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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

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

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

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).
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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),
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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.

Table 1. Scheme of scientific and economic experiment

N¢ 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 2. Composition of complete feeds for feeding quail, %

Age of quail 1-21 days Age of quail 22-42 days
. Group
Indicator
Control Experimental Control Experimental
1 2 3 4 1 2 3 4
Corn 4741 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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Table 2. Continued

Age of quail 1-21 days Age of quail 22-42 days
. Group
Indicator Control Experimental Control Experimental
1 2 3 | 4 1 I 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

Source: developed by the authors

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
M] 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. 3447-1V, 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

Age, days
Group
1 7 14 21 28 35 42
1 Control 10.01+ 39.98+ 93.73+ 148.73+ 202.03+ 241.07+ 283.25+
0.053 0.317 0.482 2.278 2.546 3.142 4.454
2 Experimental 10.05+ 40.34+ 94.55+ 151.69+ 205.08+ 245.10+ 287.80+
P 0.057 0.304 0.601 1.923 2.680 3.498 4.487
3 Experimental 10.02+ 40.58+ 95.51% 151.99+ 206.43+ 247.42+ 290.32+
P 0.058 0.321 0.594 2.076 2.618 3.528 4.110
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Table 3. Continued

Age, days
Group
1 7 14 21 28 35 42
. 40.77% 96.96* | 15273t | 207.98% | 249.33t | 293.00
4 Experimental | 9.98£0.050 | 70 0.574" 2.112 2.622 3.313 4462

Note: *P<0.05, **P<0.01 compared to the 1% control group

Source: developed by the authors

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 4™ 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 3™ experimental group
was somewhat smaller — 0.60 g or 1.50%. The
quails of the 2™ 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 3 and
4™ 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 2 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 4™ experimental group, ex-
ceeding the control counterparts by 4.00 g or
2.69%. The birds in the 3 and 2" 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 4" 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 3™ experimental
group was somewhat smaller — 4.40 g or 2.18%
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in favour of the experimental group. The birds
in the 2™ 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
4% 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 3 experimental group surpassed
the control by 6.35 g or 2.63%. The birds in the
2" 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 4% experimental
group - by 9.75 g or 3.44%. The quails in the
3 experimental group also surpassed the con-
trol counterparts in this indicator by 7.07 g or
2.50%. The quails in the 2" 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.
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During the entire scientific and economic ex-
periment, the losses of quails in the 1 control,
3, and 4™ experimental groups amounted to
7 birds in each group, which is 7% in percent-
age terms. The mortality rate in the 2" 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 1% control group and the lowest in the ani-
mals of the 4™ experimental group. Therefore,
the birds in the 4™ 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 3 and 2" 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 2™
experimental group was 2.8 g or 1.33% higher
than the control indicator. The advantage of

the birds in the 3 experimental group over the
control was 5.4 g or 2.57%. The quails in the 4"
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 4t
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 2"
and 3" experimental groups was identical to
the control indicator. In the birds of the 4™ 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 2" and 3! experimental groups
were equal to the control animals, while the 4"
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).

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

Group
Indicator 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
Source: developed by the authors
Table 5. Weight of edible parts, g
Group
Indicator 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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Table 5. Continued

Group
Indicator Control Experimental
1 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

Source: developed by the authors

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).

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

Group
Indicator 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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Table 6. Continued

Group
Indicator 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

Source: developed by the authors

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
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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
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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. Coskun Cetin 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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Anorania. HaciHHsl dbeHXen0 BBaXKAEThCSI MOTY>KHUM (BiTOGIOTMKOM i MOKe GYTUM BUKOPUCTAHE
Yy TOMiBJIi MOJIOOHSKY NTUI[l SK ajJbTepPHATMBA aAHTMUOIOTMKAM, SKi 3aCTOCOBYIOTb 3 METOIO
MOKpAIlleHHsI TMPOAYKTMBHOCTI MNTHUIII Ta MNPOQINIaKTUKYM HU3KM 3aXBOPIOBaHb LITYHKOBO-
KMIIIKOBOT'O TPakTy. I[IpoBeeHMiT HaYyKOBO-TOCIIOAaPChKU JOCTi L 6YB IIPUCBSTYEHMI JOCTIIKEHHIO
BIIMBY 3rOIOBYBAaHHSI MIPOTY 3 HACIHHS (heHXest0 Ha MPOAYKTUBHICTD Ta 3a6iiiHi SIKOCTi mepereniB
M’SICHOTO HaIpsIMy ITPOLYKTUMBHOCTI. 32 pe3y/ibTaTamMy eKCIIepMMeHTY cepef, JOCTiIKyBaHUX 103
mpoty denxento, a came 0,5 %, 1,0 % Ta 1,5 %, HalBUILOI MPOMYKTUBHOCTI MOCS/IA MTUIS, SIKa
CTIOKMBaJIa TIOBHOPAIiOHHI KOMGikopmMM 3 BMicToM 1,5 % BKaszaHoi KopMoBoOi mo6aBKku. Ilepemnenn
i€l rpynu mepeBULIMIY KOHTPOJIbHI MOKA3HMKM 32 Macow Ha 9,75 r abo 3,44 %. 3a Bmicty 1,0 %
mpoty deHxeno y ckiani kKombikopmy maca Tina ntuini 6yna Ha 7,07 r abo 2,50 % BuUIIOK 3a
KOHTpONb. CIOKMBaOuy KoM6ikopmu 3 Bmictom 0,5 % mipoty deHxenro, meperenn rnepeBaskamn
KOHTPOJIbHMIT ITOKa3HMK 32 MACOIO Tijia iniie Ha 4,55 v a6o 1,61 %. PisHulIsE MiK rpyraMu 3a Macoio
Tijla He 6y/1a CTATUCTMYHO 3HAUYIIOK0. 3 BUXOJOM TYLIKM Bifl KOHTPOTIO HE3HAYHO Bifpi3HSINUCS,
a caMe nepeBaxkanyu Ha 0,1 % nuie mepemneny, O CIOXMUBaIM 3 KOpMoM 1,5 % mpoTy deHxermo.
3a BUXO[OM ICTiBHMX YaCTMH TYIIKM IIPUBEPHY/IA YBary TEHAEHIIiS A0 36ibIIeHHS BUXOAY MSI3iB
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Tpyneitl y OTuIli JOCTiZHMX TPYII, a TAaKOXK IMigBUIIEHHS BMXOAY LUTYHKY, sIke Oy/I0 MiATBepAskeHe
CTaTUCTUYHOI0 3HAUYIIICTIO Pi3HMII MiXX KOHTPOJBHOIO TPYIIOK IepereiB Ta MTUIIEI0, SIKa
cnoxkuBana 1,5 % mpoty dhenxeno. TaKMM UMHOM, MOSKHA CTBEPIIKYBATH, 1[0 3TOJOBYBaHHs 10 1,5 %
HIPOTY (eHXeNo Y CKIa/i MOBHOPAIiOHHMX KOMGiKOPMiB MO3MTUBHO BIUIMBAE Ha MPOTYKTUBHICTh
TeperiesiiB M’SICHOTO HaIpsIMY MPOAYKTUBHOCTI

KitouoBi ciioBa: GiTo6ioTHMKY; MPOAYKTUBHICTh; M’SICHE MITaXiBHUIITBO; 3a0iiiHi SIKOCTi; Bimxomu
OJTiIHOEKCTPaKIIiifHOTO BUPOOHMUIITBA
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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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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

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
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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
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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:

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;

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

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

Animal Science and Food Technology. 2025. Vol. 16, No. 2
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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 m?, ensuring a minimum of 2 m?
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

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

(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 (pH,)) and after 24 hours of
chilling at +4°C (pH,,). 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. 3447-1V “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).

mAa
Ab

m Aab

A5

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.

Table 1. Performance indicators of the studied groups

Genotype Number Average fertility | Milk yield | Average weight gain | Multiple prsgnancy
of ewes (n) (lambs/ewe) (I/day) of lambs (g/day) 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 15025 65
A(-) 32 1+0.3 0.8+0.1 160+15 8

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
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(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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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

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.

Table 2. Influence of maternal genotype on lamb growth

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

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
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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 vyield 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.

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

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

Source: created by the authors

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
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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-Rodriguez 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-Rodriguez 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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ii mepcreKTMBHMM 00’€KTOM [IJIST CeJIeKIiMHUX MOCTiakeHb. MeTo po6oTH 6Y/I0 BCTAHOBJIEHHS
3JIEKHOCTI MK TeHOTUIIOBMMM XapaKTepUCTMKAMM MaTepiB i OCHOBHMMM ITOKa3HMKAMM
MPOAYKTUBHOCTI SITHAT MJIs1 MiABUIIEHHST e(eKTUBHOCTI CeNeKIliiiHOi po60oTH. [OCTiIKeHHS
nmpoBogmiocs BOpomosk 2022-2024 pokiB Ha 6a3i HapuanbHO-HAYKOBO-MPAKTUYHOTO ILEHTPY
MuKomaiBChKOTO HallioHAJIbHOTO arpapHoro yHiBepcutety (YkpaiHa). [To BMOipKMU BKIOUanmyu 60
KJIiHIYHO 30,0pOBUX MATOK OBellb aCKaHiiChbKOi TOHKOPYHHOI ITOpoaM BiKOM Bif, 2 1o 5 POKiB, sIKi
YTPUMYBAIUCS B OJHAKOBMX YMOBaX, 3 MiHiMaJbHOM IJIONIOUICTIO Ta BiJICYTHICTIO CIagKOBUX
MaToJIOoTii. BUSIBIIEHO, IO HAMTOMIMPEHI VM reHOTUIIOM Cepeji MaTOK OYB A(-), akuii 3a6e3meuyBaB
CTa6iNbHY PeNMPOIYKTUBHY GQYHKIIiIO, TOAI SIK FeHOTUIT Ab TpoZieMOHCTPYBAaB HaiiKpallli pe3yabTaTu
MOJIOUHOCTI Ta TIOAIOYOCTi. [eHOTUIT Aa MaB 36aJaHCOBaHi XapaKTePUCTUKY, a Aab BUPi3HIBCS
BMCOKOIO IJIOAIOYICTIO 3 6araToIUTiZHMMM OKOTaMu. SITHSITa Bim MaToK rpymu Ab Manu HaitBUIILY
cepeHIO Macy NPy HapoJKeHHi (4,2 Kr), MakCMMabHUi momeHHmi npupict (180 r) i HaliBuiLy
Macy npu BimmyueHHi (18,2 xr). HaiiHMui moka3HMKU cIiocTepiranucs y rpynu A(-), poTe Ls
rpyna JOeMOHCTPyBaja BMCOKi afalTMBHI BJIACTMBOCTI. JIOCTiIKeHHS M’SICHOI MPOAYKTMBHOCTI
B CEMUMIiCIYHOMY Billi TTOKa3aJ10, O SITHSTA BiJl MAaTOK rpynu Ab Manu HaiBuny 3a6iiiHy Macy
(21,4 xr) i MmakcuManbHUIt Buxim m’saca (53 %), Toxi sk rpynu Aa, A(-) Ta Aab mocTymanucs yuMu
MoKa3HMKaMu. [eHOTUI MaTepiB BIVIMBAB TAKOX HA BMICT KUPY, KiCTOK i AKiCTh M’sica. BUCHOBKM
MigTBepAWIN, 1[0 TeHOTUIT MaTepiB 3HAUHOIO0 MipOI0 BU3HAUYa€ MPOAYKTUBHICTD STHST, IPUUOMY
HalBUILi MOKAa3HMKM 3POCTAHHSI, MOJIOYHOCTI Ta M’SICHOI MPOAYKTMBHOCTI NMPOSEMOHCTPYBaB
TeHOTUTI Ab, 110 MiATBEPIKYE 0r0 MepCrneKTUBHICTD [T CeNeKIiitHOI poboTH

KnarouoBi wroBa: cenekilisg; 3abiifiHa Maca; IUIOAIOYICTb, MOJIOYHICTh OBEllb; acKaHilicbka
TOHKOPYHHA ITOpoja
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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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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

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.

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

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 M. 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,
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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. Sevik 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
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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 A. Calin-Sanchez 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
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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-y-v-F, )

where L is the flow rate of the drying agent, kg/h;
v and v are the density (in kg/m?) 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, m?.

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

where B is the barometric pressure, Pa; t is
the temperature of the drying agent, °C; 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,

b

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).
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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.
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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, O, 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

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




46

Evaluation of technological parameters...

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.
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Figure 2. Dependence of pumpkin seed moisture content W,
% on drying time t (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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Figure 3. Changes in the temperature of the seed kernel (embryo) t, (°C),
seed coat t, (°C) during filtration drying of pumpkin seeds at different seed moisture content
values W, % and drying agent temperature
Note: at (W<38%): Tda,, — 30°C; Tda,, - 40°C; Tda,, — 50°C; Tda,, - 50°C; at (W >38%): Tda, - 50°C; Tda,, -

50°C; Tda, - 50°C; Tda, - 60°C
Source: authors’ development
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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 Tda, > 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 Tda,, - 50°C (Fig. 4).
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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 t (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
t, =42°C to ensure optimal germination and
germination energy indicators. In cases where
the temperature of the drying agent exceeds
t, the maximum permissible temperatures
for maintaining sowing qualities are 47°C and
t,,=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,
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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
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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 (Sa-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;

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

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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AHoranisg. Y mporeci TeruioMacoo6MiHHOI 06pO6KM HACiHHEBOI MPOMYKIIii, SIK ITPaBuMIIO,
BMHMKAIOTh MPOGIeMM BiTHOCHO HACTiAKiB TepMiuHOi Ta MexaHiuHOi Aii. ToMy 3aCTOCYBaHHS
MEeTOMiB CYUIiHHS 3 BiGpOpO3pimKeHMM IIapoM MPOAYKIii, IO [O3BOJSE MiHiMi3yBaTU
MeXaHiYHMil Ta TepMiuHMIi BIUIMB HAa POCAMHHY MPOAYKIIil0, He BTpPayalOTh aKTYyaJbHOCTI.
MeTo10 JaHO1 HayKOBOi pOOOTM CTaIo MigBUIEHHS PYIIiHOI 1M Ta BiANOBiLHO edeKTUBHOCTI
Mpoliecy 3HEBOJOXKeHHSI TepMosabiibHOI pPOCIMHHOI CMPOBUMHM 3a DPAXYHOK 3aCTOCYBaHHS
Bi6poMexaHiuHOI aKkTMBallii pyXy HACiHHEBOIO MaTepiajy, MiJBUILEHHS eJIeKTPOOCMOTUYHOTO
TUCKY IJIs1 TIOJIIMIIEeHHsT YMOB Audysii Bosoru, peasisallis me3iH(eKTMBHOTO BILIMBY Y IpoIleci
06po6KM. MeTomoIorisl JOCTiIKeHHST BK/IIOUaNa eKClepyuMeHTalbHi JOCTiIKeHHS B YCTAHOBIII 3
BibpaliifHMM IapoM i 030HO-TIOBITPSIHMM CYLIMJIBHMM areHTOM. JIoCTiaKyBaau BIUIUB YaCTOTU
Bib6paIliif, KOHIIEHTpaIlii 030Hy Ta TEMITEPATYPHOrO PEXMMY Ha KiHETMKY CYIIiHHS, IIBUIKICTh
TeIIoMacoo6bMiHy, piBeHb me3iHdekIlii Ta eHeproedeKTUBHICTb. 32 pe3yabTaTaMU IOCITiAKEHHS
po3pob6seHa cxemMa KOHBEKTMBHOTO CYIIiHHS 3€pHOBOTO Ta 3€pPHO-KPYIT'SHOTO MarepiamiB
3 BibpaliffHMMMu Ta O30HyIOUMMM 3acobamMu JFioro iHTeHcudbikamii. 3ampomoHOBaHa cxema
J03BO/IM/IA 3a6e3MeunTy HeoOXimHy me3iHdeKilito MpoayKIii, MOMIMIINTY YMOBY TeIionepenadi;
3a6e3MeunTy OJHAKOBMIA TiipaBIiuHMIt OMip B3JOBX BCiei Kamepy po3pimskeHHS, PiBHOMIPHiCTh
CYIIiHHSI; 3MeHIIeHHs eHepreTMUHMX BUTpPAT Ha IIpoliec, 36iJbIlIeHHs 40r0 AOBrOBiUHOCTI,
HaJiifHOCTi Ta MPOAYKTUBHOCTi; BUK/IIOUEHHS TIEPETPIBY BUCYIIYBAHOTO MaTepiasy, 0 3po6uiio
MOX/IMBUM 3Ii/CHIOBATM TMPOIEC CYLUIiHHA TepMoaabiiibHOl mponykiii. 3a pesynabraTamu
IOC/iIKEeHb MOBEIEHO, 0 (iNbTpalliliHe CyIIiHHS 3 BI6pO030HYBaHHSIM CKOPOUYYBaJIO Yac 06po6Ku
HaciHHs rap6y3a B 1,67 pasa, 3MeHIIIyIouy eHeproputpatu B 1,71 pas3a MOpiBHSIHO 3 TpaguLIiitHUM
KOHBEKTMBHMM MeTomoM. HaiiBuia MIBUIKICTh CYIIiHHS Oysa JOCSTHyTa Npu QinbTpaiiiinomy
Bi6paliifHOMY CyIIiHHi, sTKe BUSBMUIOCS eDeKTUBHIIIMM 32 KOHBEKTHBHE B 1,68 pasza. [IpakTuuHa
IiHHICTh POOOTYU MOJSITaE€ y PO3pO6Ii KOHCTPYKII CYMIMILHOTO OONMamHAaHHS, MO 3abe3reuye
PiBHOMIpHICTb CYUIiHHSI, 3HUXYE PU3UK IeperpiBy, MiJBUIILY€E JOBTOBIUHICTh i MPOMYKTUBHICTH
npouiecy. OTpMMaHi pe3ylbTaT MOXYTb OYTM BIPOBAAKEHi Y BUPOOHUIITBO [isI eheKTUBHOL
06pOo6KYM TepMOJIabiIbHOI CiTbCHKOTOCTIONAPCHKOT MPOAYKIIil

Kiio40Bi cyioBa: mpoliecy 3HEBOJIOKEHHS ; 030H; Bibpallist; 1ceBI0PO3PimKeHN ap; TeTJIOHOCII;
TepMoJabiibHa IPOAYKILis; IPOLieC TeIJIOMacooOMiHy
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Halal poultry slaughter technology...

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

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

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

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
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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
processingstandardsimposestrictrequirements
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
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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




Mylostyvyi et al.

59

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
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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.

Table 1. Ante-mortem inspection procedure

Control points

Parameters

Comprehensive veterinary inspection

Physical condition

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

assessment Poultry showing symptoms of infection or exhaustion are immediately culled.
External appearance Particular attention is given to the skin, eyes, beak, and feathers to identify any
evaluation 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

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

Inspector 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

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).

Table 2. Humane handling measures during ante-mortem inspection

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.
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Table 2. Continued

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

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.

Table 3. Technological requirements for halal compliance

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 Religious requireme

rituals

nts, including prayers and blessings, are observed
throughout the process.

Source: developed by the authors

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

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

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.

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 (COz, 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.

Table 5. Electrical stunning parameters

Control points Parameters
Stunning Poultry are suspended upside down and passed through a water bath that conducts
process electric current. This process ensures rapid and effective immobilisation before slaughter.
Current The electric current must be strong enough (typically 105-150 mA) to induce loss of
intensity consciousness without excessive damage to the carcass (fractures, haemorrhages).
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Table 5. Continued

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.

Source: developed by the authors

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

Table 6. Poultry

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.

slaughter control

Control points

Parameters

Slaughter Poultry undergo severing of the

technique

trachea and oesophagus intact to ensure maximum blood drainage. Performed manually

jugular veins and carotid arteries while leaving the

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).
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Table 6. Continued

Control points

Parameters

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

Hygienic Slaughter areas must maintain sterility to prevent microbial contamination of carcasses.
conditions Spraying systems are used to remove blood residues and tissue fragments.

Source: developed by the authors

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 1. 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
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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).

Table 7. Scalding process

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.

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).

Table 8. Feather plucking requirements

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.

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.

Table 9. Requirements for poultry evisceration process

Control points

Parameters

Compliance with halal Evisceration must be carried out by a certified operator in accordance with
requirements Sharia rules. The presence of a halal inspector is mandatory.
. Automated or semi-automated systems are used to prevent damage to carcass
Equipment type

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.

Source: developed by the authors
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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
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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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Table 10. Requirements for post-mortem inspection

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.

Source: developed by the authors

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.

Table 11. Halal product certification and inspection

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

Certified halal inspectors must be present at every stage, from pre-slaughter

presence inspection to final packaging, ensuring compliance with Islamic norms.
Equipment and facility Equipment, facilities, and processes are evaluated for compliance with halal
inspection standards. Contact with prohibited substances is strictly forbidden.
Documentation and All operations must be recorded and documented. A full record of production
traceability processes ensures transparency and compliance.
Staff training All employees involved in production undergo specialised training on halal

standards, including Islamic requirements and hygiene protocols.

Source: developed by the authors
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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.
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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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and optimising certification processes to meet  valuable consultancy support during the prepa-
the demands of international markets. ration of this literature review.
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AHoTanis. XajisyibHe BUPOOHMIUTBO MAa€ 3HAYHMII TOTEHIia/N JJIsl TOHAIbIIOTO PO3BUTKY,
3YMOBJIEHMIT 3pPOCTal0UMM I7106aJIbHUM TIOTIMTOM Ha SIKiCHi, 6e3MeuHi Ta eTMYHO BUTOTOBJIEHI
xapuoBi MpoaykTy. OKpiM 3a[0BOJIEHHSI MOTPeO MYCYJbMaHChbKUX CIIOKMBauiB, cepTudikoBaHi
XQISUIbHI MPOAYKTM CTAlOTh Aemaai MpuMBaGMMBIIIMMM [JIsI NIMPIIOL ayAUTOpii, fKka IIiHye
IOTPUMAaHHS BUCOKMX CTAaHIAPTIB TirieHu, mpocTeXyBaHOCTi Ta sKocTi. CydacHi TeHmeHUil
ITiIKPECTIOI0Th BasK/IMBICTh JOTPUMAaHHS CYBOPUX BUMOT, IO TiABUIIYE KOHKYPEHTOCITPOMOKHICTh
XaJISTIbHOTO BUPOOHUIITBA Ha MisKHAPOAHUX PMHKAX. Y I[bOMY JIiTepaTypHOMY OIJISIIi PO3I/ISiAaBCs
TEXHOJIOTiYHMIA ITpo1Iec 326010 ITUIII 3 aKIEHTOM Ha JOTPUMAaHHS XaJISJIbHUX HOPM i BUMOT. MeTo10
JOCITiIKeHHSI 6Y/10 BUSIBJIEHHS pU3MKiB HAa KO)KHOMY eTarti BUpOOHUI[TBA, OIiHKa iX BIUTMBY Ha IKiCTb
MPOAYKIIii Ta BU3HAUEHHS IIISIXiB ONTUMIi3allii BUpOOHMYMX MPOIIECiB BiIITIOBiIHO [0 iC/IaMChKMUX
CTaHAapTiB. AHaJTi3 6a3yBaBCs HA OIS CYYacHOI HAYKOBOI JTiTepaTypu, CTaHaapTiB cepTudikarrii
Ta MPAKTUK YIIPaBIiHHS PU3MKAMM B XapyoBOMY BUPOOGHMIITBi. OCHOBHI PU3UKM TTOB’I3aHi 3
TaKMMM eTaramMu, SIK Tepens3abiitHuii orisy, OmTylIeHHs, 3a6iii, 3HEKPOBJIEHHS, MMOTPOIIiHHSI,
OXOJIO[KeHHS Ta MiCIg3a6iiiHMII KOHTPOJIb. BCTAaHOB/IEHO, 110 TTOPYIIEHHS Ha I[MX eTarax MOKe
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MPU3BECTM A0 MEXaHiUHMX IIOIIKOAKEeHb TYIIOK, HeJOCTATHbLOTO 3HEKPOBJIEHHS, MiKPOOGHOTO
3a6pynHeHHST a60 HEBiAOBIMHOCTI pesniriitHMM BuMoram. BnpoBafsKeHHS CUCTEM YIIPaBJliHHS
pusmkamy, Takux sk HACCP, a Tako)Xx BUKOPUCTaHHSI Cy4yaCHMX TEXHOJIOTi IMPOCTEKYBaHOCTI,
BKitouatouy RFID-miTKu Ta 67I0K4eiTH, MOKe MOKPAIUTH TPO30PicTh, €eKTUBHICTh BUPOOHUIITBA
Ta BiATIOBiJHICTh MiKHapoZHMM cTaHaapTaMm. LiHHICTb OOC/TiKeHHS TMOJsATAaE y BU3HAUEHHI
HAIPSIMKiB YOOCKOHAJIEHHSI CUCTEM KOHTDOJIO TEXHOJIOTiUHOTO IMpoliecy, 30KpeMa MIUISIXOM
iHTerpalii aBTOMaTM30BaHUX pillleHb [ MOHITOPMHTY KPUTMYHMX TOYOK Ta aHasli3y SIKOCTi
npoaykuii. OTpMMaHi pe3yabTaTy MOXYTb OYTM KOPUCHMMM AJIA MiABUIIEHHSI 006i3HAHOCTI
00 BMMOT [0 SIKOCTi 3a0010 NTUIII B KOHTEKCTi ceptudikailii XaasibHOrO BUPOOGHUIITBA.
[TepCHeKTMBY MOAAIBIINX TOCTiIKeHb BKIIOYAIOTh BIOCKOHAIEHHS TEXHOJIOTi 326010, PO3POOKY
aBTOMAaTM30BaHUX CUCTEM KOHTPOJIIO Ta ONTUMi3allil0 MeTO/iB OL[iHKM SIKOCTi IJIs1 MiABUILEHHS
edeKkTUBHOCTI BUPOOHUIITBA Ta BiIOBIIHOCTI BUCOKMM Tiri€HiYHMM i pestiriiitHuM HopMam

KiiouoBi coBa: xa/syibHE BMPOOHUIITBO; Ge3IMEUHiCTh i SIKiCTh M’Sica; KPUTUUHI TOUKM;
YIIpaBJIiHHS PU3MKAMU; IPOCTEKYBaHICTh
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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

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,
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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
andinthe 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
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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
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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-Lépez 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. Alagoz & C. Saricoban (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 0of 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
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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.
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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

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

Source: authors’ development

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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Table 2. Scoring scale for organoleptic evaluation of fish pastes

Indicator

Indicator characteristics

Point

Homogeneous, pasty mass without grains

(928

Homogeneous, pasty mass, slightly grainy

Appearance

Heterogeneous mass, moderate granular mass

Heterogeneous mass, very granular mass

Heterogeneous, highly granular mass with alarge number of foreign impurities and lumps

White or light orange or light pink, uniform throughout the mass

With a greyish tint, uniform throughout the mass

Colour

With a greyish tint, slightly heterogeneous throughout the mass

Grey with orange or pink flecks, non-uniform throughout the mass

Dark grey, non-uniform throughout the mass, with dark inclusions

Homogeneous, pasty without grains

Homogeneous, pasty with single grains

Consistency

Heterogeneous, moderate grainy

Heterogeneous mass, very granular

Heterogeneous, lumpy

AR A N R R SRR R RN R, B o NCR N ON R TN

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

wu

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

'S

Taste

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

Fishy, with a hint of vegetable components, no milty taste

Strongly pronounced fishy flavour, the taste of other components is almost not felt

Pleasant, typical of this type of product with a milty aroma

Slight fishy smell

Scent

Fishy smell moderately pronounced

The fishy smell is strongly pronounced

The fishy smell is very strongly pronounced

=N O | = N W

Source: authors’ development

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
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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°C according
to DSTU 8718:2017 (2019). Mass fraction of
moisture — by drying the samples to constant
mass at 100-105°C (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
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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 (C) are given in Table 3.

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

Indicator characteristics and its points
Samples
Appearance Arotr:;:nd Consistency Structure Colour Overall rating
. Homogeneous,
Tvpical fish Tt%lpilscal fce>r Pasty, with inclusion | Light grey with
C asség @3:0.7) | of r(';zgct smearing of muscle a pink tint 20.1+0.4
p 70 (31’6+0 5) (4.0%0.3) fibres (4.2%0.1)
e (4.0£0.1)
. Homogeneous, . .
Typical TS}'EISCE‘I fgr Pasty, with inclusion Llllgn};}oliﬁllk
1 fish paste typ smearing of muscle 21.2+0.5
(4.5%0.2) of product (4.3+0.4) fibres throughout the
. : (3.9%0.2) : : (4.0%0.2) mass (4.5*0.1)
. Homogeneous, . .
Typical Tzlpilscal fgr Pasty, with inclusion Llllgnkll} oprgllk
2 fish paste typ smearing of muscle 21.9%+0.3
(4.7%0.4) of product (4.3£0.5) fibres throughout the
. : (4.2%0.1) : : 4.00.1) mass (4.7+0.4)
) Typical for Homogeneous Light pink,
Typical . Pasty, ; -
this type ; without uniform
5 ?45 2 E%sgs)z of product (sing ir&nsg) inclusions | throughout the 24.120.1
o (4.5%0.1) o (4.9%0.1) mass (4.9%0.1)

Source: authors’ development

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

Source: authors’ development
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Figure 2. Estimation of the energy value of fish pastes of different formulations, kcal/100 g

Source: authors’ development

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

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

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.
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Table 4. Profile analysis

of palatability of fish pastes

Intensity of characteristics of different fish paste

Descriptors 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

Source: authors’ development

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).
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Figure 3. Profilogram of the flavour profile spectrum
of the standard and control samples of fish pastes
Source: authors’ development
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Figure 4. Profilogram of the flavour profile spectrum
of the standard and sample fish paste according to recipe No. 1
Source: authors’ development
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Figure 5. Profilogram of the flavour profile spectrum
of the standard and sample fish paste according to recipe No. 2
Source: authors’ development

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




Bal et al.

89

_—

Tender, juicy

Heterogeneous| | ——¢
with inclusions

Homogeneous

Pasty

Harmonious

NS
Salty
) Nith the aroma and taste

f.Standard

) = Sample 3
~7 Sweet

of added vegetables

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

Source: authors’ development

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 aresult 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 -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
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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
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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

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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AHoralis. 3abe3rnevueHHs] HaceJeHHsT YKpaiHuM puOGHMMM MpoaykTaMu HabyBae 0COGIMBOI
aKTyaJqbHOCTi, OCKibKM PpiBeHb iX CHOOXMBAHHSI He BiATNOBiZae peKOMeHAlisIM IIOoJ0
03/I0pOBYOr0 XapuyBaHHs. OOHMM 3 HampsMiB, 1[0 37aTeH BUPIMIUTU L0 IPOOIEMY, €
PO3IIMPEHHS ACOPTUMEHTY PMOHMX MACT, SIKi 32 BApPTiCTIO JOCTYIHI MIMPOKOMY KOy HaceJIeHHSI.
Meta po60THK Tossiraja B yIOCKOHAJIEHH] pelenTypHOro CKiaagy pMOHMX IacT Ha OCHOBI M’sica
kinapieBoro comuka (Clarias gariepinus (Burchell, 1822)), dopeni (Salmo trutta fario), momnok
rop6yuri (Oncorhynchus gorbuscha), pOCIMHHOI CMPOBMHY, a TaKOX B OI[iHIIi HOBUX pELENTyp
338 KOMIUIEKCOM OPraHOJIENTUUHUX TOKa3HUKIB, nmpodino crekTpy deiiBopy, eHepreTMyHOL
iHHOCTI, (i3MKO-XiMiYHMX METOAIB MOCTiIKEeHb: BMICT BOJOTM — METOJOM BUCYIIYBaHHS
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3pasKa Jo MOCTiiftHOT MacK; BMicT skupy — MmeTogoM Cokciera; BMicT 6ika — meTomom K’enpmars;
30JI4 — CHATIOBaHHSIM HaBakKu. B pe3ynbTaTi JOCTiIKeHb eKCIIePUMEHTATIbHO MiATBEePIKeHO
JOIiIbHICTD MOEMHAHHS Y PELIENTYPHOMY CKJIai pMOHMX MACT M’sica KiIapieBOro COMMKA, MOJIOK
rop6yiri Ta poCIMHHOI CUPOBUHM. PO3p06IeHO TPU HOBUX PELeNTypy PUOHUX IMacT Ha OCHOBI
MoTIepeJHbO COJIEHUX Ta MOAPIOHeHUX M’sica coMwuka, dopesi i Monok ropbyiri, macepoBaHoi
POCIMHHOI CUpOBUMHM (UMOY/Ii, MOPKBM), OJIii COHSIITHMKOBOI Ta Crieniit. JIocCaimKeHHSs
OPraHONENTUYHUX TMOKA3HMKIB Ta Mpodinio crekTpy duieiiBOpy BUM3HAUMIM HAMOiNbII BUCOKI
IMOKA3HMKM KOHCUCTEHIIii y puOHMX IMacT 3 M’SICOM COMMKA Ta MOJIOKaMM TOpOYyIli B IOPiBHSIHI
3 KOHTpoJsieM Ta iHIMMM peunentypamu (9,5 + 0,1 mporu 8,5 + 0,08 6aniB). 3a XimMiyHUM
CKJIAZOM 3pasky PUOHUX TMACT XapaKTepus3yBaauChb BMCOKMM BMicToM Bosoru: 50,24 +0,17 B
eKCIlepYMeHTa/IbHUX pellenTypax nmpotu 61,62 +0,84 y KOHTPONIbHOI, % BiAmoBigHO. BMmicT 611Ky
cknaznas 14,65%0,19 y macti 3 monokamu rop6yui mpotu 13,05 % 1,18 % y KoHTponbHOi. BMicT
JIiIigiB y HOBUX pellelTypax mact KoauBascs Big 32,12+0,16 go 34,13+0,21 npotu 22,38+0,17
%, 10 BU3HAUMJIO BMCOKi ITOKA3HMKM IX €HepreTMyHoi IiHHOCTi: 347,11-365,77 mpotu
253,64 Kkan/100 T y KOHTPOIbHOI. Pe3ymbTaTt MOCTiIKeHb ITOKA3/IM AOLIIbHICTh MTOETHAHHS
y pelenTypi puOHMX MacT M’sica COMMKA 3 MOJIOKAMM TOPOYII Ta POCIAMHHOIO CUPOBUHOIO, L0
JIO3BOJIUTD PO3IIMPUTI aCOPTUMEHT SIKiCHOI Ta KOPUCHOI pU6GHOI MPOmyKITii

KirouoBi cj1oBa: M'sco COMMKa; MOJIOKa TOpOYIM; pOCIMHA CMPOBYMHA; OPraHO/MeNTMYHA OLIiHKa;
JIeCKPUTITOPHU; CTIEKTP (rieiiBopy; XiMiuHMit cKaz
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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

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
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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. Ivan 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
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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.

Dry rosé table wine made from Cabernet Sauvignon grapes

i I I

I I I

101 102 103 104 105 106

Contr ol — no The Original Freshness 3/1 2/3 2/2
oakalternative 1.4 g/dm3 Booster 1.4 g/dm3 1.5 g/dm3 1.5 g/dm3 1.5 g/dm3

\ | \ \ | |
T
Ageing for 1 month at t = 15°C
[ [ ]
Determination of indicators Determination of the mass concentration
according to of phenolic compounds, including Sensory evaluation

DSTU 4806:2007 (2008)

colouring substances

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:

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

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

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.

Table 1. Description of oak alternatives used in the study

Oak alternative Dosage | Contact .
name/code When to add g/dm time Oenological task
France, Seguin Moreau
Oenofinisher the End of ageing (ageing 0.5-2 Candied fruit, vanilla, roundness in
P before bottling) 5 1 week
Original . A g/dm the mouth
(fermentation possible)
Oenofinisher End of the ageing or 0.7-1.5
Freshness alcoholic fermentation g/ dm 5 1-2 weeks Distinctive notes of exotic fruits
Booster process
Ukraine, “Kont-2” LLC
. : B B Imparting pronounced woody, vanilla
3/1 During the fermentation 1-4 3 5-6 and spicy notes, strengthening the
or ageing stage g/dm months structure of the drink
23 At the beginning of ageing 1-3 2-5 Softening tannins, adding caramel and
or before the final blend g/dm? months | sweet nuances, rounding out the taste
: . ) ) Increasing the complexity of the taste,
2/2 ﬁ]rjl:lllrlsrt]ag aegte;érflgr(e)rb%ttgilﬁ g/g nfs ml (.)itﬁ s adding nutty and chocolate nuances,
8 g harmonising the overall profile

Source: developed by the authors

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
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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 (lazzi 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.

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

. Mass concentration, mg/dm?3
Oak alternative name - -
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

Source: developed by the authors

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/dm?, 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/dm?®, including colouring substances
6-44 mg/dm?3. The domestic style has a high-
er mass concentration of phenolic substances
532-726 mg/dm?, including colouring substanc-
es 50.6-64.5 mg/dm?®. 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.

Score

90
89

‘02

84 Control 101 Sample 102 Sample 103

1l

Sample 104 Sample 105 Sample 106

Figure 2. Score of test samples compared to control

Source: developed by the authors

Wine-like
Persistence 6 Floral
Typicality ’Frulty
Sweetness 5 Herbal

Acidity Vegetal === Control 101
Intensity Mineral Sample 104
=g Sample 102
Sweet spices Spices === Sample 105

Cinnamon
Raspberry
White plum

Caramel

Unripe strawberry
Biscuit

Gooseberry
Cranberry Cherry

Sample 103
Ageing
==g==Sample 106

Muscat-like
Fermentation aromas

Redcurrant

Barberry

White sweet cherry

Pink sweet cherry
Red sweet cherry

Cherry with pit

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.
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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
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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. Hernandez-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.

Acknowledgements
None.

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




106

The influence of oak alternatives...

Funding Conflict of Interest
None. None.

References

[1] Bai,Y.,Zhao,P.,Du,Y.,Lin,]., & Han, F. (2023). Effect of postharvest grape dehydration on the
phenolic composition of ‘Marselan’ rosé wine during aging. Journal of Food Composition and
Analysis, 123, article number 105630. doi: 10.1016/j.jfca.2023.105630.

[2] Bezhenar, I. (2024). Wine production in Ukraine: Challenges, opportunities today. Ekonomika
APK, 31(5), 20-34. doi: 10.32317/ekon.apk/5.2024.20.

[3] Bilko, M. (2019). Innovative technologies of domestic rosé table and sparkling wines. (Doctoral
dissertation, National University of Food Technologies, Kyiv, Ukraine).

[4] Bilko, M., Ishchenko, M., Tsyhankova, O., Yakovenko, T., & Kyrpel, T. (2019). The influence of
tannin preparations on the content and form of anthocyanins of model wine systems in the
conditions of induced oxidation. Food Science and Technology, 13(1), 42-48. doi: 10.15673/fst.
v13i1.1333.

[5] Del Alamo-Sanza, M., Sanchez-Gomez, R., Martinez-Martinez, V., Martinez-Gil, A., &
Nevares, 1. (2021). Air saturation methodology proposal for the analysis of wine oxygen
consumption kinetics. Food Research International, 147, article number 110535. doi: 10.1016/j.
foodres.2021.110535.

[6] DSTU 4112.13:2002. (2003). Wine and wine materials. Determination of the total acidity. Control
method. Retrieved from https://online.budstandart.com/ua/catalog/doc-page?id_doc=84904.

[7] DSTU 4112.14:2002. (2003). Wines and wine materials. Determination of volatile acids. Control
method. Retrieved from https://online.budstandart.com/ua/catalog/doc-page?id doc=84905.

[8] DSTU 4112.24:2002. (2003). Wines and wine materials. Method for determining pH. Retrieved
from https://online.budstandart.com/ua/catalog/doc-page.html?id doc=84916.

[9] DSTU 4112.25:2002. (2003). Wines and wine materials. Method for the determination of sulphur
dioxide. Retrieved from https://online.budstandart.com/ua/catalog/doc-page?id_doc=84917.

[10] DSTU4112.3:2002. (2003). Wine and wine materials. Determination of the alcohol content. Control
method. Retrieved from https://online.budstandart.com/ua/catalog/doc-page?id_doc=84887.

[11] DSTU 4112.41:2003. (2004). Wines, wine materials and must. Method of phenolic substance
determination (Folin-Ciocalteu index). Retrieved from https://surli.cc/Ifroln.

[12] DSTU 4112.5:2002. (2003). Wines and wine materials. Determination of reducing sugars. Control
method. Retrieved from https://online.budstandart.com/ua/catalog/doc-page?id_doc=84892.

[13] DSTU 4806:2007. (2008). Wines. General technical conditions. Retrieved from https://ksv.do.am
GOST/DSTY_ALL/DSTY2/dsty 4806-2007.pdf.

[14] DSTU 6045:2008. (2009). Fruit and vegetable products meat and meat-vegetable cans. Method for
determination of the pH-value. Retrieved from https://online.budstandart.com/ua/catalog/doc-
page?id doc=82522.

[15] DSTU 7669:2014. (2015). Fresh grapes. Methods of sugars determination. Retrieved from https://
online.budstandart.com/ua/catalog/doc-page.html?id_doc=85543.

[16] DSTU EN ISO/IEC 17025:2019. (2021). General requirements for the competence of testing and
calibration laboratories. Retrieved from https://online.budstandart.com/ua/catalog/doc-page.
html?id_doc=88724.

[17] DSTU ISO 6564:2005. (2006). Sensory research. Methodology. Methods for creating a flavour
spectrum. Retrieved from https://surli.cc/ixpbob.

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



https://doi.org/10.1016/j.jfca.2023.105630
https://doi.org/10.32317/ekon.apk/5.2024.20
https://uacademic.info/en/document/0519U000534
https://www.researchgate.net/publication/332987931_THE_INFLUENCE_OF_TANNIN_PREPARATIONS_ON_THE_CONTENT_AND_FORM_OF_ANTHOCYANINS_OF_MODEL_WINE_SYSTEMS_IN_THE_CONDITIONS_OF_INDUCED_OXIDATION
https://www.researchgate.net/publication/332987931_THE_INFLUENCE_OF_TANNIN_PREPARATIONS_ON_THE_CONTENT_AND_FORM_OF_ANTHOCYANINS_OF_MODEL_WINE_SYSTEMS_IN_THE_CONDITIONS_OF_INDUCED_OXIDATION
https://doi.org/10.1016/j.foodres.2021.110535
https://doi.org/10.1016/j.foodres.2021.110535
https://online.budstandart.com/ua/catalog/doc-page?id_doc=84904
https://online.budstandart.com/ua/catalog/doc-page?id_doc=84905
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=84916
https://online.budstandart.com/ua/catalog/doc-page?id_doc=84917
https://online.budstandart.com/ua/catalog/doc-page?id_doc=84887
https://online.budstandart.com/ua/catalog/doc-page?id_doc=85026
https://online.budstandart.com/ua/catalog/doc-page?id_doc=84892
https://ksv.do.am/GOST/DSTY_ALL/DSTY2/dsty_4806-2007.pdf
https://ksv.do.am/GOST/DSTY_ALL/DSTY2/dsty_4806-2007.pdf
https://online.budstandart.com/ua/catalog/doc-page?id_doc=82522
https://online.budstandart.com/ua/catalog/doc-page?id_doc=82522
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=85543
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=85543
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=88724
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=88724
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=92887

Tkachenko et al.

107

[18] Hernandez-Carapia,M.A., Verde-Calvo,].R.,Escalona-Buendia, H.B., & Pefa-Alvarez,A.(2023).
Effect of maturation with American oak chips on the volatile and sensory profile of a cabernet
sauvignon rosé wine and its comparison with commercial wines. Beverages, 9(3), article
number 72. doi: 10.3390/beverages9030072.

[19] Iazzi, A., Scorrano, P., Rosato, P., & Grandhi, B. (2019). Millennial generation preferences for
rosé wine. British Food Journal, 122 (8), 2443-2461. doi: 10.1108/bfj-07-2019-0478.

[20] International Organisation of Vine and Wine (OIV). (2021). Compendium of international
methods of wine and must analysis. Retrieved from https://www.oiv.int/public/medias/7907
oiv-voll-compendium-of-international-methods-of-analysis.pdf.

[21] International Organisation of Vine and Wine (OIV). (2023). Focus: Evolution of the world
wine production and consumption by colour. Retrieved from https://www.oiv.int/press/focus-
evolution-world-wine-production-and-consumption-colour.

[22] Ivéan, P-G., Montserrat, D., Ignacio, G.-E., Erika, S., & Escribano-Bail6n, M.T. (2025). Effect
of soluble polysaccharide addition against oxidation of rosé wines. Current Research in Food
Science, 10, article number 101009. doi: 10.1016/j.crfs.2025.101009.

[23] Kormyshkina, I. (2025). Economic potential of the wine industry in the context of EU
integration. Scientific Horizons, 28(3), 117-132. doi: 10.48077/scihor3.2025.117.

[24] Leborgne, C., Lambert, M., Ducasse, M.-A., Meudec, E., Verbaere, A., Sommerer, N.,
Boulet, J.-C., Masson, G., Mouret, J.-R., & Cheynier, V. (2022). Elucidating the color of rosé
wines using polyphenol-targeted metabolomics. Molecules, 27(4), article number 1359.
doi: 10.3390/molecules27041359.

[25] Ligas, I., & Kotseridis, Y. (2024). Impact of French oak chip maturation on the volatile
composition and sensory profile of Agiorgitiko wine. Beverages, 10(4), article number 121.
doi: 10.3390/beverages10040121.

[26] Marr, B. (2024). Oak barrel alternatives: A deep dive into staves and oak chips. Retrieved from
https://bmwineguide.co.uk/oak-barrel-alternatives-a-deep-dive-into-staves-and-oak-chips/.

[27] Nunes, I., Correia, A.C., Jordao, A.M., & Ricardo-da-Silva, ].M. (2020). Use of oak and cherry
wood chips during alcoholic fermentation and the maturation process of rosé wines: Impact on
phenolic composition and sensory profile. Molecules, 25(5), article number 1236. doi: 10.3390/
molecules25051236.

[28] Oenofinisher by Seguin Moreau. (2021). Retrieved from https://surl.li/wsjoje.

[29] Paissoni, M.A., Bitelli, G., Vilanova, M., Montanini, C., Rio Segade, S., Rolle, L., & Giacosa,
S. (2022). Relative impact of oenological tannins in model solutions and red wine according
to phenolic, antioxidant, and sensory traits. Food Research International, 157, article number
111203. doi: 10.1016/j.foodres.2022.111203.

[30] Puyo, M., Simonin, S., Klein, G., David-Vaizant, V., Quijada-Morin, N., Alexandre, H., &
Tourdot-Maréchal, R. (2023). Use of oenological tannins to protect the colour of rosé wine
in a bioprotection strategy with Metschnikowia pulcherrima. Foods, 12(4), article number 735.
doi: 10.3390/foods12040735.

[31] Rinaldi, A., Picariello, L., Soares, S., Brandao, E., de Freitas, V., Moio, L., & Gambuti, A. (2021).
Effect of oxidation on color parameters, tannins, and sensory characteristics of
Sangiovese wines. European Food Research and Technology, 247 (12), 2977-2991. doi: 10.1007/
s00217-021-03851-6.

[32] Rosé wine market outlook (2023-2033). (n.d.). Retrieved from https:/www.factmr.com,
report/158/rosé-wine-market.

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



https://doi.org/10.3390/beverages9030072
https://doi.org/10.1108/bfj-07-2019-0478
https://www.oiv.int/public/medias/7907/oiv-vol1-compendium-of-international-methods-of-analysis.pdf
https://www.oiv.int/public/medias/7907/oiv-vol1-compendium-of-international-methods-of-analysis.pdf
https://www.oiv.int/press/focus-evolution-world-wine-production-and-consumption-colour
https://www.oiv.int/press/focus-evolution-world-wine-production-and-consumption-colour
https://doi.org/10.1016/j.crfs.2025.101009
https://sciencehorizon.com.ua/en/journals/tom-28-3-2025/yekonomichny-potentsial-vinorobnoyi-promislovosti-v-umovakh-integratsiyi-do-yes
https://doi.org/10.3390/molecules27041359
https://doi.org/10.3390/beverages10040121
https://bmwineguide.co.uk/oak-barrel-alternatives-a-deep-dive-into-staves-and-oak-chips/
https://doi.org/10.3390/molecules25051236
https://doi.org/10.3390/molecules25051236
https://www.murphyandson.co.uk/wp-content/uploads/2021/06/SMO_oenofinisher_GB.pdf
https://doi.org/10.1016/j.foodres.2022.111203
https://doi.org/10.3390/foods12040735
https://doi.org/10.1007/s00217-021-03851-6
https://doi.org/10.1007/s00217-021-03851-6
https://www.factmr.com/report/158/rose-wine-market
https://www.factmr.com/report/158/rose-wine-market

108

The influence of oak alternatives...

[33] Stegarus, D.I., et al. (2021). Influence of oak chips and oak barrel ageing on volatile profile
in chardonnay wine of Romania. Applied Sciences, 11(8), article number 3691. doi: 10.3390/
app11083691.

[34] WMA Declaration of Helsinki — Ethical Principles for Medical Research Involving Human
Participants. (1964, June). Retrieved from https:/www.wma.net/policies-post/wma-
declaration-of-helsinki/.

[35] Zhao,X.,He,F.,Zhang,X.-K., Shi, Y., & Duan, C.-Q. (2022). Impact of three phenolic copigments
on the stability and color evolution of five basic anthocyanins in model wine systems. Food
Chemistry, 375, article number 131670. doi: 10.1016/j.foodchem.2021.131670.

Bnius 1y00BUX aJIbTepHATUB
Ha JIesIKi AKiCHi XapaKTepHCTHKH PO;KEeBOr0 BUHA

JAmutpo TkayeHKO

KaHanpaT TexHiYHMX HAyK, CTapIinii BUKIagad
OnecbKuil Hal[iOHAIbHUI TeXHOIOTiYHUIA YHIBEPCUTET
65039, Bys1. KanatHa, 112, M. Ofeca, YKpaiHa
https://orcid.org/0009-0007-7406-564X

Tersana MaHoJri

Kaugupat TeXHiYHMX HAYK, TOLIEHT

OnecbKuil Hal[iOHAIbHM TEXHOJIOTIUHMI YHIBEpCUTET

65039, Byn. KanaTHa, 112, M. Omeca, YkpaiHa
https://orcid.org/0000-0001-9121-9232

fIna Hikitina

MaricTp

Onecbkuil HalliOHAIbHUIA TeXHOIOTiUHMIA YHIBEpCUTET

65039, Bys1. KanaTHa, 112, M. Oneca, YKpaiHa
https://orcid.org/0009-0008-6818-2863

Anina MeHUMHCBKa

Kaugupat TeXHIYHMX HAYK, TOLIEHT

HarrionanpHmit yHiBepcuTeT 6iopecypciB i mpupomoKopucTyBaHHS YKpainm
03041, Bysn. T'epoiB O60oponu, 15, M. Kuis, Yrpaina
https://orcid.org/0000-0001-8593-3325

JIr060B TKaYeHKO

Kangupat TexHiYHMX HAYK, JOLIEHT

HauionanbsHMi1 yHiBEpcuTeT 6iopecypciB i mpupomokopucTyBaHHS YKpainu
03041, Byn. l'epoiB O6opoun, 15, M. Kuis, Ykpaina
https://orcid.org/0000-0003-2731-1178

AHoTaniss. PoxkeBe BMHO 3HAMIIO CBOE MiCIle Y Cy4aCHOMY CBiTOBOMY CYCHiJIbCTBi 3aBOSKU
imeambHOMY Y3TOMKEHHIO 3 HOBUMM TEHIEHIIiSIMM CIIOKMBAHHS Ta CIOCOGY SKUTTSI: MEHIIT
CTPYKTYpOBaHi CTpaBy, Pi3HOMAaHITTS KyXeHb 3 yCbOTO CBiTy, ITPOCTa TaCTPOHOMIs, iHTepec
0 BiIKPUTTS HOBOTO Ta IIparHeHHsS OTPMMAaHHSI HeraiHoi Hacomogu. ToMy TMiJBUIIEHHS

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



https://doi.org/10.3390/app11083691
https://doi.org/10.3390/app11083691
https://www.wma.net/policies-post/wma-declaration-of-helsinki/
https://www.wma.net/policies-post/wma-declaration-of-helsinki/
https://doi.org/10.1016/j.foodchem.2021.131670
https://orcid.org/0009-0007-7406-564X
https://orcid.org/0000-0001-9121-9232
https://orcid.org/0009-0008-6818-2863
https://orcid.org/0000-0001-8593-3325
https://orcid.org/0000-0003-2731-1178

Tkachenko et al.

109

OPTaHOJEeNTUYHUX BJIACTUBOCTEN CTOJIOBUX POXKEBUX BUH IIOCTA€ AKTYyaJIbHMUM 3aBIaHHSIM.
OgHyM 3i Ccrmoco6iB BIUIMBY Ha CEHCOPHI XapaKTePUCTUKM BUHOMPOAYKIiI € 006pobka
odinimHMMY Ty60BMMM aNbTepHATMBaMM. MeTa po6OTH MOJSATaia B YAOCKOHAMEHHI TEXHOMOTii
BMPOOGHMIITBA POKEBOTO CTOJIOBOTO BMHA 3a JOIOMOTrOI0 Ay6OBOi aJibTepHATMBU Ha IPUKIAAi
eKCIIEPUMEHTAIBHOT TPiCKM YKpaiHCbKOTO BMUPOOHMIITBA Y TIOPiBHSHHI 3 (paHIy3bKUMU
aHayoramu. Y po60Ti BUKOPUCTOBYBAINChH 3ar/IbHOMIPUIHSTI cTaHAApTU30BaHi dismko-ximMiuHi
Ta OPraHOJIENTUYHI MeTOaM aHasIi3y. JJoCTiIKeHO OPraHOIeNTUYHI Ta Pi3MKo-XiMiuHi TOKa3HUKYU
SIKOCTi CTOJIOBOTO POXKEBOTO BMHA 3 BUHOrpamy copTy Kabephe-CoBiHbiiOH, BUPOGIEHOTO B
ymoBax Opecbkoi o6macti (YkpaiHa). IIpoBelmeHUMMM AOCTIIKEHHSIMM BUSIBIEHO MOSKJIMBICTDb
BUKOpMCTaHHS GiHiITHOT AY60BOi TPiCKM SIK TOJaTKOBOTO KOPUCHOTO CITOCOOY YPi3HOMAaHITHEHHS
OPTaHOENTUYHNX XapaKTEPUCTUK CTOJIOBUX POKEBUX BUH Ta MiICYIIEHHS OKPEMUX XapaKTePHUX
IeCKPUIITOPIB [JIs1 1IbOTO TUITY BMHA Ha eTamnax, GMM3bKUX O PO3AMBY TOTOBOi MPOMYKILii.
BusHaueHo cTabinisyrounit epext gy6oBoi Tpicku Ha 6GapBHI peuyOBMHM, 3a1106iraHHs Aerpaganii
SIKUX € BaKJIMBMM 3aBAAHHSIM IIpM BUPOOHMIITBI pOXKEBMX BMH, 06e3 moMiHalii B apomari.
HajiBuiii 6a1u opraHoJIelITUYHOI OLIiIHKM ofiepskaB 3pa3ok N2103 (tpicka Oenofinisher Freshness
Booster ¢dpaHIiysbkoro BMpo6GHMKa Seguin Moreau), sSIKMiT OKpiM 3asiBI€HMX XapaKTEPUCTUK
(pO3KpPUTTS PPYKTOBUX HOT B apoMaTi) [omaB HI0AHCK BUITIUKK (6iCKBiTY Ta Kapameti), Ta 3pa30K
N2106 (Tpicka ykpaiHcbkoro Bupo6HMKa TOB «KOHT-2»), KMt XapaKTepu3yBaBCs MPUEMHUMU
bpykTOBMMM HOTaMM (TIEPEBAXKHO MOPiUKY, JKYPABAMHM, HECTUIJIOI OTYHUIII) Ta 3 OAATKOBUMM
BiTiHKaMM 6icKBiTY. V pe3y/nbTaTi MpoBeseHoi po60TH yOO0CKOHAIEHO TEXHOJOTiI0 BUPDOOHUIITBA
CTOJIOBOTO POXKEBOTO BMHA 3a IOMOMOTOK AYOOBOI TpPiCKM; OIMMCaHi OpraHoeNnTu4Hi mpodiri
HOBMX AyOOBMX aabTePHATUB YKPaiHCHKOTO BUPOOHUIITBA, IO AO3BOJIUTH BUHOPOOHUM
KOMIIaHisIM MOKpaIlyBaTH SIKiCTb BUHOIPOAYKIIi Ta BIVIMBATU HA CTUIICTUMKY BuH. [IpoBemeHO
BUPOOHMYY ampobaliilo TeXHOJMOTii BMPOOGHMUIITBA POKEBOTO CTOJOBOTO POKEBOTO BUHA 3a
JOTIOMOTO10 1y60BOi anbTepHATUBY YKPAiHCHKOTO BUPOGHUIITBA, SIKa OTpUMasia HallBUIImii Gai,
Ha BuH3aBofi TOB «Ilepiiia BUHOPOOGHA CTAHIIisT»

Ki1i04oBi cj1oBa: TEXHOJIOTiSI; BUHOTPA/l; CEHCOPHMIT aHai3; (eHOTbHMIT KOMIUIEKC; aHTOIiaHM;
TaHiHM; KUCJIOTHICTh
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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

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
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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
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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 pym 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
(Zn0O, 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%.
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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 (Binkkowska 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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Table 1. Comparative analysis of dairy product packaging types and main characteristics

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

Source: compiled by the authors

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

Active packaging with

Characteristic antioxidants

Packaging with silver

Cardboard packaging

nanoparticles with barrier materials

Type of antioxidants | Vitamin E, polyphenols

Silver nanoparticles

None

Absorbing oxygen,

Mechanism of action . o
preventing oxidation

Antimicrobial effect,
destruction of bacteria and

Barrier to oxygen, water

. . vapour and light
microorganisms

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

Reducing oxygen
levels in packaging

Up to 85% (reduces bacterial
contamination due to

Up to 70% (limitation
of oxygen penetration

reduced oxygen) through barrier layers)

Extends by 30-
50% compared to
conventional packaging

Shelf life

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

Lengthens by 20-30%,
protects from light and
oxygen

Polymers containing

Packaging materials antioxidants

silver nanoparticles,

Polymers with Cardboard, combined

barrier polymer materials

nanocomposites
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Table 2. Continued

cultures

Characteristic Active pflck‘aglng with Packaging Wl.th silver C'ardboar.d packag{ng
antioxidants nanoparticles with barrier materials
Milk, cheese, yoghurts, . .
Application Milk, yoghurt, cheese | cheeses with added bacterial 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

Source: compiled by the authors

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

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

Source: compiled by the authors

In the study, the control group (standard
packaging) showed the fastest negative chang-
es in organoleptic and microbiological charac-
teristics. On the 10™ 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
12* 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 15" 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
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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.
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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 14 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.

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

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 2.5x10° 1.2x10° 5.0x10°
aureus, Bacillus cereus and Campylobacter jejuni
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

Source: compiled by the authors based on ANOVA analysis

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.

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

Source: compiled by the authors

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 3-5% 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 TiOg, 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
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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 5%-6™ 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




Sattarov et al.

121

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. Barukci¢ et al. (2021), who found that
theuse of packaging technologies reducesthe 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.

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

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-Enriquez 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 8.5x10* CFU/ml, while in the
samples with nanocoated packaging it was
3.2x10* 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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AHoTanisg. MeTow OOCTiIKeHHs 6y/I0 BU3HAYEHHS e(EeKTUBHUX METOAIB IMiATPUMKM SIKOCTi Ta
6e3MeKy MOJIOUHOI MPOAYKITii MIJITXOM BUKOPUCTAHHS aKTMBHOI YITAKOBKM Ta HAHOTEXHOJIOTIIA.
MeToposoris BK/IIOUasia aHasli3 HOpMaTUBHMX JOKYMEHTIB Ta CyyaCHUX TeHAEHIIi} Y TeXHOIOTisIX
YIIaKOBKM, @ TaKOX EeKCIepUMMEHTAIbHI MOCTI[IKEHHS 3 BUKOPUCTAHHSIM KOHTPOJIBHOI Ta
eKCIepMMeHTaAbHOI rpyIl. JJoC/iIkeHHS TT0Ka3asio, 1110 MOJIOKO Ta CUp, YIIaKOBaHi y CTaHOApTHY
KapTOHHY YIIaKOBKY 3 BHYTPIIITHiM IIapoM a/lloMiHi€eBO1 porbIy, MOKa3any cepeHiii BMiCT BOJIOTU
88,2+0,5 % Ta oKMCHO-BigHOBHMIT ToTeHIian 185+ 2 MB. V rpyIi 3 aKTMBHOIO YIIaKOBKOIO, 10
MicTMIa aHTUMOKCUOAHTHI KOMIIOHEeHTH, BMICT Bojsoru cTaHOBUB 87,5 0,4 %, a OKMUCIIOBAIbHO-
BimHOBHMI moTeHIian (OBIT) suu3uBcs o 175+ 1 MB. HaiiBuiny eGeKTHBHICTb TOKa3aja yakoBKa
3 HAHOYACTMHKAMM Cpibja, Ae BMICT BOJIOTM B MOJIOLI Ta cupi craHOBMB 86,7 = 0,3 %, a OBII
mocsir 170+ 1,5 mMB, 1110 CBiIuMsI0 PO 3HVDKEHHS PiBHS OKUCTIOBAIbHUX TTIPOIIECIB Ta MOKpalleHe
36epeskeHHs TPoayKTY. Kpim Toro, mociigkeHHS MOKa3ao, [0 MOJIOKO Ta CUp, 10 306epiranucs B
aKTMBHI YI1aKOBLi Ta yIaKoBIi 3 HAHOIUIiBKOIO, IeMOHCTPYBaIM 3HAYHO Kpallli OpraHoNIenTUYHI
XapaKTePUCTUKM TIOPiBHSIHO 3 KOHTPOJbHMMM 3pa3KaMy. 30KpeMa, CMak, 3aliax, TeKCTypa Ta
KOJTip OTpMMaJIM BUIIIi 6ajIy 3a MKaIoko Bif 1 10 5. [T KOHTPOJIbHOI TPy CepeqHs OlliHKa CMaKy
craHoBmIa 3,2 +0,3, nst akTMBHO1 yrmakoBkuU — 4,0 £ 0,2, a mas HaHOIUTiBKM — 4,7 +0,1. TTomioHi
pesynbraTy 6y 3adikcoBani gis 3amaxy (3,2+0,3, 4,1+0,2 ta 4,8 £0,1 BignosigHO), TEKCTYpU
(3,1+0,4,4,0%£0,3 Ta 4,6 +0,2) Ta Konwbopy (3,0+0,2, 4,2+0,1 ta 4,7+*0,1). Lli gaxi cBigumau opo
3HaUHe MOKpPAIIeHHS OPraHOMEeNTUYHUX XapaKTePUCTUK MOJIOYHMUX MPOAYKTIB, IO 30epiramnucs
B aKTUBHili yIakoBIli Ta YIAaKOBI[i 3 HAaHOILIiBKOI, IOPiBHSIHO 3 KOHTPOJIbHUMM 3paskaMu.
[IpakTMUHEe 3HAUYEeHHS MOCTiIKEHHS IIONSIrajo B po3polblli peKoMeHalliii [mjis BUPOOGHUKIB
MOJIOUHOI MPOAYKIIii MOm0 BMOOPY MaKyBaIbHUX MaTepialiB 3aJesKHO BiJi CTPOKY MPUAATHOCTI
Ta yMOB mpoaaxy. OTpMMaHi pe3yabTaTy MOKYTb 6YTM BUKOPUCTaHi B XapuoBiii MPOMUCIOBOCTI
IIJIST BIIPOBA)KeHHS iHHOBAIiiHMX TEXHOJIOTi/l YIMaKOBKM, a TAaKOX CIYIyBaTM OCHOBOK IJIsSt
MTOJA/IbIINX TOCTIIKEHb Y Taly3i 6e3meKky XxapuoBuX MPOIYKTiB Ta pO3PO6KY eKOJOTiUHO UMCTUX
MaKyBaJIbHUX MaTepiasiB

KnrouoBi cyroBa: iHHOBAIIiliHi TEXHOJIOTI; ITPOMMCIOBA SIKiCTh; HAHOMATEpialN; aHTMOKCUIAHTMH;
aHTUMiKpOG6Hi BJIaCTUBOCTI
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Abstract. The aim of the study was to determine the optimal conditions for the fermentation
of plant raw materials to ensure the stability and a favourable combination of sensory,
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using both traditional and combined technologies. Physicochemical (pH, titratable acidity, redox
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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

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

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

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
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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. Kesa 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

Animal Science and Food Technology. 2025. Vol. 16, No. 2
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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
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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
10° colony-forming units (CFU)/mL for lactic
acid bacteria and 10° 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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Figure 1. Dynamics of pH changes during fermentation

Source: created by the authors

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
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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).

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

ilili

170

Fragmentatlon time (hours)

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
3.1g/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
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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

3.5

3 Combined fermentation (pH)
2.5

2
1.5 0.5 0.7

1 O 2 0.2

; a’ l
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@) _

Titrated
acidity

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.

m Traditional lactic acid fermentation (pH)

siil il

Fermentatlon time (hours)

Figure 3. Dynamics of changes in titrated acidity during fermentation

Source: created by the authors

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).

Table 1. Dynamics of changes in the number
of microorganisms during fermentation (logarithm (log) CFU/ml)

Time (hours) Saitél:.g‘t;grirg;ces stg;:,‘;gg fses Lgi;glt’gfg'l::s 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
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Table 1. Continued

. Saccharomyces Brettanomyces Lactobacillus . .
Time (hours) cerevisiae bruxellensis 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

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).
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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

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

. Titrated acidi Redox potential | Storage stabili

Raw material type pH (final value) (@0) ty (£V) (gdays) ty
Kombucha 3.7 6.5 -120 14
Apple extract 3.6 7.8 -150 20
Pomegranate extract 34 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

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/1) 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/1) and
balanced taste profiles (7.8 0.3 points), while
cereal-based samples exhibited the lowest
acidity (4.7-5.5 g/1) 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).

Table 4. Correlation analysis between key fermentation parameters

Parameters pH RedO).( Number of la_ctic Amount of Sensm"y
potential acid bacteria yeast evaluation
pH 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

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

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




140

Evaluation of technological parameters...

(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. Males et al. (2022), who observed that the
addition of medicinal and aromatic plants to
functional beverages influenced fermentation
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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. Rodriguez 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. Esperanca 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. Cichoniska 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
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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 Funding
stability under varying conditions. None.
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AHoTaris. MeTow JOCTiIKeHHST 6Y/I0 BUSHAUUTM ONTUMAaIbHI YMOBU (epMeHTallii pOCTMHHOI
CUPOBMHM [jIs1 3a6e3reveHHs] CTaGibHOCTI Ta KOMILIEKCY CEHCOPHMX, MiKpo6iomoriunmx i
(bisMKo-XiMiUHMX TIOKa3HMKIB HAMOiB. JIOCTIMKEHHS ITPOBOAMIOCS B J1a6OpaTOPHMX YMOBax i
BK/TIOUA/I0 (pepMEHTAlliI0 HAMOiB i3 POCIMHHMX IHTPeNi€eHTIB 3a TPaAMIIiiiHOI Ta KOMGiHOBaHOIO
TEXHOJIOTiSIMY, KOHTPOIb (¢i3uko-ximiuaux (pH, TMTpoOBaHa KUCIOTHICTh, OKMCHO-BiZHOBHUIt
MOTeHIIiat), MiKpo6ioIOriuHKX (UMCEeNTbHICTh MOMIOUHOKMUCINX O6aKTepiii i ApiskasKiB) Ta CEHCOPHUX
nmapameTpiB. BcTaHOBJIEHO, 10 KOMGIHOBaHa ()epMEeHTAILisl CIIPUSIa iHTEHCUBHIIIOMY 3HVDKEHHIO
KucaoTHocTti HamoiB (pH mo 4,0 Ha 72 roguHi) MOPIBHSHO 3 TPAgUIIITHUM MOJOUYHOKVCIUM
6pomiHHsM (4,6). HaitHyokunit pH (3,8) Ta HailBUIIY TUTPOBAHY KUCJIOTHICT (8,5 1//1) Masu Haroi 3
(PYKTOBUX €KCTPAKTIB, 110 3a6€3MeuyBasIo iXHI0 MikpobionoriuHy cTabinpHicTb. Hamoi 3 uaitHoro
rpuba Maju cepeHIo KUCIOTHICTS (6,5 I/11), a 3pa3Ky Ha OCHOBI 3/1aKOBUX CyOCTpaTiB — HAIMEHIITy
(5,7-6,0 r/n) i Haiikoporuit TepmiH 36epiraHHs (10-12 gHiB). CeHCOpHMII aHaMi3 MiATBEpOUB
repeBaru KoMbiHOBaHOI (hepMeHTallii: HAMOi, OTPMMAaHi 3a 11i€l0 TEXHOJIOTi€0, MaJIy CKJIaIHIIINit
apoMaTuuHuit Tpodinb i 36amaHcoBaHMit cMak, mocsralounu 8,3 6ama 3a IeB’SITMOATbHOIO
mkaso. Mikpobionoriunmii aHasi3 mokasaBs, IO APDKMKI mocsranu miky (7,8 log KYO/mn)
Ha 48-it ToAuHi, MCAS YOro iX YMCEIbHICTh 3HMKYBaiacs, TOHi SIK MOJOYHOKMUCII Oakrepii
3pocTanau 1o KiHig ¢pepmenTanii (7,5-7,1 log KYO/mu). Kopensuiiiauit aHami3 migTBepauB BIUIUB
KMCIOTHOCTI Ha MiKpOOHMIT CKJIaf, i CEHCOPHI XapaKTepUCTMKM HamoiB. OTpuMMaHi pe3yabTaTu
MiATBEpAWIY, 0 KOMGiHOBaHA (epMeHTAallisl CIIpUsiE GUIBIIOMY 3HMKEHHIO pH, mifBUIEHHIO
TUTPOBAHOI KMUCIOTHOCTI Ta crabiiisalii OKMCHO-BiIHOBHOTO TMOTeHIliady, 10 3abe3mneuye
Kpalny Mikpo6io/loTiuHy CTa6iIbHICTb i CEHCOPHi XapaKTepUCTUKM HATIOiB. BUKOPUCTaHHS 1IbOTO
MigX0oy MO3BOJISIE ONMTUMI3yBaTH BUPOOGHUIITBO (YHKIIOHATHHMX (EePMEHTOBAHMX HATMOIB i3
MOKPAIleHVMI OPTaHOMENITUIHMMM BIACTUBOCTSIMU Ta MIOFOBKEHVM TepMiHOM 36epiraHHs
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