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Abstract. Protein nutrition of fish is one of the main factors of ensuring their active growth.
Finding the optimal concentration of protein is an actual direction of research. The purpose of the
experiment was to establish the effect of different protein nutrition levels in commercial rainbow
trout feeding on hematological and biochemical parameters of their blood. For this purpose, five
experimental groups were formed by the method of analogs. The experiment lasted 210 days and
was divided into two periods: equalization (10 days) and main (200 days). During the equalization
period, the feeding ration was the same for fish in the control and experimental groups. In the main
period, the level of protein in experimental feeds for different experimental trout groups ranged
from 44 to 52% per 1 kg. It was found that different levels of rainbow trout’s protein nutrition did
not cause significant changes in blood morphological composition. It is proved that rearing trout
using compound feeds with a crude protein content of 50% and 52% promotes the increase of red
blood cells, hemoglobin, white blood cells and phagocytic activity in blood. The use of 44% and 46%
low crude protein diets in fish feeding reduces the morphological components in blood. As a result
of studies on the phagocytic activity of neutrophils in fish blood, a slight increase was revealed
under the influence of the studied factor. The analysis of the obtained results showed that with
increasing levels of crude protein in the diets of rainbow trout, the concentration of total protein
and its fractions in blood serum increased. Accordingly, the amount of total protein in blood of fish
in the control group was 60.0 g/L, in the experimental groups - it was within the range of 59.6-
65.3 g/L. The increase in the level of rainbow trout’s protein nutrition in the experimental groups
4 and 5 caused an increase in the number of albumins, B-globulins and y-globulins compared to
control. As a result of experimental studies, an increase in the mineral status of rainbow trout
blood during use of feeds with the crude protein content of 50-52 % was established. No differences
were found during the assessment of trout white blood cell counts. The use of the obtained results
during the production of compound feed will allow having a positive effect on the hematological
parameters of commercial rainbow trout
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Introduction

Many researchers confirm the need for hemato-
logical studies to clarify the physiological status
of fish, because using physiological methods it
is possible to establish the presence of patho-
logical disorders in a particular system and to
identify the degree and nature of deviations
from the normal fish body’s status. Also, a sig-
nificant number of researchers emphasize the
great practical importance of studying blood
parameters in different species of fish depend-
ing on the growing conditions. Therefore, the
study of changes in the blood system of rainbow
trout fish depending on protein nutrition is one
of the criteria to assess the course of adaptive
and compensatory reactions. Thus, the study of
different rainbow trout protein nutrition levels’
impact on hematological and biochemical pa-
rameters is necessary to determine the protein
need for fish in order to ensure the successful
operation of cold-water fish farms in Ukraine.

Analysis of Recent Researches
and Publications

Biologically complete protein nutrition is one
of the main conditions that determine the effi-
cacy of feed nutrients, productivity, health and
reproductive functions of fish. The generaliza-
tion of modern research in the field of fish nu-
trition taking into account their species, breed
and age characteristics, as well as the issue of
efficient use of protein feeds and supplements
is a necessary condition for solving the problem
of protein in industrial fish breeding.

The possibility of protein balancing of
compound feed for rainbow trout, both us-
ing plant components and including fish meal
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(Brezas, Hardy, 2020) or meal from poultry offal
(Rimoldi et al. 2018), has been proven. For op-
timal growth and effective use of feed, it is rec-
ommended (Ahmed, Ahmad, 2020) that young
rainbow trout receive feed with protein in the
range of 450-471 g/kg. Protein supplements can
affect immunity and hematological indicators
of rainbow trout. In particular, a positive effect
of adding hydrolyzed powder of Saccharomyces
cerevisiae extract to the feed was established
(Tukmechi, Bandboni, 2014), in turn, the addi-
tion of silkworm pupae leads to a decrease in
the number of erythrocytes and hemoglobin
(Shakoori et al., 2015).

Analysis of fish blood based on appropri-
ate biochemical research methods is one of the
main stages of monitoring the feeding full value
condition. However, the variety of factors, in-
cluding technological, that can affect the blood
biochemical composition, laboratory diagnos-
tic methods, the lack of perfect differential di-
agnostic programs, especially in the conditions
of changing nutritional parameters within the
physiological norm, significantly complicate
the interpretation of data and assessment of
fish protein nutrition full value (Sherman et al.,
2002; Karabulut & Yandi, 2010).

Biochemical studies of rainbow trout blood
permit expansion of the understanding of the
relationships between blood parameters and
mechanisms of homeostasis regulation and to
accumulate data for summarizing them at the
level of reference values.

It is known that the main component of
cells and tissues in the animal body are proteins,
which are associated with all vital functions.
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Their content in feed affects the level of fish
productivity and economic efficiency of pro-
duction. Accordingly, biochemical blood tests
can detail the signs of possible abnormalities.
Protein deficiency in the diet is known to be ac-
companied by certain changes in nitrogen com-
pound metabolism, in particular, a decrease in
the serum total protein content mainly due to
albumin and sometimes a- and b-globulins and
residual nitrogen.

An unbalanced protein diet disrupts the
synthesis of proteins, enzymes, hormones and
fixation of biologically active substances, which
requires the blood test study of general clinical
and biochemical parameters along with spe-
cific criteria in assessing full value condition
of feeding (Kim & Kaushik, 1992; Ullah-Khan
etal., 2019).

Equally important are the hematological
parameters in trout, as blood is one of the most
reactive tissues of the fish body. With the help
of morpho-physiological analysis of blood and
its physicochemical properties, it is possible
to accurately and objectively assess the condi-
tion of the fish body. Species features of blood
are hereditary. These include the composition

and morphology of cell forms, quantitative pa-
rameters and their seasonal and age dynamics
(Mahmud et al., 1996).

Materials and Methods

Experimental studies on Oncorhynchus mykiss
(Walbaum, 1792) two-year-old rainbow trout
were carried out in the “Shipot” farm, Perechyn
district of Transcarpathian region.

The purpose of the research and economic
experiment was to establish the effect of differ-
ent commercial rainbow trout’s protein nutri-
tion levels on hematological and biochemical
parameters in their blood.

For this purpose, five experimental groups
were formed by the method of analogs (Ta-
ble 1). During the equalization period of the
experiment, which lasted 10 days, the feeding
ration was the same for fish in the control and
experimental groups. In the main period of the
experiment (200 days), the protein level in the
feed of trout from the experimental groups was
regulated by changing the individual compo-
nents in the feed (using combined mathemat-
ical methods to optimize the calculation by the
Agro Soft Win Opti software).

Table 1. Design of the research and economic experiment

Experimental periods

Stocking density Mean body
Fish group at the begir}ning wt.eigl}t at the equalization main
of the experiment, beginning of the (10 days) (200 days)
fish/m?* experiment, g protein content per 1 kg of feed, %

1 - control 50 55.3+2.48 48
2 — experimental 50 56.1+2.13 44
3 — experimental 50 54.8+2.37 48 46
4 — experimental 50 55.1+3.13 50
5 — experimental 50 54.5+2.99 52

Rainbow trout were fed 4-6 times a day
during the experimental period, at regular in-

tervals during the day. The required amount of
feed was calculated according to the indices of

individual fish weight and ambient tempera-
ture at the time of feeding.

Weighing of experimental trout was per-
formed once every 10 days using electronic
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scales in a calibrated water-logged container
with an accuracy of 0.1 g. The rearing of com-
mercial two-year-old rainbow trout was carried
out in ponds with an area of 100 m? at the stock-
ing density of 50 fish/m?, and the water level in
them of 1 m. The total number of trout in ex-
perimental studies was 25 thousand fish. The
conditions of experimental fish keeping met
the regulatory requirements in salmon farming
(Kanydev, 1985; SOU-05.01-37-385:2006).
Blood samples were collected from the heart
using an injection needle inserted from the ab-
domen along the sagittal line between the pec-
toral fins. Heparin was used as an anticoagulant.
The concentration of red blood cells was
determined by in vitro method using a storage
solution, a microscope and a Goryaev’s cham-
ber, white blood cells — by an indirect method
on a blood smear, hemoglobin — by a hemoglo-
bin cyanide method with a spectrometer. In ad-
dition, the total serum protein was determined
refractometrically (Kondrakhin et al., 2004;
Vlizlo et al., 2012).
of
namely: glucose content in the fish blood was
determined by the method of Kondrakhin et al.
(2004). The principle of the method is based on
the ability of glucose oxidase, while oxidizing,

Indices constructive metabolism,

to form a complex compound that turns the
solution pink. The color intensity of the solu-
tion is proportional to the glucose content in
the sample. The blood glucose concentration
was calculated according to a standard solu-
tion in mmol/L. The content of total protein
in blood plasma was determined using sets of
reagents from “Lachema” (Czech Republic) and
standard solutions of substrates.

The research results were processed by the
method of variation statistics (Plokhynskyi,
1969) using the STATISTICA 7.0. and MS Excel
software using built-in statistical functions.

Results of the Research and
Discussion

Characterizing various changes in the body’s vital
activities, the blood composition permits to re-
flect the characteristic properties of metabolism
at different stages of the development and under
different conditions of the body’s existence.

Blood cells are the first in the body to respond
to abiotic and biotic environmental factors, they
are easily redistributed, thus ensuring the devel-
opment of adaptive and immune responses.

The results of the studied feeding factor’s
influence on the hematopoiesis status in the
rainbow trout fish body are shown in Table 2.

Table 2. Hematological parameters in rainbow trout, n=5

Fish group
Index
1st 2nd 3rd 4th 5th
Red blood cells, T/L 1.22%0.07 1.16+0.05 1.18+0.05 1.28+0.09 1.31%+0.08
Hemoglobin, g/L 122%1.33 111+2.09™ 116+1.97 123%2.01 125+2.10
White blood cells, g/L 22.9%0.09 21.6%0.11 22.0%0.12 23.5+0.08 24.01+0.21"
Phagocytic activity, % 45.8+2.31 42.3%2.12 44.5+2.54 46.8%+2.63 47.3%2.41

Note: "p<0.05; "p<0.01 — compared to group 1

The results of our studies indicate that dif-
ferent levels of rainbow trout’s protein nutri-
tion do not cause significant changes in blood
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morphological composition. It was found that
rearing trout on feed with a crude protein con-
tent of 50% (experimental group 4) and 52%
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(experimental group 5) leads to an increase in
blood red blood cells, hemoglobin, white blood
cells and phagocytic activity, while the use of
fish diets with low crude protein content (exper-
imental groups 2 and 3) leads to reduced mor-
phological components of the blood. Thus, the
number of red blood cells in fish of these groups
was within the range of 1.16-1.18 T/L, which is by
5.1% and 3.3% less compared to the control index.
The hemoglobin content was also lower by 9.1%
and 5.2% than in the control. The above difference
is statistically significant (p<0.01 and p<0.05).

Similar nature of changes was observed in
rainbow trout according to the number of white
blood cells in the blood, which in fish of the
control group was 22.9 g/L, and the experimen-
tal groups ranged from 21.6 to 24.1 g/L. There is
no significant difference in this index between
the control and experimental groups.

Considering the changes in the phagocytic
activity of neutrophils in the blood of experi-
mental fish, there is a slight increase under the
influence of the studied factor.

Phagocytic activity of neutrophils in the
blood of fish in experimental group 5 was
higher compared to the control and was 47.3%
vs. 45.8%. And when fish consumed feed with a
crude protein content of 46% (group 3) and 50%
(group 4), the phagocytic activity index was at
the control level.

Thus, rearing the rainbow trout on com-
pound feeds with different levels of crude protein
did not significantly change their morphological
components in blood. However, there is a slight
positive effect of crude protein on the number
of red blood cells, hemoglobin and phagocytic
activity of neutrophils. The above difference be-
tween the analogues of the experimental groups
was within physiological fluctuations.

Depending on the level of crude protein
in feeds consumed by rainbow trout, certain

fluctuations were found in blood biochemical
parameters (Table 3) but for most of them, no
significant differences were found.

The above data show that with increasing
levels of crude protein in the diets of rainbow
trout, the concentration of total protein and its
fractions in blood serum increased. Thus, the
amount of total protein in blood of fish from
the control group was 60.0 g/L, in the analogs
from the experimental groups, this figure was
within the range of 59.6-65.3 g/L.

The increase in the feed of crude protein to
52% provided the highest level of the total pro-
tein in blood: in fish of experimental group 5,
it significantly exceeded the value in the con-
trol group by 5.3% (p<0.05). In this case, there
is also a probable increase in the total protein
concentration and compared to trout, which re-
ceived in the feed 50% of crude protein: the to-
tal protein amount in blood serum of fish in the
experimental group 4 compared to the analogs
of the experimental groups 2 and 3, was higher
by 5.03% and 4.2%, respectively, and the con-
trol group index was probably lower by 4.3%.

The level of total protein in blood serum
of trout in the experimental groups 2 and 3 ap-
proached the control index, and was 59.6 g/L
and 60.1 g/L against 60.0 g/L, respectively.

The study of the blood protein fractional
composition in rainbow trout groups, which
were fed compound feeds with different levels of
crude protein, minor changes were also found.
Thus, the increase in the level of protein nutri-
tion in rainbow trout of experimental groups 4
and 5 caused an increase in the number of albu-
mins, B-globulins and y-globulins, compared to
similar indices of fish in the control group.

It was also found that rearing fish on feed
with a reduced crude protein content of up to
44% (experimental group 2) and 46% (experi-
mental group 3) did not significantly affect the

Animal Science and Food Technology. 2021. Vol. 12, No. 1




10

Hematological and biochemical blood indices of rainbow trout...

changes in the fractional composition of blood
proteins. Similar patterns were observed for the
activity of enzymes, which varied depending
on the studied factor. Thus, feeding rainbow
trout compound feeds with a crude protein

content of 50-52% (experimental groups 4 and
5) showed higher alanine aminotransferase
activity by 10.0% (p<0.05) and 26.1% (p<0.05),
and aspartate aminotransferase — by 6.7% and
15.6% (p<0.05), respectively.

Table 3. Blood biochemical parameters in rainbow trout of the experimental groups, n=5

Fish group
Index
1st 2nd 3rd 4th 5th
Total protein, g/L 60.0+1.68 59.6%1.65 60.1+1.71 62.6+1.82 65.3+1.45"
Albumins, g/L 24.5%1.06  23.8+1.14  24.0+2.04 24.9%2.13 26.3+1.88
Globulins, g/L 35.2%1.17  34.9+1.24 35.1%1.36 37.8£1.47 38.1%1.35
a-globulins 11.840.95 11.3%0.96 12.0+1.03 12.6+1.08 13.2+1.09
B-globulins 12.5%+1.12 12.2%1.32 12.6*1.08 12.9+1.14 13.9+1.09
y-globulins 10.9+1.11 11.4*1.31 10.5£0.99 12.3+1.47 11.0+1.39
Alanine aminotransferase, U/L ~ 23.00+0.58 20.00£1.79  22.00%1.65  25.30%0.69" 29.00%1.76"
Aspartate aminotransferase, U/ 45.00+2.03 41.00+2.14 43.00£1.74  48.00£1.62  52.00%1.59°
Glucose, mmol/1 2.94%0.06  2.76*0.09 2.82%0.11 3.01+0.21 3.15%0.19
Carotene, mg% 0.52%0.02 0.50%0.03 0.51%0.02 0.54+0.07 0.56%0.06
Total calcium, mmol/L 2.84%0.16  2.82%+0.21 2.84*0.32 2.91%0.28 2.93%0.28
Inorganic phosphorus, mmol/L.  1.67+0.16 ~ 1.61+0.23 1.64%0.38 1.69+0.21 1.71£0.41

Note: "p<0.05 compared to group 1

The enzyme activity, such as aspartate
aminotransferase, in fish of the experimen-
tal groups 2 and 3, which were fed compound
feeds with a crude protein content of 44-46%
approached the level of the control, while, com-
pared to the analogs of experimental groups 4
and 5, there was some decrease in its activity.

The glucose content in blood of rainbow
trout in the control group was 2.94 mmol/L,
in blood of the experimental groups’ fish —
2.76-3.15 mmol/L, however, different levels
of crude protein in the feed had different ef-
fects on the value in fish of the experimental
groups. The highest level of glucose was in
blood of trout in the experimental group 5 and
was 3.15 mmol/L, which is by 7.1% more com-
pared to the control and by 4.7-14.1% com-
pared to the analogs in experimental groups
2-4. Similar nature of the changes is observed
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in the serum carotene content of two-year-old
rainbow trout. Its concentration in fish of the
control group was 0.52 mg %, while in fish of
the experimental groups ranged from 0.50 to
0.56 mg %. There is no significant difference
in this index between the control and experi-
mental groups.

The rate of enzymatic reactions also de-
pends on the concentration of minerals in the
serum, in particular calcium and phosphorus.
The results of experimental studies revealed an
increase in the mineral status of rainbow trout
blood when they consumed feed with the crude
protein content of 50-52%.

When assessing the indices of the trout’s
white blood (Table 4), no differences in the
number of white blood cells depending on the
action of paratypic factor were found. Differen-
tial white blood cell count in certain types of
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white blood is important for their detection.
Changes in the conditions of fish keeping and

feeding can increase the functions of some
white blood cells and weaken them in others.

Table 4. Dynamics of changes in leukocyte formula and the total lipids content
in blood of rainbow trout, n=5

Fish group
Index
1st 2nd 3rd 4th 5th

White blood cells, g/L 22.9+1.09 21.6%1.11 22.0+1.12 23.5+1.08 24.0+1.21
Neutrophils, % 19.9+1.12 19.25%1.33  19.42+1.47  20.12+1.28  21.20%1.39
Polymorphonuclear, % 3.60%0.12 3.71%£0.41 3.83%0.32 4.20+0.65 4.50+0.34"
Lymphocytes, % 60.45%2.06  59.65+2.12  60.14%+2.47  61.35%¥2.36  67.12+2.03"
Monocytes, % 16.80+1.98  16.05+2.03  16.65*1.54  17.40+1.71  17.90%1.65
Total lipids, mmol/L 3.66+0.13 3.52+0.31 3.58+0.29 4.09+0.09°  4.01%0.07"

Note: "p<0.05 compared to group 1

In particular, during experimental studies,
it was found that changes in the feeding con-
ditions of rainbow trout, contributed to some
changes in the number of neutrophils in fish
blood. Under the influence of the studied feed
factor, their growth was found in trout of the
experimental groups 4 and 5. Thus, the num-
ber of neutrophils was the highest (21.2%)
in blood of fish in the experimental group 5,
which were grown on compound feeds with
increased to 52% levels of crude protein. At
the same time, the reduction of crude protein
levels to 44-46% (groups 2 and 3) contributed to
a decrease in the number of neutrophils com-
pared to the control.

The ratios of polymorphonuclear rods,
lymphocytes and monocytes in blood of rain-
bow trout of the experimental groups, although
slightly higher than those in the control, were
within physiological fluctuations. When feeds
with the crude protein content of 50% (experi-
mental group 4) and 52% (experimental group 5)
were used for feeding fish, the content of poly-
morphonuclear rods significantly increased and
the content of lymphocytes and monocytes de-
creased compared to the control analogs.

Rearing of commercial trout on feed with a
crude protein content of 52% (group 5) led to a
reliable increase in the number of lymphocytes
in blood, while the feeds with the crude protein
level of 44% (group 2) and 46% (group 3), on the
contrary, led to a slight decrease in their content.

For a more detailed assessment of the
studied feed factor’s influence on the func-
tional state of the rainbow trout’s body, a study
of the total blood lipids was performed. In fish of
the control group, its level was 3.66 mmol/L; in
analogs of the experimental groups, it was 3.52-
4.09 mmol/L. The highest level of total lipids
(4.09 mmol/L) in blood of two-year-old rainbow
trout was in experimental group 4, which were
reared on compound feeds with a high (up to
50%) levels of crude protein. It was also found
that with the decrease in the level of crude pro-
tein in the feed of two-year-old rainbow trout to
44-46% (experimental groups 2 and 3), there was
a slight decrease in this index in blood plasma.

Thus, the results of physiological and bi-
ochemical studies showed that increasing the
levels of protein nutrition in rainbow trout pro-
moted better hematopoiesis, which led to their
high commercial qualities.

Animal Science and Food Technology. 2021. Vol. 12, No. 1
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Conclusions

1. It was found that the number of white blood
cells in blood of rainbow trout, which have re-
ceived compound feed with the protein content
of 48% was 22.9 g/L, in blood of fish consuming
feed with a protein content of 52%, this figure
was higher by 4.8% (p<0.05).

2. Increase of crude protein in the produc-
tion feed from 48 to 52% provides an increase in
the total blood protein by 8.8% (p<0.05).

3.Itis proved that when using rainbow trout
feed with the crude protein content of 50-52%,
the higher alanine aminotransferase activity by
10.0% (p<0.05) and by 26.1% (p<0.05), respec-
tively, and by 6.7% and 15.6% (p<0.05) that of

aspartate aminotransferase, was observed in
blood of fish compared to fish that consumed
feed with the protein level of 48%.

4. The number of neutrophils was the larg-
est and amounted to 21.2% in blood of fish
reared on compound feeds with an increase to
52% level of crude protein. Reducing crude pro-
tein levels from 48% to 44-46% contributed to
some reduction in neutrophils.

5. It was found that the total amount of
blood lipids in two-year-old rainbow trout,
which consumed feed with the protein content
of 50-52%, increased by 9.6-11.7% (p<0.05)
compared to those who were reared on com-
pound feed with the protein level of 48%.
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T'emarosoriyni Ta 6ioxiMiuHi MOKa3HUKHU KPOBI paiay:kHOI (popei
3aJIesKHO BiJ] piBHA MPOTETHY y KOMOiKOpMax

Bagum MukosnarioBnu KoHapaTiok

HarionanpHmii yHiBepcuTeT 6iopecypciB i mpupomoKopucTyBaHHS YKpainm
03041, Bysn. TepoiB O6opounu, 15, m. Kuis, Ykpaina

AHotanis. [TporeiHoBe XXMBIeHHS p1b € OTHUM 3 OCHOBHMX (DaKTOPiB 3a6e31eueHHsT aKTMBHOTO iX
POCTY, a BUSIBJIEHHSI OTITMMaJIbHOI KOHIIEHTpAIlii TPOTeiHy € aKTyaJbHMUM HaIIPSIMKOM AOC/TiI3KEeHb.
MeTolo AOCTiAy Tepemdavaaocss BCTAHOBUTHU BIUIMB Pi3HUX PiBHIB MPOTEIHOBOTO >KMBJIEHHS
TOBapHOI paitaykHOi (opesti Ha reMaTonorivuxi Ta 6ioXiMiyHi MOKa3HMKM iXHBOI KPOBi. [IJIsT IbOTO
3a MeTOAOM aHaJIoriB O6ya0 chopmoBaHO ITSTh MigmoOCTimHMX Tpym. Jocmin TpuBas 210 mi6 Ta
TOMIISIBCST HA [iBa Tepioan: 3piBHsUIbHMI (10 #i6) Ta ocHoBHMI (200 mi6). V 3piBHSUIbBHUI TIepion,
pallioH rofiBii 6yB OMHAKOBUM [JIsI PO KOHTPOIbHOI Ta eKCIIEPMMEHTAIbHMX TPYIT. B OCHOBHMIT
nepiof, piBeHb MPOTeiHY B eKCIepMMeHTAJIbHUX KOMOIiKOpMax sl Pi3HUX MiAAOCTIAHUX TPYI
dopeni konuBaBcs Big 44 mo 52 % y 1 kr. BctaHOB/IEHO, 10 Pi3Hi PiBHI MPOTEIHOBOTO JXUBIEHHS
paimyskHOi doperi He CIPUUYMHSIIOTh CYTTEBUX 3MiH y MOpdonoriuHOMY CKIaai KpoBi. loBemeHo,
0 BUPOIYBaHHS Gopeni Ha KoM6GikopMax i3 BMicToM cuporo mporeiny 50 % Ta 52 % crpusie
36i7bIIEHHI0O B KPOBi KiJIbKOCTI epUTPOLUTIB, TeMOMIO6GiHYy, JEMHKOIUTIB Ta QaromurapHoi
aKTUBHOCTi. BUKOpMUCTAaHHS B TOAiB/Ii pmb palioHiB 3i 3HMKEHMM BMiCTOM CUPOTO IpOTeiHy
(44 % Ta 46 %) MPU3BOAUTD 1O 3MEHIIeHHS MOP(MOIOTIYHUX KOMITOHEHTIB KpOBi. Y pe3ysbTari
JIOCTiIkeHb (arouTapHoi aKTMBHOCTI HeWTpodiniB y KpoBi pub BUSIBIEHO He3HauHe IX
3pPOCTaHHS M Ii€r0 JOCTimKyBaHOTO (pakTopa. AHa/Ii30M OTPMMAaHMX PEe3Y/bTaTiB BCTAHOBJIEHO,
mo 3i 36iMblIeHHSIM pPiBHIB cuporo mporeiHy B pailioHax paimgykHoi ¢opesi, KOHILieHTpallis
3araJbHOrO 6iNky Ta itoro Qpakiiiii B cupoBaTiii KpoBi mifgBuIimyBanach. BinmoBigHo, KilbKicTh
3arajgbHOro 6iIKy B KPOBi pMb KOHTPOJIBHOI rpymnu craHoBuiaa 60,0 /i1, y ZOCTiZHUX TPyl — Oyi1a
B Mexax 59,6-65,3 r/m. IlinBuIIeHHsS PiBHS ITPOTEiIHOBOTO KMBJIEHHS paiimyskHOi dopeni 4 Ta
5 mociaimHMX TPyN BMUKJIMKAIO 3POCTaHHS KiJbKOCTi aJbOyMiHiB, B-IIIOOY/IiHIB Ta y-IIOOYIiHiB,
MOPiBHSIHO 3 aHAJIOTiYHMMM TTOKa3HMKaMM pub KOHTPOJIbHOI rpymnu. V pe3ynbraTi MpoBeAeHNUX
eKCIIepUMEeHTA/IbHMUX JOC/iIKeHb BCTAHOBJEHO ITiABUIIEHHS MiHepaJbHOrO CTATyCy KpOBi
paitayskHoi doperti 3a ii romiBai KoM6ikopMamy 3 BMiCTOM CUPOTo MpoTeiny Ha piBHi 50-52 %. ITix
yac OLiHKM MMOKa3HMKIB 61101 KpoBi dopeni BigMiHHOCTe B KiJIbKOCTi JIE/IKOIIUTIB He BUSIBJIEHO.
BpaxyBaHHSI OTpMMaHUX PE3YJIbTATIB ITijJ, Yac BUPOOHUIITBA KOMOIKOPMIB JO3BOIUTD IMO3UTUBHO
BIUIMHYTHM HA TeMaTOJIOTiYHI TOKa3HUKM TOBAPHOI paiaykHoi (operni
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Animal Science and Food Technology. 2021. Vol. 12, No. 1




