
Founder:
National University of Life and Environmental Sciences of Ukraine

Year of foundation: 2010

Recommended for printing and distribution
via the Internet by the Academic Council

of National University of Life and Environmental Sciences of Ukraine
(Minutes No. 11 of May 22, 2025)

Decision of the National Council of Television and Radio Broadcasting of Ukraine 
No. 1721, Minutes No. 30, dated 11.12.2023

Media identifier – R30-02314.

The journal is included in the list  
of Professional Scientific Publications of Ukraine

Category “A”. Branch of sciences: Agricultural. Specialty: 0721 – Food processing,  
0811 – Crop and livestock production, 0831 – Fisheries.

(order of the Ministry of Education and Science of Ukraine
of February 24, 2025, No. 349)

The journal is presented international scientometric databases, repositories
and scientific systems: Scopus, Google Scholar, Vernadsky National Library of Ukraine,  

BASE, AGRIS, Directory of Open Access Journals (DOAJ), Ulrichsweb, Dimensions, 
University of Oslo Library, University of Hull Library, SOLO – Search Oxford Libraries 

Online, European University Institute, Leipzig University Library, Cambridge University 
Library, UCSB Library, OUCI (Open Ukrainian Citation Index),  

WorldCat, EuroPub, Professional publications of Ukraine, CORE, EBSCO,  
Litmaps, Cosmos Impact Factor

Editors office address:
National University of Life and Environmental Sciences of Ukraine

03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
E-mail:  info@animalscience.com.ua

https://animalscience.com.ua/en

ANIMAL SCIENCE AND FOOD TECHNOLOGY



Засновник:
Національний університет біоресурсів і природокористування України

Рік заснування: 2010

Рекомендовано до друку та поширення
через мережу Інтернет Вченою радою

Національного університету біоресурсів і природокористування України
(протокол № 11 від 22 травня 2025 р.)

Рішення Національної Ради України з питань телебачення і радіомовлення 
№ 1721, протокол № 30 від 11.12.2023 р.

Ідентифікатор медіа – R30-02314. 

Журнал входить до переліку  
наукових фахових видань України

Категорія «А». Галузь знань: Сільськогосподарські науки, 
спеціальності – 181 «Харчові технології»,  

 204 «Технологія виробництва і переробки продукції тваринництва»,  
207 «Водні біоресурси та аквакультура»

(Наказ Міністерства освіти і науки України від 24 лютого 2025 р. № 349)

Журнал представлено у міжнародних наукометричних базах даних,
репозитаріях та пошукових системах: Scopus, Google Scholar, Національна 

бібліотека України імені В. І. Вернадського, BASE, AGRIS, Directory of Open Access 
Journals (DOAJ), Ulrichsweb, Dimensions, University of Oslo Library, University of Hull 

Library, SOLO – Search Oxford Libraries Online, European University Institute,  
Leipzig University Library, Cambridge University Library, UCSB Library,  

OUCI (Open Ukrainian Citation Index), WorldCat, EuroPub, Фахові видання України, 
CORE, EBSCO, Litmaps, Cosmos Impact Factor

Адреса редакції:
Національний університет біоресурсів і природокористування України

03041, вул. Героїв Оборони, 15, м. Київ, Україна
E-mail: info@animalscience.com.ua

https://animalscience.com.ua/uk

ТВАРИННИЦТВО ТА ТЕХНОЛОГІЇ ХАРЧОВИХ ПРОДУКТІВ



Редакційна колегія

Головний редактор:

Наталія Слободянюк Кандидат сільськогосподарських наук, доцент, Національний 
університет біоресурсів і природокористування України, Україна

Заступник головного редактора:

Михайло Муштрук Кандидат технічних наук, доцент, Національний університет 
біоресурсів і природокористування України, Україна

Відповідальний секретар:

Дмитро Носевич Кандидат сільськогосподарських наук, доцент, Національний 
університет біоресурсів і природокористування України, Україна

Національні члени редколегії:

Лариса Баль-Прилипко Доктор технічних наук, професор, Національний університет 
біоресурсів і природокористування України, Україна

Володимир Василів Кандидат технічних наук, доцент, Національний університет 
біоресурсів і природокористування України, Україна

Андрій Гетя Доктор сільськогосподарських наук, професор, Національний 
університет біоресурсів і природокористування України, Україна

Роман Кулібаба Доктор сільськогосподарських наук, старший науковий 
співробітник, Національний університет біоресурсів і 
природокористування України, Україна

Віталій Бех Доктор сільськогосподарських наук, професор, Національний 
університет біоресурсів і природокористування України, Україна

Ганна Котовська Кандидат біологічних наук, старший науковий співробітник, 
Національний університет біоресурсів і природокористування 
України, Україна

Наталія Рудик-Леуська Кандидат біологічних наук, доцент, Національний університет 
біоресурсів і природокористування України, Україна

Олена Бабенко Кандидат сільськогосподарських наук, доцент, Білоцерківський 
національний аграрний університет, Україна

Руслан Кононенко Кандидат ветеринарних наук, доцент, Національний університет 
біоресурсів і природокористування України, Україна

Ірина Кононенко Кандидат сільськогосподарських наук, доцент, Національний 
університет біоресурсів і природокористування України, 
Україна

Аліна Макаренко Доктор філософії, доцент, Національний університет біоресурсів і 
природокористування України, Київ, Україна



Міжнародні члени редколегії:

Мирослава Качаньова Професор, інженер (біотехнології) Словацький сільсько-
господарcький університет в Нітрі, Жешувський університет, 
Словакія

Джованні Сілія Кандидат ветеринарних наук, науковий співробітник, Рада 
сільськогосподарських досліджень та економіки Науково-
дослідний центр сільського господарства та навколишнього 
середовища, Італія

Міхайела
Корнеа-Сіпчіган

Кандидат наук у галузі харчових технологій, Університет 
сільськогосподарських наук та ветеринарної медицини  
Клуж-Напока, Румунія

Родіка Маргаоан Кандидат наук у галузі харчових технологій, науковий 
співробітник, Університет сільськогосподарських наук та 
ветеринарної медицини Клуж-Напока, Румунія

Марія Клопчіч Кандидат наук у галузі тваринництва, доцент, Люблянський 
університет, Словенія

Лукаш Зіта Кандидат наук у галузі тваринництва, доцент, Чеський 
університет природничих наук, Чехія

Ян Бріндза Кандидат наук, доцент, Словацький сільськогосподарcький 
університет в Нітрі, Словакія

Галя Замарацкая Кандидат наук у галузі харчових технологій, доцент, Шведський 
університет сільськогосподарських наук, Швеція

Мохаммадабаді
Мохаммадреза

Кандидат наук у галузі порівняльної генетики, професор, 
Керманський університет Шахіда Бахонар, Іран

Бранко Гламузіна Доктор наук у галузі аквакультури, професор, Дубровницький 
університет, Хорватія

Олександр
Маліновський

Кандидат наук у галузі аквакультури, науковий співробітник, 
Південночеський університет у Ческі-Будейовиці, Чехія

Олуміде Олове Докторант з тваринництва, Національний університет Пукйонг, 
Пусан, Південна Корея



Editorial Board

Editor-in-Chief:

Nataliia Slobodianiuk PhD in Agricultural Sciences, Associate Professor, National University 
of Life and Environmental Sciences of Ukraine, Ukraine

Deputy Editor-in-Chief:

Mykhailo Mushtruk PhD in Technical Sciences, Associate Professor, National University of 
Life and Environmental Sciences of Ukraine, Ukraine

Executive Secretary:

Dmytro Nosevych PhD in Agricultural Sciences, Associate Professor, National University 
of Life and Environmental Sciences of Ukraine, Ukraine

Main Members of the Editorial Board:

Larysa Bal-Prylypko Doctor of Technical Sciences, Professor, National University of Life 
and Environmental Sciences of Ukraine, Ukraine

Volodymyr Vasyliv PhD in Technical Sciences, Associate Professor, National University 
of Life and Environmental Sciences of Ukraine, Ukraine

Andrii Getya Doctor of Agricultural Sciences, Professor, National University of 
Life and Environmental Sciences of Ukraine, Ukraine

Roman Kulibaba Doctor of Agricultural Sciences, Senior Research Fellow, National 
University of Life and Environmental Sciences of Ukraine, Ukraine

Vitalii Bekh Doctor of Agricultural Sciences, Professor, National University of 
Life and Environmental Sciences of Ukraine, Ukraine

Anna Kotovska PhD in Biological Sciences, Senior Research Fellow, National University 
of Life and Environmental Sciences of Ukraine, Ukraine

Nataliia Rudyk-Leuska PhD in Biological Sciences, Associate Professor, National University 
of Life and Environmental Sciences of Ukraine, Ukraine

Olena Babenko PhD in Agricultural Sciences, Associate Professor, Bila Tserkva 
National Agrarian University, Ukraine

Ruslan Kononenko PhD in Veterinary Sciences, Associate Professor, National 
University of Life and Environmental Sciences of Ukraine, Ukraine

Iryna Kononenko PhD in Agricultural Sciences, Associate Professor, National 
University of Life and Environmental Sciences of Ukraine, Ukraine

Alina Makarenko PhD, Associate Professor, National University of Life and 
Environmental Sciences of Ukraine, Ukraine



International Members of the Editorial Board

Miroslava Kacainova Professor, Engineer (Biotechnology), Slovak Agricultural University 
in Nitra, University of Rzeszów, Slovakia

Giovanni Celia PhD in Veterinary Sciences, Research Assistant, Council for 
Agricultural Research and Economics Research Center for 
Agriculture and the Environment, Italy

Michaiela
Cornea-Sipchigan

PhD in Food Sciences, University of Agricultural Sciences and 
Veterinary Medicine Cluj-Napoca, Romania

Rodica Margaoan PhD in Food Sciences, Research Fellow, University of Agricultural 
Sciences and Veterinary Medicine Cluj-Napoca, Romania

Maria Klopcic PhD in Animal Sciences, Associate Professor, University of Ljubljana, 
Slovenia

Lukash Zita PhD in Animal Sciences, Associate Professor, Czech University of 
Life Sciences Prague, Czech Republic

Jan Brindza PhD, Associate Professor, Slovak Agricultural University in Nitra, 
Slovakia

Galia Zamaratskaia PhD in Food Sciences, Associate Professor, Swedish University of 
Agricultural Sciences, Sweden

Mohammadabadi 
Mohammadreza

PhD in Comparative Genetics, Professor, Shahid Bahonar University 
of Kerman, Iran

Glamuzina Branko Doctor of Aquaculture Sciences, Professor, University of Dubrovnik, 
Croatia

Oleksandr Malinovskiy PhD in Aquaculture Sciences, Research Fellow, University of South 
Bohemia in České Budějovice, Czech Republic

Olumide Olowe PhD Student in Animal Science, Pukyong National University, 
Busan, South Korea



ЗМІСТ

Т. Холявська, Д. Уманець, О. Титарьова, Р. Уманець

Ефективність використання шроту фенхелю (Foeniculum vulgare)

у годівлі молодняку перепелів������������������������������������������������������������������������������������������������������� 9

С. Луговий, А. Бондар, Г. Данильчук, Л. Онищенко

Ріст і м’ясна продуктивність ягнят залежно від генотипу 

за показниками системи A груп крові їхніх матерів������������������������������������������������������������������23

І. Паламарчук, М. Муштрук, Н. Муштрук

Оцінка технологічних параметрів конвективного сушіння 

насіння гарбуза з віброозонуючою інтенсифікацією процесу���������������������������������������������������39

Р. Милостивий, В. Лихач, Б. Гутий, О. Маренков, Д. Милостива

Технологія халяльного забою птиці: критичний огляд контрольних точок�����������������������������55

І. Баль, С. Лебський, Т. Лебська, Л. Баль-Прилипко, Н. Слободянюк

Оцінка якості рибних паст підвищеної біологічної цінності�����������������������������������������������������77

Д. Ткаченко, Т. Манолі, Я. Нікітіна, А. Менчинська, Л. Ткаченко

Вплив дубових альтернатив на деякі якісні характеристики рожевого вина���������������������������96

К. Саттаров, Д. Ешмуродов, М. Маматкулова, І. Джулбеков, І. Харсіка

Вплив активної упаковки та нанопокриттів на безпеку

та термін придатності молочних продуктів������������������������������������������������������������������������������110

О. Петрова, Н. Шевчук, Р. Трибрат, В. Болодурін

Оцінка технологічних параметрів у виробництві напоїв

на основі ферментованих рослинних інгредієнтів�������������������������������������������������������������������129



CONTENTS

T. Kholiavska, D. Umanets, O. Tytariova, R. Umanets

The effectiveness of using fennel meal (Foeniculum vulgare) in feeding young quails���������������������� 9

S. Luhovyi, A. Bondar, H. Danylchuk, L. Onyshchenko

Growth and meat productivity of lambs depending 

on the genotype according to the A blood group system of their mothers��������������������������������������23

I. Palamarchuk, M. Mushtruk, N. Mushtruk

Evaluation of technological parameters of convective drying 

of pumpkin seeds with vibro-ozonation intensification of the process�������������������������������������������39

R. Mylostyvyi, V. Lykhach, B. Gutyj, O. Marenkov, D. Mylostyva

Halal poultry slaughter technology: A critical review of control points������������������������������������������55

I. Bal, S. Lebskyi, T. Lebska, L. Bal-Prylypko, N. Slobodianiuk

Quality assessment of fish pastes of increased biological value������������������������������������������������������77

D. Tkachenko, T. Manoli, Ya. Nikitina, A. Menchynska, L. Tkachenko

The influence of oak alternatives on some quality characteristics of rosé wine������������������������������96

K. Sattarov, D. Eshmurodov, M. Mamatkulova, I. Julbekov, I. Kharsika

The impact of active packaging and nanocoatings 

on the safety and shelf life of dairy products���������������������������������������������������������������������������������110

O. Petrova, N. Shevchuk, R. Trybrat, V. Bolodurin

Evaluation of technological parameters in the production 

of beverages based on fermented plant ingredients����������������������������������������������������������������������129



Suggested Citation:
Kholiavska, T., Umanets, D., Tytariova, O., & Umanets, R. (2025). The effectiveness of using fennel 
meal (Foeniculum vulgare) in feeding young quails. Animal Science and Food Technology, 16(2), 9-22. 
doi: 10.31548/animal.2.2025.09.

UDC 636.5.086:582.794.1]:582.794.1
DOI: 10.31548/animal.2.2025.09

The effectiveness of using fennel meal (Foeniculum vulgare)  
in feeding young quails

Tetiana Kholiavska
Postgraduate Student
National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0009-0009-9059-5493
Dmytro Umanets
PhD in Agricultural Sciences, Associate Professor
National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0002-1973-1132
Olena Tytariova*

PhD in Agricultural Sciences, Associate Professor
Bila Tserkva National Agrarian University
09111, 3A Heroiv Chornobylya Str., Bila Tserkva, Ukraine
https://orcid.org/0000-0003-4820-809X
Ruslana Umanets
PhD in Agricultural Sciences, Associate Professor
National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0003-1483-2775

ANIMAL 
SCIENCE 
AND FOOD 
TECHNOLOGY

Journal homepage: https://animalscience.com.ua/en
Animal Science and Food Technology, 16(2), 9-22
Received 01.02.2025 Revised 17.04.2025 Accepted 22.05.2025

Copyright © The Author(s). This is an open access article distributed under the terms of the 
Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)

Abstract. Fennel seeds are considered a potent phytobiotic and can be used in the feeding of 
young poultry as an alternative to antibiotics, which are applied to improve poultry performance 
and prevent a range of gastrointestinal diseases. The conducted scientific and economic study 
focused on examining the impact of feeding fennel seed cake on the performance and slaughter 
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Introduction
Before the introduction of the ban on the use 
of antibiotics in poultry farms, these substanc-
es were commonly used in the feeding of young 
poultry for several important reasons. First 
and foremost, they helped maintain the health 
of the birds by preventing bacterial infections 
and reducing the risk of diseases that could 
negatively affect the growth and development 
of young individuals. Furthermore, the use of 
antibiotics contributed to improved livestock 
survival rates, as they reduced mortality and 
ensured stable conditions for raising the birds. 
Another important aspect was their ability to 
enhance productivity, as antibiotics stimulated 
growth, improved feed conversion, and facili-
tated more efficient weight gain. Thus, prior to 
the ban, antibiotics played a significant role in 
ensuring high productivity in poultry farming, 
contributing to the effective raising of poultry 
and the production of high-quality products 
(Alabi et al., 2023).

Since poultry farming was the largest con-
sumer of feed antibiotics, it is not surprising 
that interest in researching alternatives to 

these substances has grown most significant-
ly in this area. Among the various approach-
es that can replace feed antibiotics, the use of 
plant-based products shows promise, as they 
possess a wide range of beneficial properties. 
Plant extracts, essential oils, phytobiotics, and 
other natural components can exhibit anti-
microbial effects, stimulate the immune sys-
tem of poultry, and improve feed utilisation. 
Many plant compounds, such as flavonoids, 
alkaloids, tannins, and phenols, have anti-in-
flammatory and antioxidant properties, which 
help reduce stress levels in birds and improve 
their overall health. Additionally, plant-based 
products can positively impact gut microbiota, 
stimulating the growth of beneficial bacteria 
and inhibiting the development of pathogenic 
microorganisms. This approach not only en-
hances poultry productivity and survival but 
also ensures environmentally safe production 
that meets modern consumer demands for 
healthy food and the elimination of antibiot-
ics in animal husbandry (Aktaran Bala,  2023; 
Arif et al., 2024).

qualities of meat-type quails. According to the results of the experiment, among the investigated 
doses of fennel seed cake, specifically 0.5%, 1.0%, and 1.5%, the highest productivity was achieved 
by birds consuming full-feed compound feed containing 1.5% of the mentioned feed additive. 
The quails in this group exceeded the control group by 9.75  g or 3.44% in weight. With 1.0% 
fennel seed cake in the compound feed, the body weight of the birds was 7.07 g or 2.50% higher 
than the control group. When consuming compound feed containing 0.5% fennel seed cake, the 
quails surpassed the control group by only 4.55 g or 1.61%. It should be noted that the difference 
between the groups in terms of body weight was not statistically significant. The yield of carcasses 
slightly differed from the control, with quails consuming 1.5% fennel seed cake in the feed having 
a 0.1% higher yield. Regarding the yield of edible parts of the carcass, the trend towards an 
increased yield of breast muscles in the birds of the experimental groups was noteworthy, as well 
as the increased yield of the stomach, which was confirmed by the statistical significance of the 
difference between the control group and the birds consuming 1.5% fennel seed cake. Thus, it can 
be stated that feeding up to 1.5% fennel seed cake in full-feed compound feed has a positive effect 
on the productivity of meat-type quails

Keywords: phytobiotics; productivity; poultry meat production; slaughter qualities; oil 
production waste
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According to M. Rafeeq et al. (2022), phy-
tobiotics are a wide range of plant-derived 
compounds with varying chemical composi-
tions that exhibit antimicrobial, anticoccidial, 
antifungal, antioxidant, immunostimulatory, 
anti-stress properties and influence the gut 
microbiota. The scientific works of R. Islam & 
I. Sheikh (2021) and J. Urban et al. (2024) reveal 
the mechanism of action of active plant sub-
stances on physiological processes in animals. 
In the study by R. Islam & I. Sheikh (2021), a 
series of experiments were conducted on dif-
ferent types of agricultural animals, examin-
ing the impact of various phytobiotic additives 
on the digestive system. The results showed 
that the inclusion of extracts from plants such 
as garlic (Allium sativum), ginger (Zingiber of-
ficinale), and cinnamon (Cinnamomum verum) 
in the diet led to a significant increase in sali-
va production. This, in turn, facilitated better 
feed wetting and the initial breakdown of car-
bohydrates by amylase present in the saliva. 
Additionally, there was an observed increase 
in gastric juice secretion, pancreatic enzymes, 
and bile, which ensured more efficient break-
down of proteins, fats, and carbohydrates in 
the gastrointestinal tract. These changes re-
sulted in improved dry matter digestibility and 
an increased absorption rate of key nutrients 
such as amino acids, fatty acids, and glucose. 
As a result, the animals showed higher body 
weight gain and improved feed conversion, 
which are key performance indicators in ani-
mal husbandry.

In turn, J.  Urban  et al.  (2024) focused on 
studying the impact of phytobiotics on the gut 
microbiota and its role in the digestion pro-
cess. The study showed that the inclusion of 
plant extracts rich in essential oils, such as 
oregano (Origanum vulgare) and thyme (Thy-
mus vulgaris), in the animals’ diet contributed 
to the modulation of the gut microbiota com-
position. Specifically, there was an increase in 
the number of beneficial bacteria from the gen-
era Lactobacillus and Bifidobacterium, which 

play an important role in the fermentation of 
undigested feed residues and the synthesis of 
short-chain fatty acids. These acids serve as an 
additional energy source for the intestinal epi-
thelium and help maintain its barrier function. 
Moreover, under the influence of phytobiotics, 
the number of pathogenic microorganisms, 
such as Escherichia coli and Salmonella spp., 
decreased, reducing the risk of infectious dis-
eases and inflammatory processes in the gut. 
The improvement of the microbial balance and 
reduction of inflammation contributed to the 
optimisation of digestion and nutrient absorp-
tion processes, which in turn positively affect-
ed the overall productivity of the animals. Both 
studies highlight the importance of a compre-
hensive approach to using phytobiotics in the 
feeding of agricultural animals. Stimulating 
endogenous digestive processes through in-
creased saliva, enzyme, and bile secretion, as 
well as modulating the gut microbiota, are key 
mechanisms by which plant additives improve 
digestibility and nutrient absorption. This, in 
turn, leads to increased animal productivity, 
reduced feed costs, and improved economic 
indicators for farms.

After analysing a significant number of 
scientific works, M. Alghirani et al. (2021) state 
that it has been experimentally confirmed 
that phytobiotics such as cinnamon, cara-
way, oregano, clove, thyme, rosemary, sage, 
green tea, garlic, fenugreek, pepper, ginger, 
and others, due to their properties, contribute 
to improving feed consumption and nutrient 
absorption, which results in increased poultry 
productivity, improved carcass characteristics, 
and meat quality. The research by Yu.  Bal-
ji  et al.  (2024) confirms the positive impact 
of compound feed with extruded components 
and phytobiotics on the quail organism, while 
I.  Ibatullin et al.  (2022) demonstrate their ef-
fectiveness in increasing the productivity of 
meat-type quail.

One of the numerous groups of phytobiot-
ics is fennel. According to A. Ullah et al. (2024), 



Animal Science and Food Technology. 2025. Vol. 16, No. 2

12 The effectiveness of using fennel meal (Foeniculum vulgare)...

the seeds of this plant and its processed prod-
ucts have shown effectiveness in the pre-
vention and treatment of respiratory and  
gastrointestinal disorders due to their anti-
bacterial, antioxidant, and immunomodula-
tory properties, which contribute to improved 
poultry productivity and strengthened health. 
Including fennel in the poultry diet can reduce 
oxidative stress, enhance immune response, 
and improve the overall health of the birds. 
Most of the studies described in the current sci-
entific literature use fennel seeds or fennel oil 
as a feed additive in animal feeding. Previous 
research has demonstrated the positive effects 
of fennel oil and seeds on the productivity of 
meat-type quail. However, fennel cake  – the 
by-product of oil production  – remains less 
studied. The aim of this study was to evaluate 
how the inclusion of fennel seed cake in the 
diet of meat-type quail affects their growth and 
meat quality.

Materials and Methods
The scientific and production experiment was 
conducted in the spring of 2024 at the “Scham-
bachtal Alpakas” farm (Germany). For the 
scientific and production experiment to de-
termine the optimal share of fennel cake, 400 
one-day-old Pharaoh quail chicks were selected 
and divided into four analogous groups, with 
100 birds in each group. The first group was 
the control group, while the second, third, and 
fourth groups were experimental. The animals 
were kept in cages located in a facility with reg-
ulated microclimate parameters. The birds had 
24/7 access to water and feed. The control group 
quails were fed complete compound feeds for-
mulated based on standard recipes, while the 
feed for the third and fourth groups included 
fennel meal in the amounts indicated in Table 1.

The recipes of compound feeds consumed 
by meat-type quail during the scientific and 
economic experiment are presented in Table 2.

№ of group Purpose of group Feeding conditions

1 Control Complete feed (CF)

2 Experimental CF with fennel seed meal content of 5 g/kg (0.5%)

3 Experimental CF with fennel seed meal content of 10 g/kg (1.0%)

4 Experimental CF with fennel seed meal content of 15 g/kg (1.5%)

Source: developed by the authors

Table 1. Scheme of scientific and economic experiment

Table 2. Composition of complete feeds for feeding quail, %

Indicator

Age of quail 1-21 days Age of quail 22-42 days

Group

Control Experimental Control Experimental

1 2 3 4 1 2 3 4
Corn 47.41 47.80 48.20 48.40 59.20 59.31 59.61 60.00

Soybean meal 26.10 26.70 27.30 28.10 20.80 21.55 22.10 22.60
Sunflower meal 5.50 4.00 2.50 1.00 5.50 4.00 2.70 1.30

Fennel seed meal - 0.50 1.00 1.50 - 0.50 1.00 1.50
Soybean oil 1.55 2.40 2.50
Fish meal 5.00 4.00

Gluten meal 2.00 3.50
Blood meal 8.00 -
Table salt 0.30 0.50

Monocalcium phosphate 1.00 1.00
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To incorporate fennel seed meal into the 
composition of compound feeds for poultry, 
the proportion of sunflower meal and oil was 
reduced, while the amount of soybean meal 
was increased. The concentration of corn in 
the compound feeds also underwent minor 
changes. To adjust amino acid nutrition at the 
same level, the inclusion of necessary ami-
no acids was modified. At the same time, the 
content of nutrients and energy was carefully 
considered, keeping them at a consistent level. 
Thus, at the age of 1-21 days, the quail feed 
contained 28.0% crude protein, 6.5% crude 
fat, 3.5% crude fibre, 1.79% lysine, 1.01% me-
thionine with cystine, 1.15% threonine, 0.35% 
tryptophan, 1.0% calcium, 0.8% phosphorus, 
and 0.4% sodium, with an energy value of 12.5 
MJ per kg. Birds aged 22 days and older con-
sumed compound feed with an energy value of 
12.9 MJ and a crude protein content of 20.5%, 
crude fat – 7.3%, crude fibre – 3.4%, lysine – 
1.03%, methionine with cystine – 0.74%, thre-
onine – 0.77%, tryptophan – 0.21%, calcium – 
1.0%, phosphorus – 0.8%, and sodium – 0.5%. 

Thus, the nutritional value of the compound 
feeds for the main nutrients and energy was 
kept at the same level.

Every week, the quails were weighed, and 
the survival rate of the chicks and feed con-
sumption were monitored. At the age of 42 
days, a control slaughter of the birds was con-
ducted, for which 4 birds were selected from 
each group, with their weights being as close 
as possible to the average for the group. The 
maintenance and slaughter of the birds were 
carried out in accordance with the require-
ments of current legislation (European Con-
vention, 1986; Council Directive  1998/58/EU, 
1998; Council Directive  1999/74/EC, 1999; 
Council Directive  2010/63/EU, 2010; Law of 
Ukraine No. 3447-IV, 2006).

Results and Discussion
Body weight is the primary method for assess-
ing poultry productivity during meat produc-
tion. During the scientific and economic exper-
iment, these indicators were monitored weekly 
by weighing the quails (Table 3).

Table 3. Dynamics of body weight of the experimental quails, g

Source: developed by the authors

Indicator

Age of quail 1-21 days Age of quail 22-42 days
Group

Control Experimental Control Experimental
1 2 3 4 1 2 3 4

Crushed shell 1.00 1.00
L-Lysine 0.04 0.03 0.02 0.11 0.08 0.07

L-Threonine - 0.01 -
DL-Methionine 0.10 0.11 0.12 0.02 0.03

Premix 2.00 2.00

Table 2. Continued

Group
Age, days

1 7 14 21 28 35 42

1 Control 10.01±
0.053

39.98±
0.317

93.73±
0.482

148.73± 
2.278

202.03± 
2.546

241.07± 
3.142

283.25± 
4.454

2 Experimental 10.05±
0.057

40.34± 
0.304

94.55± 
0.601

151.69± 
1.923

205.08± 
2.680

245.10± 
3.498

287.80± 
4.487

3 Experimental 10.02±
0.058

40.58± 
0.321

95.51± 
0.594*

151.99± 
2.076

206.43± 
2.618

247.42± 
3.528

290.32± 
4.110
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At the beginning of the scientific and eco-
nomic experiment, the birds of the control and 
experimental groups were balanced by body 
weight, so the difference between the groups 
did not exceed 0.07 g or 0.7%. At the age of 7 
days, the quails of the 4th experimental group 
showed the greatest advantage over the control 
in live weight – by 0.79 g or 1.98%. The advan-
tage of the birds in the 3rd experimental group 
was somewhat smaller – 0.60  g or 1.50%. The 
quails of the 2nd experimental group differed 
least from the control, surpassing the control 
birds by 0.36 g or 0.90%. This difference was not 
statistically significant. Two weeks after the 
start of the scientific and economic experiment, 
the difference between the birds in the 3rd and 
4th experimental groups and the control was 
1.78 g or 1.90% and 2.23 g or 2.38%, respective-
ly, and was statistically significant. The advan-
tage of the birds in the 2nd experimental group 
at this age was 0.82 g or 0.87%.

Weighing of the quails at the age of 21 days 
showed the previously established trend. The 
leading body weight indicators were observed 
in the birds of the 4th experimental group, ex-
ceeding the control counterparts by 4.00  g or 
2.69%. The birds in the 3rd and 2nd experimen-
tal groups exceeded the control by 3.26  g and 
2.96  g, or 2.19% and 1.99%, respectively. The 
difference in body weight between the groups 
at this age was not statistically significant. At 
the end of the fourth week of rearing, the body 
weight of the birds in the 4th experimental 
group showed an advantage over the control 
by 5.95 g or 2.95%. The difference between the 
control and the birds in the 3rd experimental 
group was somewhat smaller – 4.40 g or 2.18% 

in favour of the experimental group. The birds 
in the 2nd experimental group surpassed the 
control counterparts in body weight by the least 
amount – by 3.05 g or 1.51%. As in the previous 
weighing, at the age of 28 days, the difference in 
body weight between the groups was not statis-
tically significant.

The penultimate control weighing showed 
no changes in the distribution of leading posi-
tions between the groups. The animals in the 
4th experimental group continued to demon-
strate the highest body weight, exceeding the 
control counterparts by 8.26  g or 3.43%. The 
birds in the 3rd experimental group surpassed 
the control by 6.35 g or 2.63%. The birds in the 
2nd experimental group differed least from the 
control during this period, surpassing the con-
trol by 4.03 g or 1.67%. No statistically signifi-
cant difference between the groups was found 
during this weighing. The final weighing of the 
birds, conducted at the age of 42 days, once 
again confirmed that the greatest advantage 
in body weight over the control animals was 
recorded in the birds of the 4th experimental 
group – by 9.75  g or 3.44%. The quails in the 
3rd experimental group also surpassed the con-
trol counterparts in this indicator by 7.07 g or 
2.50%. The quails in the 2nd experimental group 
had the smallest difference in body weight from 
the control animals – by 4.55 g or 1.61%. It is 
worth noting that there was no statistically sig-
nificant difference between the animals of the 
different groups.

Analysing the survival rate of the quails, it 
can be stated that there was no dependence be-
tween the proportion of fennel seed meal in the 
compound feeds and the mortality of the birds. 

Group
Age, days

1 7 14 21 28 35 42

4 Experimental 9.98± 0.050 40.77± 
0.318

96.96± 
0.574**

152.73± 
2.112

207.98± 
2.622

249.33± 
3.313

293.00± 
4.462

Table 3. Continued

Note: *P < 0.05, **P < 0.01 compared to the 1st control group
Source: developed by the authors
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During the entire scientific and economic ex-
periment, the losses of quails in the 1st control, 
3rd, and 4th experimental groups amounted to 
7 birds in each group, which is 7% in percent-
age terms. The mortality rate in the 2nd exper-
imental group was 8 birds, or 8%, which was 
1% higher than the control value. Analysing 
the feed consumption per unit of body weight 
gain in quails throughout the entire scientific 
and economic experiment, it can be noted that 
this indicator was the highest in the birds of 
the 1st control group and the lowest in the ani-
mals of the 4th experimental group. Therefore, 
the birds in the 4th experimental group had a 
disadvantage compared to the control group by 
125 mg/g or 3.30%. At the same time, the birds 
in the 3rd and 2nd experimental groups also had 
a disadvantage compared to the control ani-
mals by 69 mg or 1.82% and 47 mg or 1.24%, 
respectively.

Most often, quail are marketed to the fi-
nal consumer in the form of dressed carcasses. 
According to the research results, the weight 
of the dressed carcass of the birds in the 2nd 
experimental group was 2.8 g or 1.33% higher 
than the control indicator. The advantage of 

the birds in the 3rd experimental group over the 
control was 5.4 g or 2.57%. The quails in the 4th 
experimental group surpassed the control by 
7.4 g or 3.52% in the weight of the dressed car-
cass. The difference between the birds in the 4th 
experimental group and the control group for 
the weight of the dressed carcass was statisti-
cally significant. For an objective assessment of 
the slaughter qualities of the quails, a compar-
ison of the yield of semi-dressed and dressed 
carcasses was conducted (Table 4).

The yield of semi-dressed carcass in the 2nd 
and 3rd experimental groups was identical to 
the control indicator. In the birds of the 4th ex-
perimental group, the yield of the semi-dressed 
carcass was 0.1% higher than in the control 
counterparts. A similar difference was observed 
between the animals of the different groups for 
the weight of the dressed carcass. Specifically, 
the quails of the 2nd and 3rd experimental groups 
were equal to the control animals, while the 4th 
experimental group surpassed the control by 
0.1%. Changes in the feeding of quails had an 
impact on their growth, but it is important to 
know which tissues and organs contributed to 
the increase in body weight (Table 5).

Source: developed by the authors

Indicator

Group

Control Experimental

1 2 3 4
Yield of semi-dressed carcass 81.0±0.20 81.0±0.20 81.0±0.17 81.1±0.20

Yield of dressed carcass 73.8±0.25 73.8±0.23 73.8±0.25 73.9±0.25

Table 4. Slaughter qualities of quails, % of pre-slaughter weight

Table 5. Weight of edible parts, g

Indicator
Group

Control Experimental
1 2 3 4

Breast muscles 47.9±0.68 48.9±0.59 49.4±0.65 49.8±0.24
Leg muscles 29.4±0.27 30.1±0.32 30.3±0.34 30.4±0.37

Skin 17.9±0.28 18.1±0.17 18.2±0.38 18.3±0.24
Internal fat 2.2±0.11 2.3±0.09 2.3±0.08 2.3±0.09

Liver 6.8±0.09 6.8±0.08 6.9±0.10 6.9±0.04
Lungs 2.5±0.06 2.5±0.07 2.5±0.08 2.6±0.09

Kidneys 1.5±0.05 1.5±0.05 1.5±0.13 1.5±0.05
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The difference in the mass of breast mus-
cles between the control and experimental 
groups of quails was quite significant, though 
statistically not meaningful. The birds in the 
second experimental group had 1.0 g or 2.09% 
more breast muscle mass compared to the con-
trol group, the third experimental group had 
1.5 g or 3.13% more, and the fourth experimen-
tal group had 1.9  g or 3.97% more. The mass 
of the lower limb muscles in the birds of the 
second experimental group was 0.7 g or 2.38% 
higher than that of the control animals. The 
third experimental group had 0.9  g or 3.06% 
more, and the fourth experimental group had 
1.0 g or 3.40% more. The animals in the second 
experimental group had 0.2  g or 1.26% more 
skin mass than the control group. The third ex-
perimental group had a slightly greater advan-
tage, 0.3 g or 1.68%, over the control group. The 
largest difference was observed in the fourth 
experimental group, with a 0.4 g or 2.23% high-
er skin mass than the control animals.

Due to the mass of internal fat, quails in 
all experimental groups exceeded the control 
animals by 0.1  g or 4.55%. The liver mass of 
the quails in the second experimental group 
was identical to the control value. The animals 
in the third and fourth experimental groups  

exceeded the control animals by 0.1 g or 1.47%. 
The quails in the second and third experimen-
tal groups had equal lung mass to the control 
counterparts. However, the animals in the 
fourth experimental group exceeded the con-
trol animals in this indicator by 0.1 g or 4.00%. 
In terms of kidney mass, the quails in the ex-
perimental groups were equal to the control 
counterparts. The muscle stomach mass in the 
birds of the second experimental group was 
greater than that of the control group by 0.2 g 
or 3.85%. The quails in the third experimental 
group exceeded the control counterparts by 
0.3  g or 5.77%. The greatest and statistically 
significant advantage over the control was ob-
served in the animals of the fourth experimen-
tal group, which was 0.4 g or 7.69%. In the birds 
of the second experimental group, the heart 
mass was higher than the control value by 0.1 g 
or 4.55%. The quails in the third and fourth 
experimental groups exceeded the control ani-
mals in heart mass by 0.2 g or 9.09%. To simpli-
fy the evaluation of the changes that occurred 
upon the introduction of fennel meal into the 
compound feed, a calculation was made of the 
yield of edible body parts of the quails – the 
ratio of their mass to the mass of the dressed 
carcass (Table 6).

Indicator

Group

Control Experimental

1 2 3 4
Gizzard muscles 5.2±0.09 5.4±0.19 5.5±0.18 5.6±0.06*

Heart 2.2±0.05 2.3±0.11 2.4±0.13 2.4±0.12

Table 6. Yield of edible parts, % of the pre-slaughter body weight

Table 5. Continued

Source: developed by the authors

Indicator
Group

Control Experimental
1 2 3 4

Breast muscles 16.82±0.170 16.95±0.130 16.94±0.180 16.91±0.090

Leg muscles 10.35±0.060 10.44±0.050 10.37±0.120 10.33±0.150
Skin 6.30±0.110 6.27±0.090 6.24±0.110 6.23±0.090

Internal fat 0.78±0.040 0.78±0.030 0.78±0.030 0.79±0.030
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The leader among the experimental groups 
in terms of the yield of breast muscles was the 
quails of the second experimental group, ex-
ceeding the control animals by 0.13%. The ad-
vantage of the birds in the third experimental 
group over the control counterparts was slight-
ly lower, specifically 0.12%. The smallest differ-
ence from the control was observed in the an-
imals of the fourth experimental group, which 
exceeded the control value by 0.09%. In terms 
of the yield of lower limb muscles, quails in 
the second and third experimental groups sur-
passed the control animals by 0.09% and 0.02%, 
respectively, while the birds in the fourth ex-
perimental group were inferior to the controls 
by 0.02%. The skin yield in quails of the second, 
third, and fourth experimental groups was low-
er than the control by 0.03%, 0.06%.

In the quails of the second and third ex-
perimental groups, as well as the first control 
group, the yield of internal fat was the same. 
The animals in the fourth experimental group 
exceeded the control animals by 0.01% in this 
indicator. The liver yield in the quails of the 
second experimental group was 0.02% lower 
than the control. The animals in the third ex-
perimental group were inferior to the control 
counterparts by 0.03%, and the birds in the 
fourth experimental group by 0.04%. The birds 
in the second and third experimental groups, as 
well as the quails in the first control group, had 
the same lung yield. The animals in the fourth 
experimental group exceeded the control an-
imals by 0.01% in this indicator. The kidney 
yield in the birds of the experimental groups 

was the same and 0.01% lower than the control 
value. The advantage of the birds in the second 
experimental group over the control in terms of 
muscle stomach yield was 0.05%. The animals 
in the third experimental group exceeded the 
control counterparts by 0.06%, and the repre-
sentatives of the fourth experimental group 
by 0.08%. The animals in the third and fourth 
experimental groups exceeded the control in 
terms of heart yield by 0.02%, while the birds 
in the second experimental group were equal to 
the control in this indicator.

In the last two decades, phytogenic sub-
stances found in plants have become increas-
ingly popular as feed additives in poultry 
farming. In their review, M. Kumar et al. (2014) 
propose over 20 different feed additives with 
antimicrobial, anti-inflammatory, antioxidant, 
and immunostimulatory properties for use in 
animal feeding. N. Abdelli et al. (2021) add that 
the positive impact of phytobiotic feed addi-
tives on animal productivity can be explained 
by their ability to enhance feed efficiency by 
stimulating the production of digestive secre-
tions, improving nutrient absorption, as well 
as reducing pathogenic load in the intestine 
and decreasing the strain on the animals’ im-
mune system.

There is limited data in the available scien-
tific literature on the use of fennel meal in ani-
mal and poultry feeding. In studies by M. Hen-
da (2014) conducted on young Japanese quails, 
the effectiveness of including fennel meal at 
0.25 g, 0.50 g, or 0.75 g per 1 kg of compound 
feed was examined. The best feed conversion 

Source: developed by the authors

Table 6. Continued

Indicator
Group

Control Experimental
1 2 3 4

Liver 2.39±0.020 2.37±0.020 2.36±0.020 2.35±0.010
Lungs 0.87±0.020 0.87±0.020 0.87±0.020 0.88±0.030

Kidneys 0.52±0.020 0.51±0.020 0.51±0.040 0.51±0.020
Gizzard muscles 1.83±0.020 1.88±0.050 1.89±0.050 1.91±0.020

Heart 0.79±0.010 0.79±0.040 0.81±0.040 0.81±0.040
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and body weight gains were observed at a fennel 
meal dose of 0.5 g/kg, but other tested levels of 
the feed additive also contributed to improved 
poultry productivity and feed efficiency. Addi-
tionally, the study noted a slight increase in the 
yield of the heart, liver, and stomach. These re-
sults align with current research findings, which 
recorded increased productivity, feed consump-
tion, and yields of the stomach and heart. How-
ever, the liver yield, according to the exper-
iment described in this article, was reduced.

It is also worth considering the results 
of feeding Japanese quails aged 15-42 days 
with complete compound feeds containing 
5-15% papaya leaf meal, published by K. Am-
pode (2019). Positive changes in quail produc-
tivity and feed conversion were noted only at 
the 5% papaya leaf meal dose. At 10% of this 
feed additive, the productivity of the birds was 
equal to the control, but feed conversion was 
better than the control values. The inclusion 
of 15% papaya leaf meal in the compound feed 
was worse than the control data in both produc-
tivity and feed conversion.

Conflicting data were obtained from the 
use of ginger meal in broiler chick feeding. 
S. Ndams et al. (2024), when feeding chicks with 
0.1%, 0.2%, and 0.3% ginger meal in the com-
pound feed, noted a positive effect only at the 
0.2% dose. At this level of ginger meal in the 
feed, an increase in body weight gain, feed con-
sumption, and feed conversion was recorded. It 
is important to note that similar indicators in 
the birds consuming diets with 0.1% and 0.3% 
ginger meal were lower than the control.

Feeding broiler chicks with various doses 
of cashew nut meal in compound feeds showed 
that the addition of 2% positively affected chick 
growth, feed consumption, and feed conversion. 
H. Yusuf & M. Aliyu-Paiko (2020) claim that in-
creasing the proportion of cashew nut meal to 
4% negatively affected these indicators, as their 
levels worsened relative to the control.

Regarding the use of fennel, most of the 
conducted studies focus on the use of oil or 

ground seeds in poultry feeding. In particular, 
K. Premavalli & A. Omprakash (2020) conclud-
ed that the highest productivity in terms of 
body weight, feed conversion, and survival of 
young quails was achieved at a 1.5% fennel seed 
dose in the compound feed. At the same time, 
the inclusion of this feed additive at 0.5% and 
1.0% was also effective, but with lower results.

Slaughter quality of adult quails fed 2.0% 
fennel seed in the complete compound feed 
in the studies by N. Coşkun Çetin et al.  (2022) 
was significantly higher than the control val-
ues. Positive effects on the slaughter qualities 
of quails were also observed at 1.0% and 4.0% 
fennel seed concentrations in the feed mixture.

In previous studies by the authors of this 
paper, the inclusion of 0.1-0.3% fennel oil in the 
compound feed resulted in an increase in aver-
age daily weight gain by 0.34-0.46  g, or 5.22-
7.07% compared to the control, an increase in 
feed consumption by 2.41-4.49%, a decrease 
in feed conversion by 5.04-6.97%, and an im-
provement in the slaughter qualities of the 
birds. The best results were observed in quails 
whose compound feed contained 0.3% fen-
nel oil. Thus, the inclusion of fennel meal has 
a slight positive effect on the productivity of 
quails with a meat production focus. However, 
the addition of fennel oil or seeds has a greater 
impact on the productivity of these animals, as 
evidenced by the results of various studies.

Conclusions
The main biologically active compounds of 
fennel that have antimicrobial properties are 
found in its oil, the content of which in the meal 
is minimal. This is why the effect on productiv-
ity was minimal with the addition of a small 
amount of this phytobiotic. Based on the results 
of the experiment, it can be stated that the use 
of fennel seed meal in the feeding of meat-type 
quails aged up to 42 days, at a dose of 0.5-1.5% 
in complete compound feeds, positively affects 
the growth of these animals, their survival, and 
slaughter indicators.
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Among the tested doses of the specified feed 
additive, the highest growth rates were observed 
in the birds whose compound feed contained 
1.5%. The weighing results showed that the 
quails in this experimental group demonstrated 
the greatest growth dynamics. At 7 days of age, 
their weight exceeded the control by 1.98%, and 
by 42 days, this difference increased to 3.44%. 
At the same time, the quails in the second and 
third experimental groups also had higher body 
weight, but with a less pronounced trend. The 
animals in this group also demonstrated the 
best feed conversion rate. Lower concentra-
tions of fennel meal also had a positive effect 
on the animals’ productivity, but the difference 
compared to the control group was minimal.

The analysis of slaughter qualities of the 
quails indicates a positive effect of feeding with 
fennel meal on the final productivity of the 
birds. The highest carcass weight was recorded 
in the quails of the experimental group, whose 
compound feed contained 1.5% fennel meal. 

It is worth noting that in the birds of the ex-
perimental groups, an increase in the weight 
of the breast muscles, lower limb muscles, and 
the gizzard was observed. The highest indica-
tors for these criteria were also observed in the 
quails that consumed compound feed with 1.5% 
fennel meal. In the future, it will be relevant 
to study the optimal combination of different 
forms of fennel (oil, seeds, and meal) in the 
compound feeds of meat-type quails to achieve 
the best zootechnical indicators, product quali-
ty, and economic efficiency.
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Анотація. Насіння фенхелю вважається потужним фітобіотиком і може бути використане 
у годівлі молодняку птиці як альтернатива антибіотикам, які застосовують з метою 
покращення продуктивності птиці та профілактики низки захворювань шлунково-
кишкового тракту. Проведений науково-господарський дослід був присвячений дослідженню 
впливу згодовування шроту з насіння фенхелю на продуктивність та забійні якості перепелів 
м’ясного напряму продуктивності. За результатами експерименту серед досліджуваних доз 
шроту фенхелю, а саме 0,5  %, 1,0  % та 1,5  %, найвищої продуктивності досягла птиця, яка 
споживала повнораціонні комбікорми з вмістом 1,5 % вказаної кормової добавки. Перепели 
цієї групи перевищили контрольні показники за масою на 9,75 г або 3,44 %. За вмісту 1,0 % 
шроту фенхелю у складі комбікорму маса тіла птиці була на 7,07 г або 2,50  % вищою за 
контроль. Споживаючи комбікорми з вмістом 0,5  % шроту фенхелю, перепели переважали 
контрольний показник за масою тіла лише на 4,55 г або 1,61 %. Різниця між групами за масою 
тіла не була статистично значущою. За виходом тушки від контролю незначно відрізнялися, 
а саме переважали на 0,1 % лише перепели, що споживали з кормом 1,5 % шроту фенхелю. 
За виходом їстівних частин тушки привернула увагу тенденція до збільшення виходу м’язів 

https://www.researchgate.net/publication/342522399_Evaluation_of_cashew_nut_meal_as_phytobiotics_in_diet_of_broiler_chickens_and_effects_on_feed_efficiency_growth_performance_blood_metabolic_and_antioxidant_profiles
https://www.researchgate.net/publication/342522399_Evaluation_of_cashew_nut_meal_as_phytobiotics_in_diet_of_broiler_chickens_and_effects_on_feed_efficiency_growth_performance_blood_metabolic_and_antioxidant_profiles
https://www.researchgate.net/publication/342522399_Evaluation_of_cashew_nut_meal_as_phytobiotics_in_diet_of_broiler_chickens_and_effects_on_feed_efficiency_growth_performance_blood_metabolic_and_antioxidant_profiles
https://orcid.org/0009-0009-9059-5493
https://orcid.org/0000-0002-1973-1132
https://orcid.org/0000-0003-4820-809X
https://orcid.org/0000-0003-1483-2775


Animal Science and Food Technology. 2025. Vol. 16, No. 2

22 The effectiveness of using fennel meal (Foeniculum vulgare)...

грудей у птиці дослідних груп, а також підвищення виходу шлунку, яке було підтверджене 
статистичною значущістю різниці між контрольною групою перепелів та птицею, яка 
споживала 1,5 % шроту фенхелю. Таким чином, можна стверджувати, що згодовування до 1,5 % 
шроту фенхелю у складі повнораціонних комбікормів позитивно впливає на продуктивність 
перепелів м’ясного напряму продуктивності

Ключові слова: фітобіотики; продуктивність; м’ясне птахівництво; забійні якості; відходи 
олійноекстракційного виробництва
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Abstract. The Askaniy fine-wool breed of sheep is known for its high meat and wool productivity, 
as well as its adaptability to steppe conditions, making it a valuable subject for breeding research. 
This study aimed to investigate the relationship between maternal genotypic characteristics and 
key lamb productivity indicators to improve the efficiency of breeding programmes. The research 
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Introduction
The relevance of this study stems from the 
growing importance of livestock productivity 
in agriculture – particularly in sheep breeding, 
where traits such as growth rate, meat yield, 
and adaptive capacity are of key economic and 
practical significance. Breeding highly produc-
tive sheep breeds with enhanced growth and 
meat qualities is a strategic priority for meeting 
the demand for quality animal products, espe-
cially in steppe regions characterised by chal-
lenging climatic conditions. In this context, 
particular attention must be paid to the genet-
ic factors influencing productivity, with blood 
groups playing a prominent role as potential 
productivity markers.

Research into the relationship between 
genetic characteristics  – particularly phe-
nogroups defined by blood group systems – and 
animal productivity represents a promising 
area of investigation. Blood groups can serve 
not only as markers of performance traits but 
also as influencing factors in growth, devel-
opment, and both meat and wool productivity 
(Dossybayev et al., 2024). Previous studies have 
demonstrated that phenotypic and genotyp-
ic traits are instrumental in determining both  

productivity and adaptability in sheep. For in-
stance, I. Hladii (2022) focused on the biochem-
ical blood parameters of young sheep from 
different genotypes, revealing significant differ-
ences influenced by genetic factors such as me-
tabolism, resistance to environmental stress-
ors, and physiological development. These 
findings underscore the critical role of genetic 
variability in assessing productivity and its po-
tential for enhancing sheep breeding practices.

The applied value of such research is evi-
dent: the results can be directly implemented 
to improve breeding programmes and increase 
the economic efficiency of sheep production. 
This approach is further supported by S. Luho-
vyi et al. (2020), who emphasised the prospects 
of genomic selection methods in improving 
sheep production quality. Their work pro-
posed molecular-genetic approaches, includ-
ing the identification of productivity-associat-
ed markers for traits such as adaptability and 
disease resistance. These methods represent 
innovative solutions within the industry, pro-
moting more effective use of genetic resources 
in breeding efforts (Ruban & Danshin,  2023). 
The relevance of this research is further  

was conducted from 2022 to 2024 at the Educational, Scientific and Practical Centre of Mykolaiv 
National Agrarian University (Ukraine). The sample comprised 60 clinically healthy Askaniy fine-
wool ewes aged 2 to 5 years, all kept under uniform conditions, with minimal fertility variation and 
no hereditary pathologies. The most prevalent maternal genotype was A(-), associated with stable 
reproductive performance. The Ab genotype exhibited the highest milk yield and fertility, while 
Aa showed balanced characteristics. The Aab genotype was notable for high fertility and frequent 
multiple births. Lambs born to dams with the Ab genotype had the highest average birth weight 
(4.2 kg), daily weight gain (180 g), and weaning weight (18.2 kg). The lowest productivity indicators 
were observed in the A(-) group, although this group displayed strong adaptive traits. At seven 
months, lambs from Ab dams showed the highest slaughter weight (21.4 kg) and meat yield (53%), 
outperforming the Aa, A(-), and Aab groups. The maternal genotype also influenced fat content, 
bone ratio, and meat quality. These results confirmed that maternal genotype significantly affected 
lamb productivity, with the Ab genotype showing the greatest potential in terms of growth, milk 
production, and meat yield, highlighting its value for selective breeding programmes

Keywords: breeding; slaughter weight; fertility; milk production of sheep; Askaniy fine-wool breed
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confirmed by international studies. For exam-
ple, D. Karthik et al. (2021) examined the effects 
of different housing systems on the growth, 
productivity, and stress resistance of sheep. 
The study focused on physiological adaptation 
to environmental conditions, including tem-
perature stress and feed variability, demon-
strating the necessity of a comprehensive 
approach that integrates both genetic and en-
vironmental factors. Their findings reinforced 
the role of optimised management practices 
in enhancing the overall efficiency of sheep 
farming systems. Despite growing interest in 
this field, a key challenge remains the lack of 
sufficient data on the relationship between 
blood groups and sheep productivity, which 
limits the practical application of blood group 
systems in breeding. In addressing this gap, the 
study by E.  Mukhtarov  et al.  (2022) analysed 
the dynamics of several blood parameters in 
sheep – specifically haemoglobin, erythrocyte, 
and leukocyte levels – which serve as important 
biomarkers for assessing health and productiv-
ity potential. These findings emphasise the role 
of physiological and biochemical monitoring in 
understanding metabolic processes and opti-
mising husbandry conditions.

The study by F. Alshamiry et al. (2023) in-
vestigated the influence of various feeding re-
gimes on the growth and meat productivity of 
lambs. The authors focused on analysing the 
fatty acid composition of meat, which serves 
as a key indicator of nutritional value. Their 
findings demonstrated that modifications in 
diet significantly affect not only growth perfor-
mance but also the ratio of saturated to unsatu-
rated fatty acids, offering practical insights into 
improving meat quality in line with modern 
consumer demands. In the work of V.  Ioven-
ko et al.  (2021), a novel method was proposed 
for assessing and predicting meat productivity 
in sheep. This method integrates biological, 
genetic, and performance indicators, allowing 
the identification of potentially productive ani-
mals at early stages of development. Such a tool  

presents substantial value for enhancing selec-
tion processes within breeding programmes.

M.  Gill  et al.  (2021) explored polymor-
phisms in genes related to protein and lipid 
metabolism in modern Ukrainian cattle breeds. 
Their research demonstrated that certain ge-
netic markers may act as indicators of high 
productivity and environmental adaptability. 
This study contributed to the scientific dis-
course by highlighting the role of molecular ge-
netic research in elucidating key mechanisms 
of metabolic regulation in livestock. Further, 
Y. Gritsienko et al. (2022) established a correla-
tion between genetic markers and performance 
traits in dairy cattle breeds, underscoring the 
applicability of genetic indicators across various 
branches of animal husbandry. These findings 
can be adapted for use in meat-producing sheep 
breeds, reinforcing the potential of molecu-
lar genetic approaches in breeding strategies.

The purpose of the study was to determine 
the influence of maternal genetic characteris-
tics, specifically within the A blood group sys-
tem, on the productivity of lambs  – focusing 
on their growth, development, and meat per-
formance – in order to optimise breeding pro-
grammes and enhance the efficiency of select-
ing high-yielding sheep. Objectives of the study:

d to assess the influence of different ma-
ternal genotypes within the A blood group 
system on early lamb growth, particularly live 
weight gain and weaning weight;

d to investigate the relationship between 
maternal genetic characteristics and the meat 
productivity of lambs, specifically slaughter 
weight and meat yield;

d to determine statistical patterns in the 
influence of maternal phenogroups on the per-
formance traits of offspring for their potential 
use in future breeding strategies.

Materials and Methods
The study was conducted from 2022 to 2024 at 
the Educational, Scientific and Practical Cen-
tre of Mykolaiv National Agrarian University  
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(Ukraine). The object of the research was sheep 
of the Askaniy fine-wool breed, known for its 
high meat and wool productivity as well as its 
adaptability to the climatic conditions of steppe 
regions. These characteristics make it a valua-
ble breed for breeding and productivity studies. 
A sample of 60 clinically healthy ewes aged be-
tween 2 and 5 years was selected for the study. 
All animals were maintained under identical 
conditions in terms of housing, feeding, and 
care. The ewes were housed in rooms with a to-
tal area of 50 m², ensuring a minimum of 2 m² 
per animal. Environmental conditions were 
controlled, with a stable indoor temperature 
of 18-20°C and relative humidity maintained 
between 60-70%. The animals were grouped in 
flocks of 15, facilitating optimal social inter-
action. The feeding regime consisted of a bal-
anced diet including 1.5  kg of hay and 0.5  kg 
of concentrated feed per ewe per day, along 
with unrestricted access to fresh water. Mineral 
supplements were added to ensure a full spec-
trum of essential nutrients. The sample includ-
ed only ewes with minimal fertility (i.e. those 
having given birth to a single lamb), free from 
hereditary pathologies, and confirmed as be-
longing to the Askaniy fine-wool breed. Repre-
sentativeness was ensured by selecting animals 
from different breeding lines and families to 
minimise the risk of inbreeding. Ewes with ge-
netic abnormalities, chronic diseases, or those 
that did not meet the requirements of blood 
group testing were excluded from the sample.

To determine fertility and the frequency of 
multiple births, zootechnical records from the 
period 2020-2023 were used. Fertility was cal-
culated as the average number of lambs born 
per ewe per year. Each litter was recorded, not-
ing the number of viable lambs. The frequency 
of multiple births was calculated as the per-
centage of ewes that produced twins or triplets 
out of the total number of ewes that gave birth 
within each group. The data were averaged sep-
arately for each maternal genotype. Milk yield 
was assessed using an electronic lactograph 

(Waikato Milk Meter MK4, accuracy ±0.05  L). 
Measurements were carried out within the first 
seven days post-lambing, during which peak 
lactation occurs. Milk volume was automat-
ically recorded during each milking session 
(twice daily at 06:00 and 18:00). The average 
daily milk yield was calculated by averaging the 
results of all 14 milking sessions for each ewe 
individually.

The blood group of each ewe was deter-
mined via an agglutination reaction using 
standard isohemagglutinins. The analysis was 
performed with the “Vet Agglu Test” reagent kit 
(Germany). Blood samples were collected from 
the jugular vein using sterile vacuum tubes 
containing K3 EDTA anticoagulant (USA). Labo-
ratory tests were conducted using an Eppendorf 
5702 centrifuge (Germany) and a Leica DM750 
microscope (Switzerland). Agglutination reac-
tions were incubated in a Memmert IN55 ther-
mostat (Germany). Results were interpreted in 
accordance with the Ukrainian State Standard 
ISO 15189:2015 (2016).

The study included 158 lambs born to the 
sampled ewes. Lambs were divided into four 
groups based on the maternal phenogroup 
within the A blood group system: Group  1  – 
lambs from Aa phenogroup mothers; Group 2 – 
lambs from Ab phenogroup mothers; Group 3 – 
lambs from Aab phenogroup mothers; Group 
4 – lambs from A(-) phenogroup mothers. This 
grouping allowed for the evaluation of the in-
fluence of different maternal phenogroups 
on the growth and development of offspring. 
Three main indicators were used to assess lamb 
growth: birth weight – recorded within the first 
24 hours after birth; weekly live weight gains – 
measured from birth to three months of age; 
weaning weight  – recorded at three months 
of age, a critical stage in lamb development. 
Weight measurements were performed using 
electronic scales “Kern PCB 1000-2” (Germa-
ny), providing high precision with an accura-
cy of up to 0.01 kg. The scales were calibrated 
prior to each measurement to ensure accuracy.  
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Additionally, calibration was carried out at 
least once per month, or following equipment 
transportation, in accordance with the manu-
facturer’s instructions, to minimise potential 
errors and ensure the reliability of the results. 
All measurements were conducted in the morn-
ing, before feeding the animals, to eliminate 
the effect of digestive tract fill on body weight. 
The collected data were recorded in a measure-
ment log, from which the weekly live weight 
gains for each lamb were subsequently calcu-
lated. To evaluate meat productivity at seven 
months of age, 40 lambs (10 from each mater-
nal genotype group) were selected for slaugh-
ter. Prior to slaughter, the lambs were fasted 
for 24 hours, with free access to water, to en-
sure digestive tract emptying. After slaughter, 
slaughter weight was determined by weighing 
the paired carcass following removal of the in-
ternal organs.

For meat yield assessment, the carcasses 
were dissected to determine the mass of mus-
cle tissue, adipose tissue, and bone. The ra-
tio of these components was used to evaluate 
carcass quality and breeding efficiency. Meat 
quality was assessed through parameters in-
cluding moisture content, colour, and pH val-
ue. Moisture content was measured by drying a 
muscle tissue sample to constant weight using 
a “Memmert UF55” drying cabinet (Germany). 
Meat pH – an important indicator of freshness 
and stress – was measured using a “Testo 205” 
portable pH meter (Germany), designed for 
food applications. Measurements were tak-
en directly from the muscle tissue 45 minutes 
post-slaughter (pH45) and after 24 hours of 
chilling at +4°C (pH24). Meat colour was eval-
uated according to the international CIELAB 
standard (L*, a*, b*), allowing quantitative as-
sessment of lightness, redness, and yellowness. 
Measurements were conducted with a “Konica 
Minolta CM-700d” spectrophotometer (Japan), 
ensuring high accuracy and standardised re-
sults. All assessments were conducted in the 
enterprise’s laboratory in accordance with 

established protocols and standards for eval-
uating meat productivity, namely: DSTU ISO 
2917:2001 (2003), DSTU ISO 1442:2005 (2008), 
DSTU 4673:2006  (2011). All results were en-
tered into an electronic database for subse-
quent analysis and intergroup comparison. The 
study was conducted in accordance with inter-
national standards on the humane treatment 
of animals, including the European Convention 
for the Protection of Vertebrate Animals Used 
for Experimental and Other Scientific Purposes 
(1986), and the Law of Ukraine No. 3447-IV “On 
the Protection of Animals from Cruelty” (2006). 
All data were processed using “Statistica 12.0” 
software (StatSoft, USA). Intergroup compar-
isons of mean values were performed using 
Student’s t-test (significance level p ≤ 0.05), and 
correlations were assessed using Pearson’s cor-
relation coefficient. Ninety-five percent confi-
dence intervals were calculated for all key indi-
cators. All measurements were repeated three 
times to minimise experimental error.

Results
As a result of examining the genotypic structure 
of 60 Ascanian fine-wool ewes based on the A 
blood group system, four primary phenogroups 
were identified: Aa, Ab, Aab, and A(-). The dis-
tribution of these phenogroups was uneven, in-
dicating a degree of genetic diversity within the 
studied population. The most prevalent group 
was A(-), accounting for 54% of the total, while 
the Ab group was the least represented, com-
prising only 8% (Fig. 1).

Figure 1. Distribution of ewes by genotype, %
Source: created by the authors
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This disparity highlights the genetic di-
versity within the population and suggests 
a potential selective advantage of certain  

genotypes under specific management condi-
tions. Detailed quantitative performance indi-
cators for each group are presented in Table 1.

Genotype Number  
of ewes (n)

Average fertility 
(lambs/ewe)

Milk yield  
(l/day)

Average weight gain 
of lambs (g/day)

Multiple pregnancy 
rate (%)

Aa 14 1.1 ± 0.2 1.2 ± 0.3 180 ± 20 5

Ab 5 1.8 ± 0.4 2.5 ± 0.5 250 ± 30 25

Aab 9 2.5 ± 0.6 0.9 ± 0.2 150 ± 25 65

A(-) 32 1 ± 0.3 0.8 ± 0.1 160 ± 15 8

Table 1. Performance indicators of the studied groups

Source: created by the authors

Ewes of the Aa genotype accounted for 23% 
of the studied sample. The average fertility in 
this group was 1.1  ±  0.2 lambs per ewe, with 
95% of lambs being singletons. A milk yield of 
1.2 ± 0.3 litres/day ensured a stable daily weight 
gain of lambs (180 ± 20 g), corresponding to the 
average indicators of the breed. Despite its small 
proportion (8%), the Ab group exhibited extreme 
performance indicators. The highest milk yield 
was recorded at 2.5 ± 0.5 litres/day (108% higher 
than in A(-)), which correlated with the highest 
weight gain of lambs (250 ± 30 g/day). Fertility 
(1.8 ± 0.4 lambs per ewe) exceeded the average 
population level by 64%, and the frequency of 
multiple births was 25% (mostly twins). These 
results suggest that the Ab genotype may be 
key for selection aimed at improving milk 
production, although its low prevalence war-
rants further analysis of its genetic potential.

The Aab group demonstrated a combina-
tion of characteristics: the highest frequency 
of multiple births – 65% (mostly twins and tri-
plets), with an average fertility of 2.5 ± 0.6 lambs 
per ewe. However, milk yield was the lowest 
(0.9 ± 0.2 litres/day), which limited lamb weight 
gain (150 ± 25 g/day). This makes Aab valuable 
for regions with unstable climatic conditions, 
where offspring survival is a priority. The prev-
alence of the A(-) genotype (54%) is justified 
by its versatility. Stable fertility (1.0 ± 0.3 lambs 
per ewe) and a low frequency of multiple births 
(8%) ensured predictable litter sizes. Milk yield 

(0.8 ± 0.1 litres/day) was the lowest among the 
groups. Lamb weight gain (160 ± 15  g/day) re-
mained stable even under stressful conditions, 
making this group optimal for farms with lim-
ited resources. These data underscore that each 
genotype possesses unique advantages that can 
be utilised for targeted breeding, depending on 
farm priorities (e.g., maximising flock size vs 
improving product quality). The results show 
that the most common genotype in the studied 
population of ewes is A(-), which may reflect its 
advantages in terms of the productivity of the 
Ascanian fine-wool breed. At the same time, 
each group exhibits specific characteristics that 
define the individual productivity and fertility 
traits of the animals.

The influence of maternal genotype on 
lamb growth is a key indicator of productivi-
ty and selection efficiency in sheep breeding. 
The assessment of live weight gain was car-
ried out during the first three months of the 
lambs’ lives – a critical developmental period 
during which the main parameters of physio-
logical condition and viability are established. 
The average birth weight of lambs is a crucial 
determinant of their subsequent development 
and survival. It largely depends on the maternal 
genotype, which influences intrauterine devel-
opment, metabolism, and postnatal lactation 
performance. The study analysed four genet-
ic groups of dams. Dams in the Ab group gave 
birth to 48 lambs, with an average birth weight 
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average weight compared to groups Ab and Aa 
may be attributed to the lower milk yield of the 
dams and possibly a higher frequency of multi-
ple births (twins or triplets). The lowest average 
birth weight was observed in lambs from the 
A(-) group, which included 51 lambs with an 
average weight of 3.6 kg (Table 2). This may re-
flect a reduced nutrient supply during gestation 
and comparatively lower lactation performance 
of dams in this group.

of 4.2  kg. This was the highest value among 
all groups, indicating favourable intrauterine 
conditions and a high level of maternal milk 
production following lambing. Dams in the Aa 
group gave birth to 25 lambs with an average 
weight of 4.0  kg. Although slightly lower, this 
figure remained high and ensured good neo-
natal viability. Lambs born to dams of the Aab 
group had an average weight of 3.8  kg, with 
a total of 34 lambs in this group. The lower  

Indicator Group Ab (n = 27) Group Aa (n = 15) Group Aab (n = 18) Group A(-) (n = 32)

Number of lambs 48 25 34 51
Average birth weight, kg 4.2 4 3.8 3.6

Average daily gain, g 180 160 155 150
Weight at weaning, kg 18.2 16.8 16 15.6

Table 2. Influence of maternal genotype on lamb growth

Note: all indicators were statistically significant (p < 0.05)
Source: created by the authors

The results obtained indicate that the gen-
otype of the mothers plays an important role 
in determining the birth weight of lambs. The 
highest values observed in the Ab group corre-
late with elevated lactation levels and overall 
maternal productivity. Conversely, the low-
est figures recorded in lambs from group A(-) 
mothers may be associated with certain energy 
limitations during gestation, which likely influ-
enced foetal development. Therefore, selection 
aimed at increasing birth weight should take 
into account not only direct genetic factors, but 
also the physiological status of the mothers, 
their milk yield, and the level of nutrient provi-
sion during pregnancy.

Weekly live weight gains were highest 
among lambs born to mothers of the Ab group, 
with an average daily gain of 180 g. This reflects 
superior lactation performance in the mothers 
and optimal conditions for lamb development. 
Lambs from group Aa mothers demonstrated a 
slightly lower gain of 160 g per day, which may 
be attributed to moderate maternal milk yield – 
sufficient for stable, though slightly less inten-
sive, growth. Lambs from Aab group mothers 

recorded a daily live weight gain of 155 g, lag-
ging behind the Ab group, likely due to reduced 
lactation levels, especially in cases of twin or 
triplet births where competition among lambs 
for resources is higher. The lowest weight gains 
were observed in lambs from group A(-) moth-
ers, at 150 g per day. All recorded growth rates 
were statistically significant (p < 0.05), indicat-
ing a direct effect of maternal genotype on off-
spring growth. Weaning weight at three months 
of age also varied depending on maternal gen-
otype. Lambs from Ab group mothers achieved 
the highest weaning weight at 18.2 kg, reflect-
ing the substantial influence of this genotype 
on rearing efficiency. Lambs from Aa group 
mothers had a slightly lower weaning weight 
of 16.8  kg, which nonetheless remained with-
in the breed’s standard range, indicating sta-
ble growth. The average weaning weight in the 
Aab group was 16.0 kg, lower than that of the 
Ab and Aa groups. The lowest weaning weights 
were found in lambs from group A(-) mothers, 
averaging 15.6 kg. Analysis of the data confirms 
that maternal genotype significantly affects 
lamb growth and development. Dams with the 
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Ab genotype provided the most favourable con-
ditions for offspring growth, as reflected in the 
highest live weight gains and weaning weights. 
At the age of seven months, 40 lambs (10 from 
each group) were selected for the assessment 
of meat productivity. The results demonstrated 
that the slaughter weight of lambs was influ-
enced by the genotype of their mothers, which 
strongly correlated with the average birth 
weight of the lambs and intrauterine develop-
ment conditions. The highest slaughter weight 
was recorded in lambs from mothers of the Ab 
group, with an average of 21.4  kg. This result 
aligns with the highest average birth weight in 
this group (4.2 kg) and the superior milk yield 
of the mothers, which provided optimal condi-
tions for offspring growth and development.

Lambs born to mothers of the Aa group ex-
hibited an average slaughter weight of 20.1 kg. 
Although slightly lower than the Ab group, this 
value reflects balanced maternal milk yield and 
the lambs’ capacity to accumulate muscle mass 
effectively. The relatively high average birth 
weight of 4.0 kg in this group also provided fa-
vourable initial conditions for subsequent de-
velopment. The lowest average slaughter weight 
was observed in lambs from mothers of the Aab 
group, amounting to 19.3 kg. This outcome may 
be attributed to the group’s lower average birth 
weight (3.8 kg) and a higher incidence of mul-
tiple births, which likely resulted in increased 
competition for milk during the early postna-
tal period. Reduced maternal milk yield further 
contributed to the decrease in slaughter weight 
within this group. Lambs from mothers in the 
A(-) group had an average slaughter weight 
of 19.8 kg – lower than that of the Ab and Aa 
groups but slightly higher than that of the Aab 
group. These results are consistent with the 
lowest birth weight observed in the A(-) group 
(3.6 kg), suggesting limited energy availability 
during gestation. Nevertheless, the stable fer-
tility and resilience of the ewes in this group 
helped maintain conditions conducive to lamb 
development. The results obtained confirm that 

the genotype of the mothers has a direct influ-
ence on the meat productivity of lambs. The Ab 
genotype is associated with the most favour-
able slaughter characteristics, including high 
carcass yield and superior meat quality. Mean-
while, the Aa and A(-) groups demonstrated 
satisfactory results, making them suitable for 
use in farms with varying management condi-
tions and production objectives.

Carcass quality, as determined by the ratio 
of meat, fat, and bone, varied significantly de-
pending on maternal genotype. Lambs born to 
Ab group mothers exhibited the highest meat 
yield – 53% of slaughter weight – highlighting 
the superior muscle development promoted by 
this genotype, which is a critical factor in meat 
productivity. Lambs from Aa mothers showed a 
slightly lower meat yield of 51%, though still at 
a commendable level. The Aab group lambs had 
the lowest meat yield at 49%, likely influenced 
by the genotype’s tendency for multiple births 
and lower milk production, which may affect 
muscle development. In contrast, lambs from 
A(-) mothers had a meat yield of 50%, outper-
forming the Aab group but falling short of Ab 
and Aa results. In terms of fat yield, the highest 
value was recorded in lambs from Aa mothers – 
26%. This was followed by the Ab group at 24%, 
the A(-) group at 23%, and the Aab group at 
22%, indicating a moderate but consistent var-
iation in adipose tissue accumulation depend-
ing on maternal genotype. The bone yield re-
mained relatively consistent across all groups, 
ranging from 23% to 25% of slaughter weight, 
suggesting that bone development was less af-
fected by genetic factors in comparison to mus-
cle and fat deposition.

An analysis of the ratios of meat, fat, and 
bone following carcass dismemberment con-
firmed that lambs born to Ab group mothers 
exhibited the highest meat productivity. The 
ratio of meat to fat and bone in this group was 
the most favourable among all those studied, 
indicating superior carcass quality. In Aa group 
lambs, the ratio was slightly less advantageous 
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due to a higher fat content, which somewhat 
reduced the proportion of lean meat. The Aab 
group showed the lowest meat-to-fat-and-bone 
ratio, primarily due to a reduced proportion of 
muscle tissue and a comparatively higher pro-
portion of bone mass. Lambs of the A(-) group 
demonstrated a meat-to-fat-and-bone ratio 
exceeding that of Aab, but still lower than in 
the Ab and Aa groups, suggesting a moderate 
but noteworthy meat productivity potential. 
The quality of lamb meat, influenced by the 
maternal genotype, was assessed through pa-
rameters such as moisture content, pH, and 
colour. Lambs from Ab group mothers had the 
lowest moisture content (74.3%), which is a de-
sirable trait, indicating better meat quality and 
reduced water loss during heat treatment. Aa 
group lambs had a moisture content of 76.1%, 
while Aab lambs showed the highest value at 

77.4%, which may negatively affect texture and 
shelf-life. Lambs from A(-) group mothers had 
a moisture content of 75.5%, placing them be-
tween the Aa and Ab groups, and lower than 
Aab (Table  3). The pH values, which serve as 
indicators of meat freshness and post-mortem 
biochemical changes, also varied. The Ab group 
had the lowest pH (5.6), associated with opti-
mal meat quality and good preservation char-
acteristics. The Aa group had a pH of 5.8, the 
Aab group registered the highest at 6.0, while 
the A(-) group had a pH of 5.7, comparable to 
Ab. These findings suggest that lamb meat 
from A(-) group mothers, despite their lower 
productivity, possessed better organoleptic 
qualities than that from Aab group mothers. 
This highlights the importance of consider-
ing both quantitative and qualitative traits in 
breeding programmes.

Source: created by the authors

Indicator Group Ab Group Aa Group Aab Group A(-)

Average birth weight (kg) 4.2 4 3.8 3.6
Average slaughter weight (kg) 21.4 20.1 19.3 19.8

Meat yield (% of slaughter weight) 53 51 49 50
Fat yield (% of slaughter weight) 24 26 22 23

Bone yield (% of slaughter weight) 23 23 25 24
Meat moisture (%) 74.3 76.1 77.4 75.5

Meat pH 5.6 5.8 6 5.7

Table 3. Indicators of lamb meat productivity according to maternal genotype

The colour of the meat also varied between 
groups. Analysis based on the CIELAB stand-
ard (L*, a*, b*) showed that lambs from group 
Ab had meat with the most intense red colour 
(a* = 13.5). In lambs from group Aa, this indica-
tor was 12.8; in group Aab – 12.1; and in group 
A(-) – 13.0. These results suggest that the meat 
from group A(-) lambs had a better visual ap-
pearance than that of group Aab, and was 
comparable in quality to that of group Ab. The 
most favourable indicators were consistently 
observed in lambs from Ab dams, confirming 
their potential for use in breeding programmes 
aimed at enhancing meat productivity. Lambs 

from A(-) dams demonstrated results that 
may be considered competitive, particularly 
with regard to their meat-to-fat ratio, as well 
as moisture and pH characteristics. Groups Aa 
and Aab may require further optimisation of 
housing and feeding conditions to achieve im-
proved performance.

Discussion
Comparison of the results with previous stud-
ies allows for a comprehensive assessment of 
the importance of maternal genotype for lamb 
growth and meat production within the con-
text of existing scientific literature. N.  Bobo-
kulov  et al.  (2021) established that maternal 
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genotype is a key factor influencing live weight 
gain and meat quality in lambs. Their study 
demonstrated a significant impact on average 
birth weight, daily weight gain, and weaning 
weight. The findings of the present study sup-
port these conclusions, particularly in showing 
that lambs born to dams of the Ab genotype 
exhibited the most favourable growth rates, 
which aligns with the positive influence of 
specific genotypes on offspring development 
noted by N. Bobokulov et al.  (2021). Other re-
searchers have also highlighted the combined 
role of genetic and nutritional factors in sus-
tainable lamb production. E.  Ponnampalam  et 
al.  (2020) observed that high maternal lacta-
tion levels contribute significantly to improved 
lamb weight gain. This study confirms that ob-
servation, as lambs from Ab dams exhibited the 
highest average daily gains, reflecting the influ-
ence of increased milk yield. Furthermore, this 
study shows that the maternal genotype has a 
substantial effect on meat performance: lambs 
of the Ab group displayed superior slaughter 
weights and meat quality, further affirming 
the role of genetic factors in meat production 
outcomes. These results are consistent with 
the findings of N. Luthfi et al.  (2022), who ex-
amined the impact of feeding levels on growth 
and meat quality – research that complements 
genetic studies by underscoring environmental 
contributions.

J. Orzuna-Orzuna et al. (2021) similarly em-
phasised that both genetic and environmental 
variables significantly affect lamb growth and 
meat characteristics, findings that correspond 
closely with the results of this study, particu-
larly the performance advantages seen in lambs 
of the Ab genotype. The study by P.  Stapay  et 
al. (2023), which explored the biological deter-
minants of sheep meat productivity, also con-
firms the genetic influence on slaughter weight 
and meat yield. These conclusions are mirrored 
in the current findings, where maternal geno-
type – especially Ab – proved decisive in meat 
performance indicators. Finally, the article by 

S.  Prache  et al.  (2022) identified genetics and 
environmental conditions as the principal de-
terminants of meat productivity, particularly 
in relation to fat content and muscle develop-
ment. The results of this study reinforce those 
findings, as the genotype of the dams signifi-
cantly influenced lamb weight and meat qual-
ity traits such as fat and muscle yield. The Ab 
group again demonstrated the most favourable 
outcomes, supporting the conclusions drawn in 
the aforementioned research.

In the study conducted by S.  Gallo  et 
al. (2019), the effects of various methods of fin-
ishing lambs on performance and meat quality 
were examined. It was established that feeding 
systems and housing conditions can significant-
ly influence meat characteristics. However, the 
results also demonstrated that the genotype of 
the dams plays an equally important role in en-
suring optimal growth performance and meat 
quality in lambs – particularly in terms of high-
er live weight gain and superior meat traits ob-
served in lambs from dams of the Ab group. This 
confirms that while feeding systems are crucial, 
genetic factors may exert an even greater in-
fluence on sheep productivity (Daribayeva  et 
al., 2025). In the work of T. Al-Thuwaini (2021), 
a comprehensive analysis of haematological 
parameters associated with adaptation and re-
production in sheep was conducted. The author 
concluded that the general health and physio-
logical adaptation of sheep directly affect their 
performance. Although these factors were not 
directly examined in the present study, it is 
noteworthy that the health status and lacta-
tional capacity of the dams significantly influ-
enced lamb growth outcomes. The high milk 
yield of Ab group dams could be indicative of 
an optimal physiological state, thereby reaf-
firming the role of maternal health in achiev-
ing high levels of meat productivity (Mukano-
va et al., 2024). A. Moloney & M. McGee (2023) 
explored the factors influencing the growth 
of beef animals, including genetics, housing, 
and feeding systems. They emphasised the  
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interaction of these elements in attaining op-
timal growth and development rates. The find-
ings of the present study support this integrat-
ed approach, demonstrating that the genotype 
of the dams is critical for achieving optimal 
growth and meat production outcomes – par-
ticularly evident in the superior performance of 
lambs from Ab dams across all major parame-
ters. M. Redoy et al. (2020) investigated the ef-
fects of herbal supplements on growth, immu-
nity, and meat quality in sheep. They found that 
such supplements positively impact animal 
health and productivity. Although the present 
study did not involve the use of dietary supple-
ments, it is evident that the genetic makeup of 
the dams had a comparable influence, particu-
larly in maintaining high productivity levels 
among lambs. This reinforces the importance of 
genetic factors, which can have an equivalent 
effect on performance as certain nutritional in-
terventions (Sansyzbayeva et al., 2024).

According to M.  Benoit  et al.  (2019), eco-
nomic and environmental optimisation in live-
stock production does not always align with the 
requirements of the meat industry. However, the 
current study demonstrated that the use of Ab 
group dams led to high meat yield and lamb pro-
ductivity, which can simultaneously fulfil both 
economic and environmental objectives. This 
highlights the potential of integrating genetic 
selection strategies into intensive sheep farming 
systems (Verzhykhovsky & Nedosekov,  2024). 
Finally, the study by D.  Cardoso  et al.  (2021) 
underscored the significance of nutrition in in-
fluencing live weight gain and carcass quality in 
lambs. The present findings complement this by 
illustrating the crucial role of dam genotype as 
an additional determinant. Lambs from Ab dams 
recorded the highest live weight gains, suggest-
ing a synergistic relationship between nutrition 
and genetics in optimising lamb performance.

The current study confirms that maternal 
genotype exerts a significant influence on lamb 
performance. J. Galaviz-Rodríguez et al. (2014) 
indicated that lamb productivity is shaped not 

only by genotype but also by production sys-
tems. While this study primarily focused on ma-
ternal genotype, the results from the Aab group 
suggest that performance is also dependent on 
external factors, thereby validating the need to 
integrate management conditions into breed-
ing strategies. Specifically, the recommenda-
tion to improve housing and feeding conditions 
for dams of the Aab genotype is in line with 
J.  Galaviz-Rodríguez  et al.  (2014) findings on 
the importance of aligning management sys-
tems with genotype-specific requirements.

The study by J. Issakowicz et al. (2018) con-
firmed the effectiveness of crossbreeding in 
improving productivity. Although crossbreed-
ing was not the focus of the present research, 
the findings regarding the breeding potential 
of the Ab genotype align with J.  Issakowicz  et 
al.  (2018) premise that selecting optimal gen-
otypes contributes to enhanced productivity. 
The high indicators of milk yield, birth weight, 
and slaughter weight observed in lambs born to 
Ab dams suggest that further selection based 
on this genotype may ensure a sustainable 
increase in productive traits. Early feeding in-
tervention was explored in the study by Y. Pak-
soy et al. (2024), where the authors emphasised 
the role of early nutritional strategies in pro-
moting lamb growth. Although the present 
study focused more specifically on maternal 
genotype, the findings indicate that optimising 
feeding for genotypes with moderate productiv-
ity levels – such as Aa and Aab – could enhance 
outcomes. In particular, the physiological con-
dition of dams in these groups points to the 
need for targeted nutritional adjustments to 
increase their lactation potential. Overall, the 
findings of this study reaffirm the crucial role 
of genetic potential in improving sheep pro-
ductivity, as supported by the cited literature. 
The Ab genotype emerges as the most promis-
ing for breeding programmes due to its consist-
ent milk yield and high fertility, whereas other 
genotypes may yield improved outcomes under 
enhanced housing and feeding conditions.
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Conclusions
The study of the genotypic structure of moth-
ers according to the A blood group system re-
vealed considerable diversity within the pop-
ulation of the Ascanian fine-wool breed. The 
most prevalent genotype was A(-), noted for its 
high adaptability and stable reproductive func-
tion. The Ab genotype exhibited the best indi-
cators in terms of milk yield and fertility; the 
Aa group was characterised by balanced fertili-
ty, adaptability, and milk production, while the 
Aab genotype was marked by high fertility and 
frequent multiple births. The maternal geno-
type significantly influenced lamb birth weight, 
growth rates, daily live weight gains, and wean-
ing weight. The highest productivity indicators 
were observed in lambs born to mothers of the 
Ab group, which achieved the greatest birth 
weight (4.2 kg), highest daily gain (180 g), and 
maximum weaning weight (18.2 kg). These find-
ings reflect the strong lactation potential and 
favourable physiological status of dams in this 
group. Lambs from Aa and Aab dams showed 
slightly lower indicators, likely due to moderate 
lactation capacity and the prevalence of multi-
ple births, respectively. In the A(-) group, lambs 
exhibited the lowest growth rates, although the 
resilience and adaptability of these dams may 
partially compensate for these limitations.

The evaluation of maternal genotype ef-
fects on meat productivity in lambs at seven 
months of age demonstrated a clear depend-
ence on genotype group. The highest slaughter 
weight (21.4  kg) was recorded in lambs from 
Ab dams, aligning with their superior birth 
weight and maternal milk yield. Lambs from 
the Aa group (20.1  kg) also performed well, 
albeit below that of Ab. Groups A(-) (19.8 kg) 
and Aab (19.3 kg) yielded lower results, likely 

due to reduced birth weight, frequent multiple 
births, and constrained intrauterine develop-
ment. Maternal genotype also affected meat, 
fat, and bone yields. The highest meat yield 
(53%) was observed in group Ab, supporting 
the notion of optimal muscle development. 
Group Aa followed with 51%, while groups 
A(-) and Aab showed 50% and 49%, respec-
tively. The highest fat yield was noted in group 
Aa (26%), while the lowest was in group Aab 
(22%), indicating a greater fat accumulation 
capacity in group Aa. Overall, maternal gen-
otype is a critical factor in determining lamb 
meat productivity. The Ab genotype emerges 
as the most promising for breeding purposes, 
whereas the Aa and A(-) genotypes produce fa-
vourable results under well-managed rearing 
conditions. The Aab genotype would benefit 
from improved husbandry practices to enhance 
productivity outcomes. A limitation of this 
study lies in the absence of long-term observa-
tions on how maternal genotype influences the 
subsequent productivity of lambs under varied 
rearing and feeding conditions. Furthermore, 
the study does not address the potential influ-
ence of epigenetic factors that may modulate 
the expression of genetic traits in future gen-
erations. Further research could incorporate 
environmental management systems and early 
interventions to optimise the productivity of 
different genotypes.
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її перспективним об’єктом для селекційних досліджень. Метою роботи було встановлення 
залежності між генотиповими характеристиками матерів і основними показниками 
продуктивності ягнят для підвищення ефективності селекційної роботи. Дослідження 
проводилося впродовж 2022-2024 років на базі Навчально-науково-практичного центру 
Миколаївського національного аграрного університету (Україна). До вибірки включали 60 
клінічно здорових маток овець асканійської тонкорунної породи віком від 2 до 5 років, які 
утримувалися в однакових умовах, з мінімальною плодючістю та відсутністю спадкових 
патологій. Виявлено, що найпоширенішим генотипом серед маток був A(-), який забезпечував 
стабільну репродуктивну функцію, тоді як генотип Ab продемонстрував найкращі результати 
молочності та плодючості. Генотип Aa мав збалансовані характеристики, а Aab вирізнявся 
високою плодючістю з багатоплідними окотами. Ягнята від маток групи Ab мали найвищу 
середню масу при народженні (4,2 кг), максимальний щоденний приріст (180 г) і найвищу 
масу при відлученні (18,2 кг). Найнижчі показники спостерігалися у групи A(-), проте ця 
група демонструвала високі адаптивні властивості. Дослідження м’ясної продуктивності 
в семимісячному віці показало, що ягнята від маток групи Ab мали найвищу забійну масу 
(21,4 кг) і максимальний вихід м’яса (53 %), тоді як групи Aa, A(-) та Aab поступалися цими 
показниками. Генотип матерів впливав також на вміст жиру, кісток і якість м’яса. Висновки 
підтвердили, що генотип матерів значною мірою визначає продуктивність ягнят, причому 
найвищі показники зростання, молочності та м’ясної продуктивності продемонстрував 
генотип Ab, що підтверджує його перспективність для селекційної роботи

Ключові слова: селекція; забійна маса; плодючість; молочність овець; асканійська 
тонкорунна порода
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Abstract. Thermal and mechanical effects commonly pose challenges during the heat and mass 
transfer treatment of seed products. Consequently, drying methods utilising a vibratory fluidised 
bed, which minimise these effects on plant-based products, remain relevant. This study aimed 
to enhance the driving force and, consequently, the efficiency of the dehumidification process 
for thermolabile plant raw materials by employing vibro-mechanical activation of seed material 
movement, increasing electro-osmotic pressure to improve moisture diffusion conditions, and 
achieving disinfection during processing. The research methodology included experimental 
investigations conducted using a vibratory bed system with an ozone-air drying agent. The study 
examined the influence of vibration frequency, ozone concentration, and temperature regime 
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Introduction
In modern drying technologies, vibration meth-
ods of technological impact on plant raw mate-
rials are becoming increasingly in demand in 
the processes of food and processing industries 
due to factors such as increased equipment 
productivity, shortened production cycles, and 
improved product quality; intensification of 
heat and mass transfer processes. W. Zhang et 
al. (2021) proved the feasibility of such techno-
logical measures in the processes of dehumidi-
fication and drying of seed and fruit-vegetable 
material. When creating low-frequency vibra-
tions in a bulk mass of the product, the adhesion 
between the particles of the technological load 
weakens, which leads to the emergence of a flu-
idisation state in the system. In the research of 
I. Palamarchuk et al. (2023), it was proved that 
such a state of the processed medium contrib-
utes to the effective mixing of the mass due to 
an increase in the contact interaction area. At 
the same time, this allows for a reduction in the 
cost of bubbling the heat carrier through the 
material flow, since the magnitude of internal 
friction decreases.

An interesting aspect is the development of 
combined physical-mechanical and vibrational 
methods for moisture removal from raw materi-
als in the food and processing industries. In the 
scientific studies of М. Mohamed et al.  (2021), 
the main characteristics of vibrational elec-
tro-osmotic dehumidification of pectin-rich 
food raw materials, particularly beet pulp, were 
investigated. The authors proved that it is pos-
sible to increase the driving force of the dehu-
midification process by applying centrifugation 
with rotor rotation, superimposing lowfrequen-
cy vibrations on the working container, creating 
an electro-osmotic effect under conditions of 
one-sided diffusion, and filtering the medium 
through perforations in the rotor.

Research by M. Capece & J. Larson (2022) 
established that the combination of these 
physicomechanical factors in the dehumidifi-
cation process significantly enhances techni-
cal and economic parameters. Specifically, the 
specific energy consumption for removing 1 kg 
of moisture is reduced by a factor of 2.7 com-
pared to traditional convective drying. Thus, 

on drying kinetics, heat and mass transfer rates, disinfection levels, and energy efficiency. Based 
on the results, a process flow diagram for convective drying of grain and cereal materials was 
developed, incorporating vibratory and ozonising means to intensify the process. The proposed 
process flow diagram ensured the necessary disinfection of the product, improved heat transfer 
conditions, maintained consistent hydraulic resistance along the entire rarefaction chamber, and 
ensured uniform drying. It also reduced energy consumption, enhanced the durability, reliability, 
and productivity of the process, and prevented overheating of the material, thereby enabling the 
drying of thermolabile products. Research findings demonstrated that filtration drying with vibro-
ozonation reduced the processing time for pumpkin seeds by a factor of 1.67 and decreased energy 
consumption by a factor of 1.71 compared to conventional convective methods. The highest drying 
rate was achieved with filtration vibratory drying, which proved to be 1.68 times more efficient 
than convective drying. The practical significance of this research lies in the development of 
drying equipment that ensures uniform drying, mitigates the risk of overheating, and improves the 
longevity and productivity of the process. The obtained results can be implemented in industrial 
settings for the efficient processing of thermolabile agricultural products

Keywords: dehumidification processes; ozone; vibration; fluidised bed; heat carrier; thermolabile 
products; heat and mass transfer processes
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the proposed processes and equipment facili-
tate the intensification of dehydration and im-
prove the efficiency of production technologies. 
I. Rogovskii et al. (2020) demonstrated that the 
application of wave and pneumodynamic pro-
cesses for treating grain and cereal products 
substantially enhances the contact interac-
tion between the product and the air environ-
ment. These technological approaches create 
favourable conditions for storage operations, 
optimise the microclimate in grain storage fa-
cilities, and promote intensive agitation of bulk 
material masses. The implementation of such 
methods was found to significantly improve the 
quality of stored products by ensuring uniform 
moisture distribution and reducing the risk of 
adverse processes in grain storage, such as the 
formation of stagnant zones or overheating.

Research by A. Tuncer et al. (2020) has es-
tablished that the process of drying pumpkin 
seeds using an ozone-air mixture has a dual 
technological effect. In the initial drying peri-
od, ozone enters into oxidation reactions on the 
surface of the grain with organic and inorganic 
substances, providing a cleaning effect on the 
surface of the grain material. At the same time, 
part of the surface moisture interacts with the 
formed ozonides, which further intensifies the 
moisture removal process. As noted by D. Delf-
iya et al. (2021), the ozone-air mixture, used as 
a drying agent, not only contributes to reducing 
moisture but also provides a disinfecting effect 
on the surface microflora due to the reactive 
action of ozone. The effectiveness of this effect 
depends on the ozone concentration and the 
drying temperature regime, which underlines 
the importance of precise control of these pa-
rameters in the technological process.

According to the research of D.  Wang  et 
al. (2021), the application of vibration technol-
ogies contributes to the optimisation of techno-
logical processes, particularly through reduced 
energy consumption, which is an important 
aspect in the context of current trends towards 
energy efficiency and rational resource use. The 

authors claim that their application allows for 
the efficient execution of dehumidification, 
drying, mixing, and separation processes with 
minimal heat losses and significantly lower 
energy costs. Such an approach contributes 
not only to reducing production costs but also 
to increasing the competitiveness of the final 
product on the market. Vibrational processes 
ensure uniform processing of materials, mak-
ing them promising for widespread implemen-
tation in the food and processing industries.

One of the significant advantages of mod-
ern technologies is their environmental friend-
liness. As noted by S.  Şevik  et al.  (2019), the 
use of an ozone-air mixture for drying pump-
kin seeds provides a high level of disinfection 
without the need for chemical preservatives. 
Research results have shown that ozone, as a 
powerful oxidant, effectively destroys the cells 
of bacteria, fungi, and other microorganisms, 
while preserving the natural properties of the 
product. Such an approach is particularly im-
portant in the production of organic products, 
where minimising the use of chemical additives 
is a top priority. Thanks to this, the ozonation 
method is finding increasingly widespread ap-
plication, combining effective treatment with 
environmental safety.

The combination of these advantages 
makes vibration technologies an important 
component of modern production processes 
in the food and processing industries. Their 
widespread implementation not only improves 
the quality and safety of food products but also 
makes the production process more environ-
mentally sustainable and economically viable. 
Thus, vibration technologies represent a prom-
ising direction for research and implementa-
tion in industries focused on innovation, effi-
ciency, and environmental responsibility. The 
aim of the presented scientific research was to 
increase the productivity of the pumpkin seed 
dehumidification process and to improve its 
technological qualities through the use of me-
chanical vibrations to increase the contact area 



Animal Science and Food Technology. 2025. Vol. 16, No. 2

42 Evaluation of technological parameters...

with the heat carrier flow, activate electro-os-
motic diffusion of moisture, and disinfect the 
plant product with ozone.

Literature Review
The development of energy-efficient and 
high-quality methods for drying biological 
materials occupies a leading place in modern 
scientific research due to the need to ensure 
high productivity and minimise the loss of nu-
trients. One of the promising directions is the 
application of low-frequency vibrations, which 
create additional mechanical heat and mass 
transfer effects. R.  Gomez  et al.  (2023) noted 
that the creation of a vibrated fluidised bed 
not only increases the total contact area be-
tween the bulk material and the drying agent 
but also contributes to a uniform temperature 
distribution throughout the volume of the ma-
terial. In their experiments, the authors showed 
that at optimal parameters (vibration ampli-
tude 1.5-2  mm, frequency 50-60  Hz), there is 
a significant reduction in drying time while 
maintaining quality indicators. The research 
of Á.  Calín-Sánchez  et al.  (2020) covered the 
features of drying vegetables in a vibrated flu-
idised bed with additional radiant heating. The 
authors established that the combined use of 
methods allows for reducing heat losses due to 
more effective penetration of heat into the ma-
terial. This ensures not only the preservation 
of nutritional properties but also a significant 
reduction in energy consumption.

In the study of R.  Ilyas  et al.  (2019), the 
processes of sugar crystallisation under various 
vibration frequencies were analysed in detail. 
In particular, it was established that at frequen-
cies of 30-70 Hz, crystallisation accelerates by 
2.5-9 times, which is explained by the activa-
tion of internal moisture transfer in the materi-
al. The author emphasised the need for optimal 
coordination of the frequency and amplitude 
of vibrations to minimise energy consumption. 
R. Aslam et al. (2021) investigated the influence 
of alternating dynamic loads on the rheological 

properties of beet pulp. The results showed that 
with an increase in the shear rate, the viscosi-
ty of the process mass decreases significantly, 
which, in turn, contributes to the faster removal 
of moisture through capillaries and pores. The 
author’s contribution also includes the devel-
opment of mathematical models for predicting 
these processes in real production conditions.

L. Bal-Prylypko et al. (2022) in their scien-
tific article argue that vibrational impact dur-
ing the drying of granulated sugar in a vibrated 
fluidised bed allows reducing the time required 
to transition to the period of falling drying 
rate. The authors’ experiments also showed 
that the maximum intensity of the process is 
observed at an amplitude of 2  mm and a fre-
quency of 50 Hz. S. Moscatello et al. (2023) and 
V.  Vasyliv  et al.  (2021) investigated the effec-
tiveness of lowfrequency vibrations in the sec-
ond period of beet pulp drying and found that 
additional mechanical impact during this peri-
od allows avoiding the formation of excessively 
dried zones, which ensures uniform quality of 
the final product.

I.  Palamarchuk  et al.  (2023) made a sig-
nificant contribution to the development of 
equipment for drying bulk materials, creating 
a series of installations for vibro-filtration dry-
ing. The authors described in detail its operat-
ing principle, noting that although it provides 
a high level of productivity, its complex design 
can lead to excessive energy consumption and 
non-uniform drying due to the hydraulic resist-
ance of the layer. I. Rogovskii et al. (2020) devel-
oped a dryer for grain and oilseed crops, which 
includes a labyrinthine working zone. The au-
thors proved that such a design contributes to 
improving the movement of the drying agent 
through the material layer. However, they not-
ed that the single use of the drying agent and 
difficulties in regulating the modes limit the 
potential of this technology.

Convective dryers are one of the most com-
mon for processing bulk materials. To improve 
them, rotary dryers were developed, which  
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allow for effective mixing of the material, en-
suring uniform drying. For example, researchers 
such as Y. Li et al. (2022) and others studied the 
influence of rotation speed and blade design. In 
addition, dryers with a fluidised bed have been 
developed, which provide high heat and mass 
transfer efficiency. Infrared dryers allow for re-
ducing drying time and energy consumption. 
It was important to develop combined systems 
that combine infrared radiation with convec-
tive heating. Scientific works, for example, by 
D. Huang et al.  (2021), are aimed at modelling 
the energy distribution in the infrared field.

Microwave drying provides rapid heating 
due to the penetration of energy deep into the 
material. One innovation is the combination of 
microwave drying with vacuum technologies, 
which minimises thermal loading. Engineers 
from the Institute of Engineering Thermo-
physics of the National Academy of Sciences 
of Ukraine have worked in this direction. Vi-
brational dryers intensify the drying process 
due to the mixing of particles, preventing the 
formation of zones with reduced heat transfer. 
Vibro-ozonation technologies, proposed in the 
research of A. Niveditha et al. (2021), allow for 
the treatment of materials not only by drying 
but also by the oxidation of microorganisms. 
The introduction of electro-osmosis allows for 
reducing moisture in capillaryporous materials 
by creating an electric field. Research in this di-
rection is actively conducted in EU countries, as 
well as in Ukraine, particularly at the Institute 
of Biosystems Energy.

Combining different methods (such as 
convective, infrared, and microwave drying) 
allows for achieving a synergistic effect. Sci-
entists D.  Elustondo  et al.  (2023), M.  Awad  et 
al. (2024), and Y. Mao & S. Wang (2023) demon-
strate the latest achievements in the field of 
dryer design. For example, dryers with adaptive 
control involve the use of artificial intelligence 
systems and sensors to optimise the process 
in real-time. Energy recovery drying units use 
the heat of the exhaust air to preheat new  

batches of material. Compact mobile dryers are 
designed for local use, especially in agricultural 
cooperatives.

The future of equipment for drying bulk 
materials is linked to the development of en-
vironmentally friendly technologies with min-
imal impact on the environment; technologies 
focused on reducing energy consumption; and 
universal dryers capable of adapting to differ-
ent materials and conditions. These works not 
only reveal the mechanisms of heat and mass 
transfer processes but also open up new per-
spectives for the integration of vibration and 
ozonation methods on an industrial scale. In 
the future, special attention should be paid to 
combining energy-efficient technologies with 
ensuring the quality of the finished product.

Materials and Methods
Moisture measurement of pumpkin seeds be-
ing dehydrated in a drying chamber was car-
ried out using an indirect method, taking into 
account the ability of the drying agent to ab-
sorb moisture when passing through a layer 
of product, leading to a change in its relative 
humidity. Knowing the initial moisture content 
of the product, the relative humidity of the dry-
ing agent at the inlet and outlet of the drying 
chamber, as well as the flow rate of the drying 
agent, the moisture content was determined 
using H-d diagrams, where H is the enthalpy of 
atmospheric air (in kJ/kg of dry air), and d is the 
moisture content of the air (in %).

The flow rate of the drying agent was calcu-
lated using the formula (1):

L = 3,600 · γ · v · F,                      (1)

where L is the flow rate of the drying agent, kg/h; 
γ and v are the density (in kg/m3) and velocity 
(in m/s) of the drying agent, which depends on 
the moisture content and barometric pressure 
in the air duct; F is the cross-sectional area of 
the air duct, m2.

The density of the drying agent was deter-
mined from the relationship (2):
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γ = 2 · 10-3 · (B/(273 + t)) · ((1,000 + d)/(622 + d)), (2)

where B is the barometric pressure, Pa; t is 
the temperature of the drying agent, оС; is the 
moisture content of the drying agent, g/kg.

The velocity of the drying agent was de-
termined using a vane anemometer. The meas-
urement of the relative humidity of gases is 
traditionally carried out using psychrometers, 

the main components of which are dry and wet 
thermometers. To measure and regulate the 
parameters of the studied heat and mass trans-
fer processes, ensuring guaranteed compliance 
with the parameters of the intensive drying 
process of pumpkin seeds with vibro-ozonation 
activation, a design, software, and a microcon-
troller system were developed and manufac-
tured (Fig. 1).

Figure 1. Installation for drying bulk materials with vibro-ozonation technological impact  
and a system for adaptive control of the dehydration process

Source: authors’ development

The developed system allowed for the de-
termination of the temperature and humidity 
of the heat carrier, as well as the velocity of 
the drying agent. This enabled the calculation 
of its flow rate and, consequently, the acqui-
sition of comprehensive data for the con-
tinuous calculation of the moisture content 
of the seeds within the drying chamber. The 
equipment also functioned as a timer, auto-
matically recording the current temperature 
and humidity data. This enabled the preset-
ting and recording of time stamps with an 
accuracy of one minute. The data and control 
point memory were, however, power-depend-
ent. The accumulated and current information 
about the dehydration process parameters was 
transmitted to a computer via an interface for 
further analysis, processing, and calculation. 

When connected to a computer, the microcon-
troller’s clock was automatically synchronised 
with the computer’s clock.

The calculation of the current moisture 
content of the product was performed using a 
computer and the given formulas (1) and (2), 
utilising the moisture content values of the 
drying agent obtained from the microcontrol-
ler and the input constants characterising the 
process. The research involved considering the 
following technological impacts on pumpkin 
seeds: filtration drying with vibro-ozonation 
activation; filtration heat exchange with vi-
bration activation; filtration drying itself; and 
convective drying of the product in a stationary 
state. To implement these technological meas-
ures, an experimental setup was developed, the 
scheme of which is presented in Figure 1.
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The experimental setup consists of a hop-
per 2 (Fig. 1) on which gate 3 is placed to reg-
ulate the height of the layer of wet material 1. 
Below hopper 2, there is a vacuum chamber 4 
connected to a vibration exciter 6, on which a 
perforated bottom of the working chamber 7 is 
fixed. The latter is installed on elastic supports 
8 and 9. Below the bottom 7, two symmetrical-
ly placed variable-angle electromagnets 11 and 
12 are mounted. A drying chamber 5 is installed 
above the vacuum chamber, with an unloading 
hopper 10 located in its lower part.

During the operation of the experimental 
model, a heating agent is supplied to the dry-
ing chamber 5. From hopper 2, using slide gate 
3, the wet material 1 enters the upper part of 
the perforated bottom 7 and moves along its 
surface under the action of low-frequency vi-
brations generated by the vibration exciter 6 
in the direction of the unloading hopper 10. 
Due to the created vacuum in chamber 4, the 
heating agent is filtered through a layer of wet 
material, which, due to intensive mixing under 
conditions of low-frequency vibrations, has 
high porosity and, accordingly, low hydraulic 
resistance, which allows for a significant inten-
sification of the drying process and a reduction 
in energy consumption.

Results and Discussion
The mechanism of the investigated process of 
convective drying with vibro-ozonation activa-
tion occurs as follows. When ozone is directed 
onto the surface of plant material, free radi-
cal processes arise, which rapidly spread into 
the internal tissues. In essence, this amounts 
to the transfer of energy, which is released at 
the molecular levels of the upper layer of the 
grain or food product, into the internal tissues. 
Moreover, part of the excess energy is spent on 
physicochemical transformations, as a result 
of which the structure of cell membranes, re-
dox potential, ionic permeability, and other cell 
properties change. Part of the energy is con-
verted into heat, accelerating the development 

of the studied heat and mass transfer processes 
of dehumidification.

As ozone passes through the grain mass, 
it decomposes into molecular and atomic el-
ements, O2 and O, releasing heat equivalent 
to 142  kJ/mol. Atomic oxygen binds moisture 
around itself in the form of droplets, which are 
carried away by the airflow. After the removal of 
surface moisture, ozone affects the permeabili-
ty of cell membranes, and the presence of atom-
ic oxygen promotes the movement of moisture 
outwards. The next stage of drying involves the 
removal of sorption-bound moisture, using the 
amount of heat released during the decomposi-
tion of ozone, as well as the presence of atomic 
oxygen and ions of different polarities. Under 
the influence of electromagnetic interaction 
forces, the dipole bonds of water molecules 
with the pumpkin seed cells are weakened, 
which significantly affects the increase in the 
drying rate of the grain during this period. The 
introduction of low-frequency vibrations into 
the technological mass of the product ensures 
both an increase in the contact area between 
the material and the heat carrier flow and an 
improvement in the efficiency of the aforemen-
tioned chemical interaction reactions.

In the investigated process, using the 
aforementioned technological methods, an 
evaluation was conducted based on parame-
ters such as seed moisture content, moisture 
removal rate, and temperature of the pumpkin 
seed material, which can be explained by the 
peculiarities of the physicochemical processes 
occurring within the seed and its shell (surface) 
and the seed mass itself (Fig. 2).

At the initial stage (moisture content of 
54-30%), the mixing effect was uneven due to 
the sticking of seeds to each other and to equip-
ment parts. Partially due to the formation of a 
crust, the transparency of the perforated bot-
tom was impaired, which hindered the supply 
of the drying agent. Therefore, heating of the 
seed mass occurred gradually, mainly due to 
conductive heat transfer. The moisture removal  
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process was ensured by the evaporation of free 
moisture from the seed surface and the filtra-
tion of unbound surface moisture in the direc-
tion of natural flow “seed layer  – perforated 
bottom”. The pressure difference was found 

to be excessive above the seed layer due to the 
injection of heated and ozone-enriched drying 
agents and the rarefaction in the sump-diffuser 
space, which significantly activates the dehy-
dration process at relatively low temperatures.

Figure 2. Dependence of pumpkin seed moisture content W,  
% on drying time τ (in min) for different drying methods

Note: 1 – filtration with vibro-ozonation activation; 2 – filtration with vibration activation; 3 – filtration; 4 – 
convective in a stationary bed. The drying agent temperature for the pumpkin seed moisture content range of 
54-35% was 30°C and within the range of 35-10% – 50°C
Source: authors’ development

The next stage of moisture removal (mois-
ture content of 30-15%) is characterised by 
a deterioration of the adhesive and cohesive 
properties of the seeds, which contributed to 
the activation of the mixing process, form-
ing “fountaining” areas. The continuous film 
of moisture is removed, and the liquid phase 
moves from the pores and capillaries of the 
shell to the outer surface of the seed, from 
which it evaporates. Moreover, voids free of 

liquid phase are created and spread within the 
shell. Moisture is also transferred from the seed 
surface by concentration diffusion. Due to the 
increased influence of the convective com-
ponent, an increase in the temperature of the 
seed mass is observed. The results of studies 
determining the effect of the drying agent tem-
perature on the heating of the core and shell of 
pumpkin seeds with changes in seed moisture 
content are shown in Figures 2 and 3.
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The final stage of drying (seed moisture 
content 17-8%) occurred in a mode of active 
mixing in a vibrofluidised bed, facilitated by a 
significant mass loss and cleaning of the seed 
surface. The moisture transfer mechanism is 
characterised by a deepening of the evaporation 
front into the seed kernel. Swelling moisture, as 
well as condensation from the surface of the 
kernel, moves through the developed system of 
capillaries and pores of the coat and evaporates 
at the phase transition boundary. Further, the 

phase transition front moves into the depth 
of the kernel, and moisture enters the coat in 
the form of vapour. This stage is characterised 
by significant heating of the seed mass due to 
intensive exchange of its surface and contact 
with the drying agent. At values of Tda4f

 > 50°C, 
a crust is formed in the layer of pumpkin seed 
moisture, making the seed layer virtually im-
permeable to the filtration of the drying agent. 
Therefore, studies in mode No. 4 were conduct-
ed at Tda4f – 50°C (Fig. 4).

Figure 4. Dependence of the seed kernel temperature TC, °C (line 1), pumpkin seed moisture 
content W, % (line 2), and seed coat temperature TC, °C (line 3) on the filtration drying time  

with vibro-ozonation activation τ (in min)
Source: authors’ development

Results of studies on the heating of the 
seed kernel (embryo) and the outer seed coat, 
depending on the drying agent temperature, 
allowed the determination of the maximum 
permissible temperatures at which the seed’s 
conditioning characteristics, in particular its 
germination and germination energy, are pre-
served. According to the obtained data, the 
maximum heating temperature of the protein 
components of the embryo should not exceed 
tk

  =  42°C to ensure optimal germination and 
germination energy indicators. In cases where 
the temperature of the drying agent exceeds 
tc, the maximum permissible temperatures 
for maintaining sowing qualities are 47°C and 
tda

 = 50°C at a specific energy consumption of 
Q = 4.23  MJ/kg of relative humidity. Thus, the 
conducted studies allow for a clear definition of 
temperature limits for safe drying, taking into 

account the quality of the seeds and the energy 
efficiency of the process.

To optimise the technological and ener-
gy parameters of vibro-ozonation drying of 
pumpkin seeds in a vibrofluidised bed, a com-
parative analysis of the efficiency of drying 
processes carried out using the developed mi-
crocontroller system was performed (Fig. 2, 3, 
4, 5). According to the experimental results, the 
use of the latest system allowed for a signifi-
cant improvement in drying parameters com-
pared to traditional methods. In particular, the 
increase in drying rate was from 1.12 to 1.68 
times, indicating a significant increase in pro-
cess efficiency. Specific energy consumption 
decreased by 1.21-1.71 times, and processing 
time decreased by 1.21-1.67 times, which sig-
nificantly reduces energy costs and increases 
drying productivity.
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Particularly high results were achieved 
using filtration drying with vibro-ozonation 
activation, which demonstrated the highest ef-
ficiency in reducing seed processing time and 
energy consumption. This phenomenon is ex-
plained by a significant decrease in internal 
friction within the seed mass and a significant 
increase in the contact area between the seeds 
and the heat carrier. Such improvement allows 
for a significant acceleration of the drying pro-
cess due to more intensive heat transfer, which 
in turn contributes to a decrease in energy 
consumption. In particular, the highest drying 
rate was recorded for filtration vibration drying 
(Fig. 5), which confirms its high efficiency com-
pared to other methods.

Filtration drying with vibro-ozonation ac-
tivation showed the best characteristics in min-
imising the processing time of pumpkin seeds 
and energy consumption for the process, which 
is explained by the greatest reduction in inter-
nal friction in the product mass and the largest 
contact area of seed coverage by the heat carrier 
flow. The highest drying rate was observed for 
filtration vibration drying (Fig. 5).

The conducted research demonstrates 
that the experimental model of a convective 
dryer with vibro-ozonation intensification has 
a significant advantage in terms of pumpkin 
seed drying efficiency. The intensive mixing of 
seeds during heat transfer results in rapid and 
uniform drying of the material. In particular, 

traditional drying systems often face the prob-
lem of uneven heating: the seed surface may 
experience overheating, while the inner layers 
remain moist (Carter et al., 2019). Such uneven 
drying leads to a decrease in the quality of the 
finished product and increases the overall pro-
cessing time.

In the investigated model, vibratory mixing 
of the seeds allows for avoiding such problems, 
which is extremely important when processing 
seeds with a high moisture content at the ini-
tial stages of drying. For example, for sunflow-
er seeds, which often require prolonged drying 
due to a thick husk, vibration technologies 
could also increase drying efficiency and allow 
for better preservation of nutrients, which is 
important for the food industry. Periodic drying 
methods, described in the research of N. Lan-
genaeken et al. (2019), are characterised by the 
fact that the entire volume of seeds is processed 
simultaneously and remains stationary in the 
dryer until the process is complete, while the 
flow regime provides faster and more uniform 
moisture removal. Unlike such technology, 
the developed flow process ensures continu-
ous movement of the seeds through the drying 
chamber. The ability to adjust the residence 
time of the seeds in the drying chamber allows 
the process to be adjusted according to the spe-
cific characteristics of the material.

In the developments of L. Roy et al. (2020), 
it was proven that a continuous process also 

Figure 5. Energy characteristics of the studied convective methods of drying pumpkin seeds
Note: 1 – filtration with vibro-ozonation activation; 2 – filtration with vibration activation; 3 – filtration; 4 – 
convective in a static product bed. The drying agent temperature for the product moisture content range of 
54-35% was 30°C and within the range of 35-10% – 50°C
Source: authors’ development
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contributes to reducing equipment setup loss-
es between batches, which is an advantage for 
mass production, where minimising downtime 
and cooling periods between batches is critical. 
For the proposed model, more humid or more 
heat-sensitive types of seeds may require a 
longer stay at lower temperatures, which is eas-
ily achieved in the proposed model.

To ensure the economic feasibility of dry-
ing and dehumidification processes in large 
enterprises, there is a growing demand for 
simple convective technologies (Sá-Caputo  et 
al.,  2019). At the same time, every percentage 
of energy consumption significantly affects 
the final cost of the product, therefore, the in-
troduction of vibration-filtration dryers will 
reduce costs and, accordingly, increase the 
competitiveness of products on the market. Fil-
tration drying with vibro-ozonation activation 
has shown that overall energy consumption can 
be reduced by 1.71 times compared to the tradi-
tional convective drying method.

For small farms, the issue of ensuring mini-
mal heat treatment duration is relevant both to 
save energy costs and to improve product qual-
ity and, consequently, demand for it; this re-
quires increasing the drying rate of seeds before 
long-term storage and allows for significant 
time savings at a high processing rate without 
loss of product quality (Piddubnyi et al., 2024). 
In this regard, the studied vibro-ozonation acti-
vation contributes to reducing internal friction 
between seed particles, which significantly im-
proves heat and mass transfer conditions. Such 
an approach contributes to the rapid heating of 
the material with minimal heat consumption 
for the “internal” processing of the product, 
which explains the significant energy savings. 
According to the research results, filtration vi-
bration drying showed a process speed that ex-
ceeds the traditional convective method by 1.68 
times. Fast drying provides an increase in the 
number of batches processed in one cycle of the 
dryer operation, which leads to an increase in 
the productivity of production capacities.

The quality of the final product is a crucial 
indicator of drying efficiency, especially when it 
comes to food products. In traditional methods, 
where there is no active mixing, seed particles 
may be heated unevenly, leading to so-called 
“overheating” in the contact zone with the 
heat carrier; for example, when drying corn or 
wheat, overheating of the grain can cause dam-
age to the outer coat, which impairs its germi-
nation during subsequent sowing, according to 
research (Akhlaq & Ali, 2020). The application 
of vibro-ozonation activation has made it pos-
sible to achieve a uniform temperature regime 
throughout the entire volume of the drying 
chamber, which minimises thermal and me-
chanical damage to the product structure and 
loss of its nutritional properties. Thanks to uni-
form mixing and gradual renewal of the mois-
ture exchange surface, the proposed technology 
avoids such problems, preserving the integrity 
and quality of the seeds.

Heat treatment of plant raw materials in a 
static bed within stationary thermal chambers 
or cabinets requires a sufficiently high energy 
consumption to achieve an acceptable result, 
which is usually accompanied by significant 
heat losses (Sun & Seok, 2019; Singh & Agar-
wal, 2021). With such drying methods, the con-
tact of seeds with the heat carrier is limited, 
which is why seed particles must be overheat-
ed to ensure effective heat and mass transfer 
(Wang et al., 2020). When using the investigat-
ed model of a vibroconvective dryer with a flu-
idised bed of the product, under conditions of 
active surface renewal, it is possible to achieve 
the best results even at lower temperatures of 
the heat carrier, which also contributes to pre-
serving quality.

In the production of organic products, 
preserving the biochemical properties of the 
material under convective heat exchange con-
ditions is a significant challenge (Wathelet  et 
al., 2020). The proposed technology has signif-
icant potential for this industrial application, 
as it combines economic efficiency and high 
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drying speed with product quality preservation. 
Reduced energy consumption also has a posi-
tive impact on the environmental performance 
of production, as heat energy consumption is 
directly correlated with the level of emissions 
into the environment. The implementation of 
such technology in industrial lines would con-
tribute not only to resource savings but also 
to reducing the overall environmental impact 
of production, which is an important factor in 
modern society.

In summary, the developed method of con-
vective drying with vibro-ozonation intensifica-
tion demonstrates several significant advantag-
es over traditional methods. It provides a high 
speed of seed processing with a significant re-
duction in energy consumption, making it eco-
nomically viable and environmentally sound. 
The uniformity of the temperature distribution, 
the ability to adjust the process parameters, the 
high quality of the final product, and the re-
duction of the negative impact on the environ-
ment make the proposed methodology attrac-
tive for implementation on an industrial scale.

Conclusions
As a result of the conducted scientific research, 
a design, software, and a microcontroller-based 
complex were developed for remote monitoring 
and computer interpretation of data with adap-
tive temperature control of thermolabile seed 
materials, namely pumpkin; which allowed 
measuring the temperature and humidity of the 
heat carrier, the speed of the drying agent, and 
indirectly – carrying out the current calculation 
of seed moisture, monitoring the heat and mass 
transfer process with the determination of ra-
tional process parameters.

The results of the studies conducted using 
the developed experimental model of a convec-
tive dryer with vibro-ozonation intensification 
of the seed processing process showed the fol-
lowing advantages of the proposed method: 
intensive mixing of seeds during heat transfer; 

continuous flow moisture removal process; the 
ability to adjust the residence time of seeds in 
the drying chamber; equalisation of the materi-
al temperature throughout the entire volume of 
the drying chamber; intensive moisture removal 
with constant renewal of the moisture exchange 
surface; carrying out the process under rational 
regimes that ensure the current requirements 
for the final quality of the material and a signif-
icant reduction in specific energy consumption.

Filtration drying with vibro-ozonation ac-
tivation demonstrated the best characteristics 
in minimising the processing time of pumpkin 
seeds: a 1.67-fold decrease compared to the 
convective heat transfer method and a 1.71-
fold decrease in energy consumption for the 
process compared to traditional convective dry-
ing, which is explained by the greatest reduc-
tion in internal friction in the product mass and 
the largest contact area of the seed coverage 
with the heat carrier flow. The highest drying 
rate was shown for filtration vibration drying, 
which exceeded this indicator in the case of the 
convective method of processing by 1.68 times.

Promising directions for improving the 
studied technologies may include the use of 
vibrators with kinematic combined vibration 
excitation, which will significantly reduce the 
vibrating mass and, accordingly, energy con-
sumption for the process; the implementation 
of a vibro-wave conveyor system, which makes 
it possible to both reduce energy consumption 
and metal consumption of drying equipment 
while maintaining the quality effects of the 
proposed technology.
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Анотація. У процесі тепломасообмінної обробки насіннєвої продукції, як правило, 
виникають проблеми відносно наслідків термічної та механічної дії. Тому застосування 
методів сушіння з вібророзрідженим шаром продукції, що дозволяє мінімізувати 
механічний та термічний вплив на рослинну продукцію, не втрачають актуальності. 
Метою даної наукової роботи стало підвищення рушійної сили та відповідно ефективності 
процесу зневоложення термолабільної рослинної сировини за рахунок застосування 
вібромеханічної активації руху насіннєвого матеріалу, підвищення електроосмотичного 
тиску для поліпшення умов дифузії вологи, реалізація дезінфективного впливу у процесі 
обробки. Методологія дослідження включала експериментальні дослідження в установці з 
вібраційним шаром і озоно-повітряним сушильним агентом. Досліджували вплив частоти 
вібрацій, концентрації озону та температурного режиму на кінетику сушіння, швидкість 
тепломасообміну, рівень дезінфекції та енергоефективність. За результатами дослідження 
розроблена схема конвективного сушіння зернового та зерно-круп’яного матеріалів 
з вібраційними та озонуючими засобами його інтенсифікації. Запропонована схема 
дозволила забезпечити необхідну дезінфекцію продукції, поліпшити умови теплопередачі; 
забезпечити однаковий гідравлічний опір вздовж всієї камери розрідження, рівномірність 
сушіння; зменшення енергетичних витрат на процес, збільшення його довговічності, 
надійності та продуктивності; виключення перегріву висушуваного матеріалу, що зробило 
можливим здійснювати процес сушіння термолабільної продукції. За результатами 
досліджень доведено, що фільтраційне сушіння з віброозонуванням скорочувало час обробки 
насіння гарбуза в 1,67 раза, зменшуючи енерговитрати в 1,71 раза порівняно з традиційним 
конвективним методом. Найвища швидкість сушіння була досягнута при фільтраційному 
вібраційному сушінні, яке виявилося ефективнішим за конвективне в 1,68 раза. Практична 
цінність роботи полягає у розробці конструкції сушильного обладнання, що забезпечує 
рівномірність сушіння, знижує ризик перегріву, підвищує довговічність і продуктивність 
процесу. Отримані результати можуть бути впроваджені у виробництво для ефективної 
обробки термолабільної сільськогосподарської продукції

Ключові слова: процеси зневоложення; озон; вібрація; псевдорозріджений шар; теплоносій; 
термолабільна продукція; процес тепломасообміну
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Introduction
The halal products market is a significant sector 
of the modern food industry, catering not only 
to Muslim consumers but also to a broader au-
dience interested in high standards of quality, 
safety, and ethical production. Products man-
ufactured in compliance with Islamic norms 
include not only meat products but also a wide 
range of items, such as cosmetics, pharmaceu-
ticals, and logistics services (Azam & Abdul-
lah,  2020; Hidayat & Musari,  2022). Accord-
ing to M.  Gul  et al.  (2023), the halal industry 
is experiencing significant growth and holds 
substantial potential for further development. 
This growth is driven by the increasing glob-
al demand for high-quality, safe, and ethically 

produced food products. Halal certification is 
increasingly seen as a mark of quality assur-
ance. This positions halal products favourably 
in both local and international markets, indi-
cating a promising future for the industry. The 
main idea of the study conducted by M. Asri Ab-
dullah & E. Siddique (2021) is to define “halal 
entrepreneurship” as a distinct concept from 
conventional entrepreneurship, highlighting 
the specific features that characterise entrepre-
neurs operating within the halal industry, and 
to explore the diverse business opportunities in 
the global halal market.

Poultry meat occupies a central position in 
the halal sector due to its versatility, relatively 

Abstract. Halal production holds substantial potential for further development, driven by the 
growing global demand for high-quality, safe, and ethically produced food products. In addition 
to meeting the needs of Muslim consumers, certified halal products are increasingly appealing 
to a broader audience that values compliance with high standards of hygiene, traceability, 
and quality. Modern trends highlight the importance of adhering to stringent requirements, 
enhancing the competitiveness of halal production in international markets. This literature 
review examined the technological process of poultry slaughter with a focus on compliance with 
halal standards and requirements. The study aimed to identify risks at each stage of production, 
assess their impact on product quality, and propose strategies to optimise production processes 
in accordance with Islamic standards. The analysis was based on a review of contemporary 
scientific literature, certification standards, and risk management practices in food production. 
Key risks are associated with pre-slaughter inspection, stunning, slaughter, bleeding, 
evisceration, chilling, and post-mortem inspection. It was found that violations at these stages 
may lead to mechanical damage to carcasses, insufficient bleeding, microbial contamination, 
or non-compliance with religious standards. Implementing risk management systems, such as 
HACCP, and adopting modern traceability technologies, including RFID tags and blockchain, 
can improve transparency, production efficiency, and compliance with international standards. 
The value of this study lies in identifying directions for improving process control systems, 
particularly through the integration of automated solutions for monitoring critical points and 
analysing product quality. The findings may prove useful for raising awareness about poultry 
slaughter quality requirements in halal-certified production. Future research prospects include 
the enhancement of slaughter technologies, the development of automated control systems, 
and the optimisation of quality assessment methods to improve production efficiency and 
ensure compliance with high hygienic and religious standards

Keywords: halal production; meat safety and quality; critical control points; risk management; 
traceability
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low production costs, and compliance with re-
ligious requirements. Poultry farming is one of 
the most dynamic sectors of the agri-food in-
dustry, demonstrating stable growth in produc-
tion and consumption. This can be attributed to 
the high nutritional value of poultry meat, the 
absence of religious restrictions in most cul-
tures, and the efficiency of industrial farming 
methods. The rapid development of this sector 
highlights the need for modern technologies at 
all stages of production – from transportation 
and slaughter to post-slaughter processing and 
traceability of the final product. This also pre-
sents significant opportunities for exporting 
halal meat from Ukraine, which has substan-
tial potential for livestock development and 
the establishment of certified halal production 
facilities. The growing global demand for halal 
products can be met by leveraging Ukraine’s 
competitive advantages, including high-qual-
ity meat and affordable pricing (Lupenko  et 
al., 2022; Kryvenko, 2022).

The slaughter of poultry in compliance 
with halal requirements involves a series of 
technological operations, each subject to strict 
monitoring. Failure to meet any of these re-
quirements may lead to the loss of halal status 
and reduce the product’s quality and compet-
itiveness. For instance, M. Ramli et al.  (2024a) 
identified seven critical halal risk points (HRPs) 
in poultry slaughtering processes, covering 
transportation, hanging, stunning, slaughter-
ing, bleeding, evisceration, and chilling. Each 
of these points requires careful monitoring to 
prevent violations of halal norms and ensure 
food safety standards. Particular attention is 
paid to electrical stunning, proper slaughter-
ing techniques, effective bleeding, and sanitary 
conditions during evisceration and chilling. 
The growing global demand for halal products 
drives the expansion of production capacities 
and the adoption of advanced quality control 
methods. In this context, integrating traceabil-
ity systems, automation, and modern technol-
ogies, such as RFID tags and blockchain, plays 

a crucial role in maintaining transparency and 
enhancing consumer confidence (Tieman & 
Williams,  2019; Ng  et al.,  2021). Thus, the in-
creasing focus on halal standards necessitates 
strict adherence to technological and religious 
norms during poultry meat production. This re-
quires a comprehensive approach that includes 
monitoring all stages of the technological pro-
cess, implementing innovative technologies, 
and ensuring compliance with international 
standards for product quality and safety (Myl-
ostyvyi, 2023).

The aim of this review was to critically an-
alyse the control points of halal poultry slaugh-
ter, focusing on identifying problem areas, 
evaluating their impact on product quality and 
production efficiency, and examining modern 
approaches to optimising processes in accord-
ance with Islamic standards. The review also 
addressed transparency and traceability within 
the production cycle. This review employed a 
systematic approach to analyse the technolog-
ical processes involved in halal poultry slaugh-
ter. The methodology involved a comprehen-
sive search and critical examination of relevant 
scientific literature, including peer-reviewed 
journal articles, conference proceedings, and 
industry reports. Additionally, international 
halal certification standards were consulted 
to understand the regulatory framework and 
compliance requirements. Risk management 
practices and quality control guidelines in food 
production were also reviewed. The analysis fo-
cused on identifying critical control points, as-
sessing potential risks at each stage of poultry 
slaughter, and evaluating the impact of these 
risks on product quality and halal compliance. 
Modern technologies and traceability systems 
were also examined in the context of enhanc-
ing transparency and efficiency in halal poul-
try production. This multi-faceted approach 
allowed for a comprehensive understanding 
of the challenges and opportunities in halal 
poultry slaughter, leading to the development 
of informed recommendations for optimising 
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processes and ensuring compliance with both 
religious and technological standards.

Pre-slaughter factors and their role  
in determining poultry meat quality

Pre-slaughter factors, including catching, 
transportation, feed withdrawal, lighting, and 
handling, play a critical role in determining 
poultry meat quality. Stress or improper han-
dling during these stages can lead to significant 
economic losses, either through carcass rejec-
tion or reduced quality (Petracci  et al.,  2010). 
These factors are generally classified into long-
term and short-term influences. Long-term fac-
tors, such as feeding practices, genetic charac-
teristics, housing conditions, and health status, 
affect poultry throughout their lifecycle. Short-
term factors, including catching, transporta-
tion, shackling, stunning, and slaughter, exert 
the greatest impact within 24 hours prior to 
processing. These factors can significantly alter 
the physical and chemical properties of meat. 
The selection of poultry for slaughter requires 
careful management to ensure optimal muscle 
development, health, and growth at the time 
of processing. Genetic traits influence growth 
rates and carcass characteristics, making prop-
er rearing practices essential. Feed withdraw-
al, typically lasting 8-12 hours, is necessary to 
empty the gastrointestinal tract and reduce the 
risk of faecal contamination during processing. 
However, an imbalance in withdrawal time can 
affect meat quality and yield. Short withdraw-
al periods may leave partially filled intestines, 
leading to contamination risks, while extended 
periods can cause excessive weight loss, meta-
bolic changes, and increased pH levels in mus-
cles, negatively impacting texture and shelf life.

According to A. Abdallah et al. (2021), halal 
processing standards impose strict requirements 
for pre-slaughter practices, including veteri-
nary inspections and isolation from prohibited 
sources, such as pig farms or by-products. Some 
standards, like HAS  23103:2012  (2012) and 
MS 1500:2019 (2019), mandate facilities to be at 

least 5 km away from pig farms, which may pose 
challenges in areas lacking such infrastructure. 
Compliance also requires animals to be alive, 
healthy, and inspected by a veterinary officer 
prior to slaughter to meet halal criteria. Proper 
management during harvesting and transpor-
tation minimises stress and injuries, which pre-
serves meat quality and prevents commercial 
losses. Feed withdrawal management is inte-
gral to maintaining hygiene and meat quality, 
as outlined by P. Kumar et al.  (2022). Effective 
withdrawal facilitates gut evacuation, reducing 
contamination risks during processing. Poultry 
held off feed for excessive durations may expe-
rience glycogen depletion, resulting in elevated 
muscle pH and inferior meat texture. Extend-
ed fasting can also weaken the intestines, in-
creasing the likelihood of rupture and con-
tamination. Studies indicate that broilers lose 
0.18-0.42% of their weight per hour after feed 
withdrawal, with males experiencing greater 
losses than females. After 16 hours, glycogen 
levels in breast and thigh muscles decrease by 
0.27% and 0.22%, respectively, further compro-
mising quality.

Environmental conditions, such as light-
ing and temperature, also influence feed with-
drawal outcomes. Digestion slows in darkness, 
requiring at least four hours of light to stimu-
late gut activity. Adequate water availability 
mitigates dehydration, supports gut evacua-
tion, and maintains carcass quality. In warm 
climates, shorter withdrawal periods are effec-
tive due to faster metabolic rates, while colder 
environments require longer periods to achieve 
similar results. Prolonged withdrawal may also 
lead to bile accumulation, increasing the risk of 
bile sac rupture and staining, which can affect 
flavour and visual appeal. M. Ramli et al. (2024b) 
emphasised the importance of integrating halal 
assurance systems (HAS,  2012) into produc-
tion processes to manage risks related to feed 
contamination, medication use, biosecurity, 
and logistics. Implementing HACCP  (1997) 
principles alongside halal compliance ensures  
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product safety and integrity. F.  Mehak  et 
al.  (2024) highlighted the role of early biose-
curity measures in preventing pathogen trans-
mission, particularly among species that act as 
reservoirs for zoonotic diseases. Pre-slaughter 
preparation should include veterinary inspec-
tions and isolation protocols to mitigate in-
fection risks. Managing feed withdrawal is a 
complex process that requires balancing gut 
evacuation efficiency with weight retention and 
meat quality. Short withdrawal periods increase 
contamination risks due to retained feed, while 
prolonged fasting weakens intestinal integri-
ty, leading to ruptures. Extended periods also 
promote bile accumulation, risking staining 
and flavour alterations in carcasses. Optimal 
withdrawal strategies consider physiological 
and environmental factors to maintain product 
quality and halal compliance. Effective light-
ing, controlled temperature, and access to wa-
ter further optimise gut evacuation and reduce 
processing issues, ensuring compliance with 
hygiene and safety standards.

Catching and loading:  
A critical pre-slaughter stage

The process of catching and loading poultry is 
a critical pre-slaughter stage that directly im-
pacts meat quality and production efficiency. 
Improper handling, excessive stress, or injuries 
sustained during catching can lead to bruising, 
fractures, and dislocations, which reduce car-
cass quality and increase wastage (Saraiva  et 
al., 2020). To minimise stress, catching is rec-
ommended during cooler periods, such as early 
morning or evening, when birds are calmer and 
less active. During manual catching, it is essen-
tial to follow established guidelines, including 
lifting poultry by both legs and avoiding car-
rying more than three poultry simultaneous-
ly. This approach reduces the risk of skeletal 
damage, muscle injuries, and dislocations. 
Additionally, dim lighting or low-intensity il-
lumination can be used to calm poultry, facili-
tating handling and minimising stress-induced 

reactions. In larger poultry farms, mechanised 
systems, such as vacuum devices and conveyor 
belts, are increasingly employed to improve ef-
ficiency, reduce labour intensity, and enhance 
poultry welfare.

Mechanised methods provide several ad-
vantages, including reduced handling errors 
and lower injury rates. Vacuum systems, for 
example, enable rapid and uniform collection 
of poultry with minimal human intervention, 
while automated conveyors control movement 
and prevent overcrowding in transport contain-
ers. Modular transport systems, incorporating 
sliding drawers, further reduce injury risks and 
allow for the efficient loading of up to 6,000 
poultry per hour with a team of three work-
ers. Following the catching process, poultry 
are loaded into containers or modular systems 
equipped with sufficient ventilation and opti-
mised stocking density to prevent overheating 
and overcrowding. Stocking density is adjusted 
based on environmental conditions; during hot 
weather, fewer poultry are placed in each con-
tainer to facilitate airflow and cooling. Standard 
transport crates, which typically accommodate 
12-14 poultry, are equipped with ventilation 
openings to maintain proper air circulation and 
prevent physical damage.

Transportation is another critical stage 
requiring meticulous planning to minimise 
stress and preserve meat quality. Transport 
time should be minimised, and temperature 
and ventilation within vehicles must be strict-
ly controlled to prevent heat stress or chilling. 
Fluctuations in temperature, vibrations, sud-
den accelerations, and noise levels are addi-
tional stressors that can compromise poultry 
welfare and meat quality (Tkachuk et al., 2023). 
Forced ventilation systems and humidity con-
trol help maintain optimal conditions, reduc-
ing the risk of heat stress during warm weath-
er or hypothermia in colder months. Studies 
by P.  Govindaiah  et al.  (2023) emphasise that 
poor handling during catching and loading 
can cause measurable physiological stress  
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responses in poultry, such as elevated cre-
atinine and total protein levels in the blood. 
These biochemical changes reflect physiolog-
ical stress, which can negatively affect meat 
quality. Ensuring humane handling practices 
throughout catching, loading, and transport 
reduces stress indicators and helps maintain 
the quality of poultry products.

In halal production systems, addition-
al requirements govern pre-slaughter han-
dling. According to A.  Abdallah  et al.  (2021), 
birds must undergo a health inspection be-
fore loading, and any weak or diseased indi-
viduals must be excluded to prevent compro-
mising product quality. Furthermore, halal 
standards such as HAS 23103:2012 (2012) and 
MS  1500:2019  (2019) mandate strict controls 
to ensure animals are free from exposure to 
prohibited substances or contamination from 
non-halal sources. These guidelines also em-
phasise the importance of animal welfare at 
all stages, requiring that birds remain “alive 
or deemed alive” and are certified healthy by 
veterinary inspectors before slaughter. Effec-
tive management of catching, loading, and 
transport processes is essential to maintaining 
high product quality and ensuring compliance 
with halal standards. Mechanised systems and 
modular transport units play a crucial role in 
reducing injuries and stress while improving 
operational efficiency. Adherence to welfare 
protocols and pre-slaughter inspection require-
ments supports the production of high-quality 
halal poultry products, enhancing their com-
petitiveness in global markets.

Unloading of poultry, ante-mortem 
inspection and preparation processes  

for poultry stunning
The unloading of birds at processing facilities 
represents a critical stage that requires metic-
ulous handling to minimise stress and injury. 
Poultry are unloaded in designated areas near 
the primary processing unit, where containers 
are carefully removed from vehicles to reduce 

the risk of falls or impacts (Vieira et al., 2024). 
Holding units with poultry should be locat-
ed indoors or under shelters to protect them 
from adverse weather conditions and to ensure 
adequate ventilation. It is essential to avoid 
abrupt or rough handling during unloading, 
as such practices can lead to increased stress, 
injuries, and reduced meat quality. Modern 
facilities often employ automated unloading 
systems, where modular containers are trans-
ferred via conveyor belts to the point of poultry 
extraction. These systems not only reduce the 
need for manual labour but also improve pro-
cess efficiency and poultry welfare. The use of 
such systems ensures smoother and faster un-
loading, minimising stress and the likelihood 
of injuries. Moreover, ventilation and humid-
ity levels within the unloading zone must be 
closely monitored to prevent excessive mois-
ture accumulation, which could lead to res-
piratory complications or other health issues 
among birds. Workers are required to inspect 
the poultry during unloading, identifying any 
signs of injury or illness. Poultry that are unfit 
for processing due to injury or disease must be 
separated for further inspection, treatment, or 
humane disposal if necessary. Proper unload-
ing practices, coupled with modern automation 
and continuous monitoring, play a key role in 
maintaining poultry welfare and optimising the 
efficiency of processing operations.

After poultry are removed from contain-
ers or modules, they must undergo thorough 
inspection to detect any injuries or damage 
sustained during transportation. Each batch is 
assessed to determine the physical condition 
of the poultry, including checks for head, leg, 
and wing injuries. This inspection is performed 
by a qualified veterinarian and must take place 
under adequate lighting to ensure effective 
visualisation. Following the ante-mortem in-
spection, poultry are prepared for slaughter by 
securing them in specialised fixtures designed 
to minimise stress and injury. Poultry typical-
ly calm down after an initial period of wing 
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flapping. Movement can be further reduced by 
gently restraining their legs or through brief 
physical contact with other parts of their bod-
ies. The ante-mortem inspection procedure at 
the facility is strictly regulated to comply with  

international quality standards and religious 
requirements. The primary goal is to assess the 
overall health of the poultry, ensuring compli-
ance with halal standards. The main aspects of 
this process are detailed in Table 1.

Control points Parameters

Comprehensive veterinary inspection
Physical condition 

assessment
Detection of signs of diseases, injuries, abnormalities, or behavioural deviations. 

Poultry showing symptoms of infection or exhaustion are immediately culled.
External appearance 

evaluation
Particular attention is given to the skin, eyes, beak, and feathers to identify any 

pathological signs.

Sample testing Selective testing for infectious agents or antibiotic residues, which is a 
mandatory requirement for exporting products to Muslim countries.
Compliance with halal requirements

Selection of healthy 
poultry

According to Islamic standards, only healthy animals are eligible for slaughter. 
This is ensured through a comprehensive pre-selection process.

Supervision by a halal 
inspector

Each stage of the pre-slaughter inspection is carried out under the supervision 
of a certified representative of the Muslim community, ensuring compliance with 

Islamic rules.
Technological aspects of the process

Infrastructure Facilities certified for halal production must have designated areas for inspection 
to minimise contact between healthy and potentially diseased poultry.

Hygienic conditions All operations are performed in sterile environments to prevent cross-
contamination and maintain poultry welfare.

Source: developed by the authors

Table 1. Ante-mortem inspection procedure

Ante-mortem inspection plays a crucial 
role in evaluating animal health and preventing 
the entry of contaminated carcasses into the 
food chain. According to P. Kumar et al. (2022), 
veterinary specialists assess the general condi-
tion of poultry to identify pathological condi-
tions and exclude unfit animals. The inspection 
covers feather contamination, injuries, and 
signs of respiratory or gastrointestinal dis-
eases, ensuring compliance with established  

standards. Once inspected, poultry are prepared 
for stunning, a process aimed at minimising suf-
fering and ensuring effective exsanguination. 
Most facilities employ electrical water-bath 
stunning, although larger operations may use 
inert or mixed gas stunning systems. Maintain-
ing optimal parameters for electric current or 
gas concentration is critical to achieving com-
plete loss of consciousness without causing ex-
cessive trauma (Table 2).

Control points Parameters

Ethical handling Poultry are kept in comfortable conditions that minimise stress and fear. Gentle 
handling is ensured.

Proper transportation Poultry are delivered in containers preventing overcrowding and injuries, 
equipped with ventilation.

Access to water and feed Water and feed are provided if waiting time exceeds regulated limits.

Waiting conditions Poultry are kept in areas with controlled temperature and ventilation to prevent 
overheating or chilling.

Table 2. Humane handling measures during ante-mortem inspection



Animal Science and Food Technology. 2025. Vol. 16, No. 2

62 Halal poultry slaughter technology...

Humane handling during ante-mortem 
inspection forms an integral part of halal pro-
duction standards. Emphasis is placed on re-
ducing noise levels, using blue lighting, and 
maintaining comfortable climatic conditions 
to preserve product quality and meet interna-
tional standards. These measures are essen-
tial for compliance with halal certification and 
improving animal welfare (Mehak et al., 2024). 
Preparation for stunning must adhere to  

hygienic standards to prevent contamination 
with blood, which may contain residual path-
ogens, reducing the risk of zoonotic infections. 
As noted by P. Govindaiah et al. (2023), improper 
stunning methods may alter blood biochemis-
try, increasing creatinine, alanine aminotrans-
ferase, and triiodothyronine levels, which can 
negatively impact meat quality. Technological 
requirements for halal compliance are present-
ed in Table 3.

Control points Parameters
Halal inspector 

supervision
Procedures are monitored by halal inspectors to ensure compliance with religious 

and welfare standards.

Ethical handling Poultry are kept in comfortable conditions that minimise stress and fear. Gentle 
handling is ensured.

Source: developed by the authors

Source: developed by the authors

Table 2. Continued

Requirement Characteristics

Dedicated slaughter zones Separate areas are designated for halal processing to prevent cross-
contamination with non-halal products.

Selection of healthy poultry Only healthy birds, confirmed by inspection, are processed for slaughter.

Hygienic standards All operations take place in sterile environments to prevent cross-
contamination and meet halal standards.

Compliance with Islamic 
rituals

Religious requirements, including prayers and blessings, are observed 
throughout the process.

Table 3. Technological requirements for halal compliance

The transition from inspection to stunning 
must be swift to prevent poultry from regaining 
consciousness and to preserve welfare stand-
ards during slaughter (Table  4). Traditional  

Control points Parameters

Separate zones for 
slaughter and inspection

Facilities must have designated areas to maintain hygiene and meet halal 
requirements.

Sanitary conditions All spaces and equipment must remain sterile to avoid contamination and 
comply with halal standards.

Handling practices Systems must minimise stress and injuries. Ventilation, lighting, and 
temperature are optimised.

Modern equipment Automated systems for slaughter and processing must meet halal standards and 
undergo regular inspections.

Process control Documentation and monitoring systems ensure compliance with halal 
certification and production standards.

halal slaughter without stunning is also prac-
tised, ensuring efficient blood drainage, reduc-
ing residual metabolites, and improving meat 
quality (Govindaiah et al., 2023).

Table 4. Infrastructure and technological process control

Source: developed by the authors
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The integrated approach ensures compli-
ance with halal requirements throughout the an-
te-mortem inspection and stunning preparation 
phases, securing animal welfare, product quality, 
and adherence to international trade standards.

Stunning of poultry: Techniques, 
parameters, and halal considerations

Stunning is a critical stage in poultry slaugh-
ter aimed at minimising stress and pain, im-
proving bleeding efficiency, and facilitating 
subsequent processing operations. The most 
common method is electrical stunning in water 
baths, where current flows through the poultry 
body from the head to the legs. Achieving ef-
fective stunning requires precise calibration of 
voltage, current strength, and duration to en-
sure temporary loss of consciousness without 
violating halal production standards. According 
to international guidelines, stunning must be 
reversible and must not cause cardiac arrest or 
irreversible tissue damage. However, as noted 
by K. Al-Shammari  (2021), inappropriate elec-
trical stunning parameters may result in tissue 
damage, including muscle haemorrhages, bone 
fractures, and skin discolouration, which nega-
tively impact carcass quality. These defects are 
often associated with high voltage or prolonged 
exposure to current, highlighting the impor-
tance of proper equipment calibration.

Different halal standards adopt varying 
approaches to stunning. In most cases, electri-
cal stunning is permitted as long as it does not 
cause death before exsanguination. However, 
certain countries, such as Pakistan, prohibit 
any form of pre-slaughter stunning (Akbar  et 
al.,  2023). Meanwhile, I.  Shahdan  et al.  (2016) 

proposed a system of six control points to en-
sure compliance with halal requirements, in-
cluding monitoring stunning parameters to 
prevent violations of religious standards. Al-
ternative methods, such as controlled atmos-
phere stunning using low-oxygen or inert gas 
mixtures (CO₂, nitrogen), are also gaining at-
tention as means to reduce stress and physical 
damage. However, these methods require strict 
control of parameters and alignment with halal 
compliance regulations. Studies by M. Farouk et 
al.  (2014) emphasise that the effectiveness of 
electrical stunning depends not only on techni-
cal parameters but also on the biological char-
acteristics of the poultry, such as body mass, 
breed, and health status. Improper equipment 
settings can lead to insufficient or excessive 
stunning, impacting both animal welfare and 
meat quality.

I.  Shahdan  et al.  (2017) highlight opti-
mal stunning parameters, including a current 
of 105-150  mA and exposure durations of 4-6 
seconds. These conditions enable effective 
immobilisation without causing severe tissue 
damage or compromising halal requirements. 
Nevertheless, K.  Al-Shammari  (2021) argues 
that traditional halal slaughter without stun-
ning demonstrates advantages in reducing bac-
terial contamination and extending meat shelf 
life due to improved bleeding efficiency. At the 
same time, electrical stunning requires rigor-
ous monitoring to ensure compliance with re-
ligious standards. Thus, adherence to the stun-
ning parameters outlined in Table 5 is essential 
to integrate technological efficiency, humane 
treatment of poultry, and compliance with halal 
production requirements.

Control points Parameters

Stunning 
process

Poultry are suspended upside down and passed through a water bath that conducts 
electric current. This process ensures rapid and effective immobilisation before slaughter.

Current 
intensity

The electric current must be strong enough (typically 105-150 mA) to induce loss of 
consciousness without excessive damage to the carcass (fractures, haemorrhages).

Table 5. Electrical stunning parameters
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Continuous monitoring and calibration of 
stunning equipment are critical for maintaining 
quality standards and ensuring humane han-
dling of poultry. Proper oversight at each stage 
helps prevent violations of halal principles while 
preserving the high quality of the final product.

Detailed examination  
of the poultry slaughter procedure

Following stunning, poultry are transported via 
a conveyor system to the slaughter machine, 
where the jugular veins and carotid arteries are 
severed using circular cutting blades. This pro-
cedure effectively drains blood from the poul-
try, which is essential for preserving meat qual-
ity. Precision in the incision is critical, as a deep 
cut may damage the nervous system, causing 
complications during feather removal, while a 
shallow incision may lead to insufficient bleed-
ing and discolouration of the skin.

According to the comprehensive stan-
dard PBD24:2007 implemented in Brunei, the 

poultry slaughter procedure mandates strict 
adherence to Islamic principles, including the 
prohibition of mechanical slaughter (Deuraseh 
& Brunei Darussalam, 2020). Instead, slaughter 
must be performed manually with the manda-
tory invocation of Allah’s name before each 
incision. The trachea, oesophagus, and major 
blood vessels must be severed to ensure com-
plete blood drainage and a rapid death. The 
standard emphasises that the slaughter process 
must be conducted with the appropriate in-
tention (niyyah) and must not involve actions 
likely to cause prolonged pain or suffering to 
the animal (Riaz et al., 2021). Strict control over 
slaughter techniques is maintained in facilities 
employing automated systems (Table  6). Each 
stage is overseen by a certified halal inspector. 
Blades are checked for sharpness before each 
shift, and modern blood-draining technologies 
are implemented to minimise contamination of 
carcasses, thereby preserving product quality 
and safety.

Control points Parameters

Hygiene 
conditions

The water in the bath must be clean, with added salt to improve conductivity, ensuring 
effective stunning.

Stress control Poultry are hung in dimly lit areas or under blue lighting to minimise stress. Breast 
supports are used to reduce wing flapping.

Halal inspector 
supervision

A representative of the Muslim community ensures that stunning does not result in death 
prior to slaughter, maintaining halal compliance.

Table 5. Continued

Source: developed by the authors

Control points Parameters

Slaughter 
technique

Poultry undergo severing of the jugular veins and carotid arteries while leaving the 
trachea and oesophagus intact to ensure maximum blood drainage. Performed manually 

or automatically.

Bleeding time
A minimal time lapse (up to 15 seconds) is ensured between stunning and severing of 
blood vessels to prevent recovery of consciousness. Bleeding lasts 90-150 seconds for 

complete blood removal.

Halal inspector’s 
role

A representative of the Muslim community must be present to ensure compliance with all 
halal slaughter norms, including reciting a prayer before each slaughter (audio recordings 

permitted).

Table 6. Poultry slaughter control
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The poultry slaughter process involves 
rapid severing of the primary blood vessels in 
the neck (carotid arteries and jugular veins) 
to ensure effective bleeding (Raj,  2004). It is 
critical that this step occurs immediately after 
stunning, as even a short delay can compromise 
meat quality and increase the risk of poultry 
regaining consciousness. In industrial settings, 
either mechanical methods (circular blades) or 
manual techniques (operator with a knife) are 
employed. Ritual slaughter, such as halal or ko-
sher, often relies on manual cutting accompa-
nied by prayers, although large-scale process-
ing plants may incorporate automated systems 
to improve efficiency.

As highlighted by M.  Farouk  et al.  (2015), 
debates regarding slaughter methods – with or 
without stunning – persist in many countries. 
While stunning is often viewed as a means to 
reduce animal suffering, ensuring that birds re-
main alive in accordance with Sharia principles 
until the incision is made is equally critical. 
Facilities that process high volumes of poultry 
typically employ electrical water-bath stun-
ning, where attention to parameters such as 
frequency, voltage, and current strength is es-
sential to prevent haemorrhages, broken bones, 
and deviations from religious standards. The 
slaughter process is a pivotal stage in halal meat 
production, requiring rigorous compliance with 
both religious and technological standards. The 
halal food industry continues to expand due 
to growing demands for quality, hygiene, and 
Sharia compliance. Quality management sys-
tems are implemented to address every stage of 
production – from slaughter to transportation. 
According to I. Vanany et al.  (2019), particular 

focus is given to critical control points, includ-
ing raw material preparation, equipment cali-
bration, documentation, hygiene protocols, and 
personnel training.

Poultry scalding procedures  
and quality considerations

Scalding poultry is a crucial stage in the 
preparation of carcasses for feather removal, 
achieved through brief immersion in hot wa-
ter. This process induces protein denaturation 
in feather follicles and loosens follicular struc-
tures, facilitating feather plucking (Kumar  et 
al.,  2022). The temperature and duration of 
scalding depend on the poultry species, age, 
and subsequent processing requirements. In 
“soft” scalding (50-53°C), the epidermis is 
preserved, whereas “hard” scalding (59-61°C) 
removes the waxy outer layer, potentially 
compromising the carcass’s visual appeal. For 
young broilers, a “medium” scalding scheme 
(54-58°C for 60-120 seconds) is commonly ap-
plied to prevent damage to delicate skin and 
minimise microbiological risks.

The scalding temperature and duration 
significantly influence meat quality. High-tem-
perature scalding (59-61°C) facilitates feath-
er removal but may damage the skin, leading 
to dehydration, colour alterations, or reduced 
marketability of the carcasses. Conversely, low-
er-temperature scalding preserves skin struc-
ture but requires stricter parameter control to 
ensure effective feather removal. P.  Govindai-
ah et al. (2023) emphasise that electrical stun-
ning prior to scalding may alter the meat’s wa-
ter-holding capacity and muscle fibre structure. 
However, traditional halal slaughter methods 

Table 6. Continued

Source: developed by the authors

Control points Parameters

Slaughter 
equipment

Blades must be sharp to ensure a clean cut without excessive tissue damage. Automated 
systems are adjusted to handle poultry of different sizes.

Hygienic 
conditions

Slaughter areas must maintain sterility to prevent microbial contamination of carcasses. 
Spraying systems are used to remove blood residues and tissue fragments.
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maintain pH stability and reduce myofibrillar 
protein fragmentation, improving the product’s 
texture. Hygienic considerations during scald-
ing are critical to preventing cross-contamina-
tion. Water in scalding tanks must be clean, with 
a counterflow renewal system, and may include 
permitted disinfectants to control microbial  

loads. Regular monitoring of water tempera-
ture and chemical composition is mandatory 
to ensure compliance with sanitary standards. 
For process optimisation, single- or multi-stage 
scalding systems are employed, allowing grad-
ual temperature reductions that better prepare 
carcasses for further processing (Table 7).

Control points Parameters

Water temperature
Water temperature for scalding should range between 54-61°C, depending on 
the poultry species. Higher temperatures may damage the skin, while lower 

temperatures may fail to remove feathers effectively.

Immersion time
Poultry should be immersed in water for 45-90 seconds to ensure effective 
feather removal. Shorter times are suitable for young birds, while longer 

durations are needed for waterfowl.

Hygiene requirements Scalding water must be free from contaminants to avoid cross-contamination. 
Filtration systems and regular water renewal are mandatory.

Water quality monitoring Water temperature and composition must be continuously monitored. Chemical 
agents are used to reduce microbial contamination in the water.

Types of scalding systems Single- and multi-stage scalding systems exist. Multi-stage systems gradually 
lower water temperature, optimising the process for various poultry species.

Table 7. Scalding process

Source: developed by the authors

Feather plucking (defeathering) follows 
scalding and involves the mechanical remov-
al of feathers. Automatic machines equipped 
with rotating rubber fingers are used to remove 
feathers without damaging the skin. Plucking 
intensity is adjusted based on the species and 
age of the poultry to prevent mechanical dam-
age. P. Govindaiah et al.  (2023) highlight that 

proper machine settings minimise stress and 
maintain tissue integrity. Automated feather 
removal systems ensure high efficiency but 
require regular maintenance and adherence 
to hygiene standards. Machines are equipped 
with adjustable speed and pressure systems, 
enabling adaptation to different poultry types 
(Table 8).

Control points Parameters

Type of equipment
Mechanical machines with rotating rubber fingers are used, adapted to the 

poultry species and age. These systems ensure gentle feather removal without 
skin damage.

Adjustment of plucking 
intensity

Intensity is adjusted according to poultry type. Lower speeds are used for young 
birds, while higher speeds suit mature birds.

Skin damage The distance between the bird and rubber fingers must be monitored to prevent 
skin tears or bone fractures. Close proximity may cause mechanical damage.

Hygiene requirements
High hygiene standards must be maintained during plucking to prevent 

cross-contamination. Equipment is regularly cleaned of feathers and other 
contaminants.

Technology and 
maintenance

Plucking machines must be well-calibrated to optimise performance and 
minimise poultry damage. Regular maintenance ensures safety and process 

efficiency.

Table 8. Feather plucking requirements

Source: developed by the authors
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Feather distribution varies across different 
parts of the poultry body, with denser cover-
age in the lower sections requiring more effort 
for removal than the upper sections. Machines 
are equipped with additional rubber fingers 
in denser areas to improve efficiency. Proper 
feather removal is essential for preserving meat 
quality, as mechanical plucking prevents skin 
damage. Plucking machines operate using a cy-
clomatic design, where rotating rubber fingers 
contact the birds and extract feathers. Proper 
adjustment of the finger-to-bird distance is 
critical, as excessive proximity may cause skin 
tears and fractures, while too much distance 
may result in incomplete feather removal. Fol-
lowing plucking, flaming is applied to eliminate 
residual feather filaments and down through 
exposure to a blue flame for 5-10 seconds. This 
process improves carcass appearance and pre-
vents surface defects. However, excessive heat 
must be avoided to prevent skin burns, stress, 
or additional damage, which could compromise 
meat quality.

Poultry evisceration  
and cooling procedures

Evisceration is a critical stage in poultry pro-
cessing that involves the separation of edible 
and inedible internal organs from carcass-
es. This process is typically performed using 

mechanised systems to ensure efficiency and 
hygiene (Blevins et al., 2018). Initially, an inci-
sion is made along the abdominal wall, from the 
keel to the cloaca, followed by the removal of 
internal organs such as intestines, heart, liver, 
and spleen using specialised equipment. After 
organ removal, veterinary inspection is carried 
out to examine carcasses and viscera for any 
potential pathologies or defects.

Edible offal, such as the liver and heart, is 
separated from other organs and thoroughly 
rinsed with water. To prevent microbiological 
contamination, water spraying systems with 
disinfectants are used. Waste materials that 
fail to meet quality or religious standards are 
removed and disposed of in accordance with 
sanitary regulations and halal production 
guidelines. Evisceration processes play a vital 
role in maintaining high sanitary standards 
and preserving meat quality. The eviscera-
tion process at the facility is conducted under 
strict regulations to ensure religious compli-
ance, technological efficiency, and sanitary 
cleanliness (Table  9). Supervision by a certi-
fied halal inspector guarantees compliance 
with each stage of the process, from incision 
to the handling of edible offal. Automated 
systems help prevent mechanical damage and 
maintain hygienic conditions throughout car-
cass processing.

Source: developed by the authors

Control points Parameters

Compliance with halal 
requirements

Evisceration must be carried out by a certified operator in accordance with 
Sharia rules. The presence of a halal inspector is mandatory.

Equipment type Automated or semi-automated systems are used to prevent damage to carcass 
integrity and internal organs.

Removal of internal 
organs

Organs that do not meet Sharia requirements (e.g., gall bladder) must be 
removed separately and disposed of in compliance with regulations.

Hygiene control
Work areas and equipment must be regularly cleaned and disinfected to prevent 

cross-contamination. Water used for cleaning must comply with sanitary 
standards.

Product integrity Damage to skin or internal organs must be avoided, as this may affect product 
quality.

Waste disposal Waste must be disposed of according to sanitary norms and halal production 
rules. Separate collection of organic and inorganic residues is mandatory.

Table 9. Requirements for poultry evisceration process
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Evisceration is a crucial stage in poultry 
processing that involves the removal of edi-
ble and inedible internal organs using mech-
anised systems to ensure efficiency, hygiene, 
and compliance with halal standards. The 
process includes precise incision, removal of 
organs, veterinary inspection, and separation 
of edible offal, such as the liver and heart, 
which are thoroughly cleaned. Strict hygiene 
measures, including regular disinfection and 
the use of water spraying systems with disin-
fectants, are implemented to minimise con-
tamination risks. Waste materials are sorted 
and disposed of according to sanitary and ha-
lal requirements. Supervision by certified ha-
lal inspectors ensures adherence to religious 
standards, while automated systems help 
preserve carcass integrity and product quality 
throughout processing.

The cooling of poultry carcasses after 
slaughter is a critical stage for preventing mi-
crobial growth and ensuring the safety and 
quality of meat (Kumar  et al.,  2022). In mod-
ern processing facilities, poultry carcasses are 
typically cooled to approximately 4°C or be-
low within 1-2 hours after evisceration. This 
is achieved through either water immersion or 
air chilling methods. Water immersion cooling, 
widely used in many countries, involves passing 
carcasses through a series of sequential tanks 
filled with cold water, often supplemented with 
approved disinfectants. This approach ensures 
rapid temperature reduction and the removal of 
residual blood or tissue fragments. Conversely, 
air chilling takes place at temperatures rang-
ing from 2-7°C and requires 1-3 hours, during 
which carcasses are conveyed through a chilled 
chamber with air circulation. While water im-
mersion cooling effectively reduces microbial 
contamination, it may result in slight water 
absorption by the carcasses. In contrast, air 

chilling may lead to minor weight loss due to 
surface dehydration. Therefore, the selection of 
the cooling method depends on processing re-
quirements, quality expectations, and regional 
regulatory standards.

Effective post-mortem inspection 
techniques for poultry carcasses

Following the completion of the main stages of 
slaughter and carcass processing, a thorough 
post-mortem inspection is conducted to ensure 
the meat meets safety and quality standards 
(Kumar  et al.,  2022). This process focuses on 
identifying any signs of pathology, defects, or 
residual organ materials that could affect the 
product’s suitability for consumption. Veteri-
nary inspector or qualified personnel examine 
the external appearance of the carcasses and 
internal organs (if removed, these are inspect-
ed alongside the carcasses), paying attention to 
signs of inflammation, pathological changes, or 
residual digestive contents. If localised lesions 
or defects are detected, the affected areas are 
removed, and the carcass is re-inspected to 
determine its suitability for consumption. In 
cases of systemic pathology or infectious dis-
eases, the carcass may be completely excluded 
from further processing. This approach ensures 
high food safety standards and maintains con-
sumer confidence in poultry processing facili-
ties (Table  10). Post-mortem inspection also 
involves evaluating meat quality to detect po-
tential abnormalities. As noted by P. Govindai-
ah et al.  (2023), assessing meat colour param-
eters, such as redness, helps identify residual 
haemorrhages often associated with electrical 
stunning. Conversely, traditional slaughter 
methods (without pre-stunning) demonstrate 
better blood drainage, reducing bacterial con-
tamination risks and improving colour stability 
during storage.
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During the post-mortem inspection, car-
casses are cleaned of potential faecal con-
tamination using chlorinated water or other 
approved disinfectants in specialised washing 
stations. After this, carcasses are thoroughly 
washed using spray nozzles to remove residual 
materials and then cooled to the required tem-
perature during the chilling process. Carcass-
es that pass inspection and meet established 
standards are stamped and sent for further pro-
cessing. Non-compliant carcasses or defective 
parts are discarded in accordance with sanitary 
regulations and halal production rules. This in-
spection stage plays a crucial role in maintain-
ing high product quality, adhering to religious 
and hygiene requirements, and minimising 
risks for consumers.

Enhancing halal product traceability  
for consumer confidence

Traceability is a vital component of food safe-
ty systems, enabling monitoring of product 
movement from farm to consumer. It allows 
for the timely identification and resolution 
of potential food safety risks, enhancing con-
sumer trust and transparency in production 
processes (Sucipto  et al.,  2021). Halal product 
certification relies on international stand-
ards such as MS  1500:2009 (Malaysia) and 
GSO  993:2015  (2015), which regulate produc-
tion, storage, packaging, and transportation 
processes (Table 11). Modern technologies, in-
cluding RFID tags and blockchain systems, have 
been integrated to ensure continuous monitor-
ing and recording of all production stages.

Control points Parameters

Inspector oversight Inspection of carcasses under the supervision of a certified halal inspector to 
ensure compliance with Islamic principles.

Carcass examination Detection of physical defects, signs of disease, damage, or residual organs that 
do not comply with religious standards.

Meat quality Evaluation of colour, texture, and odour to determine freshness and compliance 
with standards.

Hygiene standards Use of sterile tools, disinfection of equipment, and cleaning of work areas to 
prevent contamination.

Removal of non-
compliant carcasses

Immediate removal of carcasses that do not meet halal requirements or exhibit 
defects to maintain cleanliness in production.

Documentation Maintaining records of inspection results to ensure transparency and 
compliance with standards.

Table 10. Requirements for post-mortem inspection

Source: developed by the authors

Control points Parameters

Certification of facilities Production facilities must be certified according to halal standards. Certification 
is issued by official bodies ensuring compliance with Islamic principles.

Continuous inspector 
presence

Certified halal inspectors must be present at every stage, from pre-slaughter 
inspection to final packaging, ensuring compliance with Islamic norms.

Equipment and facility 
inspection

Equipment, facilities, and processes are evaluated for compliance with halal 
standards. Contact with prohibited substances is strictly forbidden.

Documentation and 
traceability

All operations must be recorded and documented. A full record of production 
processes ensures transparency and compliance.

Staff training All employees involved in production undergo specialised training on halal 
standards, including Islamic requirements and hygiene protocols.

Table 11. Halal product certification and inspection

Source: developed by the authors



Animal Science and Food Technology. 2025. Vol. 16, No. 2

70 Halal poultry slaughter technology...

Modern technologies, such as blockchain 
and RFID tags, provide automated monitor-
ing of compliance with halal standards at all 
stages of production and logistics (Tieman & 
Williams,  2019). These technologies optimise 
traceability processes, reduce certification 
costs, and enable rapid responses to potential 
safety threats. However, even the most ad-
vanced systems cannot entirely replace in-
spector oversight, which ensures adherence 
to religious norms and evaluates production 
processes. Innovative methods for detecting 
hidden ingredients include molecular and spec-
troscopic techniques, integrated with artificial 
intelligence for analysing complex food matri-
ces (Ng et al., 2021). Such tools enhance fraud 
detection accuracy, identifying prohibited 
components such as traces of pork or excessive 
alcohol levels. Despite their effectiveness, the 
widespread adoption of these methods faces 
challenges related to standardisation, equip-
ment costs, and the need for global harmonisa-
tion of testing approaches.

Technologies such as the Internet of 
Things (IoT) and wireless sensor networks 
(WSN) support real-time monitoring of storage 
and transportation conditions (Ng et al., 2021). 
These systems help maintain appropriate tem-
perature and humidity levels, minimising con-
tamination risks. Special attention is given to 
integrating traceability standards to ensure 
compliance with halal requirements at all stag-
es, including slaughter, processing, and packag-
ing (Abdullah et al., 2019). Traceability systems 
preserve evidence of compliance and record 
product origin, which is critical for quality con-
trol and fraud prevention. As emphasised by 
S.  Azam  et al.  (2021), the implementation of 
Halal Compliance Rating (HCR) systems, based 
on auditing key components such as hygiene, 
risk management, and knowledge of halal 
standards, enhances production transparency. 
These systems improve process monitoring, 
ensuring regulatory compliance and access to 
international markets.

Laboratory methods, including PCR and 
spectroscopy (FTIR, NMR), combined with 
chemometrics and artificial intelligence, allow 
for the analysis of complex food products and 
identification of prohibited ingredients (Ng  et 
al.,  2021). Despite their high accuracy, these 
approaches require substantial investment in 
equipment and method standardisation, pos-
ing challenges for large-scale implementation. 
Monitoring cross-contamination at all stag-
es of production and logistics is essential for 
preserving the halal status of products (Supi-
an,  2018). Combining blockchain technologies 
with audits and laboratory testing guarantees 
compliance with standards and increases con-
sumer confidence (van der Spiegel et al., 2012). 
Thus, traceability systems play a key role in 
ensuring product quality, safety, and halal 
compliance, integrating modern technologies 
to enhance transparency and efficiency across 
production processes.

Animal welfare and meat quality
Animal welfare is a critical factor in ensur-
ing high meat quality. Stress caused by poor 
handling or unfavourable conditions during 
transportation and slaughter can significant-
ly degrade the flavour and texture of meat. 
Therefore, strict standards for animal handling 
are followed at processing facilities, including 
proper transportation, slaughter conditions, 
and pre-slaughter inspections. A key require-
ment is the use of stunning methods that 
minimise stress in poultry during slaughter. 
Animal welfare directly influences the quality 
of meat produced, as excessive stress during 
transportation and slaughter leads to deteri-
orations in physicochemical properties and 
an increased likelihood of defects (Kumar  et 
al., 2022; Sejian et al., 2024). Stress indicators 
such as respiratory rate, heart rate, and corti-
costeroid levels increase under poor handling 
or unsuitable housing conditions, contributing 
to quality issues – such as meat with excessive 
residual blood, bruises, or elevated microbial  
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contamination. Gentle handling, optimal stock-
ing density in cages, and adequate resting pe-
riods before slaughter are essential factors for 
reducing stress levels and improving the com-
mercial properties of poultry products.

Rising consumer awareness regarding ha-
lal standards has highlighted the importance 
of animal rearing methods, housing condi-
tions, feeding practices, and slaughter tech-
niques. Research by I. Aslan & H. Aslan (2016) 
emphasises the importance of certification 
and adherence to Islamic principles, which 
mandate humane treatment of animals dur-
ing transportation and slaughter. Criteria such 
as the  absence of contamination with haram 
ingredients and clear product labelling are 
crucial for maintaining trust among Muslim 
consumers. Ensuring animal welfare involves 
minimising stress and adopting humane 
slaughter practices, which, according to F. Me-
hak  et al.  (2024), also positively affect meat 
quality. Stress can trigger the release of toxic 
substances and the accumulation of metabo-
lites in tissues, reducing product quality and 
increasing contamination risks. Halal slaugh-
ter methods promote more effective blood 
drainage, lowering the likelihood of residual 
pathogens and enhancing the organoleptic 
properties of meat (Govindaiah  et al.,  2023). 
Most countries have enacted laws prohibiting 
animal cruelty and mandating humane slaugh-
ter methods, such as electrical stunning. Poor 
treatment of animals during slaughter affects 
not only their welfare but also the quality of 
the meat, including elevated levels of stress 
hormones, which impair texture and flavour 
characteristics.

Conclusions
The production of halal poultry meat requires 
strict adherence to both religious and tech-
nological standards. Effective control of the 
technological process, including ante-mor-
tem inspection, stunning, bleeding, eviscera-
tion, chilling, and post-mortem inspection, is 

crucial for ensuring product quality and com-
pliance with halal requirements. The identifi-
cation of critical risk points enhances process 
control and prevents violations of standards. 
Studies highlight the need for implementing 
audit systems and risk analysis to optimise 
production processes and ensure food safety. 
This review has provided a comprehensive 
overview of the critical control points in ha-
lal poultry slaughter, highlighting the inter-
connectedness of technological processes, 
religious requirements, and animal welfare. 
By examining each stage, from pre-slaugh-
ter handling to post-mortem inspection and 
traceability, the study identifies potential 
risks and proposes strategies for optimising 
production processes. The practical value of 
this research lies in its potential to inform 
producers, processors, and regulatory bodies 
in their efforts to improve efficiency, ensure 
compliance with halal standards, and enhance 
consumer trust. The identified best practices 
and technological advancements can be im-
plemented to minimise risks, improve product 
quality, and strengthen the competitiveness 
of halal poultry products in the global market. 
Furthermore, this review serves as a founda-
tion for future research aimed at developing 
innovative solutions for halal poultry produc-
tion, ultimately contributing to a more sus-
tainable and ethical food industry.

Particular emphasis is placed on animal 
welfare, as stress during transportation and 
slaughter significantly affects the physico-
chemical properties of meat. Humane slaugh-
ter methods, such as electrical stunning, help 
reduce stress and improve organoleptic charac-
teristics. The integration of modern technolo-
gies, including RFID tags, blockchain, and IoT 
systems, improves traceability and operation-
al efficiency, ensuring compliance with halal 
standards and reinforcing consumer trust in 
the products. Further research should focus on 
improving slaughter control technologies, inte-
grating automated quality assurance systems, 
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Анотація. Халяльне виробництво має значний потенціал для подальшого розвитку, 
зумовлений зростаючим глобальним попитом на якісні, безпечні та етично виготовлені 
харчові продукти. Окрім задоволення потреб мусульманських споживачів, сертифіковані 
халяльні продукти стають дедалі привабливішими для ширшої аудиторії, яка цінує 
дотримання високих стандартів гігієни, простежуваності та якості. Сучасні тенденції 
підкреслюють важливість дотримання суворих вимог, що підвищує конкурентоспроможність 
халяльного виробництва на міжнародних ринках. У цьому літературному огляді розглядався 
технологічний процес забою птиці з акцентом на дотримання халяльних норм і вимог. Метою 
дослідження було виявлення ризиків на кожному етапі виробництва, оцінка їх впливу на якість 
продукції та визначення шляхів оптимізації виробничих процесів відповідно до ісламських 
стандартів. Аналіз базувався на огляді сучасної наукової літератури, стандартів сертифікації 
та практик управління ризиками в харчовому виробництві. Основні ризики пов’язані з 
такими етапами, як передзабійний огляд, оглушення, забій, знекровлення, потрошіння, 
охолодження та післязабійний контроль. Встановлено, що порушення на цих етапах може 
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призвести до механічних пошкоджень тушок, недостатнього знекровлення, мікробного 
забруднення або невідповідності релігійним вимогам. Впровадження систем управління 
ризиками, таких як HACCP, а також використання сучасних технологій простежуваності, 
включаючи RFID-мітки та блокчейн, може покращити прозорість, ефективність виробництва 
та відповідність міжнародним стандартам. Цінність дослідження полягає у визначенні 
напрямків удосконалення систем контролю технологічного процесу, зокрема шляхом 
інтеграції автоматизованих рішень для моніторингу критичних точок та аналізу якості 
продукції. Отримані результати можуть бути корисними для підвищення обізнаності 
щодо вимог до якості забою птиці в контексті сертифікації халяльного виробництва. 
Перспективи подальших досліджень включають вдосконалення технологій забою, розробку 
автоматизованих систем контролю та оптимізацію методів оцінки якості для підвищення 
ефективності виробництва та відповідності високим гігієнічним і релігійним нормам

Ключові слова: халяльне виробництво; безпечність і якість м’яса; критичні точки; 
управління ризиками; простежуваність
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Introduction
Improvement of existing technologies for pro-
cessing fish raw materials to create high-quali-
ty and safe food products has gained particular 
importance recently. This is due to the high nu-
tritional value of fish raw materials, which con-
tain essential amino acids, fatty acids, vitamins, 
macro- and microelements, and physiologically 
active carbohydrates. Providing the population 
of Ukraine with high-quality food products that 
meet modern FAO/WHO recommendations on 
the content of essential factors is one of the im-
portant tasks of innovative technologies (FAO/
WHO,  2024). In this direction, the creation of 
food forms from natural raw materials using 
many ingredients is given special attention,  

because it allows combining raw materials of 
different origins to create products with spec-
ified properties of the biological value of pro-
tein, lipids, mineral components, and vitamin 
composition. On the other hand, relatively new 
types of aquaculture facilities, both in Ukraine 
and in the world, require the development of new 
technologies for their processing (FAO,  2022). 
Thus, in Ukraine and many countries around 
the world, the cultivation of the African catfish 
Clarias gariepinus (Burchell, 1822) from the fam-
ily Clariidae is widespread (Sharylo et al., 2020; 
Zadorozhnii, 2023). According to I. Bal  (2024), 
modern technologies for processing this type 
of fish, as well as many freshwater fish, are  

Abstract. Providing the population of Ukraine with fish products is of particular relevance since 
their consumption level does not meet the recommendations for healthy nutrition. One of the 
directions that can solve this problem is to expand the range of fish pastes, which are affordable 
for a wide range of people. The aim of the study was to improve the formulation of fish pastes 
based on the meat of catfish (Clarias gariepinus (Burchell, 1822)), trout (Salmo trutta fario), pink 
salmon milt (Oncorhynchus gorbuscha), and plant-based raw materials, as well as to evaluate the 
new formulations based on a set of organoleptic indicators, flavour profile spectrum, energy value, 
and physicochemical research methods: moisture content  – by drying the sample to constant 
weight; fat content  – by the Soxhlet method; protein content  – by the Kjeldahl method; ash 
content – by incineration of the sample. As a result of the research, the feasibility of combining 
the meat of the catfish, pink salmon milt and plant raw materials in the recipe composition of 
fish pastes was experimentally confirmed. Three new recipes for fish pastes were developed based 
on pre-salted and chopped catfish meat, trout and pink salmon milt, sautéed plant raw materials 
(onions, carrots), sunflower oil and spices. Studies of organoleptic indicators and the profile of 
the flavour spectrum determined the highest consistency indicators in fish pastes with catfish 
meat and pink salmon milt compared to the control and other formulations (9.5  ±  0.1 versus 
8.5 ± 0.08 points). Regarding chemical composition, the fish paste samples were characterised by 
a high moisture content: 50.24 ± 0.17 in the experimental formulations versus 61.62 ± 0.84 in the 
control, % respectively. The protein content was 14.65 ± 0.19 in the paste with pink salmon milt 
versus 13.05 ± 1.18% in the control. The lipid content in the new paste formulations ranged from 
32.12 ± 0.16 to 34.13 ± 0.21 versus 22.38 ± 0.17%, which determined their high energy value: 347.11-
365.77 versus 253.64 Kcal/100 g in the control. The results of the studies showed the feasibility of 
combining catfish meat with pink salmon milt and vegetable raw materials in the formulation of 
fish pastes, which will expand the range of high-quality and valuable fish products

Keywords: catfish meat; pink salmon milt; plant raw material; organoleptic evaluation; descriptors; 
flavour spectrum; chemical composition
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associated with the production of culinary 
products, cold and hot smoking, raw smoked 
sausages in combination with other aquat-
ic organisms, animal and plant raw materials, 
smoked sausages using liquid smoke. Since 
many innovative technologies are associated 
with the production of minced meat systems, 
considerable attention is paid to ensuring their 
specific structure and consistency. N.  Bozh-
ko et al. (2021) proved that combining freshwa-
ter silver carp meat with duck meat improves 
the strength and elasticity of the system, wa-
ter-binding and water-retaining capacity, and 
contributes to improving the structural, me-
chanical and organoleptic properties of sausage 
products. N.  Walayat  et al.  (2022) determined 
the effectiveness of using cryoprotectants in 
minced fish products to improve their gelling 
ability. The improvement of sensory and struc-
tural features of minced fish-based systems is 
facilitated by the use of potato starch, and hy-
drolysate from fish swim bladder (Ernawati  et 
al., 2021). The Ukrainian market is dominated 
by freshwater aquatic organisms (UIFSA, 2024). 
The improvement of meat properties for the 
production of high-quality canned products 
is the focus of the study by S.  Arokiyaraj  et 
al. (2024), which involves treating the raw ma-
terial with various acids to ensure the matura-
tion of the canned products.

Despite a significant amount of scientific 
research in the field of fish product technology, 
the issue of improving existing fish paste tech-
nologies based on the principles of food com-
binatorics using meat of different fish species 
and plant raw materials remains relevant. The 
work aimed to improve the recipe composition 
of fish pastes based on meat of Clarias catfish, 
trout, pink salmon milt and plant raw materials 
and to research organoleptic indicators, flavour 
spectrum profile and energy value of new fish 
paste recipes. The objectives of the work were 
to study the compatibility of fish raw materi-
als, namely meat of Clarias catfish, trout, pink 
salmon milt, plant raw materials, to form the 

recipe composition of fish pastes, to determine 
organoleptic indicators, flavour spectrum pro-
file and energy value of new recipes. The scien-
tific novelty of the work lies in the formation of 
a recipe composition of high-quality fish pastes 
based on a complex of organoleptic indicators, 
palatability and energy value based on domes-
tic raw materials.

Literature Review
Fish pastes are a snack food product made by 
physically or chemically grinding, mashing, 
mincing, or pressing the meat of fish or inver-
tebrates, and mixing the minced mixture with 
ingredients of plant or animal origin to achieve 
a homogeneous consistency. In this context, 
the use of aquaculture objects – clarias catfish 
and trout to improve the formulation of fish 
pastes is of particular importance (Okonkwo et 
al., 2020; Knaus et al., 2021). The technology of 
pasty products allows for combining raw mate-
rials of different origins and, based on the prin-
ciples of food combinatorics, forming products 
with specified properties of organoleptic indica-
tors, biological and energy value, and structural 
and mechanical features (Lebska  et al.,  2021).

The technology of pasty products is based 
on obtaining a minced emulsion with specific 
structural and mechanical properties. In this 
regard, many studies have been devoted to the 
factors that affect gelling and emulsifying abil-
ity. Thus, H. Luo et al. (2020) showed the feasi-
bility of adding potato starch at levels of 8 and 
5%, which improves the gel strength and taste 
of surimi. However, adding starch to minced 
meat products from washed minced fish con-
tributes to an increase in carbohydrates, which 
reduces their nutritional value by reducing the 
content of proteins and essential amino acids.

Research by M. Sapatinha et al. (2025) de-
termined the effectiveness of adding protein 
hydrolysates obtained after enzymatic hydrol-
ysis of substandard fish caviar on the structural 
and mechanical properties of minced products 
from silver carp meat and enriched with fish 
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oil. It was shown that hydrolysates contribute 
to the strengthening of the structure of fish 
sausages, improve sensory properties and slow 
down fat oxidation and microbial spoilage. The 
use of hydrolysates of substandard fish cav-
iar is seasonal. On the other hand, fish caviar 
can be at different stages of maturation, which 
are not controlled during manufacturing these 
products. Therefore, the use of this method in 
industrial conditions is very problematic. On 
the other hand, it is a very good idea to add 
caviar hydrolysates as a source of complete 
proteins, lipids and vitamins (Adebisi & Oshi-
banjo, 2019).

Fish pastes and other minced fish food 
products are subject to rapid spoilage. 
Non-thermal disinfection, such as cold plasma 
(CP), can be used to prevent the growth of mi-
croorganisms (Andoni  et al.,  2021). Using the 
example of chicken sausages, the effect of ul-
traviolet (UV) irradiation (for 200 and 400s) and 
CP (power 30 and 70 W for 200 and 400s) was 
investigated. CP had a greater effect on the ap-
pearance of sausages, effectively inhibiting the 
development of microorganisms and a longer 
shelf life. Non-thermal disinfection of sausages 
has significant advantages, because it does not 
cause lipid oxidation and denaturing changes 
in the protein component (Filho  et al.,  2021). 
Unfortunately, there is no industrial equipment 
for processing food products using CP, and the 
issues of digestibility of food products after this 
processing have not been studied.

Effective use of by-products from fish raw 
material processing opens up opportunities for 
new industries in the case of their deep pro-
cessing. A.  Ampitiya  et al.  (2023) showed the 
feasibility of extracting collagen from the skins 
of fish species such as yellowfin tuna (Thunnus 
albacares), seer fish (Scomberomorus commer-
son) and Asian sea bass (Lates calcarifer). The 
results of the studies indicate the possibil-
ity of using the extracted collagen as a struc-
ture-forming agent, including in minced fish 
products. The problem of unifying the quality 

of collagen extracted from the skin of different 
fish species and specific recommendations for 
its use in minced fish products remains.

A positive effect of the hydrolysate of the 
swim bladder gelatin (SBGH) of the fish Labeo 
rohita on the texture, sensory, microbial prop-
erties, and fat oxidation processes in cooked 
sausages enriched with polyunsaturated fat-
ty acids has been determined (Cruz-López  et 
al., 2023). Adding 3% SBGH to minced sausage 
systems showed higher hardness, cohesion, 
stickiness, slowing down of fat oxidation pro-
cesses and safety throughout the entire storage 
period at 4°C for 30 days compared to control 
samples. Based on these research results, it 
is recommended to add hydrolysates of swim 
bladder gelatin to minced fish in the manufac-
ture of sausage products, which will help slow 
down oil oxidation and microbial spoilage and 
improve the structural and mechanical proper-
ties of sausages. The disadvantage of this work 
is the difficulty in preparing this raw material 
and its small amount to manufacture gelatin 
hydrolysates. The swim bladder is present only 
in bony freshwater fish, the total catch of which 
in Ukraine is significantly less than that of ma-
rine ones (Public report…, 2024).

The search for ways to optimise the reci-
pe composition of minced meat products pro-
vides grounds for improving both the product’s 
nutritional value and its structural and me-
chanical properties. Scientists N.  Aukkanit  et 
al.  (2020) established the effects of different 
levels of Hylocereus dragon fruit peel powder 
undulate (DFPP) on the physical, chemical 
and sensory properties of emulsion sausages. 
In emulsion sausage samples, pork fat was re-
placed with 0.5, 1.0, 1.5, 2.0, and 2.5% DFPP. 
The sausage’s moisture, ash, and crude fibre 
contents increased with increasing amounts 
of this additive. High-content DFPP increased 
sausage firmness, elasticity, stickiness and 
chewiness but reduced cohesion. The addition 
of 2.0% DFPP was recommended, which did not 
significantly affect the sensory evaluation of 
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appearance, taste, texture and overall accepta-
bility. Based on the conclusions of the authors 
of this work, doubts arise about the feasibility 
of using DFPP instead of lard, because there is 
no comparative analysis of nutritional value. 
The feasibility of using pectin from apple peels 
using microwaves has been proven in model 
sausage systems (Aldemir  et al.,  2024). It was 
determined that pectin emulsions show high-
er stability at a pectin mass fraction of 1.0%. 
Therefore, apple peel pectin can potentially be 
used for fat reduction in minced meat systems 
for sausage production.

Researchers S. You et al. (2022) established 
the effect of improving the nutritional value 
and sensory properties of fish sausages by add-
ing 15% textured soy protein (TSP), 8% potato 
starch and 5% lard. During 180 days of storage, 
the moisture retention capacity, colour, and 
gel strength decreased, but weight losses dur-
ing cooking and thawing were lower than the 
control. However, the processes of secondary 
lipid oxidation and the accumulation of protein 
degradation products were more pronounced. 
However, the basic nitrogen value was higher. 
Thus, these data allowed the authors to recom-
mend the use of soy protein in fish sausages in 
order to improve the gel strength and sensory 
properties of fish sausages.

The use of various additives to improve the 
emulsification ability of minced meat products 
contributes to the improvement of technol-
ogies and the quality of the final product (Pe-
lykh  et al.,  2020). The addition of regular and 
defatted fenugreek seed powder Trigonella Foe-
num-Graecum (TFg and DTfg, respectively) at 
2.0% and 4.0% to meat emulsions determined 
their impact on improving the quality of emul-
sion-type meat products with vegetable oils as 
substitutes for animal fat (Patriani et al., 2023). 
Cooking losses and fat and liquid separation 
were lower in TFg, and Dtfg samples combined 
with starch. Lipid oxidation was higher in sam-
ples with TFg than with Dtfg or starch. Hard-
ness, chewiness and stickiness were lower in 

TFg and Dtfg samples than in starch samples. 
These results show that TFg powder is a prom-
ising raw material for improving the quality of 
emulsion-type meat products with vegetable 
oils as animal fat substitutes. The disadvantage 
of these studies is the lack of data on the change 
in the biological value of the final product when 
using these additives.

Thus, E.  Alagöz & C.  Sarıçoban  (2024) 
studied the effects of roasted and unroasted 
turpentine (Pistacia terebinthus) on the colour, 
emulsion capacity, fluidity, emulsion stabili-
ty, microstructure and textural properties of 
meat emulsions. Meat emulsions were created 
by adding roasted and unroasted turpentine to 
beef in amounts of 0.0, 0.1, 0.3, and 0.5%. Emul-
sion capacity and stability increased with the 
addition of turpentine, with the highest value 
of emulsion capacity (233.50 ml oil/g protein) 
and stability (74.50%) observed at a turpentine 
concentration of 0.3%. The use of roasted tur-
pentine contributed to an increase in emulsion 
stability and sample capacity compared to un-
roasted. Thus, it is recommended to add tur-
pentine to emulsion-type products with a high-
fat content, which will contribute to improving 
technological and functional properties. The 
authors of this study did not consider the hy-
pothetical mechanisms of the influence of tur-
pentine additives on the emulsion properties of 
minced meat products.

Researchers N. Bozhko et al. (2021) proved 
the feasibility of combining the meat of fresh-
water silver carp (Hypophthalmichthys molitrix) 
with duck meat (Anas platyrhynchos) in the 
composition of semi-smoked sausages. The 
optimal recipe with the highest quality indi-
cators of semi-smoked sausages from duck 
meat and freshwater aquaculture fish at a ra-
tio of 50:30 was determined, which provides 
improved strength and elasticity of the system, 
water-binding and water-retaining capacity, 
sensory evaluation indicators, and an ideal pro-
tein: fat ratio (1:1). It would be desirable to as-
sess the nutritional value of the final product.
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The original design of the fish paste reci-
pe was created by A. Menchynska et al. (2021). 
Based on theoretical studies, using carp meat 
with caviar of freshwater carp and sea fish - 
capelin and sunflower oil is justified. It is shown 
that due to the high content of phospholipids in 
fish caviar and sunflower oil, which are natural 
emulsifiers, the elasticity of the minced meat 
system is ensured, the organoleptic properties 
and the spectrum of the palatability profile are 
improved. Also, due to the content of biologi-
cally valuable essential amino acids, and fatty 
acids of the omega three family in this raw ma-
terial, these fish paste recipes belong to health 
food products.

The effectiveness of combining fish raw 
materials of different origins in the minced 
meat system has been shown in the studies 
of A.  Menchynska  et al.  (2021). The feasibility 
of using catfish meat as a raw material for the 
production of fish sausages has been theoret-
ically substantiated and experimentally con-
firmed. The authors have developed a recipe 
composition of minced meat systems for the 
production of raw smoked fish systems based 
on catfish meat with the addition of mackerel, 
scallops and lard. Combining raw materials of 
different origins contributes to an increase in 
nutritional value. However, the developed rec-
ipes for fish sausages belong to the “elite” food 
products and are not available to a wide range 
of the population.

The preliminary preparation of raw mate-
rials before manufacturing finished products 
significantly affects the quality of the finished 
product. In this regard, research by S.  Kun-
nath  et al.  (2022), determined the effect of 
high pressure on modifying the structure and 
functional properties of minced products from 
pink perch meat (Nemipterus japonicus). Fish 
mince significantly changed in viscosity when 
processed at 200, 400, and 600 MPa. In contrast 
to thermal gels, pressure-induced gels were 
smooth, white, and elastic. Reduction of reac-
tive SH groups, which participate in forming 

gels and emulsions, occurred in samples treat-
ed at 400 and 600 MPa due to the formation of 
disulfide bonds. The use of pressure contribut-
ed to the reduction of microbial contamination 
by 2-3 logarithmic cycles. It is recommended to 
treat minced meat with a pressure of 200 MPa, 
which does not significantly affect the quality 
of the structure and functional properties of 
the protein. Unfortunately, the authors did not 
study changes in the biological value of the 
product after this treatment.

L. Chen et al. (2024) proposed a combined 
processing of fish raw materials that contributes 
to the preservation of its sensory properties. 
The effect of different temperatures (18, 20 and 
50°C) on raw pieces of grass carp (Ctenopharyn-
godon idella) under pressure of 300, 400 and 
500 MPa. Increasing pressure caused shrinkage 
of fibres and compaction of the structure, but 
the content of myofibrillar proteins decreased 
with increasing temperature. The results of 
these studies will help control the quality of 
fish and will contribute to the development of 
appropriate means to improve the quality of 
both raw materials and food products from fish.

Thus, modern technologies of minced 
products, as the basis for the manufacture of 
sausage and pasty food products, are asso-
ciated with the improvement of their recipe 
composition by using ingredients that are not 
traditional for these products, as well as with 
the use of structure-forming agents to ensure 
the emulsion and gel structure typical for these 
products. However, many issues regarding 
the expansion of the spectrum of use of new 
types of raw materials and a comprehensive 
assessment of the palatability and nutritional 
value of minced products remain unresolved. 
The purpose of these studies was to improve 
the recipe composition of fish pastes based 
on domestic raw materials  – meat of catfish, 
trout and pink salmon milt, organoleptic eval-
uations, characteristics of the spectrum of the 
flavour profile and energy value of the products 
were carried out.



Animal Science and Food Technology. 2025. Vol. 16, No. 2

83Bal et al.

Materials and Methods
The research was conducted during 2023-2024 
in the laboratory of the Department of Meat, 
Fish and Seafood Technology of the Faculty of 
Food Technology and Quality Control of Agri-
cultural Products of the National University of 
Life and Environmental Sciences of Ukraine. 
The formulation of the fish pastes was based 
on an assessment of the compatibility of raw 
materials, namely – Clarias catfish meat from 
aquaculture in Ukraine, trout, pink salmon 
milt, vegetables (onions, carrots), sunflower 
oil, tomato paste and spices. The control reci-
pe used was the one from the experiments by 
A.  Menchynska  et al.  (2021). The fish was cut 

into fillets, salted with 5% salt for 24 hours at 
room temperature and ground on a cutter to a 
particle size of up to 1 mm. Pink salmon milt 
was thawed at room temperature for 4-6 hours, 
dry-salted with 5% salt for 12 hours at 4°C 
and ground to 1 mm. Onions and carrots were 
ground and sautéed in sunflower oil. The com-
patibility of raw materials was assessed based 
on combining fish meat and pink salmon milt in 
different ratios, the recipe composition of fish 
pastes was formed and the ingredients were 
dosed in a certain amount. Emulsification of 
the minced mixture was carried out by gradu-
ally adding sunflower oil in accordance with the 
amount specified in the recipe (Table 1).

Table 1. Formulation of fish pastes

Source: authors’ development

Ingredients
Quantity of ingredients, %

control (Menchynska et al., 2021) sample 1 sample 2 sample 3

Carp meat 70.0 - - -

Clarias catfish meat - 30.0 45.0 30.0

Trout meat - 30.0 15.0 15.0

Salted milt - - - 20.0

Carrot - 9.0 9.0 5.0

Sautéed onion 5.0 5.0 5.0 5.0

Tomato paste 30% 10.0 10.0 10.0 10.0

Sunflower oil 6.8 12.2 12.2 12.7

Table salt “Extra” 3.0 3.0 3.0 1.5

Sugar 0.5 0.5 0.5 0.5

Acetic acid 9% 0.2 0.2 0.2 0.2

Ground black pepper 0.05 0.05 0.05 0.05

Ground allspice 0.02 0.02 0.02 0.02

Ground coriander 0.03 0.03 0.03 0.03

Water 4.4 - - -

Total 100.0 100.0 100.0 100.0

For the organoleptic analysis of fish pastes, 
a five-point scale was developed in accord-
ance with the recommendations (Tkachen-
ko  et al.,  2020). The assessment results were 
expressed in points on a conditional scale with 

an increasing sequence of numbers (Table  2). 
Organoleptic evaluation of fish caviar-based 
pastes was carried out according to the follow-
ing indicators: appearance, colour, taste, smell, 
and consistency.
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When assessing the consistency of fish 
pastes, tenderness, homogeneity, and uni-
formity were determined. To determine the 
smell, typicality, intensity, and the presence 
of specific and other foreign odours were de-
termined. The total chemical composition of 
fish pastes was determined by moisture, pro-
tein, fat and ash content. The mass fraction 
of protein was determined by the total nitro-
gen content by the Kjeldahl method by the 
requirements of DSTU 8030:2015 (2017). Min-
eralisation of samples was carried out in a di-
gester Velp Scientifica series DK6 (Italy) with 
a vacuum pump (JP). The distillation process 
was carried out on the apparatus Velp Sci-
entifica UDK  129. The mass fraction of lipids  

wasdetermined using the Soxhlet extrac-
tion-weight method on the Soxhlet SOX 406 Fat 
Analyzer, according to DSTU 8717:2017 (2019). 
Mass fraction of ash-by weight method after 
mineralisation of the sample in a muffle fur-
nace at a temperature of 500-600°С according 
to DSTU  8718:2017  (2019). Mass fraction of 
moisture – by drying the samples to constant 
mass at 100-105°С (DSTU  8029:2015,  2017). 
The caloric content of fish pastes was deter-
mined using a calculation method.

The taste of fish pastes was evaluated us-
ing flavour spectrum profilographs in accord-
ance with the descriptors developed by the au-
thors according to DSTU ISO 6564:2005 (2006). 
To substantiate the feasibility of combining  

Indicator Indicator characteristics Point

Appearance

Homogeneous, pasty mass without grains 5
Homogeneous, pasty mass, slightly grainy 4

Heterogeneous mass, moderate granular mass 3
Heterogeneous mass, very granular mass 2

Heterogeneous, highly granular mass with a large number of foreign impurities and lumps 1

Colour

White or light orange or light pink, uniform throughout the mass 5
With a greyish tint, uniform throughout the mass 4

With a greyish tint, slightly heterogeneous throughout the mass 3
Grey with orange or pink flecks, non-uniform throughout the mass 2
Dark grey, non-uniform throughout the mass, with dark inclusions 1

Consistency

Homogeneous, pasty without grains 5
Homogeneous, pasty with single grains 4

Heterogeneous, moderate grainy 3
Heterogeneous mass, very granular 2

Heterogeneous, lumpy 1

Taste

Harmonious, typical of this type of product, with a caviar flavour, the taste of 
freshwater fish is not felt 5

Harmonious, typical of this type of product, the taste of freshwater fish is barely 
noticeable 4

Harmonious, typical of this type of product, the taste of freshwater fish is moderately 
pronounced 3

Fishy, with a hint of vegetable components, no milty taste 2
Strongly pronounced fishy flavour, the taste of other components is almost not felt 1

Scent

Pleasant, typical of this type of product with a milty aroma 5
Slight fishy smell 4

Fishy smell moderately pronounced 3
The fishy smell is strongly pronounced 2

The fishy smell is very strongly pronounced 1

Table 2. Scoring scale for organoleptic evaluation of fish pastes

Source: authors’ development



Animal Science and Food Technology. 2025. Vol. 16, No. 2

85Bal et al.

freshwater fish meat with pink salmon milt and 
raw materials of plant origin, an organoleptic 
assessment of the compatibility of these ingre-
dients in fish pastes was carried out. Experi-
mental studies were carried out in 3 replicates, 
the reliability of differences was assessed using 
the Student’s t-test at P ≤ 0.05.

Results
Organoleptic assessment of the quality of a food 
product forms the first impression of the con-
sumer. The results of studies of the comparative 
characteristics of experimental samples of fish 
pastes of different formulations (1, 2, 3) in com-
parison with the control (С) are given in Table 3.

Table 3. Comparative evaluation of organoleptic indicators  
of fish pastes of different formulations, in points

Source: authors’ development

Samples
Indicator characteristics and its points

Appearance Aroma and 
taste Consistency Structure Colour Overall rating

C Typical fish 
paste (4.3±0.7)

Typical for 
this type 

of product 
(3.6 ± 0.5)

Pasty, 
smearing 
(4.0 ± 0.3)

Homogeneous, 
with inclusion 

of muscle 
fibres 

(4.0 ± 0.1)

Light grey with 
a pink tint 
(4.2 ± 0.1)

20.1 ± 0.4

1
Typical 

fish paste 
(4.5 ± 0.2)

Typical for 
this type 

of product 
(3.9 ± 0.2)

Pasty, 
smearing 
(4.3 ± 0.4)

Homogeneous, 
with inclusion 

of muscle 
fibres 

(4.0 ± 0.2)

Light pink 
uniform 

throughout the 
mass (4.5 ± 0.1)

21.2 ± 0.5

2
Typical 

fish paste 
(4.7 ± 0.4)

Typical for 
this type 

of product 
(4.2 ± 0.1)

Pasty, 
smearing 
(4.3 ± 0.5)

Homogeneous, 
with inclusion 

of muscle 
fibres 

(4.0 ± 0.1)

Light pink 
uniform 

throughout the 
mass (4.7 ± 0.4)

21.9 ± 0.3

3
Typical 

fish paste 
(4.9 ± 0.2)

Typical for 
this type 

of product 
(4.5 ± 0.1)

Pasty, 
smearing 
(4.9 ± 0.3)

Homogeneous 
without 

inclusions 
(4.9 ± 0.1)

Light pink, 
uniform 

throughout the 
mass (4.9 ± 0.1)

24.1 ± 0.1

In appearance, all fish paste samples met 
the requirements for this product. The aroma 
and taste were also characteristic of fish pastes 
due to the fact that they included crushed salt-
ed fish raw materials: in the control sample 
from carp, in 1 and 2 – catfish and trout meat, 
in 3 – catfish, trout meat and pink salmon milt. 
A comparative analysis of the organoleptic 
indicators of fish pastes of different recipes 
shows that the overall score was better for fish 
paste based on catfish, trout and pink salmon 
milt 24.1 versus 20.1 in the control sample and 
21.2 and 21.9 in recipes with a combination of 
catfish and trout meat, respectively. The con-
trol sample and samples No. 1 and No. 2 were 
characterised by a homogeneous consistency 

but with the inclusion of muscle tissue. A com-
parative characteristic of the chemical compo-
sition of fish pastes of different formulations 
is shown in Figure 1.

The moisture content in the control sam-
ple of fish paste was 61.62 ± 0.84%, which is 11% 
higher than that in the experimental ones. The 
amount of protein in the control sample was 
13.05 ± 0.18%, which is less than in the experi-
mental ones by an average of 1%, the number of 
mineral compounds ranged from 1.34 to a cer-
tain lesser amount in sample No. 3. The level of 
lipids was from 22.38 ± 0.17 to 34.13 ± 0.21 and 
in the experimental samples it was 10% higher 
than in the control, which ensured their high 
energy value (Fig. 2).
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Analysis of the results showed that sam-
ple No. 3 had the highest energy value, which 
is 365.77 kcal versus 253.64 kcal in the control 
and 353.11 kcal in sample No. 2 and 347.8 kcal 
in sample No. 1. To assess the palatability of fish 
pastes, the flavour spectrum profile method was 
used, which is one of the group of methods for 
describing sensory characteristics and is con-
sidered fundamental for many other descriptive 
methods. The concept of flavour is understood 
as the combined effect of taste properties, ar-
omatic perception and tactile sensation in the 
oral cavity (DSTU ISO 6564:2005, 2006).

The flavour spectrum profile method is an 
attempt to characterise “flavour”, taking into 
account all the descriptors that form the over-
all impression of the product. The use of this  

method allows for describing the overall im-
pression of the product based on five main cri-
teria: the nature of the descriptors, their inten-
sity, the order in which these descriptors appear, 
aftertaste, and their completeness (a phenome-
non expressed by the overall impression of the 
compatibility of the product’s components). 
During the study, descriptors of the organo-
leptic profile were developed and the “ideal” 
organoleptic spectrum of the profile (standard) 
was determined. To build the “ideal” organo-
leptic spectrum of the profile, a consumer tast-
ing was conducted to obtain data on the level 
of desirability of the intensity of the descrip-
tors according to five samples of their intensity 
scale. The results of the profile analysis of the 
palatability of fish pastes are given in Table 4.

Figure 1. Comparative characteristics of the chemical composition  
of fish pastes of different formulations

Source: authors’ development

Figure 2. Estimation of the energy value of fish pastes of different formulations, kcal/100 g
Source: authors’ development
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Harmonious aroma and taste with an in-
tensity of 5.0 points is characteristic of the 
standard and samples No. 2 and No. 3. A low-
er number of points was received by Sample 
No.  1 and the control sample: 4.0 and 4.5, 
respectively. The descriptors “fish aroma and 
taste” were more pronounced in recipe No. 3 – 
4.5 points compared to the standard sample 
of 5.0 points and other samples – 4.0 in sam-
ples No.  1, 2 and in the control – 3.0 points. 
According to the descriptor “typical”, all fish 
paste samples, except for the control sample, 
received the same number of points – 4.0. The 
control sample – 3.0 points. “Sweet taste” was 
the same for all experimental samples and 
was 1.0 points compared to 1.5 in the stand-
ard. The descriptor “salty” was characterised 
by the same number of points in the standard 
and sample No. 3 – 2.8 points. The other sam-
ples received 2.5 points. The number of points 
in all samples of fish pastes according to the 
descriptor “with the aroma and taste of added 
vegetables” had the same rating – 3.0 points.

According to the descriptors of the struc-
ture, the best “pasty” was determined in the 

fish paste sample No. 3 – 5 points, as in the 
standard. Other samples received a score of 
4.0 points. The homogeneous structure of fish 
pastes was determined in all samples, but not 
better than the standard and was 3.0 points. 
The descriptors “heterogeneous with inclu-
sions” were determined in all samples, except 
No.  3. The descriptor “tender, juicy consist-
ency” received the highest number of points 
in the fish paste samples No.  2 and No.  3, – 
3.5 points, that is, on a par with the stand-
ard. The dry consistency was expressed to a 
greater extent in sample No. 3. The descriptor 
“general impression” was the same between 
the standard and sample No.  3 and was 5.0 
points. According to the “total points”, the 
highest number of 37.8 points was received 
by sample No. 3 with pink salmon milt com-
pared to the standard  – 41.30 and 33.5 and 
36.0 in other experimental formulations. For 
a more visual perception of the research re-
sults, detailed organoleptic spectra of the fla-
vour profile of each sample were constructed 
and compared with the “reference” profile of 
fish paste (Fig. 3-6).

Table 4. Profile analysis of palatability of fish pastes

Source: authors’ development

Descriptors
Intensity of characteristics of different fish paste 

formulations, points

Standard Control 1 2 3

Aroma and taste characteristics
harmonious 5.0 4.5 4.0 5.0 5.0

fishy 5.0 3.0 4.0 4.0 4.5
typical 4.0 3.0 4.0 4.0 4.0
sweet 1.5 1.0 1.0 1.0 1.0
salty 2.8 2.5 2.5 2.5 2.8

with the aroma and taste of added vegetables 3.0 3.0 3.0 3.0 3.0
Characteristics of the structure

pasty 5.0 4.0 4.0 4.0 5.0
homogeneous 3.5 3.0 3.0 3.0 3.0

heterogeneous with inclusions 1.5 1.0 1.0 1.0 -
Consistency

tender, juicy 3.5 2.5 2.0 3.5 3.5
dry 1.5 2.5 2.0 1.5 1.0

General impression 5.0 3.5 3.0 3.5 5.0
Total points 41.3 33.5 33.5 36.0 37.8
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Figure 3. Profilogram of the flavour profile spectrum  
of the standard and control samples of fish pastes

Source: authors’ development

Figure 4. Profilogram of the flavour profile spectrum  
of the standard and sample fish paste according to recipe No. 1

Source: authors’ development

Figure 5. Profilogram of the flavour profile spectrum  
of the standard and sample fish paste according to recipe No. 2

Source: authors’ development
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According to the results of the analysis of 
the spectra of the flavour profile, the profile of 
fish paste made according to recipes No. 3 and 
No. 2 is most similar to the reference one. Thus, 
as a result of the conducted evaluation of ingre-
dient compatibility in fish pastes using the fla-
vor profile spectrum method, it was established 
that the formulation of the paste made from 
minced salted meat of two types of freshwater 
fish – Clarias catfish and trout – along with pink 
salmon milt and vegetables, enhances flavor 
and aromatic characteristics and improves the 
consistency of fish pastes. It was determined 
that salted pink salmon, carrots and onions are 
especially harmoniously combined with salted 
minced meat from fish meat.

Discussion
Fish products occupy an important place in hu-
man nutrition due to the content of essential 
amino acids, fatty acids, vitamins, micro- and 
macroelements. These nutritional factors in 
fish raw materials provide plastic and energy 
metabolism, can serve as a substance for medi-
cines and have a preventive effect on many dis-
eases (Bal-Prylypko et al., 2024).

The authors improved the recipe composi-
tion of fish paste based on the meat of catfish, 
trout, onion, carrot, tomato paste, sunflower 
oil and spices. The organoleptic evaluation of 

the improved recipes of fish pastes based on 
the meat of catfish, trout, and pink salmon milt 
determined high quality indicators in terms 
of appearance, aroma, taste and consistency. 
These indicators are the best in the formulation 
with pink salmon milt, amounting to 24.1 ± 0.1 
against 20.1 ± 0.4 points in the control and ex-
ceed other formulations based on catfish and 
trout meat (formulation No. 1 – 21.2 ± 0.5 and 
No.  2  – 21.9  ±  0.3). The developed recipe for 
fish pastes, according to organoleptic indica-
tors, is consistent with the results of previous 
studies of fish pastes based on a combination of 
raw materials of freshwater and marine origin 
(Menchynska et al., 2021). In these studies, the 
principle of combining raw materials was used 
not only in terms of the content of sources of 
biologically valuable protein and fatty acids 
of the ɷ-3 family but also in terms of the con-
tent of phospholipids. According to the data of 
A. Menchynska et al. (2021) the content of this 
fraction in capelin caviar lipids is up to 40%. The 
emulsifying properties of fish pastes are also 
provided by the introduction of sunflower oil, 
which, due to its high content of phospholipids, 
also exhibits emulsifying properties. According 
to the results of the current study, sunflower 
oil is present in the formulation from 12.2 to 
12.7%, in contrast to 30% in the formulations 
of the above-mentioned authors. An additional 

Figure 6. Profilogram of the flavour profile spectrum  
of the standard and sample fish paste according to recipe No. 3

Source: authors’ development

0
1
2
3
4
5

Harmonious

Fishy

Typical

Sweet

Salty
With the aroma and taste 

of added vegetablesPasty

Homogeneous

Heterogeneous 
with inclusions

Tender, juicy

Dry

Standard

Sample 3



Animal Science and Food Technology. 2025. Vol. 16, No. 2

90 Quality assessment of fish pastes...

emulsifying effect in the current study is pro-
vided, according to the authors, by the proper-
ties of pink salmon milt. It can be assumed that 
these properties of fish paste formulation No. 3 
are due to the taste properties of catfish meat 
and pink salmon milt.

According to the chemical composition, 
the protein level is higher in fish paste for-
mulations with catfish, trout and pink salmon 
milt compared to those using only carp meat, 
as in the control. Thus, in the control formula-
tion, the protein content is 13.05 ± 0.18, in the 
experimental formulations – from 13.78 ± 0.19 
to 14.68 ± 0.16% of the total chemical composi-
tion. According to A. Menchynska et al. (2021), 
the protein content in fish pastes based on raw 
materials such as carp meat, silver carp meat 
and caviar, capelin caviar with vegetables and 
spices contains less protein – 12.68 ± 0.16 and 
13.48 ± 0.19%. The highest amount of lipids was 
determined in the current study of the fish paste 
recipe with pink salmon milt – 34.13 ± 0.21%, 
in the study by A.  Menchynska  et al.  (2021) 
based on fish caviar – 40.06±0.26%. These dif-
ferences in chemical composition determine 
the difference in energy value. Thus, the high-
est energy value was obtained by a sample of 
fish paste with pink salmon milt – 365.77 kcal 
/100 g (Fig. 2) against the highest value of this 
indicator in pastes based on capelin and silver 
carp caviar – 411.26 kcal/100 g. The amount of 
lipids in carp, silver carp and capelin caviar is 
on average 3.91; 5.93; 13.88%. Pink salmon milt 
is characterised by a low lipid content – 2.10% 
(14, 15). Additionally, sunflower oil was used in 
the experimental paste formulations: based on 
catfish meat – 12.7%, based on fish caviar – 30%. 
Therefore, the lipid content in caviar-based fish 
pastes was higher. The protein-to-lipid ratio in 
the current study was 1:1.7 in the control, in 
samples No. 1, 2, 3 – 1:2.2, 1:2.40, and 1:2.33, 
respectively. These data are not consistent with 
the results of previous studies by the authors 
A. Menchynska et al. (2021) on fish pastes when 

using other raw materials, where this ratio 
in fish paste “Ikrynka” was 3.15; in “Zakus-
ochna” – 2.72.

The analysis of the spectrum profile of fish 
pastes confirmed the data of the organoleptic 
evaluation and is consistent with the results of 
previous studies of fish pastes based on other 
raw materials  – carp, silver carp and capelin 
caviar (Menchynska  et al.,  2021). It has been 
determined that the formation of a “bouquet” 
of harmonious aroma and taste is influenced by 
the combination of fish, vegetable raw materi-
als, sunflower oil, tomato paste, spices and, of 
course, the features of its preliminary prepara-
tion and the sequence of combination.

In the fish paste recipe developed by the 
authors, the organoleptic compatibility of 
the raw materials was determined. Theoreti-
cal studies have shown that sulfur-containing 
amino acids – methionine and cysteine – par-
ticipate in the formation of a pasty, plastic 
and homogeneous consistency (Kunnath  et 
al., 2022). According to the results of research 
by A. Menchynska et al.  (2021) fish raw mate-
rials, namely silver carp meat, contain a total 
amount of methionine with cystine of 3.35, 
carp caviar – 6.22, silver carp – 3.95, capelin – 
5.24 g/100 g of protein, which ensures that the 
content of these acids in the recipe compo-
sition of experimental fish pastes is at a suf-
ficiently high level – 7.98 and 3.82  g/100  g of 
protein. According to T. Lebska et al. (2021), the 
meat of the Clarias catfish is characterised by 
the presence of sulfur-containing amino acids 
at the level of 4.40 g/100 g of protein, which can 
contribute to the formation of the gel structure 
and provide a tender and juicy consistency of 
fish pastes. Thus, in the formation of a tender 
and creamy consistency of fish pastes, accord-
ing to the authors of the current study, both a 
sufficiently high content of sulfur-containing 
amino acids and the presence of natural emul-
sifiers – phospholipids in the lipid composition 
of the raw material are involved.
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Conclusions
Fish products occupy an important place in 
the structure of nutrition of the population 
of Ukraine, however, the level of its consump-
tion does not correspond to the recommend-
ed levels for healthy nutrition. Therefore, the 
urgent task is to improve existing technologies 
for the production of fish products and expand 
the range. In this regard, the use of Ukraine’s 
aquaculture resources, namely, catfish and 
trout, is of particular importance. In this as-
pect, an important place is occupied by mul-
ti-component food products, the creation of 
which is achieved by combining raw materials 
of different origins in order to provide humans 
with the necessary irreplaceable and replacea-
ble nutritional factors. The technology of fish 
pastes allows creating such products based on 
the organoleptic compatibility of raw materi-
als and their preliminary preparation (salting, 
grinding, heat treatment, etc.) and a specific 
sequence of mixing ingredients.

The authors conducted a study to improve 
the formulation of fish pastes based on the meat 
of the catfish, trout, pink salmon milt, vegeta-
ble raw materials and spices. The organoleptic 
assessment determined the compatibility of the 
raw materials. According to the nutritional val-
ue indicators, fish pastes are characterised by 

a high lipid content – 34.13 ± 0.21%, proteins – 
14.68 ± 0.16% and energy value at the level of 
364.77  kcal/100  g. Descriptors of the flavour 
spectrum were developed to characterise the 
aroma, taste, structure and consistency of fish 
pastes. Profile analysis based on the totality 
of structure and consistency indicators deter-
mined the highest quality of fish pastes based 
on the meat of the catfish and pink salmon 
milt compared with control samples and com-
binations of other raw materials. The influence 
of the content of sulfur-containing amino ac-
ids and phospholipids in raw materials on the 
formation of a tender and juicy consistency of 
fish pastes is discussed. Thus, the feasibility 
of expanding the range of food fish products 
based on Ukrainian aquaculture is proven. Fur-
ther research will be aimed at determining the 
pre-treatment regimes of raw materials to en-
sure their safety and quality.
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зразка до постійної маси; вміст жиру – методом Сокслета; вміст білка – методом К’єльдаля; 
золи  – спалюванням наважки. В результаті досліджень експериментально підтверджено 
доцільність поєднання у рецептурному складі рибних паст м’яса кларієвого сомика, молок 
горбуші та рослинної сировини. Розроблено три нових рецептури рибних паст на основі 
попередньо солених та подрібнених м’яса сомика, форелі і молок горбуші, пасерованої 
рослинної сировини (цибулі, моркви), олії соняшникової та спецій. Дослідження 
органолептичних показників та профілю спектру флейвору визначили найбільш високі 
показники консистенції у рибних паст з м’ясом сомика та молоками горбуші в порівняні 
з контролем та іншими рецептурами (9,5  ±  0,1 проти 8,5  ±  0,08 балів). За хімічним 
складом зразки рибних паст характеризувались високим вмістом вологи: 50,24  ±  0,17 в 
експериментальних рецептурах проти 61,62 ± 0,84 у контрольної, % відповідно. Вміст білку 
складав 14,65 ± 0,19 у пасті з молоками горбуші проти 13,05 ± 1,18 % у контрольної. Вміст 
ліпідів у нових рецептурах паст коливався від 32,12 ± 0,16 до 34,13 ± 0,21 проти 22,38 ± 0,17 
%, що визначило високі показники їх енергетичної цінності: 347,11-365,77 проти 
253,64  Ккал/100  г у контрольної. Результати досліджень показали доцільність поєднання 
у рецептурі рибних паст м’яса сомика з молоками горбуші та рослинною сировиною, що 
дозволить розширити асортимент якісної та корисної рибної продукції

Ключові слова: м'ясо сомика; молока горбуши; рослина сировина; органолептична оцінка; 
дескриптори; спектр флейвору; хімічний склад
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Introduction
In recent years, there has been an increase in 
competition in the alcoholic beverages market, 
so the issue of improving the sensory charac-
teristics of wine products is quite relevant be-
cause every year more and more consumers are 
inclined to choose high-quality wine. This is 
especially true for the production of table rosé 
wines, the rapid development of which has 
been observed since the mid-2000s. One of the 
priority areas for improving the technology of 
table rosé wines is the search for ways to im-
prove organoleptic characteristics through the 
use of more economically viable alternatives to 
oak barrels, the cost of which remains consist-
ently high.

According to the International Organi-
sation of Vine and Wine, the demand for rosé 
wines has increased significantly over the 
past twenty years: statistics show a 25% in-
crease in production (OIV,  2023). An analysis 
of rosé wine market trends conducted in over 
30 countries predicts an increase in this wine 
category with an average annual growth rate 
of 5.5% until 2033 (Rosé wine market…, n.d.). 
One reason for the growing popularity of rosé 
wines is their versatility. Producers offer a wide 
range of styles, from light and crisp flavours to 
rich and complex, taking into account different 
preferences and making rosé wines go well with 
a variety of dishes. Rosé wines also appeal to 

Abstract. Rosé wine has found its place in modern global society due to its perfect alignment 
with new consumption trends and lifestyle choices: less structured meals, a variety of cuisines 
from around the world, simple gastronomy, an interest in discovery, and the desire for immediate 
pleasure. Therefore, improving the organoleptic properties of table rosé wines is a relevant task. 
One way to influence the sensory characteristics of wine products is through treatment with 
finishing oak alternatives. The aim of this study was to enhance the technology of table rosé wine 
using oak alternatives, specifically experimental oak chips of Ukrainian production, compared to 
French counterparts. The study employed standard physicochemical and organoleptic analysis 
methods. The organoleptic and physicochemical quality indicators of table rosé wine made from 
Cabernet Sauvignon grapes grown in the Odesa Region (Ukraine) were studied. The conducted 
research identified the potential use of finishing oak chips as an additional beneficial method 
for diversifying the organoleptic characteristics of table rosé wines and enhancing specific 
characteristic descriptors of this type of wine at stages close to bottling. The stabilising effect of oak 
chips on colour compounds was determined, preventing their degradation, which is an important 
task in rosé wine production, without dominating the aroma. The highest scores in organoleptic 
evaluation were obtained by sample No. 103 (Oenofinisher Freshness Booster oak chips from the 
French manufacturer Seguin Moreau), which, in addition to the declared characteristics (enhancing 
fruity notes in the aroma), added nuances of pastry (biscuit and caramel), and sample No. 106 (oak 
chips of Ukrainian production from “Kont-2” LLC), which was characterised by pleasant fruity 
notes (mainly red currant, cranberry, and unripe strawberry) with additional biscuit undertones. 
As a result of this study, the technology for producing table rosé wine using oak chips has been 
improved. The organoleptic profiles of new Ukrainian oak alternatives have been described, 
allowing winemaking companies to enhance the quality of their wine products and influence wine 
styles. The production trial of rosé table wine using Ukrainian oak alternatives, which received the 
highest rating, was carried out at the winery First Winemaking Station

Keywords: technology; grapes; sensory analysis; phenolic complex; anthocyanins; tannins; acidity
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wine lovers with their bright, fruity flavours and 
attractive colours of varying intensities. In this 
context, wine producers are striving to improve 
the quality of rosé wines and better reveal their 
specificity. As P. Iván et al. (2025) point out, the 
main problem in the technology of rosé wines 
is their tendency to oxidation, which is mani-
fested in the degradation of organoleptic indi-
cators, primarily the appearance of unpleasant 
yellow, orange or brown shades in the colour 
and the loss of aroma. Therefore, the search for 
modern materials to slow down changes in sen-
sory characteristics is relevant (Bai et al., 2023). 
Tannins are considered to be one of the promis-
ing auxiliary materials for stabilising aromatic 
and colour characteristics, which can be used at 
different stages of production.

In addition, the Ukrainian wine indus-
try faces the problem of insufficient informa-
tion on the characteristics of oak alternatives, 
which complicates the selection of the optimal 
material for the production of rosé wines. Pro-
ducers of oak alternatives often do not provide 
complete data on the origin of the wood, which 
can affect the final sensory profile of the wine. 
This requires the creation of detailed technical 
characteristics of oak alternatives and the de-
velopment of recommendations for their use 
in winemaking. The use of oak alternatives can 
also be an effective tool for improving the col-
our stability of rosé wines. Phenolic compounds 
contained in oak chips are able to interact with 
anthocyanins, which are the main pigments 
responsible for the colour of rosé wines. This 
process can help stabilise the colour range and 
prevent the loss of hue brightness during age-
ing and storage.

The sensory profile of rosé wines can vary 
significantly depending on the type of oak 
chips used. For example, lightly toasting oak 
chips helps to enhance floral and fruity notes, 
while more intensive toasting can impart notes 
of chocolate, spices or even nuts to the drink 
(Marr,  2024). This opens up wide opportuni-
ties for winemakers to create a unique style of 

rosé wine adapted to the tastes of consumers. 
Therefore, the need to find modern technolog-
ical solutions to stabilise the colour, aroma and 
overall quality of rosé wine is extremely urgent. 
The use of oak alternatives is one of the prom-
ising areas in this area but requires thorough 
scientific research.

Research into the effectiveness of oak al-
ternatives in the production of rosé wines will 
allow producers to choose optimal processing 
methods, which will help improve the quality 
and competitiveness of Ukrainian wines on the 
global market. At the current stage of develop-
ment of Ukrainian winemaking, the search for 
innovative solutions is key to the sustainable 
development of the industry (Bezhenar, 2024). 
In this context, scientists point to the need to 
improve the technological processes of wine 
production (Kormyshkina,  2025). Analysis of 
modern scientific research indicates that the 
use of oak alternatives in winemaking is an im-
portant tool for modifying the physicochemical 
and sensory characteristics of wine. In particu-
lar, the study by C. Leborgne et al. (2022) on the 
influence of different types of oak wood on the 
organoleptic profile of rosé wines confirms that 
oak chips can contribute to the stabilisation of 
the colour of rosé wines through the interac-
tion of phenolic compounds with anthocyanins, 
which provides resistance to oxidation. An im-
portant aspect is the cost-effectiveness of using 
oak alternatives. Oak chips allow winemakers 
to significantly reduce production costs while 
maintaining high organoleptic characteristics 
of the wine. This is especially important for 
small and medium-sized wineries that do not 
have the opportunity to invest significantly in 
oak barrels. Thus, the analysis of the literature 
demonstrates that oak alternatives are an ef-
fective tool for improving the characteristics of 
rosé wines.

This study aimed to investigate the impact 
of using an oak alternative on the physicochem-
ical and organoleptic characteristics of rosé 
wines. To achieve this aim, the following tasks 
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were set: to identify the impact of oak chips on 
the physicochemical characteristics of dry table 
rosé wine; to compare the declared organolep-
tic style of Seguin oak chips Moreau (France) 
with actual data, as well as to describe the or-
ganoleptic profile of oak chips from “Kont-2” 
LLC (Ukraine) when using new oak alternatives 
on the market.

Materials and Methods
Sensory research was conducted at the Odesa 
National University of Technology in the ed-
ucational and scientific laboratory of senso-
ry analysis, which is accredited in accordance 
with the requirements of DSTU EN ISO/IEC 
17025:2019  (2021); physicochemical research 
was conducted in the accredited laboratory 
of LLC “First Winemaking Station”. During 
the study, dry rosé table wine from the Cab-
ernet Sauvignon grape variety, produced by 
LLC “First Winemaking Station”, was used as 
the material (Velykodolynske, Odesa Region) 
in 2023. The research was conducted in April-
June 2024. Wine materials for the research were 

prepared according to the following techno-
logical scheme: grape reception → processing 
with sorting → crushing with separation of the 
stems on a roller crusher and sulphitation → 
short-term infusion of the must on the pulp 
with cooling and introduction of an enzyme 
preparation → pressing of the pulp with se-
lection of the must for the production of wine 
in an amount of no more than 60 dal (decali-
tre) from 1 ton of grapes → clarification of the 
must by settling with treatment with gallic 
tannin and a complex preparation consisting 
of bentonite, plant protein and PVPP (poly-
vinylpolypyrrolidone) → fermentation of the 
clarified must on a PYC (pure yeast culture) 
with temperature regulation → after the end of 
fermentation and the first racking, ageing on 
a thin layer of yeast sediment for six months 
→ treatment for stabilisation. Oak chips were 
added to the wine materials a month before 
bottling. The doses were selected as average 
values from the manufacturer’s recommended 
ranges (Fig.  1). The test and control samples 
were kept at a temperature of 15°C.

Figure 1. Experimental procedure scheme
Source: developed by the authors
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To assess the impact of oak alternatives, 
the following were used:

d control: dry rosé table wine from Caber-
net Sauvignon grapes (sample No. 101);

d oak chips from Seguin Moreau (France): 
Oenofinisher the Original (sample No. 102); Oe-
nofinisher Freshness Booster (sample No. 103) 
(Oenofinisher…, 2021);

d oak chips from “Kont-2” LLC (Ukraine): 
code 3/1 (sample No.  104); code 2/3 (sample 
No. 105); code 2/2 (sample No. 106).

A description of the oak alternatives used in 
the study is given in Table 1. When harvesting 
wood chips from holm oak and pedunculate oak, 
which grow in Ukraine, wood with an increased 
content of aromatic compounds is selected.

Source: developed by the authors

Oak alternative 
name/code When to add Dosage  

g/dm 3
Contact 

time Oenological task

France, Seguin Moreau

Oenofinisher the 
Original

End of ageing (ageing 
before bottling) 

(fermentation possible)

0.5-2  
g/dm 3 1 week Candied fruit, vanilla, roundness in 

the mouth

Oenofinisher 
Freshness 

Booster

End of the ageing or 
alcoholic fermentation 

process

0.7-1.5  
g/dm 3 1-2 weeks Distinctive notes of exotic fruits

Ukraine, “Kont-2” LLC

3/1 During the fermentation 
or ageing stage

1-4  
g/dm3

3-6 
months

Imparting pronounced woody, vanilla 
and spicy notes, strengthening the 

structure of the drink

2/3 At the beginning of ageing 
or before the final blend

1-3  
g/dm3

2-5 
months

Softening tannins, adding caramel and 
sweet nuances, rounding out the taste

2/2 During ageing or at the 
final stage before bottling

0.5-2  
g/dm3

1.5-4 
months

Increasing the complexity of the taste, 
adding nutty and chocolate nuances, 

harmonising the overall profile

Table 1. Description of oak alternatives used in the study

During the research, generally accepted 
standardised physicochemical and organo-
leptic analysis methods were used, enabling 
the assessment of changes in the structure, 
aromatic profile and general sensory charac-
teristics of wine after contact with different 
types of oak chips: the mass concentration of 
sugars in the must was determined accord-
ing to DSTU  7669:2014  (2015); the mass con-
centration of titrated acids in the must and 
wine according to DSTU  4112.13:2002  (2003); 
the pH value in the must according to 
DSTU  6045:2008  (2009); the pH value in the 
wine according to DSTU  4112.24:2002  (2003); 
the volume fraction of ethyl alcohol according to 
DSTU 4112.3:2002 (2003); mass concentration 
of sugars in wine materials in terms of invert 
sugar according to DSTU  4112.5:2002  (2003); 
mass concentration of volatile acids according  

to DSTU  4112.14:2002  (2003); mass con-
centration of sulfurous acid according to 
DSTU  4112.25:2002  (2003); mass concen-
tration of the reduced extract according to 
DSTU  4112.14:2002  (2003); determination of 
the mass concentration of phenolic, includ-
ing colouring substances (anthocyanins)  – 
by the colourimetric method according to 
DSTU  4112.41:2003  (2004); modern scoring 
systems for assessing wine quality according to 
the requirements of the International Organi-
sation of Vine and Wine (OIV, 2021); methods 
for creating a flavour spectrum according to 
DSTU  ISO 6564:2005  (2006). To conduct or-
ganoleptic studies, 7 sensory analysis experts 
were involved, whose panel was pre-calibrat-
ed. The study adhered to the ethical principles 
outlined in the Declaration of Helsinki  (1964) 
regarding research involving human subjects. 
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In the process of analysing the obtained exper-
imental data (repetition rate 3), statistical pro-
cessing was carried out using the PanelCheck 
V1.4.2 program and the method for creating 
a flavour spectrum, according to DSTU  ISO 
6564:2005 (2006), which ensured the objectivi-
ty and reliability of the results obtained; devel-
oped by Principal Component Analysis (PCA) 
map. 150 dal of wine materials were produced 
using improved technology.

Results and Discussion
According to the results of the analysis of the 
control and experimental samples, it was found 
that the use of oak alternatives does not signif-
icantly affect the physicochemical parameters 
specified in DSTU  4806:2007  (2008), which 
are within the error limits provided for by the 

standard and correspond to modern world views 
on the values of these parameters in rosé wines. 
The key factor that affects the quality of wines 
and distinguishes rosé wines from white and 
red wines is the content of phenolic substanc-
es, including colouring substances (Iazzi  et 
al.,  2019; Del Alamo-Sanza et al.,  2021). Wine 
quality assessment is based on sensory and 
physicochemical analyses (Bilko, 2019; Zhao et 
al., 2022; Paissoni et al., 2022). In the sensory 
evaluation of rosé wines, wine quality indica-
tors, such as colour and taste, are significantly 
influenced by the phenolic component (Bilko et 
al., 2019; Rinaldi et al., 2021). Table 2 presents 
the values of the mass concentration of phenolic 
and colouring substances of the control and ex-
perimental samples of dry rosé table wine from 
Cabernet Sauvignon grapes of the 2023 harvest.

Source: developed by the authors

Oak alternative name
Mass concentration, mg/dm3

Phenolic substances Colouring substances
Control 101 375 14

No. 102 350 20
No. 103 355 24
No. 104 370 18
No. 105 375 22
No. 106 395 16

Table 2. Characteristics of the phenolic complex of the control  
and experimental samples from Cabernet Sauvignon grapes of 2023

The data in Table 2 indicate the following:  
the mass concentration of phenolic substanc-
es in the control and experimental samples is 
in the range from 350 to 395  mg/dm3, with a 
mass concentration of colouring substances 
in the range from 14 to 24  mg/dm3. As noted 
by M.  Bilko  (2019), rosé wines can be divided 
into two types by style  – European and do-
mestic. The European style is characterised by 
a content of phenolic substances from 290 to 
478  mg/dm3, including colouring substances 
6-44  mg/dm3. The domestic style has a high-
er mass concentration of phenolic substances 
532-726 mg/dm3, including colouring substanc-
es 50.6-64.5  mg/dm3. In accordance with the 

indicated styles, the control and experimen-
tal samples belong to the European style. The 
values of the mass concentration of colouring 
substances of the control and experimental 
samples are in the average or closer to the low-
er limit, which is associated with the six-month 
ageing of wine materials on a thin layer of yeast 
sediment and, accordingly, the absorption of 
anthocyanins by the yeast mass. Comparing the 
experimental samples with the control, only in 
sample No.  106 the content of phenolic sub-
stances increased. Sample No. 105 has the same 
mass concentration of phenolic substances as 
the control. Samples No. 102, No. 103, No. 104 
have lower values of this indicator than in the 
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control sample. Such differences may be asso-
ciated with the origin of the raw materials, the 
degree of toasting and the duration of contact 
with oak alternatives.

The mass concentration of colouring sub-
stances of the experimental samples com-
pared to the control was higher from 14% 
to 1.7 times and in ascending order was: for 
sample No.  106  – 14%, for sample No.  104  – 
28.5%, for sample No. 102 – 1.4 times, for sam-
ple No.  105  – 1.6%, for sample No.  103  – 1.7 
times, and their percentage relative to the total  
concentration of phenolic substances is: for 

control sample No.  101  – 3.7%, for sample 
No. 106 – 4.1%, for sample No. 104 – 4.9%, for 
sample No. 102 – 5.7%, for sample No. 105 – 5.9%, 
for sample No. 103 – 6.8%. These data indicate 
that even short-term contact with an oak alter-
native “stabilises” colourants, which is a posi-
tive fact, especially for European-style wines 
with low mass concentration of colourants. The 
effect of oak alternatives on the organolep-
tic indicators of the control and experimental 
samples is shown in Figure 2, and the general-
ised profilogram of the experimental samples 
compared to the control is shown in Figure 3.

Figure 2. Score of test samples compared to control
Source: developed by the authors

Figure 3. Generalised profilogram of test samples compared to control
Source: developed by the authors
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The results of the sensory evaluation by the 
scoring method and the flavour method showed 
the following. Control sample No. 101 received 
88 points and was characterised by an intense 
fruity aroma (4 out of 7), with notes of currant, 
barberry, white cherry and pink cherry. Acidi-
ty and intensity of taste are above average (5 
points out of 7). Sample No. 102 (oak chips from 
a French producer), which received the lowest 
score (86 points), according to the character-
istics of the producer, was supposed to impart 
sweet notes of fruit and pastries (candied fruit, 
vanilla) and roundness to the wine. Experts 
found an increase in fruit aromas, with miner-
al, floral and wine nuances combined with en-
hanced notes of currant. Aromas of cranberry, 
gooseberry, notes of biscuit and cherry with pit 
were added. In general, the aromatic qualities 
are close to those declared by the producer. 
The perception of raw wood notes in the aroma 
slightly reduced the score. The taste is quite in-
tense, with a long aftertaste, lively acidity, and 
a slight sweetness. The colour is medium-in-
tensity and has cranberry hues. Considering 
that medium doses of wood chips were chosen 
during the experiment, it is worth increasing 
the dosage for this oak alternative.

Sample No. 103 (wood chips from a French 
producer) received the highest score (90 points), 
according to the manufacturer’s specifications, 
the wood chips should enhance fruit and/or flo-
ral notes and enhance varietal aromas. Experts 
identified the dominant aroma of unripe straw-
berries, notes of biscuit, caramel and barberry 
at a level below average, with delicate nuances 
of currant. The duration of the taste and typi-
cality of almost the maximum level with sweet-
ness of medium intensity. Colour: medium in-
tensity, salmon shades. The manufacturer does 
not declare in its specifications the appearance 
of pastry notes (biscuit and caramel), which 
appeared during contact with the wood chips. 
To reveal all the aromatic and taste nuances of 
this oak alternative, it is worth increasing the 
dosage or duration of contact. Samples No. 104, 

No.  105, No.  106 (wood chips from a Ukraini-
an producer) are experimental. They received 
scores of 89 (on par with the control), 87 and 90 
points, respectively.

Sample No. 104 was characterised by pro-
nounced aromas of gooseberry, with nuances of 
white plum and currant of low intensity in the 
background. In general, the fruity aroma was 
enhanced. Taste: intensity, typicality, acidity 
and longevity at a high level. The colour is less 
intense than other samples, the shade is grey-
ish-salmon. Sample No. 105 was characterised 
by pronounced raspberry notes, with added 
notes of red cherry, sour cherry, sweet spices, 
and cinnamon compared to the control. Inten-
sity, typicality and duration are close to max-
imum, with a slight sweetness. The colour is 
quite intense, raspberry, tannins are aggressive 
and most pronounced. Sample No. 106 also had 
the highest score (90 points). The taste quali-
ties were noted at a high level: intensity, acid-
ity, typicality and longevity with a barely no-
ticeable sweetness. Characterised by moderate 
notes of currant, cranberry, unripe strawberry 
and biscuit. The colour is medium intensity, 
raspberry-salmon. The tannins are bright and 
pleasantly expressed (Fig. 4).

As can be seen from Figure  4, sample 
No. 101 (control) is significantly different from 
the other samples and is located in the upper 
right part of the map. This means that it has 
unique sensory properties without the influ-
ence of oak chips. Sample No. 102 using French 
oak chips Oenofinisher the Original, Seguin 
Moreau is also distant from the other samples. 
This type of oak chips shows higher values of 
sweetness and longevity aftertaste that distin-
guishes it from the control sample and other 
processing options. Sample No.  103 Oenofin-
isher Freshness Booster is closer to samples 
No. 104, No. 105, No. 106, which may indicate 
some similarity in the impact on sensory prop-
erties, but has increased acidity, which confirms 
its name  – it adds “freshness”. Samples with 
Ukrainian oak chips No. 104, No. 105, No. 106 
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are grouped together, which have a moderate 
impact on fruit notes and typicality, but the 
difference between them is small, which con-
firms their close position on the PCA map. So, 
French oak chips have a more differentiated 
impact on the sensory profile: Oenofinisher the 
Original enhances sweetness and aftertaste.  

Oenofinisher Freshness Booster adds acidi-
ty and “freshness”. Ukrainian oak chips have 
a similar effect, but it differs from the control 
sample and French variants. The PCA map well 
illustrates the grouping by sensory characteris-
tics, which helps to choose the optimal variant 
of oak chips to achieve the desired bouquet.

Figure 4. PCA map of samples depending on descriptors and studied samples
Note: Attribute A is the wine aroma, which is characterised by typical notes of fermentation and ageing. Attribute 
B is the floral aroma, which gives the wine tenderness and sophistication. Attribute C is the fruity aroma, which 
adds freshness and brightness to the drink. Attribute D is the minerality, which is expressed in the form of light 
salty or flinty shades. Attribute E is the aroma of currants, which gives the wine a pleasant sourness and berry 
freshness. Attribute F is the intensity of taste, which reflects the overall expressiveness of the taste and aroma of 
the wine. Attribute G is the acidity, which determines the level of freshness and balance of the wine. Attribute H 
is the sweetness, which can vary from barely perceptible to rich. Attribute I is the typicality, which demonstrates 
the correspondence of the wine to its style and region. Attribute J is the longevity, which characterises the length 
of the aftertaste and its development after a sip
Source: developed by the authors

In conclusion, it should be noted that the 
use of finishing oak chips allowed to preserve 
and, in some cases, to enhance the dominance 
of fruit aromas. In particular, the treatment 
with chips, due to its rapid effect, stabilises the 
colour of the wine without giving it a domi-
nant wood character. The obtained experimen-
tal wine samples correspond in colour to the 
experimental studies of M.  Bilko  (2019). The 
colour of rosé table wines had a wide range of 
shades: light flesh, pink, raspberry with light 
coral shades, a slice of fresh salmon. The rosé 

wine samples, after contact with oak chips, re-
ceived characteristic descriptions of wines aged 
in oak barrels, acquiring biscuit, caramel and 
spicy notes. Ageing (ageing before bottling) 
rosé wines in the presence of oak chips may be 
a good option for giving unusual notes to this 
type of wine. Authors I. Nunes et al. (2020) also 
found in their study that oak alternatives can 
significantly improve the aromatic characteris-
tics of rosé wine. They note that light toasting 
of oak chips helps to enhance floral and fruity 
notes, while medium and heavy toasting add 
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notes of chocolate, spices and nuts to the wine. 
Similar results were obtained by researchers 
M. Puyo et al. (2023), who noted that the use of 
oak alternatives could be part of a biosecurity 
strategy for rosé wines. Additionally, a study 
by M. Hernández-Carapia et al. (2023) showed 
that the use of American oak chips in the age-
ing process of rosé wine contributes to the im-
provement of its sensory profile, in particular, 
increasing the intensity of fruit aromas and 
harmonising the taste balance. This is con-
sistent with the work of other authors such as 
D. Stegarus et al. (2021), I. Liga & Y. Kotserid-
is  (2024), who emphasise the importance of 
choosing the right oak alternative to achieve 
the desired wine characteristics. Thus, the 
use of oak alternatives, especially with care-
ful selection of the origin of the chips and the 
degree of toasting, offers winemakers a prom-
ising way to enhance the organoleptic com-
plexity and stability of rosé wines, providing 
desirable nuances that resonate with changing 
consumer preferences.

Conclusions
The use of oak alternatives is an effective 
method of improving the quality of rosé wines. 
French Oak Alternatives Seguin Moreau pro-
vide a more pronounced effect on the sensory 
profile of wine, while Ukrainian alternatives 
from “Kont-2” LLC showed competitive results. 
It was found that Ukrainian oak alternatives 
can be used on a par with French ones, but it is 
necessary to improve the technical descriptions 
by manufacturers for a better understanding of 
their characteristics. At the same time, it was 
found that not all manufacturers of oak alter-
natives provide sufficiently complete informa-
tion about the features and origin of oak, which 
makes it difficult to make an informed decision 
about its use. Oak chips do not significantly 
affect the physicochemical indicators defined 
by DSTU 4806:2007. All values remained with-
in the permissible limits. However, an increase 
in the mass concentration of phenolic and  

colouring substances was noted, contributing 
to the stabilisation of the colour of the wine. 
The greatest effect on the phenolic complex 
was observed in sample No. 106, where the con-
centration of phenolic substances was higher 
than in the control sample.

Tasting score on a 100-point scale showed 
that: the control sample received 88 points with 
pronounced fruity notes. The French samples 
had different effects: Oenofinisher the Original 
(86 points) provided sweet notes of fruit and 
pastries, while Oenofinisher Freshness Booster 
(90 points) enhanced the fruity and floral notes. 
Ukrainian samples received scores from 87 to 90 
points, with pronounced fruity and spicy notes. 
Sample No. 106 had the highest score (90) due 
to the harmonious combination of acidity, fla-
vour intensity and aftertaste. Analysis using the 
flavour spectrum method showed that: French 
oak alternatives had a more differentiated im-
pact on the sensory profile. Oenofinisher the 
Original enhanced the sweetness and aftertaste, 
while Oenofinisher Freshness Booster added 
freshness and increased acidity. Ukrainian oak 
alternatives had a similar effect, but more har-
monious, without excessive oak influence. PCA 
map analysis showed that the control sample 
was significantly different from the experimen-
tal ones, without the influence of oak chips. 
French oak alternatives show more pronounced 
changes in sweetness and aftertaste, while 
Ukrainian oak alternatives are grouped clos-
er to each other, having a moderate influence 
on fruit notes. In general, the use of oak chips 
allows to preserve and enhance fruit aromas, 
stabilise colour and give rosé wines additional 
nuances without dominating the woody char-
acteristics. Further research should be aimed at 
optimising the dosage and contact time of oak 
alternatives with wine, as well as developing 
recommendations for their use in various tech-
nological processes of winemaking.
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органолептичних властивостей столових рожевих вин постає актуальним завданням. 
Одним зі способів впливу на сенсорні характеристики винопродукції є обробка 
фінішними дубовими альтернативами. Мета роботи полягала в удосконаленні технології 
виробництва рожевого столового вина за допомогою дубової альтернативи на прикладі 
експериментальної тріски українського виробництва у порівнянні з французькими 
аналогами. У роботі використовувались загальноприйняті стандартизовані фізико-хімічні 
та органолептичні методи аналізу. Досліджено органолептичні та фізико-хімічні показники 
якості столового рожевого вина з винограду сорту Каберне-Совіньйон, виробленого в 
умовах Одеської області (Україна). Проведеними дослідженнями виявлено можливість 
використання фінішної дубової тріски як додаткового корисного способу урізноманітнення 
органолептичних характеристик столових рожевих вин та підсилення окремих характерних 
дескрипторів для цього типу вина на етапах, близьких до розливу готової продукції. 
Визначено стабілізуючий ефект дубової тріски на барвні речовини, запобігання деградації 
яких є важливим завданням при виробництві рожевих вин, без домінації в ароматі. 
Найвищі бали органолептичної оцінки одержав зразок №103 (тріска Oenofinisher Freshness 
Booster французького виробника Seguin Moreau), який окрім заявлених характеристик 
(розкриття фруктових нот в ароматі) додав нюанси випічки (бісквіту та карамелі), та зразок 
№106 (тріска українського виробника ТОВ «Конт-2»), який характеризувався приємними 
фруктовими нотами (переважно порічки, журавлини, нестиглої полуниці) та з додатковими 
відтінками бісквіту. У результаті проведеної роботи удосконалено технологію виробництва 
столового рожевого вина за допомогою дубової тріски; описані органолептичні профілі 
нових дубових альтернатив українського виробництва, що дозволить виноробним 
компаніям покращувати якість винопродукції та впливати на стилістику вин. Проведено 
виробничу апробацію технології виробництва рожевого столового рожевого вина за 
допомогою дубової альтернативи українського виробництва, яка отримала найвищий бал, 
на винзаводі ТОВ «Перша виноробна станція»

Ключові слова: технологія; виноград; сенсорний аналіз; фенольний комплекс; антоціани; 
таніни; кислотність
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Introduction
The problem of the impact of active packaging 
and nanocoatings on the safety and shelf life 
of dairy products is relevant, as dairy products 
are among the most susceptible to spoilage due 
to high sensitivity to microbiological, chemical 
and physical changes. In particular, the devel-
opment of new packaging technologies, such as 
active packaging and the use of nanocoatings, 
can significantly improve the freshness of dairy 
products, reduce spoilage losses and extend 
shelf life. Such innovative packaging meth-
ods can also help reduce food waste, which is 
an important part of global initiatives to con-
serve resources and sustainability, and improve 
product safety through the ability to actively 
interact with the environment by regulating  

humidity, oxygen levels or the release of anti-
microbial agents.

This problem has been studied by scien-
tists, in particular, S. Verbytskyi et al. (2024) ex-
plored innovative solutions to extend the safe 
shelf life of dairy products, including the use of 
advanced packaging technologies such as active 
packaging and nanocoatings to improve prod-
uct safety and reduce spoilage. The authors em-
phasised the importance of innovative packag-
ing approaches to improve the quality and shelf 
life of dairy products in a competitive market. 
In the research of Y.  Verkhivker et  al.  (2023) 
and M.  Klein  et al.  (2024) examined the use 
of C-PET consumer polymer containers in 
food production, highlighting effectiveness in  

Abstract. The aim of the study was to identify effective methods for maintaining the quality and 
safety of dairy products through the use of active packaging and nanotechnology. The methodology 
included an analysis of regulatory documents and current trends in packaging technologies, as 
well as experimental studies using control and experimental groups. The study found that milk 
and cottage cheese packaged in standard cardboard packaging with an inner layer of aluminium 
foil showed an average moisture content of 88.2 ± 0.5% and a redox potential of 185 ± 2  mV. In 
the group with active packaging containing antioxidant components, the moisture content was 
87.5 ± 0.4%, and the oxidation reduction potential (ORP) was reduced to 175 ± 1 mV. Packaging with 
silver nanoparticles showed the highest efficiency, where the moisture content of milk and cheese 
was 86.7 ± 0.3%, and the ORP reached 170 ± 1.5 mV, indicating a reduction in the level of oxidative 
processes and improved product preservation. In addition, the study found that milk and cheese 
stored in active packaging and packaging with nanofilm showed significantly better organoleptic 
characteristics compared to control samples. In particular, the taste, smell, texture, and colour 
received higher scores on a scale from 1 to 5. For the control group, the average taste score was 
3.2 ± 0.3, for active packaging – 4.0 ± 0.2, and for nanofilm – 4.7 ± 0.1. Similar results were recorded 
for odour (3.2 ± 0.3, 4.1 ± 0.2 and 4.8 ± 0.1, respectively), texture (3.1 ± 0.4, 4.0 ± 0.3 and 4.6 ± 0.2), 
and colour (3.0 ± 0.2, 4.2 ± 0.1 and 4.7 ± 0.1). These data indicated a significant improvement in 
the organoleptic characteristics of dairy products stored in active packaging and packaging with 
nanofilm compared to control samples. The practical significance of the study was to develop 
recommendations for dairy producers on the choice of packaging materials depending on the shelf 
life and conditions of sale. The results obtained could be used in the food industry to introduce 
innovative packaging technologies, as well as serve as a basis for further research in the field of 
food safety and the development of environmentally friendly packaging material

Keywords: innovative technologies; industrial quality; nanomaterials; antioxidants; antimicrobial 
properties
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maintaining food quality and safety. The re-
searchers discussed the benefits of poly-
mer-based containers for extending the shelf 
life of dairy and other products, providing a 
more efficient packaging solution for the food 
industry. O.  Rechun & O.  Peredriy  (2021) ex-
plored active and smart packaging for food, in 
particular its impact on food quality and safety, 
as well as the informative function of packag-
ing. The scientists analysed the main technolo-
gies used in active and smart packaging systems 
and evaluated the advantages and disadvan-
tages of such approaches, including the abili-
ty to reduce food loss and improve freshness. 
Researchers L. Kucher et al. (2021) studied the 
state and prospects of implementing the Haz-
ard Analysis and Critical Control Point (HAC-
CP) system in Ukraine to comply with EU food 
safety directives. The authors analysed the cur-
rent challenges and opportunities for adapting 
Ukrainian standards to European food safety 
requirements, focusing on the need to improve 
safety legislation and practices. The peculiari-
ties of the functioning of the food market in the 
context of the war in Ukraine were studied by 
L. Kvasnii et al. (2024). The authors analysed the 
negative impact of hostilities on food supply and 
production, as well as on the safety and stabil-
ity of food systems in Ukraine during the crisis.

In addition, Y. Gadaieva et al. (2024) stud-
ied the environmental safety of food packaging, 
focusing on the importance of environmentally 
friendly materials and technologies in the pack-
aging process to reduce environmental impact. 
The researchers discussed the prospects of using 
such materials in food production, in particular 
dairy products, to ensure safety and maintain 
ecological balance. L.  Hortseva  et al.  (2020) 
identified the risks associated with the migra-
tion of toxic substances from packaging mate-
rials to food, which can lead to contamination 
and hazards to human health, and proposed 
strategies to control and minimise such risks. 
The authors focused on analysing the potential 
human health hazards arising from the use of 

hazardous packaging materials and proposed 
strategies to minimise such risks. P.  Kapitala 
& G.  Khimicheva  (2021) assessed the quality 
and safety of dairy products in accordance with 
HACCP principles and ISO  22000:2019  (2019). 
The author investigated how the application of 
these standards can help ensure an appropri-
ate level of food safety and meet the require-
ments of international certification for quality 
control at all stages of production. In the study, 
M. Bazhal & T. Koutchma (2022) identified the 
risks associated with non-compliance with food 
safety standards, in particular due to outdated 
technologies and insufficient infrastructure de-
velopment in Ukraine, and discussed ways to 
overcome risks with the help of scientific and 
technological progress to improve global food 
security, namely the modernisation of infra-
structure to ensure effective inspection and 
quality control of products.

Despite the above studies, these authors 
did not sufficiently investigate the impact of 
the combination of different types of active 
packaging (antimicrobial, antioxidant, absor-
bent) on dairy products, as well as the inter-
action with nanocoatings. In addition, insuffi-
cient attention has been paid to the impact of 
these technologies on the long-term preser-
vation of organoleptic characteristics, such as 
taste, smell, and texture of dairy products. The 
aim of this study was to determine the effec-
tiveness of active packaging and nanocoatings 
in improving the shelf life and safety of dairy 
products. The objectives of the study were to 
analyse the types of active packaging and the 
mechanism of action on dairy products, assess 
the impact of nanocoatings on the shelf life and 
safety of dairy products, and investigate the im-
pact of active packaging and nanocoatings on 
the organoleptic characteristics of dairy prod-
ucts, including taste, smell, and texture.

Materials and Methods
The types of packaging used for the study were 
active packaging with antioxidants, packaging 
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with silver nanoparticles, and cardboard pack-
aging with barrier materials, which met the re-
quirements of Regulation (EC) No. 1935/2004 
of the European Parliament and of the Council 
“On Materials and Articles Intended to Come 
into Contact with Food”  (2004). In addition, 
the packaging was compliant with Regulation 
(EU) No.  1169/2011 of the European Parlia-
ment and of the Council “On the Provision 
of Food Information to Consumers”  (2011), 
providing a clear indication of the presence 
of nanomaterials in food through the appro-
priate “nano” labelling in the list of ingredi-
ents. The first step was to analyse the use of 
active packaging and nanotechnology in the 
food industry. The types of active packaging 
and mechanisms of action were reviewed, in-
cluding antimicrobial, antioxidant and absor-
bent packaging, as well as nanomaterials used 
in dairy packaging, such as silver and copper 
nanoparticles, metal oxides (zinc oxide (ZnO) 
and titanium dioxide (TiO₂)), and cardboard 
packaging with barrier materials.

A survey was conducted to assess the at-
titudes of food industry experts towards the 
introduction of active packaging and nanocoat-
ings in dairy production. The study involved 
50 food industry experts aged 25 to 60, 60% of 
whom were men and 40% women. The group 
of food industry experts included individuals 
with experience in the food industry, particu-
larly in dairy production, and knowledge of 
the implementation of active packaging and 
nanocoatings. The survey was conducted over 
a two-week period in the format of an online 
questionnaire via the Google Forms platform. 
The survey was conducted in accordance with 
the Code of Ethics of the American Sociologi-
cal Association (2018). The questionnaire con-
tained 15 questions. The results allowed deter-
mining the general attitude of respondents to 
the use of active packaging and nanocoatings 
in the dairy industry, as well as identifying the 
main factors that affect trust and willingness to 
consume such products.

The study was conducted at Dnipro Dairy 
Plant LLC, a company specialising in the 
production of pasteurised milk and cottage 
cheese. The study was conducted between 
June and August 2024. The following spe-
cific samples were selected for the experi-
ment: pasteurised milk with a fat content of 
3.2% and cottage cheese with a fat content 
of 5%. The milk was obtained directly from 
the production line of Dnipro Dairy Plant 
LLC, and the cottage cheese was obtained 
from a series of products produced at the 
enterprise for testing for organoleptic and 
physicochemical parameters. The number of 
samples for the study was 60 units, name-
ly 30 units of pasteurised milk and 30 units 
of cottage cheese, which were divided into 
three groups for further storage and testing. 
The calorie content of milk was 60 kcal per 
100 ml; 3.2  g – fat, 3.3  g – protein, 4.7  g – 
carbohydrates. For cottage cheese, the calo-
rie content was 120 kcal per 100 g; 5 g – fat, 
15 g – protein, 1 g – carbohydrates. Milk and 
cottage cheese were stored in different types 
of packaging. The temperature was main-
tained at 4°C by a Model X-200 refrigerator 
with automatic temperature control, and the 
humidity was regulated at 70-80% by a Hy-
groMaster 3000 hygrometer. The shelf life of 
the products was 15 days. During this period, 
the organoleptic characteristics were regu-
larly monitored and possible changes in the 
composition of the products were identified. 
The number of samples of each type of prod-
uct tested was 60 units (20 units per group). 
The first group (control) was stored in stand-
ard packaging without additional protective 
properties. The standard packaging for milk 
and cheese consisted of cardboard packages 
with an inner layer of 6.5 µm thick alumini-
um foil produced by Dnipro Dairy Plant LLC, 
which provided protection against light, ox-
ygen, and moisture. The second group was 
placed in active packaging, which contained 
antimicrobial and antioxidant components 
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that can slow down bacterial growth and 
oxidative processes. The active packaging 
contained antimicrobial components, such 
as silver nanoparticles (10 ppm) and zinc ox-
ide (0.05%), as well as antioxidants, such as 
vitamin E (0.02%) and polyphenols (0.1%), 
which slowed bacterial growth by disrupting 
microbial cell membranes and prevented the 
oxidation of fats by absorbing free radicals. 
The third group included samples coated 
with a nanofilm containing silver nanopar-
ticles (up to 0.5%) and metal oxides (ZnO 
and TiO₂ in concentrations up to 1%), which 
provided antimicrobial effects and barrier 
properties against the penetration of oxygen 
and microorganisms, creating a barrier to 
the penetration of microorganisms and ox-
ygen. The packaging used silver nanoparti-
cles with a size of 10-50 nm and metal oxides 
(ZnO, TiO₂) with a particle size of 20-100 nm, 
which were applied by plasma spraying tech-
nology to the polymer base, providing a uni-
form coating, the materials were produced by 
NanoPack Solutions Ltd.

To evaluate the impact of different types 
of packaging during the experimental period, 
measurements of physicochemical, microbi-
ological and organoleptic parameters were 
carried out. Specialised equipment was used 
to measure the physicochemical and micro-
biological characteristics of dairy products. 
The pH level was measured using an Orion pH 
meter, model 3 STAR, which provided an ac-
curacy of up to 0.01  pH units. The acidity of 
dairy products was determined by acid-base ti-
tration with 0.1 n NaOH solution until a stable 
pink colour appeared, using phenolphthalein 
as an indicator. The moisture content was de-
termined by drying in an oven at 105°C for 6-8 
hours until a stable weight value was reached. 
The oxidation reduction potential (ORP) was 
measured using a Hanna redox meter model HI 
9147. All measurements were carried out un-
der standard laboratory conditions with a tem-
perature of 20-22°C and humidity of 60-65%.

The organoleptic characteristics were as-
sessed by a tasting panel of three experts with 
experience in the food industry who evaluat-
ed the organoleptic characteristics of dairy 
products. The evaluation criteria included 
taste, smell, texture and colour, each of which 
was assessed separately on a 5-point scale, 
with 1 being the worst and 5 being the best. 
The obtained indicators were compared with 
the standards and requirements specified in 
DSTU  3662:2019  (2019) for milk and cottage 
cheese. For milk pH, the standard was 6.5-6.8, 
for acidity – no more than 18°T, the moisture 
content of cheese – no more than 80%, and the 
redox potential should not exceed 200 mV to 
maintain product safety and quality.

The microbiological analysis was carried 
out using the serial dilution method, which 
included counting the total number of bacte-
ria and checking for pathogens. Organolep-
tic tests included the assessment of changes 
in colour, smell, texture, and taste based on 
compliance with ISO  4833-1:2013  (2013) for 
total bacteria and ISO  21528-2:2017  (2017) 
for enterobacteria. Microbiological studies 
were carried out using standard methods in 
accordance with DSTU 4587:2006  (2007). The 
number of microorganisms in dairy products 
was determined by incubating samples on agar 
media, Sabouraud agar for total bacteria and 
Endo agar for enterobacteria. The incubation 
conditions consisted of a temperature of 37°C 
for 24-48 hours for total bacterial colonisation 
and specific temperatures for specific microor-
ganisms. The number of colonies was counted 
by counting colony forming units (CFU) per 
unit volume of the sample.

After completion of the experiment, a 
comparative analysis of the results was carried 
out using the statistical method of ANOVA. 
The variables of pH, acidity, moisture content, 
redox potential and microbiological parame-
ters were analysed, and statistical analysis was 
performed by ANOVA with a significance level 
of p < 0.05 using SPSS software.
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Results
Current trends in the use of active packaging 
and nanotechnology for the storage 
of dairy products
The most common types of packaging for dairy 
products are plastic bottles, carton bags and 
glass jars. According to market research con-
ducted by Global Market Insight  (2025), the 
breakdown of packaging materials used for 
dairy products is as follows: plastic bottles 
45%, carton bags 35%, glass jars 15%, and oth-
er packaging 5% (Tetra Pak,  n.d.). These data 
show that plastic bottles and carton bags are 
the most popular packaging options for dairy 
products, accounting for 80% of the market to-
gether. Glass jars and other types of packaging 
are used much less frequently.

Other types of packaging, such as active an-
tioxidant packaging, silver nanoparticle pack-
aging and cartons with barrier materials, are se-
lected for the study because such packages are 
effective in helping to preserve the freshness of 
dairy products. Active packaging with antioxi-
dants works by preventing oxidation, which is 
the main cause of taste loss in milk and dairy 
products. The antioxidants in the packaging 
materials absorb oxygen, thereby reducing the 
risk of rancidity and keeping the product fresh 
for a long time (Volpe et al.,  2022). Packaging 
with silver nanoparticles provides products 
with additional protection against microbio-
logical contamination due to its antimicrobial 
properties, which ensures the preservation of 
products and prevents spoilage. In addition, 
cardboard packaging with barrier materials 
protects products from the negative effects of 
oxygen, moisture and light, which contributes 
to the long-term preservation of organoleptic 
properties. These types of packaging not only 
provide dairy products with a longer shelf life, 
but also preserve taste and nutritional quali-
ties, which is important to meet consumer de-
mands for dairy products.

Active antioxidant packaging, silver nano-
particle packaging and carton packaging with 

barrier materials used for dairy products comply 
with European regulations such as Regulation 
(EC) No. 1935/2004 (2004) and Regulation (EU) 
No. 1169/2011 (2011), ensuring food safety, and 
the fact that the materials do not emit harmful 
substances in quantities hazardous to human 
health and do not cause unacceptable changes 
in the composition of the products. In addi-
tion, these types of packaging are labelled to 
indicate the presence of nanomaterials, which 
meets the requirements for clear information 
on the use of nanomaterials in packaging. For 
example, active antioxidant packaging used to 
preserve dairy products contains vitamin E or 
polyphenols that absorb oxygen and prevent 
oxidation, which helps to preserve the taste and 
extend the shelf life of milk and yoghurt. Some 
European countries use packaging materials for 
milk and yoghurt that include antioxidants to 
prevent rancid odours and keep products fresh 
for a longer time (Bińkowska et al., 2024).

Packaging with silver nanoparticles is used 
for dairy products such as milk and cheeses due 
to pronounced antimicrobial properties. Silver 
nanoparticles are able to kill bacteria that can 
cause dairy products to spoil, which signifi-
cantly extends shelf life. One of the well-known 
companies, Nestlé, uses packaging with silver 
nanoparticles to ensure the freshness and safe-
ty of dairy products, reducing the need for addi-
tional preservatives (Nestlé, n.d.). Carton packs 
with barrier materials, such as those used by 
Tetra Pak (n.d.), effectively protect dairy prod-
ucts from the negative effects of oxygen, water 
vapour and light. This packaging is optimal 
for storing milk, yoghurts, and dairy desserts 
without the need for refrigeration at all stages 
of distribution. This type of packaging ensures 
that products remain fresh for a long time and 
meets the safety and quality standards required 
by European regulations. Table 1 provides a 
comparative analysis of the main character-
istics of different types of packaging for dairy 
products, including the impact on freshness, 
taste and antimicrobial properties.
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Other promising nanomaterials used in 
dairy packaging include metal oxides, such as 
ZnO and TiO₂. These compounds are known 
for photocatalytic properties, which allow ef-
fectively destroying bacteria under the influ-
ence of light. In addition, the mentioned com-
pounds provide protection against ultraviolet 
radiation, which helps to preserve vitamins and 
biologically active substances in foods. Metal 
oxides can also improve the mechanical and 
barrier properties of packaging materials by 
reducing gas permeability, which extends the 
shelf life of products. A separate category of 
nanomaterials in packaging is polymer nano-
films, which create an effective barrier to gases 
and moisture, reducing product oxidation and 

loss of quality (Li et al., 2023). Due to the use 
of nanoparticles in polymers, such films can 
have additional functional properties, such as 
antimicrobial activity or the ability to control 
the release of beneficial compounds. The use 
of such nanofilms in the dairy industry helps 
to preserve the organoleptic characteristics 
of products and prevents changes in texture, 
taste, and smell throughout the shelf life. The 
food industry traditionally uses glass, polyeth-
ylene and laminated packaging for dairy prod-
ucts. Each of these types of packaging has its 
own advantages and disadvantages that affect 
shelf life, product quality and environmental 
aspects. Table 2 shows the three types of pack-
aging used for dairy products.

Table 1. Comparative analysis of dairy product packaging types and main characteristics

Table 2. Comparative analysis of packaging types for dairy products,  
including chemical and physical properties

Source: compiled by the authors

Packaging type Main characteristics Types of dairy 
products

Active packaging with 
antioxidants

Packaging with antioxidants helps preserve the freshness of 
products by preventing oxidation and loss of flavour

Milk, yoghurts, 
cheeses, sour cream

Packaging with silver 
nanoparticles

Packaging with silver nanoparticles has antimicrobial 
properties, which reduces the number of bacteria and extends 

the shelf life of products

Milk, yoghurts, 
creams, cheeses

Cardboard packaging 
with barrier materials

Cardboard packaging with an internal barrier layer is used 
to prevent exposure to oxygen and preserve the taste 

characteristics of the product

Milk, liquid 
yoghurts, milk-
based desserts

Characteristic Active packaging with 
antioxidants

Packaging with silver 
nanoparticles

Cardboard packaging 
with barrier materials

Type of antioxidants Vitamin E, polyphenols Silver nanoparticles None

Mechanism of action Absorbing oxygen, 
preventing oxidation

Antimicrobial effect, 
destruction of bacteria and 

microorganisms

Barrier to oxygen, water 
vapour and light

Reducing oxygen 
levels in packaging

Up to 90% (depending 
on antioxidants and 
packaging material)

Up to 85% (reduces bacterial 
contamination due to 

reduced oxygen)

Up to 70% (limitation 
of oxygen penetration 
through barrier layers)

Shelf life
Extends by 30-

50% compared to 
conventional packaging

Extends by 20-40%, reduces 
the risk of developing 

pathogenic microorganisms

Lengthens by 20-30%, 
protects from light and 

oxygen

Packaging materials Polymers containing 
antioxidants

Polymers with 
silver nanoparticles, 

nanocomposites

Cardboard, combined 
barrier polymer materials
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Table  2 compares the main physical and 
chemical characteristics of the three types of 
packaging for dairy products, focusing on prop-
erties, effectiveness, use, and compliance with 
European regulations. Glass packaging is con-
sidered one of the best options for storing dairy 
products, as it does not chemically interact with 
the product, provides a good barrier against ex-
ternal influences and preserves the taste char-
acteristics (Gadaieva et al., 2024). However, its 
main disadvantage is its high weight, fragility, 
and difficulty of transportation. In addition, 
although glass can be recycled many times, its 
production process is energy-intensive. Plastic 
packaging is the most common type of packag-
ing due to its low cost, lightness and conveni-
ence, providing an adequate level of protection 
for products, but are not completely impermea-
ble to oxygen, which can contribute to oxidation 
processes and shorten the shelf life. In addition, 
polyethylene is poorly biodegradable, which 
puts a significant strain on the environment. 
Laminated packaging, such as cardboard boxes 
with an inner layer of aluminium or polyethyl-
ene (e.g., Tetra Pak), combine the advantages of 
different materials to provide airtightness, pro-
tection from light and oxygen, and a relatively 
long shelf life. However, the complexity of the 
structure makes materials difficult to recycle, 

as different layers of materials need to be sep-
arated. However, despite its many advantages, 
active packaging also has some disadvantages. 
It is more expensive to produce compared to 
standard packaging materials, which can affect 
the final cost of the product for consumers. The 
use of nanomaterials in packaging requires fur-
ther research into long-term impact on human 
health, as some aspects of the interaction with 
food remain poorly understood. In addition, 
due to complex chemical composition, nano-
materials may pose additional challenges in 
terms of environmental disposal. From an envi-
ronmental point of view, active packaging, de-
spite its effectiveness, raises certain questions 
(Rechun & Peredriy,  2021). On the one hand, 
reducing food spoilage and extending its shelf 
life helps reduce food waste. On the other hand, 
especially if containing nanomaterials or mul-
tilayer components.

Research on the effectiveness of different 
types of packaging for preserving 
the quality of dairy products
To assess the attitude of food industry experts 
to the introduction of active packaging and na-
nocoatings in dairy production, a survey was 
conducted, the results of which are presented 
in Table 3.

Table 2. Continued

Source: compiled by the authors

Characteristic Active packaging with 
antioxidants

Packaging with silver 
nanoparticles

Cardboard packaging 
with barrier materials

Application Milk, yoghurt, cheese
Milk, cheese, yoghurts, 

cheeses with added bacterial 
cultures

Milk, yoghurts, dairy 
desserts, liquid yogurts

Compliance with 
European regulations

Regulations (EC) 
No. 1935/2004 and 

No. 1169/2011, clear 
labelling of antioxidants 
and impact on product 

composition

Regulations (EC) 
No. 1935/2004 and 

No. 1169/2011, “nano” 
labelling when using 

nanomaterials

Regulation (EC) 
No. 1935/2004 on the 
safety of materials in 

contact with food

Main advantage Prolonging freshness, 
preventing rancid odour

Reducing bacterial 
contamination, extending 

shelf life

Protection from oxygen, 
water and light, long-term 

storage
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In the study, the control group (standard 
packaging) showed the fastest negative chang-
es in organoleptic and microbiological charac-
teristics. On the 10th day of storage, an increase 
in titratable acidity to 20°T was observed in 
milk, and the pH decreased to 6.2, indicating 
the development of lactic acid bacteria. On the 
12th day, the cottage cheese showed a deterio-
ration in consistency and the appearance of a 
foreign odour, indicating the onset of spoilage. 
The second group (active packaging) signifi-
cantly slowed down oxidative processes and the 
growth of microorganisms. The acidity of the 
milk on the 15th day of storage did not exceed 
18°T, and the pH remained within 6.4-6.6.

The results of organoleptic tests showed 
that dairy products stored in nanocoatings  

retained freshness longer and had stable sen-
sory characteristics. In particular, after two 
weeks of storage, 80% of the samples with ac-
tive packaging met high organoleptic stand-
ards, while in traditional packaging this figure 
was only 50%. The organoleptic characteristics 
remained satisfactory, and changes in the con-
sistency of the cottage cheese began to appear 
only after 14 days. During the first two weeks 
of storage, milk, and cottage cheese retained 
original characteristics without significant 
changes. The colour remained uniform, with 
no signs of yellowing or darkening, which 
could indicate oxidative processes. The smell 
remained fresh, without any off-flavours, indi-
cating the absence of active microbial devel-
opment or fat oxidation.

Table 3. Results of an expert survey on the use of active packaging and nanocoatings

Source: compiled by the authors

Question Number of people

Are you familiar with active packaging and 
nanocoating technologies? Yes – 34, No – 16

Do you think these technologies can improve the 
safety of dairy products? Yes – 38, No – 5, Hard to answer – 7

How do you assess the potential impact of 
nanocoatings on the quality of dairy products? Positive – 33, Neutral – 13, Negative – 5

Do you think that using active packaging can reduce 
product loss due to spoilage? Yes – 40, No – 4, Hard to answer – 6

What factors are most important to you when 
choosing dairy products?

Shelf life – 23, Composition – 15,  
 Price – 10, Brand – 2

Are you willing to pay more for dairy products with 
an extended shelf life? Yes – 28, No – 15, Hard to answer – 7

What is the acceptable price difference you consider 
acceptable for such products?

Up to 5% – 20, 5-10% – 18, More than 10% – 5, Not 
willing to pay more – 7

Do you have any reservations about the use of 
nanotechnology in the food industry? Yes – 25, No – 18, Hard to answer – 7

What are the main risks you see in the use of 
nanomaterials in food products?

Insufficient research – 20,  
Possible health effects – 18, Lack of regulation – 12

Do you trust scientific studies that confirm the safety 
of nanocoatings? Yes – 30, No – 10, Hard to answer – 10

What benefits of active packaging are most 
significant to you?

Shelf-life extension – 25, Protection against 
microorganisms – 18, Improving product quality – 7

Can these technologies help reduce food waste? Yes – 35, No – 8, Hard to answer – 7
Do you support government regulation of the use of 

nanotechnology in the food industry? Yes – 43, No – 2, Hard to answer – 5

Are you interested in learning more about these 
technologies? Yes – 33, No – 10, Hard to answer – 7

How, in your opinion, can consumer confidence in 
products with nanocoatings be increased?

Conducting additional research – 23, Informing 
consumers – 20, Product certification – 7
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The consistency of the milk remained sta-
ble, without sedimentation or stratification. In 
the case of cottage cheese, the structure of the 
product remained uniform until the 14th day of 
storage, with no signs of excessive moisture or 
lumps. Only after this period did the experts be-
gin to notice slight changes in the texture, in-
cluding the appearance of a more pronounced 
whey release, which is typical of the natural 
ageing process of fermented dairy products. 
The taste characteristics remained satisfacto-
ry throughout the entire period: in the control 
group, the products began to lose freshness on 
day 10-12, while the active packaging and na-
nocoated samples showed longer taste stability.  

In the active packaging group, there was no 
rancid taste, which confirmed the effectiveness 
of antioxidants in preventing fat oxidation. The 
nanofilm samples inhibited the development of 
undesirable microflora, which contributed to 
the preservation of a pure fermented milk taste.

The third group (nanofilm with silver or 
metal oxide nanoparticles) provided the best 
level of product quality preservation. The con-
tent of microorganisms in the milk was the low-
est among all groups, the acidity did not exceed 
17°T, and the pH remained stable (6.5-6.7). 
Sour milk curd retained its characteristics un-
til the end of the experimental period, without 
significant changes in consistency and smell.

Source: compiled by the authors based on ANOVA analysis

Indicator Control group Active packaging Nanofilm

Milk acidity (°T) 20±0.5 18±0.4 17±0.3
pH of milk 6.2±0.1 6.4±0.1 6.6±0.1

Microorganism content (CFU), Salmonella, Listeria 
monocytogenes, Escherichia coli, Staphylococcus 
aureus, Bacillus cereus and Campylobacter jejuni

2.5×106 1.2×106 5.0×105

Cheese consistency retention (days) 12 14 15
Taste rating (1-5) 3.5 4.0 4.5
Odour rating (1-5) 3.0 4.0 4.5

Consistency rating (1-5) 3.0 4.0 4.5
Colour rating (1-5) 3.5 4.5 5.0

Overall organoleptic assessment 3.2±0.3 4.0±0.2 4.7±0.1

Table 4. Characteristics of the effectiveness of different types of packaging for dairy products

The statistical analysis showed significant 
differences between the groups (p < 0.05), which 
confirms the effectiveness of active packaging 
and nanofilm in extending the shelf life of dairy 
products.

One of the key indicators that determines 
the quality of dairy products is the pH level. 
During storage, it changes due to the devel-
opment of microorganisms and enzymatic 
reactions. In control samples stored in con-
ventional packaging, the pH decreased faster, 
indicating active acid accumulation processes, 
especially in fermented dairy products. The 
active packaging with antimicrobial and anti-
oxidant properties helped to maintain a more 

stable pH level throughout the storage period. 
Acidity is another important parameter. It in-
creases due to the metabolic activity of bacte-
ria. In products packaged in standard materials, 
this process was faster, while active packaging 
and nanocoatings significantly slowed down 
the formation of excess acidity, while main-
taining optimal conditions for consumption. 
The moisture content of a product affects its 
texture and microbiological stability. In dairy 
products with a high moisture content, such 
as cheese or yoghurt, improper packaging can 
lead to excessive drying or, conversely, con-
densation, which promotes microbial growth. 
Polymeric nanofilms with barrier properties 
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helped control the moisture level, preventing 
its loss or oversaturation. Another important 
indicator is the ORP. High values of the ORP 
promote the oxidation of fats, which can lead 
to the development of a rancid taste and dete-
rioration of product quality. Antioxidant active 

packaging slowed down these processes, which 
had a positive impact on the preservation of 
the taste and smell of dairy products. The re-
sults of moisture and redox potential meas-
urements for dairy products stored in different 
types of packaging are shown in Table 5.

Source: compiled by the authors

Table 5. Results of moisture and ORP measurements  
for dairy products with different types of packaging

Packaging type Humidity, % Oxidation reduction potential (ORP), mV

Standard packaging 87 ± 0.5 200 ± 5

Active packaging 85 ± 0.4 180 ± 4

Packaging with silver nanoparticles 84 ± 0.3 170 ± 3

The results of the moisture and ORP meas-
urements showed that the active packaging 
and silver nanoparticle packaging contributed 
to a reduction in moisture and an improvement 
in redox potential compared to the standard 
packaging.

One of the main functions of active pack-
aging and nanocoatings is to prevent bacterial 
growth. The study found that in control sam-
ples of dairy products, the number of bacteria, 
in particular the gram-negative bacteria Es-
cherichia coli and Pseudomonas spp. increased 
sharply on the 3-5th day of storage. This is due 
to the lack of additional barriers in standard 
packaging, which contributed to the active re-
production of microorganisms due to the lack 
of antimicrobial properties. The use of nano-
coatings with silver particles or metal oxides, 
such as ZnO and TiO₂, has led to a significant 
reduction in the number of microorganisms in 
dairy products, including a 50-60% reduction 
in bacterial contamination. This resulted in an 
extended shelf life and improved organolep-
tic properties of the products. As a result, the 
products in this packaging remained safe for 
consumption for 5-7 days longer compared to 
the control samples. In addition to the overall 
reduction in bacterial contamination, active 
packaging also reduced the risk of pathogenic  

microorganisms such as Salmonella, Listeria 
monocytogenes and Escherichia coli. The lev-
el of reduction of bacterial contamination for 
pathogens such as Salmonella, Listeria monocy-
togenes and Escherichia coli was 40-60%, which 
indicates the effectiveness of such packaging in 
ensuring product safety.

The results demonstrated that the dairy 
samples packaged with nanocoatings con-
tained significantly fewer bacteria compared 
to traditional packaging materials. Changes 
in the organoleptic characteristics of samples 
stored in conventional packaging were faster, 
and already on the 5th-6th day of storage, signs 
of a rancid smell were observed, and the texture 
changed (dryness or excessive moisture). The 
active packaging containing antioxidant com-
ponents helped to preserve the natural taste 
and smell of the products, as it prevented the 
oxidation of fats, as determined by experts.

Discussion
The results confirmed the effectiveness of ac-
tive packaging and nanocoatings in preserving 
the quality of dairy products, reducing micro-
bial contamination and extending shelf life. 
Similar conclusions are contained in the works 
of A. Mirza Alizadeh et al. (2022), who reviewed 
trends in the use of smart packaging for dairy 
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products. The study showed that such mate-
rials can prevent product spoilage by actively 
controlling the environment. L. Bandera (2025) 
studied the impact of various packaging mate-
rials on food safety and confirmed that active 
packaging helps to reduce the level of contami-
nation with pathogens, which is consistent with 
the results obtained. Similar conclusions were 
made by I. Barukčić et al. (2021), who found that 
the use of packaging technologies reduces the ef-
fects of oxygen and moisture on dairy products, 
helping to preserve organoleptic properties.

The use of nanostructured antimicrobi-
al agents in packaging was analysed in study 
A. Brandelli et al. (2023). In the work, the au-
thors investigated the effectiveness of various 
types of nanomaterials, in particular silver and 
zinc nanoparticles, in the fight against patho-
gens commonly found in dairy products. It has 
been found that the use of such nanocompo-
nents in active packaging contributes to a sig-
nificant reduction in the number of Escherichia 
coli, Listeria monocytogenes and Staphylococcus 
aureus bacteria, which, in turn, extends the 
shelf life of products and improves the micro-
biological stability. In addition, the authors 
emphasise the importance of controlling the 
safety of nanomaterials, as the migration into 
food remains a pressing issue. Similar results 
were obtained by Y. Li et al. (2023), who studied 
the effect of bactericidal components, includ-
ing chitosan, metal nanoxides, and bioactive 
polymers, on milk quality. The study confirmed 
that active packaging with built-in antimicro-
bial agents significantly slows down the growth 
of microorganisms in raw and pasteurised milk, 
reducing the rate of fat oxidation and pre-
venting the formation of undesirable metabo-
lites. An important aspect of the work was the 
comparison of the effectiveness of traditional 
preservatives and the latest nanostructured 
agents: the results showed that nanomaterials 
provide longer protection without affecting the 
taste and texture of dairy products. A separate 
area of research concerns edible coatings as an 

alternative approach to active packaging. S. El-
Sayed & A. Youssef (2024) studied the use of ed-
ible biopolymer coatings for cheese packaging, 
in particular coatings based on alginate, car-
boxymethyl cellulose, and gelatin. It was found 
that such coatings effectively reduce moisture 
loss, prevent fat oxidation and slow down the 
growth of spoilage microorganisms, which 
helps to preserve the texture and taste of the 
product. The results confirm that nanocoatings 
have a significant potential for maintaining the 
stability of the chemical composition of dairy 
products and can become an environmentally 
friendly alternative to traditional packaging. 
The use of a modified gas environment (MGE) 
in combination with active packaging is one 
of the most effective methods of extending 
the shelf life of dairy products (Shebanina  et 
al., 2024). The study by R. Chawla et al. (2021) 
confirmed that the use of gas mixtures with 
controlled oxygen, carbon dioxide and nitro-
gen content together with antimicrobial coat-
ings helps to reduce the growth of pathogens, 
which has a positive impact on the quality and 
safety of dairy products. The effect of packaging 
materials on the structure and consistency of 
dairy products was studied by S. Harmankaya et 
al. (2022), who investigated the stability of yo-
ghurt. It was found that active packaging com-
ponents prevent product stratification while 
maintaining its texture and sensory character-
istics. In addition to these studies, D.  Francis 
et  al.  (2024) proved that biodegradable active 
materials not only extend the shelf life of fer-
mented dairy products, but also preserve the 
nutritional properties. This opens up prospects 
for the widespread adoption of eco-friendly 
packaging technologies in the dairy industry.

The study by M.  Vasuki  et al.  (2023) con-
firmed the effectiveness of smart packaging, 
which ensures continuous monitoring of the 
condition of dairy products during storage 
and transportation. The authors analysed the 
use of freshness indicators that change col-
our depending on the pH, temperature or gas 
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concentration in the packaging. This allows 
for timely detection of product spoilage and  
significantly reduces the amount of food waste, 
as the consumer receives accurate information 
about its suitability for consumption. The study 
also showed that the integration of nanosen-
sors into packaging materials can significantly 
improve food safety, as it is possible to detect 
microbial contamination at an early stage. The 
findings are in line with a study that confirmed 
the effectiveness of active packaging technolo-
gies in maintaining consistent quality of dairy 
products. The combination of smart indicators 
with nanocoatings helps to extend shelf life and 
minimise the risks associated with bacterial 
contamination. In addition to classic packaging 
materials, edible coatings are a promising area. 
A study by M. Mikus & S. Galus (2025) focused 
on the use of biopolymer films for fruit, but the 
authors noted that similar technologies could 
be adapted for dairy products. In particular, ed-
ible coatings based on gelatin, starch, alginate, 
and chitosan can create a barrier to oxygen 
and moisture, which prevents dairy products 
from spoiling (Remizova et al., 2024). In addi-
tion, such coatings can be enriched with anti-
oxidants and antimicrobial agents, which will 
further protect the products. The results of this 
study correlate with the data obtained on the 
positive impact of nanocoatings on the stability 
of the chemical composition of dairy products. 
The use of such technologies can become an 
environmentally friendly alternative to tradi-
tional plastic packaging and contribute to the 
development of sustainable food production.

Despite the numerous advantages of nano-
packaging, its widespread use requires compli-
ance with international food safety standards. 
A study by Y.  Burylo  et al.  (2023) focused on 
the regulatory framework for packaging mate-
rials in the EU and Ukraine. The authors found 
that the use of nanoparticles in the food indus-
try does not yet have a clear legal framework, 
and some countries require additional research 
on the safety of such materials for consumers.  

In particular, the EU has Regulation (EC) 
No.  1935/2004 regulating materials in contact 
with food, but certain aspects of nanotechnology 
in packaging need to be clarified (Semenenko et 
al.,  2021; Dankevych  et al.,  2024). In Ukraine, 
the legal framework is still evolving, which cre-
ates additional challenges for manufacturers 
seeking to use innovative packaging solutions. 
Thus, the introduction of nanopackaging in the 
food industry should be accompanied by the 
development of appropriate standards and re-
search to confirm its safety for human health. 
In the work, D. Nath et al. (2022) considered the 
possibilities of using nanocomposite materials 
in food packaging and found that such mate-
rials can significantly improve the mechanical 
and barrier properties of packaging materials. 
Similar results were obtained in the works of 
M. Gogliettino et al. (2020), T. Niaz et al. (2022), 
and C.  Figueroa-Enríquez  et al.  (2024), where 
the effectiveness of nanoparticles for preserv-
ing the freshness of dairy products was demon-
strated. A.  Karnwal  et al.  (2025) emphasised 
the importance of using natural biopolymers 
in food packaging, stressing that such materi-
als can provide additional protection of dairy 
products from the negative effects of the envi-
ronment. Vandana & K. Sinha (2019) conducted 
a general analysis of the impact of packaging on 
the shelf life of milk and dairy products, noting 
that the effectiveness of packaging technolo-
gies largely depends on storage conditions and 
the interaction of the packaging material with 
the product. The results confirmed the effec-
tiveness of active packaging and nanocoatings 
in maintaining the safety, quality, and shelf life 
of dairy products.

In the US, the use of nanomaterials in food 
and packaging is regulated by the Food and Drug 
Administration (FDA) (Kudrenko & Hall, 2024). 
The FDA requires manufacturers to conduct 
a safety assessment of nanomaterials before 
being introduced to the market. In particular, 
if a nanomaterial is used as a food additive 
or food contact material, it must meet safety  
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requirements and be approved for use (Export 
to the USA…, 2025). The World Health Organi-
sation (WHO), together with the Food and Agri-
culture Organisation (FAO), develops standards 
and recommendations for food safety, including 
the use of nanotechnology. The Codex Alimen-
tarius standards are aimed at guaranteeing the 
consumer a safe food product that is free from 
falsification, properly labelled and meets estab-
lished quality standards (Uzenbaev et al., 2019).

The main restrictions and requirements for 
the use of nanomaterials in the food industry 
include the fact that before introducing nano-
materials into food or packaging, a thorough 
assessment of the safety for human health must 
be carried out. This includes toxicity studies, 
the potential for nanoparticles to migrate from 
the packaging into the product, and an assess-
ment of the effects on the body upon consump-
tion. In the EU, the presence of nanomaterials 
in food products must be clearly indicated in 
the ingredient list with the “nano” mark next 
to the name of the respective ingredient. This 
provides transparency for consumers and en-
ables consumers to make informed choices. 
Governments and international organisations 
are constantly monitoring the use of nanotech-
nology in the food industry. This includes mon-
itoring new research on the safety of nanoma-
terials, updating regulations and introducing 
new standards where necessary. Thus, the use 
of nanotechnology in the food industry is regu-
lated by a number of international and national 
regulations aimed at ensuring consumer safety. 
Manufacturers planning to introduce nanoma-
terials into products or packaging must strictly 
comply with the established requirements, con-
duct the necessary research and ensure trans-
parent information to consumers about the 
presence of nanomaterials in the products.

Conclusions
It has been found that the use of antimicrobial 
and antioxidant components in active packag-
ing can effectively inhibit the development of 

microorganisms and oxidative processes, which 
has a positive effect on the physicochemical 
and organoleptic characteristics of products. 
The study assessed the impact of different 
types of packaging on the quality and safety of 
dairy products. The experts confirmed that all 
types of packaging met the established safe-
ty standards, which ensured that the quality 
of the products was maintained during the 
storage period. The study found that the use 
of nanocoated packaging contributed to bet-
ter preservation of dairy products. Milk and 
cheese stored in nanocoated packaging had 
significantly lower bacterial counts than con-
trol samples. During the organoleptic test, it 
was found that the products in the nanocoat-
ed packaging retained freshness, colour and 
smell better than the other samples. In ad-
dition, a reduction in oxidation and spoilage 
processes was recorded in these samples. Sta-
tistical analyses showed a significant differ-
ence between the samples in the control and 
experimental groups in terms of quality and 
microbiological characteristics. In particular, 
the average number of bacteria in the control 
milk samples was 8.5×104 CFU/ml, while in the 
samples with nanocoated packaging it was 
3.2×104 CFU/ml. Similar results were obtained 
for cottage cheese. Instead, active packaging, 
especially those with antimicrobial proper-
ties, can reduce the rate of product spoilage, 
extending shelf life by an average of 3-5 days 
compared to traditional packaging materials. 
Nanocoatings, in particular those containing 
silver and metal oxide nanoparticles, demon-
strated the highest efficiency. Such nano-
coatings helped to maintain a stable level of 
acidity and moisture in dairy products, as well 
as reduce bacterial contamination, which al-
lowed for a 5-7-day shelf-life extension. It has 
been confirmed that active packaging and na-
nocoatings do not have a negative impact on 
the taste, smell, and texture of dairy products, 
provided that the dosage of active ingredients 
is correct. However, excessive concentration 
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of nanoparticles can change the sensory char-
acteristics of products, which requires fur-
ther research to optimise composition. Future  
research may also focus on the development of 
biodegradable nanocoatings, as well as on im-
proving methods for monitoring the safety of 
packaging materials in real-world production 
and storage conditions.

Acknowledgements
None.

Funding
None.

Conflict of Interest
None.

References
[1]	 Bandera, L. (2025). Impact of packaging materials on food safety and shelf life. Retrieved from 

https://surl.lu/iksxia.
[2]	 Barukčić, I., Ščetar, M., Lisak Jakopović, K., Kurek, M., Božanić, R., & Galić, K. (2021). Overview 

of packaging materials for dairy packaging. Croatian Journal of Food Technology, Biotechnology 
and Nutrition, 16(3-4), 85-93. doi: 10.31895/hcptbn.16.3-4.5.

[3]	 Bazhal, M., & Koutchma, T. (2022). Ukraine as a food and grain hub: Impact of science and 
technology development on food security in the world. Frontiers in Food Science and Technology, 
2, article number 1040396. doi: 10.3389/frfst.2022.1040396.

[4]	 Bińkowska, W., Szpicer, A., Stelmasiak, A., Wojtasik-Kalinowska, I., & Półtorak, A. (2024). 
Microencapsulation of polyphenols and their application in food technology. Applied Sciences, 
14(24), article number 11954. doi: 10.3390/app142411954.

[5]	 Brandelli, A., Lopes, N.A., & Pinilla, C.M.B. (2023). Nanostructured antimicrobials for quality 
and safety improvement in dairy products. Foods, 12(13), article number 2549. doi: 10.3390/
foods12132549.

[6]	 Burylo, Y., Malyshev, O., Seleznova, O., Lepish, N., & Samchenko, M. (2023). Legal regulation 
of materials and articles, intended for contact with food in the legislation of Ukraine and the 
EU. Management and Secretarial Journal, 14(10), 16402-16415. doi: 10.7769/gesec.v14i10.2777.

[7]	 Chawla, R., Sivakumar, S., Mishra, S.K., Kaur, H., & Anurag, R.K. (2021). Modified atmosphere 
packaging for milk cake: Assessment of ideal gas composition for extending shelf life. British 
Food Journal, 123(8), 2893-2906. doi: 10.1108/bfj-09-2020-0785.

[8]	 Code of Ethics of the American Sociological Association. (2018, June). Retrieved from https://
www.asanet.org/wp-content/uploads/asa_code_of_ethics-june2018.pdf.

[9]	 Dankevych, A., Stoyanova-Koval, S., Polova, O., Los, Z., Burdeina, N., & Kazak, O. (2024). State 
of economic security and directions of restoration socioeconomic development and food 
security in the conditions of war. Financial and Credit Activity: Problems of Theory and Practice, 
2(55), 441-460. doi: 10.55643/fcaptp.2.55.2024.4170.

[10]	 DSTU 3662:2019. (2019). Milk and dairy products. Technical conditions. Retrieved from https://
online.budstandart.com/ua/catalog/doc-page.html?id_doc=77350.

[11]	 DSTU 4587:2006. (2007). Bakery products. General technical conditions. Retrieved from https://
online.budstandart.com/ua/catalog/doc-page.html?id_doc=71241.

[12]	 El-Sayed, S.M., & Youssef, A.M. (2024). Emergence of cheese packaging by edible coatings for 
enhancing its shelf-life. Journal of Food Measurement & Characterization, 18(7), 5265-5280. 
doi: 10.1007/s11694-024-02564-0.

[13]	 Export to the USA: Basic FDA Requirements for Ukrainian Entrepreneurs in the Food and 
Cosmetics Industries. (2025). Retrieved from https://surl.lu/devwmq.

https://www.researchgate.net/publication/388886502_Impact_of_Packaging_Materials_on_Food_Safety_and_Shelf_Life
https://doi.org/10.31895/hcptbn.16.3-4.5
https://doi.org/10.3389/frfst.2022.1040396
https://doi.org/10.3390/app142411954
https://doi.org/10.3390/foods12132549
https://doi.org/10.3390/foods12132549
https://doi.org/10.7769/gesec.v14i10.2777
https://doi.org/10.1108/bfj-09-2020-0785
https://www.asanet.org/wp-content/uploads/asa_code_of_ethics-june2018.pdf
https://www.asanet.org/wp-content/uploads/asa_code_of_ethics-june2018.pdf
https://doi.org/10.55643/fcaptp.2.55.2024.4170
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=77350
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=77350
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=71241
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=71241
https://doi.org/10.1007/s11694-024-02564-0
https://e-export.ukrposhta.ua/eksport-v-ssha-osnovni-vymogy-fda-dlya-ukrayinskyh-pidpryyemcziv-u-harchovij-ta-kosmetychnij-galuzyah/


Animal Science and Food Technology. 2025. Vol. 16, No. 2

125Sattarov et al.

[14]	 Figueroa-Enríquez, C.E., Rodríguez-Félix, F., Ruiz-Cruz, S., Castro-Enriquez, D.D., Gonzalez-
Rios, H., Perez-Alvarez, J.Á., Tapia-Hernández, J.A., Madera-Santana, T.J., Montaño-Grijalva, 
E.A., & López-Peña, I.Y. (2024). Application of active packaging films for extending the shelf 
life of red meats: A review. Processes, 12(10), article number 2115. doi: 10.3390/pr12102115.

[15]	 Francis, D.V., Dahiya, D., Gokhale, T., & Nigam, P.S. (2024). Sustainable packaging materials 
for fermented probiotic dairy or non-dairy food and beverage products: Challenges and 
innovations. AIMS Microbiology, 10(2), 320-339. doi: 10.3934/microbiol.2024017.

[16]	 Gadaieva, Y.S., Pylypenko, R.H., & Samoilenko, N.M. (2024). Ecological safety of food 
packaging. In Proceedings of the 3rd All-Ukrainian scientific conference of students and young 
scientists “Scientific achievements and discoveries of modern youth” (pp. 108-109). Lutsk: Donetsk 
National Technical University.

[17]	 Global Market Insight. (2025). Dairy packaging market size – by product type, by material, by 
application analysis, share, growth forecast, 2025-2034. Retrieved from https://surl.li/tvzyqi.

[18]	 Gogliettino, M., et al. (2020). Extending the shelf-life of meat and dairy products via PET-
modified packaging activated with the antimicrobial peptide MTP1. Frontiers in Microbiology, 
10, article number 2963. doi: 10.3389/fmicb.2019.02963.

[19]	 Harmankaya, S., Akalin, E.B., & İşbarali, K. (2022). The effect of packaging material on some 
quality properties and shelf life of yogurt. Harran Journal of Agricultural and Food Science, 
26(2), 228-236. doi: 10.29050/harranziraat.1011541.

[20]	 Hortseva, L.V., Shutova, T.V., Martynova, O.S., Zavalna, V.V., & Kostiuchenko, T.P. (2020). Risk 
assessment of food packaging materials and ways to prevent these risks. Ukrainian Journal of 
Modern Problems of Toxicology, 84(4), 59-62. doi: 10.33273/2663-4570-2018-84-4-59-62.

[21]	 ISO 21528-2:2017. (2017). Microbiology of the food chain – horizontal method for the detection 
and enumeration of Enterobacteriaceae. Part 2: Colony-count technique. Retrieved from https://
www.iso.org/standard/63504.html.

[22]	 ISO 22000:2019. (2019). Food safety management systems. Requirements for any organisation in 
the food chain. Retrieved from https://surl.li/jmurvr.

[23]	 ISO 4833-1:2013. (2013). Microbiology of the food chain – horizontal method for the enumeration 
of microorganisms. Part 1: Colony count at 30 °C by the pour plate technique. Retrieved from 
https://www.iso.org/standard/53728.html.

[24]	 Kapitala, P.A., & Khimicheva, G.I. (2020). Evaluation of the quality and safety of dairy products 
according to the requirements of HACCP principles and DSTU ISO 22000 standards. Logos. 
Online, 15. doi: 10.11232/2663-4139.15.04.

[25]	 Karnwal, A., Kumar, G., Singh, R., Selvaraj, M., Malik, T., & Tawaha, A.R.M.A. (2025). Natural 
biopolymers in edible coatings: Applications in food preservation. Food Chemistry X, 25, article 
number 102171. doi: 10.1016/j.fochx.2025.102171.

[26]	 Klein, M., Werner, C., Tacker, M., & Apprich, S. (2024). Influence of packaging design on 
technical emptiability of dairy products and implications on sustainability through food waste 
reduction. Sustainability, 16(15), article number 6335. doi: 10.3390/su16156335.

[27]	 Kucher, L., Kniaz, S., Pavlenko, O., Yavorska, N., Dzvonyk, V., Rozmaryna, A., & Yuzva, I. (2021). 
State and prospects of Ukraine’s implementation of HACCP to implement EU directives on 
food safety. European Journal of Sustainable Development, 10(3), 316-331. 

[28]	 Kudrenko, I., & Hall, L. (2024). Adoption of reusable transit packaging in US industries: A 
framework for enhanced sustainability. Review of Managerial Science. doi:  10.1007/s11846-
024-00826-1.

https://doi.org/10.3390/pr12102115
https://doi.org/10.3934/microbiol.2024017
https://repository.kpi.kharkov.ua/items/ff3c240a-daad-4d98-8004-250a85fbe04b
https://repository.kpi.kharkov.ua/items/ff3c240a-daad-4d98-8004-250a85fbe04b
https://www.gminsights.com/industry-analysis/dairy-packaging-market
https://doi.org/10.3389/fmicb.2019.02963
https://doi.org/10.29050/harranziraat.1011541
https://doi.org/10.33273/2663-4570-2018-84-4-59-62
https://doi.org/10.33273/2663-4570-2018-84-4-59-62
https://www.iso.org/standard/63504.html
https://www.iso.org/standard/63504.html
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=86029
https://www.iso.org/standard/53728.html
http://eoi.citefactor.org/10.11232/2663-4139.15.04
https://doi.org/10.1016/j.fochx.2025.102171
https://doi.org/10.3390/su16156335
https://ecsdev.org/ojs/index.php/ejsd/article/view/1284
https://ecsdev.org/ojs/index.php/ejsd/article/view/1284
https://doi.org/10.14207/ejsd.2021.v10n3p316
https://doi.org/10.1007/s11846-024-00826-1
https://doi.org/10.1007/s11846-024-00826-1


Animal Science and Food Technology. 2025. Vol. 16, No. 2

126 The impact of active packaging...

[29]	 Kvasnii, L., Paslavska, V., Condra, O., & Sysyn, H. (2024). Features of the food market in the 
conditions of war in Ukraine. Scientific Bulletin of International Association of Scientists. Series: 
Economy, Management, Security, Technologies, 3(1). doi: 10.56197/2786-5827/2024-3-1-3.

[30]	 Li, Y., Weng, P., Wu, Z., & Liu, Y. (2023). Extending the shelf life of raw milk and pasteurized 
milk with plantaricin FB-2. Foods, 12(3), article number 608. doi: 10.3390/foods12030608.

[31]	 Mikus, M., & Galus, S. (2025). Extending the shelf life of apples after harvest using edible 
coatings as active packaging – a review. Applied Sciences, 15(2), article number 767. doi: 10.3390/
app15020767.

[32]	 Mirza Alizadeh, A., Masoomian, M., Shakooie, M., Zabihzadeh Khajavi, M., &  
Farhoodi,  M.  (2022). Trends and applications of intelligent packaging in dairy 
products: A review. Critical Reviews in Food Science and Nutrition, 62(2), 383-397. 
doi: 10.1080/10408398.2020.1817847.

[33]	 Nath, D., R, S., Pal, K., & Sarkar, P. (2021). Nanoclay-based active food packaging systems: 
A review. Food Packaging and Shelf Life, 31, article number 100803. doi:  10.1016/j.
fpsl.2021.100803.

[34]	 Nestlé. (n.d.). Nestlé packaging. Retrieved from https://surl.li/zubroi.
[35]	 Niaz, T., Shabbir, S., Noor, T., & Imran, M. (2022). Active composite packaging reinforced with 

nisin-loaded nano-vesicles for extended shelf life of chicken breast filets and cheese slices. 
Food and Bioprocess Technology, 15(6), 1284-1298. doi: 10.1007/s11947-022-02815-2.

[36]	 Rechun, O., & Peredriy, О. (2021). Active and reasonable food packaging. Commodity Bulletin, 
14(1), 65-77. doi: 10.36910/6775-2310-5283-2021-14-7.

[37]	 Regulation (EC) No. 1935/2004 of the European Parliament and of the Council “On Materials 
and Articles Intended to Come into Contact with Food”. (2004, October). Retrieved from 
https://eur-lex.europa.eu/eli/reg/2004/1935/oj/eng.

[38]	 Regulation (EU) No. 1169/2011 of the European Parliament and of the Council “On the 
Provision of Food Information to Consumers”. (2011, October). Retrieved from https://eur-
lex.europa.eu/eli/reg/2011/1169/oj/eng.

[39]	 Remizova, N., Korsun, А., Kalashnyk, О., & Moroz, S. (2024). Comprehensive assessment of the 
quality of Ukrainian-made sour-milk cheese. Commodity Bulletin, 17(1), 44-54. doi: 10.62763/
ef/1.2024.44.

[40]	 Semenenko, O., Marko, I., Chernyshova, I., Koverga, V., & Pekuliak, R. (2021). Methodological 
aspects of the military-economic significance of agriculture and modern problems 
of military food resources in Ukraine. Scientific Horizons, 24(8), 81-97. doi:  10.48077/
scihor.24(8).2021.81-97.

[41]	 Shebanina, O., Poltorak, A., & Chorniy, D. (2024). Global food security: Challenges in achieving 
the sustainable development goals. Ukrainian Black Sea Region Agrarian Science, 28(4), 9-20. 
doi: 10.56407/bs.agrarian/4.2024.09.

[42]	 TetraPak. (n.d.). Packaging design and ordering in My Tetra Pak. Retrieved from https://www.
tetrapak.com/en-ua/my-tetra-pak/packaging-design-ordering.

[43]	 Uzenbaev, R.A., Mardalieva, L.A., Abdiev, M.Z., Umarov, S.T., & Ergeshov, K.A. (2019). Prospects 
for development of Kyrgyzstan’s food market in the conditions of integration in the EAEU. 
Studies in Computational Intelligence, 826, 859-869. doi: 10.1007/978-3-030-13397-9_88.

[44]	 Vandana, & Sinha, K. (2019). The influence of packaging and technology on shelf-life of milk 
and milk products: An overview. Think India Journal, 22(10), 2462-2475. 

https://doi.org/10.56197/2786-5827/2024-3-1-3
https://doi.org/10.56197/2786-5827/2024-3-1-3
https://doi.org/10.3390/foods12030608
https://doi.org/10.3390/app15020767
https://doi.org/10.3390/app15020767
https://doi.org/10.1080/10408398.2020.1817847
https://www.sciencedirect.com/science/article/abs/pii/S221428942100171X
https://www.sciencedirect.com/science/article/abs/pii/S221428942100171X
https://www.nestle.co.nz/creating-shared-value/nestle-packaging
https://doi.org/10.1007/s11947-022-02815-2
https://doi.org/10.36910/6775-2310-5283-2021-14-7
https://eur-lex.europa.eu/eli/reg/2004/1935/oj/eng
https://eur-lex.europa.eu/eli/reg/2011/1169/oj/eng
https://eur-lex.europa.eu/eli/reg/2011/1169/oj/eng
https://doi.org/10.62763/ef/1.2024.44
https://doi.org/10.62763/ef/1.2024.44
https://doi.org/10.48077/scihor.24(8).2021.81-97
https://doi.org/10.48077/scihor.24(8).2021.81-97
https://doi.org/10.56407/bs.agrarian/4.2024.09
https://www.tetrapak.com/en-ua/my-tetra-pak/packaging-design-ordering
https://www.tetrapak.com/en-ua/my-tetra-pak/packaging-design-ordering
https://doi.org/10.1007/978-3-030-13397-9_88
https://thinkindiaquarterly.org/index.php/think-india/article/view/11149
https://thinkindiaquarterly.org/index.php/think-india/article/view/11149


Animal Science and Food Technology. 2025. Vol. 16, No. 2

127Sattarov et al.

[45]	 Vasuki, M.T., Kadirvel, V., & Narayana, G.P. (2023). Smart packaging – an overview of concepts 
and applications in various food industries. Food Bioengineering, 2(1), 25-41. doi:  10.1002/
fbe2.12038.

[46]	 Verbytskyi, S., Patsera, N., & Kozachenko, O. (2024). Safe shelf life of dairy products and 
innovative solutions to ensure it. In Proceedings of the 5th All-Ukrainian scientific and practical 
correspondence conference “Innovative technologies and increasing the efficiency of food 
production” (pp. 45-48). Uman: Uman National University of Horticulture. 

[47]	 Verkhivker, Y., Okulicz-Kozaryn, W., & Myroshnichenko, O. (2023). Use of consumer polymer 
C-PET containers in food production technologies. Technology Audit and Production Reserves, 
1(3(69)), 27-30. doi: 10.15587/2706-5448.2023.275074.

[48]	 Volpe, S., Valentino, M., Khan, M.R., & Torrieri, E. (2022). Application of releasing systems 
in active packaging for dairy products. In S.M. Jafari & A. Sanches Silva (Eds.), Releasing 
systems in active food packaging: Preparation and applications (pp. 353-372). Cham: Springer. 
doi: 10.1007/978-3-030-90299-5_12.

Вплив активної упаковки та нанопокриттів  
на безпеку та термін придатності молочних продуктів

Карім Саттаров
Доктор технічних наук, доцент
Гулістанський державний університет
120100, 4-й міський район, м. Гулістан, Узбекистан
https://orcid.org/0000-0002-3847-0660
Дільмурод Ешмуродов
Доктор технічних наук, доцент
Гулістанський державний університет
120100, 4-й міський район, м. Гулістан, Узбекистан
https://orcid.org/0009-0005-3104-4609
Мохіра Маматкулова
Доктор хімічних наук, доцент
Гулістанський державний університет
120100, 4-й міський район, м. Гулістан, Узбекистан
https://orcid.org/0009-0006-2805-3333
Іброхім Джулбеков
Доктор сільськогосподарських наук, доцент
Гулістанський державний університет
120100, 4-й міський район, м. Гулістан, Узбекистан
https://orcid.org/0009-0003-5254-8801
Ірина Харсіка
Асистент
Національний університет біоресурсів і природокористування України
03040, вул. Героїв Оборони, 15, м. Київ, Україна
https://orcid.org/0000-0002-2789-7757

https://doi.org/10.1002/fbe2.12038
https://doi.org/10.1002/fbe2.12038
https://www.researchgate.net/publication/385379636_Safe_shelf_life_of_dairy_products_and_innovative_solutions_to_ensure_it
https://www.researchgate.net/publication/385379636_Safe_shelf_life_of_dairy_products_and_innovative_solutions_to_ensure_it
https://doi.org/10.15587/2706-5448.2023.275074
https://doi.org/10.1007/978-3-030-90299-5_12
https://orcid.org/0000-0002-3847-0660
https://orcid.org/0009-0005-3104-4609
https://orcid.org/0009-0006-2805-3333
https://orcid.org/0009-0003-5254-8801
https://orcid.org/0000-0002-2789-7757


Animal Science and Food Technology. 2025. Vol. 16, No. 2

128 The impact of active packaging...

Анотація. Метою дослідження було визначення ефективних методів підтримки якості та 
безпеки молочної продукції шляхом використання активної упаковки та нанотехнологій. 
Методологія включала аналіз нормативних документів та сучасних тенденцій у технологіях 
упаковки, а також експериментальні дослідження з використанням контрольної та 
експериментальної груп. Дослідження показало, що молоко та сир, упаковані у стандартну 
картонну упаковку з внутрішнім шаром алюмінієвої фольги, показали середній вміст вологи 
88,2 ± 0,5 % та окисно-відновний потенціал 185 ± 2 мВ. У групі з активною упаковкою, що 
містила антиоксидантні компоненти, вміст вологи становив 87,5 ± 0,4 %, а окислювально-
відновний потенціал (ОВП) знизився до 175 ± 1 мВ. Найвищу ефективність показала упаковка 
з наночастинками срібла, де вміст вологи в молоці та сирі становив 86,7  ±  0,3  %, а ОВП 
досяг 170 ± 1,5 мВ, що свідчило про зниження рівня окислювальних процесів та покращене 
збереження продукту. Крім того, дослідження показало, що молоко та сир, що зберігалися в 
активній упаковці та упаковці з наноплівкою, демонстрували значно кращі органолептичні 
характеристики порівняно з контрольними зразками. Зокрема, смак, запах, текстура та 
колір отримали вищі бали за шкалою від 1 до 5. Для контрольної групи середня оцінка смаку 
становила 3,2 ± 0,3, для активної упаковки – 4,0 ± 0,2, а для наноплівки – 4,7 ± 0,1. Подібні 
результати були зафіксовані для запаху (3,2 ± 0,3, 4,1 ± 0,2 та 4,8 ± 0,1 відповідно), текстури 
(3,1 ± 0,4, 4,0 ± 0,3 та 4,6 ± 0,2) та кольору (3,0 ± 0,2, 4,2 ± 0,1 та 4,7 ± 0,1). Ці дані свідчили про 
значне покращення органолептичних характеристик молочних продуктів, що зберігалися 
в активній упаковці та упаковці з наноплівкою, порівняно з контрольними зразками. 
Практичне значення дослідження полягало в розробці рекомендацій для виробників 
молочної продукції щодо вибору пакувальних матеріалів залежно від строку придатності 
та умов продажу. Отримані результати можуть бути використані в харчовій промисловості 
для впровадження інноваційних технологій упаковки, а також слугувати основою для 
подальших досліджень у галузі безпеки харчових продуктів та розробки екологічно чистих 
пакувальних матеріалів

Ключові слова: інноваційні технології; промислова якість; наноматеріали; антиоксиданти; 
антимікробні властивості
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Introduction
Fermented beverages based on plant-derived 
raw materials are gaining increasing popu-
larity due to their functional properties, high 
nutritional value, and potential health bene-
fits. The fermentation process enhances the 
bioavailability of nutrients, reduces the con-
tent of anti-nutritional compounds, and con-
tributes to the development of a distinctive 
sensory profile. In particular, lactic acid and 
yeast fermentation promote the synthesis of 
bioactive compounds – such as organic acids, 
poalyphenols, and B vitamins – which increase 
the antioxidant activity and probiotic poten-
tial of the beverages. However, the efficiency 
of the fermentation process largely depends 
on the selection of microbial cultures, fermen-
tation parameters, and the type of plant raw 
material used (Dudarev,  2024). These factors 
underline the importance of optimising tech-
nological regimes to produce a high-quality 
and stable final product. Despite growing in-
terest in plant-based fermented beverages, the 
control of physicochemical parameters during  

production, as well as the influence of different 
microbial strains on beverage quality, remains 
insufficiently studied.

Globally, the development of innovative 
fermentation methods for plant-based bever-
ages is recognised as a priority area within the 
broader strategies for healthy diets and food se-
curity (Bekbayev et al., 2024). The World Health 
Organization (n.d.) and the Food and Agricul-
ture Organization (n.d.) highlight the role of 
fermented foods in enhancing the nutritional 
quality of diets and reducing the risk of chron-
ic diseases (Ismayilov  et al.,  2023). Numerous 
studies have examined the impact of technolog-
ical parameters on the physicochemical proper-
ties, microbiological stability, and organoleptic 
characteristics of fermented plant-based bev-
erages. Research has focused on modern pro-
cessing methods, safety control, and fermen-
tation optimisation. For instance, the study by 
M. Karputina & S. Oliinyk (2024) demonstrated 
that optimising fermentation processes im-
proves the quality and microbiological safety 

were monitored. It was found that combined fermentation resulted in a more rapid reduction 
in beverage pH (down to 4.0 within 72 hours) compared to traditional lactic acid fermentation 
(pH 4.6). The lowest pH (3.8) and highest titratable acidity (8.5 g/L) were observed in beverages 
based on fruit extracts, contributing to enhanced microbiological stability. Kombucha-based 
beverages exhibited intermediate acidity (6.5 g/L), while those produced from cereal substrates had 
the lowest acidity (5.7-6.0 g/L) and the shortest shelf life (10-12 days). Sensory analysis confirmed 
the advantages of combined fermentation: beverages produced using this method achieved a more 
complex aromatic profile and balanced taste, scoring 8.3 on a nine-point scale. Microbiological 
analysis revealed that yeast populations peaked at 48 hours (7.8 log CFU/mL) before declining, 
whereas lactic acid bacteria continued to increase until the end of fermentation (7.5-7.1 log CFU/
mL). Correlation analysis confirmed the influence of acidity on both microbial composition and 
sensory characteristics. The results demonstrated that combined fermentation leads to a more 
significant pH reduction, increased titratable acidity, and stabilisation of redox potential, thereby 
improving the microbiological stability and sensory quality of beverages. This approach enables 
the optimisation of functional fermented beverage production, enhancing organoleptic properties 
and extending shelf life

Keywords: fermentation; acidity; redox potential; lactic acid bacteria; yeast; sensory analysis; 
microbiological stability
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of low-alcohol plant-based beverages, particu-
larly through the selection of specific microbial 
strains and adjustment of technological condi-
tions. R. Hrushchetskyi et al. (2023) highlighted 
the potential of Ukrainian plant raw materials – 
including rare vegetables and fruits – for creat-
ing innovative fermented beverages with both 
high nutritional value and distinctive sensory 
attributes. The study by K. Kondratenko (2023) 
focused on the development of fermented bev-
erage technologies from vegetable substrates, 
showing that fermentation time and the choice 
of starter culture significantly influence acidity, 
stability, and consumer acceptance of the final 
product. Meanwhile, C. Penha et al.  (2021) in-
vestigated the use of environmentally friendly 
technologies in producing plant-based bever-
ages, particularly fermentation using probiotic 
cultures, which contributed to preserving sen-
sory qualities and enhancing nutritional value.

Considerable attention has been devoted 
to enhancing the functional properties of fer-
mented beverages through the optimisation of 
fermentation processes and the incorporation 
of additional bioactive components. A. Keșa et 
al.  (2021) investigated strategies to improve 
the biological activity of fruit-based beverages 
by employing probiotic cultures and regulating 
fermentation parameters. Similarly, S. Liang et 
al.  (2021) analysed technological processes in 
the production of tea-based beverages, focus-
ing on the integration of traditional and inno-
vative methods to enhance both sensory and 
chemical characteristics. L. Zhang et al. (2021) 
reviewed recent technological advancements 
aimed at eliminating defects in the produc-
tion of fermented plant products, particularly 
the use of alternative fermentation methods to 
preserve nutritional value. Significant empha-
sis on biotechnological approaches to the pro-
duction of fermented beverages from non-tra-
ditional plant raw materials was evident in the 
study by A. Vavilova (2023), which underscored 
the influence of microorganism type and tech-
nological conditions on the stability, chemical 

composition, and sensory acceptability of the 
final product. O.  Kovalova  et al.  (2024a) note 
that “the use of plasma-chemically activated 
aqueous solutions increases the efficiency of 
enzymatic processing of lentils, improves the 
quality of the malted product, and promotes 
the activation of biochemical processes impor-
tant for the production of functional beverag-
es”. In a related study, O. Kovalova et al. (2024b) 
emphasise that “the use of plasma-chemically 
activated water in the production of oat malt 
allows for the achievement of stable acidity in-
dicators and the optimisation of enzymatic ac-
tivity in the substrate, which is a prerequisite 
for high-quality fermentation”. I.  Ivanova  et 
al.  (2024) demonstrate that “the use of ridge 
regression to predict acidity and dry matter 
content in fruits enables the effective selection 
of raw materials with suitable fermentation 
characteristics – an essential factor in ensuring 
beverage stability and flavour”.

Despite advances in research, the relation-
ships between fermentation parameters, mi-
crobiological changes, and organoleptic char-
acteristics – as well as the effects of different 
combinations of microorganisms on beverage 
stability and functional properties  – remain 
insufficiently explored. The aim of this study 
was to evaluate the technological parame-
ters of fermentation and their impact on the 
quality of beverages derived from plant-based 
raw materials. The specific objectives were to 
determine the influence of enzymatic agents 
and fermentation parameters on acidity, redox 
potential, and organoleptic characteristics; to 
analyse microbiological changes and their cor-
relation with the physicochemical properties 
of the product; and to assess beverage stability 
depending on the choice of raw materials and 
fermentation conditions.

Materials and Methods
The experimental work was conducted from 
April to November 2024 at the Department 
of Food Biotechnology and the Laboratory of  
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Microbiological Quality Control of the Nation-
al University of Food Technologies (NUFT) in 
Kyiv, Ukraine. Physicochemical analyses – in-
cluding the determination of redox potential, 
acidity, and sugar content  – were performed 
at the Central Research Laboratory of NUFT 
using certified equipment in accordance with 
Good Laboratory Practice (GLP) standards 
(European Food Safety Authority, n.d.). Seven 
groups of plant-based raw materials, differing 
in biochemical composition, were selected for 
fermentation: oats, millet, and barley (cere-
als); pomegranate, apple, and citrus extracts 
(fruits); and kombucha infusion (tea mush-
room). Oat grain of the Harmony variety (Lim-
ited Liability Company “Agroprom-Lan”, Kyiv 
region) was cleaned, washed, dried, crushed to 
a particle size of 0.8-1.2 mm, and extracted at 
95°C for 30 minutes. Millet (Yavir) and barley 
(Karat) underwent the same treatment. The 
prepared substrates were used at a concentra-
tion of 500 g per 3 litres of medium.

Pomegranates of the Crimean Ruby variety 
(Kherson region) were processed by cold press-
ing, followed by settling and concentration to 
16% dry matter. The resulting concentrate was 
added at a dose of 300 ml per 3 litres. Apple ex-
tract was obtained from the Golden Delicious 
variety through juice pasteurisation and clari-
fication. The citrus blend – comprising Meyer 
lemons and Washington Navel oranges (Turkey, 
Fruit Line LLC) – was blanched, crushed, pas-
teurised, and added at a concentration of 150 g 
per 3 litres. Kombucha infusion (Medusomyces 
gisevii) from the laboratory collection was ac-
tivated in a 5% black tea infusion at 28°C for 
7 days. Following activation, the biofilm was 
rinsed with sterile 0.9% NaCl solution and add-
ed to the fermentation medium at a ratio of 1:5. 
All cereal-based samples and the Kombucha 
infusion were fermented using the tradition-
al lactic acid fermentation method, while fruit 
extracts were subjected to a combined fermen-
tation scheme, beginning with an initial yeast 
phase. This division was based on the buffer 

capacities of the raw materials and their suita-
bility for supporting the growth of specific mi-
croorganisms.

All experiments were conducted us-
ing pure cultures of Lactobacillus plantarum, 
Lactobacillus casei, Saccharomyces cerevisi-
ae, and Brettanomyces bruxellensis, obtained 
from the DSMZ (Germany) and CBS (Neth-
erlands) collections in accordance with 
ISO 7889:2003 (2003). The microbial cultures 
were stored in lyophilised form at −18°C and 
were activated prior to fermentation: bacteria 
in De Man, Rogosa, and Sharpe (MRS) broth at 
37°C for 18 hours, and yeast in a glucose-malt 
medium at 28°C for 24 hours. Following in-
cubation, the cultures were standardised by 
concentration and introduced into 3  L of the 
respective fermentation media. The fermenta-
tion process was conducted under conditions 
tailored to the specific raw material and micro-
bial characteristics, at temperatures ranging 
from 25 to 37°C. For each of the three primary 
substrates – oats, pomegranate, and citrus ex-
tract – the fermentation volume was 3 L. In-
oculation was performed at a concentration of 
106 colony-forming units (CFU)/mL for lactic 
acid bacteria and 105 CFU/mL for yeast in the 
case of combined fermentation. Samples were 
collected at key time points – after 24, 48, 72, 
96, and 120 hours – for the analysis of physic-
ochemical parameters, microbial composition, 
and sensory attributes.

In the series involving traditional lactic 
acid fermentation, cereal samples and Kombu-
cha infusion were cultivated in 3-litre bioflasks 
equipped with water locks, creating a partially 
anaerobic environment. To enhance anaero-
biosis, the fermentation medium was pre-de-
gassed with sterile nitrogen for 15 minutes 
and sealed with silicone stoppers fitted with 
valves. The fermentation was conducted at a 
constant temperature of 37°C, with a total du-
ration of up to 120 hours. Fruit extracts under-
went combined fermentation. The first (yeast) 
phase lasted 48 hours at 28°C under aerobic  
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conditions, facilitated by sterile air supply 
at a rate of 1.0  L/min into 5-litre bioreactors 
equipped with adjustable aerators. After this 
phase, aeration was discontinued, the temper-
ature was increased to 37 °C, and lactic acid 
bacteria were introduced for the second fer-
mentation stage under anaerobic conditions, 
which lasted an additional 48-72 hours.

The pH of the samples was measured us-
ing a SevenCompact S220 pH meter (Mettler 
Toledo, Switzerland) with an InLab Expert Pro 
electrode, calibrated using buffer solutions 
with pH values of 4.01, 7.00, and 9.21. Redox 
potential was determined potentiometrically 
using an InLab Redox Pro platinum electrode 
(Mettler Toledo, Switzerland), pre-calibrated 
with a standard redox solution. Measurements 
were taken every 24 hours to assess the redox 
environment and microbial activity through-
out the fermentation. Titratable acidity was 
determined using an automatic titrator (HI931, 
Hanna Instruments, Italy) with 0.1  mol/L so-
dium hydroxide (NaOH), standardised against 
potassium hydrogen phthalate. Total sugar 
content was assessed spectrophotometrical-
ly following its reaction with anthranilic acid, 
enabling a comprehensive evaluation of the 
fermentation process and product quality. The 
number of lactic acid bacteria and yeasts was 
determined by surface plating on selective me-
dia: MRS agar (HiMedia, India) incubated at 
37°C for 48 hours under anaerobic conditions, 
and Sabouraud agar (Biolife, Italy) incubated 
at 28°C for 72 hours under aerobic conditions. 
Colony counts were conducted following serial 
dilution, within the range of 30-300  CFU per 
plate. The stability of the fermented beverag-
es was assessed over a 28-day storage period at 
4 ± 1°C in sterile 250 ml glass containers. Ob-
servations were conducted every 2 days, with 
measurements of pH and titratable acidity, 
and records of visual changes and organoleptic 
properties. A beverage was considered stable if 
no sediment, off-odour, or pH variation greater 
than 0.3 units was detected.

Sensory evaluation was performed using 
profile analysis on a 9-point scale (1 = minimal 
perception, 9 = maximal perception) by a panel 
of 15 trained experts with prior experience in 
sensory assessment. The study adhered to the 
ethical principles outlined in the Declaration 
of Helsinki (1964) regarding research involving 
human subjects. Attributes such as aroma, clar-
ity, acidity, and aftertaste were evaluated under 
standardised conditions (22°C, 100 ml samples, 
randomised order). Data analysis was conduct-
ed using SPSS Statistics 26.0 (IBM, USA). One-
way analysis of variance (ANOVA) with Tukey’s 
post-hoc test was applied to assess differences 
between samples (p  <  0.05). Correlations be-
tween physicochemical and sensory parameters 
were calculated using the Pearson correlation 
coefficient. The study was conducted in ac-
cordance with international standards for food 
safety and Good Laboratory Practice (GLP), as 
outlined by the European Food Safety Authori-
ty (n.d.). All microorganisms were sourced from 
reference collections, and analytical procedures 
complied with ISO 22000:2018 (2018) and Co-
dex Alimentarius (n.d.), ensuring the reliability 
and reproducibility of results.

Results
Dynamics of changes in physicochemical 
parameters during fermentation
Traditional lactic acid fermentation (applied 
to cereal substrates and Kombucha) and com-
bined fermentation (used for fruit extracts) 
exhibit distinct mechanisms of acid formation 
and differing dynamics in pH, redox potential, 
and titratable acidity. At the initial stage, pH 
values varied according to the type of plant raw 
material: in samples based on cereal substrates 
(oats, millet, barley) and Kombucha, the pH av-
eraged 6.0-6.2; whereas in fruit extracts (pome-
granate, apple, citrus), it ranged from 4.2 to 
5.1. The subsequent dynamics of pH reduction 
were significantly influenced by both the type 
of raw material and the fermentation method 
employed (Fig. 1).
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In traditional fermentation, the average 
pH value in the experimental samples gradu-
ally decreased from an initial 6.2 to 5.5 at 24 
hours, 4.9 at 48 hours, and 4.6 at 72 hours. 
Thereafter, it stabilised within the range of 
4.4-4.3 by the end of the process, indicating 
a steady and uniform production of organic 
acids. In the samples subjected to combined 
fermentation, the initial pH was lower (5.1) 
and decreased more rapidly – reaching 5.0 at 
24 hours, 4.3 at 48 hours, and 4.0 at 72 hours. 
These dynamics, observed across beverag-
es based on different plant substrates – fruit 

extracts, cereal-based media, and Kombucha 
infusion  – reflect a more active metabolic 
process during the initial yeast fermentation 
phase. The redox potential exhibited the fol-
lowing trend: at the early stages of fermenta-
tion, an increase in redox values was observed, 
attributed to the active formation of interme-
diate metabolites and changes in the gaseous 
composition of the medium. As fermentation 
progressed, the redox potential gradually de-
clined, indicating the establishment of a sta-
ble anaerobic environment conducive to the 
growth of lactic acid bacteria (Fig. 2).

Figure 1. Dynamics of pH changes during fermentation
Source: created by the authors

Figure 2. Dynamics of changes in redox potential (mV) during fermentation
Source: created by the authors
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In the group undergoing traditional lactic 
acid fermentation – which included beverages 
based on cereal substrates (oats, millet, barley) 
and Kombucha infusion – the initial redox po-
tential (ROP) was measured at 150 mV, indicat-
ing a mildly oxidising environment with mod-
erate microbial activity. At 24 hours, the ROP 
increased to 180  mV, reflecting active oxygen 
consumption by microorganisms and the for-
mation of oxidised metabolites such as pyru-
vate and acetaldehyde. Subsequently, as par-
tial anaerobic conditions developed, a steady 
decline in ROP was observed, reaching 50 mV 
by 120 hours. This reduction signified the end 
of the intensive metabolic phase and the onset 
of the stabilisation stage. In contrast, samples 
subjected to combined fermentation (i.e., bev-
erages based on fruit extracts such as apple, 
pomegranate, and citrus) exhibited a different 
ROP dynamic. While the initial value was like-
wise 150 mV, it rose more sharply to 210 mV at 
24 hours, indicative of a high rate of primary 
yeast metabolism, typical in substrates rich in 
readily available simple sugars. This spike re-
flects the excessive production of electron-do-
nating compounds and a transient increase in 
oxidation potential. A subsequent decline in 
ROP to 80 mV by the final stage indicated par-
tial degradation of intermediate metabolites 
and the establishment of a moderately reducing 
environment – though less pronounced than in 
traditional fermentation.

The highest ROP values were recorded in 
fruit-based substrates undergoing combined 
fermentation, demonstrating intensive early 
metabolic activity. In contrast, the lowest val-
ues were observed in cereal- and tea-based sub-
strates under traditional fermentation, where 
more strongly reducing conditions developed – 
favourable for the stable growth of lactic acid 
bacteria. The titrated acidity in the experimen-
tal samples increased progressively throughout 
the fermentation process; however, the rate of 
increase was markedly influenced by the type 
of raw material and the fermentation method  

employed. The highest acidity level  – up to 
3.1 g/L  – was observed in samples based on 
pomegranate extract during combined fermen-
tation, indicating active organic acid produc-
tion facilitated by yeast activity in the initial 
stage. In contrast, beverages derived from oat 
substrates reached an acidity of 2.2 g/L after 
120 hours, while Kombucha-based samples ex-
hibited the lowest final acidity, at only 1.4 g/L, 
reflecting a lower intensity of acidogenesis dur-
ing traditional fermentation. During the first 24 
hours, titrated acidity increased gradually, par-
ticularly in samples undergoing traditional lac-
tic acid fermentation, where values rose from 
0.2 to 0.5 g/L. However, after 48 hours, samples 
subjected to combined fermentation exhibited 
a more pronounced increase in acidity, reaching 
1.9 g/L at 72 hours and 3.1 g/L at 120 hours – 
approximately 41% higher than that observed 
under traditional fermentation conditions. 
These results confirm that the inclusion of 
yeast cultures in the initial fermentation stage 
promotes more intensive acid formation and 
stimulates greater microbial metabolic activi-
ty. The dynamics of acidity change underscore 
the importance of selecting an appropriate fer-
mentation strategy to regulate the acid-base 
balance of the product and ensure its microbi-
ological and physicochemical stability (Fig. 3).

During the fermentation process, the rate 
of acidity increase depended on both the com-
position of the microbial consortium and the 
type of substrate. Samples undergoing com-
bined fermentation demonstrated not only 
higher final acidity values (up to 3.1 g/L in the 
case of fruit extracts), but also a more stable 
and gradual increase in acidity after 48 hours, 
compared to traditional lactic acid fermenta-
tion, where the increase was less pronounced 
(maximum 2.2 g/L for cereal-based substrates). 
This indicates a synergistic interaction be-
tween yeast and lactic acid bacteria, result-
ing in more active organic acid formation. In 
contrast, the traditional scheme – particularly 
when fermenting beverages based on oats or 



Animal Science and Food Technology. 2025. Vol. 16, No. 2

136 Evaluation of technological parameters...

Kombucha – exhibited a smoother and less in-
tense increase in acidity, reflecting lower met-
abolic activity in the absence of an initial yeast 
phase. The results confirmed that the dynamics 
of physicochemical changes during fermen-
tation are significantly influenced by both the 
microbial consortium and the chosen techno-
logical approach. Combined fermentation led 

to a more intensive increase in titrated acidity 
and a more rapid decrease in redox potential, 
indicating more active organic acid formation 
and the establishment of a stable anaerobic en-
vironment. It was determined that monitoring 
acidity and redox potential levels is essential 
for optimising the fermentation process and 
ensuring the stability of the final product.

Figure 3. Dynamics of changes in titrated acidity during fermentation
Source: created by the authors

0
0.5

1
1.5

2
2.5

3
3.5

0 24 48 72 96 120

0.2 0.5
0.9

1.4
1.8

2.2

0.2
0.7

1.3
1.9

2.5
3.1

T
it

ra
te

d
ac

id
it

y
(g

/L
)

Fermentation time (hours)

Traditional lactic acid fermentation (pH) 
Combined fermentation (pH)

Microbiological changes during  
the fermentation process
During the fermentation of plant-based bever-
ages produced from various raw materials – in-
cluding cereal substrates (oats, millet, barley), 
fruit extracts (pomegranate, apple, citrus), 
and kombucha infusion  – significant changes 
were observed in the populations of lactic acid 
bacteria and yeasts, which directly influenced 
the quality of the final product. In the first 24 
hours, Saccharomyces cerevisiae exhibited the 
most rapid growth, reaching peak cell counts at 
48 hours. This phase was accompanied by in-
creased production of organic acids and etha-
nol, which created favourable conditions for the 
subsequent development of lactic acid bacteria. 
Following this, an intensive increase in the 

populations of Lactobacillus plantarum and Lac-
tobacillus casei was recorded, contributing to a 
further reduction in pH and stabilisation of the 
fermentation process. The competitive interac-
tion between bacterial and yeast strains played 
a crucial role in shaping the microbial com-
position of the final product. By 72 hours, the 
concentration of S. cerevisiae began to decline, 
largely due to increased acidity across all ex-
perimental samples. In contrast, Brettanomyces 
bruxellensis, which exhibits greater tolerance to 
acidic conditions, remained metabolically ac-
tive until the end of the fermentation period. 
However, its population levels were consist-
ently lower than those of S. cerevisiae, indicat-
ing reduced competitive ability under the given 
fermentation conditions (Table 1).

Time (hours) Saccharomyces 
cerevisiae

Brettanomyces 
bruxellensis

Lactobacillus 
plantarum Lactobacillus casei

0 3.2 2.8 3.0 3.1
24 6.5 3.2 4.2 4.0
48 7.8 4.0 5.8 5.5
72 6.9 4.2 6.8 6.5

Table 1. Dynamics of changes in the number  
of microorganisms during fermentation (logarithm (log) CFU/ml)
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The results of the analysis indicate a dis-
tinct phase-dependent dynamic in the devel-
opment of microorganisms. Yeast cultures, 
notably Saccharomyces cerevisiae, reached peak 
concentrations at 48 hours (7.8 log CFU/ml), af-
ter which their numbers declined due to chang-
es in the chemical environment. As pH levels 
decreased and organic acids accumulated, lac-
tic acid bacteria  – particularly Lactobacillus 
plantarum – exhibited active proliferation, in-
creasing from 3.0 log CFU/ml at the initial stage 
to 7.5 log CFU/ml at 120 hours. These findings 
confirm a consistent phase dynamic in microbi-
al development across all types of plant-based 
substrates, although slight variations in quan-
titative parameters were observed. The elevated 
levels of L. plantarum in the final samples high-
light its high adaptability to acidic conditions, 
a key factor in ensuring beverage stability. The 
active growth of lactic acid bacteria during the 
second fermentation phase was accompanied 
by a gradual decline in yeast populations. This 
underscores the importance of selecting appro-
priate microbial strains and maintaining con-
trolled fermentation parameters to establish a 
stable microbial profile, regardless of the plant-
based substrate used.

Organoleptic characteristics  
of fermented beverages
The sensory properties of beverages obtained 
through the fermentation of various plant sub-
strates (oats, pomegranate extract, kombucha 
infusion, apple and citrus extracts) were in-
fluenced not only by the fermentation condi-
tions, but also by the specific characteristics of 
the raw materials. The development of taste, 
aroma, and texture was a result of microbial  

metabolic activity, utilising available carbohy-
drates, amino acids, and polyphenols. It was 
found that beverages based on pomegranate and 
citrus extracts exhibited the most intense aro-
matic profiles and pronounced acidity, whereas 
those derived from oats and kombucha infusion 
had a milder taste and lower overall acidity rat-
ings. These differences reflect the distinct met-
abolic responses of microorganisms to different 
substrates, as confirmed by sensory analysis.

Fermented beverages may exhibit sour, 
slightly sweet, or mildly bitter aftertastes, de-
pending on the microbial strains used and 
fermentation parameters. Lactic acid bacteria 
contribute to the production of lactic and ace-
tic acids, imparting a gentle acidity and creamy 
texture, while yeasts produce alcohols and es-
ters that enhance the aromatic complexity (Bo-
goyavlenskiy et al., 2022). Previous studies have 
demonstrated that combined fermentation 
strategies significantly improve the sensory 
qualities of fermented beverages by providing 
a more harmonious flavour balance and a richer 
aroma (Gadhoumi et al., 2021; Pinto et al., 2022). 
Throughout the fermentation process, nota-
ble shifts in acidity perception were observed, 
which directly influenced the overall taste 
profile. Beverages produced using combined 
fermentation exhibited more pronounced sour-
ness, balanced sweetness, and a more complex 
aromatic composition. This is attributed to the 
metabolic activity of yeast cultures during the 
initial fermentation phase. In contrast, beverag-
es subjected to traditional lactic acid fermenta-
tion had a milder, though less complex, flavour, 
resulting from the gradual accumulation of or-
ganic acids without the aromatic contributions 
associated with yeast metabolism (Table  2).

Table 1. Continued

Time (hours) Saccharomyces 
cerevisiae

Brettanomyces 
bruxellensis

Lactobacillus 
plantarum Lactobacillus casei

96 5.2 4.1 7.2 6.9

120 4.0 3.9 7.5 7.1

Source: created by the authors
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The results of the tasting evaluation indi-
cate that combined fermentation significantly 
enhanced the aromatic profile of the beverage 
and enriched its taste complexity. The highest 
scores were recorded for aroma (8.2 ± 0.3) and 
taste balance (7.9 ± 0.4), confirming the positive 
influence of initial yeast fermentation on the 
development of the beverage’s sensory char-
acteristics. In contrast, traditional lactic acid 
fermentation contributed to a softer texture 
(8.0 ± 0.2) and lower perceived acidity (6.5 ± 0.3), 
resulting in a more neutral flavour profile. 
These findings confirm that the type of fermen-
tation has a significant impact on the sensory 
properties of the beverage. Combined fermen-
tation offers more distinct organoleptic char-
acteristics, making it a promising approach for 
improving the quality of functional beverages.

The effect of the type of plant raw material 
on the quality of beverages
The study evaluated three main types of plant 
raw materials: beverages based on kombucha 
(Medusomyces gisevii), fruit extracts (apple, 
pomegranate, citrus), and cereal substrates 

(oats, millet, barley). It was established that 
each substrate had a distinct influence on fer-
mentation dynamics, acidity levels, redox po-
tential, and the overall stability of beverages 
during storage. Titrated acidity, a key indicator 
of fermented beverages, significantly influences 
both stability and organoleptic characteristics 
(Petrenko et al., 2022). In the kombucha-based 
samples, titrated acidity was comparatively 
lower, indicating a slower fermentation process 
than in fruit-based beverages. The lowest acidity 
values were recorded in cereal-based beverages, 
which can be attributed to the composition of 
the substrate and the specific characteristics of 
the fermentation process. The storage stability 
of the beverages was also strongly affected by 
the type of raw material used. Fruit-based bev-
erages demonstrated the highest stability, with 
a shelf life of 20-22 days. In contrast, kombu-
cha-based beverages had a shorter shelf life (14 
days), likely due to gradual changes in acidity 
and sediment formation. The least stable were 
the cereal-based beverages, which showed a 
higher tendency toward phase separation and 
microbiological instability (Table 3).

Table 2. Tasting evaluation of organoleptic characteristics of beverages
Parameter Traditional lactic acid fermentation Combined fermentation

Acidity 6.5 ± 0.3 7.8 ± 0.4
Aroma 5.9 ± 0.5 8.2 ± 0.3

Complexity of taste 6.0 ± 0.4 8.1 ± 0.3
Balance 7.2 ± 0.3 7.9 ± 0.4
Texture 8.0 ± 0.2 7.5 ± 0.3

Overall rating 7.0 ± 0.3 8.3 ± 0.2

Source: created by the authors

Raw material type pH (final value) Titrated acidity 
(g/L)

Redox potential 
(mV)

Storage stability 
(days)

Kombucha 3.7 6.5 -120 14
Apple extract 3.6 7.8 -150 20

Pomegranate extract 3.4 8.5 -170 22
Citrus extract (orange, lemon) 3.5 8.1 -160 21

Oat substrate 4.3 5.7 -85 10
Millet substrate 4.1 6.0 -90 11
Barley substrate 4.2 5.9 -88 10

Table 3. Physical and chemical characteristics of beverages depending on the type of raw material

Source: created by the authors
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The results of the study confirmed that the 
type of raw material significantly influences the 
physicochemical and sensory characteristics 
of the beverages. The highest titrated acidity 
values (6.8-7.5 g/l) and the best tasting scores 
(8.5  ±  0.2 points) were observed in samples 
based on fruit extracts, which can be attribut-
ed to their high content of available sugars and 
the active metabolism of lactic acid bacteria. 
Kombucha-based beverages were characterised 
by a moderate level of acidity (5.2-6.0 g/l) and 
balanced taste profiles (7.8 ± 0.3 points), while 
cereal-based samples exhibited the lowest 
acidity (4.7-5.5  g/l) and the shortest shelf life 
(10-12 days), likely due to less intensive fer-
mentation activity. These findings suggest that 
the choice of raw material plays a crucial role in 
determining the overall quality and shelf life of 
fermented beverages. Thus, the results indicate 
a significant impact of the type of plant-based 
raw material on the technological parameters 
of fermentation and the quality of the final 
product. Beverages produced from fruit ex-
tracts demonstrated the lowest pH, the highest  

acidity, and the best storage stability, making 
them a promising choice for the production of 
stable fermented beverages with pronounced 
sensory attributes. In contrast, beverages based 
on kombucha and cereal substrates had a mild-
er taste and lower acidity, which may appeal to 
consumers who prefer less acidic drinks.

Correlation analysis between 
physicochemical, microbiological  
and organoleptic indicators
The fermentation process represents a com-
plex system of biochemical and microbiologi-
cal transformations that determine the final 
quality of the beverage. Key interrelated pa-
rameters include the medium’s acidity, redox 
potential, the number of lactic acid bacteria 
and yeast, as well as organoleptic characteris-
tics that influence the product’s consumer ap-
peal. Identifying correlations among these in-
dicators enables the detection of patterns that 
can be applied to optimise the technological 
process and enhance the stability of the final 
product (Table 4).

Parameters рН Redox 
potential

Number of lactic 
acid bacteria

Amount of 
yeast

Sensory 
evaluation

рН 1.00 -0.79 -0.91 -0.65 0.64
Redox potential -0.79 1.00 -0.87 0.79 -0.54

Number of lactic acid bacteria -0.91 -0.87 1.00 -0.60 0.85
Amount of yeast -0.65 0.79 -0.60 1.00 -0.74

Sensory evaluation -0.64 -0.54 0.85 -0.74 1.00

Table 4. Correlation analysis between key fermentation parameters

Note: statistical relationships between indicators are established using the Pearson correlation coefficient
Source: created by the authors

The results of the correlation analysis re-
vealed a significant interdependence among 
the key fermentation parameters, indicating a 
complex interaction between physicochemical 
changes, microbiological activity, and the sen-
sory properties of the beverages. The most pro-
nounced was the inverse correlation between 
pH level and the number of lactic acid bacte-
ria (-0.89), confirming the active production of 
organic acids during fermentation. The redox 

potential showed a strong inverse correlation 
with lactic acid bacteria development (-0.85), 
supporting the formation of an anaerobic envi-
ronment throughout the fermentation process. 
At the same time, a positive correlation was ob-
served between redox potential and yeast count 
(0.76), highlighting the influence of initial yeast 
fermentation on overall metabolic activity. A 
significant correlation was also noted between 
titrated acidity and organoleptic indicators 
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(0.82), underlining the key role of accumulat-
ed organic acids in shaping the beverages’ fla-
vour and aroma profile. Furthermore, the num-
ber of lactic acid bacteria correlated positively 
with sensory evaluation (0.85), demonstrating 
their beneficial impact on the final taste and 
aroma, attributed to the synthesis of organic 
acids and volatile compounds responsible for 
the product’s characteristic profile. Conversely, 
excessive yeast proliferation in the later stag-
es of fermentation negatively affected sensory 
attributes (-0.74), likely due to the accumula-
tion of undesirable volatile metabolites such 
as ethyl alcohol and phenolic compounds. The 
correlation analysis thus confirmed a strong 
relationship between physicochemical, micro-
biological, and sensory parameters during fer-
mentation. Active growth of lactic acid bacteria 
and the corresponding decrease in redox poten-
tial were found to be favourable for achieving a 
high-quality flavour profile. However, excessive 
yeast activity at later stages may impair organo-
leptic quality, emphasising the need for optimi-
sation of fermentation conditions. These find-
ings are critical for the further standardisation 
of fermentation processes and the assurance of 
consistent quality in fermented beverages.

Discussion
The results confirmed the significant influence 
of technological fermentation parameters on 
the microbiological, chemical, physical, and 
organoleptic characteristics of beverages, ne-
cessitating comparison with other studies to 
evaluate the consistency of trends and identify 
the key factors affecting final product quali-
ty. The study established that combined fer-
mentation – comprising an initial yeast phase 
followed by lactic acid fermentation – led to a 
greater reduction in pH and higher accumula-
tion of organic acids, thereby enhancing prod-
uct stability. Similar findings were reported by 
I.  Maleš  et al.  (2022), who observed that the 
addition of medicinal and aromatic plants to 
functional beverages influenced fermentation  

rate and improved the sensory profile, no-
tably by increasing aroma intensity and re-
ducing undesirable bitterness. Furthermore, 
N.  Terefe  (2022) emphasised that the regula-
tion of fermentation parameters is essential 
for ensuring microbiological stability – corre-
sponding with the current findings on the in-
fluence of titratable acidity and redox potential 
on product quality. T. Mishra et al. (2024) con-
firmed that adherence to hygienic production 
conditions and the quality of initial raw ma-
terials are critical to preventing undesirable 
microbial growth during storage. This aligns 
with the present data, which showed higher 
stability in fruit-based beverages compared to 
those derived from kombucha and cereals. Sim-
ilarly, L.  Rodríguez  et al.  (2021) demonstrated 
that fermentation of fruit substrates enhances 
levels of bioactive compounds  – particularly 
polyphenols and organic acids  – which sup-
ports this study’s observations of increased 
acidity and antioxidant activity in pomegran-
ate extract samples. In addition, V. Esperança et 
al.  (2022) reported that fermented beverages 
made from nuts and cereals exhibit reduced 
microbiological stability due to elevated pro-
tein content, which promotes the growth of 
unwanted microflora. This corresponds with 
the more rapid microbial spoilage observed in 
oat- and barley-based samples in the present 
study. H. Liu et al.  (2023) investigated the im-
pact of innovative fermentation technologies 
and concluded that microbial composition con-
trol is key to optimising fermentation and en-
hancing organoleptic properties. This confirms 
the findings of intensified formation of volatile 
aromatic compounds in beverages undergoing 
combined fermentation, which improved their 
sensory appeal.

The results of the sensory evaluation con-
firmed the significant influence of fermentation 
technological parameters on the taste and aro-
ma characteristics of the beverages. In samples 
subjected to combined fermentation, a richer 
and more complex flavour profile was recorded. 
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This finding aligns with the study by C. Viejo et 
al. (2019), which employed artificial intelligence 
to assess consumer preferences for ferment-
ed beverages and demonstrated that a higher 
content of organic acids and volatile aromat-
ic compounds was positively correlated with 
overall sensory appeal. Similarly, M. O’Sullivan 
(2017) investigated consumer expectations and 
identified that the most desirable traits in fer-
mented beverages included a balanced acidity, 
light texture, and pleasant aroma – consistent 
with the higher evaluations observed in the 
combined fermentation samples. The influence 
of microbial composition on organoleptic char-
acteristics was also highlighted in the study 
by C.  Battistini  et al.  (2018), where the use of 
probiotic strains contributed to a more complex 
aromatic profile in plant-based beverages. This 
supports the present findings of elevated vola-
tile compound levels in samples fermented with 
yeast. Furthermore, Z. Han et al. (2025) demon-
strated that fermentation of fruit and vegeta-
ble beverages with Lactobacillus spp. reduces 
undesirable bitter notes and enhances texture, 
which concurs with the increased sensory ap-
peal noted in beverages based on pomegranate 
and citrus extracts.

The relationship between fermenta-
tion processes and the functional properties 
of beverages was further explored by N.  Ab-
baspour (2024), who found that combined fer-
mentation stabilised bioactive compound pro-
files, positively influencing the flavour balance 
of the final product. In addition, S. Malakar et 
al.  (2020) established that fermentation under 
optimised parameters not only improves taste 
but also enhances microbiological stability 
during storage. The observed improvements in 
nutritional and sensory quality underscore the 
importance of microbial transformation pro-
cesses in shaping beverage characteristics. Cor-
relation analysis between physicochemical and 
organoleptic parameters revealed the critical 
role of fermentation type in ensuring product 
stability. These findings are supported by the 

study of M. Tangyu et al. (2019), which showed 
that fermentation of plant-based milk enhanc-
es sensory attributes through protein structure 
modification and increased levels of aromatic 
compounds. Finally, the importance of Lactoba-
cillus strains in fermentation was confirmed by 
E.  Hashimoto  et al.  (2025), who demonstrated 
that careful microbial selection contributes to 
optimising the acidity-aroma balance in fer-
mented beverages.

The results confirmed that cereal sub-
strates have a specific effect on the quality of 
fermented beverages, particularly due to their 
high concentration of polyphenolic compounds 
and their ability to influence product stabili-
ty. This finding is consistent with the study by 
D.  Konrade  et al.  (2019), which examined the 
fermentation of extruded cereals and found 
improvements in the bioavailability of antiox-
idants and the stability of sensory characteris-
tics. Similar results were reported in the study 
by P.  Cichońska  et al.  (2022), which showed 
that the fermentation of cereal-based bever-
ages increases the concentration of bioactive 
compounds and enhances their stability. Cor-
relation analysis of the main parameters fur-
ther confirmed that the level of acidity plays a 
decisive role in determining the organoleptic 
quality of beverages. This conclusion is sup-
ported by the study of O. Oyewole et al. (2022), 
which demonstrated that acidity regulation is 
essential for improving the texture and aroma 
of fermented beverages. Moreover, M. Bibra et 
al. (2021) confirmed that implementing adapt-
ed fermentation strategies can enhance prod-
uct stability, particularly by reducing the for-
mation of undesirable volatile compounds that 
may negatively affect consumer perception.

The choice of starter cultures significantly 
affects the final quality of fermented beverages, 
especially their probiotic activity and microbi-
ological stability (Shydlovska & Koiba,  2023). 
This is consistent with the findings of G. Gun-
gor  et al.  (2024), who demonstrated that the 
use of probiotic strains in combination with  
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Propionibacterium spp. improves both bever-
age stability and functional properties. Similar 
trends were observed by A. Harper et al. (2022), 
who investigated the fermentation of plant-
based dairy alternatives and confirmed that the 
activity of lactic acid bacteria directly influenc-
es the texture, viscosity, and flavour profile of 
the beverages. Additionally, the study by P. As-
rani et al. (2019) found that traditional fermen-
tation methods can be adapted to enhance the 
bioactive properties of beverages, particularly 
through the control of temperature and fermen-
tation duration. The results of the current study 
confirmed the significant influence of fermen-
tation technological parameters on the quali-
ty of plant-based beverages, particularly their 
acidity, microbiological stability, and sensory 
properties. It was established that the combina-
tion of lactic acid bacteria and yeast improves 
the taste and aroma profile of the product, in 
agreement with findings from other studies.

Conclusions
The study found that the technological param-
eters of fermentation significantly influenced 
the physicochemical, microbiological, and or-
ganoleptic characteristics of beverages derived 
from plant-based raw materials. Combined fer-
mentation led to a more intensive decrease in 
pH (to 4.3 in 72 hours) compared to traditional 
lactic acid fermentation (4.9). During fermen-
tation, the redox potential declined to -170 mV 
in beverages based on pomegranate extract, 
indicating the establishment of a stable an-
aerobic environment. The type of raw material 
determined the final physicochemical parame-
ters and beverage stability. Beverages produced 
from fruit extracts had the lowest pH (down to 
3.4 in pomegranate extract) and the highest 
titrated acidity (8.5 g/L). Fermented beverages 
obtained from kombucha and cereal substrates 
were characterised by a final pH of approxi-
mately 4.3 (at 120 hours) and titrated acidity 
ranging from 1.4 to 2.2 g/L. This profile reflects 
a moderate level of acidogenesis, attributable 

to the buffer properties of the protein-polysac-
charide matrix of cereals and the specific met-
abolic activity of microorganisms in substrates 
rich in complex carbohydrates. In samples with 
fruit extracts, titrated acidity reached 3.1 g/L at 
a lower pH (3.8), indicating a more active for-
mation of organic acids. Beverage stability was 
dependent on the type of raw material: fruit 
extract-based beverages remained stable for 
up to 22 days, kombucha for 14 days, and cere-
al-based beverages for 10-12 days.

Microbiological analysis revealed consist-
ent changes in microorganism populations. 
Saccharomyces cerevisiae reached its peak 
(7.8  log  CFU/mL) at 48 hours, after which its 
population declined. Simultaneously, lactic 
acid bacteria (Lactobacillus plantarum and Lac-
tobacillus casei) increased steadily, reaching 
7.5-7.1 log CFU/mL by 120 hours. Sensory eval-
uation confirmed the advantages of combined 
fermentation: beverages produced using this 
method achieved the highest scores for aroma 
(8.2 ± 0.3), flavour complexity (8.1 ± 0.3), and 
balance (7.9 ± 0.4). Traditional lactic acid fer-
mentation produced a softer texture (8.0 ± 0.2) 
and lower acidity (6.5 ± 0.3). Beverages based 
on fruit extracts received the highest overall 
sensory score (8.3 ± 0.2), while those based on 
cereal substrates had a less pronounced aro-
matic profile (up to 7.0). Correlation analysis 
demonstrated a significant relationship be-
tween pH and the growth of lactic acid bacteria 
(correlation coefficient -0.91). Excessive yeast 
activity in the later stages of fermentation 
negatively affected the sensory properties of 
beverages (-0.74), indicating the need to op-
timise fermentation conditions. The study’s 
limitations include the absence of long-term 
assessments of beverage stability under real 
storage conditions and the use of a limited se-
lection of plant raw materials. Future research 
should focus on investigating the degradation 
mechanisms of functional components dur-
ing storage, assessing the potential of nat-
ural preservatives, and developing adaptive  
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fermentation protocols to maintain beverage 
stability under varying conditions.
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Анотація. Метою дослідження було визначити оптимальні умови ферментації рослинної 
сировини для забезпечення стабільності та комплексу сенсорних, мікробіологічних і 
фізико-хімічних показників напоїв. Дослідження проводилося в лабораторних умовах і 
включало ферментацію напоїв із рослинних інгредієнтів за традиційною та комбінованою 
технологіями, контроль фізико-хімічних (pH, титрована кислотність, окисно-відновний 
потенціал), мікробіологічних (чисельність молочнокислих бактерій і дріжджів) та сенсорних 
параметрів. Встановлено, що комбінована ферментація сприяла інтенсивнішому зниженню 
кислотності напоїв (рН до 4,0 на 72 годині) порівняно з традиційним молочнокислим 
бродінням (4,6). Найнижчий рН (3,8) та найвищу титровану кислотність (8,5 г/л) мали напої з 
фруктових екстрактів, що забезпечувало їхню мікробіологічну стабільність. Напої з чайного 
гриба мали середню кислотність (6,5 г/л), а зразки на основі злакових субстратів – найменшу 
(5,7-6,0  г/л) і найкоротший термін зберігання (10-12 днів). Сенсорний аналіз підтвердив 
переваги комбінованої ферментації: напої, отримані за цією технологією, мали складніший 
ароматичний профіль і збалансований смак, досягаючи 8,3 бала за дев’ятибальною 
шкалою. Мікробіологічний аналіз показав, що дріжджі досягали піку (7,8  log  КУО/мл) 
на 48-й годині, після чого їх чисельність знижувалася, тоді як молочнокислі бактерії 
зростали до кінця ферментації (7,5-7,1 log КУО/мл). Кореляційний аналіз підтвердив вплив 
кислотності на мікробний склад і сенсорні характеристики напоїв. Отримані результати 
підтвердили, що комбінована ферментація сприяє більшому зниженню pH, підвищенню 
титрованої кислотності та стабілізації окисно-відновного потенціалу, що забезпечує 
кращу мікробіологічну стабільність і сенсорні характеристики напоїв. Використання цього 
підходу дозволяє оптимізувати виробництво функціональних ферментованих напоїв із 
покращеними органолептичними властивостями та подовженим терміном зберігання

Ключові слова: бродіння; кислотність; окисно-відновний потенціал; молочнокислі бактерії; 
дріжджі; сенсорний аналіз; мікробіологічна стабільність
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