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Abstract. The article considers the influence of compound feeds with different protein
levels on hematological and biochemical parameters of trout blood. 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 do 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.

Keywords: commercial rainbow trout, fish feeding, compound feeds, protein,
hematological parameters, leukocyte formula, blood biochemical indices
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Introduction.

Many researchers confirm the need
for hematological studies to clarify the
physiological status of fish because us-
ing physiological methods it is possible
to establish the presence of pathological
disorders in a particular system and to
identify the degree and nature of devia-
tions from the normal fish body’s status.
Also, a significant number of research-
ers emphasize the great practical impor-
tance of studying blood parameters in
different species of fish depending 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 compensato-
ry reactions. Thus, the study of different
rainbow trout protein nutrition levels’
impact on hematological and biochem-
ical parameters is necessary to deter-
mine 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 nutri-
tion is one of the main conditions that
determine the efficacy of feed nutrients,
productivity, health and reproductive
functions of fish.

The generalization of modern re-
search in the field of fish nutrition tak-
ing into account their species, breed and
age characteristics, as well as the issue
of efficient use of protein feeds and sup-
plements is a necessary condition for
solving the problem of protein in indus-
trial fish breeding.

Analysis of fish blood based on ap-
propriate biochemical research methods
is one of the main stages of monitoring

the feeding full value condition. How-
ever, the variety of factors, including
technological, that can affect the blood
biochemical composition, laboratory
diagnostic methods, the lack of perfect
differential diagnostic programs, espe-
cially in the conditions of changing nutri-
tional parameters within the physiologi-
cal 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 under-
standing of the relationships between
blood parameters and mechanisms of
homeostasis regulation and to accumu-
late data for summarizing them at the
level of reference values.

It is known that the main compo-
nent of cells and tissues in the animal
body are proteins, which are associated
with all vital functions. Their content in
feed affects the level of fish productivity
and economic efficiency of production.
Accordingly, biochemical blood tests
can detail the signs of possible abnor-
malities. Protein deficiency in the diet
is known to be accompanied by certain
changes in nitrogen compound metabo-
lism, in particular, a decrease in the se-
rum total protein content mainly due to
albumin and sometimes a- and [3-glob-
ulins and residual nitrogen.

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

Equally important are the hemato-
logical parameters in trout, as blood
is one of the most reactive tissues of
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the fish body. With the help of mor-
pho-physiological analysis of blood
and its physicochemical properties, it
is possible to accurately and objective-
ly assess the condition of the fish body.
Species features of blood are heredi-
tary. These include the composition and
morphology of cell forms, quantitative
parameters and their seasonal and age
dynamics (Mahmud et al., 1996).

Materials and methods.

Experimental studies on Oncorhyn-
chus 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 eco-
nomic experiment was to establish the
effect of different commercial rainbow
trout’s protein nutrition levels on hema-
tological and biochemical parameters in
their blood.

For this purpose, five experimental
groups were formed by the method of
analogs (Table 1). During the equaliza-
tion period of the experiment, which
lasted 10 days, the feeding ration was
the same for fish in the control and ex-
perimental groups. In the main period
of the experiment (200 days), the pro-
tein level in the feed of trout from the
experimental groups was regulated by

changing the individual components in
the feed (using combined mathematical
methods to optimize the calculation by
the Agro Soft Win Opti software).

Rainbow trout were fed 4-6 times
a day during the experimental period,
at regular intervals during the day. The
required amount of feed was calculated
according to the indices of individual
fish weight and ambient temperature at
the time of feeding.

Weighing of experimental trout was
performed once every 10 days using elec-
tronic scales in a calibrated water-logged
container with an accuracy of 0.1 g. The
rearing of commercial two-year-old rain-
bow trout was carried out in ponds with
an area of 100 m? at the stocking densi-
ty of 50 fish/m?, and the water level in
them of 1 m. The total number of trout
in experimental 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 in-
serted from the abdomen along the sag-
ittal line between the pectoral fins. Hep-
arin was used as an anticoagulant.

The concentration of red blood cells
was determined by in vitro method us-
ing a storage solution, a microscope
and a Goryaev’s chamber, white blood

1. Design of the research and economic experiment

Stocking density Mean body Experimental periods
Fish group o%ttlt‘lléee?(%%igﬁjigﬁt, bevgietilililligato?gle equalization (10 days) | main (200 days)
fish/m? experiment, g protein content per 1 kg of feed, %
1 — control 50 553+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
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cells — by an indirect method on a blood
smear, hemoglobin — by a hemoglobin
cyanide method with a spectrometer. In
addition, the total serum protein was de-
termined refractometrically (Kondrakh-
in et al., 2004; Vlizlo et al., 2012).

Indices of constructive metabolism,
namely: glucose content in the fish blood
was determined by the method of Kon-
drakhin et al. (2004). The principle of the
method is based on the ability of glucose
oxidase, while oxidizing, to form a com-
plex compound that turns the solution
pink. The color intensity of the solution is
proportional to the glucose content in the
sample. The blood glucose concentration
was calculated according to a standard
solution 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 STATIS-
TICA 7.0. and MS Excel software using
built-in statistical functions.

Results of the research
and their discussion.

Characterizing various changes in the
body’s vital activities, the blood compo-
sition permits to reflect the characteristic
properties of metabolism at different stag-

es 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 environ-
mental factors, they are easily redistrib-
uted, thus ensuring the development 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.

The results of our studies indicate that
different levels of rainbow trout’s protein
nutrition do not cause significant chang-
es in blood morphological composition.

It was found that rearing trout on
feed with a crude protein content of
50 % (experimental group 4) and 52 %
(experimental group 5) leads to an in-
crease in blood red blood cells, hemo-
globin, white blood cells and phagocytic
activity, while the use of fish diets with
low crude protein content (experimental
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 in-
dex. The hemoglobin content was also
lower by 9.1 % and 5.2 % than in the
control. The above difference is statisti-
cally significant (p<0.01 and p<0.05).

Similar nature of changes was ob-
served in rainbow trout according to

2. Hematological parameters in rainbow trout,n =35

Fish group
Index
1st 2nd 3rd 4th Sth
Red blood cells, T/L 1.224+0.07 | 1.16+0.05 | 1.18£0.05 | 1.28+0.09 1.31+0.08
Hemoglobin, g/L 1224133 | 111£2.09%* | 116+1.97* | 123+2.01 125+£2.10
White blood cells, g/L 229+0.09 | 21.6+0.11 | 22.0+0.12 | 23.5+£0.08 |24.01+£0.21**
Phagocytic activity, % 458+£231 | 423+£2.12 | 445+254 | 46.8+2.63 473+2.41

Note. *p<0.05; **p<0.01 — compared to group 1.

8| ISSN 2706-8331

ANIMAL SCIENCE AND FOOD TECHNOLOGY

Vol. 12, Ne1, 2021



lemamornoeaiyHi ma GioximidHi MOKA3HUKU Kpoei palioy Hoi ghoperti 3anexHcHO 8i0 pieHs ...

the number of white blood cells in the
blood, which in fish of the control group
was 229 g/L, and the experimental
groups ranged from 21.6 to 24.1 g/L.
There is no significant difference in this
index between the control and experi-
mental groups.

Considering the changes in the
phagocytic activity of neutrophils in
the blood of experimental 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
compound feeds with different levels
of crude protein did not significantly
change their morphological components
in blood. However, there is a slight posi-
tive effect of crude protein on the num-
ber of red blood cells, hemoglobin and
phagocytic activity of neutrophils. The
above difference between 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 dif-
ferences were found.

The above data show that with in-
creasing levels of crude protein in the di-
ets of rainbow trout, the concentration of
total protein and its fractions in blood se-
rum 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 protein in blood: in fish
of experimental group 5, it significantly
exceeded the value in the control 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 received in the feed
50 % of crude protein: the total protein
amount in blood serum of fish in the ex-
perimental group 4 compared to the an-
alogs of the experimental groups 2 and
3, was higher by 5.03 % and 4.2 %, re-
spectively, and the control group index
was probably lower by 4.3 %.

The level of total protein in blood se-
rum of trout in the experimental groups
2 and 3 approached 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 frac-
tional 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 nu-
trition in rainbow trout of experimental
groups 4 and 5 caused an increase in the
number of albumins, B-globulins and
v-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 con-
tent of up to 44 % (experimental group
2) and 46 % (experimental group 3) did
not significantly affect the 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 ac-
tivity by 10.0 % (p<0.05) and 26.1 %
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3. Blood biochemical parameters in rainbow trout of the experimental
groups, n =5

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

Total protein, g/L 60.0£1.68 | 59.6=1.65 | 60.1+1.71 | 62.6+1.82 | 65.3=145*
Albumins, g/L 2454106 | 23.8+1.14 | 2404204 | 249+2.13 | 263+1.88
Globulins, g/L 352+1.17 | 349+124 | 3514136 | 37.8+147 | 381+135
a-globulins 1184095 | 1134096 | 120+£1.03 | 126+1.08 | 132+1.09
B-globulins 125+1.12 | 1224132 | 126108 | 129+1.14 | 13.9+1.09
y-globulins 109101 | 114131 | 105£099 | 123+147 | 11.0+139
ﬁ}iﬂinc aminotransferase, | 53 0. 058 20,00+ 1.79 | 22.00% 1.65 | 2530 0.69% | 29.00 + 1.76*
Gj{’"‘“ﬁte aminotransferase, | 45001903 | 41.00+2.14 | 43.00+1.74 | 48.00+1.62 | 5200+ 1.59%
Glucose, mmol/l 294+£0.06 | 2.76+0.09 | 2.82+0.11 3.01+0.21 3.15+0.19
Carotene, mg% 0.52+0.02 | 050+0.03 | 0.51+0.02 | 0.54+0.07 0.56 +0.06
Total calcium, mmol/L 2.84+0.16 | 2.82+021 | 2.84+0.32 2914+0.28 2.93+0.28
Inorganic phosphorus, 167016 | 1614023 | 1642038 | 1694021 | 1.71+041
mmol/L

Note. *p<0.05 compared to group 1.

(p<0.05), and aspartate aminotransfer-
ase — by 6.7 % and 15.6 % (p<0.05),
respectively.

The enzyme activity, such as aspar-
tate aminotransferase, in fish of the ex-
perimental groups 2 and 3, which were
fed compound feeds with a crude protein
content of 44-46 % approached the lev-
el of the control, while, compared to the
analogs of experimental groups 4 and 5,
there was some decrease in its activity.

The glucose content in blood of rain-
bow trout in the control group was 2.94
mmol/L, in blood of the experimental
groups’ fish — 2.76-3.15 mmol/L, how-
ever, different levels of crude protein
in the feed had different effects 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 compared to the control and

by 4.7-14.1 % compared to the analogs
in experimental groups 2—4.

Similar nature of the changes is ob-
served in the serum carotene content of
two-year-old rainbow trout. Its concen-
tration in fish of the control group was
0.52 mg%, while in fish of the experi-
mental groups ranged from 0.50 to 0.56
mg%. There is no significant difference
in this index between the control and
experimental groups.

The rate of enzymatic reactions also
depends on the concentration of miner-
als in the serum, in particular calcium
and phosphorus. The results of exper-
imental studies revealed an increase
in the mineral status of rainbow trout
blood when they consumed feed with
the crude protein content of 5052 %.

When assessing the indices of the
trout’s white blood (Table 4), no differ-
ences in the number of white blood cells

10| ISSN 2706-8331

ANIMAL SCIENCE AND FOOD TECHNOLOGY

Vol. 12, Ne1, 2021



lemamornoeaiyHi ma GioximidHi MOKA3HUKU Kpoei palioy Hoi ghoperti 3anexHcHO 8i0 pieHs ...

depending on the action of paratypic
factor were found. Differential white
blood cell count in certain types of
white blood is important for their detec-
tion. Changes in the conditions of fish
keeping and feeding can increase the
functions of some white blood cells and
weaken them in others.

In particular, during experimental
studies, it was found that changes in
the feeding conditions of rainbow trout,
contributed to some changes in the num-
ber 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
number of neutrophils was the highest
(21.2 %) in blood of fish in the exper-
imental group 5, which were grown
on compound feeds with increased to
52 % levels of crude protein. At the
same time, the reduction of crude pro-
tein levels to 4446 % (groups 2 and 3)
contributed to a decrease in the number
of neutrophils compared to the control.

The ratios of polymorphonuclear
rods, lymphocytes and monocytes in
blood of rainbow trout of the experimen-
tal groups, although slightly higher than
those in the control, were within physi-
ological fluctuations. When feeds with
the crude protein content of 50 % (exper-

imental group 4) and 52 % (experimental
group 5) were used for feeding fish, the
content of polymorphonuclear rods sig-
nificantly increased and the content of
lymphocytes and monocytes decreased
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
functional state of the rainbow trout’s
body, we performed a study of the to-
tal blood lipids. In fish of the control
group, its level was 3.66 mmol/L; in an-
alogs 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 ex-
perimental 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 de-
crease in the level of crude protein in
the feed of two-year-old rainbow trout
to 44-46 % (experimental groups 2 and
3), there was a slight decrease in this in-
dex in blood plasma.

4. Dynamics of changes in leukocyte formula and the total lipids content
in blood of rainbow trout,n=15

Fish group
Index
Ist 2nd 3rd 4th Sth
White blood cells, g/L 229+1.09 | 21.6+£1.11 | 22.0+1.12 | 23.5+1.08 | 24.0+1.21
Neutrophils, % 199+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 | 420+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 | 1740+ 1.71 | 17.90 +1.65
Total lipids, mmol/L 3.66+0.13 | 3.52+031 | 3.58+£0.29 | 4.09+0.09% | 4.01+0.07*

Note. *p<0.05 compared to group 1.
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Thus, the results of physiological
and biochemical studies have shown
that increasing the levels of protein nu-
trition in rainbow trout promotes better
hematopoiesis, which leads to their high
commercial qualities.

Conclusions

1. It was found that the number of
white blood cells in blood of rain-
bow trout, which received com-
pound 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 pro-
duction feed from 48 to 52 % provides
an increase in the total blood protein
by 8.8 % (p<0.05).

3. It is proved that when using rainbow
trout feed with the crude protein con-
tent of 50-52 %, the higher alanine
aminotransferase activity by 10.0 %
(p<0.05) and by 26.1 % (p<0.05), re-
spectively, and by 6.7 % and 15.6 %
(p<0.05) that of aspartate aminotrans-
ferase, is observed in blood of fish
compared to fish that consumed feed
with the protein level of 48 %.

4. The number of neutrophils was the
largest and amounted to 21.2 % in
blood of fish reared on compound
feeds with an increase to 52 % lev-
el of crude protein. Reducing crude
protein 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%, increases
by 9.6-11.7 % (p<0.05) compared to
those who were reared on compound
feed with the protein level of 48 %.
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AHomayia. Y cmammi 0ocniorceHo 8naue 8UKOPUCMAHHA MOBHOPAUIOHHUX KOMbBIKopmie i3
pi3HUM pigHeM npomeiHy Ha eemMmamornoziyHi ma bioximiyHi MOKA3HUKU Kposi ¢hopesni. Memoto
docnidy nepedbayanocs 8CMaHOBUMU 8MAUS Pi3HUX pieHi8 MpomeiHo8020 X usneHHA mosap-
Hoi palidyxHoi ¢openi Ha eemamosnoziyHi ma 6ioXiMiuyHi MOKA3HUKU iXHbOI Kposi. 17 ybo2o
30 memodom aHasnoeie bysno chopmosaHo n’ame niddocnioHux epyn. focaio mpusas 210 0i6
ma nodinasca Ha 0ea nepiodu: 3pieHANbHUL (10 0i6) ma ocHosHuli (200 0i6). Y 3pieHAnbHUL
nepiod payioH 200iesni 6y 00HaKosuUM 0714 pub KOHMPOLHOI Ma eKcriepumMeHmanbHUx 2pyn.
B ocHosHuli nepiod piseHb npomeiHy 8 ekcrnepumeHmasnbHUx Kombikopmax 04 pi3HUX niddo-
cnioHux epyn gopeni Konusaeca 8i0 44 0o 52 % y 1 ke. BcmaHoeneHo, wo pisHi pigHi npomeiHo-
8020 HUBMEHHA PalidyHHOI hopeni He CrIPU4UHAIOMb CYMMEBUX 3MiH Y MOpPOs102i4HOMY CKAa-
0i Kpoesi. [losedeHo, W0 8UPOWYB8AHHA hopeni Ha KOMBIKopMax i3 8Micmom cupozo npomeiHy
50 % ma 52 % cripusie 36inbWeHHI0 8 KPo8i KilbKocmi epumpoyumis, 2emoanobiny, nelikoyumie
ma pazoyumapHoi akmusHocmi. BukopucmaHHaA 6 200i8ni pub payioHie 3i 3HUXEHUM 8MiCMOM
cupoeo npomeiny (44 % ma 46 %) npu3sodume 00 3MEHWEHHA MOPEO02iYHUX KOMMNOHEHMI8
Kposi. Y peaynbmami 0ocnioxceHsb hazoyumapHoi akmusHocmi Helimpoginie y kKposi pub suse-
/1IeHO He3Ha4He iX 3pocmaHHsA nio 0ier0 00CNiIOHY8AHO20 haKmopa. AHAMI30M OMPUMAHUX pe-
3yaAbMamie 8CMaHo8seHo, Wo 3i 36inbWeHHAM pieHie cupo2o npomeiHy 8 payioHax palidyxcHoi
¢hopeni, KOHYeHMpayisa 3a2anb6Ho20 binKy ma (io2o ppakyili 8 cuposamuyi Kposi nidsuwyysanacs.
BidnoeidHo, Kinbkicme 3a2aabH020 BinKy 8 Kpo8i pub KOHMPOLHOI 2pyrnu cmaHosuaa 60,0 &/1,
y 00cnidHux epyn — 6yna 8 mexax 59,6—65,3 2/n. [1i08uweHHs piBHA NPOMeIH08020 HUBAEHHS
palioyxcHoi popeni 4 ma 5 docnidHuUx 2pyn BUKAUKAMO 3pOCMAHHA KinbKocmi anbbymiHis, 8-an0-
byniHie ma y-enobyniHie, MOPIBHAHO 3 AHA/N02IYHUMU MOKA3HUKAMU pub KOHMPOsbHOI epynu.
Y pe3ynbmami npogedeHux eKcrepumMeHmasnbHUX 00C/iOweHb 8CMAHOBAEHO MiOBUUWEHHA Mi-
HepasnsHo20 cmamycy Kposi palidyucHoi ¢popeni 3a if 200ieni Kombikopmamu 3 8Micmom cupo-
20 npomeiHy Ha pigHi 50-52 %. id Yac oyiHKU NoKa3HuKie binoi Kposi openi s8idmiHHocmeli
8 KinlbKocmi nelikoyumie He 8UAB8/eHO.

Kntoyoei cnosa: mosapHa palidywHa ¢opens, 200iena pub, Kombikopmu, npomeiH,
2emMamos1o2ivyHi MOKA3HUKU, nelikoyumapHa opmyna, 6ioximivyHi MOKA3HUKU KPOosi.
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