHH.
KpiM TOro, BOHM 3HHXYIOTh pIBEHb XOJECTEPHHY Ta HOKpPaLIyIOTh
MiKpoQuiopy  KHIIEYHWKA. BUKOpUCTaHHS TIpeyaHoi JIy3rd  Micis
BiAMOBIAHOI 0OpOOKM 103BOJIsse HAOyTH 1 HEOOXiTHMX (YHKIIOHAJIBHO-
TEXHOJIOTIYHUX BJIACTUBOCTEH MJISi 3aCTOCYBAHHS Yy Xap4OBUX HPOIYKTaxX.
VY poboTi 00rpyHTOBaHO AOUIIBHICTH BUKOPHCTAHHS MPOJYKTIB IEepepoOKH
HeTpaJuUiiHOI POCIMHHOI CHPOBMHH Y TEXHOJIOTiSIX OOpOLIHSHHUX
KOHJIUTEPChKUX BUP0OiB. [IpoBeaeHi HoCiKeHHS JO3BOIMIN ONTUMI3yBaTH
pelenTypy Ta BAOCKOHAJIUTH TEXHOJIOTII0 BUTOTOBIIEHHS BiBCSIHO-TPEUYaHOTO
Me4rBa 3 BUKOPUCTAHHSM Ji€eTUYHOI 100aBkH «KiIiTKOBHHA rpedaHay.
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CHAPTER 9

HEALTHY BAKERY PRODUCTS FOR THE COMPLETE
NUTRITION OF THE POPULATION

Kichura D. B., Sobechko I. B.
DOl https://doi.org/10.30525/978-9934-26-697-3-9

INTRODUCTION

Before the outbreak of World War I (1914), Ukraine did not have a baking
industry; as a branch of the food industry, it was represented by numerous small
enterprises. In 1913, the production of bread by bakeries did not exceed 2.3 kg
per capita per year. After the revolution of 1917, the construction of bread
factories and mechanized bakeries developed, and factories for the production
of baking equipment were established. In 1925, the machine-building plants of
the Melbud joint-stock company began producing equipment for sifting flour,
dough-mixing and dough-processing machines, and mechanized ovens with
retractable hearths. In 1925-26, the first mechanized bread factories in Ukraine
were put into operation in the cities of Kharkiv and Donetsk. The number of
bakeries grew from year to year, from 1928, when there were 14 bakeries and
24 mechanized bakeries, to 1940, the number of bakeries in Ukraine increased
to 93, and mechanical bakeries to 192. At the end of the war, only 12% of
the pre-war capacity of the bread-making base remained in Ukraine. In the
post-war years (1945-1950), work was completed on the reconstruction of
bakery enterprises, but also new bakeries with more progressive equipment and
technology were built. In the 60s—80s, work continued on the construction of
new powerful bakeries (there were about 80 of them) and the reconstruction of
existing ones. The level of mechanization was increased at the enterprises, bulk
flour storage warehouses were built, new designs of conveyor bakery ovens,
tunnel ovens, continuous dough preparation units, dough-distributing and
dough-forming equipment were built, and complex mechanized flow lines were
created. The range of products was also enriched with new types of products.
Such types of bread as Ukrainian, Ukrainian new, Darnytsky, table, Ukrainian
palanytsia, Kyiv arnaut, student loaves, poppy seed bagels and other products
were developed and introduced. The molded type was replaced by hearth types
of bread. The creation of mechanized bread baking required highly qualified
engineering personnel and technically competent bakery workers. In order
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to train such personnel, factory-based training schools in bread baking were
established in the cities of Kyiv, Kharkiv, Donetsk, Luhansk, Dnipropetrovsk,
Odessa, and later in Lviv.

1. Bakery production, product classification and basic principles
of technological processes

Today, the population of Ukraine is provided with bread by highly
mechanized enterprises of Ukrkhlibprom, Ukoopspilka, Ukrprodspilka. In
Ukraine, bakery products are made from rye and wheat flour — sown, peeled,
broken varieties and wheat — top, first, second and broken varieties or their
mixture. As additives in the production of certain types of bread, corn, oat,
barley flour, as well as legume flour — soybean, pea, lupine. Classification of
Bakery Products, Bakery products can be broadly classified into two main
streams: by composition & technology and by functional purpose.

A. Classification by Composition and Technological Features: Yeast-
Leavened Bread: Standard wheat, rye, and mixed-flour breads that rely on
yeast fermentation for crumb structure and volume; Unleavened and Flatbreads:
Products made without biological leavening agents (e.g., tortillas, pita, lavash,
crackers); Specialty & Artisan Bread: Sourdough breads, long-fermentation
loaves, and products utilizing ancient grains (spelt, einkorn); Frozen Dough &
Semi-Finished Products: Raw dough trimmings, par-baked loaves, and blast-
frozen pastries designed for bake-off stations.

B. Classification by Functional and Health-Promoting Purpose: Dietary &
Metabolic Support. Formulations designed for clinical nutrition, such as Low-
Glycemic Index (Low-GI) bread for diabetes management and carbohydrate
control; Digestive & Gut Health: Products with enhanced prebiotic and probiotic
profiles, heavily fortified with dietary fiber (bran, inulin) to optimize intestinal
motility; Fortified & Enriched Bread: Standard baked goods enriched with
micronutrients like Vitamin B-complex, Vitamin D, lodine, and Iron to combat
regional nutritional deficiencies; Target Population Nutrition: Customized
bakery goods tailored for specific demographics, including children’s bread
(high protein/calcium), geriatric nutrition (easy to digest, nutrient-dense), and
sports nutrition (high-protein energy loaves).

Classification of Bakery By-Products (Co-Products), during the industrial
bread-making process, various secondary streams are generated. These are
classified based on the stage of production at which they occur: Dough-Stage
By-Products: Raw dough trimmings, scrap dough from shaping machines,
and defective batches that fail pre-baking quality checks; Post-Baking
By-Products: Bread crusts, edges from sliced sandwich loaves, structural
deformities, and underweight or over-baked loaves; Distribution & Retail
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Returns: Stale bread, unsold inventory from retail networks, and over-
production surpluses.

Industrial Applications and Recovery Routes instead of entering the waste
stream, modern sustainable bakery management redirects these by-products
back into the economy via three primary routes: Direct Food Upcycling
(Human Consumption): Re-fermentation: Fresh dough trimmings are
re-incorporated into new dough batches as a natural fermentation starter;
Crumb & Toast Production: Defective or surplus bread is dried, milled,
and processed into breadcrumbs or toasted croutons; Culinary Ingredients:
Industrial staling components are converted into functional ingredients for the
wider food sector (e.g., thickeners for puddings, sauces, and fillers for meat
processing). Animal Feed Formulation: Direct Feed Enrichment. Surplus
and stale bread is dehydrated and blended into high-energy feed mixtures for
livestock and poultry, replacing a portion of raw grain. Industrial and Chemical
Valorization: Biotechnology Substrates: Bread waste is an excellent carbon
source. It is used as a fermentation substrate to cultivate microorganisms that
produce enzymes, amino acids, and vitamins; Bioenergy Recovery: Severely
degraded or contaminated waste is directed to anaerobic digesters for biogas
production, closing the green energy loop within the facility" > 3.

The bakery industry is characterized by large-scale production and produces
socially significant products and plays a leading role in the food industry of
Ukraine. The share of bread products in the diet of the Ukrainian consumer is
15%, which confirms their status as a basic food product. Bread and bakery
products traditionally occupy a special place in the structure of domestic
consumption, since these products in Ukraine account for up to 40% of the
total calorie content of the population's diet. In fact, the production of bread and
bakery products can be attributed to the strategic sectors of the economy of our
state, since the efficiency of the activities of bakery enterprises largely depends
not only on food, but also on the national security of the country.

The dough preparation process involves the formation of dough (kneading)
and leavening — this is the formation of a porous dough structure. It is achieved
by adding leavening ingredients to the dough. Leavening agents are substances
that can give the dough a porous structure. Depending on the nature of the
leavening agents, the following methods of leavening dough are distinguished:

' Bougapenko 0. Xui6 y uacu BiitHu. Xnibonekapcoka i konoumepcoka npomuciogicme Ykpainu.
2014. 6 (115). C. 12-15.

2 Hiximmuea O. B. Ilpioputern HauioHambHO 3€pHOBOI MONITHKM Ta MEXaHi3MHM ix peaiisauii B
yMoBax riobaiizauii ekoHOMiKH. Exoromixa xapuosoi npomucnosocmi. 2012. (16). C. 14-22.

3 Kocrempka H. I. Purok xmiba i x:1i606ymodsnx Bupo6iB YKpalHu: CTaH i MEPCHEKTHBH PO3BHTKY.
Tanuyvkuii exonomivnuil gichux. 2015. 48 (1). C. 26-31.
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CLASSIFICATION OF
BAKERY PRODUCTS

Fig. 1. Bakery products

) CLASSIFICATIDN AND APPLICATION OF
2 BAKERY BYPRODUCTS

Fig. 2. Classification and use of by-products of bread production

chemical, mechanical, biological. The chemical method involves the introduction
of chemicals into the dough, which decompose at high temperatures to form
volatile compounds that, when released, loosen the dough. The mechanical
method involves loosening the dough with air or carbon dioxide, which are fed
into the dough mixer during kneading under pressure or during dilution. The
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biological method involves loosening the dough with carbon dioxide, as well
as other volatile substances released as a result of the vital activity of yeast
and lactic acid bacteria, which are introduced into the dough during mixing.
The chemical method of dough leavening is used in the production of cookies,
gingerbread and some other flour confectionery products. For this purpose,
sodium bicarbonate NaHCO,, ammonium carbonate (NH,),CO, or their mixture
in a ratio of 88:12 is used.

During baking, sodium bicarbonate decomposes with the release of CO,,
which loosens the dough blanks 2NaHCO, — Na,CO, + H,0 + CO,. Sodium
carbonate has an alkaline reaction, and alkalinity is regulated by regulatory
documentation. Ammonium carbonate decomposes during baking with the
formation of ammonia and carbon dioxide, which loosen the dough blanks
(NH,),CO; — NH, + H,O0 + CO,. Ammonium carbonate, in the case of
a significant dosage, gives the products the smell of ammonia.

The biological method is the only way to loosen bread dough. In this method,
pressed, dried or liquid yeast, as well as wheat yeast starters, are used to leaven
wheat dough. Rye starters are used to leaven rye dough. Yeast cells ferment
dough sugars under anaerobic conditions with the release of carbon dioxide and
alcohol, which act as leavening agents. C.H,,0, — 2CO, + 2C,H,OH + 117.3 kJ.
In rye dough, the main fermentation process is lactic acid, which is excited
by homo- and heterofermentative bacteria. In the process of lactic acid
fermentation, lactic acid, volatile acids, and a certain amount of carbon
dioxide accumulate. Along with this, CO, is released as a result of alcoholic
fermentation. The biological method is quite long — from 1 to 5 hours. During
this time, the dough not only loosens, but also flavor and aromatic substances
accumulate in it, which are by-products of fermentation.

Wheat dough is prepared by single-phase or multi-phase methods. In single-
phase methods, the dough is prepared in one stage from the entire amount of
flour and other raw materials specified in the recipe. In multi-phase, mainly two-
phase, methods, the first phase is prepared from part of the flour and yeast, after
ripening, the remaining flour and other raw materials according to the recipe are
added to it and the second phase is kneaded — dough. The most common are all
types of leavening methods, which are used in the manufacture of a wide range
of bread, bakery, sweet, bagel, and rusk products®. The traditional single-phase
method is the leavening-free method of dough preparation. It is used mainly
in the production of bakery and sweet products, sometimes in the manufacture
of bread. Accelerated methods of dough preparation are widespread in

4 Cimaxina I. O., Creuenko H. O., Haymenko H. B. BionoriuHo akTuBHi pPedOBHHH B Xap4OBHX
TexHonorisx : mapyunnk. Knis : HYXT, 2016. 455 c.
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small-capacity enterprises and bakeries. The method and equipment scheme of
dough preparation are chosen depending on the range of products, production
volume, available equipment, etc. For the leavening of wheat dough,
baker’s yeast, liquid yeast, and yeast starters are used. Unlike baker’s yeast,
liquid yeast and yeast starters are prepared directly in the bakery™ ¢. Accelerated
methods of dough preparation are widely used in small-scale enterprises and
bakeries. The method and equipment scheme for dough preparation are selected
depending on the range of products, production volume, available equipment,
etc. For the leavening of wheat dough, baker's yeast, liquid yeast, and yeast
starters are used. Unlike baker’s yeast, liquid yeast and yeast starters are
prepared directly in the bakery.

2. Obtaining bakery products with increased nutritional value

Bread is traditionally a staple food, and the creation of products with a given
chemical composition allows for a significant and minimal impact on the health
of the population. Scientists and workers in the baking industry are constantly
improving and enhancing its quality. The protein, mineral and vitamin value of
bread allows us to consider it one of the most valuable food products. However,
bread has a constant deficiency of essential amino acids (lysine, threonine),
macro- and microelements (calcium, iodine, iron, etc.), vitamins (B, and By).
Therefore, the current tasks for bakers are not only to improve the quality of
bread and preserve its freshness, but also to increase its nutritional value, in
particular, enrichment with additional nutrients’. To solve this issue, additives
from non-traditional plant raw materials have recently been increasingly used
as a source of biologically active substances that have a positive effect on the
human body. It is known that all biologically active substances (BAS) are
necessary for the normal functioning of the body, come mainly with food and
are absorbed as a result of their biotransformation, digestion and absorption.
Transforming into structural and functional elements of the body's cells in
the processes of metabolism, BAS ensure its physical and mental endurance,
determine the state of health and working capacity. A lack of BAS in the
diet inevitably leads to negative consequences — these are safe substances
with precise physicochemical characteristics, for which a positive effect on
improving and maintaining human health has been identified and scientifically

5 Jlpo6or B. IloroBopumMo mpo 03I0pOBYi Xap4oBi 100aBKH B XJi0i Ta HETPAIMI[iHHY CHPOBHHY.
Xnibonexapcuvka i konoumepcvka npomuciogicms Yrpainu. 2005. 12. C. 22-24.

¢ Jlpobor B. L, I'pumenko A. M. Po3poOka HOBHX BHIiB 0e36LIKOBUX XJiOOOYIOYHHX BHPOOIB.
Hayxkosi npayi Odecvkoi nayionanvhoi akademii xapuosux mexronoeii. 2011. T. 1. 38 (1). C. 164-167.

7 Jle6enenko T. €. AHami3 CydacHMX TEXHONIOTiH XMi00OYIOUHIX BUPOOIB i3 MIIEHAIHOrO GOpOIIHA
Ta MePCIeKTHBH iX yIOCKOHANCHHS. 3eprosi npodykmu i kombikopmu. 2012. 2 (46). C. 38-43.
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substantiated, and the daily intake rate in food products has been established
and approved. They not only provide the human body with energy and plastic
material, but also optimize physiological functions, thousands of biochemical
reactions, contribute to maintaining and improving health, reduce the risk of
diseases and accelerate the recovery process, provide protection of the body
from adverse environmental factors. The range of bakery products produced in
Ukraine is quite wide, but there are not enough products for dietary, therapeutic
and preventive, special purposes for different groups of the population and their
share in the total production does not exceed 3%. Along with food additives,
non-traditional raw materials are able to give health-improving properties to
bread: soy products, products from sprouted legumes (peas, beans), sunflower
seeds, flax, fruit and vegetable powders, algae, malt extracts and other raw
materials containing biologically active substances®.

The works are devoted to the study of the use of non-traditional raw materials,
characterize it as a promising source of vegetable proteins, active lipids, dietary
fibers and balanced minerals, which indicates the feasibility of research aimed
at studying the possibility of their use in baking. Despite the fact that more and
more residents of the country strive for a healthy lifestyle and are struggling
with excess weight, the popularity of innovative products is growing — bread of
dietary and therapeutic and prophylactic direction, containing grain mixtures,
bran, fructose, honey, nuts, vegetable and fruit additives. The share of such
products is 5-7% of the total sales volume, therefore the development of new
bakery products enriched with BAS, which would maximally meet the criteria
of quality and safety, is quite relevant. It is necessary to introduce new products
with useful, attractive organoleptic properties to the market. Today® '* !
the population shows increased interest in the chemical composition,
nutritional value and the presence of functional ingredients in food products
and is increasingly faced with the problem of unbalanced nutrition due to the
consumption of refined, refined products. For healthy nutrition, a person needs
dietary fiber, vitamins, trace eclements, minerals, unsaturated fatty acids, etc.
Since at least 30% of the daily requirement for nutrients is covered by bread in
the diet, the functional purpose of this product should occupy a worthy place

8 Xomon T., Kanpenbsni JI. TlepcrnieKTuBH BUKOPHCTAHHS HETPAJMLIAHOT POCIMHHOI CHPOBHHU Y
TEXHONOTiT OITKOBMICHUX Xap4OBHX NPOAYKTIB. BicHuk JIvsiscokozo yHisepcumemy. Cepis bionoeiuna.
2016. 73. C. 446.

> Oscienko C. M., ConomoH A. M. AMapaHT: NpaKTHYHi acreKTd BHKOPUCTAHHs : MOHOrpadis.
Binnuus : TOB «/lpyx», 2022. 151 ¢

1% Muxonerxo C. 10., Iapyk JI. 0., Uypcinos 0. O. Brums npoaykriB nepepoOKy aMmapaHTy i gia Ha
sikicTb xmi6a. Bicnuk HTY «XI1I». 2019. 5 (1330). C. 145-151.

I Jlopoxosumu B. B., Jlomox M. 0., Jlykamr K. P. BusnaueHHs MOXIHBOCTI Ta JOLIIBHOCTI

3aCTOCYBAHHS MAJIBTUTOINY i OOpOIIHA aMapaHTy B TEXHOJIOTi IykpoBoro neuusa. Haykosi npayi HYXT.
2021.27 (2). C. 111-121.
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in the nutrition of the population. Improving the health of the nation through
bread should be recognized in the country as one of the priority and most
significant tasks'?. The introduction of physiologically functional ingredients
into bakery products allows not only to expand the range, but also to develop
varieties aimed at supporting and improving the health of various population
groups. Given the chemical composition and functional properties of certain
ingredients, and especially their natural origin, it can be assumed that this will
reduce the deficiency of certain components in the diet.

Bakery products are characterized by a large assortment in appearance,
taste quality indicators, recipe, cooking technology and are for consumers
an essential carrier of food, biologically active substances, improves the
digestibility of food, and the aroma of fresh pastries is an effective means of
increasing appetite and the emergence of a feeling of hunger. But thanks to
their recipe diversity, these products can also be a source of a wide range of
protective components that are so necessary for modern man. In recent years,
for bread-baking enterprises, one of the ways to attract consumer interest in
their products, along with adding special excellent taste and aromatic qualities,
is becoming increasingly promising to increase the nutritional value of bakery
products, the content of biologically active substances through the use of safe
natural raw materials. For many decades, processed fruits and vegetables have
been considered a promising source of biologically active substances: vitamins,
minerals, phenolic compounds with antioxidant, antibacterial, fungicidal
properties, and in recent years, special attention has been paid to spicy-aromatic
and medicinal plants. The latter are characterized by a multi-vector nature of
positive qualities, which makes them promising for the creation of functional
food products, including bakery products'®. In recent years, a new source of raw
materials for the food industry has appeared on the world market — amaranth
and its processed products, which have a valuable chemical composition, high
nutritional and biological value, are safe and contain a wide range of functional
food ingredients, which determine the prospects for their use in food production
technology'*. Amaranth grain and its processed products — flour, bran, oil — are
a source of many physiologically active compounds. It has been established that

12

2 Marusmyk O. B., ®ypmanosa 0. I1., [’saux C. K. BukopucranHs amapaHtoBoro OopomiHa
B TEXHOJIOTiT BUPOOHUIITBA OICKBITHUX HamiBpaOpukari. Haykosuil no2isio ¢ maubymue. 2017. 2 (6).
C. 52-58.

13 Bysnbcbka H. I1., JlutBunenko O. O., Jlenncosa H. M. BukopuctaHHs OPOAYKTIB HepepoOKH
amapaHTa y BHPOOHHITBI Xxmi000ynounux BupoOiB. Texuiuni nayku ma mexnonoeii. 2020. 3(17).
C. 226-223.

4 TlopoxoBuu A. M., Bagpyk B. B. Hananus maummenoy crarycy GyHKUiOHaubHHHA 1 AieTuHuit
HPOAYKT 32 PaXyHOK PaliOHAIBHOTO BHKOPHCTAHHS ManbTiTony Ta ¢pykrosu. Haykosi npayi OHAXT.
2012742 (1). C.220-225.
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the fatty acid composition of amaranth oil differs in the content of such fatty
acids as linoleic (41%) and arachidonic (16%), which are substances with high
biological activity. Amaranth flour is a source of available vegetable protein
(15%), has a valuable chemical composition: protein 3.8 times more than in
wheat flour; lipids — 9.4 times; fiber — 17 times; minerals: sodium — 24 times,
potassium — 4.2 times, calcium — 19 times, magnesium — 6 times, phosphorus
— 5 times, iron — 36 times; vitamins: thiamine — 33 times, riboflavin — 74 times,
niacin — 1.2 times. The energy value of amaranth flour is slightly higher than
that of wheat flour due to the higher content of proteins and lipids. The amount
of essential amino acids in the protein of amaranth flour is 17.6 g/100 g of
protein, the total amount of amino acids is 37.7 g/100 g of protein. Therefore,
amaranth flour has a more balanced amino acid composition compared to wheat
flour, so it is advisable to use it in confectionery production together with wheat
flour®.

A technology for grinding and dividing amaranth grain into parts has been
developed to obtain native products with high nutritional value. The cleaned
amaranth grain is flattened, such flattened native amaranth grain (yield 95-98%)
is divided into native amaranth flakes (53—-56%) and native germ grits (28-35%).
Next, native amaranth flour (82-88%) is formed from the flakes, and oil
(6.5-7.5%) is extracted from the grits and a by-product is formed — semi-defatted
germ grits (28-35%), which contains, respectively, semi-defatted protein bran
(18-25%) and semi-defatted protein flour (75-82%). After a series of studies,
it was found that amaranth protein flour is an effective protein enricher and
technological improver in the production of bakery products from wheat flour.
Native varietal flour significantly improves the quality of bakery products from
a mixture of rye and wheat flour. Whole grain amaranth flour is produced
from amaranth seeds, which has high nutritional value; varietal amaranth flour,
including high-grade, which in terms of the quantitative ratio of components
is close to wheat baking flour, contains a complex of physiologically active
substances — squalene, minerals, dietary fiber, pectin, vitamins, as well as
amaranthine, which can be used to enrich traditional products, create specialized
products or new biologically active additives. The use of semi-skimmed amaranth
protein flour as a new raw material for bread baking is promising, produced
from semi-skimmed amaranth groats — a secondary product in the production
of amaranth oil. The introduction of amaranth flour contributes to the increase
in the biological value of bread by improving the amino acid composition and
significantly eliminating the deficiency of essential amino acids in protein in
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bread. At the same time, the degree of satisfaction of the daily human need
for essential amino acids increases by 1.5-2 times, which also indicates the
effectiveness of the use of amaranth flour's. The use of amaranth flour is
promising for improving the quality of flour for bread, activating pressed yeast,
intensifying the dough preparation process, improving the quality, nutritional
and biological value of wheat bread. The introduction of amaranth flour in an
amount of 10% to the mass of wheat flour provides an increase in the content of
zinc and phosphorus by 1.2—1.5 times, calcium by 2.4 times compared to wheat
bread without additives'”. Amaranth flour was introduced in dry form in dosages
of 1, 3, 5, 7 and 10% instead of wheat flour. It was found that the content
of raw gluten decreases slightly when amaranth flour is introduced. With an
increase in the dosage of the additive, the structural and mechanical properties
of gluten change. The addition of amaranth flour contributes to increased gas
formation in the dough. During the research, the effect of amaranth flour on the
quality of wheat bread made by various methods was studied. The most optimal
method of preparing bread when adding amaranth flour is the steam method
with the addition of the additive directly into the liquid dough. The best quality
of bread, taking into account its organoleptic indicators, is ensured by using
activated pressed yeast prepared on a water-flour mixture containing up to 10%
amaranth flour. The introduction of amaranth flour contributes to an increase
in the biological value of bread by improving the amino acid composition and
reducing the deficiency of essential amino acids in bread. The effect of crushed
amaranth seeds on the baking properties of grade I wheat flour was studied, in
particular, on the intensity of gas formation during dough fermentation. Crushed
white and purple amaranth seeds were introduced with a replacement of grade
I wheat flour in an amount of 5, 10, 15, 20, 25 and 30% and after baking at
180...190°C for 20-25 min. the results were compared with a control sample of
wheat flour without the addition of amaranth seeds' °. It has been established
that the introduction of 5% of crushed amaranth seeds has a positive effect on
the gas-forming ability of the dough during fermentation, contributes to the
improvement of the quality of bakery products and can be used in bread baking
technology. Replacing up to 10% of rye flour with amaranth flour allows you to
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obtain a new, quite tasty variety of bakery products — amaranth bread, which has
good organoleptic characteristics and a more balanced amino acid composition
compared to ordinary bread. The use of amaranth flour in the technology of
bakery products in an amount of more than 50% is impossible, because it does
not contain gluten, but at the same time, its introduction into bread recipes
for enrichment and partial replacement of wheat flour is advisable. For this
purpose, partially defatted amaranth flour from amaranth meal or flattened
amaranth grains (amaranth flakes) is usually used. Whole grain amaranth flour
contains a large amount of fat, which significantly reduces its storage capacity
due to the rapid rancidity of the fat®. Due to its low moisture content, it makes
sense to use amaranth flour as an additive to wheat flour, the moisture content
of which exceeds the values allowed by the regulations. Due to the high acidity
of amaranth flour, it is possible to reduce the duration of the fermentation
process without the use of enzyme preparations. In terms of gas-forming ability,
amaranth flour can be a good additive to wheat flour with strong gluten to
improve the quality of semi-finished and finished products®’.

Due to its low moisture content, it makes sense to use amaranth flour as an
additive to wheat flour, the moisture content of which exceeds the values allowed
by the regulations. The high acidity of amaranth flour reduces the duration of
the fermentation process without the use of enzyme preparations. According to
the indicator of gas-forming ability, amaranth flour can be a good additive to
wheat flour with strong gluten to improve the quality of semi-finished products
and finished products®?. The effect of amaranth flour addition on the baking
properties of first and highest grade wheat flour and bread quality was studied.

The chemical composition of the technological additive is characterized
by a higher content of carbohydrates (up to 72.5%), monosaccharides and
disaccharides (up to 3.2%), fiber (up to 2.5%) and ash (up to 0.8%) compared
to baking wheat flour. It has been established that the addition of amaranth
cereal flour to the mass of wheat flour significantly improves the quality of
bread. The volumetric yield of molded bread increases by 10.0-28.0% for high-
grade wheat flour, by 3.0-10.0% for first-grade wheat flour; the specific volume
of molded bread — by 8.0-26.0% for high-grade wheat flour and by 4.0-11.0%
for first-grade wheat flour; shape stability of hearth bread (except for the
dosage of 10.0%) — by 17.0% for high-grade wheat flour and by 8.5-12.8%

0 Bamox M., Ilunkapyk M. JlocimimkeHHS 3aCTOCYBaHHS HETPAIMLIMHOI POCIMHHOI CHPOBHHY

BUPOOHHUITBI XJiI000YNOUHUX BUPOOIB. [HHOGaYilHI mexHONOoRIl y X1i6ONneKapcbKomy 6UpoOHUYMEI :
marepianmn MHIIK. HYXT. Kuis. 2020. C. 26-31.

2 Bysusebka H. I1., T'ymentok O. JI., Jlenucosa H. M., Yensbiesa B. M. IlixBuiuenss xap4oBoi
LIHHOCTI XJ1i000yTOYHMX 1 OOPONIHAHUX KOHAUTEPCHKUX BUPOOiB : MoHOrpadis. Uepniris. 2020. 122 c.
2 Jlpobor B. L, IxeBcoka O. I1., Bornapenko 0. B. JlocmipkeHHs BIUIMBY WIPOTY JBOHY HA SKICTh
xniba. 3eprosi npodyxmu i koméikopmu. 2015. 1 (57). C. 42-45.

191



for first-grade wheat flour. Organoleptic evaluation of bakery products from
a mixture of wheat and amaranth cereal flour showed a significant improvement
in its characteristics when introduced into the dough. The upper crust of the
resulting products is more even, smooth and convex than in the control, golden
in color. The porosity is more uniform with a small pore size, the crumb
remains fresh longer, the skin is thin-walled. In bakery products made with
amaranth cereal flour, the amino acid composition of proteins, their biological
value and balance are significantly improved. The nutritional value of bread
with the addition of amaranth cereal flour increases as a result of enrichment of
products with proteins by 9.2%, fats by 28.2%, fiber by 1.5 times, organic acids
by 1.3 times. The mineral composition of bread with the additive improves
due to an increase in the mass fraction of potassium by 10.1%, calcium by
17.4%, magnesium by 12.1%, phosphorus by 22.6% and iron by 1.5 times,
respectively. The vitamin composition of bread with the addition of the additive
also improves: the content of thiamine increases by 2.3 times, riboflavin by
3 times, niacin by 1.1 times, respectively. The energy value of 100 g of bread
with the addition of amaranth cereal flour increases by 16%>.

3. Development of new technologies for health-promoting
bakery products

A technology for the production of functional bread using amaranth cake
and oil has been developed. Bread made from a mixture of wheat flour and
amaranth processing products in a ratio of 97:3—85:15 has an increased protein
content (by 3-10%), B vitamins, micro- and macroelements, a calcium and
phosphorus ratio of 1:1.8 to 1:2.9, and an improved amino acid score of lysine
and threonine. Adding 15% amaranth cake and 5% amaranth oil extract to the
flour mass allowed to improve the organoleptic and physicochemical parameters
of finished products, increase biological value by 24.5%, obtain bread with the
most balanced amino acid composition, increase wetting and specific volume,
and improve the digestibility of finished products. functional purpose.

The introduction of amaranth meal into the recipe of bakery products will
solve the problem of the deficiency of essential nutrients in the population's diet.
Studies of the effect of amaranth meal on the processes of gas formation and
gas retention in dough showed that the introduction of amaranth meal intensifies
the process of dough fermentation. When adding 5% amaranth meal, dough
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fermentation is reduced by 40%, 10% — by 45%, 15% — by 55%, 20% — by
75%. Probably, the intensification of dough fermentation is due to the fact that
amaranth meal contains many nutrients: vitamins for yeast. It was found that
when amaranth meal was added to the recipe of bakery products, the specific
volume index decreased to 16.7%, porosity to 14% compared to the control
sample without the additive. The acidity index, on the contrary, increased to
16% with an increase in the amount of the added additive from 5 to 20% to the
mass of flour. According to the results of the conducted research, it was found
that bakery products with the addition of amaranth meal in an amount of no more
than 5% to the mass of flour were characterized by the best physicochemical
and organoleptic quality indicators. When the additive was added to the mass
of flour in an amount of more than 5%, the specific volume of the products,
porosity decreased, and the surface condition, taste and smell deteriorated®.
The effect of amaranth processing products (amaranth seed meal and
crushed amaranth leaves) on the quality of fruit bagels was studied. The
additives were previously ground to a powder state and added in amounts of
0.5; 1.0 and 2.0% by weight of flour. According to the results of the conducted
studies of the effect of amaranth processing product additives on the quality
of bakery products, namely fruit bagels, it was found that: with an increase
in the amount of additives to 2%, the yield of raw gluten increases, while it
becomes less extensible; due to the high activity of lipase and lipoxygenase of
amaranth additives, flour gluten is strengthened; the introduction of additives
increases the zymase and maltase activity of yeast, which accelerates the
dough ripening process; the lifting force of yeast improves; the introduction
of additives does not affect the moisture content of the dough; the moisture
content of finished products decreases; the acidity of finished products with
the use of additives increases. The additives in amaranth processed products
do not have a significant effect on the organoleptic properties, the porosity of
the products was the same, products with the addition of crushed amaranth
leaves had a slight dark shade and a barely noticeable herbal flavor. Based on
the conducted studies, the optimal dosages of additives to the flour mass were
established: crushed amaranth leaves — 2.0%; amaranth seed meal — 2.0%7%.
The effect of amaranth flour on the adhesive properties of the dough, the effect
of amaranth flour and gum arabic on the structural and mechanical properties
of the dough for crackers, the effect of amaranth and flax flour of different
qualities on the consumer characteristics and biological value of long-lasting,
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sugary, buttery cookies were studied. Partial replacement of wheat flour with
amaranth cake flour was proposed, which allows these products to be consumed
by different groups of the population, especially those suffering from anemia.
Mulffin technologies have been developed with various types of gluten-free flour,
including amaranth. Amaranth has also found application in the technology of
biscuit products?’.

Cookies made from whole amaranth flour and wheat flour, preparation of
composite cookies from amaranth, dry gluten-free mix for the production of
cookies containing rice and amaranth flour, apple powder, powder containing
pumpkin, beet, carrot or cranberry, white crystalline sugar, cooking salt, citric
acid, baking powder. Researchers have developed a technology that ensures the
preparation of the mixture by sequentially mixing amaranth flour, whole milk
powder, cocoa bean husk powder, confectionery fat and caramel powder. The
feasibility of adding amaranth flour in an amount of 25% for the preparation
of a biscuit semi-finished product has been proven, which allows you to obtain
a final product with a more uniform, thin-walled, elastic crumb. The use of
crushed red and white amaranth grains in bread baking, previously soaked at
(20£1)°C, which were introduced into the recipe from 5 to 30% by weight of
wheat flour, was investigated. Increasing the dosage of the additive above 15%
led to uneven porosity, crumb sticking and the appearance of a foreign odor.
It is more expedient to use amaranth, rather than crushed grains, which can be
used as a BAS in other food products to increase biological value.

The optimal concentration of amaranth flour in the recipe of shortbread
cookies and yeast cake was determined, which is 8% for cookies and 15%
for cake. It was proven that adding fat-containing amaranth flour to wheat
flour is advisable in an amount of up to 60%, which reduces the hardness of
cookies and improves its organoleptic properties, while higher dosages (60—
100% by weight of wheat) of flour worsen the consumer qualities of cookies.
The use of amaranth flour for making cookies significantly improved the
color of the products to golden brown, and considering the quality indicators,
25% replacement of wheat flour with amaranth was determined as optimal®.
The effect of amaranth and flax flour of different qualities on the consumer
characteristics and biological value of long-grain, sugar and shortbread cookies
was investigated. To study the effect of amaranth flour on the quality of
cookies, flour mixtures with a ratio of amaranth flour to wheat flour as 1:1, 3:5,
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1:3 and 1:7 were used. Sugar and shortbread cookies made with amaranth and
wheat flour at a ratio of 1:1 and 3:5, respectively, are characterized by a golden
brown color, a pleasant aroma and a nutty taste and are superior to traditional
wheat cookies despite a slight decrease in the wettability of the products. It
is advisable to introduce pre-hydrated flax flour in the recipe of sugar and
shortbread cookies with amaranth flour in an amount of 5%, which additionally
improves the shape of the products and increases their wettability. The
biological value of the developed biscuit increases by 14—16%, the coefficient
of the useful amino acid composition of the biscuit increases, in particular, due
to the enrichment of the products with lysine, threonine, methionine, cystine®.
The NUCT proposed a technology for a biscuit semi-finished product based on
amaranth flour, the biscuit recipe is amaranth flour in an amount of 24.4-29.9%,
which provides excellent organoleptic and physicochemical indicators of the
finished products. The physicochemical indicators of amaranth biscuit are
close to the main biscuit, which allows its introduction into production. It
was found that the amount of essential amino acids, B vitamins, unsaturated
fatty acids increased in amaranth biscuit, the final product has a more uniform,
thin-walled, elastic crumb than in the control sample. An improved method of
preparing a biscuit semi-finished product is proposed, in which, by introducing
amaranth flour in a ratio of wheat and amaranth flour as 3:1, it provides an
increase in the nutritional value of the finished product. The use of amaranth
flour during the preparation of flour composite mixtures for the production of
biscuit semi-finished products weakens the gluten of wheat flour and allows
you to obtain a crumb with a well-developed porosity structure. An increase
in the mass fraction of amaranth flour in the mixture of more than 25% leads
to a decrease in the porosity and specific volume of the studied semi-finished
products, which is associated with an increase in the mass fraction of lipids,
the content of which in amaranth seeds varies within 7...10%, which leads to
a decrease in the stability of the foam structure of the biscuit mass of this recipe
composition.

Amaranth flour is used as a functional additive to increase the nutritional
value of wafer sheets. The use of amaranth seed flour allows you to expand
the range of wafer sheets. Its inclusion in the recipe increases the nutritional
value of finished products, improves their structural and mechanical properties.
According to the results of the research, analytical dependencies have been
established that characterize the influence of recipe components on the quality
indicators of the wafer sheet. The optimal proportion of amaranth seed flour
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when used simultaneously in the recipe of wafer sheets is 8.0 and 4.0%,
respectively, suggesting the improvement of the technology of bakery products
using a preparation of dry amaranth leaves, crushed to a powder state, in
a dosage of no more than 1%, as well as amaranth malt. The introduction of
additives allows you to reduce the rate of sugar addition by half. If the amount
of sugar is left within the recipe, then a significant reduction in the ripening
period is possible. In addition, amaranth additives have a positive effect on
the organoleptic properties of finished products. In Ukraine and the world, the
population’s interest in non-traditional types of oilseeds is growing, in particular
chia seeds (Salvia hispanica) as a product that has certain beneficial properties
for the human body*. When using wheat bread made with the addition of chia
seeds in an amount of 10%, the human body will be additionally provided with
calcium, phosphorus, copper, the amount of which increases by 2 and 10 times,
respectively. Given the functional properties of amaranth and chia processed
products, it is relevant to study the possibility of their use in the technology of
bakery products, which, in turn, will contribute to expanding the range of health
products. The use of amaranth flour and chia enriches bread with dietary fiber
by 54% of the daily requirement, and also improves the amino acid composition
of the product due to an increase in the content of leucine, valine, isoleucine,
phenylalanine, threonine, lysine. Bakery products are an important component
of the diet, they are well digested, as they have a loose crumb, in which proteins
are optimally denatured, starch is gelatinized, sugars are dissolved, fats are
emulsified, and shells are softened. This makes the components of bread easily
accessible to the action of enzymes of the gastrointestinal tract. The appropriate
composition and pleasant aroma of bread contribute to the secretion of digestive
juices, stimulate appetite. Along with this, the physiological properties of
bread need to be improved, since it does not contain enough physiologically
functional ingredients, such as dietary fiber, a number of minerals (Ca, Zn, I,
Se) and vitamins (B,, B,, A, tocopherol). Plant raw materials are recognized as
a source of biologically active ingredients, since its components are in the form
of natural compounds that are well digested by the body>'.

Flax seeds can be used as an additive (in the form of both defatted — meal
and non-defatted flour — cake) to bakery products in order to increase their
nutritional value. Flax seeds contain 3 groups of compounds characterized by
specific biological action and functional properties: polyunsaturated ®-3 fatty
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acids, soluble dietary fiber in the form of mucilages and lignans, which have
a phytoestrogenic effect. The protein content in flax seeds varies within 20...30%,
and the proteins themselves are limited by lysine, but are characterized by
a high digestibility coefficient (89.6%) and biological value (77.4%). A feature
of flax seed proteins is also the high content of sulfur-containing amino acids —
cysteine and methionine, which have antioxidant and geroprotective properties
— protect the human body from the destructive effects of free radicals. The
purpose of the research was to determine the chemical composition of flax
seed meal and technological aspects of its use in baking production in order to
give bakery products health-improving properties. The conducted studies have
established that flax seed meal (FSM), which was used in the work, contains
32.6+0.3% protein, 10.5+0.25% total fat, 37.6£1.8% carbohydrates, of which
6.4+0.1% mucus. A comparative assessment of the chemical composition of
FSM and first-grade wheat flour showed that FSM contains three times more
protein; 7.7% fat; fiber 22.6 times than in flour. The ash content of SNL is
6.4 times higher, which correlates with a significantly higher content in it,
compared to wheat flour, of potassium — 4.1; calcium and magnesium — 10;
iron — 2.3; zinc — 3.2 times. SNL is able to enrich flour with B vitamins, the
presence of folic acid and tocopherol in it, which is a natural antioxidant, is
especially valuable. The composition of flour proteins is dominated by salt-
and water-soluble protein fractions. SNL proteins have an amino acid score for
lysine of 82, while wheat flour proteins only 44. The high content of hydrogen
sulfide amino acids (with an amino acid score of 115) and aromatic amino acids
(with an amino acid score of 128) is valuable®* *. To establish the technological
properties of SNL, its water absorption capacity, activity of amylolytic and
proteolytic enzymes and coarseness were determined. It was found that SNL
has a 3.25 times greater water absorption capacity than wheat flour of the first
grade, and a 29% lower amylolytic activity. The activity of proteolytic enzymes
was not detected by the casein determination method. In terms of particle size,
SNL was close to the coarseness of wallpaper flour. In studies, it was found that
it is advisable to replace wheat flour with flax meal in an amount of up to 5%
in the bread recipe, a larger dosage of meal is accompanied by a deterioration
in the organoleptic quality indicators of products, a decrease in their volume
and dimensional stability. When developing product recipes using meal, it
is necessary to include additional raw materials in their composition, which
improves the consumer properties of bread. Given the content of such valuable
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physiologically functional ingredients as unsaturated fatty acids, lignans and
dietary fiber in flax and its processed products, bread with flax meal can be
recommended for nutrition for people with diseases of the digestive system,
cardiovascular system, diabetes, as well as for preventive purposes for a wide
range of consumers. The effect of the degree of grinding of flax seeds on the
quality of dough and wheat bread was studied. Flax seeds were ground in
a laboratory mill and sieved through wire sieves*. The work used ground flax
seeds (FLS), which passed through a wire sieve with a mesh size of 1.0 mm,
0.8 mm and 0.67 mm. Samples of ground flax seeds were divided by size —
large, medium and small.

For the obtained samples of ground flax seeds, the water absorption capacity
index was determined. It was found that ground flax seeds have a higher water
absorption capacity than wheat flour due to the content of dietary fiber and
mucus. Moreover, with a decrease in particle size, the water absorption capacity
of ground flax seeds increases due to an increase in the area of the particles
and more active interaction with water. This factor was taken into account
when calculating the amount of water required for kneading the dough. To
establish the effect of the size of ground flax seeds on the quality of bread,
a test laboratory baking was carried out with its dosage of 20% to the mass of
flour. The control sample was a dough sample without the addition of ground
flax seeds. It was found that the use of ground flax seeds of different sizes
slightly reduces the specific volume of finished products, however, it was noted
that in the case of using a sample of small size, the products had a crumb that
lost elasticity and was inelastic. In the case of a decrease in the size of the
crushed flax seeds, a decrease in the lifting force of the yeast is observed due to
a decrease in the maltase activity of the yeast. The addition of crushed flax seeds
increases the spreading of the dough ball, compared to the control, after 60 min
of fermentation, the more so the smaller its size. The results of the studies
indicate a decrease in the gas-holding capacity of the dough with the addition of
crushed flax seeds. It was noted that after 60 min of fermentation, compared to
the control, the specific volume of the test samples decreases insignificantly, but
after 120 and 180 min this difference increases, especially at the 180th minute
of fermentation. Along with this, there is no noticeable difference between the
samples with different sizes of crushed flax. The authors concluded that to
enrich wheat bread with physiologically functional ingredients — crushed flax
seeds — it is advisable to grind it to a particle size that passes through sieves
with a mesh size of 1.0 or 0.8 mm. An increase in the degree of grinding of flax
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seeds leads to a deterioration in the structural and mechanical properties of the
crumb of finished products. It was established that the duration of fermentation
of dough samples using crushed flax seeds should be 120 min, which will allow
to ensure maximum release of carbon dioxide at the stage of proofing of dough
blanks, while ensuring sufficient gas-holding capacity of the dough and less
swelling. These recommendations will allow to obtain products with crushed
flax seeds of good quality™®.

Grain sorghum is a unique cereal plant in terms of its biological
characteristics. Sorghum flour provides the human body with proteins, amino
acids, fats and fatty acids, carbohydrates, vitamins, and trace elements. In turn,
sorghum protein reduces blood cholesterol levels and normalizes the activity of
the human digestive system. Sorghum fat contains many essential unsaturated
fatty acids (83—88%), which are important for the prevention of atherosclerosis,
heart disease and vascular diseases. Gluten-free raw materials include hemp
flour, which is characterized by a significant content of unsaturated acids,
glycerides, macro- and microelements, and amino acid composition. Due to
the content of bactericidal substances, scientists recommend using it for the
nutrition of patients with gastrointestinal diseases. Some studies indicate that
hemp protein is equivalent to egg protein in terms of amino acid composition®®.
It has been established that out of 20 available amino acids, 9 are essential, that
is, they are not synthesized by the body and are vital for normal functioning
(histidine, phenylalanine, methionine, isoleucine, leucine, lysine, threonine,
tryptophan, valine). The vitamin composition is no less rich, represented by
fat-soluble (carotenoids, E, D, K) and water-soluble (groups B, C) vitamins.
In terms of the content of minerals, the flour contains most of the necessary
nutrients (zinc, magnesium, iron, phosphorus, manganese, sulfur, potassium,
calcium, chlorine). Also in its composition, in an optimal ratio (1: 3), there
are polyunsaturated fatty acids Omega-3 and Omega-6. The presence of these
components provides anti-inflammatory, anti-stress effect, has a beneficial
effect on the main systems of the body (nervous, cardiovascular, digestive,
endocrine and reproductive)®’. As a result of studies using hemp flour, which
contains proteins balanced in amino acid composition, polyunsaturated fatty
acids, dictary fiber, as well as vitamins and minerals, it was established that
it is appropriate to use it in the production of organic bread from first-grade

3 Topba O. O. IIpupomHO-pecypCHHil Ta €HEPreTHYHHI TMOTCHIANM: HANpsAMH 30epeKeHH,

BiJTHOBJICHHS Ta PalliOHATEHOTO BUKOPHCTAaHHS : MOHOrpadis. [Tonrasa : Actpas. 2019. 279 c.
6 Spowesny T. C., Spoweuny O. M. CyuacHi TenjeHuii y QopmyBaHHi sikocTi XJ1i600yI04HHX
BUPOOiB. Tosaposnasuuii gichuk. 2013. 6. C. 258-262.

7 Osgcierko C. M., Haymerko O. B. Bukoprcranss 6i0JI0TiYHO aKTHBHHX PEYOBHH Y XJIiOOMEYCHHI.
IIpooosonvyi pecypcu. 2021. 9 (17). C. 107-118.
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wheat flour. The introduction of 10...20% hemp flour helps to intensify the
dough ripening process and reduce the duration of the technological process by
8-20 minutes**. Consumption of bread containing 10 % hemp flour provides an
increase in the coverage of the daily human body's need for proteins by 9.5%,
fats and fiber by 5.5 and 13.6%, respectively, and also increases the human
body's supply of ®-3 and ®-6 fatty acids by 37 and 29%. In bread containing
hemp flour, the content of B vitamins and minerals (phosphorus, magnesium,
calcium, iron) increases.

Bird cherry flour is of interest to the food industry. This raw material
contains tannins, flavonoids, phytoncides, antioxidants that can neutralize the
action of free radicals, reduce the risk of malignant formations, help strengthen
the walls of blood vessels, and have an active antimicrobial effect. Bird cherry
flour contains a significant amount of essential amino acids (leucine, valine,
phenylalanine), therefore it is a promising raw material for the production
of bakery products®. A new raw material for bakery production is green
buckwheat flour. The difference from the usual one is that it is a product
made from thermally untreated buckwheat grains, which contain an expanded
set of nutrients, including: fiber, calcium, magnesium, sodium, potassium,
phosphorus, chlorine, sulfur. It also contains a significant amount of vitamins.
It is worth noting that the bioavailability of vitamins from green buckwheat
is significantly higher than that of regular buckwheat. This is an indicator of
how quickly and to what extent the vitamins of this product are absorbed. To
ensure a balanced diet, it is necessary to develop new food products that have
increased nutritional and reduced energy value due to the reduced content of
sugar, fat and other high-calorie recipe components and the introduction of
components with functional properties into the recipe. Bakery products made
from wheat flour of the highest and first grades contain a high amount of easily
digestible carbohydrates. To reduce the energy value of such products, structural
polysaccharides of plant cells (dietary fibers, pectin substances, hemicellulose,
etc.) are introduced into their composition®’. By replacing part of the fat, sugar
and eggs with boiled and pureed vegetables (cabbage, carrots, beets, pumpkin),
bakery products are enriched with vitamins, mainly beta-carotene, and their
calorie content is reduced. To enrich bakery products with vitamins, organic
acids, sugar, mineral and pectin substances, in Ukraine, products of fruit

3% Oumiitnivenko O. B., XKykosa 5. ®@., Konunosa K. B. Knacudikanii xapuoBux mnomicaxapupis 3a

XIMIYHOIO TIPUPOZOI Ta (YHKLIOHAIBHUM IIPU3HAYCHHSAM Y MOJOYHHMX MNpPOAYKTax. I[Ipodosonsui
pecypcu. 2016. 6. C. 181-193.

¥ InnoBawiiini TexHoMoOrii XapuoBoi MPoAyKLUii (YHKIIOHATBHOrO MpPU3HAYEHHs : MOHOrpadis. / 3a
pexn. O. 1. Yepeska, M. 1. [lepeciunoro. Xapkis : Xapk. IepK. YH-T XapuyB. i Toprisii, 2017. 940 c.

4 Nauenko A. O CrocoOHOCTH HEKTHHOB K CTYAHEOOpa3oBaHHIO. Xuifonekapcoka i KOHOUmMepcoka
npomucnosicmo Yipainu. 2015. 7-8. C. 56-58.
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processing (apples, quince, grapes, black currants, etc.) and vegetables (carrots,
beets, tomatoes, pumpkin, etc.) are used. These include juices, purees, candied
fruits, jams, powders, etc.*!. Bakery products play a special role in the diet
of the population, as they are consumed daily, and therefore their nutritional
value is of significant importance. The intake of proteins, fats, carbohydrates
and other components with food products should be accompanied by the
introduction of an appropriate amount of ballast substances. In this regard, in
recent years, more and more attention has been paid to the issue of including
dietary fiber in recipes **. The effect of adding nettle meal in an amount of 3%
to the mass of flour on organoleptic indicators (crust color, crumb elasticity,
taste and aroma of bread) has been studied; at the same time, the process of
slowing down staling is noted, the content of vitamins C, P and K, B-carotene
and minerals increases®.

CONCLUSIONS

The worldview function of bioethics is to determine the scope of certain
“universal” moral norms in different cultural contexts. In most so-called
traditional societies, “universal” principles are known, but have specific
features in the scale and areas of their application. For example, in a traditional
society, there may be moral equivalents of ideas about the “value of the human
person” and corresponding codes of conduct. But such codes have significant
limitations and exclusions in relation to different contingents of people based
on ethnicity, place of residence, social status, gender and age. Bioethics as
a special worldview is open to change. Historically, Potter’s survival ethics
gave birth to pragmatically oriented South American principledism. That, in
turn, initiated European bioethics, biolaw and global ethics as a combination
of medical and environmental directions. In Ukraine, the formation and
development of bioethics is additionally influenced by processes related to the
tasks of creating a market mechanism of the economy and the formation of
a society inclined to the ideals of democracy and humanism. Medicine and
healthcare in our country are becoming one of the priority areas of public life.
The modification of doctor-patient relations is significantly influenced by the
increase in medical awareness of the population, the understanding that the

4 Kparmpauipka 1. O., Ilepuesoit @. B., Omensuyk €. O. HaykoBi Ta npakTudHi acrieKTd NEKTHHY i

MEKTHHONPOAYKTIB : MoHOrpadis. Cymu : CyMchkuii HauioHabHUIT arpapHuii yHiBepeuret, 2015. 314 c.
C.251.

4 Tlepuesoit @. B., Kamcynima H.B., [pomerxo O. B., [ixtapp A. M., Kommp O. B,
Owmensuenko C. b. XapuoBi TexHouorii : HaByaneHuii nocibnuk y 2-x 4. Xapkis—Cymu : XJYXT, 2020.
208 c.

4 Joprawosa, K. T., Jlebemenxo T. €. Xumi6oOynouni BHPOOM O03M0POBYOTO MPU3HAUCHHSI 3
BUKOpHCTaHHAM (iTomo6aBok : MoHorpadis. Kuis : K-Ilpec, 2015. 464 c.
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health of a person and his children is primarily the subject of his own concern
and responsibility. A scientific worldview helps solve practical problems. The
worldview function of bioethics contributes to the protection, preservation and
sustainable development of life using ethical mechanisms and principles. In
the modern world, GM products are an integral part of the economy of most
countries in the world. At the same time, there is no unified scientific, social
and legislative framework in this area, which dictates the need for further
intensive research aimed at improving technologies for obtaining GMOs and
a comprehensive study of the biology of transgenic plants.

The main reason for the decrease in the production of bakery products by
Ukrainian bakeries in recent years (from 1990 to 2010) is their rational use,
which can be considered a progressive phenomenon. With a balanced diet,
an adult in our country needs 120-125 kg of bakery products per year, or
350-360 g per day. Rye flour bread should account for approximately a third of
the total consumption of bakery products. Bakery products are the most important
food product for people in most countries of the world, and for a long time there
has been a tendency to reduce their consumption. Over the past 50-60 years,
global consumption of bakery products has decreased by approximately two to
three times. In Western European countries, bread consumption is much lower
than in Ukraine. It does not exceed 120 g per person per day, or 43—45 kg
per year (in Germany — 80-83 kg). Through the trade network of officially
registered enterprises that carry out retail trade, bakery products worth UAH
1.8-2 billion are sold annually. It is worth noting that today in Ukraine there
are many private small bakeries that successfully compete with bakeries. These
enterprises produce high-quality products and are as close to the consumer as
possible. In recent years, many bakery products have been produced at home,
especially in rural areas. This is facilitated by the cultivation of grain by farms
and the presence of a large number of minimills.

SUMMARY

Bread and bakery products are one of the main human food products.
Preservation of health and working capacity of the population, increasing
longevity and improving the quality of life are the priority tasks of the state.
The strategic goal of today's world is the creation of “healthy” food, the main
direction of which is to reduce the consumption of saturated fats, sugar, salt
and increase the consumption of dietary fiber, minerals, vitamins, antioxidants,
etc. Of particular importance is the development of recipes for functional flour
products, maximally balanced in terms of basic nutrients, as well as enriched
with various additives of animal and plant origin, which give flour products
adaptogenic, biostimulating, antioxidant and other functions. In the food
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industry, bread baking is the main industry that produces various varieties of
bread, bakery and bagel products, medicinal and dietary bread products, butter
and plain crackers. The bakery industry is an important component of the food
complex of Ukraine. Modern baking production is characterized by a high level
of automation and mechanization of technological processes, the introduction
of new technologies and the expansion of the range of bakery products.

The extremely important and exceptional role of bread has led to the
formation of a special attitude towards this product in society, and has given
strategic importance and social responsibility to enterprises in the industry. On
the one hand, this has become a guarantee of stable demand in the market for
bread products, and on the other, since their price and quality, physiological
properties and safety, assortment and production volumes are in the center of
constant attention not only of industry specialists, but also of the population,
government bodies and the media, increased control and attempts at external
regulation have led to a significant complication of the work of bread factories,
aggravation of problems and the need to solve a number of tasks. Firstly,
rapid changes in the life of modern man, a decrease in the health indicators
of Ukrainians make it urgent to formulate more stringent requirements for
indicators of nutritional value, physiological properties and safety of bread
products, the content of synthetic additives, potentially harmful substances
and allergens. Secondly, taking into account the significant natural potential in
adjusting the nutritional status, the mass and constant consumption of bread,
nutritionists note the relevance of studying world experience and activating
domestic developments of product technologies capable of strengthening and
protecting human health in modern conditions, preventing the spread of non-
communicable, “environmentally caused” and occupational diseases. Thirdly,
in the context of Ukraine’s integration into the world community, for domestic
baking enterprises, the preparation of bread at which is characterized by higher
energy, material, and labor costs, with a disparity in the growth of prices
for cost components and products, the issue of increasing the efficiency and
investment attractiveness of production is extremely important. Solving tasks
and overcoming problems in the industry are significantly complicated by the
peculiarities of the organization and the multifaceted nature of the technological
process, the uniqueness of the characteristics of flour systems. The preparation
of bread products is the result of a complex of interdependent and coordinated
physical, colloidal, biochemical, microbiological and other processes, the
formation of product quality depends on many objective and subjective factors,
primarily the properties of raw materials, technological process parameters,
which are characterized by dynamism, a certain uncertainty, and the random
nature of changes. All this, combined with the decrease in the quality of raw
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materials, the inclusion of non-traditional functional ingredients in recipes, the
increase in prices for energy carriers, equipment, etc., significantly complicates
the development of measures to regulate the properties of flour systems, manage
processes that ensure the transformation of biopolymers and biologically active
substances, adjust the species composition, activity of the microflora of semi-
finished products, the ultimate goal of which should be a comprehensive
improvement in product quality and giving it physiological properties. The
innovative dynamic development of the baking industry requires an integrated
approach, development and implementation of technological solutions that will
ensure a balance in the formation of all product quality criteria from the modern
positions of consumers, nutritionists and manufacturers.
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CHAPTER 10

FUNCTIONAL HEALTH PRODUCTS BASED
ON POLYSACCHARIDES

Kichura D. B., Sobechko I. B.
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INTRODUCTION

In the conditions of the modern market, the production of high-quality,
cost-effective, competitive products is simply impossible without the use of
advanced technologies and innovative solutions in the field of providing people
with food. Innovations in the field of food technologies are subordinated to
the search for ways and means that ensure economic production and guarantee
maximum safety and quality of food products, including nutritional value,
organoleptic properties, as well as properties that determine health benefits,
the totality of which directly depends on the ingredient composition of the
food product. Priority areas of innovation in the field of food production are
the development of promising methods of production, storage, transportation
and processing of products; the formation of mechanisms for the rational
use of raw materials; the development of new types of high-quality food
products; improving methods of promoting consumer products. Intensification
of scientific research and the accumulation of extensive practical material
contribute to the deepening of theoretical knowledge on innovations and the
improvement of modern technologies. The development of new technologies
in the food industry and the creation of a wide range of qualitatively new
products with a targeted change in chemical composition and properties is an
important direction of modern nutriscience, contributing to the preservation of
the population's health. The development of research in the field of nutrition,
the development of new technologies contribute to the expansion of the range
of products, stimulate the search for new sources of food raw materials. The
production of food products for the prevention of common alimentary, i.e.,
food-related, diseases is relevant. In addition, solving the problem of preserving
the health and longevity of the population correlates with the provision of
adequate biologically complete nutrition for all age and social groups. An
important condition for the implementation of state projects in this area is the
production of special food products on modern equipment using ingredients
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of both dairy and non-dairy origin that satisfy the physiological needs of the
human body in substances and energy and perform various functions. High-
quality nutrition is one of the main factors in ensuring human health. Consumers
are beginning to pay more and more attention to functional food products, that
is, their ability to reduce the threat of human disease with the most common
diseases of civilization — diabetes, cardiovascular, allergies, gastrointestinal.
The creation of fundamentally new technologies, deep complex processing of
raw materials into high-quality products that have a health-improving effect
on the human body, provide prevention of nutritionally dependent conditions
and diseases, contribute to the elimination of deficiencies of proteins, vitamins,
micro- and macroelements, and other essential substances can be considered
a priority problem. These requirements are met by products with functional
ingredients, biologically active additives, and other groups. With the help
of food combinatorics, it is possible to weaken the negative environmental
influences by designing and constructing food products that are not only safe for
humans, but also those that protect their genetic structures. One of the effective
measures of diet correction and prevention is the use of modern dairy products,
in particular, for mass consumption with a changed composition, but traditional
taste. Such products provide additional health benefits due to their balanced
and enriched composition. compliance with the norms of daily nutrient intake.

1. Main polysaccharides and their use in the food industry

Starch is the final product of carbon assimilation by plants, their reserve
nutrient. It is used in cooking, for the manufacture of confectionery, certain
types of sausages, concentrates, in everyday life, in the food, pharmaceutical,
textile, paper, leather and other industries. Various types of modified starch,
sago, molasses, glucose, glucose-fructose syrup are obtained from starch. Global
production of starch and starch products has doubled over the past decade
and now amounts to about 60 million tons, including 36 million tons in the
USA and 9 million tons in the European Union, 45 million tons are produced
from corn, 5 million tons from tapioca, 4 million tons from wheat, and about
2.5 million tons from potatoes. In plants, starch is contained in the form of
microscopic grains of a crystalline structure of various sizes and structures,
depending on their type. Important technological properties of starch are the
ability to gelatinize and form gelatin. Potato starch forms transparent pastes of
high viscosity. It is used in starch-molasses production, for the manufacture of
jelly, some types of sausage and confectionery products, for thickening soups,
sauces, gravy, etc. The quality and yield of starch are affected by operations
such as cleaning and washing potatoes, grinding them, separating cell juice
and pulp, refining starch milk, removing sand, washing starch, separating
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starch from milk, drying, sieving and packaging. Raw starch with a moisture
content of about 50% is used to produce dry starch, molasses, and other starch
products. The residual moisture content after drying should be 17-20%, which
corresponds to a relative humidity of 65-75%. Underdried starch is poorly
stored. Corn starch — forms pastes of low viscosity, low transparency, but stable
during mixing, heat exposure and storage. Therefore, it is used in canning, for
making puddings, sauces, pie fillings, as well as to weaken the action of gluten
and give greater tenderness to bakery and flour confectionery products. The
yield and quality of starch depend on the following operations: soaking the
grain, coarse wet grinding, separation of the germ, fine wet grinding of the pulp,
separation of free starch from the pulp and refining of the starch suspension,
separation of starch and protein, washing on vacuum filters and drying. Coarse
wet grinding makes it possible to isolate a valuable component — the germ,
from which corn oil is obtained after cleaning and drying. Wheat starch. Wheat
starch grains have a round or elliptical shape, mainly large (25-35 microns)
and small (2-10 microns) sizes. In the center of large grains, a “eye” is barely
visible. The formation of cracks in starch grains during wheat grinding is due
to excessive compression, therefore it is considered advisable to use corrugated
rolls. This starch forms low-viscosity pastes, more transparent compared to corn
starch pastes. At high concentrations, its pastes form elastic jellies after cooling.
Requirements for starch quality. Commercial starch contains various impurities
of organic and mineral origin, which affect its quality, grade, price and use.
Potato starch — is divided into the following grades by quality: extra, higher,
Ist and 2nd; Corn — into higher and 1st; Wheat — into extra, higher and Ist.
Potato starch varieties are distinguished by color: extra and superior varieties
should be white with a crystalline sheen, 1st — white and 2nd — white with
a grayish tint. Large starch grains reflect light better and therefore have a more
pronounced shine. Corn and wheat starch of all varieties should be white, but
a yellowish tint is allowed. Starch has a faint odor due to the presence of volatile
substances, mainly essential oil. Potato starch smells stronger than corn. Starch
should not have an off-odor that occurs due to violation of transportation or
storage conditions, as well as spoilage. In appearance, starch should be in the
form of homogeneous powder particles, without grains, side impurities that
impair its quality. The humidity of grain types of starch is normally up to 13%,
and amylopectin — up to 16%. In case of violation of transportation and storage
conditions, it can increase, and this contributes to microbiological spoilage
of the product. A very important indicator of starch quality is the number of
specks, i.e. dark inclusions, which are visually visible on the leveled surface
of the starch. It is limited and depends on the grade and type of starch, pcs.
per 1 dm?: potato grade extra — 60, higher — 280, 1st — 700; corn higher — 300;
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Ist — 500; wheat extra — 280, higher — 550; 1st — 750. The maximum ash content
of potato starch grade extra — 0.3%, 2nd — 1, corn higher — 0.2, Ist — 0.3%.
Store starch in clean, dry, well-ventilated warehouses, free from foreign odors
and free from pests. The optimum storage temperature is considered to be 70%
relative humidity, although it is permissible to up to 75%, and a temperature of
about 100°C. Under these conditions, the standards provide for the storage of
potato and corn starch for 2 years, and wheat starch for 1 year. Longer storage
significantly reduces the ability of starch to gelatinize. In rooms with increased
relative humidity, it becomes humid, and as a result of microbiological processes
and spoilage, it acquires first a sour, musty, and then a putrid odor.

Modified types of food starch — are mainly obtained using the following
chemical treatment methods, as well as their combinations: esterification with
acetic and succinic anhydrides, a mixture of acetic and adipic anhydrides,
octynylic anhydride, phosphoryl chloride, trimethophosphate and sodium
tripolyphosphate, as well as odono-substituted sodium orthophosphate with
the formation of ester derivatives; esterification with propylene oxide, with
the formation of simple esters, acid modification of hydrochloric and sulfuric
acids, with the formation of hydrolyzed products; bleaching with hydrogen
peroxide, peracetic acid, potassium permanganate and sodium hypochloride;
oxidation with sodium hypochloride. Types of swelling starch. These
include such types of modified starches that can be partially or completely
dissolved in cold water (instant starch). The basis for obtaining such types of
starch are physical transformations that do not cause significant destruction
of starch molecules. They are obtained by drying starch suspension in
a spray or roller dryer at a temperature exceeding the starch gelatinization
temperature. As a result of heat treatment, the structure of starch grains
is partially or completely destroyed. Extruded starch — by its properties,
belongs to the group of those that swell, and by the processing method — to
starch that is subject to moisture-heat treatment at a temperature above the
gelatinization temperature. As a result of the loss of free and partially bound
moisture, the processed product acquires a secondary structure, becomes
brittle, swells in contact with water and partially dissolves in it. Extrusion
is carried out on extrusion plants, in which it is premoistened to 34%,
subjected to compression, heating to 200°C and intense mechanical action.
As a result, starch gelatinization occurs. Types of swelling starch are used in
the technology of various desserts, jelly marmalade, butter dough containing
berries, and instant starch is used for quick-cooking puddings. Split types
of starch are obtained by treatment with acids, sometimes in combination
with oxidants and separately with enzymes. An example is hydrolyzed types
of starch. They are obtained by treatment of starch suspensions, solutions

2N



of acids or hydrolytic enzymes — amylases. Depending on the conditions of
hydrolysis, the corresponding properties of starch are formed. For example,
starch treated with acids at elevated temperatures is capable of forming
low-viscosity pastes; solutions of hydrochloric or sulfuric acids are more
often used at a suspension temperature below the starch gelatinization
temperature. These types of starch are used for the production of marmalade
and pastille products, jellies, and chewing gums. Gelling starch — obtained
by oxidizing starch grains with potassium permanganate in an acidic
environment. The purified starch suspension with a dry matter concentration
of 35% is oxidized for 30 min with potassium permanganate (0.15-0.20% to
dry matter of starch) in the presence of hydrochloric acid. Then the mixture
is washed, thickened, dehydrated, dried and packaged. Starch phosphate is
a complex ester of starch and residues of phosphoric acid or its salts. It
differs from ordinary starch in the increased ultimate viscosity of pastes,
their greater stability to mechanical action and acidity of the medium, as
well as to high and low temperatures. It is used to thicken canned meat, as
a stabilizer of dietary mayonnaises with a reduced fat content, fatty creams,
sauces, jelly, quick-frozen foods, to improve the quality of bread, cookies,
and wafers. The color of phosphate starch of grade A is from white to white
with a yellowish tint, grade B is from cream to fawn. Acetylated types of
starch are obtained by heating a mixture of 25-100 parts of glacial acetic
acid and 100 parts of starch and keeping it at a temperature of 100°C for
5-13 hours. The hydroxyl groups of the glucose residue form ether bonds
with acetic acid residues. As a result, the content of acetyl groups in starch
is 3-6%, depending on the dosage of acid and the duration of treatment. At
the maximum degree of acetylation, three hydroxyl groups of each glucose
residue form ether bonds with acetic acid residues. Excess acid is removed
by washing the starch with cold water. Simultaneously with acetylation,
starch is also cleaved. Such starch is well soluble at a temperature of
95-100°C. Molasses is a product of incomplete hydrolysis of starch by
diluted acids or amylolytic enzymes, which forms a syrupy, thick, viscous,
colorless or slightly yellowish, transparent liquid with a sweet taste. Due
to its anti-crystallization and hygroscopic properties, it is widely used for
the production of caramel, halva, jam, many types of candies, gingerbread,
liqueurs, some types of bakery products, etc. Molasses dextrins increase
the viscosity of sugar syrup and slow down the crystallization of sucrose,
and reducing sugars, due to their hygroscopic properties, contribute to the
appropriate preservation of moisture. Caramel molasses — can be low-sugar,
higher and Ist grades. They are distinguished by the content of reducing
substances, as well as the temperature of the caramel sample, mass fraction
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of ash and acidity. High-sugar glucose syrup contains 44—60% reducing
sugars in terms of dry matter and is used to make jams, jellies, pastilles,
and baked goods. Dextrin (maltose syrup) is a component of liquid and
dry infant formulas. Maltose syrup contains at least 65% reducing sugars
(in terms of maltose) and has a brown color and a sweet malt flavor. It
is used to prepare sweet dishes, baby formulas, gingerbread, some types
of baked goods, and in diet foods. Maltodextrins are low-sugar starch
hydrolysates that contain 5 to 25% reducing substances. They are used to
produce baby products, as fillers for puddings, confectionery, and artificial
cream. Glucose is the final product of starch hydrolysis. Crystalline and
food-grade glucose are used for the production of food products. Crystalline
glucose is produced in the form of a white crystalline powder that passes
through a sieve with holes with a diameter of 1.5 mm. It should have a sweet
taste and be without an aftertaste. Its humidity should not exceed 9%; the
content of reducing substances in terms of dry matter is 99.5%. Shelf life
is 1 year. Food-grade glucose is prepared without isolating intercrystalline
liquid. It is used for the production of confectionery, soft drinks, ice cream,
etc. Glucose-fructose syrup is prepared from high-quality starch through
saccharification and isomerization of glucose. Under conditions of chemical
equilibrium, it is impossible to isomerize more than 50% of glucose in
solution into fructose. Therefore, about 42% of fructose (on dry matter of
SR) accumulates in the isomerized syrup. The finished syrup contains 71%
dry matter and has a sweetness close to sucrose. It is used instead of sucrose
in drinks, for canning fruits and vegetables, in the production of some types
of confectionery and bakery products, ice cream, condensed milk, etc. ! 2

2. Use of polysaccharides as functional additives

Polysaccharides (polyoses) are natural polymers built from a large
number of residues of monosaccharide molecules and their derivatives.
According to the monosaccharide composition, polysaccharides are divided
into homopolysaccharides, or homoglycans, which consist of residues of
monooses of the same type, and heteropolysaccharides, or heteroglycans,
the molecules of which contain residues of different monosaccharides.
Polysaccharides also differ in molecular weight and molecular structure.
By the nature of the polyglycoside chain, they can be linear and branched.

' Tlomym6puk, M. O. BymieBomu B Xap4oBHX NpPOAYKTaX i 34OPOB’Sl JIOAMHH : MOHOTrpadis.

HarmionanbHuit yHiBepcuTeT Xap4oBuX TexHoorii. Kuis : Akagemnepiozuka, 2011. 487 c.

2 Ocramyenko JI. 1., Angpiiiuyk T. P., Babenrok [0. ., Boiuiuskuit B. M., [aBuzgenxo A. B.,
Pubansuenxo B. K., Cromenko O. B. bioximis : migpyunuk. Kuis : BIIL] «KuiBchkuii yHiBEpCHTET»,
2012. 796 c.
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Polysaccharides, which are an integral part of many food products, can
have different names depending on their purpose, economic considerations
and trends: hydrocolloids, carbohydrates, dietary fibers (both natural and
modified), stabilizers, emulsifiers, gelling agents and thickeners, gums, fat
substitutes or imitators. At the same time, according to current regulatory
documents, product labeling should reflect not only the total carbohydrate
content, but also the polysaccharide content separately, since the presence
of the latter increases the benefits of the product and, accordingly, affects
its added value. Food polysaccharides can be considered as multifunctional
food additives, the main areas of application of which are: 1) emulsification,
stabilization, gelation, thickening; 2) replacement or imitation of milk
fat; 3) increasing the nutritional value of the product by increasing the
content of dietary fiber. Thus, each food polysaccharide can simultaneously
perform several functions. For example, carboxymethylcellulose in dairy
products acts simultaneously as an emulsifier, stabilizer, dietary fiber and fat
substitute, since it is a surfactant and causes the dispersion of incompatible
phases (fat and water), maintains the resulting emulsion structure in a stable
state, is not digested in the human gastrointestinal tract, thus reducing calorie
content, and gives a pleasant consistency to the product with a reduced fat
content. Whatever function food polysaccharides perform in the finished
product, they can be classified by chemical structure (composition of
monomer units, their substituents, diversity and location of these units in
the polymer chain), see Figure 1.

Polymers consisting of monomers of the same structure are referred to
as homopolysaccharides, and those that have different monomers in their
composition are referred to as heteropolysaccharides. Depending on the
structure of the monomer units, homopolysaccharides are divided into glucans,
fructans, galactans, arabinans, xylans, mannans and polyuronides. Stabilizers,
emulsifiers, gelling agents and thickeners. Polysaccharide food additives, which
according to the EU classification have received numbers E400-E499, are
divided into four functional groups:

stabilizers, emulsifiers, gelling agents and thickeners. Emulsifiers
contribute to obtaining a homogeneous dispersion of two mutually insoluble
liquids, one of which is evenly distributed in the second in the form of the
smallest droplets, and stabilizers maintain such a system in an equilibrium
state. Gelling agents give the product a gel structure, while thickeners
increase the viscosity of the food product. In practice, it is difficult to
differentiate emulsifiers and stabilizers, since most food polysaccharides
perform several functions simultaneously depending on pH, ionic strength,
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CLASSIFICATION OF POLYSACCHARIDES
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Fig. 1. Classification of polysaccharides
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concentration and the presence of other compounds®. The nature of the
interaction of the water-protein-polysaccharide components depends on
factors such as the concentration of the mixture components, pH and ionic
strength. Thickeners and gelling agents are, by their chemical nature, linear
or branched polymer chains with hydrophilic groups that enter into physical
interaction with the water present in the product. With the exception of
polysaccharides of bacterial (xanthan gum E 415 and gellan gum E 418)
and animal origin (gelatin), thickeners and gelling agents are carbohydrates
(polysaccharides) of plant origin or plant hydrocolloids. They are obtained
from terrestrial plants or algae. Alginic acid E 400 and its salts E 401...404
are obtained from brown algae. The most popular gelling agents — agar
(agar-agar) E 406 and carrageenan (including furcelleran) E 407 — are
obtained from red seaweed, and pectin E 440 — most often from apples
and citrus fruits. Plant polysaccharides, according to the functions they
perform in the plant body, are divided into protective colloids secreted by
the plant when damaged (exudates, resins), and reserve polysaccharides that
accumulate in seeds. The resins include: arabinogalactan E 409, tragacanth
E 413, gum arabic E 414, karaya gum E 416, ghatti gum E 419. The
reserve polysaccharides include locust bean gum E 410, oat gum E 411,
guar gum E 412 and tara gum E 417. According to their chemical structure,
hydrocolloids are divided into three groups: acidic polysaccharides with
uronic acid residues, acidic polysaccharides with sulfuric acid residues and
neutral polysaccharides. Acidic hydrocolloids with uronic acid residues (for
example, tragacanth E 413 and gum arabic E 414) and neutral compounds
(for example, locust bean gum E 410 and guar E 412) are used as thickeners.
Acidic polysaccharides with sulfuric acid residues are used as gelling agents
(for example, agar E 406 and carrageenan E 407).

3. The effect of polysaccharide modification on their properties

The properties of thickeners, especially neutral polysaccharides, can be
changed by physical (e.g., thermal) treatment or by chemical modification
(e.g., by introducing neutral or ionic substituents into the molecule). By
chemical or physical modification of starch, it is possible to achieve:
a decrease or increase in the temperature of paste formation; a decrease
or increase in the viscosity of the paste; an increase in solubility in
cold water; the appearance of emulsifying properties; a decrease in the
tendency to retrogradation; resistance to syneresis, the action of acids,

3 Oumiitniverko O. B., XKykosa SI. ®@., Konunosa K. B. Knacudikanii xapuoBux mnomicaxapupis 3a
XIMIYHOIO NPUPOOK0 Ta (YHKIIOHAIBHMM MPU3HAYCHHAM Y MOJOYHHX MPORYKTaX. [Ipodosonvui
pecypcu. 2016. 6. C. 181-193.
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high temperatures, and freeze-thaw cycles. In this case, various types of
modified starches are obtained (E 1400-1450). Modified polysaccharides
also include cellulose esters E 461-467. The effectiveness of hydrocolloids
is determined not only by the structural features of their molecules (chain
length, degree of branching, nature of monomer units and functional
groups with their location in the molecule, presence of glycosidic
bonds), but also by the composition of the food product, the method of
its production and storage conditions. The dissolution and dispersion of
hydrocolloids are affected by the size and shape of their particles, specific
surface area, and granulometric composition. The method of preparing
the solution (dispersion) is of great importance: the intensity and time
of mixing, temperature, pH value, the presence of electrolytes, minerals
and substances subject to hydration (for example, sugar), the possibility
of forming complexes with other compounds present in the system, and
the processes of decomposition caused by enzymes or microorganisms.
There are thickeners that can form associates with other high-molecular
components of a food product, which causes a noticeable increase in
viscosity. The behavior of neutral polysaccharides, unlike polyelectrolytes,
is practically independent of changes in the pH of the medium and salt
concentration. Gels (jellies) are dispersed systems consisting of at least
two components — a dispersed medium and a dispersed phase distributed
in it. The dispersed medium is a liquid. In food systems, this is usually
water, and therefore the gel is called a hydrogel. The dispersed phase is
a gelling agent, the polymer chains of which form a cross-linked network
and do not have the mobility that thickener molecules have in highly
viscous solutions. Water in such a system is physically bound and also
loses mobility. This results in a change in the consistency of the food
product. The structure and strength of food gels obtained using different
gelling agents can vary greatly. A gel is practically an immobilized form
of a colloidal solution (sol). To transform a sol into a gel, it is necessary
for forces to begin to act between molecules distributed in a liquid,
causing intermolecular crosslinking. This is achieved in various ways:
by reducing the amount of solvent due to evaporation; by reducing the
solubility of the distributed substance due to chemical interaction; by
adding substances that promote the formation of bonds and crosslinking;
by changing the temperature and adjusting the pH value. The onset of
gelation is accompanied by a slowdown in the Brownian motion of
particles of the dispersed phase (an increase in viscosity), their hydration,
and the formation of a polymer network. The ability of polymers to form
a polymer network depends on the length and number of linearly oriented
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sections of their molecules, as well as the presence of side chains that
create steric hindrance during intermolecular interaction* °.

The mechanisms of gel formation can vary considerably, with three main
mechanisms currently recognized; the sugar-acid model (highly esterified
pectins), the “eggshell” model (e.g., low-esterified pectins), and the double-
helix model (e.g., agar). Dietary fibers. Another functional domain of food
polysaccharides is dietary fibers. According to the generally accepted definition,
dietary fibers (dietary fibers) are edible parts of plants or similar carbohydrates
that are resistant to digestion and absorption in the human small intestine and are
partially or completely fermented in the large intestine. Dietary fibers enhance/
regulate intestinal peristalsis, contribute to the reduction of cholesterol and/or
glucose levels in the blood. The class of dietary fibers includes indigestible
dietary polysaccharides, lignin and other compounds of plant origin, animal
fibers, as well as modified and synthetic indigestible dietary polysaccharides®.
Dietary fibers can be divided into traditional and functional. Traditional dietary
fibers are obtained by minimal processing from plant raw materials and such
dietary fibers are considered components (ingredients) of food products, while
the so-called functional dietary fibers require more complex technologies
(chemical, enzymatic, mechanical, thermal and others) and are considered
food additives (E 400—499). The advantages of functional dietary fibers are
controlled particle size and higher water-holding capacity, which brings
them closer in functionality to hydrocolloid food stabilizers. Classification of
dietary fibers according to the nature of their interaction with water, dietary
fibers are divided into soluble (pectin, B-glucan, galactomannan, inulin and
other oligosaccharides that are not digested in the human gastrointestinal tract)
and insoluble (lignin, cellulose and hemicellulose)’. Insoluble dietary fibers
are high-molecular compounds and are responsible for water adsorption and
gastrointestinal regulation, while soluble dictary fibers are low-molecular and
are responsible for lowering blood cholesterol levels and reducing glucose
absorption in the small intestine. In addition, the amount of information on

4 Jlyroscekuit O. @., Bepuuk 1. M. YierpassykoBi kaBiTauiiini amaparu st peanisaiii eKoJIoriqHo

0e3MeyHOT TeXHOJIOTii BUIyYCHHS MEKTHHY 3 BTOPMHHOI POCIMHHOI CHPOBUHH. Bichux HayionaneHozo
mexwiuno2o y-my Ykpainu «Kuigcokuti nonimexniunuil incmumymy. Cepis mawiuno0yoyeanns. 2010, 58.
C. 82-86.

5 Jlyroscekuit O. @., Bepuuk I. M. Ynprpa3BykoBuil KaBiTamiiiHHii €KCTPAKTOp Uil PiIHHHO-
JIMCTIEPCHUX cepetoBuil. Haykosi npayi Odecbkoi Hayionanwhoi akademii xapuosux mexuonozit. 2010.
37. C. 348-352.

¢ Cuexkin 0. ®., Wamap P. O. TemmomacoobMinHi Texuomorii 296 mepepoOKH MEKTHHOBMICHOT
cupoBuHu: MoHorpadis. Kuis : CIK I'PYII Vkpaina, 2018. 228 c.; InHoBaniiini TexHomorii xapaoBoi
npoaykuii GyHKioHaIbHOTO MpU3HaueHHs : MoHorpadis. / 3a pex. O. I. Uepeska, M. 1. Ilepeciunoro.
XapkiB : Xapk. Iepx. yH—T XxapuyB. i Toprisii, 2017. 940 c.

7 Jlanenko A. O. CriocoGHOCTH MEKTHHOB K CTyqHeoOpa3oBaHui. Xiibonekapcoka i KOHOUMepcoka
npomucnosicmo Yipainu. 2015. 7-8. C. 56-58.
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the therapeutic properties of low-molecular dietary fibers is increasing. In
particular, it has been shown that some low-molecular agars and alginates
have prebiotic activity, and low-molecular pectins have immunomodulatory
activity. Dietary fibers perform such functions in the product as: binding and
retaining moisture; thickening and stabilization; reducing moisture migration
from the filling; ensuring the flowability of dry mixes; enrichment with ballast
substances; reduction of energy value; thermal stability. Ideal dietary fibers
must meet the following requirements: not contain any components harmful
to health; be highly concentrated to maximize the positive effect; have no
taste, unpleasant odor, color or texture; have a balanced content of soluble and
insoluble fibers; contain biologically active components; do not change the
properties of the product to which they are added and at the same time be
characterized by a long shelf life; harmoniously fit into the production process
(technological process); have the expected health effect®. Dietary fibers such
as inulin, carboxymethylcellulose, pectin, and others have become widely
used in the production of dairy products, where they are used to improve the
texture and organoleptic characteristics, increase water-holding capacity, reduce
syneresis, as well as increase the nutritional value of products and achieve
a health effect. In light of current trends in the food industry, such as food
safety control, efficient use of raw materials and waste minimization, the future
of dietary fibers, and especially functional dietary fibers, looks quite promising.
The rational use of secondary raw material processing products is a primary
research goal of many scientific centers, because these raw materials can be
successfully converted into functional food ingredients®.

At the same time, the development, implementation and use of
multifunctional food additives/ingredients may be accompanied by a number
of problems. First, this is the cost of obtaining modified food polysaccharides.
Second, the high gelling and thickening ability of hydrocolloid stabilizers,
which is an obstacle to their use as dietary fibers or milk fat substitutes, since to
perform the latter functions it is necessary to use much higher concentrations of
the corresponding food polysaccharides. Third, there is a lack of information on
certain characteristics of food polysaccharides, in particular regarding molecular
weights and distribution of carboxyl residues, which does not allow drawing
correct conclusions about the relationship between their structure and changes
in the product matrix. Fourth, the issue arises of developing and implementing
methods for controlling the content of food polysaccharides in food products.

8 Tiriena XapuyBaHHs 3 OCHOBaMHM HyTpuuioiorii : migpyusuk : y 2 k. / T. 1. AmnicrpareHxo,
T. M. binko, O. B. bnaronaposa Ta iu. ; 3a pea. B. I. Hunpisua. Kuis : Menuuuna, 2007. 528 ¢

°  KpanuBauuska 1. O., ITepuesoit ®. B., Omenpayk €. O. Haykoi Ta MpakTHYHI aCIIeKTH HEKTHHY 1
HEeKTHHONPOXYKTIB : MoHorpadis. Cymu : CyMcbkuii HanioHaIbHUIT arpapHuii yHiBepeuret, 2015. 314 c.
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The use of food additives is regulated in accordance with the Law of Ukraine
“On the Safety and Quality of Food Products”, however, it is worth noting that
to date, an effective mechanism for comprehensive control of their production
and use has not been created. In addition, for effective scientific communication
and solving technological problems, the issues of terminology, classification and
legislative regulation of food Pectin and pectin-containing substances have gained
significant use in various sectors of the national economy, in particular'® ' 12:
For technical purposes — in the production of D-galacturonic acid; in geology
in the production of pectin glue; in the textile industry for fabrics; in foundry
production as an additive to molding mixtures; in printing for fixing printing
materials; in the metalworking industry for hardening parts; In food products it
is used as a gelling agent, emulsifier and stabilizer; In medicine and pharmacy
for preventive and therapeutic purposes in various diseases (digestive organs,
infectious, diabetes mellitus, polyarthritis, etc.), a structural unit of drugs and
a radioprotector. The use of the target component depends on the nature, method
of production, molecular weight and degree of esterification. In this regard,
methods for deesterification of highly esterified pectins are being developed.
Functions of food in the process of human life: energy: providing the
body with energy by releasing it in the process of nutrient metabolism;
plastic: providing the body with plastic substances for building the body;
immunoregulatory: ensuring the body’s ability to resist the action of harmful
factors; motivational and signaling: regulation of food motivation (appetite);
adaptive and regulatory: regulation of the activity of body systems (digestion,
excretion, thermoregulation); bioregulatory: regulation of metabolic
processes with the participation of enzymes and hormones; rehabilitation:
normalization of body functions due to the therapeutic and prophylactic action
of essential nutrients. The development of modern traditional technologies
for processing plant raw materials leads to a decrease in dietary fiber in it.
For example, increasing the grade of flour is accompanied by a decrease in
physiologically valuable ingredients, including dietary fiber. In accordance with
the recommendations of FAO/WHO, a product containing dietary fiber in the
amount of 3g/100g of the product is considered its source, and with its content
of 6g/100g — enriched. Today, various approaches to enriching products with

10

Nazarenko 1., Bernyk 1. Dedov O., Bondarenko, Zapryvoda A., Nazarenko M. Research of the
processes of acoustic cavitation technology for processing dispersed media. Dynamic processes in
technological technical systems : monograph. Kharkiv : PC Technology Center, 2021. P. 94-109.

' Jlyroceknit O. ®., Bepunk 1. M. Teoperuune oOIrpyHTYBaHHsS IOLLIGHOCTI BHKOPHCTAHHS
YIBTPa3BYKOBHX KaBITAIL[THNX TEXHOJOTIH y TeXHONOTIYHUX nponecax. Texuika 6yoienuymsa. 2011. 26.
C. 52-59.

12 Bepuuk 1. M. JlocmimkeHHsT B’S3KOCTI JHUCIEPCHUX CEPEIOBHIN B YMOBAaX IXHBOI iHTCHCHBHOI
00pobku. Texuixa, enepeemuka, mpancnopm AIIK. 2018. 1 (100). C. 62-67.
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dietary fiber have been developed. One of them is the preservation of the native
properties of the products, that is, the use of raw materials containing dietary fiber
in full. Most often, this method involves the use of whole, crushed, extruded,
whole-ground or flattened grains of various cereals (wheat, rye, triticale, barley,
millet, etc.). This method is well implemented for the manufacture of bakery
products, flour confectionery. Another method of enrichment is the addition of
secondary products of processing plant raw materials with a high content of
dietary fiber. Such sources of dietary fiber are vegetable, cereal, fruit additives,
cereal bran. This method is used to enrich flour products, beverages, and meat
products. Another promising way to enrich products is to introduce dietary fiber
preparations. They are obtained by isolation from cereals, secondary products
of plant raw materials processing, microbial synthesis, etc. Examples include
cellulose preparations and their derivatives, pectins, microbial polysaccharides
(xanthan, enposan). When creating a product enriched with dietary fiber, special
attention is paid to the technological properties of additives, as this may require
correction of the recipe and other parameters of the technological process. The
choice of the stage of additive introduction is important. For example, pectins
and gums used as separate preparations or as part of fruit and vegetable raw
materials have the properties of structure stabilizers and thickeners. They are
introduced mainly at the stages of product structure formation. This allows, in
addition to obtaining a physiological effect, to significantly reduce the amount
of some raw materials (sugar, eggs, butter, etc.), which, in addition, leads to
a decrease in the calorie content of the product. Cereal bran and meal, which
have a high water absorption capacity, are added in significant quantities during
the manufacture of various products — from 5 to 25%. This, of course, affects
the structural and mechanical properties of semi-finished products and the
finished product and requires, in most cases, correction of the recipe amount of
moisture'®, see Figure 2.

4. Waste-free, environmentally friendly technology
for the production of pectin concentrate
A pressing issue today is the development and implementation of advanced
technologies for the processing and use of secondary raw materials using
physical and mechanical methods of processing raw materials. The use of
mechanical vibrations in the ultrasonic range is of considerable interest'* '3,

3 Kanpenssian JI. B., Ioprasosa K. I ®@yHkuioHansHi npoxykry : MoHorpadis. Oxeca : JIpyk,
2003 312 P
. c.

4 Tepeciunuit M. 1. XapuyBaHHs JIOIUHE 1 CydacHe TOBKULLI : TEOpis i mpakTuka : MoHorpadis /
M. L Iepeciunmnii, B. H. Kop3yn, M. ®. Kpasuenxo, O. M. I'puropenko. Kuis : KHTEY. 2003. 322 c.
'S Hyrpuuiosnoris / mix pex. H. B. ynenko. Xapkis : Csit kuur. 2013. 560 c.
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Fig. 2. Polysaccharides in functional products
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Pectin production is an important integral component of the food,
pharmaceutical and chemical industries. At the same time, the technique and
technology of its production, which should be oriented towards environmental
friendliness and versatility, are not sufficiently developed'® '". In this regard,
the task of developing highly efficient, energy-saving and environmentally
friendly processes and equipment that allow realizing the advantages of
using ultrasound to obtain pectin from plant raw materials, in particular
apple pomace'®, becomes relevant. Based on research and improvement of
ultrasonic cavitation processing processes of apple raw materials, schemes
for waste-free, environmentally friendly and energy-saving production are
proposed. The optimal modes of the proposed technologies were established
and their hardware design was improved!’. The extraction of pectin from
pectin-containing raw materials includes the stages of grinding, washing,
swelling and pressing of pectin-containing raw materials, dispersion-
extraction, separation of solid and liquid phases and concentration. Dry apple
pomace 1-2 mm in size, 8% humidity is washed in water at a temperature of
25-45 °C and a hydromodulus of 1:15 for 30 days, after which the water is
separated from the washed raw materials and pressed to a dry matter content
of 12-14%. The prepared raw material is mixed with water in a ratio of
pomace and water 1:5-1:15, heated to a mixture temperature of 40-50 °C
and fed into an ultrasonic cavitation apparatus for the stage of continuous
extraction of pectin from it. Dispersion of protopectin and extraction of
water-soluble pectin are performed in an ultrasonic field with the following
process parameters: intensity 5—10 W/cm?, duration 45-60 food fibers. Next,
the mixture is sent for separation, i.e. separation of the extract from the spent
pomace. The separated extract is evaporated and packaged. The advantages
of the proposed technology are: improving the method of obtaining pectin
and simplifying the process by using ultrasonic cavitation treatment of raw
materials, avoiding the use of acids or bases at the stage of extracting the
key component from the raw materials, environmental friendliness and safety
while maintaining a high yield and quality of the target component, and the

1 Bepuuk 1. M., Kyrask M. M., Kor 1. B. Bi6poekcrpakropy 3 rijpoiMITyiibCHAM MPHBOLOM ISt

3aCTOCYBaHHs B POOOYHX MPOLECAaX CHCTEM «TBEpAe TLIO — pimuuay. [Ipodogomvui pecypcu. 2019. 12.
C. 16-24.

17 Jletianuenko I. B., Muponuyk B. I, I'y3enxo B. B., Masnsik 3. O. 3actocyBaHHS MeMOpPaHHHX
MPOLECIB y TEXHOJIOTI] OEp)KAHHS MEKTHHOBHX KOHLIEHTpATiB : MoHorpadis. Xapkis : ®axt, 2016.
176 c.

18 Tenens b., Toxenro JI., Pamuenko H., IBanwmpkuit [. BukopucranHs KaBiTaiiiiHuX e(heKTiB B
nporecax ekcrparyBanus. Scientific Works. 2020. 84 (1). C. 92-97.

19 Jlyroseskuii O. @., llynera A. B., Bepuuk. 1. M., Tpuiuko I. A., Mosuasiok A. B., 3inincekuii A. 1.
VABTpa3BYKOBI TEXHOJOTIYHI NpPOLECH. PO3MUIICHHS Ta eKCTparyBaHHs : MoHorpadis. Binxums :
Bunasens @OIT Kymmnip 10.B. 2022. 288 c.
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possibility of further using spent pomace for the production of products with
a high content of dietary fiber®.

One of the most important properties of pectin is the ability to form gels, which
is due to their chemical structure, the peculiarity of which is the trans-position
of hydroxyl groups at the second and third carbon atoms of anhydrogalacturonic
acid, which creates the possibility of forming intermolecular bridges, limited
flexibility of molecules due to the existence of 1,4-trans-diaxal bonds between
monomers, as well as the presence of dry dissolved substances, pH and
calcium. Since the pectin presented in the material samples is highly esterified,
the determination was carried out in the pectin-sugar acid system. According
to the data, the gelation index is within 47-53 kPa. It should be noted that it
depends on the intensity of sound, which is also confirmed by the indicators
of the degree of esterification. The highest indicator is possessed by pectin
obtained by ultrasonic treatment of apple pomace with an intensity of 5 W/cm?.
According to the distribution of highly methoxylated pectins by modifications,
the mentioned samples obtained at an intensity of 5 W/cm? corresponded to the
values of a fast-setting additive (SM 70-80%), and 7-10 W/cm?— to an average
one. The obtained data indicate the possibility of using the extracted pectin as
a gel-forming agent in the production of jelly confectionery products. Pectic
substances have the ability to complex, which is based on free carboxyl groups,
as well as a specific cooperative interaction of pectin molecules with ions of
heavy and radioactive metals. The ability of apple pectin extract obtained during
processing in an ultrasonic field at an intensity of 5, 7 and 10 W/cm?to complex
with lead salts was studied. Effect of ultrasound intensity on the complexing
ability of pectin extracts (pectin content 5 g per 100 g of extract) Analysis
of experimental data on the determination of complexation of apple pectin
extract with a pectin content of 5 g per 100 g of extract shows that the indicator
increases with increasing ultrasound intensity, reaching the highest value of
14 mg Pb*"/g at an intensity of 10 W/cm?. Studies of the interaction of pectin
with metals were carried out in a weakly acidic medium (extract pH 5.5-6.5),
which corresponds to the most intensive process and is consistent with literature
data. The value of the complexing ability of pectin extracts (pectin content
35%) varies within the range of 87-107 mg Pb*/g. The comparative ability of
pectin extracts to sorb lead ions shows that the selectivity increases with the
concentration of pectin.

The complexing ability increases in proportion to the content of pectin
substances and reaches the highest values from pectin extract to pectin

2 Bepuuk 1. M., JIyroscbkuii O. @., JloGaus F0. M. Mozenb ynpasiiHHs TEXHOIOTYHAM TIPOLIECOM
YIBTPA3BYKOBOIO KaBITALIMHOTO BWIyYCHHS NMEKTHHY 3 POCIHHHOI CHPOBHHH. BiGpayii 6 mexuiyi ma
mexnonoeisx. 2011. 1 (61). C. 133-137.
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preparations. Apple pectin extract obtained using ultrasound has high sorption
and detoxification properties® 2. It can be widely used for the prevention of
chronic occupational poisoning, in the nutrition of workers with unhealthy
working conditions, in places of radioactive environmental aggression, as well
as in preventive nutrition in the treatment of foodborne diseases with varying
degrees of pronounced autointoxication in workers exposed to heavy metal
salts in production. Thus, a technological scheme for the production of pectin
concentrate using ultrasonic cavitation technologies at the stage of dispersion-
extraction of protopectin has been proposed, which, compared to typical ones,
has a number of advantages: simplification of the process, use of softened
water as an extractant, use of spent pomace as dietary fiber, environmental
cleanliness and safety of production. At the same time, the indicators of gelling
and complexing ability of the obtained pectin extracts confirm their high quality
and the possibility of using them in various sectors of the national economy. By
changing the processing parameters, in particular the intensity of the ultrasonic
field, it is possible to influence the value of these indicators.

Pectins are a group of high-molecular polysaccharides that are part of
the cell walls and intercellular structures of plants along with cellulose,
hemicellulose, and lignin. The largest amount of pectic substances is found in
fruits and root crops. Pectins are obtained from apple pomace, beet, sunflower
baskets, and citrus fruits. There are insoluble pectins (protopectin), which are
part of the primary cell wall and intercellular substance, and soluble pectins,
such as those contained in the cell sap. During ripening and storage of fruits,
insoluble forms of pectin are converted into soluble forms, which is associated
with the softening of fruits during ripening and storage. The conversion of
insoluble forms of pectin into soluble forms occurs during heat treatment of
plant products® %,

Pectic substances are able to form gels in the presence of acid and sugar,
which is why they are used as gelling agents for the production of marmalade,
pastilles, jellies and jams, as well as in baking and cheese making. Non-starch
polysaccharides are not digested by enzymes found in the gastrointestinal tract.

epurk 1. M., Jlyroscbkuii O. @., MoBuaniok A. B. Vibrpa3ssykoBa KaBiTauiiiHa TEXHOJOTIs ISt
2 Bep L. M., Jly! 0. ©., M A. B. Visrpassy

eKCTparyBaHHsi POCIMHHOIO Matepiany Ta oOmagHaHHs s 1l peamizauiil. Bibpayii ¢ mexuiyi ma
mexronoziax. 2011. 3 (63). C. 86-91.

2 Jlyroscekuit O. ®., Bepruk I. M. BupoOHHITBO HMEKTHHOBOIO KOHLEHTPATy 3 BHKOPHUCTaHHIM
YIBTPA3BYKOBUX KaBiTaUiHHUX TeXHONOTIH. 36ipnux naykosux npays Binnuyvkoeo nayionanshozo
azpaproeo yrigepcumemy. Cepia « Texuiuni naykuy. 2011. 9. C. 159-163.
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However, they are not considered as ballast and useless food substances, but as
those that are important for the normal function of the gastrointestinal tract and
the prevention of many human diseases. Pectic substances are found in food
products, e.g. fruits, vegetables. The name comes from the Greek “pectos” —
gelatinous, solidified. Due to the property of forming jelly-like products, it is
used in the production of confectionery, fruit jellies, marmalades, jams. Pectin
is a group of dietary fibers, has detoxifying properties — a very interesting
physiological feature — swells, binds ions of heavy metals, radionuclides and
removes them from the body. These properties of pectin make it possible to use
them as a valuable additive in the production of food products for therapeutic
and prophylactic purposes. For modern conditions of environmental and food
pollution — this is a wonderful wealth of vegetables! The preventive norm of
pectin for an average resident of Ukraine should be 2—4 g per day, and in severe
conditions of pollution — up to 10 g.

HEALTH BENEFITS OF POLYSACCHARIDES

— Digestive Health improved intestinal motility; prevention of
constipation;

— Cholesterol Reduction B-glucans help lower LDL cholesterol;

— Blood Sugar Regulation Certain fibers reduce glucose absorption;

— Immune Support Fungal and oat B-glucans stimulate immunity;

— Antioxidant Activity Some polysaccharides demonstrate antioxidant
properties.

5. Modern biotechnological applications

Modern food biotechnology uses polysaccharides for: microencapsulation;
probiotic protection; edible films and coatings; controlled release systems;
biodegradable packaging. MODERN TRENDS: clean label products, plant-
based foods, prebiotic nutrition, low-fat products, vegan functional foods,
sustainable biopolymers. Polysaccharides are essential functional ingredients
widely used in modern food technology. Their nutritional, technological, and
physiological properties make them valuable components in the development of
functional foods aimed at improving human health and food quality.

Preservation and consolidation of people’s health is an important task of
every civilized state. Nowadays, it has been scientifically established that the
health of a nation depends on the health care system by only 8-12%, while
socio-economic conditions, including diet, determine the state of health by
52-55%. The results of regular studies of the actual nutrition of the population,
conducted by the Institute of Cardiology, as well as the Institute of Gerontology
of the National Academy of Medical Sciences of Ukraine in different regions
of Ukraine, indicate significant violations in the diet: excessive consumption of
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animal fats and easily digestible carbohydrates, which leads to an increase in
the number of people with various forms of obesity and excess body weight;
lack of omega-3 polyunsaturated fatty acids and complete (animal) proteins;
lack of vitamins (groups B, A and C, D) and minerals, especially calcium,
iron, magnesium, zinc, iodine and selenium. Among the reasons for insufficient
consumption of macro- and micronutrients, such factors as: monotony of the
diet, which means that a person consumes a standard set of several main groups
of products and ready-made dishes; increased consumption of refined, high-
calorie, but low in vitamins and minerals, such as premium flour, bread, pasta,
confectionery, sugar, etc.; increased proportion of products in the diet that have
been canned, long-term stored, and intensively processed; these include canned
and reconstituted juices, jams, and preserves, in which a greater proportion of
vitamins is lost; the use of intensive methods of growing plants and animals,
which leads to a change in their chemical composition, including a decrease in
the content of biologically active substances.

The following also contribute to an unbalanced diet: low purchasing power
of the population; low level of food culture, including the lack of knowledge
among the majority of the population about the benefits of individual food
components; bad eating habits (excessive consumption of fatty foods, smoked
foods).

It is not possible to solve these problems by increasing the calorie content
of the diet, as this leads to an increase in the number of calories consumed,
which is unacceptable with insufficient physical activity and physical inactivity.
Therefore, it is necessary to develop and master new technologies and food
recipes.

The technical process in the food industry became possible thanks to new
technological opportunities that arose as a result of the development of science,
engineering and technology. All this contributed to the development of the
science of nutrition with a gradual transition from the theory of rational nutrition
(1930) to the theory of balanced nutrition (1964), then to the theory of adequate
(1987) and ideal nutrition (1991) and further to the theory of functional or
healthy nutrition (1998). 6 Currently, products with functional ingredients make
up no more than 3% of all known food products. According to forecasts for the
next decade, their share will reach 30-50% of the entire food market. More
and more products are being produced, enriched with vitamins, trace elements
and other substances necessary for human health. Already now, 90% of all
consumers believe that nutrition plays a key role in the prevention of diseases,
and 60% of them already consume fortified foods. On the Ukrainian market,
products with functional ingredients are dominated by mass-market products,
the main characteristics of which are natural and balanced composition.
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CONCLUSIONS

The functional food market is a dynamic and promising industry that
continues to develop actively. In Ukraine, there is a gradual increase in interest
in healthy eating, but for further development, comprehensive measures are
needed from the state, business, and the scientific community. The main areas of
further development include: improving production technologies to ensure high
quality products; expanding the range of functional products in accordance with
modern consumer needs; introducing environmental standards and the concept
of waste-free production; active use of international certification systems to
increase the competitiveness of Ukrainian products. Thus, functional food plays
a key role in the formation of a healthy nation, contributing to the improvement
of the quality of life of the population and the sustainable development of the
food industry.

Functional products must meet the following requirements: be natural; have
the appearance of ordinary food, i.e. not be produced in such dosage forms as
tablets, capsules, powders; be taken orally, i.e. as ordinary food; be beneficial
for health, while the beneficial qualities must be scientifically substantiated, and
the daily doses must be approved by specialists; be safe from the point of view
of a balanced diet; do not reduce the nutritional value of food products; have
established values of physicochemical indicators and accurate methods for their
determination.

Functional products are intended: to compensate for the deficiency of
biologically active components in the body; maintain normal functional activity
of organs and systems; reduce the risk factors of any disease, for example,
return to normal cholesterol levels; maintaining beneficial microflora in the
human body, maintaining normal functioning of the gastrointestinal tract.

The modern concept of healthy eating is based on the following main
principles: to minimize the amount of pollutants (toxic elements, radionuclides)
entering the body with food; control over the sorption and accumulation of
pollutants in the body; adherence to the principle of balanced nutrition;
introduction into the daily diet of concentrated products that promote health,
with the functional ingredient of dietary fiber (which has detoxifying properties).
The best way to produce functional products for special nutrition is to use
processed raw materials of natural origin, which have no side effects on the
human body, but have a fairly pronounced effect of binding various pollutants.
A typical example is dietary fiber.

The presence of carboxyl groups in hemicellulose and pectin substances of
dietary fibers, carboxyl and amino groups in proteins and phenolic hydroxyl
groups in lignin determine their ability to bind cations, affect mineral metabolism
in the digestive tract, bind toxic elements and radionuclides into insoluble
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complexes that are not absorbed and are excreted from the body. Dietary fiber
is a natural food component that is resistant to the action of enzymes, is not
digested by endogenous secretions of the human gastrointestinal tract and is
not absorbed in the small intestine, affecting the processes of digestion and
absorption of nutrients. It is characteristic that it is resistant to the action of
glycolytic enzymes. In the large intestine, dietary fiber is partially hydrolyzed
by the existing microflora. Dietary fiber can be used as technological additives
that change the structure and chemical properties of food products, as well as
functional ingredients that have a positive effect on both individual systems of
the human body and the entire body as a whole. Products enriched with dietary
fiber include primarily bakery, pasta, culinary and confectionery products,
drinks, desserts and snacks. The recommended dietary fiber intake is 20 g/day.
In case of colon dysfunction, the amount of fiber in the diet should be increased.

SUMMARY

One of the most important and most difficult tasks is to provide the population
of the globe with food. Being one of the most important environmental factors,
nutrition from the moment of birth to the very last day of a person’s life affects
his body. The ingredients of food substances, entering the human body with
food and transforming during metabolism as a result of complex biochemical
transformations into structural elements of cells, provide our body with plastic
material and energy, create the necessary physiological and mental performance,
determine the health, activity and lifespan of a person, his ability to reproduce.
Therefore, the state of nutrition is one of the most important factors determining
the health of the nation.

Food products should not only satisfy human needs for basic nutrients and
energy, but also perform preventive and therapeutic functions. According to the
Institute of Nutrition, the majority of the population of Ukraine has nutritional
disorders caused by both insufficient consumption of nutrients and a violation of
the nutritional status of the population of Ukraine, primarily a lack of vitamins,
macro- and microelements, complete proteins, and their irrational ratio. The
most important violations of the nutritional status of the population of Ukraine
are excessive consumption of animal fats deficiency: of polyunsaturated fatty
acids; of complete (animal) proteins; of vitamins (ascorbic acid, riboflavin
(B2), thiamine, folic acid, retinol (A) and (B-carotene, tocopherol and others);
of minerals (calcium, iron); of microelements (selenium, zinc, iodine, fluorine);
of dietary fiber.

Poor nutrition can lead to obesity, diabetes, pancreatitis and cause
“hidden hunger”. The trend towards a decrease in carbohydrate consumption
has contributed to the development of the use of resistant starch (RS) in
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food production. Resistant starches are a source of functional fiber, play an
important role in the physiology of digestion and are considered prebiotics.
Products made with resistant starch have a low glycemic index. In addition,
resident starches have a positive effect on the function of the gastrointestinal
tract, microflora and blood cholesterol levels, reduce the risk of colon cancer
and diabetic diseases. Adding resistant starch to the human diet increases
the number of lactobacilli and bifidobacteria. Thus, resistant starch is
a promising functional food ingredient. Most starches are completely digested
and broken down to glucose in the small intestine, which is then absorbed
into the bloodstream. Resistant starch cannot be fermented in the small
intestine, so it enters the large intestine, where it becomes a highly valuable
food for anaerobic (oxygen-free) microflora, where it undergoes microbial
fermentation to produce short-chain fatty acids, carbon dioxide, hydrogen,
and methane. Resistant starch is a starch that can resist enzymatic hydrolysis
in the human gastrointestinal tract due to its amylose to amylopectin ratio,
crystallinity type, granule size, starch-protein interactions, formation of
amylose-lipid complexes, and reverse-gradient starch content. According to
the European Commission, the energy value of: resistant starch is 2 kcal/g,
wheat starch is 3.44 kcal/g, potato starch is 3.57 kcal/g, corn starch is
3.81 kcal/g. Starch is fermented by the colonic microflora, producing
short-chain fatty acids, increasing the number of beneficial bacteria and
stimulating butyrate-producing bacteria, thereby benefiting human health.
This leads to the formation of carboxylic acids, such as acetic, propionic
and butyric acids. Butyric acid is a source of energy for the cells of the
colonic mucosa. The carboxylic acids are absorbed by bacteria living in the
lower intestine and are beneficial for prebiotics, i.e. the natural microflora
of the human intestine. The physiological functionality of resistant starch
is similar to that of dietary fiber. Resistant starch improves colon health
and increases bowel movements. Compared to dietary fiber, resistant starch
promotes the formation of butyrate and improves colon and rectal function.
In addition, resistant starch affects metabolism by lowering blood glucose
levels and promotes weight loss. As a result, resistant starch is classified as
a prebiotic and acts as a substrate for the microflora of the gastrointestinal
tract. The most important physiological action of resistant starches in the
colon is enzymatic metabolism. Fermentation of polysaccharides provides
energy that promotes the growth of bacterial microflora and the formation of
inert gases (CO,, methane and hydrogen) and short-chain fatty acids (which
reduce the risk of cancer cell growth). Some types of resident starches are
excreted from the body mainly unchanged.
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CHAPTER 11

INNOVATIVE TECHNOLOGIES
OF HEALTH-PROMOTING FLOUR
CONFECTIONERY PRODUCTS

Kravchenko M. F., Romanovska O. L., Danyliuk I. P.
DOl https://doi.org/10.30525/978-9934-26-697-3-11

INTRODUCTION

According to the World Health Organization, maintaining a healthy lifestyle,
in which nutrition plays a decisive role, is one of today’s most pressing issues.
Psychological stress, low physical activity, unsatisfactory quality of food
products, as well as global crisis phenomena, including pandemics and military
conflicts, lead to weakened immunity and an increase in nutrition-related
diseases, particularly alimentary-dependent disorders such as obesity, diabetes,
cardiovascular diseases, and metabolic disorders.

Modern living conditions have resulted in an increasing number of people
suffering from gluten intolerance and celiac disease, a chronic genetically
determined disorder characterized by persistent intolerance to cereal proteins
with the development of small intestinal mucosal atrophy and associated
malabsorption syndrome. According to the Ukrainian Celiac Disease
Association, approximately 2.000 people in Ukraine suffer from this disease,
and their number increases annually, corresponding to the global tendency of
diagnosing celiac disease in approximately 1 out of 133 individuals'. Gluten
may negatively affect not only individuals with allergies but also healthy
people, causing digestive disorders such as diarrhea, heartburn, and flatulence.

As world experience demonstrates, solving the problem of correcting
dietary patterns is almost impossible solely through increasing production
and expanding the assortment of traditional food products. A modern trend in
food technologies is the development of alternative approaches, particularly
the production of foods with enhanced nutritional value, including health-
promoting flour confectionery products capable of positively influencing
metabolic processes, stimulating the body’s protective functions, and satisfying

I Tyb6eska O. 0., Heneciok O. P. Lemiakis: (Goxyc Ha MPUXHIBHICTH 0 OE3MIIOTEHOBOI [Ti€TH.
Amnanitnaanii oran miteparypu. Cyyvacui acnekmu giticbkosoi meouyunu. Current Aspects of Military
Medicine. 2022. Ne 29. C. 5469 https://doi.org/10.32751/2310-4910-2022-29-5
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the needs of people with special dietary requirements, including individuals
with celiac disease and gluten intolerance.

The development of innovative technologies for flour confectionery
products has been studied by domestic and foreign researchers, including
A. M. Dorokhovych, V. V. Dorokhovych, V. 1. Drobot, M. F. Kravchenko,
M. L. Nazar, O. V. Samokhvalova, N. I. Cherevychna, A. M. Chuiko,
O. H. Shydakova-Kameniuka, Arogba Sunday S., Haq Anwarul, and Camille
Boucher.

Flour confectionery products, particularly sponge and choux products,
account for more than 10% of the flour confectionery market and possess high
sensory qualities; however, they are characterized by high contents of sugar
and fat. The main formulation component of traditional products is premium
wheat flour containing gluten, during the production of which the outer grain
shell rich in vitamins, minerals, and dietary fiber is removed. This limits the
consumption of such products by people with celiac disease and reduces their
nutritional value for the general population.

The search for alternative domestic raw materials that are natural sources
of biologically active substances and capable of positively affecting the human
body, while also enabling the production of gluten-free products, is highly
relevant. Such raw materials include:

— “Zdorovia” flour, produced from grain germinated in a sea salt solution
containing a wide spectrum of macro- and micronutrients, including organic
iodine %;

— carob powder, obtained from carob tree pods as a cocoa substitute,
allowing reduction of sugar content and glycemic index in finished products;

— rice flour, a gluten-free alternative to wheat flour rich in carbohydrates,
with low fat content and high digestibility;

— other gluten-free flours (buckwheat, corn, sorghum, amaranth), enabling
the production of products for people with celiac disease.

The gluten-free products market in Ukraine is currently developing
and is mainly represented by imported products. Domestic manufacturers
predominantly belong to the small business sector, and only nine Ukrainian
companies possess the “Crossed Grain” gluten-free certification mark.
Therefore, the development of national production of gluten-free products and
foods with enhanced nutritional value is essential to meet growing consumer
demand®.

2 Kpusopyuko M. 0. TexHouorist GOPOLIHSHUX KyJIiHAPHUX BUPOOIB HA OCHOBI IPOPOLIEHOTO 3epHA

IIIEHNULI : aBToped. TuC. ... KaHA. TexH. Hayk : 05.18.16. Kui. Haw. Topr.-ekoH. yH-T. Kuis, 2014. 21 c.

*  PuHOK G€3NIIOTCHOBHX NMPOAYKTIB: BEIMKHil MOTEHNian MoKK me cuistdoi morpedu. URL: https://
agravery.com/uk/posts/show/rinok-bezglutenovihproduktiv-velikij-potencial-poki-se-splacoi-potrebi
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The development of technologies for health-promoting flour confectionery
products using germinated wheat flour, carob powder, rice flour, and other
gluten-free flours requires studying their technological properties, substantiating
rational concentrations, and determining their influence on the quality of
finished products.

Considering the above, scientific substantiation and development of
technologies for flour confectionery products with enhanced nutritional value
and specialized gluten-free products constitute an important scientific task.

1. Scientific substantiation and development of technologies for flour
confectionery products based on alternative raw materials

The health status of the Ukrainian population is closely related to nutrition,
which currently requires significant correction and improvement. Modern
global changes, rapid urbanization, and the war in Ukraine have substantially
affected every citizen. In particular, military actions have caused physical
and psychological stress, depression, changes in eating habits, and a general
deterioration in public health*.

In order to improve nutrition and public health, researchers are developing
innovative food technologies and enhancing the nutrient composition of traditional
flour confectionery products, especially sponge and choux pastry products, while
also creating gluten-free alternatives for individuals with celiac disease’.

Traditional flour confectionery products contain high amounts of sugar
and flour and may also include starch, cocoa powder, and dairy ingredients.
Therefore, the production of flour confectionery products involves solving
several important technological and nutritional issues related to:

— increasing nutritional value;

— developing gluten-free alternatives for individuals with celiac disease;

— using raw materials possessing a wide range of technological properties;

— improving organoleptic and structural-mechanical characteristics;

— intensifying technological processes;

— extending shelf life;

— reducing the glycemic index of products.

A promising direction for expanding the assortment of nutritionally enriched
flour confectionery products is the incorporation of alternative types of flour
alongside or instead of wheat flour. These include amaranth, buckwheat,
rice, corn (including extruded corn flour), sorghum, barley, rye, and flour

¢ HenepeHocumicTh DIfoTeHy: mpuunHd Ta kopucHi nopamu. URL: https://apteka.net.ua/articles/

neperenosymist-hlyutenu—prychyny—ta—korysni—porady
5 Tyb6eska O. I. Leniaxist. [Ipo npo6iaemu AiarHOCTHKH 1 JiKyBaHHS wi€l XBopoOu B YkpaiHi. Xapuosa
ma nepepobna npomuciosicms. 2008. Ne 7. C. 24-26.
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produced from germinated grains. Such ingredients make it possible to create
new products with improved chemical composition and gluten-free products
intended for specialized nutrition & 7 3 °,

The analysis of scientific literature and patent sources demonstrates that
both in Ukraine and abroad, germinated grains and flour derived from them,
as well as gluten-free flour types, are widely used in various sectors of food
production. Grain germination enables manufacturers to obtain raw materials
or ready-to-consume products with improved consumer properties. The use of
alternative flour types contributes to enhanced nutritional value and broadens
the assortment of health-promoting flour confectionery products '* - 12 13. 14,

One of the plant-based ingredients commonly included in confectionery
formulations is cocoa powder. According to the Order “On Approval of
Requirements for Cocoa and Chocolate Products”, cocoa powder is defined as
a food product obtained by grinding roasted cocoa beans from cocoa shells into
powder, containing not less than 20% cocoa butter on a dry matter basis and
not more than 9% moisture.

In confectionery technology, not only the fat content but also the color of
cocoa powder plays an important role. To improve flavor characteristics and
solubility in food products, cocoa nibs are treated with steam, sugar solutions,
enzymes, organic acids, whey, or alkaline solutions, followed by roasting.
Such cocoa powder is referred to as alkalized cocoa powder. However, during
processing cocoa loses a considerable amount of biologically active substances,
including vitamins, minerals, and polyphenolic compounds.

¢ Opapuenxo JI. M., Kap6isauua T. B., Cozap K. B. Po3mmpenHs acopTuMeHTy Ge3NIOTEHOBHX

GOpPOLIHSIHNX KOHJUTEPCbKHX BHPOOIB Ta owiHKA 1X sikocTi. Taepiticvkuti naykosuil gichuk. Cepis :
Texniuni nayku. 2024. (1), 138-144. https://doi.org/10.32782/tnv-tech.2024.1.16

7 Pubanxka O. I. SIxicts muennui i ii mominmenns. Oneca, 2011. C. 363-422.

Carmen Rodriguez, J. Nana Frias. Correlations between some nitrogen fractions, lysine, histidine,
tyrosine, and ornithine contents during the germination of peas, beans, and lentils. Food Chemistry,
2008. Vol. 108. Is. 1. Pp. 245-252.

°  Influence of soya bean preparations and reduced salt content on the quality of poultry sausages /
D. Grochaalska, J. Mroczek. Medycyna weterynaryjna. 2001. V. 57 (1). P. 54-58.

10 Tlarent Ha kopucHy Mozenb. Cymimn juis gutsgoro xapuysanss / Cobons M. L., Tepreuska B. A.,
3inuenko 1. M., Kosbaca B. M. Ne 97565; 3asen. 05.09.2014, ony6u. 25.03.2015, Bbron. Ne 6.

1" 3100He MeYMBO 3 BUKOPUCTAHHAM OOpPOIIHA 3 MPOPOIIEHNX 3epeH BiBca Ta mmeHui / B. OGornkina,
H. €menpsanosa, A. Ckpurko. [Ipodosonvua indycmpis AIIK. 2014. Ne 2. C. 28-32.

2 Wplyw jonéw Fe2+ dziatajacy chnakietku jacenasionasoi, lucernyo razziarni akipszeni
cynazawarto$¢ skrobiic ukrowredukujacych / M. Zielinska-Dawidziak, D. Piasecka-Kwiatkowska,
T. Twardowski. NaukaPrzyr. Technol. 2010. No. 4 (2). Pp. 1-8, ISSN 1897-7820.

3 BB mia3Mo-XiMi4HO-aKTHBOBAHOI BOAM Ha ()i3ioNOriuHy MOBHOL{HHICTH 3epHA MIIEHWI s
BUPOOHHITBA LiIbHO3epHOBHUX nponyktiB / C. FO. Mukonenko, O. A. ITuBoBapos, 0. O. UypciHos,
B. 10. CoxonoB. Bicnux [Hinponemposcvkozo 0epiucagnozo azpapHo-eKOHOMIYHO20 YHIGepCumeny.
2016. Ne 1. C. 57-63.

4 BioTexHONOTiUHi MeTOmMM OOpPOOKH 3epHA 3 METOK IOKPAIICHHS HOro MOKHUBHOI IHHOCTI /
C. M. Kynames, I'. /. Jlykina. Hayxosi npayi OHAXT. 2010. Bum. 38 (1). C. 109-112.

8
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From an economic perspective (the cost of 1 kg of cocoa powder reached
939 UAH as of April 2026), it is advisable to propose cocoa substitutes capable
of matching the physicochemical properties and nutritional value of the original
product while reducing production costs.

A promising substitute for cocoa powder is carob powder marketed under the
trade name carob. Cocoa powder is approximately three times more expensive
than carob powder, the production cost of which was 129.92 UAH as of May
2026. The carob tree (Ceratonia siliqua) is cultivated mainly in Mediterranean
countries.

The chemical composition of carob powder depends on the cultivar,
geographical origin, and harvesting time of the carob pods. Carob pods
contain a high amount of sugars (48-56%), mainly sucrose, glucose, fructose,
and maltose. In addition, the pods contain approximately 18% cellulose and
hemicellulose, 3-4% protein, 0.4-0.8% lipids, and 16-20% tannins'.

The increasing demand for gluten-free products is explained not only by
the dietary needs of people with gluten intolerance but also by growing public
awareness of this issue. Since a gluten-free diet remains the only effective
treatment for celiac disease, the demand for gluten-free products in the
Ukrainian market continues to increase'®.

Researchers are actively working on expanding the assortment of gluten-
free flour confectionery products. Proposed innovative technologies include the
production of various confectionery items such as sugar cookies, cakes, muffins,
sponge cakes, gingerbread, and waffles using gluten-free flour types including
rice, buckwheat, corn, soy, amaranth, and sorghum flour. This contributes to the
development of products that meet the requirements of specialized diets and are
suitable for consumers with gluten intolerance and celiac disease !7- 18- 192021,

15 Ait Chitt M., Belmir,H. & Lazrak A. Production de plants sélectionnés et greffés de caroubier, In
Bulletin mensuel d‘information et de liaison du Pntta mapm/derd, 2007. 153, 1-4.

1 Topbaremko I. A., Yopma H. B. IlepcrekTuBd pO3LIMPEHHS aCOPTHMEHTY OOpOIIHSHUX
KOHJJUTEPChKHX BUPOOIB Il XBOPUX Ha wLeniakito. Martepiann BeeykpaiHchkoi HayKoBO-IPaKTHIHOL
xoH(epeHmii 3000yBadiB BUIIOI OCBITH 1 MOJNOAUX YYEHHUX «[nnosayilini mexnonozii po3sumky y cgepi
Xapyosux BUPOOHUYMS, 20METbHO-PECOPAHHO20 OI3HECY, eKOHOMIKU Mma NIONPUEMHUYMBA: HAYKOGI
noutyku monodiy. 8 kit 2021 p. 4. 1. C. 7.

17 JlopoxoBimu B. B. BesrmorexoBi OGopomHsai koHmutepchki Bupodu / B. B. JlopoxoBmd,
H. I1. JIazopenko. Obnaouanna ma mexnonozii xapuosux supoonuyms. 2013. Bum. 30. C. 341-347.

18 Besnmorenosuii keke «'pedano-coueBuunuity: mar. 06279 Vkpaina : MITIK A23G3/36, Ne 141596;
3asBi. 05.06.2019; ony6u. 27.04.2020, bron. Ne 15.

19 BesmmoTeHOBHil Kekc cremianbHoro mpusHadeHHs «OcobmuBuity: mar. 07230 Vipaina : MIIK
A23G3/48, Ne 129878, 3asei. 26.06.2018; omy6n. 12.11.2018, Brom. Ne 21. 5 c.

2 Kekc Oe3nmroreHoBuii: nar. 04459 Vkpaina : MITK A21D8/00, Ne 138245; 3asiei. 24.04.2019; ory6ir.
25.11.2019, brom. Ne 22. 4 ¢

2 Kekc mrokonammmii 6e3rmorenoBuii: mar. 02694 Yrpaina : MIIK A21D13/047, Ne 144562; 3asBi.
04.05.2020; omy6u. 12.10.2020, bron. Ne 19. 4 c.
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1.1. Technology of sponge cake semi-finished products based on flour blends
with enhanced nutritional value

Based on the conducted analytical review of scientific and patent literature,
it was established that “Zdorovia” flour (ZF) and carob powder (CP) possess
high nutritional value due to their elevated content of proteins, dietary fiber,
vitamins, and mineral compounds.

To substantiate the feasibility of using ZF and carob powder in sponge cake
technology, it was considered appropriate to investigate the microstructure
and rheological properties of sponge batter, as well as to determine rational
technological parameters for producing sponge cake products using flour
blends consisting of premium wheat flour (PWF), “Zdorovia” flour, and
carob powder.

Sponge batter belongs to polyphase dispersed systems and represents
a foam-like structure with an air-dispersed phase and a liquid dispersion
medium. The dispersion medium of sponge batter is a complex heterogeneous
emulsion system consisting of solutions of high-molecular compounds (egg
white proteins and swollen flour colloids) and low-molecular compounds
(sucrose and mineral substances of flour), emulsified egg yolk fat, and insoluble
starch granules.

Flour blends were prepared using premium wheat flour and “Zdorovia”
flour at concentrations ranging from 10% to 50%, with carob powder used as
a complete substitute for cocoa powder. In experimental samples containing
10-50% ZF, the sponge batter volume increased by 0.6-6.3%; density
decreased from 0.463 to 0.375 kg/m?; stability increased from 11.4 x 10° s to
19.2 x 10° s; and effective viscosity decreased by 1-18.3% compared to the
control sample.

The dependence of the effective viscosity of sponge batter on shear rate
within the range of 0.167 s to 24.3 s™! was investigated. It was established
that intensive structural breakdown of the control sample occurred at a shear
rate of 4.5 s7!, whereas in experimental samples this process began at 8.1 s™'.
At a shear rate of 24.3 s7!, the effective viscosity stabilized and amounted to
3.00 Pa-s for the control sample and 2.97-2.45 Pa-s for the experimental
samples. These results indicate the resistance of sponge batter based on flour
blends to mechanical destruction during mixing, pouring into molds, and the
initial stage of baking.

The decrease in density and effective viscosity together with increased
stability of the experimental samples contributed to improved quality
characteristics of the baked sponge semi-finished products (Table 1).

Optimization of the formulation composition based on the criteria of
effective viscosity, stability, and specific volume of sponge batter allowed
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Table 1
Rheological and Physicochemical Properties of Sponge Batter

Effective A s

F(ll(;u]? l;:,()ls Density, kg/m? vis;:'s;ty, cr];l:cl::’;""i V‘c)llrlll:;;e’ St:.bll(l)l;ty’
100:0 (control) 0.481+0.04 3.00+0.09 148+0.2 220+0.05 9.0+0.5
90:10 0.463+0.02 2.97+0.48 149+0.3 222+0.15 11.4+0.6
80:20 0.445+0.001 2.81+1.03 151+0.6 225+0.45 13.8+0.27
70:30 0.426+0.02 2.76£1.2 153+0.9 230+0.95 14.7+£0.56
60:40 0.398+0.05 2.55+1.41 155+0.11 23440.14 16.2+0.73
50:50 0.375+0.07 2.45+1.61 158+0.12 235+0.15 19.2+0.8

determination of the rational ratio of premium wheat flour (PWF), “Zdorovia”
flour (ZF), and carob powder (CP) as 3.5:1.5:1.

Rheological studies of sponge batter demonstrated that in the experimental
sample containing 30% ZF, effective viscosity decreased by 8%, whereas
whipping capacity increased by 3.4% and stability increased by 63.3% compared
to the control sample. Regularities in the formation of quality indicators of
sponge batter containing “Zdorovia” flour were established due to the reduction
of viscosity characteristics and the increase in porosity, stability, and specific
volume of sponge products. This indicates improvement of structural and
mechanical properties caused by reduced gluten protein content and increased
dextrin concentration.

Due to the uniform distribution of air bubbles, which form the porous
structure of sponge cakes during baking, the height of experimental samples was
nearly 30% greater than that of the control samples. Moreover, the temperature
inside the baked sponge semi-finished product (92-95 °C) was reached almost
three minutes faster than in the control sample.

Sponge batter represents a weakly structured foam system consisting of
a dispersion medium and a dispersed phase in the form of air bubbles. In the
control sample, the dispersion medium was dominated by starch paste, whereas
in the experimental sample soluble dextrins predominated. Such a medium
creates favorable conditions for the uniform distribution and formation of
smaller air bubbles compared to the control sample, which in turn affects
important physicochemical indicators such as volume, density, effective
viscosity, and stability of sponge batter.

Dextrinized starch granules of “Zdorovia” flour contribute to stabilization
of the rheological properties of sponge batter during mixing and baking, making
it possible to obtain sponge products of high quality.
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1.2. Prospects for the use of gluten-free flours in the technology
of flour confectionery products

One of the promising directions in the development of flour confectionery
products for special dietary purposes is the use of gluten-free flours, in
particular rice flour, which is a product of rice processing and is characterized
by high nutritional value, easy digestibility, and the absence of gluten.

Rice flour is rich in carbohydrates (up to 80%), has a low fat content (less
than 1%), contains B-group vitamins and minerals (potassium, magnesium,
phosphorus), and is characterized by a neutral taste, which makes it a versatile
ingredient for the production of gluten-free confectionery products. In addition,
rice flour has a low glycemic index, making it suitable for people with diabetes
and those who aim to control blood glucose levels?.

However, the use of rice flour in flour confectionery technology has its
own specific features related to the absence of gluten, which provides dough
elasticity and extensibility. To compensate for the lack of gluten, it is necessary
to use structure-forming additives such as:

—  guar gum;

— xanthan gum;
psyllium (plantain seed husk);

— carboxymethyl cellulose;

—  pectin.

The application of these additives makes it possible to improve the
rheological properties of gluten-free dough, ensuring the required viscosity,
elasticity, and the ability to form a stable structure.

Many domestic and foreign researchers are working on improving the
technology of gluten-free cookies, cupcakes, and sponge cakes with the
addition of guar gum and xanthan gum to enhance the properties of gluten-free
dough made from rice, corn, and buckwheat flour. Studies show that one of
the ways to expand the assortment of gluten-free confectionery products based
on sponge cake systems is the use of sorghum flour, which is rich in dietary
fiber, antioxidants, B-group vitamins, phosphorus, and plant fats beneficial for
cardiovascular health.

Expanding the range of gluten-free flour confectionery products is an
important step in the development of national food production. Patented
utility models such as “Gluten-Free Chocolate Cupcake” and “Gluten-Free
Cupcake”, which use corn and rice flour instead of traditional wheat flour,

2 JlopoxoBud B. B. BesmmorenoBi GopommsHi kommuTepchki Bupobm / B. B. JlopoxoBud,

H. I1. JTazopenko. O6raduanns ma mexnonozii xapuosux supoonuyms. 2013. Bur. 30. C. 341-347.
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contribute to the creation of safe and high-quality alternatives for people with
celiac disease * .

In addition, gluten-free cupcakes for special dietary purposes have been
developed, such as the “Special” cupcake with puree from sprouted mung beans,
and the “Buckwheat-Lentil” cupcake, which is characterized by increased
nutritional and biological value, has a low glycemic index, and is completely
gluten-free, making it recommended for people following a gluten-free diet: .

Thus, the use of gluten-free flours opens up broad opportunities for the
creation of innovative flour confectionery products that meet the needs of
various consumer groups — from individuals with celiac disease to those who
aim to maintain a healthy lifestyle and control the glycemic index of their diet.

2. Technology and quality of flour-based confectionery products
of health-oriented purpose

Sponge products are characterized by a high content of carbohydrates and
high energy value due to the significant proportion of premium wheat flour and
sugar. Based on the obtained research results, a technology and formulation of
a sponge semi-finished product were developed using BZ at a concentration
of 30% and complete replacement of cocoa powder with carob powder, which
serves as the basis for the production of sponge confectionery products.

When developing the formulation of sponge products, the sweetness index
of carob powder (0.5) was taken into account, which made it possible to reduce
the sugar content by 10%.

A formulation and technology for sponge dough were developed, which
include the following stages:

— mechanical culinary processing of raw materials;

— preparation of sponge dough from a flour mixture and depositing into
molds;

— baking, cooling, maturation, shaping, and finishing of baked sponge semi-
finished products.

Based on the baked sponge semi-finished product, formulations of sponge
confectionery products were developed: “Hutsulskyi” cake, ‘“Zakarpatskyi”
roll, “Bushe” biscuits, and “Shokoladne” pastry.

B Kekc miokonanauii 6esmmorenosuii: mar. 02694 Yipaina : MIIK A21D13/047, Ne 144562; 3asBin.
04.05.2020; omy6u. 12.10.2020, brox. Ne 19. 4 c.

2 Kexkc 6esrmorenoBuit: mar. 04459 Vipaina : MIIK A21D8/00, Ne 138245; 3assi. 24.04.2019; omy6u.
25.11.2019, Brom. Ne 22. 4 c.

»  BesmorenoBuit keke «I'pedaHo-coueBuyHuMiny: mar. 06279 Ypaina : MITK A23G3/36, Ne 141596;
3asB11. 05.06.2019; omy6u. 27.04.2020, brox. Ned.

% Be3mmIOTCHOBUH KeKC creuianbHoro mpusHadeHHs «OcobmuBuity: mar. 07230 Vkpaina : MIIK
A23G3/48, Ne 129878, 3asei. 26.06.2018; omy6n. 12.11.2018, Brom. Ne 21. 5 ¢.
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The baked sponge semi-finished product with the flour mixture demonstrated
improved porosity (71.4%), which is 2.7% higher than the control sample; the
specific volume is 24.6% higher. In the baked sponge semi-finished product, the
baking loss index is lower, and the staling process is slowed down (elasticity
and crumbliness indicators are lower by 10.5% and 18.8% compared to the
control sample) due to the high fiber content in BZ, which is capable of binding
and retaining moisture more strongly, indicating improved quality of sponge
products.

According to sensory evaluation results of sponge semi-finished products,
a profilogram of organoleptic quality indicators was constructed, where
the control sample scored 4.71 points, and the experimental sample scored
4.94 points.

Studies of the nutritional value of sponge products showed that fat content
decreased by 5.2%, total carbohydrate content decreased by 7.7%, including
mono- and disaccharides by 9.3% and starch by 12.4%, while dietary
fiber increased by 96.9% compared to the control. The content of B-group
vitamins also increased (niacin — twofold, pyridoxine — tenfold), as well as
mineral elements (calcium — by 26.4%, magnesium — by 21.7%) compared to
traditional sponge products. The iodine content in the experimental sample was
2.7 pg, which is 5.6 times higher than in the control. The energy value of the
experimental sample decreased by 6.6%.

The glycemic index reflects the rate of carbohydrate breakdown into
glucose in the blood and is an important indicator for food products intended
for people with diabetes and obesity. Determination of the glycemic index of
sponge products showed that it was 34.61 in the control sample and 26.20 in
the experimental sample, which is 24% lower.

The baked sponge semi-finished product was stored in cardboard boxes
at a temperature of 18-20 °C and relative air humidity of 70+5% for 7 days
in accordance with DSTU 4460:2005. Elasticity (34.1 units), crumbliness
(8.2%), and drying (3.6%) indicators were lower by 10.5%, 18.8%, and 16.3%,
respectively, compared to the control sample due to the high hydrophilic
capacity of BZ fiber, which confirms better storage stability.

Microbiological indicators of both control and experimental samples
met the requirements of regulatory documentation. No bacteria of the
Escherichia coli group, pathogenic microorganisms including Salmonella
spp., as well as mold fungi and yeast were detected in the studied sponge
products.

The determined toxicological indicators of the developed sponge product do
not exceed permissible sanitary standards (DSTU 8001:2015), confirming the
safety of the new product.
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Technical specifications, technological instructions were developed for the
sponge formulation with BZ and carob powder, and a utility model patent of
Ukraine was obtained.

2.1. Prospects for the development of gluten-free flour-based
confectionery products

The increasing number of people with gluten intolerance and celiac disease
necessitates the expansion of the range of gluten-free flour-based confectionery
products. One of the main methods of prevention and treatment of gluten
intolerance is a gluten-free diet, which involves the exclusion of all products
containing gluten from the diet, namely wheat, barley, rye, and products derived
from them.

Promising directions for the development of gluten-free flour-based
confectionery products include:

1) the use of rice flour in the technology of choux, sponge, and other types
of dough with the addition of structure-forming agents (psyllium, guar gum,
and xanthan gum);

2) the application of blends of gluten-free flours (rice, buckwheat, corn,
sorghum, amaranth) to achieve an optimal balance of nutritional value and
structural-mechanical properties;

3) the inclusion of functional ingredients such as sprouted grains, chia
seeds, and flax seeds, which increase the content of protein, dietary fiber, and
omega-3 fatty acids;

4) the use of natural sugar substitutes (stevia, erythritol) to reduce the
glycemic index and caloric content of products;

5) the development of combined technologies that integrate health-
promoting and gluten-free properties of products.

An important aspect is ensuring high organoleptic qualities of gluten-free
products, since the absence of gluten can negatively affect texture, volume,
and taste characteristics. The use of integrated technological solutions makes it
possible to produce gluten-free flour-based confectionery products that are not
inferior in quality to traditional analogues.

The gluten-free product market in Ukraine has significant development
potential. Increasing public awareness of celiac disease and gluten
intolerance, growing demand for health-oriented food products, as well as
state support for producers of specialized foods create favorable conditions
for the implementation of innovative technologies in gluten-free flour-based
confectionery production.
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CONCLUSIONS

Based on the analysis of the domestic market of flour-based confectionery
products, theoretical studies, as well as scientific and patent sources, the feasibility
of using flour from germinated wheat grain, carob powder, and gluten-free flour
types in flour blends in the technology of flour-based confectionery products
has been substantiated. This approach is aimed at improving their nutritional
value, reducing the glycemic index, and creating products for individuals with
celiac disease, which will contribute to expanding the range of health-oriented
food products.

The feasibility and potential of using flour from germinated wheat grain
and carob powder in flour blends have been justified. The rational ratio of
formulation components in flour blends BPVS:BZ:CP was established as
3.5:1.5:1, under which sponge dough is formed with physicochemical and
rheological characteristics (effective viscosity 2.76 Pa-s, stability 14.7 s-103,
volume 158%) close to those of traditional dough.

The microstructure of sponge dough was studied, and it was found that
in the experimental sample, due to a decrease in effective viscosity (by 8%),
a more uniform distribution and formation of smaller air bubbles occurred
compared to the control sample. This contributed to an increase in volume and
allowed for the prediction of improved structural and mechanical properties of
the baked sponge semi-finished products.

A scientifically grounded technology of sponge cakes based on flour blends
was developed. The following physicochemical indicators were determined:
baking loss, elasticity, and crumbliness decreased by 11%, 6%, and 50%,
respectively, while specific volume and porosity increased by 2.7% and 4.3%,
indicating improved quality. The glycemic index decreased by 24%.

The quality of sponge products was assessed based on chemical composition:
fat content decreased by 5.2%, total carbohydrates by 7.7%, including mono-
and disaccharides by 9.3% and starch by 12.4%, while dietary fiber increased
by 96.9% compared to the control. The content of B-group vitamins increased
(niacin — twofold, pyridoxine — tenfold), as well as mineral elements (calcium
— by 26.4%, magnesium — by 21.7%) compared to traditional products. The
iodine content in the experimental sample was 2.7 pg, which is 5.6 times higher
than in the control; the energy value decreased by 6.6%.

Changes in product quality during storage were studied: -elasticity
(34.1 conventional units), crumbliness (8.2%), and shrinkage (3.6%) were lower
by 10.5%, 18.8%, and 16.3%, respectively, compared to the control sample,
indicating better storage stability and slower staling processes due to the higher
fiber content in the “Zdorovia” flour, which has high water-holding capacity.
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Microbiological and toxicological indicators of the developed sponge
products did not exceed established safety standards. No bacteria of the
Escherichia coli group, pathogenic microorganisms including Salmonella spp.,
as well as mold fungi and yeast were detected.

The prospects of using gluten-free flour types (rice, buckwheat, corn,
sorghum) in the technology of special-purpose flour-based confectionery
products for individuals with celiac disease and gluten intolerance were
analyzed. The necessity of using structure-forming additives to compensate for
the absence of gluten was identified.

The economic efficiency of implementing the developed sponge technologies
was determined, achieved through a reduction in production cost by an average
of up to 10%, lower energy consumption, reduced sugar content in formulations,
and the use of carob instead of cocoa.

The social effect lies in expanding the range of flour-based confectionery
products with improved nutritional value, reduced glycemic index, and gluten-
free formulations for special dietary purposes. This will contribute to improving
the dietary structure of the population of Ukraine, particularly individuals with
celiac disease and gluten intolerance.

SUMMARY

Based on an analytical review of domestic and foreign literature, the
feasibility of using “Zdorovia” flour, carob powder, and gluten-free flour types
in the technology of health-oriented flour-based confectionery products has
been substantiated.

The rheological properties of sponge dough were investigated, and the
physicochemical and microbiological characteristics of baked sponge semi-
finished products produced with “Zdorovia” flour and carob powder were
determined. The prospects of using rice and other gluten-free flour types for the
development of health-oriented products were analyzed.

A technology was developed, and a comprehensive quality assessment of
sponge confectionery products with enhanced nutritional value was carried
out. Regulatory documentation for the new sponge products was approved,
and the products have been implemented in food service establishments.
The prospects for creating gluten-free flour-based confectionery products
for individuals with celiac disease and gluten intolerance have been
substantiated.
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CHAPTER 12

TECHNOLOGY OF MOUSSE DESSERTS
WITH REDUCED ENERGY VALUE

Medvedieva A. O., Antoniuk I. Yu.
DOl https://doi.org/10.30525/978-9934-26-697-3-12

INTRODUCTION

In the context of the worsening environmental situation, the deterioration of
the quality of the environment, more and more people began to pay attention to
their state of health and look for ways to maintain it. One of the main ways to
improve the vital activity of the human body is nutrition. At the same time, the
products that are in the daily diet should not only bring pleasure and provide
nutrients, but also perform preventive functions: reduce the risk of developing
various diseases, protect against adverse environmental conditions'.

At the current stage in world practice, there is a tendency to create food
products for health purposes due to the introduction of plant raw materials into
their composition, which contain a significant amount of proteins, vitamins,
macro- and microelements, dietary fibers, etc?.

Desserts are popular among the population of all countries of the world.
However, their disadvantage is that they contain a small amount of biologically
active substances and have a high energy value. One of the promising directions
for the development of modern sweet products is the improvement of the
nutrient composition and giving it health-improving properties.

1. The emergence of prerequisites and formulation of the problem

Many domestic and foreign scientists were engaged in research and problems
of creating desserts with improved nutritional properties.

The purpose of the work is the analysis and development of the latest
technology of mousse desserts of reduced energy value.

In accordance with the set goal, the following tasks were solved:

— determination of the general characteristics of the mousse dessert
production process in restaurant establishments;

! Healthy food is available to each of us. URL: https://surl.li/yazqii/.
2 Modern trends in the production and consumption of sweet dishes. URL: https://surl.li/djqavj.
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— analysis of the recipe composition and technology of mousse desserts in
restaurant establishments;

— study of innovations in the technology of production of mousse desserts;

— development of technology of mousse desserts with plant substitutes.

Object of research: technological and organizational principles of the
introduction of mousse desserts.

Subject of research: Greek yogurt, monk fruit, acai puree, apple mousse,
mousse desserts.

2. General characteristics of the process of production of mousse

desserts in restaurant establishments

Desserts are very popular among the population all over the world. They
are not only a source of pleasure and positive emotions, but also have high
organoleptic indicators and quality characteristics. Let's consider the main
factors that affect the popularity of sweet dishes:

— various flavors and textures that allow you to satisfy different consumer
preferences;

— production of the hormone happiness — dopamine;

— part of national culture;

— wide and varied range;

— ease of preparation, availability;

— constant updating of recipes that have original combinations of flavors;

— development of products with useful properties.

Desserts are mainly a source of carbohydrates and fats, because all recipes
include easily digestible sugar, with excessive consumption of which metabolic
disorders, pancreatic activity and obesity can occur. The energy value of sweets
is on average from 50-500 kcal per 100 grams. Their nutritional value is
determined by those products included in the recipe composition: berries and
fruits (fresh, dried or canned), juices and syrups, eggs, flour, dairy products
(butter, cream, cheese, milk, sour cream), aromatic substances (vanillin,
cinnamon, coffee, citric acid, nutmeg, citrus peel, cocoa, ginger), chocolate,
raisins, seeds and nuts. The variety of raw materials used to prepare desserts
allows you to get a sweet dish with different calories, protein, fat, carbohydrates,
vitamins and minerals, as well as interesting organoleptic indicators.

Desserts are classified according to various characteristics, depending on the
main ingredient, serving temperature, cooking method, consistency and ethnic
origin®. They differ in many indicators, in particular the texture, features of

*  TexHomoris mpomykuii pectopanHoro rocmomapctsa [Tekcr] : migpyurmk / A. JI. Canaseuic,

C. JI. KonecHiuenko, 0. O. KozonoBa, C. O. IToruiasceka. Oneca : Ocgita Ykpainu, 2017. 312 c.
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presentation. Among the most popular sweet dishes are: tiramisu, panacota, gelato
(Italy), cheesecake, apple pie, brownie (USA), creme brulee, eclairs, macarons
(France), pahlava (Turkey, Eastern countries), strudel (Austria, Germany).
Ukraine also has its own traditional and popular desserts, among them we can
single out verguns, poppy seed rolls, shuliks, various cakes and pastries.

One of the trendy sweet products today is mousse, based on which cakes,
pastries, and desserts are prepared. Mousse desserts are delicate and airy treats
that have a characteristic light, creamy texture, achieved by whipped cream,
egg whites or other foaming ingredients, as well as thickeners such as gelatin
or agar-agar.

Mousse dessert has a light and airy texture, due to which they melt in the
mouth. Since mousses are the mainstay of cakes and pastries, let us consider
their structure.

Base-cake — most often used is biscuit, cheesecake, brownie, dacoise on nut
or almond flour.

The main integral ingredient is cream-based mousse and gelatin.

Next layer — filling: strawberry or cherry confit, fruit, coconut or nut caramel
layer, compote, kuli or kurd.

Coating — chocolate velor or mirror glaze.

An example of mousse desserts is shown in Fig. 1.

The main ingredients of mousse desserts are whipped cream, egg whites,
cream cheese, yogurt, chocolate, vanilla, fruits and berries (raspberries,
mangoes, passion fruit, blueberries, cherries, currants), coffee, sugar and
sweeteners, honey, condensed milk, agar-agar, gelatin, various types of flour,
starches and leavening agents, nuts, lemon zest or juice, lime, orange, alcohol
(liquors, rum, cognac), spices (cinnamon, cardamom, ginger).

Mousse desserts can be characterized by the following indicators: a variety
of flavors that combines chocolate, fruit and berry puree, coffee, caramel or
cheese; elegant appearance thanks to exquisite design (mirror glaze, fresh
berries, fruits, chocolate decor or nuts); versatility, because the product can
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Fig. 1. Building mousse desserts

Source: Pinterest — Access mode: https://www.pinterest.com
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be served as an independent dessert in creamery or be a filling for cakes and
pastries; low calorie content.

Depending on the main ingredient included in mousse desserts, the following
popular options are distinguished*:

— chocolate mousses based on different types of chocolate;

— fruit and berry mousses consisting of puree or fruit and berry juices;

— cheese mousses with the addition of cream cheese or other soft cheeses;

— coffee mousses;

— caramel mousses.

Therefore, the range of mousse desserts depends on the main ingredient that
affects the organoleptic performance of the sweet product.

Analyzing the assortment of sweet products based on mousses in restaurants
in the city of Kyiv®, we can conclude that mousses are mainly part of cakes and
pastries, in some cases they are served as an individual product.

Mousse wedding cakes are especially popular because they combine an
elegant look with less weight, which is important for multi-tiered compositions.
Elegant colors, subtle decor and the ability to create a unique shape allow you
to harmoniously fit the cake into any style of the holiday.

Mousse cakes are also ideal for gender party due to the layered structure
of the inner layer or confit can be brightly colored, symbolizing the sex of the
child. Such an element of surprise looks elegant and adds emotionality to the
holiday without losing style.

Mini mousse cakes (bento format) — are ideal for individual gifts and small
celebrations. They are designed according to the personality of the customer:
improvised inscriptions, minimalist illustrations or symbolic elements. The
compact size allows you to experiment with the design and makes each dessert
special.

Mousse desserts are prepared only from natural ingredients, so their shelf
life is from 2 to 5 days at a temperature of 0... +4 °C.

3. Analysis of mousse dessert technology
The classic basis of mousse desserts is apple mousse, which is used as an
independent dish or as a layer in cakes and pastries. Mashed apples, sugar,
gelatin, water, vanilla are the recipe ingredients. The quality of the components
is extremely important for obtaining desserts with an excellent organoleptic
profile, while each component in the recipe performs a certain function (Fig. 2)°.

4 Mousse desserts — what are and how to cook. URL: https:/surl.li/vpnfzm.
> Mousse cakes and desserts in Kyiv establishments. URL: https:/surl.li/ztdxoq.
¢ Dessert preparation technology. URL: https://surl.li/awweve.
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Y

Apple puree

.|  Promotes foaming, improves consistency,
taste and smell

White sugar

Increases foaming stability and system
viscosity, dehydrates protein

Functions of recipe components of apple mousse

] Binds moisture, imparts viscosity, and is used
Gelatin as a thickener
Cream > Acts as a structure maker
Vanilla sugar — Provides additional taste properties

Fig. 2. Functions of recipe components of apple mousse

Having considered the functions of the ingredients of apple mousse, its
recipe composition was analyzed (Table 1)’.

Table 1

Analysis of the recipe composition of apple mousse

variety, juicy, dense consistency,
sweet taste

Name of recipe Requirements for prescription Content, Mechanical culinary
components components % processing
Apples Round fruit, color depending on the 40 Cleaning, removal of core

and seeds, cutting

Sheet gelatin The sheet is colorless or yellowish in 5 Soaking in water, stirring
color, pressed, odorless and tasteless until completely dissolved
White sugar Sweet, crystalline, white in color, 10 Sieving, dissolution
without extraneous taste and smell
Cream Homogeneous consistency, 45 Strain
without lumps of white color with
a cream shade, sweet taste, without
extraneous odors
Vanilla sugar Fine crystalline powder, without lumps 0.1 Sieving
and foreign inclusions, white, sweet,
with a pronounced smell of vanillin
Total 100

7
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One important aspect of making apple mousse is the right kind of apples.
It is best to use sweet and sour varieties with a pronounced aroma and not
too dense pulp that boils well, for example: “Antonivka”, “Simyrenko”, “Slava
Peremozhtsiam™. It is also possible to combine several types for a variety of

flavors.

In order to identify prospects for improving the organoleptic and structural
properties of apple mousse, an analysis of the technological process of its
production was carried out (Table 2).

Table 2

Analysis of the technological process of apple mousse production

Name of fhe The goal that is Parameters .0 f Physico-chemical processes
technological . the technological .
. achieved . taking place
operation operation
1 2 3 4

Preparation of gelatin mixture

Swelling of gelatin

Soaking of gelatin in
water

t= 10 min

The process of water
absorption, mass compaction,
gel formation

Preparation of applesauce

Mechanical Washing, peeling, - Damage to structure
culinary removal of core and integrity, oxidation of
processing of seeds, slicing phenolic substances
apples
Stewing Obtaining a soft 7= 5-7 min Decay of pectin,
consistency caramelization of sugars,
evaporation of moisture,
oxidation
Rubbing Achieving a puree-like |— Destruction of cellular
consistency structure, release of aromatic
compounds, activation of
enzymes
Mousse preparation
Combining Dissolving sugar in T =280°C Obtaining a uniform
ingredients warm applesauce consistency
of sugars and
applesauce
Cooling Obtaining the required |T = 18 °C Gelling of pectin,
applesauce temperature slowing down of enzymatic

reactions

Mixing puree and
gelatin

Formation of a gel-like
structure

Hydration and denaturation
of gelatin, diffusion of
gelatin in puree, beginning
of gelation, stabilization of
the structure
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Continuation of table 2

1 2 3 4
Whipping cream | Conversion of liquid to |v = 3000 RPM Denaturation of proteins,
air foam T=4-7°C formation of fat-protein
T =15 min network, aggregation of fat
globules

Coupling of

Obtaining Moisture binding, partial

formulation T =15 min .
a homogeneous mass transition to gel state
components
Pouring into molds | Obtaining a stable T=2-4°C, Stabilization of air foam,
and cooling texture and taste of the |T=2 hr gelatin gelling, gradual
dessert crystallization of sugar,
thickening of pectins
Porting and design Preparation for T=8°C -

implementation

To prepare a high-quality mousse dessert, you need to pay attention to such
important technological factors as foam formation, speed, temperature and
duration of whipping.

4. Innovations in mousse dessert technology

The modern production of mousse desserts is actively developing thanks
to a combination of innovations in science, the latest technologies and healthy
eating trends. Let's consider the key trends that make it possible to create
mousses with improved nutritional composition, organoleptic indicators and
health-improving properties:

— use of the latest gelling agents and stabilizers (agar-agar, pectin, xanthan
gum, guar gum, carrageenan);

— use of components that allow you to enrich the mousse with useful things:
calcium, iodine, collagen, probiotics;

— low-calorie sweeteners of the new generation (alulose, monk fruit,
erythritol and stevia);

— addition of prebiotics, superfoods, vegetable protein (pea, soy, almond);

— use of natural dyes (beets, turmeric, spirulina) and flavorings.

A large number of scientists apply the above methods of improving the
technology of mousse desserts in their developments.

Mikvabishvili 1. and Hnitsevich V. determined a characteristic feature of
preparing desserts with a foam structure with the addition of apples, carrots
and rowan®. Thanks to the added raw materials, the improved mousse improved

8 Miksabimsimi 1., Tuinesuu A. TexHoioriss Mycy Ha OCHOBI ILIOJOBO-OBOYEBOI KOMITO3HITHOL

cymimi. URL: https:/surl.li/pcjrtd.
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its texture, which became silky, foamy, and a pleasant unique taste and aroma
appeared. The developed dessert is characterized by an increased content of
nutrients: dietary fiber increased by 2.7 times, proteins — by 4.07 times, the
amount of vitamins C, B;, B, and PP also increased, and the energy value
decreased by 34%.

Scientists of the Poltava University of Economics and Trade proposed the
use of pectin-containing fruit raw materials in dessert technology. To improve
structural and mechanical properties, puree was introduced from blackcurrant
berries, argus, cranberries and chenomeles fruits’. On the basis of experimental
studies, it was established that gelling juices from various types of pectin-
containing raw materials have a positive effect on the strength and structural
and mechanical properties of panacotas. The resulting sweet dishes have an
increased content of dietary fiber and are characterized by an improved vitamin
and mineral composition.

Scientist N. A. Dzyuba modeled food compositions with a given nutrient
composition in order to create healthy food products. As a bioprotector, collagen
hydrolyzate was added to the recipe of creamy cheese mousse, which not only
gave functional properties, but also improved the biological value of the dish'.
Tasting evaluation of the sensory indicators of the developed mousses showed
high consumer properties of new dessert dishes. During the research, the optimal
shelf life of sweet dishes was determined, which was 5 days at a temperature of
(0 £ 2) °C, a humidity of no more than 65% in glass containers.

At the Department of Restaurant and Craft Technologies of the State
University of Trade and Economics, the influence of various dragle-forming
components on the structure of pumpkin-blind mousse dessert was studied!.
A sweet dish formulation was developed with the addition of gelatin, agar
and pectin; the organoleptic indicators of the dessert were studied and it
was determined that the mousse with gelatin received the highest score. The
authors also determined the vitamin and mineral composition of dishes, which
is characterized by an increased content of vitamin E, potassium, manganese,
copper, and zinc. The proposed desserts are recommended to be used as
a component of a balanced diet.

°  Xommu I 1., Topobeus O. M., Haxoneuna 0. I, Yowui I. B., Tecnenxko H. B. Bukopucraums
NEeKTHHOBMICHOI CHPOBHHH B TEXHOJOTII AecepTHHX BHpOOiB. Haykosuui eicnux Ilonmascvbkozo
yuieepcumemy exonomixu i mopeigni. Cepia «Texniuni naykup. 2023. Ne 2, C. 18-25. DOLI:
https://doi.org/10.37734/2518-7171-2022-2-3.

TP S S
sanucku Taepiiicbkoeo nayionanvhoeo ynigepcumemy im. B. I. Bepnaocvroco. Cepis: Texuiuni nayxu.
2019. Tom 30 (69). Ne 5. Yactuna 2. C. 86-92.

' Tpa6osceka O. B., Bepesosa I. JlociifkeHHS AparieyTBOPIOBAIBHOI OCHOBH MYCOBHX JAECEPTIB.
URL: https://surl.lu/qaznss.
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Rubanka K. V., Terletska V. A., Pysarets O. P., Bratus Yu. V. were
engaged in the creation of food concentrates for mousse “Cranberry” with
filler from a multi-component mixture based on tea. Based on the results
of the study of the foaming ability of the improved sweet dish, it was
established that the optimal amount of the new recipe ingredient is 4%!.
When adding a multicomponent mixture in such a concentration, the mousse
is characterized by high organoleptic properties (attractive appearance
and taste of tea), and also has appropriate structural and mechanical
characteristics.

At the National University of Food Technology, the possibility of
replacing cow's milk with vegetable milk in the recipe of mousses has been
investigated. Due to the replacement of functional ingredients in sweet dishes,
the consistency has become delicate, uniform, with a pleasant taste and aroma'®.
In order to increase the amount of nutrients (vitamins C and group B, copper,
iron, calcium, potassium, cobalt, zinc and magnesium), raspberries, bananas
and mangoes were added to the composition of the mousses. Based on the
results of the research, the optimal amount of structure former was established,
namely 10 g of gelatin to obtain the appropriate structure.

5. Research results

Obesity in Ukraine is a serious problem that has affected the adult and
child population. There has been a steady increase in the number of overweight
people in recent years'¥. According to the Public Health Center of Ukraine,
about 59% of the adult population has excess body weight, of which 24.8% are
obese. And among children, 22% are overweight and 8% are obese. The main
cause of health problems is unsustainable nutrition (excessive consumption of
fatty and sweet foods), a sedentary lifestyle.

Mousse desserts are usually quite high in calories, especially in the
classic version, due to the high content of fat, sugar and cream. Therefore,
the development of low-calorie sweet dishes is an urgent task of modern
nutritionology. Based on the results of the study of the apple mousse recipe, it
was determined that the dessert includes sugar and cream of 33% fat content.
Therefore, it was decided to improve the technology of the dish by replacing
the ingredients with the sugar substitute — monk fruit and Greek yogurt. To

12 Py6anka K., Tepneupka B., ITucapeup O., Bparycp FO. JlociifukeHHs CTPYKTYypHO-MEXaHI4HUX

BJIACTUBOCTEH 30MBHHUX COJIOAKHX CTpaB Ha ocHOBI yato. URL: https://surl.li/Ibmrpf.

3 Muxaiimmuerko A. B., ®@ypmanosa [O. II. Mycn Ha OCHOBI POCIMHHOIO MOJOKa 0e3 IyKpy
AK aJbTEPHATHBHA OE3/1aKTO3HA MNPOJYKIis JUIA 3aKiaiiB PECTOpPaHHOro rocrozgapcTea. [Ipobremu
Gopmyeanus 300pogozo cnocody scumms y monodi. Oneca : OHAXT, 2019. C. 151-153.

!4 Kpasayk H. M., [loxsoux B. B., Kierr 1. O. Boockonanenus texuomnorii gecepris. URL: http:/
nbuv.gov.ua/UJRN/molv_2018 11%282%29  125.
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improve the nutritional and biological value of the dish, part of the applesauce
was replaced with berry purees (asai, blueberries and currants).

Monk fruit is a natural sweetener made from arhat, a perennial herbaceous
vine from the pumpkin family. It belongs to low-calorie sweeteners, because it
contains no calories at all and has a zero glycemic index, which makes it an
ideal option for those who want to lose weight, get sick or monitor their blood
sugar levels'®. Monk fruit has a pleasant caramel aroma and a delicate fruity
taste. The sweetener is recognized as a safe product for consumption by many
regulatory authorities, including the Food and Drug Administration. Due to its
heat resistance, monk fruit can be used to prepare various dishes, including
pastries. Eating the sweetener has a positive effect on the functioning of the
body, it has calming and anti-inflammatory properties, strengthens the immune
system, and is a natural antioxidant.

Acai berries are round fruits measuring 2.5 cm that grow on acai palms
in the tropical forests of Central and South America. They have a dark purple
skin, yellow pulp, the taste is something between blackberry and unsweetened
chocolate's. Fresh berries have a short shelf life, so they are exported in the
form of frozen fruit puree, dry powder or squeezed juice. Acai berries are rich
in vitamins (A, C, E), minerals (calcium, magnesium, zinc) and antioxidants,
which help protect the body from the harmful effects of free radicals. One of
the key advantages of berries is the high content of anthocyanins — natural
antioxidants, which are also present in grapes and blueberries. However, the
concentration of these substances in acai is much higher. Compared to other
superfoods, acai berries contain a maximum of antioxidants and a minimum
of sugar. The beneficial properties of berries are antioxidant and disease
protection, strengthening of the cardiovascular system, support of the immune
system, improvement of digestion and antiaging effect.

Greek yogurt — is a fermented milk product with an increased proportion
of dry substances, which is obtained as a result of fermenting milk with
pure cultures of lactic acid bacteria. Thanks to the special production
technology, yogurt has a thick creamy structure with a wonderful creamy
note'”. It contains protein, minerals (calcium, magnesium, potassium,
iodine), vitamins (B2, A, PP). Greek yogurt has probiotic properties, has
a positive effect on the immune system, contributes to the normalization of
digestion, can be used in dietary nutrition, suppresses the development of
pathogenic microflora. It contains less sugar and carbohydrates, as part of

15 Monk Fruit. URL: https:/surl.li/uafsyk.
1 What are acai berries and why should they be consumed. URL: https://surl.li/tdfwss.
17 Greek yogurt. URL: https:/surl.li/ybwogi.
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the lactose contained in all dairy products is removed together with whey,
and the rest of it is converted into lactic acid.

During technological research, technologies and recipes for mousse desserts
were developed:

— apple mousse based on Greek yogurt, monk fruit and acai puree;

— apple mousse based on Greek yogurt, monk fruit and blueberry puree;

— apple mousse based on Greek yogurt, monk fruit and currant puree.

The recipe composition of the developed apple mousse based on Greek
yogurt, monk fruit and acai puree is presented in the Table 3. Since monk fruit
is 150-200 times sweeter than sugar when replaced, the sugar content decreases
accordingly.

Table 3
The recipe composition of apple mousse based on Greek yogurt,
monk fruit and acai puree

Name of raw Control | Experiment 1 | Experiment 2 | Experiment 3 | Experiment 4

materials
Apples 40 40 38 33 28
Sheet gelatin 5 5 5 5 5
White sugar 10 — - — -
Cream 45 — — — —
Vanilla sugar 0.1 0.1 0.1 0.1 0.1
Greek yogurt 45 45 45 45
Monk Fruit 2 2 2 2
Masai puree — 8 10 15 20
Total 100 100 100 100 100

To determine the optimal amount of acai puree in apple mousse technology,
a tasting evaluation of experimental samples of apple mousse was carried out.
Based on the obtained results, it has been proven that the addition of acai
puree in the amount of 5 to 10 g allows you to get apple mousse, which is
characterized by a moderate sweet taste, a soft pink color; with an increase in
its concentration to 15 g, a slight astringency appears, and the dish acquires
a light pink shade. When adding 20 g of berry puree, the color changes to bright
purple, the consistency is slightly compacted, and the astringency becomes more
pronounced. Experiment 3 (4.95 points) received the highest rating, which was
used for further research.

Replacing cream with Greek yogurt in apple mousse technology changes
the cooking technology, as the technological operation of whipping the dessert
with a mixer becomes unnecessary.
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Table 4 provides an analysis of the chemical composition of a control and
test sample of apple mousse based on Greek yogurt, monk fruit and acai puree.

Table 4

Comparative analysis of the chemical composition of apple mousse based
on Greek yogurt, monk fruit and acai puree

Indicators Units of Control | Experiment Differ_e nee, Diffenrence,
measurement units %o
Proteins g 2.15 7.87 5.72 265.44
Fats g 9.18 7.57 —1.61 —17.55
Carbohydrates g 15.59 9.91 -5.69 -36.46
Dietary fiber g 0.80 5.93 5.13 641.25
Energy value kcal 173.15 62.53 -110.62 —63.89
Mineral substances
Calcium mg 57.10 109.20 52.10 91.24
Potassium mg 163.45 192.85 29.40 17.99
Magnesium mg 7.28 14.03 6.75 92.72
Phosphorus mg 38.15 50.15 12.00 31.45
Sodium mg 41.00 133.65 92.65 225.98
Iron mg 0.30 2.01 1.71 575.93
Zinc mcg 0.78 0.91 0.13 17.05
Vitamins
B, (Tianin) mg 0.03 0.22 0.19 752.94
B, (Riboflavin) mg 0.05 0.25 0.20 371.70
B, (Pyridoxin) mg 0.06 0.15 0.09 159.32
B, (Folic acid) mcg 4.18 10.26 6.09 145.75
PP (Niacin mg 0.17 0.61 0.44 269.09
E (Tocopherol) mg 0.47 1.50 1.03 221.51
Asorbinova acid mg 4.00 24.70 20.70 517.50

Based on the results of the study of the chemical composition of apple
mousse based on Greek yogurt, monk fruit and acai puree, it can be concluded
that when adding plant substitutes, the content of the following indicators
increases: protein — by 265.44%, dietary fiber — by 641.25%, and calorie
content decreases by 63.89%. Vitamin content varies as follows: B, increases
by 752.94%, B, — by 371.70%; PP — by 269.09%, E — by 221.51% and C — by

517.50%.

Of the minerals in the test sample, calcium — increased significantly
by 91.24%, magnesium — by 92.72%, sodium — by 225.98% and iron — by
575.93%. Therefore, replacing sugar with monk fruit and cream — with Greek
yogurt reduces the energy value of the mousse dessert, and partially replacing
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applesauce with acai puree improves the vitamin and mineral composition of
the dish.

CONCLUSIONS

Based on the results of research on the properties of plant raw materials and
their influence on the choice of technological modes of production of mousse
desserts, a technology has been developed that ensures the production of high-
quality mousse desserts.

Based on experimental data on the chemical composition of plant raw
materials, its influence on the organoleptic properties of mousse desserts was
determined, and the improvement of their nutritional and biological value was
substantiated. Rational amounts of its addition in the production of the specified
sweet dishes have been established.

On the basis of the conducted research, technologies and recipes for
the production of mousse desserts using Greek yogurt, monk fruit and acai
puree have been developed. It was established that desserts obtained using
new technologies have high organoleptic and physico-chemical quality
indicators.

The use in the production of mousse desserts of Greek yogurt, monk fruit
and acai puree contributes to the expansion of the range of functional dishes
and thereby improving the general state of health of the population.

SUMMARY

Desserts are popular among the population of all countries of the world. But
their disadvantage is that they contain a small amount of biologically active
substances and have a high energy value. One of the promising directions for
the development of modern sweet products is to improve the micronutrient
composition and give it health-improving properties.

One of the trendy sweet dishes today is mousse, based on which pastries,
cakes and desserts are prepared. Mousse desserts are delicate and airy treats
that have a characteristic light, creamy texture, achieved by whipped cream,
egg whites or other foaming ingredients, as well as thickeners such as gelatin
or agar-agar.

A classic mousse dessert is apple mousse, which is used as an independent
dish or as a layer in cakes and pastries. The recipe ingredients are applesauce,
sugar, gelatin, water, vanilla.

The technology of new mousse desserts has been developed:

— apple mousse based on Greek yogurt, monk fruit and acai puree;

— apple mousse based on Greek yogurt, monk fruit and blueberry puree;

— apple mousse based on Greek yogurt, monk fruit and currant puree.
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Based on the results of the study of the chemical composition of apple mousse
based on Greek yogurt, monk fruit and acai puree, it can be concluded that when
adding plant substitutes, the content of the following indicators increases: protein
— by 265.44%, dietary fiber — by 641.25%, and calorie content decreases by
63.89%. Vitamin content varies as follows: B, increases by 752.94%, B, — by
371.70%; PP — by 269.09%, E — by 221.51% and C — by 517.50%.

Of the minerals in the test sample, calcium — increased significantly
by 91.24%, magnesium — by 92.72%, sodium — by 225.98% and iron — by
575.93%. Therefore, replacing sugar with monk fruit and cream — with Greek
yogurt reduces the energy value of the mousse dessert, and partially replacing
applesauce with acai puree improves the vitamin and mineral composition of
the dish.

The developed mousse desserts are recommended for introduction in
restaurants and craft production, as dishes of reduced energy and increased food
and biological value.
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CHAPTER 13

HAYKOBI OCHOBWU CTBOPEHHA KOMIJIEKCY
TEXHOJIOI' I XAPHOBUX MNMPOOYKTIB
CMNEUIANBHOIO NMPU3HAYEHHA

Muaunuyk O. C., HikonaeHko M. C.
DOl https://doi.org/10.30525/978-9934-26-697-3-13

BCTYN

3a ominmkamMu BcecBiTHROI opramizamii OXOpOHM 300pPOB’S, BIUINB
CHAaIKOBUX YMHHWKIB Ha CTaH 3[O0POB’S JIIONWHU CTAaHOBHUTH Omm3bKo 15%,
me 15% mpunanae Ha piBeHb PO3BHTKY Ta €(EKTHBHICTH CHCTEMH OXOPOHH
370pOB’S, TONI AK BH3HaYalbHy ponb (mpuOmmsHo 70%) BimirparoTh crocid
KHUTTS Ta XapakTep XapuyBaHHs'. YIIPOJOBXK OCTaHHIX NECSITWIITh B YKpaiHi
CIIOCTEpIraeThCs TEHACHIIIS IO MOTIPIICHHS CTaHy 3[0POB’S MiTeH HIKITBHOTO
Biky?. Y WIKOJSIpIB Jemaii yacTille pPeecTpyIOTh 3HMKEHHS (DYHKIIOHATBHIX
pe3epBiB  OpraHi3My, NOPYIICHHS MeEXaHI3MIiB BETETaTHBHOI peTyJsmii Ta
3pOCTaHHS 3arajbHOi 3axBOpOBaHOCTI. OcoONMBE 3aHETTOKOEHHS BUKIMKAIOTH
HEIOCTaTHIll piBEHh PYXOBOI AKTWBHOCTI, MOIMIMPEHHS IIKI[UIMBUX 3BHYOK,
30UTBIICHAS KITBKOCTI AiTEH 13 HAJIMITKOBOIO Macolo Tina i oxkupinHaM. Taki
(akTopH CIPHUAIOTH 3HIKCHHIO TOJEPAHTHOCTI 0 (PI3MYHMX HAaBaHTAKCHD,
TIOTIPIICHHIO AJANTAIlIfHAX MOXIMBOCTEH OpraHi3My, BHCHa)KEHHIO pe3epBiB
CEepIICBO-CYJMHHOI CHCTEMH Ta HETaTHBHO BIUIMBAIOTh HA SAKICTh JKUTTS
IUTSYIO0TO HACENICHHS. 3a HASBHUMH JaHUMHU, HAIMIpHY Macy Tia a00 OXKHUPIHHS
BHSBJISIFOTH TPUOIM3HO B KOXKHOI CHOMOI JAUTHHH B YKpAaiHi, MPUUOMY cepern
XJIOTYHKIB IS TPOOJIeMa TPaIIIIeThCSl Maiike BABIUI YacTime.

PamionanpHe Xap4yBaHHA INKOJSIPIB € ONHHAM 13 KIIFOYOBHX YHHHHUKIB
3a0e3nmeueHHs HOPMAaJbHOTO POCTY ¥ pPO3BHUTKY OpraHisMy B TIepiox
IHTEHCUBHOTO (Di3MYHOTO Ta ICHXOEMOIIMHOTO HaBaHTaKCHHA. [1OBHOIIHHMIA
i 30amaHCOBaHMI palioH 3a0e3meyye opraHi3M HEOOXiTHOI E€HEpTi€lo, CIPHsE
TapMOHIHOMY pO3yMOBOMY PO3BHTKY, MiITPUMY€ HAJECKHUHN PiBE€Hb IMyHHOTO

' Tsaxka O. B, [ounnok T. B., Banauska H. 1. Biramin D-craryc y aiteit 10-18 pokis M. Kuesa.

Meouyuna mpancnopmy Yxpainu. 2012. Ne 4. C. 76-78.

2 Isanosa B. JI., Cimaxina I O. TexHomoris mpupoxHuX BiTaMmiHiB : Hasd. mociOuuk. Kuis : HYXT,
2016. 343 c.
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3aXHCTY Ta CTBOPIOE MEPEIYMOBH JUIS 30€PEIKEHHS 30POB’ S y JJOPOCIOMY Billi.
BonHouac akTyalbHOIO 3aJIMINAETHCS MPOOIEeMa HEIOCTaTHBOTO HaJAXOKEHHS
BiTaMiHiB, Makpo- Ta MikpoeineMeHTiB. JleQiunuT eceHLiaJIbHUX HYTPIEHTIB
MOK€ TPU3BOAUTH JI0 MOPYLIEHb OOMIHHMX IPOLECiB, 3HIKEHHS (i3uyHOI Ta
KOTHITHBHOI Ipane31aTHOCTI, 3aTPUMKH POCTY i PO3BUTKY, @ TAKOXK I IBUILCHHS
pu3uKy HOpPMYBaHHs XPOHIUYHHUX 3aXBOPIOBAHb i ANEPriYHUX peakiiif’.

Ha cporogni HemocTaTHbO BHpilIeHa TocTpa TNpodieMa 3abe3reueHHs
BiTaMiHAaMM  Ta  MikpoeseMeHTamu.  Jledinur  BiTamiHIB,  Makpo-
1 MIKpOEJIEMEHTIB Y pallioHI HIKOJISIPIB MPU3BOIUTS JI0 MTOPYIIEHb METa00Ii3My
3HW)KEHHSI (i3MYHOI Ta pO3yMOBOI Mparle3aTHOCTI, HETaTHBHO NMO3HAYA€THCS
Ha pOCTI Ta PO3BUTKY JiTeH, MPOBOKYE PO3BHTOK XPOHIYHOI IaTOJIOTIi,
asepriyaux cradiB. CbOToHI B XapuyBaHHI LIKOJSIPIB AOMiHYIOTh aHOMaJbHI
CTEpEOTHIH, SIKI BHPI3HAIOThCA HE30alaHCOBAHICTIO pauioHy i aedinurom
0araTboX eCCeHIIaJbHUX HYTPI€HTIB, HEOOXIAHUX JUISi TAPMOHIIHOTO PO3BUTKY
Ta 3MII[HEHHS 3[0POB’s JiTei".

CyyacHa CTpyKTypa XapyyBaHHS [iT€Hd UIIKUIBHOTO BIKY HEpiJKO
XapaKTepU3YEThCSl  HEe30aaHCOBAHICTIO Ta HEJOCTaTHIM  CIIOXKHBaHHAM
KHUTTEBO BAXKJIMBUX HYTpieHTIB. DopMyBaHHS HEpalliOHAIBHUX XapyOBUX
3BMYOK HEraTHBHO IO3HAYAETHCS Ha (DI3MYHOMY PO3BHUTKY AITEH 1 MOXe cTaTtu
MIPUYMHOIO BUHUKHEHHS aJliMEHTapHO-3aJIeKHUX 3aXBOpIoBaHb. HenockoHaicTs
oprasizauii NIKUTBHOTO XapuyBaHHS TAKOXK 3aJIMIIAETHCS OJHIEIO 3 aKTYaJIbHHX
mpo0JIeM rpoMaickkoro 310poB’st. 3a nepion 2000-2013 pokiB 3aXBOPIOBAHICTh
MOJIOJIOTO HACEJICHHS Ha CHAOKPUHHI IOPYIIEHHS, XBOpPOOW, TIOB’s3aHi
3 pO3JIaZiaMy Xap4yyBaHHs], Ta MATOJOril OOMiHY PEUOBHH 301TBIIHIIACT MankKe
BABivi. OJHOYACHO BiJ3HAYAETHCSI 3POCTAHHS MONIUPEHOCTI HAJMIPHOI MacH
TiJIa, OKUPIHHS, CEPLEBO-CYIMHHUX 1 JISSIKMX OHKOJIOTIYHMX 3aXBOPIOBAHb.

HesBakaroun Ha akTyalbHICTH NpoOJIeMH, B YKpaiHi Bce mie Opakye
KOMIUIEKCHUX JOCII/DKEHb, NMPHUCBSIUCHHUX OLIHII OCOOJMBOCTEH XapyyBaHHS
JIiTeH INKUTBHOTO BIKYy 3 pI3HUMH TOKa3HUKaMU (Di3MYHOTO PO3BHTKY.
HenocrarHbo BHBYEHMMH 3aJIMIIAIOTHCS 3MIHM XapyoBOi IMOBEIIHKU 3aJIeKHO
Bil MacH TiJla Ta MiCld TMPOXKUBAHHS, a TAKOX MOIIMPEHICTH Ae(ilUTHOTO
YM HAJJIMIIKOBOTO CHOXKMBAHHS OCHOBHHX Makpo- i MIKPOHYTPIEHTIB cepen
LIKOJISIPIB.

TakuM YMHOM, TMTAaHHS OLIHKH XapuOBOI'0 CTaTyCy IUTSYOTO HACEJICHHS
VYkpainu HaOyBae ocoOnuBOi akTyanbHOCTI. CydyacHi COIiadbHO-CKOHOMIYHI

3 Byxanosceka T. M., Mansuesa JI. O., Anapeitaus JI. B. Cran 370p0B’s Cy4acHHX LIKOJISPIB, MUISXH

Horo 30epesxeHHs Ta noninuents. Ykpaina. 30opos s nayii. 2012. Ne 1. C. 44-51.

4 Kosriok H. 1., Heunraitno FO. M. OcobGmuBocti xapuyBasHs Ta (JOpMyBaHHs HOr0 CTEPEOTHUINB Yy
CYYaCHHUX LIKOJAPIB. MidicHapoonuil scypran nediampii, akyuiepcmea i einexonoeii. 2014. Tom 5 (2).
C. 10-14.
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YMOBH 3yMOBJIOIOTh HEOOXIJHICTh YHOCKOHAJICHHS BUMOI JIO OpraHi3amii
XapuyBaHHS B 3aKjalax OCBITH Ta BIPOBAJKCHHS €()EKTHBHHX ITiIXOJIB
0 3a0e3MevyeHHs [JiTed MOBHOI[IHHUM, Oe3MeYHuM 1 30aJaHCOBaHUM
XapuyBaHHSIM.

HaykoBe BHAaHHSA MiATOTOBJICHE B paMKax TIPAHTOBOI MiJTPUMKH
HauionaneHoro ¢onay Ykpainu 3a qorosopom Ne 286.05/0050.

1. 3arasibHi NOHATTA NPO XapyyBaHHS, 3Ha4YeHHsA, GYHKU,T

OnHiero 3 6a30BUX YMOB HOPMaJIBHOTO POCTY, PO3BHUTKY Ta (DYHKIIOHYBaHHS
OpraHi3My € HOBHOIIHHE XapuyBaHHs. Came 3 MPOJyKTaM1 XapuyBaHHs JUTSINI
OpraHi3M OTPUMYE HEOOXiIHI MOXMBHI PEYOBUHH, CEPE SKUX OUIKH, XKHDPH,
BYIVIEBOJM, BiTaMiHHM, MiHEpaJbHi CIIONIYKH, a TAKOX MaKpo- i MiKDOEJIEMEHTH.
3abe3nedeHHs (i310I0riYHUX TOTPEO Y IMX KOMIIOHEHTAaX CIIPHSE FapMOHIHHOMY
(i3UYHOMY Ta ICUXIYHOMY PO3BUTKY AUTHHH, IIBUILEHHIO CTIHKOCTI OpraHi3my
JI0 HECHPUSTIMBUX YWHHMKIB HAaBKOJMIIHBOIO CEPEAOBHIINA, NPOQIIAKTHII
6araTboX 3aXBOPIOBaHb 1 MIITPUMAHHIO BHCOKOTO PIiBHS 310pOB’s. Y 3B’S3KYy
i3 1uM mpoOiema oprasizalii 370pOBOrO XapuyBaHHsS HAaceJICHHs, 0COOIMBO
JITEH, 3aJMIIA€THCS OJHMM 13 TPIOPUTETHUX HANpsIMIB Cy4acHOI HayKu Ta
MIPaKTHKH OXOPOHU 3710pOB’sl.

[Tix xapyyBaHHSM PO3YMIIOTH NPOLIEC CIIOXXMBAaHHS Xap4OBHX IPOAYKTIB,
SIKMH 3a0e311euye HaIXO/KEHHSI 10 OpraHi3My eHeprii Ta HeoOX1THUX HYTPi€HTIB
BIJIIIOBITHO JI0 HOTO (hi3i0J0TIUHUX MOTPEO.

ParionanbHe xap4yBaHHS SIBIs€E COOOI0 HAyKOBO OOIPYHTOBaHY CHCTEMY
Xap4dyBaHHS, L0 nependadae MoBHE 3a0e3NedYeHHs] OpraHi3My €Hepriero Ta
BCiMa HEOOXiZIHUMH IOXMBHUMU PEYOBHHAMH 3 YpaxyBaHHSM BiKy, CTari,
piBHS (i3W4HOI aKTMBHOCTI, CTaHy 3JOpPOB’S Ta IHIIMX IHAWMBIAYyaJbHUX
ocobnuBocTel sroauHK. Takuil miaxia copusie MiATPUMAaHHIO HOPMAaJbHOTO
nepebiry 0OMiHHUX TPOIECIiB, 30EPEKCHHIO MPALE3JaTHOCTI Ta MPOQIIAKTHII
JIIMEHTapHO-3aJIS)KHIX 3aXBOPIOBAHb.

CydacHi ysBJIEHHS IIpO 3J0pPOBE XapyyBaHHS IPYHTYIOTBCS Ha HU3LI
(dyHnameHTanbHUX NpUHOMIIB. Hacammepen enepreTyHa LiHHICTH 1000BOTO
pauioHy TOBMHHA BiJIOBifaTh (akTHYHUM EHEProBUTparaM OpraHi3My.
BaxnBuM € Takox 3a0e3nedeHHs OpraniaMy BciMa HEOOXiHUMH MOKHBHUMU
PEYOBHHAMH B JIOCTaTHIN KIJIBKOCTI Ta ONTHMAILHOMY CITiBBiHOLIECHHI. Pamion
Mae OyTu 30aJaHCOBAaHMM 3a BMICTOM OLIKiB, JKUPIB, BYIJICBOIB, BITaMiHIiB
1 MiHEpaJIbHUX PEYOBHH.

He MeHII 3Ha4yIIMM € TOTPUMAaHHS PEKUMY XapuyBaHHs, sIKMI niepedadae
peryiisipHe CIOXHMBaHHA DKI dYepe3 TMeBHI INPOMDKKM dacy. XiMIYHUHA
CKJIQJ 1 KaJOpiHHICTh palioHy TIOBHHHI BIANOBIZAaTH IHAWBIAYaJIbHUM
norpedam JIIOIUHU, BPaxoBylOuM ii BiK, CTaTh, piBeHb (Pi3MYHOI aKTUBHOCTI,
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ocoOIMBOCTI OOMIHY PEYOBMH 1 cTaH 310poB’s. BaknuBy ponb Bimirpae
TaKO)X OpraHOJENTHYHA IIHHICTh DKi: MPUBaOIMBUIl 30BHINIHIA BUIVISI CTPaB,
MIPUEMHI CMaK Ta apoMar CIIPUSIOTH KPaIloOMy 3aCBOEHHIO MO)KUBHHUX PEYOBHH
i (hOpMyBaHHIO TIO3UTHBHHUX Xap4YOBHX 3BHUUOK.

OOOB’sI3KOBOI0 BUMOTOI0 10 OyIb-IKOTO palioHy € Horo Oe3Me4HICTb.
XapuoBi TPOAYKTH IIOBHHHI BiJIOBiaTH CaHITAPHO-TICIEHIYHUM HOpMaM,
HE MICTUTH TOKCHYHUX PEYOBHH, NAaTOI€HHUX MIKPOOPraHi3MiB, Ba)KKHUX
METaJIiB, PaliOHYKJIIJIIB Ta 1HIIMX MOTCHIIHHO HeOe3neyHux noMimok. Jlumre
32 yMOBHU JOTPHMAaHHS BCIX NPHHLMIIB PALIOHAIBHOTO Xap4yBaHHS MOXIIHUBO
3a0€3MeUUTH ONTUMAJIBHUI PICT 1 PO3BUTOK JiTeH, 3MILHEHHS iXHBOTO
370pOB’sl Ta NPO(dITAKTHKY 0araTbox 3aXBOPIOBAHb.

[ix yac rulaHyBaHHS palioHy XapuyBaHHS HiT€l MOJIOAIIOrO MIKIJIBHOTO
BiKy HEOOXiZTHO BpaxoBYBaTh aHATOMO-(i3i0JIOTiYHI OCOOIMBOCTI OpraHiamy,
a Takox crenudiky iXHpoi HaBYaJIbHOI Ta MOBCSKICHHOI AisUIbHOCTI. Y el
MEPioNl KHUTTSA BigOyBalOTHCS IHTCHCHUBHI MPOIIECH POCTYy Ta PO3BHUTKY, IO
CYIPOBO/KYIOTbCS HIJIBUIICHHMH IOTpeOaMH B €Heprii Ta MOXUBHHX
peYOBUHAX.

OnHi€lo 3 XapakTepHUX OCOOJMBOCTEH AWTAYOrO OpraHi3My € BHCOKHI
PiBEHb OCHOBHOTO OOMiHY PEYOBHH, SIKHH MTPUOIM3HO y MBTOPA pa3a NepEeBHIILYE
BIJINIOBI/IHI MOKa3HUKHU JopociuX. Lle 3yMoBIOE HEOOXiqHICTh 3a0e3reueHHs
JIOCTaTHHOT EHEPreTUYHOI [IIHHOCTI JOOOBOTO pallioHy.

BaxBUM YHMHHHKOM € TaKoXX 3HA4YHE IICHMXOEMOIliiHe HaBaHTa)KEHHS,
I10B’s13aHE 3 HABYAIEHHUM ITPOIIeCOM. BUKOHaHHS KOHTPOJILHUX POOIT, 3aCBOEHHS
BEJNMKUX 00cATiB iH(pOpMarii, OI[iHIOBaHHS 3HaHb Ta aJaNTalis 10 MIKIJILHOTO
CepeloBUIlla MOXXYTh CIIPHYMHATH IiJABUIIECHY BTOMY, EMOIIHE HAIpYXEHHS,
MOPYILEHHSI CHY, TOJOBHMH Oinb Ta iHII (PyHKIIOHAJIBHI pO3JIaxy HEPBOBOI
CHCTEMHU.

CyvacHi yMOBH HaBUaHHS XapaKTEPU3YIOThCsl 3HAUHMM HaBaHTAKEHHSM Ha
opranu 3opy. TpuBaje BHKOPHCTaHHS KOMII'IOTEPHOI TEXHIKH, €JIEKTPOHHHX
OCBITHIX TUIaT(OPM 1 Mepenisi HaBYaIbHUX MaTepialiB y uudpoBoMy dopmari
MOXXYTb HETaTUBHO BILIMBATH Ha (yHKI[IOHAJLHUN CTaH 30pOBOIO aHaji3aropa,
o0 moTpedye MONATKOBOTO HAIXO/PKEHHS 3 1KE OIONOriYHO aKTUBHUX
PEYOBUH, HEOOXITHUX JUIS MIATPUMAHHS 370POB’sl O4eH.

VY crapuioMy IIKiTBHOMY Billi OCOOJIHMBOTO 3HAYCHHS HAOYBAIOTH MPOIIECH
CTAaTeBOro JO3piBaHHs, MIABUIICHHS (I3MYHOI AaKTUBHOCTI Ta 3aHATh
cioptroM. Kpim TOro, mifyniTkKMm 4acto HPUAUIAIOTH 3HA4YHY yBary BIIAaCHOMY
30BHIIIHBOMY BUIJISLY, PAarHy4y BIUIMBATH HA Macy Tija, PO3BHTOK M’S30BOi
TKaHWHH, a TAKOXK CTaH IIKIpU, BOJOCCSA Ta HIrTiB. Y 3B’A3KY i3 IUM DAIliOH
MMOBMHEH 3a0e3IeYyBaTh OpPraHi3M OCTaTHBOI KUIBKICTIO OLUIKIB, BiTaMIiHiB,
MiHepaJbHUX PEYOBUH Ta IHIINX HE3aMIHHMX HYTpI€HTIB.
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BaxnBoro CcKi1aZoBOI0 OpraHizamii XapuyyBaHHS y4HIB € 3a0e3leueHHs
MMOBHOI[IHHOTO INKUTBHOTO OOidy, SKAH y CEpeHbOMY MOKPUBAE OJNU3BKO
TPETHHHU N000BOI MOTpeOH opraHi3My B eHeprii. Pemra enepreTnynux norped
Mae 3aJI0BOJILHATHCS 32 PaXyHOK CHIJIaHKY, TOAaTKOBUX IPHHMaHb TKi Ta Beuepi
B JoMainHiXx ymoBax. Came ToMy e(heKTHBHA B3a€MOJIiSl MIXK 3aKJIaJlOM OCBITH
Ta POJMHOI € HEOOXiHOK YMOBOK (OpPMyBaHHS 30aJaHCOBAHOTO PAIiOHY
Ta 3J0POBHX Xap4yOBHX 3BHYOK y AiTeil. He MeHII BaXIMBUM € AOTPUMaHHS
PETYIISIPHOTO PEXHUMY XapuyBaHHS, IO CIPHsIE HOPMaJIbHOMY (pyHKIIIOHYBaHHIO
OpraHi3My Ta MiITPUMAHHIO 3J0POB’S IIKOJISIPIB.

3a nanumu goctimpkens H. M. 3y6ap, xapuyBaHHS HaJ€XKHUTH /10 MPOBIIHUX
YMHHHKIB, 0 BU3HAYAIOTh CTAH 3[0POB’S JIOIUHH. MOr0 BHECOK OLIHIOEThCS
Ha piBHi 40-45%, Tomi SK BIUIMB CIIAJKOBOCTI CTaHOBUTH Onm3bko 18%,
CHCTEMHU OXOpOHH 370poB’st — 10%, (hakTopiB HABKOJIMIIHBOTO CEPEIOBHIIA —
8%, a yacTKa IHIIUX YMHHMKIB KOJIHMBAE€ThCA B Mexax 19-24%. lle cBimuuTh
PO BU3HAYAJIBHY POJIb PAI[iOHATBHOTO Xap4yBaHHsI y 30€peKeHHI Ta 3MIITHCHHI
3M0POB’sl HACEJICHHS,

ParionanbHe XapuyBaHHS € OJHIEI0 3 OCHOBHHMX (i3loIOriYHMX NHOTpeO
JIFOJIMHU Ta BOJHOYAC BaYKJIMBUM YMHHUKOM 30€peKEHHS 1 3MILIHEHHS 310POB’ L.
3a0e3Meuyrodr OpraHi3M CHEpPri€r0 Ta HeOOXiTHUMHU MMOKUBHUMU PEUOBHHAMM,
BOHO Oepe ydacTh y peaiizamii YHCICHHUX (QYHKIIH, HEOOXiTHUX JyIs
MiATPUMaHHS HOPMAJBHOI J>KUTTENISUIBHOCTI, POCTY, PO3BUTKY, ajamnTamii 10
YMOB HaBKOJIMIIHBOTO CEPEAOBHIIA Ta MPO(UIAKTUKU 3aXBOPIOBaHb (Tabdi. 1).

Tabmuus 1
@yHKLil paioHATBHOTO0 Xap4YyBaHHA
DyHKIii panioHaJIbLHOr0 . dakTopn
y p 3micT GyHKUii p
Xap4yyBaHHHA 3a0e3ne4eHHs
1 2 3
ITocTauanHsa B OpraHiaM eHepreTHYHUX Byrnesonu, xupu
Enepreruuna P P Y » KIpH,
peYOBUH [GhIN
3abe3neuye 3pocranHs, GopMyBaHHs . . .
ye 3p L bopmy binku, MiHepanbHi
Ta PO3BUTOK OpPraHi3My: MOCTaYaHHs .
[Tnactuyna . pEYOBHHH, JIMiH,
B OpraHi3M IUTACTUYHUX PEYOBHUH IS S
. . . BYIJICBOJIM Ta 1HIII
10OYI0BH KJIITHH, TKAaHHUH 1 OpraHis
3abe3rnedye HOPMaIbHY PEHPONYKTHBHY Bitaminn, 6inky,
(yHKIIIO, CIIpHsie aKTHBHOCTI Ta MIKpPOEJIEMEeHTH,
BioperymnstopHa TPUBAJIOCTI KUTTS: MocTadaHHs HeoOxinuux | [THXKK
PEYOBHH JUIsl yTBOPSHHS (PepMEHTIB Ta (momiHe3aMiHHI
TOPMOHIB XKUPHI KHCJIOTH)

5

3y6ap H. M. OcnoBu ¢izioxorii Ta ririean xapayBauss: [linpyunuk K.: Llentp yubosoi niteparypu,
2010. 336 c.
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Iponorxenns Tadmuii 1

1 2 3
Ipodinakruka Ta miaATPUMKA 310pOB’s, . L
3MEHILECHHS PU3UKY BUHUKHEHHS Ta Eﬁlgi(BlTaan’

ImyHHO-perynsiTopHa TSDKKOCTI nepebiry 3aXBOPIOBAaHOCTI: 6iOMiK];0€JIeMeHTH
TOCTAYAHHS PEOBHI, 3 KMX B Opramisui (Fe, Zn, )
YTBOPIOIOTHCS IMyHO3aXUCHI PEYOBHHA
3axuInae BiJ BIUIUBY HECTIPHATIUBUX
€KOJIOTI4HHUX YMOB, ILIKiJIMBHX Bitaminu,
I . BHPOOHMYMX Ta NOOYyTOBUX YHHHUKIB, aMiHOKHUCJIOTH,
PHUCTOCYBAIILHO . . . .
peryasTopHa BIHOBIIOE MPALE3ATHICTD JTOAHHH: XapHoBi BOTOKHA,
[OCTa4aHHs HyTPI€HTIB, sKi BiJirparoTh MiHepanbHi
creubiuHy pons y perymsmii GpyHKiii peYOBHHA
oprasizmy
IMponyxru
crieniajabHOro
BinHoBtoe nopymieHi GpyHKii 3a NPU3HAYEHHS; IEBHA
Peabiniraniiina JIOTIOMOTOI0 HYTPI€EHTIB 3 JIIKyBaJIbHUMI SKICTh Ta KiNBKiCTh
BIIACTHBOCTSIMHU HYTPI€HTIB; IeBHA
KyJiHapHa 06poOKka
TOILIO
CMaxosli,
. . €KCTPaKTUBHI
Perysmsinist Xxap4oBoi MOTHBAMii (arneTury), .
(hopMyBaHHS Xap4OBUX 3BHUOK T8 apOMATHHI
MoruBaniifHO-CHTHaIbHA | (CIIO’KMBAHHS IIPOAYKTIB, [0 CMAKYIOTh, DeoBHHI
30yIKyIOTh, JOCTaBIIOTH CMAaKOBE (aH.TH(.)KCI/I.ElaHTH’
3a/I0BOJIEHHST TOII[O) Zﬂ’;gs;;g;l,
>
OpTraHivHi KHCJIOTH)

OcoOnuBe 3HAYCHHS Mae OpraHizalis XapuyBaHHS AIiTEH MIKUJIBHOTO BIKY,
OCKIUIbKM BOHa O€3locepeHbO BIUIMBAE HE JMIIe Ha (PI3MYHUI PO3BHTOK,
a i Ha ICHXOEMOUIHNI cTaH 1 HaBUallbHY IisUTbHICTH yuHiB. [ToBHOLIHHMI
HWIKUIbHUET 001 CHpHs€e MiABUIIEHHIO DIBHS 3aJ0BOJICHOCTI IepeOyBaHHAM
y 3aKiaai OCBITH, (POPMYBAHHIO MO3UTHBHOIO CTABJCHHS J0 HABYAIBHOTO
IPOIIECY Ta MOKPAIICHHIO aKaJeMI4HOT YCIIIIHOCTI.

BrumB HIKiJIbHOTO Xap4yBaHHs HE OOMEXY€EThCS JIMIIE TIEPiooM HaBUYaHHSI.
XapuoBi 3BUUKH, CPOPMOBaHI B AUTIYOMY Billi, 4ACTO 30€pPiraloThCs MPOTATOM
YCBOTO XHTTS, BU3HAYAI0UH MTOAAJIBIII XapuoBi BIOJ00AHHS Ta MOJIENb Xap4OBOi
noBeninky. O3HalOMIICHHS IiTeH 13 PI3HOMAaHITHUMH MTPOJYKTaMHU Ta CTpPaBaMH
CIIpHSIE PO3LIMPEHHIO CMaKOBOTO JIOCBiY, (POPMYBAHHIO KYJIBTYPH Xap4dyBaHHS
Ta 3aKJI/Ia€ MIATPYHTS ISl JOTPUMAaHHS PUHIMIIB 3I0POBOTO CIIOCO0Y XKUTTS
B MaiiOyTHBOMY.
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2. Mi>kHapoaHuit A0CBIA, opraHi3au,ii LKiIbHOro xapyyBaHHS

[pobiemMa HepaliOHAIBHOTO Xap4yBaHHS IHUTAYOTO HACEICHHS BIPOIOBXK
OCTaHHIX JNECATHIITH 3aUIIAETHCS OTHUM i3 HaHaKTyalbHIIIAX BUKIIUKIB IS
CHCTEM I'POMAJICHKOTO 37I0POB’ s €BPOICHCHKHX KpaiH. Hez0anancoBaHuii pauioH,
IO XapaKTepH3y€eThCsl HAMIPHUM CIIOKMBAHHSAM BHCOKOKAJIOPIHHUX MPOLYKTIB
i3 HU3BKOIO XapUOBOIO I[IHHICTIO Ta HEJOCTATHIM HAIXOKEHHIM €CEHITiaTbHIX
HYTPI€HTIB, HETATHMBHO BIUTMBa€ Ha (I3MYHUNA PO3BUTOK MiTEH 1 MiIITKIB.
HacnigkoM Takux MopymieHb € 30UIBIICHHS MOLIMPEHOCTI HaIMIIKOBOT MacH
Tia ¥ OXKHPIHHA cepell HIKONAPIB, M0, 31 CBOTO OOKY, MiJBHUINY€E iMOBIPHICTH
PO3BUTKY CEpLEBO-CYAMHHUX, CHIOKPUHHHUX, MeTaOONiYHMX Ta IHIIHX
XPOHIYHUX HEIH(EKIIIHUX 3aXBOPIOBAHb ¥ AOPOCIOMY BIlli.

OcobmuBy cTypOOBaHICTE y KpaiHax €BpoOIlM BHKIUKaE CTaliIbHE
3POCTaHHS PIBHS TUTSYOTO OXKUPIHHS, SKE CHOTOIHI PO3IIAIAETHCS SK OIMH
i3 mpoBigHUX (HaKTOPiB PU3WKY MOTIpPIICHHS CTaHy 3A0POB’S HACEICHHS. 3a
OILlIHKaMH MDKHapOIHUX EKCIIEPTiB, HaJMIpHA Maca Tila B AWTSYOMY Bimi
ACOLIIOETHCS HE JIMIIE 3 MEAWYHMMH HACHiJKaMH, a ¥ 31 3HIKCHHSIM SKOCTI
XKHTTS, TICUXOJIOTIYHIMH MPOOIEeMaMt Ta 3HAYHHMH COLIAIbHO-CKOHOMIYHUMH
BTpaTaMy JUIsl CyCIIbCTBA.

IcropuuHO THTaHHS NPONOBONBYOrO 3abe3meyeHHs Ta (HOPMYBaHHS
e(eKTHUBHOI TONITHKH y cdepi XapuyBaHHS TMOCiTadW BaXKJIMBE MicIe
B COIIiaNIbHIH IO THII €BPONICHCHKUX AePrKaB. 3aJIeKHO Bifl PiBHAI €EKOHOMIYHOTO
PO3BUTKY Ta CYCHIIBHUX MOTPeO ypsau KpaiH €BpomM BIPOBAJUKYBAIM Pi3Hi
MEXaHi3MH PETyJIIOBaHHS MPOJOBOJEYOT OE3MEeKH, YIOCKOHAJICHHS CHCTEMH
IPOMaJICHKOTO XapyyBaHHA Ta ITiIBUIICHHS SIKOCTI Xap4OBHX MPOIYKTIB.

BaxxnuBuM eTanom y po3BHTKY €IMHOI IIOJITUKH y cepi XapuyBaHHS CTAJIO
¢dopmyBanHs €Bponelicbkoro Coro3y, o CHOpHSIO rapMoHi3alii HOpMaTHBHO-
npaBoBol 0a3M JeprkaB-wieHIB. Y MexkaX CIIIBHOTO €BPONEHCHKOIO MPOCTOPY
PO3pOOIIAIOTECS Ta BIIPOBAIKYIOTHCS 3aKOHOIABY1 aKTH, IUPEKTHUBH 1 CTpaTeridHi
JOKYMEHTH, CIPSAMOBaHI Ha 3a0e3NeYeHHs NPOIOBONEIOI OE3MeKH, 3aXUCT
37I0pOB’sl HACEJICHHS Ta (POPMYBAaHHS 3J0POBUX Xap4oBUX 3BHYOK. OcolnuBa
yBara TPHUIUIAETHCS OpraHi3amii XapdyBaHHSA IiTEH Ta MiUITKIB, OCKITBKH
caMe B IIei Iepiof1 3aKIaal0ThC OCHOBU MailGyTHHOTO 370POB’S JIOIUHU.

OnmHuM i3 KIIFOYOBHX HANpPAMIB CYYacHOi €BpPOICHCHKOI IMONITHKH
€ BIOCKOHAJICHHS] CHCTEMH LIKUJIBHOTO Xap4yBaHHs. Peaizallis KOMIUIEKCHUX
3axX0MiB  IOJO0 3a0e3meueHHs OITeld  SKICHUMH Ta  30ajlaHCOBAaHMMHU
Xap4OBUMH IMPOAYKTAMH B 3aKJaJaX OCBITH PO3IIIAETHCS SIK S(EKTHBHHN
IHCTpYMEHT TpPOQLIAKTHKHA alliMCHTapHO-3aJIC)KHUX 3aXBOPIOBaHb. Taki
MIiIXOMM Y3TOIKYIOTBCS 3 TOJNOKECHHSIMH €BPOIEHCHKOT CTpaTerii 0XOpoHH
3I0POB’SL Ta PO3BHUTKY JiTeH 1 MiUTITKIB, 3alpOIOHOBaHOI BcecBiTHROO
OpTraHi3aIli€l0 OXOPOHH 3I0POB’sl, BIAMOBIIHO N0 SKOi ()OPMYBaHHS 3J0POBOTO
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XapyyBaHHS BH3HAQUEHO OJIHHMM i3 NPIOPUTETHUX HANpPSMIB 3MILHEHHS
IPOMAJICHKOTO 3/I0pPOB’sl Ta 3a0e3MEUeHHsI CTANOr0 PO3BUTKY CycHiibcTBal.
Cepen HaWOIBII YCHIIIHMX Ta TPUBAIMX iHiIiaTHB €Bpomeiicbkoro Corosy
y cdepi MKIIBHOTO XapyyBaHHS OCOOJMBE MICIC MOCIAA0Th MPOrpaMu
3a6e3Meyenns y4HiB (PyKTaMH, OBOYAMH Ta MOIOYHMMH MPOAYKTaMH. IX
OCHOBHOIO METOIO0 € IOKpAaLICHHsS SKOCTI XapuyyBaHHs IiTeH, NMpodilakTuka
nedinuTy BayKIMBUX HYTPI€HTIB i (JOpMyBaHHS 370pOBUX XapyOBUX 3BHYOK
i3 paHHbOro BiKy. Peaiizamis Takux mporpaM CrpsMOBaHa Ha MOJOJaHHS
HaCJI/IKIB HEepaliOHaJIbHOTO XapuyBaHHS Ta IIiJBHILICHHS PIBHS CIIOKWBaHHS
MIPOAYKTIB, SIKI MalOTh BUCOKY 010JIOT1YHY I[IHHICTB.

PerynspHe BkmtoueHHs (pYKTiB, OBOYIB 1 MOJIOYHMX HPOAYKTIB JO
L[OICHHOTO PAIliOHY IIKOJISPIB CIpUsE 3a0C3ICUCHHIO OPraHi3My HEOOXiTHUMH
BiTaMiHAMM, MIHEpPaJbHUMH PEYOBHHAMHM, Xap4yOBHMH BOJIOKHaMH Ta
MIOBHOLIIHHUMHU OisTkamu. BoyHOUac cucremMaTnyHe CrioXMBaHHS [IUX MPOIYKTIB
MO3UTHBHO BIUIMBaE€ Ha (OPMyBaHHsS CTIHKMX CMakoOBHX YIomo0aHb, IO
€ BOXJIMBUM YMHHHKOM IPOQIIAKTUKU aJiMEHTapHO-3aJI)KHUX 3aXBOPIOBAHb
y MaiOyTHbOMY.

OcoONUBICTIO €BPOINEHCHKOTO MIXOAY € MOEIHAHHS MPOTpaM XapuayBaHHS
3 OCBITHHO-BUXOBHUMH 3axonamu. [lopsn i3 3a0e3mnedeHHsM JiTeld KOpHCHUMU
MPONYKTAMH TPOBOISITHCS TEMATHUHI 3aHATTSA, I1H(QOpMAIiiiHI KaMIaHii,
MIPaKTHYHI YPOKHU I eKcKypcii Ha (hepMepchbKi rocrogapcTsa Ta MiJinpueMCTBa
arporposioOBOJIBIOTO  CEKTOpy. Taki 3axoaM JaroTh MOXJIMBICTH  YYHSIM
03HaHOMHMTHCS 3 €TarnaMy BUPOOHUIITBA XapuoBOi MPOYKIii — BiJl BUPOLILYBaHHS
CHPOBHHH JI0 HA/IXOPKCHHS TOTOBOTO TPOAYKTY JIO CIIOKHBaYa.

KommekcHuii XapakTep nporpam CIpHse He JIMIIe TOKPALIEHHIO CTPYKTYPH
Xap4yBaHHS LIKOJISIPIB, a H MiJBUIIECHHIO PiBHS iXHBOI XapyoBOi I'PaMOTHOCTI.
V nitelt hopMyeThCs YCBITOMIIEHE CTAaBJIEHHS 10 BUOOPY NMPOMYKTIiB, PO3YMIiHHS
MIPUHLMIIB 3JO0POBOTO XapuyBaHHs, OCHOB CTaJIOTO CLIBCHKOTO TOCIONApCTBa
Ta BiANOBijanbHOrO croxkuBaHHS. OKpema yBara NPHUIUISETHCS BUXOBaHHIO
N0aIMBOTO CTABJIEHHS 710 XapuOBUX PECYPCIB 1 3MEHIIEHHIO 00CATIB XapyOBUX
BIJIXONiB, IO BIANOBIJa€ Cy4acHHM €BPONEWUCHKHM mpiopuTeTaM y cdepi
MPOAOBOIBYOI Oe3nekn Ta cranoro po3Butky’. I[loumHaroun 3 2017/2018
HaBYaJBLHOTO POKY, B KpaiHax €Bporeiicbkoro Coro3y Oyjo BIPOBaJKEHO
OHOBJIGHY MOJIeNIb LIKUIBHOTO XapuyBaHHS, pO3pOo0JeHy 3 YypaxXyBaHHSIM
CY4acHHMX HayKOBHX IaHUX y Taly3l HyTpPHUIIOJIOTrii, FpOMaJICbKOTO 37I0pOB’s Ta

®  €spormeiicbka crTparerisi «3mMOpOB’s 1 PO3BUTOK [iTeil 1 mimmiTkiBy. https://apps.who.int/iris/
handle/10665/276945.

7 Bundy DAP, Schultz L, Sarr B, Banham L, Colenso P, Drake L. The School as a Platform
for Addressing Health in Middle Childhood and Adolescence. Child and Adolescent Health and
Development. 3rd ed. Washington (DC): The International Bank for Reconstruction and Development.
2017. DOI: 10.1596/978-1-4648-0423-6_ch20.
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pe3yabTaTiB MOHITOPUHTY CTaHy 30pOB’s JUTSYOTO HacesneHHs. HoBa cucrema
oTpuMaia MATPUMKY jaepxkaB — wieHiB €C 1 cTajna BaXJIMBUM KpPOKOM
y HampsiMi (OpMyBaHHS €IMHOI MOJITHUKHU IIO0 3J0POBOTO Xap4yyBaHHS JiTeH
Ta HiUIITKIB.

OcHOBHOIO 0COONUBICTIO pedopMu cTano 00’€NHAHHS paHIlle OKPEMEX
nporpam 3a0e3neYeHHs! IKOJISIPiB XapdOBUMU MPOAYKTaMH Y €AMHY KOMITJIEKCHY
cucremy. [IpioputeTr Oyiio HagaHO 30UTBIICHHIO CIIOXKHUBAHHS OBOYIB, (PPYKTIB
1 MOJIOUHUX TPOAYKTIB SIK BOKJIMBHUX JUKEPEN BiTaMiHiB, MiHEpaJIbHUX PEYOBHH,
XapUOBHMX BOJIOKOH Ta IHIIMX OIOJOTIYHO IIHHUX KOMITOHEHTIB. Takuii mimxin
CIpsIMOBaHUH Ha ()OPMyBaHHs 3OPOBUX XapyOBHX 3BHYOK, NPOQIIAKTHKY
JneiIUTHUX CTaHiB 1 3HUKEHHS PU3HUKY PO3BUTKY HEiH(EKIIHHUX 3aXBOPIOBaHb
cepen AiTell IKIIBHOTO BIKY.

Jns peanizanii 3a3HaueHux 3axoiiB €Bponericekuit Coro3 ynponosx 2017—
2023 pokiB mopiyHo nepenbdayaB 3HauHi (iHAHCOBI pecypcu. 3aranbHuid o0csr
(iHaHCYBaHHS NpPOrpaMH CTAHOBUB OJM3bkO 250 MIIH €BpO Ha piK, 3 SIKHX
npuoin3Ho 150 MITH €BpO CrIpsIMOBYBaMCs Ha 3a0e3nedeHHs y4HiB ppyKTamMu
Ta oBo4yamy, a me 100 MITH €Bpo — Ha ITOCTa4aHHsI MOJIOYHUX HPOAYKTiB. Takuii
PiBEHB MIATPUMKH CBIIUHTH ITPO CTPATEriyHe 3HaYEeHHs! MIKUILHOTO Xap4yBaHHS
JUISL €BPOIIEHCHKOT TOJIITUKY Y c(hepi OXOPOHH 3I0pPOB’S Ta PO3BHUTKY JIFOIICHKOTO
KarriTany.

[TokasoBuM mnpukiIanoM e(eKTUBHOI oOpraHizamii xapuyBaHHS Yy4HIB
e DiHnsgHmis, e 3a0e3NeucHHs IIKOJMAPIB  OC3KOMITOBHUMHU  00igaMu
(iHAHCY€ETHCA 3a KOINT JIEPKABHOTO Ta MYHIIMITAIBLHOTO OromkeriB. DiHChKa
MoJIeNb 0a3yeThcs Ha MPUHIMIIAX PAlliOHATBHOTO BUKOPUCTAHHS OIOKETHHX
KOLITIB, BHCOKMX CTaHIapTax sKOCTI Ta peTeIbHOMY IUIaHYBaHHI BCiX
eTamiB opraHizamii xapuyyBaHHS. BBakaeThcs, Mo e(EKTUBHICTh CHUCTEMH
JOCATAEThCSl HE CTUIBKM ILUIAXOM 30UIbIIeHHs (iHAHCYBaHHS, CKUIBKH
3aBJSIKM TPOAYMAHOMY YIPABIIHHIO PEeCypcamMH Ta CyBOPOMY JOTPHUMAHHIO
BCTAHOBJICHUX IIPOLIEAYP.

Opranizaiis poOOTH MIKUTEHUX Xap4yoOyokiB y DIHISHMIIT 3MiHCHIOETHCS
BIJIIIOBITHO /10 YITKO PErIaMEHTOBAaHMX BHUMOT. IlaHyBaHHS MEHIO, 3aKyIIiBIIs
CHPOBUHH, NPHUTOTYBAaHHS CTPaB, KOHTPOJIb SIKOCTI Ta OE3MEYHOCTI Xap4OBHX
MPOAYKTIB BiAOyBalOThCS 3a BHU3HAYEHHMH aJITrOpPUTMaMH, L0 3a0e3redye
CTaOlIbHO BUCOKHUH piBeHb XapuyBaHHs y4yHiB. Takuil CUCTEMHHWH MinXiJ Aae
3MOTYy TapaHTyBaThd 30ajlaHCOBaHICTh palioHY, €(EeKTHBHE BHKOPHCTaHHS
KOUITIB 1 BIIMOBIIHICTh Xap4yyBaHHS Cy4aCHUM PEKOMEHAALIISIM 1010 3/10POBOTO
crocoly KUTTS®.

8 Janhonen-Abruquah H. & Palojoki P. (toim.). Luova ja vastuullinen kotitalousopetus. Creative
and responsible home economics education. Helsinki: Helsingin yliopisto, Kéyttdytymistieteellinen
tiedekunta, Kotitalous- ja kasityotieteiden julkaisuja, 2015. C. 107-120.
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[IpoekTyBaHHS Cy4yacHOTO HIKUILHOTO Xap4oOJIOKY € 0araTOKOMIOHEHTHUM
mpouecoMm, SIKMA rependayac KOMIUIEKCHE BpaxyBaHHS —TEXHOJOTIYHHUX,
€KOHOMIYHMX,  CaHITapHO-TITi€HIYHMX  Ta  OpraHi3alifiHMX  acIeKTIiB
(byHKIIOHYBaHHS 3aKiany xapuyBaHHs. Ha modarkoBoMy erari 31iHCHIOETHCS
aHaJi3 aKTyaJbHUX TEHACHLIH PO3BUTKY 1HIYCTpPil IPOMaJICBKOTO Xap4yyBaHHS
Ta Cy4acHHMX IIAXOMIB JJO OpraHi3alii MIKiJIbHOTO XapuyBaHHs. Takuil aHaii3
Jla€ MOXKJIMBICTH C(OPMYBATH KOHIICHIIF0 MaiOyTHHOrO 00’€KTa BiAMOBIIHO
JI0 CYy4acHHMX BHMOT IIOJO SIKOCTi, Oe3Mme4yHOoCTi i e()eKTUBHOCTI BUPOOHUUYUX
IIPOLIECIB.

HactymHuM erarnoM € BuBYEHHS NOTped 3aMOBHMKa I ocoOmuBOCTEH
(YHKIIOHYBaHHS 3aKiIaay OcBiTH. I1i yac 1[bOT0 MPOIIECY OLIHIOKTHCS IO
MIPUMIILEHb, IX TUIaHYBaJbHI PIilIEHHS, NPOTHO30BaHA KUIBKICTh CHOXKUBA4iB,
ocoOiMBOCTI  opranizamii ~ BUpPOOHMILTBA, HEOOXiHA  NPOXYKTUBHICTh
TEXHOJIOTIYHOTO oONajHaHHA Ta HasBHI (QiHaHCcOBI pecypcu. Ha ocHoOBI
OTPUMAaHUX JaHUX BH3HAYAIOTHCSI OCHOBHI IUII Ta MOKa3HUKH €(EKTHBHOCTI
MalOyTHBOTO Xap4yo0JIOKY, BKIIFOYHO 3 00CATaMU BUPOOHUIITBA, SKICTIO TOTOBOL
MIPOAYKLIT Ta piBHEM €KOHOMIYHOT AOLIJILHOCTI BIIPOBAKyBaHHUX DPillIEHb.

BaxniBuM CKJIQJIHUKOM MPOEKTYBaHHS € PO3pOONEHHS BUPOOHHYOT
xoHuentii. Ha mpomy erari BUOMpAeThCS MOJENb OpPraHi3allii TeXHOJIOTIYHOTO
MpoLeCy, BU3HAYAIOTbCS CIIOCOOM MpPUIOTYBaHHS Ta 30epiraHHs CTpas,
(dopMyeTbCsl TEPCHEKTUBHE MEHIO, YTOYHIOETHCS ACOPTHMEHT IPOAYKIIii,
KUIBKICTh TOPIii Ta OCOONHMBOCTI 3a0C3MECUYCHHS CIHCLiATbHUX JIIETUYHUX
norped yuHiB. Y pa3i moTpedH TaKoXK IUIAHYEThCS CHCTEMa TPaHCIOPTYBaHHS
TOTOBHX CTpaB /0 IHIIMX IHYHKTIB po3jgadi abo CTPYKTYPHHUX MiJpO3/IiIiB
3aKyany.

[licns Bu3HA4YeHHS KOHLEMIII 3HIHCHIOETbCS JleTajbHE IUIaHYBaHHS
BUPOOHMYMX TpoueciB. Po3po0iseTbcs MOCTINOBHICTh PyXy CHPOBHHHM Ta
roTOBOI NPOAYKIIl, MOYMHAIOUM BiJ NMpUHMaHHS Ta 30epiraHHs INPOIYKTIB
1 3aBepIIyIOud peajizauiero roroBux crpas. OcoOnuBa yBara NpHIUISIETHCS
CTBOPEHHIO CHUCTEMH BHPOOHHYOrO KOHTPOJIO, sika 3a0e3leuye JOTpUMaHHS
BUMOT O€3IEYHOCTI Xap4OBUX MPOAYKTIB Ta CAaHITAPHO-TIrIEHIYHMX HOPM.

[TnanyBanbHI piieHHs Xap4oOIOKY Iepe10a4atoTh pallioHaIbHE PO3MIILECHHS
BCciX (yHKIiOHambHUX 30H. Jlo 1X CKJIagy BXOISTH aAMiHICTPAaTHMBHO-TIOOYTOBI
TIPUMILLIEHHS JIIs [IEPCOHAITY, CKJIAJIChKI Ta XOJIOIMIbHI TPUMIILIECHHS, BADOOHU Y1
LeXH JJIsl IEPBUHHOI Ta TEIUIOBOT 0OPOOKH CHPOBHMHH, 30HH MUTTS KyXOHHOTO
Ta CTOJIOBOTO IIOCY/AY, a TaKOX OOIJHI 3aJIM JUISl YYHIB Pi3HUX BIKOBHX TPYIL
CTpyKTypa NOpUMIIIECHh BH3HAYAETHCS BIAMOBIAHO 10 OOpaHOI BHUPOOHUYOT
KOHIIEHIIIT Ta 3aIJIAHOBAaHUX OOCATIB BUPOOHUIITBA.

Ha wnactynHoMmy erami QOpMYETbCS TEXHOJOTIYHA cXemMa poOoTH
Xap4yoOiioKa, sIKa OXOIUIIOE BCi CTaaii BHPOOHMYOrO IWMKIY: HpUHMaHHS
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CHpOBUHHM, ii 30epiraHHsi, MeXaHIYHy Ta TEIJIOBY OOpOOKY, HpPUTOTYBaHHS
CTpaB, po31adyy, OXOJIO/KEHHS ab0 TPaHCIOPTYBaHHS TOTOBOI IPOMYKIIii.
JlonarkoBo po3poOIISIOTBCS 3aXOMM IOA0 OpraHizamii MHTTS 1HBEHTaplo,
oONasHaHHS Ta Tapw, IO € BaXIMBHUM €JIEMEHTOM 3a0e3leueHHs] CaHiTapHOl
Oe3rexy BUPOOHHUIITBA.

OcoOmuBoro 3HaueHHs HaOyBa€ pO3paxyHOK BHPOOHMYOI IpOTpaMu
mianpuemMcTBa. Ha OCHOBI NHPOrHO30BaHOTO MEHIO, KUIBKOCTI CIIOXKHBauiB
Ta OOCSTiB BUIYCKY HPOAYKII] BH3HAYAIOTHCS MOTPEOM B TEXHOJOTIYHOMY
oOnamHaHHI, TPAaHCIIOPTHUX 3ac00aX, BUPOOHMYMX IUIOMIAX 1 TPYHAOBHX
pecypcax. OnmHOYACHO OIIHIOIOTHCS MOXKIIMBI BapiaHTH TaKyBaHHS Ta
TPaHCIIOPTYBaHHS FOTOBHX CTPaB, @ TAKOX CHOCOOM MiATPUMAHHS iXHBOT SIKOCTI
Ta 0e3MeYHOCTI MiJ Yac JOCTAaBKH.

3aBepwiaibHi CTafil NPOEKTYBAaHHS Iepen0avyaroTb PO3pOONIEHHS IUIaHy
PO3MIILIEHHS ~ TEXHOJIOTIYHOTO OOJIaJIHAHHS, TPOEKTYBaHHA IH)XKEHEPHUX
KOMYHiKalii Ta cKkiIaganHs crienudikarii i3 3a3HaueHHIM HE00XiJHOT KIJIbKOCTI
oOnamHaHHs, HOr0 TEeXHIYHMX XapakTepUcTHK 1 BaprocTi. Ilicist y3romkeHHs
BCIX TEXHOJIOTIYHHMX Ta OpPraHi3aliifHuX pillIeHb CTBOPIOETHCS LU(PPOBa MOJIEINb
MaiiOyTHBOTO Xap4oOioka. BukopucraHHs cydacHHX 3ac00iB KOMII IOTEPHOTO
MOZICJIIOBaHHS Ja€ 3MOTY Bi3yasli3yBaTW IIPOEKT, OLIHUTH €(EKTUBHICTh
IUTaHYBaJIbHUX PIIIEHb 1 CBOEYAaCHO BHECTH HEOOXiJHI KOPEKTHBU IIE 10
MoYaTKky peanisaiii OymiBeIbHUX Ta MOHTAXHHX POOIT .

AHaJti3 3apy0i>KHOTO TOCBIYy CBITYHTH, IO OPUTAHCHKA MOJICIIb OpraHi3aIlii
IIKUTBHOTO ~XapuyBaHHS € OJHI€I0 3 HAWPO3BHHCHINIMX Ta HAHOUIBII
KOMIUIEKCHUX Y cBiTi. Ictopnuno Benuka bpuranis crana nepiuoro epkaBoto,
sKa Ha 3aKOHOJIABYOMY piBHI 3ampoBajuia CUCTEeMy 3a0e3NedYeHHS Y4YHIB
xapuyBaHHsM. 1lle Ha mouarky XX cTouniTTs OyJ0 BU3HAHO B3a€EMO3B 30K MiX
MIOBHOLIIHHAM Xap4yBaHHIM JiTel, CTAHOM iXHBOI'O 37I0pPOB’Sl Ta pe3yJbTaTaMu
HaBYaJIbHOI Nisu1bHOCTI. CaMe TOMY MUTaHHS IIKUIBHOTO Xap4yyBaHHS IOCTYIIOBO
MIEPETBOPUIIOCS HA BOXKJIMBUH €JIEMEHT Jep)KaBHOI COLiaIbHOT TOJIITHKH.

CyvacHa cucrema IIKUIBHOTO XapuyBaHHs Benwmkoi bpuranii OGa3yerbcs
Ha BHCOKHMX CTaHAapTax SKOCTI Ta O€3MeYHOCTI Xap4yoBHX IPOAYKTIB,
CYBOPOMY JOTPUMAaHHI CAHITAPHO-TIriEHIYHUX BHMOT 1 MOCTIHHOMY KOHTPOJI
3a oprasisaiiero xapdoBoro mporecy. OcoOnuBa yBara NPUAUISETHCA HE
JIMIIEe XapuoBid LIHHOCTI cTpaB, a M ymoBaMm ix cnoxuBanHs. IlkinbHi
inanpHi pPO3MISANAIOTBECS SK CKJIAJ0Ba OCBITHBOIO CEpEIOBHINA, IO Mae
crpuATH (OPMYBAHHIO KYJIBTYPH XapuyBaHHs, PO3BUTKY COLIAIbHMX HAaBUYOK
1 IO3UTHBHOTO CTABJIEHHS IITEH JI0 37I0POBOTO CHOCOOY KUTTSI.

®  Manninen, M., Wiss, K., Saaristo, V., & Stdhl, T. Kouluruokailu osana terveyden ja hyvinvoinnin
edistdmistd peruskouluissa vuonna 2013. Tutkimuksesta tiiviisti, April 2015. Publications of the National
Institute for Health and Welfare, Helsinki, 2015.
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BaxBoro 0coOJNMBICTIO OpUTAHCHKOTO MIIXOAY € IiHTErpamisi OCBITHIX
KOMIIOHEHTIB y CUCTEMY LIKUIFHOTO XapuyBaHHA. Y 0araThoX 3akiajax OCBITH
peaii3yloTbcsi mporpamMu 3 (opMyBaHHS 370pOBUX XapyOBHX 3BHYOK, SIKi
nependavaroTh aKTUBHE 3aJly4€HHs HE JIMIIE YYHIB, a W WICHIB IXHIX POJIHMH.
[MommpeHoo NpakTHKOIO € OpraHiallis KyJiHapHUX 3aHSTb, 1]l 4ac SIKUX JiTH Ta
0aTbKH OTPUMYIOTb ITPAKTHYHI HABHYKH IPUTOTYBAHHS CTPAB, 03HAHOMITIOIOTHCS
3 NPUHIHUNAMH 30a1aHCOBAHOTO XapuyBaHHS W OCOOJMBOCTSAMH CKJIAJIaHHS
WKUTbHOTO MeHo. Takuit mingxixm cnpusie (QopMyBaHHIO BiANOBiZAaIBHOTO
CTaBJIEHHsI 10 BUOOPY NMPOIYKTIB Xap4dyBaHHS Ta MiJIBUIIEHHIO PIBHS Xap4oBOl
IPaMOTHOCTI HaCeJIEHHS.

OxpemMuil HampsiM JIiSUIBHOCTI OpUTAaHCBKMX INKUI —TOB’S3aHUHA 13
3a0e3MeueHHsIM JIOCTYITHOCTI 3/10pOBOTO Xap4yBaHHs MPOTSATOM HaBYaJIbHOTO
. Y Oararbox 3akianax (yHKIIOHYIOTH NPOrpaMH PaHKOBOI'O XapuyBaHHS,
METOI0 SKHX € 3armoliraHHs IpOIyCKy CHIJaHKIB y4HsAMH. Pesymerarn
JOCII/DKEHb CBiAYarh, L0 pEryJsipHE CHOXXHUBAHHS CHIJAaHKY ITI03UTHBHO
BIUIMBAa€ Ha KOHLEHTPALIIO yBaru, KOTHITUBHI (yHKIIi, Npane3aaTHiCTh Ta
aKaJieMiyHy YCHIIIHICTh IIKOJsIpiB. BomHowac Taki mporpamu CHpHSIOTh
3MEHIICHHIO CIIOXMBAaHHS MPOJYKTIB 13 HHM3bKOIO XapyOBOKO IIHHICTIO Ta
HaJMIpHUM BMICTOM LIyKpY, COJIi i HACUYEHHX JKUPIB.

XapaKkTepHOIO PHCOI0 OpUTAHCHKOI MOZETI € TIOETHAHHS XapyyBaHHS
3 BUXOBHHMH Ta KYJIBTYPHO-TIPOCBITHUIILKMMH 3aX0JaMH. Y HIKOJaX PeryasipHO
MIPOBOIAITECSL TEMATHYHI THOKHI 3710pPOBOTO Xap4yBaHHs, KOHKYPCH KyJTiHapHOI
MaiCTepHOCTI, IPOEKTH 31 CTBOPEHHs 30ipHUKIB CIMEHHUX PELENTIiB, a TaKOX
3aX0/IM, MPHUCBSYEHI TaCTPOHOMIUYHMM TPaJMUILisIM pi3HHX HapoiiB cBiTy. Taki
IHINIaTHBU CHPUSIOTH PO3BUTKY MIKKYJIBTYPHOI KOMYHIKallii, PO3IIMPEHHIO
Xap4yoBOrO JOCBify aitel 1 (opMyBaHHIO TOJNEPAaHTHOTO CTaBJCHHS [0
KYyJIBTYPHOTO Pi3HOMAaHITTSI.

CyTTeBy poib y 3a0e3meueHHi e)eKTUBHOCTI CHCTEMH BiJlirpa€e aJIMiHICTpPaIis
3aKJaiB ocBiTH. KOHTpOJIb 3a SIKICTIO XapuyBaHHs, MOIYJISPU3ALIs 310POBUX
MPONYKTIB, OOMEKEHHS peai3aiii CONIOJONIB 1 COJOAKHX Tra30BaHUX
HaroiB, a TakKOXX CTBOPEHHS CHPUSATIMBOIO CEpeloBUINA IS IPUHMaHHS
TKI poO3MIAAAIOTBECS K HEBI'€MHI CKJIQJIOBI OCBITHBOro mpouecy. Takum
YMHOM, OpUTAHChKAa CHCTEMa IIKIIBHOTO XapyyBaHHS BHUXOJHUTH JIAJIEKO
3a Mexi mpocroro 3ale3medeHHs IiTeld Dkeo 1 sABisEe coOOK KOMILIEKCHY
Mozeib (OpPMYyBaHHS 310pOBOTO CIIOCOOY JKUTTS, XapyoBOi KYyJBTYpH Ta
BiJNIOBIIAJIEHOI MOBEIIHKM, IO Ma€ JOBTOTPUBAJIMH IMO3UTUBHMN BIUIMB Ha
3II0POB’S MiJPOCTAKOYOTO MOKOIIHHS.

Cucrema 1wkinbHOro XapuyyBaHHs y Cnonyuenux Ilratax Amepuxu
Ma€e TPHUBAIY ICTOPII0 PO3BUTKY Ta € OJHUM i3 KJIFOUOBUX IHCTPYMCHTIB
JIep>KaBHOI OJITUKH Y c(hepi 0XOpOHU 37I0POB’S i COIIATIEHOTO 3aXUCTY AITCH.
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[epenymoBu 1i GopmyBaHHS BUHHKIM e Hanpukinmi XIX — Ha mowarky
XX CTONITTS, KOJIM OyJ0 BCTAHOBJICHO B3a€MO3B’SI30K MiXK HEIOCTaTHIM
XapuyBaHHSAM YYHIB i3 COLIaJIbHO BPA3JIMBHX CiMeH, MOTIpPIICHHSIM CTaHy
IXHBOTO 3J0POB’sI TA HU3bKUMHU OCBITHIMHM pe3yJIbTaTaMH. YCB1IOMJIEHHS TOTO,
IO MOBHOIIIHHE Xap4yyBaHHS € HEOOXIAHOK YMOBOIO YCHIIIHOTO HaBYaHHS
Ta TapMOHIHHOTO PO3BUTKY IUTHUHH, CTAJO IMOIITOBXOM JIO BIIPOBAJKCHHS
MepUIMX MPOTPaM OPraHi30BaHOIO XapuyBaHHS B aMEPHKAHCHKUX IIKodax'’.
BaxxnuBoto 0COOMMBICTIO aMEPUKAaHCHKOI CHCTEMH HIKIIBHOTO Xap4yyBaHHS
€ Te, mo ii koopauHauis Ta (QiHAHCYBaHHS TPAIULIHHO HaJeXaThb a0
KOMITETEHIIT Jiep)KaBHUX OpraHiB, BiJNOBINAJBHUX 3a arpapHy IOJITHKY
Ta TPOJOBOJBYE 3a0e3NEUEeHHs HaceseHHs. Takui WiAXiJ TIPYHTYEThCS
Ha PO3YMiHHI MIKUIBHOTO Xap4yyBaHHS HE JIMIIE SIK COLiajbHOI MOCIYTH,
a 1 SK CKJIaJOBOi HAliOHAJbHOI MPOJOBOJBYOI MOJITHUKH, IO OJHOYACHO
MIATPUMY€E 3I0pPOB’S JiTed Ta CTHUMYJIOE PO3BUTOK BITYM3HSIHOIO
CLIIBCHKOTOCIOJaPCHKOTO BUPOOHHIITBA.

dinaHcyBaHHS TpoOrpaM XapdyBaHHS 3IIHCHIOETBCS 3a 0araTopiBHEBOIO
Mozesumo. DenepanbHi OpraHu Biagu CIPSIMOBYIOTh KOIITH aJMIHICTpaLisiM
LITaTiB, sIKi, 31 CBOTO OOKY, PO3MOAUIAIOTH IX MDK IIKUIbHUMH OKpYIaMH.
3akmamy  ocBiTh abo BiANOBIAHI OpraHizamii 3aKylOBYIOTH HPOAYKTH
Xap4yyBaHHS Ha KOHKYPCHIH OCHOBI, 3ajJydaloud MICLHEBUX BHPOOHUKIB Ta
rocradainbHUKIB. Taka cucTtema Crpusie pO3BUTKY KOHKYPEHTHOTO CEPEIOBHIIA,
MIATPUMII pEriOHaJIbHOT EKOHOMIKM Ta 3a0e3le4eHHI0 cTalbinbHOro 30yTy
MIPOAYKLIT arpapHOro CEKTOpY.

OmHuM 13 KIIIOYOBUX IPHHIMIIIB aMEpUKaHCBKOI MOJET € ajpecHa
MiATpUMKA CiMeH 13 HU3bKUM PiBHEM JIOXOAIB. YUHI, SIKI HAJIEKaTh JI0 COLiaJIbHO
Bpa3IMBHUX KaTeropiii HaceJeHHs, MaloTh NMPaBo Ha Oe3miiaTHe abo YaCTKOBO
cyOcunoBaHe xapuyBaHHs. HagaHHs Takol JOMOMOTH 31iHICHIOETHCS Ha MifCTaBl
OLIHKM MaTepiajbHOTO CTAHOBHUINA POJMHU BIANOBIJHO JO BCTAHOBJIECHHX
kpurepiiB. Lle mae 3mMory crnpsMoByBaTH OIOIKETHI pecypcH Hacammepes Ha
MIATPUMKY THX JiTeH, sIKi HalOiIbIIe ii mOTPeOyIOTh.

XapaKTepHOI PUCOK CHCTEMH € TaKOX IOCTIHHUH MOHITOPHHI SKOCTI
XapuyBaHHS Ta DpEryJsspHAN Iepenisi HOPMaTUBHHUX BHMOT [lepionuyHo
MIPOBOJUTHCS OLIIHKA BiJIIOBIIHOCTI MEHIO Cy4aCHUM HAayKOBHM PEKOMEHIAIISIM
IOI0  30POBOTO  XapyyBaHHs jited. OcoOnuBa yBara MPUIUIAETHCS
3a0C3MCUCHHIO PALliOHY TOCTATHBHOIO KITBKICTIO O1NIKIB, BiTAMiHIB, MiHEpAIbHUX
PEUYOBHUH Ta €HEPrii, a TAKOK 0OMEKEHHIO Ha/IMIPHOTO CIIO)KUBAHHS HACHYCHUX
XKHPIB, TOAAHOTO IYKPY Ta HATPilo.

1 National School Lunch Program (NSLP) Fact Sheet. URL: https://www.fns.usda.gov/nslp/nslp-
fact-sheet.
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CyvacHi crangaptu mkineHoro xapuyBanHs y CIIIA mnepenbayaroth
30UIBIIEHHS YaCTKU OBOYiB, (DPYKTIB, HITHHO3EPHOBHX MPOAYKTIB, MOJOYHUX
BUPOOIB Ta IHIIMX JDKEPEN BUCOKOSKICHUX HYTpieHTiB. BogHovac 3HayHa yBara
MIPUAUISIETbCS  PI3HOMAHITHOCTI MEHIO, ()OPMYBaHHIO 3/0POBUX XapyOBUX
3BHYOK Ta 3a0€3I€YEHHIO JOCTYITHOCTI KOPHUCHUX MPOIYKTIB ISl BCIX KaTreropin
YUHIB.

OxpiM mporpaM XapuyBaHHs i 4ac HaByajpHOro poky, y CIIA
peasti3yoThes JOIATKOBI 1HIL[IaTHBH, CIIPSIMOBaHI Ha MIATPUMKY JiTel y nepioau
KaHIKyJl Ta IO3alIKUIbHOT JisuibHOCTI. Taki mporpamu JaloTh MOMJIMBICTBH
3a0e3neunTy Oe3NnepepBHUIl TOCTYM 10 MOBHOLIHHOTO Xap4yBaHHs JUIS JiTed
i3 cimeH, sAKi nepeOyBarOTh Yy CKIJIQJIHUX COIaJbHO-CKOHOMIYHUX YMOBaX.
3aBAsKM 1IbOMY CHCTEMa HIKUILHOTO XapuyBaHHS HE JIMIIE BHKOHYE OCBITHIO
Ta o3mopoBuy (yHKLIl, a i Bigirpae BaXJIMBYy poJib Y peaiizamii JepKaBHOI
TIOJITUKY COIIaJIbHOTO 3aXUCTy HACEIICHHSI.

Pa3om i3 THM aMepHKaHChKa MOJIEIIb OCTIHHO BAOCKOHAIIOETHCS BiAOBITHO
JO Cy4YaCHMX HayKOBHX JaHHMX Y Tajly3i HYTpHULIoOJIOrii Ta TIpoMaJChbKOro
300poB’s. Y LeHTpi yBarm nepeOyBalOTh IHMTAHHS MiJABUILEHHS Xap4yoBOi
LIHHOCTI pAIiOHIB, 30UIbIIEHHS 4YacTKH CBDKHUX HPOAYKTIB POCIMHHOTO
TIOXO/KEHHSI, 3HIDKEHHS PIBHS XapyoBUX BIIXOAIB Ta (POPMyBaHHS CTIHKHX
HaBUYOK 3JI0POBOTO XapuyBaHHS CepeA JTeH i MiAJIITKIB.

3HauHUH HAyKOBMW 1 NPAKTUYHUI iHTEpec CTaHOBHUTH NOCBiA bpaswii
y cdepi opranizamii MKITBHOTO Xap4yyBaHHs, SKUHA BBAXKAETHCS OJHHUM i3
HaMOUIBII KOMIUIEKCHUX Cepes KpaiH, 0 PO3BUBAIOTHCS. BauMBUM eTarnom
YAOCKOHAJIEHHsS. HAalliOHAIBHOI CHUCTEMH CcTajo mnpuiHsaTTs y 2009 poui
3aKOHO/IaBUYMX HOPM, CIIPSIMOBAaHMX HA rapaHTyBaHHS IpaBa Y4HIB JIEPXKaBHUX
3aKJaJiB OCBITHM Ha Oe3IUIaTHE Ta IOBHOIIIHHE XapuyBaHHs. Peamizamis mux
3axXO0/iB CHpHsIa MiJBUIIEHHIO JOCTYHNHOCTI SIKICHOTO XapyyBaHHsS Ul JTed
PI3HMX COLIJbHUX TpPYH Ta 3MIIHEHHIO CHCTEMH IIPOIOBOJIBYOI Oe3nexu
KpaiHU.

OcoOnuBicTIO Opa3MiIbChKOT MOl € LIMPOKE BIPOBAKEHHS CYYaCHHX
IU(QPOBUX TEXHOJOTIH y TMpoOIec YNPaBIiHHS IIKUIBHUM Xap4yyBaHHSM.
[ndopmariitai cucreMu Jal0Th 3MOTY 3/1IHCHIOBATH KOMIUIEKCHUIT MOHITOPUHT
ycix eTamiB oprasizamii Xap4yBaHHs — BiJ IUIAaHyBaHHS MEHIO Ta 3aKyIiBIi
MPOAYKTIB JI0O KOHTPOJIO SKOCTI TOTOBHUX CTpaB 1 OIIHKHA €(QEKTUBHOCTI
BHUKOpPHUCTaHHs OrokeTHux komTiB. I[ludposizamis mporecie 3abe3mnedye
MIPO30PICTh YNPABIIHCHKUX PillleHb, MiJBUIIYE PIBEHb KOHTPONIO Ta CIPHSE
palioHaIbHOMY BUKOPUCTAHHIO PECYPCIB.

BaxBoro Cki1agoBol0 Opa3miIbChbKOI CHCTEMH € HayKOBO OOIPYHTOBaHHMH
miaxin go ¢opMyBaHHS MeHIO. ParioHM XapuyBaHHS —PO3pOOIISIOTHCS
BIJIMIOBITHO JI0 3aTBEP/XKCHUX HOPMATHBIB 1 PEKOMEHIAIIIH 11010 3a0e3MCUCHHS
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¢izionorivHnx noTped miteil pi3HUX BiKOBHX rpyr. OOOB’SI3KOBOIO € y4acTh
(axiBIiB 13 XapyyBaHHS Ta AI€TOJIOTII, SIKi 3/1IHCHIOIOTH MpPOQEciiHy OLIHKY
30aJ1aHCOBaHOCTI MEHIO Ta HOT0 BiJIIOBIIHOCTI BCTAHOBJIEHUM CTaHIapTaM.

KommiekcHUI KOHTPOIIb OXOIUTIOE TaKOXK SIKICTH 1 O€3MeYHICTh XapyOBUX
MIPOAYKTIB, OpraHi3ailo JOTiCTHYHMX MTPOLIECiB, JOTPUMaHHS YMOB 30epiraHHs
CHPOBMHHM Ta €(EKTUBHICTh IOCTAUYaHHS IPOAYKLii J0 3aKjaJIiB OCBITH.
Bukopucranust cyyacHuX iH(GOpMaUiiHUX TEXHOJOTIH Jae 3MOTY OIEepaTHBHO
BIJICTe)XYyBaTH pPyX INPOAYKTIB, KOHTPOJIIOBaTH iX OOJIK Ta 3abe3reuyBaru
HaJIS)KHUH PIBEHb PI3HOMAHITHOCTI PalliOHIB.

Takum yrHOM, Opa3MILCHKUIN JOCBIA AEMOHCTPYE €(DEKTUBHICTD ITO€AHAHHS
JIep’)KaBHOT MIATPUMKH, HAyKOBO OOIPYHTOBAHOTO IUIAHYBAaHHS XapyyBaHHS
Ta NU(GPOBHUX IHCTPYMEHTIB YNpaBliHHA. Takui MiAXiA CHIPHSE MiJABUIIECHHIO
SIKOCTI IIKUIBHOTO XapuyBaHHS, 3a0e3NEeYeHHIO IPO30POCTI BUKOPUCTAHHS
(iHAHCOBUX PECypCiB 1 CTBOPEHHIO YMOB [UIsl ()OPMYBAHHS 3/I0POBUX XapUOBHX
3BHYOK y JiTeH Ta miuniTkis!'!,

OcoOnuBe Micle cepei  CBITOBUX MOjeNed opraHizamii IIKiIBHOTO
XapdyBaHHS Tmocigae SmoHis, e I cucreMa Mae OaraTopidHi Tpaguiii
Ta PO3NINAETBCS SK BaXIMBA CKJIAJAO0Ba OCBITHBOI TIOJITHKU JIEpPKaBH.
®dopmyBaHHS cy4acHOT MoJiesi Bi0yBaocs MOCTYIOBO NPOTATroM XX CTONITTS:
BiJl JIOKQJIbHUX IHIIIaTHB i3 3a0e3[eUeHHs] YYHIB XapuyBaHHSM 10 CTBOPEHHS
3aKOHO/IaBUO BPEryJIbOBAHOI CHCTEMH, sIKa OXOIUIIOE TMPAKTUYHO BCIX JiTEH
LIKUTBHOTO BiKy. Y MiJICYMKY IIKUIbHE XapyyBaHHS CTaJIO HE JIMIIE MEXaHi3MOM
3abe3neueHHst (i3ioNoriyHUX 1MoTped Y4HIB, a i e(eKTHBHHM IHCTPYMEHTOM
BUXOBAHHS KYJIBTYPH 3710pPOBOTO CIIOCOOY >KUTTSI.

XapakTepHOI 0COOIUBICTIO SIMTOHCHKOTO MMiAX0Y € TOCTiHHE BJI0CKOHATICHHS
MEHIO BiIOBIJTHO JI0 HAyKOBHX PEKOMEHJALIl y rajy3i XapuyBaHHS Ta 3MiH
y CTPYKTypi CIIOXXMBaHHsI HaceleHHs. PauioHn mkoisapiB GpopMyIOThCs TaKUM
YMHOM, 100 3a0e3reyyBaTy OpraHi3M HEOOXIHHUMH MOXXHUBHUMH PEUOBHHAMU
Ta BOJHOYAC CIIPUATH 30€PEKEHHIO HAIIOHAJIBHUX KYJIHAPHUX TpPaguIii.
3HayHa yBara NpHIUISETHCS PI3HOMaHITHOCT] CTPaB, BAKOPHCTAHHIO JIOKaJIbHUX
MPOAYKTIB 1 MIATPUMAHHIO OajaHCy MiX XapuoBOIO I[IHHICTIO Ta CMAaKOBHUMH
XapaKTepUCTUKAMH 1Ki.

BaxiBuM eTarnoM po3BUTKY CHCTEMH CTaJIO BIPOBAKEHHS HalliOHAIBHOT
KOHIIENIII Xap4oBoi ocBiTH, Bigomoi sk Shokuiku. Ii ocHoBHOIO MeTOO
€ (opMyBaHHS y JiTEH Ta MiJTITKIB YCBIJIOMJICHOTO CTABJICHHS J0 Xap4yBaHHS,
PO3BHUTOK HABUYOK BHOOpPY KOPHCHHMX IPOIYKTIB 1 PO3YMIHHSI B3a€MO3B’SI3KY
MDXK CIIOCOOOM JKUTTSI, PalliOHOM 1 CTaHOM 3/10pOB’sl. Y Mexax Iii€i KOHLEeMii

' Chatterjee R. The Evolution of Brazil's National School Feeding Program. Pulitzer Center. February
10, 2016. URL: https:/pulitzercenter.org/reporting/evolution-brazilsnational-school-feeding-program.
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MUTAaHHS. XapuyBaHHS IHTErpOBaHI B OCBITHIM Npolec pO3IIANAIOTHECS SIK
CKJIaJIOBa 3arajlbHOr0 BUXOBAHHS YUHIB.

Jns peanizauii nporpam Xap4oBOi OCBITH B SIIIOHCHKUX ILIKOJIAX aKTUBHO
3a]ydaroThest QaxiBui 3 aierornorii Ta Hyrtpuuionorii. Bonn OepyTh ydacts
y pO3pOOJIeHHI MEHIO, KOHTPOJI SIKOCTI XapuyBaHHS Ta MPOBEACHHI OCBITHIX
3axoiB JIs yuHiB. Takuil MDKIUCIUIUTIHAPHUHN MIIXI] Ja€ 3MOTY IO€THYBaTH
MIPaKTHYHI aCHEeKTH OpraHizaiii XapuyBaHHS 3 (OPMYBaHHSM TEOPETUYHUX
3HaHb NP0 MPUHLIUIH 3I0POBOTO PALiOHY.

OcobmuBy yBary B SnoHii mnpuAinsioTh O3HAWOMIIEHHIO JiTeH 13
TTOXO/KEHHSIM Xap4YOBHX ITPOAYKTIB Ta OCOOIMBOCTSIMH NPOAOBOIEYOT CUCTEMH.
VY4HI BUBYAIOTH €TalM BHPOOHHUITBA CUILCHKOTOCHONAPCHKOI MPOAYKIIi,
OepyTh y4acTb B €KCKypCisfiX Ha ()epMepchKi roCHONapCTBa Ta IiIPHEMCTBA
Xap4oBOi IPOMHCIIOBOCTI, O3HAHOMIIIOIOTHCSI 3 TEXHOJIOTISIMH ITPUTOTYBaHHS
CTpaB i NpaBWJIaMH CEpBIPYBaHHS CTONY. BaKIMBUM BUXOBHHMM €JIEMEHTOM
€ 3aJTy4eHHs1 LIKOJISIPIB IO opraHizauii npuiiManHs iXi Ta mATpUMaHHS ITOPSAKY
TTicIIst HOTo 3aBepILeHHS, 110 crpusie (OPMYyBaHHIO BiANOBIJAILHOCTI Ta IOBaru
JI0 TIpari iHIHX JIIONEH.

Cucrema IIKUIBHOTO XapuyBaHHS SIMOHIT XapaKTepU3YeTbCS BHUCOKUM
pIBHEM OXOIUIEHHS! Y4YHIB Ta 3HAYHOIO Jep)KaBHOIO MiATpUMKOIO. BomHouac
(diHaHCYyBaHHS 3IIMCHIOEThCS HA 3acajliaX MapTHEPCTBA MK JICPKABOIO Ta
ciM’€ro, a I COLialbHO BpA3IMBUX KaTeropii HaceleHHs IepeadaveHi
MeXaHi3MH KomrieHcauii BuTpar. EdQekTuBHICTH (YHKIIOHYBaHHS CHCTEMHU
3a0e3reuyeTbesl 3aBIsIKM TIOCTIHHOMY MOHITOPUHIY SIKOCTI XapuyBaHHS,
OLIIHIOBAHHIO HOro BIUIMBY Ha 3JI0POB’S JITEH 1 CBOEYACHOMY OHOBJIEHHIO
HOPMAaTUBHHUX BHMOT BiZIIOBITHO JI0 Cy4aCHHX HAyKOBHX JaHUX.

KommnekcHuid minxix, sSKUH IO€AHYe oOpraHizamilo 30aj1aHCOBaHOTO
XapyyBaHHS, XapyoBY OCBITY, BUXOBaHHS KyJNbTypH CIIOXKMBaHHs iki Ta
MOMYJISIPU3AIII0  TPAAUIIHHOI KyXHi, CHPHSB JOCSTHEHHIO TO3UTHBHUX
pe3ynbTariB 'y cdepi rpomancekoro 3mopo’s.  ocsig Amonii  wacto
po3mIAgaEThcs K OOMH 13 HAHOUIBII YCHINIHUX NPHUKIAAIB  IHTerparii
LIKUTBHOTO ~ XapuyBaHHS B CHCTeMY (OpPMyBaHHS 310pOBOTO  CIIOCOOy
KHUTTS, NPOQIIAKTUKN aTiMEHTapHO-3aJIC)KHUX 3aXBOPIOBAaHb Ta 3MILHEHHS
3M0POB’s JiTeH 1 MiTTKIB!,

[{ikaBUM NPUKIAZOM YIOCKOHAJICHHS CHCTEMH IIKUIBHOTO Xap4yyBaHHS
€ nocein JlaTeii, me muTaHHS 3a0€3MEUCHHS AITCH SKICHUM 1 JOCTYIHHUM
XapuyBaHHSIM PO3IISJAETHCS SIK BXKJIMBA CKJIAJIOBA JEPIKABHOI COLialbHOI
Ta OCBITHBOI IOJITHKHM. 3HayHa yBara MNPUAUISETHCS MIATPUMII YYHIB

12 Hiromi Ishida. The History, Current Status, and Future Directions of the School Lunch Program in
Japan. The Japanese Journal of Nutrition and Dietetics. 2018. Vol. 76. S2-S11. https://doi.org/10.5264/
eiyogakuzashi.76.S2.
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MOJIOJIIOTO MIKUIBHOTO BiKy NUISIXOM HaJaHHS O€3IUIaTHOrO Xap4yBaHHS,
IO CHpHs€E MiABUILEHHIO COLiajJbHOI PIBHOCTI Ta CTBOPEHHIO CHPHUATIMBHUX
YMOB Ui HaBYaHHS W PO3BUTKY JiTeil HE3aJeXHO BiJ MarepiajbHOro
CTaHOBHIIA POAMHHU.

OmHuM i3 HanpsMIB YIOCKOHAJEHHS CHUCTEMH CTallo BIPOBAKCHHS
OHOBJIGHUX CTaHJApTIB XapuyyBaHHS Ui 3aKJaJIiB OCBITH, PO3pOOIECHHX
3 ypaxyBaHHSIM Cy4YacHHX HAyKOBHX PEKOMEHJalill y Tamy3l HyTpHLIOJIOTii
Ta TPHHOMIIB T'POMAJACHKOTO 3710poB’s. OCHOBHOIO METOI TakuX 3MiH
€ MiZIBUIIEHHS Xap4yoBOi I[IHHOCTI PallioHiB, 301IbIIEHHS YaCTKH CBIKUX OBOUIB
1 QpyKTiB, a TAKO)XK OOMEXKEHHS IPOAYKTIB i3 HAAMIPHUM BMICTOM IYKpY, COJIi Ta
HacH4eHMX >KUpiB. Takuil miaxin BiINOBiAa€ MDKHAPOAHUM TEHICHISIM 100
NpodIIAKTUKK OXHMPIHHSA Ta IHIIMX aJliMEHTapHO-3aJISKHUX 3aXBOPIOBaHb
cepen aiTel 1 mifTiTKIB.

[IpoBenenuii aHanmiz Mi>KHApOJHOTO AOCBIAY CBIMYMTH, IO €(EKTHUBHI
CHCTEMH IIKIJIBHOTO XapuyBaHHS MalOTh CIHUIBHI PHCH HE3aJEeXKHO Bif
KpaiHu BIpoBa/UKeHHS. Jlo HMX Hajexarb Jep)KaBHa MiATPUMKA, HAayKOBO
oOIpyHTOBaHE IUIAHYBaHHsS pAaIliOHIB, CYBOpMH KOHTpPOJb SIKOCTI Ta
0€3MeYHOCT] XapuOBHX MPOAYKTIB, a TAKOXK 1HTErpallisi OCBITHIX KOMIIOHEHTIB,
CHPSIMOBaHUX Ha ()OPMYBAHHS KYJIBTYPH 310pPOBOTO XapuyBaHHs. Y OUIbIIOCTI
PO3BHHEHUX KpaiH MIKUIbHE XapuyBaHHS pO3MISJAE€THCS HE JINIIE SIK MEXaHi3M
3abe3neyeHHss (i3i0JOriuHUX MOTped MiTel, a i K BaXKIMBUHA IHCTPYMEHT
npodiNakTUKN 3aXBOPIOBAaHb, ITJIBUIIEHHS SKOCTI JKUTTA Ta 3MIIHEHHS
JIIOJICHKOTO KariTaliy.

Bax1BoIO TEHEHIIIE€I0 CYyYaCHOTO €TaITy PO3BUTKY € IIMPOKE BIIPOBAPKCHHS
IHHOBAI[IfHUX ~ TEXHOJOTI B  OpraHi3alil0 [IKUTBHOTO  Xap4dyBaHHS.
Bukopucranus nudpoBUX CHCTEM yNpaBiliHHS, aBTOMaTH30BAaHOTO KOHTPOIIIO
BHPOOHHYKX MPOIIECIB, CyYaCHOTO TEXHOJOTIYHOTO O0JIaTHAHHS i €)EeKTUBHUX
JIOTICTUYHMX PIlIEHb Ja€ 3MOTY IIIBUIIUTH SKICTh Xap4yyBaHHS, 3a0€3MeUnTH
MIPO30PICTh BUKOPUCTAHHA (hIHAHCOBMX pPECYpPCIB 1 3MEHIUUTH BHPOOHUYI
BUTparu. BopHouac 3HayHa yBara NMpUIUISETHCS BIPOBAHKEHHIO MPHUHIIMIIIB
CTaJIOTO PO3BHUTKY, CKOPOYCHHIO XapYOBUX BIIXOMIB Ta MIATPUMII MiCIIEBUX
BUPOOHHKIB TIPOIOBOJIBYOT TIPOAYKIIIT.

Takum 4YuHOM, TIOBHOIIHHE Ta 30ajlaHCOBaHE XapuyBaHHS Y4YHIB
€ HEeBiJ’€MHOIO CKJIaJJOBOIO OCBITHBOIO TPOLECY i OFHHUM i3 BH3HAYaJIbHHX
YUHHUKIB 30€peXKEHHs 310POB’s MiJPOCTAKYOro MOoKoiHHSA. CBITOBUI TOCBIA
MIEPEKOHIIMBO JJIEMOHCTPYE, LIO MiJABHUIIEHHS e()EKTUBHOCTI CUCTEMH IIKIJIBHOTO
Xap4yBaHHS MOXKJIMBE 32 YMOBH KOMIUIEKCHOTO TI1JIXO/1Y, SIKUH MTO€IHYE CydacHi
TEXHOJIOT11 BAPOOHHUIITBA Xap4uOBOI IPOAYKIii, HAYKOBO OOIPYHTOBaHI MPUHLIUIIH
(opMyBaHHS palLliOHIB, HaJEXHE HOPMAaTHBHO-IIpaBOBE 3a0e3leuyeHHs Ta
CHCTEMHY po0oTy 3 (hOpMyBaHHS 3I0POBUX Xap4OBHX 3BUYOK Y JITEH.
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3. PedopMa LLKiNbHOrO XapyyBaHHA B YKpaiHi

B Vkpaini opranizailis XapqyBaHHS yYHIB 3aKJIaJiB OCBITH 3MiHCHIOETHCS
BimnoBimHO 1m0 [lopsiaky opramizamii XxapdyBaHHS y 3aKiajaX OCBITH Ta
IHUTSYHX 3aKJIaJaX O3MOPOBICHHS 1 BiAIIOYMHKY, 3aTBEPIMKEHOTO MOCTAHOBOIO
Kab6inery MinictpiB Ykpainu Binm 24 Oepesns 2021 poky Ne 305. loxkymeHT
BH3HAYa€ OCHOBHI MPUHIIAIIN Ta MEXaHI3MH OpraHi3allii XapayBaHHS 3100yBadiB
OCBITH, BCTAHOBIIIOE BHMOTH JI0 SIKOCTI Ta OE3MEYHOCTI Xap4OBHX IPOAYKTIB,
(dopmyBaHHs 30aJaHCOBAHOTO MEHIO Ta IOTPHMAaHHS CaHITApPHO-TITi€HIYHUX
HOpM. Moro BIpoBakeHHs CTIpAMOBAHE HA CTBOPEHHS OE3MIEYHOr0 OCBITHHOTO
cepenoBHILa, 30epeKeHHs 310pPOB’S JiTel Ta GopMyBaHHS HABUYOK 3J0POBOTO
XapuyBaHHs",

BinmoBimHo A0 pedopMu MIKUTEHOTO Xap4dyBaHHA B YKpaiHi MEpEerITHYTO
HOPMH CIIO)KMBAaHHS OCHOBHHX XapUOBUX MPOAYKTIB 3 YpaxyBaHHIM Cy4aCHUX
MIPUHIUIIB 37J0POBOTO XapuyBaHHA. 30KpeMa, 0OMEKEHO BMICT COJi, IYKpY,
XKHPIB Ta COKIB y pallioHaX IIKOJAPIB. I3 peKOMEHI0BaHOTO MEHIO BUKIIIOYEHO
KOBOAcCHI BHPOOHM, COCHCKH, KOHCEPBOBaHY MPONYKIIO Ta OUIBIIICT
KOHIUTEPCHKUX BHPOOIB dYepe3 BHCOKUI BMICT COJi, IyKpy, KOHCEPBAHTIB
1 TPaHCXKHUPIB.

BongHouac 3MeHIIEHO pEKOMEHJOBaHI OOCSTH CIIOKMBaHHA Xiiba Ta
KapTOILTi, & YaCTKy MOJIOKa il KHCIIOMOJIOYHHMX MPOAYKTIB, M’sica, pUOH, KpyIl
i 0000BHX KymbTyp 30impImeHo. Taki 3MIHH CHpPSMOBaHI Ha IiABHIICHHS
XapUuoBOI MIHHOCTI paIfioHiB Ta 3a0e3rmedeHHs giTell HeoOXiTHUMHU Hy TPiEHTaMU.
OCHOBHI BIIMIHHOCTI MiX TONEPEIHIMA Ta YHHHUMH HOPMaMH XapYyBaHHS
HaBEAEHO B Ta0IMI 2.

BinmoBimHO A0 YMHHHX BHUMOT, XapuyBaHHS Y4YHIB 3aKJalliB OCBITH Mae
OyTH Pi3HOMaHITHUM, 30aJJaHCOBAaHNM Ta BIATIOBIAAaTH BIKOBUM (i3ionorigHmmM
notpebam aiteil. LlloneHHU pamioH MOBHHEH BKIIOYATH NMPOLYKTH OCHOBHUX
Xap4yoBUX TPYIL: 3€PHOBI Ta KapTOIUTIO, OBOYi Ta (PYKTH, MOJOKO W MOJOYHI
MIPOIYKTH, M’ICO, puly, i1, 0000BI, TOpiXM, HACIHHS Ta KUpH. Y 3aKianax
OCBITH 00OB’S3KOBO OPraHi30BYEThCS LIOHAMMEHINE ONHE rapsdye XapdyBaHHS
Ha JICHb.

CydyacHi HOpPMH MIKUIBHOTO XapuyBaHHS TMepea0dadaroTb OOMEXEHHS
BMICTY COJli, I[yKpy Ta JKHUPIB, a TAKOK 30UTBIICHHS YacTKH OBOYIB, ()PYKTIB,
TPHO3EPHOBUX MNPOAYKTIB, MOJIOYHHUX BHPOOIB, pudU Ta GOOOBHX KYIBTYp.
OcobnmBa yBara MpHUAUTAETHCS 3a0C3MEUCHHIO MITEH JTOCTaTHBOIO KiNBKICTIO
BiTaMiHiB, MiHEpaIbHUX PEUOBHH 1 XapYOBHUX BOJOKOH.

5 TIpo 3arBepiukeHHst HOPM Ta [lopsiaky opramizauii xapdyBaHHs y 3aKjJafax OCBITH Ta IHTSYHX

3aKmagax —osgopoBieHHs Ta Bigmoummky. URL: https:/zakon.rada.gov.ua/laws/show/305-2021-
%D0%BF#n13.
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Tabmuug 2

3MiHM HOPM Xap4yyBaHHSI Ha MPHUKJIAAI 0THOPA30BOr0 XapuyBaHHS
Ha 1 quTuny Ha S qHiB

Hopmu, 3aTBepaxeni noctanosoro 1591
(Bara HaBeieHa B OpPyTTO)

Hopmmu, 3aTBepaxeni nocranosorw 305
(Bara HaBeeHa B OpPyTTO)

Xnai6 Bixg 300 mo 400 r

Xmi6 Big 150 mo 250 ¢

yxop Bix 75 0o 90 r

Lyxop 37,51

Kaprorus Bix 500 o 600 r

Kaprorus Bix 180 o 215

Kpymu, 6006081, MakapoHHi Bupobu Big 105
qo0 150 r

Kpymu, 60060Bi, MakapoHHi Bupobu Big 160 1o
200 r

Osoui Big 700 go 900 r

OsBoui 600 ©

Opyxkru Bix 250 mo 375 ¢

Opykrr 600 r

M’sco, nTuns Ta M siconpoaykru 175 ¢

M’sco ta nruns Big 200 1o 300 ¢

Puba 1251

Pub6a Bix 120 mo 240

MoJ1oKo Ta KHCIOMOJIOUHI NMPOAYKTH Bix 90
1o 100 1, cup kuciaomonounuii Bix 80 1o
100 r, cmerana Bix 25 mo 30 ¢

OpHa nopiis MoJioka abo MOJIOYHHX MPOAYKTIB
moaHs Ha BuGip. Hanpuknan, 1-if nexs —

200 ma mMosoka, 2-it neHb — 125 M Horypry
abo kedipy, 3-it nens — 125 rpamie cupy
KHCIIOMOJIOYHOTO, 4-if IeHb — 75 rpaMiB

cupy M’sikoro abo 15 rpamiB cupy TBepaoro,
5-# neHp — 25 rpaMiB CMETaHH. Yce 3aJeXHUTh
BiJl MCHIO, 110 BUKOPHCTOBYETHCS B 3aKJIai

Jlo MeHI0 JOIYCKaloThCs MEePEeBaXKHO CBIKI a00 MiHIMajIbHO HepepolieHi
nponykTtiH. OOMEXYEThCSI BHKOPHCTAHHS XAapUOBHX MPOAYKTIB i3 BHUCOKHM
BMICTOM COJIi, LyKpY, HAaCHMYCHUX IKUPIB, INTYYHUX IIJICOJIO/PKYBAYiB Ta

IHIIMX HeOaxaHuX 100aBOK.

[IpuroryBanHsi CTpaB Mae 3/iHCHIOBATUCS

i3 3aCTOCYBaHHSIM O€3MEYHUX TEXHOJIOTI Ta 3 JOTPUMAHHIM TPHUHIIMIIIB

3I0POBOTO Xap4yBaHHS.

BaxmiBUM NMPUHIIMIIOM € IIOZICHHE CIIOKHMBAHHS OBOUIB 1 )PYKTIB, JOCTATHS

KUIBKICTh MOJIOYHHX TPOAYKTIB, PEryJspHE BKIIOYCHHS A0 pallioHy puoH,
M’sica, sierb 1 0000BUX KyibTyp. Hamoi moBuHHI OyTH 0€3 JOHaHOTO LyKpY
W eHepreTM4YHUX CTHMYJSATOPIB, a MiJl 4ac MPUTOTYBaHHS iKi pPEKOMEHIOBAHO
BUKOPUCTOBYBATH HOJOBAaHY CiJIb Y MEXaX BCTAHOBJICHUX HOPM.

TakuM 4YMHOM, OHOBIICHI MIJXOAM JO OpraHizamii IIKIJTBHOIO XapyyBaHHS
crpsiMOBaHI Ha (OpPMYBaHHS 3I0POBHX XapyOBUX 3BUYOK, NPOQIIAKTHKY
ITIMEHTapHO-3AJIKHUX ~ 3aXBOPIOBaHb Ta 3a0e3MEeYeHHS MOBHOI[IHHOTO
¢Gi3u4HOrO 1 pO3yMOBOTO pO3BHUTKY JiTeld. [lOpIBHSJIBHY XapaKTEPHCTHKY
BapTOCTI XapuyBaHHS JIO Ta TicCis BIPOBa/pKEHHS pedopMU HaBelIeHO
B Tabnuui 3.

Amnanmi3z paHux Tabnuui 3 CBiUMTH NpPO MOMIpHE 3pOCTaHHS BapTOCTI
HAOOpy XapYyoBHX NPOAYKTIB ICJIsS BIPOBAKCHHS OHOBJICHHX HOPM

283



LIKUTBHOTO XapuyBaHHA. /Iyt cTpUMyBaHHSI BapTOCTI Xap4yyBaHHS JOLUIBHUM
€ ONTHUMI3allisl BUTPAT, 30KpeMa NIISIXOM 3MEHIICHHsS TOPTrOBEIbHUX Ha/l0aBOK
Ha TOTOBI CTPaBH, LI0 PEaNi3ylOThCS B 3aKJIaIaX OCBITH.

Tabmuus 3
IlopiBHsIILHA BapTiCTh XapuyBaHHA 10 i micjas pedopmu
Yy WIKUIBHOMY Xap4yBaHHi

Hina HaGopy xap4oBHX Iina HaGopy xap4oBHux
Bik 3100yBauiB ocBiTH NPOAYKTIB BiANOBiTHO NPOAYKTIB BiANOBiAHO
1o mocranosu KMY 1591 1o mocranosu KMY 305
6—10 (11) pokiB 16,33 rpu 16,41 rpu
crapiue 11 pokis 19,27 rpu 19,49 rpu

Oprani3zanis xapuyBaHHS 3100yBadiB OCBITH MOXeE 3JiIICHIOBaTHCS Pi3HUMHU
CIoCO0aMM 3aJISKHO BiJ MarepialbHO-TEXHIYHUX MOMIIMBOCTEH 3aKianry.
HaiinommpeHimyuMy € caMOCTiiHe NPHrOTYBaHHA CTpaB IpaliBHUKAMU
3aKJIaJy OCBITH, 3ay4CHHS 30BHIIIHIX MMOCTa4aJbHHUKIB MOCIYT Xap4yBaHHS
32 MOJCISIMH ayTCOPCHUHTY a00 KeHTepHHIy, a TaKoX peaiizallis XapuoBoi
MpoayKIil yepe3 Oydern Ta iHmI GOopMH Po3apiOHOT TOPTIBIi.

BaxnuBuM  eneMeHTOM cHcTeMH € (opMma  opraHizamil  MeHIo.
Momnormpo¢iapHe MEHIO Tiepeadadae €A Ha0ip CTpaB I BCIX CIIOKUBAYIB,
TOAI SK MYJIBTHIPOQLTbPHE MEHI0O HaTae MOXIHUBICTHP BHOOPY MiX KUTbKOMa
BapiaHTaMM CTpaB a0o0 iX komroHeHTiB. OCTaHHIN MiIXiJ CHpHsie BpaXyBaHHIO
IHAWBiTya bHUX YIONOOAaHh Y4YHIB Ta MiJBUINCHHIO pPIiBHSA 3aJ0BOJICHOCTI
OpTraHi3alIli€l0 XapuyBaHHS.

BUCHOBKU

3a0e3neueHHs MIKOJSPIB MTOBHOLIHHAM 1 30aJlaHCOBAaHWM Xap4yBaHHSIM
€ OIHMUM 13 TIPIOPUTETHUX HANPSAMIB 30CpeKCHHA Ta 3MIIIHCHHSA
310pOB’sl AUTS4Oro HaceneHHs. CydacHi TeHACHUIT cBi4aTh PO 3POCTaHHS
MOIIMPECHOCTI TOPYIICHh (PI3WYHOTO PO3BHTKY, HAIMIPHOI MacH Tija,
aNiMEHTapHO-3AJIeKHUX 3aXBOPIOBAaHb Ta IHIIMX BIAXWICHb Yy CTaHi
3JI0pOB’s AITEH, [0 3HAYHOKO MipOIO TIOB’I3aHO 3 HEJOTPUMAHHSAM MPHHLIMITIB
paLiOHANBEHOTO XapuyBaHHA Ta (OPMYBAaHHSIM HECHPHUITIUBOI Xap4yoBOi
MOBENIHKH.

[poBeneHwii aHami3 3acBiTYMB, IO SIKICTh XapyyBaHHS € BaXXJIHMBUM
YUHHUKOM (Di3MYHOTO PO3BUTKY, aJaNTalliiHUX MOXJIHMBOCTEH OpraHi3my,
PO3YMOBOT IpaLe3naTHOCTI Ta 3arajbHOro ONIArononyqds MIKoJIApiB. BogHodac
MUTAHHS BIUIMBY CyYaCHHX XapyoBUX 3BHYOK Ha CTaH 3J0pOB’s IiTeil pi3HMX
BIKOBHX I'pyI HOTpeOye IMOIAJIBIINX HAYKOBHX JIOCIIIKEHb.
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VYnockoHaNeHHS! CUCTEMH IIKIJIbBHOTO XapuyBaHHsI, BIIPOBAPKEHHS Cy4acHUX
HOPMAaTUBHHUX MiAXOMIB, (POPMYBaHHS KYJIBTYPH 3/70pOBOTO XapyyBaHHS Ta
CBO€YACHA KOPEKLisl BUSBICHUX ITOPYLIEHb Xap4OBOTO CTaTyCy € Ba)KIIMBHUMH
nepeyMoBaMH TPO(MINaKTUKH 3aXBOPIOBAaHb, IOKPAIIEHHS SKOCTI JKUTTS Ta
3a0e3MeueHHs] FapMOHIHHOTO PO3BUTKY JTEH 1 MiJUTITKIB.

AHOTALLIA

VY po3aini po3nIsHYTO HAayKOBO-TEOPETHYHI 3acany (JOpMyBaHHsS CHCTEMHU
Xap4yyBaHHS Ta CTBOPEHHsS TEXHOJOIIH XapyoBUX IPOAYKTIB CIIEIiaJIbHOTO
NIPU3HAYEeHHS B KOHTEKCTI 3a0e3MeuyeHHs 370pPOBOIO pPAaLliOHY HaceJIeHHs.
BucBiTieHo 3aranpHi MOHATTS PO XapuyBaHHsS, HOro OloJNOriYHEe 3HAUSHHS Ta
OCHOBHI (D)YHKIIT B MIATPUMaHHI )KUTTENISUIHOCTI opraHismy. [IpoaHanizoBaHo
Cy4acHMH MIDKHApOIHHMH JOCBiJ opraHizauii IIKUIBHOTO Xap4yyBaHHS, IiJXOIU
10 ¢opMyBaHHsT 30aaHCOBAaHMX pALliOHIB Ta BIPOBA/UKEHHS IPHUHIIMIIIB
3[J0POBOT'0 XapuyBaHHs y 3akiiajziax ocBiTH. OKpeMy yBary NpuiijieHo pedopmi
LIKUTBHOTO XapuyBaHHs B YKpaiHi, Il HOpMaTHBHO-TIPABOBHM 3aca/iaM, Cy4acHUM
TEHJCHIISIM MOJIepHi3alii CHUCTeMHM XapuyBaHHs JiTed 1 IepCHeKTUBAM
YAOCKOHAJIEHHSI TEXHOJIOTIM CHeliani3oBaHUX XapuoBHX IpoAyKTiB. Pozmin
CIPSMOBAaHUI Ha OOIPYHTYBaHHS HEOOXITHOCTI BIPOBAKCHHS IHHOBAIIMHUX
MAXO/IB 10 OopraHizamii XxapuyBaHHs Ta 3a0e3MeYEeHHs MPOIOBOJIBIO] Oe3meKn
B YMOBAaX Cy4aCHUX BHKJIMKIB.
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CHAPTER 14

DEVELOPMENT OF TECHNOLOGY

FOR CURD DESSERTS WITH HONEY
AND SAFFRON FOR ATHLETES DURING
THE RECOVERY PHASE

Slyvka N. B., Mykhaylytska O. R., Skulska I. V.
DOl https://doi.org/10.30525/978-9934-26-697-3-14

INTRODUCTION

Adequate and balanced nutrition is of paramount importance for the
recovery and rehabilitation of athletes. Nutrition during the recovery period
is similar to a standard sports diet but takes into account specific risks,
including the prevention of sarcopenia (loss of muscle mass) and nutrient
deficiencies. In combination with training, such nutrition is aimed at
maintaining long-term nutritional status and increasing the body's endurance
and resilience' 2.

Dairy products occupy a strategic place in the system of sports nutrition.
After intense physical exertion, the body needs to solve three main tasks:
regeneration of muscle fibers, replenishment of energy depots, and restoration
of water-salt balance®.

Milk contains two types of protein that perfectly complement each other
for recovery. Whey protein is quickly digested, providing an instant influx of
amino acids to the muscles (“anabolic window”). Casein is digested slowly,
providing a stable supply of amino acids for several hours, which prevents

! Martinez-Sanz J. M., Menal-Puey S., Sospedra I., Russolillo G., Norte A., Marques-Lopes 1.
Development of a Sport Food Exchange List for Dietetic Practice in Sport Nutrition. Nutrients. 2020.
Aug 11. Vol. 12 (8). 2403. DOI: 10.3390/nu12082403.

2 Carey C. C., Doyle L., Lucey A. Nutritional priorities, practices and preferences of athletes and
active individuals in the context of new product development in the sports nutrition sector. Front. Sports
Act. Living. 2023. Vol. 5. 1088979. DOI: 10.3389/fspor.2023.1088979.

3 Beigrezaei S., Forbes S. C., Kaviani M., Roy B. D., Salehi-Abargouei A. Chapter 15 — Role
of dairy foods in sport nutrition. Dairy foods / A. Gomes da Cruz, C. S. Ranadheera, F. Nazzaro,
A. M. Mortazavian. Woodhead Publishing, 2022. P. 339-364. DOIL: 10.1016/B978-0-12-820478-
8.00009-2.
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night catabolism (muscle breakdown). Dairy products are rich in leucine, which
is the main “trigger” for muscle protein synthesis* °.

Dairy products are a source of lactose. The combination of milk protein
with carbohydrates stimulates higher insulin levels than the consumption of
carbohydrates alone. Insulin helps “transport” glucose and amino acids directly
into muscle cells to quickly restore energy stores (glycogen)®.

During training, an athlete loses minerals through sweat. Dairy products
are natural sources of electrolytes. Calcium and magnesium are necessary for
normalizing muscle contraction and preventing cramps. Potassium and sodium
play a key role in maintaining water-salt balance, which prevents dehydration.
Phosphorus is involved in the synthesis of ATP.

Athletes subject the skeleton to significant mechanical loads. The high
bioavailability of calcium and vitamin D in dairy products helps increase bone
density and reduce the risk of stress fractures®.

The creation of nutritionally balanced products is a priority vector for the
development of the dairy industry, since dairy raw materials are the fundamental
basis of the daily diet of most categories of consumers. The strategic goal of
developing innovative health-oriented desserts is to purposefully model their
composition: optimizing the ratio of protein fractions (in particular, casein and
albumin), correcting the lipid profile, and carbohydrate index®.

Special attention is paid to the fortification of products with natural
biologically active components (bee products, exotic spices), which not only
increases the biological value and bioavailability of nutrients, but also forms
unique organoleptic characteristics. Such a comprehensive approach allows
you to differentiate the assortment, satisfying the specific needs of different

4 Trommelen J., van Lieshout G. A. A., Pabla P., Nyakayiru J., Hendriks F. K., Senden J. M.,
Goessens J. P. B., van Kranenburg J. M. X., Gijsen A. P., Verdijk L. B., de Groot L. C. P. G. M., van
Loon L. J. C. Pre-sleep protein ingestion increases mitochondrial protein synthesis rates during overnight
recovery from endurance exercise: a randomized controlled trial. Sports Medicine. 2023. No. 53.
P. 1445-1455. DOI: 10.1007/540279-023-01822-3.

> Bilyk O, Slyvka N., Gutyj B., Dronyk H., Sukhorska O. Study of the different ways of proteins
extraction from sheep and cow whey for “Urda” cheese production. EUREKA: Life Sciences. 2017.
No. 3. P. 3-8.

¢ Wang L., Meng Q., Su C. H. From Food Supplements to Functional Foods: Emerging Perspectives
on Post-Exercise Recovery Nutrition. Preprints. 2024. DOI: 10.20944/preprints202410.1811.v1.

7 Haakonssen E. C., Ross M. L., Knight E. J., Cato L. E., Nana A. et al. The effects of a calcium-rich
pre-exercise meal on biomarkers of calcium homeostasis in competitive female cyclists: a randomised
crossover trial. PLoS One. 2015. Vol. 10. No. 5. €0123302.

8 Ratajczak A. E., Zawada A., Rychter A. M., Dobrowolska A., Krela-Kazmierczak 1. Milk and Dairy
Products: Good or Bad for Human Bone? Practical Dietary Recommendations for the Prevention and
Management of Osteoporosis. Nutrients. 2021. Vol. 13. No. 4. P. 1329. DOI: 10.3390/nu13041329.

® Hachak Y., Gutyj B., Bilyk O., Nagovska V., Mykhaylytska O. Effect of the cryopowder
“Amaranth” on the technology of molten cheese. Eastern-European Journal of Enterprise Technologies.
2018. Vol. 1. No. 11 (91). P. 10-15. DOI: 10.15587/1729-4061.2018.120879.
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population groups — from professional athletes to people who need dictary
correction'®.

The purpose of the research is the scientific justification and development
of the technology of a functional milk dessert based on Ricotta cheese and curd,
enriched with bee products and saffron, intended for the restoration of the body
after physical exertion.

The work was carried out in the laboratory of the Department of Milk and
Dairy Products Technology of the Stepan Gzhytskyi National University of
Veterinary Medicine and Biotechnologies Lviv (Lviv, Ukraine).

1. Preparation of a curd base for dessert

Given the rapid spread of the trend for a healthy lifestyle and conscious
consumption in Ukraine, there is an urgent need for applied scientific research
focused on the development of innovative functional products for the nutrition
of athletes during the recovery phase. Special attention should be paid to the
creation of curd desserts enriched with plant raw materials as an effective
means of increasing the nutritional value of the diet.

Curd is a complex source of nutrients, including proteins, bioactive peptides,
amino acids, as well as a balanced composition of fats and a vitamin-mineral
complex. Due to the high content of essential amino acids, this product plays an
important role in supporting recovery processes and ensuring the harmonious
development of the body.

Like curd, Ricotta is an unpressed cheese with a high moisture content. Its
composition varies depending on whether it is made exclusively from whey
or from a mixture of whey and milk. When Ricotta is made from a mixture
of 95% sweet whey and 5% milk, it contains 68—73% moisture, 16% protein,
4-10% fat, and 4% lactose. Ricotta has a bland but pleasant taste. Its texture is
soft and creamy.

The combination of curd (which provides structure and a light sourness) and
Ricotta cheese (which adds delicate creaminess) will create the perfect balance
for a dessert.

The results of the study of the physicochemical parameters of curd and
Ricotta cheese as raw materials for the production of curd dessert are given in
Table 1.

Three experimental samples were made:

Sample 1 — ratio of curd with 9% fat content:Ricotta — 1:1

Sample 2 — ratio of curd with 9% fat content:Ricotta — 2:1

1 Slyvka N. B., Bilyk O. Y., Nagovska V. O. Development of the technology of fermented milk drink
with goji berries. Scientific Messenger of LNU of Veterinary Medicine and Biotechnologies. Series
“Food Technologies”. 2022. Vol. 24. No. 97. P. 65-71. https://doi.org/10.32718/nvlvet-fO711.
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Physicochemical parameters of curd and Ricotta cheese

Table

Mass fraction of

Mass fraction of

Raw material fat, % moisture, % Acidity, °T pH
Curd 9 73 180 4.6
Ricotta cheese 10 74 28 6.1

Sample 3 — ratio of curd with 9% fat content:Ricotta — 1:2

When evaluating sample 1, it should be noted that the dessert was creamy
and tender, but at the same time had sufficient structure and a light curd
sourness. Ricotta cheese perfectly smoothed out the sour taste of curd.

Sample 2 had a more pronounced taste of curd and a better consistency.
Ricotta cheese here acts as a natural softener and emulsifier.

The characteristics of sample 3 were as follows: the curd base was very airy,
tender, almost mousse-like, with a minimal sour taste.

Therefore, sample 3 was chosen for further research and the creation of
a premium, tender dessert with a creamy texture. Since whey protein (albumin)
prevails over casein in this mixture, the resulting product will resemble a thick
creamy mousse in consistency.

2. Justification and technological aspects of introducing saffron
into curd desserts

Creating a new taste is a multi-stage and creative process that requires
a combination of art, science, and marketing flair.

Saffron is a valuable raw material used in the food industry as a natural dye
and flavoring. Its specific organoleptic profile and ability to give products an
intense golden-yellow color are due to the high content of crocin, a carotenoid
pigment with pronounced coloring ability. The use of saffron in dessert recipes,
in particular fermented milk ones, requires precise dosing to achieve a balance
of flavor shades. Variation in the percentage of saffron is limited to a very
narrow range due to its high intensity.

To determine the optimal dose of saffron for adding to the curd base, curd
base preparations were carried out with 0.2, 0.4, and 0.6 g of saffron per 1 kg
of curd mass. To get the maximum color and aroma from the minimum amount,
saffron must be activated. Saffron activation was carried out in two ways.

Method 1 (Infusion): saffron threads were crushed in a mortar, poured with
a small amount of cream (20-30 ml) at a temperature of 45 °C, and infused for
15-30 minutes until a rich color and aroma were obtained.

Method 2 (With butter): saffron was slightly warmed in a small amount of
melted butter.
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It should be noted that for saffron extraction for a curd base, it is better
to use the first method, since the mixture has a high humidity (76-78%), the
cream will naturally enter the structure of the dessert, without creating the risk
of stratification (the cream emulsion is easier to combine with wet Ricotta).
Saffron infusion evenly colors the entire mass without the risk of greasy spots
or lumps.

The feasibility of using the selected method is also due to the specifics of
developing a product for sports nutrition. The use of low-fat cream (10—15%)
compared to butter allows optimizing the lipid composition of the dessert,
reducing its energy density. This prevents excessive load on the digestive
system and ensures a high rate of nutrient absorption, which is essential for the
diet of athletes.

Table 2 shows the organoleptic characteristics of the curd base with different
doses of saffron (from 0.2 to 0.6%).

Table 2
Organoleptic characteristics of curd mass with saffron

Application rate,
glkg

Characteristics of the curd base

The curd base acquires a barely noticeable, pleasant yellow hue. The
0.2 saffron flavor is very delicate, acting as an aromatic note against the
background of the curd

Rich golden yellow color. The taste and aroma of saffron are well felt, but
0.4 do not interrupt the main components. This is a balance between color,
aroma and taste

The dessert acquires a bright orange (almost red) color. The appearance of

0.6 : -
pronounced bitterness, which makes the product unpleasant to the taste

The preservative effect of saffron is due to the presence of a complex of
biologically active compounds in its composition. In particular, the carotenoids
crocetin and crocin exhibit high antioxidant activity, which inhibits the
processes of lipid peroxidation, preventing rancidity of the product. The
antimicrobial effect of safranal on a wide range of pathogenic bacteria and
micromycetes confirms the potential of using saffron as a natural preservative.
Ethnotechnological experience in using this spice in Eastern countries to extend
the shelf life of food products allows us to hypothesize about increasing the
microbiological and oxidative stability of the developed desserts compared to
control samples.
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3. Determining the amount of beekeeping products in the recipe

of a curd dessert

The combination of biologically active beekeeping products with a dairy
base opens up new opportunities for creating functional desserts. This approach
is justified both from the standpoint of nutrition and in view of current consumer
trends. Firstly, curd desserts are a powerful source of protein, and bee products
add “fast” and “medium” energy (glucose, fructose) to this base. The result is
an ideal product for recovery after physical exertion, where milk proteins serve
as building blocks, and honey carbohydrates help these proteins to be better
absorbed.

Secondly, bee products, in particular honey, have natural antiseptic
properties. Organic acids in honey and enzymes (for example, glucose oxidase)
inhibit the development of pathogenic microflora. In desserts with a high pH,
this helps to stabilize the product and naturally prolong its freshness without the
use of synthetic preservatives.

Thirdly, dairy products are poor in some trace elements (for example, iron,
manganese) and B vitamins in high concentrations. Pollen and bee pollen act
as natural vitamin and mineral premixes. Adding only 3—5% of perga to a curd
dessert turns it into a functional product that covers a significant part of the
daily requirement for potassium, magnesium, and trace elements.

Fourth, improving structural and mechanical properties, since honey acts as
a natural plasticizer and moisture retainer. In a mixture of Ricotta cheese and
curd, honey helps to bind free moisture, preventing syneresis. This makes the
texture of the dessert more uniform, tender, and buttery.

Fifth, the organoleptic perfection of the finished product. The use of
beekeeping products allows you to abandon white refined sugar and artificial
flavors. The combination of the lactic acid of the cheese, the sweetness of
honey, and the specific aroma of saffron creates a multifaceted taste that cannot
be reproduced synthetically.

Based on commodity research, acacia honey was chosen. It has the most
neutral taste among all varieties. It does not interrupt the delicate aroma of
Ricotta and the exquisite flavor of saffron, but only delicately emphasizes
them.

Acacia honey is almost colorless, which allows saffron to give the dessert
a pure, bright golden color without extraneous dirty shades. Acacia honey is
considered the least allergenic of all types of honey.

To establish the amount of honey for curd desserts, where honey can
partially or completely replace sugar, experimental samples were made
with different amounts of honey: with the addition of 10%, 20%, and 30%
honey.
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Adding honey in such proportions significantly changes not only the taste,
but also the physical structure of the dessert based on Ricotta cheese and

curd (2:1).
The obtained data from the study of organoleptic indicators are given in
Table 3.
Table 3
Organoleptic indicators of curd base with different amounts of honey
Indicator Sample 1 Sample 2 Sample 3
Appearance Appearance Mass becomes more | Strong gloss. Mass looks
Homogeneous, white- glossy and shiny. semi-liquid. Color is
cream mass (with Color becomes richer, |bright golden
a slight golden hue from | closer to creamy
saffron). Surface matte | yellow
Consistency Quite dense, holds its The mass becomes Semi-liquid, flowing.

shape well on a spoon.
The texture is delicate,
the graininess is felt
only from the curd

more plastic, more
viscous and soft. It
spreads more easily,
but can slightly
“settle” under its own
weight

Due to the high
concentration of sugars,
the phenomenon of
“liquefaction” of the curd
mass occurs. The dessert
has difficulty keeping its
shape

Taste and aroma

Moderately sweet, with
a pronounced creamy
aftertaste. The aroma of
saffron is clearly felt,
honey is only in the

Rich sweet taste.
Honey begins to
dominate the milky
taste. The aftertaste
is long, honey-floral.

Very sweet, almost
cloying. The taste of
curd is faint, it only adds
sourness and a protein
base. The aroma of honey

background Saffron and honey
merge into a single

intense aroma

prevails

The results of the study, presented in Table 3, indicate that the optimal
balance indicators are obtained with the addition of 10% honey. When the
concentration increases to 20%, honey begins to intensively affect the structure
of the milk base proteins, changing the consistency of the product. Such
a sample is advisable to use as a filling for pancakes or a topping, but for
independent consumption, it has excessive sweetness. The dosage of honey at
30% is the limit: the product acquires the properties of a thick paste or sauce.
Due to its high energy value, such a composition can be recommended for
sports nutrition as a concentrated source of energy, which requires mandatory
consumption with a sufficient amount of liquid.

We consider it advisable to use honey and pollen as a functional composition
in the technology of curd desserts. The biological value of pollen is due to
its unique composition, which is actually a concentrate of vital substances
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necessary for the development of a living organism. For humans, and especially
for athletes, pollen is a natural anabolic and immunomodulator. Pollen contains
from 20% to 35% protein, which contains all essential amino acids. They are
in free or easily digestible form, which allows the body to instantly use them
for muscle regeneration. For athletes, pollen is an ideal component in the
composition of the developed dessert, as it complements the proteins of the
curd base.

Pollen is one of the richest natural products in terms of vitamin content.
It contains about 28 macro- and microelements, more than 50 enzymes
(amylase, phosphatase, catalase, etc.), phytohormones, phenolic compounds,
and flavonoids.

For an adult, especially during physical exertion, the recommended
preventive dose of pollen is 10—15 g per day. A 450 g package of curd dessert
is usually designed for 1-2 doses. By giving 11.25 g of pollen, you can provide
almost the full daily norm of bioactive substances in one package.

Pollen has a specific spicy-sweet taste with a slight bitterness. At
a concentration of more than 4-5%, the dessert may become too specific in
taste, which may not appeal to all consumers.

At 2-3%, pollen harmoniously complements honey and saffron, giving the
dessert interesting nutty notes.

Pollen has the ability to absorb moisture. Since the mixture (Ricotta cheese +
curd 2:1) has high humidity, a small amount of pollen will help stabilize the
mass, but an excess (more than 5%) can make the dessert too dry or cause the
appearance of grains.

To make the pollen better absorbed and not feel like hard grains, it is better
to mix it with honey (acacia) 1-2 hours before adding it to the dessert or grind
it into powder. This will allow honey enzymes to break down the pollen grain
shell, making vitamins more accessible to the body.

4. Technology of curd dessert and its recipe

The technological process of producing curd dessert consists of the
following stages.

Stage 1. Acceptance of raw materials and assessment of their quality.

Since the composition includes both dairy products and beekeeping
products with saffron, the procedure is divided into several stages. For
curd and Ricotta cheese, the presence of a refrigerator (the temperature
should be +2...+6 °C). Veterinary certificates (for curd, Ricotta cheese, and
honey), quality certificates, and test reports for safety indicators (antibiotics,
pesticides, heavy metals). The integrity of the packaging, expiration dates and
batch numbers is checked.
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An organoleptic assessment of dairy raw materials is carried out. For curd
and Ricotta, the color should be white or slightly creamy; the smell should be
purely sour milk (without any fodder or vinegary taste); the consistency of the
curd should be soft and crumbly, and that of Ricotta should be tender and pasty.
Honey should be checked for signs of fermentation (foam on the surface) and
foreign impurities, and saffron should be evaluated for its color intensity and
characteristic aroma.

After sampling, the following analyses are carried out in the factory
laboratory. For dairy raw materials, titrated acidity, mass fraction of fat
and moisture, and absence of mechanical impurities are determined; for
beekeeping products (honey and pollen), the moisture content in honey,
diastase number, and pollen purity are determined. Since saffron is the most
expensive raw material, a test for adulteration (water test) is carried out. For
this, natural saffron threads, when they enter water, gradually turn it yellow,
but themselves remain red. If the thread instantly turns white or turns the
water dark red, it is a forgery.

Stage 2. Preparation of the curd base.

The curd is homogenized or rubbed in a colloidal mill until the graininess
disappears (particle size no more than 10 microns).

Ricotta is mixed with grated curd in a vacuum mixer-cutter. Vacuuming is
necessary to remove air bubbles, which extends the shelf life.

Stage 3. Activation of saffron and pollen.

50 g of saffron is poured into 50 kg of cream at a temperature of 45-50 °C.
Insist for 30 minutes. For better assimilation in factory conditions, it is
recommended to mix the pollen with a portion of honey (1:2) 2 hours before
production for enzymatic cleavage of the grain shells.

Stage 4. Mix the ingredients according to the recipe.

Saffron infusion on cream is added to the curd base. Mixing is carried out at
low speeds (no more than 60—100 rpm) so as not to disrupt the protein structure.

Stage 5. Thermization

This is a method of gentle heat treatment used in the dairy industry to extend
the shelf life of raw materials or semi-finished products without significantly
changing their physicochemical and organoleptic properties. Thermization can
be used as an intermediate stage before the introduction of biologically active
components (honey, pollen).

The temperature regime is 60—65 °C with a holding time of 15 to 30 seconds
(in the flow) or up to several minutes (in the tank).

The goal is to deactivate psychotrophic bacteria and enzymes (lipases),
which can cause a bitter taste during storage, while maintaining the protein
structure almost unchanged.

295



Stage 6. Cooling and introduction of beekeeping products

After thermization, the mass must be immediately cooled to 30-35 °C. It
is at this temperature that honey and pollen can be safely introduced without
destroying their vitamins and enzymes.

Stage 7. Packaging

The packaging operation is the final but important stage, since it is at this stage
that the tightness, presentation, and preservation of all biologically active substances
of the dessert are ensured. For a dessert made of Ricotta cheese, curd, and bee
products (450 g), it is recommended to use automated volumetric dosing lines.

Plastic cups (made of PP polypropylene) pass through a bactericidal
treatment unit (UV radiation) to prevent microorganisms from entering. The
volumetric dispenser is set to a portion of 450 g. Since the mass is thick (due
to 10% honey, curd, and Ricotta cheese), piston dispensers are used, which are
able to work with viscous products without destroying their structure.

The finished dessert with a temperature of 6—10 °C is fed from the mixer
hopper to the dispenser. It is important not to overheat the mass to preserve the
activity of pollen and saffron. The piston dispenser squeezes exactly 450 g of
the mixture into a cup. To avoid the formation of air cavities inside, the glass
can vibrate slightly on the conveyor. An aluminium foil (sheet) with a heat-
sealable layer is placed on the glass. The process occurs under the influence of
temperature and pressure for a fraction of a second. It is recommended to pack
in an inert gas (nitrogen) environment. This displaces oxygen, which prevents
oxidation of curd fats and honey enzymes. A transparent plastic flip-top lid is
placed on top of the foil, which protects the foil from punctures and allows the
consumer to close the product after the first opening.

Each package is automatically marked with the date of manufacture and
batch number. The composition of the developed dessert must be indicated:
Ricotta, curd, acacia honey, cream, flower pollen, and saffron. Warning:
“Contains bee products” (important for allergy sufferers).

The recipe for the new dessert is given in Table 4.

Table 4
Recipe for the curd dessert “Golden Energy”
Ingredient Weight, kg

Ricotta cheese 550.0
9% curd 275.0
Acacia honey 100.0
Flower pollen 25.0
Cream 15% fat (for saffron extraction) 50.0
Saffron 0,05
Total 1000
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To calculate the calorie content of the dessert “Golden Energy”, we will use
the average nutritional value of the ingredients.

From the data in Table 5, it is possible to calculate the calorie content of
a portion (450 g) — 772.6 kcal. Proteins 50.0 g, fats 39.9 g, carbohydrates 55.0 g.

Table 5
Nutritional value of the dessert “Golden Energy”

Ingredient Weight (g) | Protein (g) | Fat (g) | Carbohydrates (g) C(aklg;'ll)e s
Ricotta cheese (55%) 55.0 6.05 5.50 2.20 82.5
Curd 9% (27.5%) 27.5 4.40 2.48 0.83 43.7
Honey (10%) 10.0 0.03 0 8.00 30.4
Cream 15% 5.0 0.14 0.75 0.19 8.0
Pollen (2.5%) 2.5 0.50 0.13 1.00 7.1
Saffron <0.1 - - - —
TOTAL per 100 g 100 g 11,12g | 886¢g 1222 g 171.7 keal

Therefore, based on the research, it can be concluded that the developed
dessert is recommended for athletes during recovery and in dietary nutrition.
Thanks to the combination of casein (from curd) and albumin (from Ricotta),
both quick and long-term saturation with amino acids is ensured. Carbohydrates
are mainly represented by fructose and glucose from honey, which provide
energy for training, and fats from cream and curd provide a long-term feeling of
satiety. Thanks to proteins and fats, sugars from honey are absorbed gradually,
without causing sharp spikes in insulin.

The main physicochemical indicators of curd desserts include titrated and
active acidity, syneresis, and activity of honey diastase. The results of the
research are given in Table 6.

Table 6

Main physicochemical parameters of the finished product
Indicator 15 days 20 days 25 days 30 days
Titrated acidity, °T 115 130 146 160
Active acidity 5.3 5.1 4.8 4.6
Free whey, % 0.61 1.2 3.0 5.5
Honey diastase 90 80 65 45
activity, %

By the 21* day, the indicators are within normal limits, and after the 21* day
(days 25 and 30), the indicators of acidity and syneresis go up rapidly, which
makes the product of poor quality.
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Microbiological indicators are the most important for safety, as they
determine whether the product can be consumed. Since the dessert does not
undergo heat treatment after mixing with beekeeping products, the microflora
is in dynamic equilibrium.

The results of microbiological studies are given in Table 7.

Table 7
Main microbiological indicators of the finished product

Indicator 15 days 20 days 25 days 30 days
QMAFAnM 2.1 x 10 3.4 x10° 1.9 x 10° 5.6 x 107
(CFU/g)
Yeast (CFU/g) 20 54 87 110
[TnicusBa Mold missing missing missing single ones
(CFU/g)
Coliforms missing missing missing missing

It should be noted that the norm for such desserts should not exceed
1 x 10® CFU/g. Table 7 shows that on the 15" day, the level is stable or slightly
increases, and on the 30" day, the norm is exceeded.

So, according to the results of a complex study within 30 days, we
recommend a shelf life of 21 days for curd dessert. Considering the composition
of the product (honey, pollen, saffron, and the absence of final sterilization in
the container), 21 days is the period during which the product retains the status
of “premium” in all respects.

CONCLUSIONS

The paper presents a theoretical generalization and solution to a practical
problem regarding the development of a functional dairy dessert technology for
sports nutrition.

It was established that the use of a combined protein base (Ricotta cheese +
curd in a ratio of 2:1) allows you to create a product with a balanced content of
albumin and casein proteins. This provides a prolonged supply of amino acids
to the muscles, which is important for the recovery phase of athletes.

Based on organoleptic and physicochemical studies, a rational dosage of
functional additives was determined: 10% acacia honey, 2.5% flower pollen,
and activated saffron. This combination provides high taste properties of the
product without the use of synthetic sweeteners and dyes.

The technology for the production of curd dessert was improved. The
introduction of a honey-pollen mixture after the stage of thermization of the
dairy base was proposed. This allowed to preserve 85-90% of biologically
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active substances (diastase enzyme, saffron crocin, pollen vitamins), which are
usually destroyed by traditional pasteurization methods.

The nutritional value of the finished product was confirmed. It was
proven by calculation and experimental methods that a portion of dessert
(450 g) provides the athlete's body with 50 g of high-quality protein and
a complex of natural antioxidants. The energy value of 100 g of the product
is 171.7 kcal, which meets the requirements for products for restoring
energy expenditure.

Based on a comprehensive study of the dynamics of indicators (for 1, 15, 20,
25, and 30 days), it was established that critical changes in quality begin after
the 21% day of storage. It is proposed to set a period of 21 days at a temperature
of 4-6 °C.

SUMMARY

The work is devoted to the scientific substantiation and development of
recipe and technological solutions for the production of an innovative protein
dessert for sports nutrition.

The work analyzes the raw material base for the production of a new product.
The feasibility of combining Ricotta (a source of albumins) and curd (a source
of casein) to create an optimal amino acid matrix necessary for the recovery
of athletes is proven. The use of acacia honey, flower pollen and saffron as
multifunctional additives that increase the biological value and antioxidant
potential of the product is proposed.

The optimal dosage of ingredients is experimentally established: 10% honey,
2.5% pollen and activated saffron extract. The organoleptic, physicochemical
and microbiological indicators of the product during storage are studied. The
technology for the production of curd dessert is improved. It has been established
that the use of “clean packaging” technology and the natural preservative
properties of additives allows for a shelf life of 21 days at a temperature of
4-6 °C.

The nutritional value has been calculated: a portion of dessert contains
50 g of protein, which meets the needs of professional sports nutrition.
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CHAPTER 15

OOEP>XXAHHA XNIBA 3 NMOKPALLEHUMW
BJIACTUBOCTAMU HA OCHOBI HATUBHOI
3AKBACKHA

Manauuysa J1. 4., bepesoscbka H. |.
DOl https://doi.org/10.30525/978-9934-26-697-3-15

BCTYI

VY cy4acHOMy CBIiTI PO3BUTOK Xap4yoOBOi IPOMHCIIOBOCTI (HOPMYETHCS
MIepeXoJI0M Bce OLITBINOT KITLKOCTI JIFO/ICH Ha 37I0pOBE XapuyBaHHS, 110 0a3yeThCs
Ha CIIO)KMBaHHI HaTypaJbHUX 1 (PYHKIIOHAIBHUX NPOAYKTiB. TexHooris xiiba,
SIK OJTHOTO 3 OCHOBHMX €JIEMEHTIB IPOAYKTOBOTO KOIIMKA YKPAaiHIIB, 3a3HA€
CYTTEBHX 3MiH Yepe3 IepexiJ BiJ BUKOPHCTAHHS INPOMHCIOBHX IPLKIKIB
JI0 HAaTUBHOI 3aKBacKH, OJEpP)KaHOI IUIIXOM mpuponHoi ¢epmentaunii. Taki
MIPOAYKTH XapaKTepPH3YIOTHCS HIDKYUM DIIKEMIYHMM 1HJEKCOM, KOPHCHOIO
MIKpO(IOpOr0 Il IITYHKOBO-KHIIKOBOTO TPAaKTy, IiJBHUIICHAM BMICTOM
610JI0TIYHO aKTUBHUX PEUOBHH y XJi0a Ha 3aKBaciii'.

VY npoMHCIOBHX YMOBax OJAEpXKaHHS Xii0a 3 BHKOPHCTaHHSIM YHCTHX
KYJABTYp IPDKIKIB € 3HAYHO C(PEKTHBHININM, OCKUIBKH MPOIEC € OUIBII
LIBHJKKM, KOHTPOJILOBAHMM, IependadyBaHUM 1 CTaHAapTU3oBaHuMM. [Iporte
MiBUIIEHUH IHTEpeC crnokuBada a0 (YHKIIOHATBHHUX XapdoOBHX IPOIYKTIB
Ta 3/10pOBOTO Xap4yBaHHs CTBOPIOE MOMHT Ha XJi0, BUTOTOBJIEHHH Ha OCHOBI
HaTUBHMX 3aKBaCOK, SIK TPOAYKT NPUPOAHBOIO (EPMEHTATHBHOTO IPOIECY,
30ara4yeHui I[IHHUMUA KOMIIOHGHTaMH Ta IIMPOKUM CIIEKTPOM KOPHCHUX
MIKpOOpraHi3MiB.

Oco0nuBOi yBaru 3aciiyroBye€ BHPOOHMIITBO XJiba BHCOKOI Tifparariii Ha
OCHOBI 3aKBacOK CIIOHTaHHOTO OpOMiHHS, IIO BIJIPI3HSAETHCS ITOKPAIICHUMH
CMaKOBHMH XapaKTEPUCTHKaMHU. XJ1i0 Ha 3aKBaCIli BUCOKOI Tifparallii Mae CBOi
YHiKaIbHI OCOGNMBOCTI Ta mepeBaru. Moro rotyroTh 3 MiABUIICHHM BMiCTOM
BoaM B TicTi (3a3Buuait 70-90% Bix Barm OopollHa, a iHKOJIM HaBiTh OUIbIIE).

' Palla M., Blandino M., Grassi A., Giordano D., Sgherri C., Quartacci M. F., Reyneri A.,
Agnolucci M., & Giovannetti M. Characterization and selection of functional yeast strains during
sourdough fermentation of different cereal wholegrain flours. Scientific Reports. 2020. Vol. 10 (1).
https://doi.org/10.1038/341598-020-69774-6.
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Takuit migxig CyTTEBO BIUIMBAE SIK HA TEKCTYpY, TaK i Ha KOPUCTH xJiba. Yepes
BHCOKHUI1 BMICT BOJIOTH MOPIBHSHO 3 OOPOIIHOM yTBOPIOETHCS AYKE MOPUCTHH
M’SKyII i3 HEpIBHOMIDHHMH BEIMKHUMHU <«Jipkamu». Takox Takuil croci0
MIPUTOTYBaHHS TicTa 3a0be3nedye TOHKY Ta XPYCTKY CKOPHUHKY H elacTHYHY
CTPYKTYpy M’sKyIla. 3aBIsKH BHCOKOMY BMICTYy BOIM B TICTI KJIEHKOBHHA
PO3BHBAETHCS MOBIJIBHIIIIE, IO CIIPHSE JIETIIOMY TpaBieHHI0. Bonoruit M’ sy
TOJIETIIYE TIPOLEC TIEPEKOBYBAHHS Ta CIIPUSIE KPAILIOMY 3aCBOEHHIO TTOXXMBHUX
peuoBuH. [IpupomHa 3akBacka i BHCOKHI BMICT BOIU POONIATH X0 MEHII
«arpecHBHUM» ISl IIITYHKOBO-KHIIIKOBOTO TPAKTY, 10 0COOJIIMBO Ba)KJIMBO JJIS
JIOJEH 13 Yy TIIMBUM TPABJICHHSIM.

HaruBna 3akBacka — 11e mpupoHi CHMOIOTHYHI KOMIUIEKCH MIKPOOPraHi3MiB:
MonouHokuciux Oakrepiii (MKB) i apixmxkis. [i pons monsrae we mumie
B IiJifiMaHHI Ta pO3MyIIyBaHHI TicTa, a i B HAKONIMYEHHI KHCIIOT, 0 (POPMYIOTh
TATY4y M SIKYIIKY, CTBOPIOIOTH @HTHUCETITHYHI YMOBH ISl 3a1100IraHHsl PO3BUTKY
CTOPOHHBOT MIKPO(IOpH Ta 30UIBLICHHIO TPUBAIOCTI 30epiraHHs xmioa’.

JocunimkeHHsT MIKPOOHOTO CKJIa/ly 3aKBaCKHM CIIOHT@HHOTO OpOXiHHSA, YMOB
Tl omepXaHHS € aKTyaJbHHM JJisi BU3HAYCHHS 1i TOTCHIIIHHOI aKTHBHOCTI
B IIpoliecax NMPUrOTYBaHHS TiCTa Ta BUITIKAaHHA XJIi0a, y popMyBaHHI CMakOBUX
BJIACTMBOCTEHl TOTOBOTO TIPOAYKTY, @ TaKOX JJIsl JIOCATHEHHS CTaOLIbHUX
1 IPOTHO30BaHUX PE3YIIBTATIB.

1. AHani3 pocaigyKeHb i ny6aikauin 3a TeMOI NPUroTyBaHHA XJ/1i6a
Ha 3aKBaCKax

Cepen ¢depMeHTOBaHMX MPOIYKTIB y XapuyyBaHHI JIIOJIMHHM BaXKJIMBa POJIb
HaJISOKUTh Xmi0y. [lyisi Horo NpUroTyBaHHS BUKOPHUCTOBYIOTH SIK MPOMHCIIOBI
LITaMH MIKpOOPTaHi3MiB, Tak i MPUPOIAHY MiKpodIIopy, 1110 BXOIUTH 0 CKIaLy
HaTHBHOI 3akBacku. JIpiKmki Buny Saccharomyces cerevisiae BOJOIIIOTH
3[aTHICTIO IIBHIKO 30pOUKYBAaTH IYKPH Ta HAKOIHMYYBaTH BYIVIEKUCIIUH ras.
OCHOBHHUM CyOCTpaToM JUIs IIbOTO TPOLECY € BYIJICBOIM, IIEPEBAXKHO TIIIOKO3a
Ta MaJIbTO3a, 10 MICTATHCS B OOpomIHi. JIpiXIPKI KOHTPOIIOIOTH Y 1abopatopii
JUIS TOTO, MI00 3a0€3MeUnTH CTAOUILHUI pe3ysbTaT 1 BUCOKY SIKICTh TOTOBOTO
xJtioa.

IIBUIKICTH Ta30yTBOPEHHS B MNPOMHUCIOBUX JPDKKIB BHCOKA, IO
CHpHsi€ MIBUAKOMY MiHOMY Ta PO3MYILIEHHIO TiCTa, aje L€ TaKoX BIUIMBAE
Ha 30i1IHEHHS OpraHoOJENTHYHMX BIACTUBOCTEH rorosoro xiiba. Kuciorn
HaKOIWYYIOThCS noMipHO, pH BuOpomxkeHoro Ticra 3a3BH4ail nepeOyBae Ha

2 Alba C., Alberto A., Leticia G., Domingo F., Jos¢ L. M., & Maria E. T. Effect of fermentation
on microbiological, physicochemical and physical characteristics of sourdough and impact of its
use on bread quality. Czech Journal of Food Sciences. 2017. Vol. 35 (6). P. 496-506. https://doi.org/
10.17221/68/2017-cjfs.
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piBHI 5,6-5,8, a e, 31 cBOro OOKy, CHpHsIE 3HIKEHHIO CTIHKOCTI JI0 PO3BHUTKY
CTOPOHHBOT Mikpoduiopy Ta TICyBaHHA MNPOXYKTY. JpiKmKoBHH XIi0 Mae
psAn TepeBar, 30KpeMa: MIBUAKHH TEXHOJOTIYHUH TIPOLEC BHUIOTOBJICHHS,
MiHIMaJIbHUH PU3HMK BTPATH SKOCTI HPOAYKTY, MPOTE Takui XJib Mae OimHimri
CMakK Ta apoMar, He CTIHKHii 10 CTOPOHHBOI MIiKPOOIOTH, a TAKOXK CXWJIBHHN 110
LIBHJIKOTO YEPCTBIHHS.

depmeHTaTHBHI mporecy, o 3a0e3NneuyloTh YHIKaJbHUI cMak 1 Xopomri
CIIO)KHMBYI BIIACTHBOCTI TOTOBOTO NPOAYKTY, Y BAPOOHUITBI XJ1i0a Bi0OyBatOTHCS
3a ydacti 3akBackd. Taki xyi0oOylo4HI BHPOOM BHIOTOBISIOTHCS 0e€3
BUKOPUCTAHHSI IPOMHUCIOBO KyJIBTHBOBAHHX JIPDKIKIB, IO BUPI3HAIOTHCS
XapaKTepU3YEThCSI aBTEHTUYHMM CMakoM, apoMaToM, TEKCTYPOIO, XOpPOLIOIO
3aCBOIOBAHICTIO B OPraHi3Mi JIFOJMHH Ta TOJOBKEHHM TEPMiHOM 30epiraHHs’.

HaruBha 3akBacka — 11e POIYKT CHOHTAHHOTO OpOJiHHS, 110 BiAOyBa€eThCs
3aBISIKU TIPUPOIHIN MiKpoQiopi, ska € Ha OOOJIOHKAaX 3¢pHA Ta MEPEXOIUThH
y GopommHo. Ii MokHA OIepXKyBaTH pi3HMMH CIOCOOAMH, cepel SKHX
Haifyacrilie BUKOPUCTOBYIOTH: 1) CIIOHTaHHE OpOAiHHS;, 2) Ha OCHOBI
YUCTHX KYJBTYP MOJIOYHOKHCIUX Oakrepiii ado kynbryp MKDB 1 npixkis;
3) 3 aKTUBHOIO MIKPO(IOPO Ta 3 HEAKTHBHOI MIKpPO(IOPOH HAa OCHOBI
(depmenToBaHOrO OOpOIIHA. Bapro 3a3Ha4yMTH, 10 HATHBHI 3aKBaCKU MalOTh
SIK TIepeBard MO0 CIOXKHBYMX SKOCTCH TOTOBOrO Xiiba, Tak i HEJOMIKH
OJI0 CTabIIBHOCTI TEXHOJIOTIYHOTO MpOLECy ofepkaHHsA xnida. OCHOBHUM
HEJIOJIKOM € CKJIaJHICTh y BEIEHHI KOHTPOJBOBAHOTO Ta IIPOrHO30BAHOTO
MPOIIECY, OCKUIbKH MIKpOQIIopa 3aKBaCKH € HECTAOUIBHOK 1 3aJICKUTh Bij
0araTboX YMHHHKIB HaBKOJIMITHHOTO CEPEIOBHIIIA.

TexHoNOTiYHI TNMOKAa3HMKH 3aKBAaCKH, a TaKOX CIIOXKHBYI Ta CEHCOpHI
BJIACTMBOCTI TOTOBOTO HPOAYKTY CYTTEBO 3aJIe)aTh BiJl BHIY BHKOPHCTaHOTO
6oporHa, #oro Gi3uKO-XiMiYHHX, CTPYKTYPHO-MEXaHIYHHX i MIKPOO10IOTIUHIX
MOKAa3HHUKIB®, @ TAKOX Bill YMOB il MPUTOTYBaHHs, 30KpeMa Temreparypu ta pHE.

Hwuska gocinimkeHs i HayKOBHX IIpallb MiCTSITh iH(OPMAIIito PO TPUTOTYBaHHS
3aKBACOK CIIOHTAHHOTO OPOMIHHSA 13 KUTHBOTO, KUTHBO-MIICHUIHOTO OOpoIIHa’

* Arendt E. K, Ryan L. A. M., & Dal Bello F. Impact of sourdough on the texture of bread. Food
Microbiology. 2007. Vol. 24 (2). P. 165-174. https://doi.org/10.1016/j.fm.2006.07.011.

4 Ma S., Wang Z., & Wang X. Sourdough improves the quality of whole-wheat flour products:
Mechanisms and challenges — A review. Food Chemistry. 2021. Vol. 360. Art. 130038. DOI: 10.1016/
j.foodchem.2021.130038.

5 Yensbiesa B. M., Bysuibebka H. I1., Bepeskuna H. A. Mikpoduiopa GopoliHa sik craprep HpoLecis
OpOMIHHS Y XapYOBUX TEXHONOTIAX. TexHiuni Hayku ma mexnonoeii. 2024, Ne 1 (35). C. 204-211.

¢ Haymenxko O. B., Umx B. M. biorexonoriuni nokasHuku xiiOomnekapchkux 3akacok (Ormsiz
miteparypn). Ilpooosomvui pecypcu. 2022. T. 10. Ne 19. C. 107-115. https://doi.org/10.31073/
foodresources2022-19-12.

7 Jpob6or B. 1., Cimsuyk T. A. BukopucranHs 3aKBaCKé CIOHTAHHOTO OPOJIHHS MPH BHPOOHHIITBI
JKUTHBO-IIIEHUYHOTO XJ1i0a. Hayxosi npayi HYXT. 2016. T. 22. Bum. 1. C. 180-184.
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Ta GOpOoIHA PI3HUX KPyI'stHUX Kyaeryp®. IIpoTte nuiie B okpemux poborax’
BHCBITIIIOIOTHCS TIMTAHHS BUBEICHHS 3aKBACKH 3 IMIICHUYHOTO OOPOIIHA, IO
motpelye BCeOIYHOTO JAOCIIKSHHS.

MikpoopraHi3mu, 10 € B OOPOIIHI, a TAKOX HOTO BOJOTICTh, 30JIBHICTD,
(epMEHTAaTUBHA AKTHBHICTh BIUIMBAIOTh Ha Oi0XiMiYHI Ta MiKpOOiONOTivHI
npolecH B 3aKBaclli, OCOGIMBO HAa PO3BMTOK CIHOHTaHHOI Mikpodmopu. Ii
CKJIaJ] BIAMOBiZae 3a MOJAJbINI MPOIECH MPUIOTYBaHHs Ticta Ta xmiba'’.
ToMmy BaKJTUBUM 3aBIaHHSM y TEXHOJIOTIl XJ1i0a 3 XOPOIIUMHU CIIOKUBYMMH
Ta OPraHOJCNTHYHHUMHU IOKAa3HUKAMH € cTabilpHA W aKTHBHA MiKpoOioTa
3aKBaCKH.

OcHOBY MIKpOQUIOpH HATMBHUX 3aKBACOK CTaHOBIATH  JIPIKJIKI
poay Saccharomyces Ta wMojouHokucai Oakrepii pomy Lactobacillus'.
OcobmnuBicTio OponiHHs Xi1i0a Ha 3aKBaclli € CyMDKHHH MPOLEC CIIMPTOBOTO
Ta MOJIOYHOKHCIIOTO OpOMiHHS. 3aBISKH OCTAaHHBOMY B TICTi BifOyBaeThbCs
HAKOIMYCHHS MOJIOYHOT KHCIIOTH, IO HacaMIlepe]] BIUIMBAE HAa CTPYKTYPY
KJICHKOBUHHM, PO3M’SIKIIYIOYH Ta YaCTKOBO PYWHYIOUM ii BOJIOKHA, a TaKOX
(hopMye JIETKy KUCIHHKY CMAKy.

VY 3akBackax MICTHTBCS IMOHAJ BEJHMKA KIIBKICTH JPKIDKIB, Cepell SIKHX
MepeBaXaTh Taki BUAU: Saccharomyces cerevisiae, S. minor, S. exiguus,
Candida krusei, C. humilis, Kazachstania exigua, mo nepeOyBaroTh y cuM0i03i
3 MOJIOYHOKHCITUMH OakTepismu'?. 3HaYHA BAPIaTUBHICTD KUTBKOCTI IPIKIKIB Ta
BUSIBJICHUX iX BHIIB 3QJICKHUThH BiJl TAKMX YHMHHUKIB: CTYIICHs Tifparalii Ticra,
TUIy BUKOPHUCTAHOTO OOpPOIIIHA, TEMIICPATypH PO3MYINYBAHHS Ta TEMIICPATYPH
MIPUTOTYBaHHS 3aKBACKHU.

Cepen pi3HOMAHITTS MOJIOYHOKHMCIIMX OaKTepid y 3aKBacli CIIOHTaHHOTO
OponiHHs Haifuacrinie BUSBISIOTE BUA Lactobacillus sanfranciscensis, mpote
Bumu L. plantarum i L. brevis TakoX BBa)KarOTh MOCTIHHUMHU NPEICTABHUKAMHU.
[osicHIoeThCS LIe THM, IO ByIieBoAHMI 00MiH Bkazannx MKbB apantoBanuii 1o
MaJIbTO3H Ta (PYKTO3M SIK OCHOBHHX JDKEPEN €HEprii B TICTi, @ YMOBH IXHBOTO
PO3MHOXKEHHsI — TemIeparypa Ta BenwmunHa pH, 3okpema mius Lactobacillus

8 Muxonik JI. A., Terbman 1. A., Haymenko O. B. EQexTuBHiCTb 3aKBaCOK CIIOHTAHHOTO OPOIHHS 3

0OpOIIHA KPYISHHUX KyIBTYp B TEXHOJOTIAX XIiOHUX BUPOOIB. [Ipodosonvui pecypcu, 2023. T. 11. Ne 20.
C. 28-34. https://doi.org/10.31073/foodresources2023-20-03.

®  Bepeskuna H. A., Bysuibebka H. I1., Yensbiesa B. M. TexHouorist 3aKBacKy CIIOHTAHHOTO OPOJIiHHS
3 OOpOIIHA MIIEHWYHOTO BHIIOTO TaTyHKY Ta ii Xapakrepuctuku. Bicwux JITEY. Texwiuni nayku /
Cyuacri Hanpamu po3eumky mexnonoeii xapuosux supoonuyme. 2024, Ne 38. C. 14-19.

1 Yensbiesa B. M., Bysuibcbka H. 1., bepeskuna H. A. Mikpoduiopa Gopoiuna sik craprep mporecis
OpOMIHHS Y XapYOBUX TEXHONOTISX. TexHiuni Hayku ma mexnonoeii. 2024, Ne 1 (35). C. 204-211.

""" Corsetti A. & Settanni L. Lactobacilli in sourdough fermentation. Food Research International.
2007. Vol. 40 (5). P. 539-558.

12 Akin M., Eyduran S. P., & Rocha J. M. Functional and health-promoting properties of acid-tolerant
yeasts from sourdough-based and other agro-food products. Handbook of Sourdough Microbiota and
Fermentation. 2025. P. 183-201. DOI: 10.1016/b978-0-443-18622-6.00010-4.

306



sanfranciscensis, — BiJIIOBIAIOTh YMOBaM OpOiHHs 3akBacku'®. MOIOYHOKHUCITI
GakTepii, 110 BXOAATH JI0 CKJIaJy 3aKBACKH, BOJOIIIOTH TAKUMH OCOOIMBOCTSIMU:
3aXMCHMMH MEXaHi3MaMH Ha CTPECOBI peakilii MiJBUINCHHS KHUCIOTHOCTI
CepeloBHIIA Ta 3HIDKCHHS KOHIIEHTpalil IOXMBHUX PEYOBHH, BHCOKOIO
ocMo(inbHICTIO. CHiBBITHOIICHHS MK MOJIOYHOIO Ta OITOBOK KHCIOTaMH,
YTBOPEHUMH reTepoepMEeHTaTUBHIMH OakrepisimMu poxy Lactobacillus, cyTTeBO
BIUIMBAE HA CMaK XJi0a i X:1i000yJI0uHNX BUPOOIB, OTPUMAHMX Ha 3aKBaclli.
Takum 4MHOM, JOCHI/KEHHSI MIKpOOIOTH 3aKBAacKH, IO BH3HAuya€ SKiCHI
MTOKAa3HUKH XJ1i0a, HOTO CIIOKKBYI T4 OPTaHOJICTITUYHI BIIACTHBOCTI, 3AJTUIIAETHCS
aKTyaJbHUM 3aBJaHHAM Yy TEXHOJIOTIT Xi1i0a 1 X11000y104HHX BHPOOIB.

2. ocnig»xeHHs 0co6MBOCTEN HATUBHUX 3aKBACOK Y TeXHOJOril xni6a

BaxnMBMM YMHHUKOM Y NPUTOTYBaHHI HATUBHOI 3aKBAacKH € BUOIp OopolHa,
OCKILJIBKH CTYIiHb IOMEIyY 1 IIPOCIIOBaHHS, KUIBKICTh O1JIKa Ta BOJIOTH BILIMBAIOTh
Ha piBeHb ()epMEHTATUBHOI AKTUBHOCTI 3aKBAaCOK, a OT)KE, Ha KIHIIEBY SKICTh
roToBoro xjiba. XapakTepHOK OCOOJMBICTIO IIJIBHO3EPHOBOTO OOpOIIHA
€ HasBHICTh BHCIBOK, sIKi CKJIQAfOThCS 3 OOOJOHOK 1 IUTIBOYOK 3€pHA, IO
HaJae oMy KpeMOBOro BinTiHKY. Lleff BuI OOpOIIHA aKTUBHO 3aCTOCOBYETHCS
JPLKIKAMU SIK JpKepeso (ochOpHOTo KUBIEHHS 3aBASKU (QITHHY, 10 MICTHThCS
came y BuciBKax. DiTHH Mae oraHy po34yMHHICTb y BOJII, IPOTE came B OOPOIIHI
MiCTATBCS hepMEeHTHI KOMIUTEKCH (iTa3, 10 CIPHUSIOTH KPAlIOMy 3aCBOEHHIO .

Xm0 Ha 3aKBacli PEKOMEH/IOBaHMH O BKUBAHHS JIIOASM 13 Leliakiero,
XBOpOOOI0, CUMIITOMOM $IKOT € HE3aCBOEHHS INMIOTeHY. Briponosx ¢depmenTarii
BiOyBa€ThCs TiAPONITHYHE PO3LICIUICHHS caMe IIiaguHOBOI (pakuii OUIKIB
MIIEHUYHOro OOpOIHA, a TaKoX HHU3bKOMOJIEKYISIPHUX CIUPTOPO3UMHHUX
nenTuais'’.

[Tix yac mpUroTYBaHHS 3aKBaCKH CIIOHTAHHOTO OPOJIHHS BaXXJIMBUMH Oynn
TaKi yMOBH:

— PpO3BUTOK CHMOIOTHYHHX B3AEMOBIIHOCHH MDK JpDKIKAMUA —Ta
MOJIOYHOKHUCIIMMHU OaKTepisiMH,

— HarpoMaJpDKeHHS] IIMMH MIKpOOpraHi3MaMy TPOAYKTIB MeTaboi3My Juis
3a0e3MneueHHs 0COONIMBOrO CMaKy i apoMary xJjioa;

— IIPUTHIYESHHS PO3BUTKY Ta BUTICHEHHS CTOPOHHBOI Mikpodiopu 6opomrHa
BHACJIIJIOK JKATTEISUTBHOCTI MOJIOUHOKUCITUX OAaKTEpil 1 APLKIKIB,

3 De Vuyst Luc & Neysens Patricia. The sourdough microflora: biodiversity and metabolic
interactions. Trends in Food Science & Technology. 2005. Vol. 16 (1-3). P. 43-56. DOI: 10.1016/
j.tifs.2004.02.012.

4 Ma S., Wang Z., & Wang X. Sourdough improves the quality of whole-wheat flour products:
Mechanisms and challenges — A review. Food Chemistry. 2021. Vol. 360. Art. 130038. DOI: 10.1016/
j.foodchem.2021.130038.

5 Rose A. H., Harrison J. S. Biology of yeasts (2-nd edition). Academic Press, 1987.
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— MOXJIMBICTh PO3LICIUIIOBATH (ITHHOBY KHCIOTY ((DITHH) SIK JpKepeno
pe3epBHOTrO (pochopy, IO MICTHUTBCS TOJOBHO Y BHUCIBKaX 1 HE BIIOBHI
3aCBOIOETHCS B OPTaHi3Mi JIFOIUHH, HIISIXOM ITiJBUILIEHHS aKTUBHOCTI POCIMHHOT
(boporHO) 1 GakTepianbHOT (MOJIOUHOKHUCII OakTepil) dirasy;

— 3a0e3meueHHsl Tifponizy DiaguHOoBOl (pakuii OUIKIB mNIIeHWni Ta
HU3BKOMOJIEKYJSIDHUX ~ CIIMPTOPO3YMHHUX IIENTHIIB OaKTepisiMH 3aKBacKu
mig yac 30pO/pKyBaHHS TICTa, 3aBISKHM YOMY 3HIKYETHCS PHU3MK CHMITOMIB
DJIFOTEHOBOT XBOPOOH.

3aKBacK{ rOTyBaJM 3MILIYBaHHSAM i3 BOJOIO Yy PIBHHMX HPOIOPIISX TaKUX
BHJIB OOPOIIIHA 3 TOAAJBIIOK CIIOHTAHHOK (epMeHTanier (Tadi. 1).

Tabmurs 1
BapianTu NpuroToBaHUX 3aKBacoK
Ne
o/ BapianTu 3aKkBacku Bopomno
I 3akBacka TTmennyHe BHCOKOOIIKOBE
2 | II 3akBacka TimeHnyHe HiIBHO3EPHOBE

[TieHnYHE BHCOKOOLIKOBE 3 IOIaBaHHSAM LITEHO3EPHOBOIO

11 . .
3 saksacka (25% Big 3aranpHOI MacH GOpoIIHA)

4 | IV 3akBacka Kurne

Jast Toro 1100 3aKBacka MiATPUMYBaja CBOIO aKTUBHICTh HAa ONTHMAIbHOMY
PiBHI, HEOOXIIHO MOCTIHHO Mi/PKUBIIOBATH ii B YiTKO BU3HAYEHUX MPOMOPLILX
OopoirHa. 3pa3Kkyd MPUTOTOBAHMX 33aKBACOK Ha IIICHUYHOMY Ta >KUTHBOMY
OOpOIIIHI MPEACTAaBICHO Ha puc. 1.

OCHOBHHM TMapaMeTpoM, 3a JOMOMOTOI0 SKOTO KOHTPOIOETHCS aKTHBHICTh
MiKpoopraHi3miB y 3akBaciii, € pH. Binnosizano 1o 3uauens pH Oyno po3pobiieHo
TEXHOJIOTIUHY KapTy JJIs MiATPUMAaHHS 3aKBaCKU B akTHBHOMY crtaHi: 0,025 kr
BOIH miarorosieHol; 24% — 0,006 kr 60poIIIHA MIIEHHYHOTO I[1JIbHO3EPHOBOTO;
76% — 0,019 kr OopoiHa MIICHHYHOTO BHCOKOOLIKOBOro. Maca TroToBOTO
HariBpabpukary cranouia 0,050 kr.

TemneparypHuii pexxuM GepMeHTallii 3akBacok BuOpano 24+ 0,1 °C, 110 cripusie
AKTUBHOMY CHHTE3y MOJIOYHOI Ta OLTOBOi KHCIOT reTepo)epMEeHTaTHBHUMU
MOJIOYHOKHUCIMMU OakTepisMu poxy Lactobacillus, 3a06e3medye Xopoury TeKCTYpPy
xJiba, OUIBII €NacTUYHY CTPYKTYpY M’SKYLIIKH 1 CHOBUIBHIOE 4YepCTBIHHS
TOTOBOI'O MPOAYKTY'®.

1 Sidorov A., Protsak P, Kukhtyn M., & Voytko K. Characteristics of the production technology of
wheat bread with organic acids. Scientific Messenger of Lviv National University of Veterinary Medicine and
Biotechnologies. Series: Food Technologies. 2024. Vol. 26 (101). P. 121-126. https:/doi/10.32718/nvIvet-f10118.
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3axeacka nwenuyna (I111) 3axeacka srcumnsa (IV)

Puc. 1. 3pa3ku NpUroToBaHUX 3aKBACOK /IS aHAJI3IB

BusHadyeHi BeNWYMHM AKTHBHOI KHCJIOTHOCTI IIPHTOTOBAHHMX 3aKBACOK
TIpe/CTaBIeHi Ha puc. 2.

Pesynprarn mochimKeHb CBiMYaTh, IO y MIICHWYHIA 3aKBacIi ITOMipHO
3pocTajia KUCIOTHICTh, 32 CIM TOAWH AOCSTHYBIIM 3Ha4eHHS 4 Of., TOm 5K
IUTBPHO3EpHOBA cTpiMKo Hakonmumia pH o 3,2 ox. Haiikpammii pe3yibrar momno
KHCJIOTHOCTI OyJI0 JAOCSTHYTO i Yac BUBEICHHS TPETHOTO 3pa3ka 3aKBACKH.
Benmunna pH cranosmna 4,11 of., o CBIIYUTH PO BUCOKY aKTHBHICTH TAaKOi
3aKBACKH.

KymeruBoBani 3akBacku BimiOpani mo 10 1, 3milicHEHO IeCSITHKpaTHI
po36aBneHHs y cTepuiibHOMY po3umHi. Jlam mo 1 cm® Oyino iHOKYJILOBAaHO Ha
CEJICKTUBHI arapu30BaHi KUBIJIbHI CepeloBHINa y Jamku [leTpi 1 mpoBemeHO
KyJIbTHBYBaHHS 3a TemreparypH 30 + 0,5 °C nmpoTaroM TpboX-40THPHOX 1i0.

Bupormieni komoHii cimyryBaam O00’€KTOM Ui BHW3HAYEHHS KUTBKOCTI
Me30piTEHUX aepoOHMX 1 (aKyJbTaTHBHO aHACpOOHHX MIKPOOPTaHi3MiB
(MA®AHM), mpiXmKIB 1 MONOYHOKUCITUX OakTepiid. Pesynprarn oOYHCICHB
HaBEAEHO B Ta0IMI 2.

AHaTI3yI0uu TaOMUIO 2, MOXKHA CTBEPPKYBATH, IO HAMOIIBIIA KiTbKICTh
Me30(ITPHUX aepoOOHMX Ta aHACPOOHMX MIKPOOPTaHI3MIB HATPOMAaTUIACS
B 3akBacui (II) — 3,6 x 10® KYO/r, a B nmeHunuHiit BucokoOinkoBii (I)
MeHIIe HiDXK y 76,5 pa3a, OCKUIbKM TaTyHOK OOpOIIHAa BIUIMBAaE Ha
KUTBKICTh Mikpoduopu B OGopomHi. Mikpopmopa MADAEM y mmeHUTHIH
BHCOKOOUTKOBIH i3 JOAaBaHHAM HiTbHO3epHOBOTO OopotHa (I11) Ta mmennyHi i
ninpHO3epHOBIH (II) 3akBackax Maiibke OJHAKOBa, OCHOBY SIKOI CTaHOBIATH
MOJIOYHOKUCIHI OakTepii 1 Ipikmki. Pe3ymbrarn moCiBiB MPOAEMOHCTPYBAIH
PI3HUIIO Yy CHIBBIAHOIIEHHAX IMX MikpoopraHi3miB. 3akBacka (II) mictuna
HalOINbIIE MOJOYHOKHCIMX OakTepii, TOAl SK HaWOLIpIIe JPIXIKIB
Oyo BUSBIICEHO y IIICHWYHIH 3aKBaclli 3 JOAAaBaHHSIM LIJILHO3EPHOBOTO
6opomrna (I1I).
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KWCNOTHICTb 3aKBacoK

4,50
4,00
3,50
3,00
2,50
2,00
1,50
1,00
0,50
1 1] IV

Bapiantv 3aKBacok

pH

Puc. 2. AKTHBHA KHCJIOTHICTH NPUTOTOBAHUX 3aKBACOK

Tabmuus 2
PesynbTaTn KijbKicHOro 00/1iKy MikpooprasizMiB y 3akBacui
Tun 3aKBaCKH Kiabkicts, 106 KYO/T
(3aJ1e:kHO Bix GopomHa) MA®AEM MKB Jpiskmxi
IMennyna BucokooOinkosa (1) 25 24 2,7
2 | IMmennyna ninsHO3epHOBA (1I) 360 350 3,0
s Moy | 0| a0 | s
4 | XKurnsa (IV) 3100 3000 1,1

BuciB Ha cepemoBuiie cycio-arap (puc. 3) MiATBEpAMB, IO TOJaBAHHS
LIJTPHO3EPHOBOIO IIIIEHMYHOrO OOpoIlHAa B KimbkocTi 25% Bim 3araibHOL
KUIBKOCTI OOpOIIHA 301IbIIY€E KUTBKICTh HATUBHUX JPDKIXKIB Y 3aKBacCIli BIBIUl
3aBASKKM MIKpOQJIOpi y IUTiBKaxX Ta Ha 0OOJOHKAaX 3epHa.

Le cnpusie 301IbIICHHIO MiAIHMaTBHOT CUITH 3aKBACKH Ta MOKPAILEHHIO SIKOCTI
xJ1i0a, a TaKoK PO3BUBAE KICHKOBHHHHMN KapKac 3aBASKH BHCOKOOITKOBOMY
OopoiHy. 3a KylbTypadbHHUMH O3HAKAMU KOJIOHII IPDKIKIB, SK BHIHO Ha
puc. 3, € OMHOPIAHILIMMY B MEPILIii 3aKkBacti i 32 GopMoro, 1 32 po3MipoM, Toi
sk y 3akBacii (II) kosoHii pi3HATHECS SIK 32 pO3MIpOM, Tak i 3a GopMoro (Kpyrii
Ta CXOXI Ha JHCK).

3a pe3ynbTaTaMu MiKpOCKOITyBaHHS 3 IMEpCi€ro mpernapariB, TPUTOTOBAHUX
i3 KoyoHil Ha yamkax [lerpi, Oyno BU3HAYEHO, 10 JPDKIPKOBI KIITHHH Malld
KpyIily i oBasibHy (opmu (puc. 4).
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: B

Puc. 3. PesynbTaTn nociBy Ta KyJIbTHBYBaHHSI Ha CYCJI0-arapi 3aKBacok:
(@ -1, ®)—II, (B) — Il Ta (r) - IV

Otmxe, BHABIEHI B 3aKBaCKax HATHBHI JpPDKIDKI Halexarb 110 PpOAY
Saccharomyces. 30UnbIIEHHS KUIBKOCTI APDKIPKOBUX KINTHH Y IIICHWYHINA
BHCOKOOLITKOBIH 3aKBacCIli 3 JOIaBaHHSIM ILTbHO3EPHOBOTO OOPOIITHA J1a€ 3MOTY
CKOPOTUTH TPHUBAJICTh OPOIIHHS HUISXOM ITiABUIIEHHS HOro e(eKTUBHOCTI.
XononHa ¢epmeHTanis TpuBana 14—-16 rox 3a temmneparypu 8 °C 3aMicTb
22-24 rog.

Sk Oyno BuIle 3a3HAUCHO, y 3aKBacKaxX BaXJIMBY pOJIb BiJBEICHO
MOJIOUHOKHUCITMM OakTepisiM. BUKoHyBaslu 1mociBy 3pa3KiB 3aKBacOK MIICHUYHOT
3 J0JaBaHHSAM LUIEHO3EpHOBOTO mMieHnYHoro oopomna (II) Ta >xutHBOI (IV)
Ha CEJEKTHBHE JJIsI MOJIOYHOKHCIIMX OakTepiil cepemoBHIle — JakroOakarap.
Pesyneratn mociBy Ta KyJAbTHBYBaHHS MOJIOYHOKHCIMX OakTepii Ha
arapr3oBaHOMY CEPEIOBHIIl CBiI4aTh TPO MepeBakarody Kigbkicte MKB
y ’KUTHIH 3aKBacIIi.
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Puc. 4. PesyabraTn MikpockonyBaHHs (pikcoBaHHX NpenapartiB ApixKIKiB
(36inbmwenns y 1500 pasis): (a) — I, (6) — I, (B) — III Ta (r) - IV

JomiHaHTHOIO MIKpO(]IOpOI0 y BCiX 3aKBackax € TeTepodepMeHTaTuBHI
MOJIOYHOKHUCIHI Oakrtepii pomy Lactobacillus (puc. 5). Lle mammukomomiOHI,
acroporeHHi 6akrTepii 3 MomapHo 3’€THAHUMH KIIITHHAMHU.

3aBIAKY JKUTTENISUTBHOCTI IUX OaKTepiil Xi1i0 HAKOHYIY€ IPUEMHY KHUCITHHKY
Ta crnenudivHmii apomar. Takok HarpoMaKeHa HUMH IIiJ] 9ac MeTadori3My
MOJIOYHA KHCJIOTa IPHUTHIIYE PO3BUTOK CTOPOHHBOI MIiKpoQIopH, mo Oyio
MiATBEPKEHO BHCIBAMH HAa arapu30oBaHi CEPeINOBUINA Ta MiKPOCKOIYBaHHIM
(puc. 6-7).

VY 3akBackax HE CIIOCTEpiraid CIOPOTeHHHMX OakTepii, M0 MPOBOKYIOTH
KapTOILULTHY XBOPOOy XJ1i0a, a TAKOXK IDTiICEHEBHUX I'PUOIB, SIKi TPOLYKYIOTh TOKCHHH
Ta € HeOe3IMeYHNMH JUTA 3710poB’s MroauHU. 1li BUCHOBKH Oynu MiATBEPIKEHO
TaKO)K BHCIBOM 3pa3KiB 3aKBAaCOK Ha CeJIeKTUBHE cepenoBmiie Cadypo.

[lopiBHSHO 3 TIIEHWYHOIO 3aKBACKOIO, Yy JKUTHIH IPOCIiAKOBYETHCS
SICKpaBe JOMIHYBaHHS MOJIOYHOKHCIHX OakTepiil. CmiBBimHOMIEHHS OakTepiit
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Puc. 5. PesyabTaTn MikpockonyBaHHs (pikcoBaHUX Npenaparis
MOJIOYHOKHUCJIUX OakTepiil (30inb1menHs y 1500 pa3is):
@-L®-1I,(B)-IITa()-1V

Puc. 6. PesyabnraTn nociBy ta kyantuByBanHs Ha MIIA 3pa3kis
3aKBACOK: NMIIEHUYHOI 3 J0AABAHHAM WiTbHO3EPHOBOI0 NMIICHUYHOIO
OopouHa (a) i skuTHBOI (0)
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Puc. 7. Pe3ynbTaT nociBy Ta KyJIbTHBYBAHHSI HA MOJOYHOMY
arapi bornanosa 3pa3kiB 3aKBacoK: MIIEHUYHOI 3 10AABAHHAM
HJIbHO3EPHOBOTO MIIEHHYHOTO fopolIHa () i :KuTHBOI (0)

J0 APLKIKIB y KMUTHIH 3akBacui npuOmmsno 100 : 1, mo miaTBepIKyeThes
pe3yibTaraMu MIKPOCKOITYBaHHS (pikCOBaHHMX mpemapariB. OCKIIBKH KHUTHE
OOpOLIHO MICTHTh 3HAYHY KIJIBbKICT (EpMEHTIB, IIe 3abe3redye BHCOKY
aKTHBHICTb OpOAiHHSL.

3. BnacTtueocTi xni6a, oaep>KaHOro 3 BUKOPUCTaAHHAM
HaTUBHUX 3aKBACOK

Texnonoriss npurotyBaHHs xJyiba nependadae psn OiOXIMIYHHX, (i3HKO-
XIMIYHHX Ta MIKpOOIOJNIOTIYHUX TEXHOJOTIYHUX mnpoueciB. OCHOBHUMH
eTaraMd Ha BHPOOHHWITBI €: TIJIrOTOBKA CHUPOBHMHH, 3aMilIyBaHHS TiCTa,
Opo/iHHS TICTOBMX 3aroTOBOK, BHITIKAHHS, OXOJIO/UKEHHS Ta IIaKyBaHHS.
[ToyaTkOBMM eTanmoM TEXHOJOTii € MiArOTOBKAa CHUPOBHHM, a came OOpOIIHa,
BOJM, COJII Ta JPDKIDKIB 4YM 3aKkBackH. Ilicimsl mbOro MOXKHa IEpexXOnuTH
JI0 3aMillyBaHHS, caM€ Ha WK crazii BigOyBaeThCs akTHBALis IIIOTEHY Ta
PO3BHTOK KJIEHKOBHHHOTO Kapkaca. [lepmioro crajiero 3aMillyBaHHS TicTa
€ 3aMilryBaHHs OOpOIIHA i BOIM, BiH HEOOXiMHMH Ui akTHBalii (epMeHTIB
NpoTea3, HasBHUX y OOpOLIHI, MIO 3alycKarTh MpOLEC rigpomizy Oinkis'.
Ie#t npomec HEOOXimHWH I TOJETIICHHS TOAATBIIOTO MPOIECY 3aMicy,
aJDKe TICTOBA Maca CTa€ €JIACTUYHIIION0 1 JIETIIE MEPeMIlIyeThCs, IO TaKoXK
3anobirae neperpiBaHHIO TIiCTa Ta PYHHYBaHHIO KJICHKOBHHH.

Ha xynsruBOBaHMX 3aKkBackax OyJ0 HPUTOTOBAHO YOTHPH 3pa3KH XJliba

(puc. 8).

17

Di Cagno R., Gobbetti M. Proteolysis by sourdough lactic acid bacteria: Effects on wheat flour
protein fractions and gliadin peptides involved in human cereal intolerance. Applied and Environmental
Microbiology. 2002. Vol. 68 (2). P. 623-633. https://doi.org/10.1128/aem.68.2.623-633.2002.
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Puc. 8. 3oBHimmniii BUriIga xJ1i0a Ha 3aKBacui:
@-L®-1I,(B-IITa () -1V

BincoTkoBuii BMICT y TICTI 3aKBacKH BiTHOCHO MacH OOpOIIHA CTAaHOBUB
20%. Texnonoris xJida nependadae migBUIICHUH BMicT Bosiord — 70-90%, mo
CIIPUSE MOBUILHOMY PO3BUTKY IVIFOTEHY 1 MOKpAIY€E 3aCBOIOBAHICTH TOTOBOTO
xJiioa.

X110, IPUTOTOBaHMI Ha MIIEHUYHIN 3aKBACI[i, MaB HANCBITIIIIY 30J0TaBY
CKOPHHKY, TOJI SIK Ha BHCOKOOUIKOBIM MIIEHUYHINA 3aKBacIli 3 JO0JaBaHHIM
LIJTPHO3EPHOBOTO OOpOIIHA MaB OypIITHHOBO-30JI0TABY CKOPHHKY, sIKa
3aIUINANAcs TOHKOK Ta XPYCTKOK BIpOmoBxk 14 romun (puc. 8). Xmib Ha
LIJTPHO3EPHOBIM 3aKBaclli MaB HAMIIUIBHINIY CKOPUHKY, sSKa BiJpi3Hsacs
BifgcyTHicTIO Onucky. JKurtHiii X116 MaB cneungiuHi OpraHoNeNnTHYHI
BJIACTUBOCTI, II0 XAapaKTEPU3YEThCS IIIJBUIICHOK KHUCIIOTHICTIO, JPiOHO0
MIOPHUCTICTIO 1 TEMHOIO M’ SIKYIIKOIO.

VnockoHaneHa TexHoyorisl Xiiba BHCOKOI rimparamii 3 J10JaBaHHAM
LIJTPHO3EPHOBOTO OOPOIIIHA [0 BUCOKOOLIKOBOIO 3a0e3mednsa XJi0y MOpHCTY
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M’SIKYIIKY 3 BEJIMKUMH PIBHOMIPHO PpO3MOJUICHUMH OTBOPaMH Ta TOHKY,

XPYCTKY CKOPHUHKY (pHc. 9).

Puc. 9. Po3pi3 x1i6a: nueHU4HOro Ha 3akBacui
@-L®-1I,(B)—IITa(r)-1IV

Apomar M’SKMH, MEIOBO-XNIOHWH, MaKCHMaJlbHO CBITIO 3a0apBieHy
M’SIKyIIKYy OTpHUMaJH 3 HIeHn4Horo Oopomma «YHO», Tomi sk momaBaHHA
LTBHO3EPHOBOTO OOpOIIHA POOMIIO KOJIip HAOMMKEHUM 1o ciporo. Halikpami
CHOKHBYI AKOCTI Oynm y ximiba Ha KOMOIHOBaHIH 3aKBacIli, IO MiITBEPIKYE

HAaIl JTOCIHiIKeHHS (Tabm. 3).

Tabmung 3

XapakTepucTuka M SIKYIIKH XJ1i0a, 01ep:KAaHOT0 HA HATUBHUX

3akBackax I-IV

Toka3uukn 3akBacka
M’SIKYIIKH I 1 I v
1 2 3 4 5
SIkicTp Enactuuna Enactuuna Enactuyna, I'neBka 3 TAry4oro
M’SIKYLIKH 3 HE3HAYHOIO py’KHa CTPYKTYPOIO
KJICHKICTIO
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[ponorxeHHs TabmuI 3

1 2 3 4 5
Topucricts HepiBHOMipHI Jeuro posrumByacra | HepiBHOMipHI JpibHomopucra
M’ SIKYILKH BEJIMKI [TOpU 3 HEPIBHOMIPDHUMH | BEJIHKI IIOPH

BEJIMKAMH [OpaMu
Koumip MakcuManbHO CBiTno cipuit CaiTnuii, i3 Temuo-cipuit
M’ SIKYILIKH CBITIHI cipyBaTum

TOHOM

X6, mpuroToBaHWK Ha WiIbHO3EpHOBIHM 3akBacui 1I, MaB posmuByHacTy
M’SKYIIKY, aJDKe BiH [JyXXe IIBHJIKO MEpeKHcaB 1 HaJMipHa KHCIOTHICTh
pylHyBana KIeHKOBUHHHUN KapKac.

3a OpraHONENTHYHUMHM IIOKa3HUKaMH XJi0, ojepKaHUH Ha PI3HUX
3aKBacKax 1 3 MIIEHWYHOTO Ta )XKUTHHOrO OOpOIHA MaB BHpaXEHHH cMak, 0e3
CTOPOHHIX CMaKiB Ta 3armaxiB. Halikpali cMakoBi BIaCTUBOCTI MaB MIICHUYHUH
XJ1i0, BUTOTOBJICHMH Ha 3aKBaCIi 3 MIICHUYHOTO BHCOKOOLIKOBOro OopomrHa
3 TOZIaBaHHSAM IUIFHO3EPHOBOTO.

BUCHOBKU

3aKBacKM, OTpPHMaHi Ha IIIICHUYHOMY IUJIbHO3EpPHOBOMY OOpOIIHI,
XapaKTepPU3yBAIHCA HAWOUTBIIOW KOHIICHTPAIIEI0 MOJOYHOKUCIHX OaKTepii
(3,5 x 10®* KYO/r), Tomi SIK >KMTHS 3aKBacka JAEMOHCTpyBaJla MaKCHMaJIbHUH
piBens 3aranbpHOi Mikpoduopu (3,1 x 10° KYO/T).

Bcranosneno, mo 1oaaBaHHs 25% MIIEHUYHOTO HIJTLBHO3EpPHOBOTO OOpOITHA
JI0 BHCOKOOIJIKOBOTO ITIIEHUYHOTO CIIPHs€ 30aJJaHCOBAHOMY CITiBBiJHOIICHHIO
MKGE i npixmKiB, IO MO3UTUBHO BiIOOpPaKa€ThCS HA IHTCHCHUBHOCTI OpOIiHHS
i crabimpHOCTI KHcnoTHOCTI (pH =~ 4,11).

ExcrieppuMeHTanbHO MiATBEPIUKEHO, 110 TAKWH KOMILUIEKC MIKpOOpOTaHi3MiB
(MonmouHOKMCIMX ~ OakTepii 1  JpDKIKIB)  3a0e3nedye  onNTHMalbHUHN
ra30yTBOPIOBAJILHHUIN MOTEHIA], (POPMYBaHHS €TaCTHYHOT M SIKYIIIKH Ta TOHKOI
30J10TaBOI CKOPUHKHU.

Ha ocHOBiI OoTpmMaHMX 3aKBacOK OyJO BHMIOTOBJIEHO EKCHEPHUMEHTAJbHI
3pasKku xJiba, JUIs SKUX BCTAHOBJIEHO 3HAYYIli BiAMIHHOCTI B MOPHUCTOCTI,
CMaKy Ta CTpyKTypi. Halikpamii CIoXXHBYiI BIacCTHBOCTI MPOJECMOHCTPYBaB
XJ1i0, BUTOTOBJICHUH Ha MIICHUYHIA 3aKBacIli 3 JOJABAaHHSAM IITBHO3CPHOBOTO
GopomiHa, 0 3yMOBJICHO OUIBII IHTEHCHBHOIO (pepMEHTAIli€l0, PIBHOMIPHUM
PO3BHUTKOM JAPDKIKOBUX KIITHH Ta YTBOPEHHSM T'apMOHIHHOTO KHCIIOTHO-
apomaruuHoro mnpodimo. JKutHili Xm0 XapakrepusyBaBCs —IiBHUIICHOIO
KHCJIOTHICTIO Ta JpiOHOIIOPUCTOIO CTPYKTYpPOIO, TPUTAMAaHHOIO TpaIuLiifHIM
KHUTHIM BHpOOaMm.
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OtpuMaHi pe3yabraTd MalOTh NPAKTHYHE 3HAYCHHS IS XJ1iOOMeKapChKol
IIPOMUCIIOBOCTI, ~OCKUIBKM  OOIPYHTOBYIOTh  JOLUIbHICTH BHKOPHCTaHHS
HaTUBHMX 3aKBacCOK SIK NPUPOIAHUX OioKaTami3aropiB, 3JaTHUX IOKPAIIUTH
sIKicTh XJ1i0a 6e3 3aCTOCYBaHHS MPOMUCIOBUX JPDKIDKIB.

3anpornoHoBaHi TEXHOJIOTIYHI TapaMeTPU MOXKYTh OyTH PEKOMEHI0BaHi JUIs
pO3pOOJIEHHST HOBUX pELENTyp XJIi0a 3 MiJBUIICHOK XapYOBOI I[IHHICTIO Ta
TPUBAIIIIAM TEPMIHOM 30€piraHHs.

AHOTALLIA

Y poOOTI pO3IIAHYTO akTyajdbHy IpoOiieMy PpO3BHTKY Xap4oBOi
IIPOMUCIIOBOCTI B KOHTEKCTI 3pOCTaHHs IHTEpEeCy J0 HaTypaJbHUX IPOAYKTIB,
XapaKTepHOIro JUIS Cy4yacHOi TEHJEHIIi Iepexoly HaceleHHsS Ha 310poBe
xapuyBaHHs. OcoONMBY yBary NpHWALIEHO IEPCIEKTHBHOMY HANpsMy —
OZIEp’KaHHIO HAaTMBHMX 3aKBAaCKaxX CIOHTAHHOTO OpoiHHA, MO (OPMYIOTHCS
MIPUPOJHOI0 MIKPO(IIOPO0 OOpOIIHA Ta BUKOPHCTOBYIOTHCS Y BHPOOHUIITBI
xmiba. ITlokazaHo, mo Tpomecu (QepMeHTalil 3a y4acTIo CHMOIOTUYHHUX
KOMIIJIEKCIB MOJIOYHOKUCIIUX OakTepill i ApiKIKIB 3a0e31euyoTh (OpMyBaHHs
KpallliX OPTraHOJCNTUYHUX TIOKA3HUKIB TOTOBOTO XJi0a. Y IOCIiIKCeHHI
BUKOPUCTAHO KOMIIIEKC MiKPOOi0JIOTiYHHX Ta (hi3UKO-XIMIYHHX METOJIiB aHaJIi3y
JULs IEPBUHHOT i1eHTH(iKaLi1 MOJIOYHOKHCIINX OaKTepii 1 Api’ KB, KUTbKICHOTO
00JTIKYy KOJIOHI# MIKpOOpraHi3MiB, BUPOLICHUX Ha CEJIEKTUBHUX CEpPEIOBHUINAX,
a TaKOXXK KOHTPOIIIO KHMCIOTHOCTI 3aKBacok 1 xyi0a. OpraHojenTuyHy OLIHKY
xJ1i0a TPOBEIEHO BIAMOBIAHO O YMHHUX CTaHAAPTIB 3 ypaxyBaHHAM CMaky,
apomary, KoJbopy Ta CTPYKTYpH M’SIKYIIKH, TOBIIMHH 1 XPyCTKOCTI CKOPHUHKH.
3anpornoHOBaHO TMiJi 4Yac BUPOLIYBaHHS HATHBHOI 3aKBAaCKM BHECCHHS
MIICHUYHOTO IUTBHO3EpHOBOTO OoporiHa (25% Bix 3araibHOi Macu OOpPOIIHA)
JI0 TIIEHUYHOTO BHUCOKOOIIKOBOTO JUIsi 302JIaHCOBAHOTO CIIiBBIHOIIEHHS MiX
MOJIOYHOKUCIMMHU OaKTepisiMM Ta APDKIKAMHU, IO 3YMOBIIOE IHTEHCHBHE
OpoiHHS 1 CTaOUIbHY KMCIOTHICTD 3aKBaCKH. BUKOpUCTaHHS 11 y IPUTOTYBaHH1
xJyiba 3abe3rnedyye ONTHMaJbHE TIa30yTBOPEHHS, (OPMyBaHHS eJIACTUYHOI
M’SIKYIIKH Ta TOHKOi 30J0THUCTOI CKOpWMHKH. IIpM LbOMY BHSBJIEHI HaiKparii
CIOKHMBYI BJIACTUBOCTI MIIEHUYHOTO XJi0a, OJEpPKaHOTO Ha 3aKBacii
3 I0ZIaBaHHSM IIJIbHO3€PHOBOIO MIIEHUYHOIO OOPOIIHA.
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CHAPTER 16

MULTISENSORY IOT SYSTEMS FOR FOOD QUALITY
AND SAFETY MONITORING
IN THE CONTEXT OF ESG AND INDUSTRY 4.0

Tkachuk T. I.
DOl https://doi.org/10.30525/978-9934-26-697-3-16

INTRODUCTION

The global food industry is experiencing a profound transformation driven
by the convergence of digital technologies, shifting regulatory landscapes, and
evolving consumer expectations. The fourth industrial revolution (Industry 4.0)
has introduced a new paradigm of connected, data-driven production in which
physical processes are continuously monitored, analyzed, and optimized through
cyber-physical systems. In the food sector, this transformation is particularly
consequential: food safety failures have direct implications for public health,
and the economic costs of product recalls, foodborne illness outbreaks, and
supply chain disruptions run into billions of dollars annually worldwide'.

According to the Food and Agriculture Organization of the United Nations
(FAO), approximately 1.3 billion tonnes of food — or about one-third of all
food produced globally — is lost or wasted each year’. A substantial portion
of these losses occurs due to inadequate monitoring of temperature, humidity,
and other critical parameters during storage and transportation. The cold chain,
which encompasses the entire low-temperature logistics pathway from farm to
consumer, remains one of the most vulnerable segments of the food supply
system. Reactive, manual monitoring methods are increasingly inadequate to
address the scale, complexity, and speed of modern food distribution networks.

Simultaneously, the principles of Environmental, Social, and Governance
(ESG) accountability have evolved from voluntary frameworks into binding
regulatory requirements in the European Union and beyond. The EU Corporate
Sustainability Due Diligence Directive (CSDDD), the Sustainability-related

' Muller W. A, Ferreira S. B., da Silva S. B. Enhancing Food Safety in the Cold Chain Through
Internet of Things and Artificial Intelligence. Journal of Food Science. 2026. https://doi.org/
10.1111/1750-3841.70871.

2 FAO. Food Loss and Waste Database. URL: https://www.fao.org/platform-food-loss-waste
(accessed: 10.05.2026).
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Financial Disclosures Regulation (SFDR), and the Green Deal Action Plan
collectively establish stringent obligations for food companies to measure,
document, and disclose their environmental and social impacts®. Empirical
research on European food sector companies confirms a positive and statistically
significant relationship between investment in digital transformation, ESG
compliance, and firm-level financial performance*. This creates a powerful
business case for deploying loT-based monitoring infrastructure not merely as
a compliance tool, but as a source of competitive advantage.

At the intersection of these two trends — digital transformation and ESG
imperatives — stand multisensor embedded systems: specialized computer
systems integrating arrays of diverse physical and chemical sensors with
onboard processing, wireless communication, and cloud connectivity. These
systems enable continuous, real-time acquisition of food quality parameters
across the entire production and supply chain lifecycle. When combined with
edge computing architectures and machine learning algorithms, multisensor
IoT platforms can detect quality deviations and predict spoilage hours before
conventional methods would identify a problem, enabling proactive intervention
and dramatically reducing waste®.

The rapid development of low-power microcontrollers such as the
ESP32-S3, STM32WB series, and Nordic nRF52840, alongside advances in
miniaturized chemical and optical sensors, has made sophisticated multisensor
nodes increasingly affordable and energy-efficient. The emergence of TinyML
— the deployment of machine learning inference on resource-constrained
microcontrollers — further extends the intelligence frontier to the very edge
of the IoT network, enabling autonomous decision-making without reliance
on cloud connectivity®. These technological developments are rapidly moving
IoT-based food monitoring from research prototypes to scalable industrial
deployments.

The purpose of this chapter is to provide a comprehensive analysis of
the architecture, sensor technologies, data fusion methodologies, and ESG
implications of multisensor IoT systems for food quality and safety monitoring.
Section 1 examines the multilayer architectural design of such systems, with

3 Fortude. Sustainable Digital Transformation for F&B. 2026. URL: https://fortude.co/blog/why-
sustainable-digital-transformation-is-non-negotiable-for-food-and-beverage-fb-businesses-in-2025-26
(accessed: 14.05.2026).

4 Marczewska M. et al. Digital transformation, ESG, and companies performance in the European
food sector. Journal of Technology Transfer. 2025. https://doi.org/10.1007/s10961-025-10247-1.

> Plakantara S. P., Karakitsiou A. The future of digital innovation in transforming food safety systems.
npj Science of Food. 2026. https://doi.org/10.1038/s41538-026-00809-4.

¢ Sensor technologies in the food industry under industry 4.0. Food Control. 2026. https://doi.org/
10.1016/j.foodcont.2026.002288.
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particular attention to edge and cloud computing paradigms and hardware
platforms. Section 2 reviews the principal sensor modalities employed in food
monitoring and the signal processing and fusion algorithms that transform raw
sensor data into actionable quality indicators. Section 3 analyzes the role of
IoT monitoring systems as an enabling infrastructure for implementing ESG
strategies across environmental, social, and governance dimensions.

1. Architecture of multisensor loT systems for the food industry

Modern IoT systems for food industry applications are designed around
a multilayer architecture encompassing four principal strata: the perception
layer, the network layer, the processing layer, and the application layer. This
hierarchical design separates concerns, optimizes resource utilization at each
tier, and provides the modularity necessary for scalable deployment across
heterogeneous production and logistics environments. Understanding the
function and interaction of each layer is essential for engineering reliable, high-
performance food monitoring solutions.’

At the perception layer, multisensor nodes — specialized embedded
systems equipped with arrays of physical and chemical transducers — capture
a continuous stream of environmental and product-state data. Typical
measurements include temperature (NTC thermistors, PT100/PT1000 RTDs),
relative humidity (capacitive polymer sensors), atmospheric pressure, pH (glass
electrode or solid-state ISFET sensors), dissolved oxygen, CO2, ethylene, and
volatile organic compound (VOC) concentrations measured via metal oxide
semiconductor (MOS) or electrochemical gas sensors. The hallmark capability
of such nodes is sensor fusion: the concurrent acquisition and integration
of signals from multiple heterogeneous transducers to produce a composite,
higher-confidence estimate of the product quality state that is unattainable from
any single sensing modality®.

The hardware platform of sensor nodes typically centers on a low-power
system-on-chip (SoC) integrating a 32-bit processor core, multi-channel
analog-to-digital converters (ADC), digital communication interfaces (12C,
SPI, UART), and an IEEE 802.15.4 or Bluetooth Low Energy (BLE) radio
transceiver. Prominent platforms include the Espressif ESP32-S3 (dual-core
Xtensa LX7, integrated Wi-Fi/BLE), STMicroelectronics STM32WBS55 (Arm
Cortex-M4/M0+ with BLE 5.4), Nordic Semiconductor nRF52840 (Arm
Cortex-M4, Bluetooth 5.0/Thread/Zigbee), and the u-blox SARA-R4 series for

7

IEEE. Application Areas of Industry 4.0 Technologies in Food Manufacturing. 2019. https://doi.org/
10.1109/IEEM.2018.8711184.

8 JoT-Based Food Quality Monitoring System. Scribd. 2025. URL: https://www.scribd.com/
document/878788761 (accessed: 14.05.2026).
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cellular NB-IoT connectivity. The architecture of these devices — integrating
computation, sensing interfaces, and radio in a single package — represents
a textbook example of specialized computer systems optimized for the tight
power and footprint constraints of industrial IoT deployments’.

The network layer provides the communication infrastructure connecting
distributed sensor nodes to processing resources. Protocol selection is governed
by a multi-dimensional trade-off among power consumption, communication
range, data throughput, and latency. Short-range protocols (Zigbee, Thread, BLE
Mesh, Z-Wave) are suited for dense in-facility deployments; Wi-Fi 6 (IEEE
802.11ax) supports higher-bandwidth applications such as video inspection
systems; while LPWAN standards — LoRaWAN (operating at 868 MHz in
Europe, up to 15 km range) and NB-IoT (3GPP Release 13) — are preferred for
wide-area cold-chain tracking, where sensor nodes must transmit infrequent,
low-volume data over long distances with battery lifetimes measured in years'®.

Edge computing occupies the critical intermediate tier between raw data
acquisition and centralized cloud analytics. Edge gateways — industrial-grade
single-board computers or PLC-class controllers collocated with sensing
infrastructure — perform real-time signal filtering, feature extraction, anomaly
detection, and local alarming without incurring the latency and bandwidth costs
of cloud round-trips. In food production contexts, edge processing enables
sub-second detection of critical control point (CCP) violations as mandated
by HACCP frameworks, ensuring corrective action can be initiated within the
response window required by food safety regulationsl1. Studies on industrial
edge computing confirm that local analytics can reduce manufacturing
losses attributable to delayed response by up to 40% relative to cloud-only
architectures.

At the application layer, aggregated and contextualized data are integrated
with enterprise systems, including Quality Management Systems (QMS),
Enterprise Resource Planning (ERP) platforms, and regulatory compliance
databases. Modern implementations adhere to global interoperability standards:
GS1 Digital Link and EPCIS 2.0 (Electronic Product Code Information
Services) provide a standardized, event-based data model for end-to-end product
traceability consistent with ISO 22000, the US Food Safety Modernization
Act (FSMA), and GFSI-recognized certification schemes (BRC, SQF, FSSC

> Sensor technologies in the food industry under industry 4.0. Food Control. 2026. https://doi.org/

10.1016/j.foodcont.2026.002288.

1©° ANKO Food Machine. Al and IoT innovations improve food production efficiency. 2024. URL:
https://www.anko.com.tw/uk/news/Press-smart-food-manufacturing-loT-technology.html (accessed:
14.05.2026).

' WorldBakers. Step by Step to Digital Food Safety. 2024. URL: https://www.worldbakers.com/step-
by-step-to-digital-food-safety (accessed: 14.05.2026).
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22000). API-driven integration enables IoT data streams to trigger automated
workflow actions — such as quarantine orders, supplier notifications, and
logistics re-routing — transforming passive monitoring into an active, self-
correcting supply chain management capability'.

2. Sensor modalities and data fusion methods in food quality
monitoring systems

The sensor base of IoT-enabled food monitoring systems spans an
expanding portfolio of transducer technologies, each sensitive to distinct
physicochemical properties relevant to food quality and safety. The scientific
literature distinguishes five principal sensor classes deployed in food industry
applications: chemical sensors, biological sensors (biosensors), optical sensors,
physical sensors, and nanosensors'®. Each class occupies a specific niche within
the quality monitoring workflow, and their integration within a multisensor
platform provides a holistic assessment capability that far exceeds any single-
modality approach.

Chemical sensors — primarily electrochemical and metal-oxide-
semiconductor (MOS) gas sensors — detect concentrations of volatile organic
compounds (VOCs), CO2, 02, NH3, H2S, and other gaseous markers of
microbial spoilage. Arrays of gas sensors with partially overlapping selectivity
profiles, processed by pattern recognition algorithms, constitute “electronic
noses” (e-noses) capable of discriminating between fresh, marginally
acceptable, and spoiled meat, fish, and dairy products. Recent implementations
incorporating machine learning classifiers detect spoilage 2—4 hours earlier than
human organoleptic assessment, providing a critical intervention window'.
Electrochemical biosensors — employing enzyme-functionalized electrodes,
immunosensors, or aptasensors — enable highly selective detection of specific
pathogens (Salmonella spp., E. coli O157:H7, Listeria monocytogenes) and
toxins at concentrations relevant to food safety regulation.

Optical sensors are among the most rapidly advancing technologies in food
quality monitoring. Near-infrared (NIR) spectroscopy enables non-destructive,
real-time determination of moisture, fat, protein, and starch content in bulk
grain, flour, and processed food streams, with measurement cycles of seconds
compatible with high-speed production lines. Hyperspectral imaging systems
combine spatial and spectral information to detect surface defects, foreign

12 Plakantara S.P. Op. cit. npj Science of Food. 2026.

13 Sensor technologies in the food industry under industry 4.0. Food Control. 2026. https://doi.org/
10.1016/j.foodcont.2026.002288.

4 Muller W. A. et al. Enhancing Food Safety in the Cold Chain Through IoT and Al. Journal of Food
Science. 2026. PMC: https://pme.ncbi.nlm.nih.gov/articles/PMC12910151.
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body contamination, and heterogeneous composition at the individual product
level. Fluorescence-based sensors exploit the intrinsic fluorescence of food
chromophores (chlorophylls, myoglobin, riboflavin) as indicators of food
quality. Laser-induced breakdown spectroscopy (LIBS) is emerging as a tool
for rapid elemental analysis and origin authentication."

Physical sensors provide the foundational monitoring layer for cold chain
management. Temperature loggers based on NTC thermistors or platinum RTDs
offer measurement accuracies of +/~0.1-0.5 degrees Celsius across the range
from —40 to +85 degrees Celsius, relevant to frozen, chilled, and ambient food
storage. Capacitive humidity sensors monitor relative humidity with resolutions
of 0.1% RH, critical for preventing moisture-driven spoilage in dry goods
and condensation-induced quality loss in chilled products. Time-Temperature
Indicators (TTIs) — colorimetric or electrochemical devices integrated into
packaging — provide a cumulative record of thermal exposure history, enabling
the inference of remaining shelf life without electronic infrastructure's. The
combination of TTI data with IoT connectivity (NFC or QR code scanning)
allows consumers and logistics operators to access real-time product status via
smartphone, creating a closed-loop freshness communication channel.

The transformation of raw multi-channel sensor data into reliable quality
judgments is accomplished through a hierarchy of data fusion algorithms
operating at three levels. At the signal level, raw sensor outputs are filtered for
noise (Butterworth, Kalman), baseline-drift compensated, and cross-sensitivity
corrected to produce calibrated physical measurements. At the feature level,
statistical and spectral descriptors — mean, variance, rate of change, fast Fourier
transform coefficients — are extracted from time-windowed sensor streams to
characterize the dynamic evolution of product quality. At the decision level,
classifier ensembles — random forests, support vector machines, convolutional
neural networks (CNNs), and long short-term memory (LSTMs) — integrate
features from multiple sensing modalities to produce categorical quality grades
or continuous shelf-life estimates'”.

The deployment of inference models on edge microcontrollers under
the TinyML paradigm — using frameworks such as TensorFlow Lite for
Microcontrollers, Edge Impulse, or STM32Cube.Al — enables latency-free,
privacy-preserving quality assessment at the sensor node itself, without data

15 Plakantara S.P. Op. cit.

1 JoT-Enabled Biosensors in Food Packaging. SmartFoodSafe White Paper. 2025. URL: https://
smartfoodsafe.com/wp-content/uploads/2025/11/IoT-Enabled-Biosensors-in-Food-Packaging-A-
Breakthrough-in.pdf (accessed: 14.05.2026).

7" Multimodal AI for Real-Time Food Safety and Quality. Food Science & Nutrition. 2025.
https://doi.org/10.1002/fsn3.71534.
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transmission to external servers. Model quantization techniques (INT8, INT4)
reduce model footprints to tens of kilobytes while retaining classification
accuracy within 2-5% of full-precision equivalents, making TinyML
deployments feasible on microcontrollers with as little as 256 KB of flash
memory'8. This architectural choice has profound implications for food safety in
bandwidth-constrained environments such as refrigerated shipping containers,
cold stores, and rural processing facilities, where reliable cloud connectivity
cannot be assumed.

3. loT monitoring systems as an enabler of ESG strategy
in the food industry

The operationalization of ESG commitments in the food industry requires
a robust data infrastructure capable of generating, storing, and communicating
verifiable evidence of environmental and social performance across complex,
multinational supply chains. IoT-based multisensor systems are uniquely
positioned to fulfil this infrastructure role, providing the continuous, machine-
readable data streams that ESG reporting frameworks — GRI Standards, SASB
Food & Beverage Standards, TCFD, and the forthcoming IFRS Sustainability
Disclosure Standards — increasingly require’®. The OECD Global Corporate
Sustainability Report 2025 underscores that credible ESG performance
measurement is conditional on digital data infrastructure that eliminates reliance
on self-reported, manually compiled metrics.

From the perspective of the Environmental dimension, [oT monitoring
systems contribute to ESG goals through three primary pathways. First, real-
time temperature and humidity monitoring in cold chain environments enables
early detection of thermal excursions that would otherwise result in product
spoilage and disposal, directly reducing food waste and its associated greenhouse
gas emissions (methane from organic waste decomposition contributes
approximately 8-10% of global anthropogenic emissions)®. Second, energy
consumption monitoring of refrigeration equipment, combined with predictive
maintenance algorithms driven by vibration and thermal sensor data, reduces
both energy use and the frequency of equipment failures that cause product
loss. Third, the digitization of material flow data enables precise measurement
of waste generation rates and water consumption at each production stage,

18 TONI Al Food Industry 4.0 vs. Food Industry 5.0. 2025. URL: https://ioni.ai/post/food-industry-4-0-
vs-food-industry-5-0-whats-changing-in-the-future-of-food-manufacturing (accessed: 14.05.2026).
1 OECD. Global Corporate Sustainability Report 2025. https://doi.org/10.1787/bc25¢cele-en.

2 Digital Transformation as the driving force for green production. Tridge Analytics. 2025.
URL:  https://www.tridge.com/news/digital-transformation-the-driving-force-hel-soofnd ~ (accessed:
14.05.2026).
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providing the granular data required for carbon footprint calculation and Scope
3 emissions disclosure under TCFD and CSRD frameworks?'.

The Social dimension of ESG is advanced through IoT systems in several
interconnected ways. Consumer-facing transparency — enabled by scanning QR
codes or NFC tags on IoT-connected smart packaging — provides immediate
access to complete product provenance, processing conditions, and shelf-life
status, empowering informed consumer choice and reducing unnecessary
waste driven by misinterpretation of date labels. In production environments,
wearable IoT sensors monitoring workers' physiological status and ambient
conditions (temperature, noise levels, chemical exposure concentrations)
support occupational health and safety management, a key social indicator
assessed by SASB and GRI standards*. Furthermore, the deployment of
automated monitoring systems at critical control points reduces the physical
burden on quality assurance personnel, replacing repetitive manual inspection
tasks with exception-based workflows that allow human judgment to focus on
complex, high-value activities.

The governance implications of loT-enabled food monitoring are particularly
significant for regulatory compliance and supply chain accountability.
Automated, tamper-evident digital records generated by IoT sensor networks
provide regulators, auditors, and certification bodies with objective evidence
of HACCP compliance, cold chain integrity, and traceability down to batch
or individual unit level. The integration of blockchain-based immutable
ledgers with IoT data streams further strengthens audit trails: sensor readings
timestamped and anchored to a distributed ledger cannot be retroactively altered,
providing a cryptographically verifiable compliance record?. This capability is
directly responsive to the provisions of the EU General Food Law Regulation
(EC 178/2002) and the requirements of the EU Farm-to-Fork Strategy regarding
end-to-end traceability.

Recent empirical research on European food sector enterprises confirms the
strategic value of this integration: companies that combine digital transformation
investments with structured ESG reporting demonstrate measurably better
financial performance than digital-only or ESG-only adopters?. The mechanism
appears to operate through multiple channels: IoT-driven efficiency gains lower

21

Meemken E.-M. et al. Digital innovations for monitoring sustainability in food systems. Nature
Food. 2024. Vol. 5. P. 656-660. https://doi.org/10.1038/s43016-024-01018-6.

2 BDO Ukraine. Smart systems and occupational safety: innovations shaping the future. 2025. URL:
https://www.bdo.ua/uk-ua/insights-2/information-materials/2025/smart-systems-and-occupational-safety
(accessed: 14.05.2026).

B Areview of IoT, Al and blockchain integration for bacterial contamination detection in food. Food
Control. 2026. https://doi.org/10.1016/j.foodcont.2026.011312.

2 Marczewska M. et al. Op. cit.
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operational costs; ESG compliance reduces regulatory risk; and transparent
sustainability disclosure enhances brand equity and customer loyalty. In
the Ukrainian agri-food context, an empirical analysis covering the period
2020-2024 has similarly identified a positive correlation between resource
efficiency — as measured by digitally monitored process indicators — and
composite ESG scores, suggesting that the business case for IoT investment
in food safety monitoring is robust across diverse institutional environments.

A comprehensive ESG monitoring architecture for a food enterprise
would encompass five functional tiers: (I) primary data acquisition via
multisensor IoT nodes; (II) edge analytics for real-time HACCP compliance
verification; (IIT) cloud aggregation and longitudinal trend analysis; (IV) ESG
performance dashboard integrating IoT-derived environmental KPIs with
social and governance metrics; and (V) automated regulatory and stakeholder
reporting compliant with GRI, SASB, and TCFD disclosure requirements. This
architecture transforms IoT infrastructure from a purely operational tool into an
integrated corporate governance asset, embedding environmental accountability
into the enterprise's real-time operational fabric®.

CONCLUSIONS

The analysis presented in this chapter demonstrates that multisensor IoT
systems represent a mature and strategically significant technology for the
food industry, capable of simultaneously addressing operational efficiency
imperatives, food safety regulatory requirements, and ESG accountability
obligations. The multilayer architecture, combining sensor nodes, edge
computing, LPWAN connectivity, and cloud analytics, provides a scalable,
modular foundation adaptable to diverse production and logistics contexts —
from single-site manufacturing facilities to geographically distributed cold
chain networks.

The integration of heterogeneous sensor modalities — chemical, optical,
biological, and physical — within a single multisensor platform, processed
through hierarchical data fusion algorithms, achieves quality assessment
accuracy that fundamentally exceeds the capabilities of any individual
sensing technology. The operationalization of TinyML inference on embedded
microcontrollers extends intelligent quality assessment to the network edge,
enabling autonomous, latency-free decision-making in bandwidth-constrained
environments. These capabilities translate directly into measurable reductions
in food waste, spoilage, and product recalls.

»  Food wastage analysis framework using comprehensive IoT solutions. Global NEST Journal. 2025.
https://doi.org/10.30955/gnj.007826.
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From the ESG perspective, loT monitoring infrastructure generates the
continuous, machine-readable, auditable data streams that underpin credible
environmental disclosure, occupational safety management, and supply chain
governance. Empirical research confirms that food enterprises combining
digital transformation with structured ESG reporting achieve superior financial
performance, establishing a compelling business case for investment in
multisensor IoT systems beyond their immediate operational benefits. The
integration of blockchain-based immutable audit trails with IoT data further
elevates governance standards to meet the expectations of regulators, investors,
and consumers alike.

Promising directions for future research include: the development of
standardized interoperability protocols for heterogeneous food IoT ecosystems
within the Industry 5.0 framework; the systematic assessment of cybersecurity
vulnerabilities in food IoT infrastructure and the design of sector-specific threat
mitigation frameworks; and the quantification of the lifecycle carbon footprint
of IoT sensor deployment and operation, enabling accurate net environmental
benefit calculation for inclusion in Scope 3 ESG disclosures.

SUMMARY

This chapter provides a comprehensive analysis of multisensor [oT systems
for food quality and safety monitoring in the context of Industry 4.0 and ESG
frameworks. The multilayer system architecture — spanning sensor nodes, edge
computing, LPWAN communication, and cloud analytics — is examined in
detail, with emphasis on hardware platforms for specialized embedded systems.
Five principal sensor modalities (chemical, biosensors, optical, physical,
nanosensors) are reviewed alongside hierarchical data fusion methodologies,
including TinyML deployment on microcontroller platforms. The chapter
establishes the role of IoT monitoring infrastructure as a strategic enabler of
ESG performance across environmental (waste reduction, energy efficiency,
carbon footprint), social (consumer transparency, occupational safety), and
governance (traceability, regulatory compliance, blockchain audit trails)
dimensions. Empirical evidence from European food sector companies confirms
a positive relationship between digital transformation, ESG compliance, and firm
performance. Future research directions are identified in the areas of Industry
5.0 interoperability, [oT cybersecurity, and lifecycle ESG impact assessment.
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CHAPTER 17

INTEGRATION OF THE HACCP FOOD SAFETY
MANAGEMENT SYSTEM INTO THE TECHNOLOGY
OF THERMOSTABLE SAUCES

Yanushkevych O. ., Hrynchenko N. H., Serik M. L.
DOl https://doi.org/10.30525/978-9934-26-697-3-17

INTRODUCTION

The modern development of the food industry is characterized by increasing
requirements for the quality, safety, and stability of food products, driven
both by stricter regulatory frameworks and growing consumer expectations.
The globalization of food markets, expansion of international trade, and
harmonization of requirements for food production are shaping new approaches
to organizing technological processes and quality management systems. Under
these conditions, ensuring product safety is considered not only a mandatory
legislative requirement but also one of the key factors of competitiveness for
food industry enterprises.

In modern conditions, the HACCP (Hazard Analysis and Critical Control
Points) food safety management system is recognized as an internationally
accepted tool for risk prevention and control of hazardous factors at all stages
of production. The HACCP concept is based on the principle of preventive
management, which enables timely identification of potential biological,
chemical, and physical hazards and ensures their control before nonconformities
appear in the finished product. Unlike the traditional approach focused mainly
on final product inspection, HACCP principles provide systematic risk
management through hazard identification, assessment, and implementation of
preventive measures directly within the technological process.

For the production of thermostable sauces, the integration of the HACCP
system is of particular importance, as this category of products is highly
sensitive to changes in physicochemical parameters, temperature conditions,
microbiological stability, packaging processes, and storage conditions.
Insufficient control of technological factors may result in loss of structural
stability, deterioration of organoleptic characteristics, reduction of thermal
resistance, and the emergence of potential risks for consumers. Special
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attention should be paid to the stages of raw material reception, preparation
of formulation components, homogenization, heat treatment, packaging, and
storage condition control, since these stages form the critical control points for
ensuring product safety.

Furthermore, the implementation of the HACCP system into thermostable
sauce production technology allows not only minimizing risks to consumer
health but also improving process management, ensuring product quality
reproducibility, reducing technological losses, and optimizing the use of
enterprise resources. This approach contributes to the transition from a reactive
control model to a proactive production management system that meets
modern requirements of sustainable development and international food safety
standards.

1. Theoretical foundations of integrating the HACCP food safety

management system into food production

The current stage of food industry development is characterized by profound
structural changes associated with market globalization, intensification
of production processes, expansion of international trade, and increasing
requirements for the quality and safety of food products. The food industry
is one of the most socially significant sectors of the economy, as it directly
affects public health, the level of food security, and the overall quality of life.
Under these conditions, ensuring food safety acquires strategic importance
and is considered a complex task that combines technological, organizational,
regulatory, and managerial aspects' 2.

Traditional approaches to product quality control have long been based
primarily on assessing the characteristics of the finished product after
completion of the production cycle. Such a model involved laboratory testing
and selective control of individual indicators without considering the risks
generated at earlier production stages. However, the development of modern
technologies and the increasing complexity of food systems have demonstrated
the limitations of this approach. Control of only the final product does not allow
timely prevention of hazardous factors and does not provide a sufficient level
of food safety assurance.

The modern concept of food safety management is based on the principles
of preventive risk management and is focused not on eliminating consequences

! Silva E., Associados P. et al. Food Safety Management Systems. Luxembourg : European
Commission, Erasmus+ Programme, 2019. 302 p.

2 Radu E., Dima A., Dobrota E. M., Badea A.-M., Madsen D. @., Dobrin C., Stanciu S. Global
trends and research hotspots on HACCP and modern quality management systems in the food industry.
Heliyon. 2023. Vol. 9 (8). Article e18232.
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but on preventing hazardous situations. For this reason, the HACCP (Hazard
Analysis and Critical Control Points) system has become widely adopted in
international practice and is currently recognized as one of the most effective
tools for managing food safety?.

Historically, the HACCP system was developed in the second half of the
twentieth century within programs aimed at ensuring safe food for space
missions. The initial objective was to create a control mechanism that would
virtually eliminate the risk of hazardous factors occurring in food products.
Subsequently, the system was adapted for industrial production and integrated
into international standards for quality and food safety management.

The main idea of the HACCP system is to identify potential hazards at
all stages of the product life cycle — from raw material procurement to the
distribution of the finished product — and to implement control mechanisms at
the most critical points of the technological process. Such an approach makes it
possible to minimize the probability of risk occurrence and ensure production
stability* 5.

Within the HACCP system, all hazards are traditionally classified into
three main categories: biological, chemical, and physical. Biological hazards
include pathogenic microorganisms, yeasts, molds, and their metabolic
by-products. Chemical hazards are associated with residues of cleaning
agents, heavy metals, toxic compounds, allergens, or excessive use of food
additives. Physical hazards refer to foreign objects that may enter the product
during production.

The effectiveness of the HACCP system is ensured through the implementation
of seven fundamental principles. The first stage involves conducting hazard
analysis and risk assessment. The next step is identifying critical control points
— stages of production where monitoring can be applied to prevent hazards.
For each critical control point, critical limits, monitoring procedures, corrective
actions, and system verification mechanisms are established.

A distinctive feature of the modern approach to HACCP implementation is
the integration of the system directly into the enterprise’s production processes.
The system ceases to function as a separate control tool and is transformed
into a comprehensive mechanism for managing the entire production activity.
Such an approach enables the integration of product quality, resource efficiency,

3 Radu E., Dima A., Dobrota E. M., Badea A.-M., Dobrin C., Stanciu S. Recent trends in food safety
management systems and HACCP implementation in the global food industry. Heliyon. 2024. Vol. 10.
DOI: 10.1016/j.heliyon.2024.

4 Awuchi C. G. HACCP, quality, and food safety management in food and agricultural systems.
Cogent Food & Agriculture. 2023. Vol. 9. DOI: 10.1080/23311932.2023.2176280.

5 Zarid M. et al. The Green HACCP Approach: Advancing Food Safety and Sustainability Integration.
Sustainability. 2025. Vol. 17 (17). Article 7834.
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environmental sustainability, and economic performance within the production
system®.

The implementation of HACCP requires the establishment of an appropriate
organizational structure within the enterprise. The integration process involves
a cross-functional team of specialists, including technologists, quality assurance
professionals, production personnel, laboratory representatives, and management
staff. Such a model makes it possible to develop a systematic understanding of
risks and ensure effective control over production processes.

The principle of product traceability plays a significant role in the functioning
of the system. Traceability provides the ability to identify the origin of each
component, determine the specifics of its use in production, and monitor product
movement throughout the entire value creation chain. This enables enterprises
to respond promptly to cases of nonconformity and minimize economic losses’.

Digitalization of production plays a separate and increasingly important role
in modern food safety management systems. The use of automated monitoring
systems, electronic document management, digital control of technological
process parameters, and analytical platforms significantly improves the
effectiveness of HACCP implementation. Automation enables continuous
monitoring of critical parameters and ensures greater accuracy in managerial
decision-making.

An important prerequisite for the effective functioning of the system
is compliance with prerequisite programs (PRPs), which include sanitary
and hygienic measures, equipment condition control, organization of the
production environment, personnel training, and the provision of proper
manufacturing conditions. These prerequisite programs create the foundation
for the further functioning of the HACCP system and determine the level of
its effectiveness®.

The food safety management system is also closely connected with the
concept of sustainable development and modern international approaches
to responsible production. Today, product safety is considered not only
a technological characteristic but also a component of the environmental and
social responsibility of an enterprise. Rational resource utilization, reduction
of production losses, minimization of food waste, and improvement of energy

¢ Peres F. A. P, Bondarczuk B. A., Gomes L. C., Jardim L. C., Corréa R. G. F., Baierle I. C. Advances
in food quality management driven by Industry 4.0: A systematic review-based framework. Foods.
2025. Vol. 14. Art. 2429.

7 Thume M., Lange J., Unkel M., Prange A., Schiirmeyer M. Blockchain-based traceability in food
supply chains: Requirements and challenges. Int. J. Sustain. Agric. Manag. Inform. 2022.
Vol. 8. P. 243-258.

8 Dadhaneeya H., Nema P., Arora V. Internet of Things in food processing and its potential in Industry
4.0 era: A review, Trends Food Sci. Technol. 2033. VoL, 139, Art. 104109.
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efficiency are increasingly being integrated into food safety management
policies®.

At the international level, the HACCP system has been integrated into
the requirements of the ISO standards series and is used as a fundamental
element of food safety management systems. For food industry enterprises,
compliance with these requirements has become a necessary condition for
entering international markets and enhancing competitiveness. International
certification and implementation of food safety management systems not only
confirm product compliance with established requirements but also contribute
to strengthening consumer confidence, expanding export opportunities, and
improving the overall efficiency of enterprise operations.

Therefore, the integration of the HACCP food safety management system
into food production represents a logical response to the current challenges
facing the food industry. The application of a risk-based approach, systematic
control, and preventive management creates the conditions necessary to
improve product quality, ensure production stability, and strengthen consumer
confidence. Under modern conditions, the HACCP system serves not only as
a tool for meeting regulatory requirements but also as a strategic component
in the development of efficient, competitive, and sustainable food production.

2. Scientific and practical aspects of HACCP implementation
in thermostable sauce technology

Ensuring food safety is one of the key priorities of the modern food
industry, as product quality and safety directly affect public health and
consumer confidence in manufacturers. In the context of the globalization of
food markets, the implementation of food safety management systems based
on scientifically grounded approaches and international standards has become
increasingly important [3—7]. One of the most effective and internationally
recognized systems for ensuring food safety is the Hazard Analysis and Critical
Control Points (HACCP) system!® ' 12,

The HACCP system is based on a preventive approach to risk management,
the core principle of which is the identification of potential hazards at all stages
of the technological process — from raw material reception to the production

°  Alimadani R., Adedeji A.A., Narimani M. A review of [oT applications in food processing and

related fields. J. Food Process. Preserv. 2025, 2025, 3064441.

10 Codex Alimentarius Commission. General Principles of Food Hygiene CXC 1-1969 (Rev. 2020).
Rome: FAO/WHO, 2020.

' 1SO 22000:2018. Food safety management systems — Requirements for any organization in the
food chain. Geneva: International Organization for Standardization, 2018.

12 Regulation (EC) No 852/2004 of the European Parliament and of the Council of 29 April 2004 on
the hygiene of foodstuffs. Official Journal of the European Union, 2004.
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and distribution of finished products — and the prevention of their occurrence
through the establishment of appropriate control measures. This approach
significantly reduces the likelihood of hazardous situations and ensures the
consistent safety of food products'> ',

The implementation of the HACCP system is of particular importance
in food production, especially in the manufacturing of sauces, which are
characterized by complex formulations and multi-stage technological processes.
Thermostable sauces contain a wide range of ingredients of both animal and
plant origin, increasing the risk of biological, chemical, and physical hazards.
Therefore, the application of a systematic risk management approach is an
essential prerequisite for ensuring the consistent safety of such products.

At the initial stage, a detailed product description was developed, including
composition, key physicochemical and microbiological characteristics, storage
conditions, and shelf life. In addition, the intended use, type of consumer
packaging, target market, and other relevant product attributes were identified.
This approach enables clear product identification and provides the foundation
for further hazard analysis within the HACCP system (Table 1).

Table 1
Product Description
Requisr::::ll::t /Name Product Characteristics
1 2
Thermostable sauces based on dairy raw materials (assorted

Name
range)

Food industry enterprises and HoReCa sector (restaurants,
Target Market cafés, catering), as well as retail consumers using
thermostable sauces for quick preparation and consumption

The product is ready for consumption or used as an ingredient
Intended Use in prepared dishes; reheating is allowed without loss of
stability and quality

Use by individuals allergic to milk proteins (or other

Known and Potential allergens) — allergic reactions of varying severity. Use not
Foreseeable Misuse and intended by the manufacturer (e.g., in infant or specialized
Associated Hazards nutrition without composition assessment) — non-compliance

with dietary requirements and potential health risks

TU U 10.8-44234755-001-2024 “Hot Sauces Based on Dairy
Raw Materials”

Regulatory Document

13 TIpo OCHOBHI IPHHIKITK Ta BUMOTH 10 OE3MEYHOCTI Ta SKOCTi XapuOBHX MPOIYKTIB : 3akoH YKpaiHu
Ne 771/97-BP Bin 23.12.1997 (3i 3minamu).

14 Tlpo 3arBepmkeHHs BUMOr 10110 PO3pOOKH, BIPOBAUKEHHs Ta 3aCTOCYBAHHS MOCTIMHO AiFOYMX
mporenyp, 3acHoBaHux Ha mnpuHrumax HACCP : naka3 MinicTepcTBa arpapHoi IONITHKH Ta
npofoBosibeTBa Ykpainu Ne 590 i 01.10.2012.
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Continuation of table 1

2

Method of Distribution

Distributed through wholesale supply to food industry
enterprises and HoReCa establishments, as well as retail trade
(supermarket chains and stores)

Prepared drinking water, sunflower oil, modified corn starch,
whey protein concentrate [MILK], dried cream [MILK],

Characteristics

C iti .
omposttion butter (cream from cow’s milk) [MILK], xanthan gum
thickener, salt, sugar, allspice, nutmeg
Dry matter content, %;
. . P M 0/ .
Physicochemical rotein content, %;

Fat content, %;
Carbohydrate content, %;
Mineral content, %

Microbiological Criteria

Total viable count of lactic acid bacteria;
Coliform bacteria (E. coli);

Pathogenic microorganisms;
Staphylococcus aureus,

Listeria monocytogenes;

Yeasts and molds

Allergens

Milk

Packaging

Doy-pack pouches suitable for filling at temperatures not
lower than 92 °C

Labelling / Instructions on the
Label

Product name, processing method, name and address of

the food business operator, list of ingredients, quantity

of specific ingredient groups, quantity of food product in
established measurement units, storage conditions, “use by”
date, nutritional information per 100 g of product, batch
identification and designation (L), ingredients causing allergic
reactions highlighted in bold

Shelf Life

45 days

Storage Conditions

Store at 1-6 °C

Target Consumer

General consumer population, including different age

groups and food service establishments. The product is not
recommended for individuals with allergies to milk and other
ingredients included in the formulation

Hazard identification is a key stage in the development of a food safety
management system, as it enables the determination of factors that may
potentially adversely affect the safety and quality of the finished product. For
the developed thermostable sauces, this analysis was conducted taking into
account the product formulation, characteristics of raw materials, production
conditions, and storage requirements.

Analysis of biological hazards. Biological hazards include pathogenic
and opportunistic microorganisms that may enter the product through raw
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materials, water, or as a result of non-compliance with sanitary and hygienic
production conditions. The most probable microbiological risks associated with
sauces include bacteria of the genera Salmonella, Listeria monocytogenes, and
Escherichia coli, as well as yeasts and molds.

It was determined that particular attention should be paid to dairy ingredients
in the formulation — whey/milk protein concentrate, butter, and dried cream —
since dairy-derived products may represent potential sources of microbiological
contamination. In addition, hazards may arise from the use of water if it does
not comply with sanitary requirements. Spices may also contain a significant
microbial load, as they are plant-derived products with naturally occurring
microflora. To minimize biological risks in thermostable sauce production
technology, heat treatment of the product plays a critical role, together with
strict compliance with good sanitary and hygienic manufacturing practices.

Analysis of chemical hazards. Chemical hazards include residues of cleaning
and disinfecting agents, toxic elements, pesticide residues in plant-derived raw
materials, as well as potential allergens. In the production of thermostable
sauces, one of the main allergenic components is dairy ingredients, particularly
whey proteins, cream, and butter. In addition, spices may serve as a source
of chemical hazards, as they can contain residual amounts of pesticides or
mycotoxins. Another potential source of chemical contamination includes
residues of lubricants from processing equipment or cleaning agents used
during sanitation of production surfaces.

To control chemical hazards, it is necessary to ensure rigorous quality
control of raw materials, use only approved food ingredients and additives,
and comply with established requirements for the application of cleaning and
disinfecting agents.

Analysis of physical hazards. Physical hazards are associated with the
possible presence of foreign materials in the product, such as fragments of
glass, metal, plastic, or other solid particles. Such hazards may arise during raw
material storage, processing operations, or packaging of the finished product.

The main sources of physical hazards may include equipment damage, the
use of inadequate packaging materials, violations of technological discipline,
or insufficient process control. To prevent such hazards, it is necessary to
implement a foreign object control system that includes regular equipment
maintenance, the use of metal detectors, packaging integrity inspection, and
compliance with personnel hygiene requirements.

A generalized list of ingredients with the identification of potential hazards
is presented in Table 2.

Following the identification of potential hazards, a risk assessment was car-
ried out based on determining the probability of occurrence of each hazardous
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Table 2
Generalized List of Ingredients with Identification of Potential Hazards

Potential Hazards
Raw Material Name Physical (P) Chemical Biological Regulatory Document
© (B)
Main Raw Materials
Drinking water - ++ 4+ DSTU 7525
. According to
Whey protein ++ - ++ applicableg regulatory
concentrate documentation
Dried cream ++ + ++ DSTU 4273
Butter + + + DSTU 4399
According to
Xanthan gum + - - applicable regulatory
documentation
Modified corn starch + - + DSTU 4380
Auxiliary Raw Materials
Salt ++ — - DSTU 3583
Sugar ++ - - DSTU 4623
Nutmeg ++ — ++ DSTU 7411
Allspice ++ — ++ DSTU ISO 959-2
Packaging Materials
According to
Doy-pack + ++ - applicable regulatory
documentation
Legend:
+++ high probability of contamination
++ medium probability of contamination
+ low probability of contamination
— contamination level does not pose significant hazards

factor and the severity of its potential consequences. During this analysis, those
hazards requiring the establishment of specific control measures within the
HACCEP system were identified.

For the technology of thermostable sauce production, the most
significant hazards were microbiological risks associated with the use of
dairy ingredients and water, as well as the risk of cross-contamination
during production processes. Particular attention was also given to aller-
genic factors related to the presence of milk proteins in the formulation.
Although physical hazards demonstrated a lower probability of occurrence,
they must also be effectively controlled within the framework of prerequi-
site programs (PRPs) (Table 3).
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Table 3
Summary of Hazard Analysis for Raw Materials and Packaging Materials

Raw Biological Physical
Material g Chemical Hazards Y Control Measures
Hazards Hazards
Name
E. coli,
L Salmonella, Nitrates, heavy Water analysis,
Drinking L . .. .
Listeria metals, chlorine, Sand, rust disinfection,
water . .
monocytogenes, CIP residues filtration
total viable count
Refined Pesticides, Certificates,
deodorized - oxidation products, | Metal, plastic | quality control,
sunflower oil solvents storage conditions
Salmonella,
Whey protein | Listeri T Certificates
yPp isteria Antibiotics Metal, lumps T
concentrate monocytogenes, storage conditions
Bacillus
Salmonella S . .
. L ] . Fat oxidation Lumps, foreign | Certificates,
Dried cream | Listeria, microbial e R .
products, antibiotics | particles storage conditions
spores
Total viabl, .
otal viable Certificates,
count, Salmonella, Forcien storage at
Butter Listeria Oxidation products | . g £
inclusions specified
monocytogenes, temperatures
coliform bacteria P
. . Residues of . -
Xanthan gum | Microbial spores . Dust, lumps Certificate, sieving
production reagents
. Residues of .
Modified corn . aues | Lumps, foreign . Lo
Bacillus spores modification . . Certificate, sieving
starch impurities
reagents
Impurities, anti- . . .
P ’ Stones, foreign | Certificate, visual
Table salt - caking agents, . .. . . L
impurities inspection, sieving
heavy metals
Foreign
hili t i iti . L
Sugar Osmophilic yeasts, Sulfites !mpurtties, Certificate, sieving
rarely threads from
bags
Nutme Salmonella, yeasts | Pesticides, Foreign Certificate, spice
& and molds mycotoxins impurities sterilization if
necessary
. Salmonella, yeasts | Pesticides, Foreign Certificate, spice
Allspice . . i, e
and molds mycotoxins impurities sterilization if
necessary
Migration of . . . .
Doy-pack Secondary Plastic, foreign | Certificate, visual
. S substances from . . .
packaging contamination . . particles inspection
packaging material
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Thus, the conducted hazard analysis of raw materials and packaging materi-
als made it possible to identify the key risks characteristic of thermostable sauce
production technology and to establish the foundation for further determination
of Critical Control Points (CCPs) and the development of an effective HACCP
system.

The determination of Critical Control Points (CCPs) was carried out using
the algorithm recommended by the Codex Alimentarius, which involves a step-
by-step assessment of each stage of the technological process through the appli-
cation of the so-called decision tree. This tool is based on a series of questions
regarding the existence of a hazard, the possibility of controlling it, and the role
of a specific process stage in preventing or eliminating the identified risk.

In particular, the CCP determination algorithm included:

— assessment of hazard significance (probability of occurrence and severity
of consequences);

— identification of available control measures at a particular process stage;

— evaluation of whether subsequent processing stages can eliminate or reduce
the hazard to an acceptable level;

— determination of whether the given stage is critical for ensuring product
safety.

The flow diagram of thermostable sauce production with the identification of
CCPs and Operational Prerequisite Programs (OPRPs) is presented in Figure 1.

A Critical Control Point was defined as a stage at which control is necessary
and sufficient to prevent, eliminate, or reduce a hazard to an acceptable level.
As a result of applying the specified algorithm, the pasteurization stage was
identified as a CCP because it ensures the inactivation of pathogenic microflora.
In addition, the storage stage of the finished product was classified as a CCP, as
it provides control over residual microbial growth and maintains product safety
throughout the entire shelf life.

At the same time, several other stages of the technological process were
classified as Prerequisite Programs (PRPs). This approach is consistent with the
recommendations of the Codex Alimentarius, according to which a significant
proportion of hazards can be effectively controlled through prerequisite
programs, including Good Manufacturing Practices (GMP) and Good Hygiene
Practices (GHP). Within the proposed scheme, the processes of mechanical
and thermal treatment of raw materials, as well as the packaging process, were
classified as PRPs. Although packaging does not directly eliminate hazards,
it is considered critical in terms of preventing secondary microbiological
contamination of the product after pasteurization.

Therefore, the application of the Codex Alimentarius decision-making
algorithm enabled a scientifically justified differentiation of technological
process stages into Critical Control Points (CCPs) and Prerequisite Programs
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(PRPs). Critical Control Points ensure direct control of hazardous factors,
whereas operational prerequisite programs establish the systemic foundation
for food safety management aimed at preventing the occurrence and spread of
hazards within the production environment.

Based on the comprehensive analysis of hazards that may arise at all stages
of the technological process of thermostable sauce production, a HACCP
plan was developed to ensure an appropriate level of safety and quality of the
finished product (Table 4).

The first Critical Control Point (CCP) was identified at the stage of
pasteurization of the formulation mixture, which is carried out under continuous
agitation. This stage is considered a key operation within the technological
process, as it ensures the destruction of pathogenic microorganisms, including
Salmonella, Listeria monocytogenes, and Escherichia coli. The critical limits
established for this process include maintaining a temperature not lower than
90-92 °C for a specified technological holding time. Control is performed
through continuous temperature monitoring using measuring and control
instruments, accompanied by appropriate record keeping. In the event of
deviation from the established parameters, the process is immediately stopped,
the affected product batch is isolated, and, following identification of the cause
of nonconformity, a decision is made regarding either repeated heat treatment or
withdrawal of the batch. Therefore, pasteurization was identified as the primary
Critical Control Point because biological hazards are effectively eliminated at
this stage.

The second Critical Control Point was determined to be the storage stage
of the finished product. Following pasteurization and packaging, the product
is not sterile; therefore, violations of the temperature regime may promote the
growth of residual microflora, leading to a reduction in product safety and
quality. For this stage, the critical limit was established as a storage temperature
not exceeding 6°C throughout the entire shelf life. Monitoring is performed
through regular temperature measurements in refrigeration equipment and
documentation using logbooks or automated recording systems. In cases
where acceptable temperature limits are exceeded, refrigeration equipment
functionality is inspected, product safety is assessed, and a decision is made
regarding further use of the product or withdrawal of the affected batch from
circulation.

Mechanical culinary processing of raw materials (PRP-1), which includes
sieving of dry ingredients, filtration of liquid components, and the use of
magnetic separators, is aimed at eliminating physical hazards, particularly
metal particles and other foreign matter. The effectiveness of these control
measures is ensured through proper technical condition of the equipment,
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regular maintenance procedures, and continuous monitoring of operational
performance.

Particular importance among the Prerequisite Programs is assigned to the
packaging stage (PRP-2), which is considered critical in terms of the risk of
product recontamination following heat treatment. Hazard management at
this stage is based on compliance with the principles of Good Manufacturing
Practice (GMP), including the use of clean packaging materials, maintenance of
sanitary conditions of equipment, control of personnel hygiene, and monitoring
of production environment parameters. Monitoring activities are carried out
through sanitary documentation records, visual inspections, and periodic
microbiological testing.

3. Evaluation of the effectiveness of HACCP system integration
and prospects for improving thermostable sauce technology

The integration of the HACCP food safety management system into
thermostable sauce production is an important tool for ensuring the stability
of technological processes, improving product quality, and minimizing risks
associated with the occurrence of hazardous factors. Under modern operating
conditions of food industry enterprises, the evaluation of the effectiveness
of implemented management systems becomes particularly significant, as it
enables assessment of the degree of achievement of established objectives,
evaluation of the effectiveness of applied control measures, and identification
of directions for further production improvement.

The HACCP system is regarded not only as a mechanism for compliance
with regulatory requirements but also as a comprehensive tool for managing
technological processes and ensuring product competitiveness. Therefore,
the evaluation of the effectiveness of its integration should be carried
out comprehensively and should include technological, microbiological,
organizational, economic, and managerial indicators.

One of the key criteria for evaluating the effectiveness of HACCP
integration into thermostable sauce technology is ensuring the stability
of finished product quality indicators. Thermostable sauces belong to
multicomponent dispersed systems for which maintaining emulsion structure
integrity, rheological stability, resistance to thermal stress, and preservation
of specified organoleptic properties throughout the entire shelf life are of
particular importance.

Evaluation of system performance involves the analysis of a set of indicators,
among which the physicochemical characteristics of the product are of special
significance. These include active acidity (pH), moisture content, fat content,
viscosity parameters, emulsion stability, water-holding capacity, and structural
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stability after thermal treatment. Monitoring of these parameters enables
timely identification of deviations and prevention of undesirable changes in the
finished product.

An equally important evaluation criterion is the microbiological safety
of thermostable sauces. The effectiveness of HACCP system integration is
confirmed by reducing the risk of the growth of pathogenic and opportunistic
microorganisms, decreasing the incidence of non-compliance with sanitary
standards, and stabilizing the microbiological purity indicators of the product.
To achieve this, particular importance is assigned to the control of temperature
regimes, duration of heat treatment, sanitary condition of equipment, and
packaging conditions.

During the evaluation of system performance, it is also important to
consider indicators of production stability. These include the level of product
defects, frequency of technological deviations, number of corrective actions,
and volume of production losses. Practical implementation of the HACCP
system demonstrates that systematic monitoring of Critical Control Points
(CCPs) significantly reduces the number of customer complaints, minimizes
raw material losses, and improves overall process controllability.

A separate aspect of evaluation is the economic effectiveness of HACCP
system integration. Despite the need for initial investments in equipment
modernization, personnel training, and documentation development, enterprises
obtain substantial economic benefits in the long term. The main outcomes
include reduced quality control costs, lower product return rates, increased
production efficiency, and optimized resource utilization.

The application of the HACCP system in thermostable sauce technology
also contributes to improving production traceability. Modern enterprises are
increasingly implementing digital monitoring systems, automated control of
technological parameters, and electronic databases for recording monitoring
results. The use of digital tools enables more efficient managerial decision-
making and reduces the influence of the human factor.

A promising direction for improving thermostable sauce technology is the
implementation of the concept of risk-based design of technological processes.
This approach involves considering potential hazards already at the stage of
formulation development and selection of processing conditions. Such an
approach enables the development of more stable products and minimizes the
need for subsequent corrective actions.

The use of innovative functional ingredients is becoming increasingly
relevant, as these components simultaneously perform technological and
stabilizing functions. The application of natural thickeners, modified protein
systems, plant-based stabilizers, and next-generation emulsions makes it
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possible to improve the structural stability of thermostable sauces and reduce
the risks of quality deterioration.

One of the most promising directions is the application of digitalization
technologies and the Industry 4.0 concept in sauce production. The integration
of automated systems for monitoring temperature, humidity, pH, and rheological
parameters creates opportunities for transitioning to predictive management
of production processes. The analysis of accumulated data enables not only
control of current production conditions but also prediction of potential risks
and prevention of their occurrence.

Further improvement of thermostable sauce technology is also associated
with the implementation of sustainable development principles and resource
efficiency. Particular importance is attached to reducing raw material losses,
reusing resources, decreasing energy consumption, and implementing
environmentally safe technological solutions. Under modern conditions, an
effective food safety management system should ensure not only compliance
with regulatory requirements but also support the environmental and economic
sustainability of production.

An important prerequisite for the further development of food safety
management systems is the improvement of personnel qualifications. The
effectiveness of HACCP largely depends on the level of employee training, their
ability to identify risks, and their capacity to respond promptly to deviations in
technological parameters. Therefore, personnel training and the development of
a food safety culture become integral components of the operation of modern
food enterprises.

Thus, the evaluation of the effectiveness of HACCP system integration into
thermostable sauce technology confirms its significant potential for improving
product safety, stability, and competitiveness. Further development in this
area is associated with production digitalization, implementation of innovative
technological solutions, application of functional ingredients, and transition
toward comprehensive quality and risk management throughout all stages of
the product life cycle.

CONCLUSIONS

The conducted study confirmed that the integration of the HACCP food
safety management system into thermostable sauce technology is an effective and
scientifically justified approach to ensuring product safety, stability, and quality
under modern food production conditions. The implementation of preventive
risk management principles enables systematic identification, assessment, and
control of potential hazards throughout all stages of the technological process,
from raw material reception to storage and distribution of the finished product.
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The analysis of theoretical foundations demonstrated that modern food
safety management is based on a transition from traditional final product
inspection toward integrated preventive control systems aimed at minimizing
risks before they occur. In this context, the HACCP system serves not only as
a regulatory compliance mechanism but also as a strategic management tool
that contributes to increasing production efficiency and strengthening enterprise
competitiveness.

The scientific and practical assessment of HACCP implementation in
thermostable sauce production made it possible to identify the most significant
biological, chemical, and physical hazards associated with raw materials,
processing conditions, and storage requirements. Special attention was given to
microbiological risks related to dairy ingredients and water quality, allergenic
factors caused by milk-derived components, and potential sources of physical
contamination. Based on hazard identification and risk assessment, Critical
Control Points (CCPs) and Operational Prerequisite Programs (OPRPs) were
established in accordance with Codex Alimentarius recommendations.

The study confirmed that pasteurization and storage conditions represent the
most critical stages in ensuring product safety, while prerequisite programs and
operational controls create the necessary environment for maintaining hygienic
production conditions and preventing secondary contamination. The developed
HACCEP plan provides a systematic approach to monitoring, corrective actions,
verification procedures, and documentation management.

Evaluation of the effectiveness of HACCP integration demonstrated
its positive impact on product quality indicators, microbiological safety,
process stability, production traceability, and economic performance. The
implementation of continuous monitoring and control mechanisms contributes
to reducing production losses, minimizing nonconformities, improving resource
utilization, and enhancing consumer confidence.

The research also identified further development of thermostable
sauce technology, including the application of risk-based process design,
implementation of innovative functional ingredients, digitalization of production
systems, and integration of Industry 4.0 technologies. Particular attention
should be devoted to sustainable production principles, resource efficiency,
environmental responsibility, and continuous personnel training as essential
components of an effective food safety culture.

Therefore, the integration of the HACCP system into thermostable sauce
production should be considered not only as a requirement for food safety
compliance but also as a strategic direction for technological modernization,
sustainable development, and long-term competitiveness of food industry
enterprises.
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SUMMARY

This study focuses on the integration of the Hazard Analysis and Critical
Control Points (HACCP) food safety management system into the technology
of thermostable sauce production. The implementation of HACCP is considered
an effective preventive approach for identifying, assessing, and controlling
biological, chemical, and physical hazards throughout the production process.

Particular attention was given to thermostable sauces due to their complex
formulation and sensitivity to technological conditions. Hazard analysis was
conducted considering raw materials, processing operations, packaging,
and storage conditions. Based on the Codex Alimentarius approach, Critical
Control Points (CCPs) and Operational Prerequisite Programs (OPRPs) were
established. Pasteurization and storage were identified as the main CCPs
ensuring microbiological safety and product stability.

A HACCP plan was developed including critical limits, monitoring
procedures, corrective actions, validation, and verification measures. The
study confirmed that HACCP implementation improves product safety, process
control, traceability, and production efficiency while reducing technological
losses.

The results indicate that further improvement of thermostable sauce
technology should be associated with digitalization, Industry 4.0 solutions,
innovative functional ingredients, and sustainable production principles.
Thus, HACCP integration represents not only compliance with food safety
requirements but also a strategic approach to increasing competitiveness and
ensuring sustainable development of food enterprises.
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CHAPTER 18

SENSORY ANALYSIS AND PROFILING
OF ORGANOLEPTIC PROPERTIES OF FUNCTIONAL
SAUCES WITH DIETARY SUPPLEMENTS

Antonenko A. V., Ratushenko A. T., Gorkun A. O.
DOl https://doi.org/10.30525/978-9934-26-697-3-18

INTRODUCTION

The modern paradigm of food industry development is based on the
transition from the concept of mass consumption to the model of preventive
and health-improving nutrition. In the conditions of the growth of nutritionally
dependent diseases and the deficiency of essential micronutrients in the diet
of the population, the creation of functional products capable of correcting
metabolic processes is of particular importance. Sauces, due to their complex
multicomponent structure and high frequency of consumption, act as an optimal
technological matrix for the introduction of dietary supplements. This allows
not only to expand the assortment line, but also to transform the traditional
flavor additive into a means of delivering biologically active substances, which
makes the development of such products an extremely relevant task for modern
science.

The relevance of the study is enhanced by the difficulty of maintaining
stable organoleptic indicators when changing the recipe composition. The
introduction of dietary supplements is often accompanied by the appearance
of foreign flavors, changes in viscosity and disruption of the colloidal stability
of the system. Thus, there is a scientific need to develop tools that would
allow objectifying sensory perception and ensuring the predicted quality of the
finished product'.

The use of profiling methods becomes a key link in the chain “technology
— ingredient — consumer”, allowing to level the negative impact of functional
ingredients on the flavor bouquet of the sauce.

The object of this study is the process of forming the organoleptic properties
of sauces of various physicochemical nature (emulsion, sweet, spicy) provided

' Loutfi A., Coradeschi S., Mani G. K. Electronic noses for consumer quality control : a review.

Journal of Food Engineering. 2015. Vol. 144. P. 103-111.
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that dietary supplements of plant and mineral origin are integrated into their
composition. Within the framework of this object, complex interactions between
the components of the base and biologically active substances that determine
the final quality of the product are considered.

The subject of the study is the regularities of changes in the sensory profile,
descriptive characteristics of taste, aroma and texture, as well as methodological
approaches to profiling the organoleptic properties of sauces with dietary
supplements. The main attention is focused on identifying critical points of
transformation of organoleptic perception and mathematical modeling of
consumer preferences depending on the concentration and nature of functional
ingredients.

The aim of the work is to scientifically substantiate and develop
a comprehensive methodology for sensory analysis and profiling, which ensures
the creation of harmonious sauces with dietary supplements with guaranteed
quality indicators®>. To achieve this goal, the following tasks are envisaged:
from the development of specific terminological glossaries for tasters to the
establishment of correlations between instrumental quality indicators and
subjective expert assessment, which will ultimately allow optimizing the recipes
of functional sauces for mass and special nutrition.

Modern research in the field of sauce production technologies is focused
on three main vectors: functionalization of the composition, digitalization of
control and objectification of sensory analysis.

Ukrainian scientists are actively working on expanding the range of
sauces with increased biological value. In the works of N. Bozhko? and
V. Pasichny, the problem of balancing sauce recipes based on meat and
vegetable raw materials is solved, where special attention is paid to
the stabilization of emulsion systems when functional ingredients are
introduced. O. Savchenko* and O. Syrokhman® are investigating the use of
non-traditional plant raw materials (berry meals, extracts) to provide sauces
with antioxidant properties, analyzing the impact of these additives on the
change in shelf life and organoleptic appeal. The problem of using prebiotics,
such as inulin, as fat mimics in mayonnaises, is discussed in detail in the

2 Ayt i KOHTpOIb SKOCTI Xap4oBUX MpoaykriB y kpaiHax €C Ta csiry / I Tomnok, T. BpoBeHko,

O. biptokoBa, A. Parymenko, A. TopkyH, A. AurtoneHko. Measuring and Computing Devices in
Technological Processes. 2024. No. 4. P. 18-22.

3 Boxko H. B., ITaciuamii B. M., Tuwerko B. 1. BukoprcranHs poOCIMHHUX EKCTPAKTIB Y TEXHONOTII
eMyNbCIHHUX COYCIB (DyHKI[IOHAJIBbHOTO mNpu3HaueHHs. Scientific Messenger of LNU of Veterinary
Medicine and Biotechnologies. Series : Food Technologies. 2019. Vol. 21. No. 91. P. 108-113.

4 Casuenko O. A. Jlocii/pKeHHS AHTHOKCHIAHTHHX BIACTHBOCTEH COYCIB HAa OCHOBi POCIHHHOL
CUPOBHHHU. Xapuosa nayka i mexronoeis. 2018. T. 12. Ne 1. C. 45-52.

5 Cnpoxwman L. B., Jlozoa T. M. HaykoBi 0cHOBH (hOpMyBaHHs SIKOCTi Ta O€3MEYHOCTI HOBHX BHJIB
coyci. Tosapu i punxu. 2017. Ne 2. C. 115-124
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works of S. Lehman-Konopka, which allows reducing the calorie content of
the product without losing its textural characteristics.

The foreign scientific community focuses on profiling methodology
and instrumental analysis. H. Stone and J. Sidel in their fundamental works
improved the quantitative descriptive analysis (QDA) method, which became
the gold standard for constructing sensory maps®. The issue of the interaction of
ingredients in complex matrices and their impact on “mouthfeel” is investigated
by J. Delarue, who proposes rapid profiling methods for R&D departments.
A significant contribution to digitalization was made by F. Ciurczak and
A. Loutfi, whose research is devoted to the use of an “electronic nose” to
identify the authenticity of food products and detect hidden flavor defects. The
problem of masking undesirable taste notes of dietary supplements (bitterness,
metallic taste) is central in the works of E. Chambers IV, who justifies the use
of a sensory lexicon for the accurate description of functional products’.

1. Scientific foundations and current state of sensory analysis of food
products. Methodology for forming and training an expert commission

In today’s globalized food market, the competitiveness of functional sauces
is determined not only by their chemical composition or physiological effects on
the body, but primarily by consumer perception. Functional products (enriched
with vitamins, minerals, prebiotics or plant extracts) face a serious challenge:
the consumer expects from them not only benefits, but also a familiar or even
improved taste profile. Organoleptic evaluation in this context acts as the main
bridge between the scientific value of the recipe and its market implementation.
The role of organoleptic analysis in ensuring competitiveness is realized through
several strategic aspects:

— Overcoming the “barrier of specific taste” (many dietary supplements
(DS) have a pronounced aftertaste (bitterness, astringency, metallic tint).
Sensory analysis allows you to accurately localize these deviations and develop
methods for their masking, which is critical for repeated sales of the product).

— Brand differentiation (in the sauces segment, where competition is
extremely high, a unique sensory profile (for example, a special creaminess or
a refined aroma of a rare spice) becomes a key advantage that cannot be easily
copied by competitors).

— Guarantee of stability (competitiveness is impossible without product
identity from batch to batch. Modern profiling methods allow measuring

¢ Stone H., Sidel J. L., Bloomquist K. J. Strategic applications for sensory evaluation in a global food
market. Food Quality and Preference. 2020. Vol. 80. Art. 103812.

7 Chambers E., Castro M. What is “Natural” in Food? A Sensory and Consumer Science Perspective.
Current Opinion in Food Science. 2018. Vol. 21. P. 130-137.
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organoleptic indicators with the same precision as fat content or acidity,
ensuring the result expected by the consumer).

From a scientific point of view, the organoleptic evaluation of functional
sauces has transformed from subjective testing into a multidisciplinary
field that combines the physiology of perception, consumer psychology and
mathematical statistics. For value-added products (Health-promoting foods),
sensory analysis becomes a tool for “designing pleasure”: if the consumer
does not receive a positive sensory experience, he is inclined to abandon the
product even if its benefits are high®. Thus, investing in deep sensory profiling
at the development stage is a guarantee that an innovative sauce will not remain
a niche experiment, but will become a full-fledged market leader.

The mathematical expression of the competitiveness of a functional product
today includes a “harmony coefficient”, where the high biological activity of
the ingredients must be balanced by impeccable organoleptic characteristics’. It
is this synergistic approach that allows us to create sauces that meet the concept
of “Food as Medicine” without compromising gastronomic pleasure.

The theoretical basis of sensory analysis in the 21st century has transformed
from a simple subjective assessment into a complex interdisciplinary science,
where the combination of classical physiology and digital data processing
methods plays a key role. The current state of the industry is characterized by the
transition from quality assessment to its precision modeling, which is especially
important when creating functional products. The scientific approach involves
a deep understanding of how the chemical structure of dietary supplements
interacts with the human receptor apparatus at the molecular level'.

In the context of developing innovative sauces, sensory analysis is the
foundation for ensuring their market viability. Since functional ingredients
often bring with them undesirable organoleptic properties, scientifically based
profiling allows resolving the conflict between benefit and taste. The use of
standardized methods and trained expert panels provides objectivity, which
was previously inherent only to physicochemical research methods. The
development of the instrumental base, in particular the “electronic nose” and
“electronic tongue” systems, has become a logical continuation of the evolution
of sensory science. These technologies do not replace humans, but complement

8 Aymur i MeTpoIioriuHi 3aco0u OLiHEHHsI SKOCTI Xap4oi MpoayKii Ha BUpoOHUITBI / A. ParymreHko,

M. Kpusopyuxo, C. Heinenko, O. JlrobeHok, A. Autonenko. Measuring and Computing Devices in
Technological Processes. 2025. No. 1. P. 456-460.

°  Axpenurauis i nepcrnekrusu BrposampkerHs cucreMit HACCP y BUpoOHHITBI Xapu0BOT IPORyKIii /
JI. banp-Ilpununko, I Tonok, T. Bposenko, M. Kpuopyuko, A. l'opkyH, A. Antonenko. Measuring and
Computing Devices in Technological Processes. 2024. No. 1. P. 111-116.

10" Besmeunicth cOycHOI MpoayKiil 03m0posyoro mpusnadens / JI. bams-Ilpummmnko, A. AHTOHEHKO.
Herald of Khmelnytskyi National University. Technical Sciences. 2025. No. 355 (4). P. 759-763.
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their capabilities, allowing them to capture digital fingerprints of aromas and
tastes with high accuracy and reproducibility. This creates the prerequisites for
automating quality control in large enterprises, where the subjective human
factor must be minimized to ensure the stability of each batch of product. Today,
sensory analysis is also actively integrated with consumer psychology, which
allows us to study not only what a person feels, but also how these sensations
affect his choice. Building complex mathematical models of preferences allows
technologists to work with the “sensory space” of the product, finding optimal
points of harmony. Such an integrated approach turns organoleptics into
a powerful engineering tool that can predict the success of functional sauces
even at the stage of a laboratory prototype''.

The integration of dietary supplements into sauce systems poses a challenge
for the technologist, as each type of nutrient introduces specific changes to the
physicochemical matrix of the product. Plant extracts, valued for their high
content of antioxidants and polyphenols, are often the cause of astringency and
characteristic bitterness. These compounds can react with salivary proteins,
causing a feeling of dryness in the mouth, and their intense pigmentation can
radically change the color range of the sauce, shifting it towards dark brown or
olive shades. To maintain an attractive profile, such extracts require the use of
encapsulation technologies or the introduction of specific masking agents. The
introduction of prebiotics, such as inulin, oligosaccharides or resistant starches,
has a significant impact primarily on the textural characteristics of sauces.
Due to their ability to bind water and form gel-like structures, prebiotics are
often used as fat mimics in low-calorie formulations'?. This allows the desired
creaminess and “body” of the product to be achieved without increasing the
lipid content. However, excessive concentration of these fibers can lead to
excessive viscosity or a “rubbery” feel, requiring careful formulation balancing
to maintain the fluidity of the sauce'.

Mineral complexes, which are used to enrich functional sauces, have the
most pronounced effect on the taste receptor apparatus. Iron, magnesium or
calcium salts often provoke the appearance of a persistent metallic aftertaste,
which consumers perceive as a negative quality marker. In addition to the direct
taste effect, minerals can act as catalysts of oxidative processes in mayonnaise

' VIOCKOHANECHHS TEXHONOrii COycy MaiioHe3y 3 BHKOPHUCTAHHAM JHETHYHAX 100aBOK /

A. B. Anronenxo, JI. Bans-Ilpunumnxo. [nnosayii ma mexnonoeii 6 cgpepi nocaye i xapuyeanns. 2025.
Ne 2 (16). C. 5-9.

12 Skicte Ta Oe3MeYHICT MalOHE3y Ha OCHOBI KyMaXOoBAaHOI oOii, MOpolIKa 3 GakiIaxaHIiB Ta
rymiapabika / A. B. Anronenxo, JI. B. bane-Ilpununko. Hayxosuil sichux Taepiticbkoeo deporcaghozo
azpomextonoziunozo ynieepcumemy. 2025. Bum. 15, . 1. C. 259-266.

13 Lehman-Konopka S., Krawczyk M. Effect of inulin as a fat replacer on the rheological and sensory
properties of mayonnaise. Journal of Texture Studies. 2021. Vol. 52. No. 3. P. 312-322.
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sauces, which leads to the rapid appearance of the smell of rancid oil'*. The use
of chelated forms of minerals or their introduction as part of stable complexes
allows to minimize this effect, ensuring the stability of the sensory profile
throughout the entire shelf life. The complex interaction of these additives
within a single formulation can create unexpected synergistic effects'®. For
example, the combination of prebiotic fibers with some plant extracts can
mitigate the sensation of bitterness by partially binding bitter compounds in
the polysaccharide network. Understanding these mechanisms allows designing
sauces with dietary supplements not just as a mixture of ingredients, but as
a harmonious system, where functional value does not interfere with high
organoleptic indicators.

Regulatory support for sensory analysis is based on strict standardization of
research conditions, which allows converting the subjective feelings of experts
into objective digital data'®. The International Organization for Standardization
(ISO) has developed an extensive system of protocols that regulate every aspect
of analysis: from laboratory planning to methods for statistical processing
of results. The main basic standard is ISO 6658, which establishes general
guidelines and methodology, defining the principles of taster selection, sample
requirements and rules for choosing specific testing methods depending on the
purpose of the study.

The National Standardization System of Ukraine (DSTU) is largely
harmonized with international requirements, which ensures the comparability
of the results of domestic developments with foreign analogues. An important
role is played by DSTU ISO 8586, which describes in detail the process of
selecting, training and monitoring the work of selected tasters and sensory
experts. According to this standard, the training of specialists for profiling
sauces with dietary supplements should include testing the ability to recognize
specific taste deviations, such as metallic aftertaste or astringency, which is
critical to ensuring the accuracy of the results'. A separate group of standards
is made up of documents regulating the design of tasting rooms, in particular
ISO 8589. These standards establish requirements for lighting, ventilation, wall

4" Pospobka TexHomorii (yHKuiOHampHHX MaiioHe3Hux coycie / JI. B. Bamb-Ilpummxo,

A. B. Auronenko. Herald of Khmelnytskyi National University. Technical Sciences. 2025. No. 357 (5.1).
P. 423-428.

!5 JlocmipKeHHsT PeONIOTiYHIX XapaKTepPHCTHK JIETHYHAX J00aBOK B XapyoBHX CHCTEMax COyCiB /
JI. B. bans-Ilpununko, A. B. AutoHenko. Taspiticokuii naykoguii sichux. Cepis : Texuiuni nayku. 2025.
Bum. 2. C. 277-289.

' Delarue J., Lawlor J. B. Sensory characterization of food products: standard and rapid methods.
Woodhead Publishing Series in Food Science, Technology and Nutrition. 2023. P. 321-345.

7" Using oat milk to reduce the caloric value of a functional mayonnaise sauce / I. Dudarev,
0. Kuzmin, N. Stukalska, T. Brovenko, N. Kovalenko, T. Lebedenko, A. Antonenko. Acta Scientiarum
Polonorum. Technologia Alimentaria. 2024. Vol. 23, No. 1. P. 29-38.
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color and workplace configuration to minimize the impact of external factors
on the psychophysiological state of the expert. For production laboratories of
food enterprises, compliance with these standards is a prerequisite for obtaining
reliable product profiles, since even a slight deviation in light intensity can
change the perception of the color of an innovative sauce's. Methodological
standards, such as ISO 13299, focus on general guidelines for the preparation
of a product sensory profile. They describe the quantitative descriptive analysis
(QDA) procedures that we use to study in detail the effect of plant extracts
on the aroma and taste of sauces. Using such a regulatory framework allows
the developer to create products that not only meet safety requirements, but
also have clearly documented organoleptic characteristics, which is necessary
for certification and entry into international markets. The formation of an
expert commission is a critical stage, since the accuracy of profiling sauces
with dietary supplements directly depends on the biological and intellectual
“analyzer” — a person. The selection process is based on comprehensive
testing of sensory sensitivity, which allows weeding out candidates with high
perception thresholds. The primary task is to check the ability to recognize
basic tastes (sweet, salty, sour, bitter, umami) at extremely low concentrations'.
Special attention is paid to sensitivity to bitterness and astringency, as these
sensations are most often provoked by plant extracts and mineral complexes in
innovative formulations®.

In addition to basic sensitivity, an important criterion is the candidate’s ability
to have sensory memory and differentiate stimuli of similar intensity. In the
context of sauces, this means the ability to distinguish shades of viscosity or
subtle aromatic notes against the background of a complex flavor matrix. For
this, triangular testing or duo-trio tests are used, where the candidate must
identify a sample that differs from the standard. High reproducibility of results
in several repetitions indicates the stability of the sensory apparatus, which is
a necessary condition for inclusion in the permanent expert panel. The cognitive
abilities of tasters play an equally important role than the acuity of receptors.
The profiling process requires the expert to have a high level of concentration,
the ability to verbalize abstract sensations, and the possession of specific
terminology. Candidates must demonstrate logical thinking to objectively rank
characteristics by intensity, avoiding subjective preferences of “likes — dislikes”.

18 Ciurczak F. B., Igne B. Pharmaceutical and Medical Applications of Near-Infrared Spectroscopy.
Crc Press. 2014. [Focus on flavor analysis in complex systems].

19 TexXHOJOTIs S€YHO-MACISHOTO COYCYy 3 BHUKOPHCTAaHHSM JieTHYHHX 100aBok / A. B. AHTOHEHKo,
JI. Bans-Ilpununko. Innovations and Technologies in the Service Sphere and Food Industry. 2025. No. 3
(17). P. 5-10.

2 MopenmoBaHHsT KOMIIO3UIIAHOT cyMmimn mieTnunux 100aBok st coycis / JI. B. Bamp-Ilpmmimko,
A. B. Anronenxo. Taspiticokuii naykosuti gichuk. Cepia : Texniuni nayku. 2025. Bur. 3. C. 249-261.
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The psychological aspect is also important: resistance to sensory fatigue and the
ability to maintain objectivity during long tasting sessions.

The final stage of the selection is a test of the ability to work in a team and
reach consensus. Although each expert works individually, the final product
profile is formed on the basis of an agreed vocabulary of descriptors. Therefore,
candidates who demonstrate flexibility in learning and the ability to clearly
describe their own sensations in a language understandable to colleagues have
priority. Such a multi-factorial approach to forming the commission ensures
that the sensory maps obtained in the course of further research will have a high
degree of reliability and scientific value.

The process of preparing the expert panel after completing the selection
stage enters a phase of intensive training, the purpose of which is to transform
the individual sensitivity of the tasters into an accurate and agreed analytical
tool. In the initial stages, experts are introduced to the full range of possible
characteristics of sauce products, including both positive quality attributes
and specific defects that may arise when dietary additives are introduced. The
training is based on the use of reference samples — solutions or model food
systems with a clearly defined intensity of a certain indicator, which allows
tasters to “tune” their perception to a single evaluation scale. A key element of
the training is the development and assimilation of a common vocabulary of
descriptors. Experts must learn not only to identify the taste, but also to clearly
distinguish its nuances: for example, to differentiate the “herbal” aroma of
a plant extract from “pharmacy” or “coniferous”. For sauces, special attention
is paid to training in the assessment of textural parameters, such as adhesion
(stickiness to the palate), oiliness and particle size. The use of standardized
scales allows each panel member to correlate their feelings with specific scores,
which ensures high accuracy of quantitative descriptive analysis.

Panel calibration is performed to achieve consensus and minimize
discrepancies between the assessments of different experts. During calibration
sessions, all tasters evaluate the same sample of sauce, after which the
results are discussed in the group under the guidance of the panel leader. If
the assessments of individual panel members deviate significantly from the
mean, re-testing with standards is carried out to find out the reason for the
discrepancies — whether it is a perception error or a misunderstanding of the
descriptor. This iterative process continues until the panel begins to work as
a single measuring instrument with a low level of error.

The final stage of calibration is a statistical verification of the reliability
of the panel. Using methods of variance analysis, the ability of the group to
consistently reproduce the results during repeated tastings of the same product
is assessed. Only after confirmation of high reproducibility and discrimination
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ability (the ability to distinguish samples close in composition) is the panel
considered ready to work with innovative recipes. Calibration is not a one-time
action: it is carried out periodically throughout the entire research period to
maintain expert form and prevent “sensory drift” of assessments.

The creation of a unified terminology is the foundation of objective
profiling, as it converts the subjective feelings of tasters into standardized
data suitable for mathematical processing. For specific sauces with dietary
supplements, the development of descriptors begins with the generation of
the widest possible list of terms describing the appearance, aroma, taste and
texture of the product. At this stage, experts use the “free description” method,
recording all associations that arise when familiarizing themselves with
prototypes containing plant extracts, prebiotics or mineral complexes. The next
step is semantic grouping and reduction of terms to eliminate synonyms and
overly subjective characteristics. For example, the terms “freshly cut grass”,
“leafy” and “green” can be combined into one descriptor — “herbal aroma”, if
they describe the same feature inherent in a certain plant extract. An important
condition is that each descriptor must be discriminatory, that is, allow one
sauce sample to be clearly distinguished from another by the intensity of this
feature. For each selected descriptor, a clear definition is developed and an
appropriate physical standard (referent) is selected. If the descriptor describes
a “metallic taste” caused by a mineral complex, a solution of ferrous sulfate of
a certain concentration can serve as a standard. This allows experts not only to
name the characteristic, but also to accurately assess its intensity on a unified
scale. Particular attention is paid to textural descriptors such as “flouriness”
or “adhesiveness”, as they directly indicate the solubility of additives and the
stability of the emulsion structure.

The process is completed by the formation of a final tasting sheet, which
contains a hierarchically ordered list of descriptors. It highlights the basic
characteristics inherent in this type of sauce and specific markers due to
the introduction of functional ingredients. Such a terminological apparatus
allows you to build detailed sensory profiles (petal diagrams), which clearly
demonstrate the architecture of the product’s taste and help the technologist see
which components need adjustment to achieve ideal harmony. Mathematical
and statistical analysis is an objective filter that allows you to confirm that the
profiling results are the result of real differences between sauce samples, and
not a measurement error or the subjectivity of individuals. The reliability of
the work of the expert commission is assessed through three main parameters:
discriminative ability, reproducibility and consistency. For this, multivariate
analysis of variance (ANOVA) is most often used, where the factors are
considered to be “sample”, “expert” and “repeatability”. If the “sample”
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factor has a high degree of statistical significance, this indicates that the panel
successfully identifies the difference between formulations with different
content of dietary supplements.

The reproducibility of the results is checked by analyzing the results of
repeated tastings of the same samples by the same expert. Mathematically, this
is expressed through the coefficient of variation or the absence of a significant
interaction between the “sample” and ‘“repeatability” factors. If an expert
consistently displays close intensity scores for descriptors in repeated tests, his
results are considered reliable. If a high error is detected within one expert,
the data of such an individual can be excluded from the general array or sent
for additional calibration. The consistency of the work of the entire group is
checked by analyzing the interaction of the “expert” and “sample” factors.
The absence of such interaction means that all members of the commission
understand the descriptors in the same way and use the intensity scale in the
same direction. Additionally, to assess the level of agreement between tasters,
the Kendall concordance coefficient is calculated. A high value of this indicator
confirms that the formed sensory profile of the sauce is the result of a collective
consensus, and not a random set of subjective opinions.

The principal component analysis (PCA) method is used to visualize the
reliability and identify hidden patterns in the panel’s work. Building loading
graphs allows you to see how compactly the expert assessments are grouped
around specific product characteristics. Identifying outsider experts whose
assessment vectors significantly deviate from the general group allows you
to adjust the composition of the commission in a timely manner. Such strict
mathematical control ensures that the developed models and recommendations
for the food industry are based on a foundation of reliable and verified data.

2. Research objects and methods. Development and profiling
of organoleptic properties of functional sauces

The foundation of the study is the selection of the main raw material that
forms the sauce matrix and determines its basic rheological and organoleptic
indicators. To create emulsion systems (mayonnaise, dressings), refined
deodorized sunflower oil is used, which is characterized by a neutral taste
and aroma, providing a “clean” background for detecting shades of dietary
supplements. Egg products, modified starches or gums of natural origin are used
as structure-forming agents and emulsifiers, which must meet strict requirements
for purity and functional and technological properties. For vegetable-based
sauces, the basic component is tomato paste or fruit and berry purees, which
in themselves have a pronounced acidity and color intensity, which requires
a special approach when combined with functional components. The specificity
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of the selected dietary supplements (DD) is due to their biological value and
technological impact on the system. Plant extracts (e.g. grape seeds, green
tea or echinacea) are characterized by a high content of phenolic compounds,
which gives them antioxidant properties, but at the same time brings specific
tart notes to the product. Prebiotic additives, in particular highly purified inulin,
are selected taking into account their ability to gel, which allows them to
partially replace the fat phase without losing the creamy consistency. Mineral
complexes (calcium, magnesium, zinc compounds) are used in forms with
maximum bioavailability, such as citrates or lactates, which, unlike inorganic
salts, have a less aggressive effect on taste receptors and better solubility. Each
selected item of raw materials and additives undergoes careful identification
for compliance with current regulatory documents (DSTU, TU) and quality
certificates. Special attention is paid to the purity of ingredients, since the
presence of micro-impurities can distort the results of sensory profiling and
lead to false conclusions about the interaction of components. Thus, the formed
ingredient base is scientifically sound and allows modeling sauce systems
with predefined functional properties and predicted sensory response, which is
necessary to achieve the goal of our work.

To conduct an objective sensory analysis and establish the patterns of
influence of dietary supplements, it is necessary to use model systems
that represent the main physicochemical classes of modern sauces. The
choice of emulsion systems as the object of research is due to their
high popularity among consumers and the complexity of the internal
structure. Modeling mayonnaise sauces and dressings allows you to study
the behavior of dietary supplements in two-phase “oil-water” systems,
where the distribution of the functional ingredient between the phases
is critically important. The emulsion matrix is an ideal background for
testing fat-soluble supplements and fat-imitating prebiotics, as it allows
you to record the slightest changes in textural descriptors, such as oiliness,
density and smoothness of the tongue coating. Tomato model systems are
chosen because of their specific chemical aggressiveness and pronounced
own organoleptic properties. The high content of organic acids and sugars
in the tomato base creates a difficult environment for the introduction of
dietary supplements, especially mineral complexes, which can react with
the components of the raw material, changing the color and taste balance.
The use of tomato models allows us to study the phenomena of synergism
and antagonism between natural tomato antioxidants (lycopene) and added
extracts. In such systems, the priority is to study the transformation of the
basic “umami” taste and assess the ability of the tomato matrix to mask
unwanted aftertastes of functional ingredients.
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Fruit and berry sauces represent a group of dessert and savory sauces with
a high content of pectin substances and a complex carbohydrate profile. The
justification for this model system is related to the trend of using sauces as
substitutes for high-calorie desserts or additions to meat dishes in a healthy diet.
The high viscosity and natural tartness of fruit bases allow for the modeling
of sauces with plant extracts, where it is necessary to achieve harmony
between fruit notes and herbal or bitter shades of additives. Working with
three fundamentally different model systems in nature ensures the versatility
of scientific conclusions and allows for the development of recommendations
suitable for a wide range of food industries. To objectify the results of sensory
analysis and translate subjective sensations into the plane of measured values,
the monograph substantiates a set of instrumental methods that have a direct
correlation with organoleptic indicators. The leading place in this complex
is occupied by fundamental rheology and rotational viscometry, which allow
quantitatively assessing the shear stress, viscosity and thixotropic properties of
sauce systems. These data directly correlate with such sensory descriptors as
“thickness”, “creaminess” and “ease of distribution in the oral cavity”. The use
of texturometry makes it possible to measure adhesive forces and consistency,
which is critically important for emulsion sauces with dietary supplements,
where it is important to preserve the traditional texture when changing the
recipe composition.

The evaluation of the color characteristics of sauces is carried out by
spectrophotometry or using colorimeters in the CIELAB system. This
instrumental approach allows for highly accurate recording of changes in
color intensity, purity of tone and brightness, which correlate with the visual
perception of the product by the consumer. For sauces with plant extracts
and mineral complexes prone to oxidation, spectrophotometric control is
indispensable for monitoring color stability during storage, which allows
preventing the appearance of undesirable gray or brown shades that negatively
affect the organoleptic assessment.

For the analysis of the taste and aroma profile, gas and liquid chromatography
methods are used, which allow identifying volatile compounds responsible
for the aroma and the content of soluble solids, acids and sugars that form
the basic taste. An important component is the measurement of active acidity
(pH) and titrated acidity, which correlate with the sensation of pungency and
freshness of the sauce. The combination of these instrumental data with the
results of the expert commission allows us to build mathematical models of
the “composition — property — perception” relationship, which is a scientific
basis for predicting the quality of functional sauces even at the recipe
development stage.
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The development of a sensory profile using the quantitative descriptive
analysis (QDA) method for basic sauce recipes is the stage of forming
a reference model with which all subsequent modifications with dietary
supplements will be compared®'. The process begins with detailed descriptive
generation, where a trained expert panel determines the full range of quality
attributes of the sauce: from surface gloss and aroma intensity to specific
nuances of the aftertaste. Unlike traditional scoring, the QDA method does not
operate in terms of “better” or “worse”, but focuses on objectively measuring
the intensity of each descriptor on unstructured or linear scales. This allows
you to obtain a multidimensional “digital fingerprint” of the base product,
reflecting the balance between flavor components and textural characteristics.
An important aspect of creating a profile of basic recipes is ensuring their
reproducibility, which is achieved through multiple tastings in isolated booths
under strictly controlled conditions (serving temperature, lighting, taste
neutralizers). For each group of sauces — emulsion, tomato or fruit and berry
— an individual profile map is formed?. For example, for a basic mayonnaise
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sauce, the priority descriptors are “creaminess”, “tenderness”, “vinegar aroma”
and “buttery”, while for a tomato sauce, “sweetness”, “acidity”, “spiciness” and
“graininess”. The obtained average intensity values for each indicator serve as
initial coordinates in the multidimensional feature space.

The results of quantitative descriptive analysis are visualized in the form
of profile diagrams (petal diagrams), where each axis corresponds to a certain
descriptor. Such a graphic interpretation allows us to clearly see the architecture
of the taste and aroma of the basic model, to identify dominant notes and hidden
shades. The formed sensory profile of the basic recipes becomes the foundation
for further experimentation, since any deviation from this “ideal form” after
the introduction of dietary supplements will allow us to quantitatively assess
the degree of quality transformation and determine the vectors of the necessary
technological correction.

The study of the influence of concentration and method of introduction
of dietary supplements is a key stage in understanding the mechanisms of
transformation of the flavor bouquet of sauces. With a gradual increase in
the dosage of functional ingredients, a nonlinear change in the intensity of
descriptors is observed: after reaching a certain concentration threshold, the
beneficial properties of the supplement can be leveled by the appearance of

2 JlocHmiKeHHsT aMiHOKMCIOTHOTO Ta SKUPHOKUCIOTHOTO —CKJIajy COyCiB  (YHKI[IOHAJIBHOTO

npusnadenns / JI. B. Bamb-Ilpumumko, A. B. Anronenxo. Taepiticokuii nayxosui sichuk. Cepisi :
Texuiuni nayxku. 2025. T. 2, pun. 5. C. 3-12.
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A. B. Anronenxo, JI. bams-Ilpumumnko. Innovations and Technologies in the Service Sphere and Food
Industry. 2025. No. 4 (18). P. 7-12.
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undesirable organoleptic characteristics. For example, excessive introduction of
mineral complexes or certain vitamins provokes the appearance of extraneous
chemical notes that enter into dissonance with the basic taste of the sauce. This
requires the establishment of optimal enrichment intervals, where the functional
orientation of the product is harmoniously combined with high consumer
acceptability, without destroying the integrity of the taste image.

No less important role in the formation of the sensory profile is played
by the method of introducing dietary supplements into the sauce matrix. The
introduction of components at different stages of the technological cycle —
during the preparation of the aqueous phase, immediately before emulsification
or at the stage of maturation of the finished product — radically changes the rate
of release of flavor substances and their interaction with receptors. Preliminary
dissolution of additives in the hydrophilic or lipophilic phase allows you to
control the intensity of the initial taste perception, while the use of encapsulation
technologies provides a prolonged effect or masking of specific flavors. Thus,
changing the method of introduction acts as a tool for “taste management”,
allowing you to adapt the technology to the specifics of a particular dietary
supplement.

The transformation of the flavor bouquet under the influence of additives
is often accompanied by the phenomena of synergism or antagonism. Some
dietary ingredients can enhance the perception of natural components of the
sauce, for example, emphasize pungency or sourness, while others can act as
suppressors, suppressing desired aromatic notes. Analysis of these processes
allows us to identify critical points of change in the sensory profile and develop
strategies for stabilizing the taste. Taking into account the concentration factor
and the method of integrating additives provides the possibility of creating
products with a given organoleptic result, where the functional composition
does not worsen, but on the contrary, enriches and complicates the taste palette
of the sauce. Analysis of the textural characteristics of sauces with dietary
additives requires an integrated approach, since the physical parameters of
the system do not always linearly reflect human perception. This subsection
considers the correlation between objective indicators obtained using rotational
viscometers and texturometers and subjective “mouthfeel” sensations that arise
during tasting. The key factor here is the dynamics of the destruction of the
sauce structure in the oral cavity under the influence of body temperature and
mechanical shear by the tongue, where the instrumentally measured shear stress
directly correlates with the sensory descriptor “resistance to swallowing”, and
the elastic modulus with the feeling of “thickness” and “solidity” of the product.

Particular attention is paid to the influence of dietary supplements on the
subtle nuances of texture, which are difficult to record with standard devices,
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but which are clearly recognized by experts. For example, the introduction
of insoluble dietary fiber or mineral salts may not significantly change the
overall viscosity, but provoke the appearance of the descriptors “sandiness”,
“flouriness” or “metallic plaque on the teeth”. Establishing a mathematical
correlation between the particle size of additives and the threshold of their
sensory sensation allows us to determine the critical degree of dispersion of
ingredients necessary to maintain the premium smoothness and creaminess of
the sauce emulsion.

The process of evaluating “mouthfeel” also includes the analysis of
adhesive properties, i.e. the ability of the sauce to envelop the palate and
tongue. Instrumental measurement of the strength of separation (adhesion)
on a texturometer correlates with the duration of the aftertaste and the
intensity of aroma perception, since it is the textural film that holds the taste
molecules near the receptors. The study of these correlations allows not only
to predict the organoleptic response based on laboratory measurements, but
also to purposefully adjust the rheological profile of the product. This ensures
the creation of functional sauces that are not inferior in their kinesthetic
characteristics to traditional analogues, providing the consumer with the usual
level of comfort during consumption.

The use of the “flash profiling” method in the study of innovative sauces
is due to the need for operational screening of a large number of recipe
variations at the early stages of development. Unlike classical quantitative
descriptive analysis, this method does not require long-term preliminary
training of experts and unification of terminology. Each taster independently
forms an individual set of descriptors for comparing the presented samples,
which allows for the most complete coverage of the sensory diversity of
innovative products. This approach is based on the ability of experts to detect
differences between objects faster than describing their intensity on given
scales, which makes “flash profiling” an indispensable tool in the conditions
of a dynamic R&D process.

The methodology for implementing the method involves the simultaneous
presentation of all studied samples of sauces with dietary supplements, which
allows experts to conduct comparative ranking according to their own criteria.
The main analytical value lies in obtaining relative characteristics of products:
which samples are perceived as more spicy, thick or have a more pronounced
taste of the supplement. This allows for quick classification of innovative
samples by similarity groups and identification of “outliers” — recipes with
anomalous organoleptic indicators. The use of this method significantly
reduces the time spent on selecting the most promising combinations of dietary
ingredients for further in-depth research.
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The processing of the results of “flash profiling” is carried out using
Generalized Procrustes Analysis, which allows integrating individual descriptor
maps into a single group consensus space. As a result, a map of sensory
similarity of samples is constructed, where the proximity of objects indicates the
identity of their perception by experts. For the developer of functional sauces,
this provides a quick answer to the question of whether the new concentration
of the additive radically changes the overall image of the product compared to
the base standard. Thus, the method acts as an effective filter, allowing you to
focus resources on refining only those samples that have demonstrated the best
balance of innovation and sensory acceptability.

3. Modeling consumer preferences and optimizing
the recipe composition. Innovative approaches in quality control
of functional sauces

The transition from expert profiling to the assessment of real market
potential requires the involvement of the target audience, since the opinion of
professional tasters does not always coincide with the immediate preferences
of the average consumer. The study of consumer acceptability of sauces with
dietary supplements is carried out using hedonic testing, which is based on the
use of verbal or graphic scales (for example, a 9-point scale “from very like to
very dislike”). Within the framework of this section, the consumer’s emotional
response to the taste, color and consistency of the product is analyzed,
which allows determining the level of tolerance of the audience to specific
organoleptic characteristics inherent in functional ingredients. The methodology
for conducting hedonic tests involves the involvement of a representative group
of potential consumers who are not experts, but who regularly consume sauce
products or are interested in healthy eating. Particular attention is paid to the
factor of “informed choice”: how knowledge of the presence of a useful dietary
supplement affects the subjective assessment of taste. Studies often demonstrate
the psychological effect of the “health halo”, where consumers are willing to
forgive a product for certain shortcomings in texture or flavor, knowing its
functional value. However, the developer’s task is to achieve a high level of
acceptability without such compromises, which requires careful analysis of low
scores to identify critical formulation defects.

Statistical processing of the results of hedonic testing allows us to construct
a distribution of preferences and identify consumer segments with different
taste expectations. For example, one part of the audience may favor sauces
with pronounced herbal notes of extracts, while another may perceive them
as undesirable. The data obtained become the basis for calculating the overall
acceptability index and determining the “market window” for an innovative
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sauce. Thus, consumer testing acts as the final arbiter in the development
process, confirming that the created product is not only scientifically sound and
useful, but also attractive to the end buyer.

Preference Mapping is the highest stage of analytical data processing in
sensory analysis, as it allows you to combine objective profile characteristics
obtained from experts with subjective consumer assessments. In the context of
sauces with dietary supplements, this method allows you to visualize a complex
multidimensional space, where each point corresponds to a separate product
sample, and vectors reflect the directions of growth of consumer preferences.
Using external preference mapping allows the developer to clearly see which
descriptors (for example, the intensity of a spicy aroma or the degree of
viscosity) are driving factors of success, and which, on the contrary, repel the
buyer. This turns a set of disparate assessments into a strategic map for product
optimization.

An important tool for fine-tuning the recipe is the use of Just-About-Right
(JAR) scales. This method allows consumers to assess the intensity of specific
sauce characteristics (saltiness, acidity, additive concentration) relative to
their own perception of the ideal. Analysis of the results using JAR scales in
combination with Penalty Analysis allows us to quantitatively determine how
significantly a deviation from the ideal point reduces the overall acceptability
of the product. For example, if 40% of consumers consider the sauce to be “too
tart” due to the high concentration of plant extract, and this reduces the average
hedonic score by 2 points, the technologist receives a direct indication of the
need to reduce the dosage or correct the flavor background.

Identifying the “ideal point” in the space of sensory characteristics allows
you to create a product that best meets the expectations of the target market
segment. In the process of modeling sauces with DD, this helps to find that
precarious balance where the functional orientation of the ingredient is still
felt as a value, but does not cross the line of organoleptic discomfort. The
construction of benefit maps in combination with the analysis of JAR scales
provides a scientifically sound transition from experimental research to industrial
production of a sauce with guaranteed commercial success, minimizing the
risks of rejection of an innovative product by the market.

Mathematical modeling of the influence of ingredients on the overall
harmony of the sauce is a higher stage of development, which allows you to
move from empirical selection of ingredients to predictive product design. The
basis of this process is the construction of multifactorial models, where the
independent variables are the concentrations of dietary additives, stabilizers and
flavor components, and the dependent variable is the integral harmony index
or overall sensory assessment. The use of Response Surface Methodology
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(RSM) allows you to visualize complex interactions between components and
identify areas of synergy where the combination of ingredients provides the
best organoleptic effect at a given level of functionality.

The harmony of the product in a mathematical aspect is considered
as a balance of the intensities of individual descriptors, which minimizes
dissonance in perception. Optimization algorithms are used to model this state,
which allow you to find such ratios of additives, at which specific flavors
(for example, bitterness of the extract) are masked by natural components
of the matrix. An important element of the model is the consideration of the
weight coefficients of each sensory indicator, since the influence of textural
characteristics on the overall impression of the sauce can be more significant
than the influence of individual flavors. This allows the technologist to operate
with numbers to achieve a holistic “bouquet” that the consumer perceives as
harmonious and complete.

A special place in modeling is occupied by the analysis of the stability
of the system: how the mathematical model changes when the quality of
raw materials or technological process conditions vary. The use of iterative
calculation methods allows the development of flexible recipe maps that
adapt to fluctuations in the properties of ingredients without losing the
sensory identity of the sauce. As a result, mathematical modeling becomes
a quality assurance tool, transforming the development of sauces with dietary
supplements from an art into a precise engineering discipline, where each
change in composition has a clearly calculated consequence for the final
harmony of the product. Predicting the stability of the sensory profile is
a critical stage in the life cycle of sauces with dietary supplements, since
functional ingredients often have high chemical activity and can initiate
undesirable transformations during storage. This subsection considers the
kinetics of changes in key descriptors of taste, aroma and texture under the
influence of environmental factors and intrasystem interactions. For emulsion
sauces, special attention is paid to the stability of the lipid phase, where
dietary supplements, in particular mineral complexes, can act as oxidation
catalysts, which leads to the appearance of the descriptors “rancidity” and
“oxidation”, radically transforming the initial sensory profile.

For objective prediction of shelf life, accelerated aging methods (ASLT —
Accelerated Shelf Life Testing) are used, which allow for a short period of
time to simulate the processes occurring in the product over months. By storing
samples at elevated temperatures and controlled humidity, points of degradation
of sensory indicators are recorded: loss of aroma intensity of extracts, change
in color coordinates or emulsion delamination. Mathematical extrapolation of
these data allows us to establish a “sensory shelf life” — the moment when
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the product still remains safe, but its organoleptic characteristics no longer
correspond to the declared profile or consumer expectations.

An important component of stability is the preservation of textural
descriptors, which directly depends on the state of hydrocolloids and prebiotics
in the sauce structure. During storage, syneresis or starch retrogradation
phenomena may be observed, which causes the appearance of a “watery” or
“rubbery” consistency. Monitoring these changes allows developing effective
stabilization strategies, such as correcting antioxidant protection or using
synergistic mixtures of hydrocolloids. Scientifically based forecasting ensures
that the consumer will receive a product with a constant level of quality and
functional value throughout the entire shelf life, which is the foundation of
brand trust and stability of market positions. The digitalization of quality control
methods in the food industry opens up new opportunities for objectifying
sensory analysis through the use of biomimetic systems, such as the “electronic
nose” and the “electronic tongue”. These tool complexes are based on the use
of arrays of non-selective chemical sensors that imitate the work of human
olfactory and taste receptors. Within the framework of profiling sauces with
dietary supplements, these technologies allow obtaining a “digital fingerprint”
of the product, which records the total response to a complex mixture of volatile
and soluble components. This ensures high accuracy of sample identification
and allows detecting the slightest deviations from the reference profile, which
may be imperceptible even to a trained expert.

The “electronic nose”, analyzing the gas phase above the surface of the
sauce, is able to recognize specific aromatic markers caused by the introduction
of plant extracts or vitamin complexes. It is especially effective for monitoring
lipid oxidation processes in mayonnaise sauces at the early stages, when the
first signs of rancidity are not yet detected by the human sense of smell. In turn,
the “electronic tongue” specializes in the analysis of liquid media, allowing
quantitative assessment of the level of bitterness, astringency and saltiness. For
functional sauces, it is an indispensable tool in developing off-flavor masking
technologies, as the device provides a stable, reproducible assessment, free
from human factors, fatigue or subjective preferences.

Integration of “electronic nose” and “electronic tongue” data with intelligent
data analysis methods allows building correlation models with the results of
traditional sensory analysis (QDA). This creates the basis for the transition
to automated profiling in real time directly on production lines. The use of
such digital twins of sensory perception ensures the stability of the quality
of innovative sauces on an industrial scale, guaranteeing that each batch of
the product with dietary supplements meets the specified “gold standard” in
taste and aroma. The use of these technologies does not replace a person, but
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significantly expands the analytical capabilities of the research technologist,
transforming organoleptics into an accurate digital metric.

The use of computer vision systems in sauce quality control is a logical
continuation of the digitalization of sensory analysis, which allows replacing
subjective visual assessment with precision hardware monitoring. Unlike
the human eye, whose perception is affected by the level of lighting, fatigue
and psychological factors, digital systems provide absolute reproducibility of
results. In the context of sauces with dietary supplements, computer vision
solves two critical tasks: identification of the smallest color deviations and
analysis of the macrostructural uniformity of the product. Analysis of color
characteristics using digital image processing allows pixel-by-pixel scanning of
the sauce surface with subsequent conversion of data into colorimetric systems
(CIE Lab). This is especially important for products with plant extracts, which
can change their shade under the influence of light or residual oxygen in the
package. The system is able to record the appearance of microscopic oxidation
zones or undesirable pigment spots, which is an indicator of quality degradation
at an early stage. In addition, digital color fixation allows you to standardize
the appearance of the product in different batches, guaranteeing the consumer
visual stability of the brand.

The assessment of the uniformity of the structure by computer vision is
based on the analysis of texture patterns of the image. Processing algorithms
allow you to detect:

— The degree of dispersion of ingredients (identification of undissolved
particles of dietary supplements that can affect the feeling of “gritty”).

— The presence of microbubbles of air (analysis of the degree of aeration,
which correlates with the lightness and viscosity of the emulsion).

— Syneresis and delamination (detection of the separation of the liquid phase
on the surface or near the walls of the package, which is critical for sauces with
a reduced fat content).

The use of neural networks to classify the resulting images allows you to
automate the decision-making process in production. The system can be trained
to recognize the “ideal structure” of a sauce and instantly signal deviations
that require correction of technological parameters (homogenization speed
or mixing temperature). Thus, computer vision turns visual inspection into
a powerful tool for engineering analysis, ensuring impeccable presentation and
structural integrity of innovative sauces.

The development and implementation of express organoleptic control
cards is the final stage of transferring scientific developments to the real
production sector. Such cards adapt complex profiling techniques (QDA, RSM)
to operational control conditions, where time for decision-making is limited.
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The main goal of the express card is to provide a laboratory assistant or shift
supervisor with a clear, standardized tool for quick verification of the quality of
each batch of sauce with dietary supplements, minimizing the influence of the
subjective factor.

The structure of the express card is based on the selection of critical
organoleptic markers that respond most quickly to violations of the technological
regime or changes in the quality of raw materials. Instead of lengthy descriptors,
specific visual and taste referents are used. The card includes:

—  Visual standard (photographic standards of color and texture (glossiness,
absence of particles), obtained using computer vision).

— Tolerance profile (a shortened petal diagram, which indicates the
boundaries of the “quality corridor” for the main taste notes (acidity, sharpness,
intensity of the aftertaste of DD)).

—  Checklist of critical defects (a list of undesirable signs (bitterness,
metallic aftertaste, grittiness), the presence of which requires immediate
stopping of the line or sending the batch for further processing).

The express card methodology involves using a point assessment on
a simplified scale (e.g., 3- or 5-point), where each score has a clear technical
justification. For example, a score of “4” may indicate a slight deviation in
viscosity that does not affect consumer acceptability, while a “2” indicates
a color change due to oxidation of the extract. This allows for rapid monitoring
without involving a full expert panel.

Digital integration of express cards into quality management systems (e.g.,
HACCP or ISO 22000) allows for automatic accumulation of production
stability statistics. In the event of systematic deviations from the “ideal
profile” recorded in the card, the system signals the need to revise the recipe
or perform equipment maintenance. Thus, the developed express cards become
a connecting link between scientific modeling and industrial reality, ensuring
that each consumer receives a sauce with the characteristics that were laid
down at the stage of creating an innovative product.

CONCLUSIONS

The conducted comprehensive study allowed to form a new methodological
basis for the development and quality control of sauces with specified
functional properties. The main scientific and practical results of the work
were formulated.

Substantiation of matrix systems. It was proven that the choice of a model
system (emulsion, tomato or fruit and berry) is a determining factor for the
bioavailability and sensory perception of dietary supplements. It was established
that the lipid phase of emulsion sauces acts as an effective depot for fat-soluble
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antioxidants, while the polysaccharide matrix of fruit sauces best masks the
specific astringency of plant extracts.

Sensory and digital profiling. An integrated approach was applied, combining
classical quantitative descriptive analysis (QDA) with digital methods of the
“electronic nose” and “electronic tongue”. The obtained digital profiles of basic
and innovative recipes allowed mathematically confirming the zones of product
harmony and establishing threshold concentrations of additives that do not
cause degradation of the flavor bouquet.

Establishment of rheological correlations. Stable correlations were found
between instrumental indicators of viscosity, adhesion and sensory sensation
“mouthfeel”. This makes it possible to replace subjective texture assessment by
70-80% with objective laboratory measurements, which is critically important
for standardizing products with prebiotics and mineral complexes.

Optimization of consumer preferences. The constructed preference
maps (Preference Mapping) clearly localized the “ideal point” for each
type of sauce. Mathematical modeling confirmed that the use of Industry
4.0 principles in recipe design allows achieving synergy between functional
value and organoleptic appeal, minimizing the risks of market rejection of
innovations.

Predictive stability. Models for predicting changes in the sensory profile
during storage have been developed. It has been established that the use of
complex stabilization systems allows extending the shelf life of the “fresh”
profile of sauces with DD by 15-20% compared to basic preservation methods.

Practical recommendations have been formulated and summarized:

For manufacturing enterprises. Implement the developed express
organoleptic control cards as part of HACCP systems for operational quality
monitoring.

For R&D laboratories. Use the “flash profiling” method for rapid screening
of new types of raw materials, which significantly reduces the time to market
(Time-to-Market).

For industry standards. It is recommended to integrate digital color
assessment methods (computer vision) into regulatory documentation for sauce
products to increase the accuracy of variety and freshness identification.

The results of the work constitute the scientific basis for creating a new
generation of healthy food products, where digital technologies and mathematical
modeling act as guarantors of high quality and consumer success.

To implement modern profiling methods at food industry enterprises, it
is necessary to ensure the integration of scientific approaches into the daily
practice of production laboratories and R&D departments. This will allow
not only to control quality, but also to consciously manage consumer loyalty.
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Recommendations for the implementation of profiling methods have been
formulated and substantiated.

Creation of sensory zones. It is recommended to equip specialized tasting
booths with controlled lighting (in accordance with ISO 8589) and neutralization
of foreign odors. This minimizes external influence on experts during the
evaluation of complex sauce systems with dietary supplements.

Digital retrofitting. For enterprises with a high degree of automation, it is
advisable to introduce high-resolution digital cameras for computer vision and
portable spectrophotometers. This will allow replacing visual color assessment
with digital Lab coordinates.

Personnel selection. Selection of employees for sensory profiling should be
based on sensory sensitivity tests (determination of taste and smell thresholds).

Continuous training. The implementation of the QDA method requires
regular sessions to calibrate experts using reference sauce samples. This ensures
uniformity of terminology (for example, a clear distinction between “metallic
taste” and “tartness” in sauces with DD).

Screening of new ingredients. Use the Flash Profiling method as an express
filter when changing suppliers of raw materials (oil, tomato paste, extracts).
This allows you to instantly determine whether the new raw material affects the
brand’s signature taste profile.

Preference mapping. It is recommended to conduct an annual comparison
of internal sensory profiles with the results of consumer tests (Preference
Mapping). This will help to identify “drift” of consumer tastes and reformulate
sauces in a timely manner.

Implementation of express cards. It is recommended that technical control
laboratories move from descriptive conclusions (“product-specific taste”) to the use
of numerical tolerance profiles. Any batch where the intensity of key descriptors
exceeds 15-20% of the standard should undergo additional technological expertise.

Sensory passport of the product. For each type of innovative sauce, it
is advisable to develop a “Sensory passport” where its digital fingerprint is
recorded (electronic nose/tongue or spectrophotometry data). This is a legal and
technological argument in the event of quality claims.

Interdisciplinary interaction. The results of profiling should be available not
only to technologists, but also to marketers. Understanding the “ideal point”
(JAR) allows the sales department to more accurately position the product as
functional or premium, based on proven organoleptic advantages.

The implementation of the recommendations will allow transforming
organoleptic analysis from an auxiliary tool into a strategic advantage of
the enterprise, ensuring consistently high quality of innovative products in
a competitive market.

378



SUMMARY

The paper presents the scientific justification and development of
a comprehensive methodology for sensory analysis and profiling for creating
harmonious sauces with dietary supplements of plant and mineral origin with
guaranteed quality indicators. The relevance of the study is due to the modern
transition of the food industry to a model of preventive and health-improving
nutrition in the conditions of the growth of nutritionally dependent diseases.
Sauces are defined as an optimal multicomponent technological matrix for
the introduction of biologically active substances, however, their integration
is accompanied by the risks of the appearance of foreign flavors, changes in
viscosity and disruption of the colloidal stability of systems, which requires the
objectification of sensory perception.

The object of the study is the process of forming the organoleptic properties
of sauces of various physicochemical nature (emulsion, tomato, fruit and
berry) under the conditions of integration of dietary supplements. The subject
of the study is the regularities of changes in the sensory profile, descriptive
characteristics of taste, aroma and texture, as well as methodological approaches
to their modeling. Within the framework of the theoretical and methodological
analysis, the specifics of the influence of different types of nutrients on the
sauce matrix were investigated. It was proven that plant extracts (grape seeds,
green tea, echinacea) provoke astringency and bitterness due to the high content
of polyphenols, and prebiotics significantly transform rheological indicators,
acting as fat imitators. Mineral complexes most often cause a metallic aftertaste
and catalyze lipid oxidation. An algorithm for the formation and preparation
of an expert commission in accordance with ISO and DSTU standards (in
particular ISO 6658, DSTU ISO 8586, ISO 13299) was developed. The
procedure for selecting candidates by sensitivity thresholds, methods for their
training using physical standards and periodic calibration of the tasting panel
to eliminate “sensory drift” is described. A unified terminology for constructing
petal diagrams is substantiated. The assessment of the reliability, reproducibility
and consistency of the expert panel is implemented through mathematical
and statistical tools, in particular multivariate analysis of variance (ANOVA),
Kendall’s concordance coefficient and the principal component method (PCA),
which allows for recording objective “digital fingerprints” of the sensory space.
The feasibility of using three types of model systems (emulsion two-phase
systems “oil-water”, acid-aggressive tomato bases and highly destructive fruit
and berry matrices) is scientifically verified. This allowed for a comprehensive
study of the phenomena of synergism and antagonism of ingredients and to
model the optimal “harmony coefficient” of finished products, combining their
high biological value with impeccable gastronomic characteristics.
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CHAPTER 19

CONSUMER DECISION-MAKING WHEN
PURCHASING FOOD PRODUCTS FROM UKRAINIAN
MANUFACTURERS

Riabinina N. O, Yaryi I. M.
DOl https://doi.org/10.30525/978-9934-26-697-3-19

INTRODUCTION

In modern economic science, the study of consumer behavior serves as
the foundation for developing effective marketing strategies. The process of
making a purchasing decision is not a quick one, but rather a complex sequence
of stages in which the consumer is influenced by a combination of specific
internal and external factors.

Classical economic theory (A. Smith, D. Ricardo, J. Stuart Mill, T. Malthus)
was based on the utility maximization postulate: the consumer possesses
complete information about the market and chooses the good that yields the
greatest benefit at the lowest cost. However, in practice, this theory proved to
be flawed.

Modern theory (based on the research of L.V. Balabanova and
S.V. Garkavenko) views consumer behavior as a system of an
individual’s adaptation to environmental conditions® 2. Consumers satisfy their
needs by making the choices that seem acceptable to them at a given time.

According to the classical approach, the decision-making process consists
of five main stages: problem recognition, information search, evaluation of
options, purchase decision, and post-purchase behavior.

The first stage is recognizing a need. It arises when a consumer perceives
a gap between their desired and actual state, where the impulse can be triggered
by both internal stimuli (hunger, thirst) and external ones (advertising, a store
window)?.

During the information-seeking stage, consumers gather data by drawing
on their own cognitive experience (internal sources of information) and their

! Bamabanosa JI. B. MapkeTHHTOBHIT MEHEDKMEHT : HaBd. mociOHuK. KuiB : 3nauns, 2014. 354 c.

T'apkaBenko C. C. Mapketusr : minpyunuk. Kuis : JIi6pa, 2010. 720 c.
agantok O. K. Cnioxkusayi Ha puHKY : MoHOrpadis. Kuis : KHEY, 2015. 212 c.
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active external environment. In this era of widespread digitalization, the
significance of external communication factors has increased substantially.
Modern Ukrainian consumers are characterized by a high level of trust in
informal information — in particular, user-generated content on social media and
the expert opinions of influencers. Ha crazii nomyky indopmanii crioxuBau
30Mpae JaHi, 3BEPTAalOUMCh 0 BJIACHOTO KOTHITHMBHOTO JIOCBiy (BHYTPIIIHI
JoKepena iHdopmarlii) Ta aKTHBHOTO 30BHILITHBOTO CepeloBHIIa’.

The process of evaluating alternatives is based on a system of individual
criteria that reflect a person’s key priorities, and it is at this stage that the
“awareness set” and “choice set” are structured, within which the individual
analyzes brands based on their ability to best meet current needs>.

During the purchase stage, two factors can influence a consumer’s decision:
the opinions of those around them (so-called social pressure) and unforeseen
circumstances (such as the unavailability of the desired product or the sudden
emergence of priorities that require additional financial expenditure).

The final stage is the experience following the purchase. It is this experience
that will determine whether a person returns to this brand again. If the actual
product turns out to be worse than expected, “cognitive dissonance” arises —
a state of disappointment that negates all of the company’s previous advertising
efforts®.

Therefore, the very process of choosing is always an attempt to solve
a problem without having all the facts. Since consumers never have complete
information (so-called “information asymmetry”), they subconsciously use
heuristics — simple rules that make their choice easier, namely: the recognition
strategy (I buy what I’ve seen on TV, in advertising brochures, on billboards,
on social media, etc.); the price-quality strategy (if a product is expensive, it
subconsciously implies high quality; or if it’s the Nasha Ryaba brand, their
products are safe and fresh thanks to the company’s “from grain to plate”
control policy); the social proof strategy (I buy what others have or choose —
the bandwagon effect). Thus, the theoretical essence of this phenomenon lies
in reducing cognitive load. The consumer strives to make a decision as quickly
as possible and with minimal effort. The economics of choice is, above all,
a struggle to become the easiest and most desirable choice for the buyer, one
that leaves no doubt about the choice made.

4

ladamiok O. K. CrioxuBaui Ha pusKy : Mosorpadis. Kuis : KHEY, 2015. 212 c.
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1. Key factors influencing Ukrainian consumers’ decisions

Making a purchasing decision in Ukraine today is not just about
choosing a specific product, but also about the consumer’s attempt to adapt
to extremely challenging conditions. While price used to be the decisive
factor, the psychological model of choice has now become much more
complex. Let’s examine the main groups of factors that guide modern
Ukrainians.

1. The factor of security and trust. In conditions of constant instability (power
outages, air raid alerts, constant enemy attacks on infrastructure, uncertainty
about the future, limited financial resources, and financial instability), product
quality has taken center stage. Consumers fear buying spoiled or low-quality
goods. Therefore, they subconsciously choose large, recognizable brands (such
as “Nasha Ryaba”).

For Ukrainians, a large, stable company is a guarantee that production
standards are met and that products are of high quality, fresh, and safe. This
is a reassuring factor for which the buyer is willing to pay more.Kirouosi
(akTOpH BIUIMBY Ha PillIeHHS YKPaiHCBKUX CIIOXKHMBAYiB

It is also important to note that Ukrainian legislation regarding compliance
with product quality requirements and liability for violations is gradually
improving, but not sufficiently. Control over manufacturers is largely formal
in nature. The mechanism for returning goods and compensating for damages
based on the provisions of the Law of Ukraine “On the Protection of Consumer
Rights” is often very complex and time-consuming in practice’.

European quality standards (EN) are stricter than Ukrainian ones (DSTU),
as they prioritize safety, quality, and environmental friendliness. Ukraine is in
the process of aligning its legislation with EU requirements in accordance with
the Association Agreement®.

Quality control for Ukrainian products is far from perfect; very often,
the ingredients listed on the label do not match the actual contents, not to
mention underground workshops and production facilities. Therefore, domestic
consumers place greater trust in craft producers and small family businesses
that care about their image and reputation, as well as in industrial giants that
export their goods, whose products undergo multi-stage inspections in order to
enter and remain competitive in foreign markets.

7 TIpo 3axuCT mpaB CHOXHBa4iB : 3akoH YKpaiHu. Bidomocmi Bepxosnoi Paou (BBP). 2023. Ne 78,

ctr. 276. URL: https://zakon.rada.gov.ua/laws/show/3153-20#Text.

8 VYroma mnpo acomiawmito Mix VkpaiHow, 3 oxmiei croponu, Ta €Bponeiickkum Corozom,
€BpONEHCHKUM CITIBTOBAPHCTBOM 3 aTOMHOI €HEprii i iXHiMHU Jep)kaBaMHU-UJICHAMH, 3 IHIIOI CTOPOHH.
Odiwiitauii caiit BepxosHoi Paxu Yrpainn. URL: https://zakon.rada.gov.ua/laws/show/984 011#Text.
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2. The social factor. Ukrainians have become extremely sensitive to the
values of the brand they choose. The so-called ethical choice has become
a priority. Before making a purchase, consumers (often unconsciously) check
whether the brand supports the military, has withdrawn from the market of the
aggressor country, or allocates funds to volunteer programs. A company’s social
stance has become a powerful factor in loyalty. If a chosen brand demonstrates
patriotism, the consumer feels involved in a good cause simply by purchasing
its products.

3. The factor of saving personal time and energy (convenience). Due to
high levels of constant stress and fatigue, consumers have come to value their
time and energy more. This is a factor of functional convenience. Instead
of buying a whole chicken and spending time cutting it up, Ukrainians opt
for ready-made solutions: fillets, marinated meat, or semi-prepared foods
(“ready-to-cook™), such as nuggets. Preference is given to a more expensive
product whose preparation will save precious time that can be devoted to
oneself and one’s family. In conditions of energy scarcity, this is a decisive
argument.

4. The information factor. Traditional TV commercials and billboards have
begun to lose their influence on consumers. Social proof is becoming the
dominant factor. Consumers now trust reviews in online forums or posts by
bloggers and celebrities more than official slogans. Ukrainians have started
actively using mobile apps and retail chains’ websites to search for discounts
and promotional items. Such actions subconsciously give a sense of control
over one’s own financial resources, which is extremely important in the current
realities faced by consumers in Ukraine.

2. Factors influencing purchasing decisions and directions
for the transformation of marketing strategies among Ukrainian
companies in the industry

An analysis of Ukraine’s consumer market for the period 2021-2024
reveals a profound shift in priorities driven by macroeconomic shocks. The
food inflation index has become a key factor driving Ukrainians’ choices.
While inflation was moderate in 2021 (10%), it surged to 26.6% (overall)
and over 34.4% for food products in 2022. Take the rise in chicken prices,
for example. Based on average monthly prices from the Ministry of Finance
portal, the average price of chicken breast rose from 108.44 UAH/kg in 2021
to 163.14 UAH/kg in 2024 (Table 1). This has forced consumers to switch
from buying premium cuts to more budget-friendly options (drumsticks,
wings) or to look for promotional offers from large retail chains.
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Table 1
Comparison of average prices for meat products (UAH/kg)

Products 2021 2022 2023 2024
Chicken breast, UAH/kg 108,44 131,68 139,05 163,14
Pork (UAH/kg) 120,55 146,06 188,45 180,69
Beef (UAH/kg) 164,86 205,61 221,42 270,56

Source: created by the author based on’.

Economic factors have triggered a “substitution effect” that is clearly evident
in industry statistics. Due to rising prices for beef and pork (which, according to
the Ministry of Finance portal, outpaced the rate of increase in poultry prices),
the share of chicken in total meat consumption in Ukraine has risen to over
55%. Chicken has officially become the primary source of animal protein for
most households, making the pricing policies of market leaders (particularly
MHP) strategically important for the entire industry.

During the 2022-2024 period, purchasing decisions were influenced by
the stability of supply. According to retail statistics, during power outages,
consumers preferred vacuum-packed products and semi-prepared foods that do
not require lengthy preparation. This confirms the shift from a “raw material”
choice to a “functional” choice, where ease of use and speed of heat treatment
are key factors.

An analysis of real household income indicates a decline in its currency
equivalent. This has given rise to the “rational shopping” phenomenon:
consumers have begun to shop more frequently but in smaller quantities, which
has led, for example, to food giants such as MHP expanding their product range
to include portion-sized packaging. According to the data presented in Table 1,
certain trends can be observed. In recent years, there has been a steady upward
trend in the cost of all types of meat products, driven by a combination of
macroeconomic factors.

Prices for pork and beef are rising faster than those for chicken, making
poultry products more economically attractive for consumers’ budgets. Chicken
breast has shown the most stable yet continuous growth — from 108.44 UAH
in 2021 to 163.14 UAH in 2024. Thus, the total absolute increase amounted to
54.70 UAH, which represents a 50.44% increase. This confirms chicken’s status
as a staple protein source, with a price that is less volatile compared to other
types of meat. Pork and beef saw a sharper price surge in 2022-2023. In
particular, the price of pork rose by a record 29.02% in 2022 alone, which is

°  CepenHi uiny Ha ToBapy Ta nocayrd. Mingin: ¢inancosuii mopran. URL: https:/index.minfin.com.ua/
ua/markets/product-prices (nara 3pepuenns: 20.03.2026).
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attributed to logistical challenges and a reduction in livestock numbers due to
hostilities.

The combination of military risks, energy shortages, rising feed costs, and
logistical challenges is creating the conditions for further price increases in
meat products. The need to maintain complex technological processes and cold-
chain logistics amid an energy crisis — exacerbated by the instability of global
fuel prices due to geopolitical tensions in the Middle East — inevitably leads
to higher costs for end consumers. Rising prices for diesel fuel and gasoline
directly impact producers’ logistics costs. For example, for companies with
their own distribution networks (their own trucks), every hryvnia increase in
fuel prices adds 2—3% to the cost per kilogram of meat on the shelf.

Poultry farms require stable heating (gas/electricity) and ventilation. Amid
power shortages and the shift to generators, the cost of energy increases by
3-5 times. This creates a “price shock” that is gradually passed on to the
consumer. Grain elevators and feed mills also depend on energy costs (for
grain drying), which increases the cost of raising poultry. The outlook for the
future is not very optimistic at this time. In the medium term, retail prices
are expected to rise by 10-12%. The main peak will occur during periods of
increased electricity rates for industry.

To save money, consumers will increasingly opt for packaged goods and ready-
to-cook meals in order to better control their spending and time. To retain the
loyalty of budget-conscious consumers, companies are forced to strike a balance
between raising prices and optimizing their own energy and logistics costs.

The transformation in consumer behavior caused by the macroeconomic
shocks of 2021-2024 has forced Ukraine’s food industry to radically rethink
its marketing models. Whereas competition used to revolve primarily around
price, the industry has now shifted its focus to competing for consumers’ time
and trust.

— The shift toward the “Food-as-a-Service” model. The meat processing
industry is seeing a clear move away from selling unprocessed raw materials. The
development of high-value-added products has become a priority, specifically
Ready-to-Cook (semi-prepared foods) — this is a response to consumer demand
for simplified meal preparation. Manufacturers are investing in marinating
technologies, portion-cutting, and baking-ready packaging. Companies in the
industry are moving away from positioning themselves as farms and are instead
becoming kitchen assistants, offering ready-made recipe solutions.

— Restructuring of distribution channels. Industry analysis indicates a shift
in the role of retail. Instead of general-purpose hypermarkets, industry leaders
are developing their own or partner single-brand chains. This allows them to
control the “cold chain” (especially important during blackouts) and collect
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consumer data directly at the point of sale. Integrating online orders with
physical pickup locations has become a mandatory standard for maintaining
market share.

— Adapting pricing to the new realities. Based on inflation data from the
Ministry of Finance’s monitoring portal, companies in the industry have
implemented a flexible pricing strategy. The use of fixed-weight packaging (for
example, 350-500 g instead of 1 kg) allows for maintaining a psychologically
comfortable price per unit of product. Marketing budgets are being reallocated
from direct advertising to trade marketing (discounts, bonuses), as 75% of
purchasing decisions in the industry are now made directly at the shelf based
on the so-called “yellow price tag.”

— Social and value-based differentiation. During the 2022-2024 period,
a mandatory element of reputational sustainability was incorporated into
the industry’s marketing strategies. Factors such as support for the military,
energy independence in production, and tax transparency have become part of
marketing communications. Consumers tend to choose brands that demonstrate
social responsibility, which fosters long-term loyalty that is resilient to price
fluctuations.

According to the data presented in Table 2, there has been a trend in recent
years toward a shift from selling bulk goods (whole carcasses, meat by weight) to
high-value-added products (semi-prepared and ready-to-eat meals). Companies
now sell not just raw materials, but “time” and “convenience,” which align
with the modern pace of consumers’ lives. Instead of exhausting price wars
and dumping (the battle for the lowest price on the market), businesses have
shifted to more sophisticated strategies. Customer retention through bonuses
and personalization (loyalty cards).

Table 2
Evolution of marketing tools in the food industry
(based on original research)

The 4P Element | Traditional approach (until 2021) | Modern approach (from 2024)
Product Bulk goods, raw materials Semi-finished products, ready-to-cat
meals
Price Price wars, dumping Loya}ltyfrogramg, price perv
serving,” promotional campaigns
Place Mass market, markets Branded retail chains, neighborhood
stores
Social projects, digital engagement,
Promotion Imimxesa pexnama (Th) collaboration with bloggers and
influencers

Source: Compiled by the author based on personal observations.
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To mitigate the price shock for consumers, manufacturers are shifting to
a model of reducing the nominal weight per unit. This approach allows them
to maintain a psychologically acceptable price per package, despite rising raw
material costs.

Large-scale mass-market retailers and markets are beginning to compete
with specialized formats (such as “M’yasomarket”). This allows companies
to directly control the customer experience and service. The focus is shifting
toward walk-in accessibility, which is a key factor for daily purchases of fresh
produce. Traditional image advertising on television reaches everyone, but
it is not always effective. Collaborating with bloggers and influencers builds
a higher level of trust.

3. The company’s marketing mix and measures for its improvement
(using PJSC “MHP” as an example)

MHP (Myronivsky Hliboproduct) is a leading international player in the
food and agrotechnology sector, as well as the largest poultry producer in
Ukraine. It is important to view the company not merely as a producer, but as
a complex system that directly influences consumer choice.

— Scale and structure of operations. The company is based on a vertical
integration model, which, in conditions of instability, is its main competitive
advantage. MHP is a full-cycle company. It independently grows grain for
compound feed, produces poultry meat, and handles its own logistics and
retail operations. The company’s portfolio includes such well-known brands
as “Nasha Ryaba” (market leader), “Legko!”, “Bashchynskyi,” “Skott Smeat,”
“Super Filéo,” “Vegas,” “Sekreti Shefa,” and the “Myasomarket” neighborhood
store chain.

— Business model transformation (2021-2024). 1t was during this period that
MHP embarked on a large-scale transformation from an agricultural holding
into a culinary company. This move was a direct response to the factors of “time
constraints” and “demand for convenience.” The goal of the transformation is
to create high-value-added products (semi-finished goods, ready-to-eat meals)
and develop its own retail network for direct contact with consumers.

— Economic role in the market. According to financial reports and industry
monitoring (including the Ministry of Finance portal), MHP holds over 50%
of the industrial chicken production market share in Ukraine. The company
is one of the country’s largest taxpayers and foreign exchange earners, which
strengthens “social trust” and patriotic loyalty among Ukrainian consumers.

MHP’s product portfolio strategy is a key tool for influencing consumer
decisions. Between 2021 and 2024, the company transitioned from a “raw
materials producer” model to a “culinary company” model, which enabled
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it to differentiate its products based on various factors. According to the
company’s annual reports (MHP Annual Reports), the key objective is to
transition from a model of raw material supplier to a producer of ready-to-
eat food solutions, in line with the global trend toward convenience. The
company’s products are clearly divided into categories, each of which is
designed to meet specific psychological and economic needs of the consumer.

Table 3
Product portfolio segments by target market
Main Brand Product s
Segments ™ Product portfolio factors Segment priorities
Core segment | TM “Nasha chilled poultry core factors of | most in demand due to
Ryaba” (whole birds, cuts) |safety and trust | affordability compared

to pork and beef

Value-added | TM “Apetitna,” | marinated meat, the main a premium for speed
segment “Legko!” ready-to-bake influencing of preparation, which
dishes, nuggets factor is is critical in high-stress
convenience situations.
Premium TM “Skott dry-aged beef and | Gastronomic focus on obtaining
and niche Smeat,” sausage products | pleasure the desired emotional
segment “Bashchynskyi” reward.

Source: this resource was created by the author based on'.

Innovations in packaging and technology are aimed at preserving quality
and safety. Taking into account industry challenges (blackouts, logistical
disruptions), MHP’s product analytics identifies the following technological
factors. Vacuum packaging and modified gas atmospheres allow for extending
the shelf life of chilled meat without freezing. For the consumer, this ensures
freshness and reliability. The shift from bulk goods to portion-sized packages
of 400-600 g. This addresses the “rational check” concept — the consumer sees
a fixed price per package, which makes budget planning easier in an inflationary
environment.

MHP’s products are highly competitive thanks to vertical integration
(control from grain to shelf). This creates a guarantee of quality for the buyer,
which is difficult for small local producers to replicate.

According to market analyses (Forbes Ukraine!!, Dragon Capital'?),
MHP’s products maintain their market leadership thanks to vertical integration.

10 Odiuiitruii caiir MXII. URL: https://mhp.com.ua (zara 3BepHenns 18.03.2026).

' VkpaiHcbKa Bepcis aBTOPUTETHOr0 MikHaponsoro OisHec-Buzanns Forbes. URL: hitp:/www.forbes.ua
(nmara 3BepHenHs 05.03.2026).

12 Caift onHi€l 3 HaHBILTMBOBIIINX YKPATHCHKUX TPYI KOMMaHIN y cdepi iHBecTHii Ta diHaHCOBHX
nocnyr. URL: http://www.dragon-capital.com (nara 3seprenss 05.03.2026).
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Quality control begins with feed production and extends through the
company’s own logistics, which minimizes the impact of external logistics risks
on product freshness.

Table 4 presents an analytical assessment of MHP’s product lines. The
analysis is based on key influencing factors, sources of competitive advantages,
and demand trends. MHP focuses not merely on meat sales but on high-value-
added products (semi-finished goods).

Table 4
Analytical assessment of PJSC “MHP” product lines through
the lens of influencing factors

Product categor Key influencing Source of competitive Share of demand
gory factor advantage (trend)
Chilled Chicken E;iid Trust and Brand Awareness > 90% | Stable
Ready-to-Cook Convenience and . .
Prodicts Speed Wide product range Wide product range
Prepared meals Service and ready- | Own chain of Rapid erowth
(M'yasomarket) made solutions “M'yasomarket” stores pid g
Sausage products Taste and value Wide “Bashchynsky Moderate growth
product range

Source: Created by the author based on personal observations.

The company’s own “Myasomarket” store chain is identified as a key
advantage for its culinary products, minimizing dependence on third-party
retailers. High brand recognition — over 90% in the core segment — allows the
company to experiment with new product lines, building on the trust it has
earned from consumers.

Between 2021 and 2024, the Ukrainian food market was affected by extreme
factors: the COVID-19 pandemic, a full-scale invasion, inflation, logistical
challenges, and mass population migration.

According to the annual reports of PJSC “MHP,” the company has
demonstrated adaptability to changes in consumer demand. In 2021, the
strategy focused on transforming from a raw materials company into a culinary
one, which aligned with consumer demand for ready-to-eat and quick-prep
meals. However, starting in 2022, product availability and safety have also
become important. An analysis of financial reports shows that despite logistical
challenges, the company’s revenue in 2023 increased by 14% compared to 2022,
which is attributed to both inflationary pressures and stable demand for poultry
meat as the most affordable source of protein for Ukrainians. This confirms that,
in a context of declining incomes, affordability becomes the dominant factor.
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Based on an analysis of PJSC “MHP”’s non-financial reports and
sustainability reports, three main groups of factors can be identified that
influenced Ukrainians’ purchasing decisions during this period.

— Economic factor (price elasticity and the “price-quality” strategy).

In its 2022 report, the company notes that consumer price inflation forced
shoppers to reevaluate their shopping baskets. There was a shift from expensive
beef and pork to chicken. The growth in the share of chicken meat sales in the
retail segment against the backdrop of a general decline in purchasing power.
Consumers choose products that meet their basic needs at the lowest possible
cost.

— Socio-psychological factors (brand trust, corporate social responsibility).

During the war, product safety and trust in the manufacturer have become
critical factors. In its 2023 report, MHP notes increased loyalty to the “Nasha
Ryaba” brand, as consumers, in times of uncertainty, tend to choose familiar
brands that guarantee quality. To avoid risk, the buyer is willing to pay more
for the brand to be confident in the product’s freshness.

An analysis of the 2023 sustainability (ESG) report shows that Ukrainian
consumers have begun to pay attention to how the company supports the Armed
Forces of Ukraine and local communities. MHP’s humanitarian projects, such
as “MHP-Community,” have had a positive impact on the brand’s image.

— Situational factors (convenience and changes in distribution channels,
environmental friendliness).

Reports from 2021-2023 document a sharp increase in demand for
individually packaged products and semi-finished goods. This is primarily due
to time savings and quick meal preparation amid power outages and water
supply issues. The number of retail outlets in the “Myasomarket” chain grew
to over 240 in 2023, indicating demand for the “neighborhood store” format».

4. A study of factors influencing consumers of PJSC “MHP”
and ways to improve the company’s marketing activities

a total of 135 respondents participated in the pilot study: 51.4% were
men and 48.6% were women. In the food sector (especially meat), women
traditionally tend to act as the primary decision-makers for family purchases.
Women focus more on safety and environmental friendliness. They are more
likely to read the ingredients list on the packaging and look for labels such as
“antibiotic-free,” “GMO-free,” and so on. It is women who are the main critics
of industrial chicken in favor of free-range chicken. Men tend to prioritize
functionality and quantity. For them, it is more important that the product is
filling, or that it is a ready-made solution (such as marinated kebabs) that does
not require a long preparation time.
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It was important for the study to take into account the purchasing attitudes
of both men and women.

The respondents’ ages ranged from 2640 (62.9%), 41-60 (20%), and over
60 (17.1%). Each generation has its own purchasing preferences. Young people
(18-25 years old) typically prioritize speed. They are more likely to buy ready-
to-eat meals. Middle-aged consumers (26—40 years old), the so-called “family”
demographic, prefer both semi-prepared products and whole or portioned
chicken. For them, meat quality and convenient packaging are important. The
older generation (41+) is more conservative. They are accustomed to buying
whole chickens or meat by weight and cooking “from scratch.” It is this group
that most often chooses “free-range” chicken at markets out of habit or a whole
chicken at the supermarket.

Classifying customers by marital status is one of the key elements of
demographic segmentation in marketing research. Marital status directly
influences how much and how often a person purchases a product. Single people
prefer portion-sized items, small packages (e.g., 200 g of chicken breast), and
quick-to-prepare foods; price also plays an important role for them. Large
families focus on bulk purchases and staple foods in significant quantities.

The vast majority of respondents (65.7%) belong to families consisting of
3—4 people, 17.1% to families of 2, 11.4% are single, and 5.8% are families
consisting of 5 or more people.

According to the analysis of this study, the dominant factors influencing
the choice of meat products in stores are freshness, production date, product
appearance, price, and promotional offers (Fig. 1).

Select the 3 most important factors that influence your
choice of meat at the grocery store:

Product price, promotional offers

Speed of preparation (pre-cooked products) “ I

“Product appearance through the packaging

Presence of the “No antibiotics or hormones” label “

Freshness and production date (safety)
Brand recognition and trust in the manufacturer “

@Psn 1

Fig. 1. Factors influencing the choice of meat products

Source: Created by the author based on original research.
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The vast majority of respondents who participated in the study (85.7%)
belong to the category of people with a middle-income level, which is sufficient
for food and clothing, but requires saving up for major purchases (Fig. 2).

Middle-income consumers are rational. They don’t buy the cheapest
items because they care about quality, but they also don’t mindlessly buy
expensive items because they need to save money. These shoppers look for
a balance between price and quality. If such a shopper sees expensive decor
or a “sommelier” at “Meat Market,” they might subconsciously think it’s “too
expensive.” It’s important to understand whether the modern design might
scare off this group of people, who are used to saving money. People with
average incomes often work long hours to maintain their standard of living.
For them, time is money. They are willing to pay a little more for marinated
meat or a ready-made meal if it allows them to relax after work. This is the
ideal target audience for MHP’s “culinary company” concept. For this group, it
is critically important to have a clear loyalty program and regular promotional
offers, allowing them to effectively manage their daily budget while still being
able to save up for major purchases.

According to the data obtained (Fig. 3), 42.9% of respondents buy chicken
2-3 times a week, 25.7% buy it once a week, 22.9% buy it less frequently, and
8.6% do not buy poultry at all.

These figures demonstrate the market’s high capacity and a well-established
culture of poultry consumption in Ukraine. The fact that the majority of
respondents (68.6%) buy chicken at least once a week indicates low price
elasticity of demand for this product.

This creates favorable conditions for implementing loyalty programs aimed
at retaining regular customers.

According to the survey results (Fig. 4), 25.7% of respondents prefer
the “Nasha Ryaba” brand (which indicates that MHP products are in high

How would you SR 85,70% 2,90%
0% 20% 40% 60% 80% 100%

How would you rate your family’s income level?

® Limited (enough only for groceries)

m Average (enough for groceries and clothing, but financial resources must be saved for

major purchases)
Above average (I can afford expensive purchases and vacations)

Fig. 2. Household income level

Source: Created by the author based on original research.
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HOW OFTEN DO YOU BUY POULTRY (CHICKEN)?

EEvery day ®2-3 times a week M Less often ®I don’t buy poultry at all

Fig. 3. Frequency of poultry meat purchases

Source: Created by the author based on original research

WHICH BRAND DO YOU PREFER MOST OFTEN?

m-“Nasha Ryaba” (MHP)

u-“Epikur”

m -“Chebaturochka”

m Supermarket private labels (Svoia Linia, Povna

Chasha, etc.)

®I buy at the market (free-range chicken)

Fig. 4. Brand popularity ranking among surveyed consumers

Source: Created by the author based on original research.

demand), 45.7% prefer supermarket private labels (Povna Chasha, Svoia
Linia, etc., as this offers convenience and saves time by allowing them to
purchase other items along with chicken), and 22.9% buy poultry (which
indicates that quality, environmental friendliness, and taste are important to

shoppers).

According to the survey data, price remains the dominant factor in

purchasing decisions for the majority of respondents (Fig. 5).

This indicates a high price sensitivity among the target audience, driven by
consumers’ desire to optimize their daily expenses. At the same time, the results
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40,00%
35,00%
30,00%
25,00%
20,00%
15,00%
10,00%

5,00%

0,00%

On a scale of 1 to 5, rate how much PRICE influences your
purchasing decision (1 — not at all, 5 — deciding factor)

34,30% 34,30%
17,10%
11,40%
2,90%
= L L L
1 2 3 4 5
@ran 1

Fig. 5. The impact of price on purchase decisions

Source: Created by the author based on original research.

show that price is not perceived in isolation, but in close connection with the
product’s quality characteristics.

“Respondents are willing to pay a moderate premium only if freshness and
safety are guaranteed, which confirms a rational model of their behavior.” The
data obtained indicate that consumers are extremely price-sensitive. A total of
94.3% of respondents are guided, to one degree or another, by promotional
offers. This confirms the thesis that in the modern meat products market, price
is the primary tool for stimulating sales. Only a small proportion of respondents
(5.7%) demonstrate complete price inelasticity, which is characteristic of the
premium segment of high-income consumers.

HAVE YOU STARTED LOOKING FOR PROMOTIONAL
OFFERS (“YELLOW PRICE TAGS”) MORE OFTEN
OVER THE PAST YEAR?

B Yes, I’m always looking for discounts
® 1 sometimes pay attention to sales

® No, I buy regardless of whether there are
discounts

Fig. 6. The effect of promotional pricing on purchasing decisions

Source: Created by the author based on original research.
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HOW DO YOU REACT TO A SIGNIFICANT INCREASE
IN PORK OR BEEF PRICES?

1 partially replace them with chicken (to save
money)

®1 buy less meat overall

=1 don’t buy pork or beef

Fig. 7. Response to rising pork and beef prices

Source: Created by the author based on original research.

When pork and beef prices rise, 51.4% of respondents begin to buy less
meat overall, while 42.9% partially substitute them with chicken (Fig. 7). These
results confirm consumers’ high sensitivity to price fluctuations in the meat
market. The fact that 42.9% of respondents are willing to substitute expensive
pork and beef with chicken indicates poultry’s status as the primary substitute
product. For MHP, this means that any significant increase in prices for other
types of meat automatically expands its customer base, as chicken remains
the most affordable source of animal protein for Ukrainians. This allows the
company to maintain sales volumes even amid declining consumer purchasing
power, provided that chicken is properly positioned as an affordable and healthy
alternative to more expensive red meat.

Only 14.3% believe that the chosen manufacturer must support the Armed
Forces of Ukraine, engage in volunteer activities, etc.; for 62.9%, this would be
desirable but is not the main factor when choosing a brand; and for 22.9% of
survey participants, it is not important at all (Fig. 8).

These results indicate that a brand’s social engagement (supporting the
Armed Forces, volunteering) is an important but not a decisive factor for
the majority of consumers (62.9%). This suggests that corporate social
responsibility is perceived as an added benefit rather than the primary reason
for purchase. For MHP, this means that despite the importance of charitable
projects, product quality and affordable prices must remain the foundation of
the marketing strategy, as these are critical for 85.8% of respondents (the sum
of those for whom this is unimportant or important only as an added benefit).
88.6% choose raw meat (carcass, fillet) for home cooking, 8.6% prefer semi-
prepared products, and only 2.9% opt for ready-to-eat meals (Fig. 9).
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IS IT IMPORTANT TO YOU THAT THE PRODUCER
TAKES AN ACTIVE SOCIAL STANCE (SUPPORTING
THE ARMED FORCES OF UKRAINE,

VOLUNTEERING)?

B Yes, this significantly increases my
loyalty

M Preferable, but not the main factor
when purchasing

®1 don’t pay attention to this

Fig. 8. The influence of a manufacturer’s social position on consumers

Source: Created by the author based on original research.

The results confirm that the market remains traditional. 88.6% of consumers
still focus on purchasing raw ingredients (whole cuts, fillets) for home cooking.
This indicates a strong conservatism among Ukrainian households.

For MHP’s strategy to transform into a “culinary company,” this indicates
the existence of enormous untapped potential; however, it also points to the
need for a long-term effort to educate consumers about the benefits of ready-to-
eat meals (2.9%) and semi-prepared foods (8.6%).

34.3% of respondents confirm that shopping at specialty meat stores like
“M’yasomarket” is very convenient and comfortable, but they usually shop at

WHICH PRODUCT FORMAT DO YOU PREFER MOST
OFTEN?

mRaw meat (whole cuts, fillets) — I prepare it
myself

®Marinated meat, ready-to-bake + semi-
prepared foods to save time

m Ready-to-eat meals (cutlets, grilled items, side
dishes)

Fig. 9. The impact of a manufacturer’s social stance on consumers

Source: Created by the author based on original research.
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large supermarkets, where a wide variety of necessary products is available in
one place, which significantly saves time on shopping (Fig. 10).

The survey results revealed serious competition between specialized meat
retailers and multi-format supermarkets. The main challenge for MHP remains
transforming “Myasomarket” from a destination for meat purchases into a full-
fledged store with an expanded range of complementary products. The most
critical finding of the study is that the majority of respondents had never
even heard of the “Myasomarket” chain. This indicates insufficient marketing
communications during the project’s scaling phase. MHP needs to strengthen
local marketing and advertising to convert potential interest into actual visits
to its stores.

An analysis of the use of digital loyalty tools (Fig. 11) revealed a significant
gap between the company’s technological offerings and actual customer
behavior. The vast majority of respondents (82.9%) prefer traditional shopping
without using mobile apps. This indicates that for the majority of the audience,
digital barriers (the need to download software, registration) currently outweigh
the potential benefits of MHP’s “YIMO” loyalty program.

To summarize the above, the following conclusions can be drawn. During
this extremely difficult time for the Ukrainian population, saving money
is a priority for most consumers, so price remains the decisive factor when
choosing products. Shoppers prefer products that have stood the test of time
and well-known brands, spending time searching for discounts and promotional
offers.

Although neighborhood stores like “M’yasomarket” are very convenient,
many people have never even heard of them. Unlike the “Nasha Ryaba” brand,

HOW WOULD YOU RATE THE CONVENIENCE OF
THE “M’YASOMARKET” STORES BY MHP?

®Very convenient; it’s my main “neighborhood”

store
m Convenient, but I usually buy everything at once

in large supermarkets
®m 1 don’t use this store’s services

®mI’ve never heard of this chain of stores

Fig. 10. The convenience of “Myasomarket” stores from
the consumer's perspective

Source: Created by the author based on original research.
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DO YOU USE THE MHP “YIMO” MOBILE APP FOR
THE “MYASOMARKET” CHAIN OR OTHER DIGITAL
LOYALTY PROGRAMS FROM OTHER RETAIL

CHAINS?

m Yes, I use it actively
m I’ve heard of it, but I don’t use it yet

®mNo, I prefer traditional shopping

Fig. 11. Shoppers’ use of MHP mobile apps and other digital loyalty
programs from other retail chains

Source: Created by the author based on original research.

which has been advertised on national TV and radio for years, the promotion
of the “Myasomarket” chain, which began in 2020, is more focused on digital
(social media) and BTL (local promotions). The older generation (which is an
active buyer of meat) is often left out of this communication.

To improve the marketing activities of PJSC MHP and increase the
effectiveness of the “Myasomarket” chain, the following measures are proposed.

Strengthen local marketing (BTL promotions, geotargeted advertising) to
raise brand awareness, as most potential customers are currently unfamiliar
with this store format.

Rebranding or simplifying the interface of the “YIMO” app, including the
introduction of an “instant benefit” mechanism (e.g., a 10-15% discount on the
first purchase when the app is downloaded directly at the checkout, or “refer
a friend and receive bonus points toward future purchases,” etc.).

Expanding the line of ready-to-eat culinary solutions and conducting regular
tastings at points of sale to overcome the psychological barrier regarding the
quality and taste characteristics of ready-made products.

The main way to improve marketing could be transforming “M’yasomarket”
into a full-fledged mini-market. Given that 34.3% of consumers choose large
retail chains solely because they can buy everything in one place, it is necessary
to expand the complementary product range (bread, dairy products, basic fruits
and vegetables, and possibly add baked goods to the product lineup). This
will allow for the implementation of the concept of “quick and high-quality
shopping close to home,” thereby neutralizing the advantage large retailers
have in one-stop shopping.
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Improvements to marketing activities should be based on increasing
transparency. Since a significant portion of respondents still prefer poultry
(22.9%), it would be advisable to implement QR codes on packaging, allowing
consumers to instantly view the slaughter date, laboratory test results, and the
conditions under which the poultry was raised. Such a step, combined with
active communication of the company’s volunteer projects (which 77.2%
of respondents cited as a desired factor), will foster strong emotional brand
loyalty.”

CONCLUSIONS

The process of purchasing a product is a complex journey consisting of
many stages. At each stage, the buyer may have doubts, revisit their choice, or
change their mind several times.

Modern international and domestic approaches demonstrate a shift in
focus from purely rational choice to emotional and behavioral models, where
psychological triggers and social context play a decisive role.

Today’s buyer has become more demanding regarding product safety and
environmental friendliness. While price used to be the key factor, today trust in
the manufacturer has become a key factor, which in Ukraine is often based on
the manufacturer’s long-standing presence in the market.

An analysis of the current market situation for the 2021-2024 period
showed that Ukrainian consumers are influenced by extreme external factors.
An examination of the annual reports of PJSC “MHP” revealed a trend toward
“pragmatic loyalty.” Consumers choose familiar brands for safety reasons
but have become extremely sensitive to price fluctuations due to a decline in
real incomes. These conclusions are also confirmed by the results of our own
research into factors influencing consumers.

A practical study of the marketing mix, based on a survey of 135
respondents, revealed a high level of trust in the products of the “Nasha Ryaba”
brand (25.7%). There is also a clear trend showing the influence of price, the
availability of discounts, and loyalty programs on product selection, driven
by the limited financial resources of the average Ukrainian. A correlation was
found between a person’s age, family composition, and purchasing power.
Single people and the elderly have lower incomes and, as a result, can afford
only a minimum of products, leading them to choose discounted items.

The shift from traditional retail outlets to culinary centers and neighborhood
stores (“M’yasomarket”) requires a rethinking of classic marketing models.
Most respondents (37.1%) have never heard of stores of this type, which
indicates that MHP’s marketing and advertising policies are inadequate.
34.3% of respondents prioritize convenience and time savings when shopping,
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choosing large supermarkets where they can buy everything at once in one
place. This once again confirms that for the vast majority of consumers, time is
a priceless and non-renewable resource.

It is important to note that middle-income shoppers are the “most loyal”
segment for MHP, as they will not switch to the cheapest products at the first
sign of a crisis, nor will they go to expensive gourmet markets.

In the Ukrainian context of 2022-2026, consumer behavior is driven not
only by preferences but also by logistical constraints, shifts in income, and the
need for long-shelf-life or quick-prep foods.

Thus, an analysis of PJSC “MHP”’s strategies reveals how past theoretical
approaches are being adapted to today’s crisis conditions, transforming
challenges into new opportunities for business development.

SUMMARY

Research into consumer decision-making mechanisms when making
purchases now extends beyond purely marketing interests, becoming a matter
of business adaptability and resilience. Amid high market volatility, inflationary
pressures, and a decline in real household incomes in Ukraine, the structure of
consumer priorities has undergone fundamental changes. The chosen topic is
driven by the following factors:

1. Transformation of the consumption model. There is a shift from emotional
shopping to a strategy of smart saving. Consumers are becoming more rational
and discerning, comparing price offers and secking added value in every
purchase.

2. The effect of deferred demand and spending priorities. During times of
crisis, consumers tend to postpone purchases of durable goods, focusing instead
on basic needs. Understanding the touchpoints that can trigger a purchase under
such conditions is key for retailers.

3. The patriotic dimension of consumption. Economic nationalism has
become a unique influencing factor for the Ukrainian market. Supporting local
producers often becomes a more compelling argument than the recognition of
a global brand or even a price advantage.

Thus, a scientific analysis of choice factors allows businesses not only to
survive but also to build loyal communities around their brand, based on a deep
understanding of customers’ current pain points and needs.
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CHAPTER 20

PEOJIOIN4YHI TA CTPYKTYPHI BIACTUBOCTI
MOJIOYHUX NMPOAYKTIB 3 PIBHUMU TUTTAMU
AONCMNEPCHUX CUCTEM

OcbMmak T. T, Banaypa V. I, bacc O. O.
DOI https://doi.org/10.30525/978-9934-26-697-3-20

BCTYI

MornouHi TIPOAYKTH SIBISIOTE COOOIO CKJIajHi OaratodasHi AMCHEpCHi
CHUCTEMHU, BJIACTUBOCTI SKHX OOYMOBJICHI IXHIM XIMIYHHM CKi1ajgoM. HaiOimbir
MIOBHY XapaKTEPHCTHKY SKOCTI MPOXYKTY MOXKHAa OTPUMATH Ha OCHOBI aHaJIi3y
Horo (Qi3MYHHMX BIACTUBOCTEH, PEONOTIYHUX, CTPYKTYPHO-MEXaHIYHUX
XapaKTepUCTHK, [0 BU3HAYAIOTh TEXHOJIOTIYHY SKICTh MOJIOYHUX MPOAYKTIB Ta
0COOIMBOCTI IXHBOT MOBEIHKH i1 4aC TEXHONOTIYHUX mporieciB. KoHcucTeHITis
€ CYKYITHICTIO DEOJIOTIYHHMX BJIACTUBOCTEH MPOAYKTY, SKi (OopMyroThCS
po3mipamu, (opMOIO, TPOCTOPOBMM  pO3TAIIyBaHHAM 1  XapakTepoM
B3a€EMOJIIT CTPYKTYpHHX €JIEMEHTIB. 32 OCOOJMBOCTSMH CTPYKTYPHU MOJIOYHI
MIPOAYKTH MOJUISIOTE HA CTPYKTYpOBaHi piZKi CHCTEMH (MOJIOKO, BEpILIKH) Ta
B’SI3KOIIACTUYHI (CMeTaHa, KUCIOMOJIIOYHUI CHp, CHPKOBI BHpoOM). KoxkHa i3
LUX TPYI XapaKTEePU3YEThCs CHENU(pIUHUMHU PEOSIOTIYHUMH BIACTHBOCTSIMH,
0 BH3HAYaIOTh OCOOJIMBOCTI IXHHOTO BHUPOOHMITBA, MepepoOKu, 30epiraHHs
Ta CIIOKUBaHHS'.

depMeHTOBaHI MOJIOYHI HAmoOi HaJeXaTh 10 HEHBIOTOHIBCBKUX PIIWH
i3 NCEeBAOIUIACTHYHMM XapakTepoM Teuii. Jls TakuX CHCTEM XapaKTepHe
3MeHIIeHHsI e(eKTUBHOI B’S3KOCTI 31 3pOCTAaHHSM IIBUJAKOCTI 3CYyBY, LIO
00yMOBJIGHO PpYyHHYBAaHHSIM BHYTPIIIHBOI CTPYKTYPH TPOAYKTY MiA JIi€l0
MEXaHIYHOTO HABaHTAXCHHSA. 3a HHU3bKHX NIBHAKOCTEeH nmedopmarii i
MPONYKTH TPOSIBISAIOTH BUPAXKEHI O3HAKW aHOMAJIBHOI B’A3KOCTI, TOMII
SK 3a IHTEHCHUBHIIIOTO 3CYBHOTO BIUIMBY IXHI PEOJIOTIYHI BJIACTUBOCTI
HaOMMKAIOTBCS JI0 XapaKTePUCTUK HBIOTOHIBCHKUX pianH. CTpyKTypHO-
MEXaHI4Hi BJIACTHBOCTI Ta KOHCHUCTEHILiS KHCIOMOJIOYHHX TPOAYKTIB
(OpMYIOTbCS TiJ BILUIMBOM pi3HHX (akTopiB. SIKicTh MOJIOYHOI CHPOBHHH,
BMICT JKUPY Ta CyXHX PEYOBUH, KOHLIEHTPALIis O1JIKiB, PEXHMHU TEXHOIOT14HOT
00poOku € BaromMuM (dakropamMu BIUTUBY. [lopylIeHHS ONTHMaJEHOTO
CHIBBIAHOIIEHHS IMX YNHHUKIB MOXKE CIIPHYMHATH HOTIPHICHHS CTPYKTYPHHUX

' Morison, K. R., Phelan, J. P, Bloore, C. G. Viscosity and Non-Newtonian Behaviour of
Concentrated Milk and Cream. International Journal of Food Properties. 2013. Vol. 16 (4). P. 882-894.
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XapaKTePUCTUK, 3HMKEHHS B’S3KOCTI Ta IOSBY CHHEPE3HCYy B TOTOBOMY
MPOIYKTIZ.

Takum YHHOM, JIOCJTiJPKSHHS peosoriyHuX BJIACTUBOCTEH
MOJIOYHHMX TIPOAYKTIB Ma€ BaXJMBE 3HA4YEHHS JUIA PO3YMIHHS MpOLECIB
CTPYKTYPOYTBOPEHHS, ONTHMI3allil TEXHOJOTIYHUX PEKUMIB BUPOOHHIITBA Ta
3a0e3MeUeHHs CTa01IbHO BHCOKOI SIKOCTI TOTOBOT MOJIOYHOI MPOMYKITIT.

MeTo10 po6oTH € MOCIHIIKEHHS PEOJOTIYHUX XapaKTEPUCTHK MOJIOYHHUX
MPOAYKTIB 3 pI3HMMH THUIAMHU JUCIEpCHHX cucteM. lle nmacte MOXJIMBICTH
YAOCKOHAJIUTH THIIOBUI TEXHOJOTIYHUI NpoLec 1 KOHTPOJIOBATH SIKiCHI
MTOKa3HUKK MOJIOYHUX MPOIYKTIB.

OpraHoienTu4Hy OIIHKY KHCJIOMOJIOYHOI ITaCTH IPOBOIMIM METOIOM
OITMCYBaHHs BIIKPUTHUX AErycCTalii, BUKOpucToByroun 10-0asbHy MIKay.

AKTHBHY KHCJIOTHICTh BHMIPIOBAIM IIUIIXOM BBEJCHHS EJICKTPOIIB
MOTCHI[IOMETPUYHOTO aHAIi3aTopa B KOHIEHTpaTu 3a Temmneparypu 20 °C.

B’s3kicte  cymimi i KHCIOMOJIOYHHX — HAacT 13 POCIMHHUMH
HATIOBHIOBaUaMH BHU3HAYaJIM Ha Bi3ko3uMeTpi [emmuiepa. Meton 3acHOBaHO
Ha BU3HAYEHHI JMHAMIYHOi B’S3KOCTI 3 BHMKOPHUCTAHHSM IAaIiHHS KyJIbKH
y B’S3KOMY CEPEIOBHIII.

[IponyKT HEe MOBUHEH MICTUTH a3y, ISl LbOTO HOTO Mepej BUBHAYSHHIM
B’A3K0CTI HarpiBatoTh no temmeparypu (30 + 2)°C, mnepemiyoTs
i 0x0JoKYI0Th 10 TemmuepaTrypu (20 £ 1) °C. [IpoOy nmpoaykTy 00epekHO
HaJIMBAIOTh 110 CTIHIl y BHYTPIIIHIO CKIISIHY IpHU3MYy BickosuMmeTpa Ha 95%
MiCTKOCTI. I3 KOMIUIEKTY BUOMPAIOTH KYJIBKY 3 TaKUM pO3paxyHKOM, 1100
TpPUBAJICTh il majiHHSA B NpOAYKTI Ha Biapi3ky 0,1 M He Oyna MeHIIe Hix
25 1 Ginpmre 3a 120 c. Yac mpoXoIKeHHs KyJi MiXX BEPXHBOIO i HHIKHBOIO
Mmo3HaykaMu (iKCYrOTh Ha CEKYHJOMIipi i JBi4l 3aMipsitOTh JO OTpUMaHHs
PI3HUI MiX TpbOMa pe3yibTaTaMu He Oinbiue Hixk 1 c.

Junamiuny B’s3KicTb nponykty h (I1a-c) o6unciooTs 3a Takowo GpopMyIoro:

h=t(d-d)k- 103,

Je t — TpuBajicTh HamiHHSA Kyimi, ¢; d — TycTHHa Marepiany, 3 SKOTO
BUTOTOBIICHa Kyist, 3a Temmeparypu 20 °C, r/em’; d; — rycruHa Mosmoka 3a
temmeparypu 20 °C, r/cm®; k — KOHCTaHTa Kyiti, MM%/c%.

I'yctuna Matepiaity, 110 3 HHOI'O BHIOTOBJICHA KyJis, 1 KOHCTAHTAa BKa3aHi
B MACIIOPTIi TPUIIAIY.

2 Didem Sézeri Atik, Hale Inci Oztiirk, Nihat Akin. Perspectives on the yogurt theology. International
Journal of Biological Macromolecules. 2024. Vol. 263 (2). Art. 130428.
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Bonoroyrpumysanbny 3narHicts (BY3) rpedano-cupoBaTKoOBOr0 KOMIIOHEHTa
BU3HAYaJM TPaBIMETPUYHHM METO/IOM, SKHH TIPDYHTYETbCS Ha BH3HauCHHI
KIJIBKOCTI BOJIOTH, IO BHUAUISETHCS 3 MPOAYKTY 3a JIETKOro mpecyBaHHs. s
uporo HaBaxky (0,3 r) BMillyBaqu Ha M’SKy BOJOHEIPOHHUKHY IUIACTHHY
niamerpoMm 40 MM, HaKpUBaJIM NOBUIBHO ITOTIMHAIOUMM 0€330JbHUM (ijbTpOM
niamerpoM 40 MM, IOTIM HAaKPUBAJIM CKIISTHOIO TUIACTUHKOIO AiameTpoM 100 MM
i BMingyBanu Ha Hei rupro mMacoro 500 r. Uepe3 7 XBWIMH IUIACTHHY 3HIMaJH,
a TUTACTHHY 3 HABAaXXKOIO 3BaXKyBaju. BY3 Bu3Hauanu 3a GopMysor:

BY3 = (100-(a — 6))/a,

ne BY3 — BomoroyrpumyBanbHa 30aTHICTh, %; a — KUIBKICTH BOJIOTH
y HaBaXIl, T; 0 — KUTBKICTh BOJIOTH, III0 BUIUIAIACS 3 HABAXKKU CUPY, T.

a=03B,/100,

ne 0,3 — HaBakka cupy, I'; B, — MacoBa uacTka Bojoru, %.

CryniHb CHHEpe3UCy 3ryCTKIB BU3HaYau HeHTpupyKHUM MeTonoM. Jlocminauit
3pa30K MICJIs IIepeMIllyBaHHS BHOCHIIM B IGHTPUQYKHI MipHI TPOOIpKH B KUTBKOCTI
10 cm® ta nentpudyrysamu npotsrom 30 xB 3a gactoru 0beptis 3000 xB'. Yepes
KOXKHI 5 XB BU3HAYa M 00’ €M CHPOBATKH, 110 BUAUIABCS (CM>).

PeororiuHi BIaCTHBOCTI KUCJIOMOJIOYHUX TACT BU3HAYAIM HA POTAlliiHOMY
BickosuMeTpi Rheotest 11 3 BUMIpIOBaIbHOI CHCTEMOIO MMJIIHAP — LUTIHID
S/N HUIAXOM 3HATTS KPUBHX KiHETHKH medopmartii (Teqii)’.

EdekruBHy B’s3KicTh CyMilleli MOpO3MBa BU3HAYald Ha pOTaLidiHOMY
Bicko3uMeTpi Rheotest 11 3 BUMIpIOBaIbHOI CHCTEMOIO MHJIIHAP — LUTIHID
(S/S1) nusixom 3HTTS KpUBUX KiHeTHKHU Aedopmarii (Teuil).

BumiproBanns nposouiiu 3a temieparypu 20 °C y pexxumax «a» uu «by, siKi
BCTAHOBJIIOBAIM €KCIIEPUMEHTAJIBHO 3 ypaxyBaHHIM CTPYKTYPHO-MEXaHIUuHHX
BJIACTUBOCTEH JTOCIIDKYBaHUX 3pa3KiB. BumiproBanbuuii nmminap (porop) S1
BUOMpAIN 3 TaKUM PO3PaxyHKOM, 1100 rpaJieHTHUH IIap PO3MOBCIOKYBABCS
Ha BCIO TOBIIMHY IIApy MPOAYKTY, PO3MIIICHOr0 B KUIBLEBOMY 3a30pi
BHUMIPIOBAJILHOTO MIPUCTPOIO Bicko3umeTpa. [ KOKHOTO MoCiiay Opaiu HOBY
MOPIIIO MPOIYKTY.

BumiproBanHsi Hampyrd 3CyBy IIPOBOIMIIM 32 JIBAHAALSTH 3HAYCHb
mBUIKOCTI 3¢yBy y (MIla*c) y miamasoni Big 3 mo 1312,2 ¢! 3a mocmizoBHOTO

3 Kochubei-Lytvynenko, O., Yatsenko, O., Yushchenko, N., Kuzmyk, U. A stabilizing system for
butter pastes based on the dry concentrates of milk protein. Eastern-European Journal of Enterprise
Technologies. 2018. Vol. 5. No. 11 (95). P. 30-36.
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CTYMIHYacTOTO 30UIbIIEHHS IUBUAKOCTEH 3CYBY, BHUTPUMKH 3 HaHOLIbLIOIO
LIBHJKICTIO ¥ IIOJAJBIIOrO  IMOCTIJOBHOTO CTYIIHYAaCTOTO 3MEHILCHHS
LIBUKOCTEH.

OnepkaHi  pe3ynsraTd BUMIPIOBaHb OOYMCIIIOBAIM 32  JIOIIOMOTOIO
CTaHAapTHHUX TPOTrpaM CTAaTUCTUYHOTrO 00pobOieHHs Microsoft Exsel. I'padiune
MIPE/ICTABICHHS EKCIEPUMEHTAJIbHUX JAHUX 3IIHCHIOBAIM 32 JOIIOMOTOIO
nporpamu Microsoft Exsel. TouHicTh oTpuMaHuX pe3ynbTarisB 3a0e3mneuyBaacs
TPH-TI’ITUKPATHOIO OBTOPIOBAHICTIO JOCIi/IiB.

1. ®opMyBaHHS peosIoriYHUX BIACTUBOCTEN KUC/IOMOJIOYHUX NacT

i3 POC/IMHHMMK HaNOBHIOBaYaMu

3 BUKOPUCTAHHSIM HAIIOBHIOBAdYiB y CKJIaii PELENTYp KHUCIOMOJIOYHHX IacT
MOXXKe BinOyBaTHCsl CIIOHTaHHE BIIIUJIEHHS BOJOTH SIK Y CBDKOBHPOOIEHHX
MPOAYKTaX, TaK 1 MiJ 4ac IXHbOro 30epiraHHs. 3armoOirTv HOMY HPOLECY Jae
3MOT'Y BUKOPHCTaHHS 3B’ 13yBaJIbHUX BOJIOT'Y HAITOBHIOBAYIB, SIKI BUKOHYIOTH TAKOXK
¢yHkuito crabinmizaropiB crpykrypu. Halfuacrimie B MOJIOYHIH MPOMHCIOBOCTI
BUKOPHCTOBYIOTH IIEKTUHHU, KAPOOKCUMETHIILIEITION03Y, KapariHaH!, MoiM(iKoBaHi
KpoxMaJi (K caMOCTiifHO, Tak i y ckiaai crabiizauiiiHux cuctem)®.

Cepex LIMPOKOTO CHEKTpa XapyoBUX J00aBOK, IO BHKOPHCTOBYIOTHCS
B CYYacHHMX TEXHOJIOTISIX Xap4yOBHX IPOIYKTIB, OCOOJMBE 3HA4YE€HHS MaroTh
Moau(ikoBaHi KpoxMaisi. 3aBAsKd CBOIM (DYHKIIOHaJIbHO-TEXHOJIOTTYHUM
BJIACTMBOCTSIM BOHM IIHPOKO 3aCTOCOBYIOTBCS SK CTPYKTYPOYTBOpIOBadi,
3aryiiyBaui Ta cradijgi3aropu B 0araTOKOMIIOHEHTHHX XapyOBHUX CHUCTEMaXx.
MomudikoBaHi KpoxMalli XapaKTepH3yIOThCSI BUCOKOIO CTaOUIBHICTIO Mij 4ac
30epiraHHsi Ta TEXHOJOTIYHOI 00poOkK. Ha BinMiHy BiJl HATUBHUX KPOXMAJiB,
BOHH MalOTh 3HW)KEHY CXMWJIBHICTH JIO PETporpajamii Ta CHHEPE3WCy, LI0
cripusie 30€peXeHHIO CTaOIIbHOI CTPYKTYpHM TOTOBOTO HPOAYKTY HPOTSITOM
TpuBaJIoro yacy. HasBHICTh monepeuHux 3B’s3KiB y CTPYKTYpPi OKPEMHUX BHIIB
MOIU(IKOBAaHUX KPOXMAJIB 3a0e3ledye iXHIO CTIMKICTh A0 i IiIBUIICHUX
TeMIlepaTyp, MEXaHIYHMX HaBaHTa)XEHb Ta IHIIMX TEXHOJOTIYHMX (aKTOpiB,
IO MO3UTHBHO BIUIMBA€E HA TEPMiH MPHIATHOCTI XapYOBHX MPOAYKTiB’.

VY TexHONOrii KHCIOMOJIOYHUX TMPOAYKTIB KPOXMajl LIMPOKO BHKOPH-
CTOBYIOTB SIK CTabiNi3aTopu CTPYKTYpH. IX 3acTocyBaHHS Crpuse 3amobiraHHIO
BIJJOKPEMJICHHIO ~ CHPOBAaTKH, MJIBUIIECHHIO B’A3KOCTI Ta  TMOJINIIEHHIO
KOHCHCTEHIIII TOTOBOTO MpOAYKTY. BHECEeHHS ONTHUManbHOi KIJIBKOCTI
KpPOXMaJII0 HE YUHNTHh HEraTMBHOTO BIUIMBY HAa CMaKOBI BJIACTHBOCTI MPOIYKIii

4 Zhang S, Ren C, Wang C, Han R, Xie S. Effects of hydrocolloids and oleogel on techno-functional
properties of dairy foods. Food Chem X. 2024. Vol. 21. Art. 101215.

3 ConomoH, A. M., Hosropozaceka, H. B., Bounap, M. M. Kucnomosousi aecepTu 3 MOAOBKECHHUM
TepMiHOM 30epirans : MoHorpadis. Binnuis : PBB BHAY, 2019.
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Ta HE INEpelIKO/PKAE IIPoLecaM MOJOYHOKUCIOro OpoxiHHs. OpHOYacHO
BUKOPUCTAHHSI KPOXMAJIiB JJa€ 3MOT'Y 3MEHIINTH 1OTpedy B MiJBUIEHHI BMICTY
CYXUX 3HEXHPEHHX DEUOBHH MOJIOKA, 3HIDKYE PHU3MK arperamii OLIKIB mmif
Yyac BHECEHHS ()PYKTOBUX HAIOBHIOBAYIB Ta cCIIpusie crabiiizauii CTPYKTypu
MOJIOYHOTO 3TYCTKY ITiCIs TepMidHOi 06poOKH®.

EdexruBHa  B’S3KICTH  MOJIOYHO-OBOYEBHMX  CyMilled €  OJHI€I0
3 HallBO)KJIMBIIINX XapaKTEPUCTHUK, IKa 00YMOBIIIOE 3aKOHOMIPHOCTI ()OpPMYBaHHS
CTPYKTYPH KHCJIOMOJIOYHMX HACT YHPOAOBK YCHOI'O TEXHOJIOTIYHOI'O ITPOLECY.
Jnst hopMyBaHHS HAJIS)KHUX PEOJIOTIYHUX XapaKTEPUCTUK KUCIOMOJIOYHUX MAcT
3aCTOCOBYIOTH KOMIIOHEHTH, SIKi CIPOMOKHI 3B’SI3yBaTH BOJY Ta CTPYKTYpyBaTu
0araTOKOMITOHEHTHY CHUCTEMY. 3 [i€r0 METOIO JOCIIIKESHO BILUIUB CTA01Ii3aTOpIiB
CTPYKTYPH Ha PEOJIOTiYHI BJIACTHUBOCTI MACTH KUCIOMOJIOYHOI 3 POCIMHHMMH
HaroBHIOBaYaMu. SIK cTabl1i3aTopy CTPYKTYPH BUKOPHCTOBYBAIM KapTOILUISTHUN
Kpoxmasib (KOHTpOib) Ta MoxudikoBaHi kapromisHi kpoxmani LYCKEBY
Volume C E1420, Microlys 52 E1442, CheesMaker BL 140. CriBBigHOIICHHS
KOMIIOHEHTIB, IIO BXOIATHb JO CKJaay KHCJIOMOJIOYHOI TIacTH, HaBeleHO
B Tabmuui 1. Sk MOJIIOYHY OCHOBY BHKOPHCTOBYBAJIM CHUpP KHCJIOMOJOYHHMN
HEXKUPHHUH, OTPUMaHUH PO3IUIBHUM CIOCOOOM, a TaKOoX HEXHMPHUH HOTypT.
Jns HajaHHA NPOAYKTY (QYHKI[IOHAIBHUX Ta OPraHOJIENTHYHUX BIACTUBOCTEH
JI0 CKJIaJy KHCJIOMOJIOYHOI MacTH BBOIWIIM POCIMHHI HallOBHIOBadi — OypsiK
1 YOpHOCIHUB.

Tabmuus 1
KoMnoHeHTHMII CKJIa] KUCJIOMOJIOYHOI NACTH 3 POCAMHHUMU
HaNOBHIOBAYaMH
MacoBa yacTka, %
forypr cup 3 HANOBHIOBAY cTpyKTypO- .
nemupuwi Kncnomonoq?uu (Oypsix yTBOpIOEAT cinb
HeRUPHUT Ta YOPHOCJIMB)
59,2-54,8 30,0-32,0 10,0-12,0 0,5-0,7 0,3-0,5

Ha puc. 1 HaBeneHO AMHAMIKy 3MiHM €()EKTUBHOI B’S3KOCTI KOHTPOJIBHOTO
1 TOCIIKYyBaHUX 3pa3KiB. 3 aHaNi3y AaHUX BUIHO, IO KOMIUIEKCHA B3aEMOIIS
NEeKTUHOBMICHOI 0BO4YeBOi cupoBuHHM 1 MonudikoBanux kpoxmaneii (LYCKEBY
Volume C E1420 ta Microlys 52 E1442) y ckiai KHCIOMOJIOYHOI MMACTH Ja€
3MOTY CYTTEBO MIOKPAIINTH B’ 13KiCHO-IIBUIKICHI XapaKTEPUCTUKU CyMIlLIeH, 10
HIATBEPIIKYETHCS BUCOKUM CTYIIEHEM BiJHOBIICHHS 3pYHHOBAHOI CTPYKTYPH.

¢ Jianwei Zang, Pinjian Xiao, Yuqin Chen, Zebo Liu, Daobang Tang, Yuanzhi Liu, Jiguang Chen,
Yonggang Tu, Zhongping Yin. Hydrocolloid application in yogurt: Progress, challenges and future
trends. Food Hydrocolloids. 2024. Vol. 153. Art. 110069.
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Puc. 1. lunamika 3Minu edeKTHBHOI B’SI3KOCTi KOHTPOJIbHOIO
i JocaigKyBaHHX 3pa3KiB: a — KOHTPOJIb; 0 — 3pa30K i3 3aCTOCYBAHHAM
cradinizaropa CheesMaker BL 140; B — 3pa3ok i3 3acTocyBaHHSIM
cradiiizaropa Microlys 52 E1442; r — 3pa3ok i3 3acTocyBaHHAM
crabimizaropa LYCKEBY Volume C E1420

CrifiKicTh IPOAYKTY JI0 CHHEPE3UCYy Ta PIBEHb HOTO B’S3KOCTI HAJIEXKATh 10
JIy’K€ BOXITUBHX MMOKa3HUKIB SKOCTI, SIKi BIUTMBAIOTh HAa CTAOUIBHICTh CTPYKTYPH
KHCJIOMOJIOUHHX TaCT 1 TPUBATICTh iX 30epirannsa. HeoOxiqHO BpaxoByBarH, 110
POCIMHHI HAIllOBHIOBaui MalOTh HU3bKY KHCJIOTHICTb, IO MOXE NPHU3BECTH IO
YIIUIBHEHHS! CITKH OLIKOBOTO TEJI0 Ta MOPYLICHHS CTPYKTYPH KHUCIOMOJIOYHUX
macT i BUHUKHEHHsI cuHepe3ucy. [IpoBeeHO MOCHiKEeHHS (i3HKO-XIMIYHHX
BJIACTHBOCTEH KHCJIIOMOJIOYHOT TAaCTH 3 PI3HUMH BUAaMH MOAN(IKOBAHOTO
KapTOIITHOTO KpoxMaino (Tabm. 2).

AmHani3 T1OKa3HUKa JMHAMIYHOI B’SI3KOCTI CBIOYMTEL, IO JIOJaBaHHS
0 CKJIaay KHCIOMOJOYHHX MAacT MOAM(IKOBAHUX KpPOXMaJiB 3a0e3medye
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Tabmunsg 2
DizuKo-xiMiyHi MOKA3HNKH KHCJIOMOJOYHHUX mact, n = 3, P > 0,95

. 3pa3sku i3 3acTocyBaHHsIM cTabijgizaTopa
Haiivenynannst Kontpoas | CheesMaker BL |  Microl LYCKEBY
HOKABHMKA p eesMaker icrolys
140 52 E1442 Volume C E1420
B’si3kicTs, ITa-c 2,34+0,2 2,44 +£0,2 2,43 +£0,2 2,45 +0,2
Cunepesuc, cm® 0,1 - - -

OTPUMaHHS TNPOIYKTY CTaOUIbHOI skocTi. OTpUMaHi 3ryCTKHM MaloTh IIUIBHY,
OJTHODIJTHY, B’S3Ky KOHCHCTCHIiI0. JlomaBaHHS MOIU(IKOBAaHMX KpPOXMAIiB
3anobirae mpouecy CHHEpe3HCy uYepe3 YTBOPCHHsS KOJOIMHHMX arperariB Mix
O1TKaMHU MOJIOKA i MOJICKYJIAMU T1JIPOKOJIOTIIB.

3a pe3ympraTaMu OPTraHOJCNTHYHUX Ta (PI3UKO-XIMIYHUX HOCHTIKCHb
JIOBEJICHO JIOLUIBHICTD 3aCTOCYBaHHS MOIU(IKOBaHMX KapTOIITHUX KPOXMaliB
LYCKEBY Volume C E1420 ta Microlys 52 E1442 y cxiazi KHCIOMOJIOYHUX
mact, mo 3abe3nedye CTPYKTYpyBaHHS CyMilleld y MexkaxX PEeKOMEHIOBaHUX
3HaYeHb €()EKTHBHOI B’SI3KOCTI Ta IiJABUIIYE TXHIO TUKCOTPOIHY 3/1aTHICTb.

2. ®opMyBaHHSA PEOJIOTiYHMUX BJIACTMBOCTEN KMC/IOMOJIOYHUX NacT

i3 BUKOPUCTaHHAM KpYynu rpevyaHoi HecMajKeHoi

Iopsin 13 BHUKOpPHUCTaHHSAM CTaOUII3aTOpiB, IO SBISAIOTH  COOOIO
BHCOKOOYHMINIEHI KOHILIEHTpPAaTH OlomomiMepiB, 3HaYHUH IHTEpEC CTAaHOBHUTH
3aCTOCYBaHHS HAaTypaJbHUX KOMITOHEHTIB i3 IPUPOIHUMHU CTPYKTYPYBaJIbHUMHU
Ta BOJIOT03B’s3yBaJbHUMH BJIACTHBOCTAMH ISl CTaOLII3aIil XapIOBHX CHUCTEM.
Oco0nmMBO TEpPCIEeKTUBHUMHU € IUIBHO3EPHOBI NPOAYKTH Ta IUIOAOOBOYEBA
CHpPOBMHA, II0 MICTHTh CTPYKTYpYBJIbHI TIOJlicaxapuay Ta OUIKM, 31arHi
3a0e3nevyBaTd HeOOXiHI PEONOriuHI XapaKTePUCTHKK FOTOBHX MPOLYKTIB'.

OcCHOBHa WIHHICTh OLTBLIOCTI 3€pPHOBUX IPOAYKTIB MOJNSATaE€ B TOMY, IO
BOHU MICTATH 3HAYHY KUIBKICTh BYIVIEBOZIB (37MakM — moHaa 65%, 6000Bi —
nmoHax 50%), mepeBaXHO KpOXMallto, KM MICTUTBCS B €HAOCIEpMi 3epHa
y BHDJIA/IE KPOXMAJIBHUX 3€PEH Pi3HOT BENMUYUHU 1 hopmu®.

HocmimkenHss Oynu  chpsMoBaHI Ha OIIHKY craOimizyBanbHOl  ii
HecMakeHOi TpedaHoi kpynu (Fagopyrum esculentum Moench), sika Moxe
OyTH BHMKOPHCTaHA SIK BOJIOTO3B’SI3YBAIBHMH Ta CTPYKTYPOYTBOPIOBAaJILHUI
IHTpeMieHT y BUPOOHMILTBI KHCIOMOJIOYHHUX ITaCT. XapuoBi BOJOKHA Ta CIIH3
TPEYKH MaIOTh BUCOKY BOJIOTOYTPHMYBAaJIbHY 3/1aTHICTh. TpaauniiiiiHa TEXHOIOT1s

7 Vojtiskova P., Svec P., Kuban V., Krejzova E., Bittova M., Kra¢mar S., Svobodova B. Chemical
composition of buckwheat plant parts and selected buckwheat products. Potravinarstvo Slovak Journal
of Food Sciences. 2014. Vol. 8 (1). P. 247-253.

8 Zhang L., Li Z. Functional Characteristics of Traditional buckwheat product. Journal of Chinese
Cereals and Oils Association. 2009. Vol. 3. P. 53-57.
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00poOKH rpedaHoi KPyIu mependavae MpPOBEIACHHS TiIPOTePMivyHOiI 00pOOKH,
a caMe 3BOJIOKCHHS Ta MpOIaproBaHHs 3epHa mia TrckoMm 0,25-0,30 MIla 3a
temreparypu omu3pko 100 °C mpotarom 3—5 xBuimH. [licns mporo kpyy
BHCYIIYIOTh 3a Temmeparypu 133—158 °C i tucky 0,2-0,5 MIla o nocsraeHHs
Bojiorocti 12—14%. Taka o0poOka 3abe3neuye pyilHyBaHHsS CKJIICIOBaJIbHUX
PEYOBUH OOOJIOHOK, IHAaKTHUBALilO (EepMEHTIB (JIiMa3u Ta JIIOKCHIeHas3H), SKi
CIPUYMHSIOTh OKMCHEHHS Ta 3TIPKHEHHS JXHUPIB. YHACHIIZIOK IIOTO CYTTEBO
YIOBUIBHIOIOTBCS TPOLECH JMXaHHS 3€pHa, MiJABUIIYEThCS EJACTUYHICTh
IUIOOBHUX 0OOJIOHOK 1 MIiLTHICTB si/{pa. Pa30M i3 THM IHTEHCHBHA TEIIOBAa 00pOOKa
3yMOBJIIOE KJIEHCTEpH3allil0 KPOXMAIIIO, YTBOPEHHS! JAEKCTPHHIB, JEHATYpaLilo
OIIKOBMX pEYOBHH 1 pyHHYyBaHHS XJIOpO(ily, 110 HEraTMBHO BIUIMBAE Ha
CTPYKTYPOYTBOPIOBaJIbHI Ta CTa0iMi3yBaibHI BIACTHBOCTI Kpymu’. 3 oy
Ha 1e A crabiiizauii KHCIOMOJIOYHHUX CHUCTEM JIOLIBHO BUKOPUCTOBYBAaTH
HeCMakeHI 3epHa Tpeukd. JlomaTKoBOIO IepeBarold Takoi CHPOBUHHU
€ cabKko BUPaXEHI CMaKoBi i apOMaTH4HI XapaKTEPUCTUKH, 110 3a0e3MeuyioTh
MOXKJIMBICTH ii €()EKTUBHOIO 3aCTOCYBaHHS B TEXHOJIOTI] MOJIOYHHX IPOIYKTIB
0e3 ICTOTHOTO BIUIMBY Ha TXHI OPTraHONENTHYHI BIaCTHBOCTI'C.

3a pe3ynbTaTaMy IONEPEAHIX OPraHOJNENTUYHUX Ta (i3UKO-XIMIYHUX
JOCII/DKEHb ~ BM3HAUEHO  CYMICHICTH ~ HECMaXXeHOI  rpedaHoi  Kpymnu
3 KHCIIOMOJIOUHOI OCHOBOKO, BHUIOTOBJIEHOIO Ha 0a3i M’SIKOTO Hi€THYHOIO
KHCJIOMOJIOUHOTO cupy. JlociiiHi 3pa3ku XapakTepu3yBaJlucs OiIMM KOJIbOPOM
i3 KpEeMOBHM BiATIHKOM Ta OJIHODPIJHOIO KOHCHUCTEHII€I0 3 HasBHICTIO
BIJUyTHUX YAaCTHHOK TIpe4yaHoi Kpymu. Y TIpoleci eKCHepHUMEHTaIbHUX
JIOCITI/PKEHb BCTAHOBJICHO HEJOUIJIBHICTh BUKOPHCTAHHS IUIMX 3€PEH T'PEUKH,
OCKUIBKH TiCJsl TEIUIOBOI 00poOKK (opMyBasiacs HEOJHOPIHA KOHCHCTEHIIIS
3 BKJIIFOYEHHSIMU ()parMeHTiB Hepo3M’ sKIeHoi 00010HKH 3epHa. KpiM Toro, s
JOCSITHEHHSI HEOOXIHOTO CTYIIEHS PO3BaproBaHHs OyB MOTpPIOHWIT TpUBaIMid
yac 00poOkn — 30-40 xBwIMH. 3 omIAQy Ha 1€ JUIS MOJAJBIINX J0CIHIIIKEHb
rpeyaHy Kpyny BHKOPHCTOBYBaJM B MoApiOHeHOMY craHi. Bu3HaueHo, mio
ONITUMAJIHUM CITIBBIIHOLIEHHSIM TPEYaHOl KPyHNH Ta MOJIOYHOI CHPOBATKH
€ 1 : 4. 3a 30iIbIICHHS YacTKU CHUPOBATKM KOHCHCTEHIISl CyMillli craBalia
HaJMIpHO pIJKOI0 Yepe3 HasBHICTh HAUIMIIKOBOi Bosioru. Harowmicte 3i
3MEHIICHHSIM KIJBKOCTI CHPOBAaTKH CyMilll HaOyBaja HaJMIpHOI T'yCTOTH Ta
BTpayasia IIMHHI BIaCTUBOCTI.

BcranoBneHo, 110  aKTMBHA  KHCIJIOTHICT — I'PEYaHO-CHPOBATKOBOTO
KOMIIOHEHTa 3aJierKalia Bl CIIIBBIIHOIIEHHS HOTO CKJIaJI0BHX. 3a CIiBBIHOIIEHb

% Ikeda S., Kreft I., Asami Y., Mochida N., Ikeda K. Nutrition educational aspects on the utilization of
some buckwheat foods Fagopyrum. Food Chem. 2008. Vol. 25. P. 57-64.

" Gu, J., Hong, Y., Gu, Z. Study on Physico — chemical Properties of Buckwheat Starch. Journal of
Food and fermentation industries. 2009. Vol. 30. P. 104-108.
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Kkpynu Ta cupoBatku 1 : 211 : 3 nmokasuuk pH cranoBuB 4,7, 3a CIiBBiJHOILICHHS
1:4-45a3a1:6—43. OrpuMani 3HaYCHHS BIANOBINAIOTH Jiana30Hy
AKTHBHOI KMCJIOTHOCTI, XapaKTEePHOMY ISl KUCJIIOMOJIOUYHHX NacT. JloCiiKeHHs
BOJIOTOYTPUMYBAJIBHOI 3JaTHOCTI MOKa3aJiM, 10 31 30UIbIIEHHSAM MacoBOi
YyacTKH rpeyanoi kpynu Bin 4,8 mo 7,2% nei nokasHuk 3pocraB Ha 15,0%,
TOAI SIK 3 MiABHIIEHHSM BMicTy kpymu Bix 4,0 1o 4,8% — Ha 6,0%. OgHouacHO
CIIOCTEpIirajocsi 3HWKEHHSI CTYIEHsl chHepe3ucy: 3a BHeceHHs 4,0% rpeuanol
KpynH BiH 3MeHIIyBaBcs Ha 1%, a 3a ii Bmicty 5,6-7,2% — Ha 2%.

s peanizauii nocrasineHoi MeTH 0yJ10 BU3HAYEHO ONTHMANIbHI TEXHOJIOTT4H1
rapameTpy MiATOTOBKK KPYIH IPEYaHol SIK CTPYKTYPYBaJIbHOTO KOMIIOHEHTA.

Jns BU3HAa4YeHHsI ONTHMAJIBHUX IapaMeTpiB TeMIIepaTypHOro oOpoOieHHs
rpeyaHoi Kpynu JOCIIPKYBalIH 3aJI€XKHICTh BOJOIOYyTPUMYBAJIBHOI 31aTHOCTI
IpEYaHO-CHPOBAaTKOBOTO KOMIIOHEHTa BiJl TemIeparypu mpouecy. MozeibHi
3pa3sKd TOTYBaJIM 3 HECMa)KEHOI IpedaHol KpyHnH Ta MOJIOYHOI CHpOBaTKU
y criBBigHoueHHi 1 : 4. [licns BHeceHHS KpynM B IOIEPEIHBO HATpiTy 10
38-42 °C Mono4Hy CHpOBAaTKy CyMIII ITiJ/IaBajld TEPMIYHOMY OOpPOOJICHHIO
B TemmeparypHoMy intepBaii 60-95 °C 3 xpokom 5 °C mpotsirom 15 XB.
[icnst oxonomxenus 1o 18-22 °C Bu3Ha4ai M MOKa3HUK BOJIOTOYTPUMYBAIBHOI
30aTHOCTI ~ OTPUMAHOTO  CTPYKTYpPOBaHOTO  KOMIIOHEHTa.  Pesymbrarn
eKCIIEPUMEHTAJIbHUX JIOCIIJDKEHb HaBeIeHO B Tabuuii 3.

Tabmuus 3
3aJIeskHICTh BOIOTOYTPUMYBAJIBHOI 3JaTHOCTI IPEYaHO-CHPOBATKOBOIO
KOMIIOHEHTA BiJl TeMIepaTypu o6po0JeHHs

Ha3Ba nmokxa3Huka Temmnepatypa, °C
60 65 70 75 80 85 90 95
BonoroyrpumysanbHa 59 60 66 69 71 73 74 74
3JIaTHICTh, %

AHami3 OTpUMaHUX pe3yNbTaTiB CBIAYMTH, IO HiJBUILEHHS TEMIeparypu
00poOJIeHHsT CyMillli crpusie 30UIBIICHHIO 11 BOJIOTOYyTPUMYBAIBHOI 34aTHOCTI.
BcranoBneHo, 1o 3i 3pOCTaHHSAM TeMIIEparypH TMpOILeCy IOKpAILy€eThCs
3[0aTHICTh CHCTEMH 3B’SI3yBaTd W yTPUMYBaTh BOJOTY. 3a TeMIeparypu
85 °C 3HaueHHs MOKAa3HHWKa BOJIOTOYTPHUMYBAJIBHOI 3[AaTHOCTI mocsrano 73%,
TOAI SIK MOJAJIbIIE IiBUICHHS TeMIEepaTypu CYNpPOBOKYBAIOCS HE3HAUHUM
foro 3poctaHHsM — npuOMM3HO Ha 1%. OTpuMaHi pe3yiabraTd CBigYarh MPO
Te, IO TeMmmeparypa OOpoOJNeHHs TpeuaHoi Kpynmu TOBUHHA CTaHOBHUTHU
He MeHme HibK 85 °C. 3 ypaxyBaHHSAM TEXHOJOTIYHOI MOMIUIBHOCTI IS
MOAAJIBININX TOCIIIKEHb 0YJI0 BHOPAHO TeMIIepaTypy MPUTrOTYBaHHs TPEYaHOTO
CTPYKTYPOBaHOTO KOMITOHeHTa Ha piBHI 85-90 °C.
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Jns  Bu3HA4YeHHS ONTHMAIBHOI TPHBAIOCTI TPOLECY IPUTOTYBaHHS
IPEYaHO-CUPOBAaTKOBOIO KOMIIOHEHTA JOCIIJUKYBaJIHM BIUIMB 4acy TEPMIiYHOTO
0OpOoOJIeHHST Ha TIOKa3HWKW BOJIOTOYTPHMYBaJbHOI 37aTHOCTI (Tabm. 4) Ta
TPaHUYHOTO HAMPYXKEHHS 3CyBYy 3a Temmeparypu 85-90 °C (puc. 2).

[lix yac mnpoBeOeHHS EKCIIEPUMEHTY MOJIOYHY CHPOBATKY IOINEPEIHBO
HarpiBaiu g0 Temmeparypu 38-42 °C, micis 4Woro 3a 0e3lepepBHOrO
NepeMilllyBaHHsI BHOCHJIM HECMa)KeHy TIpedaHy KpyIy Y CIIiBBiJHOIIECHHI
1 : 4. OTpumany cymim HarpiBagu 10 temrneparypu 85-90 °C i BuTpuMyBanu
npotsiroMm 5, 10, 15 Ta 20 xB 3anexHO Bij BapianTa nociiny. [licis 3aBepiueHHs
TEIJIOBOrO OOpOOJICHHSI TPeYyaHO-CUPOBATKOBUII KOMITOHEHT OXOJIOKYBaJN
no temmeparypu 18-22 °C Ta BH3HaualM HOrO CTPYKTYpHO-MEXaHi4Hi
XapaKTePUCTUKH.

Tabmuus 4
3aJIeskHICTh BOIOTOYTPUMYBAJIBHOI 3JaTHOCTI IPEYaHO-CHPOBATKOBOIO
KOMIIOHEHTA Bil TpUBAJI0CTi 00po0IeHHs

Ha3zBa noxasHuka TpuBaJjicTe npouecy, XB
5 10 15 20
BooroyrpumyBanbHa 34aTHICTB, % 74 75 76 76

HaiiBummuii noka3HUK BOJOTOYTPUMYBAJIBHOI 34aTHOCTI BXKE CIOCTepiranu
B 3pa3Ky 3 TPHUBAIICTIO 00poOku 15 xB — 76,0%. VY 3pa3sky 3 TpUBAIICTIO
00poOKu kpynu 20 XB MOKa3HUK BOJIOTOYTPUMYBAIBHOT 3AaTHOCTI 301IbIINBCS
Bchoro Ha 0,1%.
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IBuakicts aedopmaii, 1/c
TpuBaicTh npouecy, XB
*5 =10 als ®20

Hanpyxenns 3cyy, I1a

Puc. 2. Bnius TpuBaJiocTi 00po0/eHHsI TPeYaHO-CHPOBATKOBOIO
KOMIIOHEHTA HA NMOKA3HUK HANPYKEHHS 3CYyBY
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MakcumasbHe 3Ha4eHHsI TPaHMYHOTO HaIpy>KeHHs 3CyBY Oyio 3adikcoBaHO
JUISL 3pa3ka, SKWH IJJaBaji TEpMIYHOMY OOpOOJIeHHIO mpoTsiroM 15 XB.
BoxHouac pi3HHUI MiXK OKa3HUKaMU 3pa3KiB i3 TpuBaiicTio 00podnenus 10 ta
15 xB Oyna HE3HA4YHOIO, IO CBIIYHUTH NPO JIOCATHEHHS IPAKTUYHO OTHAKOBOTO
PIBHSI CTPYKTYypOYTBOPEHHS Bxe miciisi 10 XB TEIJIOBOTO BILTHUBY.

Ha mixcraBi OTpUMaHMX EKCHEPHUMEHTAIBHHX JaHMX  BCTaHOBJIEHO
ONTHMalIbHI  [TapaMeTPH  ITJATOTOBKM HECMa)XE€HOI TpedaHoi Kpymu sK
CTPYKTYpOYTBOPIOBAJIbLHOTO KOMITIOHEHTA: TeMIeparypa oopooienus — 85-90 °C,
TpuBayicte npouecy — 10-15 xB. Pesynbratn JociijpkeHb MiATBEPAMIN
JIOLIJIbHICTD BUKOPHCTAHHS HECMa)KE€HOI rpedaHoi Kpynu siK (yHKLIOHAJIBLHOTO
IHrpenieHTa y CKJIaJli KUCIOMOJIOYHUX HacT. JIoBeeHO OonTUMaibHE BHECEHHS
KPYITU TpedaHoi B KUTbKocTi 5,0—6,0%, 110 3abe3neuye hopMyBaHHS HEOOX1THUX
CTPYKTYpHO-MEXaHIUHHUX BJIACTHBOCTEH rOTOBOTO MPOAYKTY.

3. ®opMyBaHHSA pPeoJIOriYHMUX BJIACTUBOCTEN CyMilleit MOpo3uBa

CyvacHi TeHIEHLIi YIOCKOHAJICHHS TEXHOJOTii Ta peuentyp MOpO3WBa
CIpsIMOBaHI Ha TMOKpalIeHHS HOro OpraHoJENTHYHHX BIIACTUBOCTEH,
3MEHIIECHHS BAPOOHNYNX BUTPAT IIUISIXOM BUKOPHCTAHHS aIbTEPHATHBHHUX BUIIIB
CHPOBHUHH, a TAKOX PO3POOJICHHSI HOBHUX IPOJYKTIB CIIELiaIbHOTO TPU3HAYCHHS
JUISL CIIOXKMBAYiB 3 OCOOJIMBUMH Xap4OBHMH MOTpebaMu. 3pOCTalOuMi HOIHT
Ha KOPHMCHI Ta HHM3bKOKAJOpiiHI JecepTd cepex AiTeil i JOpOCIHMX CIpUsB
ITiIBUIIEHHIO TOMYJSPHOCTI TaKUX CTpaB Ha puHKY. st 3a0BoneHHs OTpeO
CIIO)KMBAUiB 1 CTUMYJIIOBaHHS PO3BUTKY CETMEHTa 3/I0pPOBUX JIECEpTiB 3Ha4Ha
KIUJIBKICTh IIJIPHEMCTB XapuoBOi MPOMHUCIOBOCTI aKTUBHO PO3LIMPIOIOTH IX
BUPOOHHMIITBO. BojHOUAcC mMifBHINCHUN iHTEpeC IO MPOAYKTIB 0Oe3 IOTaHOro
LYKPY CTaB Ba)XKJIMBUM YMHHUKOM PO3BUTKY PUHKY KOPHUCHHX JIECEPTIB, Y TOMY
YucT Mopo3uBa'l,

Pesynbraru A0CHiKEHb CBiIYaTh, 110 TOBHA 3aMiHa I[YKpY Ta/abo 4acTKoBa
3aMiHa CyXOro 3HEKHPEHOTO MOJIOYHOTO 3aJMIIKy B PELeNnTypi MOpO3HBa
KPOXMaJILHOIO ITaTOKOI0, IIMPOKO MPEACTABICHOIO0 Ha BITYM3HSIHOMY PUHKY, Ja€
3MOTY HE JIUILIE TOKPAIIUTH ITOXKUBHY IIHHICTB 1 SIKICTh 3aMOPOXXEHOTO AECEPTY
3aBASKM 3HW)KEHHIO HOr0 KaJIOPIHHOCTI, a W YaCTKOBO BUPIMIUTH IMpoOiemMy
JedilHUTy MOJIOYHOT CUPOBUHHM .

BuBuUeHO CTPYKTypyBaJibHY 3IaTHICTh IaTOKM 3 PI3HUM JIEKCTPO3HUM
eKBIBJICHTOM Y CKJIaJli Cymilleldd MOpO3HMBa BEpIIKOBOIO i apoOMaTH4HOro i3

11

Akalin A.S., Karagdzli C., Unal G. Rheological properties of reduced-fat and low-fat ice
cream containing whey protein isolate and inulin. European Food Research and Technology. 2007.
Vol. 227 (3). P. 889-895.

2. Bass O., Polischuk G., Goncharuk E. Influence of sweeteners on rheological and qualitative
indicators of ice cream. Ukrainian Food Journal. 2018. Vol. 7 (1). P. 41-53.
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3amiHoro ykpy 50% ta 100%. Lli cucremu BUOpaHO SIK THIIOBI JUIS IBOX IPYII
MOpO3MBa 3 MPUHIMIIOBO Pi3HIM XIMIYHHM CKJIAZIOM — Ha MOJIOYHIA OCHOBI
Ta Ha OCHOBI IIYKPOBHMX CHPOIIB. MacoBy 4acTKy Mi/ICOJO/DKYBadiB y CKJIaAi
cymimeid mopo3uBa pisHUX BHIIB (% 3a CyXHMMH pEYOBHHAMH) HaBEIECHO
B Tabnuui 5.

Tabmuns 5
BwmicTt nmigconomkyBaabHOro koMnoHenta (%) y 3paskax cymiuei
MOPO3MBa Pi3HUX BUAIB (32 BMICTOM CyXHX Pe4OBHH)

Bux Cymili Bepmkosi Cymimi apomarnyHi
niacosoa- Homep 3paska Homep 3paska
KyBaia 1 2 3 4 5 6 7 8 9 (10 | 11 | 12 | 13 | 14
Lyxop 140(70 | — |70 — [ 70| — [28,0[140| — (140 — |70 | —
1r-42 - | 7,0 (14,0] — - - - - [14,0(28,0| — — — —
rocC - - - | 7,0 [14,0 - - - - |14,0(28,0| — -
ITK — - - - - | 7,0 [14,0] - - — - - |14,0(28,0

Ymoeni nosnauenna: II-42 — enoxosna namoxa; IIK — xpoxmanvha namoxa;
T'OC — enioko3no-ppykmosHuil cupon.

EdexruBHy B’sBKiCTh CcyMmillei Jyuiss BHPOOHHMILITBA MOPO3HMBA Pi3HOTO
XIMIYHOTO CKJIaJly BU3HAYaJM 3a TPaJi€HTa IBUIKOCTI 3CYBY Y y Jiala3oHi Bil
3 mo 1312,2 ¢ ' mix wac mpsiMoro i 3BOPOTHOTO X0Omy. Peosoriui XapakTeprucTUKH
JOCTIDKYBaHUX 3pa3KiB HABEICHO B TAOIUII 6.

BignoBinHO 10 pe3yabTariB JAOCHIKEHHs, JJsi CyMIlleid BepIIKOBOTO
W apoMaTHYHOTrO0 MOpPO3MBa KOHTpOJIBLHHX 3paskiB No 1 i Ne 8, a Takox Juis
3paskiB i3 nmarokamu 1I'-42 ta [OC (Ne 2—7 i Ne 9—14) BcTaHOBICHO HAsSBHICTH
THUKCOTPOIHUX BJIAacTHBOCTEH. JIJIs 3a3HaUE€HUX CUCTEM Y MPOLEC PEOIOTiYHUX
BUIPOOYBaHb XapaKTEPHUM € MOCTYNOBE PYHHYBaHHS BHXIJHOI CTPYKTYpH,
IO CYMPOBOIDKYETHCS 3HIDKCHHSIM e(EeKTUBHOI B’SI3KOCTI (N)3) MOPIBHSHO 3 ii
MOYaTKOBUM 3HAYEHHSM (1)1).

BonHouac xap4oBi cucteMu, 10 CKJIaJy SIKMX BXOIUTh KapameibHa Maroka
(TTIK) (3pa3ku Ne 6, Ne 7, No 13 Ta Ne 14), XxapakTepu3yrOThCs 30aTHICTIO MankKe
MOBHICTIO BIJIHOBJIIOBATH CBOI CTPYKTYpy IICIsl MEXaHIYHOTO BIUIMBY Ta
MIPOSIBJISIIOTH CJ1a0KO BHpPa)KeHI peoreKcHi BiacTuBOCTI. lle miaTBeppKyeThes
30UIBIICHHSAM 3HAYCHHS €(EKTHBHOI B’SI3KOCTI B PEKUMI  3BOPOTHOIO
3MEHIIECHHS IIBUKOCTI 3CYBY ()3) BIJHOCHO IMOYAaTKOBOTO NMoKa3zHuKa (n1). Kpim
TOTO, BUSIBIIEHO CYTT€BI BIIMIHHOCTI y TPHMBAJIOCTI 4acy (T), HEOOXIMHOTO Jyist
JIOCSITHEHHSI CUCTEMaMK CTaHy PIBHOBaru 3a MaKCHMAaJIbHOT IIBUIKOCTI 3CYBY.

OcoOnuBocTi pyiHYBaHHS CTPYKTYPH AOCIHIJDKYBAaHUX Xap4yOBHX CHUCTEM
i1 9ac BU3HaueHHs e(peKTHBHOI B’SI3KOCTI Mpe/CTaBJIeHI Ha puc. 3 Ta puc. 4 Ha
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Tabmuus 6
Peosoriuni xapakTepucTHKH A0CTIUKYBAaHUX 3Pa3KiB cymilei
i3 nykpoM Ta kpoxmManbHuMH naroxkamu (P > 0,95; n = 3)

Ne n, n, n, T
3paska | (y = 3), mIla*c | (y = 1312,2), mIla*c (v = 3),mIla*c (y=1312,2), ¢
Bepmkosi cymimi

1 896,9 + 16,4 51,3+1,5 782,1 £ 15,5 336+ 15

2 907,6 = 17,8 51,7+ 1,6 808,4 + 16,0 304 + 12

3 919,1 = 18,9 51,5+ 1,6 819,5 £ 16,1 318+ 13

4 793,5 £ 16,0 48,1 £1,2 674,4 + 14,0 267 £ 10

5 759,9 £ 15,9 47,5+ 1,1 628,9 £ 13,2 200 + 8

6 967,6 = 19,0 60,6 + 1,7 1050,1 + 23,0 425+ 16

7 1095,3 + 22,5 64,5+ 1,9 12343 + 22,1 440 + 16

ApomaTuyHi cymimni

8 2523 £8,5 6,2+1,9 193,5+6,8 152+7

9 269,8 + 8,9 6,6 £2,1 204,9 + 6,9 1416

10 288,6 + 9,2 6,9 +2,1 217,5+ 7,1 139+5

11 206,4 + 7,4 57+1,9 182,3 £ 6,2 9+5

12 191,5 £ 4,1 48+1,7 160,4 = 6,1 83+3

13 299,1 +£9,2 79 +£2,0 342,0 £ 9,1 181 £ 8

14 323,6 £ 10,2 94+1,3 384,5+9,2 197 £9
Ymoeni nosmauenna: mn, — epexmusna 8’A3KiCMb NPAKMUYHO HE3PYUHOBAHOL

cmpykmypu (y = 3, npamuil Xi0 6UMIpIOBaNHs), 1,— ePeKmuUeHa 6 A3Kicmb 3pYUHO6AHOT
cmpykmypu (y = 1312,2), n,— epexkmusna 8 ’siskicmov 8ionognenoi cmpykmypu (y = 3,
360pOMHULL Xi0 BUMIPIOBANHS) T — Yac, HeOOXIOHUI 0I5l 6CIMANHOBNEHHs. CMAHY PIGHO8A2U
30 MAKCUMANbHOL UWBUOKOCTI 3C)8Y.

MIPUKJIAJl CyMilllel BEPIIKOBOTO i apOMaTHYHOIO MOPO3HBA 3 IIOBHOIO 3aMiHOIO
LYKPY KPOXMAaJIbHOIO ITaTOKOIO.

Pesynerarn qociipkeHb MOKa3aid, 0 BUKOPUCTAHHS KapaMeJbHOI MaToOKK
CTIpHSIE MiABHUIIEHHIO e()eKTUBHOI B SI3KOCTI CyMillIeH Ta ITOKpalye X 34aTHICTh
JI0 BITHOBJICHHSI CTPYKTYPH IIiCJISl MEXaHIYHOTO pyiHyBaHHs. Taka BIacTUBICTH
€ 0COONMMBO BaKIMBOIO Ha cTafii ¢opMyBaHHS HOpPLiH M’SKOr0o MOpO3WBa
Tiepe TPOIecoM 3arapTyBaHHS. IMOBipHO, 3a3HaueHHMH e(eKT MOB’s3aHHui 13
HasIBHICTIO Y CKJIaJli KapaMeNbHOI MTaTOKU IMOJIIyKpiB.

PazoM i3 THUM BCTaHOBIEHO, IIO CyMilli 3 KapaMeJIbHOIO MAaTOKOIO
XapaKTepU3YIOTbCSl BUIIMMH 3HAYEHHSIMH €(EKTUBHOI B’SI3KOCTI HOPIBHSHO
3 KOHTPOJBHUMH 3pa3kamu. lle Moke HeraTMBHO ITO3HA4YaTHCS Ha IIpoueci
30MBaHHS Ta CHPUATH (OPMYBAHHIO HAJMIPHO LIUIBHOI CTPYKTYpH T'OTOBOTO
MOpo3uBa. 3 ODIAQY Ha CYTTEBHH BIUIMB HHU3BKOOI[YKPEHOI ITaTOKM Ha
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Puc. 3. lunamika 3mMiHu edeKTHBHOI B’A3KOCTI 3pa3kiB cymileii
BePLIKOBHX i3 yKpoM (a) Ta MOBHOIO 3aMiHOI0 HyKpy Ha IT'-42 (0),
I'®C (B) Ta IIK (r) 32 pi3HOI LIBUAKOCTI 3CyBY

peoJIoTiuHI XapaKTEpUCTHKN CyMilled IOBHAa 3aMiHa IYKpY KapaMelbHOIO
MIaTOKOIO € HEJOIUIBHOIO.

YacTroBa ab0 MOBHA 3aMiHa IyKpY TIIIOKO3HO-PpykTo3HUM crporioM (I'DPC)
TIPU3BOJNTH 10 3MEHIIECHHS B’S3KOCTI CyMillel Ta 3HW)KEHHS IX 37aTHOCTI J0
BIJJTHOBJICHHSI CTPYKTYPH TIOPiBHSIHO 3 KOHTPOJBHHM 3pa3KoM. Takuii BIUIMB
MOYKHA MOSICHUTH 3HAYHUM BMICTOM MOHOcaxapuiB y ckirani ['@C. Ha Binminy
BiJl 3pa3KiB i3 KapaMeJIbHOIO ITaTOKOI0, Xap4doBi CHCTEMH 3 II€pEeBaXKaHHIM
MOHOCAXapHIiB He 3a0e3MeuyloTh JIOCTAaTHBOTO DPIBHS CTPYKTYpOYTBOPEHHS.
KpiM TOro, BHKOpHCTaHHS JIMIIE DIIOKO3HO-(PYKTO3HOTO CHPOIy MOXeE
CTIIPUYMHATH HAaJMIPHY COJIOAKICTH MOPO3MBA Ta 3HWKYBATH HOTO CTiMKICTH 10
taHeHHsI. OTKe, K HAJUIMINOK, TaK i ACQIIUT IMONiCaXapuIiB Y CKIIAAl MAaTOKH
HEeTraTUBHO BIUIMBAIOTh Ha mporecu (OpMyBaHHsS Ta cTabimizailii CTpyKTypu
nponykry. OTpuMaHi pe3yabTaTH CBig4aTh IIPO JOLUIBHICTH ITO€AHAHHS
HU3BKO- Ta BHCOKOOIYKPEHHX IaTOK, OCKUIBKM IIe Jla€ 3MOTy e(EeKTHBHO
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Puc. 4. lunamika 3MiHN edeKTHBHOI B A3KOCTI 3pa3KiB cymilei
MOPO3MBa APOMATHYHOIO i3 HYKPOM (a) i MOBHOIO 3aMiHOI0 YKPY
Ha II'-42 (6), I'®C (B) Ta IIK (r) 3a pi3HOi LIBUAKOCTI 3CyBY

BHKOPHCTOBYBATH iX (DyHKIIiOHAIEHO-TEXHOJIOTIYHI BIIACTHBOCTI TS ONITHMi3amii
peLenTypy MOpo3uBa i JOCATHEHHS MaKCHMAJIbHOTO TEXHOJOTIYHOTO e(eKTy.
BcTaHOBNEHA 3IATHICTD CyMIlICH i3 MAaTOKaMH 1O BiITHOBJICHHS CTPYKTYpH
micysl MEXaHIYHOTO PYHHYBaHHS Ma€ BOXJIMBE NPAKTHYHE 3HAYCHHS. 30Kpema,
[ BJIACTUBICThP MOXKE MiJBHIIYBaTH e(EKTHUBHICTH MpPOIECiB (OpMyBaHHS
Ta JIO3yBaHHS MOPLIA MOpO3MBa IiJ Yac HOro BHPOOHHMITBA Ha MOTOKOBUX

eKCTPY3IHUX JiHIsAX.

3acTocyBaHHS  TOJIONIB  SIK
y BHPOOHHMUTBI Pi3HUX BHUIIB MOPO3UBA CIPHAE PO3LIMPEHHIO aCOPTUMEHTY

MPOAYKIII 31 3HMKECHOIO KAaJOPIHHICTIO Ta HHU3BKUM TITIKEMIYHUM I1HIIEKCOM.

3aBsIKM BUPAKEHUM KPIOTMPOTEKTOPHUM BIIACTUBOCTSIM IIi CIIOIYKH MTO3UTHBHO
a ixHi cnemudivyHi CMaKoOBi

AJIBTCPHATUBHUX niz[conozmcyBaqu

BIUIMBAIOTh HAa KOHCHCTEHIIII0 MOpPO3HBa,
XapaKTEePUCTUKHN TOKPAIIYIOTh CHPUHHATTS COJOIKOCTI # apomary TroTOBOTO

TIPOIYKTY.
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ParionanbHe NO€HAHHS PI3HUX 3aMIHHUKIB I[yKpY 3 ypaxyBaHHIM TXHbOTO
XIMIYHOTO CKJIa/Iy Ta TEXHOJOTTYHUX 0COOIMBOCTEH JIa€ 3MOTY IIJICCIPSIMOBAHO
peryimoBary (i3uKo-XiMiuHI BIACTHBOCTI CyMilllel JJIsl BUPOOHHIITBA MOPO3UBa
W ONTHMI3yBaTH SIKICTh KIHLIEBOTO MPOAYKTY. Y 3B’A3KYy 3 LUM aKTyaJlbHUM
€ JIOCTIJDKEHHS MOXJIMBOCTEH 1 YMOB BUKOPUCT@HHS TaKUX 3aMIHHHUKIB
LYKPY SIK TEPCHeKTUBHUX PpELENTypHUX IHIPEIIEHTIB 13 TEXHOJOTIYHO-
(YHKIIOHAJIBHUMH BJIACTHBOCTSMH Y BUPOOHHIITBI MOPO3HBA.

3 MEeTOI JIOCHI/PKeHHS! BIUIMBY TNOJIIOMIB Ha B’SI3KICHI XapaKTEPUCTHKU
CyMillIeld MOpO3UBa Pi3HUX BUJIIB y HOTO CKJIaIl IIyKOp NOBHICTIO 3aMiHIOBaJIM Ha
MOJIIOIM — EPUTPHUTOJI, 130MaJIBT Ta COPOIT. 3a KOHTPOJIb IS 3pa3KiB MOPO3MBA
BEPLIKOBOTO BUOPAHO THIIOBY KJIACHYHY perenTypy (M. 4. k. — 10%, m. u. C3M3
— 10%, M. 4. mykpy — 14%). [y 1OCTiDKCHHST MOPO3UBa Ha OCHOBI I[yKPOBHX
CHPOIIIB 32 KOHTPOJIbHUH 3pa30K BUOPaHO CyMilll apoMaTHYHy (MacoBa yacTka
uykpy 28%). MacoBy 4acTKy IiJICOJIOJPKYBayiB y CKJIaji MOpO3MBa HaBelIEHO
B Tabmui 7.

Tabmus 7
BwmicTt nmigconomkyBajibHOro koMnoHenta (%) y 3paskax cymimei
MOpPO3HMBa Pi3HUX BUAIB (32 BMIiCTOM CyXMX PE€4OBHUH)

Bun Cymimi Bepmkosi Cymimi apomarn4ni
migcosnoa- Howmep 3pa3ka Howmep 3paska
KyBaia 1 2 3 4 5 6 7 8 9 |10 | 11 | 12 | 13 | 14
Iyxop 1401 7,0 7,0 - 7,0 — (28,0140 - |140]| - 7,0 -
Epurpupon | - | 7,0 [ 140 | - - - - - [140(280| - - - -
I[3omansT - - - 7,0 | 14,0 - - - — 14,0 28,0| - -
Copbiton - - - - 70 | 140 | - - - - — | 14,0 | 28,0

Peonoriuni XapakTepUCTHKH JOCTIKYBaHUX 3pa3KiB HABEIACHO B TAOMMIII 8.

Tabmurs 8
Peosoriuni XapakTepucTHKH J0CTIIKYBAHUX 3pa3KiB cymilnei i3 mykpom
Ta noJriosamu (P > 0,95, n = 3)

Ne 3paska IllM(lYI:*i)’ n. (v ;:3:2’2)’ ""I\:IY_I:*?’ T (y=1312,2), ¢
1 2 3 4 5
Cymilmi BepmKoBi

1 896,9 + 16,4 51,3+ 1,5 782,1 £ 15,5 336 + 15
2 8574 £ 16,1 512+ 1,5 5753 + 12,1 342+ 16
3 815,4 £ 15,2 349+ 14 381,5+£ 10,0 35115
4 854,3 £ 16,0 41,5+ 1,4 552,7 + 11,8 324 +13
5 798,5 + 14,5 323+1,3 321,2+ 11,0 312+ 11
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[ponorxeHHs TaOIUIN 8

1 2 3 4 5
864,417,6 388+ 1,5 752,3 £ 16,0 392 + 14
616,8 + 18,4 39,8+ 1,2 3445 £ 14,5 404 + 16

Cymimi apomaTnyHi
8 2523 +8.,5 6,2+ 19 193,5+ 6,8 152+7
201,8 + 8,2 6,0+ 1,1 1642 +5,5 163 +2
10 181,4 + 8,7 6,0 0,9 1484 +£5,5 170 £ 6
11 221,2 + 8,0 6,0 + 1,7 169,3 + 5,1 163 + 4
12 177,3 £ 6,1 59+1,5 1452 £+ 4,8 185+ 6
13 202,4 + 6,5 55+1,4 167,5 + 4,9 167+ 5
14 162,5+ 5,0 5,0+ 1,0 1424 + 4,7 172+ 7
Vmosni nosmauenna: n, — epexmugna 8’aA3Kicmv NpaAKMuyHO HE3PYUHOBAHOT

cmpykmypu (y = 3, npamuil Xio umipioganus), 1,— egpekmusHna 6 sa3Kicms 3pyuHo8anol
cmpykmypu (y = 1312,2), n,— egpekmusena 6’sizxicmo 6i0no61eHOI cmpykmypu (y = 3,
360POMHULL XI0 BUMIDIOBAHHSA), T — Yac, HeOOXIOHUI 0JIs1 6CMAHOBIEHHS CIAHY PIBHO8A2U
30 MAKCUMATLHOT WUBUOKOCTI 3CY8).

XapakTrep pyHHYBaHHS CTPYKTYpH JOCHTIJDKyBaHHX XapyOBUX CHCTEM
y TIpoleci BHUMIpIOBaHHS e(EKTHBHOI B’A3KOCTI Ha NPHUKIAAI Cymilien
BEPIIKOBUX 1 apOMAaTHYHMX 13 MOBHOI 3aMiHOIO I[YKPY Ha IOJIONM HABEICHO
Ha puc. 5 Ta 6.

THKCOTPOIHI BIACTHBOCTI BUABICHO ISl BCIX JOCITIIKYBaHHX 3pa3KiB
cymirreii Mopo3uBa. BoaHodac moBHa 3aMiHa IyKpy Ha MOJIONHA MaKCHMAJIbHO
3HW)KY€E HE TUIbKM e(pEeKTUBHY B’SKICTh Cymilled, ame 1 X 3JarHicTh 10
BIJJTHOBJICHHSI iX CTPYKTYpH.

Pesynsraru gociipKeHb oKa3aiiy, M0 Ui KOHTPOJIBHOI BEPIIKOBOT CyMilil
MOpPO3UBA CTYIIHb BiJHOBIICHHSI CTPYKTYPH CTaHOBUTH Onu3bKko 87%, Tomi siK
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Puc. S. lnnamika 3Minn edeKTHBHOI B’A3KOCTi cyMilleil Mopo3nBa
BEPIIKOBOIO i3 yKpoM (a) Ta eputTpuTtosiom (0), izomanbTom (B)
i copbiToioM (T) 3a pi3HOI MIBUAKOCTI 3CyBY
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Puc. 6. lunamika 3MiHu edeKTHBHOI B’A3KOCTi cymilleil Mopo3nBa
apoOMaTH4HOrO i3 HyYKPoM (a) Ta 3 epuTpuToJioM (0), i30MaabTOM (B)

i cop6iTosioM (T) 3a pi3HOI IIBUAKOCTI 3CyBY
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y 3pa3Kax i3 MMOBHOI 3aMiHOIO LYKpY IOJIONaMH IeH MOKa3HUK 3HUKYETHCS
no 40-55%. 3a takux ymoB mii yac (OpMYBaHHS IOpILiH, OCOONMBO Ha
MIOTOKOBUX EKCTPY3IMHUX JIiHISX, MOPO3MBO MOXKE LIBHJKO BTpPavaTd 3aJaHy
(GhopMy BHACIIOK HaIMIPHO M’SIKOT KOHCHCTEHINI Ta MiJBUIICHOI CXWJIBHOCTI
1o nedopmariii.

Jns apoMaTHYHOrO MOpPO3MBa HAaWHIKYI 3HA4YEHHS €(EKTUBHOI B’S3KOCTI
TaKOXK XapaKTepHi Ul 3pa3KiB, y PELENTypi SKUX LyKOp TOBHICTIO 3aMiHEHO
noionamu. [Ipyn 1bOMy CTyNiHB BiJHOBJICHHSI CTPYKTYpH HiJl Yac 3HM)KCHHS
LIBHIKOCTI 3CyBy OyB BHIIMM, HDK Yy BEPIIKOBHX CyMillax, i CTaHOBUB
npubmusHo 81-88%, 1m0, WMOBIPHO, MOB’S3aHO 3 X HIDKYMMH B’SI3KICHUMH
XapaKTepUCTUKAMHU.

TakuM 4YMHOM, BHMKOPHCTaHHS TIIOJIIOJIB MPHU3BOAUTH JIO 3MEHIICHHS
B’S3KOCTI CyMillled MOpO3WMBa HE3aNCKHO BiJl iX XIMIYHOTO CKJIaXy, IO
MOXKE HETaTHBHO BIUIMBAaTH Ha CTPYKTYPHO-MEXaHIuHY CTIMKICTh AMCHEPCHOI
CHCTEMH THILy «IOBITps B piauHi». ToMy B pa3i IOBHOI 3aMiHH LyKpy
noJionaMu Juist 3a0be3nedeHHs CTaOLIbHOCTI MIHHOT CTPYKTYPH MOpPO3HMBa
JOUIBHAM € JIOJaTKOBE BBEAEHHS €()EeKTUBHHMX CTPYKTYPOYTBOPIOBAJIBHHX
KOMIIOHEHTIB.

BUCHOBKHA

3a  pe3ynbTaraMyd  TPOBENEHHMX  JOCHI/PKEHb  BCTAHOBJIEHO, IO
(opMyBaHHS CTPYKTYpHO-MEXaHIYHHMX BJIACTUBOCTEH MOJIOYHUX IPOIYKTIB
€ Oararo()akTOpHUM TIPOIIECOM, SIKMH BU3HAYAETHCS XIMIYHUM CKJIaJOM
CHPOBUHH, IPUPOJIOIO PELETITYPHIX KOMIIOHEHTIB Ta PEKUMaMH TEXHOJIOTTYHOT
00poOku. PeonoriuHa mOBeMiHKAa JOCTIPKYBaHMX CHCTEM HiATBEPIUKYE iX
HAJISKHICTh J0 CKIAJHUX HEHBIOTOHIBCHKHX CTPYKTYp, y SKHX CTaOLIbHICTH
KOHCHCTEHIIIT 3a0e31euyeThcsl PiIBHOBAro0 MK pyHHYBaHHSM 1 BiJHOBJIECHHAM
BHYTPILIHBOI CTPYKTYpH.

JoBeneHo, 10 BUKOPUCTAaHHA (YHKLIOHAIBHUX IHTPEAI€HTIB Jae
3MOTY IUIECIIPSIMOBAHO PETYIIOBAaTH BIACTUBOCTI JUCIEPCHUX MOJIOYHUX
cucreM. 3acrocyBanHs MonudikoBanux kpoxmaniB LYCKEBY Volume
C E1420, Microlys 52 E1442 i pociuHHOI CUpOBUHHU 3a0e3Meuye ITiBUICHHS
B’SI3KOCTI, (pOpMyBaHHSI OIHOPIAHOI CTPYKTYPH, IMOKPAIIEHHS THKCOTPOITHUX
XapaKTepUCTHUK 1 3HWKEHHS SIBUILA CHHEPE3HCY, 1110 € KPUTUYHO BAKIMBUM JUIS
CTaOUIBHOCTI KMCIOMOJIOYHUX MPOIYKTIB.

BcranoBneno, 1o rpedaHa Kpyna HECMakeHa  SK  [PUPOIHHN
CTPYKTYPOYTBOPIOBaY 32 ONTHMAJBHOTO CITIBBIJTHOIIEHHS 3 MOJOYHOIO
cupoBarkoro (1 : 4), 3a ymoBu TepmiuHOi 00poOku 85-90 °C TpuBaiicTIO
10-15 xB, 3abe3meuye QopMyBaHHS CTaOUTBHOI PEOJOTIYHOI CHCTEMH
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3 MiJBHMIICHOIO BOJIOTOYTPHMYBAJIBHOIO 3JaTHICTIO Ta peryjlbOBaHUMHU
CTPYKTYPHO-MEXaHIYHHMHU BJIacTUBOCTSMHU. Lle mixTBepmkye nOUUIBHICTB 11
BUKOPUCTaHHS Y (DYHKI[IOHAJIbHUX KHCIOMOJIOYHHX IacTax.

Y  rtexHomorii MOpO3WBa JIOBEAEHO, MIO 3aMiHa LYKpY pi3HUMH
MiJICOIO/KYBaYaMH  CYyTTEBO  BIUIMBa€ Ha  OajaHC MK B SI3KICTIO,
CTPYKTYPOYTBOPEHHSIM 1 CTaOUIBHICTIO MiHHOI cucTeMu. KapamenbHa maroka
iHTeHCH(IKY€e CTPYKTYpOYTBOPEHHS, ajle MOXKE YCKJIAIHIOBATH TEXHOJOTIYHY
00pOOKy; TITIOKO30-PPYKTO3HHI CHPON 3HHXKYE B’S3KICTh 1 CTAOUIBHICTB;
MOJIIOM 3MIHIOIOTH PEOJIOTIYHI XapaKTePUCTUKU Ta MOTPEOYIOTh JOJATKOBOTO
BBEJICHHS CTPYKTYpOyTBOproBauiB. HaiiOimpin 30ajgaHCOBaHI BIACTUBOCTI
JOCSITAIOTBCSl  3aBASKM  KOMOIHOBaHOMY BHMKOPDHCTaHHIO DI3HHX  THIIB
i JICOJIO/KYBaviB.

Otpumani pe3ynsrati (GOpMYIOTh HAyKOBE IAIPYHTS Ul BIOCKOHAJCHHS
TEXHOJIOT1l MOJIOYHUX TPOAYKTIB 13 331aHUMHU CTPYKTYPHO-(OYHKIIOHAIBHUMH
BJIACTHBOCTSIMH Ta MOXYTb OYyTH BHKOPUCTaHI [yl TOKpAIlEHHS SKOCTI,
CTaOITBHOCTI, CIIOXKUBUMX BJIACTHBOCTEH.

AHOTALLIA

VY poGoTi HaBeneHO pe3yNbTaTH AOCIHIIKEHb PEOJOTIYHUX 1 CTPYKTYPHO-
MEXaHIYHUX BIACTUBOCTEH MOJIOYHHX ITPOIYKTIB 3 PI3HUMHU THIIAMH JUCTIEPCHUX
cucreM. Po3nisiHyTO e(heKTHBHICTH BUKOPHCTaHHS MO (DIKOBAHUX KapTOTUITHUX
KpOXMaJliB Ta HECMa)XEHOi I'peyaHoi KpYMH SK CTPYKTYpOYTBOPIOBaJIBHUX
IHIPENI€HTIB y KHUCIIOMOJIOYHHMX IacTaxX, BCTAHOBJIEHO IX NO3WTHBHHI BIUINB
Ha B’SI3KICTh, THKCOTPOIIHI BJIACTHBOCTI, BOJIOTOyTPHUMYBaJbHY 3/aTHICTH Ta
3ano0biranHs cuHepesucy. OOrpyHTOBaHO palioOHaIbHI TEXHOJIOTIUHI TapaMeTpu
ix 3acTocyBaHHs, 10 3a0e3neuytoTh (opMyBaHHS CTaOUIBHOT OJHOPIAHOL
CTPYKTYpPHU HPOIYKTY.

OxpeMo MpoaHai30BaHO PEOJIOTIYHY TMOBEAIHKY CyMilleil Jjsi Mopo3uBa
3aJIe)KHO BiJ TUIY 3aMiHHHMKIB Lykpy. [lokazaHo, 110 KapamesibHa IaToka
MiABHILYE B’SI3KICTh 1 CTPYKTYPHY CTaOUIBHICTb, ITIOK030-()PYKTO3HUI CHPOII
3HMXKYE i TIOKa3HUKH, a TMOJIONM 3MIHIOIOTh OajlaHC CTPYKTYPOYTBOPEHHS
Ta NOTPeOyITh TOJATKOBUX cTabinmizaTopiB. BcTaHOBIEHO AOUITBHICTH
KOMOIHOBaHOTO BHMKOPUCTAHHSI PI3HUX IiJICOJIOMKYBadiB JUId ONTHUMIizaLii
PEOJIOTIYHHUX BIACTUBOCTEH 1 MiJBUILEHHS SKOCTI MOPO3HBA.

OTpumaHi pe3yibTaTH CBiAYATh IPO MOXIMBICTH IiJIECIPSIMOBAHOTO
peryiroBaHHsI CTPYKTYpPHO-MEXaHIYHUX XapaKTEPUCTUK MOJOYHHX CHCTEM
LHUIAXOM Nigoopy (yHKLUIOHAJBbHUX IHTPERIEHTIB, IO Ma€ INpPaKTHYHE
3HAYeHHs JUIS BJOCKOHAJIEHHS TEXHOJIOTIH KHCJIOMOJIOYHUX HPOAYKTIB
i MOpo3uBa.
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CHAPTER 21

EHEPTOE®EKTUBHA TEXHONIOTIA CYLWIHHA M’ATU
MEPLEBOI (MENTHA PIPERITA L.)
I3 3SACTOCYBAHHSAM TENJIOHACOCHOI CYLLAPKU

[a6ixka H. O., AMuTtpernko H. B., Manawyk H. C.
DOl https://doi.org/10.30525/978-9934-26-697-3-21

BCTYIN

B ymoBax cy4acHOCTI Ha CBITOBOMY pHWHKY IPOAYKTIB POCIMHHOTO
MOXO/DKCHHSI HAsBHUM MIJBUIICHUH IONMUT Ha JIKapChbKy Ta apOMaTHYHY
CHPOBHUHY, SiKa € CKJIAaJHHKOM MpPOAYKUil (apmaneBTH4HOrO, HappymepHO-
KOCMETHUYHOTO, XapyoBOro BHpPOOHMITB. Tak, y XapdoBiil iHmycTpil moTpeda
B Wid cupoBHMHI y CBiTi 3a ocranHi 10 pokiB 30ijbIIMIacs NPaKTHYHO
B 6 pa3iB, a 00csArM BUPOOHMITBA 3 HEl MpUIpaB, apoOMaTU3aTopiB, OAPBHUKIB
ToIIO 3pocTaroTh mopiyao Ha 20...30%'. 3a omiHKaMu €KCHepTiB, OJIM3BKO
25% mnikapcbKHX 3aco0iB, IO 3aCTOCOBYIOTh y CBITOBIM MEIMYHIN NPaKTHIII,
OTPUMYIOTH Oe3rocepesHbO 3 JIKAPChKOI POCIMHHOI CHPOBHMHH. 3MIiLCHHS
npiopuTeTiB y OIK BUKOPUCTAHHS JIKapChKUX 1 e]ipooniiHUX PpOCIHH
OB’ 513aHO 3 TXHHOIO BHCOKOIO 0i0JOTIYHOI0 aKTHUBHICTIO, aHTHOKCHIAHTHHMH,
0aKTepULIUAHUMH BIIACTUBOCTSIMH, IIO AaKTYaJlbHO Y Cy4YacHOMY CBITI Js
3aXHMCHOI, aHTUMYTareHHO1, IMyHOMO/IEIIOUO] Aii Ha opraHi3Mm jroaunu. OTxe,
JUISL TOCSITHEHHST CTaJIOr0 PO3BHUTKY JIiKapchKke Ta e(ipoHOCHE POCIMHHHLITBO
BiJlirpa€ BaXKJIMBY POJIb Y CBITOBIH €KOHOMIlLll Ta (PAKTHYHO CTAJI0O OKPEMHM
HanpsiIMOM T IIPUEMHHIIBKOT JISUIBHOCTI. YKpaiHa € MOTY)XKHUM BHPOOHHKOM
JiKapchkoi Ta eipoHOCHOT POCIMHHOI CUPOBUHH, SIKY 3arOTOBIISIIOTH OJIHM3BKO
200 THC. TOHH Ha piK’.

CBiko3iOpaHa pociuHHAa cupoBHHA MICTHTE (85...90)% Bomu, uepe3
BUCOKHI BMICT BOJIOTH PO3MHOXYIOTBCSI MIKpOOPTaHI3MH Ta BilOyBalOThCs
OioxiMiyHI peakii, 110 MPU3BOJUTH JO IOTIPLICHHS SIKOCTi, TOMy Oe3redHe
30epiraHHsi CBIKHUX POCIIMH IPOTSTOM TPHBAJIOTO Yacy HEMOXKIMBE. BaximuBum

1

Sniezhkin Yu., Dabizha N., Malashchuk N. Energy resource saving technologies of dehydration
of medicinal and aromatic plants. Thermophysics and Thermal Power Engineering. 2021. T. 43. Ne 4.
C.7-16. DOI: 10.31472/ttpe.4.2021.1.

2 ToBapO3HABCTBO Ta IHHOBAIIHI TEXHOJOTII IEPEPOOKH KAPCHKO-TEXHITHOT POCIMHHOI CHPOBHHH :
HaByanbHUi nociOHuK / Tasmrok P. 1O. ta in. Xapkis : XI'YIIT, 2013. 429 c.

429



€TaroM y Ipolieci 3aroTiBii JiKapchbkuxX Ta e(ipooNiiHUX POCIHH € CYIIiHHSA,
siKe 3aro0irae NCyBaHHIO CUPOBHHH Ta 301IbIIY€e TEpMiH 30epiraHHs BUCYIIEHOT
TpaBu* *.

CymiHHs JiKapchbKuX 1 e(pipoosiiHUX TpaB 3A1HCHIOETHCS NMPHUPOIHUM
MOBITPSIHO-TIHBOBUM CIIOCOOOM a00 HarpiTUM HOBITPSAM Y CYMIMJIBHHX
ycraHoBkax. [lill yac mpuUpoOIHOTO CYNIiHHS NMPOLEC 3HEBOJHEHHS CYTTEBO
3aJIeXKHUTh BiJl TEIUIOBOJIOTICHUX IapaMmeTpiB aTMOC(EpHOro MOBITPS, SKi
B HECTaOUIbHHUX KIIMAaTUYHHMX YMOBaxX YKpaiHM 3MIHIOIOTBCS B HIMPOKOMY
Jiana3oHi, 10 He J03BOJISIE IPOBOJUTH 3HEBOJHEHHS Y CTAJINX ONTHMaJIbHUX
yMOBax 1 NPHU3BOAMTH JI0 HEMOXXJIMBOCTI OAEpIKATH KIHLIEBHH IPOAYKT
3 HEOOXiIHMMHU SIKICHUMHU NoKazHUKaMu. CyLIiHHS HArpiTHM IMOBITPSIM Mae
HU3KY IIepeBar: y cyllapkax MOXKHa pPEryJIioBaTH TEMIIEPaTypHUN PEeXHUM
Ipouecy, LIBUAKICTh Ta BOJIOTOBMICT CyIIMJIbHOTO areHTa. Opranizanis
KOHTPOJILOBAHOTO IIPOIIECY CYLIIHHS J03BOJIE€ peasli3yBaTH ONTHMAaIbHI
3 TOYKH 30py 30epekeHHS OIOJOTIYHO AKTUBHHX PEYOBHH POCITHHHOL
CHUPOBHHH pexumu®. J{ast Oinbll  e(peKTUBHOTO Ta KOHTPOJIbOBAHOIO
CYLIIHHS JIIKAPCBKUX Ta e(ipooJiiHUX POCIMH Harenep 3’ SBHJIMCS HOBI
METOAM CYIUiHHS, SIKI 3a0€3IeUyIoTh MOXXJIHMBICTH 30epiraHHs HacamIiepen
ebipHUX ONill Ta MiABUIIEHHS cTabiMbHOCTI BUCyIeHOro nmpoaykty® 7 . Jlo
LUX METOJIB HaJIe)KaTh TaKi SK TiOpUIHE COHSYHE CYIIiHHA, cyOniManiiiHe
CYLIIHHS, MIKPOXBMJIBOBE CYIIiHHS, MIKPOXBHJIbOBE BaKyyMHE CYILIiHHS,
CYUIIHHS 32 JIONIOMOTol0 iH(padyepBOHOIO BHUIIPOMIHIOBAHHS, CYLIIHHS
TEIJIOBUM HacocoM Ta HajakputuyHe cyminHs CO,, a Takox riOpuaHi
METOAM CYLIiHHS.

Bonnouac cyrniHHS € HaWOIIbII €HEPrOEMHUM IPOLIECOM Cepell OCHOBHUX
IIPOMUCIIOBUX TpOLECiB, Ha skud mpunaznae Big 12 no 20% Bix 3araabHOTO

3 Chakraborty R., Tilottama D. Drying protocols for traditional medicinal herbs: A Critical Review.
International Journal of Engineering Technology, Management and Applied Sciences. 2016. Vol. 4.
No. 4. P. 312-319.

4 Nakra S., Tripathy S., Srivastav P. P. Drying as a preservation strategy for medicinal plants:
Physicochemical and functional outcomes for food and human health. Phytomedicine Plus. 2025. Vol. 5.
No. 2. Article 100762. DOI: 10.1016/j.phyplu.2025.100762.

5 Thamkaew G., Sjéholm I., Galindo F. G. A review of drying methods for improving the quality of
dried herbs. Critical Reviews in Food Science and Nutrition. 2021. Vol. 61. No. 11. P. 1763-1786. DOI:
10.1080/10408398.2020.1765309.

¢ Sniezhkin Yu. Energy-efficient dryers developed at the Institute of engineering thermophysics of
NAS of Ukraine. Thermophysics and Thermal Power Engineering. 2025. Vol. 50. No. 4. P. 5-17. DOI:
10.31472/ttpe.4.2025.1.

7 Nurhaslina C. R., Bacho S. A., Mustapa A. N. Review on drying methods for herbal plants.
Materials Today : Proceedings. 2022. Vol. 63. P. S122-S139. DOI: 10.1016/j.matpr.2022.02.052.

8 Eapen A. S., Bhosale Y. K., Roy S. A review on novel techniques used for drying medicinal plants
and its applications. International Journal of Biomaterials. 2025. Article ID 4533070. 21 p. DOL:
10.1155/ijbm/4533070.
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CTIOXKUBAHHS €Heprii y BUPOOHHUYOMY CEKTOpi’, Ta Ma€, BiJMOBiJHO, BUCOKHI
BymieneBud cmif. IlinBuieHHs eHeproeeKTHBHOCTI IpoLleCy CYLIHHSA Ta
CYIIWJIBHUX YCTAHOBOK CIIPHSE CTAJIOMY PO3BHUTKY 3 TOUKH 30py INIOOAaIBHOT
€HEepreTUYHOI MEePCIIeKTHBH.

OnHi€l0 3 IUPOKO BUKOPHCTOBYBAHUX JIKAPCHKUX €(ipOONiiHUX KYJIBTYp
e M’sita ieprieBa (Mentha piperita L.). Cii 3a3Ha4uTH, [0 CBITOBE BUPOOHUIITBO
M’SITH TIepleBoi cTaHoBUIIO y cepenaboMy 105 038 Ty 2015-2018 pp., y Tomy
yucrni y Cxigniit €spori — 176 1'°.

M’sata mepieBa — IIBUAKONCYBHAa CE30HHA pPOCIHMHA, 100 3pOOUTH
M’ATy JOCTYIIHOIO JUJIsi BHUKOPUCTAaHHS IWPOTSATOM YChOTO POKY, Ii
HeoOxigHO 30epertu. Halikpamum croco6oM 30€peKEeHHS € KOHBEKTHBHE
HU3BKOTEMIIEpATypHE CYUIIHHS, MiJl 4ac SKOTO 3MEHIIEHHS BOJIOTOBMICTY
MaTepianxy J03BOJISIE JOCSAITH Ha IOBEPXHI POCIMHHM TakKoro piBHSA
aKTHBHOCTI BOJH, 3a SIKOTO YHEMOJJIMBIIOIOTHCS MIKpOOHE ICYBaHHS Ta
Oynb-sKki Oi0XiMivHI peakirii.

MeTo10 fAoCHiTKEHHS] € BHMBYCHHS KIHETHKH TMPOLECY 3HEBOJHCHHS
M’SITH TIepUeBOi, po3poOJIeHHsS eHeproeeKTUBHUX PEXKUMIB CyLIiHHS, 3a
SIKMX 3a0e3Me4yroThCsl MiHIMaJIbHI MTUTOMI BUTPAaTH €HEprii Ta MakCHMallbHe
30epekeHHs eipHUX ONil, BUOIp Ta BIOCKOHAIEHHS CYLIMIBHOI YCTaHOBKH.

MeTomo10Tist TOCTiZKEHHS IPYHTYETHCSI HA KOMIUIEKCHOMY MIIXOMI, SIKMH
MO€/IHY€E BCEOIYHE JOCIIDKEHHS BJIACTUBOCTEH M’SATH NeEpleBOi K 00’e€kra
CYIIIHHS /ISl BU3HAUCHHSI PEXXHMMIB 3HEBOAHEHHS 13 MiHIMalbHUMH BTpaTamu
e(ipHUX 0Jil 3 OOIPYHTYBaHHSAM MeToAy iHTeHcH(ikalii Ta BHOOpoM crocody
CYIIIHHSL.

Jns  [OCSTHEHHS TOCTaBJICHOI METH TIPOBENEHI JIOCHIKEHHs, 10
CHpsIMOBaHi Ha BHOIp TpaHMYHO JOMYCTHMOI TEMIEpaTypu HarpiBy marepiany,
BU3HAYEHHsI COpPOLIHNX BIACTMBOCTEH M’SITWM MEPLEBOi Ta MUTOMUX BUTpAT
eHeprii Ha T 3HEBOIHEHHS, a TaKOK BHBYEHA KIHETHKA CYLIIHHS 33 PI3HHX
TEIUIOBOJIOTICHUX HapaMeTpiB CYIIMIBHOTO areHTa.

1. XapaKTepucTuka M’'aT1 nepL.eBoi K 06’eKTa CyLUiHHA
M’sra nepuesa (Mentha piperita L.) € Binomoro Jlikapcbkoro edipooniiHO0
KyJIBTYpOIO, SIKy LIMPOKO 3aCTOCOBYIOTH 3aBISIKH KOPHCHHM BJIACTHBOCTAM
1 TepameBTWYHIM Iii Ha opraHi3aM JroAWHH. M’sTa IiepreBa € HKEpesioM
OJICP)KaHHSI aNTEeYHOTo JHCTA Ta edipHOi omii, a TakoK ii KOMIIOHEHTIB,
30KpeMa MEHTOJNy, IO BHKOPDHCTOBYIOTBCS Yy  XiMiKo-(hapMaleBTHUHIH,

> Eapen A. S., Bhosale Y. K., Roy S. A review on novel techniques used for drying medicinal plants
and its applications. International Journal of Biomaterials. 2025. Article ID 4533070. 21 p. DOIL:
10.1155/ijbm/4533070.

10 FAOSTAT. URL: https://www.fao.org/faostat/ru/#data/QCL (nara 3Beprenns: 23.02.2026).
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nappyMepHO-KOCMETHYHIH, KOHJIUTEPCHKiH, XapyoBil, JIiKepO-TOpUTYaHIMH,
TIOTIOHOBiH POMHUCIOBOCTSAX Ta MEAUIMHI'.

Jlucts ™M’sATH 3A€OLIBIIOTO CIIOXKHBAIOTH y CBDXKOMY a0 CyIICHOMY
BUDVISLIII SIK apoOMaTH3arop Yy Pi3HUX BHJAX XapuOBHMX NPOAYKTIB, Y HalHHX
Hamosix. Y MeQUIMHI M’siTa IepleBa BH3HaHA y CBiTI HacamIepen CBOIMHU
AQHTUMIKpOOHMMH  Ta  AQHTUOKCHIAHTHHUMM  BJACTUBOCTSAMH,  TaKOXK
IIMPOKO Bigomi Taki 11 JiKyBajbHI BJIACTUBOCTI, SK IPOTHBIPYCHI,
aHTHOaKTepialbHi, POTH3aNalbHi, MPOTUTPUOKOBI, MPOTHACTMATUYHI,
aJIOTMAaTUYHI, CIa3MOJITHYHI, AHTUCENTHYHI TOMIO'?, 3aBISKH KOMILIEKCY
610JIOTIYHO aKTHMBHUX PEUOBHMH M’sTa IEpLEBa BXOAWUTH A0 CKIAy 0ararbox
(apMalleBTUYHUX MpenapariB, Uil BHUIOTOBJICHHS SKHX BUKOPUCTOBYIOTh
TpaBy, JIUCTA Ta edipHy omito. Tak, B YkpaiHi CHpOBMHa M’SITH HepLEBOi
SIK IHTPENiEHT YW OCHOBHHUI KOMIIOHEHT BXOAUTH JO CKIaay 63 JiKapChbKUX
3aco0iB".

OCHOBHUM aKTHBHHUM KOMIIOHEHTOM M’SITH mepueBoi € edipHa omis —
0araToKOMIIOHEHTHa CyMilll JIETKMX OpTaHIYHHMX CIIOJNYK, KOHIEHTpALsl SKOT
B JIUCTKAX M’SITH KonuBaeThes Bix 1,2% 1o 4,8%, a y cyusiTrax mocsarae 6%,
VY crebnax edipHa oiist Maiixe BiacyTHs. o ckiany edipHOi oiii M’s'TH epLeBoi
Bxonath MeHTON (30...55)%, menron (14...32)%, i3omenton (2...10)%, 1,8—
uuHeon (6...14)%, o-minen (1,0...1,5)%, B-minen (1...2)%, ximonex (1...5)%,
HeoMeHTon (2,5...3,5)%, mentodypaH (1...9)%, mentun anerar (2,8...10,0)%,
nyineron (makcumym 4,0%), kapson (mo 1,0%), isomyneron (mo 0,2%)".
[Hm rpynu GioJIOTIYHO aKTUBHHMX PEYOBMH M STH NepueBoi — (aBOHOIAN
(recriepesnH, aHTOLIaHIIMHY), TyOUIbHI pedoBuHH (6...12)%, TpUTEepHeHOIN
(ypconoBa Ta oOyeaHOIOBAa KHCIIOTH), Oeraid, kaporuHoigu'®., Takox M’srta
€ OaratuM JpKepenioM MiHepaniB, Takux sk Na, Mg, K, Ca, Cr, Fe, Co, Cu, Zn
iSe!.

11

Nayak P., Kumar T., Gupta A. K., Joshi N. U. Peppermint a medicinal herb and treasure of health.
Journal of Pharmacognosy and Phytochemistry. 2020. Vol. 9. No 3. P. 1519-1528. DOI: 10.22271/
phyto.2020.v9.i3y.11525.

12 Kosanso B. M., [Tasuiii O. ., Icakosa T. I. ®apmakorso3ist 3 ocHoBamu 6ioximii pocius. Xapkis :
Ipanop HOAY, 2000. 704 c.

3 Minapuenko B. M., Bytko A. 0. JlocmimxeHHs BITYM3HSHOIO PHHKY JKAapChbKHX 3aco0iB
POCIHHHOTO TOXOWKeHHs. Papmayesmuunuii ocypruar. 2017. Ne 1. C. 30-36. DOIL: 0.32352/0367-
3057.1.17.04.

4 KosanmboB B. M., ITasmiii O. L., Icakosa T. 1. ®apmakorso3ist 3 ocHoBamH 6ioximii pociuH. XapKis :
ITpanop HOAY, 2000. 704 c.

15 European Pharmacopoeia. 8th edition (Ph. Eur. 8). Strasbourg : Council of Europe, 2014. P. 275—
276, 1232-1234, 1350-1352, 1369-1370.

16 Kosanmbos B. M., ITasmiii O. L., Icakosa T. I. ®apmakorso3ist 3 ocHOBamMH 6ioximii pociuH. XapKis :
ITpanop HDAY, 2000. 704 c.

17" Nayak P., Kumar T., Gupta A. K., Joshi N. U. Peppermint a medicinal herb and treasure of health.
Journal of Pharmacognosy and Phytochemistry. 2020. Vol. 9. No. 3. P. 1519-1528. DOI: 10.22271/
phyto.2020.v9.i3y.11525.
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Jletki apoMaTW4Hi CIIOJYKHM € HAHOUIBII YyTIMBHMH KOMIIOHEHTaMHU
B MpoLeci CymIiHHs e(ipooiifHOi CHPOBUHHM, 3MIHIOBAaHHSI KOHLIEHTpaLii SKUX
3aJIeKHUTh BiJl CHOCOOY CYIIIHHS, TapaMeTpiB 3HEBOAHEHHs (TeMIleparypH,
LIBHUJIKOCTI TIOBITPSI), TPUBAJIOCTI NPOLECY, a TAKOX BiJ BOJIOTOBMICTY, COPTY
1 BIKy POCJIMHH Ta IHIIMX YAHHUKIB.

Edipra oniss B edipoHOCHIN TpaBi 3HAXOAMTHCS HAa IOBEPXHI JIUCTS
B edipooniitHux 3ano3ax (Tpuxomax)'®. V pasi BUCOKOI TeMIepaTypu CyLIiHHS
TPUXOMH MOXYTb PO3ipBaTHCS, 10 TPU3BE/IE 10 BTPATH JIETKUX CIIOIYK Yepes
BHITapoByBaHHI. ToMy 30epe:KeHHS IUIICHOCTI TpUXOMH ab0 MiHiMi3aris il
TTOLIKOJKEHHS I11J1 4ac CYIIiHHS CIIpHUs€ YTPUMaHHIO epipHUX ONill y CylIeHil
Tpasi.

HaiiBaxxnuBinry poiib y 30epeskKeHHI1 JIETKUX CIOIYK CYNIEHHX TpaB IIiJ| 4ac
CYIIIHHS BiJirpae TeMIiepaTypa CyUIMIFHOTO arcHTa. 3aCTOCYBaHHS 3aBHCOKOI
TEMIIEpaTypy CYIIiHHSA 3a3BUYail HPU3BOAWTH JI0 BTPaTH JIETKUX CIOJYK,
a TaKOXK JIO0 3MiHM KOHIIEHTpALii Ta ckiany edipHUX OJIil, 10 Pi3KO HOTipuIye
apomar Ta cMak. /[l BU3HAYEHHS TPAaHUYHO JIOMYCTHMOI TEMIIepaTypu
CywiHHA eQipoosiiiHOI CHPOBHHH IpOAaHANI30BaHI EKCIEpHUMEHTaJbHI JaHi
LIOJI0 BIUIMBY TEMIIEpaTypd Ha BMICT apoOMaTMYHHX pedoBHH. Hanpuxian,
JOCITIUKEHHsT BIUTMBY CYIIiHHS Ha BMicT edipHOi omii B nuctkax Memicu'’
ToKasaiu, 1o Brpat edipHoi omii mponopuiiHi Temneparypi cyminus (16%,
23% ta 65% y pa3i 30°C, 45°C ta 60°C BiaNOBiIHO), @ BUPAXKEH] 3MIHU CKJIaTy
OCHOBHHUX KOMIOHEHTIB e(ipHOi oii BimOyBatoThcs 3a 60°C. Y mocimimkeHHi?
BUBUCHMH BIUIUB Pi3HUX TEMIIEpaTyp CYIIiHHSA Ha KiJIbKICTh Ta SKICTh e(ipHUX
OJii M’SITW TepueBoi. 3a3HaYeHO, 11O 3 MMiJABUIIEHHSM TEMIIEpaTypH CYLIiHHS
pi3ko 3HIKYETbCst BMicT ediproi omii (% 00./mac.) 3 1,0% y pasi 40°C no
0,14% y pas3i 60°C i 0,12% y pa3i 80°C. 3HayHe 3MEHIIEHHS KUTBKOCTI eipHOT
onii mig wac cymniHHsS BinOyBaeThcst y Oararbox BHAax Tpas: Ha (36...45)%
y Gas3uiiky, Ha (23...33)% y maiiopani ta Ha (6...17)% y marepunmi®'. Jlo6pe
KOPEJIIOIOTh 3 BHIIE HaBeAeHNMH aHuMu orpuMadi B ITT® HAHY pesynsrarn
JOCII/DKEHHST BIUIMBY TEMIIEPAaTypy 3HEBOAHEHHS Ha YMCIO apoMmary M’SITd

18 Thamkaew G., Sjéholm 1., Galindo F. G. A review of drying methods for improving the quality of
dried herbs. Critical Reviews in Food Science and Nutrition. 2021. Vol. 61. No. 11. P. 1763-1786. DOL:
10.1080/10408398.2020.1765309.

1 Nayak P., Kumar T., Gupta A. K., Joshi N. U. Peppermint a medicinal herb and treasure of health.
Journal of Pharmacognosy and Phytochemistry. 2020. Vol. 9. No 3. P. 1519-1528. DOI: 10.22271/
phyto.2020.v9.i3y.11525.

2 Blanco M. C. S. G., Ming L. C., Marques M. O. M., Bovi O. A. Drying temperature effects in
peppermint essential oil content and composition. Acta Horticulturae. 2000. Vol. 569. P. 95-98.

21 Chakraborty R., Tilottama D. Drying protocols for traditional medicinal herbs: A Critical Review.
International Journal of Engineering Technology, Management and Applied Sciences. 2016. Vol. 4.
No. 4. P. 312-319.
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i yabepa®’. BusBiieHo, 110 MiJABUINEHHS TeMmrepaTypu Tertonocis 3 40 °C 1o
60 °C npu3BOIUTE IO BTPATH apoMaty cyieHoi M’satd Ha 20%, a yabepa — Ha
29%. Ilopanpiue mifBUILEHHS TeMIleparypu cyminHs Ha 20 °C npu3BOgUTh 10
uie Gimpmmx BTpat — 42% 1 61% BimnoBinHo. Y crarTi® HaBemeHi pe3ybTaTH
JOCII/DKEHHS! BIUIMBY TEMIIEpaTypH CYIIIHHS 1 HIBUIKOCTI HOBITPS Ha BMICT
e(ipHUX 0Nl y JUCTKaxX M SITH BOASHOI. EXCIIEepUMEHT NMpOBOIMBCS 3a TPHOX
temneparyp cymmibHoro areara — 40 °C, 50 °C i 60 °C i #oro mBUAKOCTI
1 m/c 1 2 m/c. HaiiBumuit BMicT edipHoi odii (1,33% 06./mac.) ciocrepiraBcs 3a
temreparypu 40 °C i mBuakocti 1 M/c. 301IbIIEHHS TeMIIEpaTypH i MIBUAKOCTI
TEIJIOHOCISI NPU3BOAWIN JI0 3HAYHUX BTPAT e€PipHUX OJIiH.

Takum uyuHOM, BHOIp mMapamMeTpiB Mpolecy 3HEBOIHEHHS M’SITH IEpLEBOi
K edipoodiiHOI POCIMHM HacaMmmepe] BH3HAYAETHCS TEPMOYYTIUBICTIO
e(ipHUX OJIii: JuIs 3amo0iraHHs BTPAT JIETKUX PEUYOBHUH IPAHHYHO JIOITYyCTHMA
TeMIieparypa marepiairy He noBuHHa nepesuiryBatu (35...40) °C min wac
CYIIIHHS HarpiTMM MHOBITPSM y mapi. Takok peKOMEHIYETHCS CYHIUTH M STy
B TOBCTOMY Imapi. bakaHo, 1100 mporec CyuriHHs OyB 3aTATHYTHH y 4aci, 11e
MOB’SI3aHO 3 THM, IO IIiJ] 4ac 3HEBOJHEHHsS B POCIHMHHIA CHPOBHHI TpUBa€e
nporec Giorenesy i HakomuYeHHs edipHOT omii*.

Otxe, 3 XapakTepHUX 0COOIMBOCTEW M’SATH NepleBoi K 00’€KTa CyNIiHHS
HacaMmmepe] HeOOXiTHO BUIUINTH TEPMOUYTIMBICTH JISTKUX PEUOBUH e(ipHOi
oJ1ii 1 BUCOKHH IOYAaTKOBHH BOJIOTOBMICT. Y 3B 513Ky 3 THM, IO TPHUBaJIa TEIJIOBA
Jlisl HEraTHBHO MIO3HAYA€THCS HA SIKOCTI BUCYIIEHOI TPaBH il Yyac po3poOsieHHs
PEKUMIB 3HEBOJHEHHSI M’SITH IEPLEBO] OCHOBHHI aKIEHT IOBHHEH POOUTHUCS
Ha BUKOPHCTAHHS HU3BKUX TEMIIEpaTyp 1 CKOPOUYEHHS TPHBAJIOCTI MPOIECY.

2. MaTepianu Ta MmeToam

[Tix wac mpoBeneHHsT OCHIDKEHh BUKOPHCTOBYBaJlach CBIXKa TpaBa M’SITH
nepueBoi (Mentha piperita L.), npunbana y miciieBoro BUpoOHHKa B YKpaiHi.

BwicT Bonoru B nocunimpKkyBanomy mMarepiaini BuzHavanu 3a JJCTY 7804:2015
LUISIXOM CYIIIHHS 3pa3KiB y OrOKcax /0 MOCTIHHOI Macu y cynmwibHiN madi
3 Temmeparyporo (100...105) °C, dikcyroun macy OFOKCH 3 HaBIIICHHSIM JI0
BUCYLIYBaHHA 7, Macy OIOKCH 3 HaBILIIEHHAM IIiCIs BHUCYIIyBaHHS 71,, Macy
ImycToi OroKcH 7,

2 Cuexxin 10. @., TTerposa XK. O., Inberxo O. O., Jloseiiko B. O. Cyurinas M’STH Ha KOHBEKTHBHHX

CYLIMIBHUX YCTaHOBKaX. Xapuoea npomucinosicme. 2010. Bur. 9. C. 168-170.

3 Karami H., Rasekh M., Darvishi Y., Khaledi R. Effect of drying temperature and air velocity on the
essential oil content of Mentha aquatica L. Journal of Essential Oil Bearing Plants. 2017. Vol. 20. No. 4.
P. 1131-1136. DOI: 10.1080/0972060X.2017.1371647.

% Sniezhkin Yu., Dabizha N., Malashchuk N. Energy resource saving technologies of dehydration
of medicinal and aromatic plants. Thermophysics and Thermal Power Engineering. 2021. T. 43. No. 4.
C. 7-16. DOI: 10.31472/ttpe.4.2021.1.
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[Tin yac BUpIIIEHHS 3a/1a4, 110 OB’ sI3aHi 31 3MIHIOBAHHSAM KiJIBKOCTI BOJIOTH
B Marepiali B IpoLeci HOro CyIIiHHS Ta B PO3paxyHKaxX MIBUAKOCTI CYIIiHHS,
BUKOPHCTOBYBAaBCS BOJIOTOBMICT # — BiJJHOLIEHHS MAacH BOJOTH M, IO Macu
CYXOro Marepiaiy m,_, , KI/KT C.M.:

c.M.?

mgy mi—m;
u=—=—
Mem, my;—mg (1)

Jnsi BU3HAYEHHs Macu CyXOro Marepiany pO3paxyHKH IPOBOIWIN 32
BIZTHOCHOIO BOJIOTICTIO W — BiJJHOLIEHHAM MacH BOJIOTH 71, IO MacH BOJIOIOIO
Marepiany m, %:

-100. )

[lepexin Bim BONOTOBMICTY # IO BiTHOCHOI BOJIOTOCTI W 1 BiJ BiZHOCHOI
BOJIOTOCTI W JI0 BOJIOTOBMICTY % 3[IIHCHIOETHCS 32 TaKUMHU (popMymamMu:

__w N
U= Tooow W = T 3)

[TouyaTkoBe 3HAYEHHS BOJIOTOCTI JIMCTS M SITH IEpHEBOI y CBDKOMY CTaHi
BapilOBAJIOCh Y Mekax i cteben 3 auctkamu (88,3...91,2)%, mis TUCTKIB
i creben (75,6...77,9)% ta (88,7...91,7)% BiamnosiaHo.

JocnijpkeHHsT TirpOTEPMIYHOTO PIBHOB&)KHOTO CTaHy M SITH TEPIEBOi
MIPOBOJMIIACST 13 3aCTOCYBaHHSM TEH30METPUYHOTO (CTAaTHYHOTO) METOLY
Ban Bamenena®. 3rimHo 3 METOJIOM 3pa3Ki BHUCYIICHOTO Marepialy B OrOKcax
BUTPHMYBAJIUCS B E€KCHKATOpax HaJ BOAHMMH DPO3YMHAMH CIpYaHOi KHCIIOTH.
3a meBHOI TeMmIeparypu Ta KOHIEHTpAIil cip4aHOl KHCIOTH B EKCHUKaTopi
BCTAHOBIIIOETHCS TAPIIaJbHUKE TUCK Mapy p, M0 BIINOBINA€E Liil KOHIEHTpalii
Ta BIJHOCHOMY THCKY p/p,. BinHocHa BOIOriCTh IOBITpS BH3HAYA€THCS SIK
¢ = (p/p,) - 100. 3pasku nepiogUYHO 3BAXYIOTHCS HA AHATITHYHUX Barax
3 touHicTio 0 0,001 T 10 MOMEHTY JMOCSTHEHHS HHUMH IMOCTIHHOI MacH, IO
CBITYMTH MPO HACTaHHS CTaHy JAWHAMIYHOI PiBHOBAarW 3a Takoi TeMIeparypu
i BIIHOCHOI BOJIOTOCTI MOBITPA. PiBHOBaXHMH BOJNOrOBMICT Marepiany u,
BU3HAYAETHCS SIK BIJIHOIICHHS Macu BOJIOTH B Marepialli B pIBHOB)KHOMY CTaHi
JI0 MacH CyXoro marepiaiy.

¥ Jlabixka H. O. IureHcudikamist mpolecy KOHBEKTUBHOTO CYLIIHHsS TEpMONaliIbHHX Marepiaiis
JI0 HU3BKOTO 3QJIMIIKOBOTO BOJIOTOBMICTY : JHC. ... KaHZ. TexH. HayK : 05.14.06. Kuis : ITT® HAH
Vkpainu, 2013. 208 c.
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Jnsi BU3HAueHHS NHMTOMOI TEIUIOTH BHUIAPOBYBaHHS BOIM 3aCTOCOBAHO
crBopernii 'y ITT® HAHY  audepeHuianbHuii  MiKpOKaJIOPUMETP
umapoByBanust JIMKU-01%, npuHimno poOGOTH SIKOrO 3aCHOBaHMH Ha
CHHXPOHHOMY BUMipIOBaHHI 3MIHIOBaHHS Macu MaTepiajy uepe3 BUIIapOBYBaHHS
Ta KUJIbKOCTI TEeIUIa, 110 BUTPa4YeHe Ha 1ie BUnapoByBaHHs. [Ipuian sBise co0oro
CYKYITHICTh (DyHKILIOHAIBEHO TOETHAHUX TEIUIOBOTO OJIOKY 3 KaJIOPUMETPHYHOIO
aropmMoro, aHAIITHYHHUX Bar, KOMIIpecopa Ul MPOAYBKU MOBITps, OJOKY
€JIEKTPOHHOTO KEPYBaHHS Ta IEPCOHAIBHOIO KOMIT'IOTEpa 3 BiANOBIIHUM
MIPOTrPaMHUM 3a0€3MECUESHHSIM.

Hdns pocnmipiB 3 JUCTAM M’SITH  Oyj0 BHKOPHCTAHO KaJIOPUMETPUUHY
aropmy 3 U HAPUIHUMHU KOMipKaMy TMOMHOI0 36 MM. Y Hill IepeTBOproBadi
TEIJIOBOTO TOTOKY PO3MIIEHI B3/I0BX HEPUMETPY CTIHOK Komipok. Ilimmid
JIICTOK M’ATH CKPY4YyBaBCsl Yy M SIKUH PYJIOH Ta BMIIIyBaBCSl Y BUMIipIOBaJbHY
KOMIpKy. [30TepMidHE KOHIYKTUBHE CYLIIHHS BiOYBaJOCh y KaJOPUMETPHUYHIN
kamepi 3a Temreparyp 40 °C ta 50 °C 1o MOMEHTY NOCSTHCHHS MaTepiaioM
BOJIOTOCTI, 1110 PIBHOBa)KHA 3 TOBITPSIM BCEPEAMHI KaMEpH.

[TutoMy TerioTy BUIApOBYBaHHS BH3HA4Yallk 3 TOYHICTIO He MeHIe 1% 3a
BJIACHOIO METO/IMKOIO, 3aCHOBAHOIO Ha CHHXPOHHOMY BHMIpIOBaHHI 3MiHIOBaHHS
MacH Marepially Ta KUIbKOCTI TEIUIOTH, L0 BUTpPayeHa Ha BUIIAPOBYBAHHS IIiJl
Yac 130TepMIYHOTO KOHBEKTUBHO-KOHAYKTHBHOTO cymnriHHs. [ToTouHi 3HaueHHs
MTUTOMUX BUTPAT TEIUIOTH HA BUIIAPOBYBAHHS BOJIOTH 31 3pa3Ka ITiJ] 4ac CyIIiHHS
BHPAXOBYBAJIH IiCJS 3aKiHYCHHS TOCIiay 3a Gpopmyoro (4):

f7i+1 q(t)dr

Ti

m(t)—m(tieq)’

7= 4)

Je »; — IMTOMI BUTPATH TEIUIOTH Ha BHUIIAPOBYBAHHS 3a 4acC CYIUiHHS Bif
T, 10 7., K/DK/Kr; 7, Ta 7., — IOTOYHI MOMEHTU 4acy HpOLECYy CYyLIiHHA, C;
q(t) — TeruoBHil MOTIK BecepenuHi poOodoi kamepu sk QyHKiis wacy, kJx/c;
m(t) Ta m(t,,,) — Maca 3pa3ka B MOMEHTH 4acy 7, Ta T,,,, KL.

JocnimkeHHs npolecy 3HeBOAHEHHS M STH NEPLEBOT 3 METOI0 BUBUEHHS
KIHETMYHUX 3aKOHOMIPHOCTEH TIPOBOAMIMCSI Ha EKCIEPUMEHTAIbHOMY
CYyUIMJIBHOMY  CT€HII 3  KOHBEKTHMBHMM  IJIBEACHHSAM  TEIIOTH
B FOPU3OHTANIBHIN KaMepi y pa3i HOJOBKHBOIO OOTIKaHHS IIapy Marepiaiy
CylmmibHUM areHToM?’. CTeHI CKIaJa€eThCs i3 CHCTEMH TEIUI0i30Jb0BAHUX

% KamopuMeTpHYHHIl NPUCTPiil Il BU3HAYCHHS NMTOMOI TEIUIOTH BHIIAPOBYBAHHS BOJOTH 1

OpraHiuHMX pinuH 3 Matepianis: nar. 84075 Vkpaina: MITK G 0IN 25/26, G 01N 25/28. Ne a200613266;
3agB11. 15.12.2006; omy6u. 10.09.2008, brom. Ne 17. 10 c.

2 Tycaposa O. B. [nTeHCH}iKAIiS TEIOMACONIEPEHOCY i/ Yac OIEPIKAHHS YUIICIB 3 AOTYK : IHC. ...
KaHJl. TexH. Hayk : 05.14.06. Kuis : ITT® HAH VYkpainu, 2020. 241 c.

436



MOBITPONIPOBOJIB 3 MPHUCTPOSIMH Ui HarpiBaHHs CYLIMJIBHOTO areHra,
CYUIMJIBHOT KaMepH, CUCTEMHM KOHTPOJIIO 1 MiATPUMAaHHS TEMIEpaTypu
CYLIMJIFHOTO areHTa Ha 3aJaHoOMy piBHI Ta CHCTEMH aBTOMAaTH4YHOTrO 300py
it 00poOkwu indopmanii. [licns BcTaHOBIEHHS PEXUMY CYIIIHHS HiATOTOBIIEHI
3pa3Kd pO3MIllyBalIM Ha CiTYaCTOMY MiJJOHI POOO40i BUMIipIOBAIBHOI
KaMepu Ta BMHKaJld KOMIT'IOTep g 300py iH¢opmalii 3a JONOMOroro
nporpamu “Sooshka”, sika peecTpye Ta BHBOAUTH HAa €KpaH TEMIEpPaTypy
CYLIMIBHOTO areHTa f, TeMIepaTypy 3pa3ka { Ta 3MIiHIOBaHHS Macu 3pa3ka
m TiJ 4ac 3HEBOJAHCHHS.

JocimKeHHsT KIHeTHKH CYIIHHA M SITH TEPLEBOi IPOBOAMINCH OKPEMO
JUISL JIUCTKIB, cre0en Ta 1ijoi pociauHu (credina 3 smcrtkamu). Crebna M’sTn
3 JIMCTKaMH pi3ajd Ha IIMarkd JowkuHoro 10...12 cM 1 Bukmaganu ix Ha
migoH mapom 2...2,5 cm, aucts abo crebia BUKIamamu mapoM 1 cMm.
JocimKeHHsT TPOBOMMIIMCS B MEXKaxX 3MIHIOBaHHS DPEXHUMHUX IapaMeTpiB
MpoIecy: TeMieparypu cyumibHoro arenra — 30 °C, 40 °C i 50 °C; mBuakocTi
CYIIMJIBHOTO arcHTa — 2 M/C; BOJIOTOBMICTY CYIIWIILHOTO areHTa — (6...14) r/kr
C.I1.; IUTOMOTO HABaHTaXXCHHs MaTepiany — 1,7 kr/m%. 3a eKcriepruMeHTaIbHUMHI
JaHUMH TOOYZOBaHI KPHMBI CYNIIHHS M’SITH mnepueBoi u = f(T) 1 TeMneparypHi
KpuBi ¢ = f{T), Ta ofepkaHl IUIIXOM YUCEIBHOTO MU(epeHIiIoBaHHS KPUBUX
CYIIIHHS KPUBI MIBUAKOCTI cymniHHs du/dt = flu).

3. PesynbraTy ekcnepuMeHTaIbHUX AO0CiAYKEHD

Ilin yac BUBYCHHS TEXHOJOTIYHHMX BIACTUBOCTEH MaTepialiB BEJIUKE
3HAYEHHS] Ma€ aHali3 130TepM ajcopOuil, O NPenCcTaBIsAIOTh (QyHKIIOHAIBHY
3aJIeXKHICTh MK BIJIHOCHOIO BOJIOTICTIO TIOBITPS 1 pIBHOBaYKHUM BOJIOTOBMICTOM
Marepialy y pa3i NOCTiHHMX Temmeparyp 1 Tucky. I[lix uwac cymiHHsA uis
JIOCSITHEHHS1 0a)kKaHOTO pe3yJbTary TeMIleparypa Ta BOJOIICTh CYLIMIBHOTO
arcHTa MOBUHHI BIJIIOBINATH 3aJJaHOMY KIiHIICBOMY BOJIOTOBMICTY Marepiaiy.
Came 3a i30TepMaMu aJIcopOIIii BCTAHOBIIOETHCS 3B 130K MK TETUTOBOJIOTICHUMH
rapamMeTrpamMH CyIIWJIBHOTO areHTa i BHCYLIYBaHOTO Marepialy B Ipoueci
CyuriHHsa?,

Tenszomerpuynum (craruuHuM) MetonoM Ban bamenena 3a Temneparypu
30 °C opmepkaHa i3oTepma ancopOLii mapy BOOU M’STOK IEPIIEBOIO, sKa
Mae QopMy, XapakTepHy ISl KOJOITHHMX KalliJIspHO-TIOPUCTHX MarepiaiiB
(puc. la). BUKOPHUCTOBYIOYM METOJ XapaKTEPUCTUYHHX KPHUBUX?, 3aCHOBaHHI

#  CuexxiH 10. @., [Tabixa H. O. JocuipkeHHs ancopOuiiHIX XapaKTepUCTHK KONOIIHUX KaIIsIpHO-

MOPUCTHUX MaTepiasiB 3 METOI0 BU3HAYCHHS PEKUMIB CYLIiHHA. [Ipomucrnosa mennomexnika. 2000. T. 22.
Ne 3. C.26-29.

¥ Baropyiiko B. A., TomikoB O. A., Cimapko O. I Tepmomunamika Ta Temmoisuka BOJIOTHX
marepianiB. Kuis : HayxoBa gymxa, 1995. 296 c.

437



Ha MOTEHIIIHINA Teopil copOIlii, 3a i€ 130TePMOI0 BU3HAYMIA MaKCUMAITbHUIMA
TirpOCKOMIYHUM BOJOTOBMICT M’STH u, = 0,432 KI/Kr C.M. Ta po3paxyBalu
3HaYeHHs PiBHOBa)XHUX BojoroeMictis Juist 40 °C ta 50 °C.

Jns anpokcumarii i3orepM aacopOuii mapu BOOM M’SATOIO IEPLEBOIO
BUKOpHCTaHa Mofaeib [yrrenreiima-Angepcona-ne bypa ([AB)*. PiBHsHHs
I'AB st i3oTepMu MoXke OyTH ITPEACTABICHO Y BUIIISAL

_ umCk(p/ps)
U = ok@/p9) 1=k (p/ps) k(D /p9))’ ®)

J€ u — PIBHOBAXXHUH BOJIOrOBMICT Marepiaiy, KI/KT C.M.; U,, — BOJIOTOBMICT
Marepiasly y pasi IIOBHOTO 3allOBHEHHSI MOBEPXHI IIAPOM B OAHY MOJIEKYIY
BOAU KI/KI C.M.; p/p, — BimHocHuH Tuck; C — KoHcTaHTa [yrrereiima;
k — moripaBouHMH Koe(IillieHT, IO KOPEKTYE BIUIUB IOJIIIAPY.

Benmunnn koedimienTiB piBHsHHS [Ab Hamani B Tabnumi 1. AnekBaTHiCTh
piBasHHEs [AB BH3HaueHa 3 BHUKOPHCTAHHIM HENIHIHHOTO KoedimieHTa
perpecii (R?).

Tabmus 1
Beanunnu koediuienrtiB piBusanusa I'AB pis izorepm agcopOuii
M’SITH NepueBoi

Marepian Jiana3zon p/p, t, °C u, C k
30 0,065 41,86 1,206
M’sita 0-0,7 40 0,057 5,57 1,206
50 0,052 2,29 1,207

[30TepMu BimoOpakaloTh CTaH Marepially B TirpocKomidHii oOmacTti (30Ha
3B’S13aHOI BOJIOTH), € MOXKHAa BHUAUIMTH (puC. la) Tpu iHTepBalu p/p, 3a
B3a€EMOJIIEI0 BOAM 3 MarepiajioM Ta ii aKTHBHICTIO B OIOXIMIYHMX peaKmisiX.
V inrepBani p/p, Bin 0 no 0,2 (Bonorosmict Marepianxy Huxde 0,10 Kr/kr c.Mm.)
BOJia MIIIHO 3B’s3aHa 1 HE JOCTyIHa i OlOXIMIYHUX peakmid. Y iHTepBaii
p/p, Bin 0,2 mo 0,7 Boma ajgcopOuifiHO 3B’A3aHa 1 JOCTyNHa UL peakuii
He()epMEHTATHBHOTO TIOTEMHIHHS, B IbOMY IHTEPBaJi BOJIOTOBMICT Marepiaiy
cranoButhb (0,10...0,16) kr/kr c.m. V inTepsani p/p, Big 0,7 go 1 Bozma ciabo
3B’s13aHa KallUIIPHUMH CHJIAMHM 1 JOCTYIIHA SIK JUISI PO3BHTKY MiKpOOPTaHI3MiB,
TaK 1 s XIMIYHEX peakmii. 3a i3orepmaMu ajacopOIii BCTAHOBIIOEMO, IO
JUIst 3armo0iraHHs MIKpOOHOTO TICYBaHHSI BOJIOTOBMICT BHCYLICHOI M’STH HE

30 Quirijns E. J., van Boxtel A. J., van Loon W. K., van Straten G. Sorption isotherms, GAB
parameters and isosteric heat of sorption. Journal of the Science of Food and Agriculture. 2005. Vol. 85.
P. 1805-1814. DOI: 10.1002/jsfa.2140.
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Puc. 1. I3oTepmu agcop0Ouii mapu Boau M’siTOI0 NepieBoo (a)
Ta 3aJIe;KHICTh MapuiajJbHOI0 THCKY MapH BOAU HA MOBEPXHi MaTepiany
Bin BostoroBmicty i Temmeparypu (6): 1 — 30 °C; 2 — 40°C; 3 — 50 °C

moBuHEH nepeunryBatu 0,16 KI/Kr c.M., y pa3i BOJIOTOBMICTY MEHIIOTO HiX
0,10 KI/KT ¢.M. YHEMOXKITHBIIOIOTBCS Oy/b-sIKi GioximidHi peaxii®l.

s 3abe3medeHHs] BHCOKOI SKOCTI BHUCYIICHOI M’SITH TIEPIIEBOI OCHOBHE
3aBOaHHSA CYIIIHHS MOJSITae B MaKCUMaJbHOMY 30epexeHHi e]ipHHX oIlii,
a TaKoX y IPUIMHEHH] pyHHIBHOI Aii (hepMeHTIB a00 B 3MEHIIICHHI 11 10 MiHIMyMY.
Tomy M’ATy mepreBy HEOOXiTHO CYIIUTH O 3aJUIIKOBOTO BOJIOTOBMICTY,
mo He mepeBumye 0,10 Kr/kr c.M., BHCYIICHHH Marepiajl CIiJ] YIaKOBYBaTH
B TEPMETHYHY Tapy Ta 30epiraTé B YHCTOMY, CyXOMY, IPOXOJIOOHOMY, IoOpe
MIPOBITPIOBAHOMY NPUMIIIEHHI, B SKOMY HEOOXiTHO 3a0e3MeYnTH KOHTPOJNb
BOJIOTOCTI ¥ TeMIIeparypu TOBIiTps2.

Crizx 3a3HauNTH, IO B TITPOCKOMIYHIH 00macTi (30H1 3B’ A3aHOT BOJIOTH) THUCK
mmapyd BOAM HaJ MOBEPXHEI0 Marepiamy BiAPI3HAETBCA BiA THCKY HACHUYCHHS
1 3aNIeXUTH BiJ HOTO BOJIOTOCTI ¥ Temmeparypu. 3a OTpHUMaHHUMH i30TepMaMH
azcopOmii mapu BoAM M’ATOI0 MEPIEBOIO Yy BUIVIAII 3aJICXKHOCTI u = f(p/p, t),

31

Sniezhkin Yu., Dabizha N., Dmytrenko N., Malashchuk N. Sorption and thermodynamic properties
of aromatic plants as drying objects. Thermophysics and Thermal Power Engineering. 2023. T. 45.
No. 2. C. 5-14. DOI: 10.31472/ttpe.2.2023.1.

32 Sniezhkin Yu., Dabizha N., Malashchuk N. Energy resource saving technologies of dehydration
of medicinal and aromatic plants. Thermophysics and Thermal Power Engineering. 2021. T. 43. No. 4.
C. 7-16. DOI: 10.31472/ttpe.4.2021.1.
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BUKOPHCTOBYIOUH p. = f(t), 300paxkyemMo i3oTepmu ajcopOuii y cucremi
KOOpAMHAT p, — u (puc. 16).

Jnst 3ano0iraHHs BTpaTd apoOMaTHYHHMX PEUYOBHH 3HEBOJHEHHS M’ STH
nepueBoi HEOOXiTHO NPOBOAMTH 32 HHU3BKMX Temmeparyp. Jns Ttakoro
«M’SIKOTO» JOBrOTPUBAJIOTO MPOIECY CYIIIHHS CIIpaBe/UIMBa TiroTe3a Ipo
JIOKaJIbHY TEPMOJMHAaMIiYHy pIBHOBary, 3rilHO 3 SKOK B KOXEH MaJMi
MIPOMIXKOK 4acy Ha KOPZOHI po3aiiy (a3 BCTaHOBIIOETHCS piBHOBara. YMOBHU
JIOKaJIbHOT PIBHOBarW 3’SCOBYIOTBCS 3 130Te€pM ajcopOIii, IO J03BOJISE
BU3HAYUTH MNapliaJbHUN TUCK Hapy BOOM HaJ IOBEPXHEK MaTepialy p,,
i oTKe, MacoOOMIHHMI HAaTHCK Ap. 3 €KCIIEPUMEHTAJIbHUX JNAHUX JJIS M STH
(puc. 16) BcTaHOBJIEHO, IO B TIrpOCKOMIYHIA 00MacTi y Mipy 3MEHIICHHS
BOJIOTOBMICTY MaTepiany i y pa3i 3HW)KEHHS HOro TeMIepaTypu THCK Napu
BOJIY Ha IOBEPXHI 3MEHIIYETHCSA 1 y pasi HAOMMKEHHS JI0 BOJIOTOBMICTY
0,10 KI/Kr c.M. CTae CyMipHUM 3 THCKOM y HaBKOJIUIIHbOMY ITaPOTIOBITPSIHOMY
CEPEIOBHIILL.

3a i3orepmaMu azacopOUii BHU3HAYAIOTh TEIMJIOBOJIOTICHI MapameTpu
CYUIMJIFHOTO areHTa, 3a SKUX MOXKHA IIPOBECTH JIOCYLIYBaHHS M’SITH
MepueBoi J0 3aJaHOr0 3aJIMIIKOBOTO BOJOrOBMicTy. B kiimMarnmyHux
yMoBax YKpaiHu BJIITKYy B nepioj] 30MpaHHs Ta MEepepoOKH M’SITH NEpLeBOi
BOJIOTOBMICT arMOC()E€pHOTO TOBITPsI KOJUBAETHCS B IIUPOKOMY Jiana3oHi
Bix 10 r/kr c.m. mo 20 r/kr c.n. Y pasi TpaguIiifHOTO KOHBEKTHBHOI'O
CYUIIHHS Taki KOJHMBAaHHS BOJIOTOBMICTY TOBITps, IO HaJIXOIUTh JIO
CyLIapKH, IPUBOJATH O KOJIMBAHHS BOJOTIOCTI CYIIMIbHOTO areHra. Tak, 3a
TeMIepaTypu cymuwibHoro areuta 40°C #oro BoONOTiCTh Oyne 3MiHIOBaTHUCH
3TiIHO 3 H-d miarpami BOJOroro moBITPs B miama3oHi ¢ Big 18% mo 42%,
TaKMM YMOBaM BiJIIOBijiae piBHOBa)XHHUU BOJIOTOBMICT MaTepiajy B Mexax
(8...12)%. VY pa3i 50 °C BOJOTICTh CYIIMIBHOTO arcHTa 3MIHIOETHCS Bij
10% o 25%, a piBHOBaXHHMH BOJIOTOBMICT — y Mexax (7...8)%. Anani3
rirporepmidyHoi piBHOBarm M’STH IEPLEBOi MOKa3aB, IO 3a TEMIIepaTypu
40 °C i BHCOKOi BiJHOCHOT BOJIOTOCTI CyIIMJIBHOTO areHTa Oinbmie Hix 38%
HEMOXJIMBO JOCYIIUTH M STy J0 3a/JaHOr0 3aJIMIIKOBOTO BOJIOTOBMICTY
0,10 Kr/kr c.M., TOMy 110 MaTepiaj AOCArae CTaHy PIBHOBAru i3 CyIIMJIbHUM
areHTOM paHille, i mpoIec 3HEBOJAHEHHS MPUIMHSIETHCSA. TakuM YWHOM, Ha
3aKIIOYHOMY €Talli CYIIiIHHS IijJ Yac BHUIAJCHHSA aacopOmiitHO-3B’s13aHOT
BOJIOTH BOJIOTOBMICT CYIITHJIBHOTO areHrta 3a temneparypu 40 °C He TOBHHEH
nepesuinyBaru 17 r/kr c.a.

Kopuctyrouncy i3orepmMaMu  ancopOrii, MoOXKHa oOJepKaTé JAaHi 100
TEIJIOTH BUIAPOBYBAHHS BOJIOTH Pi3HUX ()OPM 1 BUIB 3B’SI3Ky 3 MaTepiajioM.
PocnauHHI TKaHMHU yTPUMYIOTh, KpiM BOJIOTH 3 (Di3MKO-MEXaHIYHOIO (OPMOIO
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3B’s13Ky, ¥ ajcopOLiiiHo-38’s13aHy Bojory®. Jliust BumaieHHs aacopOriiHo-
3B’s13aHOT BOJIOTM HEOOX1THO MiIBECTH JI0 MaTepiaity OlIblle eHeprii, Hix mij yac
BHIIAPOBYBaHHS BUILHOI BONU. 3arajibHi BUTPATH CHEPrii HA BUIAJICHHS BOJOTH
MiJ] 9ac CYNIiHHS BU3HAYAIOTHCS SIK CyMa MUTOMOI TEIUIOTH BHIIAPOBYBaHHS
BUIBHOI BOJH 7 1 YHCTOT TEIUIOTH ajacopbuii g, g = r + g,

3HaHHS TEMJIOTH aAcopOLii Mae BeIMKe 3HAUYEHHS y pa3i NPOEKTYBaHHS
oOnagHaHHs IS 3HEBOJHEHHS Ta Yy pasi po3poOieHHs eHeproe(eKTHBHUX
peXMMIB CymiHHS M’sATH repueBoi. lle moB’s3aHO 3 THM, WO TeIUIOTa
BHIIaPOBYBaHHS COpOOBAaHOI BOAM MOXE 3pOCTaTH JO 3HA4YeHb, MIO
MEePEBUINYIOTh TEIUIOTY MapOyTBOPEHHS YUCTOI BOJU, OCKUIBKH POCIMHHA
CUPOBMHA 3HEBOAHIOETHCS JO HHU3BKOTO 3aJIMIIKOBOTO BOJIOTOBMICTY
(0,05...0,15) kr/kr c.M., 3a SIKOr0o Bojia B Marepiaii nepedyBae y 3B’ s13aHOMY
CTaHi.

Huni s BH3HAYEHHS TCIUIOTH  aACOpOIi  XapyoBHUX IPOIYKTIB
BHKOPHCTOBYIOTHCS 1BA METOAU

— TpsAMUE  METOA KaJOPHUMETPUYHOTO BHMIPIOBAHHS TCIUIOTH, IO
BHUJIUISETHCS II1JT Yac COpOIIiT;

— TepMOAMHAMIYHUE MeToj 13 3acTocyBaHHSAM piBHsAHHS Kiraysiyca-
Kreiinepona 3 BU3HaYeHHAM YHUCTOI 130CTEPUYHOI TEIUIOTH aAcopouii g,

Y pa3i BumaneHHs 3B’s3aHOI BOJIOTM 3arajbHi BUTpaTH CHEprii Ha
BUIIAPOBYBAHHS BU3HAYAIOThCA 130CTEPUYHOIO TEIUIOTOIO aacopbuii g, ska
CKJIAJIA€THCS 3 TUTOMO]I TEIUIOTH IApOTBOPEHHS 7 1 YUCTOI TEMIOTH a1copOLii g,
I3ocTepuuna Termiora aacopOuii g, po3paxoByeThea 3a piBHAHHAM Knaysiyca-
Knaneiipona, kJIx/xr:

(01np) _ _Qst
@1InT) ~ (RT2) (6)

Jie p — TUCK, MM pT.cT.; T — Temmeparypa, K; R — razosa crana, kJ[x/(kr - K).
3a i3orepMamMu aacopOuii, ofepKaHUMH 3a JBOX 1 Oliblie Temmeparyp,
TicIisl 3aMiHK B PIBHSIHHI (6) pIBHOBa)KHOTO THUCKY P Ha BiJHOLICHHS p/ps = @,
BUKOPUCTOBYIOUM IHTerpanbHy ¢opmy piBHsaHHsA Kiaysiyca-Kianeiipona,

3 Cuexkin 0. @., [labixa H. O. JocximkeHHs ancopOuiiHiX XapakTepUCTHK KOJIOTIHUX KariIspHO-

MOPHUCTHX MarepiajiB 3 METOK BH3HAYCHHS PEXUMIB CylIiHHs. [Ipomuciosa meniomexuika. 2000. T. 22.
Ne 3. C.26-29.

3 Gregg S. J., Sing K. S. W. Adsorption, surface area and porosity. London; New York : Academic
Press, 1982. 306 p.

3 Al-Muhtaseb A. H.,, McMinn W. A. M., Magee T. R. A. Moisture sorption isotherm
characteristics of food products : a review. Trans IChemE. 2002. Vol. 80. Part C. P. 118-128.
DOI:10.1205/09603080252938753.

% Gregg S. J., Sing K. S. W. Adsorption, surface area and porosity. London; New York : Academic
Press, 1982. 306 p.
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BU3HAUA€ThCS YMCTa TEINIOTa ajcopouii ¢, ant (ikcoBaHMX 3HAYEHb
BOJIOTOBMICTY 3a PiBHSHHSM, KJ[X/Kr:

% =[G/ - 2lr o

Ha puc. 2a HaBeneHa 3a1e)KHICTh YHCTOI 130CTEPHYHOI TEIUIOTH aAcOpOIii,
oo pospaxoBaHa st temneparypu 40°C, Bix BomoroBmicty Mmarepiany?’.
SAx BumHO, TemioTa aacopOmii B obmacti cmabo 3B’s3aHOI BOIU IMOCTYIOBO
3MEHIIYETHCS 31 3MEHIICHHSIM BOJIOTOBMICTY, B Aiana3oHi Bix 0,24 KI/KT ¢.M. 10
0,20 KI/KTr ¢.M. CHOCTEPIraeThCsl 3HMKECHHSI TEIUIOTH, IO TTOB’s3aHE 3 BIUINBOM
Ha BUITAPOBYBAaHHS BOJIOTH JETKUX pedoBUH edipHOI omii M’ stu. [damni Teruora
amcopOmii pi3ko 30iUTBITyeTBCS B 00NACTI aJCcOpOLiHHO-3B’S3aHO BOJIOTH.
[Turoma TemoTa BUMapoByBaHHS ¢ c1a00 3B’53aHOT BOJY HE3HAYHO IIEPEBUIIY€E
TEIJIOTY NMapOTBOPEHHs. BuTparyu x eHeprii Ha BUIIapoByBaHHS aAcopOIiiiHO-
3B’S13aHOT BOJIOTH 30UTBIIYIOTECS YV Pa3i JOCATHEHHS MaTepia oM BOJIOTOBMICTY
0,12 xr/kr c.M. Ha 29% MOPIBHAHO 3 TEIUIOTOIO NMAPOTBOPEHHS BUIBHOI BOJM,
TOOTO BigHOIICHHS ¢ / r = 1, 29.

VY peasbHOMY TIpOIlECi CYIIIHHS OJHOYacHO 3 BOJOIO 3 MOBEPXHI JINCTKA
M’SITH BUIAPOBYIOTHCA JIeTKi edipHi omii. B mpuponi edipHi omii BUKOHYIOTH
TaKy BaXJIHBY (QYHKIIO, SIK PETYIIOBAHHS TPAHCIIPaIii Ta 3aXMCTy POCIUH Bij
TeperpiBaHHs BICHB, IIEPCOXOIOMKECHHS BHOUI. barato KOMIOHEHTIB edipHUX
O, sIKi OCOONMHMBO IHTCHCHBHO BUUISIOTBECS B aTMOC(epy caMe B CIIEKOTHY
MOTOAY, MalOTh BHCOKY TEIUIOTy BHIIAQPOBYBaHHS, IO JI€BO 3amodirae
NeperpiBaHHI0 TKaHUH. g M’ATH TepueBoi TakWi BIUIMB MOXKE YHHUTH
OCHOBHHH JIETKNI apoMaTHYHNH KoMITOHEeHT edipHoi omii (BMmict (30...55)%) —
(-)-Menron (I-menron uu (1R,2S,5R)-menTomn). 3a (i3MIHHMHU BIIACTHBOCTSIMH
MEHTONI — Ie Oe30apBHI IIECTUKYTHI KPHCTANH, SK TPABHIO, rordacti abo
Y BHDIANI KPUCTaJIi4HOrO MOPONIKY 3 NPHEMHHAM M STHHM 3amaxoM. Moro
TeMIleparypa IUIaBJICHHS Y HOpPMaJIbHUX yMOBax cTaHoBUTh 315,60 K (42,5 °C),
a eHTabIlii BUIIAPOBYBaHHs Ta cyOmimaii cranoBists A, H = 56,37 k[lx/monb
ta A H = 95,8 xJlx/monb BimnoBiguo® *. Jlpyra ocHOBHa JieTKa CIOJyKa

sub

edipHoi omii (Bmict (14...32)%) — MeHTOH, sKkHi sBIsie coboro Oe30apBHY

37 Sniezhkin Yu., Dabizha N., Dmytrenko N., Malashchuk N. (2023). Sorption and
thermodynamic properties of aromatic plants as drying objects. Thermophysics and Thermal Power
Engineering. 2023. T. 45. No. 2. C. 5-14. DOI: 10.31472/ttpe.2.2023.1.

3% Chickos J. S., Garin D. L., Hitt M., Schilling G. Some solid state properties of enantiomers and their
racemates. Tetrahedron. 1981. Vol. 37. P. 2255-2259. DOI: 10.1016/S0040-4020(01)97981-5.

3 Hoskovec M., Grygarova D., Cvacka J., Streinz L., Zima J., Verevkin S., Koutek B. Determining
the vapour pressures of plant volatiles from gas chromatographic retention data. Journal of
Chromatography. 2005. V. 1083. No. 1-2. P. 161-172. DOI: 10.1016/j.chroma.2005.06.006.
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Puc. 2. Uncra isocTepuyHa Tenjaora aacopouii napu Bogu M’ sIToI0
NMepuesoro (a) Ta MUTOMi BUTPATH TEMJIOTH HA BUCYNIYBAHHS JIMCTH
M’SITH NepueBoi 3a Temneparyp cyminns (6): 1 — 40 °C; 2 — 50 °C

pinnHy 3 M’STHHUM 3amaxoM. EHTanbmis BHNapoByBaHHS MEHTOHY CTaHOBHUTH
A1 = 50,1 kJlx/momb®.

JocmimKkeH s BUTpaT €Heprii Ha 3HEBOAHEHHS B TIPOIIECi TEIUIOBOTO CYIIiHHS
JUCTS. M’STH TIEPLEBOI MPOBOAMIOCH HUIIXOM BH3HAUCHHS 3MiH Yy BUTparax
TEIUIOTH Ha BHIIAPOBYBaHHA Ha TU(EpPEHIIaTbHOMY MiKpOKaJIOpHUMETpPi
BunaposyBaHHs [IMKU-01.

Pesynpratm [OCHIIUKEHHS TEIUIOTH Ha BHIAPOBYBAHHA B IIpOIECi
TETTOBOTO CYIIiHHS JIUCTS M’ SITH IIEPLIeBOi HABeIeHI Ha pUC. 26 Y KOOPIHHATAX
3Ha4eHb NMHUTOMHUX BHUTPAT TEIUIOTH HAa CYLIIHHS, NMPUBEACHUX 10 MHTOMOI
TEIJIOTH BHUIAPOBYBAaHHS YHCTOI BOAM 3a BIANMOBIAHOI TeMIepaTypH
(R = Guurpasene | Toou) ™'

ExciepuMeHTanbHO OTpHMaHI MUTOMI BUTPaTH TEIUIOTH Ha CYIIiHHS
mucTa M’atu 3a temneparypu 40 °C (puc. 26, kpuBa 1) BiIIOBITarOTh TEIDIOTI
BHIIAPOBYBaHHA YHCTOi Boau (R = 1) numie Ha moyatky nporecy. O4eBHIHO, TYT
BiIOyBa€THCS MPHUPOAHA BTpaTa BOAM JIMCTAM Kpi3b YCTSAYKa, SKi MPU3HAYCHI
IUTA TpaHcmipamnii. Aie Bonoricts 70% BITHOCHUX CTa€ KPUTHIHOO IS JIHCTSI.

4 Batiu I. Vapor-liquid equilibria in the binary systems n-decane+(-)-menthone and n-decanet(+)-

fenchone at temperatures between 344.45 and 390.75 K. Fluid Phase Equilibria. 2002. Vol. 198. No. 1.
P. 111-121. DOL: 10.1016/S0378-3812(01)00759-2.

4 Dmytrenko N. V., Malashchuk N. S., Dabizha N. O., Ivanov S. O. Influence of drying temperature
on removal of volatile aromatic compounds from mint leaves. Scientific forum: theory and practice of
research : 11 International Scientific and Theoretical Conference, Valencia, Spain, 2022. DOI: 10.36074/
scientia-16.09.2022.
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Tomy 1o nporecy BUNapoByBaHHS BOJH IIPUETHYETHCS IIPOLIEC BUIAPOBYBaHHS
JIETKAX apOMaTHYHUX CHOJNYK i3 3aJ103-TPUXOM Ha ITOBepXHi aucTs. CBiIYEHHIM
LOTO € CIaJaHHs BEINYNHHU R HW)KYE TEIUIOTH BUIIAPOBYBaHHS YMCTOT BOIU Ta
T105IBa CHJILHOTO apoMary M’SITH Y ITOBITpi, K€ BUAAISETHCS 3 KAJIOPUMETPUIHOT
KaMepH. BuIineHHs JETKMX apoMaTW4yHUX CHONYK 3 JIMCTS BinOyBaeThCs
MIPOTATOM YCHOTO IOJNAJIBIIOTO MPOLECY CYIIIHHS MOHOTOHHO, MapalielIbHO
3 BUJAJICHHSM BUIBHOI BOJIH.

ExcrieppuMeHTaNbHO OTpHUMaHi 3HAUSHHS MUTOMHUX BUTpAarT TEIUIOTH Ha
BUCYIIIyBaHHS JIUCTA M’sATH 3a Temneparypu 50 °C (puc. 26, kpuBa 2) BKa3yroTh
Ha 3Ha4YHE BHUIIAPOBYBAHHS JIETKUX CIIOJIYK 13 CAMOTO MOYaTKy npouecy. Takox
Ha KpHBIM BHUTpaT TEIJIOTH CIIOCTEPIraeMO EHIOTEPMIUHI MiKH, MOXKIUBO,
3yMOBJICHI IIJIaBJIEHHSIM MEHTOJYy YU BUIIAPOBYBAHHSM IHIIMX apOMaTHYHUX
peYOBUH (MEHTOHY, JKacCMOHY, IIyJeroHy Toino). llepionuuHe MOBEpHEHHS
BUTpAaT TEIUIOTH JIO 3HAYCHHS TEIUIOTH BMIIAPOBYBAaHHS YHCTOI BOJM MOXeE
CBIIYMTH TPO 3aKiHYEHHS IpOILECy IUIABIEHHS YW IPO BUYEPIIAHHS 3araciB
BIMOBIMHOI JieTkoi cmonyku. [lomampmia (Ticist JOCSTHEHHS BOJIOTOCTI
45%) BignoBinHicTh KpuBoi BHTpar TermwioTH 3a 50 °C 3HaYeHHSM KpPUBOI
Butpar terwiot 3a 40 °C cBiAYMTH NPO IOJAJIbIIE BUIIAPOBYBAHHS MEHTOIY,
KOHIIGHTpAllisl SIKoro B e(ipHUX OMisgX M’sITH HaiOiipma. Pi3ke 3pocraHHs
BUTpAT TEIUIOTH (BHIIE TEIUIOTH BUIIAPOBYBAHHs BUIBHOI BOJM) HAINPHKIHII
MpoLecy CYIIIHHS CBIAYMTH NPO IOYATOK BHJAJICHHS 3 JIUCTA ajacopOriiHO-
3B’s13aHOT BOXM 3 MDKKIIITHHHHMX KamipiB, ajncopOoBaHoi Oiomosimepamu
MeMOpaH Ta BOAM TifpaTHuX chep pozunHeHux peuoBun®. el MomeHT n00pe
MIOTO/KY€ETHCS 31 3pOCTAHHIM YHCTOT 130T€PUYHOT TEIJIOTH aacopOLii B oOnacti
aJIcopOIIiifHO-3B’13aHOT BoJOTH (pHC. 2a).

JocnimpkeHHsT OCHOBHMX  3aKOHOMIPHOCTEH Temio- 1 MacooOMiHy
y Ppasi CymiHHA M’SITH IepUeBOl MPOBOIMINCS Ha EKCIEPHUMEHTAIbHOMY
KOHBEKTUBHOMY CYIIMJIBHOMY CTeHAl. KiHETHKy CyIIiHHS JIMCTKIB Ta creden
M’SITH JOCITIKYBAJIM B OJJMHUYHOMY HIapi.

BcranoBneHo, MmO IMiABHINEHHS TEMIIEPAaTypd CYIIWIBHOIO areHTra i3
30 °C 1o 40 °C crnpusie CKOPOYEHHIO TPHBAIOCTI CYLIIHHS JIMCTKIB M’SITH 10
BostoroBMicTy Marepiaiy 0,10 xr/kr c.m. 3 1010 mo 620 xB (To0TO Yy 1,6 paza),
a 30inbmennas Temmeparypu 3 40 °C mo 50 °C mpuBOAWUTH MO 3MCHIICHHS
TpuBasiocti cyminHs 3 620 o 310 xB (y 2 pasu). LIBunkicte cymriHHA
JIUCTKIB M’SITW B IOYaTKOBMH MOMEHT 3a TEMIIEpaTypH CYIIMJIBHOTO areHTa
50 °C y 4 pasu Bua, Hix 3a 30 °C (puc 3a).

# Dmytrenko N. V., Malashchuk N. S., Dabizha N. O., Ivanov S. O. Influence of drying temperature
on removal of volatile aromatic compounds from mint leaves. Scientific forum: theory and practice of
research : 11 International Scientific and Theoretical Conference, Valencia, Spain, 2022. DOI: 10.36074/
scientia-16.09.2022.
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Crebna M’ATH MalOTh OiNBIINNA MOYATKOBUU BOJOTOBMICT i COXHYTH JIO
3anumkoBoro BosnoroeMicty 0,10 Kr/kr c.M. 3Ha4HO jnoBuie. BcTtaHoBieHo,
110 MiIBUIEHHS TeMIIepaTypu cymuiabHoro arenrta i3 30 °C 1o 40 °C cnpusie
CKOPOYCHHIO TPUBAJIOCTI cyIriHHs cTteben M’satu 3 1720 go 1600 xB (To6TO
y 1,08 pasa), a 30umbmenns Temmeparypu 3 40 °C ngo 50 °C npuBoauTh
J0 3MEHIIEHHs TpuBajocTi cyminHs 3 1900 mo 1720 xB (y 1,1 paza).
IIBuaKicTh cymriHHs cTe0en M’ SITH B TOYaTKOBUH MOMEHT 3a TEMIIEpaTypu
cymmipHoro arenra 50 °C y 1,86 pasa Buia, Hix 3a 30 °C (puc 360).

Kinernka mpouecy CymiiHHS JHCTKIB Ta cre0en M’STH B OIUHUYHOMY
mapi omucyBajacs Ha 0a3i JOCHIJHUX KPHUBHX CYIIIHHS SIK 3aJ€XHICTh
6€e3pO3MIpHOro BOJOrOBMICTY u” Bij yacy:

* _ u—up _

Up—up

u

f@, ®)

J€ ¢ — NOTOYHUM BOJOTOBMICT, KI/KI' C.M.; U, — IIOYaTKOBUH BOJOTOBMICT,
KI/KT C.M.; ¥, — PIBHOB&XHMH BOJIOTOBMICT, SKHH BH3HAYA€ThCS 3 YMOB
rirpoTepMivyHOi piBHOBard 3a izorepMaMu azacopbuii (puc. 1), KI/kr c.m.;
T — 4ac CyIIiHHS, XB.
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Puc. 3. BluinB TemMnepaTypu CyIIMJILHOTO areHTa Ha KiHETHKY
Ta WBHIAKICTH CYIIiHHA JUCTKIB (a) Ta cTeden (0) M ATH NMepLEBOi.
Pe:kumui napamerpu: 1, 1" —¢=50°C; 2,2" —¢t=40°C; 3,3" — =30 °C;
v =1 m/c; d = 14 r/kr c.n., Bucora mapy 1 cm
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Jis BU3HAUEHHS 4acy 3HEBOJHEHHS Ta y3arajlbHEHHS KPHBHUX CYyIIiHHS
BUKOPHCTOBYEThCSl  PIBHSHHA  CYIIiHHS TOHKoro mapy*®. Ockinbku
eKCIePHUMEHTAIbHI KPHBI CYIIiHHS M’ SITH IEpLeBoi (puc. 3) He JatoTh TOMITHO
BHPXEHUX NEPIOJIiB MOCTIHHOT Ta JIHIHHO CIIaaryol NIBUIKOCTI CYIIiHHS,
TO JIJIs1 AIPOKCUMAIIi] eKCIIEPUMEHTAIbHUX KPUBUX CYLITHHS OKPEMO JIMCTS Ta
cTeben M’SITH TepleBoi BUKOPHCTOBYBajlacsi €KCIOHEHIiajdbHa 3aJIeXHICTh,
110 BPaxoBY€ CKJIAJHHUI X1 KPUBOi IIBHIKOCTI CYLIIHHS 1 3aCTOCOBYETHCS
JUIS KOJIOITHUX KalUISIPHO-IIOPUCTUX MarepianiB POCIMHHOTO TOXOKEHHS
(Momens Page)*:

ut = e k" )

ne k — koeillieHT CyNIiHHS, 71 — JOCHiHA KOHCTAHTA.

Bennuunu  koedillieHTIB pIBHSAHb anpoKCHMAanii KPUBHX CYIIIHHS
M’STH TIEpLEeBOi, L0 BH3HAYEHI 3a PI3HUX TEMIeparyp CYyIWIEHOTO
areHTa, HaBeieHi B Tabmuui 2. Jlns anpokcumanii ekcriepuMeHTaIbHHX
KpUBUX  BHUKOpUCTOByBaBcsi maker Origin.  AJeKBaTHICTb  DiBHSHb
BU3HAYCHA 3 BHUKOPHCTAHHSAM HeEJiHIHHOrO Koedimienra perpecii (R?)
1 cepeqHbOKBaJPATUYHOT morpimHocTi (S).

[TopiBHSIHHS ~ €KCIIEPUMEHTAJIIbHUX  KPUBHUX  KIHETHMKH  CYLIIHHS
OJMHUYHOTO wIapy JHUCTKIB (puc. 4a) Ta creben (puc. 46) M’sTH
nepueBoi 3 KPUBUMH, PO3PAXOBAHMMH 32 AlPOKCUMYIOUMMH PiBHSIHHIMU
(Tabn. 2), nokaszaio 3aJ0BiNbHE CHIBNaAIHHS PO3PaXyHKOBHX J@aHUX
3 €KCIIEpUMEHTAIbHUMH.

Tabmuug 2
Beaununnu koediuientiB piBHssHHA anpoxkcuMauii (9) KpUBHX CyLIiHHS
KoedinienTn Temneparypa, °C R? S

M’sTa I Ba k=0,00785; n=1,1122 50 0,9997 0,00003
(et e k=0,0264; n = 0,8836 40 0,9989 | 0,00008
k=10,0145; n = 0,8836 30 0,9865 | 0,00089

M’siTa Hepiesa k=0,0630; n = 0,8836 50 0,9995 0,00003
(cTeGuma) P k=0,0321; n=0,9489 40 0,9996 | 0,00003
k=0,0334; n=0,8068 30 0,9998 | 0,00001

4 Asrate D. A., Ali A. N. Review on the recent trends of food dryer technologies and optimization
methods of drying parameters. Applied Food Research. 2025. Vol. 5. No. 1. Article 100927. DOL:

10.1016/j.afres.2025.100927.

4 Ertekin C., Firat M. Z. A Comprehensive review of thin layer drying models used in agricultural
products. Critical Reviews in Food Science and Nutrition. 2017. Vol 57. No. 4. P. 701-717. DOI:
10.1080/10408398.2014.910493.

446



09
08
0.7
06
= 05
[LE]
0,3
0.2
0,1

0 200 400 600 80D 1000 1200 L R S
T, X8 T, xR
a) 0)
Puc. 4. IlopiBHSHHS eKCTIEPUMEHTAJBLHUX KPUBUX CYLIiHHS
(cyuwiibHa JIiHis) OAMHUYHOTrO APy JucTd (a) Ta credena (0) M’ATH

NepueBoi 3 KPMBHMM, PO3PAXOBAHNMM 32 alPOKCUMYIOYUM PiBHAHHAM (9)

BiamosigHo mo piBHSAHHA (9) TpHUBANICTh MPOIECY CYIIIHHSI BU3HAYAETHCS

o= (im(z) " o

3anponoHOBaHUIN HAMIBEMIIPUYHHA METOX PO3PaxyHKY KiHETHKH
CYUIIHHS € JOCHTh TOYHHUM, TOMY IO BCTAaHOBIEHA 3aleXHICTb IS
TpuBasocti mpomecy cyminas (10) Big BosoroBMicTy Marepiamy, IIo
olepxaHa Oe3mocepelHbO 3 EKCHEPUMEHTAJIbHUX KPUBUX CYIIIHHS,
BpaxoBy€ BCi ()aKTOPH, IO TOB’s3aHi 3 BIACTHBOCTSIMHU M’ SITH HEPIEBOI 5K
00’€KxTa CyUIIHHS 1 0COOIMBOCTSAMHU MPOLECY KOHBEKTHBHOTO 3HEBOJHEHHSI.
Po30ikHiCTh ~ pe3ynbTaTiB  PO3paxyHKy 3a OJEpKaHOW  (OpPMYIIOI0
3 eKCIIEpUMEHTAIIBHIMHE JaHUMHU He mepeBunrye 15%.

IIpoTe Ha MpaKTHUII i1 9ac 3aroTiBIi JIUCTS M’ SITH MEPIEBOI MiATOTOBIEHI
nisgi pocnuHu (crebna 3 TUCTKaMM) 30MParOTh Yy MydKH a0o MOIpiOHIOIOTH
Ha mMartku 1o 7-10 cm, nigBimyoTe abo pO3KIaalTh Ha pPIBHIN
MMOBEPXHI TOHKHM IIAPOM i BHCYIIYIOTH 32 HHU3BKOI TeMIlepaTypH MOBITpS.
Crebna M’SITH 3 JTUCTKAMHU MalOTh MOYATKOBHI BOJOTOBMICT i TPUBANiCTh
3HEBOAHEHHs B 1api 2-2,5 cm (puc. 5, kpuBa 2) Mmaiike Taki, K y cTeben.
[licna cymrinHg cTebiaa BiZOKPEMITIOIOTH BiX JIUCTA B YK€ BUCYIICHOMY
BUTJISII.

SIK:

447



C1i13a3HaYMTH, 1110 ITi]] YaC HU3bKOTEMIIEPAaTypPHOT'0 KOHBEKTHBHOTO CYIIIHHS
BIUIMB BOJIOTOBMICTY CYIIMJIBHOTO areHTa Ha IHTEHCHUBHICTh MHpOLECY CTae
CYTTEBHM 1 3HaYHO 3aJIGKHUTH Bijl TEIUIOBOJIOTICHUX MapaMeTpiB aTMoc(epHOro
noBitps. Tak, aHami3 JITHIX TeMIlepaTryp i BOJIOTOCTI arMoc(epHOro HOBITPs
B YKpaiHi TOKa3aB, IO BOJOTOBMICT TOBITPS KOJIHMBAEThCS B Jiama3oHi Bij
8 r/kr cai. mo 20 r/kr c.n. ExcriepuMeHTaqbHO BCTaHOBIEHO, IO MiJx 4ac
CYIIIHHS M’SITH TEpLeBoi (cTebia 3 JUCTKaMH) 32 TeMIepaTrypy CyLIIHIbHOTO
areita 40 °C (puc. 5) HiABUILEHHS BOJIOTOBMICTY CYNIMJIBHOTO areHra 3
6 r/kr cai. 1o 13 T/Kr c.n. IPUBOAWTHL 110 30UIBIIEHHS 4Yacy CYIUIHHA 10
BosioroMmicty 0,10 kr/kr c.m. B 1,35 pa3a, a IIBHIKICTh CYIIiHHS 3MEHILY€ETHCS
B 1,3 pa3za.

3HMKEHHS IHTEHCUBHOCTI BOJIOTOBWJAJIEHHS IIOB’S3aHE 31 3MEHIICHHAM
pyMIHHOT cuim MacooOMiHy Ap, sika BU3HA4a€ThCS PI3HHULECIO MaplialibHAX
THCKIB IIapu BOJIM Ha IOBEPXHI Marepiaily p, 1 B apora3oBoMy HOTOKOBL p_,
(puc. 16). Tak, y pa3i BOJOroBMIiCTy MOBITps 6 I/Kr C.I. MapliajJbHUN THUCK
BOJISIHOT ITap¥ CTAaHOBHUTH 8 MM PT.CT., a ¥ pasi 13 r/kr c.i. — 15 MM pr.cT. Takum
YHHOM, 3HWKEHHSI BOJIOTOBMICTY CYIIMJIBHOTO areHTa Ha 7 I/KT C.II. IPUBOJHUTH
JI0 301IBLIEHHS CEepeTHhOr0 MacOOOMIHHOTO HAropy B TirpocKoIiuHiil oOnmacti
Ha 20%, a B oOnacti agcopOIiitHo-3B’s13aH01 Bostord — Ha 40%.

AHani3 ekclepriMeHTaIbHUX JaHUX [TOKa3aB, [0 CYLIIHHS M STU MEpLEeBOi
— JIOBTOTPUBAJIMH TPOLEC, 3IIMCHEHHS SKOTO B HAasBHUX KOHBEKTHBHHUX
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Puc. 5. BluInB BOJIOTOBMICTY CyIIMJILHOTO areHTa Ha KiHETHKY
Ta MBHAKICTH CYIIiHHA M’ATH NepueBoi (cTed/1a 3 JIMCTKAMU).
Pe:xxumui napamerpu: 1, 1" —d = 6 r/kr c.n.; 2, 2" — d = 13 r/kr c.m.;
t =40 °C, v =2 m/c, BUcoTa mapy 2-2,5 cm
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CyllIapkax € HEBUTIJIHUM 4epe3 IXHIO HU3bKy eHeproedextusHicts (0,4...0,6),
IO TMOB’s3aHa 31 3HAYHUMH BTparaMH TEIUIOTH 3 BiANPAIbOBAHUM IOBITPIM
(6inpme 20% y 3araabHOMY TEIUIOBOMY OaiiaHci).

Tpanuuiiini MeToan iHTeHCU]IKALIT TPOLECy CyIIHHS IUISXOM IiIBUILCHHS
TEeMIIepaTypyd 1 MIBUAKOCTI CYIIMJIBHOTO areHTa MaloTh OOMEXEHHS Iij
Yyac 3HEBOAHEHHS e(QIPOHOCHMUX POCIMH 4Yepe3 TepMOYyTIMBICTH e(dipHUX
onid. Tak, migBuieHHs Temneparypu cyuwinas 3 40 °C go 50 °C 3menmye
BMicT edipHMX O y BHCyHIeHiH M’arTi mepueBii Ha 25%, a 30imbIICHHS
MIBHJIKOCTI CYIIMJIBHOTO areHta 3 1 m/c no 2 m/c — Ha 15%%. Tomy s
30epeKeHHs [IIHHUX PEYOBUH ONTHMAJIbHI PEXKHUMH CYIIIHHS M SITH IE€pLEBOi
MIOBUHHI pealli30ByBaTUCh Y MPOLECi HU3bKOTEMIIEPAaTypHOIO 3HEBOJHEHHS 3a
Temrieparypu, mo He nepepuiye 40 °C, i mBuaKocTi cyminns 1 m/c.

Takok y Bumagky cymnHHS e]ipooniiHOI CHPOBHHHM  HEMOXIIHBO
BUKOPUCTOBYBaTH TaKMi MeTOX iHTeHcUiKamii 3HEBOJHEHHs TEpMOJIAOLIBHUX
MarepialiB, sIK CTYNEHEBI PEXKUMH 31 3MIHIOBAHOIO TEMIIEPATYPOIO CYIIHIBHOTO
arenra. Lleif MeTox MKMPOKO BHKOPHCTOBYETHCS Y Pa3i CYLIIHHS MapeHXIMHHX
TKAaHWH IUIOAIB 1 JIO3BOJIAE 3HU3UTH eHeproBurpatd Ha (20...25)%*%*.
[IpoTe, He3BakarouW Ha 3HAUHY IHTEHCH(IKAIiIO IMPOIECY CYNIHHA y pasi
¢t =50 °C (puc. 3), HEeMOXJIMBO BUKOPHCTATH 1[I0 TEMIIEPATypy VISl CTYIIEHEBOTO
peXUMY CYIIHHS M’ATH niepiueBoi. Lle moB’s3ano 3 TuM, 1o IiHHI edipHi omil
3HAXOMSAThCA y 3aJ103aX-TPUXOMax Ha IOBEPXHI JIKCTA 1, SIK OyJI0 BCTaHOBIICHO
(puc. 26), y pasi t = 42,5 °C BinOyBaeTbcsl IHTCHCHBHE BUAIJICHHS JIETKHX
PEYOBHUH 3 POCIUHHU.

€IMHUM UUIIXOM  iHTeHcHdikamii npouecy HHU3BKOTEMIIEpaTypHOro
CYUIIHHS € 30UIBLICHHST MacOoOOMIHHOTO Hamopy Ap LUISXOM IPHMYCOBOTO
OCYIIEHHsI CyIIWJIBHOTO areHTa. Jlus MHiATPUMKH HEOOXiAHOI BEIMYHMHU
MacooOMIHOTO Hamopy CYIIIHHS M’STH TepLeBOi AOLUIBHO IMPOBOJWTH 3a
peXMMaMM 31 3MIHIOBaHHM CTYIIEHEM OCYIIEHHS CyIIWIbHOrO areHta. Ha
mepuii cranii cymiiHHs, KOJIM 3 Marepially BUJAISEThCS BiJIbHA BOJIOTA,
JOCTaTHI HEBENIMKUH CTyniHb ocymenHs. Ha apyriii cranii (oGnacts
TirpOCKOIIYHOTO CTaHy) CTYIiHb OCylIeHHS 30umbmryerbes. Ha  cranii
JOCYIIyBaHHS Y pa3l BUAAJCHHS 3 M’STH INepueBoi ancopOuiiiHO-3B’s3aHO1
BOJIOTH, OCHOBHMM (DaKTOPOM, IO 3yMOBIIIOE €HEPrOBUTPATH, € TPUBAIICTh
npouecy. Jlus 30UTbIMICHHS NIBUAKOCTI CYIIHHS HEOOXITHO MaKCHMAallbHO
30UIBIIMTH CTYMiHb OCYLICHHS CYIIMJIBHOTO areHTa. Po3poOieni pexumu

4 Sniezhkin Yu., Dabizha N., Malashchuk N. Energy resource saving technologies of dehydration
of medicinal and aromatic plants. Thermophysics and Thermal Power Engineering. 2021. T. 43. No. 4.
C.7-16. DOI: 10.31472/ttpe.4.2021.1.

4 Tycaposa O. B. InTeHcnikamis TerioMaconepeHocy mif 4ac OACp)KaHHs YMICIB 3 SOIyK : THC. ...
KaHJl. TexH. Hayk : 05.14.06. Kuis : ITT® HAH VYkpainu, 2020. 241 c.
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3a0e3MeyyloTh ONTUMAaJIbHI IHTEHCHBHICTH MacoOOMIHY Ta EHEeproBUTpaTh
BIIPOJIOBXK YCHOTO MPOIIECY CYyIIiHHA (Tab. 3).

Tabmuus 3
Pesxumu cymiiHHst M’ITH 32 TeMIepaTypHu cyminiabHoro arenra 40 °C
Cragia | CTyniHb oCylIeHHsl CyIIMJIBHOIO areHTa d, T/kr c.m. Ap, MM PT.CT.
1 HEBEJIUKHI CTYIIHb OCYIICHHS 20...25 28...23
1T 301IBIIEHHS CTYIICHS OCYIICHHS 14...20 24...28
I MaKCHMaJIbHO MOKJIMBHH CTYIIHb 6...14 22...24
OCYyIICHHS

VY pas3i BUOOpPY METONIB 3HCBOAHCHHS M’ATH MEPIEBOI Ta CYIIUIBHOTO
obnamHaHHs HEOOXiTHO KepyBaTHCSl TAKMMH BUMOTAMH:

1. Temneparypa cyuriHHS He T[OBMHHA TIEPEBHUIIYBaTH T'PAHHUYHO
JIOMTyCTUMY TEMIIepaTypy HarpiBy M’sTH HEpIEBOi, 10 ctaHOBUTH 40 °C.

2. CyuiHHS NOBUHHO BiI0yBaTHCSl B 3aMKHEHOMY KOHTYPI JUIsi CTBOPEHHS
3aJ]laHuX YMOB IIPOLIECY 3HEBOJHEHHs, L0 HE 3aJIeKaTh BiJl TEIUIOBOJIOTICHUX
napameTpiB aTMOC(epHOTro MOBITPS.

3. TloBuHHa IiCHyBaTM MOXJIMBICTH  PETYJIIOBaHHS  BOJIOTOBMICTY
CYIIMJILHOTO areHTa JJisl peaiizalii pe)KHMiB 31 3MIHIOBaHHUM CTYIEHEM HOro
OCYILIEHHSI.

4. HeoOxigHo 3abe3neunty 30ip BUMApyBaHO! BOJIOTH JUIsl YJOBIIOBAHHS
JIETKUX PEYOBUH.

5. JIns migBUIIEHHS €HEeproe(eKTUBHOCTI MPOIECy CYLIIHHS HEOOXiJHO
3a0e3MeunTH yTUITI3aIiI0 TeIUIOTH BiANIPallbOBAHOTO CYIIMJILHOTO areHTa.

4. Po3po6/1eHHA Ta CTBOPEHHSA TeNJIOHAaCOCHOI CyLLUapKu

Jns migBUINEHHS €Heproe(eKkTUBHOCTI MPOLECY 3HEBOTHEHHS M’ STH
MIEPIEBOi 3aMpPOIOHOBAHO BUKOPHUCTOBYBATH KOHICHCALIMHHUA METOJ CYIIiHHS
i3 3aCTOCYBaHHSM TEIUIOBOIO Hacoca. IHTerpaiis TEmjIoBOr0 Hacoca B IMKI
KOHBEKTUBHOT CyIIapKH JI03BOJISIE peajli3yBaTd BHCYHYTI 3a pe3ysibTaTaMu
EKCIIEPUMEHTAJIbHUX JOCITI/PKEHb BUMOTH JIO NPOBEJCHHS IPOLECy CYLIHHS
M’ATH TiepueBoi. MOXIMBICTh IPUMYCOBOTO OCYIICHHS IOBITPS y BHIIAPHHUKY
TEIJIOBOTO Hacoca JI03BOJISIE CTBOPUTH HEOOXIJHI TEIUIOBOJIOTICHI MapameTpu
CYWIMJIFHOTO areHTa He3aJe)KHO BiJl yYMOB HAaBKOJMIIHBOTO CEPENOBHUINA
(crany armocdepHoro moBiTpsi). Taka 37aTHICTH TEIJIOBOrO Hacoca
SHUXXYBATU BOHOFOBMiCT CYIIWJIBHOI'O arcHra Hiﬂ YaCc HU3BKOTCMIIEPATYPHOI'O
CYWIIHHS crpusie iHTeHCH]IKaIil BOJIOTOBUIAICHHS 332 PAaXyHOK ITiBHICHHS
MacoOOMIHHOTO Hamopy MK TeIUIOHOCieM 1 wMarepianom. Bomora, 1o
BUJTYYA€THCA 3 MaTepiaJIy, HC BUHOCUTBHCA CYIINJIbHUM arcHTOM B HAaBKOJWIIHE
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cepeloBuUIle, a KOH/ICHCYEThCS Ha XOJIOAHIN MOBEPXHI BHIIAPHHKA TEILIOBOTO
Hacoca, IpU IbOMY YTHJII3YEThCS TEIUIOTa KOHJCHCAIlii, sSIKa MOBEPTAETHCS Ha
OinbII BUCOKOMY piBHI B mpouec. Lle 103Bojsie 3HM3UTH €HEProBUTPATH IS
KOHBEKTHBHOTO CYILIHHS, MiJABUIHMBIIN HOT0 eHeproeeKTUBHICTHY.

VY npaui®® BH3HAUYeHI EHEPrOBUTPATH [UI 3BUYAHOI KOHBEKTHBHOI
1 ISl TETJIOHACOCHOT CYIIApKH 33 OJJHAKOBUX PEXUMIB cymIiHHs. [lopiBHSIHHS
OTPUMaHUX IMTOMHX EHEProBUTpar II0Ka3ajo, L0 IMTOMI EHEpProBUTpaTH
y pasi TerutonacocHoro cyminas (2000 k/x/kr) y 2,7 pa3a MeHIi, HiX y pasi
KOHBEKTUBHOTO (5500 xJ[X/KT).

[lix yac TeNJIOHACOCHOTO CYINiIHHA B 3aMKHEHOMY KOHTYpI MOXHa
peaizyBaTd CKJIQJIHUHA aJrOpUTM YIPABIiHHSA MPOLIECOM 3HEBOTHEHHS.
[Ilo6 yHWUKHYTH TIeperpiBy Marepiasly 1 Il ONTHMi3alii €HEeproBUTpar
TEIJIOHACOCHUH arperar Ha pi3HUX CTaiisX CYIIiHHS ITOBHHEH IpalloBaTh 3a
MEpPEMIHHIMHU PEKUMaMH — IPOTITOM IUKIY CYIIiHHS HEOOXIJHO peryioBaTu
SIK IHTEHCHUBHICTb TEIUIONIABECHHS, TaK 1 CTYIiHb OCYLIYBaHHS CYIIHJILHOTO
areHra.

Jdns  migBumieHHS e(QEeKTUBHOCTI poOOTH  CYIIWJIBHOTO — OOJIaJHAHHS
3aIpOIIOHOBAHO HU3KY TEXHIYHMX DIllIeHb Ta pO3po0iIeHa YIOCKOHAJICHa CXeMa
TEIJIOHACOCHOT CyIIapKH.

Cuip 3a3Ha4UTH, IO B IIPOLIECI TEIUIOHACOCHOTO CYLIIHHS B KOHJEHCATOpPi
TEIUIOBOTO HAcOCa BHUIIIAECTBCA TEIUIOTH OUIbIE HIDK HEOOXIIZHO IS
3HEBOIHEHHs1 Marepiany. ToMy 4YacTHHY TEIUIOTH KOHJAEHcalii HeoOXiTHO
BIJBOIMTH 32 MEXi CYMIWIBHOI KaMepud 3a JIONIOMOTOK 30BHILIHBOTO
KOH/IEHCATOPA, SIKUH IPALIOE MOCTIIOBHO 3 BHYTPIIIHIM KOoHAeHcaTtopoM. s
MiATPUMAHHS 3aJlaHol TeMIepaTypH CYLIMJIBHOIO areHTa Ha CTaJloMy piBHI
Ha TepIIiil cTanii mporecy, Kojdu 3 MaTepially BUAANSIETHCS BEIMKA KiIBKICTH
BOJIOTH, BiJIBEJICHHS TEIJIOTH 30BHIIIHIM KOHAEHCATOPOM MiHIMaJIbHE, 110 Mipi
BUCYIIIYBaHHS NPOJIYKTY KiJIbKICTh TEIUIOTH, IO BiIBOANUTHCS, 301IBIIYETHCS.

PerymntoBaHHsI BOJNOrOCTI CYIIMJIBHOTO areHTa MOXKHa 3/1HCHIOBATH TaKUM
YMHOM: TEIUIOHOCIH, 1110 BUXOAWTDH 13 CyIIapKH, PO3AUIIETHCS Ha JIBa ITOTOKH,
OZIMH 3 SKHUX HAJIXOAUTH JI0 BUIIAPHHKA TEIUIOBOTO HACOCA, JIE OXOJOKYETHCS
Ta OCYUIYEThCS, WICIAS YOr0 3MINIYEThCS 3 YACTHHOKI PELUPKYITIOI0YOro
TEIJIOHOCIS Ta TOAETHCSI HA HarpiBaHHs JI0 KOHJEHCaTopa TEIUIOBOrO Hacoca
i gam — po cymminbHOl Kamepu. [lin wac cymiiHHs edipooniiiHoi cupoBHHU
JI0 CYUIMJIBHOI KaMepu IOBEPTAIOThCS 1 BHUIAPEHI JIETKI PEYyOBHHHM, LIO Jae

4 Sniezhkin Y., Jian X., Chalaev D., Ulanov M., Dabizha N. Energy saving technologies for drying of
heat-sensitive materials. Thermophysics and Thermal Power Engineering. 2019. Vol. 41. No. 4. P. 5-12.
DOI: 10.31472/ttpe.4.2019.1.

4 Sniezhkin Yu., Dabizha N., Malashchuk N. Energy resource saving technologies of dehydration
of medicinal and aromatic plants. Thermophysics and Thermal Power Engineering. 2021. T. 43. No. 4.
C. 7-16. DOI: 10.31472/ttpe.4.2021.1.
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MOXKJIMBICTh PEryJIIOBaTd INMapliajibHUN THCK JIETKUX PEYOBUH Y CYIIMJIEHOMY
areHri, i, SK HACIiJOK, 3MEHIIMTH IXHE BHIapoByBaHHA. CKOHJEHCOBaHA
y BHUIApHUKY 1 3i0paHa B KOHAEHCATO30IpHMKY BOJIOTa SIBISIE COOOIO
MDKKIIITHHHY 1 BHYTPIIIHBOKIITHHHY PiJIUHY, 10 BUJIy4€Ha 3 POCIHH, i TOMY
€ 010JIOTIYHO AaKTUBHOIO PIAMHOIO.

Sk mokasanu IOCHiDKEHHS*, mif 4ac poOOTH TEMJIOHACOCHOTO arperara 3a
CXEMOIO 3 OCYIICHHSM YacTHHU TEIUIOHOCIS 1 PEKYyINEepali€lo «XoI0ay» MOXKHA
B 1,5-2 pa3u 3MEHIIMTH €HeproBUTpaTd Ha mpolec cyurinHs. s peanizauii
Takol CXeMH HEOOXiZHO BCTAHOBUTHU IEpE] BHUIIAPHUKOM TEIUIOBOTO Hacoca
peKyIepaTHBHUI TETUIOOOMIHHUK «IIOBITPSI-TIOBITPSD).

Ha puc. 6 HaBeneHa yOOCKOHaJeHa cXeMa KOHBEKTHBHOI CyLIapKu
3 TeIoBMM HacocoM. PoGora cymapku (puc. 6a) 3OIHCHIOETBCS TakKUM
yuHOM. Harpite y koHmeHcatopi 3 TeIJIOBOro Hacoca cyxe IMOBITps (Touka
a Tpouecy 3HEBOIHEHHS B H-d piarpami BOJIOTOro TMOBITps, puC. 60)
HAJXOIUTh N0 CYIIMJIBHOI Kamepu 1, ne oOmyBae BI30K i3 MHPOAYKTOM i,
BiIOMparoyy BOJIOTY BiJ HPOAYKTY, afiadaTHYHO 3BOJIOXKYEThbCs (mpouec a-b).
[Ticns pOro 3BONIOXKEHE TOBITPSI PO3ALIAETHCS HA JIBA MOTOKH, OIUH 13 SKUX
MOBEPTAEThCS HA PEUMPKYJSLII0, a OPYrHid IOJA€ThCs B TEIUIOBHH HAcCOC
Ha ocymeHHs. OcyllyBaHe TIOBITPsSI CIIOYaTKy YacTKOBO OXOJIOJDKYETHCS
B PEKyIEpaTHBHOMY TEIJIOOOMIHHHUKY «IOBITpS-TOBITPs» 8 (mpouec b-b’),
MICJIST YOro JTOOXOJNOIKYEThCS Y BHIIAPHUKY S5 TEIUIOBOrO Hacoca (IpoIiec
b’-c-d). Tlpu 11bOMyY YacTHHA BOJIOTH, III0 MICTUTBCS B TOBITPi, KOHJICHCYEThCS,
i BOma BHUBOIUTBCA 3 00’eMy CymwibHOI Kamepu. Ilicis HpOXOmKEHHS
Yyepe3 BUIAPHUK 5 OXOJNOMKEHEe W OCylleHe TMOBITps MiAirpiBaeThes
B pekymepartopi 8 (mporec d-d’) 1 3MIIIYeThCS 3 BOJOTHM PEIUPKYITFOKYHM
noBitpsaM (mpouecu d’-e i b-e). 3minane MOBITPs (TOUKA e) MiAirpiBaeThCs
B KoHJeHcaropi 3 (mpouec e-a), 1 LUKJI TOBTOPIOEThes. [lnisi 3abe3neueHHs
MOCTIIHOT TeMIlepaTypH CyIIiHHS HaUTHIIOK TEIUIa 33 JI0IIOMOTOI0 JO1aTKOBOTO
30BHILIHBOTO KOH/IEHCATOpa 7 BIIBOANTHCS B HABKOJIMILHE CEPEIOBHIIIE.

3a pesyabTaraMH JOCHIIPKEHb PO3poOJieHa Ta CTBOpEHa TEIUIOHACOCHA
CyIIWJIbHa YCTaHOBKa KamepHoro tumy (puc. 7). Cymapka siBisie coboro mady,
y BepXHil 4acTHHI Koprycy 1 sikoi 3HaX0ANThCS CYIIMIIbHA Kamepa 2 3 ITiA/I0HaMU
4 nnst 3HEBOIHIOBAJIBHOTO Marepially, a B HWXKHIH — arperaTHuil Biacik 3, jae
pO3TalllOBaHUM TEIJIOHACOCHUH arperar 6. TemaoHacOCHHWI arperar BKIIIOYAE
XOJIONWJIBHUI KOMITPECOp, BHUIAPHMK i3 CHUCTEMOIO BiIBOAY KOHJIEHCATy 0
KOH/ICHCATO30IpHUKA 1 JBOCEKLIHHI MOBITPsIHI KOHJAEHCATOpW (BHYTPILIHIN
Ta 30BHiIHINA). [lepexr BUMApHUKOM XOJOIWJIBHOTO arperary BCTaHOBIICHO

4 Snezhkin Y., Chalaev D., Dabizha N. Analysis of energy performance of heat pump drying.
Thermophysics and Thermal Power Engineering. 2017. Vol. 39. No. 3. P. 47-52. DOI: 10.31472/
ihe.3.2017.07.
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Puc. 6. Cxema TenjoHAacoCHOI CymIapKH (a) Ta mpouec 3HeBOAHEHHS
B H-d niarpami BoJiororo nositps (6): 1 — cymimiibHa kamepa;
2 — BeHTUJIATOP; 3 — BHYTpilIHiii KoHAeHcaTOp; 4 — IpoOCeib;
5 — Bunapumnk; 6 — komnpecop; 7 — 30BHilIHIA KOHAeHCATOP;
8 — pexyneparuBHUii Ten1000MiHHUK; CA — KOHTYp CYIIWJILHOIO areHTa;
XA — KOHTYP X0J1010areHTa

Texmiuni xapaxTepueTmcn:
Teunspatypa cymmIEHOTO 40°—55 °C
areHIa
KiTekicTs BOTOTR MO &

J8 £ A'ToT
BHIAIRETRCA 3 OPOIVETY
EitheacTs BHCYIIVEAHODO 10 40 xriaoBa
NpoIykIY
VeTaHoRIeHHT STEKTPHYHA
AOTVEHICTS L9 xbr
Meromi erTpaTa 0307
EIEETPOCHEPril Ha LBTN.:':
EHTIAPORVEAHHE BOJOFH 7

Puc. 7. TensionacocHa cymimjibHa yCTaHOBKa: 1 — KOpIyc CylIapKu;

2 — cymIMJbHA KaMepa (TeXHOJIOriyHui Biacik); 3 — arperatHuii Biacik;
4 — migaoH; 5 — MyJbT KepyBaHHsI CYyHIApKH; 6 — TENJIOHACOCHUI arperar;
7 — pexkynepaTuBHUI TeNJ0OOMIiHHMK; 8 — NMPKYIALiliHi BeHTHIATOPH;
9, 10 — cTapToBHIi ejleKTpOHATrpiBaY
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peKynepaTiBHUI TerI00OMIHHUK 7. TeruioBosoricHi mapaMeTpu CyIIHJIBHOTO
are’ra y cymapliii 3a1aloThcsl 3a JOIOMOTOI0 Ipuiiany «BumiproBad-perynsitop
MT?2» Ha mynbTi kepyBanHst 5. [liqTprMKa 3a1aHIX TapaMeTpiB 3AIHCHIOETHCS 32
JIOTIOMOTOI0 CUCTEMH aBTOMATHKH IIISIXOM PETYJIOBAHHS 110J1adl X0JIIOA0areHTy
y BHIIQPHHUK 1 IEPepo3Noauly y HEOOXiIHOMY CIIiBBIJHOIICHHI BEITMYUHU
TEIJIOBOTO HABAaHTA)KEHHS Ha CEKIii KOHJEeHcaropa.

BUCHOBKHA

IIpoBeneHi KOMIUIEKCHI JOCHTIMKCHHS, IO CHOpPSIMOBaHI Ha BceOivHE
BUBUCHHS BIIACTUBOCTEH M’SITH NEPLEBOi K 00’€KTa CYIIiHHSA Ta BU3HAUYCHHS
ONITUMAJIFHUX IIapaMETpPiB 3HEBOJHEHHS, IO 3a0e3NevyyloTh MaKCHUMalbHe
30epeskeHHs eipHUX ONil, JO3BOJIMIN OJEPIKATH TaKi pe3ysIbTaTH.

3a ekcrneprMMEHTaJIbHUMH JIOCIIDKEHHSIMH 3 TirpoTepMiYHOI piBHOBaru 3a
temneparypu 30 °C y piana3oHi BiTHOCHUX TUCKIB p/p,Bin 0,4 no 0,9 meromom
XapaKTEepUCTUYHUX KPHBHX OJEP>KaHHI 130T€pMHU COpOLIl mapu BOAH M’STOIO
nepueBoro 3a temmeparyp Bigx 30 mo 50 °C, mio J03BOJNIMIO BU3HAYUTH
BEJIMYUHY YHUCTOI 130CTEPUYHOI TEIUIOTH aAcopOIii Ta TEIIOBOJOTICHI
rapameTpy CyILIMJIBHOTO areHTa y pasi JOCYILIYBaHHS M SITH JO 3aJMIIKOBOTO
BostoroeMicTy 10%.

ExcrieppuMeHTaIbHO KalOpUMETPUYHUM METO/IOM OJIepyKaHi MUTOMI BUTPATH
TEIJIOTH Ha CYIUiHHA JKCTs M’ sTH 3a Temneparyp 40 i 50 °C. BusineHo BIumB
JIETKUX pedoBUH edipHOI omii M’SITH NeprieBoi Ha TEIJIOTy BUIAPOBYBaHHS.

Bubip Temneparypu CyIIIHHS NPSHO-apOMaTWYHUX POCIMH HacamIiepen
BU3HAYAETHCS TEPMOUYTIMBICTIO edipHMX omiid. JlochmifkeHHS BIUIUBY
TEeMIlepaTypy CYIIIHHS Ha BHJAJCHHS JICTKHX apOMaTHYHHUX CIIOJYK 3 JIUCTS
M’SITH TIEpIIeBOT IT0Ka3aJIo, 1110 JUIs 3ar100iraHHs 3HaUHUX BTPAT SKOCTI TPAHUYHO
JIOIyCTHMa TeMIIepaTypa HarpiBy Marepiaily IiJ| 4ac 3HEBOJHEHHs HE TOBUHHA
NepEeBUIIYBaTU TeMIIepaTypy MiaBieHHs MeHTolry 42,5 °C.

Ha migcraBi i3oTepM copOuii ais rirpockomiyHoi oOnacti oznepkaHa
3aJIOKHICTh NapliajJbHOrO THCKY BOASHOI ITapyd Ha MOBEPXHI M STH IEpLEBOi
BiJl BOJIOTOBMICTy 1 Temmeparypu B nianmasoni u# = 0,07..0,29 xr/kr c.m.
it = 30..50 °C, mo n03BONMJIO BHM3HAYUTH MacooOMiHHMI Hamip Ap Ta
OOTPYHTYBaTH METOJ IHTEHCU]IKaLlT TPpolleCy HU3bKOTEMIIEPaTyPHOTO CYLIIHHS
LIJISIXOM TIPEMYCOBOTO OCYILIEHHS CYNIMJIBHOTO areHra.

Pesysnbrarn eKcriepuMEHTaIbHUX JOCTIDKEHb KIHETUKU CYIIiHHS M’ SITH
mepueBoi MOKas3ajiM, IO MiJ 4Yac HU3BKOTEMIIEPaTypHOrO 3HEBOJHECHHS
BOJIOTOBMICT CYHIMJIBHOTO areHTa CYTTE€BO BIUIMBA€ Ha IIBUAKICTH IpOLECY.
3HIKCHHSI BOJIOTOBMICTY CYIIMJIBHOTO areHTa IUISIXOM IPHUMYCOBOTO
ocymeHHs 3 13 r/kr c.11. 10 6 I/Kr c.11. 103BoJIsi€ Ha 25% CKOPOTUTH TPUBAIIICTh
CYLIIHHSI.
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JUis  migTpUMKH  HEOOXiMHOI  BEMUYMHU  MAacOOOMIHHOTO  HAamopy
3alPONIOHOBAHO TMPOBOJWTU CYIIIHHS M’STH TMEPIEBOI 3a pPeXUMaMH 3i
3MIiHIOBaHUM CTYIICHEM OCYIICHHS CYIIMJILHOTO areHTa 3 IOCTYIOBHM HOTO
3HIDKCHHSAM JI0 MAaKCHUMAaJbHOI BelHYuHH. Po3po0iieHi pexxumu 3a0e3MnedyroTh
ONTUMAJIbHI IHTCHCHUBHICTh MAacOOOMIHY Ta €HEPrOBUTPATH BIPOJOBX YCHOTO
IIpOLIeCy CYyLIiHHS.

3anpornoHOBaHO BHKOPUCTOBYBATH KOHJIICHCAIIMHUI METON CYIIHHS 13
3aCTOCYBaHHSAM TEIUIOBOTO HAcoca Ui IIBUIICHHS CHEProe(eKTUBHOCTI
MPOIECY 3HEBOIHEHHS M’STH MEPIICBOI Ta CTBOPEHA TEIUIOHACOCHA CYIIMIbHA
YCTaHOBKAa KAMEPHOTO TUITY. [IUTOMI €HEPrOBUTPATH TEILIOHACOCHOI CyIIapKH
Maibke B 2,5 pa3a MeHII, Hi)K KOHBEKTUBHOL.

AHOTALLIA

3BakalouM Ha BHCOKWI CBITOBMI IONWT Ha JIKapchki W edipooiiHi
pociMHH, OcoONMBa yBara HPUAUISETHCS MIiJBUIIECHHIO €(EeKTHBHOCTI Ta
CTaJIOCT] MpPOILECIB iX CYIIIHHSI, K€ € €HEProBUTPATHUM €TarioM IepepoOKH
1 BOIHOYAC BHU3HAYAJIBHUM JUIsl 30epekeHHs1 010J0TIYHO aKTMBHUX PEYOBUH Ta
e(ipHUX OJiH.

OnHi€l0 3 IUPOKO BHKOPHUCTOBYBAHUX JIKAPCHKUX €(ipOoONidHUX KYJIBTYp
e M’sta mnepueBa (Mentha piperita L.), ska Bojoxmie aHTUMIKPOOHUMH,
AQHTHOKCUJAHTHUMH, IPOTHBIPYCHUMH, aHTUOAKTEpialbHUMH, TPOTHU3ATIAIb-
HUMH, IPOTUTPUOKOBUMH, TPOTHACTMATHUYHUMU, CIIa3MOJIITHYHUMH, aHTH-
CEeNTUYHUMH BIIACTUBOCTSIMH TOIIO.

MeTa JOCHIKEHHS TOJArae y BHUBYEHHI KIHETHKH MpoOLECy
3HEBOJHEHHS M’ STH NepleBoi, po3polieHH] eHeproeeKTUBHUX PEXHUMIB
CYWIIHHA, 32 AKUX 3a0e3MeuyloThCs MiHIMaJbHI NMUTOMI BUTpPaTH €Hepril
Ta MakcuMalbHe 30epexeHHs edipHHMX oiil, BUOOpI Ta BIOCKOHAJEHHI
CYIIMIBHOI YCTaHOBKH.

Meroponoris  IOCHI/KEHHST IPYHTYETbCS Ha KOMIUIEKCHOMY IIJIXOA,
CIPsIMOBaHOMY Ha BceOiuHe BUBUCHHS BIIACTUBOCTEH M’ SITH IIEPLIEBOI 1K 00’ €KTa
CYIIiHHS, 110 BKJIIOYA€ IOCHIIPKEHHS! COpOLIMHUX BIACTHBOCTEH, BU3HAYECHHS
TPaHWYHUX TEMIEpaTyp HarpiBy Ta KIHETHKH CYIIiHHS, BCTAHOBIICHHS
ONTHMAJIBHUX I1apaMETPiB 3HEBOJHEHHS, IO 3a0e3NevyyloTh MaKCHUMalbHe
30epeskeHHs eipHUX Oii, 0OTpYHTYBaHHS MeTONy iHTeHcH(ikauii Ta criocoly
CYILIiHHS.

3a pe3ynbraraMu I0CIiKEHb TirpOTEepMIYHOI PIBHOBAr JJIsl TirPOCKOMIYHOT
obnacti ozep)kaHa 3aJEXHICTh IapLiallbHOTO THUCKY BOJSHOI IIapu Ha
MOBEPXHI M’SITW TEpLEBOi BiJ BOJOTOBMICTY 1 TeMIleparypd B Jliana3oHi
u = 0,07..0,29 xr/kr cm. 1 ¢t = 30..50 °C, mo I03BOIMIO BU3HAYUTH
MacooOMiHHMH Hamip Ap Ta OOIpyHTYyBaTH MeToj IHTeHcudikauii mpouecy
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HU3BKOTEMIIEPATypHOTO  CYIIIHHS  LUISIXOM  HPUMYCOBOTO  OCYILIEHHS
CYIIMJIHOTO arcHTa.

BcranosneHo, 1110 i 3a100iraHHs 3HaYHUX BTpar eQipHUX OJIil TpaHUYHO
JOIyCTHMa TeMIIepaTypa HarpiBy M’STH IepUeBOi MiJ 4yac 3HEBOJHEHHS HE
MIOBHHHA [IE€PEBUIIYBaTU TEMIIepaTypy IIaBleHHS MeHToly 42,5 °C.

PesynpraramMu excriepuMEHTaIbHUX JTOCIIJUKEHb KIHETUKHM CYIIIHHS M’SITH
NepeBoi BCTAHOBJIEHO, IO 3HW)KEHHS BOJIOTOBMICTY CYIIMJIBHOTO areHra
LIJISIXOM [IPUMYCOBOTO OCyIIeHHs 3 13 r/Kr c.1im. 1o 6 r/kr c.11. 1o3Boisie Ha 25%
CKOPOTHTH TPUBAJIICTH CYIIiHHS.

3anponoHOBAaHO BHKOPUCTOBYBATH KOHJIICHCAIIMHUI METON CYIIHHS i3
3aCTOCYBaHHSIM TEIJIOBOTO HAacoca JUIs IIJBHUIIEHHS eHeproe(eKkTHBHOCTI
Ipolecy 3HEBOAHEHHs M’siTh mneprieBoi. CTBOpeHa TEIUIOHACOCHA CYyIIMIIbHA
yCTAHOBKa KaMEPHOTO THUILY, MUTOMI €HEPrOBUTpAaTH sIKOi Maibke B 2,5 pasa
MEHIII, Hi’)K KOHBEKTHUBHOT.

Jliteparypa

1. Sniezhkin Yu., Dabizha N., Malashchuk N. Energy resource saving
technologies of dehydration of medicinal and aromatic plants. Thermophysics
and Thermal Power Engineering. 2021. T. 43. No. 4. C. 7-16. DOI: 10.31472/
ttpe.4.2021.1.

2. ToBapo3HAaBCTBO Ta IHHOBAILIWHI TEXHOJOTIi NEpepoOKH JIKapChKO-
TEXHIYHOT POCIMHHOI CHPOBUHH : HaB4asbHUH rmocionuk / [Tasmrok P. FO. ta iH.
Xapkis : XI'VIIT, 2013. 429 c.

3. Chakraborty R., Tilottama D. Drying protocols for traditional medicinal
herbs : A Critical Review. International Journal of Engineering Technology,
Management and Applied Sciences. 2016. Vol. 4. No. 4. P. 312-319.

4. Nakra S., Tripathy S., Srivastav P. P. Drying as a preservation strategy
for medicinal plants: Physicochemical and functional outcomes for food and
human health. Phytomedicine Plus. 2025. Vol. 5. No. 2. Article 100762. DOI:
10.1016/j.phyplu.2025.100762.

5. Thamkaew G., Sjoholm I, Galindo F. G. A review of drying
methods for improving the quality of dried herbs. Critical Reviews in
Food Science and Nutrition. 2021. Vol. 61. No. 11. P. 1763-1786. DOI:
10.1080/10408398.2020.1765309.

6. Sniezhkin Yu. Energy-efficient dryers developed at the Institute
of engineering thermophysics of NAS of Ukraine. Thermophysics and
Thermal Power Engineering. 2025. Vol. 50. No. 4. P. 5-17. DOI: 10.31472/
ttpe.4.2025.1.

456



7. Nurhaslina C. R., Bacho S. A., Mustapa A. N. Review on drying methods
for herbal plants. Materials Today : Proceedings. 2022. Vol. 63. P. S122-S139.
DOI: 10.1016/j.matpr.2022.02.052.

8. Eapen A. S., Bhosale Y. K., Roy S. A review on novel techniques
used for drying medicinal plants and its applications. International Journal of
Biomaterials. 2025. Article ID 4533070. 21 p. DOI: 10.1155/ijbm/4533070.

9. FAOSTAT. URL: https://www.fao.org/faostat/ru/#data/QCL  (mara
3BepHeHHs: 23.02.2026).

10. Nayak P., Kumar T., Gupta A. K., Joshi N. U. Peppermint a medicinal
herb and treasure of health. Journal of Pharmacognosy and Phytochemistry.
2020. Vol. 9. No. 3. P. 1519-1528. DOI: 10.22271/phyt0.2020.v9.i3y.11525.

11. Kosansor B. M., ITaeniii O. 1., Icakosa T. I. @apMakoraosist 3 0CHOBaMu
6ioximii pociuH. Xapkis : [Ipanop HDAY, 2000. 704 c.

12. Minapuenko B. M., Bytko A. 1O. JlocnijpkeHHsI BITYM3HSHOTO PUHKY
JIIKAPCHKUX 3aC00IB POCIIMHHOTO TOXOIKCHHS. Dapmayesmuunuil HCYypPHA.
2017. Ne 1. C. 30-36. DOI: 0.32352/0367-3057.1.17.04.

13. European Pharmacopoeia. 8th edition (Ph. Eur. 8). Strasbourg : Council
of Europe, 2014. P. 275-276, 1232-1234, 1350-1352, 1369-1370.

14. Blanco M. C. S. G, Ming L. C., Marques M. O. M., Bovi O. A. Drying
temperature effects in peppermint essential oil content and composition. Acta
Horticulturae. 2000. Vol. 569. P. 95-98.

15. Cuexkin lO. @., [Terpora XK. O., Inpenko O. O., Jloseiiko B. O. Cyrrinas
M’SITH Ha KOHBEKTHBHUX CYNIMJIBHUX YCTAaHOBKax. Xapyoea npomMuciogicme.
2010. Bum. 9. C. 168-170.

16. Karami H., Rasekh M., Darvishi Y., Khaledi R. Effect of drying
temperature and air velocity on the essential oil content of Mentha aquatica L.
Journal of Essential Oil Bearing Plants. 2017. Vol. 20. No. 4. P. 1131-1136.
DOI: 10.1080/0972060X.2017.1371647.

17. Habixa H. O. Inrtencudikamis mnpouecy KOHBEKTHBHOIO CYIIiHHS
TepMOJIa01TBHUX MaTepiajliB 10 HU3HKOTO 3aJTUIIKOBOTO BOJIOTOBMICTY : JIHC. ...
KaHf. TexH. Hayk : 05.14.06. Kuis : ITT® HAH VYkpainn, 2013. 208 c.

18. Kanopumerpu4yHuii mnpuUCTpid A BH3HAYEHHS MHMTOMOI TEIIOTH
BUIIAPOBYBaHHS BOJIOTHU i OPraHiuHMUX PiMH 3 MarepiamiB: nar. 84075 Ykpaina:
MIIK G 01N 25/26, G 01N 25/28. Ne a200613266; 3asen. 15.12.2006; omy6i.
10.09.2008, bron. Ne 17. 10 c.

19. T'ycapoa O. B. IuTeHcudikalis TemIoMaconepeHocy Iia  dac
OJICPKAHHS YHIICIB 3 SIONYK : JHC. ... KaHd. TexH. Hayk : 05.14.06. Kuis : ITTD
HAH Vxkpainu, 2020. 241 c.

20. Cuexkin 0. @., Jabixxka H. O. JocmijkeHHs aacopOLiHHUX
XapaKTEePUCTHK KONOIAHMX KamiIAPHO-MOPUCTUX MarepiagiB 3  METOo

457



BU3HAYEHHS PEKUMIB cymiHHs. [Ipomucioea menaiomexnixa. 2000. T. 22. No 3.
C. 26-29.

21. 3aropyiiko B. A., Tomikop O. A., Counbko O. I Tepmonunamika Ta
terogizuka Bosorux marepianiB. Kuis : HaykoBa mymka, 1995. 296 c.

22. Quirijns E. J., van Boxtel A. J., van Loon W. K., van Straten G.
Sorption isotherms, GAB parameters and isosteric heat of sorption. Journal
of the Science of Food and Agriculture. 2005. Vol. 85. P. 1805-1814. DOLI:
10.1002/jsfa.2140.

23. Sniezhkin Yu., Dabizha N., Dmytrenko N., Malashchuk N. (2023).
Sorption and thermodynamic properties of aromatic plants as drying objects.
Thermophysics and Thermal Power Engineering. 2023. T. 45. No. 2. C. 5-14.
DOI: 10.31472/ttpe.2.2023.1.

24. Gregg S. J., Sing K. S. W. Adsorption, surface area and porosity.
London; New York : Academic Press, 1982. 306 p.

25. Al-Muhtaseb A. H., McMinn W. A. M., Magee T. R. A. Moisture
sorption isotherm characteristics of food products: a review. Trans IChemE.
2002. Vol. 80. Part C. P. 118-128. DOI: 10.1205/09603080252938753.

26. Chickos J. S., Garin D. L., Hitt M., Schilling G. Some solid state
properties of enantiomers and their racemates. Tetrahedron. 1981. Vol. 37.
P. 2255-2259. DOI: 10.1016/S0040-4020(01)97981-5.

27. Hoskovec M., Grygarova D., Cvacka J., Streinz L., Zima J., Verevkin S.,
Koutek B. Determining the vapour pressures of plant volatiles from gas
chromatographic retention data. Journal of Chromatography. 2005. V. 1083.
No. 1-2. P. 161-172. DOI: 10.1016/j.chroma.2005.06.006.

28. Batiu I. Vapor-liquid equilibria in the binary systems n-decane+(-)-
menthone and n-decane+(+)-fenchone at temperatures between 344.45 and
390.75 K. Fluid Phase Equilibria. 2002. Vol. 198. No. 1. P. 111-121. DOI:
10.1016/S0378-3812(01)00759-2.

29. Dmytrenko N. V., Malashchuk N. S., Dabizha N. O., Ivanov S. O.
Influence of drying temperature on removal of volatile aromatic compounds from
mint leaves. Scientific forum: theory and practice of research : 11 International
Scientific and Theoretical Conference, Valencia, Spain, 2022. DOI: 10.36074/
scientia-16.09.2022.

30. Asrate D. A., Ali A. N. Review on the recent trends of food dryer
technologies and optimization methods of drying parameters. Applied Food
Research.2025.Vol. 5. No. 1. Article 100927. DOI: 10.1016/j.afres.2025.100927.

31. Ertekin C., Firat M. Z. A Comprehensive review of thin layer drying
models used in agricultural products. Critical Reviews in Food Science and
Nutrition.2017. Vol 57.No.4.P.701-717. DOI: 10.1080/10408398.2014.910493.

458



32. Sniezhkin Y., Jian X., Chalaev D., Ulanov M., Dabizha N. Energy
saving technologies for drying of heat-sensitive materials. Thermophysics and
Thermal Power Engineering. 2019. Vol. 41. No. 4. P. 5-12. DOI: 10.31472/
ttpe.4.2019.1.

33. Snezhkin Y., Chalaev D., Dabizha N. Analysis of energy performance
of heat pump drying. Thermophysics and Thermal Power Engineering. 2017.
Vol. 39. No. 3. P. 47-52. DOI: 10.31472/ihe.3.2017.07.

Information about the authors:

Dabizha Nataliia Oleksandrivna,

Candidate of Technical Sciences,

Senior Researcher at the Department of Heat
and Mass Transfer in Heat Technologies
Institute of Engineering Thermophysics

of the National Academy of Sciences of Ukraine
2-a, Marii Kapnist Street, Kyiv, Ukraine

Dmytrenko Nataliia Vitaliyivna,

Candidate of Technical Sciences,

Senior Researcher at the Department of Heat
and Mass Transfer in Heat Technologies
Institute of Engineering Thermophysics

of the National Academy of Sciences of Ukraine
2-a, Marii Kapnist Street, Kyiv, Ukraine

Malashchuk Nataliia Savivna,

Doctor of Philosophy,

Senior Researcher at the Department of Heat
and Mass Transfer in Heat Technologies
Institute of Engineering Thermophysics

of the National Academy of Sciences of Ukraine
2-a, Marii Kapnist Street, Kyiv, Ukraine

459



CHAPTER 22

TECHNOLOGY AND QUALITY OF SHORTBREAD
CONFECTIONERY WITH MEAL

Kravchenko M. F., Mykhailyk V. S, Italliantsev V. V.
DOl https://doi.org/10.30525/978-9934-26-697-3-22

INTRODUCTION

Providing the population of Ukraine with a full-fledged balanced diet is one
of the most important problems of the state.

Improving the structure of nutrition of the population of Ukraine involves
increasing the production of food products, thanks to the improvement of
existing ones and the creation of new technologies. Real food products
are unbalanced in their chemical composition and do not contain essential
nutrients in the required quantities and ratios. The search for natural food
substances of plant origin that are able to increase the resistance of the
human body to the negative impact of the environment due to antioxidant,
antitoxic activity is relevant. Scientific theoretical and practical studies
show that it is impossible to achieve a high preventive effect with the help
of traditional food products, and the creation of universal food products is
also problematic. An effective and quick way to optimize their nutritional
value is to use biologically active raw materials, which are a concentrate
of natural minor food components — vitamins, macro- and microelements,
individual fat acids, and phospholipids.

1. Analytical review of flour confectionery products

In Ukraine, the production of special-purpose products with antioxidant
immunomodulatory effects is insufficient, so expanding the range of these
products is relevant. One of its solutions is the development of scientific and
methodological foundations for creating food products with a balanced chemical
composition through the use of plant biologically active raw materials. The
domestic market is dominated by food additives, mainly of foreign production,
so research into domestic plant raw materials and secondary products of their
processing is of significant scientific and practical interest.

Currently, the urgent task is the waste-free comprehensive use of valuable
plant raw materials. From this point of view, secondary raw materials — cake,
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meal, pomace, which remain after the manufacture of the main product (juices,
wine, oil, etc.) and contain a large number of biologically active compounds
in natural proportions that are best absorbed by the body — deserve some
attention.

Flour confectionery is a group of food products with a fairly wide range.
They differ significantly in their recipe composition and organoleptic properties,
which is achieved primarily by including various ingredients in the recipes and
using certain technological operations. The main ingredients of the shortbread
cookie recipe are: wheat flour, butter, granulated sugar, eggs, baking powder,
ammonium, salt.

Flour confectionery, as a group of products characterized by increased
demand from the population, requires scientifically substantiated regulation of
the nutrient composition, protein and carbohydrate raw materials.

Regulation of the chemical composition of such flour products to increase
their nutritional value is a way to create new generation products. For this
purpose, various types of both traditional and non-distributed biologically
active raw materials are used.

The priority direction today is recipe and technological innovations to
expand the range, increase the nutritional and biological value, and reduce the
calorie content of flour confectionery.

A directed change in the nutritional value of flour confectionery is achieved
by including useful (desirable) components in their recipe or removing
undesirable (unuseful) components. When developing the latest technologies
for flour confectionery, it is envisaged to use so-called functional ingredients,
which include dietary fiber, proteins, vitamins, antioxidants, which contribute
to increasing nutritional and biological value and reducing energy value'.

So, currently the range of additional and non-traditional raw materials
used for the production of flour confectionery products is quite wide, but the
potential of secondary plant products from oil raw materials is not used to the
full extent.

Based on the analysis of the domestic market of biologically active raw
materials, we concluded that some of its types used in flour confectionery
technologies can be attributed to dietary supplements, but some of them
occupy an intermediate position between dietary and food additives due to their
biological activity and functional and technological properties, in particular,
affecting the structural-mechanical, sensory properties and nutritional value of
flour confectionery products.

' Rusu L. E,, Marc R. A,, Muresan C. C. Hemp (Cannabis sativa L.) flour-based wheat bread as
fortified bakery product. Plants, 2021. No. 10(8), p. 155.
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The concept of the nutritional value of biologically active raw materials,
which include oilseed meals and hemp processing products, as components of
flour confectionery products should be considered from the standpoint of their
safety, as well as the transformation of individual nutrients in the technological
flow.

As already noted, the development of technologies for flour confectionery
products with a regulated nutrient composition involves the involvement of
secondary plant raw materials of increased biological value in the technological
process, which is a relevant area of research in the context of state policy on
resource conservation, rational use of raw materials, increasing high-quality
domestically produced products, and increasing the orientation of domestic
enterprises to the development of import-substituting products. Recently,
oilseeds and their processing products have been gaining increasing popularity
as products that are beneficial to human health. Among them, the most common
are meals. Meal is a by-product of oil extraction production. It is obtained after
the extraction of fat from oilseeds.

The main products of industrial hemp seed processing in Ukraine are
crushed hemp seeds, hemp oil, hemp flour, hemp bran, and hemp protein.

The use of oilseed meals and hemp flour allows you to easily and quickly
eliminate the deficiency of essential nutrients, primarily micronutrients, to
some extent it is aimed at changing the metabolism of individual substances,
increasing the body’s non-specific resistance to the effects of adverse
environmental factors, and obtaining a mechanism for a non-drug safe way to
regulate and maintain human health.

2. Substitution of the composition of model dough
for cookies using composite mixtures

Flour confectionery products have high taste qualities, but an unbalanced
chemical composition due to the high content of fats, sugars and low — dietary
fiber, unsaturated fatty acids, minerals, proteins. Meals have a valuable chemical
composition, because they contain unsaturated fatty acids, minerals, proteins
and dietary fiber represented by fiber. Therefore, it is important to investigate the
possibility of using meals in the technology of flour confectionery shortbread
products instead of wheat flour?.

The use of oilseed meals (soybean, sunflower, sesame, walnut, flax, hemp,
etc.) allows you to enrich the chemical composition of flour confectionery
products with protein, lipids, dietary fiber, vitamins and minerals (Table 1),

2 Sheludko V. M., Kholobtseva I. P. Legumes in the technology of flour confectionery products.
Improving the technology of butter cookies enriched with calcium by using protein-mineral additives.
Eastern-European Journal of Enterprise Technologies, 2021, No. 4(11(112), p. 42-49.
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they have pronounced sorption, antioxidant, detoxifying, complex-forming
properties®.

Analysis of the chemical composition of hemp flour showed that hemp
flour has a significantly higher protein content, on average by 58% compared
to wheat flour. From the point of view of physiological value, not only the
amount of protein in the product is important, but also its completeness, which
is characterized by the presence of essential amino acids and their quality,
namely, proximity to the “ideal protein”. To assess this compliance, the amino
acid score indicator is used, which characterizes the degree of proximity of the
composition of the studied protein to the composition of the ideal protein®.

The calculation of the amino acid scores of wheat and hemp flour proteins
is given in Figure 1.
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Fig. 1. Amino acid score of hemp and wheat flour proteins, %

The amino acid scores of threonine and valine in hemp flour exceed the
corresponding values of wheat flour by approximately 2.8 and 2.00 times,
methionine with cystine by 1.97 times, isoleucine by 1.3 times, and tryptophan
by 1.13 times. The amino acid scores of tyrosine and phenylalanine for both
types of flour are practically at the same level, while the amino acid score

3 Svec I. The Mixolab parameters of composite wheat/hemp flour and their relation to quality

features. LWT — Food Science and Technology. 2015. Vol. 60 (1), p. 623-629.

4 Mihoc M. Nutritive quality of romanian hemp varieties (Cannabis sativa L.) with special focus on
oil and metal contents of seeds. Chemistry Central Journal. 2012. Vol. 6, p. 1-12.
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Table 1
Mineral composition of hemp flour (n=5, p<5)

Name Content per 100 g of flour
Wheat flour wholemeal Hemp flour
Name 0.7 170.21
Zinc, mcg 122 1888
Potassium, mg 16 3490
Magnesium, mg 86 18200
Phosphorus, mg 1.2 161.97
Iron, mg 16 2040
Calcium, mg 1.5 1.21
Cobalt, mcg 0.6 88.91

of hemp flour is slightly lower for leucine. The amino acid score of lysine in
hemp flour exceeds the value of wheat flour by 1.73 times, which is especially
important, since lysine is the limiting amino acid for proteins in both types of
flour.

Analyzing the carbohydrate composition, it can be noted that the total
carbohydrate content in hemp flour is lower, mainly due to mono- and
disaccharides by 71%, and the starch content is of particular interest, which is
lower by 78% compared to wheat flour. It is worth noting that the content of
dietary fiber in hemp flour is 2 times higher than in wheat flour.

The ratio of ®—3 and @6 fatty acids in hemp flour is 1:3.6 compared to wheat
flour, where the ratio is 1:16. Thus, the studied hemp flour is characterized by
balance and high biological value due to the high content of essential ®—3 and
o6 fatty acids.

The next stage was the study of the mineral composition, the results are
given in Table 1.

Analysis of the mineral composition indicates a significant predominance
of hemp flour over high-grade wheat flour in all studied mineral elements. The
magnesium content in hemp flour is approximately 21.8 times higher than in
wheat flour. A similar trend is observed for phosphorus, the content of which
exceeds the indicator of wheat flour by 21.2 times, the calcium content in hemp
flour is also significantly higher by approximately 12.8 times.

The use of hemp flour depends on physicochemical indicators and
technological properties. The main physicochemical properties that allow us to
assess the influence of additives on the formation of cookie quality are water-
holding, water-absorbing and fat-retaining and fat-absorbing capacity, which
affect the formation of dough (Figure 2).

The combination of these properties ensures the formation of rheological
properties of the dough and affects the quality of cookies.
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Fig. 2. Water-absorbing, fat-absorbing and fat-retaining capacity

The water-holding capacity of hemp flour is 60% higher than the indicator in
the control sample. The fat-holding capacity of hemp flour is 130%, and for the
control sample it is 105%, which is 25% higher. According to the established
chemical composition, hemp flour contains 58% more protein, which is able to
bind and retain moisture. The high concentration of dietary fiber, the content
of which is 15 times higher than that of wheat flour, in combination with
a reduced proportion of starch, affects the water-holding and fat-absorbing
capacity of hemp flour. The obtained physicochemical indicators positively
characterize hemp flour for use in a composite mixture and allow us to assume
an improvement in the plasticity of the shortcrust pastry semi-finished product
and obtaining the necessary friability of the finished cookies.

The quantity and quality of raw gluten in a mixture of two types of flour
in different concentrations from 10% to 50% were studied. The results of the
study of gluten obtained from a mixture of hemp and wheat flour, in particular
its quantity, extensibility, elasticity and water-holding capacity, are given in
Table 2.

Increasing the dosage of hemp flour in the mixture leads to a gradual
decrease in the content of raw gluten. At the maximum studied addition (50%),
this indicator decreases by 38.4% relative to the control. The water-holding
capacity of the composite mixture, on the contrary, increases with an increase
in the proportion of hemp flour — from 84% in the control to 120% at a dosage
of 50%. The increase in hydration capacity can be explained by the significant
water-absorbing capacity of hemp flour fibers and proteins. Adding hemp flour
in an amount of 10...50% leads to a gradual decrease in the gluten elasticity
index from 72.55 units of the IDK device in the control sample to 31.53 units of
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Table 2
Compositional mixtures of wheat and hemp flour

Indicator
Hemp Blend | Ratio % | Raw gluten | Water holding Elasticity, Extensibility,
content, % capacity, % units of IDC cm
Wheat Flour /| 10/ 25 84 72.55 13.5
Hemp Flour
90/10 23.2 90 58.3 10
80/20 21.24 102 51.6 4
70/30 19.25 108 44,93 1
60/40 17.35 114 38.23 0
50/50 15.39 120 31.53 0

the IDK device at 50% replacement. The most critical changes were recorded in
the elasticity index, when adding 30% hemp flour, the extensibility is reduced
to a minimum level (1 cm), and at a dosage of 40—50%, gluten completely loses
its ability to stretch. The decrease in extensibility has a positive effect on the
formation of the structure of the shortcrust pastry semi-finished product.

An important feature of meals is the high content of protein and dietary
fiber, minerals, especially Calcium, Magnesium, Phosphorus (Table 3). The
carbohydrate composition of meals has certain features: the total carbohydrate
content is up to 40%, dietary fiber is mainly represented by fiber, their content
in some types is about 50% of the total amount of carbohydrates, while the
polysaccharides of wheat flour are mainly represented by starch, the content of
which reaches 85%. The indicated differences in the carbohydrate component
of meals and wheat flour affect the dough formation process and structural and
mechanical properties of the dough®.

The use of several types of meals in the composition allows you to balance
the content and optimal ratio of minerals, amino acid composition of proteins.

It was found that hemp flour and sunflower and flax seed meals, compared
to wheat flour, contain more protein — 2.5-3.5 times, fat — 4.5-10 times, the
total carbohydrate content decreased almost 2 times, but the fiber content
increased more than 10 times. Meals have a wide range of minerals and their
content is significantly higher than in wheat flour, respectively: Potassium —
9.5-10.5 times, Calcium — 18.5-200 times, Magnesium — 15-45 times,

5 Lan. et al. Genotype x environmental effects on yielding ability and seed chemical composition of

industrial hemp (Cannabis sativa L.) varieties grown in North 90 Dakota, USA. Journal of the American
Oil Chemists’ Society. 2019. Vol. 96. No. 12, p. 1417-1425.
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Phosphorus — 12—14 times, Iron — 14.5-110 times. The results obtained suggest
that the use of a composition of sunflower meal, flax seed, and hemp flour
in a ratio of 70:20:10 (MC) will significantly increase the nutritional value of
shortbread products made with their use and optimize the ratio of Calcium,
Magnesium, and Phosphorus®.

The inclusion of meal composition (MC) in the dough composition has
a positive effect on its structural and mechanical properties, increases the
nutritional value of the finished product, and helps reduce the glycemic index’.

Hemp flour protein consists predominantly of edestin (globulin) — 65% and
albumin — 33%, unlike soybean protein, in addition, it has a high content of
sulfur-containing amino acids, methionine and cysteine — 163.6%, as well as
arginine and glutamic acid. According to scientists who studied the amino acid
composition and physicochemical properties of hemp seeds, the digestibility of
protein is higher compared to soy protein®.

Hemp flour has a high energy value, contains about 28% of proteins, which
are balanced in amino acid composition, including: lysine, tryptophan, leucine,
phenylalanine, etc. The percentage of protein absorption in hemp flour is
90.8-97.5°.

It should be noted that hemp seeds and their processed products are
gluten-free, so they can be consumed by people with celiac disease, who are
contraindicated in oats, wheat, rye and barley.

To determine the possibility of using MC in flour mixtures for dough
compositions, it was important to investigate their most important functional
and technological properties, including those that most affect the structure and
quality of the dough. Traditional shortcrust pastry is an emulsion system, the
main components of which are wheat flour, butter, sugar'®.

A feature of obtaining high-quality shortcrust pastry is quick kneading in
order to prevent the dough from tightening due to the absorption of water by
gluten and starch in flour. Therefore, one of the most important functional
and technological properties of meals is their water-absorbing, fat-absorbing,

¢ Rado¢aj O., Dimi¢ E., Tsao R. Effects of hemp (Cannabis sativa L.) seed oil press-cake and
decaffeinated green tea leaves (Camellia sinensis) on functional characteristics of gluten-free crackers.
Journal of Food Science, 2014. No. 79, p. 318-325.

7 Blazhenko M., Falendysh N., Shpak V. Effect of hemp seed by-products on wheat dough
fermentation. Ukrainian Food Journal. 2024. Volume 13. Issue 4. P. 737.

8 Marchenko Zh. Yu., Primakov O. A. Hemp farming in Ukraine — a modern stage of development
and opportunities. Bast and industrial crops. Euphytic, International Journal of Plant Breeding. 2020.
Volume 140, p. 65-72.

®  Crimaldi M., Faugno S., Sannino M., Ardito L. Optimization of Hemp Seeds (Canapa Sativa L.) Oil
Mechanical Extraction. Chemical engineering transactions. 2017. Vol. 58, p. 373-378.

1 Dorokhovych V. V. Determination of the influence of sunflower seed meal on the structural
parameters of dough and physicochemical parameters of shortbread cookies. Scientific works of the
National Institute of Chemistry and Food Technology. 2021. Volume 27. No. 1. P. 160-167.

469



fat-retaining ability, because these characteristics significantly affect the
formation of dough.

It was found that the water-absorbing, fat-absorbing and fat-retaining
capacity of MC is on average 20%, 18% and 48% higher than that of wheat
flour, respectively, which is explained by the higher content of protein, dietary
fiber, which, as is known, have a higher water-absorbing capacity than wheat
flour starch. The results obtained suggest that the use of MC in the recipe of
shortcrust pastry should provide better quality, because they will compete with
starch and gluten of wheat flour for water.

The addition of MC causes a change in the structural and mechanical
properties of shortcrust pastry, reduces plastic and elastic properties, which is
explained primarily by a decrease in gluten content, due to the fact that MC
prevents the formation of a gluten framework!'.

An important technological characteristic of the dough is its moisture
content. Accordingly, the moisture content of shortcrust pastry is 18.5-19.5%.
In the experimental samples, the content of hydrated gluten is lower, due to the
fact that wheat flour starch and dietary fibers and proteins of MC compete for
moisture, which have a higher hydration capacity, which will allow obtaining
a plastic dough structure'.

A technological scheme for the production of shortcrust pastry (biscuits)
from MC has been developed.

The proposed technology is carried out in V stages.

Stage 1. Preparation of raw materials for production. Wheat flour of high-
grade, sugar, MC are sieved on sieves of appropriate sizes (d = 1.4 x 10-3 m).
Butter is cleaned, tempered to 25+1°C, cut into pieces.

Stage II. Preparation of shortcrust pastry is carried out in two stages:

first, an emulsion is prepared from all raw materials, except wheat flour of
high-grade and MC flax, then pre-mixed wheat flour with MC is added to the
emulsion and mixed until a homogeneous plastic mass is formed. The humidity
of the formed dough is 20.0+1%.

Stage III. Forming of products. The finished dough is cut into pieces and
rolled out to a thickness (h = 4...5x10-3 cm) and formed depending on the
assortment of shortcrust pastry, then spread on a pastry sheet.

Stage IV. Baking-drying. The formed products are baked at a temperature of
220-225 °C for 10-12 minutes. The moisture content of the shortbread is 5.0+0.2%.

' Medvedeva A. O., Antonyuk 1. Yu. Technology of biscuits and muffins of increased nutritional and
biological value. Journal of Chemistry and Technologies. 2023. V. P. 10.

12 Struk O., Grytsyk A., Mikitin M., Obodianskyi M., Stasiv T., Svirska S. Research of biologically
active substances of hemp seeds, hemp seed oil and hemp pomace. Science Rise: Pharmaceutical
Science. 2022. No. 5 (39). P. 46-54.
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Stage V. Cooling and packaging. The shortbread semi-finished product is
cooled to a temperature of 20+2°C on baking sheets. The cooled shortbread
semi-finished product is packed in packs, boxes or bags made of heat-sealing
paper, corrugated boxes, in accordance with current regulatory documentation,
which ensure the tightness of the packaging and are allowed for use and contact
with food products.

The influence of the meal composition on the physicochemical properties
was determined in accordance with the requirements of DSTU 3781:2014 by the
following indicators: moisture, alkalinity, wettability. The results of the study of
the physicochemical indicators of flour confectionery shortbread products with
shortbread are given in Table 4.

The studied physical and chemical indicators are within the regulatory limits
of the State Standard of Ukraine.

The hydration capacity of gluten in the experimental samples is lower than
in the control by 25%, which allows to reduce the baking time by 3 min, and
the final humidity of the experimental shortbread product and the control is
5.0£0.2%

The wettability of the control sample is lower than the experimental
sample. Thus, when baking a shortbread semi-finished product for 12 min
at a temperature of 225°C, the wettability of the control is 160%, and of the
experimental sample — 168%. The wettability of the experimental samples is
higher than the control, which is explained by the content of dietary fiber in the
meals and a smaller amount of starch in the recipe.

The studied chemical composition of the control and experimental samples
(Table 5).

The results of the table indicate that MC increase the nutritional value of
shortbread cookies for all studied components. According to the results of the
conducted studies, it was found that when adding the MC composition, the
protein content increased by 84.31%, and fiber by 188.33%. Among the mineral
substances, the content of Potassium increased by 3 times, Calcium by 8 times,

Table 4
Physico-chemical indicators of baked shortcrust pastry, n=5, p<0.05
semitnished proguet. | Mumidien % | S0 0> | Wenabiiy, %
DSTU requirements 2.0-8.5 2.0 150
3781:2014 5.0+£0.2 1.2+0.06 160+£5
Control sample 5.0+0.2 1.2+0.06 168+4
Research sample* 5.0+£0.2 1.2+0.06 168+4

Note:* — baked shortcrust pastry with 20% MC.
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Table 5

Analysis of the chemical composition of sand products with meal

(per 100 g) n=5, p<0.05

Nutrient Name

Shortbread cookies (control)

Shortbread cookies with 20% MC

Protein, g 5.1£0.2 9.4+0.30
Fat, g 18.50+0.5 19.10+0.5
Carbohydrates, g 68.90+0.5 65.70+0.5
Fiber, g 1.80+0.09 5.19+0.20
Water, g 5.0+0.2 5.0+0.2
Energy Value, kcal 451+10 446.4+10
Macroelements, mg

Potassium 58.0+0.4 179.43+0.50
Calcium 14.0+0.2 112.67+0.40
Magnesium 12.0+0.2 68.90+0.50
Sodium 10.0+0.1 15.25+0.20
Phosphorus 50.0+0.4 166.85+0.40
Iron 0.8+0.04 4.76+0.20

Magnesium by 5 times, Phosphorus by 3 times, Iron by 5 times, and the ratio
Mg:Ca:P approaches the recommended one and is 0.58:1:1.52.
The studied amino acid composition of shortbread products (Table 6).
According to the obtained data, the limiting amino acid in the sample from
CS is Lysine, but the amino acid ratio is higher, and the total content of amino
acids in the developed products is higher.

Table 6

Amino acid composition of sand semi-finished product from CS, mg

per 100 g, n=5, p<0.05

Recommended . Shortbread
N;ﬁ’ﬁecgf::‘e by FAO/WHO, Sh"”&‘:‘t‘:ocl;"’k'es cookies with | AA scor., %
mg/100 g MC,%
Essential AA, mg
Valine 5000 35242 535.8742 10.72
Isoleucine 4000 310+2 463.56+2 11.59
Leucine 7000 584+3 820.45+2 11.72
Lysine 5500 246+2 358.274+2 6.51
Methionine 3500 21242 275.2942 7.87
Threonine 4000 271+2 290.60+2 7.27
Tryptophan 1000 85+0.5 281.90+2 28.19
Phenylalanine 6000 490+2 496.68+3 8.28
Total essential 25504 352243 -
amino acids, mg
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Fig. 3. Peroxide value indicators of sand product samples during storage

One of the important indicators of the consumer value of confectionery
products is their shelf life. The microbiological indicators of finished products
were studied during storage for 30 days in sealed cardboard packaging at
a relative humidity of not more than 75% (Table 7).

As shown by the obtained data, the microbiological indicators of the
products do not exceed the norm of DSTU 3781:2014.

Table 7
Microbiological indicators
Cookie
sugar, Control
Indicator name
! sugar glaze shortbread, method

glazed pastries
of all kinds

Mesophilic aerobic and facultative 5.10° 1<10* According to
anaerobic microorganisms, CFU in 1 g, GOST 10444.15
not more than

Product weight (g), in which it is not According to
permissible: GOST 10444.15
— bacteria of the Escherichia coli group 0.1 0.1

(coliforms);

— pathogenic microorganisms, in 25 25

particular bacteria of the genus

Salmonella

Mold fungi, CFUin 1 g - 100 According to
not more than GOST 10444.12
Yeast, CFU in 1 g. not more than — 50 According to

GOST 10444.12
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Shortcrust pastry is characterized by a high fat content, so it was important
to determine the degree of its oxidation during storage.

As shown by the studies of the peroxide value of fat immediately after
preparation of the experimental sample was 0.62+0.03 Mmol/100 g of active
oxygen, the control sample was 0.63+0.03 Mmol/100 g of active oxygen. After
30 days of storage, these indicators were respectively: 0.8+0.03 Mmol/100 g of
active oxygen, respectively, in the traditional product 0.85+0.03 Mmol/100 g of
active oxygen.

At the next stage, the microbiological safety indicators of sand products
were studied. During storage, the presence of Escherichia coli bacteria,
pathogenic microorganisms and mold was not detected (table). The content
of toxic elements did not exceed the maximum permissible concentrations
provided for by San PiN 42-123-4089 (Table 7).

The content of toxic elements in cookies should not exceed the maximum
permissible concentrations provided for by the Ministry of Health and SN No.
5061 and indicated in Table 8.

Table 8
Toxic element content
Toxic element name Ma’::;;:(; ]:lzzlzis::)lteh::/els, Control methods
Lead 0.5 According to GOST 26932
Cadmium 0.1 According to GOST 26933
Arsenic 0.3 According to GOST 26930
Mercury 0.02 According to GOST 26927

CONCLUSIONS

Based on the conducted research, a concept for a comprehensive solution to
the problem was developed — the creation of flour confectionery products using
new types of processed products of plant origin, which are characterized by
a high content of biologically active substances and the use of which will allow
to increase the nutritional and biological value, to provide certain therapeutic
and prophylactic properties to the developed food products. A methodology
for optimizing flour confectionery recipes was proposed and implemented,
taking into account modern provisions of nutrition. A justified choice of plant
additives, including oilseed meal and hemp flour, was made, and regulated
levels of their content in flour confectionery products made of shortcrust pastry
were determined.

Theoretical and experimental studies determined their functional and
technological properties. The effectiveness of their use in compositions
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was proven in order to maximize the degree of use of biologically active
substances, improve the organoleptic and rheological characteristics of
products. The possibility of regulating the functional and technological
properties of oilseed meal and hemp flour and predicting the quality of flour
confectionery products with their use has been proven. Using mathematical
optimization methods, technologies and recipes have been scientifically
substantiated and developed, and their comprehensive quality assessment
has been carried out.

SUMMARY

Improving the structure of nutrition of the population of Ukraine involves
increasing the production of food products, thanks to the improvement of
existing ones and the creation of new technologies. Real food products are
unbalanced in their chemical composition and do not contain essential nutrients
in the required quantities and ratios. The search for natural food substances
of plant origin that are able to increase the resistance of the human body to
the negative impact of the environment due to antioxidant, antitoxic activity is
relevant.

This study focuses on establishing the scientific and methodological
framework for formulating food products with balanced chemical profiles by
incorporating biologically active plant raw materials. Advancing waste-free,
comprehensive processing of valuable plant resources stands as an urgent task
for the industry. These processing by-products retain a high concentration of
biologically active compounds in their native proportions, ensuring optimal
bioavailability and assimilation by the human body.

The use of oilseed meals allows you to enrich the chemical composition
of flour confectionery products with protein, lipids, dietary fiber, vitamins and
minerals, they have pronounced sorption, antioxidant, detoxifying, complex-
forming properties
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CHAPTER 23

STUDY OF THE ELASTIC-PLASTIC PROPERTIES
OF GLUED PIG INTESTINAL FILMS SUBJECTED
TO TANNING AND PLASTICIZATION

Pak A. O., Onyshchenko V. M., Onyshchenko A. V.
DOl https://doi.org/10.30525/978-9934-26-697-3-23

INTRODUCTION

Modern global problems of resource conservation' and lean production?,
the use of effective tools and methodologies of the closed-loop economy?
indicate the expediency of constant searches for reducing losses and residues of
unused food raw materials. Effective technologies for creating added value as
a result of resource-saving solutions should provide not only profit to a specific
manufacturing enterprise. The relevance of solving the above problems is also
inextricably linked to the environmental consequences of the formation and
disposal of unclaimed waste, which should be considered from the social aspects
of waste management'. At the same time, innovations in livestock and the
meat industry inevitably lead to the need to improve and change technological
approaches to raw material processing, to develop technical solutions for the
implementation of substantiated proposals for the controlled modification of its
physicochemical properties.
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BUPOOHHUITBO Y M’sicHiit mpomucioBocti. K.: IleHTp pecypcoedekTHBHOTO Ta YHCTOrO BUPOOHHUITBA,
2018. 68 c. URL: https://www.researchgate.net/publication/330442289 Resursoefektivne ta ciste
virobnictvo_u_m'asnij_promislovosti Resource efficient and_cleaner production_for meat sector/
citations

2 Palomino A., Carhuamaca N., Mota L. Systematic review on lean manufacturing in the productivity
of the food industry // Creating solutions for a sustainable future: technology-based entrepreneurship:
4th LACCEI International Multiconference on Entrepreneurship, Innovation and Regional Development.
July 17-19, 2024. Costa Rica. Paper 325. URL: http://dx.doi.org/10.18687/LEIRD2024.1.1.325

> Ciccullo E., Cagliano R., Bartezzaghi G., Perego A. Implementing the circular economy paradigm
in the agri-food supply chain: The role of food waste prevention technologies // Resources, Conservation
and Recycling. 2021. Vol. 164. 105114. URL: https://doi.org/10.1016/j.resconrec.2020.105114
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As for intestinal products, its main consumer remains sausage production,
which uses natural casings for the manufacture of sausage products of all
types. The universal properties of these natural containers allow for various
technological effects (both thermal and mechanical), which ensure the formation
of identification features of a wide range of sausage products in casings. Due
to their natural properties, technical characteristics and consumer benefits
associated with a stable trend towards naturalness, intestinal casings not only
withstand competition with artificial analogues — polymers of various origins,
but also effectively bring minced meat products with their use to the elite ranks,
increasing the competitiveness of meat industry enterprises®.

Along with this, the intensification of farming, increasing the moisture
content of minced meat, the need to mechanize technological processes for the
production of sausage products have significantly increased the amount of waste
of natural casings in intestinal and sausage production in recent years®, which
in total reaches 30%. The solution to the problem of rational use of casing
residues is the active introduction of glued film technologies. Today, a number
of solutions have been proposed to eliminate the main drawback of such shells
— the reversibility of the natural cohesive bond, which is formed as a result of
drying the connected films, in a humid environment. These solutions consist
in changing the physicochemical properties of the intestinal raw materials and
achieving a state of irreversibility as a result of measures for their physical and
chemical crosslinking’.

Among the wide variety of intestinal products (both by species and
anatomical-production names), given the distribution, the predominant share
in the set of intestines, technological aspects of processing and mechanical
characteristics of the final product, pork intestines, as a raw material that forms
significant residues at all technological stages (from processing to use in sausage
production), can potentially be involved in the manufacture of conditioned
products and requires special attention.

The effectiveness of tanning in order to obtain high and stable mechanical
characteristics in the technology of glued intestinal films from pork intestines,
on the one hand, and significant losses of elasticity, characterized by the degree

5 Onmmenko B. M., Uly6ina JI. 1O., SInueBa M. O. HaykoBi Ta mpakTH4HI acreKTH BUPOOHMITBA i

3aCTOCYBAHHS HATypaJIbHAX KOBOACHUX 00010HOK: MoHOrpadist. Xapkis: XJ[YXT, 2009. 149 c.

®  Muxaitios B. M., Onnmenko B. M., Snuesa M. O., Illy6ina JI. FO. JlocmifukeHHs 3aXHCHHX
BJIACTUBOCTEH 1 OE3MEYHOCTI KMIIKOBMX KoBOacHuMX oOomoHok: Monorpadis. Xapkis: XIYXT,
2021. 107 c. URL: https://repo.btu.kharkov.ua/bitstream/123456789/21615/1/Mon_zakhysni%?20
obolonky 2021.pdf

7 Muxaiinos B. M., Oummenko B. M., ITak A. O., Imxustan C. T. OOrpyHTYBaHHS TEXHONOTIl
CKJICEHHX KHIIKOBUX KOBOACHHX OOONIOHOK, apMOBaHHX TEIUIOBOIO KOATYIANICI0 1 JyONCHHSM:
monorpadis. Xapkis: JIBTY, 2022. 105 c. URL: https://repo.btu.kharkov.ua/handle/123456789/22535
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of stretching, pose the task of studying the ways of forming their elastic-
plastic properties that will correspond to the regimes of sausage technology.
It is known that such tasks in the technology of film materials are traditionally
solved by plasticization®.

Obviously, under the action of load, film materials are deformed. This is due
to the fact that the load causes the particles of this material to move relative to
each other. Types of deformation are divided into reversible and irreversible,
respectively, reversible deformations disappear after the end of the applied
forces, and irreversible ones remain. For sausage casings, which are sleeve-
shaped films, such elastic-plastic properties are one of the defining functional
and technological properties that characterize this product.

Thus, the study of the elastic-plastic properties of glued pork intestinal
films made from pork intestines and subjected to tanning and plasticization is
relevant.

1. The aim, objects, subject, materials and methods of the study

The aim of the study is research of the elastic-plastic properties of glued
pork intestinal films subjected to tanning and plasticization, and to establish
the stress values corresponding to the destruction of the studied films, i.e. their
rupture.

The study used samples of the following glued pork intestinal films from
manufactured stomachs (sleeve-shaped):

— manufactured using traditional technology;

— additionally strengthened by cross-linking using continuous tanning with
an aqueous tannin solution;

— additionally strengthened by cross-linking using continuous tanning with
an aqueous tannin solution and plasticization with glycerin.

The control in the conducted studies was the first sample. Glued intestinal
films of a sleeve shape were obtained by traditional technology by superimposing
strips of intestinal films on a cylindrical shape one on top of the other with
a partial overlap of the edge sections of 10-20 mm, after which they were
dried, as a result of which the primary natural adhesion was formed.

The regularities of changes in the elastic-plastic properties of glued pork
intestinal films were studied by modifying their properties in reasonable rational
ranges of tannin concentration from 1.0% to 2.0% and glycerin 5%°.

8 Said M. L, Erwanto Y., Abustam E. Properties of Edible Film Produced using Combination of
Collagen Extracts of Bligon Goatskin with Glycerol / American Journal of Animal and Veterinary
Sciences. 2016. Vol. 11, No 4. P. 151-159. URL: https://doi.org/10.3844/ajavsp.2016.151.159

®  Muxaitnios B. M., Ouumenko B. M., Tlak A. O., Imxkusuu C. T. OBrpyHTYBaHHS TEXHONOTIi
CKJICEHHX KHUIIKOBHX KOBOACHHX OOONIOHOK, apMOBAHHX TCIUIOBOI KOAry/sLi€l0 1 IyOIeHHSM:
monorpadis. Xapkis: JIBTY, 2022. 105 c. URL: https://repo.btu.kharkov.ua/handle/123456789/22535
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Fig. 1. Scheme of the unit for studying the elastic-plastic properties
of glued pig intestinal films: 1 — test sample; 2 — holder-clamp;
3 — variable load; 4 — ruler for measuring the change in length
during loading

It should be noted that the main task was to identify the influence of
continuous tanning, which is obviously technically simpler from the point
of view of implementing the process of modification transformations. Local
processing allows avoiding significant irreversible changes in elastic-plastic
properties, however, it requires the introduction of additional structural
and hardware solutions, which cannot but affect the cost of the resulting
finished product. developments. In the presented study, intestinal films
stitched by local thermal coagulation and local tanning were not studied.
This is due to the fact that additional stitching, both by the first and second
methods, is carried out on limited areas determined by the area of their
overlap. As a result of such an effect, the change in the elastic properties
of the specified film material is not significant and does not significantly
affect the overall compliance with the characteristics of traditional natural
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casings'®. Based on this, it is assumed that the elastic-plastic properties of glued
intestinal films stitched by local thermal coagulation and local tanning differ slightly
from the similar characteristics of the sample chosen as the control in this study.

Fig. 1 shows a diagram of the unit for studying the elastic-plastic properties
of the studied samples.

In general, the essence of determining the elastic-plastic properties of glued
pork intestinal films is as follows. The sample under study is placed between
the clamps-holders, to one of which a bowl with a load is attached. The
load is increased discretely, while recording the increase in the length of the
sample along the ruler. The gradual increase in the load is carried out until the
destruction of the sample under study, that is, until it breaks.

According to the obtained experimental data, a stress diagram was
constructed, which represents the relationship between longitudinal deformation
and normal stress.

Longitudinal deformation € was calculated by the formula:

e="—, (D
/
where 1 — the initial length of the sample, m; Al — the change in the length
of the sample, m.
Normal stress was calculated as the force F acting per unit cross-sectional
area of the sample S of the sample:

F .
c=_=""8 2)
S d-h
where m — the mass of the variable load, kg; g — the acceleration of gravity,
m/s?; d —the thickness of the intestinal film under study, m; h — the width of the
intestinal film under study, m.

2. Results of the study and their discussion
The obtained stress diagram for the studied samples is shown in Fig. 2.
The diagrams of the samples have a similar character, they differ in different
values of the normal stress of the characteristic points and the magnitude of the
longitudinal deformation that correspond to them.

1 Pak A., Onishchenko V., Yancheva M., Onyshchenko A., Grynchenko N., Pak A., Inzhyyants S.
Formation of functional and technological properties of the film from intestinal raw materials during
the drying process // Food Science and Technology. 2024. Vol. 18, Issue 1. P. 73-83. URL: https://doi.
org/10.15673/fst.v18i1.2850
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Fig. 2. Stress diagram of samples: 1 — glued pig intestinal films; 2 — pig
intestinal films glued by the method of continuous tanning with a solution
with a tannin concentration of 1.5%; 3 — pig intestinal films glued by the
method of continuous tanning with a solution with a tannin concentration

of 1.5%, with plasticization with a 5% aqueous solution of glycerin

A linear section can be distinguished on the diagram, which corresponds to
the linear dependence of the longitudinal deformation on the shear stress, where
the deformation is subject to Hooke's law. The boundaries of this section, the
proportionality boundary, correspond to the stress o,,.

With a further increase in the normal stress, the deformation is still elastic,
although the dependence of the longitudinal deformation on the stress is nonlinear.
In this case, up to the elastic limit 6, final deformations do not occur.

Beyond the elastic limit, final deformations occur in the samples. Significant
final deformations occur when the yield point o, is reached.

With further stretching of the sample, the body is destroyed. The
characteristic of the maximum stress that occurs in the tested sample before
failure is the ultimate strength .

The values of normal stress corresponding to the proportionality limit 6,
the elastic limit 6, the yield limit o, and the tensile strength limit 6 are given
in Table 1.

From the data given in Table 1 and the elasticity diagrams presented
in Fig. 1, it is clear that the control glued intestinal films have the greatest
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Table 1
Normal stress values for characteristic points of the elasticity diagrams
of the studied glued intestinal films

Samples of glued pork
intestinal films

6, 10%, N/m? | 6,10, N/m? | 6,-10, N/m? | ,,,-10%, N/m?

Made using traditional 3,86 5,44 6,04 11,25
technology
Additionally strengthened by 6,42 10,77 11,14 22,77

crosslinking using continuous
tanning with 1.5% aqueous
tannin solution

Additionally strengthened by 4,76 8,41 8,85 13,91
crosslinking using continuous
tanning with 1.5% aqueous
tannin solution and plasticization
with 5% aqueous glycerin
solution

elasticity among the studied samples, and the glued intestinal films subjected
to tanning have the least. The maximum longitudinal deformation for the
control sample is 2.68 times greater than that of the glued tanned intestinal
films and 1.21 times greater than that of the glued tanned intestinal films with
glycerin plasticization.

At the same time, the glued intestinal films subjected to tanning with
a solution with a tannin concentration of 1.5% have the greatest strength among
the studied samples, and the control samples of glued intestinal films have the
least. The maximum shear stress for the sample of glued tanned intestinal films is
2 times higher compared to the control sample and 1.64 times higher compared
to the sample of glued intestinal films subjected to tanning with a solution with
a tannin concentration of 1.5% and plasticized with 5% glycerin.

Thus, tanning of glued intestinal films contributes to an increase in their
strength and a decrease in their elasticity. However, experimental studies have
shown that plasticization of such films with glycerin contributes to an increase
in their elasticity by 1.33 times, provided that the strength decreases by 39%.
That is, it is possible to bring glued tanned films closer to the control sample in
terms of elasticity by plasticizing them with glycerin, while maintaining their
strength characteristics.

However, it should be noted that the elasticity and strength of glued tanned
intestinal films significantly depend on the concentration of tannin in the tanning
solution. Therefore, studies of the elastic-plastic properties of intestinal films
glued by tanning were carried out depending on the concentration of the tannin.
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Fig. 3. Stress diagram of intestinal film samples: additionally cross-
linked by the method of continuous tanning with a solution with a tannin
concentration, %: 1 — 1.0; 2 — 1.5; 3 — 2.0; additionally cross-linked
by the method of continuous tanning with a solution with a tannin
concentration, %: 4 — 1.0; 5 — 1.5; 6 — 2.0 with glycerol plasticization

In this case, the concentration of the tannin, namely tannin, varied discretely in
the range from 1.0% to 2.0%.

Stress diagrams for intestinal films additionally cross-linked by tanning with
tannin concentrations in the tanning solution of 1.0%, 1.5%, 2.0%, as well as
for the same samples plasticized with glycerin, are shown in Fig. 3.

From the given stress diagrams, it is clear that they have the same
character. At the same time, with a decrease in the tannin concentration
in the tanning solution, the strength of intestinal films additionally cross-
linked by tanning, namely, their breaking load, decreases. At the same
time, a decrease in the concentration of tannin in the tanning solution
contributes to an increase in the elastic properties of this product. A similar
trend is observed for the same tanned intestinal films provided that they are
plasticized, which is obvious.

It should be noted that with a uniform change in the tannin concentration
in the tanning solution (by 0.5%), the maximum stress, and, accordingly, the
breaking load, does not change uniformly, as evidenced by the different distance
between the stress diagrams of the studied samples.
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Fig. 4. Dependences of maximum stress and maximum longitudinal
deformation on tannin concentration for intestinal films additionally

cross-linked by tanning (1 and 2, respectively), and for the same samples
plasticized with glycerin (3 and 4, respectively)
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Fig. 4 shows the dependences of the maximum stress and maximum
longitudinal deformation on the tannin concentration for intestinal films
additionally cross-linked by tanning, as well as for the same samples plasticized
with glycerin.

The indicated dependences are nonlinear, both for only tanned samples and
for tanned and plasticized with glycerin. At the same time, an increase in the
tannin concentration in the tanning solution entails an increase in the strength
of intestinal films additionally cross-linked by tanning, and a decrease in their
elasticity, both for plasticized with glycerin and for tanned intestinal films
without this treatment.

The obtained experimental dependences of maximum stress on tannin
concentration for glycerin-plasticized samples and samples without plasticization
were approximated by a second-order polynomial function, i.e. a function of
the form:

o(C)=a,+a, -C+a, C A3)

486



where C — the concentration of tannin in the tanning solution, %;
a; — approximation coefficients.

Approximation coefficients for the obtained empirical dependences are
equal to:

— for the dependence of the maximum tension on the concentration of tannin
for intestinal films additionally cross-linked by tanning, N/m* a, = 1.742;
a, = 18.615; a, = 4.085;

— for the dependence of the maximum tension on the concentration of tannin
for intestinal films additionally cross-linked by tanning and plasticized with
glycerin, N'm* a, = 7.73; a, = 6.044; a, = —1.518;

The experimental dependences of the maximum longitudinal strain on
tannin concentration for samples plasticized with glycerol and samples without
plasticization were also approximated by a second-order polynomial function,
that is, a function of the form:

gC)=b,+b,-C+b, “4)

where C — tannin concentration in the tanning solution, %; b, — approximation
coefficients.

Approximation coefficients for the obtained empirical dependences are
equal to:

— for the dependence of the maximum longitudinal deformation on the
tannin concentration for intestinal films, additionally cross-linked by tanning,
m/m: b, = 0.035; b, =-0.264; b, = 0.067;

— for the dependence of the maximum longitudinal deformation on the
tannin concentration for intestinal films, additionally cross-linked by tanning
and plasticized with glycerin, m/m: b, = 0.24; b, =—-0.058; b, = 0.014.

The obtained approximation functions are empirical dependences,
respectively, of the maximum stress and the maximum longitudinal deformation
on the tannin concentration in the tanning solution in the range from 1.0 to
2.0 % for intestinal films, additionally cross-linked by tanning, and for intestinal
shells, additionally cross-linked by tanning and plasticized with glycerin.

Thus, it was established that the elastic-plastic properties of glued intestinal
films made from pig intestines, additionally cross-linked by the continuous
tanning method, and films additionally cross-linked by the continuous tanning
method with subsequent plasticization with glycerin, nonlinearly depend on the
tannin concentration in the tanning solution in the concentration range from
1.0% to 2.0%. Empirical regularities for these dependencies, which are second-
order polynomial functions, have been established.

487



CONCLUSIONS

1. Among the wide variety of intestinal products, given the distribution,
the predominant share in the set of intestines, technological aspects of
processing and mechanical characteristics of the final product, pork intestines,
as a raw material that forms significant residues at all technological stages
(from processing to use in sausage production), can potentially be involved
in the manufacture of conditioned products — natural edible films of a wide
purpose and requires special attention. This approach is consistent with
the modern global policy in the field of food resource conservation, lean
production and the use of effective tools and methodologies of the closed-
loop economy.

2. The feasibility of the tasks set is substantiated, which consists in the
relevance of identifying the impact of continuous tanning of glued pork
intestinal films. This approach is obviously technically simpler from the point
of view of implementing the process of modification transformations compared
to local processing, which allows to avoid significant irreversible changes in the
elastic-plastic properties of intestinal films, however, requires the introduction
of additional structural and hardware solutions, which cannot but affect the cost
of the resulting finished product. development.

3. It was established that greater elasticity is characteristic of control films,
the smallest — for samples subjected to tanning. The maximum longitudinal
deformation for the control sample is 2.68 times greater compared to the sample
of glued tanned intestinal films and 1.21 times greater compared to the sample
of glued tanned intestinal films with glycerol plasticization. At the same time,
the films subjected to tanning have the greatest strength, and the control samples
have the smallest. The maximum shear stress for samples of tanned intestinal
films is 2 times higher compared to the control sample and 1.64 times higher
compared to the tanned and plasticized sample. Along with this, plasticization
of such films with glycerin helps to increase their elasticity by 1.33 times,
provided that the strength decreases by 39%. That is, there is a possibility, by
plasticizing glued tanned films with glycerin, to bring them closer to the control
sample in terms of elasticity, while maintaining their strength characteristics.

SUMMARY

The relevance of introducing resource-saving solutions in the meat industry
is substantiated. The results of controlled modification of the physicochemical
properties and improvement of the technology of glued intestinal films from pig
intestines subjected to tanning and plasticization are obtained.

The study used samples of glued pork intestinal films from manufactured
products of sleeve-shaped intestines, manufactured using traditional technology,
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additionally strengthened by cross-linking using continuous tannin tanning and
using continuous tannin tanning and plasticization with glycerin.

The elastic-plastic properties of glued pork intestinal films subjected to
tanning and plasticization are studied. The stress value corresponding to
the destruction of the studied film samples is established. It is shown that
plasticization of films with glycerin contributes to an increase in their elasticity
by 1.33 times, provided that the strength decreases by 39%. That is, it is possible
to plasticize glued tanned films with glycerin to bring them closer to the control
sample in terms of elasticity, while maintaining their strength characteristics.
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CHAPTER 24

PECYPCOE®EKTUBHA TEXHOJIOrIIA
MEPEPOBJIEHHA CIJ1IbCbKOrOCNOAAPCBHKOI
CUPOBUHMW Y PEANI3ALIT CTPATETII CTANOIO
PO3BUTKY LLYKPOBOI FANY3lI

Cimaxina I. O.
DOI https://doi.org/10.30525/978-9934-26-697-3-24

BCTYN

PecypcoedektnBHa TEXHOJNOTiISI y XapyoBid iHIycTpil sBIsE COOOIO
KOMIUIEKC 3ac00iB Ta 00IafHaHHS, CIIPSIMOBAaHUX Ha parioHaIbHE BUKOPUCTAHHS
cupoBHHA (Y TOMY HYHCII BTOPHHHUX PECYpCiB, SIKi YTBOPIOIOTHCSA Mix dYac
OTpPHMaHHS IITEOBOTO TPOAYKTY), €HEeprii, BOAW, MIHIMI3alif0 IIKiITHBUX
BUKHIIB 1 BIUIMBIB Ha €KOJIOTiIO, ILIISXOM 3MEHINEHHS BiaxomiB. Take
BH3HAYEHHS LIJTKOM OOTPYHTOBAHO XapakTepu3ye (pyHKIIIOHYBaHHS i AiSTEHICTD
IIPHEMCTB ITyKPOBOI Tairy3i.

IcHye psim kpuTepiiB, SKi CBiTYaTh PO Te, MO IYKPOOYPSIKOBE BUPOOHUIITBO
€ pecypcoe(heKTHBHIM ' :

— mmbuHa mepepoOIIeHHs IyKPOBOTO OypsKY Ja€ 3MOTY OTPHMATH BHXIiJ
mykpy 85-89%; BTpaté Iykpy B Mensci Ta KOMi HE mHepeBHIIyIOTh 1-2%;
MiHIMaJIEHUH BMICT HEI[yKpiB, IO 3MEHIIY€E BUXiJ MEISICH;

— TepMiYHA cXeMa BUPOOHUIITBA Y BUIIISIII OaraTOCTYIIEHEBOTO BUKOPHCTAHHS
BTOPHHHOI TapH U1 OYHMIICHHA IUQY3iHHOTO COKy, HOr0 KOHIICHTPYBAaHHS IO
CTaHy CHpOITY, 3a0e3reueHHs poOOTH BaKyyM-arapariB Ta iHIIIOTO 00Ia HAHHS,

— OTpHMaHHA i3 KoMy Oiora3y Ta 3amimieHHs HUM 30% IpHpOAHOTO Ta3sy;

— BHCOKMH piBeHb €HEpProreHepamii, MmO 3a0e3MedyeThcsi HasBHICTIO
BrnacHux TELl, siKi mMpamoroTs Ha Mapi BECOKOTO THCKY;

— He3HaYHi IIMTOMI BUTPATH MAJIHBa, [0 CTAHOBJIATH MEHIIE HiK 25-26 M
ra3y Ha 1 T OypsKy;

— BIPOBaPKEHHS 1HHOBALIWHIX TEXHOJOTIH, 30KpeMa MU(PPOBUX PIllICHB,
OioeHepreTHky, podoTH3allii, TEeHETHYHOTO BIOCKOHAICHHS COPTiB OYypsKiB.

! Jlanunescokuit P. IHHOBauiiiHi TexHOMOrii B IyKpOOypsAKOBOMY BHPOOHHITBI: MEPCICKTUBH
PO3BUTKY LIYKpOBOIi ramy3i. Bicnuk Cymcoroco HAY. 2025. Ne 3 (103). C. 25. https://doi.org/10.32782/
bsnau2025.3.13.
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[ykpoBa rairy3p y pexHuMi CTajoro po3BUTKY (OKycyeTbcsi Ha MiHiMi3awii
BiJIXONiB, JOTPHUMaHHS €HEProeEeKTUBHOCTI, COLIANBHOI BiINOBIAAIBHOCTI
nepen cycmijabeTBoM. LlykpoBa ramyss SIK OfiHa 3 HaWBaXKJIMBIMINX CKJIAJOBUX
€KOHOMIKM YKpaiHM YCHIIIHO 3JiICHIOE Iepexia BiJ MpOCTOro BHPOOHUIITBA
LYKPY /10 CTBOPEHHS 3aMKHYTOTO €KOJIOTIYHOTO LUKITY, IO XapaKTepU3yeThCs
pauioHaNbHUM BHKOPHCTaHHSAM KOMY (KOPM JUIiss Xy[doOW, CHpOBMHA JUIS
610ra30BUX YCTaHOBOK, OTPHMAaHHS XapuoBOI KIITKOBHHH TOIIO); MOOIYHUI
MIPOAYKT, MEJSICY YCHIIIHO 3aCTOCOBYIOTH JUIS OTPHMAHHS CIHPTY, JIPIXIDKIB,
JieTHYHUX 100aBOK; BIJUIaro/PKeHa CHCTEMa PELUpKYISIil BOAM, 3a SKOi
BUKOPUCTaHY JJIsl MUTTS OypsIKiB BOJly OYMINAIOTH Y BIACTIHHUKAX i HOBTOPHO
3aCTOCOBYIOTh JIJIsl HOBHX IapTiii CHPOBHHU; BAallHIKOBUIT Ocal, OTpUMaHHN i1
yac (UIBTPYBaHHS OUYHUILIEHOTO COKY MOBEPTAalOTh Ha TOJISL JUISL PO3KUCIICHHS
IPYHTIB.

[TpuHIMNIOBO HOBUM Yy BIPOBa XKEHHI IHHOBAIIIH Y IIyKPOBY Tajy3b € criocio
nepepoOsieHHs OypsIKIB i3 BUKOPUCTAHHIM CYOIIMaIlifHUX TEXHOJOTIH.

TakuM 4MHOM, IIyKpOBa rajy3b BHUKJIHMKA€ BEIMKHUH IHTEpeC y HayKOBLIB
1 TPaKTUKIB 3 TONISAY BIOCKOHAJECHHS i1 OKPEMHX TEXHOJIOTIYHHMX €TalliB,
YIPOBADKEHHS TPHHLUIIOBO HOBHX CHOCOOIB, METOJIB, OONaIHaHHS JUIs
nepepoOKu OypsIKiB i BTOPUHHUX CHPOBHHHHUX PECYpPCIB, OCOOJIMBO 3BaXKAIOUH
Ha TOM (akT, IO LYKOpP € CTPATreriYyHuM IPOJYKTOM Ha CBITOBOMY PHHKY,
a came IyKpoOypsSKOBE BHPOOHHIITBO TICHO MOB’S3aHO 3 IHIIMMHU Taly3sIMH
€KOHOMIKH.

3pocranHss 1H(QOPMOBAHOCTI HACENEHHS IIOMO pOJIi XapyyBaHHS Ta
30epeKeHHs] CTaHy 3J0pOB’S BUKJIMKAJIO MiJBUINEHWH 1HTEpeC 10 HOBOI
KaTeropii MPOAYKTIB: 3 ONTUMAJIbHUM CIIBBIJHOIICHHSM IHIPEIi€HTIB,
HAasBHICTIO KOMIIOHEHTIB aHTHOKCHIAHTHOI [ii 1, TOJIOBHE, HEOOX1THUM BMiCTOM
Xap4OBUX BOJIOKOH?, JOCTATHIO KiJBbKICTh SKHX 3a0e3redye pallioHalbHe
nepepoOiieHHs1 OypsKoBOro >xoMy. Bce Iie BU3HaYa€ i 3yMOBIIOE aKTyalbHICTh
LBOTO JIOCTIJDKEHHs. TakMM YMHOM, PO3BUTOK IIyKPOBOI Taiy3i y3ropKyeThbCs
i3 Cy4yaCHUMHM II00AJIBHUMH TEH/EHILISIMH PO3BUTKY Xap4oOBOi POMHUCIIOBOCTI,
SIKI YITKO JI€MOHCTPYIOTh 3MILLIEHHS aKIEHTIB BiJl TPAAWUIIHHUX HNPOAYKTIB JIO
(YHKIIOHAJILHUX.

1. AHani3s cTaHy i nepcneKkTuB po3BUTKY pecypcoedeKTUBHUX
TEXHOJIOTIN Y LLyKpoOBiit ranysi YkpaiHu
3a BUpOOHMYMM MOTEHLIAJIOM YKpaiHa HaleXHUTh J0 HAHOUIBLINX CBITOBUX
BUPOOHUKIB OYypsSKOBOTO IyKpY, LIO 3yMOBIIOETHCS JIOCUTH CHPHSTIMBUMU

*  Kopsyu B. H., I'apkyma C. JI. 3axoau npoQiTakTHKH Ta JIKYBaHHS METabOJIYHOTO CHHAPOMY
y HaceneHHs1. Joskinns ma 300pos’s. 2016. Ne 1. C. 9-13.
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IPYHTOBO-KJIIMaTHYHIUMHU i €KOHOMIYHMMH ymoBamu. Llg ramy3s Gepe mouarok
CBOTO PO3BHUTKY 3 JBAJALATHX POKIB MHHYIOro CTOMITTS®. Biatomi mykpose
BUPOOHMITBO HaOyJ0 NPIOPUTETHOrO 3HAYEHHS Cepell XapyoBHX Traiys3ed
i exoHomiku Ykpainu. [Ipore 3 psy npuumH (pi3ke 3MEHIISHHS IUIOI HOCIBY Ta
BpOXXalHOCTI OYpSIKIiB y 3B’SI3KY 3 BOEHHHMH JIiSIMH, CKOPOYCHHSI PUHKIB 30yTy
LYKpY, BIJICyTHICTb O0IrOBUX KOLITIB Y TOBAPOBHPOOHHKIB TOIIO) €(hEeKTUBHICTH
poboTH raiy3i B OCTAHHS POKM JIel0 3HHM3WJIAcs, TOMY HAyKOBI 1 NMPaKTHUKH
JIOKJIAJIAF0Th YCIX 3YCHJIb, 1100 3a0€3MCYNTH TUHAMIYHUM 1 CTAOUTHHUN PO3BUTOK
arpoIpoOMHKCIIOBOTO KOMIUIEKCY YKpaiHHW, CTaH SIKOTO BH3HA4Ya€ IPOJIOBOJIBLY
Oe3neKy KpaiHH, eKCIOPTHOTO MOTEHIIaTy Xap4oBOl IIPOIYKIIT.

SlkuM YMHOM peanidyBaTH Taki 3apaaHHsa? B. Bakaii 3i cmiBaBTOpamu® 1mie
15 pokiB TOMy BIANOBUIM Ha 1€ NHUTAaHHS TAaKUM YHHOM: HEOOXiIHa 3MiHa
crparerii 1 TakTHKW (OPMyBaHHS PHUHKOBUX BIJIHOCHH Yy IYKPOOYPSIKOBOMY
BUPOOHHMIITBI, BHUKOPHCTAHHS BIJMOBIIHUX CKOHOMIYHHX, OpraHi3amiiHuX
1 TIPAaBOBHX B1THOCHH, II[0 JACTh 3MOT'Y 3MIHHTH Ha KPaIlle COIiaIbHO-CKOHOMIUHY
CHUTYAII}0 B Tally3i; BiIHOBUTH TiJIHE CTAHOBUILE HALIIMX TOBAPOBHUPOOHUKIB Ha
BITYM3HSIHOMY H 3apyOikHOMY puHKax Iykpy. EdexruBHe (yHKIiOHYBaHHS
TaKol CHCTEMH MOXIIMBE JIMILE 32 YMOBH DPEryJIbOBAHOTO PHHKY IIYKpY, HOTO
LTICHOCTI Ta 3aBEPIICHOCTI.

Amnani3 QyHKIIIOHYBaHHS Ta PO3BUTKY I[yKpPOBOI r'aily3i MPOTATOM OCTaHHIX
15 poKiB NOBHICTIO MiATBEPAWIN 1Ii YMOBUBO/U.

Pasom i3 TUM HayKOBIli I[JIKOM OO0 €KTHBHO BHCBITIIOIOTH Ti KIIFOYOBI
npoOsieMH, sIKi TIOKM IO HE BHPIIICHO: HEBPETYJILOBAHICTh MHUTaHb 00
BUpOOHMLTBA 1 peamizauii Iykpy B YKpaiHi, CKOpOYEHHS MarepiajbHO-
TEXHIYHOTO 3a0e3NedYeHHs OypsKOCIIOYMX TOCIIOJAapCTB 1 IyKPOBUX 3aBOJIB;
BIJICYTHICTb IOJIOKEHb IIOJ0 CTPATEridYHOrO YNPAaBIiHHS HANPSAMIB TaKTUYHOI
MOJIEpHI3aIiT.

CyvacHuil cTaH IYKpOBOI rayry3i YKpaiHH XapaKTepU3YEThCS aJanTalli€ro
JI0O YMOB BOEHHOTO 4Yacy, PECTPYKTypHU3aIli€l0 BUPOOHHUIITBA Ta (POKycoM
Ha eKcropT Lykpy. HaykoBi mpaii OCTaHHIX pOKIB aKLEHTYIOTh yBary Ha
MiJBUIICHHI  KOHKYPEHTOCIIPOMOXKHOCTi,  BIPOBAJDKCHHI  IHHOBAIIMHUX
TEXHOJIOT1H, palioHalbHOMY IepepoOIeHHI BTOPHHHUX CUPOBHHHHX PECYpCiB,
nudpoBsizarii Ta epeKTUBHOCTI, OpraHizauii BApOOHUYOT AisUTBHOCTI BiZNOBITHO
JI0 IPUHIMIIB CTAJOTO PO3BUTKY.

3 3apomkenHst OypsAKOLyKpoBoi mnpomucioBocTi B Ykpaidi. HarioHanbHa acowiaiis 1yKpOBHKIB

«Yxpuykop» URL: https://ukrsugar.com/ (nara 3BepHenns 18.05.2026).

4 Bakait B. i1, Topom 0. B., Kpapuerko O. E. ITpoGnemMu Ta NepcreKTHBH PO3BHTKY IHyKPOBOT
rany3i Ykpaiuu. Bicn. Xmenvnuy. nay. yn-my. Exon. nayxu. 2010. Ne 3, 1. 3. C. 15-18.

5 Ilangpiscska O. €., Kypur A. P. OmiHka BUPOOHHYOrO Ta €KCIMOPTHO-IMIIOPTHOTO MOTEHLIATy
PUHKY LyKpy. Bicnux nay. yn-my «/Ivgiecoxa nonimexuixay. 2024. Ne 2. C. 136-153. https://doi.org/
10.23939/semi. 2024.02.136.
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VY ce3on 2024 poky mpauoBasio 29 IyKpOBUX 3aBOJiB, SKi BUPOOWIN
6mu3bko 1,8 MuIH ToHH mykpy. Taki K JaHi XapakTepusylOTh BUPOOHHIITBO
2025 poky. Haiibinp1mmum BUpOOHUKOM LyKpY € MiANpUEMCTBO «PanexiBcbkuid
LyKOp», a JiJepaMu 3 BHUPOLIYBaHHs OypsKiB 3aiuInaloThcsi BiHHUIbKA,
IMonraBceka, XwmenbHuibka, KwuiBcbka, JIpBiBcbka Ta TepHOIiIbCHKA
o0nacri.

Y 2026 pomi cTaH IyKpOBOi ramy3i YKpaiHH IOCST 3HAYHUX OOCSTIB
BUPOOHMLITBA I[YKPY, 11O IEPEBHUIIYE BHYTPINIHI MOTpeOW 1 CHOHYKae 10
MOLIYKY HOBUX EKCIIOPTHHX PHHKIB B yMOBax oOMexeHb 3 Ooky €C, a s
OO HEOOXiTHO MMiJBUIIYBATH SIKICHI MTOKa3HUKU LYKpY®.

CrorogHi 3HOBY UITKO aKLEHTYEThCS yBara Ha TOMY, IO IyKOp
€ CTpaTeriyHuM NPOAOBOJEYMM TOBAPOM 1 3 KOKHMM DPOKOM HEH HpPOIYKT
rocijjae Baromiunie Micie y CBITOBiif TOpriBmi, IO Ja€ MiJCTaBU PO3MISAATH
PHHOK IIYKPY-IIICKY SIK OJIMH 13 HAHBa)XJIMBILIMX CEKTOPIB EKOHOMIKH YKpaiHH.
HayxoB1i BneBHEHiI, [0 KOHKYPEHTHA MO3HMIS IyKPOBOI rajy3i Ta BITUM3HSHI
BUPOOHHMKHM MAlOTh LIMPOKi MEPCIEKTHBH IMOJOJIAHHS MPOOJIeM, CIPUYMHEHUX
BIHHOIO, Ta BIJIHOBJIEHHS KOJIMIIHIX BUPOOHWYMX MOTYKHOCTEH 1 KOJHMIIHBOTO
BHCOKOTO CTarycy YKpaiHH Ha CBITOBOMY PHHKY'.

OCHOBHUMH YHMHHHMKaMH, SIKi 3/1aTHI pealibHO II0-Pi3HOMY BIUIMHYTH Ha
PO3BUTOK YKPATHCHKOTO PHHKY I[YKPY B HAWOMMX4i POKH, € Taki®:

—  3pOCTaHHS CBITOBOTO MNONHTY Ha I[yKOP, III0 MOTHBYBaTHMe 301IbIICHHS
Hioro BUpoOHMITBA B YKpaiHi;

— 3MiHQ CHOXMBYMX YynomoOaHp 1 OakaHHS CIIOXKHMBA4yiB BHOMpATH
QJIBTEPHATUBY LYKpY (MeJl, IPUPOIHI COJOJONII) MOXKE 3HU3UTH HOIHT;

— ICTOTHa JAep)kaBHa WIATPUMKA IYKPOBOi rajy3i 37aTHa JOIIOMOITH
YKpaiHCHKUM BHPOOHMKaM KOHKYpYBaTH Ha CBITOBOMY PHHKY.

HeoOximHo BpaxoByBaTH Ti BHKIHKH, SIKi MOCTamd Iepe] Trany33’:
3HW)KEHHSI YPOXKalHOCTI OypsKiB, HeCTaOUILHUI PHHOK, €KOJIOTi4HI Mpodiiemu,
BOEHHI MOIi1, 3MEHIIIEHHS TIOCIBHUX ILIOMT TOMIO. J[71s iX moIoaHHs HeE0OXiIHOIO
€ edekTrBHA iHTErpauis iHHOBaIlif, HOBUX pO3poOOK y cenekuii (TiOpuIU
Magna, Shelia), arpoximii (6iocynbdaru kanito), aBToMaru3anii (BUKOPHUCTaHHS
BIUTA, cuctemu Sugar Vit) Ta eHepro30epexKeHHi.

¢ Jlamenxo C. O., Kic B. M. ta in. HopmaruBHO-1ipaBoBe 3a0e3MeYeHHs AKOCTI LyKPOBOT MPOIYKLl

B Ykpaii. Vkp. orcypran npuxnaounoi exonomixu ma mexuixu. 2024. Ne 2. C. 44-49. https://doi.org/
10.36887/2415-8453-2024-2-7.

7 Jyrieaxo H. O., Pynnik O. JI. [TepcrieKTHBH MiZABULICHHS KOHKYPEHTOCIPOMOXKHOCTI YKPAIHCHKOI
MPOAYKIIT Ha CBITOBOMY PHHKY (Ha IPUKIAAi IyKpOBOi ranysi). Bicnux 3anopizbkoco nay. yn-my. 2024.
Ne 3. C. 68-76. https://doi.org/10.26661/2414-0287-2024-3-63-08.

8 Iepbaxosa T. A., Illunniscbka A. O. JliarHocTHKa CTaHy KOHKYPEHTHOTO CEPEIOBHILA HA PHHKY
nykpy. Exonomika ma cycninecmeo. 2024. Ne 62. C. 167-175. https://doi.org/10.32782/2524-0072/2024-
62-167.

Jlanunescokuii P. 3a3uau. nparpst. C. 86.
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Bapto BpaxoByBaTH €BpOIEHCHKUIT JOCBI, 30KpeMa iHiliatuBy Smart Beet
Initiative, sk MpUKJIa] KOMIUIEKCHOTO IiJIXO/Y 10 CTAJIOr0 BUPOOHUIITBA OYPSKIB.
He MeHm BajyJIMBHM € 3aCTOCYBaHHS Cy4YacHHX ILYKPOBUX pillleHb, SK-OT
Mpenu3iiHe 3eMiIepoOCTBO, arpopoOOTH, OIOTEXHONOTII Ta eHeprocheKTHBHI
TEXHOJIOT1], B yMOBax KIIMaTH4YHUX 3MiH 1 HECTAOLIBHOTO PUHKY.

SIKII0 KOHKPETH3yBaTH HaBEJIeHI HalpsIMH, TO, HAIPUKIAJ, MMpoleMaTHKa
cenekuii Ta TEXHOJNOTii BHpPOIIYBaHHA OypsKIB JETaJbHO PO3MISAAETHCS
B po6orti O. Ipucsokriok ta C. Ulyneru'® 3 momisay BIUIHMBY Pi3HUX CHCTEM
ynoOpeHHs Ha MPOAYKTHBHICTD Ta SIKICTh KOPEHEIUIOAIB IIyKPOBUX OypsIKiB.

InHOBamii B arpoximii Ta OloeHepreTHli pO3DISHYJIA HAYKOBHIL
T. O. KocreHko'': 30kpeMa, BIPOBaIKEHO BHPOOHUITBO OiOCTAHONY SIK
JIOIaTKOBOTO MPOJYKTY NMEPEPOOKH IIYKPOBHX OYPSIKIB, 1[0 CIIPUSIE T IBUILICHHIO
e()EKTHUBHOCTI 1 EKOJIOTIYHOCTI BUPOOHHUIITRA.

ba Oinbure, ykpoBa rany3b pi3HOCTOPOHHBO TOB’sI3aHa 3 IHIIUMH TaTy3sIMA
HalioHaJIbHOI ekoHOMikH. [lo-mepire, i3 CUIBCHKMM TrOCIIOAAPCTBOM, OCKIIBKU
BUPOIIYBaHHSI IIyKPOBOro OypsIKy CIpHs€ BIIPOBAPKCHHIO palliOHaJIbHUX
CiBO3MiH, MexaHizalil OOpOOITKy IPYHTY, MiJBHIIYE arpoTEeXHIYHHH piBEHb
CUIBCHKOTOCIIONIAPCHKUX TOBApOBUPOOHMKIB. LlykpoBa ramy3b TakoXk TiCHO
II0B’s13aHa 3 EHEPIeTHYHHUM CEKTOPOM, XIMIYHOIO IPOMHCIIOBICTIO, TPAHCIIOPTOM
TOI0'"2.

[HTEepec HayKOBLIB BUKIIMKAIOTh, HAIIPUKIIAJ, 1 TaKi TUTaHHS, SK BUBYCHHS
BIUIMBY I03aKOPEHEBOI0 BHECEHHsI PI3HHMX J103 MikpomoOpuBa MaJkecTHk
Bop Ha NpPOOYKTHUBHICTH IYKPOBHX OYpSKIB, SIKi HPOBOAWIMCS IIPOTSATOM
2022-2024 pokiB Ha monax OypsAkocirodoro rocmoxapcrBa IlonraBchkoi
obmacti®?.

I aBropu wHUIKOM MEpeKkOHaHi B TOMY, LIO I[YKPOBHH OypsiK 3acily’keHO
roBepTae co0i Ci1aBy «KOPOJIS ITOJIBOBHUX KYJIBTYp». BUCHOBKH TXHIX JOCIHIIKEHb
CBiIYaTh Mpo Te, M0 OOpOOIEeHHS MIKpOmoOpHMBaMH NMO3WTHBHO BIUIMBAaE Ha
MIPOAYKTHBHICTH I[yKPOBHUX OYpSKIB Ta IXHI TEXHOJIOT'1YHI SKOCTI, IHTEHCHBHIIIIE
HApOCTa€ Maca KOPEHEIUIOMIB i THYKHU, a TAKOXK BHSBICHO 30UIBIICHHS BMICTY
LyKpy B Oypsikax Ha 1,5-2,5%.

10 TIpucsokatok O. 1., Ulynera C. C. ®opMyBaHHs IIPOAYKTHBHOCTI Ta TEXHOIOIYHOI SKOCTI OypsiKiB

I[yKPOBHX B YMOBaX KOHTUHEHTaJIbHOTO KiiMary. Haykosi npayi Incmumymy 6ioenepeemuunux Kyiomyp
i yykposux 6ypsxie. 2022. Ne 30. C. 79-95. https://doi.org/10.47414/np.30.2022.269736.

' Kocrenko T. O. Anani3 iHHOBALiHHOTO PO3BHTKY MiANPHEMCTB IYKPOBOi ramysi. Exonomika ma
oepaicasa. 2022. Ne 2. C. 51-55.

12 Toninoii-Zlouenko €. F0. AHani3 Ta cTaH KOHKYPEHTOCIPOMOKHOTO PO3BHTKY I[yKPOBOI Traiysi
Vxpainn. Hayxosi nepcnexmusu. 2024. Ne 7 (49). C. 709-723. https://doi.org/10.52058/2708-7530-2024-
7(49)-709-722.

13 ®inonenxo C. B., Jlucak B. M. OcobauBocTi (popMyBaHHS POAYKTUBHOCTI OypAKIB IYKPOBHX 3a
ONTUMI3alii X MIKPOCIEMEHTHOTO JKUBICHHS. Ykpaincokuil orcypran npupoonuuux xayk. 2025. Ne 13.
C. 318-325. DOI: 10.32782/naturaljournal.13.2025.30.
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Takum umHOM, WIYKpOBI Oypskn Oyiau ¥ 3ajMIIAIOTBCS MPOBIAHUMHU
KyJbTypaMH B CiIbCHKOTOCIOapChKOMY BUpOGHUITBI ', TX BUpomyBaHHs HuHi,
HaBITh NONpPH BiliHY 3 Pociero Ta cBO0 3HaYHy Marepiaio- i eHepro3arpaTHicTb,
Ma€ 3HaYHUI E€KOHOMIYHMI e(eKT i € mpuBadIMBUM 3 (HiHAHCOBOTO MOIVIAILY
JUISL arpoTiIIPHUEMIIIB.

Bapro Takox 3a3Ha4MTH, 110 TEXHOJIOTiS BUPOILYBaHHS caMme i€l KyJabTypu
OCTaHHIM YacoOM 3a3Hajila 3HAYHMX 3MiH 1 BIOocKoHayeHHs". ba Olnblie, BoHa
BBiOpasia B ceOe BCi cyyacHi HOBaLil arpapHOi HayKH, SIKi BTUIMIIMCS y 3Ha4YHE
3pOCTaHHS MPOAYKTHBHOCTI IyKPOBUX OypsIKiB 1 IMOJIMIIEHHS TEXHOJOTIYHUX
SKOCTEH 11 KopeHertoais'®.

Te, mo mykpoBi OypsIKM € CTPaTeriyHoI0 KyJBTYPOIO ISl YKPaiHCHKOTO
CLIBCHKOTO IFOCIIONIAPCTBA, a X BUPOILYyBaHHs 3a0e31edye CTa0lIbHI JOXOIH IS
arpapiiB, CTBOpeHHs1 poOOYHX MICLb Ta CIPUSE PO3BUTKY CIJIbCHKUX TEPUTOPIH,
CTBEPKYIOTh i iHII HayKoBII'.

OnTUMICTHYHO 3ByYaTh pe3yJIbTaTH JOCITIDKEHb ILIONO aHalli3y PHHKY
EKCIIOPTY IYKPY YKpaiH, sIKi IOKa3alld, M0 Micis 3HaYyHOro cmany y 2020-
2022 pokax rany3b o4aja BiIHOBIIOBATHCS'S.

Bupo6uunrso mykpy y 2024 p. nocsrimo 1893 Tuc. TOHH, 10 € HAWBUIIUM
MOKa3HUKOM 3a OCTaHHi pokH. EKcropTHa IisUIbHICTH BiXHOBWIIACS MICIIs
kpu3oBux pokiB emigeMii COVID-19 Ta BoeHHOro craHy, IO CBIIYHTb PO
ITiIBUIICHHS MTONUTY Ha YKPaTHCHKUH I[yKOp Ha MIDKHApOJHUX PUHKAX.

CyvacHuil IyKpoBHH 3aBOoj mHpaitoe sK OiopadiHepiss — iHTerpoBaHe
0e3BiJXO/HE IMIINPUEMCTBO, J€ BXiJHAa CHPOBHHA YTHII3yeTbcst Ha 99%,
3MEHIIYIOUH EKOJIOTTYHHHN CIIiJT 1 FeHepYIOUH JOAATKOBUIT MPUOYTOK i3 MOOiYHUX
MIPOAYKTIB IIUIIXOM iX palioHaJIbHOIO HEePEePOOICHHS.

BupoOHHITBO 0i0MIacTHKY 13 3aJIMIIKIB I[yKPOBOTO BHPOOHHITBA — L€
OIMH 13 HAWMPOTPECUBHILIMX HAINpPSMIB LUPKYISIIHHO] €KOHOMIKH, OCKUIBKH
LYKPOBHI OYpsIK € 17IcaIbHUM JDKEPEJIOM BYIJICBOJIIB, HCOOXITHUX JUIsI CHHTE3Y
eKOJIOTIYHMX TomiMepiB. KirouoBoro nepeBaroto OypsiKOBOTO OiOIUIACTHKY € Te,
[0 TePMiH HOTr0 PO3KJIAay CTAHOBUTH BiJ| JCKUIBKOX TIDKHIB O 6 MICSIIB

4 Cinuenxo B. M., IMupkin B. I. Crpareris po3sutky ramysi OypskiBauursa B Ykpaini. I[ykposi

oypsxu. 2018. Ne 1 (117). C. 4-8.

5 Bobpo M. A., Boxko M. ®., Kopuieako C. 1. TexHosoris BHPOIIYBaHHS LYKPOBHX OYpSKiB.
Xapkis : Marga LTD, 2012. 16 c.

1 JKepmeupknit 1. M. TexHonoriuHa sKiCTh KOPEHEIUIOAIB IYKPOBHX OypsKiB 3aJIe)XKHO Bix
103aKOPEHEBOTO 3aCTOCYBaHHs 100puB. L[ykposi Gypsxu. 2011. Ne 4. C. 18-20.

17 Kaneruuk I M., Crapocyn B. L., Amonc C. E. Oprani3auiiiHo-eKOHOMIYHI 3acaau MiJABUIICHHS
e(eKTUBHOCTI BUPOOHMITBA HACIHHS IYKpOBUX OypsKiB. Exonomika. @inamcu. Meneddcmenm:
axkmyanvi numanns Hayku i npakmuku. 2017. Ne 10. C. 7-23.

18 Bopca B. B., I'pnunna M. 1. Anaini3 puHKy eKcropry LyKpy YKpaiHu: Cy4acHHil CTaH, HepCIEKTUBH

YIpaBliHHA Ta PO3BUTKY. European scientific journal of Economic and Financial innovation. 2025.
Ne 1 (15). C. 219-225. DOI: 10.32750/2025 — 0119.
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(Tpamuuiiinuii 3 HaTH po3knanaerbest 400—1000 pokiB), MPOXYKTH PO3KIALY
OypsAKOBOro OIOIIACTHKY — BOJAA, BYIVICKHCIHMIA ra3, OioMaca; TpaJuiliidiHMiA
010IUTACTHK — TOKCUYHI XIMIYHI CIIOJTYKH; ByIJICIIEBUM CJIiJ| ITiJT 4ac BUPOOHUIITBA
OypsKoBoro 0iOIIACTHKY MiHIMaJIbHUH, OCKUIbKM pociuHU nornmmHaiors CO,
mijg gac pocty'’.

2. PaujioHasibHe nepepo61eHHA BTOPUHHUX CUPOBUHHUX pecypciB
LLYKpOBOI ranysi

2.1. Cyuacni cnocodu 6uKopucmanHts OypaKko602o »comy
6 PI3HUX 2a71Y3AX RPOMUCT080CHI

KoM OTpHMYIOTB MiCHIS BIIYYSHHS COKY 3 OypsIKOBOi CTPY’KKH (BiIIOBITHO
0 aNTOPUTMY TEXHOJOTIYHOTO MpPOIECYy MepepoOJeHHs IyKpPOBUX OypsKiB).
Moro Buxin cranosuts 80-83% 10 Macu mepepobieHux GypsKiB. YpaxoByloun
BeIMYE3HI MOpiuHi 00carm mepepoOneHHs IyKpoBHX OypsAKiB B YKpaiHi,
MOYKHA OpiEHTYBAaTHCS Ha 3HAYHI KUTBKOCTI M€l MPOMYKIIii, SKa HUHI HAJIEKHUTh
JI0 BTOPHHHUX CHPOBHHHHUX PECYpPCiB raiysi.

’Kom mictuTe Gararo IIHHHX CIIONYK, HEOOXiMHUX U JKUTTEIISUIBHOCTI
OpTraHi3My JIOIWHH, SKi MOKHA e(DeKTUBHO YTHIII3yBaTH 3a HOTO paIlioHaTEHOTO
nepepoOneHHs. J[0 HemaBHBOrO Yacy OCHOBHMM HANPSIMOM BHKOPHCTAHHS
oMy Oyna TOHIBIIS TBapHH, HA KOKHY 3 SAKUX Mae npumagatd 30—40 kr xomy
Ha 100y. lle craHOBWTH JHIIE HE3HAYHY YACTHHY OTPUMAHOIO XXOMY, TOMY
PeIITy HANpaBISIIN Yy CHeNiaibHi JKOMOCXOBHINA, /I BiH i3 4aCOM PO3KJIaIaBcs,
3aBIArOYM IIKOIW €KOJIOTil 1 mTpadHUX CaHKIIH 3aBOITy-BUPOOHUKOBI.

Tomy cydacHa Hayka po3poOmia pi3HI crmocobW — parioHaIBHOTO
BUKOPHCTAHHA KOMY, SIKi €()eKTUBHO BIIPOBA/UKYIOTHCS SIK Ha CAaMUX I[yKPOBUX
3aBOJIaX, TaK 1 HA THX CIIOPIAHEHHX Tajy3sX, Ui SKUX JKOM MOXE CIYI'yBaTH
LiHHOIO CHPOBHHOIO [T OTPUMAaHH Pi3HUX BHUIB HamiB(haOpHKaTiB Ta TOTOBUX
MPOAYKTIB. [I€ThCS PO BUKOPUCTAHHS KOMY B IIpoIiecax OTpUMaHHs Oiorasy,
6i0mo0pHB, XapuyOBHX BOJOKOH, €TAHONY, NMEKTHHOBHUX PEUOBHH, IPIKIKIB
TOILIO.

OpHuM i3 HAWOLTPII TMEPCHEKTHBHUX 1 CYyYacHWX HANpSAMIB PO3BUTKY
IyKPOBOi Tany3i YKpaiHM € BIPOBa/KCHHS pecypcoe(eKTUBHUX TEXHOIOTIH,
CIIPSAMOBAHUX Ha pallioHaIbHE BUKOPHCTaHHS BTOPHHHHX PECYPCIB 3 OTPUMAHHAM
pi3HUX BHIIB HamiB(aOpPHKATiB Ta MPOAYKIIii 3 BUCOKOIO TOAATKOBOIO BAPTICTIO.
A. besmana 3i criBaBTOpaMy HaBOIATH METOAM YTHIII3ALlii MeJsICH, OYPSIKOBOTO
OammnIst (3eJIeHOI Mach) Ta KOMY 13 3aJydeHHSAM O10TEXHOJOTidHHX 3ac00iB,

19 Memnbuuk JI. T, Kybarko O. B., Iliens B. C., Kyuepenko II. B., Irnaruenko B. M. Bupo6uuurso
010MIaCTHKY VIS TUPKYISALIHHOT eKOHOMIKH 1 CTHMYJIIOBaHHS CECTEHHOBOTO PO3BUTKY. Exonomixa AIIK.
2019. Ne 11. C. 79-84. DOI: 10.32317/2221-1055.2019.1.1079.
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IO € NOTY)KHMM YMHHHUKOM ITiJIBUIIEHHS PEHTA0ENBHOCTI OypsIKOIyKpOBOTO
BUPOOHMLITBA, JUIS BUPOOHMITBA OioNONIMEpiB, a TaKoX OiOPO3KIIAIHOI
ynakoBku®.

Po3risiHyTO MeToan BHKOpPHCTaHHS Ol0HOTEHILialdy OypsSKOBOTO KOMY SIK
JITHIHOLEIFONO3HOI CHPOBHHH Ul BAPOOHHULITBA €TaHOIY?!.

[lepeBaroto OypsSKOBOrO 3XOMy B IIbOMY pa3i € HasBHICTb y HBOMY
KOMIIOHEHTIB JJIsl OTpUMaHHs OioeTaHoiry, 0100yTaHOIy Ta MOJIOYHOI KHUCIIOTH.
Hanexxna minroroBka CHUpOBHHHM Ta HAayKOBO OOIPYHTOBaHE 3aCTOCYBaHHS
010TEXHOJIOTIYHUX TIPOLECIB CHPUSTHME YCYHEHHIO OCHOBHOI NpOOiIeMHu
LYKPOBUX 3aBOJAIB — CE30HHOCTI BHpOOHHITBA. BIpoBapkeHO MikpoOHE
OLLyKPEHHSI CUPOBHHH, SIKE TIOJISITa€ y BUPOOHHULTBI (DEpPMEHTIB, 110 PyHHYIOTh
OCHOBHY CKJIJIOBYy ’XOMY — JIITHIHOLENION03y. Bei 1i 3aXxoan crpusiTUMYTh
BUPOOHHLITBY KOHKYPEHTOCIIPOMOXKHHX IIPOIYKTIB.

ParionansHuM € 3actocyBaHHS e(EKTHBHHUX OioJOTiYHMX cIocoOiB
yTHITI3aIi] )KOMY 3 OTpUMaHHsIM Oiora3y Ta JoOpHBa ISl CLITbCHKOTOCIOAAPCHKUX
yrine?. BukopucTaHHS MeTaHOBOi (epMeHTalii Jae 3MOTy KOMIICHCYBaTH
BUTpPaTd Ha BIPOBA/DKEHHS TaKUX JOCHTH JIOPOTO BapTICHUX EKOJOTIYHUX
MIPOLIECIB 3aB/SKW BUKOPUCTaHHIO Oiorasy (ocoOnuBO B pa3i BUPOOHMIITBA
3 HBOTO eyieKTpoeHeprii). Takox 3HA4YHMK NPaKTUYHUI IHTEpeC BHUKIIUKAE
30pomkeHa anaepoOHa Oiomaca, 30aradycHa 0i0JI0T1YHO AKTUBHUMHE PEUOBHHAMM,
sIKa ITOTEHLIIHO MOXke OyTH BHKOPHCTaHa K JOOPHUBO.

OmuH i3 BapiaHTIB BHUKOPUCTAHHS OypSKOBOTO J>KOMY — OTPUMAaHHS
Oiorasy, enekTpu4HOI eHeprii, 0iomoOpuB Ta TeruoBoi eHeprii. bioras, mo
YTBOPIOETHCSI BHACIHIZOK aHAaepoOHOro 30pOUKYBAaHHS JKOMY, Icis HOro
MOAAJIBIIOT I'a30I1iJTOTOBKHM Nepe0avaeThCs 3aCTOCOBYBATH 3aJIeKHO BiJl IOpH
POKY 3TigHO 3 MOTpeOaMu 3aMOBHHKA: y CE30H I[yKpOBapiHHs (OCiHb) Oioras
CIPsIMOBYBAaTHMEThCSl HA BUPOOHUUI NOTPeOU SIK HeJOpora 3aMiHa NPUPOAHOTO
ra3y;, mij dac 30MpaHHs 3€pHOBUX KYJIBTYp Oioras HampaBJIsTHMETHCS Ha
3epHOCYIIApKH, a B pElITy 4acy — Ha Tra30TypOiHHMH EHEpProueHTtp uis
BUPOOJICHHS ENIEKTPO- i TEIUIOBOI eHeprii™.

OcTaHHIMH pOKaMM 3a KOPJIOHOM IHTEHCHBHO PpO3BHMBAETHCS HANPsM
OTPUMaHHS i3 KoMy JieTHuHHX no06aBok. Tak, akuionepHe toBapuctBo VUC

2 PBesmanma A. O., Ulamosan JI. B. Ta in. Bimxomu BupoOHHITBA IyKpYy Ta iX pallioHATbHE

BUKopHcTanHs. Bicnux HTY «XIII». 2024. Ne 3 (21). C. 17-24. DOI: 10.20998/2413-4295.2024.03.03.

2 Kysneuosa [. B., Xomiuak B. JI. BiorexHosoriuni acnekrd nepepoOKu GypsKOBOrO KOMy Ha
Oioetanon. [Ipodosonvui pecypcu. 2024. T. 12. Ne 23. C. 91-97. DOI: 10.31073/foodresources
2024-23-10.

2 By6uienko H. O., Cemenosa O. I. Bionoriuna yrumizauis GypsKOBOTO >kOMy 3 BHKOPHUCTAHHSM
MeTaHoBoi (epmenTauii Xapuosa npomucnogicme. 2021. Ne 30. C. 50-57.

# Maprunmok A. C., Iactyx I. C. AxryanbHi HanpsM# yTHII3awii BIIXOiB IyKPOBOrO BUPOOHUIITBA.
Exonomiuni nayku. 2019. Ne 2 (25). C. 187-190. DOI: 10.32846/2306-9716-2019-2-25-31.
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(ITpara) po3poOMIIO Ii€ETHYHI H00aBKH 3 OYpPSKOBOTO MKOMY IIiJl Ha3BOIO
«CUTA», 36aradeni Bitaminom C. IX pekoMeHmyeThcs BKMBAaTH Mifl yac
PO3BaHTAaXYBaJbHUX JI€T, Ul 3HIKCHHS BMICTY «IIKIJJIMBOTO» XOJECTEPHUHY,
MIPUPOJHOTO OYMIIEHHS OpraHi3My, OCKUIBKM XapyoBi BOJIOKHAa JilOTh SIK
HaTypajbHi COpOEHTH.

BaxnuBuM HampsMoM BUKOPUCTaHHS OypsSKOBOIO JKOMY € OTpPHMAaHHS
NeKTHUHY, SKHH, Ha JKaub, Joci B YKpaiHi HPOMHUCIOBUM CHOCOOOM He
BHUPOOISETHCA 1 HOro Juis moTped Xap4oBUX raiy3eid i (hapMarlii 3aKyImoByOTh
3a kopaoHoM. L{e ThM Oinbie MPHUKPO, 110 came OypSKOBHUI NMEKTHH HOPIBHSHO
3 OTPUMaHUM 3 IHIIOI CHPOBMHM (LMTPYCOBHM, SOMy4HUI) Mae HalOiuIbLIy
KOMILJIEKCOY TBOPIOBAJIbHY 3[aTHICTh I[OA0 PaAIOHYKIIIIB Ta THIINX TOKCHYHUX
CMOJYK 1 BUBEACHHSA iX 3 oprauismy moguHu’. Y kpaiHax €Bpocorosy
BUPOOJISIIOTh HE TUIBKM CyXHH NMEKTWH, a W Taki MPOAYKTH, SIK TEKTHHOBHH
€KCTPAKT 1 KOHLIEHTPAT, IEKTHHOBMICHHUH MOPOLIOK 1 MACTy, MEKTUH MEAUYHOTO
MpU3HAYCHHS,

lanuaa Cimaxina ta CeiTiana baxaii-)KexxepyH HaBOASITH pi3HI CHOCOOM
OTPUMaHHS XapuyoBHMX BOJIOKOH i3 JKOMY Yy BHDISZlI IOPOLIKY KPEMOBOTO
KOJhOPYy Oe3 cMaky Ta 3amaxy. BonokHa 3 po3mipom dactok 0,25-0,5 MM MoxHA
3aCTOCOBYBAaTH SIK J100aBKYy /0 M’SICHUX HPOAYKTIB, a BOJIOKHA 3 MEHIIMM
pO3MipoM — y XJiOoneKapchKiid, KOHAUTEPCHKIH, MOJIOYHIN Ta IHIIMX Taiy3sx
Xap4oBOi MPOMHCIOBOCTI?. Y TabiuIl HABEACHO OCHOBHI XapaKTEPUCTHKU
Xap4OBHUX BOJIOKOH 13 )KOMY.

Tabmuns 1
KoMnoHeHTHHIT CKJIaJ Xap4YOBUX BOJIOKOH CYXOI0 >KOMY
Kommnonent Bwmict, %

KIIITKOBHHA 27...29
1EJTI0103a 22...26
3arajbHUIl BMICT HEKTHUHOBHX PEYOBHH, Y TOMY YHCII 19...21
HEPO3YMHHHI MTPOTONEKTHH 10...11
PO3YMHHMI IEKTHH 9...10
JITHIH 8...9

BOJA 10...12

2 Tpaboscrpka O. B., IMTactyx I. C. IIpo mepcreKTHBH PO3BUTKY MEKTHHOBOTO BUPOOHHIITBA B YKPAiHi.

Lyxop Vrpainu. 2017. Ne 6-7 (138-139). C. 42-47.

% BopayH 1. M., [Tramnuk B. B. Ta in. HoBuii crioci6 yrumizanii Gypsikooro xomy. [Jykop Vpainu.
2016. Ne 6-7 (126-127). C. 45-47.

% Cimaxina I. O., Baxaii-Xexepyn C. A. TexHomoris NPUPOXHMX XapuoBHX COPOCHTIB
[Enexrponnuii pecypc]. Kuis : HYXT, 2024. C. 125.
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HaBeneHuil KOMIIOHEHTHHI CKJaJ XapyoBUX BOJIOKOH CBIIYHMTBH IIPO
OOTPYHTOBAHICTh TX BHUKOPUCT@HHS B PI3HHUX Taly3sX XapyOBUX TEXHOJOTIH
1 MOMJIMBICTH pEabHOTO JOCSTHEHHsS iX YacTKM B pallioHaX XapuyyBaHHS
HaceJeHHS 10 HeoOXigHuxX 25-35 r Ha m00y, 110 BiANOBiJa€ pEeKOMEHIALIIM
excrieptisB BOO3.

VY po6oti I'anuuu Cimaxinoi Ta Tersan @enopeHKO aKLIIEHTOBAHO yBary
Ha BUKOPHUCTaHHI J€31HTOKCUKAI[IHHMX BIaCTUBOCTEH Xap4oBOi KIITKOBHHU
PI3HHX KyJBTYD: IJIOJJOOBOYEBUX, 3JIaAKOBUX, HACIHHEBUX, TAPOOIOHTIB TOLIO,
y 3B’A3Ky 3 BIUIMBOM Ha OpraHi3M UYWCJIEHHUX HECHPUSTIMBUX YHMHHHKIB
noBkiuig?’. OcTaHHIM dYacoMm Il mpobjeMa NOrTHOMIacs, 3BaXKAKOUd Ha
BoeHHI Iii Ha TepuTopii YKpainu. BpaxkaroTh TakoX BHCHOBKHM HayKOBIIIB
IOM0 MEAWYHUX HachiakiB YopHoOwss?®, BiAMOBIAHO 10 SKUX dYepes
40 pokiB micng KaracTpou MeIHUKO-O0I0JOTiYHI HACIIAKH 3aJUIIAIOTHCS
3HaYYLIMMH /Ui 3740pOB’s HacelleHHs YKpaiHu; 30epira€Tbcsi BHCOKHU
piBEHb OHKO3aXBOpPIOBaHb, CMEPTHOCTI MNOCTpaxaanux. PamiaumiiiHuii ta
HepaJialiiHUi YUHHUKU MAlOTh CTIMKWHA HEraTMBHUW BIUIUB. [3 I[OTO
nonsixy e Oinpina yBara Mae OyTH NMPUBEPHYTA 10 HAsBHOCTI B palioHax
ONTUMAJBHOI KIUIBKOCTI XapuoBOi KIITKOBHHH (25-35 1 Ha 1o0y),
i 0COOJINBO KIIITKOBUHU 3 OypSIKOBOI'O XOMY, NEKTHHOBI PEYOBHUHHU SKOTO,
SK YXKE 3a3Hayald, MalTh HAaWBUILY 3JIaTHICTh 0 KOMILIEKCOYTBOPECHHS
3 pagioHyKJIiZamMH, a OTXe, CIPHSIOTh IX IPUCKOPEHOMY BHBEIEHHIO
3 OpraHi3my JIIOJAHHH.

IcHYIOTh TICpEKOHIJINBI CydYacHi JaHi 100 3aKOHOMIpHOCTEH (i3ionoriyamx
3MiH B OpraHi3mi JIOAMHM B EKCTPEMaJIbHMX YMOBaX 1 MOXJIHMBOCTI
LJIECIPSIMOBAHOTO BIUIMBY Ha HOpMaJIi3allito Horo (GyHKIIOHYBaHHS, IepeayciM
3aco0aMy aJIeKBaTHOTO XapuyBaHHsS 3 ONTHMAJbHUM BMICTOM HPHPOAHUX
EHTEPOCOPOCHTIB — XapuoBOi KIIITKOBUHH. Ha OCHOBI MPUHIMIIB JIOKA30BOi
MEIUIMHE O0IPYHTOBaHO Oe3rocepe/Hii 3B’S130K MK Xap4yyBaHHSIM i CTAaHOM
310POB’sl JTFOAUHU,

[IponykTy 3 ONTHMAaIbHUM BMICTOM XapyOBOi KJIITKOBUHH IOBHHHI OyTH
JOCTYIIHUMH 32 CBO€IO IIIHOIO ISl OyAb-SIKOTO CEepeJHbOCTAaTHCTHYHOTO
rpomMajsiHiHa YKpaiHu, 0COOJMBO SKIIO HAETHCS HPO MPOAYKTH LIOIEHHOTO

2 Cimaxina I. O., ®enmopenko T. 1. HoBi KoMmosumii Ha OCHOBI Xap4oBOi KIITKOBHHH

JIe31HTOKCUKAL[IHOT Ta aganToreHHoi aii. Xapuosa npomucnosicme. 2016. Ne 19. C. 31-36.

¥ Cyuko B. O., Konocunceka O. O., Baosenko B. 10. YopHoOmIb: MeAMYHI HACTIAKK — Cla/IIUHA
gepe3 40 poxiB micus aBapii. Joskinin ma 300pos’sa. 2025. Ne 4 (117). C. 34-42. DOL: 10.32402/
dovkil.2025.04.034.

¥ Cimaxina I. O., Vkpaineus A. 1. B3aeM03B’A30K CTPYKTYpu XapuyBaHHS 1 310pOB’Sl —
KOHIICNITYallbHa OCHOBA PO3POOJICHHS MPORYKTIB I BifickkoBoCTyx60BUiB. Haykosi npayi HYXT.
2016. T. 22, Ne 1. C. 192-199.
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Puc. 1. CxeMa 0TpUMAHHSI KOMIIO3MIili XapYOBHUX BOJIOKOH i3 JKOMY
HYKPOBHX OYpSIKiB i eApy IUTPYCOBUX

BKHUTKY — XJ1i000ymouHi Bupo6u’. ToMy [uKepeo XapuoBHX BOJIOKOH Mae OyTh
e(eKTHBHHUM 1 BOIHOYAC JenIeBUM. L{e TOCHTh JIeTKo JOCSTaeThes MOETHAHHAM
B OIHIM KOMITO3MIi OYpSKOBOTO >KOMY (SIK OCHOBH) Ta BTOPHHHHX PECYPCiB
KOHCEPBHHX 3aBOIIB — HANPHKIAN, LEIpU LHUTPYCOBUX, XXMHXY SOIyK Ta
BUHOTPAJy TOILIO.

Came Takuii Hampsm BuOpano B pobori [ammam Cimaxinoi Ta
P. Haymenka’!, ne oOrpyHTOBaHO BHOIp HETPAAMIIIHHHUX IDKEPENT — JKOMY
IyKpOBUX OypsKiB Ta eAPH HUTPYCOBUX. TEXHOIIOT1S OTpUMaHHI KOMIO3HUITi{
Xap4oBUX BOJOKOH TWiJi YMOBHOIO Ha3Boio «llexToBiTommu» mepembadae
Taki OCHOBHI CTafii: MPUIlOM BTOPHWHHOI CHPOBHHH IYKpOOYpPSIKOBOTO Ta
KOHCEpBHOTO BHpPOOHHNTB (y cmiBBimHOmeHHI 1 : 1), ii MikpoOiomoriuamii

3 Cunusuyk T. A. HaykoBe 00rpyHTYBaHHS Ta PO3pOOJICHHS IPHCKOPEHUX TEXHOJOTIH X11i600y109HIX
BUpPOOIB, 30arayeHMX XapyoOBHMH BOJIOKHAMH : asroped. auc. .. A-pa TexH. Hayk (05.18.16).
HanionansHuit yHiBepcUTeT XapuoBHX TexHomorid. Kuis, 2018. 39 c.

' Cimaxina I. O., Haymenko P. 0. O6rpyHTyBaHHs CKiagy Ta CIOCiO OTpHMAHHS KOMIO3HMILi
XapuoBUX BOJIOKOH pizHOcHpsiMoBaHoi 1ii. Haykoei npayi HYXT. 2019. T. 25, Ne 2. C. 244-250.
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KOHTPOJIb; IMOTIEPEAHE IMiJICYITYBaHHsI MaTepialliB y KOHBEKTHBHIl cymapii
no Bosiorocti 30%; cymrinas TpuBamicTio 90 XB mis OypsSKOBOTO XKOMY,
240 xB — Ui LUeApH; MOAPIOHEHHS O MOPOIIKONONIOHOTO CUITYYOro CTaHy
ta nucnepcHocti 80...100 MkM Ha nesiHTerparopi; gacyBaHHs; 30epiraHHs.
Komro3unisi XapuoBHX BOJOKOH NaKy€ThCs B MAKETHUKH i3 (OJIBIH, Ha erari
MapKyBaHHS Ha YIAKOBII JPYKYETbCcs Ha3Ba NpOAYKTy «IlekToBiTOIMHY,
KOPOTKHI ONUC MPOJYKTY, HOT0 3aCTOCYBaHHS 1 KOPHCHICTh BIJIIOBIAHO 10
YUHHHUX BHMOT.

Ha pucyHKy noOmaHO NPHHLIMIIOBY TEXHOJOIIYHY CXEMY OTpPHMaHHS
KOMIIO3UIIIH Xap4OBHX BOJIOKOH i3 )KOMY IIyKPOBHX OYPSIKiB i LIeJpU LIUTPYCOBHX.

O. Boerpka 3i crmiBaBTOpamMu®? 3BepTAlOTh yBary Iie Ha OJHH MOOIYHHN
MIPOAYKT I[yKPOBOT'O BUPOOHUIITBA — MEJISICOBAHHUIN KOM, TOOTO KOM 3MIlIyIOTh
i3 MeJsIcor0, a MOTIM TiJIAl0Th CYIIIHHIO, Ha HACTYITHOMY €Talli IPaHyiol0Th
Yyepe3 MaTpHIKO 3 oTBopamu JiamerpoMm 12 mM. Takuii koM 100pe MiIXOTUThH
JUISL TOIIBIII MOJIOJIHSIKY Ha BHIIAci, a TaKOX SIK OAMH i3 LIHHUX KOMIIOHEHTIB
TOMIBII JIMHUX KOPiB¥.

3 OypsKOBOro »OMY TakOX BUPOOJISIOTH IekTHHOBUI kKied. Crocib
IPYHTYETBCSL HA TIIEPEBElCHHS B PO3YMH HEPO3UMHHUX Y XOJIOJAHIH BOZI
MIEKTHHOBUX PEYOBHH, 110 MICTATHCS B >KOMi. BHXiJ KJIet0 Ipy IbOMY CTaHOBHUTh
2,5...3% 1o Macu CBIXOTO KOMY.

2.2. Cyuacni cnocobu nepepoonennsa menacu 3a RPUHUURAMU
UUPKYIAPHOT eKOHOMIKU

Mensca € mMOOIYHIM TPOXYKTOM BUPOOHHUIITBA IYKPY, fKa 30CepemKeHa
Ha HOTo KpHCTaJax i BiIAIISAETHCSA B MPOIeci HeHTPUPYTyBaHHS KPHCTATIIHOL
MacH Ticls BaKyyM-amapaTiB. XIMIYHHH CKJIaJ MEJSCH JOCHUTh MPHUBAOIHBHA
Juts 1i ToJanbIIoro NepepoOIeHHs: BMICT CyXHX PEYOBHH ONMU3bKO 75%, 3 HUX
45% 30pomxyBaHUX IYKpiB; Bofa (25%) Maiixke BCSI MICTUTBCS y 3B’I3aHOMY
CTaHi BHACIIZOK TigpaTamii KOJOiAiB, MOJEKYN IyKPO3W Ta 10HIB MiHEpaIbHUX
pedyoBHH. BMmicT mykpo3m B MemsAci 3MiHIOeTbCsl Bif 45 1o 50%, OCKimbkH
XIMIYHHH CKITa] MEISICH 3aJeKUTh BiJ COPTY Ta SKOCTI OypsKiB, IPyHTOBO-
KJIIMaTHYHOX YMOB iX BHUPOIIYBAaHHS, TEPMiHY W yMOB 30epiraHHs, TEXHOIOTii
IyKpoBapiHHs**,

Mernsica SIK IPORYKT IepepoOsIeHHS IyKPOBUX OYypsAKiB MOCTIHHO mepedyBae
B IIOJIi yBarW HAyKOBI[iB, i Ha CHOTOJHI CIEKTp ii 3aCTOCYBaHHS JOCHTH

32

Boempka O. €., Yepnera 1. C. Ta iH. [lepcreKTHBY BUKOPUCTAHHS MOOIYHUX MPOIYKTIB IlyKPOBOTO
BUPOOHULTBA. 3epHosi npodykmu i kombikopm. 2018. T. 18. C. 37-42.

3 UYerpepuk O. B. Anaii3 puHKy OCHOBHOI Ta 10GI4HOT IPOAYKIii OYpsSKOLYKPOBOTO BUPOOHHMITBA.
Bicnux Axademii npayi i coyianvnux sionocun @edepayii npogcninok Vkpainu. 2014. Ne 3-4.
C. 92-100.

3 Benik B. Cran Ta npo6iemu 1ykpoBoi nnpomuciioocti. Texwika AITK. 2003. Ne 9—10. C. 34-36.
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LIMPOKUi, 30KpeMa oTpuManHs etaHoiy (40% 3arabHOT KUIBKOCTI CITUPTY, L0
BUPOOJISIETHCS CIUPTOBUMH 3aBOJIaMH, OTPHUMAIOTh SIKPa3 i3 MEJSICH, TOMY LI0
BOHA Ma€ BUCOKHMH BMICT IIYKpY Ta iHIII PEYOBHHH, HEOOXiJHI JUIsi HOPMAJIBHOT
KHUTTESIIBHOCTI JPIKJDKIB, 1 1Ie CIPOILY€E TEXHOJOTI0 BUPOOHUIITBA CIIUPTY
MOPIBHSIHO 3 HOr0 BUPOOHHUITBOM i3 3epHa’).

JlaBHIO iCTOpil0 Mae MNpOLEC OTPUMAaHHS 3 MEJISICH JIMMOHHOI KHCJIOTH
LUISIXOM 30pOKYBaHHS I[yKpOo3u aepodiIbHUMH IUIICHSIBUMH TI'puOKamu. 3i
100 kr mensicu OTpUMYIOTh OM3bKO 20 KI' KPUCTAIIYHOI JIMMOHHOI KUCIIOTH,
SIKy HIMPOKO BUKOPUCTOBYIOTh y XapyOBHX ranmyssx, ¢apmarii, kyminapii*®. He
MEHII Ba)XKJIMBUM JIOCATHEHHSM HAyKOBI[IB € OTPUMAaHHS MOJIOYHOI KHCIIOTH,
sIKa PO3MIISAAETHCS SIK HATYPAIBHUH IT1IKUCIIIOBAaY, apOMaTnu3arop, KOHCEPBATOP
y Xap4oBiii, (hapMaleBTUYHIH, TEKCTUIIBHIN Ta IHIIUX rally3sX IPOMHCIOBOCTI.
BupoOHHUIITBO IIFOTO IPOAYKTY 3 MEJLSICH Ma€ HIXKIY COOIBapTICTh, HIX XIMIYHE
BUPOOHUIITBO 3 TIIFOKO3H, CaXapo3M Ta KPOXMalio®’.

VY ¢apmanii 3 Mensicu OTPUMYIOTh TaKoX MaclIsiHY i NPOIMIOHOBY KHCJIOTH
(3a anaepoOHOTO OpOZIHHS), IIIFOKOHOBY, (byMapoBy, LIIABJIEBY, OLITOBY KHUCIOTH
(3a acpoOHOrO OpOJIiHHS); BUKOPHCTOBYIOTH SK JKUBUJIBHE CEPEIOBHUIIEC
B MIKpOOIONIOriYHOMY CHHTE31 JJIsi BUPOOHMLTBA HE3aMiHHOI aMiHOKHCIOTH
J3MHY, a TaKOX BiTamiHy B,,*®

OcTaHHIM YacoM jejalli OUTbIIY 3aI[iKaBICHICTh Y BUPOOHUIITBI €TUIIOBOTO
CIUPTY BHKIHUKAE DIOKO3HO-GpykTo3Huil cupon®. Cepel BHPOOHHKIB
KpadTOoBUX HamoiB BEJIMKUM TIOIIMTOM KOPHCTYETBCS Mejsica. ABTOpHU
HaBOJSTh TEXHOJIOTIYHI aCIEKTH Hpolecy 30po/KyBaHHs MEJSICH Ta TIIIOKO30-
(pYKTO3HOTO CHpOIY Ha eTarax pi3HHUMH IITamMaMH JIpiXJDKiB. BcraHosieHo,
0 BUXiA criupTy 3 1 T Mensicu craHoBuTh 24,0 nai.

Takum 4uHOM, Meisica SK OOUH 3 OCHOBHHUX IOOIYHUX TPOIYKTIB
LlyKPOBOTO BHPOOHUIITBA 3HAWIUIa INUPOKE 3aCTOCYBAaHHS B Xap4yoBiH,
010XiMI4HIH NPOMHUCIOBOCTI, a HE JIMIIE SK IiHHUH KOPMOBUH HPOIYKT
s romiBmi  Xymo6u. Ii  pamioHansHe —mepepo6NEHHS  IIiABHILYE
pecypcoeeKTUBHICTh I[yKPOBOI NPOMHCIOBOCTI, a TaKoX BiJAIOBigae
Cy4yaCHMM BHMMOIaM CTaJloTO PO3BUTKY Tally3i: 3HM)KCHHS DiBHS BiJIXOIIB,

3% Ty6enko H. 0., IlmarkoBa I. K. CyuacHi TeHIeHUil y PpO3BHUTKY CIHPTOBOi Ta IyKpPOBOI

npoMucioBocti. L[ykop Ykpainu.2012. Ne 11 (83). C. 12-14.

% Bacumbaenko O. A., [I'suxoBa O. O. BioTeXHONOTIUHI acmeKTH OTPHMAHHS JTHMOHHOI KHCIOTH.
Hayxkosuii sichux HIITY Ykpainu. 2012. Ne 22 (1). C. 100-107.

37 Singhvi M. S., Zinjarde S. Polylactic acid: synthesis and biomedical applications. Journal of applied
microbiology. 2019. No. 127 (6). P. 1612-1626.

*#  Danchin A., Braham S. Coenzyme B,, synthesis as a baseline to study metabolite contribution of
animal microbiota. Microb. Biotechnol. 2017. No. 10. P. 688—=701. DOI: 10.1111/1751-7915.12722.

3 Jlaninosa K., 3aBapsina O. TexHONOriuHi acrekTd BUPOOHMITBA CIMPTOBMX JMCTUJIATIB
3 HeTpaJUIiHHOI IyKpOBMICHOI cHpOBHUHH. [Ipodogorvui pecypcu. 2021. T. 9, Ne 16. C. 90-97.
DOI: 10.31073/foodresources2021-16-09.
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3MEHLICHHS  3a0pyJHEeHHs  JOBKiJUIS, JONATKOBUH  NPUOYTOK  auis
MiJIPUEMCTBA, OTPUMaHHS HalliBIPOAYKTIB, HEOOXiTHUX IS MOTPed pi3HUX
rajxysei Xap4oBoi IPOMHUCIOBOCTI.

Jlo Toro x Takuii pi3HOOIUYHMH CIIOCIO BUKOPHCTAHHS MEJISICH, JKOMY TTOBHOIO
MIpOIO BIJIIOBi1a€ KOHUENII] IUPKYISIPHOT €KOHOMIKH, CYTHICTh SIKOI IOJIsTae
y BUKOPUCTaHHI BiIXO/IB OJHI€T raiy3i sSIK CHpPOBHMHH JJIsl iHIIOT Ta 6a3yeThes Ha
MIPUHIMII CTAJOTO PO3BUTKY, 3MIHIOIOUH KIIACHYHY JIIHIIHY MOJIENb EKOHOMIKH
70 e(heKTUBHOI UKIITUHOT MOEi*.

MoskHa TPOTHO3YBATH, IO LMPKYJIsLisA Ol0NOTiYHUX MOOIYHUX NPOIYKTIB
(sIKl HecrpaBeIIMBO HAa3MBAIOTH BiIXOAAaMH) JUIS OTPUMAaHHS HOBUX IPOIYKTIB
3 BHCOKOIO JIOZIAaHOIO BApTICTIO 13 YacOM CTaHE IPEBAIOIOY0I0 y BCIX raiys3sx
Xap4oBOi ITPOMHUCIIOBOCTI.

BUCHOBKHN

XapuoBa MpoMHCIOBicTh YKpainu 00’ eanye nmonazn 40 ramyseil 3 oTpUMaHHs
Xap4oBUX TIPOAYKTIB PIi3HOTO (YHKI[IOHAJbHOTO npu3HadeHHs. OpHiero
3 OCHOBHHMX 1 HaWOIbII MacITaOHKUX € IyKpOBa MPOMUCIIOBICTh. He3Baxaroun
Ha EHEPrOEMHICTh TEXHOJOTiH, MoTpedy y BHUCOKOKBaIi()iKOBaHMX Kalpax,
O0OMEXKEHICTh EeKCIIOPTHOTO PHUHKY JUIS YKpAiHCHKOTO ILyKpY Ta BOEHHI ii,
LYKpOBi Oypsiku OyiM W 3aJMIIAIOTHCS KIFOYOBOIO KYJIBTYPOIO BHPOLIYBaHHS
B YKpaiHi sIK 3a IUIOLIEIO MOCIBIB, TAK 1 32 PEHTA0EIBHICTIO, a IyKOp, OTPUMaHHUN
i3 HUX, HE BTpaya€ CBOTO CTaTycy Ha CBITOBOMY pHHKY SIK CTpaTeriyHuit
TIPOIYKT.

Pazom i3 TMM came B LKpOBil ramy3i OTPHUMYIOTh HaHOLIBLIy Macy
BTOPUHHUX CHPOBMHHHX PECYpCIB — JKOMY Ta MeEIsiICH. TOMy 3pO3yMiJIOO
€ aKTyaJbHICTh 1 HEOOXIAHICTh YNPOBA/DKCHHS IHHOBAIllii y IyKpOBe
BUPOOHMLITBO, TIOCTIMHE BJOCKOHAJICHHS ICHYIOUMX pecypcoedeKTHBHUX
TEXHOJIOTIH mepepoliieHHss OypsKiB 1 BTOPUHHHUX CHPOBHHHHX pECYypCiB,
a TaKoXX PO3pOOJIEHHS HOBHX, SIKI I'PYHTYIOThCS Ha CYyYacCHUX JIOCSATHEHHSX
Haykd 1 TexHikd. L[iIkoM yMOTHBOBaHMM € Cy4acHWH OPIEHTHD MiAIPHEMCTB
LYKPOBOi MPOMHUCIIOBOCTI Ha 3aCTOCYBaHHsI pecypcoe(eKTHBHHX TEXHOJOTiH
SIK Yy BUPOOHMITBI LIIBOBOTO NPOAYKTY — IYKPY, TaKk 1 B palioHaJbHOMY
nepepoOieHHI KOMY Ta MENSICH 32 NPUHLIUIIAMHU IHUPKYJSAPHOI E€KOHOMIKH,
CYTHICTb SIKMX TIOJISITA€ Y BUKOPUCTAHHI TOOIYHUX MPOAYKTIB OAHIET ramy3i sk
CHPOBUHH JUIs IHIIUX.

4 Rojas 1. F.,, Zapata P., Ruiz-Tirado . Agro — industrial waste enzymes. Perspectives in circular
economy. Current Opinion in Green and Sustainable Chemistry. 2022. No. 34. P. 45-53. DOI: 10.1016/
j.cogsc. 2021.100585.
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HanaromkeHnHst TexXHOJIOTIH mepepoOiIeHHs BTOPUHHUX CHPOBHHHUX
pecypciB Ha JII0YMX IIYKPOBHMX 3aBOJax Ta CIIOPIIHEHMX iM HiIIpUEMCTBaX
3a0e3neyye JOJATKOBHH NPUOYTOK, TO3UTUBHO BIUIMBAE HA CKOJIOTIKO
JOBKLJIJISI, COLIaJIbHI ITOKa3HUKH 3aBJSIKH PO3LIMPEHHIO ACOPTUMEHTY XapyOBUX
MPOAYKTIB Ta JI€THYHMX A00aBOK, TOOTO BIINOBiNAE YCIM HPUHIUIIAM
cTajoro po3BUTKy ranmysi. ITomanpmmii po3BuTOK Tamy3i Ta ii MikHapomHa
KOHKYPEHTOCIIPOMOXKHICTh 3aJIe)KaTh BiJl HU3KM YMHHUKIB, 110 IOTPEOyIOTH
DIMOOKOro aHalizy, po3poOneHHs cTparerii i Taktuku. lle nacte 3Mmory
e(eKTUBHIIE PO3BUBATH T'aly3b 1 IIOCHJIMTH IO3MLII YKpaiHW Ha CBITOBOMY

PHHKY LYKDY.

AHOTALLIA

Y poboTi 31ifiCHEHO aHai3 OCHOBHHX MOKA3HUKIB IHHOBAIIHOT HisUTHHOCTI
MAPUEMCTB I[yKPOBOi raily3i 3 MOIVISAY BUKOPUCTAaHHS pecypcoedeKTHBHUX
TEXHOJIOT1H OTPHMaHHS LIIBOBOTO IMPOAYKTY — IIYKpy 1 CydacHHX crocoOiB
nepepoOaeHHs koMy Ta Melsicd. L{i moOiuHI MPOAYKTH ITOCI PO3IIISAaIuCs
MEPEeBAXHO SIK CKJIAQJHUKK Uil TONMIBII XynoOu. BuBueHHs 0ioXiMi4HOTO
CKJIQJy KOMYy Ta MeJSICH OKPECIWIO NPUHIMIOBO HOBI HampsMu ix
PI3HOOIYHOTO 3acTOCYBaHHS JUIi OTPUMaHHs 0Oiorasy, €TaHoidy, JAPIKIXKIB,
OpPraHiYHUX KHUCJIOT, MIETHYHHX I00ABOK TOIIO, BIJIMOBITHO IO MPUHIIMIIIB
CTaJIOr0 PO3BUTKY Taiy3i 3 OOIPYHTYBaHHSIM IPAKTUYHUX pEKOMEHIalid ix
peamizauii. Tomy HaWOIIBII aKTyaJbHUM HHUTAaHHAM CHOTOAEHHS IyKPOBOL
IIPOMUCIIOBOCTI € BU3HAYEHHSI IUISIXiB TIOBHOTO M palioOHaIbHOTO 3aCTOCYBaHHS
LUX JONATKOBUX JDKEpel, Po3poOJieHHsT Maslo- Ta Oe3BIIXOIHHX TEXHOJOTiH
nepepoOneHHss OypsKiB, a TaKOXK 3aXOMiB JIO YHEMOXKJIMBICHHS IIKiJJIHBOTO
BIUIMBY BIJXOMiB Ha JOBKiUIA. HaykoBi mpaili 3 MUTaHb BUKOPUCTAHHS JKOMY
Ta MeNsCH (DOKYCYIOThCS Ha X IIMOOKOMY IepepoOJieHHI, YHACHiJOK 4Y0ro
OTPUMYIOTh XapUYoOBi BOJIOKHA, NIEKTHH, 0i0eTaHOJ, Oiora3, OpraHiuyHi KHCIOTH,
JOPDKIDKI TOmo. 30araueHHs >KOMY MEJSICOI0 3 MOAAIBLIMM CYIIiHHSAM Ta
IpaHyJIIOBaHHAM 3a0e3nedye TBapHH BHCOKOSKICHUM KOPMOM 1 BOJHOYAC
3MEHIITYE €KOJOTiYHEe HaBaHTaKeHHs. KoMIiekcHe BUKOpPHUCTaHHS OypsKOBOTO
JKOMY Ta MEJSICH ICTOTHO BIUIMBA€ Ha YNPABIIHHS EKOJIOTIYHMMH DPU3MKaMHU
W minBuinye eQeKTUBHICTh (PyHKLIOHYBaHHS LYKPOBHX 3aBOAIB. Yce 1€ Jae
3MOTY TIJIPHEMCTBAM Trajly3i HepedTH Ha Oe3BinxoaHi pecypcoedexTHBHi
TEXHOJIOTI], peamizalis SKUX BIANOBIJA€ NPHHLUIIAM CTAJIOTO PO3BUTKY
LYKPOBOi MMPOMHUCIIOBOCTI.
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