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Abstract. Dairy cattle breeding has achieved great success due to the targeted improvement of
dairy and combined breeds in different climatic and agroecological zones of the world. The level of
urea and other biochemical parameters of cows' blood indicates the peculiarities of carbohydrate
and protein balance, its impact on reproductive functions, health, feed efficiency, and methane
emissions. The aim of the study was to determine the effect of the breed factor on urea levels and
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Effect of breed factor on urea level and blood biochemical parameters...

other biochemical parameters of blood in cows of different breeds. The research was conducted
on cows of three contrasting breeds. The first breed is a combined (cross-border) Simmental,
the last two are local — Ukrainian Red and White dairy (created by crossbreeding Simmental
with Ayrshire, Montbéliard, Holstein) and Ukrainian Black and White dairy (created by crossing
local Black and White with Holstein). The experiment was conducted under standard conditions
when feeding cows “without restrictions” with the analysis of productive indicators and blood
biochemical parameters. The most significant factor influencing the productive and biochemical
parameters was the breed factor, which accounted for 14.6% and 51.2%, respectively, in terms
of fat content in milk and milk yield in terms of total energy value. A significant influence of
the breed was noted in blood biochemical parameters such as total bilirubin 24.7%, urea 33.2%,
creatinine 49.8%, alanine aminotransferase 10.4%, aspartate aminotransferase 46.3%, albumin
35.1% and total protein 13.2%. A significant correlation between the concentrations of urea and
creatinine, creatinine and aspartate aminotransferase, and albumin in the blood plasma of the
studied animal groups was established. A preliminary conclusion was made about the presence of
a significant genetic component of influence on the level of urea, blood biochemical parameters
and productivity traits. The analysis of the manifestation of such traits in different breeds can be
taken into account in selection programmes and the creation of appropriate feeding conditions,
taking into account the peculiarities of protein nutrition

Keywords: blood urea level; blood urea nitrogen; dairy breeds of Ukraine; Simmental breed;

degree of breed influence

Introduction
In management or herd management pro-
grammes, much attention is paid to assessing
the genetic predisposition of animals to certain
abnormalities or health problems. Urea, as a
product of protein metabolism, in combination
with other biochemical indicators, is an impor-
tant indicator of dietary balance for manag-
ing nutrition strategy, health status, and con-
trolling nitrogen emissions to the environment
(Rubanet al.,2021).Blood urea levels are related
to urine and milk nitrogen levels, which makes
these indicators, when abnormal, accurate
predictors of certain problems (Hossein-Za-
deh, 2024). Given the agro-climatic conditions
of Ukraine and the breeding of local dairy breeds
(Black and White and Red and White) and such
cross-border breeds as Simmental, there is
a need to test both the level of manifestation
and the possibilities of using such biochemical
indicators in animal breeding and herd man-
agement (Dymchuk & Ponko, 2023). The work

Animal Science and Food Technology. 2025. Vol. 16, No. 1

is based on the data obtained from the results
of biochemical blood tests. According to V. Kon-
dratiuk et al. (2024), the value of milk urea (MU)
is a useful tool for monitoring the protein nu-
trition of dairy cows, as it is closely correlated
with the level of blood urea (BU). Depending on
farms and feeding conditions, this correlation
ranged from +0.7543 to +0.9017, with more ac-
curate blood tests being performed when blood
samples were taken two hours after feeding.
Thus, these indicators serve as a certain indica-
tor of the peculiarities of the manifestation of
biochemical processes. In addition, MUN values
tend to be higher in the summer months (Webb
& de Bruyn, 2021). The University of Pennsyl-
vania’s practice guidelines for urea nitrogen
values suggest that the observed differences
may not be so much related to the breed as to
their live weight (Ishler, 2023). For example,
large Holsteins tend to have lower MUN and
BUN than medium-sized Jerseys.
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In the experiments of M. Prahl et al. (2022),
high-yielding cows had higher plasma levels
of urea, uric acid and hypuric acid. These dif-
ferences were not associated with changes in
gene expression and urea cycle or nitrogen
metabolism, but were primarily due to hepatic
metabolism. According to the authors, feeding
a low diet led to an increase in the expression
of enzymes that catabolise fatty acids, but the
reason for this remains to be determined in fu-
ture studies. Thus, studies on the influence of
genetic and organised (environmental) factors
on the characteristics of biochemical processes
in cows make it possible to use certain forecasts
and select optimal solutions in modern pro-
duction conditions. The aim of the study was
to evaluate and compare the level of urea and
basic biochemical parameters of blood of cows
of different breeds under similar feeding and
housing conditions.

Literature Review
Urea is the end product of protein metabolism,
a marker of cow health and an indicator of the
balance of cattle rations. The average protein
value in milk ranges from 3.0 to 3.9%, with a
urea concentration of 8-25 mg/100 ml (Ruban et
al., 2021). Any deviations in urea content indi-
cate a carbohydrate-protein imbalance in the
diet, which affects reproductive function, hoof
problems, reduced feed efficiency, etc. In addi-
tion, the level of urea nitrogen in blood (BUN),
milk (MUN) or urine (UUN) is used as a control
for certain environmental problems associated
with methane emissions in ruminants (Zhao et
al., 2025). Urea has a low molecular weight,
which allows it to rapidly cross the blood-brain
barrier into milk, resulting in a strong associ-
ation between blood urea nitrogen (BUN) and
milk urea nitrogen (MUN) concentrations. Al-
though MUN is a minor component of milk, it is
an effective tool to identify potential problems
in dairy herds (Sosa et al., 2010). Many studies
have shown that the intake of plant protein and
energy and their synchronised interaction in

the rumen are the main factors affecting MUN
concentrations. Thus, MUN measurement can
serve as a reliable indicator for improving nu-
trition management.

The urea nitrogen concentration in milk
can also be used as an indicator in managing
the nutrition strategy on dairy farms to increase
the protein utilisation efficiency of dairy cows.
Recent studies show that the nitrogen content
of milk urea depends mainly on the nitrogen
to energy ratio in the diet, but many other fac-
tors can influence ureogenesis. According to
N. Munyaneza et al. (2017), measuring milk urea
nitrogen can serve as a control for nitrogen use
efficiency in dairy cows and optimise milk ni-
trogen levels. However, the reference values of
milk urea nitrogen for optimising nitrogen use
efficiency are different from the required level
for milk protein production. Thus, an increase
in milk protein production can be expected at
milk urea nitrogen levels > 11 mg/dl (Ruban et
al., 2021), while protein utilisation efficiency
is below this level (< 11 mg/dl). Optimal MUN
values range from 10 to 14 mg/dl, but for many
countries, the recommended milk urea nitrogen
values for cow’s milk range from 10 to 16 mg/
dl milk. The studies by S. Nozad et al. (2012)
showed that the highest blood concentrations
of blood urea nitrogen (BUN), serum protein
(SPtn), creatinine, triglycerides (TG), choles-
terol and beta-hydroxybutyric acid (BHB) were
found in high-yielding cows. Finally, to ensure
a balance between milk protein production and
reduced urinary and milk urea nitrogen excre-
tion, recent evidence suggests that dairy cows
should be fed a crude protein diet of 16.5%.

M. Stolcova et al. (2020) monitored changes
in the protein status of the parameters of energy
metabolism of the Holstein and Fleckvih breeds
by urea and other blood biochemical parame-
ters. At the beginning of lactation, changes in
key metabolic parameters were faster and more
pronounced in Holstein cows, and the dynamics
of these parameters indicated the levels of adap-
tive performance and processes of body energy
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mobilisation in the two breeds as a whole. Com-
plex processes occur in the ruminant rumen
with additional formation of microbial nitrogen
and nucleic acids, circulation of such a toxic
compound as hydrogen nitrite and subsequent
neutralisation (conversion) into urea. Urea is
hydrolysed into carbon dioxide and ammonia
by the urease enzyme. The activity of urease in-
creases the pH of the environment, as ammonia
is formed (Ruban & Vasilevsky, 2015). In the 50s
of the last century, M. Wall & K. Laidler (1953)
studied the hydrolysis of urea catalysed by ure-
ase. The work was carried out in trihydroxym-
ethylaminomethane-H,SO, buffer, which was
shown to have no activating or inhibitory effect
on the reaction. It was found that the reaction
passes through a sharp maximum pH of 8.00 at
a wide range of substrate concentrations and
temperatures, which, in the case of ruminant
digestion, leads to certain complications in mi-
crobial processes (Ruban & Vasilevsky, 2015).
In the convincing opinion of P. Gregorini et
al. (2013), the improvement of the functional
version of Molly to Molly84 and Molly85, where
the biochemical processes of digestion in the
cow were described in a comprehensive and in-
terdependent manner, led to a reduction in the
proportion of the average relative prediction er-
ror and better predictions of methane produc-
tion (CH,) in ruminants. Further development
of such a mathematical model should focus on
potentially improving the prediction of rumen
FFA production, as well as the intake pattern
and associated changes in rumen nutrient ex-
cretion and the model of fermentation itself.
According to A. Bedford et al. (2020) inves-
tigated the effect of short-term elevated ambi-
ent temperature on rumen volatile fatty acid
(VFA) dynamics and gene expression (the pro-
cess where hereditary information from a gene
(DNA nucleotide sequences) is converted into a
functional product — RNA or protein) of the ru-
men epithelium associated with VFA transport
and metabolism. The results show that under
low feed intake and heat stress, there are shifts
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in the dynamics of rumen VFA and the ability of
the rumen epithelium to absorb and transport
acids of this series. During protein digestion,
ammonia is released in the rumen, and if it is
in excess, it is absorbed through the rumen wall
into the bloodstream and converted to urea in
the liver. Most of the urea is excreted in the
cow’s urine, although some of it passes into
the milk. If the diet lacks nitrogen, the urea is
not excreted, but returns to the rumen and is
converted back to ammonia (Zhao et al., 2025).
G. Cozzi et al. (2011) observed that the produc-
tion season significantly impacts several blood
parameters, including total protein, globulin,
creatinine, alkaline phosphatase, phosphorus,
sodium, and chloride. They propose that these
values can be used by dairy farmers to evalu-
ate the metabolic health of lactating cows. Giv-
en the kidneys’ continuous filtering function,
stable blood creatinine levels are expected in
healthy individuals, and deviations can indicate
kidney problems. X. Du et al. (2017) found no-
tably elevated levels of aspartate aminotrans-
ferase (AST), a marker of liver damage, in cows
experiencing ketosis compared to healthy cows.
They suggested that AST levels in blood tests
could serve as an indicator of apoptosis, or pro-
grammed cell death, in liver cells.

R. Danielsson et al. (2017) discovered that
despite consistent dietary intake, individual
animals exhibited variations in methane (CH4)
output. To examine the microbial makeup of
the rumen, they performed 16S rRNA gene
sequencing on the V4 region of rumen fluid.
The study revealed that lower methane levels
were associated with a greater abundance of
the Methanobrevibacter ruminantium clade,
a group of archaea within the Methanobacte-
riaceae family that produces methane primarily
through the reduction of carbon dioxide with
hydrogen. Archaea, a specialised group of uni-
cellular organisms found in oxygen-deprived
environments such as the rumen, are respon-
sible for methane production (methanogene-
sis). Within the rumen, these microorganisms
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primarily utilise hydrogen (H2) and carbon di-
oxide (CO2) as fuel for methane synthesis, thus
occupying a vital ecological role. Animal waste,
including urine and feces, contributes to global
nitrogen emissions. Milk urea nitrogen (MUN)
levels in dairy cows are directly linked to urinary
urea nitrogen (UUN) emissions; both diminish
when crude protein intake is reduced. However,
even with consistent feeding, MUN levels can
vary among individual cows. Furthermore, re-
search by Y. Yao et al. (2018) has demonstrated
that, in the pursuit of sustainable biogas ener-
gy, pre-treating wheat straw with urea allows
for substantial methane generation.

C. Miiller et al. (2021) proposed that vari-
ations in internal nitrogen processing lead to
differing urinary urea nitrogen (UUN) excretion,
with cows exhibiting higher milk urea nitrogen
(MUN) levels releasing more UUN than those
with lower MUN. Their research examined ni-
trogen distribution and urea metabolism in
dairy cows with varying MUN concentrations,
comparing a diet with optimal crude protein
(NP) to one with low crude protein (LP). The
LP diet resulted in reduced total nitrogen (N)
and UUN excretion, as well as lower ammonia
emissions from feces. However, methane emis-
sions, urinary nitrogen excretion, and ammonia
excretion remained relatively consistent across
the groups. Notably, cows with high MUN
(HMU) showed lower renal creatinine and uric
acid levels and excreted less uric acid (specifi-
cally on the LP diet) and creatine in their urine.
The authors’ initial prediction that cows with
high milk urea (HMU) would excrete more uri-
nary urea nitrogen (UUN) than those with low
milk urea (LMU) was not supported by their
findings. The reduced urinary creatine excre-
tion in HMU cows suggests a potentially small-
er environmental nitrogen impact from these
animals. J. Spek et al. (2012) propose that milk
urea nitrogen (MUN) levels in dairy cows can
be used on farms to guide dietary adjustments
and strategies for minimising environmen-
tal nitrogen (N) emissions. While urinary urea

nitrogen excretion (UUN) is generally correlat-
ed with MUN, this relationship is highly varia-
ble. The reliability of MUN as a UUN predictor
could be enhanced by considering several influ-
encing factors. These include variations in wa-
ter consumption, urine production, protein lev-
els, body weight, and the timing and frequency
of feeding and milking. Incorporating these fac-
tors into the MUN-UUN relationship can signif-
icantly improve the accuracy of MUN as a mark-
er for protein utilisation efficiency and UUN.
Therefore, a complicated yet intercon-
nected dynamic exists between milk yield and
composition (specifically protein content) and
urea concentrations in blood, urine, and milk.
Current models that describe nitrogen diges-
tion, absorption, and metabolism, often uti-
lising urea analysis, facilitate the creation of
more precise animal diets. However, further in-
vestigation is needed to fully optimise not only
animal nutrition but also health, reproduction,
and methane reduction. These investigations
are, in part, influenced by the ecological and
genetic features of the research locations.

Materials and Methods
The research was conducted in the conditions
of the farm “Grigorovich S.A.” Kyiv region in
the winter period of 2022-2023 on cows of
combined Simmental, dairy Ukrainian Red-
White and Black-White breeds. The Ukraini-
an Red-and-White dairy cow was created by
crossbreeding Simmental with Ayrshire, Mont-
béliard and Holstein, and the Ukrainian Black-
and-White dairy cow was created by crossing
the local Black-and-White with Holstein. Each
of the groups of animals in the experiment
consisted of 33 heads. During the experimental
studies presented in this paper, all manipula-
tions with the cows involved in the research
were carried out taking into account the basic
principles of bioethics, in accordance with Ar-
ticle 26 of the Law of Ukraine No. 3447 “On the
Protection of Animals from Cruelty” (2006),
the European Convention for the Protection
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of Vertebrate Animals Used for Experimental
and Other Scientific Purposes (1986) and the
Procedure for Conducting Experiments and
Experiments on Animals by Scientific Insti-
tutions (2012). Automated milking took place
twice a day. The daily mixed diet of the cows
consisted of the following feed components:
alfalfa haylage - 3.3 kg; corn silage — 21 kg;

mixed fodder - 9.7 kg; grass haylage - 5.5 kg;
beet pulp - 3 kg; corn — 2.5 kg, straw - 0.5 kg;
vitamin and mineral supplements. The level of
feed dry matter intake was within 21.5 kg with
a content of 15% crude protein, 17% acidic
detergent fibre and 26% neutral detergent fi-
bre. The general characteristics of the studied
groups are given in Table 1.

Table 1. General characteristics of the studied groups of cows during standard lactation (305 days)
and blood biochemical parameters at the time of the experiment

Breed
Indicator Simmental Ukrainian Red-White | UKrainian Black-and-
(n=33) (n=33) White
(n=34)
Hope for 305 lactations 4,359.7+39.15 7,320.9+47.24 8,617.1+85.96
Fat content in milk, % 4.30+0.059 3.82+0.443 3.48+0.043
Protein content in milk, % 3.29%0.019 3.28%0.014 3.25%0.025
ECM®, kg 4,487.8+65.40 7,094.5+296.86 7,969.2%109.11
Total bilirubin, pmol/1 6.12+0.749 3.43+0.160 2.75+0.157
Direct bilirubin, pmol/1 1.67%0.096 1.74%0.101 1.39+0.075
Urea, mmol/l 2.91+0.046 3.41+0.058 3.06+0.047
Creatinine, umol/l 86.54+1.699 111.16£2.436 86.31+2.016
ALT?, units/1 37.16*£0.625 34.81+1.012 33.44%0.697
AST?, units/l 34.24+3.344 48.39+1.900 18.43+1.251
Glucose, mmol/l 2.59+0.079 2.83%0.077 2.74%+0.096
Albumin, g/1 31.30+0.241 34.45+0.473 31.67+0.222
Total protein, g/l 67.46%0.743 72.02%1.247 72.12£0.917
GGT?*, units/I 13.22+0.424 16.15+1.096 15.04+1.005

Note: ECM® — milk fat and protein corrected milk yield; ALT? - alanine aminotransferase; AST® — aspartate

aminotransferase; GGT* - gamma glutamyl transferase

Source: developed by the authors on the basis of research

Milk production (milk yield, fat and protein
content) was monitored according to the re-
quirements of ICAR (n.d.). The value of ECM -
Energy-corrected milk or milk yield adjusted
for fat and protein content was calculated using
the formula (1):

ECM = (milk fat, kg x 38.3 + milk protein, kg x
x 24.3+milk yield x 0.7832)/3.14. )

The analysis of serum biochemical parame-
ters was measured on an automatic biochemical
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analyser HTI BioChem FC-120 (High Technolo-
gy, Inc., USA) using reagents from this company
in the Educational and Scientific Laboratory of
Veterinary Diagnostic Research of the Faculty of
Veterinary Medicine of the National University
of Life and Environmental Sciences of Ukraine.

The analysis of variance of the effect of
breed, month of lactation and month of preg-
nancy on the studied traits of cows was carried
out using a linear model (2):

Y= bt €t € @)
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where y, is the trait under study, a,is the ef-
fect of the i-th breed, b,is the effect of the j-th
month of lactation, ¢, is the effect of the k-th
month of pregnancy, and e, is the residual.
The degree of influence of factors on the
studied traits of beef cattle was calculated by

the ratio of variances according to formula (3):
(3

where SSA is the sum of squared deviations due
to the influence of factor A; SSD is the total sum
of squared deviations.

Statistical analysis (descriptive statistics,
analysis of variance, and correlation analysis)
was performed using RStudio software. The fol-
lowing were selected as the main biochemical
characteristics:

total bilirubin - a breakdown product of
haemoglobin (red blood cells), myoglobin and
cytochromes in the form of direct (bound, con-
jugated) and indirect (free, unbound or uncon-
jugatedfractions, as an indicator for the diagno-
sis of liver diseases;

n2=(SSA/SSD) 100%,

direct bilirubin as a sensitive marker of liv-
er pathology, which provides a connection of total
bilirubin with glucuronic acid (a low-toxic fraction
of total bilirubin) in hepatocytes (liver cells);

urea is the end product of the breakdown
of proteins and amino acids, which accounts for
more than 50% of residual nitrogen in the body;

creatinine, a byproduct of protein
breakdown, supplies energy to muscles. Blood
creatinine levels are directly related to an indi-
vidual’s muscle mass and body weight;

alanine aminotransferase (ALT) is an
enzyme primarily located in liver and kidney
tissues, with smaller quantities present in heart
and muscle tissues;

aspartate aminotransferase (AST) is
an enzyme distributed throughout the body’s
cells, with the highest concentration in the
liver;

gamma-glutamyl transferase (GGT)
is an enzyme found in liver cells and the bile
ducts, where it facilitates specific biochemical
processes;

glucose — blood glucose analysis is con-
sidered a useful tool for rapid diagnosis and dif-
ferentiation of ketosis (Mair et al., 2016);

albumin - their balance is necessary to
prevent fluid loss through blood vessels. Nor-
mal levels of total protein, albumin and globu-
lin were 6.70-9.40 g/dl, 2.87-4.29 g/dl, and 3.03-
5.73 mg/1, respectively;

total protein — shows the concentration
of proteins in the blood plasma, which consists
of three main groups of components: albumin,
globulins and fibrinogen.

Blood samples for subsequent analysis

were taken two hours after feeding.

Table 2. Influence of the breed factor on the main productive indicators

Factor, indicator Middle square Fisher’s F-test n%4 %
Fat content 18.132 8.089*** 14.6
ECM 95,921,886.182 49.790%** 51.2

Note: ECM - total energy content of milk; *** - P >0.999; **-P>0.99; *- P >0
Source: developed by the authors on the basis of research

Results and Discussion
The general results of the impact of such a vari-
able as breed are presented in Table 2.

The breed factor played a significant role
in influencing the traits of fat content in milk
and ECM, the values of which were 14.6%
and 51.2%, respectively (Table 2). Significant

differences in the performance data between
the combined Simmental, Ukrainian Red-and-
White and Black-and-White dairy breeds were
caused by their production orientation, which
affected the digestion characteristics in general
and especially nitrogen digestion.

Animal Science and Food Technology. 2025. Vol. 16, No. 1
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To accurately describe the characteristics of
nitrogen digestion, absorption and metabolism,
urea levels, as well as nitrogen utilisation

efficiency and profit maximisation, M. Meng et
al. (2019) recommend using the “Molly the
Cow Model” (Fig. 1).

Feed Saliva
b
Rumen l Urea it Viscera
I Urea |
NH; | Urea |
Insoluble N Soluble N — > Protein
NH; NH, )
l AR —+— Milk
Microbes NA l
Urine
Intestines — Urea+:
I NH;
Microbial N NA Body
\
NANMN | aa ] [ Protein |
]

Feces

Figure 1. Conceptual diagram of nitrogen metabolism in ruminants — the “Molly model”
Note: NANMN - nonammonia, nonmicrobial nitrogen; NA - nucleic acids; AA — amino acids; N - nitrogen; NH, -
hydrogen nitrite (ammonia). The darkened areas represent organs and tissues where biochemical processes take

place, and arrows indicate the direction of movement of these processes

Source: M. Meng et al. (2019)

According to P. Gregorini et al. (2013), this
model is a deterministic, mechanistic, dynamic
model that represents the digestion, metabo-
lism and production of a dairy cow based on
mathematical equations. The authors com-
pared the predictions of enteric (when the feed
substrate passes through the entire gastroin-
testinal tract) methane production with the
original mathematical version of Molly Origin
and two updated versions based on a number

of biochemical and genetic parameters that
correspond to the design of this experiment.
Thus, these versions included the effect of scar
tissue, digestive parameters and hormonal pa-
rameters (Molly84) with a revised version of
digestive and ruminal parameters (Molly85).
This model was partly used to explain the in-
fluence of genetic (breed) and organisational
factors (month of lactation, month of pregnan-
cy), the results of which are shown in Table 3.

Table 3. Effect of breed, month of lactation and month of pregnancy on the studied blood traits of cows

o e Sum Number Mean square .
Factor, indicator of sgue'lred of degrees £ deviations Fisher’s F-test | 1%, %
deviations of freedom °
Total bilirubin, pnmol/1
Breed 212.0 2 106.02 15.566%** 24.7
Month of lactation 56.6 7 8.09 1.187 6.6
The month of pregnancy 24.9 6 4.15 0.610 2.9
Balance 565.3 83 6.81
Direct bilirubin, pmol/1
Breed 2.261 2 1.1303 3.857* 7.7
Month of lactation 0.507 7 0.0725 0.247 1.7
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Table 3. Continued

e . Sum Number Mean square .
Factor, indicator of squared of degrees L. Fisher’s F-test | 1% %
deviations of freedom of deviations
The month of pregnancy 2.086 6 0.3477 1.187 7.1
Balance 24.324 83 0.2931
Urea, mmol/l
Breed 4.060 2 2.0300 25.506*** 33.2
Month of lactation 0.950 7 0.1357 1.704 7.8
The month of pregnancy 0.625 6 0.1042 1.310 5.1
Balance 6.606 83 0.0796
Creatinine, pmol/l
Breed 13,632 2 6,816 57.393%** 49.8
Month of lactation 1,719 7 246 2.068 6.3
The month of pregnancy 2,167 6 361 3.041%* 7.9
Balance 9,857 83 119
ALT, U/l
Breed 236.1 2 118.06 5.569** 10.4
Month of lactation 157.3 7 22.47 1.060 6.9
The month of pregnancy 120.2 6 20.04 0.945 5.3
Balance 1,759.6 83 21.20
AST, U/l
Breed 14,964 2 7,482 38.432%%* 46.3
Month of lactation 578 7 83 0.424 1.8
The month of pregnancy 618 6 103 0.529 1.9
Balance 16,158 83 195
Glucose, mmol/l
Breed 0.811 2 0.4054 1.713 0.004
Month of lactation 0.742 7 0.1061 0.448 0.004
The month of pregnancy 2.386 6 0.3977 1.680 0.01
Balance 19.646 83 0.2367
Albumin, g/1
Breed 191.34 2 95.67 28.461%** 35.1
Month of lactation 36.48 7 5.21 1.550 6.7
The month of pregnancy 37.63 6 6.27 1.866 6.9
Balance 279.00 83 3.36
Total protein, g/1
Breed 479.7 2 239.87 7.809%** 13.2
Month of lactation 514.8 7 73.54 2.394* 14.2
The month of pregnancy 86.7 6 14.45 0.470 2.4
Balance 2,549.7 83 30.72
GGT U/l
Breed 135.8 2 67.90 1.855 3.5
Month of lactation 246.2 7 35.18 0.961 6.3
The month of pregnancy 504.9 6 84.16 2.298* 12.9
Balance 3,039.0 83 36.61
Note: ***-P>0.999; ** - P>0.99; * - P >0.95

Source: developed by the authors on the basis of research

Animal Science and Food Technology. 2025. Vol. 16, No. 1




18

Effect of breed factor on urea level and blood biochemical parameters...

A significant influence of the breed factor
was noted in such blood biochemical parameters
as total bilirubin 24.7%, urea 33.2%, creatinine
49.8%, alanine aminotransferase (ALT) 10.4%,
aspartate aminotransferase (AST) 46.3%, albu-
min 35.1% and total protein 13.2% (Table 3). The
influence of the breed factor had a significant
impact due to the contrasting performance indi-
cators between the compared groups for the en-
tire lactation period (Table 2), which was imple-
mented under the same feeding conditions and
carried out on the principle of “no restrictions”.

According to DairyNZ (2023), a New Zea-
land livestock breeding website aimed at farm-
ers, milk urea “indicates” the level of crude pro-
tein in a cow’s diet, which is produced by the
metabolism of amino acids and protein in the
body. If a cow’s diet is rich in protein, she can
produce more urea, which is usually excreted
in urine and milk. On the other hand, when the
diet lacks nitrogen, the cow’s body redirects the
urea back into the rumen. Urea levels in milk
have been shown to differ in early, mid and late
lactation (Table 4).

Table 4. Recommended nutritional requirements for cows in crude protein (CP) and MUN levels at
different stages of lactation

Indicators Early lactation | Mid-lactation Late lactation
Minimum CP*% in the diet 18 16 14
Approximate MUN (mg/dl) 25-40 25-30 20-25

Note: * - crude protein
Source: DairyNZ (2023)

In New Zealand’s pasture-based systems,
MUN levels are higher than where cows are fed
a general mixed diet (i.e. USA, Western Europe,
the conditions of this study). This is due to the
high amount of crude protein (around 20 and
sometimes 30 mg/dl) that cows receive on good
quality pasture, travelling long distances. Oth-
er factors include water intake, cow condition,
lactation stage, season, genetics, milking fre-
quency, rumen health and liver function. Ta-
ble 5 shows the degree of correlation between
biochemical parameters.

A correlation was established between
the concentrations of urea, which is the main
nitrogenous end product of protein and ami-
no acid catabolism, and creatinine, a product
of creatine phosphate breakdown in muscles,
including Simmental, Ukrainian Red-White,
and Ukrainian Black-White dairy cows (Ta-
ble 5). The total correlation coefficient for
plasma urea and creatinine is 0.552, which
shows a positive relationship with the value

Animal Science and Food Technology. 2025. Vol. 16, No. 1

of m_=0.000 (p <0.01), indicating an increase
in the level of creatinine in the blood plasma
of the studied groups of cows with an increase
in the value of urea and vice versa. As in the
work of M. Edvardsson et al. (2018), a positive
correlation was established between creatinine
and aspartate aminotransferase, which charac-
terises the functional state of the liver, as well
as albumin in the blood plasma of the studied
animal groups. The total correlation coefficient
is 0.457 and 0.744, respectively, with a value
of m =0.000 (p<0.01) and is consistent with
changes in the level of these indicators in each
of the studied groups of cows. A negative corre-
lation was observed between the concentration
of urea and the level of alanine aminotrans-
ferase in the blood plasma of cows with a corre-
lation coefficient r=0.229, m=0.022 (p <0.05).
The total correlation coefficient for urea, al-
bumin and total plasma protein is 0.454 with
a value of m_=0.000 (p<0.01) and 0.0234 with
a value of m =0.019 (p < 0.05), respectively.
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A positive correlation was found between the
concentration of direct bilirubin, which is an
endogenous antioxidant and the level of glu-
cose and AST in the blood of the studied groups
of cows, the correlation coefficient of which is
0.301 with a value of m =0.002 (p<0.01) and
0.238 with a value of m =0.017 (p<0.05). The
values of the correlation coefficients are con-
sistent with changes in the level of indicators
in each of the studied groups of cows (Table 1).

Thus, the breed factor introduces signifi-
cant differences in a wide range of biochemi-
cal parameters, which can be used for targeted
selection programmes and achieving positive
results in improving both health and reducing
methanogenesis in ruminants. Both excessively
high and low values of BUN and MUN are unde-
sirable for dairy cows due to their negative im-
pact on reproductive performance, health and
nitrogen use efficiency (Fig. 2).
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Figure 2. The process of nitrogen metabolism in cattle
Note: RDP - rumen degradable protein; RUP - rumen unprocessable protein; MCP — microbial protein; NPN —

non-protein nitrogen; MUN — milk urea nitrogen
Source: X. Zhao et al. (2025)

Studies have shown that MUN, like BUN,
is a trait with low to moderate heritability
and is positively correlated with nitrogen re-
lease. According to X. Zhao et al. (2025), there
are still inconsistencies in the selection of
cows with low MUN values, which can effec-
tively reduce nitrogen excretion and affect
other economic parameters of dairy cows, as
well as reduce nitrogen emissions. In addi-
tion, O. Fedota et al. (2020; 2022) proved that
changes in blood parameters may depend on
the body’s response to xenobiotics, depending
on the genotype, in particular on liver enzyme
genes, which was observed both in animals
and in medical practice. Thus, the analysis of
correlations between biochemical blood pa-
rameters in cows of different breeds suggests
the existence of breed specificity of metabolic
processes, which should be taken into account
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when developing breeding programmes and
animal breeding technologies.

Conclusions
A significant influence of the breed factor (Sim-
mental, Ukrainian Red-and-White dairy and
Ukrainian Black-and-White dairy breeds) on
the fat content in milk (14.6%), total energy
value of milk (51.2%), urea level (33.2%) and
blood biochemical parameters was established.
Breed or breed factor has a significant impact on
blood chemistry parameters such as total bili-
rubin (24.7%), urea (33.2%), creatinine (49.8%),
alanine aminotransferase (ALT) (10.4%), aspar-
tate aminotransferase (AST) (46.3%), albumin
(35.1%) and total protein (13.2%). This rela-
tionship indicates the possibility of using these
indicators in selection programmes aimed at
reducing nitrogen emissions and the use of
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certain biochemical indicators to monitor ani-
mal health and welfare.

The correlation between the concentrations
of urea and creatinine in the blood plasma of
the studied groups of animals was established.
The general correlation coefficient for plasma
urea and creatinine indicates an increase in the
level of creatinine in the blood plasma of the
studied groups of cows with an increase in the
value of urea and vice versa. A positive correla-
tion is observed between creatinine and aspar-
tate aminotransferase, as well as albumin in the
blood plasma of the studied groups of animals.
A negative correlation was observed between
the concentration of urea and the level of ala-
nine aminotransferase in the blood plasma of
cows. A positive correlation was found between
the concentration of direct bilirubin and the
level of glucose and AST in the blood of the
studied groups of cows, and between the con-
tent of urea and albumin, urea and total plasma
protein. The values of the correlation coeffi-
cients are consistent with changes in the level
of indicators for each of the studied groups of
cows - Simmental, Ukrainian Red-and-White
dairy, Ukrainian Black-and-White dairy breeds.

In order to correctly describe the peculiari-
ties of ruminant digestion, assimilation and me-
tabolism of feed resources, urea levels and a wide
range of biochemical parameters of blood and
milk, it is necessary to use the “Molly the Cow
Model”. Building experiments on this principle
to assess the effect of a wide range of genetic
and organised (non-genetic) factors on nitrogen
digestion opens up the possibility of a systemat-
ic view of solving environmental, economic and
biological problems. Further research should be
aimed at a comprehensive assessment of the
factors influencing the peculiarities of nitrogen
metabolism, which finds its application not only
in the agricultural sector but also in medicine.
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AHoranisg. MomoyHe CKOTapCcTBO [OCAIVIO BeIUKMX VYCHiXiB 3aBISIKM  Li/IeCIpsSIMOBaHOMY
YIOCKOHA/JIEHHI0O MOJIOYHMX Ta KOMOiHOBaHMX MOpiJ y Pi3HMX KIIMATUUYHMX i arpOeKOIOTiyHUX
30Hax CBiTy. PiBeHb ceyoBMHM Ta iHIIMX GiOXiMiUHMX TMOKA3HUKIB KPOBi KOpiB CBigumMTh MpPO
0COGMMBOCTI BYITIEBOAHO-61IKOBOTO 6asiaHCy, 7Oro BIUIMB HAa BiATBOPIOBaIbHI (GYHKII, cTaH
30POB’s, eHEeKTUBHICTb BUKOPUCTAHHS KOPMY, iHTEHCUMBHICTh BUKUIIB MeTaHy. MeTa JOC/TiIKeHHS
MoJisirajia y BUM3HAUEHHi BIUIMBY MOPOJHOTO (DaKTOpy Ha piBeHb CEYOBMHM Ta iHINI GioxXiMiuHi
TOKa3HMKM KPOBi KOpiB pi3HMX nopin. JocmimkeHHsT IpoBeleHi Ha KOPOBax TPbOX KOHTPACTHUX
Mixk coboio mopin. Ilepma moposa — KOMOiHOBaHa (TPaHCKOPAOHHA) CUMeEHTAIbCbKa, HABi
OCTaHHi MiclleBi — yKpaiHCbKa 4YepBOHO-psiba MOJIOYHA (CTBOpPeHa IUISIXOM KOMOiHaliiiHOTO
CXpeIyBaHHS CMMEHTAIbChKOI MOPOAM 3 ajipIIMpChKOI0, MOHOEbSIPACHKOI0, TOMIITHHCHKOIO) Ta
YKpaiHChbKa YOPHO-psi6a MOJOYHA (CTBOPEHA HA OCHOBi CXpellyBaHHS MiCII€BOI UOpHO-PsSI60i 3
TOJIIITUHCHKOIO). [IOCIIiN MPOBeeHo y CTaHAAPTHNUX YMOBAaX IPU TOLIBIII KOPIiB «6e3 0OMeKeHb»
3 aHalTi30M TMPOAYKTUMBHMX TOKAa3HMKIB Ta GiOXiMiUHMX TOKa3HMKIB KpoBi. Hai6inbil cyTTeBUM
(bakTOpOM BIUIMBY Ha NMPOAYKTMBHI Ta GioxXiMiuHi MoKasHUKM GyB (hakTOp MOpomu, IKUit CKIIaB 3a
03HaKaMM BMICTY KMpPY B MOJIOIi Ta HaJol0 B MepepaxyHKy Ha 3arajibHy eHepreTM4Hy LiHHiCTb
BimmoBimHo 14,6 % Ta 51,2 %. Biporimuuii BIUIMB MOpPOAM Bim3HAYeHO 3a TaKMMMU OGioxiMiyHMMM
MOKa3HMKaMy KpOBi, SIK piBeHb 3arajbHOro 6iMipy6iHy 24,7 %, ceuoBuHU 33,2 %, KpeaTUHIHY
49,8 %, ananinaminorpancdepasu 10,4 %, acnapraramiHorpancdepasu 46,3 %, anpoyminy 35,1 % ta
3arajbHOro 6i1Kka 13,2 %. BcraHOBjIeHa BiporigHa KopessiliiiHa 3a/eXKHICTh MisK KOHIIEHTpaLisiMu
CEYOBMHY Ta KPeaTMHiHOM, KpeaTMHIHOM Ta acrapTaTaMiHOTpaHchepasolo, a TAKOXK aTbOyMiHOM y
TU1a3Mi KPOBi JOC/IIKYBaHUX IPYTI TBAPKH. 3p06/IEHO MOTepeIHi i BUCHOBOK ITPO HASIBHICTh CYTTEBOT
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reHeTMYHOI KOMIIOHEHTM BIUTMBY Ha PiBeHb CEYOBWHM, GiOXiMiUHMX MOKAa3HMKIB KPOBi Ta 03HAK
MPOIYKTUBHOCTI. AHaJIi3 TTPOSIBY TaKMX O3HAK Y Pi3HMX IOpPiA MOKHA BPaxOBYBaTH B IporpamMax
BiGOPY Ta CTBOPEHHI BiMTOBIMHUX YMOB T'OiBJIi, BpaXOBYIOUM OCOGIMBOCTI 6iTKOBOTO SKMBJIEHHSI

KiiouoBi ciioBa: piBeHb CeUOBMHM B KPOBi; a30T CEUOBMHM KPOBi; MOJIOUHI mopoayu YKpainu;
CHMMeHTaJIbChKa MOPOAA; CTYIiHb BIUIUBY MIOPOAU
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Abstract. The purpose of this experimental study was to characterise the quantitative and
qualitative traits of beef in the most common domestic animals in Ukraine from Ukrainian
Black-and-White dairy and Holstein cattle bulls at different classes of marbling severity of m.
longissimus dorsi. Twenty-six carcasses from 20-22-month-old bulls of the farm “Zhuravushka”
located in Brovary district of Kyiv region, Ukraine, served as material for the study. The marbling of
m. longissimus dorsi was evaluated according to the JMGA standard (2000) and the morphological
composition and quality characteristics of the carcasses were determined. The obtained results
showed that in the medium and good (3 to 5 points) class of marbling, the marbling of the
m. longissimus dorsi in carcasses was higher than in the unsatisfactory and below average grade
(1 and 2 points), the content of muscle tissue of the second grade was 6.5 points (P<0.01),bone - 2.5
points (P<0.01), and the carcass conformation (meatiness) was better developed by 33.3% (P<0.01),
the development of its cover with adipose tissue — by 31.8% (P <0.05) and muscle colour — by 10.2%
(P<0.05). At the highest (from 3 to 5 points) class of marbling of beef, the content of muscle tissue
of the highest (3.9 points) and first (2.6 points) grades was significantly (P <0.05) lower, and the
size of the “muscle eye” area was 22.5% lower (the difference was not statistically significant).
Accounting for the probable difference in slaughter signs depending on the marbling of beef, the data
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obtained can be used to predict the content of certain grades and quality characteristics of muscle
tissue in carcasses of crossbred bulls from Ukrainian Black-and-White and Holstein dairy cattle

Keywords: conformation (meatiness) of carcasses; marbling of beef; meat productivity; meat
characteristics; quality characteristics of carcasses

Introduction

In an increasingly competitive meat market,
beef quality is becoming a crucial factor in
consumer choice and economic efficiency of
production. The defining feature of beef qual-
ity in international classification systems is
marbling, as it has close correlations with the
sensory characteristics of meat, determin-
ing its nutritional quality (Otto et al., 2024).
In particular, a study by T. Erena et al. (2024)
confirmed the link between marbling, tender-
ness and overall taste characteristics of meat,
which can be useful for the meat processing
industry and product quality control. According
to T. O’Quinn et al. (2024), beef flavour is a key
driver of consumer demand and is influenced by
many factors throughout the animal’s life cycle
and after slaughter - from marbling and genet-
ics to cooking and storage methods.

In accordance with the marbling scales,
beef quality is assessed according to the Beef
Carcass Grading Standard from the Japan Meat
Grading Association (JMGA, 2000) in Japan,
United States Standards for Grades of Feeder
Cattle (USDA, 2000) in the United States, Korea
Institute for Animal Products Quality Evalua-
tion (KAPE, 2019) in South Korea, Meat Stand-
ards Australia (MSA, 2015) in Australia. Mar-
bling of m. longissimus dorsi as the main trait of
beef is included in the Australian Meat Stand-
ards Index and is used in the USA to predict
the expected difference in the productivity of
bulls’ progeny according to the Expected Prog-
eny Difference (EPD) system. The standards
of the Commission Regulation (EC, 2008) and
DSTU 4673:2006 “Cattle for slaughter. Techni-
cal specifications” do not take into account the
marbling of meat in Europe and Ukraine when

assessing cattle carcasses. They focus on live
and slaughter weights of animals. As noted by
M. Gagaoua et al. (2020), these features do not
indicate their real value. Marble inclusions in
the middle of the muscles were identified by
E. Cardenas et al. (2024) as the content of adi-
pose tissue. The degree of marbling of beef de-
pends on the sex of the cattle, the level of feed-
ing, age and live weight before slaughter, and
the technological process of its rearing. This
creates certain economic difficulties for effi-
cient cattle breeding. According to T. Erena et
al. (2024), bull calves with better carcass quan-
titative characteristics produce worse meat
quality than bullocks and heifers.

In the context of dairy cattle, a modest
correlation was observed between the mar-
bling of meat and the content of internal adi-
pose tissue (Martin et al., 2022). Furthermore,
O. Kruk et al. (2024) indicated that an increase
in marbling of m. longissimus dorsi is associat-
ed with a reduction in the muscle tissue of the
higher and first grades in beef from bull calves
of the Ukrainian Black-and-White dairy breed
(UBWD) at the age of 18 to 24 months. The
findings of F. Drachmann et al. (2024) further
corroborated the absence of a relationship be-
tween beef marbling and other traits. In recent
years, there has been a significant increase in
the demand for marbled beef in Ukraine. This
is evidenced by the assessment of beef mar-
bling in accordance with the DSTU 4673:2006
standard, which stipulates the requirements
for cattle intended for slaughter. The absence
of a relationship between marbling and other
traits was demonstrated in the experiments of
F. Drachmann et al. (2024). However, given that
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the assessment of marbling of beef in accord-
ance with DSTU 4673:2006 “Cattle for slaugh-
ter. Technical specifications” is not foreseen in
Ukraine, it is important to establish quantita-
tive and qualitative characteristics of carcasses
at different levels of marbling in animal meat.
A better understanding of this issue will help
to practically prove the need to include the
classification of marbling of cattle carcasses in
Ukraine in regulatory documents to prove the
production of quality beef in accordance with
optimal standards.

Therefore, the aim of the research was to
investigate the manifestation of quantitative
and qualitative characteristics of beef in the
carcasses of 20-22-month-old crossbred bull
calves from Ukrainian Black-and-White dairy
cows and Holstein bulls in accordance with the
classes of marbling of muscle tissue of m. long-
issimus dorsi, which would allow to ensure op-
timal yield of the main components of meat to
satisfy consumer demand.

Materials and Methods
The study was carried out in 2014-2016 on bull
calves (n=26) obtained from cattle of Ukrainian
Black-and-White dairy (UBWD) and Holstein
(H) breeds of the farm “Zhuravushka”, located
in Brovary district of Kyiv region, Ukraine. After
birth, the animals were kept in a group. From
the age of 4 months to 20-22 months, they
were raised and fattened at the farm’s feedlot.
The cattle’s need for nutrients was satisfied by
rough, juicy, green, concentrated fodder and
mineral fertilisers from the farm’s automated
feeders. After the bull calves were slaughtered,
their carcasses were weighed. The carcasses
were visually assessed for conformation (meat-
iness) and development of adipose tissue in
accordance with the Commission Regulation
(EC, 2008). The conformation of the carcasses
was classified on a 5-point scale: E (perfect) —
all profiles are fairly convex, perfectly devel-
oped muscles (5 points); U (excellent) - all pro-
files are convex, very well developed muscles
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(4 points); R (good) - profiles are normal, well
developed muscles (3 points); O (satisfacto-
ry) — profiles are weakly expressed, muscles are
moderately developed (2 points); P (unsatisfac-
tory) — all profiles are weakly expressed, mus-
cles are poorly developed (1 point).

The development of the fat cover was
classified on a 5-point scale: low — almost no
fat coating (1 point); minor - slight fat coat-
ing, muscles are visible almost throughout the
carcass (2 points); medium - almost the entire
carcass is covered with fat, fat accumulation
is in the thoracic part (3 points); high - the
carcass is covered with fat, fat accumulation
in the thoracic and shoulder parts (4 points);
very high - the entire carcass is covered with
fat without gaps, large accumulation of fat in
the thoracic part (5 points).

After sawing the carcasses in half, the half
carcasses were cut between the 12" and 13" rib.
The length and depth of the “muscle eye” of m.
longissimus dorsi were measured with a ruler.
The area of the “muscle eye” was calculated in
accordance with the order of the Ministry of
Agrarian Policy of Ukraine No. 290 (2004) us-
ing the formula (1):

S=LxDx0.8, (D

where S is the area of the “muscle eye”, cm 2;
L is the length of the “muscle eye”, cm; D is the
depth of the “muscle eye”, cm; 0.8 is the coef-
ficient. The colour of muscle and adipose tis-
sue was determined using a scale from 1 to 7
according to the method (JMGA, 2000). Accord-
ing to JMGA (2000), the degree of marbling of
m. longissimus dorsi was assessed on a 12-point
scale (Table 1). According to the marbling,
carcasses (n=9) with a marbling score of 1 to
2 points were assigned to the first group, and
carcasses (n=17) with a marbling score of 3 to
5 points were assigned to the second group.
Using Microsoft Excel 2016, statistical analy-
sis was performed to determine the arithmetic
mean, its error, and the reliability criterion.
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Table 1. Classification of beef marbling

Quality grade Parameters (:1f1 ::liﬂﬂ;nsgt :Eggfl; - BMS (beef
5 — excellent from No. 8 to No. 12

4 - good from No. 5 to No. 7

3 — average from No. 3 to No. 4

2 - below average No. 2

1 - unsatisfactory No. 1

Source: authors’ development based on the data of JMGA (2000)

All the manipulations during this study
were carried out taking into account the basic
principles of bioethics, in accordance with the
Law of Ukraine No. 3447-IV “On the Protection
of Animals from Cruelty” (2006) and the Euro-
pean Convention for the Protection of Verte-
brate Animals used for Experimental and Other
Scientific Purposes (1986).

Results and Discussion
The assessed marbling of the beef ranged from
unsatisfactory (1 point) to good (5 points).
The average grade was 4 points. In carcasses
with medium and good (3 to 5 points) classes

of marbling of m. longissimus dorsi, compared
to unsatisfactory and below average (1 to
2 points) marbling, such signs as the relative
amount of second-grade muscle tissue by 6.5
points and bone by 2.5 points were signifi-
cantly (P<0.01) higher (Table 2). As indicated
in their work E. Pena-Gonzalez et al. (2020),
marbling (fat in the middle of the muscle) in
cattle matures late. It becomes noticeable after
the formation of other fat depots. According to
S. Sugii et al. (2022), fat is first formed around
the internal organs in the abdominal cavity,
then under the skin, between and in the middle
of the muscles (marbling).

Table 2. Indicators of carcass morphological composition in crossbred bull calves based
on different marbling classes of m. longissimus dorsi, M+ m

Class of marbling, points

Trait from 1to 2 (n=9) from 3to 5 (n=17)
Pre-slaughter live weight, kg 400+£7.3 410+£8.3
Carcass weight (slaughter), kg 184+5.7 183+3.5
Slaughter yield (carcass), % 46.0+0.16 44.6+0.11%*
Muscle tissue, kg 129.3+4.35 130.9£2.76
Muscle tissue, % 70.3+0.71 71.5+0.71
Including higher grade, kg 31.7£2.27 27.0+1.01
Including higher grade, % 24.5%0.74 20.6+0.65*
First grade, kg 62.1%2.40 59.4%1.26
First grade, % 48.0+0.54 45.4+0.20*
Second grade, kg 35.5%1.54 44.5+1.46*
Second grade, % 27.5+1.00 34.0%0.77**
Adipose tissue, kg 11.1+1.17 5.2+0.64*
Adipose tissue, % 6.0+0.19 2.9%0.14%**
Tendons and ligaments, kg 3.3%£0.39 2.1%£0.16
Tendons and ligaments, % 1.8+0.13 1.2£0.13*
Bones, kg 40.3+1.16 44.6+0.69
Bones, % 21.9%0.31 24.4%0.27**

Note: *P<0,05; **P<0,01
Source: authors’ development
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The increase in the absolute and relative
amount of muscle tissue classified as the sec-
ond grade with better marbling development
can be explained by the fact that it also in-
cludes fat located between the muscles, which
was released during tenderisation. When the
marbling score was 3-5 points, the slaugh-
ter yield was significantly (P <0.01) lower (by
1.4 points). A decrease in the percentage of
carcass yield with an increase in the marbling
class of beef was also proven in previous stud-
ies (Greenwood, 2021). This is due to the fact
that at meat processing plants, when process-
ing beef with better marbling, processors re-
move excess fat deposited in the body under
the skin from animals. Therefore, the increase
in adipose tissue under the skin, which has a
low market value, is considered waste from
beef production (Yamada et al., 2020).

The relative content of muscle tissue of
the higher and first grades, as well as tendons
and ligaments, was significantly (P <0.05) lower
by 3.9 points, 2.6 and 0.6 points, respectively,
with medium and good (3 to 5 points) marbling
degree. The absolute amount of adipose tissue
in the carcass was 2.1 times higher (P < 0.05)
with unsatisfactory and below average (1 and
2 points) degrees of marbling of m. longissi-
mus dorsi. In dairy cattle, the deterioration of
carcass quality traits with an increase in the

degree of marbling was noted in the studies by
S. Liu et al. (2024). Because of this, the authors
believe that beef producers should not breed
dairy cattle with a high content of fatty tissue
in the middle of the muscles, either by genetic
selection or by adjusting diets.

The average and good (3 to 5 points) class
of marbling of m. longissimus dorsi significant-
ly (P<0.01) improved the conformation (meat-
iness) of carcasses by 33.3% compared to the
unsatisfactory and below average (2 points)
class of marbling (1 point) (Table 3). Evaluat-
ing the quality attributes of carcasses accord-
ing to the EC Standard (2008), similar results
were also obtained in the studies of L. Schulz
& A. Sundrum (2020). According to their data,
the correlation is stronger between beef mar-
bling and carcass conformation than with the
development of fatty tissue. The conforma-
tion of cattle carcasses is a breed factor and
depends on the interaction between the gen-
otype of the animals and their growth charac-
teristics. With an average and good assessment
(from 3 to 5 points) of the level of marbling of
m. longissimus dorsi compared to unsatisfac-
tory and below average (1 and 2 points), the
development of fatty tissue on the carcass was
significantly (P <0.05) 31.8% higher and there
was a tendency to better thickness (28.6%) of
subcutaneous adipose tissue.

Table 3. Qualitative traits of bull carcasses according to different marbling classes
of m. longissimus dorsi, M+ m

Traits
Assessment of Colour of

marbling class Development | Thickness of | Colour of . Area

m. Iorggiss_imus con(f:::;?;tsion of adipose subcutaneous muscle fatgrl ttlﬁzue of the
dorsi, points oints ’ coating, adipose tissue, carcass “muscle
p points tissue, cm points points’ eye”, cm?
fro(‘;‘j;)o 2 2.4+0.13 2.2+0.11 0.7+0.07 | 49008 | 44+0.18 | 88.9%534
fr‘(’;;lj;‘)’ 5 3.2£0.09%* | 2.9%0.21* 0.9%0.10 | 54%0.12* | 4.6%0.13 |72.6%4.99

Note: *P<0,05; **P<0,01
Source: authors’ development
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The development of adipose tissue is used
to classify, grade and describe the value of car-
casses for the meat industry (Brito et al., 2024).
According to M. Ju et al. (2024), fatty tissue has
both negative and positive effects on beef quali-
ty. It protects the carcass from moisture loss dur-
ing evaporation, which leads to increased meat
toughness, and is less desirable because it leads
to a decrease in slaughter yield, muscle eye area,
and water retention capacity of meat (Kruk et
al., 2024). Therefore, for high productivity and
meat quality, the thickness of fatty tissue under
the skin for bulls should be 8.0 mm (Zurbrig-
gen et al., 2024). In addition, the quality of meat
from cattle depends not only on the amount
and thickness of adipose tissue under the skin,
but also on its content in the muscles, the
breed of animals, growth rate, and inbreeding.

With medium and good grades (3 to
5 points) of marbling compared to unsatisfac-
tory and below average grades, there is a ten-
dency to reduce the area of the “muscle eye”
of m. longissimus dorsi by 22.5%. This indicates
that with more inclusions of adipose tissue in
the m. longissimus dorsi, its growth slows down,
and therefore the carcass contains less valua-
ble edible parts, including the highest and first
grade of muscle tissue. The m. longissimus dor-
si muscle is located in sections (thoracic and
lumbar) that occupy a significant proportion
of the carcass.

Carcass cuts with a higher marbling content
have better flavour characteristics (O’Quinn et
al., 2024). Therefore, due to the deterioration in
the yield of valuable cuts, it is not possible to
use the values of the marbling class of m. lon-
gissimus dorsi to predict the production of the
highest and first grades of beef in the carcasses
of bulls from Ukrainian dairy cows and Holstein
bulls at the age of 20-22 months. The highest
grade of marbling of muscle tissue was signifi-
cantly (P <0.05) better by 10.2% and there was
a tendency to improve the colour of subcutane-
ous fat tissue. The colour of muscle and adipose
tissue is an indicator of beef freshness. Yellow

adipose tissue is negatively assessed in many
countries around the world.

Thus, with the best evaluation of carcass-
es according to marbling classes, many quan-
titative and qualitative characteristics of beef,
in particular the content of muscle tissue of
the highest and first grades, the area of the
“muscle eye” m. longissimus dorsi, are worse in
20-22-month-old bulls from Ukrainian Black-
and-White dairy cows and Holstein bulls. There-
fore, improving the quality of beef by regulating
the formation of its marbling in cattle remains
problematic and expensive for a number of rea-
sons. First of all, there are no breeds in Ukraine
that have an optimal intramuscular fat content
(marbling). Thus, according to ]. Thompson
(2004), for good sensory properties, its amount
in the muscles should be 15-17%.

According to S. Raza et al. (2019), the black
Wagyu cattle breed in Japan has the highest
amount of adipose tissue (over 30%) in the mid-
dle of the muscles. In Korea, the Hanwu breed
ranks second in this respect. Among European
breeds, Aberdeen Angus cattle have the best
concentrations of intramuscular fat and sensory
properties (Bure$ & Barton, 2018). In Ukraine,
beef from Wagyu and Hanwu cattle is not pro-
duced because they are not available. The exist-
ing Aberdeen Angus breed is not a purebred of
Scottish origin, but a hybrid (Aberdeen Angus
x Black and White Holstein) bred from embry-
os imported from the United States. As L. Mu-
eller et al. (2019) found, heifers and cows have
more adipose tissue in their bodies than bull
calves. And scientists E. Kul et al. (2019) indi-
cate that castration of bull calves increases the
deposition of adipose tissue inside the muscles.

Beef from uncastrated bull calves is of
poorer quality and is valued less by consum-
ers (Terevinto et al., 2020; Nechyporenko et
al., 2024). In Ukraine, bull calves are rated the
best and heifers the worst when delivered to
meat processing plants. Since bull calves are
not castrated at a young age on private farms,
they are hardly ever sold. Not beef, but mainly
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veal, which has virtually no intramuscular fat, is
sold on the markets. Marbling of beef is better in
adult animals and at higher live weight, which
makes it more expensive to produce (Hudson et
al., 2020). Animals consume 2.25 times more
feed nutrients for the formation of adipose
tissue than for the growth of carcass muscles.
Excess energy supplied to animals in the late
fattening period significantly reduces the ef-
fectiveness of feed by reducing its digestibility,
increasing the amount of fat waste and wors-
ening the efficiency of livestock management.

I. Randhawa et al. (2021) found that the
deposition of adipose tissue in cattle muscles is
promoted by feeding them concentrated feeds
with a high energy content. However, when
animals are raised on concentrated feed, beef
has lower levels of mono- and polyunsaturat-
ed fatty acids than those fed on grass pastures.
Grazing increases the content of unsaturated
fatty acids in the muscles and produces various
aldehydes, ketones, alcohols, esters and car-
boxylic acids that contribute to the flavour and
extraordinary juiciness of beef. The processor
does not pay the producer for the significant
amount of fatty tissue removed from carcass-
es that are cut off at high fatness. Payment is
made only for the slaughter weight (carcass).
According to Y. Li et al. (2020), during the life
of cattle, intramuscular fat reduces lipogen-
esis and increases the activity of the enzyme
cholesterol-25 hydroxylase, which is synthe-
sised from glucose carbon, not acetate, during
intensive fattening after the accumulation of
“excess” fat between the muscles.

The marbling of beef can be determined in
several ways: subjectively by visual inspection,
using special equipment, and by chemical anal-
ysis. Since the structure of marbling is complex
and there are no clear boundaries between each
class, it is almost impossible to accurately as-
sess the content of adipose tissue in the mid-
dle of the muscles visually. The determined fat
content by chemical means does not coincide
with the visual assessment of marbling, as it

Animal Science and Food Technology. 2025. Vol. 16, No. 1

can detect deposits of fatty inclusions that are
not visible during visual examination. In live
animals, the number of marbling particles in
the muscle, including the percentage and their
average size, can be determined by computer
image analysis (Giaretta et al., 2018). The use
of ultrasound for this purpose requires sophis-
ticated equipment, its periodic calibration and
adherence to standardised protocols for scan-
ning and interpreting the images.

In this regard, the question arises of further
research to solve the problem of combining the
quality of beef with the quality characteristics
of carcasses of dairy and dairy-meat breeds,
which are fed in large quantities for slaughter.
In the future, researchers should focus on de-
termining the marbling of beef using ultrasonic
devices to establish links between it and carcass
quality traits in beef cattle, as this will improve
its visual and sensory quality. In Ukraine, re-
search should be conducted to determine the
optimal management factors for the cultiva-
tion of cattle of common breeds to achieve a
compromise between the marbling of beef and
its technological, sensory characteristics and
chemical composition.

Conclusions
The obtained results of the study indicated a
multifaceted influence of marbling of beef on
its qualitative and quantitative characteristics
in crossbred bull calves. It was established that
in 20-22-month-old bull calves of Ukrainian
Black-and-White and Holstein dairy breeds,
the marbling score ranges from unsatisfactory
class (1 point) to good (5 points). At the aver-
age and good (from 3 to 5 points) classes of
marbling development of m. longissimus dor-
si, the relative content of muscle tissue of the
highest (by 3.9 points) and first (by 2.6 points)
grades, tendons and ligaments (by 0.6 points)
was significantly (P <0.05) lower in the carcass,
and there was a tendency (by 22.5%) to deteri-
orate the area of the “muscle eye”. With a bet-
ter (3 to 5 points) assessment of the marbling
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of the longissimus dorsi compared to classes
from 1 to 2 points, the conformation (meat-
iness) of carcasses significantly increased by
33.3% (P<0.01), the bone content by 2.5 points
(P £0.01), the development of fatty tissue by
31.8% (P<0.05) and the intensity of muscle tis-
sue colour (by 10.2%; P <0.05). At an increased
level (3-5 points) of marbling compared to its

management practices for growing and fatten-
ing cattle for the production of beef that com-
bines quantitative and qualitative traits and
is attractive to buyers for marbling and justify
proposals for the introduction of a national
standard for carcass evaluation based on mar-
bling to support the livestock economy.

score of 1-2 points, there was a tendency to in- Acknowledgements
crease the thickness of the fatty layer by 28.6%  None.
and its colour by 4.5%.
Thus, achieving an optimal balance be- Funding
tween marbling and other quality character- None.
istics of beef is an important task for breeders
and producers. In the future, Ukraine should Conflict of Interest
investigate the factors that determine effective ~ None.
References

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

Brito, G., Soares de Lima, J.M., del Campo, M., Luzardo, S., Correa, D., & Montossi, F. (2024).
The implementation of grading systems for beef carcass value differentiation: The Uruguayan
experience. Animal Frontiers, 14(2), 29-34. doi: 10.1093/af/vfae004.

Bures, D., & Barton, L. (2018). Performance, carcass traits and meat quality of Aberdeen Angus,
Gascon, Holstein and Fleckvieh finishing bulls. Livestock Science, 214, 214-237. doi: 10.1016/j.
livsci.2018.06.017.

Cardenas, E., Tabory, E., Sanchez, A., & Kemper, G. (2024). An electronic equipment for
marbling meat grade detection based on digital image processing and support vector
machine. Journal of the Saudi Society of Agricultural Sciences, 23(7), 459-473. doi: 10.1016/j.
jssas.2024.05.001.

Commission Regulation (EC) No. 1249/2008 Laying Down Detailed Rules on the Implementation
of the Community Scales for the Classification of Beef, Pig and Sheep Carcasses and the
Reporting of Prices Thereof. (2008, December). Retrieved from https://surl.li/gevvcg.
Drachmann, F.F., Christensen, M., Esberg, J., Lauridsen, T., Fogh, A., Young, J.F., & Therkildsen,
M. (2024). Beef-on-dairy: Meat quality of veal and prediction of intramuscular fat using the
Q-FOM™ Beef camera at the 5™ 6 thoracic vertebra. Meat Science, 213, article number 109503.
doi: 10.1016/j.meatsci.2024.109503.

DSTU 4673:2006. (2011). Cattle for slaughter. Technical conditions. Retrieved from https://
online.budstandart.com/ua/catalog/doc-page?id doc=91492.

Erena, T., Belay, A., Hailu, D., Asefa, B.G., Geleta, M., & Deme, T. (2024). Modeling
of Ethiopian beef meat marbling score using image processing for rapid meat grading. Journal
of Imaging, 10(6), article number 130. doi: 10.3390/jimaging10060130.

European Convention for the Protection of Vertebrate Animals used for Experimental and
Other Scientific Purposes. (1986, March). Retrieved from https://rm.coe.int/168007a67b.
Gagaoua, M., Bonnet, M., & Picard, B. (2020). Protein array-based approach to evaluate
biomarkers of beef tenderness and marbling in cows: Understanding of the underlying
mechanisms and prediction. Foods, 9(9), article number 1180. doi: 10.3390/foods9091180.

Animal Science and Food Technology. 2025. Vol. 16, No. 1



https://doi.org/10.1093/af/vfae004
https://doi.org/10.1016/j.livsci.2018.06.017
https://doi.org/10.1016/j.livsci.2018.06.017
https://doi.org/10.1016/j.jssas.2024.05.001
https://doi.org/10.1016/j.jssas.2024.05.001
https://publications.europa.eu/en/publication-detail/-/publication/9716803a-8887-4956-9877-629031ec7723/language-en%2023.11.2018
https://doi.org/10.1016/j.meatsci.2024.109503
https://online.budstandart.com/ua/catalog/doc-page?id_doc=91492
https://online.budstandart.com/ua/catalog/doc-page?id_doc=91492
https://doi.org/10.3390/jimaging10060130
https://rm.coe.int/168007a67b
https://doi.org/10.3390/foods9091180

34

Characteristics of beef traits in crossbred bulls with different...

[10] Giaretta, E., Mordenti, A.L., Canestrari, G., Brogna, N., Palmonari, A., & Formigoni, A. (2018).
Assessment of muscle Longissimus thoracis et lumborum marbling by image analysis and
relationships between meat quality parameters. PLoS One, 13(8), article number e0202535.
doi: 10.1371/journal.pone.0202535.

[11] Greenwood, P.L. (2021). Review: An overview of beef production from pasture and feedlot
globally, as demand for beef and the need for sustainable practices, increase. Animal, 15(1),
article number 100295. doi: 10.1016/j.animal.2021.100295.

[12] Hudson, N.J., Reverter, A., Griffiths, W.]., Yutuc, E., Wang, Y., Jeanes, A., McWilliam, S.,
Pethick, D.W., & Greenwood, P.L. (2020). Gene expression identifies metabolic and functional
differences between intramuscular and subcutaneous adipocytes in cattle. BMC Genomics,
21(1), article number 77. doi: 10.1186/512864-020-6505-4.

[13] Japan Meat Grading Association (JMGA). (2000). Beef carcass grading standard. Retrieved from
https://twinwoodcattle.com/sites/default/files/publications/2017-06/TWRA120_Japan_Beef_
Carcass_Grading Standard.pdf.

[14] Ju,M.S.,Jo,Y.H.,Kim,Y.R.,Nejad,].G.,Lee,].G., & Lee, H.G. (2024). Supplementation of complex
natural feed additive containing (C. militaris, probiotics and red ginseng by-product) on
rumen-fermentation, growth performance and carcass characteristics in Korean native steers.
Frontiers in Veterinary Science, 10, article number 1300518. doi: 10.3389/fvets.2023.1300518.

[15] Korea Institute for Animal Products Quality Evaluation (KAPE). (2019). Livestock
products  grading.  Retrieved  from  https:/www.ekape.or.kr/english/contents/list.
do?menuld=menu156582 &boardInfoNo.

[16] Kruk,O.,Ugnivenko,A.,Nosevych,D.,Natalich, O., Gruntkovskyi, M., Kharsika,I., Androshchuk,
0., & Stetsiuk, I. (2024). The effect of the carcass fat thickness on the qualitative technological
and sensory attributes of beef. Potravinarstvo Slovak Journal of Food Sciences, 18, 977-992.
doi: 10.5219/2021.

[17] Kul, E., Sahin, A., Aksoy, Y., & Ugurlutepe, E. (2019). The effects of slaughter weight on
chemical composition, physical properties, and fatty acid profile of musculus longissimus
dorsi in Holstein bulls. Tropical Animal Health and Production, 52(1), 159-165. doi: 10.1007/
$11250-019-01996-x.

[18] Law of Ukraine No. 3447-IV “On the Protection of Animals from Cruelty”. (2006, February).
Retrieved from https://zakon.rada.gov.ua/laws/show/3447-15#Text.

[19] Li, Y., Cheng, G., Yamada, T., Liu, J., Zan, L., & Tong, B. (2020). Effect of expressions and
SNPs of candidate genes on intramuscular fat content in Qinchuan cattle. Animals, 10(8),
article number 1370. doi: 10.3390/ani10081370.

[20] Liu, S., Yang, Y., Luo, H., Pang, W., & Martin, G.B. (2024). Fat deposition and partitioning
for meat production in cattle and sheep. Animal Nutrition, 17, 376-386. doi: 10.1016/].
aninu.2024.03.003.

[21] Martin, N.P., Schreurs, N.M., Morris, S.T., Lopez-Villalobos, N., McDade, J., & Hickson, R.E.
(2022). Meat quality of beef-cross-dairy cattle from Angus or Hereford sires: A case study in a
pasture-based system in New Zealand. Meat Science, 190, article number 108840.doi: 10.1016/j.
meatsci.2022.108840.

[22] Meat Standards Australia (MSA). (2015). Retrieved from https://www.mla.com.au/globalassets/
mla-corporate/marketing-beef-and-lamb/documents/meat-standards-australia/msa-sheep-

brochure web.pdf.

Animal Science and Food Technology. 2025. Vol. 16, No. 1



https://doi.org/10.1371/journal.pone.0202535
https://doi.org/10.1016/j.animal.2021.100295
https://doi.org/10.1186/s12864-020-6505-4
https://twinwoodcattle.com/sites/default/files/publications/2017-06/TWRA120_Japan_Beef_Carcass_Grading_Standard.pdf
https://twinwoodcattle.com/sites/default/files/publications/2017-06/TWRA120_Japan_Beef_Carcass_Grading_Standard.pdf
https://doi.org/10.3389/fvets.2023.1300518
https://www.ekape.or.kr/english/contents/list.do?menuId=menu156582&boardInfoNo
https://www.ekape.or.kr/english/contents/list.do?menuId=menu156582&boardInfoNo
https://doi.org/10.5219/2021
https://doi.org/10.1007/s11250-019-01996-x
https://doi.org/10.1007/s11250-019-01996-x
https://doi.org/10.3390/ani10081370
https://doi.org/10.1016/j.aninu.2024.03.003
https://doi.org/10.1016/j.aninu.2024.03.003
https://doi.org/10.1016/j.meatsci.2022.108840
https://doi.org/10.1016/j.meatsci.2022.108840
https://www.mla.com.au/globalassets/mla-corporate/marketing-beef-and-lamb/documents/meat-standards-australia/msa-sheep-brochure_web.pdf
https://www.mla.com.au/globalassets/mla-corporate/marketing-beef-and-lamb/documents/meat-standards-australia/msa-sheep-brochure_web.pdf
https://www.mla.com.au/globalassets/mla-corporate/marketing-beef-and-lamb/documents/meat-standards-australia/msa-sheep-brochure_web.pdf

Kruk & Uhnivenko

35

[23] Mueller, L.F., Balieiro, J.C.C., Ferrinho, A.M., da Silva Martins, T., da Silva Corte, R.R.P., de
Amorim, T.R., de Jesus Mangini Furlan, J., Baldi, F., & Pereira, A.S.C. (2019). Gender status
effect on carcass and meat quality traits of feedlot Angus x Nellore cattle. Animal Science
Journal, 90(8), 1078-1089. doi: 10.1111/asj.13250.

[24] Nechyporenko, O., Kryvenko, N., Liudvenko, D., Rud, V., & Nosenko, Yu. (2024). Status and
prospects of beef and veal production in Ukraine in the context of international economic
integration. Scientific Horizons, 27(2), 154-169. doi: 10.48077/scihor2.2024.154.

[25] O’Quinn, T.G., Legako, ].F., Woerner, D.R., Kerth, C.R., Nair, M.N., Brooks, J.C., Lancaster, ].M.,
& Miller, R.K. (2024). A current review of U.S. beef flavor II: Managing beef flavor. Meat Science,
209, article number 109403. doi: 10.1016/j.meatsci.2023.109403.

[26] Order of the Ministry of Agricultural Policy of Ukraine No. 290 “On Approval of the Instructions
for Assessing Boars and Sows for the Quality of Offspring in the Conditions of Specialised
Control and Testing Stations”. (2004, August). Retrieved from https://zakononline.com.ua
documents/show/250143__ 250208.

[27] Otto, J.R., Mwangi, F.W., Pewan, S.B., Adegboye, O.A., & Malau-Aduli, A.E.O. (2024). Muscle
biopsy long-chain omega-3 polyunsaturated fatty acid compositions, IMF and FMP in
Australian pasture-based Bowen Genetics Forest Pastoral Angus, Hereford, and Wagyu beef
cattle. BMC Veterinary Research, 20, article number 95. doi: 10.1186/s12917-024-03906-2.

[28] Pena-Gonzalez,E., Alarcon-Rojo, A.D., Garcia-Galicia, I., Carrillo-Lopez, L., & Huerta-Jimenez,
M. (2020). Ultrasound as a potential process to tenderize beef: Sensory and technological
parameters. Ultrasonics Sonochemistry, 53, 134-141. doi: 10.1016/j.ultsonch.2018.12.045.

[29] Randhawa, I.A.S., McGowan, M.R., Porto-Neto, L.R., Hayes, B.]., & Lyons, R.E. (2021).
Comparison of genetic merit for weight and meat traits between the polled and horned cattle
in multiple beef breeds. Animals, 11(3), article number 870. doi: 10.3390/ani11030870.

[30] Raza, S.H.A., Khan, R., Abdelnour, S.A., Abd El-Hack, M.E., Khafaga, A.F., Taha, A., Ohran, H.,
Mei, C., Schreurs, N.M., & Zan, L. (2019). Advances of molecular markers and their application
for body variables and carcass traits in Qinchuan cattle. Genes, 10(9), article number 717.
doi: 10.3390/genes10090717.

[31] Schulz, L., & Sundrum, A. (2020). Determining relationships between marbling scores and
carcass yield traits of German beef bull carcasses using video-image analysis at the 12* and
10 rib position of Longissimus thoracis and EUROP classification. Applied Sciences, 11(1),
article number 269. doi: 10.3390/app11010269.

[32] Sugii, S., Wong, C.Y.Q., Lwin, A.K.O., & Chew, L.J.M. (2022). Reassessment of adipocyte
technology for cellular agriculture of alternative fat. Comprehensive Reviews in Food Science
and Food Safety, 21(5), 4146-4163. doi: 10.1111/1541-4337.13021.

[33] Terevinto, A., Saadoun, A., & Cabrera, M.C. (2020). From the fatty acid content perspective, is
it healthier to eat a hindquarter or a forequarter cut? Angus steers in pasture or concentrate
systems. CyTA — Journal of Food, 18(1), 698-703. doi: 10.1080/19476337.2020.1843543.

[34] Thompson, J.M. (2004). The effects of marbling on flavour and juiciness scores of cooked beef,
after adjusting to a constant tenderness. Australian Journal of Experimental Agriculture, 44(7),
645-652. doi: 10.1071/EA02171.

[35] United States Department of Agriculture (USDA). (2000). United States standards for grades
of feeder cattle. Retrieved from https://www.ams.usda.gov/sites/default/files/media/Feeder_

Cattle Standard%5B1%5D.pdf.

Animal Science and Food Technology. 2025. Vol. 16, No. 1



https://doi.org/10.1111/asj.13250
https://doi.org/10.48077/scihor2.2024.154
https://doi.org/10.1016/j.meatsci.2023.109403
https://zakononline.com.ua/documents/show/250143___250208
https://zakononline.com.ua/documents/show/250143___250208
https://doi.org/10.1186/s12917-024-03906-2
https://doi.org/10.1016/j.ultsonch.2018.12.045
https://doi.org/10.3390/ani11030870
https://doi.org/10.3390/genes10090717
https://doi.org/10.3390/app11010269
https://doi.org/10.1111/1541-4337.13021
https://doi.org/10.1080/19476337.2020.1843543
https://doi.org/10.1071/EA02171
https://www.ams.usda.gov/sites/default/files/media/Feeder_Cattle_Standard%5B1%5D.pdf
https://www.ams.usda.gov/sites/default/files/media/Feeder_Cattle_Standard%5B1%5D.pdf

36 Characteristics of beef traits in crossbred bulls with different...

[36] Winebold, D.M., Tollefson, R.L., Deaton, C., King, A., Case, R., Robertson, J., Church, E.R., &
Holder, A. (2024). PSV-1 A comparison of Holstein-cross cattle and beef-cross cattle in terms
of performance and carcass quality. Journal of Animal Science, 102(2), 270-271. doi: 10.1093/
jas/skae102.307.

[37] Yamada, T.,Kamiya, M., & Higuchi, M. (2020). Fat depot-specific effects of body fat distribution
and adipocyte size on intramuscular fat accumulation in Wagyu cattle. Animal Science Journal,
91(1), article number e13449. doi: 10.1111/asj.13449.

[38] Zurbriggen, G.A., Maglietti, C.S., Pouzo, L.B., Testa, M.L., Riffel, S.L., Elizalde, ].C., & Pavan,
E. (2022). Extending the feeding period beyond 8.0 mm of subcutaneous fat reduces feed
efficiency without improving meat colour and tenderness of non-implanted feedlot steers.
Journal of Animal and Feed Sciences, 31(4), 360-370. doi: 10.22358/jafs/151153/2022.

Animal Science and Food Technology. 2025. Vol. 16, No. 1



https://doi.org/10.1093/jas/skae102.307
https://doi.org/10.1093/jas/skae102.307
https://doi.org/10.1111/asj.13449
https://doi.org/10.22358/jafs/151153/2022

Kruk & Uhnivenko

37

XapaKkTepHCTHKA O3HAK AJOBUYHUHH Y IOMiCHUX Oyrauiis
3a pi3HOI BUPA’KEeHOCTi Ii MapMypOBOCTi

Onsra Kpyk

KaHuaupar ciibCbKOTOCIIOAAPChKUX HAYK, TOKTOPAHT

HarnionanpHuit yHiBepcuTeT 6iopecypcis i mpupomokopucTyBaHHs YRpainm
03041, Byn. l'epoiB O6opoun, 15, m. Kuis, Ykpaina
https://orcid.org/0000-0001-9975-8994

AHaToJtii1 YTHiBeHKO

IIoKTOP CiTbCbKOTOCTIOAPCHKUX HAYK, ITpodecop

HarrionanbpHMiT yHiBepcUTeT 6iopecypciB i mpupomoKopucTyBaHHS YKpainm
03041, Byn. T'epoiB O6oponu, 15, M. Kuis, Yrpaina
https://orcid.org/0000-0001-6278-8399

AHoTanis. MeTo JaHOTO eKCITeEPMMEHTATbHOTO JOCTiIKeHHS 6Y/I0 OXapaKTepu3yBaTy KiJIbKicHi
Ta SAKiCHi O3HAKM STIOBUYMHM Yy HAii6GiNbII PO3MOBCIOMKEHNX B YKpaiHi MOMiCHMX TBapMH Bif
YKpaiHCbKOi YOPHO-PsI601 MOIOYHOI Ta TOMIITMHCBKOI Xymo6yM 3a pi3HOrO Kiaacy BMPakKeHOCTi
MapmypoBocTi m. longissimus dorsi. MaTepiaaom [ijis poBeleHHST JOCTiIKEHHS TTOCTYXXWIN 26 TYIIT
Bif 20-22-MicssuyHMX GyraiiliB dhepMepchbKoro rocmogapcrsa «KypaByuikar, o0 po3TalioBaHe Y
BpoBapchkomMy paiioni KuiBchkoi o6acti, Ykpaina. OuiHmay MmapMypoBicTb m. longissimus dorsi
BimmoBigHO mo craHmapty JMGA (2000) Ta BM3HaumIM MOPQOJIOTiUHMI CKIam i SKiCHI O3HAKMU
Tyur. OTpuMaHi pe3ynbTaTy 3aCBigumiIn, 10 3a CepeJHbOTO Ta Jo6poro (Bim 3 mo 5 6aiiB) Kmacy
MapMypOBOCTi TTPOAOBIYBATOTO M’sI3a Yy TyllaxX Oyau GibliMMu, HiXXK 3a HE3aJOBiTbHOTO Ta
HIDKYE CepefHbOTro OIiHIoBaHHS (y 1 Ta 2 6amu), BMiCT M’130BOi TKAHMHU APYTOro COPTY — Ha
6,5 mynkra (P<0,01), KicToxk — Ha 2,5 myHkra (P <0,01), Ta Kpaile po3BMHEHOI0 KOH(POpMaIli€to Tyt
(M’sicuctictp) Ha 33,3 % (P<0,01), po3BUTOK ii MOKPUBY KMPOBOIO TKAHMHOIO — Ha 31,8 % (P<0,05) i
Komip Mm’s13iB — Ha 10,2 % (P <0,05). 3a Bumoro (i 3 1o 5 6asiB) Ki1acy MapMypOBOCTi SUTOBUUMHU Y
Hiii BiporimHo (P<0,05) MeHImMMY 6y BMiCT M $130BOi TKAHMHY BUIIIOTO (Ha 3,9 MTyHKTA) i epIioro
(Ha 2,6 TIYHKTa) COPTiB, Ta PO3Mip IUIOIIi «M’SI30BOTO Biuka» — Ha 22,5 % (Pi3HUIIS CTATUCTUYIHO
He BiporimHa). 3a ypaxyBaHHs BipoTigHOi pi3HUIIi B 03HaKax 3a6010 3aJ€KHO Bil MapMypOBOCTi
SUTOBUYMHU OTPMMaHi JaHi MOXIMBO BUKOPUCTOBYBATU MJisI TMIPOTHO3YBAHHS B TyIIaX BMICTy
TeBHUX COPTIB i SIKICHMX O3HAK M’SI30BOi TKAHMHM y MOMiCHMUX OYraifiliB BiJj Xymo6yu MOJIOUYHMUX
TIOPiJ] yKPaiHCbKOi YOPHO-PsI60i Ta TOMIITUHCHKOT

KmiouoBi cimoBa: KkoHdopmalis (MSCUCTICTb) TyII; MapMypOBiCTh SUIOBUUMHM; M SICHA
MPOIYKTUBHICTD; XapaKTePUCTUKN M sICa; SIKiCHi 03HAKM TYII
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Abstract. The aim of the study was to identify changes in the intestinal immune system of broiler
chickens under the influence of a probiotic preparation based on Bacillus subtilis as a tool for
improving the technological results of rearing. Two experimental groups were formed: a poultry
house where the drugs were given according to the usual preventive programme (control) and
a poultry house where the probiotic preparation based on Bacillus subtilis “SVITECO-PWC” was
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given. Methods of the study were: pathomorphological examination (autopsy), microbiological
examination of broiler chickens, quantitative microbiological examination of the microflora of
the cecum, polymerase chain reaction in intestinal tissue and litter, biochemical examination
of blood serum parameters of broiler chickens, determination of interferon-a content in cells of
the 12t cecum and cecum, determination of E-cadherin content in samples of the 12* cecum.
Statistical analysis of production indicators: live weight, feed conversion, broiler liveability.
The necropsy results showed that the main disease of the poultry in both groups was erosive-
desquamative gastroenterocolitis, but the poultry in the experimental group showed a tendency
toless erosive damage to the small and large intestine; the number of E. coli bacteria in the cecum
of the experimental group was on average lower than in the control group, and the homogeneity
of the indicator was also higher in the experimental group; the use of probiotic mixture in
poultry contributed to a significant reduction in the number of Eimeria aservulina in the
intestines of broilers and enhanced the colonisation of the intestines by Clostridium perfringens,
which led to an increase in the number of the latter in the litter, improved protein metabolism
and the amount of interferon in the experimental group. The conclusions of the study were that
the addition of the probiotic to the preventive programme improved the intestinal immunity of

broilers and production performance

Keywords: broiler; Bacillus subtilis; intestinal immune system; microbiome

Introduction
The relevance of the study is driven by the need
to improve product quality amid growing de-
mand for safe and environmentally friendly
poultry meat, the main source of protein in
the human diet. The use of antibiotics in poul-
try farming, while contributing to increased
technological efficiency, has serious negative
consequences, including the development of
antibiotic resistance and residues in meat (Si-
renko et al., 2024). In this context, probiotic
preparations are a promising alternative that
can improve the intestinal immune system
of broiler chickens, increase resistance to in-
fections and ensure optimal rearing results
without compromising consumer health. The
use of antibiotics, according to R. Kulkarni et
al. (2022), causes resistance in both poultry
bacteria and resistance of bacteria that cause
infectious diseases in humans who eat poultry
meat that has been given antibiotics during the
growing process is a negative phenomenon in
veterinary medicine. The way out of this sit-
uation is to find alternatives to antibiotics in

poultry farming. As noted by M. Abd El-Hack et
al. (2020), acidifiers, vegetable oils and probi-
otics are an alternative to antibiotics.
According to E. Baéza et al. (2022),
S. Biswas et al. (2023), almost half of all animal
protein in food will be poultry meat in 2030.
And these data do not include the most af-
fordable animal protein — eggs. Infectious dis-
eases that are zoonotic anthroponoses require
constant veterinary control and necessitate the
search for means to contain constantly chang-
ing pathogens. Research has led to the fact
that since 2006, European countries have been
searching for drugs that will replace antibiot-
ics (Kramarenko et al., 2023). This method of
control is natural and cannot cause resistance
to the main pathogens of poultry production:
Salmonella, E. coli, campylobacteriosis, and oth-
ers. R. Jha et al. (2020) mention several probi-
otic cultures used in poultry production. Their
effectiveness depends on the concentration of
probiotics Lactobacillus, Bifidobacterium, Ente-
rococcus, Streptococcus, Bacillus, Pediococcus,
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as well as the frequency of their use to colo-
nise the intestines, respiratory tract and even
the premises where poultry are kept. According
to E. Oviedo-Ronddn (2019), J. Plaza-Diaz et
al. (2019), and D. Horyanto et al. (2024), the
use of probiotics has an effect that takes time
but has long-lasting indirect results. This is
the normalisation of the intestinal microflora —
the main factor in the formation of intestinal
immunity, the competition of safe probiotic
cultures that form natural and effective sym-
biotic interactions with the villi of the poultry
intestinal epithelium. Objective data of W. Kim
& H. Lillehoj (2019), J. Wang et al. (2022), and
S. Igbal et al. (2023) even indicate modelling
of the poultry immune system, improving the
number and effectiveness of cellular immunity
carried out through the organs of cellular im-
munity: the bursa and thymus. The way out of
the situation when it is necessary to look for
an alternative to drugs that inhibit the ability
of pathogens to multiply is microorganisms
that displace them and do not harm the host.

Inflammatory processes are triggered in re-
sponse to any type of health threat or microbial
infection or abnormalities in the functioning of
cells and tissues (Kirimbayeva et al., 2023). The
physical embodiment for detecting such reac-
tions in laboratory studies were the levels of
chemokines, interleukins, enzymes, antimicro-
bial peptides and other bioactive substances.
Lactobacillus acidophilus, Lactobacillus reuteri,
and Lactobacillus salivarius are the probiotic
bacteria species that, when introduced into the
poultry intestine, promoted the expression of
cytokine genes in the intestinal lymphatic tis-
sues (Bogatko & Utechenko, 2024).

These processes, which occurred and de-
veloped in the intestine, are directly related
to the level of immunity and the potential for
broiler growth and feed conversion. The gut can
be seen as a place of constant struggle for the
resources of active commensal or pathogen-
ic microorganisms. The immune system of the
poultry gut constantly responds to this struggle

Animal Science and Food Technology. 2025. Vol. 16, No. 1

by supporting commensal microorganisms and
fighting off microbes. Intestinal-associated
lymphoid tissue includes lymphoid cells, Meck-
el’s diverticulum, Peer’s spots, and cecal glands.
The immune response to pathogens consists
of a standard chain of receptor recognition of
the pathogen and the production of cytokines.
Probiotics entering the poultry intestine give
certain reactions: an increase in cytokines, the
number of T cells, the production of antibodies,
and the level of intestinal immune response.

The immune system of a poultry differs
from other immune systems by the presence of
tonsils and the glandular pouch or bursa (organs
associated with the ontogeny of T and B cells),
which are located directly next to the cloaca, the
last part of the intestine (Bogatko et al., 2024).
The presence of aggressive pathogens in the
poultry intestine leads to an increase in the
number of leukocytes. Conversely, the presence
of symbiotic microflora in the poultry intestine,
such as probiotic cultures, will allow the poultry
body not to waste energy resources on the pro-
duction of leukocytes, which was not necessary.

The Lactobacillus reuteri species has been
used since 1997 as an organism capable of pro-
ducing bacteriocins that prevent the develop-
ment of pathogens in the intestines of broilers.
The aim of the study was to identify patterns in
the changes in the broiler gut under the influ-
ence of a probiotic preparation.

Materials and Methods
The research was conducted on the basis of
two poultry houses of the Mykolaiv National
Agrarian University Educational and Research
Centre during the standard poultry rearing cy-
cle of 45 days in January-March 2024. For the
study, two groups of Ross 208 broiler chickens
were formed: a control group (poultry house
No. 1) and an experimental group (poultry
house No. 2). The poultry house has standard
lighting with an intensity of 25 lux. The lighting
programme provides for the absence of light
for a period of 7 to 30 days for 4 hours per day.
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The watering and feeding system are standard
Roxell equipment. The feed programme in both
poultry houses is the same, the company pro-
vides poultry with feed of its own production,
the composition of which is a trade secret. The
temperature, humidity, and ventilation system
are automatic. The bedding in both houses was
the same: sunflower processing waste (husk).
Laboratory studies were conducted at the
Mykolaiv National Agrarian University.

The control group received drugs during
the growing period according to a preventive
programme drawn up by veterinarians and ap-
proved by the university management. These
medicines include Lovit Va+ Se vitamin, Novion
acidifier, standard vaccines against infectious
bronchitis of chickens and Newcastle disease.
The experimental group received a course of
Lovit Va + Se vitamin, standard vaccines against
infectious bronchitis in chickens and Newcastle
disease, and a probiotic preparation “SVITE-
CO-PWC” (manufacturer — SIRION Limited Li-
ability Company) containing Bacillus subtilis.
Pathological examinations were performed to
identify intestinal lesions in both groups. The
autopsy was performed according to the follow-
ing scheme. Once a week, starting from day 14,
five dead broilers taken from the control house
and five dead broilers from the experimental
house were necropsied. The study lasted for
44 days, which is the time required to raise Ross-
208broilers.Pathological changeswererecorded.

Microbiological studies were carried out in
both research groups, these were quantitative
microbiological studies of the intestinal micro-
flora. To do this, at the end of the study, namely
at 44 days, five live chickens from the experi-
mental and five live chickens from the control
poultry house were randomly selected, then
killed in a humane manner and samples of the
intestinal microbiota were taken. The proce-
dure involved transporting the gut samples to
the laboratory and storing them at -80 °C until
DNA isolation. DNA was extracted using a Qia-
gen Powerlyzer kit (USA). The purpose of such

studies was to identify the number of E. coli
bacteria in the blind intestines, and to examine
the homogeneity and number of enterococci. A
microbiological examination of faeces and lit-
ter was also carried out. A polymerase chain re-
action (PCR) test was conducted to identify the
genetic material of infectious agents. Biochem-
ical studies of blood serum parameters of broil-
er chickens in the control and experimental
poultry houses were carried out. The purpose of
such studies is to identify trends or lack thereof
towards an increase in immunoglobulins in the
poultry of the experimental group. Immunob-
lotting studies were performed to determine
the content of interferon-a in the cells of the
12 duodenum and cecum.

All experimental studies were carried
out in accordance with modern methodo-
logical approaches and in compliance with
relevant requirements and standards, in par-
ticular, they meet the requirements of ISO/
IEC 17025:2017 (2017). The conditions of de-
tention and all manipulations were carried out
in accordance with the provisions of the Euro-
pean Convention for the Protection of Verte-
brate Animals Used for Experimental and Other
Scientific Purposes (1986).

The experimental component of the
“SVITECO-PWC” drug administration was the
method of administration and dose. The drug
was administered as follows: in the system of
watering lines using a mediator: concentration
of the working solution was 0.01% (1 litre of
drug per 10,000 litres of water). The stock solu-
tion was prepared in a clean container, the wa-
ter for dissolving the drug had a temperature of
25-40°C, but not higher than 50°C. The number
of E. coli bacteria in the ileum of broilers was
determined in colony forming units (CFU) by
Nitzsch. This method allowed indirectly deter-
mining the number of viable cells by counting
colonies in the culture medium or on its sur-
face. In general, this technique did not work in
the study by P. Cronin et al. (2021), when the
authors tested this indicator in the ileum, and
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not in the cecum, where more pronounced bio-
chemical processes are constantly taking place.

Therefore, it was the cecum that was studied.

Feed intake and control weighing was carried

out at the end of each feeding phase. Poultry
mortality was recorded daily. At the end of broil-
er rearing, production results were summarised
for the main biotechnological indicators in both
groups: conversion, preservation, live weight.

Results

Table 1. Pathomorphological study data of broilers

Feed conversion was calculated by dividing the
total amount of feed by the total weight gain.

The most affordable method of contin-
uous monitoring of changes in poultry con-
dition is necropsy of dead poultry from the
poultry houses under study. Necropsy data are
presented in Table 1.

Growing days 14 21 28 35 44
Chronic atrophic-
Vitelline hyperplastic Erosive- Lymphobhistiocytic Erosive-
1 eritonitis tracheitis. Erosive- desquamative infiltration of the desquamative
P desquamative gastroenterocolitis | liver portal tracts | gastroenterocolitis
gastroenterocolitis
Probable
Erosive- Erosive- colibacillosis.
2 Trauma desquamative desquamative Dystrophy, Ferrrllgcr?;skilgad
. gastroenterocolitis | gastroenterocolitis | Necrosis of the
Experimental femoral head
group Chronic atrophi i
S phic- Erosive-
3 \égtecl)lrllr&eizs hyperplastic desquamative Trauma Ferggcr?és};sead
P tracheitis gastroenterocolitis
Femoral head Chronic atrophic- Femoral head Lymphohistiocytic Femoral head
4 . hyperplastic - infiltration of h
necrosis e necrosis necrosis
tracheitis portal tracts
Femoral head Erosive- Lyr.nphohlgtlocytlc Erosive-
5 necrosis desquamative Trauma infiltration of desquamative
gastroenterocolitis portal tracts gastroenterocolitis
Chronic atrophic-
hyperplastic Erosive-
Vitelline tracheitis. Erosive- desquamative Probable Splenitis -
1 eritonitis desquamative gastroenterocolitis colibacillosis probable
p gastroenterocolitis. probable colibacillosis
Probable colibacillosis
colibacillosis
Chronic atrophic- Erosive-
I hyperplastic desquamative Splenitis erosive-
2 \e]gfcl)lrll?g s tracheitis. Erosive- | gastroenterocolitis c ollai{b(:abc?ﬁz)esi s desquamative
P desquamative probable gastroenterocolitis
gastroenterocolitis colibacillosis
Control Chﬁonlc a}rop.hlc— Eros
roup yperplastic rosive- . )
8 Vitelline tracheitis. Erosive- desquamative Probable Splenitis erosive-
3 eritonitis desquamative gastroenterocolitis colibacillosis desquamative
P gastroenterocolitis. probable gastroenterocolitis
Probable colibacillosis
colibacillosis
Erosive- Erosive- Aerosacculitis, Erosive-
4 \e/gtegrllrilteis desquamative desquamative aatstfearrrﬁ',rf]%e desquamative
P gastroenterocolitis | gastroenterocolitis p liver gastroenterocolitis
Inﬂeg??ﬁitlon Erosive- Erosive- A picture of a Erosive-
5 umbilical desquamative desquamative “starry sky” in the desquamative
ring gastroenterocolitis | gastroenterocolitis liver gastroenterocolitis

Source: created by the authors
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The main disease of the studied poultry
of both groups was erosive-desquamative gas-
troenterocolitis. The combined pathology was
chronic atrophic-hyperplastic tracheitis, en-
dobronchitis with polyps. Complications were
probable colibacillosis, a picture of “starry sky”
in the liver and lymphohistiocytic infiltration
of the portal tracts. Uneven hyperplasia of the
Iymphoid tissue of the spleen and bursa against
the background of atrophic processes can be
considered as background processes. The de-
scribed signs of digestive tract lesions can also
occur against the background of mycotoxicosis.
Thus, the pathological and histological changes
in the internal organs of poultry of both groups
were generally similar, but in the experimen-
tal group there was a tendency for less erosive

3,100,000 m Experiment m Control
3,000,000

2,900,000
2,800,000
2,700,000
2,600,000
2,500,000
2,400,000
2,300,000
2,200,000

damage to the small and large intestine, and
signs of uneven epithelialisation of erosions
(the presence of multiple rows of epithelium
and its numerous mitoses) were noted. Based
on the results of studies of broiler chickens’ ca-
davers, it was found that:

pathogenic E. coli was isolated in all 5
cadavers in experimental poultry house 2;

E. faecalis in 4 cases and E. coli in 3 cases
out of 5 in the control house 1.

Thus, the etiological structure of bacte-
rial infections in the poultry houses differed
(two types of microorganisms were detected
in the control house), with E. faecalis was in-
sensitive to all groups of antibiotics studied.
The presence of E. coli bacteria was also in-
vestigated (Fig. 1).

Figure 1. Number of bacteria of the E. coli group in the blind intestines, CFU/g, cecum

Source: created by the authors

As a result of quantitative microbiological
studies of the intestinal microflora, the follow-
ing data were found: the number of bacteria of
the E. coli group in the blind intestines of the
experimental group is on average lower than
in the control group, and the homogeneity of

300,000
250,000
200,000
150,000

100,000

50,000
0

Figure 2. The number of enterococci
Source: created by the authors

the indicator is also higher in the experimental
group. The number of enterococci in the blind
cats was investigated. The number of entero-
cocci in the chickens of the experimental group
was on average higher and homogeneity lower
than in the control group (Fig. 2).

= Experiment ™ Control

in the blind intestines, CFU/g, cecum
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According to the results of quantitative
microbiological studies of faeces and litter, the
number of E. coli bacteria was higher in the ex-
perimental poultry houses than in the control
house, but the sample was not representative
(1 sample from each house). Thus, the main
differences between the poultry houses are
characterised by coinfection with E. coli and
E. faecalis in the control house, in contrast to

the experimental house, where mono-infection
with E. coli was detected, as well as a decrease
in the number of E. coli bacteria and, converse-
ly, an increase in enterococci in the experimen-
tal house. The results of the PCR study reflect
the presence of genetic material of Clostridium
perfringens and the eimeria pathogen in the
tissues and contents of the intestines and litter
of broilers (Table 2).

Table 2. PCR results of the study of the genetic material of microorganisms in tissues
and intestinal contents of broilers

Microorganism Poultry house No. 1 (control) Poultry house No. 2 (experiment)
Number of positive
samples, % quuei{/lglr:I?tS Number of positive samples, % e;’ﬁsglrggts
Poultry
Clostridium perfringens 33.33 2.97x103+0 100 7.09x103+2.46 x 103
Acervulina 100 4.03x108%9.54 x 107 100 6.15x107+3.49 x 106
Praecox 0 - 0 -
Mitis 0 - 0 -
Eimeria Maxima 0 - 0 -
Necatrix 0 - 0 -
Brunetti 0 - 0 -
Tenella 0 - 0 -

Note: (M+m, n=3) (the difference between the experimental and control groups is significant at p<0.05; “-” -
no genetic material of target microorganisms was detected)

Source: created by the authors

It was found that 1 out of 3 animals of
the control group contained Clostridium per-
fringens genetic material in the tissues and
intestinal contents, while all animals of the
experimental group contained Clostridium
perfringens DNA. Against this background,
the amount of genetic material in the ani-
mals of the control and experimental groups
did not differ significantly and ranged from
103 genome equivalents. The results of the
study of the causative agent of eimeria in-
dicate the circulation of only one species of

Animal Science and Food Technology. 2025. Vol. 16, No. 1

Eimeria — Eimeria aservulina — among poultry.
It should be noted that the genetic material of
this microorganism was identified in all ani-
mals of the experimental and control groups.
At the same time, the amount of Eimeria aser-
vulina DNA extracted from the intestines of the
experimental poultry was significantly lower
by more than 6.5 times (p < 0.05) compared to
the values of the control group. The results of
the study of broiler litter indicate the absence
of genetic material of Clostridium perfringens
and the pathogen of eimeria (Table 3).
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Table 3. Results of PCR study of the genetic material of microorganisms in broiler litter (n=1)

Microorganism

P 1 (control) P 2 (experiment)

Clostridium perfringens,genome equivalents

- 1.25x104

Acervulina

Praecox

Mitis

Eimeria Maxima

Necatrix

Brunetti

Tenella

Source: created by the authors

The genetic material of Clostridium per-
fringens was detected in the litter of the poul-
try of the experimental group, and the DNA of
microorganisms from the genus Eimeria was
not detected. Thus, the use of probiotic mix-
ture in poultry contributes to a significant re-
duction in the number of Eimeria aservulina
in the intestines of broilers and enhances the

colonisation of the intestines by Clostridium
perfringens, which leads to an increase in the
number of the latter in the litter. Blood sam-
ples were taken from pre-slaughter broiler
poultry, i.e. on the 44 day of rearing. A total
of 100 blood serum samples were taken in each
group of 50. The average data of biochemical
studies are presented in Table 4.

Table 4. Biochemical parameters of blood serum of broiler chickens in control

and experimental poultry houses

Indicators Control (M+*m, n=10) Experimental (M+m, n=10)

Total protein, g/1 34.9+1.75 41.1%£2.47
Albumin, g/1 14.6+0.40 15.8+0.53
Globulins, g/1 20.3%1.38 25.3%2.08
A/G ratio, units 0.76%0.03 0.65+0.05

Uric acid, pmol /1 297.7+31.14 326.3+33.80
Creatinine, pmol /1 36.1+2.74 33.2%3.35

AST, U/ 284.8+13.28 300.6%20.39
ALT, U/L 13.5%1.1 10.7+1.35

Ritis index, units 22.79+2.4 32.21%+3.95

Alkaline phosphatase, U/L 4,117.7£393.4 3,895.6£576.5

Glucose, mmol/1 13.3+0.6 12.79+0.47
Total calcium, mmol/1 2.41+0.12 2.56%0.08
Inorganic phosphorus, mmol/1 3.89+0.41 3.65%0.23
Ca/P ratio 0.68+0.07 0.75+0.06
Vitamin A, mcg /g 74.99+12.74 88.08+9.1

Note: P<0.1 - there is a trend towards probable changes

Source: created by the authors

There is a tendency to increase the con-
tent of total protein, mainly due to globulin
protein fractions. Such changes are charac-
teristic of an increased antigenic load on the
body of animals with a higher production of

immunoglobulins. Despite a slight increase in
globulin content, this resulted in a decrease in
the protein coefficient. Higher levels of albu-
minous protein fractions may indicate better
digestion of feed proteins and/or improved
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liver function. No significant changes in other
biochemical parameters were found.

The content of vitamin A in the liver of
broiler chickens of both groups did not differ
significantly with a slight tendency to increase
in the experimental poultry. In general, both
groups showed increased alkaline phosphatase
activity, which is more typical of control poul-
try. Such changes may be a consequence of im-

500
450
400
350
300
250
200
150
100
N
0

Duodenum

® Control ™ Experiment

paired calcium-phosphorus metabolism and
indicate increased osteolysis processes. Oth-
er biochemical parameters in poultry of both
groups are within the reference values. The
results of determining the content of inter-
feron-a in the cells of the 12 duodenum and
cecum showed significant differences between
the control group of broiler chickens and the
experimental group of poultry (Fig. 3).

Cecum

Figure 3. Results of immunoblotting and relative content of a-interferon in the duodenum and
cecum of broiler chickens of research groups
Note: (M*m, n=3,P<0.001) significance of changes compared to control

Source: created by the authors

A relatively moderate increase in the produc-
tion of interferon-a by small intestinal cells indi-
cates the stimulation of innate immunity mecha-
nisms in the integumentary system of broilers kept
under conditions of probiotic exposure. It should
be noted that the production of interferon-a was
3.78 and 4.45 times higher in the 12 duodenum
and in the cecum, respectively. Thus, probiotic
exposure may contribute to the effectiveness of
innate immunity by initiating the expression of
cellular response genes that provide immune re-
sistance and protection against infectious agents.

The results of determining the content of
E-cadherin in the samples of the 12 duodenum
showed a moderate increase of 1.22 times in
the experimental group compared to the con-
trol group. No differences in the content of
E-cadherin were found in the cecum samples.
Taking into account the fact that E-cadher-
in provides intercellular adhesion of entero-
cytes and is a marker of epithelial cell density

Animal Science and Food Technology. 2025. Vol. 16, No. 1

specific to epithelial cells, the results obtained
indicate an increase in the integrative prop-
erties of the duodenum and the effectiveness
of the integumentary barrier. It is the duode-
num that provides the first and most critical
protection against the invasion of enterogenic
microorganisms and viruses, due to its forward
localisation after the stomach. Thus, enhancing
the efficiency of the barrier function through
E-cadherin adhesion may help protect broiler
chickens from enteropathogenic infections.
Considering all the above results, it can be
concluded that the detected changes in markers
of innate immunity and barrier function of the
intestinal system under the conditions of pro-
biotic action indicate a multidirectional protec-
tive effect that can contribute to the improve-
ment of intestinal health in broiler chickens.
The final stage of the research was the obtain-
ing of statistical data on the main production
indicators, which are presented in Table 5.
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Table 5. Production indicators of broiler farming

Indicators Live weight, g Feed conversion y/y Livestock
10 days | 20 days | 35 days | 10 days | 20 days | 35 days | conservation
Control group 238 820 2,086 1.094 1.344b | 1.533b 96.5%
Experimental group 239 831 2,114 1.082 1.316a | 1.508a 97.5%
Standard error of the mean 1.803 7.036 18.91 0.011 0.07 0.08
P-value 0.628 | 0303 | 0312 | 0425 | 0.003 | 0.037 i

Source: created by the authors

An increase in the preservation of broiler
livestock in the experimental group was not-
ed, which indicates the effectiveness of the
probiotic preparation in preventing stress and
infectious diseases and a positive effect on the
immune system. The addition of investiga-
tional probiotic product improved the intes-
tinal microbial balance and increased broiler
productivity. Mortality during the day did not
exceed 0.1% and the statistical data on broiler
preservation were satisfactory. For feed conver-
sion, statistically significant differences were
observed in the period of 0-20 days and in the
whole experiment. In particular, the positive
effect of the investigational drug on the gas-
trointestinal tract and intestinal health was
observed in the first 20 days of poultry rearing,
when broilers experience a high intestinal load.
The results of feed conversion obtained at the
end of the experiment correspond to the recom-
mended value for Ross-208 broilers (1.537 g/g).

When nutrient requirements are fully met
and poultry are not exposed to physiological
stress due to suboptimal rearing conditions and
pathogens, the positive effect of probiotics may
be less pronounced. This fact is the reason why
there were no significant differences in poultry
live weight between the experimental groups.
However, regardless of the conditions of poul-
try rearing, the addition of the investigational
drug to the feed significantly improved the bio-
technology of poultry rearing.

Discussion
The issue of gut health and its resolution
is a multifactorial research area. Studies on

laboratory animals by A. Slawinska et al. (2021),
K. Yu et al. (2021), and M. Paradowska et
al. (2022) have proven that gut microorganisms
directly influence the immunity of the respira-
tory tract and other immune system compo-
nents. Inflammatory processes, as noted by H.
Al-Khalaifa et al. (2019), S. Barbut & E. Leish-
man (2022), and K. Yue et al. (2024) represent
the simplest defence mechanisms in poultry.
Both theoretical analyses and experimental
research have demonstrated that the impact
of probiotics on the intestine involves several
aspects, including histological changes (villus
condition and density), microbiota (taxonomy,
representative count, qualitative composition,
presence, or absence of pathogenic microor-
ganisms), intestinal feed content and its digest-
ibility, and several other parameters. According
to I. Ogbuewu et al. (2022) and N. Burkhardt et
al. (2022), the development of immune defence
systems in poultry intestines through symbi-
otic interaction with probiotics is a preventive
measure against pathogens. Indirect evidence
of the effect of probiotics on broiler health in-
cludes blood serum analysis, changes in bio-
chemical indicators, immunoblotting, cytokine
levels, leukocyte count, and more. A key argu-
ment for using probiotics in poultry farming is
the feed conversion ratio (FCR), as improved
intestinal function enhances nutrient absorp-
tion and reduces energy expenditure in fighting
pathogens. Other production indicators, such
as live weight and meat yield per square meter
of poultry house area, may not be as conclusive.
The safety of broiler flocks is directly related to
resistance to infectious diseases and, therefore,

Animal Science and Food Technology. 2025. Vol. 16, No. 1




48

Use of the probiotic preparation “SVITECO-PWC”...

to gut health and the positive impact of pro-
biotic cultures (Uazhanova et al., 2024). Data
showed that broiler survival increased by 1% in
the experimental group compared to the con-
trol group, confirming the probiotic efficacy of
Bacillus subtilis (hay bacillus). Additional pro-
duction indicators demonstrated the effective-
ness of the probiotic supplement, and the use of
“SVITECO-PWC” was accompanied by a signifi-
cant improvement in feed conversion efficiency.

The study established a direct relation-
ship between immunity and gut microbiota in
broiler chickens. As described in the work of
P. Cronin et al. (2021), gut-associated lymphoid
tissue recognises pathogenic microorganisms
without harming commensal microbes. Ac-
cording to F. Larsberg et al. (2023), immune
functions also include the formation of B- and
T-lymphocyte populations, immune response,
and immune memory. Probiotics based on Ba-
cillus promote the production of antimicrobial
substances that inhibit the growth of patho-
genic microorganisms. Moreover, the use of
probiotics does not affect the withdrawal pe-
riod for meat products. Other methods of pre-
venting infectious diseases without antibiotics,
such as acidifiers and plant extracts, as report-
ed by B. Panea & G. Ripoll (2020) and J. Kow-
alczyk et al. (2020), do influence poultry meat
quality and have a specific withdrawal period.
In Ukraine, the transition from antibiotics to
probiotics in livestock and poultry farming, ac-
cording to A. Kolechko et al. (2023), is still on-
going, and the practical aspects of probiotic use
require further refinement in agricultural pro-
duction. The substances produced by bacteria of
this genus include lichenysin (an antimicrobial
peptide), bacteriocins, or bacteriocin-like com-
pounds such as subtilin and coagulin. Bacteri-
ocins are cationic (positively charged) peptides
exhibiting hydrophobic or amphiphilic prop-
erties. The authors stated that a combination
of bacterial strains from this genus effectively
inhibits the most common poultry pathogens
responsible for secondary infections following
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primary and viral infections, including aggres-
sive pathogens such as Salmonella in chickens.
The taxonomy of microorganisms (bacteria and
coccidia) found in the intestines of agricultural
poultry is directly linked to the continuous im-
mune burden on broilers (Berezin et al., 2008).
Pathogenic microorganisms, even in healthy
poultry, force their bodies to constantly ex-
pend energy and structural resources to coun-
ter these pathogens. The balance and quantity
of different gut microbiota representatives also
play a significant role. Escherichia coli natural-
ly supports broiler immunity but can become
pathogenic if the domestic fowl’s health weak-
ens (Szelag-Sikora et al., 2024). Bacillus subti-
lis, also known as hay bacillus, is not a natural
microorganism in the broiler intestine and
thus cannot become a pathogen. To utilise its
unique properties, it was necessary to contin-
uously administer supplements containing B.
subtilis to maintain a high concentration in the
gut, ensuring its ability to suppress other path-
ogenic microorganisms. Studies by X. Tang et
al. (2021) demonstrate that the effectiveness
of probiotics becomes evident only after pro-
longed use. Immediate improvements in pro-
duction metrics such as flock survival rate, pro-
ductivity index, feed conversion, average daily
weight gain, and live weight per square meter
of poultry house area do not occur. However,
after two cycles of transitioning to probiotic
supplements while discontinuing other treat-
ments, improvements in these indicators were
observed. The authors noted an increase in
broiler weight during the first three weeks of
growth. In later stages, the dynamic system of
gut microbiota reached equilibrium. Thus, the
population of B. subtilis reached a certain lev-
el and ceased to grow further. This resulted in
a stable microbiome resistant to coccidia and
E. coli, promoting nutrient absorption. The re-
duction of intestinal inflammation in broilers
was indirectly confirmed through post-mor-
tem examinations, where intestinal lesions
were nearly absent in the experimental group.
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In-depth studies by I. Ogbuewu et al. (2022),
the authors noted a significant downregulation
of genes associated with immune processes
and inflammatory reactions in the gut - CCL4,
IL-1B,1L-8,and LITAF. The author also observed
a decrease in cytokine levels in broilers treated
with probiotic supplements. At the same time,
increased interferon production in the broil-
er intestine indicated an enhanced protective
function, as observed in studies evaluating the
effects of B. subtilis-containing supplements on
the experimental group of broilers.

The ability of the small intestine to absorb
feed substances is a separate component of
the broiler’s protection against stress and dis-
eases of infectious and non-infectious origin
(Montayeva et al., 2023). In addition to the pre-
scribed feed ingredients, recipes include sever-
al other substances that play a therapeutic and
prophylactic role in poultry metabolism. These
are coccidiostatics that fight single-celled in-
testinal parasites, special vitamin and mineral
supplements that are anti-stress agents and
sorbents that adsorb toxins. Improving the
functional properties of the intestine under the
influence of probiotics allows all these drugs to
be fully absorbed, which will certainly improve
the immunity and health of poultry. Evidence
of improved functional intestinal absorption of
feed substances is provided by a biochemical
study of broiler blood serum, which showed an
improvement in protein metabolism.

An analysis of the mechanisms of interac-
tion between Escherichia coli and the poultry
intestinal microbiota showed that the ther-
apeutic and prophylactic effect of probiotic
preparations is selective. An increase in benefi-
cial bacteria in the cecum and inhibition of the
development and reproduction of pathogenic
and opportunistic microbiota were observed.
Adaptive protection of the intestinal microbi-
ota partially relieves the burden on the poultry
immune system and allows it to respond more
easily to vaccination and form more stable
immunity to vaccine pathogens (Daskalova et

al., 2023). Indirect evidence of this is provid-
ed by the arguments of a pathological autop-
sy, which showed more frequent hyperplasia
of lymphoid tissue, inflammation of the spleen
and bursa in broilers of the control group. A
direct proof of the effectiveness of the posi-
tive impact on the poultry immune system is
the change in leukocyte activity, namely an in-
creased percentage of CD4+CD25T helper cells
and other positive changes.

The investigational probiotic reduces the
level of pathogenic microflora and the risk of
disease in drinking water. Drinking water in
poultry farming is a source of pathogens that
develop in drinking systems. Veterinary drug
residues and sugars contained in these resi-
dues are an ideal breeding ground for bacteria
and fungi. The conglomeration of microor-
ganisms creates a thin layer on the inside of
the drinker line, which is called a biofilm. The
development of the biofilm microorganisms
is inhibited by the development of hay bacil-
lus, which absorbs the nutrients contained in
the biofilm and prevents pathogenic bacteria
and fungi from obtaining these nutrients. The
same process occurs when hay bacillus, to-
gether with poultry faeces, gets into the bed-
ding. This allowed us to reduce the number of
pathogens in it, namely the number of coccid-
ia — single-celled intestinal parasites that sup-
press the immunity of poultry.

Conclusions
The established changes in morphological, cel-
lular and molecular parameters comprehen-
sively reflect the beneficial effect of the pro-
biotic on the state and function of the small
intestine of broiler chickens. Involvement of
E. faecalis in the control poultry house is due to
a more pronounced erosive and desquamative
lesion of the intestine, while in the experimen-
tal group, signs of uneven epithelialisation of
erosions were noted. The better condition of the
intestinal wall may be associated with less pres-
sure from Eimeria aservulina in experimental
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chickens. The absence of E. faecalis in the ex-
perimental poultry, against the background of
an increase in the population of enterococci in
the blind intestines, indicates a better intesti-
nal resistance compared to the control group.
The obtained results of determining mo-
lecular markers of innate immunity, density
and intercellular connections of the intestinal
epithelium indicate the presence of a protec-
tive effect of the probiotic aimed at improving
the efficiency of barrier function and protection
against enteropathogens. Thus, the complex of
preventive treatments of broilers during rearing
with the investigational probiotic preparations
helps to increase the barrier and immune func-
tion of the intestine, as indicated by the results
of immunoblotting (a-interferon), histological
(uneven epithelialisation of erosive intestinal
lesions) and biochemical (increased total pro-
tein content due to globulin fractions) studies.
Such changes contribute to better absorption of
feed proteins and vitamins, as indicated by an
increase in blood albumin and vitamin A levels
in the liver, and restructuring of the intestinal

microbiome, which was reflected in a signifi-
cant decrease in the number of Eimeria aservuli-
na and E. coli bacteria against the background
of increased colonisation by enterococci and
Clostridium perfringens.

However, the study of the immune effect
of probiotic preparations on broilers should in-
clude a more thorough study of CD4 + T helper
cell proliferation, CD28 + ap T cell activation
and other studies of leukocyte activity, which
has not been carried out. In addition, SIRION
has products for washing poultry houses, aer-
osol treatment of poultry, and products for the
sanitation of poultry drinking systems, the ef-
fect of which has not been studied.
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AHoTanis. MeTol0 DoCIiIKeHHS 6y/10 BUSB/IEHHS 3MiH y iIMYHHIii cucTeMi KUIIeYHMKaA Kypyat-
OpoiisepiB mim BIUIMBOM MPOGIOTMYHOTrO mpemnapaTty Ha ocHOBi Bacillus subtilis Ik iHCTpyMeHTY
TTOJTIMIIIEHHST TEXHOJIOTIUHMX Pe3y/IbTaTiB BUpoIlyBaHHsS. CHopMOBaHO ABi JOCTIHUIbKI TPYIIN:
MTAlllHKK, Jie JaBajau IperapaTy 3rifHO 3i 3BUUYaifHOI0 MPEBEHTUBHOIO MPOrpaMolo (KOHTPOJb),
i mTamHuK, e AaBaaM MpoGioTuuHMit MpemapaT Ha ocHOBi Bacillus subtilis «SVITECO-PWC».
MeTonyu mOCTiIKEeHHS BKIIOYAIM: matoMopdosoriyde goctimkeHHs (PO3TUH), MiKpo6iomoriuHi
JIOCTiIKeHHsT TYIIOK KypuaT-6poiiiepiB, KinbKicHi Mikpo6iomoriuni mocmimkeHHsT Mikpodaopu
CIMMX KUIIOK, TOMiMepasHy JaHIIOTOBY pPeakililo y TKaHMHAX KUIIeYHMKA Ta y MiJCTWILI,
GioximiuHe MOCTiIKEeHHSI MOKAa3HMKIB CMPOBATKM KPOBi KypuaT-OpoiinepiB, BU3HAUEHHST BMiCTy
inTepdepoHy-a y KimiTMHax 12-manoi Ta caimoi KuMIikM, BU3HAYEHHS BMicTy E-kagrepuHa y
3pas3kax 12-majoi Kuiiku. [IpoBefeHO CTaTUCTUUHMII aHasli3 BUMPOOHMUMX IMOKA3HMKIB: SKMBOL
MacH, KOHBepCii KopMy, 36epeskeHHsT TTOToJiB’ 6poiiiepiB. 3a pe3yabTaTaMyu PO3TUHY BUSBIEHO,
III0 OCHOBHMM 3aXBOPIOBAHHAM AOCTIIKEHOI MTHIII 060X TPyl 6YB epO3UBHO-IeCKBaMaTUBHMIL
racTpOEHTEPOKOJIIT, ajle y MNTaxiB JOCAAHOI TpymM cIrocTepirajgacs TeHAEHLis A0 MeHIIOTo
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€PO3MBHOT0 YPaskeHHSI TOHKOTO i TOBCTOTO KMIIIEUHMKY; KiJIbKiCTb 6aKkTepiii E. coli B CJIIMMUX KUITKAX
JOCTiTHOI TPYITU B cepeTHbOMY Gyiia HUKYA, HIXK B KOHTPOJIbHil, TOMOTE€HHiCTh ITOKa3HMKA TAKOX
Oyna BUIA B MOCTiOHINA Tpymi. 3aCTOCYBaHHS MPOGIOTMYHOI CYyMillli CIIPUSIIO JTOCTOBipHOMY
3MEHIIEHHIO B KUIIEYHVKY GpoiinepiB KimbkocTi Eimeria acervuling Ta MOCUTIOBAIO KOJMOHI3AIiI0
kumok Clostridium perfringens, o 06yMOBMJIO 30ibIIEHHS KiIbKOCTi OCTaHHBOI y MiACTUIII,
MOKpalleHHs 6i7IKoBOro 06MiHY i KibKOCTi iHTepdepoHy B IOCTiAHI rpymi. BucHOBKamu pob6oTu
6y710 Te, 1O AOAABAHHS OCTiIKYBAHOTO MPOGIOTUYHOTO TpEeNnapaTry B MPeBeHTUBHY MPOrpamy
MiJBUITYBAIO KUIIKOBUI iMyHITET 6poityiepiB Ta BUPOOHMYi TOKA3HUKA

KirouoBi citoBa: 6poitnep; Bacillus subtilis; iMmyHHa cucTeMa KUIIEYHUKY; MiKpo6GioM
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Abstract. The study of the effects of various types of animal waste on the quantity and
composition of biogas is significant and relevant for optimising anaerobic fermentation
processes, increasing the efficiency of biogas production and adapting technologies to farm
conditions. The purpose of this study was to evaluate the effects of livestock by-products,
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specifically cattle manure, pig manure, and chicken manure, on the quantity and quality of
biogas produced. The methods employed in the study included statistical analysis, gas analysis,
and fermentation. The study analysed the physicochemical properties of several types of raw
materials for biogas production. The study found that chicken manure had the highest potential
for biogas production due to its high content of volatile solids (25-30%) and the optimum ratio of
methane in the biogas composition (65%). Cattle manure was characterised by a stable average
biogas yield (0.15-0.18 m3/kg volatile solids in feedstock (VT, %)), while pig manure had the
lowest yield (0.12-0.14 m3/kg volatile solids in feedstock). According to the study results, the
addition of carbonaceous materials (e.g., chopped straw) improved the carbon to nitrogen ratio
to optimise the fermentation process. The analysis of the organic matter content before and
after fermentation revealed a significant decrease for chicken manure (51%), which indicated the
effectiveness of biodegradation. The study included an assessment of the composition of biogas,
including methane (50-65%), carbon dioxide (30-40%), and hydrogen sulphide (1-3%). The change
in pH in all types of raw materials after fermentation indicated that the environment in the
bioreactors had stabilised, providing favourable conditions for microorganisms. The findings of
this study can be used in practice by ecologists, agronomists, livestock technologists, and biogas
producers to create energy-independent farms through the integration of biogas plants into farms

Keywords: waste; manure; chicken manure; bioreactor; methane; carbon dioxide; fermentation

Introduction
Regular research into methods of optimising
the processing of organic livestock waste is
significant for ensuring energy efficiency and
the long-term development of the agricultur-
al sector of Ukraine’s economy. As one of the
principal problems of modern agriculture, the
problem of utilisation of livestock by-products,
such as chicken manure, requires research with
maximum economic and environmental bene-
fits in focus. The problem of the study is that
the lack of sufficient understanding of the ef-
fects of the type of livestock by-products on the
yield and composition of biogas makes compli-
cates the optimisation of anaerobic digestion
processes. According to V. Shmatenko (2024),
distinct types of feedstocks significantly affect
the efficiency of fermentation, which deter-
mined the quantity and quality of biogas pro-
duced. The existence of the problem is con-
firmed by the fact that when using feedstocks
with a high content of organic matter, such as
chicken manure, there was a need to adjust the
carbon:nitrogen (C: N) ratio to achieve the best
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conditions for the biogas fermentation process.

A prominent aspect is the problem of re-
ducing nitrogen and phosphorus emissions
into the environment for pig production, as it
has reduced the environmental impact of the
industry and improved the efficiency of nu-
trient use in animal production. S. Zinoviev
& M. Pushkina (2023) investigated this issue.
Their study proved that the use of multiphase
feeding systems and optimisation of the ami-
no acid composition of diets can improve the
efficiency of nutrient absorption by pigs. A sig-
nificant issue is the need for environmentally
safe disposal of organic waste (Muminova et
al., 2023). In this regard, Y. Palamarenko &
L. Chikov (2023) investigated the effects of var-
ious methods of organic waste processing on
the environment. According to their findings,
the use of biogas plants for the disposal of or-
ganic waste has reduced greenhouse gas emis-
sions. The development of biogas technologies
is a topical issue for modern environmentalists.
S. Tkachenko et al. (2020) studied the efficiency
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of biogas plants and their effects on the envi-
ronmental situation. The researchers proposed
a technology for using agricultural by-products
for biogas production. Their study showed that
this technological innovation has enabled the
reduction of greenhouse gas emissions and
contributed to the development of energy pro-
duction by renewable energy facilities.

The replacement of natural gas consump-
tion with alternative energy sources has become
particularly significant due to the threat of an
energy crisis caused by the military conflict and
the possible termination of Russian gas supplies
(Moshenskyi et al., 2024; Strokal et al., 2024).
According to G. Geletukha et al. (2022), biome-
thane is a promising alternative to natural gas
that has a wide range of applications, including
energy production and raw materials for the
chemical industry. Aspects of the environmen-
tal and economic assessment of the introduc-
tion of bioenergy technologies in the context
of reducing anthropogenic and military risks
and improving energy security of Ukraine were
investigated by V. Dudin et al. (2024). As a re-
sult, they analysed current trends in bioenergy,
modelled technological and economic parame-
ters of biogas plants.

The problem of intensification of biogas
production processes stays urgent in the con-
text of growing demand for renewable energy
sources and the need for efficient waste pro-
cessing, as proved by V. Chubur et al. (2022).
According to their findings, the combination
of physical and chemical pretreatment meth-
ods, such as cavitation and electrolysis, greatly
increased the efficiency of anaerobic diges-
tion. One of the key environmental issues is
the rational use of organic and mineral fertil-
isers, as well as the disposal of livestock waste
(Kravchenko & Bykova, 2023). R. Lohosha et
al. (2023) investigated the effects of various
fertilisation systems on the yield of maize and
red beet. The researchers found that the use of
artificial fertilisers in combination with high
doses of bio-organic fertilisers, specifically

digestate, provided a considerable increase in
yields. The issues related to optimising the an-
aerobic co-digestion of pig manure and maize
stalks to increase the efficiency of biogas and
methane production are still significant in the
context of growing demand for renewable en-
ergy sources, the necessity of recycling organ-
ic waste and reducing greenhouse gas emis-
sions, as proven by H. Wang et al. (2020). The
researchers found that the addition of maize
stalks to pig manure during anaerobic co-di-
gestion increased microbial diversity.

The study of unexplored aspects of in-
creasing the efficiency of anaerobic digestion,
improving biogas purification technologies
and optimising the use of various types of raw
materials requires a comprehensive approach
in modern conditions. K. Obileke et al. (2024),
T. Manushkina et al. (2024) recommended the
development of technologies aimed at reducing
greenhouse gas emissions, such as the intro-
duction of renewable energy sources and tech-
nologies for the extraction of carbon dioxide
(CO,) from industrial sources.

Studies have not paid sufficient attention to
the aspects of using alternative energy sources
in combination with innovative organic waste
treatment technologies. The purpose of this
study was to investigate the effects of types of
livestock by-products on the yield and compo-
sition of biogas, considering the varying physi-
cal and chemical properties of the raw materials
used. The objectives were to determine the ef-
fects of distinct types of organic livestock waste
on the amount and composition of biogas; to
assess the effectiveness of adding carbonaceous
materials to optimise the C: N ratio in the feed-
stock; to analyse the effects of the physical and
chemical properties of waste on the perfor-
mance of the anaerobic fermentation process.

Materials and Methods
The sampling of raw materials for biogas pro-
duction took place on farms specialising in
cattle (Dairy Alliance Company in Kyiv region),
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pigs (Podilsky Bacon Farm in Khmelnytsky
region) and poultry (Vinnytsia Poultry Farm
in Vinnytsia region). The study was conduct-
ed in 2023-2024 in accredited laboratories of
the State Service of Ukraine for Food Safety
and Consumer Protection and the State Agen-
cy on Energy Efficiency and Energy Saving of
Ukraine, which have the relevant permits for
biogas analysis.

During the preparation of the raw mate-
rials, the livestock by-products were sieved to
remove large solid inclusions. Subsequently,
water was added to obtain the same dry resi-
due (10% dry weight). After the selection of raw
materials for each type of livestock by-prod-
uct, the key physicochemical parameters were
analysed in the laboratory: moisture content
(%) was determined according to the method of
drying to constant weight; volatile solids con-
tent (VT, %) was determined as a proportion of
organic matter; C:N ratios were measured using
a CHNS analyser. For each portion of carbona-
ceous materials, the weight of the additive was
determined as follows (1):

_ NinitiatXC:Ndesired
Mstraw = = mC S — initial» (1)
straw
where N, .. istheinitial nitrogen content in the

is the desired carbon
is the

substrate, g/kg; C:N, . .
to nitrogen ratio in the substrate; C_
carbon content in straw, g/kg; C, ... is the initial
carbon content in the substrate, g/kg.

When calculating the biogas yield, the the-
oretical biogas yield for each type of feedstock
was estimated based on the organic matter con-

tent (2):

Vtheoretical =VT x Kdegradation % 0.35 ms/kg’ (2)

where V. is the theoretical volume of bi-
ogas, m%; VT is the mass of volatile solids in
the feedstock, kg; K., 18 the degradation
coefficient of organic matter (0.4-0.6 for solid
organic matter), 0.35 m3/kg is the coefficient
responsible for the volume of biogas produced

by the decomposition of 1 kg of volatile matter.

Animal Science and Food Technology. 2025. Vol. 16, No. 1

The organic degradation factor was defined as
the percentage of volatile solids decomposed (3):

Kaegradation = W X 100%, (3)
whereK,. ..., 1S the percentage ofvolatile solids
decomposition; VT, .. is the initial volatile sol-
ids content in the raw material, %; VT, is the fi-
nal volatile solids content after fermentation, %.

Preliminary alkaline treatment of the feed-
stock with sodium alkali (NaOH) solution and
the use of a hydraulic shredder press to me-
chanically grind the materials under high pres-
sure before fermentation can improve the effi-
ciency of the biogas production process. A gas
analyser was used to determine the biogas com-
position on a daily basis. The methane (CH,)
concentration in the biogas was estimated by
chromatography, carbon dioxide (CO,) - by
infrared spectroscopy, and hydrogen sulphide
(H,S) - by spectrophotometry

The following equipment and facilities
were used to determine the fermentation per-
formance and evaluate the efficiency of using
different types of raw materials: BioFlo labora-
tory anaerobic bioreactor with controlled tem-
perature (37 °C to optimise methanogenesis)
(USA), biogas collection system equipped with
a gas meter and gas analyser EnviTec Biogas
GmbH (Germany), Shimadzu UV-1800 spectro-
photometer for biogas composition measure-
ments (Japan), Agilent 7890A gas chromato-
graph (USA) for accurate analysis of CH,, CO,,
and H,S concentrations.

Research methods were employed to in-
vestigate the effects of the type of livestock
by-products on the yield and composition of
biogas, as established by legislative acts: State
Standard of Ukraine (DSTU) ISO No. 11722:2004
“Solid mineral fuels. Hard coal. Determination
of moisture in a sample for general analysis by
the nitrogen drying method” (2005), DSTU ISO
No. 5725-4:2005 “Accuracy (correctness and
precision) of measurement methods and re-
sults” (2005).
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The study employed the method of sta-
tistical analysis of data (analysis of variance
(ANOVA)) obtained during the evaluation of
the physical and chemical properties of distinct
types of raw materials to compare the biogas
yield and methane composition for each type of
by-product. Two-way ANOVA was used in the
study. To determine the statistical significance
of the findings, the p-value was used, set at
0.05, meaning that p<0.05 is considered statis-
tically significant, i.e., the difference between
the groups is significant.

A gas analysis and fermentation method
for determining biogas yield and assessing its
composition. The effect of fermentation time
on gas yield was analysed by regression analy-
sis. The average fermentation time for raw ma-
terials (organic waste, food residues, manure)
was 30-45 days. For anaerobic fermentation, the
optimum temperature ranged within 35-40 °C.
The optimum pH for anaerobic fermentation
was 6.5-7.5. Stirring was carried out 1-2 times
a day or as needed to avoid sedimentation of the
material. Each experiment with distinct types of
raw materials was repeated 3-5 times. To ensure

an optimum start of fermentation, a starter
containing special anaerobic bacteria was used.
The starter was obtained from previous experi-
ments or from industrial biogas plants. 10-20%
of the starter was added to 1 litre of substrate.

Results

The study described the characteristics of var-
ious types of feedstocks for biogas production,
as well as the calculation of the expected bi-
ogas yield. Evaluation of the chemical and
physical properties of the feedstock helped to
plan the fermentation process efficiently and
provide optimised conditions for the biogas
plant. Carbon additives, specifically chopped
straw, were used to improve the C:N ratio in
the feedstock, which contributed to the opti-
misation of the fermentation process and in-
crease the biogas yield (Havrysh et al., 2020).
Table 1 provides data on the main physical and
chemical parameters of the feedstock before
loading into the biogas plant for further calcu-
lations of biogas yield, as well as determining
the necessary corrective measures to optimise
the fermentation process.

Table 1. Characteristics of raw materials before loading

Indicator Cattle manure Pig manure Chicken manure
Humidity (%) 75-80 70-75 60-65
Volatile solids (VT, %) 20-25 18-22 25-30
Carbon: nitrogen (C:N) 25:1 18:1 10:1

Source: compiled by the authors

The analysis of the feedstock showed
that each type of waste had specific physico-
chemical characteristics that could affect the
fermentation process: the highest moisture
content (75-80%) was found in cattle manure,
which required additional measures to regu-
late the consistency; the highest volatile sol-
ids content was observed in chicken manure
(25-30%), which indicated its high potential
in the biogas process; for chicken manure
(10:1), an imbalance of C:N ratio was found,
which negatively affected the fermentation, so

carbonaceous materials such as chopped straw
were added to improve this indicator (Formu-
la 1). The desired C:N ratio is considered to be
20:1 to 30:1. For cattle manure, calculations
were made using formula (1).

The initial nitrogen content (N, .. ) was
1 g/kg (based on standard data for chicken ma-
nure). The desired C:N ratio (C:N, , ) was 20:1
(selected for optimum fermentation). The car-
bon content of the straw (C,, ) was 450 g/kg

(approximate value). The initial carbon content
of cattle manure (C, . ) was 250 g/kg (standard
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value for cattle manure). The values of formu-
la (1) were substituted into the equation:

m 1x20 20 _ g
Straw = 450-250 ~ 200

Therefore, to achieve the desired C:N ratio
of 20:1, 0.1 kg of straw should be added for each
kilogram of cattle manure. For pig manure and
chicken manure, the same formula (1) was used
to calculate the ratio.

The initial nitrogen content (N,..) was
1.5 g/kg (standard value for pig manure). The
desired C:N ratio (C:N,_, ) was 20:1 (selected
for optimum fermentation). The carbon con-
tent of the straw (C, ) was 450 g/kg (approx-
imate value). The initial carbon content of pig
manure (C,..) was 300 g/kg (standard value
for pig manure). The values of formula (1) were
substituted into the equation:

m 15x20 _ 30 _
Straw = 450-300 150

The calculation shows that 0.2 kg of straw
should be added for every kilogram of pig

manure. The initial nitrogen content (N, ..)
was 1 g/kg (based on standard data for chicken
manure). The desired C:N ratio (C:N, ) was
20:1 (chosen for optimum fermentation). The
carbon content of the straw (C_, ) was 450 g/kg
(approximate value). The initial carbon con-
tent of the chicken manure (C, .. ) was 300 g/kg
(standard value for chicken). The values of for-
mula (1) were substituted into the equation:

Mitraw = mooges = o= = 0.133.

Thus, to achieve the desired C:N ratio of
20:1, 0.133 kg of straw should be added for each
kilogram of chicken manure. Based on the anal-
ysis of the physicochemical properties of dis-
tinct types of biogas feedstocks, the expected
biogas yield was calculated for each of them.
These data can be used to assess the potential
of different substrates in the biogas process and
determine the best conditions for their use. The
calculations results presented in Table 2 show
the values of biogas yield depending on the
type of raw material.

Table 2. Expected biogas yields

Raw material Expected biogas yield (m3/kg VT)
Cattle manure 0.15-0.18
Pig manure 0.12-0.14
Chicken manure 0.2-0.25

Note: biogas yield was calculated using the formula (2)
Source: compiled by the authors

The calculation of the expected biogas
yield demonstrated the following key aspects:
chicken manure provided the highest bio-
gas yield (0.2-0.25 m3/kg VT), and therefore
this component became a promising feed-
stock for biogas plants. Cattle manure had
an average biogas yield (0.15-0.18 m3/kg VT),
which required optimisation of fermenta-
tion conditions. Pig manure was character-
ised by the lowest biogas yield (0.12-0.14 m3/
kg VT), but it can be effectively used in mixed

Animal Science and Food Technology. 2025. Vol. 16, No. 1

substrates. The study confirmed the expedien-
cy of factoring in the physicochemical proper-
ties of the feedstock to improve the efficiency
of the biogas process.

For optimum biogas production, chicken
manure should be used in combination with
carbon additives (e.g., straw). To minimise the
impact of H,S, excessive use of pig manure
should be avoided or adsorbents (e.g., iron ox-
ide) should be used. For efficiency, large farms
can combine several types of feedstocks for
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a stable C:N ratio (Havrysh et al., 2019). The
data on the volume of biogas produced from
each type of organic feedstock after 30 days of

fermentation were presented. After 30 days of
fermentation in each bioreactor, the parame-
ters listed in Tables 3, 4, 5, and 6 were evaluated.

Table 3. Biogas yields from different types of raw materials

Raw material

Biogas volume (m?3/kg VT)

Cattle manure 0.16
Pig manure 0.13
Chicken manure 0.23

Source: compiled by the authors

After 30 days of fermentation, chicken ma-
nure showed the highest biogas yield (0.23 m3/
kg VT), indicating its higher efficiency as a
feedstock for biogas production compared to
cattle manure (0.16 m3/kg VT) and pig manure

(0.13 m3/kg VT). Table 4 shows the content of
the key components of biogas collected from
each type of feedstock. The results are present-
ed in percentage terms for methane (CH,), car-
bon dioxide (CO,) and hydrogen sulphide (H,S).

Table 4. Composition of biogas by components

Component Cattle manure (%) Pig manure (%) Chicken manure (%)
Methane 60 55 65
Carbon dioxide 38 40 33
Hydrogen sulphide 1 3 2

Source: compiled by the authors

According to the findings of the study,
chicken manure had the highest methane
content (65%) and, accordingly, the feedstock
demonstrated an advantage in terms of biogas
energy value. Cattle manure provided an aver-
age biogas yield with the lowest H,S content
(1%), which reduced the need for additional

treatment. Pig manure contained the highest
level of H,S (3%), which required additional
measures to clean the biogas from impurities.
Table 5 shows the dynamics of biogas yield over
three 10-day fermentation periods. The data
shows how the volume of biogas changed over
time for each type of feedstock.

Table 5. Dynamics of biogas yield in different fermentation periods

Period (days) | Cattle manure (m3/day) Pig manure (m3/day) Chicken manure (m3/day)
1-10 0.04 0.03 0.05
10-20 0.07 0.05 0.09
20-30 0.05 0.04 0.07

Source: compiled by the authors

The highest average daily biogas yield was
observed for chicken manure during all days of
fermentation, with a maximum in the second

period (0.09 m3/day). Cattle manure showed an
average level of dynamics, while pig manure
had the lowest biogas yields, especially in the
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first period (0.03 m3/day). Table 6 presents the
volatile solids before and after fermentation, as

well as the calculated organic matter degrada-
tion factor for each type of feedstock.

Table 6. Degradation factor of organic matter (volatile solids, VT)

Raw material fernYeTnlt’:tfi(:;f %) ferm‘e]:tig(e; %) Degradation rate (%)
Cattle manure 25 11 55
Pig manure 22 11 50
Chicken manure 30 12 60

Note: organic degradation factor was determined by the established formula (3)

Source: compiled by the authors

Chicken manure showed the highest or-
ganic matter degradation rate (60%), indicat-
ing its high biodegradability. Cattle manure
had an average degradation factor (55%), while
pig manure had the lowest (50%), which could
affect the efficiency of processing. Chicken
manure showed the highest biogas yield and
methane content due to its high organic matter
content, optimum C:N ratio and high organic
matter degradation factor. Pig manure had the
lowest yield due to its high sulphur content,
which contributed to the formation of the H,S

component. Cattle manure provided a stable
average gas yield but required balancing to im-
prove the methane ratio. Removal of H,S is nec-
essary to protect equipment and reduce emis-
sions. Chicken manure could cause ammonia
accumulation, which required adjustment of
the substrate concentration. Biogas production
from chicken manure is the most cost-effective
due to the high methane yield. Cattle manure
has proved to be a suitable feedstock for biogas
production and economically viable for farms
with large livestock.

Table 7. Distribution of organic matter before and after fermentation

Organic matter before

Raw material fermentation (%)

Organic matter after

3 ()
fermentation (%) Difference (%)

Cattle manure 80 36 44
Pig manure 78 39 39
Chicken manure 85 34 51

Source: compiled by the authors

Prior to the biofermentation process, it is
vital to assess the organic matter content of
distinct types of feedstocks, as this is a key in-
dicator for the efficiency of the biogas process.
After fermentation, the organic matter is par-
tially decomposed and some of it is converted
into biogas. Table 7 shows the changes in the
organic matter content of the feedstock types
under study before and after fermentation.

Changes in organic matter content after
fermentation are significant for all types of
feedstocks. The largest decrease in organic

Animal Science and Food Technology. 2025. Vol. 16, No. 1

matter was observed in chicken manure (51%),
suggesting a high level of decomposition of
organic compounds during fermentation. For
effective fermentation, it is vital to under-
stand changes in the chemical composition
of the substrate, specifically pH and C:N ratio.
These parameters affect the activity of micro-
organisms that decompose organic matter, as
well as the final quality and quantity of bio-
gas. Table 8 shows the changes in pH and C:N
ratio before and after fermentation for each
type of feedstock.
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Table 8. Chemical characteristics of the substrate before and after fermentation
for three types of raw materials

Raw material pH befor'e pH aftef C:N before C:N afte}‘
fermentation fermentation fermentation fermentation
Cattle manure 7.2 7.8 25:1 15:1
Pig manure 7 7.5 18:1 12:1
fn};‘;ierg 6.8 74 10:1 7:1

Source: compiled by the authors

The increase in pH after fermentation
indicated the stabilisation of the substrate,
which reduces the risk of developing an acid-
ic environment in the biogas plant. Changes
in the C:N ratio showed an improvement in
the conditions for microorganisms responsi-
ble for the decomposition of organic matter,
which may contribute to a better activity of the

microbiological process. The energy efficiency of
biogas depended on the amount of methane pro-
duced during fermentation and its calorific val-
ue. As methane is the principal energy compo-
nent of biogas, its amount directly affected the
energy yield. Table 9 shows the energy efficiency
of biogas from distinct feedstock types based on
the amount of methane and its calorific value.

Table 9. Energy efficiency of biogas

Raw material Volume of methane (CH,) Calorific value Energy output
m3kg VT (kWh/m*CH)) (kWh/kg VT)
Cattle manure 0.1 9.94 0.994
Pig manure 0.07 9.94 0.696
g;‘fllfl‘ig 0.15 9.94 1.491

Source: compiled by the authors

Chicken manure demonstrated the high-
est energy yield (1.491 kWh/kg VT), and there-
fore it should be considered as the most effi-
cient feedstock for biogas plants among the
types under study. Components in biogas, such
as H,S and ammonia (NH,), can be harmful

to health and to biogas plant equipment. It is
therefore crucial to monitor their content dur-
ing the fermentation process and in the final
biogas. Table 10 shows the level of harmful
components in biogas produced from distinct
types of raw material.

Table 10. Environmental indicators (content of harmful components in biogas)

Component | Cattle manure (%) Pig manure (%) Chicken manure (%) | Permissible level (%)
H,S 1 3 2 <1
NH, 0.8 1.5 2.1 <1

Source: compiled by the authors

The level of harmful components in bio-
gas varied depending on the type of feedstock.
Pig manure had the highest level of H,S - 3%,
which required additional biogas treatment to
reduce its negative effects, while cattle manure

and chicken manure had lower levels of harmful
components in biogas. Temperature is one of
the most significant factors affecting the speed
of biological fermentation processes. Since
temperature conditions change the activity of
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microorganisms, this can substantially affect
the amount and composition of biogas. Table 11

shows the dependence ofbiogasyield on fermen-
tation temperature for each type of feedstock.

Table 11. Biogas yield depending on the fermentation temperature

Temperature (°C) Cattle manure Pig manure Chicken manure
(m°/kg VT) (m°/kg VT) (m’/kg VT)
25 0.14 0.11 0.2
30 0.16 0.13 0.23
35 0.18 0.14 0.25
40 0.17 0.13 0.24

Source: compiled by the authors

The temperature of 35 °C is optimal for fer-
mentation of all types of feedstocks, providing
maximum biogas yield. Increasing the tempera-
ture to 40 °C resulted in a decrease in biogas vol-
umes, probably due to the inhibition of microbial
activity. The biogas yield from chicken manure
was the highest among the studied feedstock
types at all mentioned temperatures. The CH, and

CO, content in biogas is a significant indicator,
since methane is the principal energy component,
while carbon dioxide is a product of decomposi-
tion of organic matter. The ratio of these gas-
es can give an indication of the efficiency of the
methanogenesis process. Table 12 shows the ra-
tio of methane:carbon dioxide (CH,:CO,) in bio-
gas produced from distinct types of raw material.

Table 12. CH:CO, ratio in biogas

Raw material

CH,:CO, ratio

Cattle manure 1:0.6
Pig manure 1:0.7
Chicken manure 1:0.5

Optimal ratio

1:0.6 or higher

Source: compiled by the authors

Chicken manure showed the highest meth-
ane content compared to other feedstocks,
making it the most efficient source of biogas.
The high CO, content of biogas from pig ma-
nure may require additional treatment to im-
prove energy efficiency. The time to reach the
maximum biogas yield is another significant

factor that determines the efficiency of the fer-
mentation process. The time required to reach
the highest level of biogas yield can vary de-
pending on the type of feedstock under study.
Table 13 shows the time to reach the maxi-
mum biogas yield depending on the type of
feedstock used.

Table 13. Time to reach the maximum biogas yield

Raw material Time to maximum biogas yield (days)
Cattle manure 22
Pig manure 18
Chicken manure 20

Source: compiled by the authors

Pig manure provided the fastest achieve-
ment of the maximum biogas yield in 18 days,
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which positively affected the efficiency of
fast biogas processes. According to the study
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results, cattle manure and chicken manure
showed a longer fermentation period, which
may affect the overall efficiency of biogas
production. The effect of mechanical shred-

ding or chemical treatment on biogas yield is
vital for process optimisation. Table 14 shows
the effects of raw material pretreatment on
biogas yield.

Table 14. Effects of raw material pretreatment on biogas yield

After mechanical .
. . After chemical treatment
. No treatment shredding with a . .
Raw material 5 R with NaOH solution
(m%/kg VT) hydraulic shredder press (m/kg VT)
device (m3/kg VT) 8
Cattle manure 0.16 0.18 0.19
Pig manure 0.13 0.14 0.15
Chicken manure 0.23 0.26 0.28

Source: compiled by the authors

Pretreatment with NaOH solution signifi-
cantly increased biogas yields for all feedstock
types. Chicken manure showed the largest in-
crease in biogas yield after mechanical grind-
ing (13% increase) and chemical treatment
(22% increase). These data confirmed the sig-
nificance of pretreatment to increase the effi-
ciency of the fermentation process. The fer-
mentation temperature directly affected the
biogas yield. The highest yield was observed at
35 °C, after which the fermentation efficiency
began to decrease. For all feedstock types, the
CH,:CO, ratio varied, with the highest methane
content in the biogas produced from chicken
manure. Pig manure reached the maximum bi-
ogasyield in 18 days, indicating an acceleration
of the fermentation process compared to other
feedstocks. Mechanical and chemical treatment
of the feedstock significantly increased the bi-
ogas yield, which is essential for increasing the
efficiency of biogas plants.

Discussion
According to the findings of this study, chick-
en manure is the most promising raw material
for biogas production due to its high methane
yield, optimum carbon to nitrogen (C:N) ra-
tio (ensured by the addition of carbonaceous
materials), and high degradation coefficient
of organic matter. One of the most press-
ing problems is the formation of undesirable

impurities such as H,S. Adjustment of the sub-
strate composition, maintenance of the opti-
mum pH level and control of the C:N ratio are
possible with the combined use of such raw
materials as chicken manure with the addition
of straw or cattle manure. It was found that pig
manure had high levels of hydrogen sulphide,
which required additional measures aimed at
treating the biogas to reduce its harmful ef-
fects. K. Akamati et al. (2022) raised an analo-
gous issue. The researchers found that rational
changes in feed composition reduced the H,S
content of biogas, and effective management
of manure treatment systems, including aera-
tion or the use of chemical inhibitors, signifi-
cantly reduced the level of hydrogen sulphide
and greenhouse gas emissions, contributing to
a reduction in impact. This statement can be
agreed with, as the concentration of H,S in bio-
gas can actually depend on the composition of
feed and animal housing conditions. Changes
in the diet can genuinely affect the metabol-
ic processes in the animal body, altering the
chemical composition of the manure and the
level of H,S in the biogas (Golub et al., 2020).
The present study noted that each type
of biogas feedstock had unique physical and
chemical characteristics that significantly af-
fected the biogas yield and composition. Specif-
ically, chicken manure demonstrated the high-
est biogas yield and optimum methane content
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due to the high level of decomposed organic
material. A. Uwizeye et al. (2019) investigated
an analogous issue. The researchers found that
the overall level of methane emissions in ma-
jor pig meat-producing countries fluctuated
depending on changes in livestock production
methods and management, with an increase in
methane emissions from enteric fermentation
in Spain. The findings obtained in the present
study differed from the conclusions presented
by A. Uwizeye et al. (2019), since the present
study focused on the physicochemical charac-
teristics of the feedstock that determine biogas
yield, which was distinct from the approaches
proposed by researchers in analysing methane
emissions in the context of specific livestock
production methods. The authors’ study fo-
cused on factors related to livestock manage-
ment and agricultural practices.

Chicken manure proved to be the most
promising feedstock for biogas production due
to its high methane yield and organic matter
degradation factor, making it an economically
viable and energy-efficient source for biogas
plants. S. Singh et al. (2024) covered this subject
in their study, showing that methanogenic bac-
teria in anaerobic mull, cattle rumen and ma-
nure played a significant role in the decomposi-
tion of organic matter and methane production.
The present study reached analogous conclu-
sions, as the findings revealed that methano-
genic bacteria are essential for the breakdown
of organic matter, which confirmed the feasibil-
ity of using anaerobic methanogenesis for the
treatment of organic waste.

According to the findings of the present
study, it is known that chicken manure has be-
come the best feedstock for biogas production
due to its high content of volatile solids and
high methane yield, which ensured the high-
est biogas production. S. Chozhavendhan et
al. (2020) also studied this problem. The re-
searchers found that biogas production tech-
nology proved to be effective in converting
renewable energy sources such as agricultural,
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livestock, industrial, and municipal waste into
a clean form of energy. Their study confirmed
that biogas technology can reduce greenhouse
gas emissions and promote development by ef-
ficiently utilising renewable resources and re-
ducing dependence on fossil fuels.

It was noted that the physicochemical
properties of distinct types of raw material,
specifically moisture content, volatile sol-
ids content, and C:N ratio, positively affected
the biogas fermentation process. C. Mutate et
al. (2023) found that feedstocks with an opti-
mum C:N ratio, as well as high levels of organic
matter, provided the best fermentation results
and biogas yields. This statement can be agreed
with, as a high content of organic matter pro-
vides sufficient energy for microorganisms,
which stimulates anaerobic fermentation and
leads to a high biogas yield (Kucher et al., 2022).

It was found that temperature fluctua-
tions and the type of feedstock positively affect
the methane production, which was signifi-
cant for the efficiency of biogas technologies.
N. Lovanh et al. (2023) pointed to the efficiency
of using livestock waste, specifically wastewa-
ter from poultry and dairy manure process-
ing, for biogas production, including methane.
N. Lovanh et al. (2023) focused on the efficiency
of agricultural waste processing for biogas pro-
duction, while the present study covered three
principal types of biogas feedstocks and com-
pared their efficiency in terms of physical and
chemical characteristics.

Cattle manure showed an average level of
biogas yield, but it was necessary to correct
its moisture content and C:N ratio to increase
fermentation efficiency. L. Dong et al. (2019)
found that the plunger reactor provided stable
production of high-quality biogas under con-
ditions of waste disposal with hydraulic re-
tention for 25 days, temperature conditions of
37-40°C, and a 7-10% concentration of solids
in the substrate. The statement of L. Dong et
al. (2019) can be agreed with, as the research-
ers confirmed the effectiveness of large-scale
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bioreactors for the treatment of organic waste,
specifically cattle manure, which led to an in-
crease in biogas and methane production un-
der optimum conditions of hydraulic retention
and temperature.

After mechanical grinding and chemical
treatment of chicken manure, an increase in
biogas yield was found (by 13% and 22%, re-
spectively). I. Mahmoud et al. (2022) found that
the co-digestion of sludge and raw chicken
manure increased the total biogas production
and improved the sludge treatment process.
The findings of the present study showed an
increase in biogas yield after pretreatment and
grinding of the feedstock, while I. Mahmoud et
al. (2022) employed another technology and
accordingly indicated that the increase in bio-
gas yield was achieved through co-digestion of
sludge and chicken manure.

It is recommended to use chicken manure
in combination with carbon additives (straw),
which is necessary to obtain maximum biogas
yield. E. Orhorhoro & O. Oghoghorie (2024)
concluded that the highest level of biogas
yield was observed when chicken manure was
co-digested with seaweed. The present study
obtained partially analogous findings to those
of E. Orhorhoro & O. Oghoghorie (2024), which
showed that the use of an organic additive in the
form of seaweed was effective in increasing bio-
gas productivity. However, in the present study,
the greatest effect was observed when chicken
manure was combined with various additives,
including carbon-rich straw, which created fa-
vourable conditions for microbial activity and
optimisation of the carbon to nitrogen ratio.

This study found that the use of chicken
manure produced the highest proportion of
methane compared to other types of raw mate-
rials, making it the most efficient source of bi-
ogas. ]. Di Mario et al. (2024) found that the use
of untreated olive mill wastewater for biogas
production led to an increase in biogas yield.
The statement of J. Di Mario et al. (2024) can
be agreed with, because according to scientific

data, wastewater contains organic compounds
that can be broken down by microorganisms
during anaerobic fermentation, which leads to
an increase in the content of methane and oth-
er biogas components.

Chicken manure has the highest propor-
tion of methane compared to other types of
raw materials. M. Ajao et al. (2024) showed
that the addition of silica nanosupplementa-
tion increased the amount of methane in cow
and sheep manure biogas. The statement of
M. Ajao et al. (2024) can be agreed with, because
according to scientific data, the added nanosup-
plement can have a catalytic effect, stimulating
biochemical reactions that increase the amount
of methane yield in biogas systems.

It was found that chicken manure showed
the highest biogas yield after 30 days of fermen-
tation, which indicated its greater efficiency as
a feedstock for biogas production compared to
cattle manure and pig manure. O. Ojo (2022)
presented the results, according to which poul-
try manure was the most effective feedstock
for biogas production compared to cow and pig
manure, as it provided the highest volume of
biogas production and high level of gas produc-
tion. The findings of O. Ojo’s (2022) work can be
agreed upon, as analogous studies confirm that
poultry manure has a high potential for biogas
fermentation due to its high content of easily
digestible organic compounds such as proteins
and fats. This is why better gas production
rates were achieved compared to the other two
types of manure studied, which contain a high
amount of cellulose and are more difficult to
break down during fermentation.

The study of the content of harmful com-
ponents in biogas revealed that cattle manure
and chicken manure had a lower content of
harmful components in biogas compared to
pig manure contaminated with hydrogen sul-
phide, which contributed to the reduction of
anthropogenic emissions. Z. Akylirek (2023)
found that the use of livestock waste for bio-
gas production helped reduce greenhouse gas
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emissions. The researchers’ conclusions should
be accepted, as the use of livestock waste for bi-
ogas production does have benefits for reducing
harmful emissions, including greenhouse gases
such as methane and hydrogen sulphide.

The highest pH level was found in cattle
manure. S. Ejiko et al. (2024) noted that a high
pH was recorded in pig waste, which affect-
ed the speed and quality of anaerobic diges-
tion. It is possible to agree with the opinion of
S. Ejiko et al. (2024), since high pH in pig ma-
nure does reduce the efficiency of the process,
since an acidic environment is optimal for an-
aerobic bacteria.

Compared to other types of raw materi-
als, pig manure showed the highest level of
carbon dioxide (CO,), which contributed to
the decomposition of organic compounds. B.
Zalys et al. (2023) showed that pretreatment
of cow, pig, and chicken manure with CO, gas
led to an increase in biomethane yield com-
pared to untreated manure. The findings of B.
Zalys et al. (2023) should be agreed with, as
pretreatment with CO, gas does indeed increase
biomethane yields and reduces the amounts of
harmful gases, specifically hydrogen sulphide,
during the biogasification process.

According to the obtained indicators, the
average biogas yield with the lowest hydrogen
sulphide content was obtained from cattle ma-
nure compared to other types of raw materials,
which reduced the need for additional stages
of biogas purification before its use. A. Ogun-
keyede et al. (2024) found that cow belching and
manure sludge produced high levels of biogas,
which helped to reduce the amount of organic
waste while contributing to energy production.
The conclusions of A. Ogunkeyede et al. (2024)
should be agreed with, since the use of the
types of raw materials under study actually en-
ables not only the reduction of organic waste,
but also their use for energy production.

It was found that an elevated level of bio-
gas yield from cattle manure was achieved at
pH 7.8 after fermentation. M. Mohammed et
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al. (2022) found that the highest biogas yield
was achieved at pH 7, while the use of an iso-
lated digester greatly increased the volume of
biogas produced compared to a transparent
digester. This statement can be agreed with, as
the optimum pH level for the activity of meth-
anogenic microorganisms is within the range of
neutral or slightly alkaline environment.

The study found that the use of the tech-
nology of preliminary chemical treatment of bi-
omass (solutions of sodium alkali or potassium
hydroxide were used for alkaline treatment),
which consisted of chicken manure, improved
the biogas yield. K. Venslauskas et al. (2024)
found that biogas production was improved in
untreated straw, specifically by applying a bi-
ological pretreatment method using microor-
ganisms, namely Trichoderma species. The con-
clusions of K. Venslauskas et al. (2024) can be
agreed with, as the scientific data confirms that
biomass pretreatment using a biological meth-
od can contribute to the efficient decomposi-
tion of structural carbohydrates, thus increas-
ing the availability of fermentable sugars for
microorganisms, and improving biogas yields.

Conclusions

The study revealed that the greatest biogas
yield was recorded when using chicken ma-
nure (0.23 m3%kg VT), due to the high content
of organic matter and the optimum C:N ratio.
Pig manure provided the lowest biogas yield
(0.13 m¥/kg VT) due to the high H,S content,
and therefore additional measures for bio-
gas treatment were required. Cattle manure
demonstrated an average biogas yield (0.16 m%/
kg VT) but required optimisation of fermenta-
tion conditions to improve performance. Chick-
en manure showed the highest biogas yield
during all fermentation periods, reaching a
maximum (0.09 m%/day) in the second period,
and therefore the use of this substrate is effec-
tive for biogas plants.

According to the observations, chicken
manure had the highest organic degradation
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rate (60%), indicating the high efficiency of its
biological decomposition, while cattle manure
and pig manure had degradation rates of 55%
and 50%, respectively. Chicken manure, with its
high organic matter degradation factor and high
methane content of 65%, proved to be the most
energetically valuable feedstock for biogas pro-
duction. Considering the energy efficiency of this
substrate, its use is beneficial for biogas plants.
Reduction of H,S emissions from pig manure is
possible with limited use of pig manure, addition
of adsorbents, or combination of various types
of feedstocks, which will achieve a stable C:N
ratio and reduce the effects of the harmful com-
ponent. The findings of the study of the phys-
ical and chemical properties of the feedstock
revealed that the highest moisture content (75-
80%) was observed in cattle manure, which re-
quired additional consistency adjustment, while
the highest content of volatile solids (25-30%)
was found in chicken manure, which emphasised

its high energy quality. The C:N ratio of the
chicken manure (10:1) was too low, and there-
fore carbonaceous materials, such as straw, were
added to improve the optimum biogas yield.

Areas for further research may include the
introduction of a comprehensive approach to
analysing the effects of seasonal changes in
temperature and humidity on fermentation
processes and biogas yields to assess the op-
timum conditions for the operation of biogas
plants using animal by-products and their ef-
fects on biogas production.

Acknowledgements
None.

Funding
None.

Conflict of Interest
None.

(1]

(2]

(3]

(4]

[5]

(6]

References
Ajao, M.O., Olugboji, O.A., & Olusola, E. (2024). Effect of silicon oxide nanoadditive on biogas
and methane yield of anaerobic digestion of cow dung and sheep dung. Journal of Systematic,
Evaluation and Diversity Engineering, 4(5), 1-16.
Akamati, K., Laliotis, G.P., & Bizelis, I. (2022). Comparative assessment of greenhouse
gas emissions in pig farming using tier inventories. Environments, 9(5), article number 59.
doi: 10.3390/environments9050059.
Akyiirek, Z. (2023). Biogas energy from animal waste. In K.G. Ramawat, J.-M. Mérillon & J.
Arora (Eds.), Agricultural waste: Environmental impact, useful metabolites and energy production
(pp. 543-558). Singapore: Springer. doi: 10.1007/978-981-19-8774-8 20.
Chozhavendhan, S., Gnanavel, G., Karthiga Devi, G., Subbaiya, R., Praveen Kumar, R., &
Bharathiraja, B. (2020). Enhancement of feedstock composition and fuel properties for
biogas production. In R.P. Kumar, B. Bharathiraja, R. Kataki & V.S. Moholkar (Eds.), Biomass
valorization to bioenergy (pp. 113-131). Singapore: Springer. doi: 10.1007/978-981-15-
0410-5 9.
Chubur, V., Danylov, D., Chernysh, Ye., Plyatsuk, L., Shtepa, V., Haneklaus, N., & Roubik, H.
(2022). Methods for intensifying biogas production from waste: A scientometric review of
cavitation and electrolysis treatments. Fermentation, 8(10), article number 570. doi: 10.3390/
fermentation8100570.
Di Mario, J., Montegiove, N., Gambelli, A.M., Brienza, M., Zadra, C., & Gigliotti, G. (2024).
Waste biomass pretreatments for biogas yield optimization and for the extraction of valuable
high-added-value products: Possible combinations of the two processes toward a biorefinery
purpose. Biomass, 4(3), 865-885. doi: 10.3390/biomass4030048.

Animal Science and Food Technology. 2025. Vol. 16, No. 1



https://africanscholarpub.com/ajsede/article/view/187
https://africanscholarpub.com/ajsede/article/view/187
https://doi.org/10.3390/environments9050059
https://doi.org/10.1007/978-981-19-8774-8_20
https://doi.org/10.1007/978-981-15-0410-5_9
https://doi.org/10.1007/978-981-15-0410-5_9
https://doi.org/10.3390/fermentation8100570
https://doi.org/10.3390/fermentation8100570
https://doi.org/10.3390/biomass4030048

70

Influence of the type of livestock by-products on biogas yield...

[71 Dong, L., Cao, G., Guo, X., Liu, T., Wu, J., & Ren, N. (2019). Efficient biogas production from
cattle manure in a plug flow reactor: A large scale long term study. Bioresource Technology, 278,
450-455. doi: 10.1016/j.biortech.2019.01.100.

[8] DSTU ISO 11722:2004. (2005). Solid mineral fuels. Coal is hard. Determination of moisture in
a sample for general analysis by the nitrogen drying method. Retrieved from https://online.
budstandart.com/ua/catalog/doc-page?id_doc=96281.

[9] DSTU ISO 5725-4:2005. (2005). Accuracy (correctness and precision) of measurement methods
and results. Retrieved from https://zakon.isu.net.ua/sites/default/files/normdocs/dstu_gost_
iso_5725-4 2005.pdf.

[10] Dudin,V.,Polehenka,M., Tkalich,O.,Pavlychenko,A.,Hapich,H., & Roubik, H.(2024).Ecological
and economic assessment of the effectiveness of implementing bioenergy technologies in the
conditions of post-war recovery of Ukraine. Scientific Bulletin of the National Mining University,
1, 203-208. doi: 10.33271/nvngu/2024-1/203.

[11] Ejiko, S.O., Adewuyi, R.A., & Akerele, O.V. (2024). Physicochemical analysis and biogas
production potential of selected animal waste substrates. Journal of Engineering and Earth
Sciences, 17(1), 65-80.

[12] Geletukha, G.G., Kucheruk, P., & Matveev, Y. (2022). Prospects for biomethane production in
Ukraine: Analytical note. Retrieved from https://uabio.org/wp-content/uploads/2022/09/UA-
Position-paper-UABIO-29.pdf.

[13] Golub, G., Skydan, O., Kukharets, V., Yarosh, Y., & Kukharets, S. (2020). The estimation of
energetically self-sufficient agroecosystem’s model. Journal of Central European Agriculture,
21(1), 168-175. doi: 10.5513/]CEA01/21.1.2482.

[14] Havrysh, V., Kalinichenko, A., Mentel, G., & Olejarz, T. (2020). Commercial biogas plants:
Lessons for Ukraine. Energies, 13(10), article number 2668. doi: 10.3390/en13102668.

[15] Havrysh, V., Nitsenko, V., Bilan, Y., & Streimikiene, D. (2019). Assessment of optimal
location for a centralized biogas upgrading facility. Energy and Environment, 30(3), 462-480.
doi: 10.1177/0958305X18793110.

[16] Kravchenko, Y., & Bykova, O. (2023). Physico-chemical and agrochemical indicators of typical
chernozem and isohumisol under various tillage and fertiliser systems. Plant and Soil Science,
14(1), 22-38. doi: 10.31548/plant1.2023.22.

[17] Kucher, O., Hutsol, T., Glowacki, S., Andreitseva, I., Dibrova, A., Muzychenko, A., Szelag-
Sikora, A., Szparaga, A., & Kocira, S. (2022). Energy potential of biogas production in Ukraine.
Energies, 15(5), article number 1710. doi: 10.3390/en15051710.

[18] Lohosha,R.,Palamarchuk, V., & Krychkovskyi, V. (2023). Economic efficiency of using digestate
from biogas plants in Ukraine when growing agricultural crops as a way of achieving the goals
of the European Green Deal. Energy Policy Journal, 26(2), 161-182. doi: 10.33223/epj/163434.

[19] Lovanh, N., Loughrin, J., Ruiz-Aguilar, G., & Sistani, K. (2023). Methane production from a
rendering waste covered anaerobic digester: Greenhouse gas reduction and energy production.
Energies, 16(23), article number 7844. doi: 10.3390/en16237844.

[20] Mahmoud, I., Hassan, M., Aboelenin, S.M., Soliman, M.M., Attia, H.F., Metwally, K.A., Salem,
H., El-Tahan, A.M., El-Saadony, M.T., & Khalaphallah, R. (2022). Biogas manufacture from co-
digestion of untreated primary sludge with raw chicken manure under anaerobic mesophilic
environmental conditions. Saudi Journal of Biological Sciences, 29(4), 2969-2977. doi: 10.1016/j.

sjbs.2022.01.016.

Animal Science and Food Technology. 2025. Vol. 16, No. 1



https://doi.org/10.1016/j.biortech.2019.01.100
https://online.budstandart.com/ua/catalog/doc-page?id_doc=96281
https://online.budstandart.com/ua/catalog/doc-page?id_doc=96281
https://zakon.isu.net.ua/sites/default/files/normdocs/dstu_gost_iso_5725-4_2005.pdf
https://zakon.isu.net.ua/sites/default/files/normdocs/dstu_gost_iso_5725-4_2005.pdf
https://doi.org/10.33271/nvngu/2024-1/203
https://jees.fedpolyado.edu.ng/storage/published/JEES-VBTASD-7254234-PhysicochemicalAnalysisandBiogasProductionPotentialOfSelectedAnimalWasteSubstrates.pdf
https://jees.fedpolyado.edu.ng/storage/published/JEES-VBTASD-7254234-PhysicochemicalAnalysisandBiogasProductionPotentialOfSelectedAnimalWasteSubstrates.pdf
https://uabio.org/wp-content/uploads/2022/09/UA-Position-paper-UABIO-29.pdf
https://uabio.org/wp-content/uploads/2022/09/UA-Position-paper-UABIO-29.pdf
https://doi.org/10.5513/JCEA01/21.1.2482
https://doi.org/10.3390/en13102668
https://doi.org/10.1177/0958305X18793110
https://doi.org/10.31548/plant1.2023.22
https://doi.org/10.3390/en15051710
https://doi.org/10.33223/epj/163434
https://doi.org/10.3390/en16237844
https://doi.org/10.1016/j.sjbs.2022.01.016
https://doi.org/10.1016/j.sjbs.2022.01.016

Bondar et al.

71

[21] Manushkina, T., Koloianidi, N., Hyrlya, L., & Bondar, A. (2024). Decarbonisation of agricultural
technologies in Ukraine in achieving sustainable development goals. Scientific Horizons, 27(7),
127-137.doi: 10.48077/scihor7.2024.127.

[22] Mohammed, M., Belkair, A., Hamad, T., Jirhiman, A., Hassan, R., & Ahmeedah, A. (2022).
Improving biogas production from animal manure by batch anaerobic digestion. Algerian
Journal of Engineering and Technology, 6, 79-84.

[23] Moshenskyi, S., Grytsyshen, D., & Petruk, O. (2024). Agricultural and resource economy of
Ukraine and problems for economic growth. Scientific Horizons, 27(1), 152-161. doi: 10.48077/
scihor1.2024.152.

[24] Muminova, S.S., Bayadilova, G., Mukhametzhanova, O., Seilgazina, S.M., Zhumabayeva, R., &
Rvaidarova, G. (2023). The effects of feeding with organic waste by terrestrial isopod Philoscia
Muscorum on enzyme activities in an incubated soil. Eurasian Journal of Soil Science, 12(2),
122-126. doi: 10.18393/ejss.1211180.

[25] Mutate, C.T.,Kanjanda, A.]., & Mehta, G. (2023). Small-scale electricity generation from biogas
in third world countries. In R. Sharma, R. Kannojiya, N. Garg & S.S. Gautam (Eds.), Advances in
engineering design (pp. 449-460). Singapore: Springer. doi: 10.1007/978-981-99-3033-3_38.

[26] Obileke, K., Makaka, G., Tangwe, S., & Mukumba, P. (2024). Improvement of biogas yields in
an anaerobic digestion process via optimization technique. Environment Development and
Sustainability. doi: 10.1007/s10668-024-04540-6.

[27] Ogunkeyede, A.O., Bankole, A.O., Isinwa, A.U., Raphael, S.]J., Odoh, B.C., Isukuru, E.J., &
Akpofure, R.-R. (2024). Assessing the suitability of animal and food waste samples for biogas
production and fertilizer evaluation. Scholars International Journal of Chemistry and Material
Sciences, 7(6), 60-70. doi: 10.36348/sijcms.2024.v07i06.001.

[28] Ojo, O.M. (2022). Daily and cumulative biogas yields from selected animal dungs. In A.O.
Ayeni, S.E. Sanni & S.U. Oranusi (Eds.), Bioenergy and biochemical processing technologies:
Recent advances and future demands (pp. 37-44). Cham: Springer. doi: 10.1007/978-3-030-
96721-5 4.

[29] Orhorhoro, E.K., & Oghoghorie, O. (2024). Energy and environment enhancing biogas yield
through anaerobic co-digestion of animal manure and seaweed. Progress in Energy and
Environment, 28, 1-22. doi: 10.37934/progee.28.1.122.

[30] Palamarenko, Y.V., & Chikov, I.A. (2023). Assessing the efficiency of biogas plants: The national
and foreign experience. Problems of Economy, 3(57), 323-336. doi: 10.32983/2222-0712-2023-
3-323-336.

[31] Shmatenko, V.A.(2024). Modelling of biomethane production by changing biogas consumption
and absorbing composition. In Proceedings of V International scientific and practical conference
“Innovative development of science, technology and education” (pp. 139-152). Vancouver: Perfect
Publishing.

[32] Singh, S., Dwivedi, K., Gupta, S., & Shukla, N. (2024). Application of methano bacteria for
production of biogas. In P. Singh (Ed.), Emerging trends and techniques in biofuel production
from agricultural waste (pp. 43-55). Singapore: Springer. doi: 10.1007/978-981-99-8244-8 3.

[33] Strokal, V., Berezhniak, Y., Naumovska, O., Vahaliuk, L., Ladyka, M., Pavliuk, S., Palamarchuk,
S., & Serbeniuk, H. (2024). Natural resources of Ukraine: Consequences and risks of
Russian aggression. Biological Systems: Theory and Innovation, 15(1), 37-60. doi: 10.31548/
biologiyal5(1).2024.004.

Animal Science and Food Technology. 2025. Vol. 16, No. 1



https://doi.org/10.48077/scihor7.2024.127
https://doi.org/10.48077/scihor7.2024.127
https://www.jetjournal.org/index.php/ajet/article/view/199
https://doi.org/10.48077/scihor1.2024.152
https://doi.org/10.48077/scihor1.2024.152
https://doi.org/10.18393/ejss.1211180
https://doi.org/10.1007/978-981-99-3033-3_38
https://doi.org/10.1007/s10668-024-04540-6
https://doi.org/10.36348/sijcms.2024.v07i06.001
https://doi.org/10.1007/978-3-030-96721-5_4
https://doi.org/10.1007/978-3-030-96721-5_4
https://doi.org/10.37934/progee.28.1.122
https://doi.org/10.32983/2222-0712-2023-3-323-336
https://doi.org/10.32983/2222-0712-2023-3-323-336
https://doi.org/10.1007/978-981-99-8244-8_3
https://doi.org/10.31548/biologiya15(1).2024.004
https://doi.org/10.31548/biologiya15(1).2024.004

72

Influence of the type of livestock by-products on biogas yield...

[34] Tkachenko, S.Y., Stepanov, D.V., & Stepanova, N.D. (2020). Analysis of social and energy and
sustainable efficiency of biogas technology implementation. Visnyk of Vinnytsia Polytechnical
Institute, 2, 34-41. doi: 10.31649/1997-9266-2020-149-2-34-41.

[35] Uwizeye, A., Gerber, P.]., Opio, C.I., Tempio, G., Mottet, A., Makkar, H., Falcucci, A., Steinfeld, H.,
& de Boer, I.]. (2019). Nitrogen flows in global pork supply chains and potential improvement
from feeding swill to pigs. Resources Conservation and Recycling, 146, 168-179. doi: 10.1016/j.
resconrec.2019.03.032.

[36] Venslauskas, K., Navickas, K., Rubezius, M., Zalys, B., & Gegeckas, A. (2024). Processing of
agricultural residues with a high concentration of structural carbohydrates into biogas
using selective biological products. Sustainability, 16(4), article number 1553. doi: 10.3390/
sul16041553.

[37] Wang, H.,Lim, T.T.,Duong, C., Zhang, W., Xu, C., Yan, L., Mei, Z., & Wang, W. (2020). Long-term
mesophilic anaerobic co-digestion of swine manure with corn stover and microbial community
analysis. Microorganisms, 8(2), article number 188. doi: 10.3390/microorganisms8020188.

[38] Zalys, B., Venslauskas, K., Navickas, K., Buivydas, E., & RubeZius, M. (2023). The influence
of CO, injection into manure as a pretreatment method for increased biogas production.
Sustainability, 15(4), article number 3670. doi: 10.3390/su15043670.

[39] Zinoviev, S.H., & Pushkina, M.L. (2023). Technological management of reduction of
environmentally harmful emissions of livestock into the environment (review). Pig Breeding
and Agroindustrial Production, 1(79), 68-102. doi: 10.37143/2786-7730-2023-1(79)05.

BriuB THIy NOOIYHUX MPOAYKTIB TBADMHHUIITBA HA BUXiJ i cKJIajg 6iorady

Anna BoHpmap

Kangmpar cibChKOroCIofapChbKuxX HayK, TOIEHT
MuKonaiBCbKMii HalliOHA/IbHUIA arpapHuii YHiBepCUTeT
54008, Byn1. T'eopris l'ouragse, 9, M. Mukosnai, Ykpaina
https://orcid.org/0000-0002-5546-0528

Terana Iligmana

ITIoKTOP CiTbChKOTOCTIONAPCHKUX HAYK, ITpodecop
MwuKonaiBCbKMi1 HalliOHAJIbHUIA arpapHuii YHiBepCUTET
54008, Byn. I'eopris ['onrazgse, 9, M. Mukosnai, Ykpaina
https://orcid.org/0000-0002-4072-7576

l'anunaa JaHUIBYYK

KaHaupaaT ciibCbKOTOCTIOAAPCHKUX HAYK, TOLIEHT
MukosnaiBCbKMit HallioHAIbHMIT arpapHii yHiBepcuTeT
54008, Byn. T'eopris ['onraase, 9, M. Mukonais, Ykpaina
https://orcid.org/0000-0002-5647-4593

JIrogMuiaa OHMILEHKO

KaHanpar ciyibCbKOTOCIIOAAPChKUX HayK, CTapIINii BUKIaZay
MuxonaiBCbKMii HalliOHAIbHUIL arpapHMii yHiBepcUTeT
54008, Bys1. T'eopris ['onrazgse, 9, M. Mukosnai, Ykpaina
https://orcid.org/0000-0003-2666-9813

Animal Science and Food Technology. 2025. Vol. 16, No. 1



https://doi.org/10.31649/1997-9266-2020-149-2-34-41
https://doi.org/10.1016/j.resconrec.2019.03.032
https://doi.org/10.1016/j.resconrec.2019.03.032
https://doi.org/10.3390/su16041553
https://doi.org/10.3390/su16041553
https://doi.org/10.3390/microorganisms8020188
https://doi.org/10.3390/su15043670
https://doi.org/10.37143/2786-7730-2023-1(79)05
https://orcid.org/0000-0002-5546-0528
https://orcid.org/0000-0002-4072-7576
https://orcid.org/0000-0002-5647-4593
https://orcid.org/0000-0003-2666-9813

Bondar et al.

73

AHoTaujisg. JJocnifkeHHS BIUIMBY Pi3HMUX BUZIB BiJIXOAiB TBAPMHHOTO IMMOXOMKEHHS Ha KibKiCTb
Ta ckaaj 6iorasy € BKIMBUM i aKTyaJIbHUM JJI ONITUMi3allii mpoIeciB aHaepo6HOTo OPOIiHHS,
MigBuIeHHs eeKTUBHOCTI BUpOOGHMIITBA 6iorasy Ta ajarnTailii TeXHOJIOTii 0 YMOB rOCIOapCTB.
MeTot0 po60TH Gyiia OIliHKa BIUTMBY IMOGIUHMX MTPOAYKTiB TBAPMHHUIITBA, 30KpeMa THOIO BEIMKOT
poraroi Xyno6u, CBUHSYOTO MHOI0 Ta KyPsIYOTOo MOC/iLY Ha KiTBKICTb i SIKiCTh OTPUMAaHOro 6iorasy.
B xomi IocmigKeHHSI 3aCTOCOBYBAIMCS METOLM: CTAaTUCTMUYHMIA aHasi3, MeTO[ rasoaHamisy i
dbepmenrTarii. Ilig yac mpoBemeHHs OOCTIKEHHS MpoaHali3oBaHi (i3MKo-XiMiuHi BIACTMBOCTI
pi3HUX BUAIB CUPOBMHM [JII BUPOOGHMUIITBA Giorasy. BCTaHOBIEHO, IO KypsuMii IMOCTiA MaB
HABUILIMIT TIOTEHIIia /sl YTBOPeHHs 6Giorasy uepe3 BMCOKUI BMICT JIETKUX TBEPOUX PEYOBUH
(25-30 %) i onTMMasIbHE CITiBBiTHOIIEHHST MeTaHy B CKiai 6iorasy (65 %). Tako BUSBIIEHO, L0
THil BelMKoi poratoi xyo6u xapaKkTepu3yBaBCsl CTaOUIbHUM cepefqHIM piBHeM Buxomy 6Giorasy
(0.15-0.18 m3/kr Maca JeTKMUX TBepAUX pedoBMH Yy cupoBuHi (VT, %)), TOLi K CBMHSIUMII THiii
MaB HaiHwkunit Buxig (0.12-0.14 m3/Kr maca JIeTKMX TBepAMX PEUYOBMH Yy CUPOBMHI). 3rigHo
3 pe3yibTaTaMM [JOCTIIKeHHS MPOAEeMOHCTPOBAHO, IO AOJaBaHHS ByIJeLleBUX MarepiasiB
(HampuKIIaz, MoaApiOGHeHOT COTOMM) CIPUSIIIO MMOKPATIEeHHIO CITiBBiIHOIIIEHHS BYTJIEINIO 0 a30TY AJIS
onTuMisalii bepmeHTariitHoro mpoiiecy. [I[poBefeHMit aHaTi3 BMICTy OpraHiuHOi PeYOBMHY JI0 Ta
mics pepMeHTallii TOKa3aB 3HAuUHe ii 3HMKeHHS 1Sl Kypsiuoro nocrimy (51 %), o ¢Bigumio npo
edeKTUBHICTb GiomoriuHoro poskiamy. JoCTiIkeHHs BKIIOUAIO OLHKY CKiany 6iorasy, 30Kpema
Metany (50-65 %), Byrmekucaoro rasy (30-40 %) i cipkoBopHio (1-3 %). 3MiHa moka3HUKiB pH y
BCiX TMIIaX CMPOBMHM ITiC/Is hepMeHTAallii BKasyBasia Ha cTabisisallio cepeqosuiia B 6iopeakropax,
1110 326e31MeYNII0 CIIPUSTIANBI YMOBU AJII MiKpOOpPraHi3miB. Pe3ynbTaT AOCTiIKEHHS MOXKYTh Oy T
BMKOPUCTaHi Ha MPAKTUIIi €KOJIOTAMM, arPOHOMAaMM, TEXHOJIOTAMM TBAPMHHUIITBA i BUPOOHMKAMU
6iorasy 3 MeTOI0 CTBOPEHHS €HEPTeTUYHO He3aJIeXKHMX rOCIOapCTB uepes iHTerpailito 6iorazoBux
YCTaHOBOK Y (pepmMepchKi rocromapcTsa

KimiouoBi «1oBa: Bimxomu; THiil; Kypsumii Mowtig; 6iopeakTop; MeTaH; BYIIEKUCIUI ras;
dbepmeHTariis
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monitoring of raw materials, food products, and contact surfaces of technological equipment.
Particular emphasis was placed on evaluating highly efficient and cost-effective approaches to
ensuring food safety. During production control, methods that simplify microbiological testing
are employed, such as using ready-to-use nutrient media, which significantly reduces the time
and resources required for microbiological examinations. The study analysed the primary modern
nutrient media used for transporting, cultivating, isolating, identifying, and differentiating
microorganisms in food products. Modern microbiological methods have been thoroughly
analysed, with an evaluation of the quality of nutrient media and the stability of their properties,
which directly impact the validity and reliability of microbiological testing of food products. The
study identified and evaluated various test systems and the methodologies according to which
they have been validated. The use of Petrifilm test plates — ready-to-use nutrient media designed
for the quantitative assessment of different groups of microorganisms — has been analysed. These
included quantitative testing for yeasts and moulds, Escherichia coli, mesophilic aerobic and
facultative anaerobic microorganisms (MAFAnM), coliform and Enterobacteriaceae during the
production of food products, including semi-finished poultry products. The study also highlighted
the current validation certificates for these methods and their compliance with both national and
international standards, such as ISO 9001, in the field of development and production. Growing
attention to food safety and increased quality requirements for microbiological laboratories
promote the adoption of advanced methods for analysing raw materials, food products, and
surfaces of technological equipment. These methods significantly accelerate the acquisition
of microbiological testing results while optimising resource usage. The study of cost-effective
and highly efficient tools and rapid sanitary-microbiological monitoring methods enhances the
competitiveness of food products

Keywords: safety; pathogen identification; test systems; Petrifilm

Introduction

The state regulatory framework addressing food
safety requires reform, particularly regarding
compliance with safety and quality standards by
food producers. In Ukraine, efforts are ongoing
within the EU4SaferFood 2 project (State Ser-
vice of Ukraine on Food Safety and Consumer
Protection — Development Strategy of the State
Service of Ukraine on Food Safety and Consum-
er Protection, 2024), which aims to harmonise
Ukrainian food safety legislation with that of
the EU. The project facilitates the development
and implementation of key reforms based on
EU law in the domain of food safety, includ-
ing improving Ukraine’s state control system
to meet EU standards. One of the anticipated
outcomes of this collaboration is the provi-
sion of enhanced services in the area of food

safety, alongside the reform of the laboratory
infrastructure (NGO Agrarian Union of Ukraine.
Agropolitical Report, 2022). This reform is ex-
pected to highlight the benefits of monitoring
food products produced by enterprises ad-
hering to the European farm-to-fork strategy.

Quality control of food products is a crit-
ical aspect of production management, safe-
guarding businesses from the supply of sub-
standard materials and raw ingredients. The
selection of control methods and instruments
ensures the desired level of food quality, as
the testing process demands the highest lev-
els of precision, reliability, and data accura-
cy (Varenina et al., 2022). Modern, hightech
methods for analysing food quality offer signif-
icant advantages over traditional techniques,
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reducing the number of research stages, costs
associated with the production and validation
of culture media, and labour requirements.
M. Castro et al. (2024) highlight that compre-
hensive approaches to food safety monitoring,
combining theoretical and practical aspects,
are essential tools. Moreover, these methods
play a crucial role in assessing the quality of
finished products and providing timely results
for implementing sanitary measures.

The implementation of high-tech, cost-ef-
fective tools and rapid methods for routine
sanitary and microbiological monitoring is a
crucial step in enhancing the quality and safety
of food products both in Ukraine and interna-
tionally. Traditional methods for the qualitative
and quantitative determination of indicator
microorganisms suffer from several drawbacks,
including being labour-intensive, low-through-
put, and time-consuming. These methods are
often unsuitable for rapid monitoring, especial-
ly in medium-sized and small food processing
enterprises that lack accredited bacteriologi-
cal laboratories. In light of these limitations,
V. Chiozzi et al. (2022) highlight the need for
simpler, more objective, and high-throughput
tools and methods for the sanitary and microbi-
ological monitoring of raw materials, semi-fin-
ished products, and food products.

Given Ukraine’s challenging energy sit-
uation and the global trend towards resource
reduction, minimising water and electricity
consumption has become a pressing issue.
Since the early 1990s, global practices have
increasingly incorporated methods that sim-
plify microbiological testing of food products,
alongside traditional methodologies, particu-
larly in production control. The use of ready-
to-use nutrient media reduces the time and
resources required for microbiological testing
(Hartantyo et al., 2023).

The ability to rapidly obtain results from
microbiological analysis allows for the prompt
release of food products to the market, pro-
viding manufacturers with a competitive

Animal Science and Food Technology. 2025. Vol. 16, No. 1

advantage. This paper aimed to investigate the
practical application of rapid sanitary and mi-
crobiological monitoring of raw materials, food
products, and equipment surfaces using mod-
ern microbiological methods, and to evaluate
highly efficient and cost-effective tools. The
objective of this study was to systematise mi-
crobiological control methods and assess meth-
ods for detecting indicator microorganisms in
food production, enabling timely implementa-
tion of sanitary measures and ensuring the mi-
crobiological quality of food products.

Literature Review

As highlighted by G. Birgand et al. (2022), the
history of culture media began in 1861 with
the work of French microbiologist L. Pasteur,
who used beer wort, wine, grape juice, and
meat broth as culture media. The aim was to
create a fermentation medium. The primary
nitrogen sources were ammonium salts; sug-
ar was used as a carbon source for microbial
growth, while ash provided essential micronu-
trients. Pasteur observed that specific chemi-
cal properties and individual nutrients within
a medium could either promote or inhibit the
growth of particular microorganisms. Given
the competitive nature of microorganisms for
nutrients, certain cultures can exhibit exces-
sive growth. Pasteur’s research led to the mod-
ern understanding of preventive measures and
proactive monitoring of food products, ena-
bling the implementation, scaling, and utilisa-
tion of culture media. As noted by T. Giles-Ver-
nick et al. (2022), this distinguished scientist
developed microbiological culture media from
initial work as a sideline to meat production to
the onset of mass production, and to the on-
going development required to meet the de-
mands of modern microbiology laboratories.
As highlighted by H. Craven et al. (2021),
German bacteriologist R. Koch demonstrat-
ed a new technique for using culture media at
the London International Medical Congress. At
the time, the challenges of using broth-based
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culture media were well recognised. Scientists
were actively seeking and researching reliable
alternatives to replace existing media. Coagulat-
ed egg white, starch paste, and aseptically sliced
potato were proposed as alternative culture
media. In 1881, R. Koch used meat extract with
added gelatin to isolate pure cultures of micro-
organisms. The resulting “nutrient gelatin” was
poured into glass plates, inoculated, and placed
under a bell jar. This new method of using sol-
id media allowed for both the isolation of pure
bacterial cultures and their subculture on plates
or gelatin surfaces in tubes sealed with cotton
plugs. Although a significant advancement, gel-
atin had two major drawbacks as a gelling agent.
It underwent a gel-to-liquid phase transition
at relatively high temperatures, specifically
around 25°C, which hindered the incubation
of plates at these temperatures. Additionally,
gelatin could be liquefied by gelatinase, an en-
zyme produced by proteolytic microorganisms.

In 1882, Frau Hesse introduced a revolu-
tionary idea: using agar as a replacement for
gelatin in the preparation of solid culture media.
It is worth noting that this hydrocolloid was al-
ready used in the production of fruit jellies at the
time. The polysaccharide mixture of agarose and
agaropectin possesses unique physical prop-
erties: it remains solid up to 85°C but does not
solidify into a gel until 34-42°C upon cooling.
Agar’s transparency aids in observing colonies,
and unlike gelatin, it is not degraded by most
microorganisms (Mainardi & Bidoia, 2024).

Meat extract is a valuable source of various
growth factors for bacteria, but it has several
drawbacks: it does not contain sufficient ami-
no acids to support the optimal growth of many
microorganisms; its imprecise chemical com-
position leads to variable experimental results;
and it is susceptible to evaporation. As noted
in their book by R. Owusu-Apenten & E. Vie-
ira (2022), F. Loeffler modified the medium
by adding peptone and salt to Koch’s original
meat extract composition. Peptone was a meat
enzymatic digest, used in the 19% century as a

pharmaceutical product for digestive disorders.
The addition of meat peptone expanded the
amino acid composition (as a nitrogen source);
salt enhanced the viability of microorganisms,
which was crucial for their selective cultivation.

A new type of culture dish for media was
introduced in 1887. 7. Petri modified a flat glass
plate to prevent physical and biological con-
tamination. By the 1890s, nutrient media had
been developed that formed the basis for mi-
crobiological practice and are still used in mod-
ified forms in laboratories today.

Selective media are special nutrient media
designed to cultivate specific types of micro-
organisms. The first selective medium was de-
veloped by M. Beijerinck in 1888. Bacteriologist
A. McConkey developed the first chromogenic
medium in 1905. It contained selective compo-
nents (neutral red and bile salts) that inhibited
the growth of Gram-positive bacteria and a spe-
cific substrate — lactose. In their study, R. Sin-
gh et al. (2020) determined that intestinal bac-
teria ferment lactose, leading to a decrease in
pH and a change in the indicator’s colour. As a
result, colonies of Salmonella, Shigella, and coli-
form bacteria appear red and are surrounded by
a turbid zone of bile salt precipitation. In 1945,
A. Fleming, H. Florey, and E. Chain were award-
ed the Nobel Prize for the development of pen-
icillin, which made it possible to use antibiotics
as a practical tool. However, in the 1960s, an-
tibiotics began to be used as selective agents
for growing microorganisms, allowing for the
avoidance of contamination and creating con-
ditions for the selective growth of specific types
of bacteria and fungi.

Chromogenic media contain chromog-
ens, molecules designed to mimic colourless
metabolic substrates. These molecules are not
cleaved by the target enzyme but accumulate
within the cell. Once cleaved, the chromog-
ens become insoluble and coloured, allowing
for easy differentiation and identification. The
development of selective basal media with
chromogenic substrates has facilitated the
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creation of advanced nutrient media. As not-
ed by K. Anith et al. (2021), this, in turn, has
enabled the separation and identification of
groups of microorganisms.

In a collaborative study, A. Simpson et
al. (2022) determined that the use of film-based
identification media requires significantly less
sample preparation, generates less waste, and
occupies less incubator space compared to
traditional agar-based methods. Studies have
shown that nutrient-coated film plates provide
a good correlation for microbial counts with
agar-based nutrient media. An additional ad-
vantage of film media is the ability to process
large sample volumes. This makes them suit-
able for counting microorganisms in environ-
ments with very low biomass, such as extrater-
restrial environments. Numerous chromogenic
media are now used for various organisms, in-
cluding Candida, E. coli and other coliforms, Lis-
teria monocytogenes, Salmonella, and Clostridi-
um perfringens. It is worth noting that much of
19*-century microbiology had a clinical focus,
but today the food and processing industries
face different challenges. There is a need for
new approaches in the development and use
of specialised methods capable of detecting

minimal quantities of pathogenic microorgan-
isms in 25 g of food products.

Materials and Methods

The methodology of the study was based on con-
temporary theoretical and experimental meth-
ods of microbiological analysis. The main exper-
imental part of the research was conducted in
the laboratory of the Department of Standardi-
zation and Certification of Agricultural Products,
National University of Life and Environmental
Sciences of Ukraine, utilising novel methods and
tools for the sanitary and microbiological con-
trol of raw materials and food products. Along-
side classical culture media for the isolation and
differentiation of microorganisms from various
taxonomic groups, chromogenic culture me-
dia (CCMs) from various manufacturers (Oxoid,
Merck, bio Merieux, HiMedia, Sigma, Fluka) were
employed. This method is based on the identi-
fication of microorganisms based on specific
enzymes using special chromogenic substrates.

The study involved the determination of
microbiological contamination in two poultry
semifinished products. Samples (Fig. 1) includ-
ed: chicken thigh (broiler), chilled; chicken
wing (broiler), chilled.

Figure 1. Samples for analysis to determine microbiological indicatorsy

Source: authors’ photo

Sample preparation, detection, and enu-
meration of Enterobacteriaceae in the test
samples were conducted according to the
ISO 21528 standard on classical culture media.
The initial suspension and decimal dilutions
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of the test sample were prepared according to
ISO 6887. For this, a 10 g sample was asepti-
cally transferred from the combined sample
into a sterile filter bag, 90 cm? of sterile pep-
tone saline was added, and the mixture was
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homogenised to obtain the initial suspension.
Subsequently, a series of decimal dilutions
were prepared from the initial suspension by
transferring 1 cm® of inoculum into a tube con-
taining 9 cm?3 of sterile peptone saline.

To isolate Enterobacteriaceae, 1 cm?® of
the initial suspension and its decimal dilu-
tions were inoculated into sterile Petri dish-
es. The inoculum was overlaid with Violet Red
Bile Glucose Agar (VRBGA) cooled to 45°C and
gently mixed by rotating. After the medium
solidified, a second layer of the same medium
was poured on top. The plates were incubated
at 37°C for 24 hours. Plates containing few-
er than 150 characteristic colonies were se-
lected, and these colonies were counted. Five
characteristic colonies were then selected for
further identification.

The characteristic colonies were trans-
ferred to non-selective media and incubated
for 24 hours at 37°C. Identification was then
carried out by determining oxidase activity and
the ability to ferment glucose. Oxidase-neg-
ative colonies were inoculated into a glucose
agar slant. Inoculated tubes were incubated at
37°C for 24 hours. A positive reaction was indi-
cated by a colour change of the agar to yellow.
The number of Enterobacteriaceae per cm® or
1 g of the test sample was calculated based on
the number of confirmed typical colonies on
the plate (in each plate).

Certain species of Enterobacteriaceae may
form colourless colonies or cause decolourisa-
tion of the medium. Therefore, if no character-
istic colonies were observed, whitish colonies
were selected for confirmation. The enumer-
ation of Enterobacteriaceae, Escherichia coli
(SEC), and coliform bacteria was performed us-
ing Petrifilm (EC) test plates (Fig. 2).

Petrifilm Yeast and Mold Count Plates
(Fig. 3) were used to enumerate yeast and
mould colonies and to determine lactic acid
bacteria. The initial suspension and decimal
dilutions of the test sample were prepared ac-
cording to ISO 6887.

Figure 2. Petrifilm test plates
for colony counting
Note: a — Escherichia coli (SEC); b — coliform bacteria
and Escherichia coli
Source: authors’ photo

Figure 3. Petrifilm test plates
Note: a — Yeast and Mold Count Plate for counting
yeast and mould colonies; b — determination of lactic
acid bacteria
Source: authors’ photo

The Petrifilm EB plate was placed on a flat
surface. The top film was lifted, and 1 cm3 of the
suspension or its dilution was applied to the
centre of the bottom film. The film was gently
lowered onto the sample, avoiding the entrap-
ment of air. The inoculum was then spread over
the surface of the Petrifilm EB using a spreader.
The Petrifilm plates were left for one minute to
allow the gel to form. Petrifilm EB plates were
incubated in a horizontal position with the
clear side up at 37°C for 24 hours. The Petri-
film plate for the determination of lactic acid
bacteria contains a compound that absorbs ox-
ygen and creates anaerobic conditions. Hetero-
fermentative lactic acid bacteria are identified
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as red colonies with gas bubbles. Red colonies
without gas are identified as homofermentative
lactic acid bacteria (Fig. 4).

Figure 4. Petrifilm test plates
Note: Petrifilm test plates for the determination of
lactic acid bacteria
Source: authors’ photo

Petrifilm plates for the detection of lactic
acid bacteria exhibited an excessive number
of colonies, characterised by numerous small
colonies, abundant gas bubbles, and a colour
change of the gel from blue to pinkish-violet.
The high concentration of colonies led to the
entire plate becoming dark blue-violet with
a pink halo around the outer edge. To obtain
a more accurate count, further dilution of the
sample was necessary.

Following incubation, results were record-
ed. In cases where more than 100 colonies were
observed on Petrifilm EB plates, the number of
colonies in two or more characteristic square
areas was counted, and the mean value for each
area was determined. To estimate the total
number of colonies on each plate, the average
number of colonies per square area was multi-
plied by 20, as the area of the circular inocu-
lation zone is approximately 20 cm?. The total
number of yeasts and moulds serves as an in-
dicator of the overall cleanliness of food prod-
ucts throughout their lifecycle, from produc-
tion and processing to distribution and storage.
It is important to note that after use, the test
systems contain viable cultures of yeasts
and/or moulds and should therefore be auto-
claved at 120°C for 15 minutes.

Animal Science and Food Technology. 2025. Vol. 16, No. 1

Results and Discussion

The quality of culture media and the stability
of their cultural properties directly influence
the reliability of microbiological testing of raw
materials, semi-finished products, and culinary
products. Research conducted by scientists has
evaluated the applicability of methods and test
systems, particularly Petrifilm indicator plates,
for counting microbial groups in food products
and on processing surfaces. Researchers M. Bi-
lan et al. (2024) conducted a study using tra-
ditional microbiological methods and indicator
test plates to assess the safety of goat’s milk.
The results of the study showed that the level
of bacterial contamination of goat’s milk with
mesophilic aerobic and facultatively anaerobic
microorganisms was within acceptable limits.
No significant differences were found in the
results when using alternative methods. The
study demonstrated the potential of using test
plates to ensure the quality and safety indica-
tors during the production of goat cheese and
other dairy products made from it.

The aim of the research by M. Morin et
al. (2021) was to evaluate the accuracy of the
Petrifilm system for detecting excessive bacte-
rial contamination in colostrum. Using Petrifilm
for bacterial contamination analysis, the results
demonstrated that the test systems were a reli-
able alternative to standard laboratory methods,
with high sensitivity and specificity for detect-
ing aerobic and coliform contamination. The
results presented by authors A. Rios-Castillo et
al. (2021) indicate that production surfaces and
commercial equipment are a source of food
contamination. As products can become recon-
taminated from these surfaces, it is necessary
to maintain hygiene standards in retail settings.
Given the large number of employees, food prod-
ucts, sales volumes, and customer flow, it is cru-
cial to maintain strict hygiene standards in retail
settings to prevent foodborne outbreaks. Proce-
dures must be effective in ensuring food safety.

In collaborative research on frozen food
products, M. Silbernagel et al. (2003) conducted
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comparative studies using the 3M Petrifilm
Staph Express Count Plate and the official
AOAC 975.55 method for enumerating Staphy-
lococcus aureus. Frozen semi-finished products
such aslasagna, custard, vegetable mixes, mush-
rooms, and breaded mushrooms were selected
as samples, and the presence of S. aureus was
determined. The obtained values for contam-
ination of readytoeat food products using the
3M Petrifilm Staph Express Count Plate meth-
od were similar to the official standard meth-
od, guaranteeing the reliability of the results.

L. Nero et al. (2020) aimed to assess the
applicability of Petrifilm plates for enumerat-
ing lactic acid bacteria in bacon. Bacon samples
were analysed using four protocols, including
conventional control protocols and Petrifilm
test plates. Based on the reliable results ob-
tained, researchers determined the ease and
speed of using Petrifilm. They verified the ad-
equacy, selectivity, and similarity of results to
official protocols, establishing the applicability
of alternative indicator plates for microbiologi-
cal testing of bacon.

M. Sharan et al. (2022) emphasised the im-
portance of developing standard procedures for
disinfection and hygienic treatment of equip-
ment and utensils to prevent and control micro-
biological contamination and highlighted the
priority of continuous sanitary monitoring. To
prevent biofilm formation, it is essential to sys-
tematically identify production areas and food
processing locations and monitor the microbial
load in these zones. They stressed the importance
of understanding the mechanisms of microbio-
logical contamination and developing new, coste-
ffective control methods in the food industry.

Scientists at the US Food Safety Center,
S. Jones et al. (2020), identified the advantages
and disadvantages of bacterial enumeration
methods depending on the type of production
surface. However, researchers noted the incon-
sistency of sampling methods in real-world pro-
cessing plant conditions, which are reliably en-
sured in laboratory settings. There is a demand

for rapid and reliable methods for assessing
bacterial contamination of surfaces to ensure
comprehensive food safety and thus guaran-
tee the effectiveness of sanitation procedures.

In their research, M. Gaare &
S. Mishra (2021) determined that to prevent
food contamination resulting from contact
with various production surfaces, a microbi-
ological monitoring program should be de-
veloped. The program involves several steps,
including a proper procedure for sanitising
production equipment, disinfecting produc-
tion equipment and work surfaces. The next
step is to identify potential microbiological
hazards during food production or processing,
to ensure that production and product distri-
bution comply with international standards.
The goal of the research by A. Schumacher et
al. (2022) was to compare the identification of
microorganisms for different 3M Petrifilm test
systems. The authors recognised the use of YM
as a reliable method for counting viable yeasts
and moulds in dried cannabis flowers. They
established that 3M Petrifilm YM test systems
provide convenience for conducting research
and save space in the incubator.

In recent times, test systems in the form of
plates (cards) have gained widespread use. The
most common among them are Petrifilm, Rida
Count, and Compact Dry test systems. Depend-
ing on their purpose (detection of specific types
of microorganisms), the composition of the
nutrient medium is formulated during the pro-
duction of the test plate. During manufacturing,
the nutrient medium is applied to the surface
of a mesh polymer base. The nutrient medium
contains a special substance that, when a liquid
phase (dilutions) of the product is added at room
temperature, transforms into a gel. In addition,
depending on the type of microorganism, an in-
dicator substance is added to the nutrient me-
dium during the production of the test plates,
which colours the colonies a specific colour.

Following the testing methodology, inhib-
itory substances were added to the nutrient
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medium, such as antibiotics (novobiocin),
2,3,5-triphenyl tetrazolium chloride, as well
as sodium deoxycholate, bile, and other agents
that suppress the growth of accompanying
microflora. Chromogenic plates contain sub-
strates that change the colour of the nutrient
medium under the action of enzymes produced
by specific types of microorganisms. For exam-
ple, lysine, which is decarboxylated to cadav-
erine, is added to the medium for the isolation
of Salmonella. This raises the pH and produces
hydrogen sulphide, which, when combined with
iron, forms iron sulphide, colouring the col-
onies black. Chromogenic substrates that are
broken down by the enzyme B-galactosidase to
form blue colonies are included in the nutrient
medium of plates for the isolation of coliform
bacteria. COMPACT DRY medium for the detec-
tion of E. coli contains a substance that, when
cleaved by the enzyme glucuronidase present
in E. coli cells, causes the colonies to turn blue.

RIDA COUNT. The monitoring method uti-
lises ready-to-use sterile dry test cards. These
systems consist of essential components: nu-
trient media and chromogenic substrates, spe-
cific to particular determinations. The cards
are hermetically sealed with an impermeable
membrane that is removed before testing. After
applying the sample to the card, it is resealed
with the same film, ensuring sterility, and then
incubated horizontally at the specified temper-
ature. Following incubation, the coloured col-
onies are counted, taking into account the di-
lutions and initial volume of the medium. The
range of test systems is quite diverse and con-
stantly expanding, including RIDA COUNT TO-
TAL, RIDA COUNT COLIFORM, RIDA COUNT
E. COLI, RIDA COUNT E. COLI / COLIFORM,
and RIDA COUNT STAPH. AUREUS. These test
systems are designed to determine the quali-
ty and assess the microbiological indicators of
food raw materials, finished products, animal
feed, and swabs from various objects. Current-
ly, test systems are actively used to research
the possibility of determining the level of
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microbiological cleanliness of various produc-
tion surfaces. The RIDA COUNT plate for the
simultaneous detection of coliforms and E. coli
contains an enzyme that, when interacting with
their metabolic products, colours the former
blue and the latter purple, as shown in Figure 5.

" S .o
L) 3 ’
v;(' % o:o.:
. .
e & ..
Bt 3 :I.
.
Yiie L I N
s :c#t'.. :.
" -

Figure 5. RIDA COUNT plate, E. coli/coliform,
colony count after 24 hours
Source: RIDA COUNT

To detect S. aureus, mannitol salt agar is
added to the RIDA COUNT plate. This medium
contains sodium chloride and antibiotics that
inhibit the growth of many microorganisms ex-
cept staphylococci. The fermentation of man-
nitol is linked to the acid phosphatase activity
of staphylococci and leads to a decrease in pH,
which in turn causes the colonies of staphylo-
cocci to turn a greenish-blue or black with a
green tint, as shown in Figure 6.

Figure 6. RIDA COUNT plate, Staphylococcus
aureus, colony count after 24 hours
Source: RIDA COUNT
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Petrifilm test plates have certificates of cer-
tification from AOAC INTERNATIONAL Official
Method of Analysis, AOAC Performance Test-
ed MethodSM, NF Validation by AFNOR Certi-
fication, as well as Ukrainian State Standards
DSTU 7089-2009 and DSTU 7140-2009 for the
dairy industry. Neogen Petrifilm test plates are

designed for the quantitative determination
of Enterobacteriaceae; coliforms; E. coli; lactic
acid bacteria; yeasts and moulds; mesophilic
aerobic and facultatively anaerobic microorgan-
isms (MAFAnM); Staphylococcus aureus. Table 1
lists the different types of test systems and the
methods according to which they are validated.

Table 1. Validation Certificates for Neogen Petrifilm

Neogen® Petrifilm® International

standards compliance

DSTU/ ISO Compliance

Neogen Petrifilm for Rapid

1SO 48321, 1SO 48322

DSTU ISO 4832:2015 Microbiology of food and

ISO 21527 (1-2) NF

Coliform Count (RCC) NF Validation by animal feed. Horizontal method for coliform
Neogen Petrifilm Test Method | AFNOR Certification enumeration. Colony count technique (ISO
for Coliform Count (CC) 4832:2006, IDT).
Neogen Petrifilm Rapid Yeast ISO 21527-1:2013 Microbiology of food and
and Mould Count (RYM) animal feed. Enumeration of yeasts and moulds.

Part 1: Products with water activity greater than
0.95.
ISO 21527-2:2008 Microbiology of food

Neogen Petrifilm Yeast and Vahdcaet;?i%g;jtﬁ;NOR and animal feed. Horizontal method for the
Mould Count (YM) enumeration of yeasts and moulds. Part 2. Colony
count technique in products with water activity
less than
or equal to 0.95.
Neogen Petrifilm for Rapid DSTU ISO 4833:2006 Microbiology of food and
Aerobic Count (RAC) I1SO 4833 NF Validation animal feed. Horizontal method for microbial
Neogen Petrifilm by AFNOR Certification enumeration.
Aerobic Count (AC) Colony count at 30°C.

Neogen Petrifilm Lactic Acid 150 15214:2007 NF

DSTU ISO 15214:2007 Microbiology of food and
animal feed. Horizontal method for enumeration

ISO 6888-1NF
Validation
by AFNOR Certificatio

Express Count (STX) + Staph
Express Disk for Coagulase
Activity Confirmation

Bacteria Count (LAB) Vahdca;?i%?gtﬁ;NOR of mesophilic
lactic acid bacteria at 30°C.
. DSTU ISO 21528-2:2014 Microbiology of food and
Ent eIr\Ioe];) agcetg rﬁ)aegggﬁehgo unt Is?/ﬁllifiifi_oanF animal feed. Horizontal method for detection and
(EB) by AENOR Certification enumeration of Enterobacteriaceae. Part 2: Colony
y count method (ISO 21528-2:2004, IDT).
Neogen Petrifilm Staph DSTU ISO 6888-1:2003 Microbiology of food and

animal feed. Horizontal method for coagulase-
positive Staphylococci (Staphylococcus aureus and
n | others). Part 1: Using Baird-Parker agar medium
(ISO 6888-1:1999, IDT).

ISO 16140-2 NF
Validation
by AFNOR Certificatio

Neogen Petrifilm
E. coli Count (SEC)

ISO 16649-2 Horizontal method for the
enumeration of B-glucuronidase-positive
n Escherichia coli.

Note: standard names are presented as specified by the
Source: developed by the authors

The use of such systems provides a signif-
icant (1.5-2 times) reduction in direct costs for
conducting analyses and allows for a shorter
study duration. Petrifilm plates are designed
for the quantitative determination of various
groups of microorganisms. They consist of a

responsible Technical Committees

nutrient medium on a substrate. Petrifilm has
a multilayer structure and comprises a sub-
strate with a nutrient medium; and a transpar-
ent film covering the plate to maintain sterili-
ty. The media contain necessary components:
chromogenic substrates and indicators, which
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give the microbial colonies a characteristic col-
our. Modified substrates are also added to the
chromogenic nutrient medium of rapid tests,
allowing for the detection of specific biochem-
ical properties of microorganisms. The use of
Petrifilm plates begins directly with sample
preparation for microbiological analysis. Stag-
es such as preparing glassware and nutrient
media, and conducting quality control of the
media in independent laboratories for activity
and selectivity are eliminated.

Petrifilm test plates are available in a vari-
ety of types, each designed for specific applica-
tions. Unopened packages of Petrifilm should be
stored in a refrigerator or freezer at a tempera-
ture not exceeding 8 °C (46 °F). Before opening a
package of Petrifilm, allow it to reach room tem-
perature (20-25 °C,RH < 60%). To avoid moisture
exposure, resealed packages should be stored in
a cool, dry place for no more than one month.
If the laboratory temperature exceeds 25 °C
(77 °F) with a relative humidity above 50% (ex-
cept for air-conditioned rooms), resealed pack-
ages of Petrifilm should be stored in a freezer.

Opened packages of Petrifilm should be
stored in a tightly sealed container in the freezer.
It is not recommended to use Petrifilm plates af-
ter the expiration date. Specific requirements for
laboratory freezing equipment are recommend-
ed. The freezer used to store opened packages
should operate without an automatic defrost

cycle to avoid damaging the plates through re-
peated contact with moisture. Petrifilm plates
that have changed colour should not be used.

Petrifilm RAC is a ready-to-use nutrient me-
dium designed for the rapid enumeration of aer-
obic bacteria. It contains nutrients, a cold-wa-
ter-soluble gelling agent, and a dual-perception
indicator to facilitate colony counting. Petrifilm
RAC plates are intended for the enumeration
of aerobic bacteria in raw materials, finished
products, environmental samples (air, swabs,
imprints), and beverages. Petrifilm RAC plates
are registered by Neogen for use solely in the
food and beverage industry. For example, Petri-
film RAC plates are not registered by Neogen for
the analysis of water, pharmaceuticals, or cos-
metics. Petrifilm RAC plates are not intended
for the diagnosis of human or animal diseases.

Petrifilm RAC plates cannot differentiate
between various strains of microorganisms.
Petrifilm AC is an Aerobic Count Plate used
for enumerating aerobic bacteria in food and
beverages. Petrifilm YM is a Yeast and Mold
Count Plate designed for quantifying yeasts
and moulds. Petrifilm YM is a ready-to-use cul-
ture medium containing nutrients, antibiotics,
a cold-water-soluble gelling agent, and an in-
dicator to simplify the counting of yeasts and
moulds. Petrifilm YM plates are designed for
the enumeration of yeasts and moulds in food
and beverage production (Fig. 7).

Figure 7. Typical colonies of moulds and yeasts
Note: typical mould colonies are large with a dark centre and diffuse edges, flat, blue-green or with colour
variations; typical yeast colonies are small with smooth edges, convex, pinkishbrown, or blue-green
Source: authors’ photo
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Petrifilm Aerobic Count Plates (AC) are de-
signed to enumerate mesophilic aerobic and
facultatively anaerobic microorganisms (MAF-
AnM) in food production and on contact surfaces
(Fig. 8). They can also be used for environmental
monitoring. Using Petrifilm AC reduces labour
costs and allows for more frequent monitoring
at critical control points in production, ensur-
ing effective food safety and quality control.

Figure 8. Petrifilm Aerobic Count Plate (AC)
for counting MAFAnM
Note: top — 5 CFU, left - 50 CFU, right — 28 CFU
Source: authors’ photo

Petrifilm E. coli Count Plates (SEC) are
ready-to-use nutrient media containing selec-
tive agents, nutrients, a cold-water-soluble gel-
ling agent, and a glucuronidase indicator BCIG
(5bromo4-chloro-3-indolyl-D-glucuronide) to
facilitate colony counting. Petrifilm SEC plates
are designed for the enumeration of Escherichia
coli (E. coli) in food and beverage production.
Most strains of E. coli are thermotolerant and
produce beta-glucuronidase, an enzyme that
reacts with the BCIG indicator in 3M Petrifilm
SEC plates, forming a dark green or blue-green
substance that colours the colonies.

Each batch of Petrifilm test plates is ac-
companied by a quality certificate from the

independent laboratory AFNOR. Petrifilm test
plates are validated according to standard
methodologies. The results obtained from cul-
tures on Petrifilm plates are consistent, relia-
ble, and 100% reproducible. When conducting
microbiological tests using Petrifilm plates,
compared to traditional methods, there isa 76%
reduction in electricity consumption and a 79%
reduction in water usage. Studies conducted by
the manufacturer show a significant reduction
of up to 75% in greenhouse gas emissions and
up to 66% in waste. Additionally, the use of Pet-
rifilm plates allows for a 45% reduction in av-
erage labour costs and an 80% increase in the
efficiency of technical personnel. The accuracy,
reliability, and speed of determining food qual-
ity allow for increased product competitiveness
and rapid release for sale.

Switching from agar to Petrifilm count
plates reduces labour costs by an average of
45%. A study of 292 food processing plants
showed an average increase in the efficiency of
quality control personnel of 80.5% using Petri-
film - or 3.7 hours of saved time for technical
personnel per day. By obtaining results with-
in 24 hours or less, Petrifilm can provide data
approximately twice as fast as traditional agar
plate methods. Stable in storage and as thin
as paper, Petrifilm test plates take up 85% less
space when incubated. Petrifilm plates use less
glassware and equipment and optimise the
workspace and incubator space compared to
traditional methods. Studies have shown that
when conducting quality analysis of raw ma-
terials, individual production stages, and the
disposal of packaging materials, the use of Pet-
rifilm plates is an energy-saving, labour-saving,
and environmentally friendly method.

Conclusions
Food testing and quality control demand highly
sophisticated technology. This article analyses
contemporary methods for the microbiologi-
cal examination of food products; it explores
highly efficient and cost-effective tools and
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methods for the rapid sanitary-microbiological
monitoring of raw materials, food products, and
the surfaces of processing equipment. It pre-
sents current validation certificates, demon-
strating their compliance with the Internation-
al Organisation for Standardisation (ISO) 9001
standards in research and development. The
application of modern validated methods for
microbiological monitoring and ensuring food
safety optimises turnaround times, enhances
the accuracy and reliability of results and re-
duces energy and labour costs for such studies.

Research has demonstrated that using Pet-
rifilm test plates for microbiological analysis
significantly reduces the consumption of elec-
tricity, water, and greenhouse gases compared
to traditional methods. This leads to a 45% re-
duction in labour time and an 80.5% increase in
staff efficiency. Due to the rapid result delivery
within 24 hours, Petrifilm is twice as fast as tra-
ditional methods. Test plates also save incubator
space and optimise the use of laboratory equip-
ment. Overall, Petrifilm is an energy-efficient,
labour-saving, and environmentally friendly
method for food quality analysis. The advan-
tages of Petrifilm test plates allow for savings

for the sanitary-microbiological control of raw
materials, food products, and the surfaces of
processing equipment guarantees food safety.

Future research plans include refining pro-
cesses for the detection and control of microbi-
ological hazards in the food industry using ad-
vanced analytical methods. Continued research
is planned to evaluate and select highly effec-
tive yet cost-effective sanitary control tools,
such as Petrifilm test plates. In particular, fur-
ther investigation into specific culture media
for the quantitative analysis of microorganisms
and their compliance with ISO standards will
enhance the competitiveness of food products
by ensuring their microbiological safety.
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Anorania. CyvyacHi MeTOoOu BMSIBJIIEHHSI iHOUKATOPHUX MIiKpPOOPTaHi3MiB Ha BUPOGHUIITBI
XapuoOBMX IPOAYKTIB JO3BOJSIIOTh 3aBUACHO BUSBUTM MiKpOGiOMOTiUHI PU3MKM i momepemuTu
KOHTaMiHallil0 O00JaJHAaHHS Ta XapuoBMX IMIPOAYKTIB MiKpoOpraHi3MamMu Ta CBO€EYACHO
opraHisyBaTu caHiTapHi 3axogu, TUM caMMM 3a6e3Meuyrouy SKiCTb XapyoBOi IPOAYKILii
3a Mikpobiomoriunumu  mokasHuMkamu. CraTTd 6Gyna  CcrpIMOBaHa Ha  JOCTiIKEHHS
MPaKTUYHOTO 3aCTOCYBAHHS MiKpOOGiONOTiUHMX METOiB [JIs1 TMPOBENEHHS OIMepaTUBHOTO
CaHiTapHO-MiKPO6iONIOTiYHOTO MOHITOPUMHTY CMPOBMHHMX MaTepiasiB, XapuoBUX HPOAYKTIB Ta
KOHTaKTHMX [TI0BEPXOHb TEXHOIOTIYHOTO 06/IaHAHHS, 3 aKLIEHTOM Ha OL[iHKY BUCOKOe(eKTUBHUX
Ta eKOHOMiUHO peHTabeqbHUX 3ac00iB IJisi 3abe3mevueHHs] Ge3MEYHOCTI XapyoBUX MPOIYKTiB.
Ilin yac BMPOGHMUOrO KOHTPOJIIO 3aCTOCOBYIOTh METOAM, IO CIIPOLIYIOTh MiKpobiomoriuni
BUITPOOYBAHHSI XapuoOBMX TMPOMAYKTIB, 30KpeMa BUKOPUCTAHHSI TOTOBUX IMOKXUBHUX CEPEIOBMUIIL
JIO3BOJISIE CKOPOTUTY BUTPATHU Yacy i pecypciB Ha MpOBeIeHHST MiKpO6ioIOriuHUX BUMPOGYBaHb.
[lpoBeeHO aHaMi3 OCHOBHUX CYyYaCHUX IOXUBHUX CEPENOBUIN, L0 BUKOPUCTOBYIOTHCS MJISI
TPaHCIIOPTYBaHHSI, KyIbTUBYBaHHS, BULIeHHS, ineHTUdikauii Ta audepeniianii Mikpoopranismis
Xap4yoBMX MPOLYKTiB. [leTaJpHO MPOaHaNi30BaHO cyyacHi MiKpo6ionoriuyHi meTonu; 3AilicHEHO
OIIiHKY SIKOCTi TIOKMBHMX (PKMBWIbHMX) CEpeJOBUIN i CTaGUMbHICTh IXHiX BJIACTMBOCTEN, IO
IT03HAYa€TbCSI Ha OBIPYHTOBAHOCTI ¥ aJeKBATHOCTI MiKpOOGiojoriYHMX BUIIPOOGYBaHb XapuOBUX
MPOAYKTiB. Y CTATTi BU3HAUEHO Ta OL[iHEHO Pi3HOBUIM TECT-CUCTEM Ta METOAU, 3TiJHO 3 SIKUMMU
BOHM BasifoBaHi. [IpoBefeHO aHasli3 3acTOCYBaHHS TecT-TuiacTuH Petrifilm — roroBux noxxnBHMUX
cepenoBMIL, SIKi MPM3HAaYeHi 1/ KiJIbKICHOro BU3HAUYeHHS Pi3HUX Py MiKPOOPTaHi3MiB, 30KpeMa
IJIST KiJTbKiCHOTO aHaTi3y APiKAXKIB Ta 1[BieBUX rpubiB, Esherichia coli, me30dinbHUX aepobHUX i
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(dakynbTaTMBHO-aHaepoOHMX MiKkpoopraHismiB (MA®AHM), eHTepobakTepiii Ta KOTipOpMHUX
6aKTepiii, i yac BUpOGHUIITBA XapUOBMX IIPOAYKTiB (HamiB()abpyuKaTiB 3 CLTbCHKOTOCIIONAPCHKOT
rrruili). HaBemeHo cyvacHi ceptudikaTy ix Bamigarii, iX BigmoBiHICTb B IepykaBHii Ta MixkHaPOHi i1
oprasisanii 3i crangaptusanii (ISO) 9001 y cdepi po3po6ok Ta BUpOGHMIITBA. ITimBUIIEHHS
yBaru A0 Oe3MeKM XapuoBUX MPOAYKTIB Ta BMMOT OO SKOCTi Mikpo6ionoriynmux JsaGopaTtopiit
CIIpMsIE 3aCTOCYBAHHIO CyYaCHMX METOZiB aHali3y CMPOBMHM, XapUOBUX MPOAYKTIB i IOBEPXOHb
TEXHOJIOTIYHOT'O YCTATKyBaHHS. BUKOPUCTaHHSI METOZIB TO3BOJISIE 3HAYHO MTPUIIBUIIIATY TTPOLIEC
OTPMMAHHS PEe3yIbTaTiB MiKpPOOiOMOTiYHUX AOC/TiAKEHD, & TAKOXK ONMTUMi3yBaTV BUKOPUCTAHHS
pecypciB. BuBueHHs 3aco6iB, IO BUPI3HSAIOTBCS BUCOKOW eQEeKTMBHICTIO i HEBUCOKOIO
IIiHOI0, Ta METO[iB OIEepPaTMBHOTO CaHiTapHO-MiKpO6GiOJOTiYHOTO MOHITOPMHTY 3a0e3MeuuTh
KOHKYPEHTO3aTHICTb XapuoBOi MPOIYKIIil

KirouoBi ci1oBa: 6e3meyHicTsb; ifeHTHdikaris 36ynHuKiB iHbeKIit; TecT-cucteMu; meTpudinbmm
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properties. The study aimed to develop low-calorie products based on plant-based raw materials
using innovative technologies such as protein extraction, fermentation and ultrafiltration,
ensuring a reduction in calories without losing texture, taste and shelf life. High-quality plant-
based ingredients (soya, almonds, oats) and probiotic cultures were used, and the methodology
included the isolation of protein isolates through extraction, further fermentation to improve
flavour and enrich beneficial microorganisms, and ultrafiltration to help concentrate proteins,
remove sugars and ensure product stability. The results showed that the developed products,
namely fermented soya yoghurt (55 kcal/100 g), almond milk (30 kcal/100 ml) and oatmeal cream
dessert (80 kcal/100 g), demonstrated a significant reduction in calories by 20-50% compared
to traditional dairy analogues. All samples maintained a stable texture, homogeneity and high
organoleptic characteristics for 7 days at +4°C, with an average score of 4.8 out of 5 according
to the expert panel. Additionally, the study determined that the use of ultrafiltration ensured
long-term product stability, while fermentation contributed to improved flavour characteristics
and increased biological value. The study results confirmed the effectiveness of innovative
technologies in creating competitive low-calorie products from plant components. The practical
significance of the study is determined by possibility of implementing the results obtained in
industrial production to meet the needs of the modern market focused on healthy eating

Keywords: food industry; healthy food; fermentation; ultrafiltration; protein extraction; probiotic

cultures

Introduction
Interest in healthy eating and informed
food choices is growing globally. One of the
key trends is to reduce the consumption of
high-calorie foods, which reduces the risks of
obesity, cardiovascular disease and diabetes. In
this context, low-calorie dairy products with
plant-based ingredients are gaining more and
more attention from producers, scientists and
consumers. Dairy products are an important
source of nutrients such as protein, calcium
and vitamins (Ruban & Danshin, 2023). How-
ever, the growing demand for lower-calorie
alternatives is driving the use of plant-based
ingredients such as soya, almonds, oats or
coconut. They can be used to create products
that retain high nutritional value and organo-
leptic properties while remaining low in calo-
ries. The research relevance is determined by
several factors: growing interest in veganism,
increased demand for products with improved
nutritional properties, and the need to optimise
production technologies. Despite the advances

in the dairy industry, many questions remain
unanswered about the creation of high-quality
low-calorie dairy products with plant-based in-
gredients (Moroz, 2023).

Scientific research in the dairy industry
mainly aims to improve production technolo-
gies and preserve the health benefits of prod-
ucts. For instance, A. Minorova et al. (2022)
studied the technology of low-calorie milk ice
cream production, focusing on innovative ap-
proaches to improving production efficiency.
Emphasis was devoted to functional ingredients
that provide the required organoleptic charac-
teristics. Another example is the monograph
by R. Nikiforov et al. (2022), which discussed
the introduction of innovative technologies in
the production of dessert products based on
protein-carbohydrate semi-finished products.
The authors presented the results of research
on improving the composition, structure and
properties of such desserts, considering the re-
quirements for reducing calorie content. The

Animal Science and Food Technology. 2025. Vol. 16, No. 1




94

Innovative technologies for the creation of low-calorie dairy products...

study by L. Peshuk et al. (2023) addressed the
development of innovative algae products that
are gaining popularity as an alternative to tra-
ditional products. The review describes in de-
tail the technological features of such products
and their positive impact on health.

M. Arshad et al. (2024) analysed innovative
technologies that extend the shelf life of plant-
based products. This is especially relevant for
alternatives to dairy products, where it is impor-
tant to preserve functional properties. S. E1-Ai-
die & G. Khalifa (2024) examined new ways of
using whey protein in the dairy industry. The
emphasis is on the environmental and techno-
logical prospects of this ingredient for creating
sustainable innovative products. A study of the
impact of lipoxygenase inactivation on flaxseed
protein quality confirms that controlling oxi-
dative processes improves the sensory charac-
teristics and stability of plant components in
food systems (Belinska et al., 2024). An anal-
ysis of new ingredients and ultrasonic pro-
cessing methods was presented by C. Rudke et
al. (2023). These approaches improve dairy pro-
duction by promoting innovation in food tech-
nology. Advances in reducing sugar content in
food were described by G. Zhang et al. (2022).
The use of innovative technologies and ingre-
dients allows to preserve the taste characteris-
tics while reducing their calorie content. Last-
ly, modern approaches to the development of
low-calorie foods enriched with resistant starch
were discussed by S. Karunarathna et al. (2024).
The authors analysed its beneficial properties
and potential impact on consumer health. The
use of whey in the creation of innovative food
products and its importance for the circular
economy was studied by M. Tita et al. (2024).
The study addressed ultrafiltration as a method
of concentrating proteins and their further use
in products. The functional properties of cere-
al beverages as an alternative to dairy products
were reviewed by K. Kouamé et al. (2023). Scien-
tists have investigated the potential of protein
extraction and fermentation to improve the

Animal Science and Food Technology. 2025. Vol. 16, No. 1

nutritional value, texture, and organoleptic
characteristics of these products.

Existing technologies do not always pro-
duce a product that not only meets the require-
ments of reduced calories but also retains high
nutritional value and organoleptic properties,
which are important for consumers (Dymchuk
& Ponko, 2023). Accordingly, the need for new
approaches to the production of low-calorie
dairy products using plant-based ingredients
is becoming even more apparent. This includes
the development of new technologies that al-
low for achieving optimal product parameters,
such as texture, taste and aroma, which are im-
portant for the consumer experience. The study
aimed to substantiate and apply innovative
technologies to create low-calorie dairy prod-
ucts based on plant components that would
provide an optimal balance between reduced
calorie content, nutritional value and organo-
leptic characteristics. The study solved three
key tasks: evaluated the effectiveness of inno-
vative technologies, such as protein extraction,
fermentation and ultrafiltration, in the produc-
tion of low-calorie dairy products; studied the
impact of various plant ingredients, including
soy, almonds and oats, on the organoleptic
properties, stability and nutritional value of
finished products; developed an optimised pro-
duction technology that ensures reduced calo-
rie content, balanced composition, long-term
stability and high consumer appeal of products.

Literature Review

Protein extraction is one of the key technol-
ogies used in the production of low-calorie
dairy products from plant-based ingredients.
This process allows for the extraction of highly
concentrated protein fractions from plant ma-
terials such as soya, peas, almonds and oats.
Protein isolates obtained by extraction act as
substitutes for part of the milk protein, which
can significantly reduce the calorie content
of the final product while maintaining its nu-
tritional value (Hewage et al., 2024). Protein
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extraction technology involves the separation
of protein components from other macronutri-
ents, including fats and carbohydrates, which
helps to reduce the energy value of the product
by 10-15%. For instance, soy protein isolates
provide a structure and texture similar to tradi-
tional dairy products such as yoghurt or cheese
(Ortega et al., 2024). Similarly, pea proteins are
used due to their high stability and ability to
form a creamy consistency. Almonds and oats
add a mild flavour to products and provide an
increased concentration of dietary fibre, which
has a positive impact on the functional proper-
ties of dairy substitutes. Protein extraction also
has a positive effect on the texture of the final
product, making it thicker and more stable (Al-
imardanova et al., 2021). In addition, this tech-
nology helps to improve the organoleptic prop-
erties, creating products that taste and texture
similar to traditional dairy products.
Fermentation is another innovative tech-
nology used in the production of low-calorie
dairy products from plant-based ingredients
(Oleksy-Gebczyk et al., 2024). The fermenta-
tion process involves the use of probiotic cul-
tures that break down complex carbohydrates
in plant materials, reducing their calorie con-
tent and improving the nutritional value of
the products. The use of probiotic cultures in
fermentation not only reduces the content of
energy-saturated substances but also contrib-
utes to the enrichment of products with bene-
ficial microorganisms (Chen et al., 2024). This
increases their biological value and improves
their functional properties, such as maintain-
ing the health of the intestinal microflora.
For instance, the fermentation of soya or oat
milk can create products similar to tradition-
al fermented milk products such as yoghurt or
kefir (Tu et al., 2025). Fermentation also plays
a key role in improving the organoleptic char-
acteristics of products. This process reduces
the bitterness associated with some plant-
based ingredients and results in a richer, more
pleasant, fermented milk flavour. Additionally,

fermentation results in a stable product tex-
ture, which is an important factor for consum-
ers (Prasath et al., 2024).

Ultrafiltration is a modern technology that
removes low molecular weight compounds such
as sugars and concentrates proteins, vitamins
and minerals (Hashmi et al., 2024). This process
can be used to create products with a high nutri-
ent content while reducing the calorie content
of the final product. In the production of plant-
based milk products, such as oat or almond,
ultrafiltration is used to achieve the creamy
consistency of traditional dairy products. This
process can reduce the calorie content of the
product by 10-15% without losing important
nutritional properties (Akshit et al., 2023). For
example, ultrafiltrated almond milk retains the
natural flavour of almonds but has improved
texture and stability. In addition, ultrafiltration
prevents the stratification of herbal beverages
and allows for the creation of products with a
long shelf life, which is important for industrial
production (Sagcan et al., 2024).

The combined use of protein extraction,
fermentation and ultrafiltration creates a syn-
ergy that significantly improves the quality of
low-calorie dairy products made from plant-
based ingredients. The combination of these
technologies not only reduces calorie content
but also ensures optimal texture, rich flavour
and high nutritional value. For instance, the
use of fermentation after protein extraction
from soybeans can be used to create thick,
creamy yoghurts with a low-calorie content
and enriched with beneficial microorganisms
(Ismayilov et al., 2023). In turn, the use of ul-
trafiltration to purify and concentrate protein
components ensures the stability and long
shelf life of such products. Comparison with
traditional dairy products shows that plant-
based substitutes created using innovative
technologies can provide similar organoleptic
properties while maintaining health and envi-
ronmental benefits. The integrated approach
allows producers to meet the growing demands
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of consumers seeking a healthy diet without
compromising on taste and texture.

Materials and Methods

The study was conducted over a period of
6 months (from July 2024 to January 2025) in
the laboratory of food technology and bio-
technology of the Institute of Food Resources
of the National Academy of Agrarian Scienc-
es of Ukraine (Kyiv, Ukraine). The study com-
plied with the requirements of current nation-
al and international standards governing the
quality of raw materials, methods of analysis,
technological processes and final character-
istics of the products. The quality control of
the selected raw materials was conducted
per DSTU 4964:2008 (2010), DSTU 4963:2008
Oats (2010) and UNECE DDF-06:2007 Al-
mond kernels (2008). Sampling for analysis
was done following DSTU 4601:2006 Oil-
seeds (2007). The physicochemical parame-
ters of the raw materials, such as protein, fat
and moisture content, were determined as per
DSTU ISO 20483:2016 Cereals and legumes
(2017), DSTU ISO 659:2007 Oilseeds (2009)
and DSTU ISO 712:2015 Cereals and products
made from them (2016). The main technologi-
cal processes, including protein extraction, fer-
mentation and ultrafiltration, were conducted
based on international standards. The extrac-
tion of protein components is done following
the requirements of ISO 1871:2009 (2009).
The fermentation process was regulated by
ISO 7889:2003 (2003). The final characteris-
tics of the products were assessed following
DSTU 2212:2003 Dairy Industry (2004), which
sets out the requirements for the organoleptic
and physicochemical properties of fermented
milk products, and DSTU 8552:2015 Milk and
Dairy Products (2017), which regulates the de-
termination of moisture and dry matter content
in milk and dairy products.

Three main types of plant material were
used in the study: soya beans (Glycine max), al-
monds (Prunus dulcis) and oats (Avena sativa).

Animal Science and Food Technology. 2025. Vol. 16, No. 1

All raw materials were purchased from certi-
fied suppliers and met the requirements of the
DSTU for food safety. The soya beans were of
the “Annushka” variety, a high-protein variety
recommended for food purposes. The produc-
er was Agro-Soyuz Limited Liability Company
(Ukraine). Before the experiment, the soybeans
were mechanically cleaned of impurities, soaked
in distilled water in a ratio of 1:3 at a temper-
ature of +20°C for 12 hours. After soaking, they
were blanched in water at +80°C for 2 minutes
to reduce the content of anti-nutritional com-
pounds such as trypsin inhibitors and lectins.
The almonds were of the “Nonpareil” variety,
one of the most widely used varieties for food
purposes. The manufacturer was Blue Diamond
Growers (USA). Before use, the almonds were
immersed in hot water (+90°C) for 30 seconds
to facilitate peeling. After that, the skin was
removed by hand, the kernels were dried to
5% moisture content at +50°C and ground to a
particle size of <0.5 mm using a laboratory mill.
The oats belonged to a naked-grain variety
recommended for food. The manufacturer was
Grain Company LLC (Ukraine). The oats were
mechanically dehulled, washed with distilled
water to remove residual impurities, dried at
+50°C to a moisture content of 10%, and ground
to particles <0.8 mm in size.

Before the experiment, the main quality
indicators were monitored. The protein con-
tent was determined by the Kjeldahl method
(36-38% for soybeans, 21-23% for almonds, and
10-12% for oats), the fat content by the Soxhlet
method (18-20% for soybeans, 48-52% for al-
monds, and 6-8% for oats), and the moisture
content did not exceed 8% for soybeans, 5% for
almonds, and 12% for oats. Protein extraction
was conducted for soya and oat raw materials
using the alkaline method. A 0.1 M NaOH solu-
tion was used to maintain the pH of the medi-
um at 8.5. The ratio of raw material to solution
was 1:10 (g:ml), and the process temperature
was maintained at +50°C. The extraction time
was 60 minutes under constant stirring with a
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magnetic stirrer at 250 rpm. After extraction,
the proteins were precipitated when the isoe-
lectric point (pH 4.6) was reached, which was
set by adding 1 M HCI. The precipitate was
separated by centrifugation at 4,000 rpm for
10 minutes, after which the protein isolates
were washed with distilled water and used in
further technological steps.

Fermentation was conducted for soy
protein isolate and oat cream using probiot-
ic cultures Lactobacillus acidophilus (strain
LA-5) and Bifidobacterium bifidum (strain
BB-12). Both strains were provided by Chr.
Hansen (Denmark). The lyophilised powder
was stored at -18°C in an airtight container.
Before use, the cultures were activated in a
sterile milk medium at +37°C for 2 hours. The
inoculum concentration was 10’ CFU/ml. The
process was carried out at +37°C for 8 hours
in a thermostatically controlled incubation
chamber Binder BD 56. The pH was monitored
using a Hanna HI 2211 pH meter, with the final
pH value reduced to 4.4-4.6, which ensured the
development of the fermented milk character-
istics of the products and contributed to the
improvement of organoleptic properties.

Ultrafiltration was used to reduce calories
and stabilise the products. The process was
carried out on a Sartorius Vivaflow 200 with
membranes made of polyethersulfone with a
pore size of 10 nm. This separated low molec-
ular weight compounds such as residual sugars
and increased concentration of protein compo-
nents. The process was conducted at a pressure
of 1.5 bar with a flow rate of 50 ml/min. The
total volume of the final concentrate was 30%
of the initial volume. The process temperature
was maintained at +10°C to prevent protein de-
naturation, and the total ultrafiltration time did
not exceed 2 hours. The calorific value was as-
sessed by bomb calorimetry using an IKA C200
device. Measurements were made in triplicate,
and the results were expressed in kcal/100 g
of product. The measurement error did not
exceed *2%. The texture characteristics were

analysed using a TA.XTplus Texture Analyzer.
The test parameters included a compression
test with a probe penetration rate of 1 mm/s
and a penetration depth of 5 mm. Characteris-
tics such as elasticity, cohesion, and viscosity
were determined, which were used to assess the
structure homogeneity and texture stability of
the resulting products.

The organoleptic evaluation was conduct-
ed by an expert panel of 10 tasters. The tasters
evaluated the samples according to four main
criteria: taste (balance, fermented milk and
nutty notes), texture (uniformity, creaminess),
aroma (proneness, absence of foreign odours)
and overall attractiveness. The evaluation was
conducted on a 5-point scale, and the results
were analysed statistically. Statistical analysis
was performed using the Statistical Package
for the Social Sciences (SPSS) v.26 software.
The reliability of the results was determined by
the method of one-factor analysis of variance
(ANOVA), and the significance level was p<0.05.

The quality of the products was compared
with five similar commercial products pur-
chased in retail chains. These included plant-
based yoghurts, almond milk and oatmeal
cream desserts from three manufacturers. In
addition, to evaluate the effectiveness of calo-
rie reduction and organoleptic characteristics,
a comparison was also made with traditional
dairy products: cow’s milk yoghurt, cow’s milk
and milk cream dessert. The analysis was based
on the following parameters: caloric content
(determined by bomb calorimetry), texture
characteristics (measured with a textrometer)
and organoleptic evaluation (average score of
the expert panel).

The first stage involved a thorough selec-
tion and evaluation of raw materials. Selected
samples of soybeans, almonds and oats were
preliminarily tested for compliance with such
indicators as protein, fat and carbohydrate con-
tent, as well as their organoleptic properties.
Only raw materials with a high protein and fibre
content were used for the experiment (Table 1).
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Table 1. Characteristics of the selected raw materials for the experiment

Amount
Type Protein Fat Carbohydrate | Fibre of raw
of raw content content content content | materials Exclusion criteria
material (%) (%) (%) (%) sampled
(kg)
Protein content <34%, fat
Soybeans 36.5 18.3 30.5 4.8 50 content >20%, impurities
>2%.
Fat content <45%,
Almonds 21.8 49.2 21.6 12.5 40 damaged kernels >5%,
bitter taste
Protein content <10%,
Oats 11.2 6.5 55.4 10.3 60 moisture content >12%,
impurities >3%

Source: compiled by the authors

Protein extraction was conducted using al-
kaline hydrolysis, which dissolved protein mol-
ecules in an environment with an elevated pH.
After that, the proteins were precipitated at the
isoelectric point (pH 4.5-4.8) and subjected to
filtration to obtain pure isolates. The resulting
protein concentrates were used as the basis for
the creation of low-calorie dairy products. Fer-
mentation was conducted by adding probiotic
cultures to the prepared protein mixtures. This
process lasted 8 hours at 37°C, which created op-
timal conditions for the growth of microorgan-
isms and the breakdown of complex carbohy-
drates. In the last stage, the fermented mixtures
were subjected to ultrafiltration to remove re-
sidual sugars and increase the concentration of
proteins. This stage also ensured the long-term
stability of the product’s texture during storage.

Results
The pilot study resulted in the development of
three types of low-calorie dairy products made
using plant-based raw materials. Fermented
soya yoghurt is produced by using the probiotic
cultures Lactobacillus acidophilus and Bifidobac-
terium bifidum. It was produced using 1,000 g
of soya protein isolate obtained from 2,500 g
of “Annushka” soya beans. The final product
yield was 1,800 g after fermentation and sta-
bilisation. The concentration of probiotic cul-
tures in the final product was 107 CFU/ml. As
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determined, the developed sample is character-
ised by a creamy texture, typical for fermented
milk products, and a balanced fermented milk
taste. The almond milk, enriched with protein
fractions, was produced by ultrafiltration. It was
produced using 1,500 g of peeled “Nonpareil”
almonds, which were extracted in 5,000 ml of
water after grinding. The resulting emulsion
was subjected to ultrafiltration, resulting in a
final milk volume of 4,000 ml. As determined,
this drink has a homogeneous texture, a pro-
nounced nutty flavour and reduced calorie con-
tent compared to similar products on the mar-
ket. The oatmeal cream dessert was developed
using ultrafiltration to concentrate proteins
and remove low molecular weight compounds.
The production process used 1,200 g of oat flour
obtained by grinding 2,000 g of hulled oats. The
final product yield after ultrafiltration and sta-
bilisation was 2,200 g. The prepared suspension
in a ratio of 1:5 was subjected to fermentation
using Lactobacillus acidophilus, followed by
ultrafiltration. It was found that the resulting
product has a thick, stable consistency without
signs of stratification or precipitation. As deter-
mined, it is characterised by a rich taste with
a natural sweetness inherent in oats and a re-
duced calorie content.

All samples had a stable, creamy texture
with no signs of stratification or sedimenta-
tion throughout the shelf life. This was made
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possible by a combination of protein extrac-
tion and ultrafiltration, which ensured the
homogeneity of the products. The organolep-
tic evaluation conducted by the expert panel
demonstrated the high consumer appeal of
the samples. The average score of all the sam-
ples was 4.8 out of 5, based on criteria such
as aroma, texture and balance of taste. The

products also showed stability during storage.
For 7 days at +4°C, the samples retained their
organoleptic and physicochemical properties.
The texture remained stable, the taste did not
change, and there were no signs of delamina-
tion or spoilage (Table 2). This highlights the
potential of the developed products for com-
mercial production and long-term storage.

Table 2. Comparative characteristics of the products obtained

Calorie | Calorie reduction
content compared to Taste (score Stability
Product (kcal/100 | traditional dairy Texture out of 5) (days)
g or ml) analogues (%)
Fermented soya o
yoghurt 55 21% Creamy, stable 4.8 7
Almond milk 30 50% Light, homogeneous 4.8 7
Oatmeal cream o .
dessert 80 33% Thick, stable 49 7

Source: compiled by the authors

The results of the study demonstrated the
significant potential of the developed products
as an alternative to traditional dairy products.
Fermented soy yoghurt was lower in calo-
ries compared to traditional yoghurt based on
cow’s milk (70 kcal/100 g). Almond milk had a
lower calorie content compared to cow’s milk
(60 kcal/100 ml). Oatmeal cream dessert had
a lower calorie content than traditional dairy
cream desserts (120 kcal/100 g). Fermented
soya yoghurt, almond milk and oatmeal cream
desserts were characterised by low-calorie con-
tent, stable texture and high organoleptic prop-
erties. A 21-50% reduction in calories compared
to traditional dairy products and a 10-25% re-
duction compared to commercial plant-based
analogues confirms the effectiveness of the
technologies used, such as protein extraction,
fermentation and ultrafiltration.

Protein extraction, fermentation and ultra-
filtration provided a comprehensive approach
to achieving high-quality products with optimal
organoleptic characteristics and reduced ener-
gy value. Each technology has a defined func-
tional role at individual stages of production.

The separation of protein isolates contributed
to the formation of a stable texture and reduced
fat content in the products, which is important
for ensuring low-calorie content. The fermen-
tation process using probiotic cultures not only
improved the taste properties but also increased
the biological value of the products. Ultrafiltra-
tion made it possible to remove up to 40-60%
of residual sugars, increase the concentration
of protein components by 15-25% and ensure
product stability for 7 days of storage at +4°C.
In particular, in the process of almond milk pro-
duction, the content of mono- and disaccharides
decreased from 4.2 g/100 ml to 1.7 g/100 ml (a
59.5% decrease), and the concentration of pro-
teins increased from 1.2 g/100 ml to 1.5 g/100
ml (a 25% increase). Fermented soya yoghurt
showed a decrease in sugars from 5.5 g/100 g to
3.3 g/100 g (40%), while the protein component
increased from 3.8 g/100 g to 4.6 g/100 g (21%).
The oatmeal cream dessert after ultrafiltra-
tion had a sugar content of 2.9 g/100 g (against
the initial 6.8 g/100 g, i.e., a 57% decrease),
and the protein component increased from
2.5 g/100 g to 3.1 g/100 g (by 24%) (Table 3).
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Table 3. Impact of the technologies used on the quality of the products developed

Technology

Effect on product quality

Application examples

Protein extraction

Provided a thick, stable texture and reduced fat
content. Create a homogeneous consistency that is
not inferior to traditional dairy products.

The extraction of protein isolates
from soya, almonds and oats to
form the basis of reduced-calorie
products.

Improved the organoleptic properties of the
products, providing a characteristic fermented

The use of probiotic cultures
(Lactobacillus acidophilus,

Fermentation milk aroma and taste. The breakdown of complex . . ;
- . Bifidobacterium bifidum) to produce
carbohydrates reduces calories and increases the
- . soya yoghurts.
biological value.
Concentrate protein fractions, reduce calories and Processing of almond milk and
Ultrafiltration remove residual sugars. Ensured product stability oatmeal cream dessert to ensure

and long-term texture uniformity during storage.

stability and long shelf life.

Source: compiled by the authors

The developed samples showed significant
advantages over popular commercial analogues.
One of the key advantages is texture stabili-
ty. While some commercial products based on
plant-based ingredients often experience strat-
ification or sedimentation during storage, the
developed samples retained their homogeneity
and thick consistency. This is the result of the
optimal use of ultrafiltration and protein ex-
traction technologies. The developed samples
had 21-50% lower calorie content compared to

traditional dairy products (fermented soy yo-
ghurt 55 kcal/100 g vs. 70 kcal/100 g, almond
milk 30 kcal/100 ml vs. 60 kcal/100 ml, oatmeal
cream dessert 80 kcal/100 g vs. 120 kcal/100 g).
The organoleptic characteristics of the devel-
oped samples received high marks from the
expert committee, which included the aroma,
balance of taste and texture. The taste and
aroma of the samples were found to be rich-
er and more natural compared to commercial
analogues (Table 4).

Table 4. Comparison of the characteristics of the developed products with commercial analogues

Characteristic Developed samples Commercial products
Calorie contgl ts (keal/100 55 (yoghurt), 30 (milk), 80 (dessert) 70 (yoghurt), 60 (milk), 120 (dessert)
Texture Thick, homogeneous, stable Often delamination or sedimentation
Rich, natural fermented milk or . i
Taste nutty flavour Sometimes overly sweetened or artificial
Stability Retains properties for 7 days at +4°C May lose uniformity during storage

Source: compiled by the authors

The obtained results demonstrated that the
developed products have a stable texture, pro-
nounced natural flavour characteristics and re-
duced calorie content compared to commercial
analogues. Thanks to the use of protein extrac-
tion, fermentation and ultrafiltration technol-
ogies, an optimal balance between nutritional
value and organoleptic properties was achieved.
In addition, the stability of the products dur-
ing storage is ensured, which is an important
criterion for their further use in production.
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Discussion
The results of the study demonstrated the effec-
tiveness of innovative technologies of protein
extraction, fermentation and ultrafiltration in
the creation of low-calorie dairy products from
plant components. The obtained indicators of
caloric content, texture, stability and organo-
leptic characteristics indicate the feasibility of
using these technologies in industrial produc-
tion. A comparison of the results with previous
scientific studies concluded the innovativeness
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and practical significance of the study. The re-
sults of the study were compared with the data
of other scientists, which made it possible to
assess their compliance with current trends in
the creation of low-calorie products. H. Jjaz &
S. Sun (2025) discussed structured lipids as fat
substitutes that help reduce the calorie content
of foods. These conclusions are consistent with
the effectiveness of the applied ultrafiltration,
which reduced the fat content, ensuring texture
stability and preservation of organoleptic char-
acteristics. I. Monroy-Rodriguez et al. (2024)
noted that protein microparticles can be used as
an effective fat substitute in low-calorie foods.
A similar effect was observed in the developed
samples, where the use of protein isolates from
soy, almond and oat provided a thick consist-
ency and high stability, which correlates with
the trends described in this study. The study
by Q. Xu et al. (2024) addressed the functional
properties of emulsion gels used to replace fats
in dairy products. The conclusions drawn by
these authors confirm the effectiveness of tech-
nologies aimed at improving texture and reduc-
ing calorie content, which was achieved in the
developed samples through protein extraction
and ultrafiltration. In addition, O. Kovalova et
al. (2024) demonstrated that the use of cold
plasma makes it possible to intensify the pro-
cess of lentil germination, increasing its biolog-
ical value by increasing the content of essential
amino acids (by 3.6%) and B vitamins (B1, B2,
B5, B9), PP and C. Also, the authors note that
cold plasma-derived ribbon malt has improved
nutritional characteristics and can be used in
the production of functional foods, including
reduced-calorie dairy products.

R. Munteanu-Ichim et al. (2024) highlight
the benefits of using plant ingredients and
probiotics to create functional non-dairy yo-
ghurts. The high organoleptic and functional
characteristics obtained during the study of
fermented soy yoghurt are consistent with the
results described in the above work, which con-
firms the effectiveness of fermentation with

probiotic cultures. The results of the study were
compared with modern scientific developments
in the field of low-calorie products from plant
components. M. Tosif et al. (2025) investigated
the properties of mucilage substances that act
as functional fat substitutes in vegan products.
The authors’ conclusions confirm the effective-
ness of the use of innovative fat substitutes,
which is consistent with the results obtained,
where ultrafiltration was used to reduce calorie
content without losing textural characteristics.

The safety and quality of dairy products
based on cow’s and mare’s milk with the ad-
dition of plant components was studied in the
study by M. Iztileuov et al. (2024). The identi-
fied positive changes in organoleptic properties
due to plant ingredients correlate with the re-
sults of the study, where the use of protein iso-
lates from soy, oats and almonds ensured high
stability and attractiveness of the developed
samples. I. Nyambayo et al. (2024) studied con-
sumer acceptance of plant-based milk and dairy
products. The authors emphasise the growing
interest in products with reduced calorie con-
tent and functional properties, which confirms
the importance of the low-calorie products de-
veloped in this study. The high evaluation of
the organoleptic characteristics confirms that
they meet the consumer expectations described
in the study. The study by T. Zhang et al. (2023)
analysed the use of plant-based fat substitutes
with functional and health-promoting proper-
ties. The technologies used in this study, such
as protein extraction and ultrafiltration, con-
firm the effectiveness of the proposed approach
to reducing the fat content in products without
losing their texture and taste.

M. Alam et al. (2025) analysed the inte-
gration of sensor technologies into the food
industry, which contributes to improving
product quality and meeting modern consum-
er requirements. The introduction of modern
methods of quality control and improvement
of production processes in this study also
corresponds to these trends. The results of
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the study were compared with modern scien-
tific developments related to the creation of
low-calorie products with plant components.
A. Gupta et al. (2025) examined the physico-
chemical and sensory characteristics of plant
milk for coffee drinks. The authors noted the
importance of a stable texture and flavour,
which coincides with the findings of a study in
which stability and organoleptic characteris-
tics were achieved using ultrafiltration. S. Sha-
heen et al. (2023) highlighted the functional
and metabolic properties of fat substitutes.
Their analysis confirms the possibility of re-
ducing the calorie content of products without
losing functional properties, which is consist-
ent with the results of the study, where pro-
tein extraction contributed to a reduction in
fat content and preservation of texture.

D. McClements et al. (2021) examined the
introduction of innovative technologies in the
food industryto create a sustainable and healthy
food system. The results obtained in this study,
such as the use of protein extraction, fermen-
tation and ultrafiltration, confirm the promise
of innovative technologies to meet modern
consumer requirements. S. Chen et al. (2023)
studied colloidal strategies for inhibiting lipid
degradation in the development of low-calorie
foods. Their findings on the importance of con-
trolling lipid components are consistent with
the results of a study where ultrafiltration and
fermentation reduced fat content and ensured
product stability. The findings confirm the ef-
fectiveness of innovative technologies for cre-
ating low-calorie products, demonstrating their
compliance with current scientific trends.

Conclusions
As a result of the study, the main goal was
achieved: innovative technologies for the cre-
ation of low-calorie dairy products based on
plant components that combine reduced calo-
ries with high organoleptic characteristics and
nutritional value were substantiated and devel-
oped. The use of protein extraction, fermenta-
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tion and ultrafiltration technologies has made
it possible to produce products that meet mod-
ern consumer requirements for healthy eating
and quality. The study confirmed the effective-
ness of using plant ingredients such as soya,
almonds and oats in the production of low-cal-
orie dairy products. The resulting protein iso-
lates from plant-based raw materials provide a
stable texture that is not inferior to traditional
dairy products. Fermentation reduces calorie
content by breaking down complex carbohy-
drates and further improves the taste due to the
fermented milk flavour. Ultrafiltration ensured
the concentration of protein components, re-
duced calorie content and long-term texture
stability of the products.

The results of the study showed that
the developed products, such as ferment-
ed soya yoghurt (55 kcal/100 g), almond milk
(30 kcal/100 ml) and oatmeal cream dessert
(80 kcal/100 g), had 20-50% lower calorie
content compared to their traditional coun-
terparts. The organoleptic evaluation showed
high consumer appeal, with an average score
of 4.8 out of 5 for taste and texture. The prod-
ucts also demonstrated stability for 7 days of
storage at +4°C. The practical significance of
the results includes the possibility of intro-
ducing these technologies into commercial
production. The developed products can meet
the demand in the functional and dietary food
market, providing consumers with a healthy
alternative to dairy products. Further research
should optimise technologies for production
costs reduction, expanding the product range
by using new plant-based ingredients (such as
algae proteins and chia seeds), and studying
the long-term stability of products under dif-
ferent storage and transportation conditions,
which in general creates the basis for further
development of the low-calorie dairy products
segment with plant-based ingredients.
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AHoranis. CTBOpeHHSI HU3bKOKATIOPitHUX MOJIOYHUX MPOLYKTIB i3 BUKOPUCTAHHSIM POCIMHHUX
KOMITOHEHTIB HaOyBae€ Aemani OLIbLIOTO 3HAUEHHS 4yepe3 3POCTaHHS IONUTY Ha 340pOBe
XapuyyBaHHSI Ta QJIbTePHATUBYU TPAJULITHMUM MOJIOYHMM BUPOOGaM. BeKkrpayHI mOCTiIKeHHS
6a3yBaBcsl HA HEOOXiMHOCTI PO3po6KM (DYHKIIIOHAIbHMX MPOAYKTIB 3i 3HMKEHUM KalaopiitHUM
HaBaHTAKEHHSIM, SIKi MOEOHYIOTh BUCOKY TOXWMBHY IIiHHICTh i NpMBa6GIMBI OpraHONIeNTUYHI
BJIACTUBOCTi. MeTOI0 AOCTIMKEeHHS 6y70 PO3pO6GUTH HU3BKOKAJIOPiiiHI MPOMYKTM HA OCHOBI
POCIMHHOI CMPOBMHM i3 3aCTOCYBaHHSM iHHOBAaIliiHMX TEXHOJIOTi}, TakuUX SIK €eKCTpaKLis
6inkiB, pepMeHTAalLisl Ta YIBTPadibTpallisl, 3a0€31eUyl0uM 3HVKEHHS KaJopiiiHOCTI 6e3 BTpaTtu
TEKCTYpH, CMaKy Ta CTabiIbHOCTI Mifg yac 36epiranHs. Y po60Ti BUKOPMCTOBYBAIMCS BUCOKOSIKICHI
POCIMHHI iHTpemieHT (Cosl, MUTIA/b, OBEC) i MPOGIOTMYHI KyJbTYpM, a METOLOJIOTIS BK/IIOYaIa
BUJIIJIEHHS GiTKOBUX i30JATiB IIUITXOM €KCTPaKIlii, moganbinry hepMeHTAIlil0 AJIT MOKPaIeHHS
CMaKy Ta 36arauyeHHs] KOPUCHUMM MiKpOOpraHisMaMu, a TaKOX YIbTpadiabTpalliio, Mo Crpusiia
KOHIIeHTpallii 6i7KiB, BUAATEHHIO ITyKPiB i 3a6e3MeyeHHI0 CTabiIbHOCTI MPOAYKTiB. PesynbTaT
M0Ka3aju, o po3pobiieHi MpoaykTy — depMeHTOBaHM cCOeBUIA orypT (55 kKkasn/100T), MurganbHe
Mo0ko (30 kkasi/100 mu) Ta BiBcssHMI KpeM-AecepT (80 kkai/100 r) — MpomeMOHCTPYBalIN CYTTEBE
3HIMKEeHHST KasopiiiHocTi Ha 20-50 % y MOPiBHAHHI 3 TpaAUIITHMMY MOJOYHMMM aHaIoraMu. Yci
3pas3Kku 36epiranu ctabibHy TEKCTYPY, OGHOPIAHICTD i BMCOKi OpraHOMeNTUYHI XapaKTepUCTUKNU
MPOTSATOM 7 THiB Mpu TeMIiepatypi +4°C, oTpuMaBIIy cepeHiii 6ai 4,8 i3 5 3a OI[iHKOI0 eKCIIepTHOL
KoMicii.JomaTKoBO 6y/10 BCTAHOBJIEHO, 1[0 BUKOPUCTAHHS yAbTpadinbTpallii 3a6e3meunsio TpuBamy
CTabGiMbHICTh TMPOMYKTIB, a (depMeHTallis CIpuUsia IMOKPAIIeHHI0O CMAaKOBMX XapaKTePUCTUK
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i migBumeHHIO 6ionoriyHoi HiHHOCTI. BUCHOBKM HOCTIIKEeHHS MiATBepauau eQpeKTUBHICTh
iHHOBALIiITHMX TEXHOJIOTii y CTBOPEHHI KOHKYPEHTOCITPOMOXXHUX HU3bKOKATOPiTHMUX MTPOLYKTiB
i3 pOCIMHHUX KOMITOHEHTiB. [IpakKTMYHA 3HAUMMICTb IOJIATAE Y MOKIMBOCTI BIPOBAIKEHHS
OTpMMAaHMX pe3yIbTaTiB y MPOMMCIOBE BUPOOHUIITBO [Js1 3aJ0BOJIEHHST MOTpe6 CydyacHOTO
PUHKY, OPi€EHTOBAHOTO Ha 3[,0POBE XapuyBaHHS

KiouoBi c;10Ba: xapyoBa IPOMUCIIOBICTb; 30POBe XapuyBaHHS ; hepMeHTallist; yabTpadinbTpallis;
eKCTpaKilist 6i/IKiB; Mpo6iOTUUHI KyJIbTYpPHU

Animal Science and Food Technology. 2025. Vol. 16, No. 1




ANIMAL
SCIENCE

AND FOOD Journal homepage: https://animalscience.com.ua/en
TECHNOLOGY Animal Science and Food Technology, 16(1), 109-125
b P?ﬂ T ? Received 02.11.2024 Revised 16.01.2025 Accepted 27.02.2025

ylk‘qg’gﬁ"& “ ( -

UDC 664.1:504.06
DOI: 10.31548/animal.1.2025.109

Biotechnological solutions for improving the quality
and environmental friendliness of sugar in the food industry

Svitlana Prystash’

PhD in Technical Sciences, Senior Lecturer
Mykolaiv National Agrarian University

54008, 9 Georgiy Gongadze Str., Mykolaiv, Ukraine
https://orcid.org/0009-0001-6271-7395

Oleh Pysmennyi
PhD in Agricultural Sciences, Associate Professor
Mykolaiv National Agrarian University

54008, 9 Georgiy Gongadze Str., Mykolaiv, Ukraine
https://orcid.org/0000-0002-3338-3349

Yurii Zadorogniy
Senior Lecturer
Mykolaiv National Agrarian University

54008, 9 Georgiy Gongadze Str., Mykolaiv, Ukraine
https://orcid.org/0000-0003-3499-7753

Abstract. Sugar production has a significant impact on the environment, which makes it necessary
to introduce more efficient and environmentally friendly technologies. One such alternative is
the use of biotechnological approaches to improve the quality of sugar syrups and the production
of organic sugar without the use of chemicals. The purpose of this study was to evaluate the
efficiency of enzymatic methods of syrup purification using pectinesis and amyloglucosidase and
determine their impact on the quality of the final product, as well as to investigate the possibilities
of processing sugar by-products into useful substrates for other food industries. Enzymatic
purification and ultrafiltration methods were used to achieve this goal. During the experiments,
a syrup with a residual pectin content of 0.02% * 0.005 and starch content of no more than 0.01%
was obtained, which indicates a high level of purification. The combined use of enzymatic and
membrane methods allowed improving the stability of the process and increasing productivity to
120 litres of syrup per hour, which also helped to reduce energy costs by 8% and reduce the duration
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of technological stages by 10%. The results showed that enzymatic purification of the syrup
reduced the level of impurities in molasses and contributed to an increase in the yield of bioethanol
to 88% * 2, which is 9% higher than in the control group. It was found that the feed obtained
from pulp after biotechnological treatment had high quality indicators: a decrease in moisture
content to 10% 0.5, a decrease in microbial activity to 5 x 103 CFU/g and increase the mechanical
strength of pellets to 92% * 4. The results showed significant benefits of enzymatic technologies,
in particular, reducing the cost of chemical reagents and waste disposal. The practical significance
of the study lies in the fact that the use of biotechnological methods can significantly increase
the efficiency of organic sugar and feed production, helping to reduce the environmental burden

Keywords: chemical impurities; enzymatic purification; membrane purification; molasses; by-

products

Introduction
Biotechnologies are increasingly influencing
food production, especially in the sugar indus-
try, opening up new opportunities to improve
the quality of the final product and reduce the
negative environmental impact. Sugar produc-
tion faces many challenges, such as the need to
reduce impurities in the final product as well as
to process significant amounts of by-products.
In this context, research on the impact of in-
novative biotechnologies is critical. Biotechno-
logical methods allow producing pure organic
sugar without the use of chemicals, while con-
tributing to sustainable development through
ecological waste processing. For example, the
study by G. Kovalenko (2019) showed that the
introduction of biotechnological solutions can
significantly optimise waste processing costs
and increase the environmental compliance
of production processes. Similar ideas were re-
flected in the paper by A. Bezpala et al. (2024),
who focused on the rational use of sugar
by-products, such as pulp, for the production of
feed or substrates for other industries.

Improving the quality of the final product
in biotechnological production is made possi-
ble by the use of advanced microbial cultures
and enzymes (Nabiyev et al., 2024). For ex-
ample, V. Nikulshyn et al. (2022) considered
energy-saving options to optimise produc-
tion processes that simultaneously reduce the
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negative impact on the environment. M. Stein-
wand & P. Ronald (2020) noted that the use of
genetically modified sugar beet crops can not
only reduce the number of pests and chemical
treatments, but also provide a product with
improved organoleptic qualities. Processing
of sugar by-products opens up significant op-
portunities for ensuring sustainable industrial
development (Panasiuk & Myskovets, 2023).
M. Meghana & Y. Shastri (2020) explored ways
to use waste efficiently, such as converting it
into biofuels or biopolymers. This increases the
value of waste and helps to reduce environmen-
tal pollution. Such innovations correspond to
global trends in sustainable development and
allow creating circular economic models that
integrate several branches of the food industry.
The relevance of this problem was emphasised
by M. Rajaeifar et al. (2019), who analysed the
transition to a waste-to-energy conversion
strategy as an efficient way to reduce the neg-
ative impact on the environment, which pro-
motes more sustainable use of resources and
reduces the environmental footprint. P. Suk-
phun et al. (2023) considered the double stages
of processing sugar industry waste to produce
biogas. This approach allows not only reducing
the amount of waste, but also obtaining renew-
able energy sources, which can affect the sus-
tainable development of the industry as a whole.
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In the context of the development of bio-
technology in the food industry, it is also im-
portant to consider the economic and political
factors that influence the introduction of inno-
vations (Kolisnik & Polishchuk, 2023). K. Alek-
seieva et al. (2023) highlighted the importance
of government support for businesses, especial-
ly in crisis situations, to ensure economic sus-
tainability and food security. These researchers
analysed state support programmes in Ukraine,
in particular, in the agro-industrial sector,
which directly affects the production of sugar
and other food products. They emphasised the
need to create a favourable environment for the
functioning and reproduction of businesses in
the new economic environment, which is espe-
cially relevant for innovative biotechnological
enterprises in the food industry. As noted by
K. Alekseieva et al. (2023), the effectiveness of
government support programmes and clear cri-
teria for selecting viable enterprises are key fac-
tors for stimulating the development of prom-
ising technologies, including biotechnological
innovations in the sugar industry.

The studies by B. Biyashev et al. (2023),
E. Shahini et al. (2024), and D. Breus et al. (2024)
highlighted a critical issue of the environmen-
tal impacts of war, which can be long-term and
irreversible for ecosystems and human health.
The researchers emphasised the importance of
understanding the extent of the impact of such
events on natural resources and developing ef-
fective measures to restore them. These aspects
are also directly related to the sugar industry,
since a violation of the ecological balance can
significantly affect the quality of raw materials
and production conditions. As noted by E. Sha-
hini et al. (2024), planning for the recovery of
affected areas, including ecosystem restora-
tion, is an important component of ensuring
the sustainable development of various food
industries, including sugar production, which
highlights the need to integrate environmental
considerations into the development of bio-
technological innovations for this sector.

M. Nawaz et al. (2021) considered the con-
cept of zerowaste through bio-wastewater treat-
ment, which allows the conversion of contam-
inated water typical of the sugar industry into
useful resources and contributes to the produc-
tion of valuable products. This is another exam-
ple of a strategy for converting industrial waste
into useful resources, contributing not only to
the sustainable development of the industry,
but also to the preservation of the natural en-
vironment. It is also worth noting the study by
K. Bueno-Zabala et al. (2020), which focused on
the optimised production of glucose syrup us-
ing membrane reactors, which simultaneously
allows the production of valuable by-products.
This approach increased the efficiency of raw
material use and reduced production costs,
which is important for improving environ-
mental sustainability and economic benefits.

Special attention should also be paid to
the latest technologies for processing sugar
beet, the development of which was considered
by B. Muir (2022), highlighting innovative ap-
proaches designed to improve the efficiency of
final product production and reduce the impact
on the environment. These technologies are es-
sential for optimising production processes and
conserving resources, ensuring increased en-
vironmental sustainability of the sugar indus-
try. Thus, the main areas of scientific research
aimed at innovation in the sugar industry are
waste processing, reducing the ecological foot-
print of production and improving the efficiency
of resource use, which ensures the sustainable
development of the industry and contributes to
the preservation of ecological balance. The pur-
pose of this study was to identify key biotech-
nologies that can improve the quality of both
the final product and by-products of production,
namely, molasses and pulp, and to minimise
the environmental impact by recycling waste.

Materials and Methods
Samples of sugar beet (Beta vulgaris) were
provided by LLC Agrofirma im. Dovzhenka
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(Astarta-Kyiv Group, Poltava Oblast). The in-
clusion criteria were conditions under which
the samples met maturity standards (beet sugar
content > 16%, was declared by suppliers), had
no defects or visible signs of disease. The sam-
ple did not include specimens with damage,
infested with pests or fungal diseases, such ob-
jects were excluded after visual inspection and
microbiological analysis. Microorganisms used
at the stage of disposal of by-products (bacteria
Zymomonas mobilis, strain ATCC 31821, provid-
ing a high level of ethanol fermentation) were
provided by D.K. Zabolotny Institute of Micro-
biology and Virology of the National Academy
of Sciences of Ukraine. The study was conduct-
ed from March to September 2024 at the Insti-
tute of Agricultural Microbiology and Agro-In-
dustrial Production of the National Academy of
Sciences of Ukraine (Chernihiv, Ukraine). The
experimental part included working with con-
trol and experimental samples, where the for-
mer characterised the usual chemical approach
to syrup processing, and the latter — testing the
proposed biotechnological methods. The study
focused on evaluating enzymatic methods for
syrup purification to reduce the impurity con-
tent without using chemical reagents.

Sugar beet samples of the control and ex-
perimental groups were cleaned of dirt and
ground to a uniform consistency (particle
size — 2-3 mm). To obtain the syrup, the raw
material was extracted with hot water (temper-
ature 80°C, mass/volume ratio 1:2), and thor-
ough mixing was ensured during extraction to
maximise the release of sugars from the cell
mass. Control samples were prepared accord-
ing to conventional technology, which involves
the use of chemical reagents such as limestone
milk and sulphur anhydride to purify the syr-
up. In the test samples, an enzyme complex was
added to the resulting syrup, including: pecti-
nase for the breakdown of pectin compounds
(dosage 20 U/mlL, activity 100 PE); amyloglu-
cosidase for the conversion of starch residues
to glucose (dosage 15 U/mL, activity 120 AO).
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Fermentation was carried out in a Biostat B bi-
oreactor (Sartorius, Germany) at a temperature
of 50°C and a pH of 5.5 for 6 hours. This temper-
ature was chosen because used enzymes have
optimal activity in the range of 45-55°C, which
ensured maximum efficiency in the breakdown
of pectins and starch residues and increased the
purity of the final product. The temperature of
50°C was also favourable for enzymatic activity,
but too high for the development of unwanted
bacteria. The pH value of 5.5 maintained the
stability of enzymes, microbial activity, and
prevented the development of contaminants.
In the control group, impurities were meas-
ured after chemical treatment, and in the exper-
imental group — after enzymatic purification.
Analysis of the pectin content was performed
by gravimetry: the selected syrup sample was
subjected to pectin precipitation using alco-
hol (96% ethanol) in a ratio of 1:2. The result-
ing precipitate was centrifuged in an Eppen-
dorf 5804 R centrifuge (Germany) (10 minutes
at 5,000 rpm) to remove liquid residues, dried
in a Memmert UF 260 drying cabinet (Germany)
at a temperature of 105°C to a constant mass.
The residual pectin content was calculated as
a percentage of the total syrup mass. Analysis
of the residual starch concentration by the en-
zymatic method was based on hydrolysis of the
residual starch to glucose, followed by quan-
titative determination of glucose. The syrup
sample was incubated with alpha-amylase with
an activity of 50 U/mL at 37°C for 30 minutes.
The resulting glucose was determined using the
glucose oxidase method, which included color-
imetric measurement with a BIO-TEK instru-
ments Synergy H1 colorimeter (USA) absorp-
tion at 540 Nm. The concentration of residual
starch was calculated considering the conver-
sion factor. In the control and experimental
groups, these processes were performed in the
same way. After purification, the samples of the
control and experimental groups were further
purified by ultrafiltration. This process involved
passing the syrup through a Millipore Pellicon
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2.0.2 ym membrane (USA) with a pore size of
0.2 microns, which helped to remove macro-
molecules, cell mass residues, and impurities.

To ensure the suitability of the syrup for
further use, it was concentrated by vacuum
distillation. The pressure was reduced to 50-
100 mm Hg in the LabTech LT 3000 vacuum
unit (China), which allowed water to evaporate
at a temperature of 50-60°C. This low-temper-
ature process prevented thermal degradation
of sugars, preserving their natural composition
and organoleptic properties. The syrup con-
centration reached 65-70% of dry substances,
which provided optimal viscosity for further
production stages. Determination of the col-
our characteristics of the syrup corresponding
to its quality was carried out on the ICUMSA
scale with a Lovibond PFX 8800 meter (Ger-
many). The presence of undesirable impurities
resulting from caramelisation was assessed by
optical microscopy using an Olympus BX41
microscope (Japan). The experimental and ex-
perimental groups used the same technological
parameters, but considered the effect of the
absence of chemical reagents on the quality of
the final product. In both groups, the stability
of the syrup’s organoleptic characteristics, such
as smell, colour, and taste, was assessed by sen-
sory analysis, and the indicators were evaluated
on a 10-point scale.

Processing of by-products. The process of
fermentation of molasses was carried out using
microorganisms Zymomonas mobilis. The pre-
pared molasses solution was inoculated at pH
4.5-5 in a Biostat B bioreactor (Sartorius, Ger-
many). The fermentation temperature was 30°C
and the duration was 24-48 hours, during which
the ethanol yield was monitored by analysis on
an Agilent 8890 gas chromatograph (USA). The
resulting ethanol was distilled in a LabTech LT
3000 vacuum distillation unit (Italy), which
made it possible to effectively separate ethanol
while preserving its properties.

A Flottweg Z Series dewatering press (Ger-
many) was used to process the pulp. Further

drying was carried out in an Alvan Blanch
DR 800 drum drying unit (Great Britain) at
60-90°C to achieve a residual moisture con-
tent of 10%. The dried material was ground in
a Buhler MultimpactMax hammer mill (Biihler
Group, Switzerland) to a particle size of 2-3 mm.
Granulation was carried out on a CPM Europe
Century Series granulator (CPM Europe, Neth-
erlands), which provided the formation of feed
pellets with a diameter of 8-12 mm with high
mechanical strength. The quality of granular
feed was evaluated by several indicators. The
moisture content was determined by drying in
a Binder FD115 thermostat (Germany) at 105°C,
and microbiological purity was assessed by seed-
ing on TSA agar for aerobic bacteria and SDA
agar for fungi with the number of colony-form-
ing units (CFU/g). The mechanical strength of
the pellets was measured on the PDT 1100 Pel-
let Durability Tester (Luxembourg), while frac-
tional analysis of particle size uniformity was
performed on the RETSCH AS 200 laboratory
sieve analyser (Germany).

Results

The enzymatic approach to syrup purification
showed significantly better results compared
to conventional chemical methods. The study
showed that the content of residual pectin in
control samples treated with chemical rea-
gents was 0.08% % 0.01, while in samples, puri-
fied with pectinase and amyloglucosidase, this
indicator decreased to 0.02%+0.005 (Fig. 1). In
parallel, the residual starch in the syrup after
enzymatic purification was significantly low-
er — <0.01% compared to 0.04% *0.007 in the
control samples. These results clearly demon-
strate a high degree of impurity removal due
to enzymatic purification. The mechanism of
pectinase was to break down pectin chains,
which greatly facilitated the removal of re-
sidual macromolecules. Amyloglucosidase,
in turn, effectively broke down the residual
starch, ensuring its minimum concentrations
in the final product.
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Indicators of syrup purification using chemical
and biotechnological approaches
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Figure 1. Indicators of syrup purification using
chemical and biotechnological approaches
Source: compiled by the authors

One of the most important advantages of
biotechnological purification is the absence
of chemical by-products in the final product.
Chemical purification methods such as lime
and sulphur compounds, despite their effi-
ciency, lead to the development of undesira-
ble precipitates, residues of chemical agents

in the syrup, and harmful by-products such as
calcium salts (Muir, 2022). In comparison, the
enzymatic approach provided not only a high
degree of purification, but also the preservation
of the natural composition of the syrup, which
is critical for organic production. The study
also revealed the economic benefits of biotech-
nological purification. The use of enzymes has
reduced the duration of the purification process
to 6 hours, while the chemical approach often
requires additional stages of precipitation, fil-
tration, and regeneration of reagents, which ex-
tends the technological process to 10-12 hours
and increases costs.

To test the reliability of the method, 10 re-
peated experiments with enzymatic purification
were performed, and in all cases the values of re-
sidual pectin and starch corresponded to the es-
tablished values (0.02% and < 0.01%, respective-
ly). All experiments were performed under the
same conditions — temperature 50°C, pH 5.5, en-
zymatic treatment lasting 6 hours. Fluctuations
in the values did not exceed 5%, which indicates
a high reproducibility of the method (Table 1).

Table 1. Results of repeated experiments on enzymatic purification of sugar syrup

No. Pectin (%) Pectin standard (%) Starch (%) Starch standard (%)
1 0.02 0.02 0.009 0.01
2 0.019 0.02 0.008 0.01
3 0.021 0.02 0.01 0.01
4 0.018 0.02 0.009 0.01
5 0.02 0.02 0.009 0.01
6 0.019 0.02 0.008 0.01
7 0.02 0.02 0.009 0.01
8 0.021 0.02 0.01 0.01
9 0.018 0.02 0.008 0.01
10 0.019 0.02 0.009 0.01

Source: compiled by the authors

Another advantage of the enzymatic ap-
proach is the reduce in the environmental im-
pact of production. Chemical treatment leads to
the development of sediments that require spe-
cial disposal, and to excessive water consump-
tion during the regeneration of chemical agents
(Nawaz et al., 2021). The enzymatic method
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significantly reduces the need for additional
resources, such as chemical reagents and ener-
gy, as it reduces the use of harsh chemicals for
cleaning and stabilising products by 30-40%. In
addition, the reduction of energy requirements
for cleaning and stabilisation processes is up to
25%, which helps to reduce costs and minimise
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the amount of harmful residues. This makes the
method the most successful for use in environ-
mentally oriented production.

Membrane ultrafiltration technology has
shown high efficiency in removing macromol-
ecules and other impurities in syrups of both
the control and experimental groups. However,
the purification results were significantly bet-
ter in the case of samples from the experimen-
tal group that underwent the enzymatic purifi-
cation stage before membrane treatment. The
formation of precipitation on the membranes
was an important parameter that demonstrat-
ed the advantage of the combined approach.
In the control samples, the level of deposits
on the membrane increased after 20 minutes
of system operation, which led to a gradual
decrease in throughput by up to 60% from the
initial level. Instead, in the experimental sam-
ples, deposits on the membranes were reduced
by 45% compared to the control group, and
stable operation of the plant was maintained
for up to 30 minutes, which allowed a larger
volume of purified syrup to be obtained in one
filtration cycle.

The results of the analysis of residual pec-
tin substances and starch in syrups after ultra-
filtration demonstrate a higher purity of the
final product in the experimental group. In the
control samples, the level of residual pectin was
£0.02%, and starch — £0.01%. In the samples of
the experimental group, these indicators were
lower than the detection limit of the analyti-
cal equipment used (< 0.01%). This indicates
a deeper purification of the syrup due to the
synergistic effect of pre-enzymatic treatment,
which significantly reduced the content of im-
purities before the membrane stage. The more
efficient operation of the membranes in the ex-
perimental group is explained by the reduced
load on the filter elements. Enzymatic treat-
ment reduced the level of macromolecules and
the viscosity of the syrup, which facilitated the
passage of syrup through the membranes and
reduced the risk of contamination.

In addition to the cleaning quality, the per-
formance of the ultrafiltration unit was also bet-
ter for the experimental group. On average, the
volume of purified syrup per hour was 120 litres
for experimental samples compared to 90 litres
for control samples, which provided an addi-
tional productivity of 30%. The absence of the
need for frequent membrane washing during
the processing of experimental samples also
significantly increased the cost-effectiveness of
the process. The combination of enzymatic and
membrane purification not only improved the
quality of the final product, but also demon-
strated environmental benefits. The use of en-
zymes in the initial stages allowed reducing the
volume of precipitation formed by 22-25% and
reducing water consumption for cleaning the
system by 25-35%, which is usually necessary
for the regeneration of chemical membranes in
the control group. This approach also reduced
the use of chemical reagents by 40%, which will
help to improve the environmental friendliness
of the entire technological process. Conse-
quently, the results of membrane syrup puri-
fication confirm the effectiveness of the pro-
posed combined approach. Based on enzymatic
pretreatment, it was possible to significantly
reduce the level of precipitation on the mem-
branes, improve the quality of cleaning, and
the stability of the ultrafiltration system. This
indicates the prospects of using this method
to ensure high quality of organic sugar and re-
duce the environmental impact of production.

Syrup concentration by vacuum distil-
lation. Vacuum distillation provided a stable
syrup concentration process for both the con-
trol and experimental groups. However, the
results of the final product analysis clearly
demonstrated the advantages of the com-
bined enzymatic and membrane purification
approach applied to the samples of the ex-
perimental group. One of the key evaluation
parameters was the determination of the col-
our characteristics of syrup on the ICUMSA
scale, which is used to determine the degree
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of purity and clarification of sugar products.
As a result of the combined approach to syrup
purification, the samples of the experimen-
tal group showed lower values in the range of
190-210 units, which indicates a much cleaner
product with a natural amber colour. For the
control group, this indicator was noticeably
higher and ranged from 240-270 units, which
indicates the presence of residual impurities
and the absence of maximum transparency.

The preservation of aromatic compounds is
another important parameter of the quality of
the final product, since these components pro-
vide the smell and natural taste profile of the
syrup. In the process of vacuum concentration
under low pressure conditions (50-100 mm Hg)
and the temperature range of 50-60°C, it was
possible to minimise the loss of volatile sub-
stances. The samples of the experimental group
showed a 15% higher level of preservation of
volatile aromatic compounds compared to the
control samples, which provided improved or-
ganoleptic properties of the product. Losses in
the control group are explained by residues of
chemical impurities, which could cause addi-
tional evaporation or degradation of aromatic
components when heated.

The concentration of syrup to a sugar den-
sity of 76-78% occurred without noticeable
degradation of natural sugars or the develop-
ment of undesirable products (caramelisation)
in both groups. However, the experimental

samples had a more uniform texture without
microscopic inclusions, which were sometimes
recorded in the control group during micro-
scopic analysis. This may be caused by the
higher purity of the syrup before the vacuum
concentration, which prevented the develop-
ment of foreign crystal formations or micropar-
ticles that could remain in the control samples.
Due to the high initial purity of the syrup of
the experimental group, the concentration du-
ration was reduced by 10% compared to the
control samples. Reducing the level of impuri-
ties that need to be removed during distillation
has reduced energy costs by 8%. This has had a
positive impact on the overall performance and
profitability of the production process, which is
important for industrial implementation.

Tasting evaluation of concentrated syr-
ups in both groups showed that the samples
of the experimental group had a more natural
taste with a pronounced beet aroma, while in
the control group there was a slight bitterness,
which probably arose due to the presence of
residual chemicals. The average score of the
organoleptic test for samples from the experi-
mental group was 9.2%0.3 on a 10-point scale,
while in the control group this indicator was
7.8+0.4 (p<0.05). Table 2 illustrates the key
differences in the concentration process pa-
rameters between the two groups, confirming
the overall advantage of the technological ap-
proach used for experimental samples.

Table 2. Comparison of sugar syrup concentration process parameters

Parameter Control group Experimental group
Colour indicator (ICUMSA) 240-270 190-210
Level of preservation of aromatic substances (%) 85%3 100
Duration of concentration (min) 60+2 54%1
Energy consumption (kWh) 25+1 23%1

Source: compiled by the authors

The use of vacuum distillation in the ex-
perimental group, which used syrup purified
by enzymatic and membrane methods, made
it possible to achieve significantly better
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quality of the final product, including col-
our, aroma, and texture indicators. The high
efficiency of the process, its energy saving
and environmental friendliness make this
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technology promising for large-scale imple-
mentation in the production of organic sugar
(Bulgakov et al., 2017).

Results of by-product disposal. The fer-
mentation process of molasses, one of the main
by-products of sugar production, showed sig-
nificant differences in bioethanol yield between
the control and experimental groups. Molasses
obtained after enzymatic purification of the
syrup showed a significantly higher degree of
processing of sugars into ethanol. In the control

group, where molasses was obtained after con-
ventional chemical purification of syrup, the
bioethanol yield was 79% * 3 of the theoretical
maximum (Table 3). This is caused by the high
content of residual chemical impurities, which
suppressed the activity of microorganisms and
reduced the efficiency of fermentation. Instead,
in molasses purified by biotechnological meth-
od (experimental group), impurities were min-
imised, which allowed achieving a bioethanol
yield of 88% *2 (p<0.01).

Table 3. Results of molasses fermentation in two groups

. Difference
Parameter Control group Experimental group (p-value)
. . 79% *+3% of the 88%*2% of the
Bioethanol yield theoretical maximum theoretical maximum p<0.01
Time to reach m_aximum ethanol 36 hours 30 hours p<0.01
concentration (hours)

Organic acid concentration (g/1) 0.5+0.08 g/1 0.2%0.05 g/1 p<0.01
Y_ethanol/sugar (g ethanol/g sugar) 0.42+0.03 g/g 0.48+0.02 g/g p<0.05

Source: compiled by the authors

Comparison of the dynamics of the fermen-
tation process also showed a significant differ-
ence between the groups. In the control group,
the maximum ethanol concentration was
reached in 36 hours, while in the experimental
group, this process was reduced to 30 hours.
The reduction in the duration of fermentation
can be explained by a favourable environment
for Zymomonas mobilis in molasses purified
without chemical reagents. Additional quali-
ty analysis of the obtained bioethanol showed
that ethanol obtained from molasses of the ex-
perimental group had a higher degree of purity,
with the content of undesirable side compo-
nents 20% lower than in the control samples.
In the control group, traces of organic acids
(for example, acetic acid) were often found in
bioethanol, which were formed due to chemical
stress on microbial cells caused by residual im-
purities in molasses. In the bioethanol samples
of the experimental group, the concentration
of organic acids was 0.2 +0.05 g/, while in the
control group — 0.5%0.08 g/l (p <0.01), which

confirms the increased efficiency of the process
in the absence of chemical contamination in the
raw material. Reducing the level of impurities
in molasses, as a result of the use of enzymat-
ic purification of syrup, improved the viabili-
ty and metabolic activity of microorganisms.
The experimental group demonstrated a stable
value of the Y _ethanol/sugar parameter (effi-
ciency of converting sugars to ethanol), which
was 0.48 +0.02 g/g, which is very close to the
theoretical maximum (0.51 g/g). In the control
group, this parameter reached 0.42 +0.03 g/g,
which is 12% less (p < 0.05), which leads to a
lower ethanol yield.

Sugar beet pulp, which is formed as a by-
product after extraction of sugar substances,
was further processed in this study to produce
granular feed. Evaluation of the final product
showed significant advantages of the feed ob-
tained in the experimental group, according to
the following key indicators. The experimental
pellets achieved a moisture content of 10%*0.5
compared to 12% #0.8 in the control samples.
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The reduced moisture content provided an in-
creased duration of feed storage without loss
of quality or mould formation. Granulated feed
of the experimental group contained microor-
ganisms in the amount of 5 x 10> CFU/g, which
is significantly less than in the control group
(2 x 10* CFU/g). Such low microbial activity was
ensured by the absence of residual chemical

impurities in the pulp and careful heat treat-
ment. The pellets obtained in the experimental
group showed mechanical strength at the level
of 92% + 4, which is significantly higher than in
the control group (80% * 5). This is important
to ensure the stability of the product during
transportation and storage, and to prevent dust
formation (Table 4).

Table 4. Comparison of the characteristics of granulated feed from pulp between groups

Parameter Control group Experimental group
Moisture content, %. 12+0.8 10£0.5
Microbiological purity 2x10* CFU/g 5x 103 CFU/g
Mechanical strength of pellets 80%5% 92+4%

Source: compiled by the authors

The absence of synthetic preservatives, the
high quality of pellets, and their stability allows
avoiding the risk of accumulation of undesira-
ble substances in the feed. The use of the enzy-
matic approach at the initial stages helped to
reduce the need for chemical reagents to sta-
bilise the product, and reduce waste disposal
costs due to increased drying efficiency. The
long shelf life of experimental pellets without
additional chemical treatment also reduced the
manufacturer’s costs and reduces the environ-
mental burden. Obtained results demonstrate
the superiority of biotechnological methods in
all aspects of the study: syrup purification, con-
centration, preservation of organoleptic prop-
erties, and disposal of by-products. Comparison
of control and experimental samples confirmed
that the enzymatic approach allows obtaining a
better final product with minimal environmen-
tal impact and better efficiency indicators.

Discussion
The results obtained in the course of the study
show a certain similarity with the results of pre-
vious research, including individual differences,
which can be explained by different approaches
to processing raw materials and the variability
of experimental conditions. In this regard, it is
important to compare the results with studies
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by other researchers that focus on the environ-
mental and technological aspects of sugar beet
processing and sugar production. This study on
optimising the use of sugar industry by-prod-
ucts has shown that beet processing and syrup
production processes have significant potential
to reduce waste and increase efficiency. These
results correlate with the study by B. Muir &
A. Anderson (2022), who noted the significance
of developing sugar beet as an important area in
Europe to increase yields and reduce production
costs. In particular, improving the efficiency of
syrup production and processing by-products
can significantly improve the environmental and
economic component of sugar production. How-
ever, the results obtained demonstrate that the
integration of the latest technologies for pre-
serving syrup in limited seasonality conditions
can significantly increase the production period.

Such approaches are confirmed by the
findings of A. Adbhai et al. (2022), who focused
on using patent molasses left over from the
sugar extraction process to create secondary
products. The researchers also noted the high
potential for energy production from residual
molasses. This study, on the contrary, focused
more on the efficiency of their processing in
the context of reducing the amount of waste
when using raw materials for the production
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of not only sugar, but also bioenergy resourc-
es. The results of S. Singh et al. (2021) regard-
ing the processing of sugar cane waste into
commercial products, in particular, through
the optimisation of production methods and
solving environmental problems that arise
in the process, are consistent with this study,
since in both cases it is about the use of bio-
technologies for processing sugar by-products
to improve the quality of the final product and
reduce environmental impact, in particular,
through fermentation and reducing the need
for chemical reagents, which also indicates op-
portunities for improving the environmental
efficiency of the agricultural sector.

Similarly, the results of the studies by
A. Hernandez-Pérez et al. (2020) and A. Babu
& S. Adeyeye (2024) related to sugar extraction
and sweetener production through biotech-
nological processes, support observations on
the potential of using environmentally friend-
ly methods to reduce waste and improve the
efficiency of production processes. Although
studies conducted by other researchers focus
more on aspects of technological development
within the one-sided use of sugar beet, the
results highlight the need for multifunction-
al solutions to solve the problem of waste in
production. The results of the development of
biotechnological processes for the production
of fructose-rich syrups coincide and in some
aspects complement the conclusions from pre-
vious works of international researchers, in
particular, the study by M. Garcia-Aguirre et
al. (2009) identified significant potential for us-
ing enzymatic hydrolysis of agave fructose-oli-
gosaccharides to produce fructose-rich syrups.
This study highlighted the importance of opti-
mising technological processes, which is direct-
ly compatible with the results obtained, which
shows that modern technologies of bioconver-
sion of raw materials can lead to an increase in
the quality and efficiency of syrup production.

The study by R. Singh et al. (2017) is also
important. It described enzymatic methods

for the synthesis of high fructose syrups. The
researchers noted the importance of using
specific enzymes to improve the process of
converting monosaccharides to higher fruc-
tose-rich compounds. These results support
these conclusions, as it was found that the
choice of specific enzymes can actually in-
crease the yield of the product without los-
ing quality. Similarly, research by H. Atiyeh &
Z. Duvnjak (2005) on the use of ultrafiltration
membranes and activated carbon for the puri-
fication of fructose syrups produced from cane
molasses indicates the importance of such
technologies in the syrup purification process.
The results obtained indicate the effectiveness
of these methods, in particular for achieving
the desired purity of syrups while preserving
their useful properties.

The study by J. Hubbuch & M. Kula (2007),
with a focus on the isolation and purification
of biotechnological products, confirms the ef-
fectiveness of the approach used in providing
high-quality fructose-rich syrups. The meth-
ods recommended by these researchers can
be adapted for cleaning products at the pro-
duction stage, which will allow achieving the
maximum level of purification with minimal
energy costs. Other studies, for example by
D. Lima et al. (2011), which highlighted the bi-
otechnological potential of fructose syrup, are
consistent with the results in terms of improv-
ing the use of fructose as a biologically active
product. These results support the possibility
of optimising the use of fructose-rich syrups
for industrial purposes, especially given their
wide range of applications in the food industry.
The fundamental research by E. Vandamme et
al. (1987) examined microbial sucrosophos-
phoratases in the context of fermentation and
biotechnological applications that improve the
process of converting sugar to fructose syr-
ups. The results of this sucrose bioconversion
study also confirmed the ability of enzymatic
technologies to significantly increase produc-
tion efficiency when using microbial agents,
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similar to what was found in the current study.
The studies by J. Bicas et al. (2010) on the bi-
otechnological production of bioflavours and
functional sugars support conclusions about
the broad potential for the production of not
only basic bio-products, but also additives with
high functional properties. This proves that
fructose syrups can serve as a basis for the de-
velopment of products with additional func-
tional properties, which increases their value in
the food and pharmaceutical industries.

The results of this study confirm the pos-
sibility of obtaining syrups from organic raw
materials under a similar concept, but with a
greater emphasis on maximising resource re-
covery and reducing costs. T. Kwan et al. (2019)
focused on the possibility of using food and
beverage waste for the production of syrups
using biorectification technologies: a technical
and economic assessment showed the high ef-
ficiency of this approach. The study by H. Ols-
en (1995), describing the enzymatic production
of glucose syrups, was useful for understanding
the mechanisms of starch and sugar hydrolysis
in the manufacturing process. In particular, the-
oretical approaches to the use of enzymes such
as amylases and glucosidases confirm their own
results regarding the use of microbial enzymes
for the efficient production of glucose syrups.
The use of enzymatic technologies significantly
improves the yield and purification of syrups,
which coincides with the data on high results
in optimising enzymatic hydrolase (Bekbayev et
al., 2024; Osokina et al., 2024).

Conclusions on the technology of raw
material preparation considering biotechno-
logical processing also confirm the findings of
A. Busi¢ et al. (2018) regarding the production
of bioethanol from renewable raw materials, a
similar approach to the efficient use of organ-
ic waste is shown. Although this study focuses
more on syrup production, these results con-
firm the correctness of the chosen waste reuse
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strategy. Studies by P. Singh & S. Kumar (2019)
on microbial enzymes in food biotechnology
also support conclusions about the role of en-
zymes in the processes of sugar breakdown and
syrup production. The researchers focused on
the improvement of processes using various
types of microbial enzymes. The results of the
study, in particular, demonstrate significant
advantages as syrups due to the use of specif-
ic microbial enzymes that activate bioconver-
sions in the early stages. In addition, the study
by E. Martinez et al. (2015), which discussed xy-
litol purification and crystallisation strategies,
provides key guidance on such processes in the
context of ongoing research. Although the work
was done with fructose syrups, some of the
purification principles proposed in their study
may be useful for improving the characteristics
of syrups. D. Peters (2006) revealed the impor-
tance of carbohydrates for fermentation, which
confirmed the chosen approach to fermenta-
tion of syrups based on simple and complex
sugars. These results confirm the ability of car-
bohydrates in syrups to optimise processes in
the production of high-calorie products for the
food industry, as indicated by D. Peters (2006).
The findings coincide with the conclusions
of S. McKelvey & R. Murphy (2017) regarding
the use of fungal enzymes in biotechnology.
Their study demonstrated the effectiveness of
using such enzymes to break down complex or-
ganic compounds, which was confirmed in the
production of sugar syrups. However, in con-
trast to their approach, this study focused more
on optimising conditions for more efficient fer-
mentation, which allowed for improved yield
and quality of finished products. Thus, it can be
argued that the results of this study are consist-
ent with a number of important international
trends in the field of technological progress
and environmental efficiency of sugar beet pro-
duction. Moreover, the presence of some differ-
ences related to the conditions and methods of
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research suggests additional opportunities for
improving the processing processes and use of
raw materials at different stages of production.

Conclusions

The enzymatic method of syrup purification
using pectinase and amyloglucosidase showed
significantly better results than conventional
chemical approaches. The obtained indicators
of the content of residual pectin (0.02% = 0.005)
and starch (< 0.01%) indicate a high level of
purification of impurities, which confirms the
feasibility of a biotechnological approach in the
sugar industry. Repeated experiments showed
the reliability of the enzymatic purification
method, where fluctuations in the results did
not exceed 5%. The stability of the results al-
lows considering this approach as a standard
method for ensuring product quality. The use
of membrane ultrafiltration technology after
enzymatic treatment significantly improved
the quality of purification. Reducing the level of
impurities before membrane filtration reduced
the amount of precipitation on the membranes,
improved the stability of the plant and provid-
ed an increase in productivity of up to 120 li-
tres of syrup per hour. This approach provided
a synergistic effect, significantly improving the
characteristics of the final product.

Samples of syrup purified by combined
methods are characterised by a lower colour
index (190-210 ICUMSA units), better preser-
vation of aromatic compounds (+ 15%) and the
absence of micro-inclusions, which indicates an
improved texture and organoleptic characteris-
tics. This provided an increased consumer score
(9.2+0.3 vs. 7.8 £ 0.4 in control samples), while
also reducing energy costs by 8% and reducing
the duration of technological stages by 10% in-
dicates the economic advantage of the combined
method of syrup purification. In addition, the
enzymatic approach significantly reduces the
environmental impact of production, reducing

the development of harmful waste and water
consumption. Vacuum distillation of the syrup
after combined purification allowed achieving
a stable sugar density (76-78%), minimising
the loss of volatile aromatic compounds, and
also ensured the preservation of the natural
taste and aroma of the syrup. The duration of
the concentration process was reduced due to
the higher initial purity of the syrup, which re-
duced production costs. Molasses obtained after
enzymatic purification allowed achieving a high
bioethanol yield (88% * 2), which significant-
ly exceeds the indicators of the control group
(79% = 3). Additional processing of pulp using
enzymatic membrane technology helped to re-
duce residual impurities, improving its quality
as a raw material for feed or bioenergetics use.
This approach ensured more efficient use of re-
sources and reduced the environmental burden.

One of the main limitations of the study
was the dependence on specific enzymatic
preparations that are used to purify the syrup.
This limits the ability to scale the technology to
large production volumes due to the high cost
of certain enzymes and their availability. In
addition, some aspects of the process, such as
optimising fermentation time and membrane
purification, require additional research to
achieve even better results in terms of produc-
tivity and cost-effectiveness. Further research
should consider integrating this technology
with other biotechnological processes to pro-
vide a more integrated approach to the purifi-
cation and processing of sugar syrups.
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AHoTanisg. BupoOHMIITBO I[yKpPy Ma€ 3HAauyHMII BIUIMB HAa HABKOJMIIHE CepeloBUINe, LIO
3YMOBJIIOE HEOOXiHICTh BIIPOBAKEHHS Oi/IbIll €(DeKTUBHUX TA €KOJIOTTUHO UMCTUX TEXHOJOTII.
OnHi€0 3 TaKUX aJbTEPHATUB € BUKOPUCTAHHSI GiOTEXHOJOTIUHMX MigXOMiB [JiS MOKpAIleHHs
SIKOCTi IIYKPOBUX CUPOIIiB Ta BUPOOGHUIITBA OPraHiYHOTO ITYKPY 6€3 3aCTOCYBAHHS XiMiUHUX
pedoBMH. MeTol0 JaHoi po6oTM 6yn0 OUiHUTUM ebdeKTUBHICTh (GepMeHTATUBHUX METO/iB
OUMILIEHHS CUPOIIiB 3 BUKOPUCTAHHSM TEKTUMHE3Yy Ta aMiJIOIVIFOKO31AAa3! i BUSHAUUTY iX BIUIUB
Ha SIKiCTb KiHI[€BOTO MPOLYKTY, & TAKOX JOCTITUTI MOKINBOCTI IepepooKy MOGIYHMX MTPOIYKTiB
IIYKPOBOTO BMPOOHUIITBA B KOPUCHI cyGCTpaTu Ojsl iHIMIMX rany3eit xapyoBoi MPOMMCIOBOCTI.
Il MOCSITHEHHST TIOCTaBJIEHOI MeTM BMKOPUCTOBYBAIM MeTOAM (GepMEHTAaTUBHOTO OUYMIIEHHS
Ta ynbrpadigpTpanii. B xoni ekcrepuMeHTIiB 6y70 OTPMMAHO CUPOI i3 3aJUIIKOBMM BMiCTOM
nektuHy 0,02 % * 0,005 Ta BMicToM Kpoxmaiio He 6inbmie 0,01 %, 110 CBiAUMIO MPO BUCOKMIL
piBeHb oumineHHs. KoMOGiHOBaHe BUKOPUCTAHHS (hepMEHTATMBHOrO Ta MeMOPaHHOTO METO/iB
JO3BOJIWJIO MiJBUIIUTY CTabGiNbHICTD MpoLiecy Ta 36IIbIINTY MPOZYKTUBHICTD A0 120 1 cupomy
Ha TOAVHY, IO TaKOX CIPUSIIO 3HMKEHHIO eHeproBUTpaT Ha 8 % Ta CKOPOYEHHIO TPUBAJIOCTi
TEeXHOMOTiYHMX CTafit Ha 10 %. PesynbraTu mokasany, o GepMeHTaTUBHE OUMILEHHSI CUPOIY
3HM3WIO PiBeHb JOMIIIOK y MeJISICi Ta CIpUSIIO MiABUILEHHIO BUXoqy O6ioeTaHony 10 88 % * 2,
o Ha 9 % Bulle, HiK y KOHTPOJIbHIN TpyIli. BcTaHOBEHO, 1110 KOPM, OTPUMMAaHMI1 3 KOMY IiCJIst
6ioTexHoMOriYHOI 06POOKM, Ma€ BMCOKI ITOKA3HMKY SIKOCTi: 3HMKeHHs Bojiorocti mo 10 % * 0,5,
3MeHIIeHHS MiKpOOHOI aKTMBHOCTI 10 5 x 10, KYO/r Ta migBuIeHHST MeXaHiYHOI Mil[HOCTi TpaHy/I
Io 92 % * 4. OTpumaHi pe3yabTaTV MPOLEMOHCTPYBaIM 3HAUHI nepeBaru pepMeHTATUBHUX
TEXHOJIOTi11, 30KpeMa 3HM)KeHHS BUTPAT Ha XiMiuHi peareHTM Ta yTuiisalito Bigxonis. [IpaktuuHe
3HAYeHHS POOOTHU TIONSITa€ B TOMY, IO BMKOPUCTAHHSI GiOTEXHOJOTiUHMX METOXIB O3BOJISIE
3HAYHO MiABUIIUTY e(EeKTUBHICTb BUPOOGHMIITBA OPraHiUHOTO IYKPY Ta KOPMIB, CIIPUSIOUN
3MeHIIeHHIO HaBaHTaXXeHHsI Ha HAaBKOJIUIIHE cepefoBulIe

KirouoBi cnoBa: XiMmiuni gominrku; pepMeHTaTMBHE OYNIIEHHS ; MeMOPaHHEe OUMILIEHHS; MeJIaca;
Mo6iYHi MPOSYKTU
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Abstract. A priority direction in the dairy processing industry is the development of innovative
resource-saving technologies that enable raw material conservation, increased yield, and expanded
product range. In particular, there is a growing demand for plant-based milk analogs in mixtures for
producing milk-plant concentrates using accelerated technologies. The study aimed to determine
the optimal parameters of the thermoacid coagulation process for milk-plant protein mixtures to
obtain milk-plant concentrates and analyse their impact on the yield and qualitative characteristics
of the final product. Milk-plant concentrates were obtained by thermoacid precipitation of proteins
from a milk-plant mixture. The Box-Wilson central composite design method was used to optimise
the parameters of concentrate production. It was established that thermoacid precipitation of
proteins in a milk-plant mixture containing 35% whey-plant suspension with a water-to-solid
ratio of 1:3 and a self-pressing duration of 30 min ensured a 36% transition rate of both milk and
plant proteins into the concentrate. These parameters were 8-12% higher than those for protein
precipitation from a mixture of skim milk and whey-plant suspension (20%) with water-to-solid
ratios of 1:5 and 1:7. The addition of a 20% whey-plant suspension with a water-to-solid ratio of
1:7 and a curd self-pressing duration of 10 min resulted in the least protein destabilisation and
the highest moisture content (78%) in the milk-plant concentrates. Analysis of the active acidity
(pH) of the concentrates revealed a general trend: as the proportion of whey-plant suspension
in the mixture increased from 20% to 40% and its water-to-solid ratio changed from 1:7 to 1:3,
the pH decreased linearly. The lowest impact on water-holding capacity (72%) was observed
under the following conditions: 20% whey-plant suspension, 1:7 water-to-solid ratio, and 10 min
self-pressing duration. The obtained results allow for the regulation of qualitative indicators of
milk-plant concentrates depending on their intended use, enabling the diversification of protein
products with controlled moisture content, water-holding capacity, and active acidity

Keywords: milk; Arachis hypogaea; thermoacid coagulation; mathematical modeling; quality
indicators

Introduction

The growing interest in a healthy lifestyle has
contributed to the increasing popularity of
plant-based diets. The food industry is actively
responding to this demand by developing new
product categories. Among these are alterna-
tive versions of traditional foods for vegans
and vegetarians, including meat substitutes,
plant-based eggs, mayonnaise, ready-made
meals, sauces, and plant-based milk. Notably,
plant-based dairy products have gained signif-
icant consumer popularity (Tachie et al., 2023).
According to Y. Motuzka & A. Koshelnyk (2019),
the modern dairy industry in Ukraine exhibits a
trend toward increasing the production of low-
fat products, as well as incorporating alternative
ingredients and various additives to enhance

taste, aroma, and texture. These changes align
with global trends; however, in the Ukrainian
context, they are primarily driven by the short-
age of natural dairy raw materials. One potential
solution to this issue is the incorporation of ad-
ditional plant-based sources of protein and fat
in dairy processing, as well as the more efficient
utilisation of secondary dairy raw materials.

In recent years, the food market has shown
a growing trend in expanding the range of
plant-based protein products. This is driven
by the search for new and renewable raw ma-
terial sources (Kushnir & Nikolaienko, 2023).
Particular attention has been given to the de-
velopment of plant-based milk analogs (Shar-
ma, 2023). According to F. Reyes-Jurado et
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al. (2021), the increasing popularity of plant-
based milk can be attributed to certain consum-
er groups preferring it over cow’s milk due to
its taste characteristics and rich composition,
which includes natural plant-derived vitamins,
minerals, and dietary fiber. Scientific research
is actively exploring the feasibility of producing
dairy products using plant-based ingredients,
involving the partial or complete replacement
of dairy components. Researchers utilise pro-
teins from various grains and legumes, such as
soy, chickpeas, peas, rice, and flaxseed, aiming
to identify alternative ingredients that reduce
dairy protein consumption while maintaining
balanced nutritional value (Ayodeji et al., 2020;
Golchin et al., 2023; Grasso et al., 2023).
Legumes such as soy, peanut (Arachis hy-
pogaea), and lupin milk serve as valuable in-
gredients for food enrichment (Goldstein &
Reifen, 2022). Investigating their potential ap-
plications in dairy product manufacturing is a
promising field, considering their unique chemi-
cal composition and properties (Gharibzahedi &
Smith, 2021). Legumes are known for their high
protein content with significant biological value,
as well as carbohydrates, minerals (especially
calcium and iron), and vitamins (thiamine and
niacin). Furthermore, as noted by M. Carbonaro
and A. Nucara (2022), legumes have a low-fat
content and a low glycemic index (GI 31) due to
their high fiber, oligosaccharide, and slowly di-
gestible starch content. Additionally, research
by M. Pina-Pérez & M. Ferras Pérez (2018) in-
dicates that legumes possess antioxidant, an-
timicrobial, and anti-inflammatory properties.
The analysis of both Ukrainian and inter-
national scientific studies suggests that the de-
velopment of milk-plant products should prior-
itise raw materials that are either traditional or
widely available in a specific region. In Ukraine,
peanut cultivation (Arachis hypogaea) is gain-
ing popularity due to its high nutritional value,
particularly its easily digestible protein and fat
content. The protein composition of peanuts
includes albumins, globulins, and glutelins.
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The high biological value of peanut protein is
attributed to the presence of eight essential
amino acids, which the human body cannot
synthesise, along with ten non-essential ami-
no acids, making its composition comparable to
animal protein (Zahran & Tawfeuk, 2019).

One approach to enhancing the nutritional
value of plant proteins is the development of
combined products that employ the principle
of mutual protein enrichment. It is well es-
tablished that plant proteins are better assim-
ilated when combined with animal proteins.
Therefore, the development of new products
where animal proteins are partially or com-
pletely replaced with plant proteins, as well
as the expansion of dairy product assortments
incorporating plant-based ingredients with en-
hanced nutritional value and improved taste
characteristics, is a crucial task for the dairy
industry. The objective of this study was to op-
timise the parameters for obtaining milk-plant
concentrates (MPCs) through thermos-acid
coagulation of proteins in milk-plant mixtures
using mathematical modeling methods and to
investigate the impact of these parameters on
the yield and quality characteristics of the re-
sulting concentrates.

Materials and Methods

Method for obtaining

milk-plant concentrates

The research was conducted in 2024 at the lab-
oratories of the Department of Milk and Dairy
Product Technology at the National University
of Food Technologies of Ukraine. The experi-
ment utilised skimmed milk obtained through
the separation of whole milk, characterised by
a total solids content of 11.5%, protein content
of 3.6%, and active acidity of pH 6.5. Milk-plant
mixtures (MPMs) were prepared by blend-
ing skimmed milk with a whey-plant suspen-
sion (WPS). The WPS had an active acidity of
6.7+0.1 pH and a dispersed phase particle size
ranging from 10 to 60 um. To prepare the WPS,
peanuts (Arachis hypogaea) were pre-soaked for
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8-10 hours to allow for swelling, followed by
washing 2-3 times. Afterward, the peanuts were
mixed with rennet whey in a 1:5 ratio. The re-
sulting mixture was homogenised for 5-7 min-
utes using a disperser operating at 1,000 s
until a uniform consistency was achieved. The
prepared WPS was filtered and added to the
pre-treated skimmed milk.

The milk-plant concentrate (MPC) was
obtained through thermos-acid coagulation
of proteins from the milk-plant mixture. The
acidity and amount of coagulant were adjusted
to achieve a pH range of 5.3-5.8, corresponding
to the isoelectric point of casein and the pri-
mary fractions of plant proteins. The coagula-
tion process was carried out at a temperature
of 92 # 2°C by mixing the milk-plant mixture
with whey, which had an acidity of 150+ 10°T,
in ratios ranging from 1:10 to 5:10, followed by

e Quantity of WPS (Whey-
Plant Suspension), % (x1)

» Hydromodule (component
ratio) of WPS (x2)
 Self-pressing duration,
min (Xz)

Quality indicators of MPC
(milk-plant concentrate)

obtained by thermoacid protein
precipitation

holding for 4 = 1 minutes. Under these condi-
tions, the reaction medium reached the isoe-
lectric point of the proteins, disrupting their
salt bonds and forming a concentrate, which
was then subjected to self-pressing. The control
sample consisted of a milk-protein concentrate
obtained without the addition of the whey-
plant suspension.

Mathematical modeling of milk-plant
concentrate quality indicators

To achieve the research objective, a full-facto-
rial experiment (FFE) was applied. A parametric
scheme for the process of obtaining milk-plant
concentrates using the thermos-acid coag-
ulation method was developed (Fig. 1), with
defined input (controlling) and output (con-
trolled) factors, as well as selected and justified
optimisation criteria.

 Yield (mass) of MPC, % (Y1)
e Active acidity of MPC,

B pH(Y.)
e Mass fraction of moisture in
MPC, % (Ys)

Figure 1. Parametric scheme of the process of obtaining MPC by thermoacid coagulation
of milk-plant mixture proteins

Source: developed by the authors

For parameter optimisation, we deter-
mined the zero level of factors based on a priori
information and the interval of their variation
beyond the measurement error. The zero level
corresponded to the following requirements:
at these points, the optimisation parameter
values were the best among all known values;
the zero-level coordinates were located with-
in the definition area. As control factors with
significant impact on the qualitative indicators
of milk-plant concentrates (MPC), the follow-
ing were selected: x, — whey-plant suspension
quantity, %, x, — hydro-module of whey-plant
suspension (component ratio), x, — self-press-
ing duration, min. The output-controlled

indicators that most significantly characterise
thermoacidic coagulation and influence the
formation of milk-plant concentrate quality
indicators are: Y, - yield (mass), %, Y, - ac-
tive acidity, pH units, Y, - moisture mass frac-
tion, %, Y, — water-retaining capacity, %. The
milk-plant mixture quantity was varied from
20% to 40% with a variation step of 10%, the
hydro-module of the whey-plant suspension
was changed to 1:3, 1:5, 1:7, and the self-press-
ing duration was from 10 min to 30 min with an
interval of 10 min.

During the optimisation of the MPC obtain-
ing process by thermoacidic protein precipita-
tion of the milk-plant mixture, the Box-Wilson
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cube mathematical modeling method was used.
Functional dependencies were determined
by the least squares method. The method is
based on determining the regression equation
coefficients that provide the minimum sum of
squared deviations of experimental data (Y,)
from the values calculated by the regression
equation, the general form of which is present-
ed by formula (1), where coefficients are calcu-
lated using formulas (2) and (3).

Y=b,+b,-x,+b, x,+b. - x,+b ,-
~X1~X2+b23~X2~X3+

+b13-X1-X3+b123-X1-X2-X3, @
Z?’: Xiu'Yu
by = ==, (2
Z?’: XiuXjuYu
bij = ===, (3)

where x; — variable value in the corresponding
column of the experiment plan; y - result of the
u-th experiment; N — total number of experiments
(N=28); u — experiment variant number; i — fac-
tor number; j — factor number different from i.

To analyse the significance of regression
equation coefficients, the adequacy of equa-
tions was determined using the Fisher criteri-
on (F)) according to standard methods through
applied software. The selected criterion was
compared with the tabular value. The equation
is considered adequate under the condition of
F <F,,where F, F, are the calculated and the-
oretical values of the Fisher criterion, respec-
tively. Experimental conditions: F = 3.050;
confidence probability — 4; number of free
members S, (f,) =8; number of experiments
.S‘exp(fz) = 5. Experimental data were processed
using the mathematical statistics method STA-
TISTICA (StatSoft). To determine the function-
al dependence that most accurately reproduces
the change in indicators, the approximation
reliability coefficient (R?) for each function was
found. The accuracy of the obtained results is
ensured by three to five-fold repetition of exper-
iments. The results were visualised in the form
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of graphs, which allowed a visual demonstra-
tion of the changes in the studied parameters.

Methods of research on the quality
indicators of milk-plant concentrates

The yield (mass) was determined by the gravi-
metric method - the sample was weighed after
self-pressing the concentrate, obtained from
1 dm® of milk-plant mixture. Active acidity was
determined potentiometrically using a Sarto-
rius PB-20 universal pH meter (Germany). The
mass fraction of moisture was measured by
an accelerated method on the KVARC-21M-33
moisture meter (Ukraine), by drying the sample
to a constant mass, and thermogravimetrical-
ly on laboratory electronic balance-moisture
meters of the ADGS 50 series (Poland). The wa-
ter-retaining capacity (WRC) of milk-vegetable
concentrates was determined using the Grau-
Hamm method, with A. Alekseev’s modifica-
tion, based on measuring the amount of water
released from the product under light pressure
and absorbed by filter paper.

Results and Discussion
To determine the optimal parameters for ob-
taining milk-plant concentrates through ther-
mocoagulation of proteins from the milk-plant
mixture, a full-factorial experiment was de-
signed and conducted. The mathematical pro-
cessing of the results allowed the formulation
of analytical dependencies in the form of re-
gression equations for calculating the impact
of the amount of whey-plant suspension on the
mass of skimmed milk, the hydro module (ra-
tio of components) of the WPC, the duration of
self-pressing on the yield (1), active acidity (2),
mass fraction of moisture (3), and water-retain-
ing capacity (4) of the milk-plant concentrates.
For the given equations, the condition F,<F,
was satisfied, where F, and F, are the calcu-
lated and theoretical Fisher’s criterion values,
respectively, allowing us to conclude the ade-
quacy of the obtained equations to the actual
state of the process. These equations describe
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the influence of three main factors: the hydro-
module (x;), the amount of whey-plant suspen-
sion (WPS) (x2), and the duration of self-press-
ing (x3) on the yield of MRC, considering their
interactions and quadratic dependencies.

Y = 13416 - 3.1675-x,+4.6236-x,+2.2040 -
-x,—1.5775-x,-x,-1.0086 - x,-x,— 3.0879 - x, -
-X,+5.9429-x 2+14.6335-x,7+11.7776 - x.%,

B,,;=0.380; B, .,=0.978; F =0.213.
p i kp ii r

The free term 13.416 represents the base
yield level that can be expected in the absence
of the influence of independent variables. The
negative coefficient for x; (-3.1675) indicates
that as the hydromodule increases, the yield
decreases, since the dilution of the mixture
reduces the concentration of proteins and fats,
which complicates the precipitation process.
The positive coefficient for x» (4.6236) demon-
strates that an increase in the amount of CMC
significantly increases the yield, as a higher
amount of dry substances contributes to a high-
er amount of precipitate. The coefficient for
x3 (2.2040) indicates the positive effect of the
duration of self-pressing, as a longer process
promotes better moisture removal and higher
yield. Interaction effects also play an impor-
tant role. The negative coefficient for x; - x2
(-1.5775) shows that the interaction between
the hydromodule and the amount of CMC re-
duces the efficiency of precipitation. Similar-
ly, the negative coefficient for xz - x5 (-1.0086)
suggests that an increase in the amount of
CMC and the duration of self-pressing may
lead to oversaturation of the system, reduc-
ing the yield. The interaction between x; and
x3 also has a negative impact (-3.0879), indi-
cating the need for an optimal selection of the
hydromodule and the duration of self-press-
ing to improve the yield. The quadratic terms
reflect nonlinear dependencies. The positive
coefficient for x;2 (5.9429) indicates that there
is an optimal hydromodule value that maxim-
ises the yield. The significant positive impact

of x22 (14.6335) suggests the importance of an
optimal CMC level for increasing the yield. The
positive coefficient for xz2 (11.7776) confirms
the effectiveness of increasing the self-press-
ing duration, although within the optimal
value. Therefore, the equation shows that to
achieve maximum vyield, it is necessary to bal-
ance the hydromodule, the amount of CMC,
and the duration of self-pressing, taking into
account both direct and interaction effects.

Ya(pH)=5.3902~1.0482 - x,+0.4454 - x, +
+0.7078 -x,+0.0725 - x, - x,~0.4104 - x, - X, ~
-0.2050-x,-x,+1.2706 - x,*+2.8033 -
-x,2+1.9539-x.%,

B,,.=0.161; B

=0.036, B_ ,=0.087; F =1.107

kp ii Kp ii

The constant 5.3902 reflects the initial pH
level observed in the absence of factor influ-
ences. The negative coefficient for x; (-1.0482)
indicates that an increase in the hydromodule
leads to a decrease in pH, which may be due
to the lower amount of dry substances in the
mixture. The positive coefficient for x2 (0.4454)
shows that as the amount of CMC increases, the
active acidity rises, as plant proteins contain
amino acids that affect pH. The coefficient for
x5 (0.7078) indicates a positive effect of the du-
ration of self-pressing on acidity, which may be
related to changes in protein structure and the
release of substances with higher acid content.
The interaction effects indicate more complex
dependencies. The positive coefficient for x;-x2
(0.0725) suggests a weak positive influence of
the interaction between the hydromodule and
the amount of CMC. In contrast, the nega-
tive coefficients for x; -x3 (-0.4104) and x; - x5
(-0.2050) suggest that an excessive combina-
tion of CMC with the self-pressing duration or
the hydromodule with the duration can lead to
a decrease in acidity. The quadratic terms in the
equation show nonlinear effects. The positive
coefficient for x;2 (1.2706) indicates that there
is an optimal hydromodule value to achieve
higher active acidity. The significant positive

Animal Science and Food Technology. 2025. Vol. 16, No. 1
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impact of x»2 (2.8033) confirms that the amount
of CMC is an important factor affecting pH. The
quadratic term x3Z (1.9539) also indicates that
the self-pressing duration positively affects
acidity within the optimal value. Overall, the
equation demonstrates that active acidity is
largely dependent on the amount of CMC and
the duration of self-pressing, while the hydro-
module has a negative impact. Interactions be-
tween factors can have both positive and nega-
tive effects, depending on their combinations.
To achieve an optimal pH level, both direct and
interaction effects must be taken into account.

Y, 4y =82.2035-9.2774-x,-1.9996-x,~0.1329-
-x,—6.8050-x,-x,-2.1104-x,-x,—2.9817 - x, -
-x,+13.8341-x2+33.3881 -x,2+30.1849 - x.7,
B,,;=0.17; B, ,=0.202; F,=0.053

The free term 82.2035 represents the initial
value of the moisture content, observed in the
absence of the influence of independent vari-
ables. The negative coefficient for x; (-9.2774)
indicates that as the hydromodule increases,
the moisture content decreases. This can be ex-
plained by the fact that with an increase in the
hydromodule, proteins and fats precipitate less
effectively, which reduces the ability to retain
water. The coefficient for xz (—1.9996) is also neg-
ative but smaller in value, suggesting a decrease
in moisture content as the amount of CMC in-
creases. The negative coefficient for x5 (-0.1329)
demonstrates that an increase in the duration
of self-pressing slightly reduces moisture con-
tent. Interaction effects show more complex
relationships. The negative coefficient for x; - x»
(-6.8050) indicates that the interaction between
the hydromodule and the amount of CMC reduc-
es moisture content, likely due to a decrease in
the ability of proteins to retain water. The neg-
ative coefficient for xz - x5 (-2.1104) suggests
that a combination of a higher amount of CMC
and longer self-pressing reduces moisture con-
tent. A similar negative effect is observed with
the interaction of x; -x3 (—2.9817). The quadratic
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terms indicate the existence of optimal values
for each factor. The positive coefficient for x;2
(13.8341) suggests that there is an optimal hy-
dromodule value that maximises moisture re-
tention. The significant positive coefficients
for x22 (33.3881) and xs2 (30.1849) confirm that
both the amount of CMC and the duration of
self-pressing are important factors for the con-
centrate’s ability to retain moisture. Overall, the
equation shows that the moisture content de-
creases with an increase in the hydromodule, the
amount of CMC, and the duration of self-press-
ing. However, to achieve optimal moisture con-
tent, it is necessary to account for the interac-
tions between factors and their quadratic effects.

Y, e =84.1000 - 15.0714-x,+8.1691-x,+
+8.9998 - x,+3.0975-x,-X,-5.8641 X, X, -
-4.2857 - x, - x,+18.4696 - x 2 +40.4773 - x> +
+28.0679-x.2

kai=0.095; B,,;=0.191; F =0.001

The constant 84.1000 reflects the initial
moisture-holding capacity observed in the ab-
sence of the influence of independent varia-
bles. The negative coefficient for x; (-15.0714)
indicates that as the hydromodule increases,
the moisture-holding capacity significantly
decreases. This may be due to the fact that a
larger hydromodule reduces the concentration
of proteins and fats, which contribute to water
binding. The positive coefficient for x, (8.1691)
suggests that an increase in the amount of CMC
contributes to an increase in moisture-hold-
ing capacity, as plant-based proteins have high
hydrophilicity. The coefficient for x5 (8.9998)
is also positive, indicating a positive effect of
the duration of self-pressing on the concen-
trate’s ability to retain moisture, as longer
pressing promotes the removal of free water
while retaining bound moisture. Interaction
effects reflect more complex relationships. The
positive coefficient for x; - x2 (3.0975) suggests
that the interaction between the hydromodule
and the amount of CMC partially compensates
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for the negative impact of the hydromodule.
In contrast, the negative coefficients for x»-xs
(-5.8641) and x; - x3 (-4.2857) indicate that
a combination of a higher amount of CMC or
hydromodule with the duration of self-press-
ing can reduce moisture holding capacity. The
quadratic terms highlight the existence of op-
timal values for the factors. The positive co-
efficient for x;? (18.4696) suggests that there
is an optimal hydromodule level that ensures
maximum moisture-holding capacity. An even
greater positive impact from x22 (40.4773) con-
firms that the amount of CMC is a key factor
influencing the concentrate’s ability to retain
water. The positive coefficient for x52 (28.0679)

indicates that the duration of self-pressing also
has a significant impact within optimal values.
Overall, the equation shows that to achieve a
high moisture-holding capacity, it is necessary
to ensure an optimal balance between the hy-
dromodule, the amount of CMC, and the dura-
tion of self-pressing, taking into account both

direct and interaction effects.

The complex changes and response surfac-
es of the physicochemical properties of milk-
plant concentrates obtained through thermo-

coagulation of milk-plant protein mixtures are

presented in Figures 2 a, b, ¢, d as 3D graphs,
reflecting the dependence of controlled param-
eters on controlling factors.

QLBBIANEIS

&
=

Figure 2. Response surfaces showing changes in yield (a), mass fraction of moisture (b),
active acidity (c), and moisture-holding capacity (d) of milk-plant concentrates depending
on the parameters of processing the milk-plant mixture

Source: developed by the authors

In the production of milk-plant concen-
trates (MPC), significant roles are played by the
processes of structure formation and syneresis,
involving protein substances. The obtained MPC

are polydisperse colloidal systems, where the
dispersion medium is whey, and the dispersed
phase consists of proteins and fats of both
plant and animal origin. The stability of protein

Animal Science and Food Technology. 2025. Vol. 16, No. 1
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globules is determined by the conformation of
the particles, their charge, and the presence
of a hydration shell (Lamichhane et al., 2018).
The concentration change of individual compo-
nents of milk, as well as the type and conditions
of protein precipitation, leads to a change in
the nature of the bonds betweenprotein parts.

To isolate milk and plant proteins, it is nec-
essary to disrupt the equilibrium of at least two
stability factors, which occurs during thermal
denaturation. This process is accompanied by
changes in the configuration, hydration, and
aggregate state of the particles, which become
less stable. Additionally, the degree of thermal
denaturation of protein globules in milk-plant
mixtures depends on temperature and heating
duration (Li et al., 2023). Using the proposed
thermal and time regimes allows for the si-
multaneous coagulation of both milk proteins
and plant proteins. Furthermore, as noted by
authors Y. Nazarenko et al. (2023), the initial
processing of plant proteins improves the co-
agulation of the milk-plant mixture, contribut-
ing to the formation of cheese curd. During the
hydrolysis of soy proteins, peptides and amino
acids are also formed, which create better com-
plexes with casein micelles.

Studies have shown that during the ther-
mocoagulation of proteins from the milk-plant
mixture, increasing the amount of whey-plant
suspension added to defatted milk, as well as
changing its hydromodule (1:3) and increasing
the duration of self-pressing, leads to an in-
crease in the yield of MPC (Fig. 2a). This is gen-
erally characterised by an increase in the tran-
sition of both milk proteins — caseins, albumins,
globulins, — and plant proteins - glutelins. The
majority of fat in Arachis hypogaea fruits con-
centrates with proteins during precipitation,
while the rest goes into the whey. As a result of
heating the milk-plant mixtures to a tempera-
ture of 92+ 2 °C in the presence of a coagulant
(acid whey), proteins co-precipitate in a single
protein complex, which also includes the fat
component. The transition coefficient for the

Animal Science and Food Technology. 2025. Vol. 16, No. 1

above components during the coagulation of
MPC proteins, which contains 35% whey-plant
suspension with a hydromodule (component
ratio) of 1:3, was about 36%. These parameters
are 10-12% higher than the precipitation of
proteins from the mixture of defatted milk and
whey-plant suspension (20%) with hydromod-
ules of 1:5 and 1:7.

In their studies, O. Tsisaryk et al. (2023)
also noted an increase in the yield of the cheese
product, which is related to the properties of
plant proteins that facilitate the formation of
structure. This ensures the formation of a dense
curd and more efficient use of raw materials.
The increase in cheese yield is explained by the
fact that plant proteins have the ability to hold
water, converting it into a bound state. This
leads to their swelling, increasing mass and vol-
ume, which, in turn, increases the yield of the
final product by 7-9%.

Analysing the regression equation and
graphical interpretation of the change in the
mass fraction of moisture in MPC (Fig. 2b), it
can be concluded that increasing the amount
of whey-plant suspension in the mixture from
20% to 40%, decreasing the hydromodule from
1:7 to 1:3, and the duration of self-pressing
from 10 to 30 minutes, resulted in a decrease
in the mass fraction of moisture in the con-
centrates. During the production of MPC, the
hydromodule of the whey-plant suspension
had almost the same effect on the final re-
sult. The maximum value of this parameter
in MPC (78%) was observed when processing
the milk-plant mixture containing 20% whey-
plant suspension with a hydromodule of 1:7
and a self-pressing time of 10 minutes. Under
the condition of processing the mixture (35%
whey-plant suspension, hydromodule 1:3), the
moisture in the MPC decreased by 22%. The
obtained values of the mass fraction of mois-
ture in the concentrates varied from 28.28%
to 41.36% and were within the range obtained
by A. Arise et al. (2020) in the production of
a protein product from a mixture of soy and
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almond milk. A. Ajayi et al. (2023) emphasised
that the moisture content is crucial in forming
the consistency and textural properties of pro-
tein products. M. Balogun et al. (2019) report-
ed that a higher moisture content can promote
the growth and spread of microorganisms, thus
shortening the shelf life of cheese. High mois-
ture values in cheese samples may be related to
the hydrophilic nature of plant proteins.

The analysis of the effect of the variable
factor space on the active acidity of MPC indi-
cates that this parameter primarily depends on
the pH of the milk-plant mixture and the coag-
ulant: the pH decreased with a change in the
hydromodule from 1:7 to 1:3 and an increase
in the amount of MPC from 20% to 40%. Based
on the analysis of the active acidity, a general
trend was established — when increasing the
amount of whey-plant suspension from 20% to
40% and changing its hydromodule from 1:7 to
1:3, the pH decreased linearly (Fig. 2c). It was
found that the addition of 35% whey-plant
suspension with a component ratio of 1:3 and
self-pressing of the obtained concentrates for
30 minutes ensured the lowest value of active
acidity of MPC at a level of 5.35. Comparing
the obtained values of active acidity with the
pH results of A. Ajayi et al. (2023), this afore-
mentioned trend of acidity reduction with an
increase in the proportion of plant milk is con-
firmed, and the specified results are consist-
ently close. O. Tsisaryk et al. (2023) recorded
that with an increase in the proportion of plant
additives, a decrease in the active acidity of the
product was observed: from 5.22 in the control
sample to 5.11-4.96 pH units in the experi-
mental samples. This phenomenon can be ex-
plained by the presence of a significant number
of acidic amino acids in chickpea proteins.

The mathematical model describing the
change in the moisture-holding capacity of
MPC (Fig. 2d) shows a direct dependence of
this parameter on the amount of whey-plant
suspension in the milk-plant mixture and
its hydromodule. The maximum value of the

moisture-holding capacity at 88% was observed
in the MPC samples obtained under the high-
est experimental conditions — thermocoagula-
tion of the milk-plant mixture containing 35%
whey-plant suspension with a hydromodule of
1:3 and subsequent self-pressing of the curd for
30 minutes. The change in the ability of pro-
teins to absorb ions depends on the acidity of
the medium. At the point where the protein’s
electric charge is close to zero and the dissoci-
ation of molecules is minimal, the proteins are
least able to hold water. When the pH shifts in
either direction from this point, dissociation
of the acidic or basic groups of the protein in-
creases, which enhances the charge on protein
molecules and, accordingly, their ability to hy-
drate. There is interaction between x-casein
and plant proteins (glutelins) due to the resi-
dues of N-groups and other hydrophobic bonds
(Shaghaghian et al., 2022).

The changes in the mass fraction of moisture
and moisture-holding capacity in concentrates
obtained through the thermocoagulation of pro-
teins from the milk-plant mixture do not match
the results of these parameters in the scientific
development by D. Borges et al. (2024) and can
be considered as a result of the continuous in-
teraction between proteins, due to the reduction
of the hydrated water content around casein mi-
celles. With an increase in the amount of whey-
plant suspension and changes in its hydromod-
ule, the strength of the bonds between protein
particles increases, and glutelins combine with
each other and with other proteins through di-
sulfide bonds, forming a strong three-dimen-
sional protein network, which results in the
easy release of whey contained in its interstices.

The lowest yield (22%) was observed when
precipitating proteins from the milk-plant
mixture containing 20% whey-plant suspen-
sion with a hydromodule (component ratio) of
1:7 and a self-pressing duration of 10 minutes.
This process occurred due to the initial dena-
turation of plant proteins, which, when pre-
cipitating onto the surface of casein micelles,

Animal Science and Food Technology. 2025. Vol. 16, No. 1




136

Optimisation of parameters for obtaining milk-plant concentrates

increase their hydrophilicity, thereby reducing
the degree of precipitation. The lowest value of
active acidity in MPC (5.35) was obtained when
processing the milk-plant mixture with 35%
whey-plant suspension and a hydromodule of
1:3. The least impact on the moisture-holding
capacity of MPC (72%) was observed under the
following conditions: 20% whey-plant suspen-
sion with a hydromodule (1:7) and a self-press-
ing time of 10 minutes. Comparing the data
obtained during the study with the results
published by these scientists shows that the re-
sults for yield and physicochemical properties
of milk-plant products, as well as the described
characteristics of the technological processes
used, are not contradictory and are mainly ex-
plained by differences in the plant raw materi-
als used in the compared studies.

Conclusions

The proposed method for producing dairy-plant
concentrates ensures high consumer properties
and a balanced chemical composition, achieved
through the optimal combination of protein
components of animal and plant origin. The use
of a mixture of whey and plant components in
the dairy-plant mixture allows for the control
of the quality of dairy-plant concentrates. This,
in turn, makes it possible to expand the range
of protein products by regulating moisture con-
tent, its retention, and acidity, depending on
the intended use.

The conducted research showed that the
most effective mixture contained 35% whey-
plant suspension with a hydromodule of 1:3
and a pressing time of 30 minutes. Under
these conditions, the maximum degree of pro-
tein fraction transfer into the concentrate was
achieved - both dairy proteins (caseins, albu-
mins, globulins) and plant proteins (arachin,
conarachin, glutenin). The moisture retention

Animal Science and Food Technology. 2025. Vol. 16, No. 1

capacity of such a concentrate reached 76%,
indicating its high functional suitability for
further use in various protein products. Re-
ducing the content of whey-plant suspension
to 20% and using a hydromodule of 1:7, with a
pressing time of 10 minutes, helped minimise
the destabilisation of protein structures, which
positively affected moisture retention in the
concentrate. Under these conditions, the mass
fraction of moisture reached 78%, which may
be important for producing products with in-
creased moisture, such as paste-like dairy pro-
tein desserts or alternative dairy products.

In addition to the main quality indicators,
the research also confirmed the relationship
between the pH level of the dairy-plant mix-
ture and the protein coagulation processes.
It was found that as the content of the whey-
plant suspension increases and the hydromod-
ule decreases, the active acidity of the concen-
trates gradually decreases, which can affect
their organoleptic and textural characteristics.
The results obtained allow for targeted regu-
lation of the composition of dairy-plant con-
centrates to produce products with specified
functional and technological characteristics.
A promising direction for future research is
the analysis of changes in quality indicators of
concentrates during storage, as well as study-
ing the effect of different temperature regimes
on the stability of the protein structure and
microbiological resistance.
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AHoranis. [IpiopuTeTHMM HampPSIMKOM MOJIOKOIIepepO6HOi ramysi € po3BUTOK iHHOBAIliHUX
pecypcosbepiralounx TEXHOJOTii, $Ki [JO3BOJSIOTb €KOHOMUTM CUPOBMHY, 306i/lbLIyBaTU
BUXi[l Ta pO3LIMPIOBAaTM aCOPTMMEHT MPOAYKLii. 30KpeMa, CIOCTepiraeTbCsi TEHIEeHLisd 10
3pOCTaHHS MONUTY Ha POCJIMHHI aHaJIOTY MOJIOKA Y CKIafi cyMillleii 1Ji1 OTpMMaHHS MOJIOYHO-
POCIMHHMX KOHIEHTPATiB 3a MNPUCKOPEHUMMU TeXHOIOoTisiMu. MeTo [dOoCTigKeHHSI OyI0
BU3HAUEHHS ONTMMAaJIbHUX ITapaMeTpiB MMPOLIeCY TePMOKMUCIOTHOI Koarysilii 6iJKiB MOJIOUHO-
POCAMHHOI CyMilli AJjisi OTpUMaHHSI MOJOYHO-POCAMHHMUX KOHIEHTPATIB Ta aHasli3 iX BIUIMBY
Ha BUXifA i SKiCHi XapakTepuCTMKM KiHIEBOTO MPOLYKTY. MOJIOYHO-POCIMHHI KOHIEHTpaTu
OTPUMYBAIM TEPMOKUCIOTHUM OCAIKEHHSM O6iJIkKiB MOJIOUHO-POCAMHHOI cymimmi. JIjist
onTMMizalii mapaMeTpiB OTPUMMaHHSI MOJOYHO-POCIMHHMUX KOHLIEHTPATiB BUKOPUCTAHO METOZ,
MaTeMaTUYHOI0 MOJenioBaHHsS — Bokca-YiibcoHa Ha Ky6i. BcTaHOB/IEHO, IO TEPMOKUCIOTHE
ocayKeHHsI OiNKiB MOJIOUHO-POCAMHHOI CyMilri, o MicTuTh 35 % CHMPOBAaTKOBO-POCIMHHOL
cycriensii 3 rimpomomynaem 1:3 Ta TpuBajicTio camorpecyBaHHs1 30 xB., 3a6esneuye CTYIiHb
repexo/y B KOHIIEHTPAT SIK MOJIOYHMX OiJIKiB, Tak i pOCIMHHUX — Ha PiBHi 36 %. Taki mapameTpu
Ha 8-12 % BulIe, Hixk OCaPKeHHS 6iJIKiB CyMillli 3i 3HEXKMPEHOTO MOJIOKA Ta CUPOBATKO-POCIMHHOL
cycneHnsii B kimpkocti 20 % 3 rizpomopnynem 1:5 Ta 1:7. [JomaBaHHSI CMPOBATKO-POCAMHHOL
cycrnensii y kinbkocti 20 % 3 rigpomopynem 1:7 Ta TpUBaIiCTIO caMoIpecyBaHHS 3rycTky 10 xB.
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XapaKTepusyBajoCcs HaiiMeHIIMMM Ipollecamyu mdectabimizaiii 6inkiB Ta MaKCMMaJIbHUM
3HAUYeHHSIM MacoBOi YaCTKM BOJIOTM MOJIOYHO-POCJIMHHUX KOHIIeHTpaTiB — 78 %. B pesynbrari
aHami3y aKTMBHOI KMCJIOTHOCTI MOJIOUHO-POCAMHHMX KOHIIEHTPATiB Oyla BCTAaHOB/IEHA
3arajgbHa TEHAEHIIis1 — mpu 36iNblIeHH] KITbKOCTi CMPOBATKO-POCIMHHOI cycreHsii B cymini ajis
ocamxeHHd Bif 20 % no 40 % ta 3miHu ii rinpomonyns Bif 1:7 mo 1:3, pH niHiiHO 3HMKYBaBCS.
HajimeH1NI BIVIMB Ha BOJIOTOYTPUMYIOUY 31aTHICTb KOHIIeHTpATIB (72 %) Bif3HaUeHO 3a TaKuxX
YMOB OTPUMMaHHS KOHLeHTpaTiB: 20 % cMpOBaTKOBO-POCIMHHOI CcycreHsii 3 rifpomoznynem 1:7
Ta TpUBaIicTIO camonpecyBaHHs 10 xB. OTpuMaHi pe3y/nbTaTy AAOTh MOX/IMBICTb perynoBaTu
SIKICHI TIOKa3HMKM MOJIOYHO-POCAMHHMX KOHIIEHTPATIB Y 3aJeXHOCTi BiJi MOJaJbIIOTO iX
BMKOPUCTaHHS IJI PO3IIMPEHHS] aCOPTUMEHTY GiTKOBUX MPOAYKTIB 3 PEryIbOBAHOK MAaCOBOIO
YacTKOI0 BOJIOTH, BOJIOTOYTPMMYIOUOIO 30aTHICTIO Ta aKTUBHOIO KMCJIOTHICTIO

KniouoBi cimoBa: Mosoko; Arachis hypogaea; TepMOKMCJIOTHA KOAry/siliisi; MaTeMaTU4He
MOZe/TI0BaHHS ; TOKa3HUKU SKOCTi
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Quality and safety of chicken eggs after washing...

Abstract. Contamination of food-grade chicken eggs with pathogenic and conditionally
pathogenic microorganisms in the process of their production, storage, and sale causes a high risk
of toxicoinfections in humans. One of the most effective ways to reduce microbial load is to wash
and disinfect the surface of eggshells with active chlorine-based products. The purpose of the
study was to determine the quality of washing and disinfection of food-grade chicken eggs during
storage in a chilled form. In the experiment, the quality and microbiological indicators of food-
grade chicken eggs were determined after washing and disinfection on the 1%, 60, and 80 days of
storage at a temperature of 4°C. The microbiological parameters of eggs were studied using MALDI
TOF technology, and the quality was studied using digital ovoscopy. Washing and disinfection with
a preparation based on active chlorine at a concentration of 0.5% freed eggshells from colonies of
MAFANnM and mould fungi. Storage of washed and disinfected eggs in a chilled form until the 60
and 80™ days contributed to an increase in the QMAFAnM by 2.45 1g CFU/cm2 and at 5.68 1g CFU/
cm2 accordingly. The quantity of mould fungi on the shell surface of washed and disinfected eggs
on the 60" day of storage reached 4.37 g CFU/cm2, and on the 80" day, their number was equal
to the QMAFAnM. The quantity of MAFAnM and mould fungi in the yolks of food-grade eggs had
a strong direct dependence on their quantity on the shell and on their shelf life in chilled form.
Washing and disinfection of food-grade chicken eggs with a chlorine-containing preparation
did not affect the loss of weight, albumen index, yolk colour, strength and thickness of shell,
but reduced the HU index to 78.5-79.5 units, which, combined with microbiological indicators,
allowed them to be stored in a chilled form up to 80 days. The results obtained should be factored
in when choosing the product, washing and disinfection mode, and shelf life of food-grade eggs,
considering the species composition of microorganisms characteristic of a particular poultry farm

Keywords: shell; yolk; QMAFAnM; mould fungi; ovoscopy; microbial contamination

Introduction

During the production of food-grade eggs, there
is a risk of contamination of the shell with drop-
pings, dust, and microorganisms that pose a dan-
ger to human health. Chicken eggs are a source
of dietary protein, lipids, polyunsaturated fatty
acids, vitamins, minerals and carotenoids, which
are necessary for the human body (Shevchenko et
al., 2020; 2021). As noted by S. Khan et al. (2024),
the suitability of eggs for consumption is deter-
mined by the level of safety, which is affected
by both the conditions of keeping and feeding
an industrial herd of chickens, and the sanitary
and hygienic conditions of egg production, col-
lection, processing, and storage. Although egg-
shells are a natural barrier to many species of
opportunistic and pathogenic microorganisms,
they may not only accumulate on the surface,
but also enter the egg (Mahmoud et al., 2023).
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According to J. An & H. Lee (2023), con-
tamination of eggshells and food contents is
an important public health issue. Eggshells can
be contaminated both vertically and horizon-
tally, including infectious diseases of chickens
and contamination that can enter eggs from
the environment (Borysevich & Lisova, 2020;
Khatun et al., 2022). Thus, microbial contam-
ination of eggs depends on the conditions of
keeping chickens, storing, distributing, pro-
cessing, or cooking food. According to K. Petro-
Vi€ et al. (2024), the spread of toxicoinfections
through eggs and egg products occupy the first
place in the list of human toxicoinfections. Mi-
cro-organisms can enter eggs during laying,
harvesting, packaging, storage, and transporta-
tion. Salmonella is one of the most dangerous
toxiconifections of food origin, which is often
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found in food-grade eggs and affects the hu-
man digestive system in EU countries (Chan et
al., 2023). Contact of eggs with chicken drop-
pings can also cause infection, which can get
inside the egg and cause it to spoil. Spoilage
of eggs is one of the main reasons that deter-
mine their shelf life, so in order to reduce the
contamination of the surface of eggshells with
microorganisms and mitigate the risk of hu-
man infection with dangerous toxicoinfections,
eggs are subjected to certain treatments, since
infected eggshells cause more than 75% of the
1.2 million cases of salmonellosis and infec-
tious diseases that occur in different segments
of the population every year.

Washing and disinfecting eggs can reduce
the number of viable Salmonella bacteria on
the shell. In the United States, eggs are usual-
ly washed using chemical disinfectants such as
quaternary ammonium salts or chlorine com-
pounds. Recently, a new non-thermal disinfec-
tion technique has been developed for washing
eggshells using cold plasma-activated water,
which allows inactivating Klebsiella michiganen-
sis by reducing the number of colonies >5.28 log
CFU/egg. It is known that chemicals designed to
wash eggs can remain on the shell and damage
the cuticle, which increases the risk of penetra-
tion and contamination of the eggs with Sal-
monella and other bacteria (Medina-Gudino et
al., 2020). Washing food-grade eggs is prohib-
ited in some countries due to the risk of path-
ogenic microorganisms entering through the
shell and cross-contamination. An alternative
approach to the inactivation of Salmonella in
eggs is pasteurisation, which is widely used in
the United States. Pasteurisation of eggshells is
carried out using infrared radiation, hot water,
or hot air. However, such heat treatment causes
protein denaturation and the formation of a gel
mesh of protein around the inner surface of the
shell, which obviously affects the rheological
properties of yolk and albumen proteins, leads
to a deterioration in texture properties and, as a
result, a decrease in attractiveness for consumers.

Several non-thermal technologies, such as
various types of packaging, the use of ultravi-
olet irradiation, ozonation, and chilled storage,
have been used to extend the shelf life of eggs
(Sokotowicz et al., 2023). UV radiation is widely
used for disinfection of surfaces, but it has dis-
advantages, the main of which is the low ability
to penetrate through dirt on the surface of the
shell, under which there may be microorganisms.

Washing improves the appearance of eggs,
but does not benefit their storage, as it leads
to the opening of pores in the shell. Therefore,
the washing strategy is usually used before
breaking eggs in the food industry. As noted
by S. Sokovnin (2021), toxic waste is generated
when washing eggs, in particular, wastewater
with residues of disinfectants and detergents,
such as formaldehyde or phenolic compounds.
Given the large list of methods and means of
washing and disinfecting eggs used in the food
industry, it can be concluded that there are no
universal ones that would meet the require-
ments of hygiene, ecology, quality, and safety.
A reliable and promising method of processing
food-grade chicken eggs is the use of complex
products that simultaneously have washing
and disinfecting properties. They have a milder
effect on the structure of the internal compo-
nents of eggs compared to pasteurisation. Dis-
infection is applied to soft treatments in which
eggshells are disinfected using certain chem-
icals (such as chlorine) or new technologies.
Therefore, the purpose of these studies was to
determine the microbiological parameters and
quality of chicken eggs after washing and disin-
fection with a chlorine-containing preparation
for storage in a chilled form.

Materials and Methods
For the study, food-grade chicken eggs ob-
tained from chickens of the industrial flock of
the High-Line W36 cross at Ovostar LLC, Kyiv
Oblast, were used. The study was conducted
during September-December 2024. Chicken
eggs were selected on the 1t day of laying and
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divided into two batches: Batch 1 was subject-
ed to ovoscopy and microbiological studies of
the shell and yolks were performed. Batch 2 was

washed and disinfected and placed in egg pads
for storage in a refrigerator at a temperature
of 4°C (Table 1).

Table 1. Scheme of the experiment to study the quality of washing and disinfection
of food-grade chicken eggs

Storage conditions

temperature 4°C,

relative humidity 80-85%

Characteristics of eggs Shelf life, days
Eggs before washing and disinfecting 1
Eggs after washing and disinfection 1
60
80

Source: developed by the authors

Washing and disinfection of chicken eggs
was carried out using a 0.5% solution of de-
tergent with disinfectant effect Blanidas-C
Gen Deo (Blanidas LLC, Kyiv, Ukraine), which
contained sodium hypochlorite and sodium
hydroxide, with a mass fraction of active chlo-
rine of 5.6%. Eggs were washed using a Uni-
fortes B.V. line (Unifortes, Netherlands), which
is designed to wash 36,000 eggs per hour.
The washing line was equipped with a UNI-
EW?350.6 + drying module, which provided egg
drying. Egg washing consisted of the following
steps: washing with a detergent and disinfect-
ant solution, rinsing eggs from the remains of
detergents and disinfectants, and venting the
eggs to remove moisture residues from the
shell surface. After drying, the process of pack-
ing eggs in egg pads and storing them in the
egg warehouse was carried out.

Ovoscopy and microbiological studies
were performed on the first day before and af-
ter washing and disinfection, and on the 60"
and 80" days after washing and disinfection
of eggs. For ovoscopy, 15 eggs were used for
each study, and 5 samples were prepared for
microbiological analysis. Each sample for mi-
crobiological studies was formed from 5 eggs.
The experiment determined the weight of eggs,
albumen index, yolk colour (16-point YolkFan
™ colour scheme), HU units, shell strength and
thickness using the DET 6000 digital egg test-
er (NABEL Co., Ltd., Japan). Among the main
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indicators that help to determine their quality
are the HU unit, yolk colour, shell thickness and
strength, albumen index, and egg weight. HU
is a common indicator used in poultry farming
to measure the quality of egg white. It measures
the index of thick albumen surrounding the yolk.

Microbiological studies of eggs were carried
out at the Expert Centre “Biolights” LLC, Ter-
nopil (accredited according to ISO/IEC17025).
To determine the QMAFAnM (quantity of mes-
ophilic aerobic and facultative anaerobic mi-
croorganisms) and mould fungi, egg yolks were
used and eggshell washes were prepared. To do
this, consecutive tenfold dilutions were made
in sterile saline solution. The number of micro-
organisms on the shell surface and in egg yolks
was determined in colony-forming units (CFU),
the results were expressed in g CFU/cm? and 1g
CFU/g, respectively. The QMAFAnM was deter-
mined using the Plate count agar M091 medi-
um (HiMedia, India), mould fungi — Sabouraud
Agar (HiMedia, India).

To determine the species composition of
microorganisms, the samples were inoculated
on differential diagnostic media and plated by
the method of sectoral cultivation (Baird-Park-
er Agar (HiMedia, India), XLD Endo Agar (HiMe-
dia, India), Pseudomonas Agar (HiMedia, India),
Enterococcus Agar (HiMedia, India), Bacillus
Cereus Agar (HiMedia, India)) and grown for
24*10or48+1hat37+1 or 30+ 1°C (according
to the incubation requirements of the culture
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medium). After incubation, the grown microbial
colonies were identified using the MALDI TOF
method. This method was based on the detec-
tor’s determination of the flight time of ionised
ribosomal proteins of various microorganisms,
followed by the conversion of this information
into a molecular mass spectrum, which was
compared with spectra from a unique database
(Singhal et al., 2015). For microbiological stud-
ies, a Bruker Daltonics mass spectrometer, Mal-
di Tof microflex (Bruker Daltonics, Germany)
was used. Identification of isolated cultures of
microorganisms from eggs was performed us-
ing MBT Compass MALDI Biotyper 3.1 Compass
1.4 for FLEX - Volume 1, 2 Software and Manu-
als (Bruker Daltonik, Bremen, Germany).

The results obtained were processed sta-
tistically using univariate analysis of variance

using Microsoft Excel 2016. The dynamics of
the number of microbial colonies in food-grade
eggs was determined by regression and corre-
lation analysis, the data in the tables were pre-
sented as x = SD (mean * standard deviation).
The difference between the values of washed
and unwashed chicken eggs during the storage
period was calculated using the Tukey test, the
probability was considered P <0.05 (taking into
account the Bonferroni correction).

Results and Discussion
The results of the study showed that there was
a small quantity of MAFAnM on the surface of
the shell of freshly laid unwashed eggs, and
after washing on the first day of storage, no
colonies of viable microorganisms were de-
tected (Table 2).

Table 2. Microbial contamination of the surface of the shell of chicken eggs after washing

and disinfection during storage in a chilled form, x £ SD, n = 5, Ilg CFU/cm2

Characteristics of eggs Shelf life, days MAFAnM Mould fungi
Eggs before washing and disinfecting 1 0.43%0.14* <1e
Eggs after washing and disinfection 1 <1b <1e
60 2.45%0.17¢ 4.37%0.21°
80 5.68+0.42¢ 5.61+0.38°

Note: different letters of the upper indexes indicate values that significantly differed in the same column of the

table (p < 0.05) based on the results of comparison using the Tukey test

Source: developed by the authors

Storage of washed and disinfected eggs up
to 60 days in a chilled form contributed to an
increase in the QMAFAnM by 2.02 Ig CFU/cm?
compared to unwashed eggs and at 2.45 Ig CFU/
cm? compared to washed and disinfected ones on
the 1%t day of storage. The increase in the shelf
life of washed and disinfected eggs to 80 days
contributed to an increase in the QMAFAnM col-
onies on the shell surface by 5.25 Ig CFU/cm?
compared to unwashed eggs on the 1%t day of
storage, by 5.68 1g CFU/cm? compared to washed
and disinfected eggs on the 1% day of storage,
and by 3.23 lg CFU/cm? - compared to washed
and disinfected eggs on the 60" day of storage.

Colonies of mould fungi on the shell sur-
face of unwashed and washed and disinfected
eggs were not found on the 1% day of storage.
On the 60™ day of storage of washed and dis-
infected eggs using chlorine-containing agent
Blanidas-C Gen Deo, the quantity of mould
fungi on the shell surface reached 4.37 1g CFU/
cm?, and on the 80™ day of storage, the num-
ber increased to 5.61 Ig CFU/cm?. As noted by B.
Abdoli et al. (2024), this is associated with the
specificity of the structure of the eggshell cuti-
cle and the presence of soluble matrix proteins
in it, which at a concentration of 0.1 mg/mL can
inhibit the growth of certain microorganisms, in
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particular, Bacillus cereus, Pseudomonas aerugi-
nosa and Staphylococcus aureus, for more than
8 hours, and S. enteritidis and E. coli for 4 hours.
Storage of washed and disinfected food-
grade eggs up to 60 days in a chilled form con-
tributed to the growth and reproduction of mi-
croorganisms and mould fungi on the surface of
the shell, but their total number did not exceed
the permissible standard value, which allowed
considering such eggs suitable for consump-
tion. On the 80™ day of storage on the surface
of the shell of washed and disinfected eggs, the
quantity of MAFAnM and mould fungi was al-
most equal, which indicates their spread and
intensive reproduction. The shells of unwashed
food-grade chicken eggs were contaminated by
representatives of genera Bacillus and Staphy-
lococcus. During the entire storage period, no
pathogenic microorganisms such as Salmonella
spp., Pseudomonas aeruginosa, Bacillus cereus
and Staphylococcus aureus were detected. As
emphasised by L. Lin et al. (2020) and D. Ber-
mudez-Aguirre & B. Niemira (2023), this is par-
ticularly important because most of the rules of
good hygiene practices in egg poultry farming
apply to preventing egg contamination with
Salmonella spp., E. coli and other pathogenic
and conditionally pathogenic microorganisms.
In research by A. Aygun (2017), various bacteria
were isolated and identified from the surface of
eggshells and egg contents, including Salmo-
nella spp., Pseudomonas spp., Staphylococcus
spp., Streptococcus spp., Campylobacter spp.,
E. coli, Clostridium perfringens, Listeria mono-
cytogenes, Citrobacter freundii, Bacillus cereus.
These microorganisms pose a potential risk to
human health and can cause food toxicoinfec-
tions (Lin et al., 2021; Chousalkar et al., 2021).

A strong direct correlation was found be-
tween the QMAFAnM on the shell surface
of washed and disinfected chicken eggs and
their shelf life in chilled form (r=0.937 £0.122,
P <0.001). An increase in the QMAFAnM on the
shell surface of washed and disinfected food-
grade eggs was characterised by a linear depend-
ence on the shelf life of their chilled form (Fig. 1).
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Figure 1. Dependence of the quantity of
MAFAnM and mould fungi on the shell surface
of washed and disinfected chicken eggs on the

shelf life in chilled form, n=15
Source: developed by the authors

Increasing the number of microorganisms
on the surface of the eggshell increases the
likelihood of their penetration into the internal
environment of the egg (Oliveira et al., 2022;
2024). In the yolks of unwashed, as well as
washed and disinfected chicken eggs on the 1%
day of storage of colonies, MAFAnM were not
observed. On the 60™ day of storage of washed
and disinfected eggs, an increase in the QMAF-
AnM to 2.82 lg CFU/g was established, and on
the 80* day - to 4.57 1g CFU/g, which almost
reached the MPL (maximum permissible level)
according to DSTU 5028:2008 (2010) (Table 3).

Table 3. Microbial contamination of chicken egg yolks after washing and disinfection
during chilled storage, x + SD, n = 5, Ilg CFU/g

Characteristics of eggs Shelf life, days MAFAnM Mould fungi
Eggs before washing and disinfecting 1 <18 <12
Eggs after washing and disinfection 1 <12 <12
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Table 3. Continued

Characteristics of eggs Shelf life, days MAFAnM Mould fungi
60 2.82%0.19° 1.43£0.12°
80 4.57+0.34¢ 2.54%0.17¢

Note: different letters of the upper indexes indicate values that significantly differed in the same column of the
table (p < 0.05) based on the results of comparison using the Tukey test

Source: developed by the authors

Mould fungi in the yolks of unwashed and
washed and disinfected food-grade chicken
eggs were not isolated on the 1% day of storage.
On the 60" day of storage, a small quantity of
mould fungi appeared in the yolks of washed
and disinfected chicken eggs, the number of
which increased by 1.11 Ig CFU/g on the 80"
day of storage compared to the previous pe-
riod. Correlation analysis showed a strong di-
rect dependence of the QMAFANnM in the yolks
of washed and disinfected chicken eggs on
their shelf life in chilled form (r=0.984+0.035,
P <0.001). The increase in the quantity of MA-
FAnM colonies in the yolks of washed and dis-
infected chicken eggs during the shelf life was
characterised by a linear relationship (Fig. 2).
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Figure 2. Dependence of the quantity of
MAFAnM and mould fungi in the yolks of
washed and disinfected food-grade chicken
eggs on the shelf life in chilled form, n=15
Source: developed by the authors

The quantity of mould fungi in the yolks
of washed and disinfected chicken eggs had a
strong direct dependence on their shelf life

(r=0.981+0.038, P<0.01). The regression line
showed that there is a direct linear relationship
between the number of mould colonies in the
yolk of washed and disinfected chicken eggs and
their shelf life in chilled form (Fig. 2). Determi-
nation of the dependence of the QMAFAnM in
yolks on the QMAFANnM on the shell surface of
washed and disinfected chicken eggs showed
a strong direct correlation (r=0.973 * 0.053,
P <0.001). Regression analysis confirmed a lin-
ear relationship between microbial contamina-
tion of the shell surface and egg yolk (Fig. 3).
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Figure 3. Dependence of the QMAFANnM in
yolks on the QMAFANM on the shell surface of
washed and disinfected chicken eggs
for storage in chilled form, n=15

Source: developed by the authors

A strong direct relationship was also found
between the level of contamination of the yolk
and shell of washed and disinfected eggs by
mould fungi (r=0.976+0.048, P<0.001) during
their chilled storage. The regression line con-
firmed the existence of a direct linear relation-
ship between the number of mould colonies
on the shell surface and in the yolks of washed
and disinfected food-grade chicken eggs when
stored chilled (Fig. 4).
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Figure 4. Dependence of the quantity of mould fungi in yolks on the number of quantity fungi on
the shell surface of washed and disinfected food-grade chicken eggs for storage
in chilled form, n=15

Source: developed by the authors

Analysis of the species composition of mi-
croorganisms in the shells of unwashed chicken
eggs showed that the main representatives of mi-
croorganisms on the 1%t day of storage were the

genus Bacillus (family Bacillaceae) which includes
B. mycoides and B. pumilus and gender Staphylo-
coccus (family Staphylococcaceae), which includes
two species: S. epidermidis and S. xylosus (Table 4).

Table 4. Microbiological screening with MALDI-TOF identification of chicken eggshells
after washing and disinfection for storage in chilled form

Characteristics of eggs Shgg;;fe, Types of dominant microorganisms
Eggs before washing 1 Bacillus mycoides, Bacillus pumilus, Staphylococcus
and disinfecting epidermidis® Staphylococcus xylosus,
Eggs after washing 1 Staphylococcus epidermidis*, Staphylococcus saprophyticus,

and disinfection Lactococcus garvieae
60 Staphylococcus equorum**
80 Staphylococcus equorum**

Note: * ** — identical types of bacteria on the surface of eggshells

Source: developed by the authors

Bacillus mycoides and B. pumilus come from
the environment, in particular, belong to soil
microorganisms that promote plant growth (Di
Franco et al., 2002). Thus, these types of bacteria
could get into the composition of chicken feed,
and from the feed to the surface of the eggshell.
After washing and disinfecting food-grade eggs
on the 1% day of storage in a chilled form, repre-
sentatives of microorganisms of two genera were
identified on the surface of the shell, in particular
the genus Staphylococcus which includes S. epi-
dermidis and S. saprophyticus, and the genus Lac-
tococcus (family Streptococcaceae) — L. garvieae.

Animal Science and Food Technology. 2025. Vol. 16, No. 1

On the 60™ and 80™ days of storage of washed
and disinfected eggs, only one representative
of the genus Staphylococcus was isolated from
the shell surface - S. equorum. It is believed that
staphylococci make up an important part of the
microbiome of the shell and the contents of
the egg (albumen and yolk). The results of this
study are consistent with the data obtained by
D. Stepien-Pysniak et al. (2009), which indicate
a relatively high level of contamination of food-
grade eggs with staphylococci.

Of the 1,125 bacteriological studies of egg
whites, yolks, and shells, staphylococci were
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detected in 514 cases in this study. The largest
percentage of staphylococci was isolated from
the surface of eggshells — 302 strains. 12 types
of staphylococci were isolated from the eggs
under study, including coagulase-positive
strains such as S. hyicus and S. aureus, and coag-
ulase-negative, in particular, S. warneri, S. len-
tus, S. xylosus and S. epidermidis. Results of the
study by S. Hsu et al. (2023) also indicate that
in unwashed chicken eggs, 197 samples were
positive for Staphylococcus spp. In addition
to staphylococci, there are a number of other
organisms that can contaminate the shell of
chicken eggs, in particular, Alcaligenes, Salmo-
nella, Pseudomonas, Arthrobacter, Proteus, Es-
cherichia, Serratia, Bacillus, Hafnia, Aeromonas,
Citrobacter and Micrococcus (Legros et al., 2021;
Kukhtyn et al., 2024). Mould fungi and yeast
were isolated in smaller amounts from egg-
shells when eggs were stored in high humidity
conditions and were represented by five genera

Aspergillus, Penicillium, Cladosporium, Mucor,
Rhizopus, and yeast by one genus — Rhodotorula.

Washing and disinfecting chicken eggs
with Blanidas-C Gen Deo did not ensure the
release of the shell surface from staphylococci
and streptococci, which dominated other mi-
croorganisms. Moreover, the species composi-
tion of staphylococci changed, and on the 60"
and 80™ day of storage of washed and disinfect-
ed food-grade eggs, the shell surface contained
only S. equorum. The results obtained are con-
sistent with the data of A. Wilson et al. (2021),
who identified S. equorum in poultry houses,
in particular, it was most common in bedding
(33.7%), nests (25.1%) and egg conveyor belts
(35.0%) when using a free-range chicken sys-
tem. Analysis of the species composition of
microorganisms in the yolks of chicken eggs
showed their significant difference from the
shells of both unwashed and washed and disin-
fected eggs (Table 4, 5).

Table 5. Microbiological screening with identification of MALDI-TOF egg yolks
of food-grade eggs after washing and disinfection for storage in chilled form

Characteristics of eggs Shglaf;slfe, Types of dominant microorganisms
Eggs before washing .
and disinfecting 1 Pantoea agglomerans, Pseudomonas koreensis
Eggs after washing . e
and disinfection 1 Staphylococcus epidermidis
60 Pseudomonas alcaliphila, Pseudomonas oleovorans
80 Bacillus subtilis, Staphylococcus epidermidis*

Note: * - identical types of bacteria in egg yolks
Source: developed by the authors

In the yolks of unwashed eggs on the 1%t day
of storage, two genera were distinguished,
which belong to two different families, which
included one type of microorganisms each. Ge-
nus Pantoea (family Erwiniaceae) in the yolks
of unwashed washed eggs is represented by
P. agglomerans, and genus Pseudomonas (fam-
ily Pseudomonadaceae) — P. koreensis. P. agglo-
merans is widespread both in animals, soil and
water, and in humans and currently, there are a

significant number of contradictory statements
about its pathogenicity for humans (Haralam-
pidou et al., 2022; Casale et al., 2023). However,
as noted by P. Ezeh et al. (2024), it is quite resist-
ant to a number of antibiotics, which requires
further research. P. koreensis belongs to newly
isolated bacteria and is also a natural compo-
nent of the soil microbiome (Kho et al., 2023).
After washing food-grade eggs on the 1%
day of storage, one type of microorganisms was
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isolated in the yolks — Staphylococcus epider-
midis. On the 60" day of storage of washed and
disinfected food-grade eggs, microorganisms
belonging to the genus Pseudomonas, namely
P. alcaliphila and P. oleovorans, were found in
the yolks, which differ in species composition
from the yolks of unwashed eggs (Table 5). On
the 80" day of storage of washed and disinfect-
ed chicken eggs, two types of microorganisms
belonging to different families were identified:
Bacillus subtilis and Staphylococcus epidermidis.
The species composition of microorganisms in
the shells and yolks of unwashed and washed
chicken eggs depended on the shelf life of
chilled form and differed from each other, with
the exception of S. epidermidis, which was found
both in flushes from the shell and egg yolks.
According to A. McWhorter & K. Chous-
alkar (2020), bacteria, viruses, and protozoa
that get on the surface of the shell can enter
the shell and survive in the eggs. If the eggs
are not washed, they can become infected,
and internal pathogens can multiply and grow
during harvesting, sorting, transportation, and
storage. Washing eggs did not release the yolks
from S. epidermidis on the 1 day of storage,
which also indicated a possible vertical path
of contamination. Increasing the shelf life of
washed and disinfected food eggs to 60 days in-
dicates that bacteria of the genus Pseudomonas
penetrate and multiply into the yolks, in par-
ticular P. alcaliphila and P. oleovorans. There
is little information about the origin of these
bacteria in the literature, but they are also
part of the plant and soil microbiome (Chan et
al.,2021; Zeng et al., 2023). In this study, it was
found that increasing the shelf life of washed
and disinfected eggs to 80 days contributed
to reproduction Bacillus subtilis and Staphylo-
coccus epidermidis. Given that the compound
feed of industrial herd chickens included a
probiotic, it can be assumed that Bacillus sub-
tilis had an alimentary origin and ensured the
dominance of beneficial microorganisms in the
digestive system of chickens (Tsai et al., 2023;
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Tajudeen et al., 2024). Similar data was ob-
tained by S. Hsu et al. (2023) when analysing
internal fractions of unwashed and washed
chicken eggs. The prevalence of Staphylococcus
spp., Enterobacteriaceae and E. coli was 1.9%,
1.9%, and 0.5%, respectively, which allowed the
researchers to conclude that washed eggs have
better microbial safety and quality.

It is possible to get a guaranteed effect
from washing food eggs only considering many
factors that relate to their quality. During egg
storage, certain physical and chemical chang-
es in albumen and yolk occur that affect their
quality. Eggshells have a porous structure that
provides a constant gas exchange between the
internal contents of the egg and the environ-
ment. The porous eggshell also ensures the
penetration of microorganisms, in particular,
bacteria and mould fungi from the external en-
vironment. All of these processes contribute to
chemical reactions in eggs, which ultimately
leads to undesirable changes in albumen and
yolk that degrade egg quality (Caner & Yii-
ceer, 2015; Obianwuna et al., 2022).

In fresh eggs, the thick albumen makes up
about 60% of the egg’s weight, and its pH is 5.6-
7.5 and depends on the exchange of gases and
moisture with the environment. The duration
of storage and temperature are the main fac-
tors that determine the rate of spoilage of eggs.
As the shelf life of eggs increases, the thick al-
bumen becomes thinner due to the enzymatic
activity of ovomucin-lysozyme, disulfide bonds
or reactions between «- and f-ovomucins, and
an overall increase in the pH of the contents.
K. Fikiin et al. (2020) suggest that when stor-
ing eggs at a temperature of 10°C, the HU in-
dex almost did not change for 20 days, but at
30°C this indicator decreased from 85 to 35,
which indicates a reduction in their shelf life.
Washing and disinfecting chicken eggs with a
chlorine-containing agent in this experiment
did not affect egg weight, albumen index, yolk
colour, shell strength and thickness during
80 days of storage (Table 6).
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Table 6. Quality of chicken food-grade eggs after washing and disinfection when stored

in a chilled form, x=SD, n=15

Characteristics of eggs
Eggs before
. washing and Eggs after washing and disinfection
Indicator disinfecting
Shelf life, days
1 1 60 80
Egg weight, g 58.43+1.88° 57.66+2.07° 57.11+1.542 56.41+1.87°
Albumen index, mm 7.67+1.167 7.17+0.79° 6.14+0.88° 6.21+0.43°
Egg yolk colour, points 10.13+0.922 10.20£0.86* 11.00£0.932 11.14%1.57¢
HU units 88.79+5.61° 85.78 £4.29% 78.48+6.17° 79.53+2.59°
Shell strength, kgf 4.96%1.06* 4.53+1.122 4.52+1.40° 3.89+0.67°
Shell thickness, mm 0.38+0.03* 0.38+0.04° 0.39+0.022 0.37+0.04°

Note: different letters of the upper indexes indicate values that significantly differed in the same column of the

table (p < 0.05) based on the results of comparison using Tukey test

Source: developed by the authors

It was found that storing washed and disin-
fected eggs for 60 days contributed to a decrease
in the HU index by 10.31 units, and for 80 days —
by 9.26 units compared to unwashed eggs. More-
over, the HU index of washed and disinfected
eggs, even before the 80" day of storage, did
not reach the critically low value characteristic
of spoiled eggs. These data are consistent with
the results obtained by K. Drabik et al. (2021),
who showed that decontamination of eggshells
with an aqueous solution of citric acid at con-
centrations of 10% and 15% for storing eggs
at 14°C and 70% humidity after 7, 14, 21, and
28 days reduces weight loss, provides a small-
er air chamber, better albumen structure, less
intense water diffusion from albumen to yolk.

The quality indicators of washed and dis-
infected eggs obtained in the study using a
chlorine-containing agent also do not contra-
dict the data of G. Akarca et al. (2021), where
after washing, the eggshells were coated with
almond, apricot, or cherry tree resins and
stored at 4°C and 22°C for 60 days. In the pres-
ent study, it was found that air chamber height,
weight loss, albumen and yolk pH values in-
creased in all samples during storage, while HU
units, albumen and yolk index, on the contrary,
decreased. The lowest weight loss (0.54 g) and

air chamber height (2.89 mm), the highest HU
index (73.9), albumen index (8.8%) and yolk
index (40.4%) were found in cherry resin-coat-
ed eggs when stored at 4°C. A similar pattern
regarding changes in the quality of washed
and disinfected eggs using pulsed light tech-
nology was obtained by B. Wang et al. (2022),
who proved that with increasing storage time,
the total value of the HU index and yolk index
decreases, and albumen pH and weight loss in-
crease. Thus, washing and disinfecting chicken
eggs with a chlorine-containing agent ensures
their proper quality and safety and allows them
to be stored in a chilled form for up to 80 days.

Conclusions
The surface of the shell of unwashed chicken
eggs on the 1t day of storage in chilled form did
not contain colonies of mould fungi and was
contaminated with a small quantity of MAFANM
microorganisms. The use of a chlorine-contain-
ing detergent and disinfection of eggs on the 1%
day of storage inactivated MAFAnM colonies
on their surface. With the increase in the shelf
life of washed and disinfected eggs to 60 and
80 days, there was an increase in the quantity
of MAFAnM and mould fungi on the surface of
the shell and in the yolks, which was linear. The
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following representatives of the family Bacil-
laceae were isolated in flushes from the shells
of unwashed chicken eggs on the 1t day of
storage in chilled form: Bacillus mycoides and
B. pumilus; the family Staphylococcaceae:
Staphylococcus epidermidis and S. xylosus. On
the surface of the shell of washed and disinfect-
ed eggs on the 1t day of storage in chilled form,
the basis was made up of microorganisms of the
family Staphylococcaceae: S. epidermidis and
S. saprophyticus, as well as family Streptococ-
caceae — Lactococcus garvieae. With an increase
in the shelf life of washed and disinfected eggs
to 60 and 80 days, the shell was dominated by
Staphylococcus equorum. The surface of the
shell of chicken eggs differs in the species com-
position of microorganisms from the yolks. The
contamination of unwashed food egg yolks on
the first day of storage with microorganisms of
the family Erwiniaceae was revealed: Pantoea
agglomerans, and Pseudomonadaceae: Pseu-
domonas koreensis. In the yolks of washed and
disinfected food eggs, Staphylococcus epider-
midis dominated on the 1t day of storage; on
the 60" day — Pseudomonas alcaliphila and P.
oleovorans; on the 80" day - Bacillus subtilis and

Staphylococcus epidermidis. The main type
of microorganisms in the shells and yolks of
washed and unwashed eggs for storage in a
chilled form was Staphylococcus epidermidis.
Washing and disinfecting food-grade eggs does
not affect their quality, with the exception of
the HU index, which decreased on the 60™ and
80™ days of storage, but was within the limits
characteristic of high-quality eggs. The results
obtained can be the basis for choosing a means
of washing and disinfecting food-grade chick-
en eggs to reduce their contamination with
pathogenic and conditionally pathogenic mi-
croorganisms, considering the epidemiological
situation in a particular poultry farm. Future
research may focus on the quality and safety of
egg products made from processed chicken eggs.
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AHorauig. KoHTamiHallig KypsSluMX XapuoBMX SIEp NMATOT€HHMMM Ta YMOBHO IaTOreHHUMMU
MiKpoopraHisMaMmu B mporieci ix BUPOGHUIITBA, 36epiraHHs Ta peanizauii CpMUMHSIE BUCOKMIA
PU3UK BMHMKHEHHSI TOKCMKOiHbekuiit y miofmeit. OmHUMU 3 edeKTMBHMX 3ac06iB 3HUKEHHS
MiKpOOHOTO HaBaHTAKEHHS € MUTTS i fe3iHdeKIIisl MoBepXHi UIKApATYIN SIELb MpernapaTaMu Ha
OCHOBi aKTMBHOTO XJIOpPy. MeTOI0 HOCTifAKeHHSI 6y/I0 BM3HAUMUTU SIKiCTb MUTTS Ta He3iHgekiii
XapUYOBMX KypsTUMX SI€Nb IMiJ Yac 36epiraHHs B OXOJOMKEHOMY BUIIAMI. B mocmimi Bu3Hawamm
SIKiCTh Ta MiKpOG6iOIOTiUHI MOKAa3HMKY XapUOBUX KypsSTUMX SIEID MIiCAST MUTTS Ta Ae3iHdekiii Ha
nepury, 60-ty Ta 80-Ty n06Yy 36epiraHHs 3a Temnepatypu 4°C. Mikpo6ionoriuyHi moKasHUKA SIELIb
IOCTiIKyBaiu 3 BUKOpUCTaHHSIM TexHosmorii MALDI TOF, gxicts — 3a momomoroio LudpoBoi
oBocKkomii. MUTTS Ta HesiHdekilis mpernapaToM Ha OCHOBI aKTMBHOTO XJIOpPY B KOHLEHTpaLlii
0,5 % 3BinbHAIA MIKApATYIy S€lb Bi KOMOHiT MA®AM i mriceHeBux rpubiB. 36epiraHHs MUTUX
i mesiHGiKOBaHMX SI€Lb B OXOJOMKEHOMY BUIJISIAI M0 60-1 Ta 80-1 moOu cripusio 36i/blIeHHIO
KimbkocTi MA®AM Ha 2,45 1g KYO/cm2 i Ha 5,68 1g KYO/cm2 BifmoBimHo. UncenbHiCTh TTiCEHEBUX
rpu6iB Ha MOBEPXHi IKApaTyIy MUTHKX i fe3iHdikoBaHMX s€Ib HA 60-Ty m06Y 36epiraHHs mocsraia
4,37 1g KYO/cm2, a Ha 80-Ty 106y iX KiNbKicTb 3piBHSUIAcS 3 uncenbHicTio MADAM. UncenbHiCTh
MA®AM i mniceHeBuX rpubiB B SKOBTKaxX XapuoOBUX SIELb Maja CWJIbHY IPSIMY 3aJI€XHICTh Bif,
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iX KigbKOCTi Ha mIKapamymi i Bim TepmiHy ix 36epiraHHS B OXOMOMKEHOMY BUIISAMi. MuUTTS i
ne3iHdeKIis XxapuyoBUX KypsiuMx sI€b XJIOPBMiCHMM ITperiapaToM He BIUTMBAJia Ha BTPATy Macw,
BMCOTY 0isiKa, KOMip JKOBTKA, MIl[HICTh i TOBUIMHY IIKapaayIu, ajge 3HIKyBana inmekc HU mo
78,5-79,5 omMHMUILi, 10 B MOEAHAHHI 3 MiKPOOiOMOTiYHMMM MMOKAa3HMKAMM JO3BOIUIO 36epiraTu
ix mo 80-i mo6u B OoxoMomKeHOMY BUMIAAI. OTpUMaHi pe3yabTaTi HEOOXiMTHO BPaxOBYBaTH IIPU
BUOOPIi 3200y, pexkumy MUTT i fe3iHdexiiii Ta TepMiHy 36epiraHHsI XapuOBUX SI€Lb 3 YpaxyBaHHSIM
BUJIOBOTO CKJIa[Ty MiKpOOPTaHi3MiB, XapakTepHOTO A/ KOHKpeTHOi nTaxodabpuku

KmiouoBi cmoBa: mikapanyma; >XOBTOK; MA®AM; ruriceHeBi TpmbU; OBOCKOISI; MiKpo6GHa
KOHTaMiHaIis
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