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Abstract. There is a necessity to find alternative methods to treat endometritis in cows that would
not have disadvantages of traditional anti-microbial drugs in particular the occurring of resistance
forms of bacteria and limitation of milk usage. The aim of the study was possibility of treating
endometritis with a suspension of the probiotic, which includes strain B-2691 of Lactobacillus
acidophilus. Cows of Ukrainian Black-and-White dairy breed with confirmed endometritis were
injected into the uterine cavity with a suspension of the drug (500 billion microbial cells of lactic
acid bacteria in 100 cm?®) from one to 3 times with an interval of 6 days between application. The
overall effectiveness of treatment of cows of all groups after 3 times of the drug administration was
90%. 100% recovery of cows with subclinical, mild and severe clinical endometritis, as well as 73%
recovery of cows with morphological changes in the uterus was observed. Intrauterine injection of
the drug (300 billion cells per 100 cm? of saline) led to stabilisation of the number of bacteria in the
mucus. On the sixth day after administration, the number of bacteria in the uterine mucus of cows
with endometritis and of some clinically healthy cows decreased, so in all animals it did not exceed
100 thousand colony-forming units per 1 cm3. The presence of lactic acid bacteria was detected
in all cows. Therapeutic concentrations of Lactobacillus acidophilus from 0.5 to 3 billion/cm3
negatively affected the activity of bull sperm during incubation in a thermostat. At the maximum
concentration of lactobacilli, sperm death occurred during the first hour of incubation, and at the
minimum concentration — within 2 hours. In the control sample, live sperm were detected after
4 hours of incubation. The probiotic should be used as an alternative method for the treatment
and prevention of cow endometritis, but due to the negative effect of therapeutic concentrations
of Lactobacillus acidophilus on sperm survival, insemination should be performed no earlier than
6 days after administration of the drug, when a decrease in the number of bacteria in the uterine
mucus is confirmed

Keywords: cattle; Lactobacillus acidophilus; uterine mucus; mobility of sperms; colony-forming
units

Introduction

Endometritis is a common disease of dairy
cows occurring after calving and causes a de-
terioration in reproductive capacity. Previous
studies have shown that endometritis is relat-
ed to housing conditions. Appearance of im-
pending calving and duration of preparation
for calving depended on the cows keeping, and
in fetal membranes of 93% of cows kept teth-
ered, lacked mucins and postpartum catarrhal
endometritis were diagnosed (Ugnivenko et
al., 2020). In pasture-based housing, catarrh-
al endometritis was observed in only 4.8%
of the population. According to I. Sheldon et
al. (2019), up to 40% of cows have postpartum
uterine diseases. In Holstein cows, cytologi-
cally diagnosed endometritis was associated
with impaired reproductive function, which

Animal Science and Food Technology. 2025. Vol. 16, No. 3

was manifested in particular in an increase
in the number of open days and a decrease
in the percentage of pregnancy after the first
insemination. In cows that tested positive for
endometritis, in addition to the above-men-
tioned problems, an increase in the number
of inseminations to obtain pregnancy and an
increased duration of anestrus after calving
were also observed. Endometritis increases the
atypical ovarian functioning, in particular the
begin and duration of luteal activity. As stat-
ed by M. Dickson et al. (2020), inflammation in
uterus caused changes of mobility and func-
tions of spermatozoa, increase phagocytosis
of spermatozoa and zygotes obtained have less
possibility to be developed to the stage of blas-
tocyst or even morula.
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Negative impact of endometritis on cows’
reproductive function causes the necessity of
looking for the methods for early diagnosis and
treatment of animals. Risks of endometritis oc-
currence increase under conditions of obstet-
ric care for dystocia, due to increased bacterial
contamination, although there is an opinion of
I. Sheldon et al. (2019) that uterine health de-
pends more on the ability of the endometrium
to tolerate pathogens than on the ability to
resist bacterial penetration. It was established
that uterine microflora of healthy cows and
cows with clinical endometritis and sub-clini-
cal endometritis consists of community of 127
different types of Aerobic and Anaerobic bacte-
ria included to 48 families. Quantity of bacte-
ria in the uterine of cows with detected endo-
metritis is essentially lower. Upon the clinical
endometritis the level of Trueperella pyogenes
is increasing. Similar results were obtained in a
study by O. Pascottini et al. (2020), which noted
no significant difference between the microbi-
ome of healthy cows and cows with subclinical
endometritis, so, the authors believe that sub-
clinical endometritis is a consequence of dys-
regulation of inflammation rather than chang-
es in the uterine microbiota. However, in cows
with clinical endometritis, a decrease in bacte-
rial diversity in the uterus and the dominance
of Trueperella pyogenes were found. It should be
noted that the presence of Trueperella pyogenes
in clinical endometritis is associated with a de-
crease in milk production and fertility after the
first insemination, as well as a lengthening of
the period from calving to insemination in cows
(Paiano et al., 2021). These studies indicate the
need to normalise the uterine microflora during
clinical endometritis.

The vagina and uterus share a common
bacterial community during the postpartum
period. In the study of R. Miranda-CasoLuen-
go et al. (2019), changes associated with the
development of endometritis were observed
on the 7" day after calving, when the vaginal
and uterine microbiomes were most similar.

The authors of this study identified at least
three different types of microbiomes associat-
ed with the further development of postpartum
endometritis. All of these microbiome types
had reduced bacterial diversity. Traditional
antimicrobials are used to treat endometritis.
Antibiotics are considered to be effective in
the treatment of endometritis, but their active
use causes the emergence of pathogenic mi-
croorganisms’ resistance. It has been found by
A. Manimaran et al. (2019) that E. coli, as one
of the possible causative agents of endometri-
tis, has a difference in sensitivity to gentamicin
and oxytetracycline. Prolonged intrauterine
antibiotic therapy for persistent endometritis
can lead to fungal endometritis, which signif-
icantly complicates treatment and requires
specific therapy (Saini et al., 2019). The use of
antibiotics can impose restrictions on the use
of milk, which leads to additional losses.

To replace antibiotic therapy, the possibili-
ty of alternative treatments that involve the use
of PGF2a in combination with intrauterine an-
tibacterial drugs, immunomodulators and herb-
al remedies is being studied (Parmar, 2021).
The use of herbal remedies is considered to
be one of the priority and affordable methods
that have a certain effectiveness. It was found
that oral administration of Aegle marmelos and
Murraya koenigii leaf powder reduces bacterial
load and inflammation in endometritic cows.
Achyranthes aspera, Azadirachta indica, Ocimum
tenuiflorum, Allium sativum, Withania somnif-
era and many other plants are also considered
effective for solving gynaecological problems
in cows (Nikhade et al., 2019). Essential oils
of cinnamon, clove, oregano and thyme have
been shown to be effective in inhibiting control
strains of Escherichia coli, Fusobacterium necro-
phorum, Trueperella pyogenes and Staphylococ-
cus aureus, which are considered typical bacte-
ria that cause endometritis. For the prevention
of endometritis, positive results were obtained
using intrauterine ozone therapy (Escandoén et
al., 2020). There is evidence found by E. Hussein

Animal Science and Food Technology. 2025. Vol. 16, No. 3
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& K. Hussein (2022) of positive results in the
treatment of bovine metritis and endometritis
with biomolecules with silver nanoparticles.

Using all the variety of methods for treat-
ing and preventing endometritis, it is important
not only to inhibit pathogens in the uterus but
also to restore its eubiosis. There is evidence
that lactic acid bacteria, which can inhibit path-
ogen growth, can be used to treat endometri-
tis. Comparison of uterine mucus microbiota
profiles made before and after treatment with
lactic acid bacteria and antibiotics revealed that
lactic acid bacteria can cure endometritis and
restore normal physiological state, avoiding the
disadvantages of antibiotic treatment, such as a
decrease in the amount of beneficial microbiota
(Yang et al., 2021).

Among bacterial drugs, probiotics are of
traditional interest, as their action is aimed at
inhibiting pathogenic microorganisms. Their
inclusion in feed and food products helps to
inhibit the growth of Escherichia coli, Listeria
monocytogenes, Salmonella sp. and Bacillus
cereus. According to N. Hashem & A. Gonza-
lez-Bulnes (2022), the biological activity of
probiotics can be a promising alternative to an-
tibiotics for maintaining and restoring eubiosis
and reproductive system function, but it should
be toned that in-depth studies are needed to
determine the mechanisms by which probiotics
can affect reproductive processes and to define
the specifics of probiotic use during sensitive
reproductive periods. The purpose of this study
was to investigate the effectiveness of Lactoba-
cillus acidophilus-based probiotics for the treat-
ment of cow endometritis and to analyse how
they affect the uterine microbiota after admin-
istration and what effect this bacterial culture
may have on bull germ cells.

Materials and Methods
The use of a probiotic drugs with lactic acid
bacteria for the treatment and prevention of
cow endometritis was studied. The research
was conducted at the State Enterprise Research
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Farm “Oleksandrivske” and at the Reproduc-
tion Biotechnology laboratory of the Institute
of Animals Breeding and Genetics named after
M.V. Zubets of the National Academy of Agrari-
an Science of Ukraine, the results of which were
analysed and summarised in 2024. As a source
of lactic acid bacteria, probiotic “Bovilact” (de-
veloped by the D.K. Zabolotny Institute of Mi-
crobiology and Virology of the National Acad-
emy of Agrarian Sciences of Ukraine), which
contains strain B-2691 Lactobacillus acidophi-
lus, which is stored in the Ukrainian Collection
of Microorganisms was used. This medicine is
used as a probiotic for the treatment and pre-
vention of calf dysbiosis. The product is a light
brown powder that contains 50 billion live cells
of lactic acid bacteria per 1g. The drug is known
to have an antagonistic activity against a wide
range of pathogenic and opportunistic micro-
organisms due to the synthesis of L-lactic acid.
In particular, it is highly effective for the treat-
ment of colibacillosis, toxic dyspepsia, salmo-
nellosis and is used to stabilise the microflora
of the digestive tract.

The study was conducted on a population
of Ukrainian Black-and-White dairy cows. The
cows were kept tethered. The cows were fed
three times a day. The cows were milked in stalls
using milking equipment with a milk pipeline.
Every day, the cows were provided with exercise
in the feed and exercise area, straw bedding was
brought into the stalls, free access to drinking
water was provided, and veterinarians and staff
had access to the animals the whole time. The
conditions of cows and research design met the
requirements of the Law of Ukraine No. 3447-
IV “On Protection of Animals from Cruel-
ty” (2006).

In a dairy farm, cows were examined for
endometritis in the period from 7 to 30 days af-
ter calving. Cows were examined by clinical ex-
amination and rectal examination. As a result
of the examination, 20 cows with indicators of
endometritis were identified. Confirmation
of the diagnosis of endometritis was provided
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by studying the reaction of uterine mucus to
sulphur-containing amino acids according to
the method of G. Kalinovskiy & G. Podoprigo-
ra (1987). According to this method, 4 cm3 of a
0.5% solution of acetic acid lead was added to
a test tube, to which a 20% solution of caustic
sodium was dropwise added until a precipitate
(lead oxide hydrate) was formed. After 15-20
seconds, the caustic sodium solution was added
again until the precipitate disappeared. Then,

1.5-2.0 cm?® of uterine mucus was added to the
test tube, shaken gently and heated without
boiling. In the case of endometritis, the mixture
gets the colour of strongly brewed tea. Mucus
samples were taken with a Korczak spoon. The
analysis of uterine mucus was carried out un-
der the conditions of the farm veterinary point.
Cows with confirmed endometritis were divided
into four groups according to the severity of the
disease (Table 1).

Table 1. Grouping of cows by severity of endometritis

Group Number of cows

Clinical indicators

1 (sub-clinical) 6

the cervix and uterus are slightly enlarged, located in the pelvic
cavity, there is no fluctuation and no exudate is released

2 (with mild course

the uterus is enlarged, partially in the pelvic cavity, slightly

of the disease) 4 fluctuating, hypotonic, and there is a slight releasing of exudate
3 (with severe course 2 the uterus is located entirely in the abdominal cavity,
of the disease) very enlarged, atonic, significant exudation
the uterus is located entirely in the abdominal cavity,
4 (with morphological 3 very enlarged, atonic, there is a thickening of the uterine

changes in uterus)

walls and their fusion with the peritoneum of the pelvic and

abdominal cavity, significant exudation, purulent discharge

Source: developed by the authors

The cows were injected with a suspension
of the investigational medical product into the
uterine cavity using a rectocervical insemina-
tion catheter connected to a Janet syringe. The
dosage was 500 billion microbial cells of lactic
acid bacteria suspended in 100 cm? of sodium
chloride saline. The frequency of administration
was from one to three times with an interval of
6 days. 6 days after each administration of the
drug, cows were examined for indicators of en-
dometritis by analysing uterine mucus for the
content of sulphur-containing amino acids (Ka-
linovskiy & Podoprigora, 1987). The recovery of
the cows was recorded and, in this case, treat-
ment was stopped. If it was necessary to contin-
ue therapy, the drug was re-administered at the
specified dose. At the end of the experiment, the
proportion of cows in each group that recovered
and the average frequency of drug administra-
tion to obtain a positive result were determined.
In order to study the effect of the probiotic with

lactic acid bacteria on the total bacterial con-
tamination of the uterine from 7 to 30 days after
calving, 14 cows were selected, of which 6 were
healthy and 8 were sick with endometritis. The
diagnosis of endometritis was confirmed after
clinical examination by determining the reac-
tion of uterine mucus to sulphur-containing
amino acids (Kalinovskiy & Podoprigora, 1987).
Uterine mucus was collected with a Korczak
spoon in compliance with the rules of asepsis.
A sterile vaginal mirror was used to prevent
contact between the instrument and other parts
of the animal’s body. At the same time, mucus
samples were taken for bacteriological analysis.
On the same day, 300 billion cells of lactic acid
bacteria in the form of a suspension in 100 cm?
of sterile sodium chloride solution were injected
into the uterus of cows using a catheter for rec-
tocervical insemination attached to a Janet sy-
ringe. Bacteriological studies of uterine mucus
were carried out by the method of sowing in the
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Boryspil District State Laboratory of Veterinary
Medicine (Boryspil, Kyiv region, Ukraine). They
determined the total level of bacterial contami-
nation and identified the presence of lactic acid
bacteria. According to the degree of bacterial

contamination, 5 classes were determined (Ta-
ble 2). The samples were taken again 6 days after
the probiotic administration. Bacterial contami-
nation was determined in the samples and lactic
acid bacteria were identified.

Table 2. Classification of samples by the level of bacterial contamination

Bacterial contamination level, thousand

Class colony forming units per 1 cm® Degree of bacterial contamination
1 0 sterile
2 1-100 insignificant
3 101-2,000 weak
4 2,001-50,000 average
5 over 50,000 strong

Note: gradation of bacterial contamination in bacteriological examination reports

Source: developed by the authors

The biological effect of the investigational
medicinal product on bull sperm was studied
in the laboratory of beef cattle reproduction at
the M.V. Zubets Institute of Animal Breeding
and Genetics. Frozen bull semen in pellets was
thawed in 1 cm? of 2.9% sodium citrate solution
and added to tubes with different concentra-
tions of lactic acid bacteria. The concentration
of lactic acid bacteria in the test samples was 3,
2, 1 and 0.5 billion per 1 cm® The medicine was
dissolved in sodium citrate at the specified con-
centration and then 1 cm?® of the solution was
mixed with dissolved semen. Thawed sperm
was used as a control. A 1 cm3 solution of sodi-
um citrate was added to the control.

The samples were kept in a thermostat for
5 hours. The temperature of the thermostat was
38 °C. Sperm survival was assessed by motility
(the number of live cells with straightforward
motion in points, on a 10-point scale). Sperm
motility was assessed before incubation and
every one hour using a Biolam microscope at
200x magnification.

The effectiveness of the use of the probi-
otic for the treatment of endometritis was as-
sessed by the percentage of recovered cows and
the average number of injections of the pro-
biotic suspension to obtain a positive result.

Animal Science and Food Technology. 2025. Vol. 16, No. 3

The bacterial contamination of uterine mucus
from healthy and endometritic cows before and
after administration of the probiotic was deter-
mined by sowing the samples on meat-peptone
agar, followed by incubation at an average tem-
perature of 37 °C for 24-48 hours and counting
the number of colonies. When assessing the
survival of sperm in the medium with lactic
acid bacteria, the incubation time was estimat-
ed and the number of sperm with straightfor-
ward motion was counted.

Results and Discussion
After injecting a probiotic with a culture of Lac-
tobacillus acidophilus bacteria into the uterine
cavity of cows suffering from endometritis, it
was expected that due to its antagonistic ef-
fect, the pathogenic microflora should be sup-
pressed, which eventually contribute to the
cows’ recovery. Since the medicine is intended
to normalise the intestinal microflora, it was
not known whether it would have a similar pos-
itive effect when administered into the uterine
cavity. There was also not clear how effective it
will be on different severities of endometritis.
A positive result of the treatment of cow endo-
metritis with the probiotic was obtained 6 days
after the first administration (Table 3).
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Table 3. Efficiency of treatment of cow endometritis with use of the probiotic

Group of cows according to the severity of endometritis

Indicator

1 2 3 4
Number of cows selected into the group, heads 6 4 2 8
Recovered cows after the probiotic 6 4 9 6
injection from 1 to 3 times, heads
-/ --% 100 100 100 73
Average amount of administrations before recover 1.0 1.5 1.5 2.6

Source: developed by the authors

In the first group, with subclinical endome-
tritis, 6 days after the first administration of the
suspension, recovering of all cows was confirmed.
Also, recovery of some cows was observed after
the first administration in groups 2 and 3. After
three injections of the lactic acid bacteria sus-
pension into the uterine cavity, 18 out of 20 cows
recovered. The overall positive result of the treat-
ment was 90%. For the majority of cows, one or
two doses of the probiotic lead to recovery, and
the treatment effectiveness for cows with subclin-
ical, mild and severe endometritis was 100%. The
exception was the cows in group 4 (with morpho-
logical changes in the uterus). In this group, up to
3 injections of the drug were required to ensure
a positive result, and the treatment effectiveness

reached 73%. Intrauterine administration of the
medicine is in fact a direct contamination with
lactic acid bacteria and it affects the balance of
microflora. The task was to investigate how the
number of bacteria in the uterine mucus of cows
was changed after the administration of the pro-
biotic. In particular, the authors were interested in
how the drug affects the uterine environment not
only in cows with endometritis but also in healthy
cows. It was also necessary to study whether, af-
ter a single administration of the probiotic, lactic
acid bacteria will stay (colonised) in the uterus. In
two groups of cows, one of which included clini-
cally healthy cows and the other cows diagnosed
with endometritis, the total bacterial contamina-
tion of uterine mucus was studied (Table 4).

Table 4. Effect of intrauterine administration of the drug
on the total bacterial contamination of uterine mucus

Class by bacterial contamination

The presence of lactic acid bacteria

Clinical Inventory
state of the number of
cow the cow

prior to the
administration
of the probiotic

after the
administration
of the probiotic

prior to the after the
administration administration
of the probiotic  of the probiotic

2997 2

2928

1
Healthy 009

|+

1169

0240

3139

0285

2739

1
W]+ + ]+

1004

2866

Endometritis 2503

2759

NN NG N N N IO VY S O TSR R N

2832

DNIN NN (NN NN NN NN
I

1
W W ||+

2916 4

+

2 -

“«,»

Note: “-” lactic acid bacteria are not detected; “+” lactic acid bacteria are detected in minor number; “+” clearly

determined presence of lactic acid bacteria
Source: developed by the authors
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Prior to the administration of a suspension
of lactic acid bacteria into the uterine cavity in
clinically healthy cows, the bacterial contami-
nation of uterine mucus was at the level of the
2" and 3 classes, which corresponds to up to
100 or up to 2,000 thousand colony-forming
units per 1 cm®. Lactic acid bacteria were de-
tected in the selected samples. In cows with en-
dometritis, the bacterial contamination of uter-
ine mucus was much higher and corresponded
to the 4™ class of contamination (from 2,000
to 5,000 thousand colony-forming units per 1
c¢m’). Lactic acid bacteria were not detected in
the uterine mucus samples taken in this group.

The administration of a suspension made
from the probiotic helped to stabilise the total
bacterial contamination of uterine mucus in
both groups of cows. 6 days after the admin-
istration of the probiotic with lactic acid bac-
teria into the uterus of cows, the total level of
bacterial contamination of uterine mucus of all
cows corresponded to the second class (up to

100 thousand colony-forming units per 1 cm?).
Lactic acid bacteria were found in the bacteri-
al cultures of all animals, indicating that they
colonised the uterus. Within the groups, in 50%
of healthy cows and in 25% of cows with diag-
nosed endometritis, lactic acid bacteria were
clearly detected in large numbers.

The microflora of the uterus of healthy
cows, before the administration of the probiotic,
did not include lactic acid bacteria. Since the an-
tagonistic activity of the bacteria included in the
probiotic caused by the synthesis of L-lactic acid,
it was assumed that changes in the microbiome
and the appearance of Lactobacillus acidophilus
in it could lead to changes in the intrauterine
environment. Changes in the uterus can affect
the fertility of cows due to the influence of lactic
acid bacteria on bull sperm. The survival of bull
sperm during incubation in semen solvents with
the addition of lactic acid bacteria and compari-
son with the control without lactic acid bacteria
was studied in laboratory conditions (Table 5).

Table 5. Motility (points) of bull sperm during incubation in medium with lactic acid bacteria

Concentration of lactic acid bacteria, billion/cm?

Incubation hours Control 3 2 1 03
0 4.5 4.1 4.1 4.1 4.0
1 4.5 D 0.5 2.5 3.9
2 2.5 D D 3.8
3 2.5 D
4 1.0
5 D

Note: D — death of all sperms
Source: developed by the authors

At the beginning of incubation, the control
sample at 4.5 points in terms of the number of
live sperm with straightforward movement was
evaluated. During the first hour of incubation,
no significant changes were detected. A de-
crease in the number of live sperm in the con-
trol group was observed after 2 hours of incuba-
tion. After 5 hours, no live sperm were detected.

Rapid changes in sperm motility were
noticed in the experimental samples. The ad-
dition of lactic acid bacteria to the tubes for
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incubating thawed bull semen immediately led
to a decrease in the number of live spermato-
zoa by 0.4-0.5 points compared to the control. A
decrease in the number of sperm with straight-
forward motion was observed in all experimen-
tal samples, regardless of the concentration of
lactic acid bacteria. During further incubation
in a thermostat, the survival of germ cells was
affected by the concentration of lactic acid bac-
teria. In the sample with a concentration of 3
billion/cm?® of lactic acid bacteria, no live sperm
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were detected after one hour of incubation. At
concentrations of lactic acid bacteria of 2 and
1 billion/cm?®, the death of all sperm was ob-
served at the second hour of incubation, while
in the sample with a concentration of lactic acid
bacteria of 0.5 billion/cm?, sperm activity was
completely lost after two hours of incubation.
The rate of change in sperm motility in the ex-
perimental samples was inversely proportional
to the concentration of lactic acid bacteria.

The results confirmed the possible risks of
bull sperm death under the influence of lactic
acid bacteria that colonised in the uterine envi-
ronment. However, during the experiment, the
number of lactic acid bacteria was in a thera-
peutic dose and significantly (in the smallest
sample, more than 5,000 times) exceeded the
number of microorganisms in the uterus of
cows, which was detected 6 days after the ad-
ministration of the drug. Since a decrease in the
concentration of lactic acid bacteria is associat-
ed with a prolongation of sperm survival during
incubation, the negative impact of the probiotic
on fertilisation of treated and recovered cows is
likely to be negligible.

Traditional treatment of bovine endome-
tritis is complicated by the emergence of an-
tibiotic resistance of common pathogens. In
particular, the analysis of E. coli, isolated from
endometritis of cows revealed its resistance to
most antibiotics, so effective treatment of an-
imals required the use of new complex drugs
(Shafique et al., 2021; Karatieieva et al., 2024).
The use of probiotics for therapeutic purposes
allows to avoid further development of path-
ogen resistance to antimicrobial drugs. In the
current study, the probiotic with Lactobacillus
acidophilus was highly effective. Recovery was
observed in 100% of cows in case of disease
without morphological changes in the uterus
and at the level of 73% among cows with mor-
phological changes in the uterus. The poten-
tial of using lactic acid bacteria for the health
of the genital organs of cows is of interest in
dairy farming. In particular, it was found by S.

Peter et al. (2018) that Lactobacillus buchneri
had a positive effect on the health of the uter-
us, which led to an improvement in the repro-
ductive function of cows. And the presence of
Lactobacillus acidophilus in vaginal samples led
to the suppression of a number of pathogens
(Staphylococcus spp., Pseudomonas spp., Kocu-
rea spp. and Granulicatella spp.), according to L.
Khamees et al. (2022). The practice of using lac-
tic acid bacteria can be an effective alternative
to antimicrobials, but there are certain caveats.
In experiments on the uterine microbiota con-
ducted by M. Wang et al. (2018), Lactobacillus
and Acinetobacter were found in dairy cows with
subclinical endometritis. The probiotic “Bo-
vilact” is advisable to use for the treatment of
cows with endometritis, it can replace antimi-
crobial drugs, both in conventional and organic
livestock, but the study of uterine microbiomes
of cows with the inclusion of Lactobacillus aci-
dophilus should be continued.

The use of lactic acid bacteria for the treat-
ment of bovine endometritis directly affects
other uterine bacteria. There are research re-
sults in the literature that indicate the inhi-
bition of certain pathogenic cultures by lactic
acid bacteria (Peter et al., 2018). There are also
reports of differences in the uterine microbi-
omes of healthy cows and cows with clinical
and subclinical endometritis. As stated by R.
Paiano et al. (2022), healthy cows have a greater
diversity of bacterials, and endometritis diseas-
es significantly reduces it. In modern studies,
less attention is paid to changes in the total
bacterial colonisation of uterine mucus and the
effect of individual bacteria on this indicator.
The authors of the current study have found
that intrauterine administration of a probiotic
with Lactobacillus acidophilus led to stabilisa-
tion of the total number of bacteria in uterine
mucus. In healthy cows, as well as in the case
of endometritis, the total bacterial colonisation
after 6 days did not exceed 100 thousand colo-
ny-forming units per 1 cm® and in some cows
causes its significant decrease.
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It was not possible to evaluate the effect
of probiotics with Lactobacillus acidophilus on
the number of bacteria in the uterine mucus of
cows. But there is more information about the
effect of such probiotics on the intestinal micro-
flora. In particular, the inclusion of Lactobacil-
lus acidophilus in cat food led to decrease in the
total number of anaerobes in the faeces and to
significant decrease in certain groups of micro-
organisms. Also, a tendency to a slight decrease
in pH and restoration of the typical microbiome
after the end of probiotic administration was
observed (Marshall-Jones et al., 2006). Earlier
studies on humans by A. Lidbeck et al. (1987)
also showed changes in the total number of
bacteria in the intestines and oropharynx and
a decrease in the number of E. coli during pro-
biotic administration. These studies revealed a
decrease in the number of Lactobacillus acido-
philus after the end of the probiotic administra-
tion to the initial level.

Thus, the changes caused by the probiotic
after injection into the uterine cavity led to in-
hibition of pathogenic microflora and normali-
sation of the number of bacteria in mucus at the
level typical for healthy cows. This had a thera-
peutic effect on endometritis and did not affect
negatively healthy cows. The presence of lactic
acid bacteria in the uterine mucus 6 days after
administration of the probiotic was probably a
temporary phenomenon and will not affect the
reproductive use of cows.

Endometritis is often observed at the end
of the voluntary waiting period. The clinical en-
dometritis reduces the efficiency of cow fertil-
isation using artificial insemination, although
no correlation between cow fertilisation and
the presence of certain bacterial species has
been found (Ballas et al., 2021). The absence of
a confirmed effect of bacteria on cow fertility
does not mean that the use of a probiotic with
Lactobacillus acidophilus will not have negative
consequences. The risks that may arise are di-
rectly related to the effect of lactobacilli on the
viability of germ cells. In the current study, no

Animal Science and Food Technology. 2025. Vol. 16, No. 3

lactic acid bacteria were observed in the uterine
microflora of clinically healthy cows and cows
with endometritis. Thus, Lactobacillus acidophi-
lus is not a typical representative of the uter-
ine microbiome, so their presence, due to the
influence on the pH of uterus and because of
other factors, can negatively affect the fertilisa-
tion of cows due to sperm death. In particular, a
decrease in pH in the uterus as a possible cause
of lowering of fertility in cows during high ni-
trogen concentrations in the blood plasma was
reported by M. Rhoads et al. (2004). According
to S. Hugentobler et al. (2004), in cattle, the pH
of the oviducts was 7.60 and the uterus — 6.96
and remained stable regardless of the day of the
cycle. Optimal level of pH for maintaining the
vital activity of sperm is 7...7.5, but changes be-
low 6.5 and above 8 leads to a deterioration in
most parameters (Contri et al., 2013). Since the
use of “Bovilact” causes lowering of pH, there
are risks to the viability of sperm introduced
into the uterus during insemination.

There are few data in the literature on the
interaction of Lactobacillus acidophilus with bull
sperm, although there is information on the in-
teraction with other bacteria of the genus Lacto-
bacillus. In particular, the addition of a probiotic
containing Lactobacillus crispatus, Lactobacillus
gasseri and Lactobacillus brevis to diluted bull
semen is recommended as a means of inhibit-
ing Mycoplasma bovis and reducing the risk of
its transmission during artificial insemination
(Garcia-Galan et al., 2020). This study found that
after 15 hours of incubation of diluted semen
with a bacterial concentration of 3.24...324 mil-
lion CFU, the pH decreased from 6.93 to 6.73, but
did not show how this affected sperm survival.
Another study by M. Lenicky et al. (2022) found
that short-term coincubation of dilute sperm
with L. curvatus and L. hilgardii had a beneficial
effect on sperm motility, mitochondrial activity,
and antioxidant properties. In the current study,
coincubation of thawed sperm in a medium with
a therapeutic concentration of Lactobacillus aci-
dophilus during the first two hours led to sperm




Ugnivenko et al.

19

death. It should be noted that the concentration
of bacteria in the incubation medium in this case
significantly exceeded the number of bacteria
registered in other studies, like the one by Z. Mo-
hammed et al. (2019), in which conclusions were
made. The decrease in the concentration of bac-
teria in the solution is associated with a length-
ening of the period during which the presence of
live sperm was observed. Due to the fact that the
therapeutic concentration of lactic acid bacteria
in the uterus after administration of the inves-
tigational probiotic did not last long, and after
6 days the total level of bacterial contamination
did not exceed 100 thousand CFU, per 1 cm3, the
authors of the current study believe that the risk
of sperm death due to the presence of lactoba-
cilli in the uterus is insignificant. Although the
fertility of cows treated for endometritis with the
probiotic requires additional analysis.

Conclusions

The use of probiotics with lactic acid bacteria
may be an option for alternative treatment of
cow endometritis. The introduction into the
uterine cavity of a suspension of the probiotic
based on the strain B-2691 Lactobacillus acido-
philus with a therapeutic concentration of 500
billion microbial cells allowed to effectively treat
clinical endometritis of mild and severe level. In
the case of severe endometritis with morpholog-
ical changes in the uterus, the effectiveness of
three times application of probiotic remained
high with the recovery rate of more than 70%.

The introduction of probiotics with lactic
acid bacteria into the uterine cavity allowed
to reduce the total number of bacteria in the

mucus of endometritis and clinically healthy
cows in 6 days and stabilise it at a level under
100 thousand CFU per 1 cm3. In 6 days after the
probiotic administration, lactic acid bacteria
were detected in the uterus, which indicates
their ability to remain viable in the intrauterine
environment for a certain period of time.

The presence of Lactobacillus acidophilus in
therapeutic concentration negative affected the
activity of sperm and the duration of time during
which they remain viable during joint incuba-
tion. So, insemination of cows during intrauter-
ine administration of the probiotic may not be
effective. It is advisable to inseminate cows after
complete recovery, 6 days after the last admin-
istration of the probiotic, when the total num-
ber of bacteria in the uterine mucus decreases
to the levels typical for clinically healthy cows.
In this case the risks of reducing the viability of
sperm during insemination is insignificant. Fur-
ther research should be directed to identifying
other cultures and strains of lactic acid bacteria
effective while treating the endometritis of cows.
Additionally, it is necessary to determine the op-
timal interval between the last introduction of
a suspension with live bacterial culture and the
admission of a cow for insemination.
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AHoTauisa. AKTyanbHOIO IPO6IeMOI0 € TIOUTYK aJbTePHATUBHUX METO/iB JiKyBaHHSI €eHIOMETPUTY
KODiB, 5IKi 6 He MaIu HeIOJMiKiB TPAAUIITHMX aHTUMIKPOOHUX TIpernapariB, 30KpeMa BUHMKHEHHS
pe3ucTeHTHUX (GopM 6GakTepiit Ta 06MeKEHHS CIIOKMBAaHHS MOJIOKA. MeTOW MOCTimKeHHST Oy/10
BU3HAUUTM MOXIMBICTb JIIKYBaHHSI €HIOMETPUTY CYCIIEH3i€l0 TPO6iOTHKA, MO CKIAAy SIKOTO
BXOmMUTh ITaM B-2691 Lactobacillus acidophilus. KopoBam ykpaiHchbKoi YOpHO-Psi60i MOIOYHOL
[I0pOAM 3 MiATBepIKeHUMM eHIOMeTPUTOM BBOAWIM B IOPOKHMHY MaTKM CyCIIeH3ilo Ipenapary
(500 mipg, MiKpOGHMX KITITMH MOTOYHOKMCINX 6akTepiit y 100 cm®) Bif 1 1o 3 pasiB 3 iHTepBanioM
6 11i6. 3arasbHa eeKTUBHICTD JTiKyBaHHS KOPiB YCiX TPYI /sl TPMKPATHOTO BBEIEHHS ITpernapaTy
cranoBmia 90 %. Criocrepirasmocst 100 % omyskaHHSI KOpiB i3 CyOKIiHIYHMM, JIETKMM Ta BaXKKUM
KJIIHIYHMM €HIOMETPUTOM, a TaKoX 73 % omyKaHHSI KOpiB i3 mMopdonoriunumMu smiHamMu B
Martii. BHyTpintHb0oyTpo6GHE BBeAeHHS mpenapary (300 mipa kiaituH Ha 100 cm® disionoriuHoro
PO3UMHY) TPU3BOAWIO A0 cTabinmizanii KigbkocTi 6GakTepiit y mMaTkoBoMy cimu3y. Ha miocty
06y TIic/ast BBeIEHHS KiJIbKicTh 6aKTepiii y MAaTKOBOMY CIM3y XBOPMX Ha €HIOMETPUT i JesKux
KJIiIHIYHO 30pOBMX KOPiB 3MeHIIyBajaach, TOMY y BCiX TBapuH BOHa He mepeBuiyBana 100 tuc.
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KOJIOHIEyTBOPIOIOUMX OAMHMUIIL HAa 1 cM>. YV BCiX KOpiB BUSIBJIEHO HASBHICTh MOJIOYHOKVC/INX
6akTepiii. TepaneBTuuHi KoHIeHTpaii Lactobacillus acidophilus Big 0,5 mo 3 Miipa/cm® HEraTUBHO
BIUIMBAIM Ha aKTMBHICTh criepMu Oyras mim yac iHky6aiii B Tepmocrari. [Ipy MakcuMalbHiit
KOHIIeHTpaIlii TaKTo6aKTepiit 3arubenpb crepMaTo30ifiB BigOyBanacst BIPOOBXK MePIIOi TOAVHA
iHKy0alii, a mpu MiHiMasbHi KOHIIEHTPAIlii — BPOAOB3K ABOX FOAMH. Y KOHTPOIbHOMY 3Pa3Ky JKUBi
criepmMaTo30iny 6yiu BUsIB/IeHi micis 4 rogyH iHky6arrii. [Ipo6ioTuk O1iIbHO BUKOPUCTOBYBATHM SIK
aJbTePHATUBHUI METOJ JIIKyBaHHS Ta MPOQiakTVKM eHIOMETPUTY KOPiB, ajne yepe3 HeraTUBHMIL
BIUIMB TeparieBTUUHMUX KOHIeHTpauiil Lactobacillus acidophilus Ha BVKMBaHHS CIIEpMaTO30i/1iB
OCiMEeHiHHS CJIif TTPOBOOMTM He paHille HiX uepe3 6 NHIB ITiCIAs BBeHEHHS Ipernapary, KOl
MiATBEPIKYETbCST 3HVKEHHST KiJTbKOCTi 6aKTepiit B MaTKOBOI CIM3y

KmiouoBi cimoBa: Benuka porata xygob6a; Lactobacillus acidophilus; MaTKOBUIt C/TU3; aKTUBHICTh
CIIepMaToO30i/iB; KOJIOHIEYTBOPIOIOYi OAVHMII
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Abstract. The fatty acid composition of milk from healthy animals is relatively stable and within
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The study was conducted to determine the effect of an organic feed mixture made on the basis of
humic acids on the mass fraction of fat in cow milk and its fatty acid composition. An organic feed
mixture made on the basis of humic acids was included in the diet of cows (dosage: 20 g/100 kg of
body weight). Milk samples (volume 500 cm® each) were taken from cows of the experimental (n=20)
and control (n=20) groups at the beginning of the experiment and on the 65" day after the mixture
was applied. 21 fatty acids were identified and quantified by gas chromatography. It was found that
the mass fraction of fat in the milk of cows in the experimental group increased (at p<0.05) 65 days
after the modification of the diet, which may be the result of better assimilation of feed ingredients
under the influence of humic acids. An increase in long-chain fatty acids was noted: myristic
(C14:0) and palmitic (C16:0), but these changes were not statistically significant. An increase in
heptadecanoic (C17:0) at p<0.01 and stearic (C18:0) at p<0.05 fatty acids was found. Long-chain
fatty acids are synthesised by the absorption of circulating fatty acids, dietary fats absorbed from
the digestive tract, and non-esterified fatty acids (NEFA) from mobilised fat stores. The synthesis of
heptadecanoic acid (C17:0) is carried out by the bacterial microflora of the rumen, which indicates
an increase in the number of bacteria under the influence of humic acids. The change in the
isomeric composition of unsaturated fatty acids in milk occurred due to octadecene (elaidic) acid
(C18:1) (trans-9), and a tendency to increase the intermediate products of rumen hydrogenation —
linoleic acid C18:2 (cis-9:12) was also noted. The biological value of milk fat is characterised by the
saturation coefficient, which is determined by the ratio of saturated fatty acids to unsaturated. The
saturation coefficient of milk of the experimental and control groups did not significantly differ

Keywords: mass fraction of fat; saturated short-chain fatty acids; unsaturated long-chain fatty
acids; humic acids

Introduction

In 2020-2025, more and more attention is paid
to the study of the composition and properties
of lipids in food products. Fats are the main
source of energy, perform a structural func-
tion, and are also the main components of
cell membranes, ensuring their flexibility and
integrity. Fats are also factors in the absorp-
tion of vitamins E, A, K, and D, which provide
the physiological needs of the body (Comer-
ford et al., 2021; Teter et al., 2023). According
to data from Y. Hou et al. (2023) and W. Lou et
al. (2024), fats, including milk fat, play a role
in thermoregulation, helping to maintain op-
timal body temperature in animals. In turn, V.
Sadvari et al. (2024) and B. Paszczyk & E. Tons-
ka (2025) argue that milk and dairy products,
due to the balance of components necessary for
the body, play an important role in a healthy
daily diet of people. In addition to proteins,
carbohydrates, vitamins and minerals, milk
contains milk fat. The fat present in milk has
a unique property, as it contains about 400

different fatty acids, which makes it the most
complex of all natural fats (Sadvari et al., 2025).

Milk fatty acids are synthesised from two
sources: feed and the result of microbial activ-
ity that occurs in the rumen of cows. Lipids in
cow’s milk are mainly present in globules in
the form of an “oil-in-water” emulsion (Kho-
lif et al., 2021). The fatty acid content of milk
is a reliable indicator of its quality. The change
in this parameter depends on various factors
that must be taken into account when imple-
menting methods for adjusting the fatty acid
composition of milk (Iakubchak et al., 2024).
I. Hryshchuk et al. (2022) studied the effect of
different types of nervous activity on the con-
tent of saturated fatty acids. In the study of
blood plasma, it was found that caproic acid
in the normotonic group of cows (1.19+0.01)
was 0.15% lower compared to blood plasma
taken from cows with a sympathotonic nervous
system (p €0.01) and 0.15% higher compared
to vagotonic cows (p <0.001). The content of
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caprylic acid was 0.28% higher in normoton-
ics (1.19 £0.05) compared to sympathotonics
(p<0.001). The content of lauric acid in normo-
tonics (0.54 £0.03) is higher than in vagotonics
by 0.13% (p<0.01), and the content of myristic
acid is lower in normotonics (2.62 = 0.08), com-
pared to sympathotonics by 0.30% (p < 0.001).
As for the content of palmitic acid, it is 2.95%
lower in normotonics (17.59 + 0.46), compared
to vagotonics (p < 0.001). At the same time, the
content of arachidic acid is lower in normotonic
cows (0.21%+0.01), compared to sympathotonics
by 0.08% (p <0.001). Cows with a normotonic
type of nervous system are characterised by the
highest content of saturated fatty acids in blood
plasma: capric (1.19+0.05), lauric (0.54 +0.03),
and the lowest — myristic (2.62 *0.08) and ara-
chidic (0.21+0.01). The blood plasma of sym-
pathotonic cows is characterised by the highest
content of the following saturated fatty acids:
caproic (1.18 +0.04), myristic (2.92 +0.03) and
arachidic (0.29 #0.01), and the blood plasma
of vagotonic cows contains the lowest content
of the following saturated fatty acids: capro-
ic (0.88 +0.01), capric (0.82 =0.3) and lauric
(0.41 £0.01). Therefore, the tone of the auto-
nomic nervous system of cows is characterised
by an indirect role in the metabolism of satu-
rated fatty acids in blood plasma.

This study aimed to determine the fatty
acid composition of cow milk fat under the in-
fluence of humic acids.

Literature Review
Fats in the body play an important role as an
energy and plastic material, and therefore their
research by many scientists has been relevant
for the past decades. Deficiency of fats in the
diet leads to complex pathological consequenc-
es, which are accompanied by nervous disor-
ders, decreased immunity and, as a result, the
quality of life deteriorates and the natural life
expectancy is reduced. As M. Markiewicz-Keszy-
cka et al. (2013) noted, the mentioned processes
are associated with lipid metabolism disorders.
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J.Micinski et al. (2012) found that short- and me-
dium-chain fatty acids (C4:0, C6:0, C8:0, C10:0),
which are present in milk, are oxidised in the
liver to acetyl-CoA and do not affect the activ-
ity of low-density lipoprotein receptors. They
do not increase the level of lipids in the blood,
and therefore do not pose a threat to the devel-
opment of obesity and cardiovascular diseases.

Milk from healthy cows is characterised
by a relatively constant content of fatty acids,
which are within natural physiological limits
(Gomez-Cortés et al., 2018). Although J. Ruiz et
al. (2016) note that some fluctuations in the
content of individual fatty acids may occur
when the animal’s diet changes. Thus, the con-
centration of lactate (p<0.05) in cows that had
protein feed (soybean) in the diet decreased by
18%. The mass fraction of butyric acid in the
milk of cows increased when the buffer mixture
was added to the diet, and the content of ac-
ids such as 18:1, 18:2, 18:3 and 20:4 (p<0.05-
0.01) decreased. When fat was added to the diet,
the proportion of fatty acids such as linoleic
(cis-9,12 18:2) (p <0.05) and oleic (cis-9 18:1)
increased in milk. When feeding both diets
(p < 0.05), the buffer feed additive reduced the
content of oleic and linoleic acids. In the case
of feeding soybeans to cows instead of soybean
meal, an increase in the content of the sum of
trans-isomers of unsaturated fatty acids in milk
(p <0.001) was found by 1.7 times. Moreover,
feeding cows additionally with a buffer mixture
reduced the content of these acids (p<0.05) in
milk (Hultyayeva et al., 2017).

Researchers A. Kholif et al. (2021) claim that
adding a feed supplement containing humic ac-
ids to the diet of dairy cows affects the content
of the main components of milk and changes the
fatty acid profile. A. Teter et al. (2021) found that
adding humic acids to the diet of cows in com-
bination with mineral supplements increases
the mass fraction of fat in milk and enhances its
cheese-making properties. The ability of humic
acids to change the composition of the intesti-
nal microflora of cows has been scientifically
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proven, and this, in turn, improves the digestibil-
ity of feed nutrients. And as a result, the fat con-
tent increases, and the chemical composition of
milk improves (Potickova & Kourimska, 2017).

It should be noted that humic compounds
are formed as a result of the decomposition of
plant and animal residues in the soil and are
widely used in agronomy (Alsudays et al., 2024).
According to N. Strzatkowska et al. (2009), they
are a source of fulvic and humic acids, as well
as minerals. Humic acids have multidirectional
properties, including anti-inflammatory, an-
tibacterial, antiviral and immunomodulatory
effects, and also reduce oxidative stress (Abo-
Zeid et al., 2017; Hassan et al., 2020). Scientists
Y. Kansagara et al. (2022) experimentally proved
that humic acids stabilise the digestion of nu-
trients. N. El-Zaiat et al. (2018) also reported
that the administration of humic acids resulted
in an increase in both the fat and protein con-
tent of milk. In animals that received humic
acids in the diet, the content of total protein,
globulin and glucose in the blood increased.

Modern results of scientific research con-
ducted by S. Malyugina & P. Horky (2024) indi-
cate that humic acids, as a natural feed additive
for ruminants, play an important role in nitro-
gen metabolism and stabilisation of protozoa
without a negative impact on rumen fermenta-
tion. Feed additives of humic nature (potassium
humate) are used in cow feeding rations. This
activates metabolic processes in the animal
body (Angeles et al., 2022; Begma et al., 2024).
M. Potlickovd & L. Kourimskd (2017) when
feeding dairy cows humic substances revealed
a significant increase in the content of crude
protein, pure protein and casein in milk. In the
studies conducted by A. Teter et al. (2021) note
that adding a humic-mineral feed supplement
to the diet of cows increased the fat content in
milk and improved the properties of milk for
cheese production. Thus, the current task is to
conduct a study of the effect of the used supple-
ment containing humic acids on the nutritional
value of milk fat in raw milk.

Materials and Methods

The study was conducted during the au-
tumn-winter period of 2022-2024 at the dairy
farm “Kolosok” in the village of Kozhenyky,
Bila Tserkva district, Kyiv region, Ukraine, on
black-and-white cows, which were kept loose
in a two-row cowshed that accommodates 100
cows (7.5 m? per 1 cow). All cows had free ac-
cess to water, which they consumed ad libitum.
The cows were fed a mixed diet. The main diet
consisted of corn silage (63%), haylage (30%),
rapeseed meal (1.8%), mixed feed (39% pro-
tein), soybean meal (2.1%), straw (0.6%) and
tricalcium phosphate (0.2%). Forty cows were
preliminarily selected from the herd between
the 30" and 120" day of the I or II lactation (av-
erage 68 days). This period is characterised by
the highest lactation. The average body weight
of the cows was 554+47 kg, and the daily milk
yield was 25.68 # 3.12 kg. Milking was carried
out twice a day, at 6:00 am and 6:00 pm.

Cows were divided into two groups: exper-
imental (n=20) and control (n=20) according
to the principle of groups-analogues. Animals
of the experimental and control groups were
kept in different cowsheds on the same type of
diet with ensuring their well-being. Cows of the
experimental group were controlled to add an
organic feed mixture containing 65% humic ac-
ids in terms of dry matter (based on 20g/100 kg
of body weight) to the main diet. The dosage
was experimental; it was calculated taking into
account the diet and productivity of cows. Or-
ganic feed additive is a complex of biologically
active substances of natural origin, made from
natural raw materials (peat, restructured wa-
ter, leonardite). It is a liquid dark brown mix-
ture with a weak specific odour, which contains
44.4 humic acids and 24.2% fulvic acids with
other ingredients. The feed additive was stored
in a sealed package at a temperature of 2°C to
16°C, avoiding freezing and direct sunlight. The
manufacturer of the product is the company
“Greenat Ecology”, Bila Tserkva. The duration
of the experiment was 65 days.
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At the beginning of the experiment and af-
ter its completion, milk for the study was col-
lected during morning milking in accordance
with DSTU 3662:2018 (2019). An average sam-
ple of freshly milked milk was used for the study
and was examined within 2 hours after milking.
The fat content in milk was determined in ac-
cordance with DSTU ISO 488:2007 (2009). The
determination of the fatty acid content in milk
was carried out by gas chromatography after fat
separation according to the method described
in DSTU ISO 1211:2002 (2003). To determine
the fatty acid composition of the obtained milk
fat, its methylation was carried out according
to DSTU ISO 5509-2002 (2003). The saturation
coefficient of milk was also determined as the
ratio of the sum of saturated fatty acids to the
sum of unsaturated fatty acids.

Fatty acids were determined in the food
laboratory of the State Enterprise “Kyivoblstan-
dartmetrology” on a GC-2010 gas chromato-
graph (Shimadzu, Japan), equipped with a flame
ionisation detector (FID) and a separate sample
introduction system (ratio 1:30). Peak separa-
tion was performed on a capillary chromato-
graphic column, 30 m long and 0.32 mm internal
diameter, 0.25 pym film (Omegawax model — 320,
Supelco Co., EUA). Chromatography tempera-
ture conditions: injector (280°C) and detector
(260°C). At the beginning of the analysis, the
thermostat temperature was 40°C for 3 min,

followed by programming at 2.5°C/min (from
41 to 180°C), and subsequently at 2.0°C/min
to 210°C, and the last temperature was main-
tained for 25 min. In this case, helium was used
as a carrier gas. To achieve a helium velocity of
25.0 cm/sec, the appropriate pressure was set in
the column. For identification and quantitative
determination of fatty acid peaks of control and
experimental milk samples, they were compared
with similar indicators of analytical standards.
Heptadecanoic acid (C17:0; Sigma Chemical
Co.) was used as an internal standard, added for
the purpose of quantitative calculation of fatty
acid composition. Studies on the determination
of fatty acid composition were carried out in 3
parallel tests. Xcalibur software (version 2.07)
was used to read the chromatograms. Analysis
of fatty acid content was performed according
to DSTU ISO 5508-2001 (2003). Statistical data
processing was performed using the Student’s
t-test. (at p<0.1; p<0.05; p<0.01). The exper-
imental studies were conducted in compliance
with the requirements of the European Con-
vention... (1986), as well as the Law of Ukraine
No. 3447-1V (2006).

Results and Discussion
The mass fraction of milk fat of cows in the ex-
perimental group increased with the addition
of an organic feed mixture made on the basis of
humic acids to the diet (Table 1).

Table 1. Milk fat content in cows following the administration of humic acids, %

Experimental scheme

Animal groups Beginning End
aM+m sLim Mm Lim
Control 3.3%£0.05 2.98-4.22 3.5+£0.24 3.05-3.81
Experimental 3.27+0.28 3.01-4.54 4.15£0.21** 3.24-5.16
Note: ** — p<0.05; *M £ m (M - arithmetic mean, m - standard error of the mean); *Lim - limits of fluctuations

of the indicator
Source: developed by the authors based on research

An increase in the mass fraction of fat in the

milk of cows in the experimental group (p<0.05)
was noted 65 days after the modification of the
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diet, namely, the introduction of humic acids
into the diet. The improvement in the syn-
thesis of milk fat may be the result of better
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assimilation of feed ingredients under the in-
fluence of humic acids. The increase in the fat
content in milk under the influence of humic
acids occurs due to their ability to change the
composition of the intestinal flora and, thus,
improve the use of feed nutrients, which posi-
tively affects the chemical composition of milk

(Mehmet & Songiil, 2021). Furthermore, the ad-
dition of humic acids to the diet of dairy cows
also affected the fatty acid profile and lipid
composition of milk. Palmitic and palmitic ac-
ids predominated in the milk fat of cows in the
experimental and control groups (16:0), stearic
(C18:0) and myristic (C14:0) fatty acids (Table 2).

Table 2. Fatty acid composition of cow’s milk under the influence of humic acids, %

Name indicators

Fatty acid code

Research results
research group  control group

Saturated fatty acids

Butyric acid C4:0 3.96+0.68 4.22%0.02
Caproic acid C6:0 2.21%0.13 2.35+0.1
Caprylic acid C8:0 1.19+0.01 1.28+0.15
Capric acid C10:0 2.41+0.32 2.78+%0.39
Lauric acid C12:0 2.86%0.45 3.20%0.54
Myristic acid C14:0 11.02+1.31 10.50+0.91
Pentadecanoic acid C15:0 1.05+0.12 1.37+0.35
Palmitic acid C16:0 31.12%2.5 30.69+1.57
Heptadecanoic acid C17:0 0.46+0.02" 0.22+0.01
Stearic acid C18:0 11.02+0.66 9.39+0.059
Arachidic acid C20:0 0.03+0.02 0.08+0.02
Behenic acid saturated C22:0 0.08+0.02 0.58+0.002
Monounsaturated fatty acids
Undecanoic acid C11:0 0.21%£0.02 0.36*0.04
Myristoleic acid Cl14:1 1.34£0.06 1.68+0.1
Palmitoleic acid Cl6:1 1.95%0.53 2.02+0.59
Heptadecenoic acid C17:1 1.02+0.59 0.93+0.04
Elaidic acid C18:1 (trans-9) 1.80+0.06 1.61+0.05
Oleic acid C18:1n9¢ 23.17+3.39 23.79%3.13
Polyunsaturated fatty acids
Linoleic acid C18:2 (cis-9:12) 2.36+0.06 2.20%0.02
Linolenic acid C18:3 (cis-9.12.15) 0.35%0.02 0.43+0.03
Linoelaidic acid C18:2 (trans-9:12) 0.36+0.02 0.32%0.01

Note: * - p<0.1; ** — p<0.05; *** - p<0.01
Source: developed by the authors based on research

Milk fat is characterised by a signifi-
cant mass fraction of saturated fatty acids.
Short-chain saturated fatty acids from C4:0 to
C10:0 in the milk of cows of the experimental
and control groups, respectively, on average
amounted to 9.8 and 10.6% of the total saturat-
ed fatty acids. A characteristic feature of milk
fat is the presence of butyric acid in milk. This
fatty acid is formed in milk by synthesis in the
epithelial cells of the udder from the products

of microbial fermentation of feed carbohy-
drates. According to the studies conducted, the
mass fraction of butyric acid (C4:0) in the milk
of cows of the experimental group ranged from
3.29 to 4.66%, and in the milk of the control
group — 3.95-4.05%. Long-chain fatty acids are
synthesised by the absorption of circulating
fatty acids from dietary fats absorbed from the
digestive tract and non-esterified fatty acids
(NEFA) from mobilised fat stores (Vaskova et
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al., 2011). In the milk of cows of the experi-
mental group, an increase in long-chain fatty
acids was noted: myristic (C14:0) and palmitic
(C16:0), but these changes were not statistically
significant. Along with this, the percentage of
heptadecanoic acid C17:0 (p<0.01) and stearic
acid C18:0 (p<0.05) increased.

The change in the isomeric composition of
unsaturated fatty acids in milk occurred due to

octadecenoic (elaidic) acid (C18:1), trans-9. In
addition, a tendency to increase the intermedi-
ate products of rumen hydrogenation - linoleic
acids C18:2 (cis-9:12). The saturation coefficient
of milk of the experimental and control groups
did not differ significantly (Table 3). The biologi-
cal value of milk fat is characterised by the satu-
ration coefficient, which is determined by the ra-
tio of saturated fatty acids to unsaturated ones.

Table 3. Ratio of fatty acid groups in cow’s milk with the use of humic acids (M*m, n=_20, in %)

No. Fatty acid groups Research group Control group
1 Saturated fatty acids 67.41+6.33 66.66+4.04
2 Unsaturated fatty acids 32.59+4.85 33.34+4.78
3 Saturation factor 2.07 1.99
4 Monounsaturated fatty acids 29.49+4.65 30.39+3.97
5 Polyunsaturated fatty acids 3.1%0.1 2.95+0.06

Source: developed by the authors based on research

R. Golubets et al. (2011) point out the reg-
ularity that with a decrease in the saturation
index, the proportion of unsaturated fatty acids
in milk increases. This is manifested in a more
pronounced taste and smell, a softer consisten-
cy of butter, and milk fat is more stable during
storage. In previous studies, O. Yakubchak et
al. (2023) found that when feeding dairy cows
a feed mixture containing 45% humic and 22%
fulvic acids, an increase in the cows’ milk pro-
ductivity (an increase in average daily milk
yield) and an increase in the mass fraction of
fat and protein in their milk were observed. At
the same time, R. Mylostyvyi et al. (2023) not-
ed that the fatty acid composition of milk can
be influenced by various factors, and the study
by O. Yakubchak et al. (2021) showed that the
organoleptic and physicochemical parameters
of raw milk change depending on the season.
In particular, in winter, the content of saturat-
ed fatty acids in milk increases, while in sum-
mer and autumn, the content of unsaturated
fatty acids increases, which is associated with
the presence of green mass and corn silage in
the diet of cows. This confirms the need for a
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comprehensive approach to assessing factors
affecting the fatty acid composition of milk.
The authors also indicate that the ratio of fatty
acids in the milk of cows characterises the level
of their feeding, and this confirms the feasibili-
ty of using feed additives to improve the quality
of dairy products.

The diverse fatty acid composition of
cow’s milk is also due to the rumen biohy-
drogenation of C18 unsaturated fatty acids of
feed lipids and the synthesis of fatty acids de
novo in breast tissue (Markiewicz-Keszycka et
al., 2013). The addition of humic acids to the
diet of dairy cows affected the change in the
fatty acid profile, namely, the increase in satu-
rated fatty acids: stearic acid (C18:0) at p<0.05
and heptadecanoic acid (C17:0) at p < 0.001.
Taking into account the fact that the synthe-
sis of heptadecanoic acid (C17:0) is carried
out by the bacterial microflora of the rumen,
it can be assumed that the number of bacteria
increases under the influence of humic acids.
Stearic acid, which belongs to long-chain fat-
ty acids, can be desaturated in the mammary
gland with the formation of the corresponding
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monounsaturated acids. Part of the saturated
fatty acids absorbed from the blood is convert-
ed into monounsaturated by A9-desaturase
of the mammary gland. The main substrates
of this enzyme are stearic (18:0) acid, which
is converted into the trans-9 isomer of C18:1
monounsaturated fatty acids.

Trans fatty acids are negatively perceived
by consumers, but it is necessary to distinguish
between trans fatty acids of natural origin and
those obtained industrially. In the milk of cows
in the experimental group, an increase in es-
sential polyunsaturated long-chain fatty acids
(linoleic and linoleic acid), which is important
for milk as a biologically complete food product.
Therefore, feeding dairy cows a feed additive
based on humic acids contributes to the change
not only of the main components of milk, but
also improves its fatty acid composition.

Conclusions
The conducted studies have shown a significant
effect of enriching the diet of dairy cows with
an organic feed additive based on humic acids
on milk quality indicators and its fatty acid
profile. It was experimentally established that
the use of this additive leads to a statistically
significant increase in the mass fraction of fat
in the milk of cows of the experimental group
(p<0.05) 65 days after diet modification. This
phenomenon is explained by the improvement
of the assimilation of feed ingredients under
the influence of humic acids, which are able to
change the composition of the intestinal mi-
croflora and optimise metabolic processes in
the animal body. Chromatographic analysis of
milk of dairy cows that received a feed additive
based on humic acids allowed the identification
of 21 fatty acids of different classes: 12 satu-
rated, 6 monounsaturated and 3 polyunsatu-
rated fatty acids. Particularly significant were
the changes in the profile of long-chain fatty
acids, namely a statistically significant increase
in the concentration of heptadecanoic acid
C17:0 (p<0.01) and stearic acid C18:0 (p<0.05).

At the same time, there was a tendency to in-
crease the content of myristic acid C14:0 and
palmitic (C16:0) acids, although these changes
did not reach statistical significance. Analysis
of the ratio of different groups of fatty acids
showed that the saturation coefficient of milk
between the experimental and control groups
did not differ significantly, being 2.07 and 1.99,
respectively. This indicates the preservation of
the biological value of milk fat when using the
studied supplement.

The results obtained are of important
practical importance for dairy farming, as they
demonstrate the possibility of targeted mod-
ification of the fatty acid composition of milk
by using natural biologically active substances.
This opens up prospects for the production of
dairy products with improved functional prop-
erties and increased biological value. In the
context of further research, it seems appropri-
ate to comprehensively study the dynamics of
changes not only in the fatty acid composition,
but also in the amino acid composition of milk
with long-term use of feed additives based on
humic acids. Promising directions also include
the study of the effect of different concentra-
tions and compositions of humic compounds
on the metabolism of the mammary gland, the
study of seasonal variability in the effectiveness
of the additive, as well as the assessment of the
economic feasibility of its use in different sys-
tems of keeping and feeding dairy cows. Addi-
tionally, it is relevant to study the effect of such
additives on the organoleptic properties of milk
and its technological suitability for processing
into various types of dairy products.
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AHoranist. )KYpHOKMUCIOTHMIT CKIa, MOJIOKA 3L0POBUX TBapUH € BiTHOCHO CTAIMM i 3HaXOLUTHCS
y BiIMOBiZHMX MeXXax. 30araueHHs] palioHy HiffHMX KOpiB CYMILIIII0 Ha OCHOBi OpraHiYHUX
KOMITOHEHTIB 3 10laBaHHSIM I'yMiHOBUX KMCIOT MOKe BIUIMBATH Ha BMiCT OCHOBHMX KOMIIOHEHTiB
MOJIOKA Ta 3MIiHIOBAaTM MOr0 >KMPHOKMCJIOTHUI CKaamd. JOoCTiIkeHHS IIPOBEIEHO 3 METOI0
BU3HAUYEHHS BIUIMBY OpPTaHiuHOi KOPMOBOi CyMillli, BUTOTOBJIEHOI HA OCHOBi TYMiHOBMX KUCJIOT,
Ha MaCOBY YacTKy XMPY B MOJIOIi KOPiB Ta J10r0 KMPHOKUCIOTHMIT cKiaz. 1o parioHy KopiB 6yio
BKJIIOUEHO OPraHiuHy KOPMOBY CyMilll, BUTOTOBJIEHY Ha OCHOBi I'yMiHOBMX KUCIOT (IO3YBaHHS:
20 1/100 xr macu Tina). 3pasku mMonoka (o6'emom mo 500 cm®) BimGupanu Bim KopiB JocaimHOi
(n=20) Ta KOHTPOABHOI (n =20) IPyn Ha MOYATKY JOCIILY Ta Ha 65-i AeHb Micjis 3aCTOCYBaHHS
cyMimri. Metogom rasoBoi xpomarorpadii imeHTndikoBaHO Ta KiTbKiCHO BM3HAYEHO 21 SKUPHY
KUCI0TY. BcTaHOBIIEHO, 1110 MacoBa YacTKa KMPY B MOJIOLi KOPiB TOCHiLHOI IPyNy MiJBUIIMIIACS
(3a p<0,05) uepe3 65 gHiB micas moaudikallii panioHy, Mo Moxe 6yTM pe3yabTaTOM Kpaloro
3aCBOEHHS] KOPMOBUX iHTpeNi€HTIiB IiJ BIUIMBOM TYMiHOBMX KUCJIOT. BimsHavanu mmigBuUIIEHHS
JIOBrOJIaHLIOTOBUX >XUPHUX KMUCIOT: MipuctuHOBOI (C14:0) Ta manpmitTuHOBOI (C16:0), mpore
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i 3MiHM He OyIM CTATUCTUYHO MJOCTOBipHMMM. BUSBWIM IMiABUIINEHHS TeITageKaHOBOL
(C17:0) 3a p< 0,01 Ta creapmnoBoi (C18:0) 3a p < 0,05 >kMpHUX KMUCUIOT. JJOBrOJaHIIOTOBI KMUPHi
KUCJIOTY CHUHTE3YIOTbCS IUISXOM IIOMIMHAHHS IMPKYJIIOIYMX JXKUPHUX KUCIOT, XapuOBUX
SKUPIB, 110 BCMOKTYIOTBCSI i3 TPaBHOTO TPakTy, i HeectepudikoBaHux kupHuX Kuciaot (HEXKK)
3 Mo6ini3oBaHMx 3amaciB kupy. CuHTe3 rentazekaHoBoi kucitotu (C17:0) 3HiliCHIOETBCS
GakTepiaJIbHOI MiKpoQIOpo0 py6lis, 110 BKa3y€e Ha 3POCTaHHS KiJIbKOCTi 6aKTepiii i BIIMBOM
TyMiHOBUX KMCJIOT. 3MiHA i30MepHOTO CK/Ialy HEHACMYEHUX SKUPHUX KUCJIOT MOJIOKA BifmbyBaacs
3a paxyHOK OKTajeleHOBOi (enaimmHoBoi) kuciaoru (C18:1) (TpaHc-9), a TakoX Bim3Havyanmu
TEHJIEHIIiI0 70 301IbIIeHHS TPOMiKHMX MTPOAYKTIB PybIIeBOi rigporeHisalii — JiHOMEBOI KUCIOTH
C18:2 (umc-9:12). BionoriuHa MOBHOILiHHICTh MOJIOYHOTO XUPY XapaKTepu3yeThcsl KoedillieHTOM
HaCcUMYeHOCTi, SIKMii BU3HAUAETHCSI BiLHOIIEHHSIM HACMUEHMX SKMPHUX KUCIOT O HeHACUUYEHUX.
ITix yac mocTigKeHb He BUSBIEHO BiporigHoi pisHuili KoedillieHTy HaCMUEHOCTi MOJIOKa Y KOpiB
JIOCTiIHOI Ta KOHTPOIBHOI TPyI

Knio4oBi csioBa: MacoBa yacTKa JXUpY; HAaCMUeHi KOPOTKOAHIIIOTOBI SKMPHI KMCIOTH; HeHacuJeHi
JIIOBTOJIAHIIIOTOBI SKMPHi KUCIOTH; KoedillieHT HaCUMYeHOCTi

Animal Science and Food Technology. 2025. Vol. 16, No. 3




ANIMAL
SCIENCE

AND FOOD . 5
TECHNOLOGY Animal Science and Food Technology, 16(3), 37-53

s v—gjﬁi? Received 19.04.2025 Revised 30.08.2025 Accepted 23.09.2025
""qgﬁ,""&‘; >

Journal homepage: https://animalscience.com.ua/en

UDC 636.2:636.084.52:546.17
DOI: 10.31548/animal.3.2025.37

Variability of milk urea nitrogen traits and their potential use in dairy cattle

Sergiy Ruban’

Doctor of Agricultural Sciences, Professor

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0002-8114-3665

Mykola Shabash

Postgraduate Student

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0009-0000-8452-2823

Olga Tupitska
PhD in Biological Sciences, Associate Professor
National University of Life and Environmental Sciences of Ukraine

03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0001-9067-9173

Viktor Danshin

PhD in Agricultural Sciences, First-Class Engineer

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0001-9012-6835

Nataliia Slobodyanyuk

PhD in Agricultural Sciences, Professor

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0002-7724-2919

Suggested Citation:

Ruban, S., Shabash, M., Tupitska, O., Danshin, V.,& Slobodyanyuk, N. (2025). Variability of milk
urea nitrogen traits and their potential use in dairy cattle. Animal Science and Food Technology,
16(3), 37-53. doi: 10.31548/animal.3.2025.37.

‘Corresponding author

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


https://orcid.org/0000-0002-8114-3665
https://orcid.org/0009-0000-8452-2823
https://orcid.org/0000-0001-9067-9173
https://orcid.org/0000-0001-9012-6835
https://orcid.org/0000-0002-7724-2919

38

Variability of milk urea nitrogen traits...

Abstract. Milk urea nitrogen (MUN) is an important biomarker that reflects the efficiency of protein
metabolism in cows, the level of consumption and quality of “input” protein, and the energy balance
in the diet. MUN fluctuations are closely related to possible discrepancies in the total mixed ration
(TMR), physiological and genetic factors. The aim of the study was to determine the influence of
genetic (cow’s paternal origin) and paratype (calving year-month) factors on milk yield, quality and
biochemical parameters of milk, in particular urea nitrogen concentration, in Holstein cows. The
research was based on data from 595 cows kept at the Kolos Agricultural Firm LLC in the Kyiv region
(Ukraine). The study was conducted under standard conditions with cows fed “without restrictions”
and analysis of productivity indicators and biochemical indicators of milk quality. It was found that
the factor “year-month of calving” has the greatest impact on productivity indicators and milk
quality parameters, causing seasonal fluctuations associated with minor changes in feeding and
microclimate. The influence of the sire (cow’s father) on milk yield per lactation was noted - 12.4%,
milk fat content per lactation — 13.4%, milk protein content per lactation — 12.9%. The influence
of non-genetic factors was quite high for daily milk yield, fat, protein and lactose content, as well
as MUN. Even with total use of standard TMR, MUN values varied widely in cows from a minimum
of 2.6 mg/dl to a maximum of 32.9 mg/dl, with average values of 12.31+0.24 mg/dl, and depended
on the cows’ ability to separate the diet, minor changes in the diet, and the level of protein and
non-structural carbohydrates. A tendency was noted whereby at high MUN values (>16 mg/dl) the
absolute level of such important milk components as fat, protein and lactose content decreases,
which reduces the energy value of milk — ECM (energy-corrected milk). The results obtained
indicated the need to include overall average samples of MUN across the entire herd to optimise
feeding programmes and animal welfare management

Keywords: protein metabolism in cows; energy value of milk; Holstein breed; influence of factors

Introduction

Basic methods of data analysis for predict-
ing milk quantity and quality with options
for making the right management decisions
on dairy farms are being intensively studied.
According to O. Palma et al. (2025), recent re-
search has focused mainly on predicting milk
yield (29%), detecting lameness (26%) and
early detection of mastitis (13%). Based on
the analysis of a large amount of data, it has
been concluded that analytical data combined
with optimisation and modelling methods of-
fer advantages (Matvieiev et al., 2025). Predic-
tive modelling in dairy farming is increasing
in practical applications (Ruban & Danshyn,
2024). This increases the relevance of finding
reliable and relatively simple-to-determine
predictor indicators, especially for use in accu-
rate milk production forecasting and detection
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of diseases such as mastitis and lameness in
cows. M. Stolcovd et al. (2024) provided data on
the problems of negative energy balance (NEB),
which is a serious problem in most dairy herds.
NEB occurs after calving when cows cannot
consume enough dry matter to meet their en-
ergy needs at the beginning of lactation, and
the breakdown of fat reserves releases non-es-
terified fatty acids (NEFA) into the blood, high
concentrations of which cause health prob-
lems such as ketosis, fatty liver syndrome, and
susceptibility to infections. S. Ruban & V. Dan-
shyn (2024) pointed to a genetic component
(breed influence) on blood biochemical pa-
rameters and blood urea nitrogen (BUN) lev-
els. V. Souza et al. (2021) have demonstrated
a close relationship between blood urea nitro-
gen and milk urea nitrogen levels. According
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to R. Jahnel et al. (2023), moderate heritability
estimates clearly suggest possible selection
for MUN, while near-zero estimates of genet-
ic correlations indicate no risk of undesirable
correlated selection responses for other milk
traits. At the same time, the assessment of the
nature of MUN variability together with other
important milk components (fat, protein, lac-
tose content) indicates the possibility of their
use for diet adjustment.

Nitrogen use efficiency in lactating dairy
cows, defined as nitrogen (N) excretion in
milk as a proportion of N consumed, is low,
with most of the N consumed being excreted
in urine and faeces. Accordingly, A.-L. Craig et
al. (2022) calculated the average nitrogen use
efficiency. Nitrogen losses through evapora-
tion, gaseous ammonia, can lead to acidifica-
tion of water and soil, and loss of biodiversity
(de Vries, 2021). Studies by M. Li et al. (2022)
have demonstrated differences in rumen mi-
crobiota in cows with different nitrogen utili-
sation efficiency. Similar results were obtained
for intensive protein consumption values,
where cows used protein more efficiently than
those with higher intensive consumption val-
ues (Risyahadi et al., 2023). According to A.
Zeleke et al. (2025), reducing the crude protein
content in dairy cow diets did not affect mi-
crobial composition, diversity, and functional
profiles. The crude protein content in the diets
of dairy cows can be reduced from 17% to 15%
to increase nitrogen use efficiency and reduce
nitrogen emissions to the environment.

The absolute values and fluctuations of
milk urea nitrogen depend on a large number
of internal and external factors, affecting ani-
mal health, product quality and creating envi-
ronmental problems due to increased nitrogen
losses in excreta. The study was devoted to as-
sessing the variability of MUN and its relation-
ship with such a complex indicator as ECM, as
well as the main components of milk that have
a certain nutritional value and determine the
economics of production.

Literature Review

In modern breeding programmes, when deter-
mining the best animals in terms of lifetime
value, traits that characterise milk quality (milk
fat and protein, somatic cell count) account for
47.4% of their economic (monetary) significance
in the overall selection index (VanRaden et
al., 2021). In recent years, milk components
have been considered not only as indicators of
quality and nutritional value, but also as predic-
tors of health status, control of the correctness
of the diet, and indicators of environmental
impact (Ruban & Danshyn, 2024). At the same
time, milk quality indicators are closely related
to the duration of lactation, which, in turn, de-
pends on the age of cows, genetic factors (the
influence of the sire), calving season and other
paratypic factors that directly affect the forma-
tion of the lactation curve and overall animal
productivity (Kramarenko et al., 2025). Accord-
ing to L. Musembei et al. (2023), it is already
necessary to rethink the assessment of raw milk
quality through the evaluation of its microbio-
logical parameters to ensure high quality dairy
products. M. Mortazavi et al. (2025) state that
milk urea nitrogen serves as an indicator of pro-
tein metabolism in dairy cows, and blood urea
nitrogen provides an idea of the overall nitro-
gen balance and kidney function. Under nor-
mal circumstances, almost 28% of the nitrogen
consumed by dairy cows is converted into milk
components, with 5% excreted as non-protein
nitrogen and the rest representing “true” pro-
tein. Reducing nitrogen emissions in milk pro-
duction is crucial due to the impact of livestock
farming on the environment, as nitrogen is
released from cow excreta (manure, urine) and
evaporates into the atmosphere or enters farm
water sources (Borshch, 2023).

There are different views on the MUN level
for describing the physiological characteristics
of the gastrointestinal microbiota and kidneys
in cows of different breeds, in different climatic
zones and with different diet structures. Hol-
stein cows, according to A. Zeleke et al. (2025),
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are characterised by lower MUN concentra-
tions compared to others, and the amount
and composition of “input” dietary protein are
considered to be the main factor influencing
MUN concentration (Nousiainen et al., 2004;
Wattiaux et al., 2011). This is explained by the
peculiarities of urea synthesis by the liver, the
level of which depends on the concentration
of ammoniacal nitrogen (NH,-N) produced in
the rumen. Cows that consume a diet high in
crude protein (CP) usually absorb more NH,-N
through the rumen wall because rumen NH,-N
production exceeds the ability of rumen micro-
organisms to capture it. Ammonia (NH,) and ni-
trogen, ammonia (NH,-N) are different expres-
sions of the chemical forms of ammonia. The
NH,-N form uses the molecular weight of ni-
trogen atoms only, while the NH, form uses the
molecular weight of the entire ammonia mole-
cule (1 nitrogen atom + 3 hydrogen atoms). This
may affect certain capabilities of the animal’s
microbiota, the level of nitrogen digestion, the
overall health of the animal, and the quality
of animal products (Sadvari et al., 2024). Thus,
K. Li et al. (2023) conducted a multi-omic anal-
ysis (biological analysis based on the use and
integration of large amounts of data) on rabbits
exposed to high and low concentrations of am-
monia under similar environmental conditions
to determine changes in the microbiota of the
nose and colon, gene expression in the lungs
and colon, and muscle metabolic profile. The
results showed that ammonia exposure signifi-
cantly affected the microbial structure, compo-
sition, and functional capacity in both the nose
and colon, which may influence local immune
responses and inflammatory processes. Tran-
scriptome analysis (the set of all transcripts
synthesised by a single cell or group of cells,
including mRNA and non-coding RNA) showed
that genes associated with cell death (MCL1,
TMBIM6, HSPB1, and CD74) and immune re-
sponse (CDC42, LAMTORS5, VAMPS8, and CTSB)
were differentially expressed in the lungs, while
colon genes associated with redox status (CAT,
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SELENBP1, GLUD1, and ALDH1A1) were signif-
icantly up-regulated, meaning that the gene or
protein is expressed at a higher level than usu-
al, often due to a specific trigger or signal. This
increased expression causes the cell to produce
more of the corresponding protein and can lead
to changes in cell function or behaviour. Several
key differentially abundant metabolites, such as
L-glutamic acid, L-glutamine, L-ornithine, oxo-
glutaric acid, and isolactic acid, have been iden-
tified in the muscle metabolome, which may
indicate a disruption in the influence of ammo-
nia on amino acid synthesis, nucleotide func-
tion, and energy metabolism characteristics.

According to V. Ishler (2023), different MUN
ranges and their dynamic changes complicate
the requirements for their optimal values. Fre-
quently recommended ranges are between 10
and 14 milligrams per decilitre (mg/dl), while
others recommend a range of 8 to 12 mg/dl,
which is associated with a protein level in the
diet of around 16%. It has been calculated that
the change in nitrogen is 2 mg/dl for each per-
centage point change in diet from 15 to 18.5%
protein. MUN values are influenced by the feed-
ing system (total mixed ration) versus herds fed
individual feed components, and feeding time
relative to milking time. MUN values usually
peak 3-5 hours after feeding. In addition, herds
that are milked three times a day tend to have
higher MUN values than herds that are milked
twice a day. Another factor that affects MUN
values is breed. Holstein cows usually have low-
er MUN values than other dairy breeds, such as
Jersey cows (Ruban & Danshyn, 2024). Howev-
er, this may be related to body weight rather
than breed. In addition, MUN values tend to be
higher in the summer months.

One strategy for interpreting MUN on a
specific dairy farm is to evaluate the current
diet along with the MUN results from labora-
tory tests. It is useful to have several MUN val-
ues over a period of time to help identify pos-
sible problems in the diet or farm management
practices. Possible problem areas include high
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MUN (>12-14 mg/dl) and especially highly con-
troversial values in repeat samples, which may
be related to measurement accuracy and cows’
responses to external factors that are consid-
ered normal “genotype-environment” respons-
es. According to J. Jakobsen et al. (2009) and R.
Savickiené & A. Galnaityté (2024), it is the ef-
fect of environmental factors that continues to
influence the expression of genetic traits over a
period of time. From a practical point of view,
according to V. Ishler (2023), low MUN levels
(<8-10 mg/dl) indicate a possible protein de-
ficiency, which can occur when the number of
bacteria in the rumen decreases, limiting milk
production and milk protein yield. High MUN
levels (>12-14 mg/dl) may be associated with
excess dietary protein or an imbalance of ru-
men protein, protein fractions and energy, and
especially non-structural carbohydrates, which
include sugar, starch and pectin (Ruban & Vasi-
levsky, 2015). In addition, it may be associated
with the inclusion of soda in the diet of cows as
a preventive measure against ketosis. It is high
MUN values that indicate additional feed pro-
tein and energy expenditure for the synthesis
of additional protein when excess nitrogen is
released into the environment.

Thus, milk quality indicators combined
with detailed biochemical analysis allow for
understanding the characteristics of such pro-
cesses and identify the main influencing fac-
tors. Milk urea nitrogen is one of the convenient

and fairly accurate descriptive components that
reflects the characteristics of ruminant diges-
tion. This study determined the range of fluc-
tuations in the main indicators of milk quality
and MUN, followed by the identification of the
influence of genetic and paratypic factors on
the observed changes. The presented material
was an attempt to subsequently determine the
possibilities of using such assessments of the
efficiency of feed nitrogen utilisation and an-
imal welfare in dairy cattle farming from the
point of view of preserving their health.

Materials and Methods
The research material consisted of milk pro-
duction data for 595 Holstein cows at the Kolos
Agricultural Firm Limited Liability Company
in the Kyiv region (Ukraine). The research was
conducted between December 2024 and April
2025. When conducting the experimental stud-
ies presented in this paper, all manipulations
with the cows involved in the studies were car-
ried out in accordance with the basic principles
of bioethics, in accordance with the European
Convention for the Protection... (1986), Law of
Ukraine No. 3447-1V (2006) and Procedure for
Conducting... (2012). The farm used a tethered
milking system with milk piping. Milking was
performed three times a day by one milker for
up to 50 cows. Feeding was carried out using a
total mixed ration (TMR), the characteristics of
which are presented in Tables 1 and 2.

Table 1. Characteristics of the TMR mixture for Holstein cows

Weight, kg Percentage
Diet ingredients : by physical
physical dry matter weight dry matter

Corn silage 28.000 9.240 49.36 37.5
Grain mixture 8.722 7.967 15.38 32.37

Beer lees (moisture) 5.000 0.924 8.81 3.76
Alfalfa haylage 3.500 1.838 6.17 7.47
Pomace 4.000 0.560 7.05 2.28

Corn grain with increased 2.20 1.541 388 6.2

moisture content
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Table 1. Continued

Weight, kg Percentage
Diet i dient i

let ingredients physical dry matter by‘,\rf)elgilltcal dry matter

Sunflower meal 1.500 1.385 2.64 5.63
Straw 0.80 0.703 1.41 2.86
Water 2.000 0.001 3.53 -

Beet molasses 1.00 0.45 1.76 1.83
Total 56.722 24.6 10 43

Note: the mixture was calculated for cows weighing 550-650 kg, with a milk yield of 28-30 kg, fat content of
4.00%, protein content of 3.40% and lactose level of 4.68%
Source: developed by the authors based on the results of chemical analysis dated 25 April 2025

Table 2. Biochemical characteristics of the general mixed diet for dairy cows

Component Dry matter content, % Content, g
CcP 15.8380 3,897.6920
NDF 28.9485 7,124.1460
NDF fodder 20.4421 5,030.7430
ADF 19.41 4,777.2170
Sugar 6.1480 1,513.0130
Starch 26.0718 6,416.2060
Soluble fibre 7.9292 1,951.3560
Ash 7.6352 1,879.0090
Ca 0.6520 160.4592
R 0.3987 98.1302
Mg 0.4370 107.5504
K 1.1080 272.6834
Fodder 47.8724 -
Concentrate 52.1276 -
Total carbohydrates 73.1534 18,002.8800
Ammonia 0.4838 119.0553

Note: CP - crude protein; NDF — neutral detergent fibre; ADF - acid detergent fibre
Source: developed by the authors based on the results of chemical analysis dated 25 April 2025

Energy-corrected milk calculations were cal-
culated using the formula by M. Hall (2023) (1):

ECM =[(fat content, % x 383 + protein content,
% % x 242 +lactose content,
% x 165.4+20.7)/3,140] x milk yield, kg. (1)

The analysis of the qualitative and bio-
chemical indicators of milk was determined
using the EKOMILK Bond ultrasonic analys-
er (Bulgaria). The amount of urea in milk
was determined using the diacetylmonoxime
method. Its level was judged by the content of
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the red complex formed by urea with diacet-
ylmonoxime in an acidic environment in the
presence of thiosemicarbazide and trivalent
iron according to the method of N. Langen-
feld et al. (2025). The molar concentration of
urea (C) in mmol/l was determined from the
optical density data of sample A relative to
standard B using formula (2):

C= 8,33%. )

Statistical analysis (descriptive statis-
tics,variance analysis, correlation and re-
gressionanalysis) was performed using the
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RStudio-2023.03.0-386 programme. The effects
of the year-month of calving, sire (father) and
lactation number were analysed using a linear
model (3):

3

ylj=a‘.+b1.+ck+eij,

wherey, is the determined factor; a, is the effect
of the i-th year-month of calving; b, is the effect
of the j-th bull-sire (father); ¢, is the effect of
the k-th lactation number; €; is the residual.

The degree of influence of factors on the
studied traits of beef cattle was calculated us-
ing formula (4):

n?=(SSA/SSIT)-100%, 4)

where SSA - sum of squares of deviations
caused by the factor; SSIT- total sum of squares
of deviations.

Tables 3 and 4 present descriptive statistics
of the studied traits.

Table 3. Descriptive statistics of milk productivity
and live weight of cows in terms of standard lactations (n = 595)

Trait Min Max M*zm o2 o Cv, %
First lactation
vied for 305 ’dlfgs 2,873 11,348  8,538.3:90.83  1,897,643.5 1,377 16
Amount of milk fat, kg 143 409 288.9 2,028.8 45 15.6
Live weight of cows, kg 396 515 508.3+0.64 284.1 16 3.31
Second lactation
Yfflijaﬂ‘iiégi,dfgy s 3,627 12,083 8,531.9 3,265 1,807 2,162
Amount of milk fat, kg 130 436 290.9+4.6 3,585.5 59.9 20.6
Live weight of cows, kg 521 532 528.4+0.57 292.3 17 3.24
Third lactation
Yfflfag;ggfl ’dlfgs 2,457 1,210 8,721.4 2,748 1,658 19
Amount of milk fat, kg 134 425 298.7 3,300.5 57.4 19.2
Live weight of cows, kg 532 543 537.1+0.52 298.2 17 3.22
Fourth lactation and older
vield for 305 ’dlfgs 3364 1,266 7,835.0 3,458 1859 237
Amount of milk fat, kg 168 420 269.0£9.2 3,910 62.5 23.2
Live weight of cows, kg 541 650 620.3+0.49 311.6 17 2.84
Source: developed by the authors based on research
Table 4. Descriptive statistics of the studied milk indicators (n=595)
Feature Min Max M£m o2 c Cv, %
Daily yield, kg 10 56 27.7+0.36 70.2 8.4 30
DNMR, % 3.11 10.6 8.74%+0.02 0.34 0.58 6.6
Fat content, % 3.17 5.7 4.39%0.08 0.6 0.82 16.7
Protein content, % 2.4 4 3.40%+0.01 0.03 0.17 5
Freezing point, °C 0.4 0.7 0.58+0.01 0.001 0.03 5.2
Lactose content, % 0.5 5.8 4.68%0.01 0.10 0.32 6.8
pH 2.1 7.4 7.09%0.01 0.06 0.24 34
Titratable acidity, Th 1.5 10.5 6.46%0.04 0.75 0.87 13.5
Conductivity 3.3 8.4 3.98%+0.02 0.15 0.39 9.8
MUN* (1% level), 8-11.99 mg/dl 8.7 11 9.90+0.07 1.17 1.0 10.9
MUN* (2" level), 12-15.99 mg/dl 12 15 13.89+0.10 1.2 1.1 7.9
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Table 4. Continued

Feature Min Max Mzm o2 c Cv, %
MUN* (3" level),

16.0 mg/dl and above 16 32 21.96+0.39 18.5 4.3 19
MUN for the entire sample 2.6 32 12.31+£0.24 35.6 5.97 48.5
Live weight of cows, kg 488 650 526.4+0.75 308 17 3

Energy-corrected milk (ECM) 10.3 66 29.13+0.35 70 8.3 28

Note: *MUN (milk urea nitrogen) gradations and number of observations by groups: 1% level — 217 heads;

2nd Jevel — 120 heads; 3" level — 122 heads

Source: developed by the authors based on research

Based on milk quality indicators, the
studied animals were combined into a gener-
al sample (Table 4), which made it possible to
calculate the influence of such factors as “year-
month of calving”, “bull-breeder”, “lactation
number” using a “mixed” model. To determine
possible changes in milk composition in rela-
tion to MUN levels, this indicator was divided
into three levels based on a range of values:
Level 1: 8-11.99 mg/dl; Level 2: 12-15.99 mg/dl;
Level 3: 16.0 mg/dl and above.

According to DSTU 3662:2018 (2019), the
following was additionally included in the milk
analysis: (1) dry non-fat milk residue (DNMR) —
or the dry mass of milk remaining after fat re-
moval, consisting of proteins, lactose and min-
erals. SDF can range from 8.0 to 9.5% and is
often used as an indicator of milk quality and to
calculate dry matter content; (2) milk freezing
point (°C), the temperature at which it begins
to freeze, averages -0.540°C to -0.570°C, and
for higher, first and extra grades -0.520°C; (3)
lactose content — plays an important role in the
production of dairy products, is about 5 g per
100 ml or 4.6-5.2%; (4) milk pH, which is usu-
ally in the range of 6.5-6.7, indicating a slight-
ly acidic environment. A decrease in pH below

6.5 may indicate health problems, and an in-
crease in pH may indicate rumen alkalosis, i.e.
a digestive disorder characterised by impaired
metabolism and dysfunction of the liver and
other organs. An alkaline environment forms
in the rumen at an ammonia concentration
of more than 16.1 mg%, which leads to a de-
crease in the number of microorganisms and a
decrease in their activity. Total protein in the
blood increases to 113 g/1, and the reserve alka-
linity of the blood and the pH of milk and urine
increase; (5) titrated acidity of milk, or Turner
degrees (T) — the number of millilitres of 0.1 M
alkali solution required to neutralise the acids
in 100 ml of milk. The titrated acidity of freshly
milked milk is 16-18°T, with an acceptable val-
ue of 15.99-20.99°T.

Results and Discussion

A large number of factors affect milk quality,
forcing specialists to find ways to understand
the mechanisms of such influence and their sig-
nificance. Table 5 presents the results of a var-
iance analysis of the influence of such seasonal
factors as the year and month of calving, the or-
igin of daughters by sire (progenitor), which is
a genetic factor, and the number of lactations.

Table 5. Impact of year-month of calving, sire (father of cows)
and lactation number on milk production and reproduction indicators (n=2595)

- Sum of squares Number of degrees = Mean square Fisher’s 2
Factor, indicator of deviations of freedom of deviations F-test w, %
Daily milk yield
Year-month of calving 15,751 25 630.1 15.424%%* 80.7
Buhai 2,979 44 67.7 1.657** 15.3
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Table 5. Continued

Factor, indicator S0 e N eedon ~— of deviations  Fotest  M%
Lactation number 779 6 129.8 3.177%* 4
Balance 19,975 489 40.8
Milk yield per lactation
Year-month of calving 378,318,037 22 17,196,274 8.509%** 24.5
Buhai 191,039,506 44 4,341,807 2.148%** 124
Lactation number 8,578,626 6 1,429,771 0.707 0.01
Balance 968,079,307 479 2,021,042
Fat content in milk during lactation
Year-month of calving 4.260 22 0.19364 49.53%%* 66
Buhai 0.189 44 0.00430 1.10 3
Lactation number 0.056 6 0.00938 2.40 0
Balance 1.873 479 0.00391
Amount of milk fat per lactation
Year-month of calving 318,450 22 14,475 5.988%*** 18.5
Buhai 229,563 44 5,217 2.158%** 13.4
Lactation number 12,340 6 2,057 0.851 0.7
Balance 1,157,855 479 241
Protein content in milk during lactation
Year-month of calving 1.0362 22 0.04710 39.351%*x 59
Buhai 0.0973 44 0.00221 1.847** 5.6
Lactation number 0.0249 6 0.00415 3.468** 1
Balance 0.5733 479 0.00120
Amount of milk protein per lactation
Year-month of calving 350,078 22 15,913 7.426%%* 22
Buhai 206,319 44 4,689 2.188%** 12.9
Lactation number 10,720 6 1,787 0.834 0
Balance 1,026,389 479 214
Service period
Year-month of calving 8,520,826 23 370,471 141.145%* 86
Buhai 130,619 42 3,110 1.185 1
Lactation number 35,538 5 7,108 2.708 0
Balance 1,215,259 463 262
Note: *-P>0.95; ** - P>0.99; *** - P>0.999

Source: developed by the authors based on research

A significant impact on productivity in-
dicators of factors such as the year and month
of calving has been proven in almost all cases
(Table 5). Despite the use of a generally mixed
diet, which was standard throughout the calen-
dar year, the season of the year had a significant
impact on daily milk yield, lactation yield, fat
and protein content. The origin of the cows’ sires
also had a significant impact, although in most

cases it was significantly smaller than seasonal
fluctuations. The influence of the sire (father of
the cow) on lactation yield was 12.4%, milk fat
content during lactation was 13.4%, and milk
protein content during lactation was 12.9%. Sea-
sonal fluctuations (year-month of calving) had
a significant and probable effect on milk qual-
ity indicators (Table 6), with minimal influence
from genetic factors such as paternal origin.
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Table 6. Influence of the year and month of calving and the sire (father) on milk quality indicators

Factor Sum of squares Number of degrees Mean square Fisher’s n2 %
of deviations of freedom of deviations F-test ’
Daily milk yield
Year-month of calving 15,751 25 630.1 15.444%** 4
Buhai 2,979 44 67.7 1.659%* 7.7
Balance 19,975 489 40.8
SZMZ
Year-month of calving 30.33 25 1.2132 3.914%* 0
Buhai 7.33 45 0.1630 0.526 0.02
Balance 160.25 517 0.3100
Fat content
Year-month of calving 4.260 22 0.19364 49.524%** 67
Buhai 0.189 44 0.00430 1.100 3
Balance 1.873 479 0.00391
Protein content
Year-month of calving 3.505 2 0.14018 5.488%** 19
Buhai 1.032 45 0.02293 0.898 5.7
Balance 13.206 517 0.02554
Freezing point
Year-month of calving 0.0631 25 0.0025236 3.578%** 13
Buhai 0.0234 45 0.0005196 0.737 5.08
Balance 0.3647 517 0.0007053
Lactose content
Year-month of calving 7.09 25 0.28375 2.962%** 11
Buhai 3.11 45 0.06910 0.721 5.1
Balance 49.52 517 0.09579
Conductivity
Year-month of calving 6.95 25 0.2779 2.113%* 7
Buhai 9.33 45 0.2074 1.577 10.6
Balance 68.0 517 0.1315
pH
Year-month of calving 14.569 25 0.5827 16.345%** 42
Buhai 1.111 45 0.0247 0.693 3.2
Balance 18.432 517 0.0357
Titrated acidity
Year-month of calving 29 25 1.1638 1.588 6
Buhai 35.1 45 0.7793 1.063 7
Balance 379 517 0.7331
MUN
Year-month of calving 1,982 25 79.28 2.386%** 9
Buhai 1,601 45 35.57 1.070 7
Balance 17,179 517 33.2

Note: *-P>0.95; ** - P>0.99; *** - P>0.999
Source: developed by the authors based on research

It can be stated that there is a significant = months of the year and even changes in tem-

influence of such organised factors as minor perature conditions on the farm during dif-
changes in feeding in different seasons and ferent periods of the year. The influence of
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non-genetic factors was quite high in terms of
daily milk yield, fat, protein and lactose con-
tent, as well as MUN. To assess the genetic com-
ponent of these indicators, the authors believe
it is necessary to use not the absolute values of
these indicators, but the nature of their change
over a certain period of time in terms of genetic
groups, linking such changes to the norm of the
“genotype-environment” reaction.

The MUN control system was developed in
the United States by the Dairy Herd Improvement

DHI

Association DHI (Dairy Herd Improvement),
which provides dairy farmers with information
for managing and improving their herds based
on the analysis of “input data” that records
the characteristics of animal feeding and milk
quality indicators (Fig. 1). In addition, DHI in-
cludes the collection and analysis of data on
milk production and quality, cow health and
breeding factors. DHI programmes are often
managed by DHIA (Dairy Herd Improvement
Associations).

Influenced

m __"{,: Brecd, healh condiin, |
| production lovel, etc. |

High MUN
>16 or 18 mg/dL

High protein/NPN
Low rumen fermentable NFC
Low p 'gy balance

High production costs
High N emission |

Exceptional circumstance

Low MUN
<8 or 10 mg/dL

Low protein
High rumen fermentable NFC
Low protein/energy balance

—————————— 1
|

|
_________ Fl

Y

® Feed analysis

_____________

® Ration formulation
® Feeding management

® Animal consumption behavior

Figure 1. Process for identifying the causes of high or low MUN concentrations,
as applied by the consulting company DHI (Dairy Herd Improvement), USA
Note: MUN - milk urea nitrogen; NPN — non-protein nitrogen; NFC — non-fibre carbohydrates

Source: X. Zhao et al. (2024)

According to experimental data by V. Ish-
ler (2023), the possible ranges for MUN can
complicate their interpretation, as some re-
searchers recommend a MUN range of 10 to 14
milligrams per decilitre (mg/dl), while others
recommend a range of 8 to 12 mgy/dl. The lat-
ter range reflects diets that are formulated ac-
cording to the protein requirements of cows
and have an excellent balance of protein (16%),
protein fractions and carbohydrates to cap-
ture excess ammonia in the rumen. A study by
C. Miiller et al. (2021) showed that a one percent
increase in crude protein in the diet resulted in
an increase in MUN concentration of 1.04 and
1.24 mg/dl at milk yields of 40 and 30 kg/day,
respectively. One strategy for meaningful

interpretation of MUN on a specific dairy farm is
to evaluate the current diet and MUN across the
entire herd from the milk storage tank. It is use-
ful to have several MUN values to compare with
a specific diet as a baseline. Two possible prob-
lem areas are high (>12-14 mg/dl) and highly
unstable MUN values. Low MUNs (<8-10 mgy/dl)
indicate a possible protein deficiency in the diet,
which can occur when rumen bacteria activity
decreases, limiting milk production and milk pro-
tein synthesis. High MUN levels (>12-14 mg/dl)
may be associated with excess protein in the diet
or an imbalance of protein in the rumen, protein
fractions and energy (non-structural carbohy-
drates). These factors may also be associated
with reduced milk yield, true protein content
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and feeding efficiency. High MUN values indi-
cate a loss of feed protein and cows using more
energy to excrete this excess protein through
milk and excreta, which means excess nitrogen
is released into the environment.

A key factor is ensuring sufficient amounts
of available carbohydrates in the rumen to pro-
vide energy to the rumen microbiota for con-
verting ammonia into microbial protein. Ac-
cording to X. Zhao et al. (2024), MUN control
serves as a reliable indicator of the nutritional
characteristics of dairy herds due to its impact
on reproductive function, health and nitrogen
utilisation efficiency, and nitrogen utilisation
efficiency itself is associated in ruminants with
methane (CH,), carbon dioxide (CO,), nitrogen

(N,), and ammonia (NH,). According to A. Plo-
maritou et al. (2025), dairy cows typically sort
TMR, selecting smaller feed particles over
longer ones, resulting in higher consumption
of highly fermentable carbohydrates and lower
consumption of effective fibre than expected,
which affects rumen pH and changes in milk
composition. The ECM is a comprehensive in-
dicator for determining the commercial attrac-
tiveness of milk, as it generally determines the
price range for products according to the fol-
lowing formula: the higher the ECM, the higher
the price per unit of product. The data in Table
7 reveal the relationship between ECM and the
main components of milk, including changes in
MUN levels across the three control groups.

Table 7. Correlation coefficients between ECM and other studied characteristics (n=2595)

Milk fat Milk protein

Urea nitrogen

Lactose content  Live weight

Daily milk yield content content in milk of cows rﬁ?lr;(tfﬁtuig)
Across the entire sample (n=595)
0.9077+0.0177*** 0.1127+0.0418** -0.2180%0.0411*** -0.2172+0.0411*** -0.0511+0.0432 -0.0005+0.0421
With urea nitrogen content in milk of 8-11.99 mgy/dl, (n=207)
0.8926+0.0315*** 0.1412+0.0691* -0.3054*0.0665*** -0.3155+0.0663*** -0.0461+0.0423 +0.0134+0.0698

With urea nitrogen content in milk of 12-15.99 mg/dl, (n=112)

0.9253+0.0362***  0.0351£0.0953  -0.2290%0.0928*

-0.2395+0.0926™* -0.0502%0.0436 +0.1069+0.0948

with urea nitrogen content in milk of 16 mg/dl and above (n=248)

0.9371+0.0333*** -0.0034*0.0953 -0.1129%0.0947 -0.1191+0.0946  -0.0451%+0.0431 -0.1344+0.0945
Note: * - P>0.95; ** - P>0.99; *** - P>0.999
Source: developed by the authors based on research
There is a logical correlation between milk Conclusions

yield and the main components of milk with vir-
tually no correlation with MUN (data for the en-
tire sample). However, in the variants with an in-
crease in MUN threshold values from 8 to 16 mg/dl
and above, there is a tendency towards a nega-
tive value of this relationship between MUN and
ECM, which was -0.1344+0.0945 (Table 7). Obvi-
ously, high MUN values (16 mg/dl and above) are
a potential problem area, as they are associated
with a decrease in the levels of important milk
components such as fat, protein and lactose.
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Milk components such as fat, protein, lactose,
and milk urea nitrogen (MUN) have a wide
range of phenotypic expression, which char-
acterises the complex biochemical processes
in the body of ruminants with significant fac-
tors influencing such environmental fluctu-
ations. Within the confidence intervals of the
analysed sample, the fluctuations (min-max)
in the main characteristics, together with their
mean values and errors, were as follows: daily
milk yield 10.0-56.0 kg (27.7 £0.36); fat content
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3.17-5.73% (4.39 £ 0.08); protein content 2.4-
4.0% (3.40 = 0.01); lactose content 0.5-5.8%
(4.68+0.01); pH 2.1-7.4 units (7.09+0.01); MUN
2.6-32.9mg/dl (12.31+0.24); live weight of cows
488.0-650.0 kg (526.4%0.75); energy-corrected
milk yield (ECM) 10.3-66.6 kg, (29.13 +0.35).
Within the specified ranges of the experimen-
tal sample, no significant correlation was found
between the energy value of milk (ECM) and the
urea nitrogen content in milk (-0.0005%0.0421).

When selecting cows from the general sam-
ple within the MUN values of 8-11.99 mg/d],
(first group—207 heads) and 12-15.99 mg/dlI (se-
cond group — 112 heads), the correlation coeffi-
cient with ECM indicators was +0.0134+0.0698
and +0.1069+0.0948, respectively (the estimate
is unreliable). There was a tendency for high
MUN values (>16 mg/dl) to reduce the absolute
level of such important milk components as fat,
protein and lactose content, which reduces the
energy value of milk (ECM). No significant in-
fluence of the genetic component (paternal or-
igin) on MUN values was found. The very prin-
ciple of searching for genetic influence on such
fluctuations should be based on the analysis of
the dynamics of MUN estimates over time in

the context of such genetic groups. In further
studies, it is advisable to conduct long-term
monitoring of changes in the level of milk urea
nitrogen in the daughters of different sires to
identify the genetic component of the influence
on the efficiency of feed nitrogen utilisation, as
well as to create predictive models that com-
bine the genotypic characteristics of cows (by
origin), seasonal factors and MUN indicators
to optimise breeding programmes, which will
make it possible to expand the set of analytical
data and, in combination with optimisation and
modelling methods, provide specific recom-
mendations for the use of such comprehensive
assessments.
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Anoranis. Asor ceuoBuHM Mmonoka (MUN) - BaximBuit 6Giomapkep, sKuii Bigo6Gpaskae
edexTUBHICTb 6iTKOBOrO 0O6MiHY KODiB, piBeHb CHOKMBAHHS Ta SIKiCTh «BXiZHOTO» MPOTEiHY,
6anaHc eHeprii B pamioHi. KomuBanusg MUN TicHO TOB’s13aHi 3 MOX/IMBUMM PO36iKHOCTIMMU
B 3arajibHO 3MinraHomy pamniodni TMR (total mixed ration), disiomoriunummu Ta reHeTMUYHUMU
dakropamu. MeTta po60oTH mossirasia y BU3HAUYEHHI BIJIMBY F€HETUYHUX (TTOXOMAKEHHSI KOPiB
3a 6aThbKOM) Ta MapaTUIIOBUX (PiK-MicsIb OTeNeHHS) (aKTOPiB Ha MOJOYHY MPOMYKTUBHICTD,
gKicHi Ta 6GioXiMiuHi IMOKa3HMKM MOJIOKA, 30KpeMa KOHIIEHTpAllil0 a30Ty CEeYOBUHMU, Y
KOpiB TONMIITHMHCBKOI moponu. MaTepianom mjisi HOCIiIkeHb CIyryBaiu HaHi 595 kopiB, 110
yTpumMyBanaucbh B ymoBax TOB «Arpodipma “Kosmoc”» KuiBcbkoi obmacti (Vkpaina). Jocmin
MPOBEAEHO Y CTAHIaPTHMUX YMOBAX ITIPY rOIiBJIi KOpiB «6€3 06MekeHb» 3 aHa/Ii30M IIPOLYKTUBHUX
MOKa3HMKiB Ta 6i0XiMiUHMX MMOKA3HMKIB SIKOCTi MOJIOKa. BcTaHOB/IEHO, 1110 Hal6ibIINiT BIJIUB
Ha MPOMYKTMBHI TOKA3HVKM Ta TTapaMeTpPy SIKOCTi MosioKa Ma€ GaKkTop «PiK-Micslb OTeIEHHS»,
10 3yMOBJIIOE Ce30HHI KOJMBAHHS, TIOB’SI3aHi 3 He3HAYHMMM 3MiHAMM rOJIiBJIi Ta MiKpPOKJIiMaTy.
BigsHaueHo BIUIMB IUTigHMUKA (6aTbka KOPOBM) Ha Hamilit 3a jakTamiio — 12,4 %, KilbKicTb
MOJIOUHOTO XXMPY 3a jJakTariito — 13,4 %, KinbKicTb MoIOUHOTO 6i1Ka 3a 1akTanino — 12,9 %. Brius

Animal Science and Food Technology. 2025. Vol. 16, No. 3



https://orcid.org/0000-0002-8114-3665
https://orcid.org/0009-0000-8452-2823
https://orcid.org/0000-0001-9067-9173
https://orcid.org/0000-0001-9012-6835
https://orcid.org/0000-0002-7724-2919

Ruban et al.

53

He TeHeTUYHMX (akTopiB OyB JOBOII BMCOKMM 3a JOGOBMM HaJ0€M, BMiCTOM XUpY, O6inKka Ta
naxkTo3u, a Takoxk MUN. 3HaueHHst MUN HaBiThb Mpu TOTaTbHOMY BUKOPUCTAHHI CTAaHIapPTHOTO
TMR BapioBanu y KOpiB y LIMPOKUX MeXax Big min 2,6 mr/mi ;o max 32,9 mMr/nj1, mpu cepegHix
3HaueHHsX 12,31 +0,24 mr/n, i 3a/1eXkanu BiJi MOKIMBOCTeN cemapyBaHHS palliOHy KOpOBaMMu,
He3HauHMMM 3MiHaMM palioHy, piBHEM IpOTeiHy Ta HECTPYKTYPHUX BYINIeBOJiB. BinzHaueHa
TeHAEHLisl, KoM Mpyu BUCOKMX 3HaueHHSIX MUN (16 mr/mi, Ta >) 3HUKYETHCSI abCOMIOTHUI
piBEHb TaKMX BasKJIMBUX KOMIIOHEHTIB MOJIOKA, SIK BMiCT JXUpY, 6i/Ika Ta JIaKTO3MU, IO 3HMXKYE
€HepreTUYHy LiHHiCTh Mosioka — ECM (energy-corrected milk). OTpumMani pe3ynbTaTyi CBiguaTh
PO HEeOOXiMHICTh BKIIOUEHHS 3ara/ibHUX cepefHix mpo6 MUN 1o BCboMy CTamy AJisl OMTUMi3allii
MpoTpaM rofiBJli Ta yIpaBaiHHS JO6GPOOGYTOM TBApUH

KimrouoBi citoBa: 6ikoBUiT 06MiH KODiB; eHepreTuyHa I[iHHICTh MOJIOKA; TOIITHMHCbKA TIOPOAA;
BILUTMB (GaKTOPiB

Animal Science and Food Technology. 2025. Vol. 16, No. 3




ANIMAL
SCIENCE

AND FOOD Journal homepage: https://animalscience.com.ua/en
TECHNOLOGY Animal Science and Food Technology, 16(3), 54-69
b P?ﬂ T ? Received 31.03.2025 Revised 11.08.2025 Accepted 23.09.2025

ylk‘qg’gﬁ"& “ ( -

UDC 639.512.2:597.553.2-115.3
DOI: 10.31548/animal.3.2025.54

Effect of water temperature on growth and development of red swamp
crayfish Procambarus clarkii (Girard, 1852)

Volodymyr Koretskyi

Postgraduate Student

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0009-0002-4733-1176

Iryna Kononenko®

PhD in Agricultural Sciences, Associate Professor

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0003-3906-3650

Olesia Okhrimenko

PhD in Agricultural Sciences, Associate Professor

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0001-9867-0595

Ruslan Kononenko

PhD in Veterinary Sciences, Associate Professor

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0002-7818-2583

Nataliia Rudyk-Leuska

Doctor of Biological Sciences, Associate Professor

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0003-4355-7071

Suggested Citation:

Koretskyi, V., Kononenko, I., Okhrimenko, O., Kononenko, R., & Rudyk-Leuska, N. (2025).
Effect of water temperature on growth and development of red swamp crayfish Procambarus clarkii
(Girard, 1852). Animal Science and Food Technology, 16(3), 54-69. doi: 110.31548/animal.3.2025.54.

“Corresponding author

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


https://orcid.org/0009-0002-4733-1176
https://orcid.org/0000-0003-3906-3650
https://orcid.org/0000-0001-9867-0595
https://orcid.org/0000-0002-7818-2583
https://orcid.org/0000-0003-4355-7071

Koretskyi et al.

55

Abstract. One of the most widespread commercial crayfish species in world’s aquaculture is
the red swamp crayfish Procambarus clarkii. The aim of this work was to analyse the effect of
temperature on growth parameters of Procambarus clarkii grown in the water temperature range
from 22.0 to 32.0°C with a temperature step of 2.0°C (6 experimental groups in total). During the
experiment, theoretical (analysis, systematisation, comparison), experimental (laboratory) and
generally accepted research methods were used. The results clearly demonstrated the inhibitive
effect of high water temperatures — 30.0°C (Group 5) and 32.0°C (Group 6) — on the growth and
development (Iength and weight gain, survival rate) of crayfish, while the lowest water temperature
in this experiment (Group 1, 22.0°C) contributed to more efficient growth and supported survival
of crayfish. For example, the final average weight of crayfish in Group 1 (22.0°C) was 15.20+1.97 g,
in Group 2 (24.0°C) the average weight was 13.71 #1.35 g, crayfish of Group 3 (26.0°C) reached
an average weight of 14.85+1.75 g, Group 4 (28.0°C) — 14.08 £2.25 g, and in Group 5 (30.0°C) and
Group 6 (32.0°C) the average weight was 9.75+2.33 g and 6.60*0.36 g, respectively, which was 1.5
and 2.3 times less than in Group 1. At the same time, the linear growth was more homogeneous and
amounted to 8.00+0.29 cm in Group 1, an average of 7.38£0.29 cm in Group 2, individuals of Group
3 had an average length of 7.66+0.22 c¢cm, in Group 4 — 7.42 £ 0.33 cm, and in high-temperature
Groups 5 and 6 the average length was 6.80+0.50 cm and 6.04 £0.26 cm, respectively. A tendency
to decrease the survival rate of crayfish with increasing water temperature in the groups was
established. The survival rate in Group 1 at the end of the study was 58.82%, in Group 2 — 41.18%,
Group 3 — 47.06%, Group 4 — 41.18%, Groups 5 and 6 experienced the greatest pressure of the
temperature on survival — 35.29% and 29.41%, respectively

Keywords: aquaculture; Procambarus clarkii; weight; length; survival; thermoregulation;
metabolism

Introduction

Considering the difficult situation in which
natural crayfish populations are currently in
Ukrainian water bodies, it is becoming increas-
ingly important to breed these species in con-
trolled conditions, thereby reducing pressure
on natural populations. However, the biological
characteristics (slow growth, demanding water
quality, etc.) of native crayfish species limit the
possibilities for their effective industrial culti-
vation. Therefore, in terms of researching new
highly productive objects of aquaculture among
crustaceans, promising is red swamp crayfish
Procambarus clarkii (Girard, 1852). The pros-
pects for its cultivation are due to its high ad-
aptability to various environmental conditions
(in particular, controlled ones), omnivorous-
ness, rapid growth rate, and flexible life cycle,
which allows it to survive in various physical

and chemical conditions, etc. In addition, given
the trends in the development of aquaculture
and its potential in Ukrainian water bodies,
this species could ideally fit into the structure
of multi-trophic aquaculture, the importance
of which is underestimated in Ukraine but de-
serves attention, given the efficiency of its pro-
cesses and the high potential for commercial
yield per unit area (Honcharova et al., 2024).
The natural distribution range of Procam-
barus clarkii is the south-eastern United States,
but due to human economic activity, this species
has significantly expanded its natural range.
A. Ballinger (2022) draws attention to the wide
range of introduction of this species outside its
natural range — all continents except Australia
and Antarctica, which was facilitated, firstly, by
the widespread popularity of Procambarus clarkii
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as a species of ornamental aquaculture during
the 20" century (Oficialdegui et al., 2025). Only
recently, it was recognised as a potential aq-
uaculture species, being included in the list of
the 25 most important aquatic alien species in-
troduced into European freshwater and coastal
marine waters (Savini et al., 2010). At the same
time, according to A. Nota et al. (2024), this inva-
siveness has its advantages, primarily due to the
fact that P. clarkii, as a more adaptable species,
replaces populations of local crayfish that have
been lost for certain reasons, which does not al-
ways have a positive effect on local ecosystems.
As a farmed species, P. clarkii is also extremely
popular in global aquaculture. It is successful-
ly used commercially in countries where it has
developed a significant population of harvest-
able crayfish. According to FAO (2021), the vast
majority of P. clarkii production in aquaculture,
which is over 2 million tons per year, is current-
ly in China. The same source indicates that P,
clarkii is the second most cultivated crustacean
species in the world.

However, such rapid and intensive devel-
opment of red swamp crayfish populations in
water bodies around the world is still a cause
for concern in terms of the impossibility of fully
assessing the impact of its populations on local
water bodies. Therefore, potential ways to re-
duce its possible destructive impact or negative
pressure on local water bodies are being stud-
ied. It is known that P. clarkii, as ectotherms, are
not capable of independent thermoregulation,
and the determining factor for their successful
reproduction and development is precisely the
water temperature, and its decrease or increase
beyond the species optimum causes enormous
stress in their organism. It is low water temper-
atures, especially during wintering, that inhibit
the spread of P. clarkii in northern latitudes. Fur-
thermore, it has been established that cold stress
affects almost all biochemical and physiological
processes in crustaceans, including their behav-
iour, growth and development, reproduction,
metabolism, and immunity (and, accordingly,
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resistance to disease) (Ren et al., 2021).

The only monitoring study conducted so far
by L. Peruzza et al. (2015) found that populations
of P. clarkii populations inhabiting the cold-wa-
ter Brancolo canal (northern Italy) have unique
biological characteristics that allow them to
complete their life cycle at temperatures that,
according to other studies, should inhibit their
growth and development and prevent repro-
duction (Jiang et al., 2024). The results clearly
confirm the adaptation of this population to an
atypical temperature environment, character-
ised by an average annual water temperature
of 13.32%0.0°C. However, the fertility of females
from the cold-water Brancolo canal was 35.0£7.0
eggs compared to 285.0-995.0 eggs in females
that reproduce at optimal water temperatures.
It is also interesting that in high latitudes, Pro-
cambarus clarkii reproduces once a year (at the
end of summer) and can carry eggs throughout
the winter, while in lower latitudes, the species’
life cycle includes year-round reproduction with
several peaks per year (Chucholl, 2011; Slusar et
al., 2023). The results presented indicate that P.
clarkii is capable of adapting well to new, cold
habitats by changing its life cycle.

Regarding the effect of high temperatures
on the cultivation of Procambarus clarkii, an
interesting study by X. Chen et al. (2024) found
that groups of crayfish kept at a higher wa-
ter temperature (30.0°C) had correspondingly
higher levels of astaxanthin, which developed a
rich bright red colouration of the crayfish shell.
Thus, the vast majority of studies are aimed at
investigating the characteristics of this species’
adaptation to water temperature, but they do
not answer the question of whether there is an
optimal temperature for rapid linear growth and
weight gain, sexual maturation, and high sur-
vival under controlled industrial farming condi-
tions, or whether it is possible to influence the
productivity of P. clarkii using this parameter.
In addition, the issue of the invasiveness of this
species should not be ignored, as against the
backdrop of climate change and reduced biotic
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stability of water bodies, including in Ukraine,
it may create conditions that will disrupt the
stability of freshwater ecosystems and create
conditions for the ideal adaptation of this spe-
cies. Therefore, it is necessary to understand in
more detail the mechanism of adaptation of the
red swamp crayfish to the environment and the
possible ecological barriers to their successful
development in natural ecosystems.

For this reason, the objective of this study
was to analyse the impact of different temper-
ature regimes on the growth of Procambarus
clarki on changes in their growth and survival
rates. The study was conducted in accordance
with Agreement No. BF/37-2021 (state registra-
tion number 0121U113569) within the priority
thematic area “Innovative solutions for ensur-
ing the sustainable development of agriculture,
forestry, and veterinary medicine in conditions
of martial law”, applied research “River basin
management in the context of climate change”.

Materials and Methods
To understand the impact of the aquatic envi-
ronment on the growth characteristics of the
red California crayfish, it was important to study
the organism’s response not only to tempera-
tures within the species’ optimal range, but also
to temperatures exceeding its tolerance limit.
For this study, young Procambarus clarkii aged
20-25 days were used. The study was conduct-
ed between June and August 2024 at the Aqua-
culture Technology Laboratory (V. Kondratyuk
Laboratory of Aquatic Bioresources and Aqua-
culture). The crayfish juveniles for the study was
obtained from own broodstock of red swamp
crayfish kept in the same laboratory. Six groups
were formed for the study in the temperature
range from 22.0°C to 32.0°C: Group 1 — grown at
a water temperature of 22.0°C, Group 2 — 24.0°C,
Group 3 - 26.0°C, Group 4 - 28.0°C, Group 5 -
30.0°C, and Group 6 — 32.0°C. These tempera-
tures were partly within the species optimum
range and partly outside the tolerance limits
of the organisms, creating extreme conditions

(>29.0-30.0°C). A total amount of Procambarus
clarkii which were used in the experiment, were
102 individuals, 17 in each group. The groups
were formed by randomly selecting individuals
for each group. The initial weight of the cray-
fish was 0.2+0.05 g on average, with an average
length of 0.2+0.05 g. The crayfish were kept
in a freshwater model aquarium system con-
sisting of six 100 L tanks with identical water
treatment and cultivation conditions (with an
equal number of shelters). Water temperature
and dissolved oxygen levels were monitored
daily at three measurement points: two station-
ary points using a JBL Thermometer Premium
thermometer and an Aqua-Tech HT-1 electron-
ic thermometer with a remote sensor, and the
third using a portable AZ-86021 oximeter.

For feeding at different stages of develop-
ment, following high-protein compound feeds
were used: Alltech Coppens TOP, 0.5-0.8 mm
(protein: 60.0%, fat: 16.0%, fibre: 0.3%, ash:
10.7%), Alltech Coppens Vital, 0.5-1.2 mm
(protein: 46.%, fat: 10.0%, fibre: 0.09%, ash:
11.9%), Alltech Coppens Advance, 1.5 mm (pro-
tein: 54.0%, fat: 15.0%, fibre: 0.3%, ash: 12.0%),
Aller Aqua Futura, 0.5-1.0 mm (protein: 64.0%,
fat: 9.0%, fibre: 0.5%, ash: 13.0%), Aller Aqua
Futura, 0.9-2.0 mm (protein: 64.0%, fat: 9.0%,
fibre: 0.5%, ash: 13.0%). At the beginning of the
third month of rearing, to increase the content
of plant components, the daily diet included
Zolotaya Rybka (Gold Fish) Flora feed, 1.7-2.5
mm (protein: 30.0%, fat: 5.5%, fibre: 5.0%, ash:
7.0%) in an amount of 20.0% of the daily feed
dose, while Coppens accounted for 50.0% and
Aller aqua for 30.0% of the daily feed amount.
The daily feed ration was determined based on
the total weight of the crayfish and varied from
10.0 to 5.0% depending on age, with the feed
fraction increasing according to the size of the
individuals. In the daily diet, the weight of Cop-
pens and Aller aqua feed had a 1:1 ratio.

The experimental groups were fed twice a
day: the specified feed dose was divided into
two parts in a ratio of 30:70 — the first part was
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administered in the morning, and the second
part was administered in the evening. This took
into account the natural behaviour of crayfish,
which search for food at dusk. The feed was
administered at two feeding points located on
opposite sides of the aquarium in order to avoid
competition or aggressive behaviour by dom-
inant individuals. In general, the same opti-
mal growing conditions (aquarium equipment,
feeding, shelter) were created for all six groups,
so that only the water temperature differed be-
tween the experimental groups.

Intermediate measurements of the length
and weight of crayfish were carried out every
10 days. At this time, the number of individ-
uals was also counted to assess their survival
rate. Based on the data obtained, the daily feed
dose was adjusted. Body weight and length
were measured in accordance with general fish
biology recommendations using a vernier cal-
liper and measuring tape, as well as TBE-0.21
laboratory scales with a minimum increment of
0.02 g. The conditions for keeping, feeding, and
caring for crayfish complied with the require-
ments of the European Convention for the Pro-
tection of Vertebrate Animals used for Exper-
imental and Other Scientific Purposes (1986);

Regulation (EU) No. 1143/2014 of the European
Parliament and of the Council “On the Pre-
vention and Management of the Introduction
and Spread of Invasive Alien Species” (2014),
in compliance with the bioethical standards of
proper treatment of animals enshrined in the
Regulation “On the Protection of Animals Used
for Scientific or Educational Purposes at the
National University of Life and Environmental
Sciences of Ukraine” (2023). The research was
carried out with basic funding (contract BF/37-
2021 dated 02.08.2021) as part of the applied
research project “River Basin Management in
the Context of Climate Change”.

Results and Discussion
According to the results of daily monitoring of
the aquatic environment, the actual water tem-
perature in each experimental group differed
from the set experimental temperature, often
exceeding the studied level, which was primar-
ily due to weather conditions in the middle and
end of the hot summer when the study was con-
ducted. All experimental groups were simulta-
neously exposed to this influence. The actual
temperature regime of all experimental groups
is presented in Table 1.

Table 1. Temperature conditions for the experimental groups of Procambarus clarkii

Group Groupl Group2 Group3 Group4 Group5 Group 6
(experimental, t, °C) (22.0°C) (24.0°C) (26.0°C) (28.0°C) (30.0°C) (32.0°C)
Lowest water temperature 21.3°C 23.8°C 25.8°C 27.1°C 29.7°C 30.9°C
Highest water temperature 24.0°C 26.5°C 28.0°C 30.0°C 32.0°C 34.0°C
Average water temperature during ° ° ° o o o
the first month 08.06-30.06 22.2°C 24.5°C 26.5°C 28.9°C 30.8°C 32.4°C
Average water temperature during o o o o o o
the second month 01.07-31.07 23.3°C 25.7°C 26.7°C 28.8°C 30.6°C 32.8°C
Average water temperature during o o o o o o
the third month 01.08-31.08 23.0°C 25.6°C 26.4°C 29.1°C 30.5°C 32.9°C
Average water temperature during 5, 9o, 24.2°C 26.5°C 28.4°C 30.0°C 31.8°C

the fourth month 01.09-16.09

Source: authors’ development

Based on the data of Table 1, each group
experienced slight temperature fluctuations
(%2.0°C) during the study period. For example, the
highest daily water temperatures were recorded
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during the second and third months of cultiva-
tion, while the lowest water temperatures were
recorded in the last weeks of the study (Septem-
ber). As for other important parameters of the
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aquatic environment, the content of dissolved
oxygen throughout the study period fluctuated
within the optimal range for this species: from
5.4 mgO,/L to 7.7 mg0,/L; pH - 7.0-8.0. At the
beginning of the study, the average weight in all

groups was the same and amounted to 0.2%0.05
g, the average body length was 1.5%0.2 cm. The
results of the first and all subsequent measure-
ments of the weight of Procambarus clarkii car-
ried out every 10 days are presented in Table 2.

Table 2. Weights of Procambarus clarkii during the study period

Average M, g (M*m)

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Date (22.0°C) (24.0°C) (26.0°C) (28.0°C) (30.0°C) (32.0°C)
min/max* min/max* min/max* min/max* min/max* min/max*
u* * u:::* u::: * u* * u*:}: u*:::
18.06 0.25/2.0 0.4/1.9 0.5/1.6 0.3/1.7 0.3/1.5 0.25/0.4
0.77+0.11 1.02+0.11 1.01£0.09 0.64%0.09 0.58+0.08 0.3+0.01
28.06 0.5/4.6 0.3/3.4 0.6/2.7 0.4/5.1 0.4/2.6 0.3/1
1.48+0.24 1.61+0.21 1.74%0.16 1.50%0.33 0.89+0.16 0.50+0.07
08.07 1.0/9.8 1.0/5.3 1.5/4.6 1.0/8.1 0.5/4.5 0.3/1.4
2.68+0.53 2.65%0.33 2.84%0.25 2.15+0.51 1.56%0.31 0.67+0.12
18.07 1.8/14.5 1.0/8.3 1.9/7.5 1.3/13 1.1/7.7 0.5/3.0
4.07+0.81 3.81%0.55 4.37+0.51 3.37+0.99 2.46+0.71 1.18%0.27
28.07 2.7/15.3 2.2/13.5 2.4/12.5 1.7/14.6 1.4/12.4 1.1/3.2
5.27+0.88 5.49+0.87 6.08+1.01 4.29+1.19 3.46*1.19 2.07%0.25
07.08 3.4/15.5 2.9/9.6 3.8/18.5 1.9/19.7 1.8/14.4 1.6/4.7
6.96+1.07 6.53%0.76 8.33%1.6 5.87+1.66 5.78+1.89 3.24+0.38
17.08 4.3/15.9 3.8/14.8 4.3/20.0 2.2/20.5 2.6/20.0 1.6/5.3
8.45+1.17 8.84+1.48 10.61+1.84 8.01+2.09 6.34+2.33 3.64%0.51
97.08 5.1/19.1 4.2/15.7 5.2/20.8 2.4/20.5 2.6/20 3.0/5.9
10.55+1.43 9.57+1.25 11.72%1.7 8.25+1.92 7.21+1.95 4.35+0.42
06.09 6.2/19.9 4.9/16.0 6.8/22.0 2.7/20.8 4.1/20.4 3.5/7.1
12.09%1.5 10.71+1.46 14.06%1.99 9.78+2.64 8.08+2.54 5.61+0.56
16.09 9.3/29.7 6.5/16.6 7.2/21 9.9/22.8 5.7/20.6 5.4/7.4
15.20%£1.97 13.71%1.35 14.85%1.75 14.08+2.25 9.75+2.33 6.60%0.36
Note: * - maximum and minimum values; ** — average value; highest and lowest values are highlighted in bold

Source: authors’ development

The first measurement of the length and
weight of crayfish in the experimental groups
10 days after they were placed in the grow-
ing conditions showed a trend of intensive
growth in individuals in experimental Groups
1-4 (t range 22.0-28.0°C) (Fig. 1). At the same
time, individuals from experimental Group
5 (30.0°C) and especially Group 6 (32.0°C)
showed a lag in weight gain. This trend was
observed during the first month of cultivation.
Thus, at the end of the first month of culti-
vation, the average recorded weight of indi-
viduals in Group 1 (22.0°C) was 4.07 £0.81 g,

which was 3.86 g more than the initial weight
(0.2%0.05 g). The average weight of individu-
als in experimental Group 2 (24.0°C) increased
by 3.61 g relative to the initial weight and was
3.81%0.55 g. The weight of individuals in exper-
imental Group 3 (26.0°C) reached 4.37+0.51 g,
which was 4.17 g more than the initial weight
and was the largest increase among the ex-
perimental groups during the first month of
the experiment. In experimental Group 4
(28.0°C), the average weight was 3.37 £ 0.99
g, with an increase of 3.17 g, respectively.
Group 5 (30.0°C) reached an average weight of
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2.46%0.71 g, and the increase relative to the
initial weight was only 2.26 g. Group 6 (32.0°C)
was characterised by the lowest average weight
among all experimental groups for the first

month - 1.18£0.27 g, and accordingly has the
smallest increase in average weight relative to
the initial weight — only 0.98 g, which was 4.25
times less than the increase in Group 3.
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Figure 1. Weight growth of crayfish during the study period

Source: authors’ development

The results of the second month of cultiva-
tion were also characterised by a rapid increase
in body weight in Groups 1-4 (22.0-28.0°C) and
moderate growth in Groups 5 (30.0°C) and the
smallest in Group 6 (32.0°C). For example, indi-
viduals in Group 1 (22.0°C) were characterised
by an average increase of 4.39 g during the sec-
ond month of cultivation. Crayfish in Group 2
(24.0°C) had an average increase of 5.03 g, and
Group 3 (26.0°C) again had the largest increase
in average weight — 6.24 g. The average weight
gain in individuals of Group 4 (28.0°C) during
the second month was 4.64 g. Groups 5 (30.0°C)
and 6 (32.0°C), which were grown at extreme-
ly high temperatures, had an increase of 3.88 g
and 2.46 g, respectively, which were the lowest
among the experimental groups.

The results of the last month of the study
showed that the highest average weight was
recorded in Group 1 (22.0°C) and amounted to
15.2+1.97 g with an increase in average weight
of 15.0 g relative to the initial average weight.
Thus, at the end of the study, Group 1 surpassed
Group 3 (26.0°C) in terms of average weight,
which had the highest average weight during
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the first and second months of cultivation. In-
dividuals in Group 2 (24.0°C) reached an aver-
age weight of 13.71+1.35 g with an increase of
13.51 g. Crayfish in Group 3 (26.0°C) reached an
average weight of 14.85 % 1.75 g at the end of
the study, with a weight gain of 14.65 g. In ex-
perimental Group 4 (28.0°C), the final average
weight was 14.08 £ 2.25 g with a gain relative
to the initial weight of 13.88 g. As for Group
5 (30.0°C), the average weight of its individu-
als was 9.75*2.33 g with an increase of 9.55 g.
Crayfish in Group 6, which were grown at the
highest experimental temperature of 32.0°C,
had an average weight of 6.6+0.36 g at the end
of the study, with an increase of 6.2 g, which
was the lowest among all studied groups.

In general, during the study period, sig-
nificant growth asynchrony was observed in
all groups, which is typical for crustaceans.
In particular, Figure 2 shows individuals from
experimental Group 3 (28.0°C) during the in-
termediate measurement on August 7, which
most clearly demonstrated the variability
of linear growth and weight gain within the
group: the minimum weight was 3.80 g, and
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the maximum was 18.50 g (Fig. 2). A similar
pattern was observed in each group, which is

a natural feature of crayfish growth and is not
related to study conditions.
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Figure 2. Asynchronous growth of individuals
in Group 3 (28.0°C) during intermediate measurement

Source: authors’ photo

Assessment of the nature of linear growth
changes in Procambarus clarkii during the study
also showed a relationship between water tem-
perature and crayfish body length: in Groups
1-4 (22.0-28.0°C), where cultivation took place
within the optimal temperature range, there

was intense linear growth, while in Group 5
(30.0°C) and especially in Group 6 (32.0°C),
where temperatures were extremely high, mod-
erate linear growth was recorded. The results of
linear growth measurements for all six groups
during the study period are shown in Table 3.

Table 3. Linear growth of Procambarus clarkii during the study period

Average L, cm (M £ m)

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Date (22.0°C) (24.0°C) (26.0°C) (28.0°C) (30.0°C) (32.0°C)
min/max* min/max* min/max* min/max* min/max* min/max*
pr* pr* pr* pr* pr* pr*
18.06 2.0/4.0 2.0/3.8 2.3/4.0 2.0/4.0 2.0/4.0 1.8/2.3
2.94%0.14 3.08+0.15 3.02+0.11 2.67%0.13 2.49+0.15 2.03%0.03
28.06 2.5/5.2 2.2/4.7 2.7/4.5 2.5/5.2 2.5/4.6 2.0/3.1
3.53+0.17 3.58+0.16 3.82+0.15 3.35+0.20 3.06+0.17 2.78%0.13
08.07 3.0/6.8 3.2/5.5 3.9/5.5 3.0/6.0 2.7/5.0 2.2/3.5
4.35+£0.23 4.26%0.16 4.31%0.12 3.74+0.23 3.57+0.19 2.77+0.14
18.07 4.0/7.6 3.2/6.5 4.2/6.0 3.5/7.5 3.0/6.0 2.5/4.5
4.85+0.24 4.70%0.26 4.99%0.18 4.52+0.33 4.08+0.31 3.17£0.25
28.07 4.0/8.0 4.0/7.2 4.2/1.2 3.5/15 3.5/15 3.0/4.8
5.36%0.28 5.30%0.26 5.57+0.33 4.83%0.35 4.57+0.42 3.97+0.19
07.08 4.8/7.5 4.5/7.0 5.0/8.0 4.0/8.0 4.0/7.8 3.6/5.8
6.04£0.25 5.94+0.28 6.21+0.38 5.50+0.37 5.11+0.42 4.80%0.27
17.08 5.2/8.0 5.1/8.0 5.5/8.5 4.5/8.3 4.8/8.0 3.6/5.8
6.50+0.30 6.61%0.40 6.87%0.36 6.16%0.46 5.56+0.46 4.95%0.30

Animal Science and Food Technology. 2025. Vol. 16, No. 3




62

Effect of water temperature on growth...

Average L, cm (M £+m)

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Date (22.0°C) (24.0°C) (26.0°C) (28.0°C) (30.0°C) (32.0°C)
min/max* min/max* min/max* min/max* min/max* min/max*
u*::: ]J** ]J** ]J** IJ** u**
27.08 5.8/8.8 5.4/7.7 5.8/8.2 4.5/8.5 4.0/8.0 4.2/5.8
7.13+0.30 6.80+0.27 7.06+0.27 6.02+0.45 5.56+0.41 4.98+0.23
06.09 6.0/9.0 5.5/8.0 6.2/8.4 4.6/8.5 5.1/8.0 4.9/6.2
7.41+0.31 6.97+0.32 7.46%0.27 6.37%0.59 5.85+0.45 5.56+0.21
16.09 7.0/10.0 6.2/8.1 6.5/8.3 6.5/8.7 5.8/9.0 5.3/6.7
8.00+0.29 7.38+0.29 7.66*0.22 7.42%0.33 6.80=0.50 6.04+0.26
Note: * — maximum and minimum values of; ** — average value; highest and lowest values are highlighted in bold

Source: authors’ development

The fastest linear growth was observed in
individuals in experimental Group 1 (22.0°C),
which reached 8.00+0.29 cm over three months
of the study, increasing their body length
by 6.50 cm compared to the initial length
(1.5+0.3 cm). The average length of crayfish in
Group 2 (24.0°C) increased by 5.88 cm and at the
end of the study averaged 7.38%0.29 cm. At the
end of the study, individuals in Group 3 (26.0°C)
had an average body length of 7.66 +0.22 cm,
with an increase of 6.16 cm relative to the

initial value. In Group 4 (28.0°C), individuals
reached an average length of 7.42 = 0.33 cm
with an increase of 5.92 cm. Crayfish in Group 5
(30.0°C) increased their body length by an av-
erage of 5.30 cm and reached an average length
of 6.80+0.50 cm. The lowest linear growth re-
sults were observed in crayfish from Group 6
(32.0°C): the body length of individuals in this
group increased by 4.54 cm, reaching 6.04+0.26
cm at the end of the study period, which was 1.3
times less than in Group 1 (Fig. 3).
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Figure 3. Linear growth of crayfish during the study period

Source: authors’ development

Observation of the behavioural reactions
of P. clarkii during the experimental period
showed a typical phenomenon of the cultiva-
tion technology of any object in controlled or
natural conditions, namely a decrease in the
number of individuals, while revealing a direct
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relationship between water temperature and
the number of crayfish in the experimental
groups. In this study, the reduction in numbers
in some groups was caused by intense cannibal-
ism as a behavioural response to elevated (ex-
tremely high) water temperatures (Groups 4-6).
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However, it cannot be ruled out that the decline
in number could also have been the result of
the low vitality of crayfish grown at high tem-
peratures (28.0-30.0°C), since the organism’s
main resource could have been directed to-
ward thermoregulation, namely cooling the
organism, rather than maintaining optimal vi-
tal functions. In particular, observations have

shown that the highest intensity of mortality
and cannibalism was in Groups 5 and 6, which
were grown at temperatures beyond the toler-
ance limits of the organism - 30.0 and 32.0°C,
respectively. Table 4 shows general data on
changes in the number of Procambarus clarkii
in six experimental groups throughout the en-
tire study period.

Table 4. Dynamics of the number of Procambarus clarkii individuals during the study period

Number of individuals, n*

Date Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
(22.0°C) (24.0°C) (26.0°C) (28.0°C) (30.0°C) (32.0°C)
18.06 17.0 17.0 16.0 16.0 16.0 16.0
28.06 17.0 17.0 15.0 14.0 15.0 11.0
08.07 16.0 13.0 13.0 13.0 12.0 10.0
18.07 15.0 13.0 11.0 11.0 9.0 9.0
28.07 14.0 12.0 10.0 10.0 9.0 8.0
07.08 13.0 9.0 9.0 10.0 9.0 7.0
17.08 12.0 7.0 8.0 8.0 7.0 7.0
27.08 11.0 7.0 8.0 7.0 6.0 6.0
06.09 10.0 7.0 8.0 7.0 6.0 6.0
16.09 10.0 7.0 8.0 7.0 6.0 5.0
% survival 58.82 41.18 47.06 41.18 35.29 29.41

Note: * - initial number in all groups - 17
Source: authors’ development

It was found that the greatest losses in
numbers were observed during the first two
months of cultivation, when the juveniles reg-
ularly, but asynchronously, moulted (ecdysis),
after which, under optimal conditions, the juve-
niles remained in the metecdysis stage for 1-2
days — a period of formation and strengthening
of the new exoskeleton, during which individ-
uals are most vulnerable to cannibalism. How-
ever, the experimental groups that were grown
at elevated temperatures (Groups 5 and 6) were
characterised by a longer period of metecdy-
sis — 2-3 days, remaining vulnerable to envi-
ronmental factors, primarily cannibalism, for a
longer period of time. Thus, survival at the end
of the second month of the study underwent
significant changes relative to the initial num-
ber and amounted to 70.59% in Group 1,47.06%
in Groups 3 and 4, and 41.18% in Groups 2, 5,
and 6. The third month of cultivation was

characterised by fewer moults (which is a typ-
ical feature of crayfish of this age), so survival
during the third month remained satisfactory.
In particular, in Groups 2, 3, 4, and 5, it was
100% (compared to the second month of cul-
tivation), in Group 1 - 83.3%, and in Group 6 —
71.43%, which indicates a decrease in the in-
tensity of cannibalism due to a decrease in the
number of moults in crayfish.

Analysis of the final results of the study
showed that the survival rate of crayfish in
Group 1 with the lowest cultivation tempera-
ture (22.0°C) was 2 times higher than in Group
6 with the highest water temperature (32.0°C)
and 1.7 times higher than in Group 5 (30.0°C).
At the same time, Groups 2-4 were character-
ised by approximately the same survival rates
of individuals — 41.18-47.06%. This result may
indicate an increase in the level of cannibalism
and mortality in proportion to the increase in
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the cultivation temperature. In general, can-
nibalism, especially during the moulting peri-
od of crayfish, is one of the most acute prob-
lems in the artificial cultivation of crustaceans
(crayfish, shrimp). Special measures, such as
placing shelters or coverings, structuring the
space, etc., significantly reduce the intensity of
its manifestation, but cannot completely elim-
inate it (Fedorovych et al., 2022a; Ishchuk et
al., 2024), so this aspect of crayfish farming
technology needs to be studied in more detail.
Thus, the studies conducted have examined
and established the influence of a wide range
of water temperatures on the growth, devel-
opment, and behavioural responses of the red
swamp crayfish under controlled conditions,
and it has been established that the optimal
temperature range for P. clarkii is 22.0 * 2.0°C.
Water temperatures above 28.0°C had a nega-
tive inhibitory and, in some cases, lethal effect
on crayfish. According to a study by X. Ren et
al. (2021), as water temperature rises, ecto-
thermic animals need to obtain more energy
to maintain an increased metabolism, which
leads to a decrease in food consumption rate (in
the current experiment, uneaten feed residues
were observed precisely in high-temperature
groups). However, as the water temperature ris-
es, the rate of catabolism (energy metabolism)
in animals exceeds the rate of anabolism (plastic
metabolism). This process can be explained in
more detail by analysing the work of H. Jiang et
al. (2024), which studied the effect of different
water temperatures (20.0°C — control, 10.0°C
and 30.0°C - experimental) on the activity of
enzymes (pyruvate kinase (PK), hexokinase (HK)
and phosphoenolpyruvate carboxykinase (PEP-
CK)) in the muscles and hepatopancreas of P.
clarkii, and changes in the activity of a-amylase
(a-AMY) and lipase (LPS) in the intestine and
hepatopancreas. Analysing the activity of diges-
tive and metabolic enzymes, H. Jiang et al. (2024)
found that extremely low (10.0°C) and high
(30.0°C) temperatures inhibited their activity
levels compared to the control group (20.0°C).
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It is obvious that the metabolic and diges-
tive activity of crayfish in the study directly de-
pended on water temperature: extremely high
values (above 28.0°C and above, Groups 4, 5, and
6) caused thermal stress, inhibiting the secretion
and activity of digestive enzymes and causing
metabolic disorders. It is likely that the main ex-
penditure of energy reserves in individuals from
high-temperature groups was directed toward
thermoregulation, and the activity of digestive
enzymes depended on water temperature, affect-
ing the absorption of nutrients from compound
feed through various aspects of metabolism,
which scaled differently with water temperature.

The optimal water temperature, which was
22.0°C according to the experiment, had a posi-
tive effect on the activity of digestive and meta-
bolic enzymes, which manifested itself in the in-
tensive linear-weight growth of individuals, high
survival rate, and the appearance of the first fe-
males with eggs in this group. At the same time,
due to changes in metabolic processes and sup-
pression of digestive enzyme activity, high-tem-
perature Groups 5 (30.0°C) and 6 (32.0°C) were
characterised by the lowest linear growth and
weight gain and critically low survival rates. The
results obtained also coincide with the data of
E. Fedorovych et al. (2022a), who, having con-
ducted research on the cultivation of various
species of crayfish under different temperature
and oxygen conditions, found that the best tem-
perature for keeping all the studied species is in
the range of 23.0-25.0°C. The negative effect of
high temperatures on P. clarkii is also described
in the work of K. Guo et al. (2020), which ana-
lysed the intestinal immune response of P. clarkii
individuals at a temperature of 25.0°C (control)
and a stressful temperature of 35.0°C. Based on
biochemical analysis of oxidative stress param-
eters and immune indicators in the intestine, a
negative reaction to temperature stress (35.0°C)
was established, which manifested itself through
increased oxidative stress in the intestine and
decreased activity of antioxidant and immune
enzymes, which together caused mortality.
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An explanation for this result can be found
in the work of B. Carreira et al. (2017), which
studied the feeding of crayfish with different
feeds at different temperatures. The results of
the studies indicate a decrease in the efficiency
of animal feed consumption at higher temper-
atures, since juveniles fed an animal diet were
unable to maintain high growth rates during
a prolonged heat wave; and a decrease in the
efficiency of plant diets at low temperatures,
since juveniles accumulated fewer reserves at
lower temperatures when fed a plant-based
diet. Similar results regarding an increase in
herbivory with increasing water temperature
were also investigated by P. Zhang et al. (2020),
who proved that an increase in temperature
increases the herbivory of ectothermic hydro-
bionts. Along with this, a study of other crusta-
cean species conducted by P. Kovtun & S. Mer-
zlov (2023) demonstrated a significant impact
of diet composition, in particular the inclusion
of vermiculture biomass, on their productivity.

In the study conducted by the authors of
this paper, compound feed with a high protein
content (46.0-64.0%) was used to feed crayfish
of all groups, including high-temperature ones,
and only at the beginning of the third month of
cultivation was compound feed with a high fi-
bre content (5.0%) introduced into the crayfish
diet in an amount of 20.0% of the daily ration,
which was obviously insufficient to maintain
normal metabolic processes in individuals from
high-temperature Groups (5 and 6). However,
this study did not consider the aspect of food
selectivity in favour of animal or plant feed for
feeding P, clarkii at different water temperatures,
but the data presented may be useful in future
studies for compiling a daily diet for crayfish.

All of the above-mentioned studies lead to
one common conclusion: high water temper-
atures have an undeniable negative impact on
crayfish survival, which is also confirmed by this
study. It has been found that in juvenile crayfish
from high-temperature groups, the metecdy-
sis period (the period after moulting until the

formation of a new exoskeleton, which, accord-
ingto S. Galib et al. (2022), is a period of defence-
lessness for crayfish) lasted 2-3 days, compared
to 1-2 days in crayfish at temperatures of 22.0-
26.0°C. Thus, individuals from Groups 5 and 6
remained more vulnerable to environmental
factors for a longer period of time, primarily to
cannibalism, which actively progressed due to
the asynchrony of the moulting process itself.
The longer period of metecdysis is associated
with the functioning of the endocrine system,
which regulates the secretion of the substance
chitin synthase, which is used to form a new ex-
oskeleton, which was apparently suppressed by
high water temperatures. At the same time, the
neuroendocrine system of crayfish and related
molecules regulate the behaviour of crayfish and
physiological processes, including the percep-
tion of environmental factors, which could affect
the thermotolerance and aggressive behaviour
of individuals from high-temperature groups
(Ren et al., 2021; Fedorovych et al., 2022b). As
crayfish grow, the problem of cannibalism de-
creases as the frequency of moulting decreases.
As follows, the undoubted advantage of
temperature conditions formed in Group 1,
which demonstrates the highest percentage
of survival and the highest linear growth and
weight gain of experimental crayfish, was es-
tablished. Groups 2-4 are also characterised by
satisfactory growth rate, but demonstrate low-
er survival rates. Also, according to the results
of study and analysis of available literature, it
was proved inexpedient to grow P. clarkii at the
temperature conditions formed in Groups 5 and
6, which showed the lowest linear growth and
weight gain and the lowest survival rates.

Conclusions
According to the results of the study, the low-
est temperatures among the studied ones had a
positive effect on the growth and development
of Procambarus clarkii, while the highest tem-
perature regimes studied, which went beyond
the tolerance of the crayfish, showed the lowest
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efficiency. So, comparing the results obtained,
it was found that the highest growth and sur-
vival rates were observed in Group 1, which
was grown at the lowest temperature among
the studied, namely 22.0°C. Groups 2-4 (24.0-
28.0°C) showed slightly lower but satisfacto-
ry growth and survival rates, but compared to
Group 1, these groups were characterised by a
lower survival rate. High-temperature Groups 5
(30.0°C) and 6 (32.0°C) were unable to maintain
high growth and survival rates.

The influence of high temperatures was
also revealed by the results of the assessment
of death and cannibalism as a behavioural re-
sponse of the organism to factors of the external
(high temperature) and internal (metabolic pro-
cesses, activity of the endocrine and neuroen-
docrine systems) environment. So, the survival
rate of individuals in Group 1 (22.0°C) was 2
times higher than in Group 6 (32.0°C). In addi-
tion, to the disadvantages of high-temperature
cultivation regimes, one can also add naturally

higher energy consumption for water heating,
which, with large volumes of cultivation, can be
high, and most importantly, unnecessary costs.
The results obtained have significant potential
for the development of an optimised and scien-
tifically sound technology for the cultivation of
Procambarus clarkii, and can also serve as a basis
for further, more in-depth research. In particular,
a promising area for further research is to study
the effect of the combination of parameters and
growing conditions on the physiological param-
eters and productivity of Procambarus clarkii at
different stages of ontogenesis.
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BB TemMnieparypu BoJH Ha PiCT Ta pO3BUTOK Y€PBOHOTO
rastipopHiiicbkoro paka Procambarus clarkii (Girard, 1852)
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AHoTauis. B ranysi akBaky/lIbTypy OLHUM 3 HaitpO3MOBCIOIKEHIIINX Y CBiTi KOMepLilfiHUM BULOM
pakiB € yepBoHMii KanidopHilicbkuit pak Procambarus clarkii. MeTowo naHoi pob6oTu 6yB aHasi3
BIUIMBY TEMIIEPATYPHOTO PEKMMY Ha rapameTpu pocty Procambarus clarkii pu BUpPOILyBaHHI B
IiamasoHi Temmepatyp Boay Bim 22,0 go 32,0°C 3 kpokoMm Temrmepatyp 2,0°C (BCbOro 6 OCTiTHIX
rpym). Ilig yac mpoBefeHHS eKCIIepYMEeHTyY BUMKOPUCTaHO TeOpeTMYHi (aHasli3, cucTemMaTu3allis,
MOPiBHSIHHS), eKCIIepYMeHTalbHi (JJaGopaTOpHi) Ta 3araJbHOMPUITHATI Yy PUOHUIITBI MeTOmU
Joctimkenb. OTpuMaHi pe3ylabTaTU YiTKO MPOAEMOHCTPYBaJIM MPUTHIUYIOUMIA BIUIMB BUCOKUX
TemIiepatyp BomHoro cepemosuiia — 30,0°C (I'pyma 5) ta 32,0°C (Ipyma 6) — Ha picT Ta pO3BUTOK
(miHiftHO-BaroBMit TMpUpIcT, BMKMBAHICTb) OCOOMH, TOAi K HaiHWK4YA B JAHOMY [OCTiAi
temneparypa Bogu (I'pyma 1, 22,0°C) cnpusia 6inbir eheKTMBHOMY POCTY Ta MiATpUMMyBaJia
BIDKMBAHICTD pakiB. Tak, KiHIeBa cepemHs Maca ocoouH I'pymm 1 (22,0°C) cranoBwia 15,201,971,
y I'pymi 2 (24,0°C) cepennst maca ckiagana 13,71+1,35 r, paku I'pyrnin 3 (26,0°C) mocsiriu cepeiHbOi
Macu B 14,85+1,75 r, I'pyna 4 (28,0°C) — 14,08+2,25 1, a B I'pymax 5 (30,0°C) i 6 (32,0°C) orpmaHa
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cepenHsl Maca ckiagana 9,75+ 2,33 r i 6,60 0,36 r BigmoBigHo, mo B 1,5 Ta 2,3 pasa MeHIe
nopiBHSAHO 3 I'pymoio 1. BomHOUac MOKAa3HMKYU CEPeAHBbOTO JIHITHOTO MPUPOCTY Mayu GiJbIn
OIHOPIIHMI XapaKTep i CTAaHOBWIN Ha KiHelb focimkenHs y Ipymi 1 - 8,00+0,29 cm, y ['pymi 2 — B
cepenHbomy 7,38+0,29 cMm, ocobuum I'pynu 3 manu cepemHio JOBXKMHY 7,66 = 0,22 cM, y I'pyri 4 —
7,42 0,33 cM, a y BUCOKOTeMIlepaTypHux I'pymax 5 i 6 cepemHst qoBxuHa ckiaagana 6,80 = 0,50
cM i 6,04+ 0,26 cM BifoOBimHO. BCTAHOBIEHO TEHIEHIII0 3HMKEHHS BUKMBAHOCTI OCOOMH MpU
36i7bIIeHI TeMIiepaTypu Boau y rpymax. Tak, BukuBaHicTh y I'pymi 1 Ha KiHelp JOCTiAKeHb
cra”oBwia 58,82 %,y I'pymi 2 — 41,18 %, y I'pymi 3 — 47,06 %, I'pymi 4 — 41,18 %, a 'pynu 5 i 6 3a3Hamm
HAaii6i/IbIIIOr0 TUCKY TEMIIEPATYPHOTO ITOKAa3HMKA Ha BUKMBAHICTD — 35,29 % i 29,41 % BimmoBigHO

KniouoBi cimoBa: akBakynbTypa; Procambarus clarkii; wmaca; m[OBXMHA; BUKUBAHICTb;
TepMOpETYJISIist; MeTabosi3M
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data. In this paper, hyperspectral technology was used to obtain spectral data of 328 sampling
points in the 400-1,000 nm band of four different fish, and the spectral curves were preprocessed
to obtain more accurate and efficient spectral curves. The study systematically compared
the preprocessing methods of Savitzky-Golay smoothing and multivariate scatter correction
(MSC), and combined the principal component analysis (PCA) method to optimise the k-nearest
neighbour (KNN) and support vector machine (SVM) classification models, in order to provide a
more effective solution for fish classification. The principal component analysis method was used
to reduce the dimensionality of the spectral data. The principal components after dimensionality
reduction were compared with the full components, and the training set and test set were
randomly generated. The SVM algorithm and the KNN algorithm were used in Python to predict
and determine the accuracy of the model. It was shown that the average accuracy of spectral
data after preprocessing and dimensionality reduction in the classification of SVM models can
reach 97.25%, and the average classification accuracy of KNN models can reach 97.48%, which
indicates that different types of fish flesh can be classified. Both models showed that overall,
the preprocessing method that combines MSC and PCA is better than the single preprocessing
method, highlighting the importance of PCA in removing redundant information and preserving
key classification characteristics. When comparing the model performance under the same
preprocessing conditions, the accuracy of SVM is higher than that of KNN, indicating that the SVM
has greater adaptability to spectral data classification. Through the development and application
of spectral detection technology, technological progress and innovation in food testing can be
promoted, guiding the entire industry to a safer and more reliable future

Keywords: spectrum; Savitzky-Golay method; multiplicative scatter correction; k-nearest
neighbours model; support vector machine algorithm

Introduction

As people’s awareness of food safety contin-
ues to grow, food quality and authenticity have
become the focal points of global concern.
The food industry faces issues such as adul-
teration and counterfeiting. Criminals might
seek profits by adding inexpensive or harmful
substances to products. Thus, it is essential to
develop reliable detection methods to prevent
and identify such counterfeiting behaviours.
However, traditional food quality detection
methods are destructive, cumbersome to op-
erate, and require trained professionals. With
the rapid development and integration of im-
age processing, spectral analysis, and food
intelligence technologies, the application of
hyperspectral imaging technology in food de-
tection has attracted growing attention (Wu et
al., 2025). The development and advancement

of spectral technologies, particularly the in-
creasing applications of near-infrared spec-
troscopy, Raman spectroscopy, fluorescence
spectroscopy, and other techniques, offer
faster, more accurate, and non-destructive ap-
proaches for food analysis and testing. L. He et
al. (2022) employed ultra-high performance
liquid chromatography - tandem mass spec-
trometry (UPLC — MS/MS) to identify serum al-
bumin target peptides in beef and horse meat.
The results demonstrated that this method ex-
hibited good linearity and excellent analytical
performance within a certain concentration
range. B. Li et al. (2024) utilised support vector
machine, random forest, and LSTM algorithms
to establish a classification model by fusing
hyperspectral reflectance and transmittance
spectral data, and combined with partial least
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squares regression to quantitatively analyse
the concentration of beef adulterants. They
found that the detection accuracy of chick-
en, duck, and pork adulterated in beef could
be improved. The scientific work by I. Pa-
lamarchuk et al. (2024) used the laser-induced
breakdown spectroscopy (LIBS) method for
spectroscopic assessment and quantitative
analysis of the trace element composition of
plant additives to meat products.

Spectral detection technology can an-
alyse numerous samples in a short time, en-
hancing detection and production efficiencies.
Through the development and application of
spectral detection technology, technological
progress and innovation in food testing can be
promoted, guiding the entire industry towards
a safer and more reliable future (Melnychuk et
al., 2016). Moreover, the importance of stand-
ardised quality metrics in food production was
emphasised by N. Kim (2021), who proposed a
generalised quality indicator method for as-
sessing various objects, including food prod-
ucts. This method integrates multiple qual-
ity metrics into a cohesive model, enabling
precise and rapid evaluation of food quality,
which is critical for ensuring consistency and
reliability in non-destructive spectral detec-
tion applications.

Fish, being a common food item, its qual-
ity and authenticity are of great significance
to consumers’ health and trust. Fish spectral
detection plays a crucial role in ensuring food
safety and quality. By analysing the spectral
characteristics of samples to identify their
components and quality attributes, consumers’
health and rights can be safeguarded (Wang et
al., 2019). T. Xu (2020) synthesised three gold
nanorods (Au NRs) with different aspect ratios
using the seed-growth method and, in com-
bination with SERS technology, detected in-
dustrial dye drug residues in four types of fish
flesh. Z. Chen et al. (2021) used these non-de-
structive methods to assess the freshness of
pearl gentian grouper under different storage
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conditions. G. Tsagkatakis et al. (2020) pro-
posed a new approach to fish freshness assess-
ment using information encoded in the spectral
profile obtained with a spectral imaging cam-
era. Experimental evaluation on individuals of
the Sparidae family (Boops sp.) confirmed that
the proposed approach is a valid methodology,
offering both accuracy and ease of application.
Spectroscopic technology can achieve fast and
non-destructive fish classification by analys-
ing the absorption or reflection characteristics
of biological tissues to electromagnetic waves
(Shi et al., 2022; Yuan et al., 2025). However,
the original spectrum is easily interfered with
by factors such as instrument noise and sample
surface scattering, and it is necessary to com-
bine dimensionality reduction techniques such
as principal component analysis (PCA) to im-
prove classification accuracy.

The aim of this paper was to provide a
more efficient study of fish classification based
on spectral analysis. The research objectives
included a systematic comparison of preproc-
essing methods, Savitzky-Golay (SG) smooth-
ing and multivariate scatter correction (MSC),
and a combination of PCA to optimise KNN and
SVM classification models.

Materials and Methods

All experimental procedures were conducted at
the Hyperspectral Imaging Laboratory, School
of Food Science and Engineering, Bengbu Uni-
versity (Bengbu, Anhui Province, China) during
March 2025. The experimental studies were
conducted in compliance with the requirements
of the European Convention for the Protection
of Vertebrate Animals used for Experimental
and other Scientific Purposes (1986), as well as
the Law of Ukraine No. 3447-1V “On Protection
of Animals from Cruelty” (2006).

Experimental materials. The fresh fish
samples for this experiment were purchased
from the Bengbu Fishery. The fish species in-
cluded Snakehead, Grass carp, Bighead carp,
Redfin culter, with 10 individuals of each type.
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The length of each fish ranged from 25 to 40 cm.
Samples were prepared from the mid-section
of freshly slaughtered and cleaned fish, with
2 cm thick cross-sectional slices divided into
four groups. Each container was labelled with
sample identification and preparation date.
Specimens were subsequently refrigerated at
3°C for 24 hours to stabilise physicochemical
properties whilst preventing interference from
trace microbial activity. Following this stabili-
sation period, samples were arranged on a mo-
torised stage for spectral acquisition in a con-
trolled-environment chamber maintained at
15°C to minimise wavelength-specific intensi-
ty variations caused by thermal effects. After
processing to eliminate the interference of ir-
relevant factors, the fish samples were detect-
ed using a hyperspectral imager. Hyperspectral
data of different types of fish in the wave-
length band from 400 nm to 1,000 nm were
collected. Following preprocessing to elimi-
nate extraneous factors, hyperspectral imag-
ing was performed using a GaiaField-V10 sys-
tem (Jiangsu Shuangli Hepu Technology Co.,
Ltd) as illustrated in Figure 1. The apparatus
comprised: a hyperspectral imager with inter-
nal push-broom scanning mode, a CCD camera
(696x658 pixels), four 200W halogen lamps,
a black background panel, a computer-con-
trolled translation stage, and a light-tight en-
closure. Samples were positioned centrally on
the motorised stage within the enclosure. Op-
erating within a 400-1,000 nm spectral range,
the system acquired data at 0.7 nm/s with 328
output wavelengths. Key specifications includ-
ed: spectral resolution — 2.8 nm, focal length —
25 mm, spectral sampling interval — 2.34 nm.
During acquisition via SpecView software,
parameters were set to: exposure time — 30
ms, gain — 1. Sample-to-camera distance was
maintained at 55 cm to ensure image clarity.
Radiometric calibration was performed using a
99% reflectance standard white reference prior
to daily measurements to ensure a linear re-
flectance response.

*_Hypctspectml

camera

_. Light sourcR._
\\- —’I
Light controller
Background plate Sample =
1 == -
|— Camera  —

obscura

Figure 1. Hyperspectral detection device
Source: developed by the authors

Data processing methods. Hyperspectral
image data of fish specimens were acquired
in this study. Spectral curves of samples were
extracted using ENVI (Environment for Vis-
ualising Images) software, yielding spectral
information across 328 bands. Subsequent
preprocessing of raw spectral data and curves
was conducted within the Python 3.9.21 soft-
ware environment. To mitigate noise and en-
hance the signal-to-noise ratio, Multiplicative
Scatter Correction (MSC) and Savitzky-Golay
(SG) smoothing algorithms were applied. The
preprocessed data were partitioned into two
subsets: one subset underwent dimensional-
ity reduction via Principal Component Anal-
ysis (PCA) to efficiently represent features in
a lower-dimensional space, while the other
subset retained its original dimensionality.
This process generated four distinct datasets
(MSC+PCA, MSC, SG+PCA, SG), which were
subsequently reimported into the Python envi-
ronment. During model training, each dataset
was split into training and testing sets at a 4:1
ratio, employing a cross-validation strategy.
Two classification algorithms - Support Vec-
tor Machine (SVM) and K-Nearest Neighbours
(KNN) - were utilised to classify spectral data
from four fish categories. To meet computation-
al and data storage requirements, the software
environment was configured as follows: Devel-
opment platform: PyCharm 2023.1.3 Profes-
sional Edition; Deep learning framework: Py-
Torch 1.12.0+cull3. Key dependencies: numpy
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1.23, pandas 1.5.3, matplotlib 3.7.1, scikit-learn
1.2.2, torchvision 0.15.2, tqdm 4.65.0, ten-
sorboard 2.12.2. Models were trained on the
training sets, with final performance evaluated
through confusion matrices and accuracy met-
rics on the test sets.

In the field of hyperspectral data preproc-
essing, two methods are widely used: Savitz-
ky-Golay smoothing and multidimensional
scattering correction, which are used to sup-
press noise and eliminate scattering inter-
ference, respectively. SG smoothing is a local
weighted average algorithm based on polyno-
mial approximation. By shifting an odd-length
window on the spectral curve, a polynomial
regression is performed on the data in the win-
dow, and the centre value of the approximation
curve is used to replace the original value. In
this study, the window size was set to 5 points
during SG data processing, and the polynomial
order was set to 3 order. During preprocess-
ing, a least-squares polynomial approximation
was performed on the data points in each win-
dow, and the smoothing value of the centre
point of the window was calculated. The edge
of the data was processed by mirror expansion.
In addition, to eliminate the scattering effect
caused by the physical surface characteris-
tics of fish samples (such as particle size and
roughness), the multidimensional scattering
correction (MSC) method was used to achieve
spectral baseline correction.

Fish hyperspectral data usually contains
hundreds of continuous bands (400-1,000 nm),
which is a typical high-dimensional data fea-
ture. Principal Component Analysis (PCA) is a
well-established linear dimensionality reduc-
tion method. It maps high-dimensional data to
a low-dimensional space through orthogonal
transformation. It effectively reduces dimen-
sionality while retaining the main information
of the data, and it has become an important
preprocessing technology for fish hyperspec-
tral data analysis. In this study, the PCA meth-
od was used to reduce the dimensionality of
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the data. First, the principal components
were extracted by calculating the covariance
matrix, and then the principal components
with a cumulative variance contribution ex-
ceeding 95% were selected. The data after di-
mensionality reduction were then trained by
KNN and SVM algorithms. This study estab-
lished eight comparative experimental groups
comprising the following specific combina-
tions: SG+PCA+SVM, SG+PCA+KNN, MSC+P-
CA+SVM, MSC+PCA+KNN, SG+SVM, SG+KNN,
MSC+SVM, and MSC+KNN. Among these, four
experimental sets required initial dimension-
ality reduction via PCA prior to input of the
data into SVM and KNN models for training.
After the 8 experimental groups were preproc-
essed by SG and MSC, 4 of them were subject-
ed to PCA dimensionality reduction and then
substituted into the SVM and KNN models for
training. The other 4 groups were not subject-
ed to PCA dimensionality reduction and were
directly substituted into the model training.
Finally, the accuracy rates obtained from the
training of the 8 model combinations were
compared and analysed.

Results and Discussion
The original spectral curves of the four fish
samples, the spectral curves after SG convo-
lution smoothing, and the spectral curves af-
ter multivariate scattering correction (MSC)
processing are shown in Figures 2, 3, and 4,
respectively. Through comparative analysis,
it can be observed that the Savitzky-Golay
convolution smoothing algorithm effective-
ly suppressed high-frequency random noise
while fully retaining the position and intensi-
ty information of the characteristic absorption
peak. This method achieved data smoothing
through local polynomial fitting. Under the
5-point sliding window parameter setting, it
successfully eliminated signal fluctuations
caused by instrument noise and environmen-
tal interference. Compared with SG processing,
the multivariate scatter correction technology
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demonstrated a more centralised optimisation
effect in spectral preprocessing. By regressing
each sample spectrum against the reference
spectrum, MSC processing not only effectively
eliminated the baseline drift caused by particle
scattering effects but also centralised the spec-
tral data. Experimental data indicated that both
preprocessing methods can enhance the quality
of spectral data.

Prior to model training, the fish hyper-
spectral data were subjected to both noise-re-
duction preprocessing and dimensionality re-
duction using PCA. Figures 5 and 6 show the
PCA two-dimensional projection results of fish
spectral data after SG and MSC preprocessing.
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In both figures, the horizontal axis PC1 ac-
counted for more than 86.0% of the variance.
In Figure 6, the vertical axis PC2 accounted for
6.2% of the variance, and in Figure 5, the ver-
tical axis PC2 accounted for 10.1% of the var-
iance. The cumulative variance contribution of
PC1 and PC2 was high, reaching over 94%. PC1
was the main dimension for differentiating fish
samples. Redfin culter showed the highest de-
gree of distinction from other species. However,
Bighead carp, Grass carp, and Snakehead had
relatively weak distinctions because of the par-
tial overlap of their spectral features. Further
refinement was required by combining more
dimensions or analysis methods.
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Figure 3. Spectrum after SG treatment
Source: developed by the authors
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Figure 4. Spectrum after MSC treatment

Source: developed by the authors

Animal Science and Food Technology. 2025. Vol. 16, No. 3




76 Fish spectral classification...

PCA 2D Projection of Fish Species
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Figure 5. SG-PCA two-dimensional projection of the fish flesh spectrum
Source: developed by the authors
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Table 1 and Table 2 present the cumulative
contribution variance statistics after perform-
ing PCA dimension analysis. They illustrate the

contribution rates of the first 5 principal com-
ponents when the fish spectral data were pro-
cessed using SG-PCA and MSC-PCA.

Table 1. Contribution rates of the top 5 principal components of SG-PCA

Principal component number

Percentage of variance (%)

Cumulative (%)

PCA1l 86.80 86.80
PCA2 10.10 96.90
PCA3 2.50 99.40
PCA4 0.30 99.70
PCA5 0.20 99.90

Source: developed by the authors

Table 2. Contribution rates of the top 5 principal components of MSC-PCA

Principal component number

Percentage of variance (%)

Cumulative (%)

PCA1 88.00 88.00
PCA2 6.20 94.20
PCA3 0.90 95.10
PCA4 0.40 95.20
PCAS5 0.10 95.30

Source: developed by the authors

As is evident from Table 1, in the SG-PCA
combination, the variance contribution rate of
the first principal component, PCA1, reached
as high as 86.80%. The cumulative contribu-
tion rate of the first two principal components
is 96.90%, and that of the first 5 principal com-
ponents was as high as 99.9%. This implied
that most of the variance information could be
accounted for by the first two principal com-
ponents, and the first 5 principal components
nearly covered all the information. In contrast,
in the MSC-PCA combination, the variance
contribution rate of PCA1 was 88.00%, which
was higher than that of PCA1 in the SG-PCA
combination. However, the cumulative contri-
bution rate of the first two principal compo-
nents was 94.20%, and the cumulative contri-
bution rate of the first 5 principal components
was 95.30%, both of which were lower than

those in the SG-PCA combination. This indi-
cated that, under the MSC-PCA combination,
the explanatory power of the first 5 principal
components for the data was slightly weaker,
yet the explanatory power of the first principal
component was stronger.

From the principal component contribution
rates of the two preprocessing methods, it was
observed that when the preprocessed spectral
data underwent PCA analysis, more than 95% of
the original information was retained while the
data dimensionality was reduced to fewer than
ten. This demonstrated that the combination
of preprocessing and PCA effectively eliminat-
ed redundant spectral information. As a result,
it not only decreased the amount of training
data and shortened the training time but also
improved the analysis efficiency. The training
results are presented in Table 3 and Table 4.

Animal Science and Food Technology. 2025. Vol. 16, No. 3
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Table 3. SG classification model training results

Principal component number Accuracy

Average accuracy Average accuracy

(with or without PCA)
MSC 97.33% )
SG 96.20% 96.77% 07 25%
MSC-PCA 97.86% o7 73% a2
SG-PCA 97.59% o

Source: developed by the authors

Table 4. KNN classification model training results

Average accuracy

Principal component number Accuracy (with or without PCA) Average accuracy
MSC 97.59%
97%
SG 96.35% 96.91 97.48%
MSC-PCA 98.39% 97.99% e
SG-PCA 97.60% e

Source: developed by the authors

The results indicated that in the task of
fish spectral classification, the preprocessing
effects and classification performances of the
SVM and KNN models exhibited significant
differences. For the SVM model, the MSC-PCA
combined preprocessing demonstrated the best
performance, with an accuracy of 98.39% and
an average precision of 97.99%. This was signif-
icantly better than using MSC alone (97.59%),
SG alone (96.35%), or SG-PCA (97.60%), thus
verifying the synergistic optimisation effect
of MSC correction and PCA dimensionality re-
duction. When preprocessed individually, the
spectral correction effect of MSC (97.59%) was
better than that of SG (96.35%). The optimal
preprocessing scheme for the KNN model was
also MSC-PCA, with an accuracy of 97.86% and
an average precision of 97.73%. This was su-
perior to SG-PCA (97.59%), single-use of MSC
(97.33%), and SG (96.20%), further validating
the effectiveness of the feature extraction of
this combination. Both models showed that,
overall, the preprocessing method combining
MSC and PCA was better than a single preproc-
essing method, highlighting the importance of
PCA in removing redundant information and
retaining key classification features. In the
comparison of model performances, under the
same preprocessing conditions, the accuracy of
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SVM was generally higher than that of KNN, in-
dicating that SVM had a stronger adaptability
to the classification of spectral data.

The results of the research are consist-
ent with the conclusions of other scientists
regarding the application of spectral analysis
with data processing methods for identifying
fish species and assessing the freshness of fish
products. M. Rahman et al. (2023) used prin-
cipal component analysis to differentiate the
spectra of mackerel meat using fluorescence
spectroscopy. Principal component analysis of
FFs spectra demonstrated clear discrimination
(PC1 + PC2 =91.7%) between white and dark
meat of frozen fish depending on the fresh-
ness state. Therefore, the principal component
analysis method of dense matter spectra could
instantly distinguish the freshness state of
white and dark meat in fish products, even in
the frozen state. The effectiveness of the fluo-
rescence fingerprinting method combined with
PCA for rapid and non-destructive monitoring
of fish quality had also been demonstrated in
the works of the aforementioned authors. In
particular, M. Rahman et al. (2022) proposed
a method using fluorescent fingerprints for
non-destructive prediction of pH in frozen fish
fillets. The results showed that the developed
method was accurate enough to predict pH
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changes in horse mackerel (R2=0.71) and spot-
ted mackerel (R?=0.90), therefore, it could be
used as a fast and non-contact alternative to
traditional pH electrodes.

K. Omwange et al. (2021) proposed a rapid
and non-destructive method for assessing the
freshness of Tribolodon hakonensis using mul-
tispectral imaging combined with multivariate
analysis methods. The results achieved an R>
of 0.94 and an RMSE of 2.42%. Multispectral
fluorescence imaging was found to be a power-
ful tool for non-destructive monitoring of fish
freshness during storage. The multispectral
imaging method was appropriate for non-de-
structive detection of quality characteristics
not only of fish, but also of other white meat
products, such as shrimp, chicken, duck, and
goose. Non-destructive methods for examin-
ing food products also included fluorescence
spectroscopy and colour imaging. Based on
machine learning and convolutional neural
networks, these techniques could not only be
used to determine the freshness and category
of white meat through imaging and analysis,
but could also be used to detect various harmful
substances in meat products (Fan & Su, 2022;
Fan et al., 2024).

In the work of Y. Hu et al. (2023), a method
for fish species authentication based on Raman
spectroscopy was proposed. In this case, the
PCA method was applied to analyse the data us-
ing KNN and SVM models to study the spectral
features. At the initial stage of spectrum anal-
ysis, SVM models were selected to classify the
sample into the group of salmon or non-salm-
on fish. Secondary classification models based
on the PLS-DA or KNN algorithm were applied
to classify the sample into one of four salmon
species or one of seven non-salmon fish spe-
cies. The classification model at the first level
provided almost 100% accuracy, which allowed
for confident identification with an accuracy of
>93% at the second level for both fish groups.
This fast and reliable fish authentication meth-
od was another useful tool for controlling the

authenticity of fish, and therefore, for protect-
ing consumer benefits.

In the work of J. Qin et al. (2020), a study
was conducted to differentiate six types of
fish fillets and evaluate the freshness of fro-
zen-thawed fillets. Four types of spectra were
obtained - visible and near-infrared reflectance,
fluorescence, short-wave infrared reflectance,
and Raman spectroscopy. The hyperspectral
images of fish fillets were analysed using six
models, including KNN and SVM. The highest
accuracy was achieved at 100% when using the
full VNIR reflectance spectra for species clas-
sification and 99.9% when using the full SWIR
reflectance spectra for freshness classification.
This method was proposed to quickly detect
substitution and mislabelling of fish fillets (Do
& Wong, 2025). Similarly, H. Li et al. (2022) de-
veloped rapid detection methods (RPA, RPA-
LFD, and real-time RPA) targeting the serC gene
of Edwardsiella ictaluri in yellow catfish, achiev-
ing a detection limit of 10? copies/ul within 30
minutes at 38°C. These methods, particularly
RPA-LFD, demonstrated high sensitivity and
specificity without requiring specialised equip-
ment, offering a practical solution for on-site
fish pathogen detection in aquaculture settings.
R. Wang (2022) proposed a quantitative detec-
tion method for fish paste adulteration based
on hyperspectral technology. By comparing and
analysing the full-wavelength and simplified
regression models, the optimal fish paste adul-
teration detection model was determined. The
results indicated that both the full-wavelength
model and the simplified model could effective-
ly detect fish paste adulteration, with the pre-
diction coefficient R? greater than 0.90, and the
root mean square error of calibration (RMSEC)
and root mean square error of prediction (RM-
SEP) being 1.9989% and 1.7983%, respectively.

In the paper of Y. Feng et al. (2023), surimi
adulteration detection was used as an example
for in-depth research on the performance of
different spectral reconstruction algorithms. In
the spectral reconstruction process, two main

Animal Science and Food Technology. 2025. Vol. 16, No. 3
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methods were investigated: the multivariate
polynomial least squares regression (PMLR)
algorithm and the hierarchical deep learning
regression network (HRNet). Experimental re-
sults showed that the support vector regression
model with standard normal transformation
(SNV) preprocessing achieved the best results
with a prediction correlation coefficient (R,) of
0.9830 and a root mean square prediction er-
ror (RMSE,) of 3.9544% in the model based on
the spectrum reconstruction by the PMLR algo-
rithm. In the model based on the reconstructed
spectrum of the HRNet deep learning network,
the support vector regression model, also using
SNV preprocessing, achieved the best perfor-
mance with a prediction correlation coefficient
of 0.9987 and a root mean square prediction
error of 4.0808%. Thus, the PMLR algorithm
and the HRNet network reconstruction method
based on RGB images not only realised efficient
spectral reconstruction but also provided a reli-
able solution for surimi adulteration detection.
Furthermore, Z. Deng et al. (2024) reviewed the
application of deep learning models, such as
convolutional neural networks (CNNs) and mul-
tilayer perceptrons (MLPs), in food authenticity,
emphasising their superior performance over
traditional machine learning for complex data
analysis. Their work highlighted the potential
of deep learning combined with spectroscopic
techniques for rapid and accurate fish authen-
ticity detection, aligning with the high accuracy
achieved in the SVM-based spectral classifica-
tion. In the studies by J. Zhou et al. (2019) it
was found that after spectral preprocessing and
CARS characteristic wavelength optimisation,
the correlation coefficients of the model were
0.961,0.881, 0.955, and 0.946, respectively, and
the cross-validation root mean square errors
were 0.049, 1.659, 0.047, and 2.558, respectively,
verifying the good predictive ability of the mod-
el and providing an effective method for rapid
and non-destructive detection of freshwater
fish freshness. P. Tian (2023) used spectral and
hyperspectral imaging technology, combined
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with various chemometric methods and image
processing techniques, to conduct chemomet-
ric analysis on frozen and refrigerated salmon
meat and established a prediction model for
qualitative analysis. It was found that the cor-
rect identification rate of the test samples could
reach 97.92%. The use of CARS and SPA feature
wavelength extraction could reduce the data di-
mension, and the correct identification rate of
the CARS-CNN model could still reach 93.75%,
effectively realising the identification of fresh
and frozen-thawed salmon meat.

The study confirmed that combining mul-
tivariate scatter correction with principal
component analysis yields the most effective
preprocessing pipeline for hyperspectral fish
classification, achieving the highest accuracy of
98.39% with the SVM model and demonstrating
superior performance in noise reduction, fea-
ture extraction, and classification compared to
SG and individual preprocessing methods.

Conclusions
Aiming at the classification problem of fish
spectral data, this study proposed a dimension-
ality reduction method based on principal com-
ponent analysis (PCA). The original spectral
data were optimised by integrating two data
preprocessing techniques, Savitzky-Golay (SG)
and multiplicative scatter correction (MSC).
This approach effectively enhanced the data
quality. The high-dimensional spectral features
were reduced to fewer than 10 dimensions while
retaining a cumulative variance contribution
rate of over 92%, which verified the effective-
ness of the dimensionality reduction method in
preserving spectral feature information. Based
on the dimensionally reduced data, K-nearest
neighbours (KNN) and support vector machine
(SVM) classification models were constructed
separately. The experimental results indicated
that when the nearest neighbour parameter
of the KNN algorithm was optimised to k=4,
it achieved an average classification accuracy
of 97.25% on the test set. The KNN algorithm




Xu et al.

81

demonstrated stability on the dataset with a
balanced category distribution, but was more
sensitive to noise. Through the selection of the
radial basis function (RBF) kernel and parame-
ter tuning, the SVM algorithm achieved a clas-
sification accuracy of 97.48%. By comparing the
combinations of the two preprocessing meth-
ods and dimensionality reduction strategies, it
was discovered that the choice of the preproc-
essing method had a significant influence on

to identify the differences in spectral features
among some fish species, or the generalisation
ability under extreme lighting conditions re-
mains to be verified. In the future, it would be
possible to further explore the combination of
a convolutional neural network (CNN), a deep
learning model, with spectral features, or intro-
duce multimodal data to improve the classifica-
tion performance.

the classification results. The accuracy of the Acknowledgements
MSC method for the SVM classifier was 0.53%  None.
higher than that for the KNN classifier. PCA not
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AHoTtanis. CriekTpa/ibHa TEXHOJIOTISl BUSBIEHHS MOKe OyTY BUKOPMCTaHA IS PO3ITi3HABaHHS
pi3HMX BMIIB M’sica pubM Ta BM3HAUEHHS HASIBHOCTI Y 3pa3Kax iHIPeNi€HTIB, IO JOIIOMAara€
KOHTPOJIIOBATY aBTEHTUYHICTh Ta BifIIOBiAHICTb TpOAYyKIii. MeTOI0 AOCTimKEeHHS Oy/1a po3po6Ka Ta
MOPiBHSIHHS e()EeKTMBHOCTI METO/IiB MalllMHHOIO HaBYaHHS IJ1s1 Kiacudikailii pisHux BUaiB puou
Ha OCHOBI rimepcrekTpaabHuX AaHuX. Y po6oTi rinepcrnekTpaabHy TEXHOJIOTiI0 BUKOPUCTAHO ISt
OTPUMAaHHS CIIEKTPATbHUX JaHUX 328 TOuoK BUGipkM y cMy3i 400-1000 HM YOTUPBOX Pi3HUX PUO,
a CIeKTpaJIbHi KpUBi Oy TToTrepeaHbo 0OPOOJIEHI AJIs1 OTPMMAaHHS GiTbIII TOUHMX Ta €(PEKTUBHUX
CIIEKTPaAIbHMX KPUBMUX. Y MAOCTIIKEHHI CHCTEMATUMYHO IIOPiBHSIHO METOOM IIOTIEPEIHBOTO
06po6enHs CaBulbKOro-T'ojies 3rafKyBaHHS Ta 6araToBUMMipHOi Kopekilii po3scitoBaHHs (MSC)
Ta MOEHAHO METO, aHAJTi3y TOIIOBHMUX KoMIIOHeHTiB (PCA) yist ontmMisariii Mmogesneii kacudikaii
k-Hait6mskumx cycigiB (KNN) i MammHu omopHOro BekTopy (SVM) 3 MeTo10 3a6e3meunTy GibIin
edekTUBHe pileHHs 11 Kiacudikaii pu6. MeTo aHali3y FOJIOBHUX KOMITOHEHTIB BUKOPUCTAHO
[T 3MEHIIIeHHST PO3MipHOCTi CeKTpadbHMUX OaHuX. OCHOBHI KOMITIOHEHTM IiC/ISI 3MEHIIEeHHS
PO3MipHOCTi MOPiBHSIHO 3 MMOBHMMM KOMIIOHEHTaMM, TPeHYBaJIbHUII Habip Ta TecToBuit Habip
3reHepOBAHO BUMAAKOBUM UMHOM. Anroputm SVM ta anroputm KNN Buxkopucrado y Python pist
MPOTHO3YBaHHS Ta BU3HAUEeHHs TOYHOCTI Mozerni. [TokazaHo, 1[0 cepefHsl TOYHICTb CIIEKTPaIbHUX
JAHMX ITiCJIs TOTIepeJHbOTO 06PO6IEHHS Ta 3MEHIIIEHHS PO3MipHOCTi y Kiacudikariii momeneit SVM
Moxke gocsrat 97,25 %, a cepenHs TouHicTh Knacudikailii momeneit KNN - 97,48 %. Ile cBigunTh
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TIpO Te, IO PisHi Buay mM’sica pubu MOXyTh 6yTH KinacudikoBaHi. O6MaBi Momeri mokasanu, Mo B
IIiJIOMY METO[I, TIoTIepeHbOT0 00pobIeHHS, sikuit moeanye MSC i PCA, € Kpamym, HiXK OAVH MEeTOZ,
rorepeHbOro 06pobIeHHs, IiAKpPecInuy BaskanuBicTs PCA mjia BugaaeHHs 3aiiBoi iHpopmairii
Ta 30epeXeHHS KIIUOBUX XapaKTepuCTUK kiaacudikauii. ITin yac mopiBHSIHHS NPOLYKTUBHOCTI
MOZeNi 32 OJHAKOBMX YMOB IIONEPEIHbOIO OOpPOOJEHHS BCTAHOBJIEHO BUINY TOYHICTH SVM,
Hixk KNN, mo BKasye Ha 6inbiry aganTtuBHicTb SVM mo kimacudikailii CrieKTpaJbHUX MaHUX.
3aBIsKM PO3POOTEHHIO Ta 3aCTOCYBAHHIO CIIEKTPAIbHOI TEXHOJIOTiI BUSBIEHHS MOKHA CIIPUSITU
TEeXHOJIOTIYHOMY IIPOrpecy Ta iHHOBAIlisSIM Y TeCTyBaHHI XapuOBMUX MTPOAYKTiB, HAIIPABIISIOUM BCIO
raay3b 10 6e3MevHilIoro Ta HaiifHioro Mai6yTHOTO

KimouoBi coBa: criekTp; MeTof, CaBUIbKOT0-T0siest; MyJIbTUILTIKATMBHA KOPEKLis pO3CiloBaHHS;
Mopenb k-Haii6mKuMX CycifiB; airOPUTM MaIlMHKU OTIOPHOTO BEKTOPY
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Abstract. The search for innovative ways to increase the biological value and optimise the recipes
of meat products is an urgent task of food technology. The research was devoted to improving the
technology of production of cooked sausage products by introducing a vegetable additive based
on carrot puree and mushroom powder to improve their functional and technological properties
and increase nutritional value. To obtain experimental data, standard methods for determining the
chemical, functional and technological, organoleptic properties of the vegetable additive, model
minced meat and finished sausage products were used. The research results were processed by
statistical analysis methods. In the course of the research, a recipe composition of a vegetable
supplement with an optimal ratio of carrot puree (75%) and mushroom powder (25%) was developed,
its nutritional value was established: moisture content — 56.68%, protein — 8.56%, fat — 2.35%,
carbohydrates — 36.45%, ash — 6.12%, energy value — 192 kcal/100 g. Functional, technological and
organoleptic indicators of boiled sausages with different levels of introduction of the vegetable
supplement were analysed. A positive effect of the supplement on the water-binding capacity,
consistency and reduction of the energy value of sausages was established. The generalisation of
the results showed that the recipe with a 25% replacement of meat raw materials (MP3) provided
the best balance between the quality, structure and nutritional value of the finished product. The
results can be used in meat processing plants to create cooked sausage products with increased
functionality and cost-effectiveness

Keywords: vegetable additive; carrot; oyster mushroom; mushroom powder; functional and

technological properties; energy value

Introduction
The state of nutrition is a decisive factor among
the main environmental factors affecting the
body. This factor directly affects the human
body throughout life. Therefore, the prob-
lem of improving the structure of nutrition as
the basis of human life is one of the most im-
portant for both Ukraine and other countries
worldwide. As emphasised in the work of L.
Bal-Prylypko et al. (2023), contemporary food
must be functional; it should not only satisfy
hunger, but also provide additional physiolog-
ical benefits for the human body. All food can
be considered functional to a certain extent, as
it provides energy and essential nutrients re-
quired to sustain the vital functions of the hu-
man body. However, certain dietary ingredients
that are not traditionally classified as nutrients
may nonetheless confer positive health bene-
fits. Such ingredients are generally regarded as
functional, and food products containing these
components are classified as functional foods

(Essa et al., 2023). Thus, functional food differs
from ordinary food in that it must contain a
biologically functional component, the useful-
ness of which for health has been scientifically
proven. Biologically active components of food
in the process of metabolism are transformed
into components of the body’s cells, partici-
pating in the formation of their structure and
functions. These components play a key role in
maintaining physical and mental performance,
strengthening the immune system, adaptation
to external factors, and also affect the general
state of health, life expectancy and level of so-
cial activity of a person (Granato et al., 2020).
As noted by L. Pruteanu et al. (2023), in the
process of developing functional food products,
it is advisable to pay special attention to their
enrichment with components that contribute
to improving the work of the main elements
of the body’s defence mechanisms, in particu-
lar the antioxidant defence system, enzymatic
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detoxification and cell membrane structures,
etc. A promising area for research into the cre-
ation of functional products with increased
nutritional and biological value is the com-
bination of raw materials of animal and plant
origin in accordance with modern requirements
of nutritional science. Among animal products,
meat and meat products are considered the
main components of a healthy and balanced
diet. They are concentrated natural sources of
complete proteins, as well as other nutrients,
such as fats, vitamins and minerals, which are
necessary for the processes of growth, devel-
opment and vital activity of the human body.
In addition, meat is rich in biologically active
substances and endogenous antioxidants with
well-established beneficial properties related
to their anti-inflammatory, immunoregula-
tory and protective activity against oxidative
stress. The nutritional profile of meat consists
of 75% water, 19% protein, 2.5% fat, 1.2% car-
bohydrates and 1.65% nitrogen compounds.
The quantitative composition of these com-
ponents is labile and directly correlates with
feeding, storage and processing technologies
(Gonzalez-Osuna et al., 2024).

Along with this, a significant amount of
meat raw materials with low water-binding
capacity are used for the production of meat
products, so the use of functional food ad-
ditives that eliminate this drawback is quite
relevant. Modern food additives improve the
organoleptic, structural-mechanical and phys-
ico-chemical parameters of finished meat
products (Hunko et al., 2022). Their applica-
tion enables the production of goods incorpo-
rating substantial amounts of high-fat meat
raw materials (Murlykina, 2025). An analysis
of contemporary scientific literature indicates
an increased interest in the widespread use of
non-traditional types of plant raw materials,
despite the development of the production of
synthetic and refined forms of food additives.
In particular, J. Jarnot (2022) established that
Portulaca oleracea L. is a plant with numerous
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nutritional and medicinal properties and can
be used in sausage production as a food addi-
tive to improve nutritional value. According to
the researcher, the use of additives may be nec-
essary to extend the shelf life. However, many
manufacturers violate the technology and add
cheaper substitutes for the main raw material
to reduce production costs, while reducing the
nutritional value of the product and its quality.

According to literature sources, a complex
combination of vegetable and animal proteins
is recommended, as meat raw materials contain
an excess of essential amino acids, including
those that are absent in plant-based raw mate-
rials. As noted in the study by V. Vovkotrub et
al. (2024), in order to enhance the biological
value of sausage products, plant-based raw
materials play a key role, being considered an
inexpensive source of high-quality protein. The
most common is the use of soybean proteins,
because, unlike animal-derived additives such
as powdered milk, casein, egg white and yolk,
gelatine, their cost is much lower. In particular,
the authors K. Kang et al. (2022) developed a
model of an emulsion based on soy protein as
an alternative to chicken meat for the produc-
tion of Vienna sausages. This contributed to a
significant reduction in their cost. Scientists
systematically investigated different levels of
meat replacement with soy emulsion and their
effect on structural and physicochemical prop-
erties. At the same time, this study had limita-
tions in terms of storage, safety, and sensory
testing under real consumption conditions, and
requires further extensive trials for broader in-
dustrial implementation.

Plant raw materials are widely used to in-
crease the nutritional value of sausage prod-
ucts, which are capable of exhibiting complex-
ing and radioprotective properties due to the
content of physiologically useful ballast sub-
stances, such as cellulose, hemicellulose, pec-
tin, lignin, extensin, cutin, waxes, as well as
non-structural polysaccharides such as gums,
resins, and alginates. An example of such raw
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materials is oyster mushrooms. Indeed, in the
study by I. Bandura et al. (2021), the content of
macro- and micronutrients, amino acids, and
vitamins in the mushroom species Calocybe
indica was identified and thoroughly analysed.
The authors emphasised the prospect of using
this mushroom as a functional ingredient in the
food industry. In the work of A. Mazumder et
al. (2023) an original technological concept of
creating a vegetable emulsified sausage-type
product using a biopolymer complex of oyster
mushroom (Pleurotus sajor-caju) and chickpeas.
The authors substantiated the effectiveness of
combining mushroom and legume raw mate-
rials for forming a protein-fibrous matrix with
high hydration properties. The study also in-
cluded microstructural analysis, which enabled
accurate interpretation of changes in textural
characteristics resulting from the substitution
of animal protein. Despite the high quality of
the basic experiments, both studies have certain
limitations related to the lack of a complete link
“from bioraw materials to finished product” and
the lack of long-term studies of the functional
safety and stability of the resulting systems.
Additional attention of scientists is also
attracted by carrot puree as an affordable
source of dietary fibre, p-carotene and mineral
elements. Carrots, due to the high content of
pectin substances and carotenoids, are able to
increase the antioxidant activity of food sys-
tems, regulate the texture, moisture retention
and colour of sausage products. Specifically, the
study by F. Sam et al. (2021) demonstrates that
the addition of 5-10% carrot paste to frankfurter
sausages significantly enhances antioxidant ac-
tivity and improves sensory attributes, aligning
with the concept of functional nutrition. How-
ever, the limited period and range of analysed
parameters do not allow for a full assessment
of the long-term effectiveness and safety of the
product. Thus, partial or complete replacement
of meat raw materials in sausage products with
non-traditional raw materials allows to obtain
new and diverse products that can satisfy the

needs of people whose consumption choices
are limited by cultural conditions, religious be-
liefs, personal beliefs or health status. However,
the introduction of these new ingredients leads
to technological problems in production, as
well as organoleptic shortcomings in the final
products, which must be solved.

The purpose of the research was to sub-
stantiate the possibility of improving the tech-
nology of cooked sausage products by enrich-
ing them with a functional vegetable additive
based on mushroom raw materials and carrots.
To achieve this goal, the following tasks were
formulated: determine the recipe composition
of a functional additive made from mushroom
raw materials and carrots, determine the effect
of a functional plant additive on the physico-
chemical, functional-technological and or-
ganoleptic indicators of model minced cooked
sausage products; theoretically justify the reci-
pe amount of a functional additive in the com-
position of minced sausage.

Materials and Methods
The experimental part of the research was con-
ducted during 2024-2025 on the basis of the
laboratory of meat, fish and seafood technology
of the Faculty of Faculty of Food Technology
and Quality Control of Agricultural Products
of the National University of Life and Envi-
ronmental Sciences of Ukraine. The first stage
of the research was to determine the rational
amount of ingredients in the composition of the
vegetable additive for further use in the tech-
nology of cooked sausage products. Carrots of
the Chantane variety (manufacturer — LLC “Ah-
roovoch Ukraine”, Zhytomyr region) were used
as vegetable raw materials. The root crops were
without signs of spoilage, medium in size. After
sorting and washing, the carrots were manually
peeled, cut into cubes with 10 mm edge length,
packed into heat-resistant polymer bags, and
vacuum sealed. Heat treatment was carried out
using Sous vide technology at a temperature
of 80 2°C for 30 #5 minutes until softened.
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Next, the rubbing was performed in two stag-
es: first on a rubbing machine with sieves with
openings of 1.2...1.5 mm, then with sieves with
openings of 0.5...0.7 mm. After rubbing, carrot
puree was obtained.

The mushroom component of the func-
tional supplement was obtained from the fruit-
ing bodies of the common oyster mushroom
(Pleurotus ostreatus), grown under controlled
conditions at the enterprise LLC “Hrybna Fer-
ma” (Kyiv). Fresh mushrooms were first washed,
then sliced to a thickness of 3 mm and dried in

a drying oven at 45°C for 12 hours until a resid-
ual moisture content of no more than 7% was
achieved. The dry raw materials were ground
to a powder state in a laboratory crusher and
sieved through a sieve with a hole diameter of
1.2...1.5 mm. The resulting mushroom powder
had a light brown colour and a pronounced
mushroom aroma. The functional vegetable
supplement was a mechanically homogenised
composition of carrot puree and mushroom
powder in various ratios according to the data
given in Table 1.

Table 1. Modelling of the recipe composition
of a vegetable additive for the production of cooked sausages

Proportional composition of ingredients, %

Ingredients

MG1 MG2 MG3 MG4 MG5
Carrot puree 90 85 80 75 70
Mushroom powder 10 15 20 25 30

Source: compiled by the authors

The second stage of the study was devot-
ed to the development of a recipe for cooked
sausages, taking into account the inclusion
of a functional additive. The basis for the new
recipe was the minced meat of cooked sausage
“Okrema”, which included the main ingredi-
ents: beef of the 1% grade 60%, semi-fat pork —
25%, pork brisket — 15%, as well as additional
ones: table salt 2.5%, coriander 0.1%, fresh gar-
lic 0.3%, sodium nitrite 0.007%, nutmeg 0.05%.
The meat raw material was obtained from a
certified slaughterhouse (LLC “Miaso Polissia”,
Zhytomyr region) and met the requirements of
DSTU 6030:2008 (2009). Beef — from the front
part of the carcass, chilled, without visible

defects; Semi-fat pork had a muscle-to-fat ratio
of approximately 60:40. A total of five variants
of sausage minced meat were produced: one
control (traditional, without vegetable additive)
and four experimental (MP1-MP4) with a step-
wise introduction of vegetable additive in the
amount of 15%, 20%, 25% and 30%, respectively
(Table 2). The quantity of additional ingredients
in the model minced meat formulations was
equivalent to that of the selected reference sam-
ple. The formulation of the plant-based supple-
ment for incorporation into the model mixtures
was determined based on the results of the first
stage of the study. The expected product yield
was 80% by weight of unsalted raw materials.

Table 2. Formulation of model minced meat mixtures for the production of cooked sausages

Prescription amount of ingredients, %

Component names

“Okrema” MP1 MP2 MP3 MP4
Beef, 1t grade 60 60 55 50 45
Pork, semi-fat 25 25 25 25 25
Pork brisket 15 - - - -
Plant-based supplement - 15 20 25 30
Total 100 100 100 100 100

Source: compiled by the authors
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The volume of each batch was 2.5 kg. All
samples were prepared according to the same
scheme. The production process of the sausage
products involved mincing the meat raw materi-
als using a meat grinder with a plate diameter of
3-5 mm, followed by mixing in a bowl cutter with
additional ingredients according to the formu-
lation. The functional plant-based supplement,
in the form of a homogenate, was added during
the mince blending stage (at the second stage of
bowl cutting), and the mixture was processed un-
til a uniform consistency was achieved. Then, the
minced meat was filled into collagen casings with
a diameter of 32 mm using an automatic syringe,
and loaves 12...15 cm long were formed. Thermal
processing was carried out in a steam-convection
oven according to the following regime: roasting
at 80°C for 30 minutes, followed by cooking un-
til the internal temperature of the sausage loaf
reached 72 * 1°C (approximately 60 minutes).
The sausages were then cooled in a refrigeration
chamber to 4°C. Samples were stored for no more
than 24 hours before analytical studies.

Standard methods were used to perform
analytical studies. determination of chemical,
functional and technological properties of the
vegetable additive, model minced meats and
finished sausage products: water-binding, wa-
ter-holding, fat-holding, fat-binding capacity,
pH value, components of the chemical compo-
sition: moisture content, protein, fat, carbohy-
drates, ash content, organoleptic evaluation. To
confirm the reliability of the results obtained,
all experimental studies were carried out with
three repetitions of each series. For each sample
and each indicator (water-binding capacity, fat
and water absorption capacity, structural and
mechanical characteristics), at least n=5 inde-
pendent measurements were performed, which
provided a sufficient amount of statistical data
for further analysis. Statistical processing. The
experimental data were analysed using the
MS Excel 365 license package with additional
add-ins for regression modelling. The signifi-
cance of differences between mean values was

assessed using analysis of variance (ANOVA).
When assessing the significance of the results,
a standard confidence level of a¢=0.05 was used.

The  hydrogen
was measured in accordance with DSTU
ISO 2917:2001 (2003) using a Testo 205 pH me-
ter. The device provided measurements in the
pH range from 0 to 14 units at temperatures
from 0 to 60°C, with an accuracy of 0.01 pH
units and 0.1°C; the error limit was #0.02 pH
and *0.4°C. For the analysis, an aqueous extract
was prepared at a mince-to-water ratio of 1:10.
To this end, 5 g of mince or homogenised sam-
ple product was placed in a 250 ml conical flask,
followed by the addition of 50 ml of distilled
water. Extraction was then carried out for 30
minutes with intermittent stirring. After com-
pletion of the process, the extract was filtered
and the pH in the filtrate was determined.

The fat absorption capacity of the test sam-
ples was determined as follows: 3 g of the test
sample of the product and 15 ml of oil were
mixed in a laboratory mixer for 1 min at a speed
of 50 r/60 s, then the suspension was left in a
thermostat at a temperature of 90°C for 20 min.
Thereafter, the mixture was centrifuged at 4,000
rpm for 5 minutes. The fugate was drained, its
mass F and the content of dry substances in it
were determined. The fat absorption capacity
was calculated by the formula (1):

ion concentration

FAC = % 100, %,

100

M

where B is the amount of oil poured into the
centrifuge tube, ml; M is the weight of the
product added to the centrifuge tube, g; F is the
mass of the fugate, g; Wis the moisture content
in the product, %; m is the content of dry sub-
stances in the fugate, g. m was determined by
the formula (2):

DMF

m=Foe,
100

@)

where DMFis the dry matter in the sample taken
for determination, g.
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Water absorption capacity (WAC) was de-
termined by the above method, but distilled
water was used instead of oil. The experiment
was repeated three times. The arithmetic mean
results of the calculations were presented in
the form of graphical images. The method for
determining the water-binding capacity (WBC)
was based on the principle of water release from
300 mg of the sample during 10-minute press-
ing with a load weighing 1 kg. The evaluation
was carried out based on the area of the stain on
filter paper, which formed as a result of the ab-
sorption of the released liquid by the paper. The
contour of the spot resulting from the pressed
minced meat was marked with a pencil. The area
of the wet zone was calculated as the difference
between the total area of the imprint and the
area occupied by the mince itself. The content of
bound water was calculated by the formula (3):

__ (A-84B)-100

X 2, 3)
where X is the content of bound water (WBC), %
of total water; A is the total water content in the
sample, mg; B is the area of the wet spot, cm*

Determination of water-holding capacity
(WHC) and fat-holding capacity was performed
in the following order according to general-
ly accepted methods described in the work of
T. Szmanko et al. (2021). The water content
of the samples was determined in accordance
with DSTU ISO 1442:2005 (2008) by drying in
a thermostated drying oven at a temperature of
130°C. The method was based on the property
of the tested material to lose hygroscopic mois-
ture when heated to a specified temperature.
The protein content was determined by the
Kjeldahl method, which is based on the miner-
alisation of the sample, distillation of ammonia
into a sulfuric acid solution with subsequent
titration (DSTU ISO 937:2005, 2007). The min-
eralisation process was carried out by heating
the sample with concentrated sulphuric acid in
the presence of a copper-sulphate catalyst. As
a result of the reaction, the ammonia formed
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interacted with an excess of sulfuric acid to
form ammonium sulphate (4):

2NH, +H,50,(k) — (NH,),S0,. )

To determine the amount of ammonia, am-
monium sulphate was decomposed by concen-
trated sodium hydroxide (5):

(NH,),S0, + 2NaOH — 2NH, + 2H,0 + Na,S0,. (5)

The ammonia formed was absorbed by a
sulfuric acid solution during titration (6):

2NH, +H,80,, — (NH,),50,. ©6)

The excess sulfuric acid was titrated with
sodium hydroxide solution, and the amount of
ammonia absorbed, or the corresponding mass
of nitrogen, was calculated from the volume of
bound acid. The fat content was determined by
a method based on repeated extraction of fat
from a dried sample using a volatile solvent,
followed by removal of the solvent and drying
of the extracted thimble to a stable mass (DSTU
ISO 1443:2005, 2008). Extraction was carried out
in a Soxhlet apparatus using dichloroethane as
a solvent. The sample, dried to constant weight,
was transferred into a paper thimble, which was
weighed and placed into the extractor of a Soxhlet
apparatus. The extraction time was 4-6 hours.

The ash content was determined as the mass
of mineral substances obtained after ashing of
organic substances (DSTU ISO 936:2008, 2008).
The combustion of the organic part of the test
sample was carried out in a muffle furnace at a
temperature of 500...800°C. A 5 g portion of the
test sample, weighed to an accuracy of 0.0002 g,
was placed into a pre-calcined crucible that had
been weighed to constant mass. The crucible
with the sample was placed in a muffle furnace.
Ashing was started at a low temperature, then
continued at a temperature of 500...800°C for
1...2 hours. The crucible was cooled in a desic-
cator and then weighed.
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Carbohydrate content was determined as
the sum of sugars, starch, and dietary fibre,
which were determined according to standard
methods (DSTU ISO 13965:2007, 2009; Bandu-
ra et al., 2022). The calculation of the energy
value of 100 g of product (kcal) was performed
according to the formula (7):

EV=(C,-4)+(C,3.75)+(C;-9), %)
where C, - protein content, %; C. - carbohydrate
content, %; C, - fat content, %; 4.0 — coefficient
for calculating the energy value for proteins
(3.75 - for carbohydrates, 9.0 — for fats, kcal).

Organoleptic evaluation of cooked sausage
products was carried out in compliance with
ethical and methodological requirements that
ensure reproducibility of results and compli-
ance with standards (DSTU 4823.2:2007, 2009).
The study was conducted with the involvement
of a tasting panel consisting of 12 individuals
(7 women and 5 men aged between 24 and 60
years), of whom 8 had professional training
in food technology, at least three years of ex-
perience in sensory evaluation, and had been
certified as internal experts within food in-
dustry enterprises. The remaining members of
the commission were qualified specialists with
knowledge of the consumer properties of meat
products. The composition of the panel and
participation in the study were carried out on
a voluntary basis, following informed consent
obtained in writing from all participants after
they had been briefed on the aim of the study
and the tasting conditions, in accordance with
the provisions of the WMA Declaration of Hel-
sinki (2013). The evaluation criteria and their
limits were determined in accordance with the
requirements of DSTU 4436:2005 (2007), using
a five-point scale: 5 points — excellent quality,
fully compliant with the requirements of the
standard, signs are maximally pronounced,
no defects; 4 points — good quality, minor de-
viations in the severity of signs, do not affect
the overall impression; 3 points — satisfactory

quality, moderately pronounced defects, but the
product is suitable for consumption; 2 points —
unsatisfactory quality, noticeable defects; 1
point - product unsuitable for consumption.

Each sample was served to the tast-
ers anonymously, under a conditional code,
chilled (8...10°C), cut into pieces 1 c¢cm thick
and weighing approximately 10 g. All samples
were identically prepared, served in dispos-
able tasting dishes, under the same lighting,
in a tasting room that meets sanitary and hy-
gienic standards (illumination 600... 800 lux,
temperature 20+2°C, neutral interior colours,
absence of foreign odours). Between tasting
different samples, the tasters were able to
neutralise the taste with drinking water and a
slice of white bread. The evaluation procedure
followed a specific sequence: external appear-
ance was assessed based on structure, density,
uniformity of mince filling, and the absence of
air pockets or casing defects; cut surface colour
was evaluated visually, taking into account ho-
mogeneity, intensity, and colour typicality for
the respective type of sausage; aroma and taste
were assessed through organoleptic analysis af-
ter chewing the sample, with attention to the
presence or absence of off-flavours or odours,
the distinctiveness of the aromatic profile, and
saltiness; consistency was evaluated by press-
ing the sample surface with a finger and during
chewing, considering elasticity, firmness, and
uniformity. The assessment was carried out in-
dividually by filling out tasting questionnaires.
All data were summarised in a table and ana-
lysed statistically. The reliability of the differ-
ence between the estimates for different sam-
ples was checked using variance analysis at a
significance level of 0=0.05.

Based on the results of the questionnaire,
a comprehensive evaluation of organoleptic
characteristics was carried out. It included de-
termining the total score of model samples S,
and the coefficient of intensity of manifesta-
tion of the general impression S/S. This coeffi-
cient is used for comparative assessment of the
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quality of food products, in particular - in tast-
ing studies. It is calculated by the formula (8):

l/S

max (8)
where S, is the total score obtained by this sam-
ple for all organoleptic indicators; Sor S, -~ the
maximum possible score. If all 5 indicators are
rated 5 points, then:

S .= 5-5=25 points

Based on the results of organoleptic eval-
uation, conclusions were drawn about the for-
mulation of the tested samples and the quality
of the finished product.

Results
Modelling the formulation
of a plant-based supplement
The main property of minced meat food sys-
tems that affects the quality of finished sausage
products is the sorption of water and fat. Water
and fat provide key sensory and physiological
benefits. Their presence contributes to the for-
mation of taste, texture and appearance of prod-
ucts. From the perspective of consistency, water
and fat have a decisive influence on the binding,
rheological, and structural properties of meat
products and play a crucial role in the formation
of meat emulsions within the mince. However,
from the standpoint of healthy nutrition, reduc-
ing the fat content in food products is considered
a promising approach. In turn, a decrease in the
fat content in meat products is accompanied by
a deterioration in appearance, taste and consist-
ency. Therefore, the most important functional
and technological properties were selected as
criterion indicators when modelling the recipe
quantity of ingredients of a plant-based sup-
plement: water absorption capacity (WAC) and
water-holding capacity (WHC), fat absorption
capacity (FAC) and fat-holding capacity (FHC) of
mixtures. The results of determining these crite-
rion indicators are presented in Figures 1 and 2.
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Figure 1. The value of the WAC and WHC
of the composite mixtures
of the plant-based supplement, %
Source: compiled by the authors
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Figure 2. The value of the FAC and FHC
of the composite mixtures
of the plant-based supplement, g fat/g
Source: compiled by the authors

The obtained results proved that the best
functional and technological properties were
possessed by the composite mixture of the
plant-based supplement MG4, which con-
tained 75% carrot puree and 25% mushroom
powder. At the same time, the water absorp-
tion and water-holding capacity were 45.89%
and 18.11%, respectively, the fat absorption
and fat-holding capacity were 2.11 and 1.85
g fat/g, respectively (Figs. 1, 2). A further in-
crease in the mass fraction of mushroom
powder in the formulation of the plant-based
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supplement was accompanied by a decrease
in the numerical values of all functional and
technological parameters. Such results are as-
sociated with the physicochemical structure
of plant polysaccharides that dominate in the
composition of mushroom powder and are
present in carrot puree.

Water-holding capacity is the amount of
water that remains bound to the fibre hydrate
after the application of external centrifugal
force of gravity or compression (Raghaven-
draetal., 2006). According to known literature
data, the dietary fibres of mushroom powder
particles have the ability to retain water by
adsorption inside the fibre matrix, which
will help preserve the structure of future fin-
ished sausage products (Grigelmo-Miguel et
al., 1999; Lan et al., 2012). Fat-holding capac-
ity is also the most important technological
property, which is associated with the chem-
ical structure of plant polysaccharides and
depends on the thickness, surface properties,
and hydrophobic nature of the fibrous parti-
cles (Lopez-Marcos et al., 2015).

An increase in the percentage of mush-
room powder in the formulation of the plant-
based supplement led to a higher proportion
of its insoluble fraction, which adversely
affected the functional and technological
properties, resulting in their reduction. Cor-
relation-regression analysis confirmed the
existence of a close direct correlation between
the concentrations of mushroom powder and
the functional and technological properties of
the plant-based supplement. The pairwise cor-
relation coefficient between the concentration
of mushroom powder in the formulation and
the WAC of the plant-based supplement was
r=0.85, and the WHC —r = 0.86. The general
regression model of the relationship between
the concentration of mushroom powder in the
formulation of the plant-based supplement
and its WAC is described by the graphical de-
pendence and equation presented in Figure 3,
and the WHC - in Figure 4.

The pairwise correlation coefficient be-
tween the concentration of mushroom powder
in the plant-based supplement formulation
and the FAC of the supplement was r=0.88, and
for the FHC - r=0.90. The general regression
model of the relationship between the con-
centration of mushroom powder in the plant-
based supplement formulation and its FAC is
described by the graphical dependence and
equation presented in Figure 5, and for the
FHC - in Figure 6.
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Figure 3. Dependence of the WAC
on the content of mushroom powder in the
plant-based supplement formulation
Source: compiled by the authors
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Figure 5. Dependence of FAC on the content
of mushroom powder in the plant-based
supplement formulation
Source: compiled by the authors

The resulting equations make it possible
to predict the key functional and technologi-
cal properties of the plant-based supplement
depending on the mushroom powder content
in its formulation. Based on the results ob-
tained, a composite mixture of the plant-based
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Figure 6. Dependence of FHC on the content
of mushroom powder in the plant-based
supplement formulation
Source: compiled by the authors

supplement MG4 is recommended for further
use, which includes 75% carrot puree and 25%
mushroom powder. The chemical composition
and calorie content of the developed compos-
ite mixture of the plant-based supplement MG4
are given in Table 3.

Table 3. Chemical composition and caloric value
of the composite plant-based supplement mixture MG4

Chemical composition components

Content, %

Moisture 56.68+0.02

Fat 2.35%0.03

Protein 8.56+0.43

Ash 6.12+0.21

Carbohydrates 36.45+0.14
Caloric value, kcal per 100 g 192.08

Source: compiled by the authors

According to the results of the chemical
composition analysis, carbohydrates are the
main component. However, it should be noted
that the carbohydrate profile of the plant-based
supplement consists primarily of so-called com-
plex carbohydrates. The so-called simple car-
bohydrates, the main representatives of which
are sugars, make up a smaller part of them.
Their content was 6.56 £0.23%. This indicator
is generally acceptable, especially for groups
of the population suffering from diabetes. In
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addition, scientists A. Farkas et al. (2020) found
that p-carotene, which is contained in carrot
puree, inhibits insulin resistance in diabetes.
Thus, the developed plant-based supplement
demonstrates high technological performance,
which may contribute to reducing mass losses
of cooked sausage products during thermal pro-
cessing, promoting the formation of a homoge-
neous and tender consistency in the final prod-
uct, and decreasing the number of defective
items by minimising moisture and fat release.
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for cooked sausage products

The formulation modelling of the experimental
cooked sausage samples was carried out taking

into account the results of organoleptic and
physicochemical analyses. The functional and
technological properties of the model minced
meats are given in Table 4.

Table 4. Functional and technological properties
of model minced cooked sausages with vegetable additive MG4

samplename  (RIWE  Mapacity. - capacity, % capacityg favg M
“Okrema” (control) 64.0£0.7 81.2%3.5 72.5%£2.9 68.5+3.9 5.6+0.1
MP1 66.1%0.24 85.6%2.1 78.2%3.0 74.6%3.3 5.8%0.3
MP2 68.3*1.8 87.7+2.3 81.1%3.7 74.9%3.3 5.9+0.2
MP3 70.1+£1.7 90.5+3.6 83.4%2.8 75.2%6.5 6.2%0.1
MP4 72.2%0.9 92.1+2.6 86.1%4.8 75.6%5.8 6.5%0.2

Source: compiled by the authors

The presented research results indicate
that the incorporation of the MG4 plant-based
supplement - comprising carrot purée and
mushroom powder - into model cooked sau-
sage mixtures at levels of 15-30% increases
their water-holding capacity by 5.7-13.6%
and fat-holding capacity by 6.65-7.58%, which
contributes to improved structure in the final
products (Table 4). The sensory evaluation of
model samples of cooked sausages confirmed
that the partial replacement of meat raw ma-
terials with a functional vegetable supplement
did not worsen their organoleptic indicators.
However, increasing the amount of the plant-
based supplement to 30% resulted in a pro-
nounced carrot and mushroom flavour and
aroma, which is uncharacteristic of cooked

sausages and led to a decrease in their sensory
evaluation scores (Fig. 7, Table 5).

appearance
4.8

taste consistence
s Qkrema
MP1
MP2
MP3
e V[P 4
colour

aroma

Figure 7. Sensory profile chart
of the model cooked sausage samples
Source: compiled by the authors

Table 5. Results of calculating the areas of the constructed quality profiles of the sausage scoring

Indicators ((c’(lj‘;i:‘(’)‘i") MP1 MP2 MP3 MP4
Consistence 4.21 4.25 4.34 4.58 4.10
Colour 4.59 4.61 4.65 4.51 4.34
Aroma 4.45 4.45 4.51 4.65 4.11
Taste 4.52 4.56 4.65 4.64 4.21
Appearance 4.45 4.48 4.51 4.62 4.25
S 22.22 22.35 22.66 23.0 21.01

S/S 0.89 0.89 0.91 0.92 0.84

Note: S - overall score of the experimental samples; S/S - coefficient of intensity of manifestation of general

impression
Source: compiled by the authors

Animal Science and Food Technology. 2025. Vol. 16, No. 3




98

Justification of the technology...

In particular, the overall score of the exper-
imental samples ranged from 21 to 23 points.
The highest total organoleptic score among all
samples was recorded for sample MR3 (23.00
points), which contained 25% of the plant-based
supplement. This corresponded to a general im-
pression intensity coefficient (S/S) of 0.92, in-
dicating the most favourable perception of the
sample by the tasting panel. This indicates the
best perception of the sample by the tasting pan-
el. Slightly lower values were received by sam-
ples MP2 (S/5=0.91), MP1 (0.89) and the control

sample “Okrema” (0.89), which indicates the
preservation or slight improvement of organo-
leptic properties when including 15...20% of the
plant-based supplement in the formulation. In
contrast, sample MP4, which contained 30% of
the functional composition, had the lowest in-
dex (0.84), which confirms the decrease in con-
sumer characteristics with excessive dosage of
the plant-based component. In order to provide
a comprehensive characterisation of the final
sausage products, their chemical composition
and energy value were determined (Table 6).

Table 6. Chemical composition of finished sausage products

Model Component content, % Energy
sample Moisture Protein Fats Carbohydrates Ash value, keal
Okrema” (40507 113£1.08  1494:176 0012001  0.84%0.07 179.32
MP1 66.1£0.24 11.28+1.74 13.02%+0.86 1.89+0.09 0.89+0.04 169.43
MP2 68.3%£1.8 11.31£1.31 12.11£1.27 1.92%0.16 0.93+0.03 161.43
MP3 70.1%1.7 11.48+1.33 11.08%0.87 1.95+0.28 0.96%+0.02 152.36
MP4 72.2%0.9 11.54+1.13 10.22+1.16 1.96%+0.12 0.99+0.06 143.79

Source: compiled by the authors

Analysis of the presented data showed
that the addition of the plant-based supple-
ment composed of carrot purée and mushroom
powder led to an increase in the mass fractions
of moisture, protein, carbohydrates, and ash,
while simultaneously resulting in a reduction
in fat content compared to the control. A no-
ticeable decrease in fat content was accompa-
nied by a decrease in the energy value of fin-
ished products. The reduction in fat content
and the increase in “beneficial carbohydrates”
allow the sausage products with partial substi-
tution of meat raw material by the plant-based
supplement to be classified as products with
enhanced functional properties.

Discussion
Functional and technological characteristics
of minced meat systems are formed under the
influence of a complex of physicochemical and
sensory factors that determine textural parame-
ters, structural integrity, colour intensity, flavour

Animal Science and Food Technology. 2025. Vol. 16, No. 3

profile and moisture and fat holding during heat
treatment. The results obtained confirmed that
the water absorption capacity (WAC) and wa-
ter-holding capacity (WHC), fat absorption ca-
pacity (FAC) and fat-holding capacity (FHC) of
the mixtures are the most important techno-
logical indicators that determine the quality of
cooked sausages. It was found that the compo-
sition MG4 (75% carrot puree and 25% mush-
room powder) demonstrated the highest val-
ues: WAC - 45.89%, WHC - 18.11%, FAC - 2.11
g/g and FHC - 1.85 g/g. With an increase in the
proportion of mushroom powder, all indicators
declined, which can be attributed to the growing
amount of the insoluble fraction, which is less
effective in liquid binding. These results are con-
sistent with the findings of L. Korets (2019) and
Y. Xu et al. (2022), who demonstrated that the
incorporation of dietary fibres into meat prod-
ucts significantly improves the water-holding
capacity of meat mince. Similarly, in the work of
S.Leeetal. (2023) found that the fibrous structure
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provides stability to emulsions by forming bonds
with fat globules, which maintains the struc-
ture of the minced meat and reduces moisture
loss. J. Feng et al. (2025) found that fat-holding
capacity correlates with the hydrophobic prop-
erties of the fibres - a high proportion of mush-
room powder, which is rich in insoluble fibres,
can worsen the HFCS, which is also reflected
in the indicators for MG5 compositions in the
current study. The data obtained in this study
also resonate with the results of A. Mazum-
der et al. (2023), in which a significant decrease
in HFCS and HFCS was recorded when a high
concentration of mushroom powder was added
to sausages — similar to observations for MG5.

Particular attention should be given to the
role of carrot purée: in the study by J. Rich-
ards et al. (2024), the addition of 3-4% carrot
purée to meat mince improved the water-bind-
ing capacity by 8.5-15.7% and increased the
yield of the final product by 13.9-22.8%. This
indicates a synergistic effect of carrot-mush-
room powder, which the authors of the current
study confirmed, obtaining the maximum in-
dicators for the MG4 composition. Moreover,
S. Yadav et al. (2018) found that the addition of
dried carrot pomace in combination with wheat
bran improves the technological properties of
chicken sausages without compromising their
sensory qualities.

Correlation-regression analysis of the con-
ducted study confirmed the high statistical sig-
nificance of the relationship between the con-
centration of mushroom powder and functional
indicators (r=0.85-0.90). This coincides with the
studies of B. Mishra et al. (2023), which revealed
the dependence of WHC and FHC on the pro-
portion of fibre compounds in sausage systems.
Thus, the synergistic combination of carrot fibre
and mushroom powder provides a technological
compromise between texture, emulsion stabili-
ty, and juice retention, which is optimised at a
ratio of 75:25. Adding 15-30% of the plant-based
supplement MG4 to the minced meat of cooked
sausages contributed to a significant increase

in water-holding capacity (by 5.7...13.6%) and
fat-holding capacity (by 6.65...7.58%) compared
to the control, which is consistent with the con-
clusions of X. Li et al. (2024). The observed pos-
itive effect is attributed to the fact that the die-
tary fibres in mushroom powder and carrot purée
have a low gelatinisation temperature, which is
close to the denaturation temperature of meat
proteins. Upon reaching this temperature, mois-
ture is released and subsequently absorbed by
the protein-carbohydrate complex introduced
with the carrot-mushroom supplement.
According to DSTU 4436:2005 (2007), no
more than 75% moisture is allowed in cooked
sausage products. Adding a vegetable additive
contributed to an increase in the moisture con-
tent in the products. However, the moisture
content of the model samples produced using
the classical formulation (control) and the MP1,
MP2, and MP3 formulations complied with the
requirements for the highest commercial grade,
whereas the MP4 formulation corresponded to
the standards for first and second commercial
grades. The organoleptic evaluation confirmed
a consistently high level of consumer proper-
ties for samples with 15-25% of the additive,
while 30% caused the appearance of a pro-
nounced carrot-mushroom taste and aroma and
a decrease in the S/S coefficient to 0.84. The re-
sults of the correlation analysis confirmed the
obtained results. A strong inverse correlation
was established between the content of the
plant-based supplement and the fat content in
the finished sausage products, with a correla-
tion coefficient of r=-0.99. In contrast, strong
direct correlations were observed with all other
chemical composition parameters: with pro-
tein content (r = 0.70), carbohydrate content
(r=0.89), and ash content (r=0.98). Based on
a comprehensive assessment of the functional
and technological properties and organoleptic
indicators of finished sausage products, the op-
timal recipe composition was determined to be
the composition of MP3, which provides for the
introduction of 25% of the vegetable additive.
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Conclusions

In the course of the study, a novel solution was
proposed to a relevant scientific and applied
problem, namely the improvement of the func-
tional, technological, and consumer properties
of cooked sausages through the addition of a
plant-based supplement formulated from car-
rot purée and oyster mushroom powder. Taking
into account the functional and technological
indicators, the optimal recipe composition of
the vegetable supplement was substantiated. Its
composition includes 75% carrot puree and 25%
mushroom powder. The nutritional value of the
vegetable supplement was established: moisture
content — 56.68%, fat — 2.35%, protein — 8.56%,
carbohydrates — 36.45%, ash — 6.12%, energy
value — 192 kcal per 100 g. The investigation of
organoleptic indicators and functional proper-
ties of the finished sausage products confirmed
the feasibility of partially replacing meat raw
materials with a functional plant-based supple-
ment. Based on experimental studies, it was es-
tablished that the optimal recipe composition is
the MP3 composition, which provides for the in-
troduction of 25% of the vegetable supplement.

The improved technology of cooked sausage
products, which involves the use of 25% vegeta-
ble supplement of mushroom powder and car-
rot puree, has advantages over traditional tech-
nology — rational use of meat raw materials, the

ability to regulate functional and technological
properties, effective impact on the energy value
of finished products. The prospects of the con-
ducted research are significant for both science
and the food industry. The scientific value lies in
the introduction of a composite plant-based sup-
plement, based on carrot purée and oyster mush-
room powder, as a functional ingredient that en-
hances the water- and fat-holding capacities of
minced meat systems and enriches the product
with biologically active compounds. The results
obtained create a basis for further research into
interfacial interactions in protein-carbohydrate
systems and the study of the physiological impact
of bioactive components on human health. From
a practical perspective, the proposed formulation
allows for partial replacement of meat raw materi-
als, reduction of fat content, enhancement of nu-
tritional value, and alignment with current trends
in healthy and functional nutrition, making it a
promising option for industrial implementation.
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IJIS1 TIOKpaIeHHs iXHiX QYHKIIIOHATbHO-TEXHOMOTIYHMX BIACTUBOCTE i MigBUIEHHST XapyoBOi
wiHgocTi. [T OTpMMaHHS eKCIIepMMEHTAJNbHMX [OAaHUX BUKOPUCTAHI CTaHOApPTHI MeTomu
BU3HAUEHHS XiMiuHMX, (QYHKIiOHAJTbHO-TEXHOJOTIYHNX, OPTAHOJENTUYHMUX BJIACTUBOCTEN
POCIUHHOI [M06aBKM, MoAenbHMX (apiiB Ta TroTOBMX KOBGAacHMX BUPOGiB. PesymbraTu
IOCTiIKeHb O06pOo6/JeHO MeTomaMM CTAaTUMCTMYHOTO aHamisy. VY mpolleci mOCTimKeHHS
PO3pO6JIEHO PeleNTYPHY KOMITO3UIIiI0 POCAMHHOI 106aBKM 3 ONMTUMAIbHUM CITiBBiZHOIIEHHSIM
MOPKBSIHOTO TIope (75 %) Ta rpuMOGHOro Mopomky (25 %), BcTaHOBJIEHO ii XapuyoBY IiHHiCTb:
BMicT Bosoru — 56,68 %, 6inka — 8,56 %, sxupy — 2,35 %, ByrineBonis — 36,45 %, somu — 6,12 %,
eHepreTuMyHa 1iHHicTh — 192 kKasn/100 r. Byso mpoaHanizoBaHo GYHKI[iOHATbHO-TEXHONIOTIUHI Ta
OpraHOJIENITUYHI TOKa3HUKM BapeHuX KoBbac i3 pi3sHMM piBHEM BBEJEHHS POCIMHHOI M06aBKH.
BcTaHOBJIEHO TTO3UTUBHMI BIUIUB T06aBKY Ha BOJIOT03B’SI3yBalbHY 3aTHICTh, KOHCUCTEHIIiIO Ta
3HVDKEHHSI €eHEPTeTUYHOI IIiIHHOCTi KoB6ac. Y3arajbHeHHs pe3y/IbTaTiB II0Ka3aso, 10 peLenTypa
3 25 %-Bo10 3aMiHOI0 M’sicHOI cupoBuHYM (MP3) 3a6e3mevuyBaja Haiikpaliuii 6ajaHc MixX SIKiCTIO,
CTPYKTYPOIO Ta XapYOBOIO I[iHHICTIO TOTOBOTO MPOAYKTY. Pe3y/lbTaTu MOXKYTh OYTM BUKOPUCTaHI
Ha MiAIPUEMCTBAX M’SICHOI IPOMMCIOBOCTI OIS CTBOPEHHS BapeHMUX KOBOGACHMUX BUPOOIB i3
MiABUIIEHO0 (QYHKI[IOHATbHICTIO T EKOHOMiUHOIO e(heKTUBHiCTIO

KimiouoBi cimoBa: pociyHHa [00aBKa; MOpKBA; IIKMBA; TPUMOHUIM TOPOIUIOK; (YHKI[iOHATbHO-
TEeXHOJIOTiUHi BJIaCTUBOCTi; eHepreTUUHa I[iHHiCThb
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Abstract. The orientation of consumers towards healthy food increases the demand for artisanal
cheeses made from raw goat milk. The production of such cheeses in Ukraine is carried out on
small eco-farms, ensuring the uniqueness of their microbiological composition. The aim of
the study was to determine the microbiome of soft goat cheeses Feta and Chévre as a criterion
of quality and safety during the ripening process. The MALDI-TOF method was used for the
identification of microorganisms. In brined Feta cheese, on the 7 day, 18", and 30™ months of
ripening, no moulds were detected, and the total number of mesophilic aerobic and facultative
anaerobic microorganisms (MAFAnM), as well as yeasts, showed little change. The number of
dominant lactic acid bacteria species in Feta cheese, Lactococcus lactis and Lactobacillus paracasei,
depended on the ripening period. Small amounts of Staphylococcus simulans, Serratia liquefaciens,
Kurthia gibsonii, Enterococcus faecalis, Enterococcus durans, and Bacillus cereus were also isolated
from this cheese. In white mould-ripened Chévre cheese, the MAFAnM count did not change
significantly on the 3% 20™, and 42" days of ripening. The amount of mould in this cheese
showed a strong direct correlation, while yeast counts had a strong inverse correlation with the
ripening period. The main species of lactic acid bacteria in Chévre cheese were represented by
Lactococcus lactis, Leuconostoc mesenteroides, and Lactobacillus plantarum. During ripening, small
amounts of Staphylococcus simulans, Serratia liquefaciens, Kurthia gibsonii, Escherichia coli, and
Enterococcus durans were isolated from Chevre cheese. The primary moulds in Chévre cheese
were Galactomyces candidus, Galactomyces geotrichum, and Penicillium halotolerans. The species
and quantitative composition of microorganisms in Feta and Chevre cheeses indicated their
proper quality and safety and can serve as criteria for their authenticity. The research results
provided new data on the microbiome dynamics of artisanal soft cheeses made from raw goat
milk produced in Ukraine

Keywords: Feta cheese; Chévre cheese; mesophilic aerobic and facultative anaerobic
microorganisms; lactic acid bacteria; moulds; yeasts

Introduction

Cheese is a product of milk processing involv-
ing a complex microbiome, which includes
bacteria, moulds, and yeasts that are either
intentionally introduced as starter cultures or
naturally present in the milk (Centeno & Car-
ballo, 2023). Recently, artisanal cheeses made
from raw milk of small ruminants, particularly
goats, have gained significant value and pop-
ularity among consumers. With the develop-
ment of farming in Ukraine, the production
and consumption of goat cheeses have been
increasing annually. These cheeses are per-
ceived as homemade and natural products that
meet the criteria for healthy nutrition. More-
over, such cheeses are characterised by unique
and exceptional flavour richness, which drives

Animal Science and Food Technology. 2025. Vol. 16, No. 3

consumer demand. The expansion of the as-
sortment of artisanal cheeses made from raw
goat milk is associated with the production
of a significant number of soft cheeses, which
differ in ripening time, texture, and sensory
characteristics (Holiachuk et al., 2023). The
homeland of soft cheeses that mature with the
involvement of noble moulds like Geotrichum
candidum (teleomorph Galactomyces candidus),
such as Chevre, Brie, or Camembert, is France.
Moulds play an important role in the ripening
of soft cheeses due to their metabolism of pro-
teins, lipids, and organic acids, enabling their
growth on the cheese surface and enhancing
the development of organoleptic properties
(Perkins et al., 2020). Brined cheeses, such as




Davydovych et al.

107

Feta, originate from Greece, are designed for
long-term storage, and can be consumed on
their own or paired with other dishes.

Cheeses made from raw milk (especially
goat milk) are believed to have a more pro-
nounced and rich flavour compared to those
made from pasteurised or microfiltered milk.
According to A. Camargo et al. (2021), the
natural microbiota of raw milk is responsible
for the typical sensory properties and flavour
development of such cheeses. The dominance
of lactic acid bacteria is a characteristic fea-
ture of artisanal cheeses, providing them with
desirable qualities. However, alongside bene-
ficial microflora, such cheeses can also be con-
taminated with undesirable microorganisms,
which may cause spoilage or even pathogens
that pose a risk to consumer health (Margal-
ho et al., 2020). Soft cheeses can carry various
microbial hazards, including Listeria monocy-
togenes, Staphylococcus aureus, and Escherichia
coli (Dos Santos Rosario et al., 2021; Remizo-
va et al., 2024).

Due to the lack of standardisation in ar-
tisanal production, data on the microbial pa-
rameters of soft cheeses made from raw goat
milk remain scarce. Microbiological moni-
toring of the ripening process is particularly
important for cheeses with a higher risk to
consumers, i.e., those with a short ripening
period. This is because artisanal cheeses are
produced on small-scale farms, where the
level of automation and mechanisation of
production processes and environmental con-
trol is low. Under such conditions, there is a
potential risk of microbial contamination of
the milk (raw material) and cheeses during
both production and ripening. This, in turn,
leads to high variability in the total bacterial
count and species diversity of lactic acid mi-
croorganisms between batches of soft cheeses,
as noted by F. Pasquali et al. (2022). The mi-
crobiological status at each stage of cheese
production can be useful for describing the
entire food production chain and specifically

assessing the variability of artisanal produc-
tion criteria (Sadvari et al., 2024). Currently,
there are very few scientific studies world-
wide devoted to the microbial quality of soft
cheeses made from raw goat milk, especial-
ly in artisanal production (Silva et al., 2021;
Parente et al., 2022). Thus, the aim of this
research was to determine the species com-
position of the microbiota at different stages
of ripening of artisanal soft Feta and Chévre
cheeses made from raw goat milk as criteria of
quality and safety.

Materials and Methods

The study involved two batches of artisanal
cheeses made from raw goat milk: brined
Feta cheese and white mould-ripened Chévre
cheese. Under the conditions of the eco-farm
“Zhuravka” in Kyiv region, five batches of Feta
cheese weighing 5 kg each were produced,
as well as 15 wheels of Chévre cheese, each
weighing 180-200 g. The study was conduct-
ed during 2022-2024. The milk used for cheese
production was obtained from Anglo-Nubian
goats raised on natural pastures. To produce
Feta cheese, raw goat milk was heated to 33°C,
and a mesophilic starter culture MA 11 (Danis-
co France SAS, France), containing Lactococcus
lactis and Lactococcus cremoris, was added. The
mixture was thoroughly stirred and left for
60 minutes. Liquid rennet Rennet Liquid 92/8
(Pamir Service, Kyiv, Ukraine) was then add-
ed, mixed thoroughly for 30 seconds, and left
to form a curd for 40 minutes. After the curd
formed, it was cut into cubes measuring 1 x5
cm, stirred gently for 20 minutes, and left to
rest for 10 minutes to allow whey separation.
The curd was transferred into moulds and left
for 10-11 hours at a temperature of 20-22°C.
Afterward, the cheese was removed from the
moulds, cut into pieces weighing 200-300 g,
placed into containers, and covered with whey
in which 9% salt was dissolved. Care was taken
to ensure there was no air between the con-
tainer lid and the whey (Fig. 1a).
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Figure 1. Feta cheese in brine aged 30 months (a), Chévre cheese aged 40 days (b)

Source: created by the authors

The cheese was stored at 8-9°C for up to
30 months. To prepare Chévre cheese, raw goat
milk was slowly heated to 32°C while stirring
constantly. A mesophilic starter culture MA 11
(Danisco France SAS, France), containing Lac-
tococcus lactis and Lactococcus cremoris, was
added to the milk. The mixture was thorough-
ly stirred, and mould cultures AGE M-GC (Ge-
otrichum candidum) and AGE M-PC (Penicillium
candidum) (IGEA Cultures, Italy) were intro-
duced. Liquid rennet Rennet Liquid 92/8 (Pamir
Service, Kyiv, Ukraine) was then added, mixed
thoroughly for 30 seconds, and left to coagulate
for 9-11 hours at a temperature of 20-23°C. Af-
ter coagulation, the whey was drained, and the
dense curd was cut into cubes measuring 1 cm
using a long knife. The curd mass was placed in
a polyester bag and left for 10-12 hours to drain
the whey. Salting of Chévre cheese was done by
adding salt at a rate of 20-25 g per kg of cheese.
The salted mass was divided into equal portions
weighing 180-200 g and shaped into firm cyl-
inders with a thickness of 3 cm and a diameter
of 8-9 cm. The cheese was placed on a drainage
mat at a temperature of 20-23°C for drying and
turned several times over 24 hours. The dried
cheese was transferred to a ripening chamber
at a temperature of 6-12°C for 40 days, with the
wheels turned once daily (Fig. 1b).

Average samples of Feta cheese for anal-
ysis were collected on the 7% day, 18" month,
and 30" month of storage, with 200 g taken
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from five containers. Samples of Chévre cheese
were collected on the 3%, 20, and 40" days of
ripening, with five wheels sampled each time.
Microbiological studies were conducted at the
LLC “Expert Centre Biolights” (ISO/IEC 17025
(2017) accreditation), Ternopil, Ukraine. Ster-
ile disposable plastic containers with a volume
of 100 cm® were used for sampling. All cheese
samples were placed in a cooling container at
2°C and delivered to the laboratory after col-
lection. For analysis, 10-fold dilutions were
prepared. All studies were performed in tripli-
cate. The quantity of bacteria and fungi in the
cheeses was determined in colony-forming
units (CFU), and the data are presented in the
tables as 1g CFU/g. The identification of bacte-
rial and fungal species in the cheeses was per-
formed according to the operational instruction
“Working with MALDI-TOF Bruker Biotyper”.
Microorganisms were isolated and identified
using MALDI-TOF, compliant with ISO 16140-
1:2016 (2016).

For bacterial enumeration in the cheeses,
the following culture media were used: Plate
Count Agar M091 (HiMedia, India), Lactobacil-
Ius MRS Agar M641 (HiMedia, India), M17 Agar
Base (HiMedia, India), Blood Agar (BioMérieux,
France), Buffered Peptone Water (BPW) (HiMe-
dia, India), Baird-Parker Agar (BPA) (HiMedia,
India), Endo Agar (Farmaktiv, Ukraine), Pseu-
domonas Agar (HiMedia, India), Enterococcus
Agar (Farmaktiv, Ukraine), Bacillus cereus Agar
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M833 (HiMedia, India), Bismuth Sulfite Agar
(BSA) (HiMedia, India), Xylose Lysine Deoxy-
cholate Agar (XLD Agar) (HiMedia, India), HCCA
Matrix for mass spectrometry (art. 255344)
(Bruker, Germany), and Bacterial Calibration
Standard (art. 255343) (Bruker, Germany). For
the isolation of yeasts and moulds, Sabouraud
Agar (HiMedia, India) was used.

After cultivation on Petri dish media, an
isolated colony of microorganisms with a vol-
ume of 1-2 pL was selected and applied to the
surface of a chip well. After drying, 1 pL of ma-
trix solution was applied to the sample. The
chip was transferred to the MALDI-TOF device,
and the isolated cultures were identified using
MBT Compass MALDI Biotyper 3.1 Compass
1.4 for FLEX-Volume 1 and 2 Software and
Manuals (Bruker Daltonik, Bremen, Germany).
The study results included bacteria identified
with a score value of 2.00 or higher. Statistical

analysis of the obtained data was performed
using one-way analysis of variance (ANOVA).
The dynamics of the mycological indicators
of the cheeses were analysed using regression
and correlation analyses. Data processing was
carried out using Microsoft Excel 2016 com-
bined with XLSTAT software. Data in the ta-
bles are presented as x = SD (mean * standard
deviation). Differences between variants were
considered significant at P<0.05 using Tukey’s
test with Bonferroni correction.

Results and Discussion
Microbiological characteristics of Feta cheese
The number of mesophilic aerobic and facul-
tative anaerobic microorganisms (MAFAnM)
in brined Feta cheese was highest at the begin-
ning of the ripening period. By the 18" month,
it had decreased and remained at this level until
the 30™ month (Table 1).

Table 1. Microbiological indicators of goat Feta cheese during ripening

Maturation period MAFAnM Mould Fungi Yeast
7 days 8.39%0.14a <la 6.84%0.16a
18 months 6.96%0.32b <la 4.67+0.17b
30 months 7.02£0.29b <la 6.67%0.11a

Note: x+SD, n=5, 1g CFU/g; different superscript letters indicate values that differ significantly within the same

column (P <0.05) according to Tukey’s test with Bonferroni correction

Source: created by the authors

Moulds were not detected in Feta cheese;
however, yeasts were a consistent component
of its microbiome throughout the ripening pe-
riod, with a slight decrease observed by the
18" month. Unique properties of Feta cheese
are associated with its sensory aspects and are
determined by the geographical location of
the production area, its diverse vegetation, the
chemical composition of soils and water, the
specifics of the production culture, and histor-
ical traditions (Tzora et al., 2021). A distinctive
feature of artisanal Feta cheese made from raw
goat milk is the relative stability of the total
count of mesophilic aerobic and facultative an-
aerobic microorganisms (MAFAnM) and yeasts,

with the absence of mould fungi throughout the
entire maturation period. In contrast, a study
by A. Geronikou et al. (2023) found that the
most dominant yeast species in white brined
cheeses, such as Feta, were Geotrichum can-
didum, Kluyveromyces marxianus, Kluyveromy-
ces lactis, Debaryomyces hansenii, Rhodotorula
mucilaginosa, and Trichosporon spp. According
to A. Geronikou et al. (2023), the mycological
characteristics of brined cheeses, which typ-
ically have a shelf life of 52 weeks, depend on
storage temperature and duration. An increase
in yeast counts was observed during the first 12-
14 weeks of storage, stabilising afterward within
the range of 4.19-7.08 log CFU/g. The dominant
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yeast species in white brined cheeses were Can-
dida zeylanoides and Debaryomyces hansenii,
while Candida parapsilosis, Kluyveromyces lactis,
Kazachstania bulderi, Pichia kudriavzevii, Pichia
fermentans, Torulaspora delbrueckii, Rhodotorula

mucilaginosa, and Wickerhamomyces anomalus
were detected less frequently. As expected, the
bacterial composition of Feta cheese made from
raw goat milk was primarily dominated by lactic
acid bacteria (Table 2).

Table 2. Species composition of bacteria in goat Feta cheese during ripening

Cheese maturation period

Indicator
7 days 18 months 30 months
Lactococcus lactis 5.04%0.18a 3.61+0.13b <lc
Lactobacillus paracasei <la 3.59+0.21b 4.11+0.17c
Staphylococcus simulans 1.73+0.26a <1b <1b
Enterococcus faecalis <la 1.63+0.20b <la
Enterococcus durans <la 2.04£0.19b <la
Serratia liquefaciens 1.69+0.32a <1b <1b
Kurthia gibsonii 2.01£0.19a <1b <1b
Bacillus cereus <la 1.03£0.16b <la

Note: x+SD, n=5, 1g CFU/g; different superscript letters indicate significant differences within the same row of

the table (P<0.05) based on the results of Tukey test with Bonferroni correction

Source: created by the authors

In freshly prepared Feta cheese (7 days old),
Lactococcus lactis was the dominant species. At
18 months of age, the cheese contained both
Lactococcus lactis and Lactobacillus paracasei,
while in 30-month-old cheese, only Lactoba-
cillus paracasei was present. The species com-
position of lactic acid bacteria in Feta cheese
varied with age, characterised by a decrease in
Lactococcus lactis from the 7-day-old cheese to
the 18-month-old cheese, with its complete ab-
sence in the 30-month-old cheese. At the same
time, Lactobacillus paracasei was not detected in
7-day-old Feta but appeared at 18 months and
increased in abundance by 30 months of storage.

The bacterial composition forming the mi-
crobiome of Feta cheese made from unpasteur-
ised goat milk and stored for 30 months is quite
dynamic, consistent with findings from analy-
ses of similar cheese made from unpasteurised
sheep milk (Tsigkrimani et al., 2022). This indi-
cates the presence of bacteria and yeasts in the

Animal Science and Food Technology. 2025. Vol. 16, No. 3

cheese that are highly resistant to a 9% salt con-
centration, but not moulds. It is believed that
most non-starter lactic acid bacteria are faculta-
tive anaerobes resistant to salt and acid, capable
of reproducing and continuing their growth in
cheese. The dominant bacteria in artisanal Feta
cheese made from raw goat milk include two key
species: Lactococcus lactis and Lactobacillus pa-
racasei. The role of these bacteria and their pro-
portions in forming the Feta cheese microbiome
during ripening stages of 7 days, 18 months, and
30 months is crucial. Similar types of microor-
ganisms were found in Feta cheese after 3 and 6
months of storage (Tzora et al., 2021). It is indis-
putable that Lactobacillus paracasei contributes
to the unique flavour of aged Feta cheese made
from unpasteurised goat milk at 30 months of
age. In addition, specific strains of Lactobacillus
paracasei, due to their anti-listerial activity, are
considered to have significant practical poten-
tial as starter cultures in cheesemaking.
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The growth and development of microor-
ganisms during cheese ripening are influenced
by physicochemical parameters (water activity,
pH, ripening chamber temperature, redox po-
tential), chemical composition (salt content,
organic acids, and their ratios), and bacterioc-
ins produced by starter and non-starter cul-
tures of microorganisms. Salt content in the
cheese matrix often acts as a preservative with
antimicrobial effects (Gyorgy & Laslo, 2021).
Brined cheeses are characterised by the growth
of salt-resistant microorganisms, as observed
in the microbiome analysis of Feta cheese made
from raw goat milk. A small number of Staph-
ylococcus simulans, Serratia liquefaciens, and
Kurthia gibsonii were isolated from 7-day-old
Feta cheese, but these microorganisms were
absent as the ripening period increased. Two
species of enterococci, Enterococcus faecalis and
Enterococcus durans, as well as Bacillus cereus,
were detected only at the 18-month ripening
stage (Table 2). A distinctive feature of the
microbiome in Feta cheese stored in brine for
30 months is the presence of an almost mon-
ocultural population of Lactobacillus paraca-
sei. The presence of staphylococci and yeasts
in Feta cheese is attributed to their entry from
raw milk. In raw goat milk, R. Hoving-Bolink et
al. (2023) identified dominant bacterial gen-
era such as Staphylococcus, Pseudomonas, Lac-
tococcus, Microbacteria, Acinetobacteria, and
Corynebacteria. M. Akinyemi et al. (2023) in
their studies determined the ratios in raw goat
milk. In raw milk, the dominant bacterial gen-
era include Lactobacillus (36%), Streptococcus
(34%), and Enterococcus (12%), as well as fun-
gi such as Kluyveromyces (28%), Saccharomyces
(24%), and Candida (18%).

One of the reasons for the detection of en-
terococci in Feta cheese, such as Enterococcus
faecalis and E. durans (which also belong to the
group of lactic acid microorganisms), is their
widespread presence in the environment and in
the milk of small ruminants. It has been prov-
en that the most frequently isolated species

from raw sheep milk were Enterococcus faecium,
Lactiplantibacillus plantarum, and Pediococcus
pentosaceus (Tsigkrimani et al., 2022). Anoth-
er factor determining the ability of entero-
cocci to persist for extended periods in brined
cheese is their resistance to 10-15% NacCl in
whey solutions. The role of enterococci in
cheesemaking has been actively discussed by
researchers. Alongside undesirable effects, M.
Tsigkrimani et al. (2022) identified 189 strains
of lactic acid bacteria isolated from Feta and
Kefalograviera cheeses made from sheep milk,
including Enterococcus faecium, E. faecalis, Lac-
tococcus lactis, Pediococcus pentosaceus, Leuco-
nostoc mesenteroides, Lactiplantibacillus pento-
sus, Latilactobacillus curvatus, Lp. plantarum,
Levilactobacillus brevis, and Weissella parames-
enteroides, which tolerate bile salts. This makes
them potential candidates for use as starter or
adjunct cultures.

The dynamic microbiome composition of
Feta cheese observed during study over a long
storage period aligns with data from M. Tsig-
krimani et al. (2022) obtained during the micro-
biological analysis of Feta cheese made from
sheep milk. In Feta cheese, Lp. plantarum and
E. faecium dominated during the early ripen-
ing stage, while Weissella paramesenteroides
prevailed in the late ripening stage. In Kefalo-
graviera cheese, Levilactobacillus brevis and E.
faecium dominated in the early stage, while W.
paramesenteroides and E. faecium were prev-
alent in the late stage. Another advantage of
enterococci over other cheese microorganisms
is their ability to grow at temperatures ranging
from 10°C to 45°C, in a 6.5% NacCl solution, in
a 40% bile solution, and at pH levels from 4 to
9.6. Additionally, they can withstand heating
to 60°C for 30 minutes (Graham et al., 2020). In
Portugal, Spain, Italy, and Greece, enterococci
are highly valued and used in cheesemaking as
components of starter cultures to enhance the
flavour and aroma of cheese during ripening.
Moreover, some enterococci can produce bac-
teriocins active against spoilage-causing and
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pathogenic microorganisms in food (such as
Listeria monocytogenes) and exhibit probiotic
properties, which are compelling arguments for
their application in the production of ferment-
ed food products (Sioziou et al., 2023).
Regarding the isolation of Serratia liquefa-
ciens from Feta cheese made from unpasteur-
ised goat milk during the ripening process,
data align with the findings of P. Papadakis et
al. (2021), who identified unpasteurised milk as
a source of this bacterium. In Feta cheese made
from unpasteurised goat milk at the 7-day
ripening stage, Kurthia gibsonii was detected,
which belongs to relatively new bacterial spe-
cies. This bacterium was recently isolated from
chickens by L. Lozica et al. (2022), as well as from
wastewater, and is considered a conditionally
pathogenic microorganism, like in the study by
M. Romance et al. (2024). Considering that Feta
cheese production takes place on an eco-farm
where not only goats but also other animals,
such as chickens, are kept, the latter can be re-
garded as a potential source of this bacterium.
According to standards, Feta cheese must ma-
ture for at least two months, but it continues to

mature throughout its storage period in whey
brine. During this time, bacteria such as Bacil-
lus cereus are detected after 18 months, which
is uncharacteristic for young cheese and is sup-
ported by similar data obtained by A. Tzora et
al. (2021) in their analysis of Feta cheese after
six months of storage. Overall, the microbiome
of Feta cheese, made from unpasteurised goat’s
milk, is dynamic and changes with the age of
the cheese, adapting to storage conditions and
contributing to the formation of its unique
characteristics.

Microbiological characteristics

of Chévre cheese

Unlike Feta cheese, Chévre belongs to chees-
es with a short ripening period. The MAFAnM
count in Chévre cheese did not differ signifi-
cantly on the 3%, 20" and 40" days of ripen-
ing. More pronounced changes in the microbi-
ome of this cheese were related to moulds and
yeasts. An increase in the number of moulds in
Chévre cheese was observed on the 20* day of
ripening, with an increase of 1.73 1g CFU/g and
1.58 1g CFU/g compared to the 3™ day (Table 3).

Table 3. Microbiological parameters of goat Chévre cheese during ripening

Maturation period, days MAFAnM Mould fungi Yeast
3 8.26%0.21a 4.16+0.14a 7.02+0.13a
20 7.97%0.26a 5.89%0.31b 5.63%0.15b
40 8.04%0.12a 5.74%0.25b 5.31%0.18b

Note: x*SD, n=5, g CFU/g; different superscript letters indicate statistically significant differences within a

column (P<0.05) based on Tukey test with Bonferroni correction

Source: created by the authors

At the same time, for yeast, an inverse re-
lationship was identified: by day 20 of Chévre
cheese ripening, their quantity decreased by
1.39 1g CFU/g, and by day 40, it dropped by 1.71
lg CFU/g compared to 3-day-old cheese. Corre-
lation analysis of the mycological parameters
of Chévre cheese showed that the number of
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moulds had a strong positive correlation with
the ripening period (r=0.704+0.134, P<0.01),
while the number of yeasts exhibited a strong
inverse correlation with the ripening period
(r=-0.948+0.060, P<0.001). In both cases, the
regression line was expressed as a second-de-
gree polynomial (Fig. 2).
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Figure 2. Dependence of mould fungi and yeast counts on the ripening period of Chévre cheese, n=15

Source: created by the authors

The species composition of lactic acid bac-
teria in Chévre cheese was somewhat similar
to that of Feta cheese, particularly regarding
Lactococcus lactis, which dominated in young
cheese and in cheese at the middle of the rip-
ening period (Table 4). At the same time, on day
20 of ripening, three dominant species of lactic
acid bacteria were identified in Chevre cheese:
Lactococcus lactis, Leuconostoc mesenteroides,
and Lactobacillus plantarum. By day 40, only

Leuconostoc mesenteroides remained dominant.
Staphylococci were found only in 3-day-old
Chevre cheese, represented by Staphylococcus
simulans. On day 20 of ripening, Serratia lique-
faciens and Kurthia gibsonii were isolated from
the cheese. By day 40, the bacterial diversity of
Chévre cheese slightly increased compared to
the 3-day-old cheese, due to the presence of
Escherichia coli and one enterococcus species,
Enterococcus durans (Table 4).

Table 4. Species composition of bacteria in goat cheese Chévre during maturation

Cheese maturation period (days)

Indicator

3 20 40

Lactococcus lactis 5.14%£0.22a 2.32%0.19b <lc
Leuconostoc mesenteroides <la 4.23+0.42b 4.98+0.21b

Lactobacillus plantarum <la 5.08%0.44b <la

Staphylococcus simulans 2.03+0.61a <1b <1b
Enterococcus durans <la <la 2.06+0.11b
Escherichia coli <la <la 1.61+0.23b
Serratia liquefaciens <la 1.90+0.38b 1.32+0.33b

Kurthia gibsonii <la 1.63£0.22b <la

Note: x*+SD, n=5, lg CFU/g; different superscript letters indicate values that significantly differed within a row
of the table (P <0.05) based on Tukey test with Bonferroni correction

Source: created by the authors

The ripening of Chévre cheese is char-
acterised by the formation of a rind involving
moulds, which varied in species composition

depending on the ripening period. On the 3%
day of ripening, three species of moulds were
isolated from Chévre cheese: one starter species
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(Galactomyces candidus) and two non-starter
species (Galactomyces geotrichum and Penicil-
lium halotolerans) (Table 5). As the ripening
period of Chevre cheese increased, the species
diversity of moulds decreased. Specifically,
20-day-old cheese contained two mould spe-
cies: Galactomyces candidus and Galactomyces
geotrichum, whereas only the starter culture

species Galactomyces candidus was identified in
40-day-old cheese. In studies of Mexican arti-
sanal cheeses, P. Cuevas-Gonzalez et al. (2024)
identified significantly greater diversity of lac-
tic acid bacteria, including the genera Lactoba-
cillus, Streptococcus, Enterococcus, Leuconostoc,
Lactococcus, Weissella, Pediococcus, Carnobacte-
rium, Aerococcus, and Tetragenococcus.

Table 5. Species composition of moulds in goat Chévre cheese during ripening

Cheese maturation period (days)

Indicator
3 20 40
Galactomyces candidus (Geotrichum candidum) 3.57%0.24a 4.98+0.25b 5.74%0.25¢
Galactomyces geotrichum 2.19%+0.11a 2.61+0.23b <lc
Penicillium halotolerans 3.91+0.33a <1b <1b

Note: x+SD, n=5, Ig CFU/g; different superscript letters indicate values that significantly differed within a row
of the table (P<0.05) based on Tukey test with Bonferroni correction

Source: created by the authors

In freshly made Chévre cheese from unpas-
teurised goat milk, the species diversity of bac-
teria is quite limited. In addition to lactic acid
bacteria, staphylococci, including Staphylococ-
cus simulans, were isolated from the cheese
which was also characteristic of young Feta
cheese. S. simulans in cheese can originate from
milk, as well as from the mucous membranes
and skin of goats (Vyrostkova et al., 2021; We-
sotowska & Szczuka, 2023; Aguiar et al., 2024).
Currently, the study of the ability of pathogenic
and conditionally pathogenic bacteria to syn-
thesise enterotoxins is particularly relevant. As
shown in studies by P. Winiewski et al. (2024),
the presence of staphylococci in milk and
cheese does not always indicate a risk to human
health. Moreover, staphylococci, including S.
simulans, are capable of exhibiting anti-listeri-
al activity in dairy products, including cheeses
(Bockelmann, 2002; Ferrocino et al., 2022).

Considering that both Chevre and Feta
cheese are produced from raw milk of the same
goats, it is not surprising that despite differenc-
es in production technology and ripening peri-
ods, they share a similar species composition,
including certain lactic acid bacteria, Serratia
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liquefaciens, Kurthia gibsonii, and Enterococcus
durans. In Cheévre cheese, a small amount of Es-
cherichia coli was also isolated on the 40™ day
of ripening. E. coli and coliforms serve as indi-
cators of milk and cheese production hygiene,
reflecting faecal contamination of the raw
material and final product. The number of in-
dicator microorganisms should not exceed 100
CFU/g, which is the threshold value in many
countries (Gyorgy & Laslo, 2021; Jaramillo-Be-
doya et al., 2021). In this case, their levels in the
cheese did not exceed the recommended value,
indicating proper hygiene practices in this arti-
sanal production. In addition to bacteria, mould
fungi play a key role in the ripening of Chévre
cheese, as they contribute to the formation of
the rind and the unique sensory characteristics
of this cheese. Although studies did not reveal a
high species diversity of mould fungi in Chévre
cheese, other researchers have isolated Galac-
tomyces candidus, Candida parapsilosis, C. batis-
tae, C. sake, Debaryomyces hansenii, Geotrichum
candidum, Saccharomyces cerevisiae, Kluyvero-
myces marxianus, K. lactis, Yarrowia lipolytica,
and Pichia kudriavzevii from such cheeses (Ban-
jara et al., 2015).
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Artisanal cheeses have a heterogeneous
microbiota characterised by dynamic popula-
tion changes and are associated with the geo-
graphical location of the region. The soft Italian
PDO (Protected Designation of Origin) cheese
Robiola di Roccaverano is made from raw goat
milk with natural starters. In samples of fresh
and aged cheese, a significantly higher diversi-
ty of microorganisms was detected, including
Lactococcus lactis subsp. cremoris, Lactococcus
lactis subsp. lactis, Leuconostoc mesenteroides,
Lactobacillus plantarum, Leuconostoc pseu-
domesenteroides, Lactobacillus brevis, Leuco-
nostoc citreum, along with fungi such as (Ge-
otrichum candidum, Trichosporon coremiiforme,
Saturnispora silvae, Kluyveromyces marxianus,
Kluyveromyces lactis, Yarrowia lipolytica (Bi-
olcati et al., 2021; Ferraz et al., 2024; Lokes et
al., 2024). At various stages of ripening, one to
three species of mould fungi were isolated from
Chevre cheese made from unpasteurised goat
milk, including one starter species (Galactomy-
ces candidus) and two non-starter species (Ga-
lactomyces geotrichum and Penicillium halotoler-
ans). At the end of the ripening period, only one
starter fungal species, Galactomyces candidus,
dominated in Chevre cheese, which could be at-
tributed to the moisture content of the cheese
(Zhang et al., 2022) and its antagonistic effect
against other representatives of its mycobio-
ta. Thus, the microbiome of artisanal soft goat
cheeses made from unpasteurised milk, such as
brined Feta and white noble mould Chévre, is
characterised by a similar species composition
of the predominant microorganisms, which
may be one of the criteria for determining their
quality, safety, age, and comprehensive assess-
ment of authenticity.

Conclusions
The total number of MAFAnM in Chévre cheese
did not depend, and in Feta cheese it was char-
acterised by an inverse dependence on the
ripening period. The microbiological charac-
teristics of artisanal soft cheeses made from

unpasteurised goat milk, including brined Feta
cheese and Chévre cheese with noble white
mould, indicate that the mesophilic aerobic and
facultative anaerobic microorganisms through-
out their ripening period are primarily com-
posed of lactic acid bacteria. Their population
size and species composition are dynamic. The
dominant species of lactic acid bacteria in Feta
cheese are Lactococcus lactis and Lactobacillus
paracasei, while in Chévre cheese, they are Lac-
tococcus lactis, Leuconostoc mesenteroides, and
Lactobacillus plantarum.

The ripening of Chevre cheese involves
three species of mould fungi: one starter species
(Galactomyces candidus) and two non-starter
species (Galactomyces geotrichum and Penicilli-
um halotolerans). With increasing ripening time,
the species diversity of mould fungi in Chevre
cheese decreases from three to one of the start-
er Galactomyces candidus. A feature of brine Feta
cheese is the absence of mould fungi at all stages
of ripening and a stable amount of yeast, while
in Chevre cheese, the number of mould fungi
had a direct dependence, and yeast — an inverse
dependence on its age. The species diversity of
bacteria in Feta and Chevre cheeses is similar in
number of Staphylococcus simulans, Enterococ-
cus durans, Serratia liquefaciens and Kurthia gib-
sonii and depends on the term of their ripening.
In both cheeses, species of non-fermented mi-
croorganisms were found that are related to the
formation of a rich, bright and unique taste and
structure. For most sanitary-indicative micro-
organisms, artisanal cheeses made from unpas-
teurised goat milk (Feta and Chevre), produced
at an eco-farm in Ukraine, can be considered of
good quality and safe for consumers at all stages
of ripening. In the future, to assess the quality,
safety, authenticity, and age of artisanal goat
cheeses Feta and Chévre, it is planned to study
their chemical composition, as well as conduct
microstructural analysis.
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AHoranis. OpieHTalis crnoxkuBauiB Ha 3J0pOBY DXy 36inbiiye momuT Ha kpadToBi cupy,
BUTOTOBJIEHI 3 HeNacTepu30BaHOIO KO3MHOTO MOJIOKA. BUPOOHUITBO TakKMX CHUPIB B
VKpaiHi 3[iliCHIOETbCA Ha HeBeMMKUX eKkodepmax, IO 3abe3medyye yHiKadbHICTh iX
Mikpob6iosoriunoro ckmamy. MeTo [mOCTiIKeHHsS O6yJ0 BM3HAUUTKU MiKpoOGioM M’SIKMX
Ko3uHuX cupiB @eta i IlleBp 9K KpuTepiii IKocTi i 6e3meuHocTi y mpoieci mospiBauHs. st
imenTudikanii mikpoopraHismiB BukopucraHo merton MALDI-TOF. V poscinbHOMY cupi
deta Ha 7-my moby, 18-i1 i 30-it Mmicsiip mO3piBaHHS IUTiCEHEBUX I'pUOIB He BUSIBJISIIU, a
3arajabHa KiabKicTb Me30(dinbHMX aepoOHUX i PaKyIbTaTUBHMUX aHaepPOOHUX MiKpOOpPraHi3miB
(MA®AM), a TakoX JpiXIXKIB Maao 3MiHIOBazach. UMCeNbHICTb JOMiHYHOUMX BUJIB
MOJIOUHOKMCIUX OakTepiit y cupi ®eta Lactococcus lactis i Lactobacillus paracasei 3anexaina
Bim TepMiHy iforo mo3piBaHHS. B He3HAUHil KiJbKOCTI i3 11bOTO cUpy BuAisiu Staphylococcus
simulans, Serratia liquefaciens i Kurthia gibsonii Enterococcus faecalis i E. durans, a Takox
Bacillus cereus. Y cupi 3 6inoto 6maropopHoio TuticHsaBoio IlleBp Ha 3-Tio, 20-Ty i 40-By
no6y nospiBaHHsA uncenbHicTh MA®AM cyTTeBO He 3MiHmoOBanach. KinbKicTh MTiceHeBUX
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rpubiB y 1IbOMY CUpi Masia TPSIMY CUJIbHY 3aJIeKHICTb, & APDKIKIB — 06epHEHY CUIIbHY
3aJIeKHICTh Bif TepmiHy Jioro mo3piBaHHsA. OCHOBHI BMOM MOJOUYHOKMUCIUX 6GaKTepiit
cupy llleBp mpencrasneni Lactococcus lactis, Leuconostoc mesenteroides i Lactobacillus
plantarum. Y mnpoueci pospiBaHHa 3 cupy llleBp BuUOIs/iM HE3HAYHY KiUJIbKiCTh
Staphylococcus simulans, Serratia liquefaciens, Kurthia gibsonii, Escherichia coli, Enterococcus
durans. OcHOBY IuliceHeBuXx rpubiB cupy IleBp ckinamanu Galactomyces candidus,
G. geotrichum i Penicillium halotolerans. BumoBuii i KinbKicHMIT CKIag MiKpoopraHiamiB cupis
@erta i lleBp CBigUMTb MPO HAJMEXKHY iX SKICTh i 6E3MEUYHICTb i MOKE CIYKUTU KPUTEPIieEM ix
aBTEHTUYHOCTi. Pe3ynbTaTu OOCTIIKEHb pPO3KPUBAIOTh HOBi HaHi AMHAMIKM Mikpob6iomy
KpadTOBMUX M’SIKMX CUPiB 3 HEIIACTEPM30BAHOTO KO3MHOTO MOJIOKA, BUPOOIeHUX B YKpaiHi

KmouoBi cnmoBa: cup @era; cup IlleBp; MesodinbHi aepobHi i daxyrbraTMBHI aHaepo6Hi
MiKpOOpraHi3mMu; MOJIOYHOKMCIII 6aKTepii; IuticeHeBi rpmbu; ApiskmxKi
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