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Abstract. The article considers the efficiency of using complete compound feeds
with different levels of lysine and methionine in rearing larvae and juveniles of rainbow
trout. The purpose of the experiment was to establish the effect of different amino acid
levels in nutrition of juvenile trout on its productivity. For this purpose, five
experimental groups were formed by the method of analogues. The experiment lasted
35 days and was divided into two periods: equalizing (5 days) and main (30 days).
During the equalizing period, the experimental fish consumed feed of the control
group. In the main period, the levels of lysine and methionine in experimental feeds for
different experimental groups of trout ranged from 2.9 to 3.3% and from 0.95 to 3.15%,
respectively. It is proved that increasing the content of lysine and methionine in feed
for larvae and juveniles of rainbow trout to the levels of 3.2 and 1.1%, respectively,
promotes increase in their weight by 10.7% (p <0.01) and growth intensity - by 6.4-
11.1%, while further increase in these amino acids content in the feed reduces the
productivity of fish. Polynomial equations for determining the juvenile fish weight at
any stage of rearing at a high level of determination for each of the experimental
groups have been calculated. It was found that with an increase in the content of lysine
and methionine in feed to the levels of 3.2 and 1.1%, respectively, reduces feed costs
per 1 kg of weight gain in trout larvae and juveniles by 4.1%, and a further increase
in levels of these amino acids to 3.3 and 1.15%, respectively, increase this index by
1.1%. The experimental fish survival ranged from 83.9 to 85.1%. In the production of
trout according to the criteria of maximum productivity and to the economic
optimization criteria, it is recommended to use complete feed with the level of lysine -
3.2% and methionine - 1.1% for feeding trout larvae and juveniles.
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Rationale and background. Fish
meat is considered a vital food for
humans and is a source of native protein,
fat, minerals and vitamins. Its quality
and nutritional value depend on both
genotypic and phenotypic factors.
Among the latter, the most important is
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sensible and balanced feeding of fish [9,
10].

An important component of a
complete diet for trout is the amino acid
composition of feeds. Lack of at least
one amino acid in the feed inevitably
leads to limited use of other amino acids
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for the synthesis, which reduces its

efficiency [8].

Amino acids are structural elements
of proteins, and they also perform
important functions in the process of
metabolism, they are the most important
substrates in metabolism of nitrogenous
substances in the fish body. Lack of
essential amino acids in the diet leads to
increased  protein  intake,  which
significantly raises the cost of feed per a
unit of weight gain in fish. The need for
amino acids varies depending on the
water  temperature, fish  holding
conditions, their weight and age [3, 5, 6].

In complete fish feeds, the level of
essential amino acids is 35-50% of the
total amount of amino acids. The lack of
one or another essential amino acid
limits the use of other amino acids in the
process of protein  biosynthesis.
Decreased levels of amino acids
digestion and absorption in feed protein
lead to a decrease in the amount of free
amino acids in fish tissues, and as a
consequence to their inferiority [4, 7].

Thus, the study of the influence of
different amino acid nutrition for
rainbow trout larvae and juveniles in
modern industrial conditions of cold-
water fish farms in Ukraine is necessary
and relevant.

Materials and methods.
Experimental studies on Oncorhynchus
mykiss (Walbaum, 1792) rainbow trout
larvae and juveniles were carried out at
the "Shipot" farm, Perechyn district of
Transcarpathian region.
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The purpose of the scientific and
economic experiment was to establish
the effect of different levels of amino
acid nutrition for trout larvae and
juveniles on their productivity.

To do this, according to the method
of analogues, five groups were formed —
the control and 4 experimental ones
(table 1). During the equalizing period,
the experimental fish consumed feed of
the control group. In the main period,
juveniles of all groups consumed a
similar diet, except for the level of lysine
and methionine in it. These amino acids
were added in varying proportions, as
provided by the experimental design.

Feeding of rainbow trout in the
larval and juvenile periods of the study
was carried out with starting compound
feed 12 times a day, during the day - at
regular intervals, using grain sizing 0.2-
0.4 mm. The required amount of feed
was calculated according to the indices
of juveniles’ individual weight and the
temperature of the environment at the
time of feeding.

Test fishing of experimental trout
was carried out once every 5 days. The
total of 100 specimens from each group
was subjected to weighing with
electronic balance. The holding density
of the experimental fish at the beginning
of the experiment was 10 thousand
specimens/m?. Rearing of larvae and
rearing of juveniles was carried out in
trays with the area of 4 m? at the holding
density of 10 and 5 thousand
specimens/m?, respectively, the water
level in the tanks for larvae was 0.2 m,
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for juveniles - 0.5 m. The total number experiment were kept under generally

of trouts in the experiments amounted to accepted conditions in trout breeding [1].
200 thousand specimens. Juveniles in the
1. Design of scientific and economic experience

Mean Experimental periods
fish-holding | weight at equalizing main (30 days)
density at the the (5 days)

Group of fish | beginning of | beginning content in 1 kg of compound feed, %
exp_erlment, ? O.f lysine methionine lysine | methionine
specimens./m= | experiment,
mg

1- control 10000 156+14.5 3.1 1.05
2- 10000 154£10.3 2.9 0.95
experimental

3- 10000 158+14.9 3.0 1.00
experimental 3.1 1.05

4- 10000 156+£13.5 3.2 1.10
experimental

5- 10000 153+11.6 3.3 1.15
experimental

The study results were processed by period of the experiment, due to different
the method of variation statistics [2] by amino acid nutrition of trout larvae and
means of MS Excel and STATISTICA juveniles, there were noticeable changes
7.0 software using built-in statistical in the indices of their weight gain (table
functions. 2).

Results of the study and their
discussion. It was found that in the main

2. Weight of experimental trout larvae and juveniles at different amino acid

nutrition, mg
Day of Groups of fish
experiment 1 2 3 4 5
1 156+14.5 154+10.3 158+14.9 156+13.5 153+11.6
5 2714234 | 267159 2734218 271£17.6 270+13.8
10 4074282 | 3774216 404+27.6 4134273 4124225
15 533356 | 497+27.8 549+32.0 600+32.2 590+29.1
20 698+32.0 | 6224314 7214361 782429.8 773434.3
25 842+39.7 | 735+36.1 8624349 | 939+35.4* 921432.7
30 9624415 | 841438.3 084+39.6 | 1065:42.3* |  104339.0
35 1076+43.8 | 944+412 | 11074427 | 1191+46.9% | 1164448

*p<0.05 — compared to group 1.
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It was proved that during the main
period of the experiment the highest
weight was observed in those trout
larvae and juveniles, who were fed
compound feed with Ilysine and
methionine content at the level of 3.2 and
1.1%, respectively (group 4). At the end
of the experiment (the 35th day) the
highest weight was reached by the
juveniles of this group, which
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outperformed the analogues of all other
groups, respectively (according to the
experimental design) by 10.7 (p <0.01);
26.2 (p <0.001); 7.6 and 2.3%.

The description of the growth of
trout larvae and juveniles using
mathematical methods confirmed the
ascending shape of the growth curve

(fig.).

20 25 30 35 40

Experimental period (x), days

®—group 1 group 2

group 3 group 4 group 5

Fig. Graphic model of trout larvae and juveniles growth at different amino

acid nutrition

The growth of juvenile trout was
further described by a mathematical
model with a nonlinear characteristic.
According to the age of larvae and
juveniles (experiment period - X),

depending on the level of lysine and
methionine in the feed, we can predict
their weight (function - y):

Group 1 (3.1 % lysine - L, 1,05
% methionine - M):

y =-0.0004x* + 0.0198x3 - 0.2593x* + 28.446x + 129.6 (R? = 0.9996);
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Group 2 (2.9 % L, 0.95 % M):

y =-0.0002x* + 0.0159%3 - 0.4006%? + 27.976x + 128.75 (R? = 0.9998);

Group 3 (3.0% L, 1.0 % M):

y = 0.0001x* - 0.016x3 + 0.5801x? + 22.606x + 138.4 (R? = 0.9995);

Group 4 (3.2 % L, 1.10 % M):

y = 0.0005x* - 0.0536x> + 1.6063x> + 16.903x + 141.47 (R? = 0.9997);

Group 5 (3.3 %L, 1.15 % M):

y = 0.0005x* - 0.0489x3 + 1.4447x? + 18.257x + 137.34 (R*> = 0.9996).

Data of the variance analysis
indicate that different levels of lysine
and methionine in feeds intended for
feeding trout larvae and juveniles,
reliably (p <0.01) affected the weight of
the experimental fish. The share of this
factor’s influence is 56.5%, which is by
13% more than the influence of other
factors.

Calculations showed that during the
growing period the nature of changes in
the average daily weight gain of trout
larvae and juveniles depended on the
content of lysine and methionine in the
feed and the corresponding change in
fish weight (table 3).

3. Average daily weight gain of trout larvae and juveniles at different amino

acid nutrition, mg

Experimental Groups of fish
periods, days 1 2 3 4 5
1-5 23.0 22.6 23.0 23.0 23.4
6-10 27.2 22.0 26.2 28.4 28.4
11-15 25.2 24.0 29.0 37.4 35.6
16-20 33.0 25.0 34.4 36.4 36.6
21-25 28.8 22.6 28.2 314 29.6
26-30 24.0 21.2 24.4 25.2 24.4
31-35 22.8 20.6 24.6 25.2 24.2
Average for the
main experimental 26.8 22.6 27.8 30.7 29.8
period (6- 35 days)

It should be noted that in general,
during the main experimental period, the
juveniles of experimental groups 3, 4
and 5 were characterized by higher
indices of average daily weight gain,

Ne 6 (88), 2020

Hayxkosgi nonosiai HYBIIl Ykpainu

which exceeded the control ones by this
index, respectively by 1.0; 3.9 and 3.0
mg. Trout juveniles of group 2 in the
main period of the experiment were
inferior to the control index by 4.2 mg.
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It should be noted that the survival value and ranged within 83.9 to 85.1%

of experimental fish throughout the (table 4).
experiment was high enough, close in

4. Survival rate of trout larvae and juveniles with different amino acid
nutrition,%

Day of Groups of fish
experiment 1 2 3 4 5
5 98.1 97.9 98.0 97.9 97.6
10 96.0 95.4 95.8 95.3 94.7
15 93.5 93.0 93.1 92.4 91.8
20 91.2 90.2 90.9 90.1 89.3
25 88.0 88.1 88.4 88.5 87.3
30 86.4 86.2 86.7 86.2 85.5
35 84.3 84.0 85.1 84.2 83.9
Analyzing the indices of economic levels of introducing the studied amino

efficiency of rearing trout larvae and acids into the feed, these indices changed
juveniles, it can be stated that at different differently (table 5).

5. Economic efficiency of growing trout larvae and juveniles with different
amino acid nutrition

Group
Index
1 2 3 4 5

Ichtyomass at the beginning of the main

experimental period, kg 532 | 523 | 535 | 531 527
Survival rate, % 84,3 84 851 | 84,2 83,9
Ichtyomass at the end of experiment, kg 18,14 | 15,86 | 18,84 | 20,06 | 19,53
Ichtyomass gain for the main experimental period, kg| 12,82 | 10,63 | 13,49 | 14,75 | 14,26
Feed costs per 1 kg of ichtyomass gain, kg 0,744 | 0,791 | 0,734 | 0,715 | 0,723
Feed costs for the total ichtyomass gain, kg 954 | 841 | 990 | 1055 | 10,31
Production cost per 1 kg of compound feed, UAH 873 | 87,12 | 87,21 | 87,39 | 87,48

Cost of feed fed for the total ichtyomass gain, UAH | 832 67| 732,53| 863,52| 921,64| 901,92

Cost of feed consumed per 1 kg of ichtyomass gain,
UAH 64,95 | 68,91 | 64,01 | 62,48 | 63,25

Net cost perl kg of ichtyomass gain, UAH 92,79 | 98,45 | 91,45 | 89,26 | 90,35
Note: in prices of 2017.

In particular, ichtyomass at the end of the experiment was the highest in fish
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of group 4, which outperformed

analogues from all other groups by this
index, respectively (according to the
experimental design) by 10.6; 26.5; 6.5
and 2.7%. Similarly, the ichtyomass gain
changed during the main period of the
experiment - group 4  trouts
outperformed analogues of groups 1, 2,
3 and 5 by 15.1; 38.8; 9.3 and 3.4%,
respectively. As a result, the cost of 1 kg
of ichtyomass gain was the highest in
fish that consumed compound feed with
lysine and methionine content of 2.9 and
0.95%,  respectively  (group  2).
According to this index, they were
inferior to their peers of all other groups,
respectively  (according to  the
experimental design) by 6.1; 7.7; 10.3
and 9.0%.

Thus, the lowest cost of ichtyomass
was characteristic of fish in group 4,
which consumed compound feed with a
content of lysine and methionine at the
level of 3.2 and 1.1%, respectively.
Rearing trout larvae and juveniles at the
above levels of these amino acids is the
most economically feasible.

Conclusions

1. It is proved that increasing the
content of lysine and methionine in feed
for larvae and juveniles of rainbow trout
to the levels of 3.2 and 1.1%,
respectively, contributes to an increase
in their weight by 10.7% (p <0.01) and
growth intensity - by 6.4-11.1%, while
further increase in the content of these
amino acids in the feed reduces the
productivity indices of fish.
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2. Description of rainbow trout
larvae and juveniles growth by means of
mathematical methods confirmed the
ascending form of their growth curve.
Polynomial equations for determining
the weight of fish at any stage of rearing
at a high level of determination for each
of the experimental groups are
calculated.

3. It is established that with the
increase of lysine and methionine
content in feed to the levels of 3.2 and
1.1%, respectively, feed costs per 1 kg of
weight gain in trout larvae and juveniles
decrease by 4.1%, and further increase in
levels of these amino acids to 3.3 and
1.15%, respectively, increase this index
value by 1.1%. Survival of the
experimental fish ranged from 83.9 to
85.1% and no significant difference was
observed in this index.

4. As aresult of the trout production
analysis according to the criteria of
maximum productivity and to economic
optimization criteria, it is recommended
to use complete feeds with the level of
lysine - 3.2% and that of methionine -
1.1% for feeding trout larvae and
juveniles.

Prospects of further research

Prospects for further research are
related to the study on the use of
compound feeds with different levels of
lysine and methionine and the patterns of
changes in physiological, biochemical
and morphological parameters in this
year juveniles and commercial rainbow
trout.
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BUPOIIYBAHHSA JIUUMHOK I MAJIBKIB PAHJTYKHOI ®OPEJII 3A
PI3HOT'O AMIHOKHUCJIOTHOI'O KUBJIEHHSA
B. M. Konapariok

AHnomayia. Y cmammi po3ensiHymo NUmMaHHs egeKkmusHoCmi 8UKOPUCTAHHS
NOBHOPAYIOHHUX KOMOIKOPMIB 3 PIZHUMU PIGHAMU NI3UHY | MEMIOHIHY 30 BUPOULYBAHHS
JIUYUHOK I MANbKI6 pailoyaicHoi gpopeni. Memoio docnioy nepedbawanocs 6cmanosumu
BNJIUG DIZHUX PIBHIE AMIHOKUCIOMHO20 JHCUBLEHHS MOA00I (popeni Ha NOKAZHUKU il
npooykmueHocmi. g yb02o 3a MemoooM auanocie 0yio c@opmosamo n’smo
niodocnionux epyn. Jlocaio mpueas 35 0i6 i no0iniecs Ha 08a nepioou.: 3pieHsavHuLl (J
0i06) ma ocnosnuili (30 0i6). V 3pieusivuull nepiod niddociiona puba cnoxicusaid
KOMOIKOpM KOHMPOJILHOI epynu. B ocHosnuil nepiod pisenv ni3uny i MemioHiHy 8
EeKCNepUMEHMANbHUX KOMOIKOPMAX O PI3HUX NIOOOCHIOHUX 2pYNn hopeti KOIUBABCsL
810 2,9 00 3,3 % ma 6io 0,95 0o 3,15 % 6ionogiono. /loeedeno, wjo 30i1bulenHs 6MiCYy
JUBUHY | MEMIOHIHY Y KOMOIKOPMI 015l TUMUHOK | MATILKIE patioyicHoi gpopeni 0o pisHis
3,21 1,1 % eionogiono cnpuse 36invwennio ixuvoi macu na 10,7 % (p<0,01) ma
inmencusHocmi pocmy — Ha 6,4-11,1 %, mooi sax nooanvuie niosuwjeHus emicmy y
KOpMI YuxX AMIHOKUCIOM 3MEHUWYE NOKA3HUKU NpooykmueHocmi pub. Pospaxoeani
NOJIHOMIANIbHI  PIBHAHHA BU3HAYEHHS MAacu MON0O0i pub Ha 0)Y0b-IKOMY emani
BUPOWYBAHHS 34 BUCOKO20 DIBHS OemepMiHayii 018 KOJNHCHOI 3 NiOOOCHIOHUX ZDYH.
Bcmanoeneno, wo 3i 36inbuieHHaM emicmy Ji3UHY i MEMIOHIHY Y KOpMi 00 pieHis 3,2 i
1,1 % 8i0n08iOHO 3MeHWYIOMbCS BUMPAMU KOPMY HA 1 Ke npupocmy macu y TUYUHOK
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i manvkie ghopeni na 4,1 %, a nooanvuie niosuweHHs pieHie yux amiHokuciom 0o 3,3 i
1,15 % 6ionogiono 36invutyroms yeti noxasnuk Ha 1,1 %. Ilpu yvomy 36epesicenicmo
ni0oocaioHux pub 3naxoounacsv y medicax 6io 83,9 oo 83,1 %. 3a eupobrnuymea
npooyKyii openienuymea 3a Kpumepiamu MAKCUMATbHOI NPOOYKMUBHOCMI ma
EKOHOMIYHUMU KPUMEPIAMU ONMUMI3AYIT PEKOMEHOYEMbCS OISl 200i6/ JTUYUHOK 1
ManvKis ghopeii UKopucmosysamu nOBHOPAYIoHHI KOMOIKopmu 3 pienem aizuny 3,2 %
ma memioniny 1,1 %.

Knwuogi cnosa: paiioyscna ¢ghopenb, Monoow, 200i61s pub, KomoOIiKopmu, i3UH,
MEMiOHIH, NPOOYKMUBHICINb, eKOHOMIYHA eqheKmuUsHICMb
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