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Abstract. The article considers the efficacy of using complete feed stuffs with
different protein levels for rearing rainbow trout juvenile fish up to 10 g. The purpose
of the experiment was to establish the influence of different protein nutrition levels
on trout productivity indices. For this purpose, five experimental groups of this year
juvenile fish were formed by the method of analogues. The control group of fish
consumed feed stuffs with the protein level of 52%. During the comparative period,
the experimental fish consumed feed of the control group. In the main period, the
level of crude protein in trout feed stuffs ranged from 48 to 56% per 1 kg. As a result
of the study performed, it was found that the use of feed stuffs with high protein
nutrition (56 %) in feeding of this year trout is accompanied by an increase in their
weight by 12.3 % (p < 0.01) and their growth intensity - by 7.1-15.7 % , compared to
the analogues who consumed feed with the protein level of 52 %. Reduction of this
index to the level of 48% contributes to a probable reduction (p < 0.05) in weight by
11.5 %, and a decrease in growth intensity by 5.8-13.8 %. It has been proved that the
cost of feed per 1 kg of weight gain in this year trout, which consumed feed stuff with
a protein content of 56 %, was lower by 5.5 %, and with its content at 48 % - by 7.4 %
higher, compared to fish that consumed feed stuff with the protein content of 52 %.
At the same time, the safety of the experimental fish throughout the experiment was
compliant with the normative indices in trout farming and was within the range of
75.2-78.1 %. The analysis of the obtained fish farming results showed that the most
economically feasible is rearing of this year trout juvenile fish, who consume feed
stuff with the protein nutritional value of 52 %, compared to a decrease or increase in
this index to 48 and 56 %, respectively.

Keywords: rainbow trout, fish feeding, this year juvenile fish, compound feed stuffs,
crude protein, productivity, economic efficiency.
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Rationale of the article
and analysis of recent research
and publications.

Modern research in the field of
fish nutrition, taking into account their
species, breed and age characteristics,
along with the efficient use of protein
feeds and supplements, aimed at solv-
ing the problem of providing the pop-
ulation of our planet with high quality
food (FAO, 2016).

Adherence to optimal rearing condi-
tions and well-balanced feeding are key
factors that affect the intensity of fish
growth and economic performance of
the industry (€ropos, 2011; COY 05.01.-
37-385:2006). Complete protein nutri-
tion of trout is one of the most important
factors that determines the efficiency of
feed nutrients and the level of fish pro-
ductivity at all stages of its cultivation
(ILlepbuna, 2006). Insufficient amount
of protein in the diet can cause inhibi-
tion of fish growth and increase of feed
consumption, while its excessive amount
makes the diet unbalanced and can lead
to additional feed consumption, exces-
sive nitrogen release and water pollution
(ILIepman Ta in., 2002; Jobling, 2016).

Some scientists believe that the
growth and development of rainbow
trout is significantly influenced by the

level of crude protein in the feed stuff
that it consumes (Cowey, 1992; Takeu-
chi et al, 1978). Other researchers
claim that the productivity and quality
of fish products are more influenced by
the ratio and content of energy, protein
and amino acids in the diet (Karabulut
et al., 2010; Kim and Kaushik, 1992).
Thus, the study of different protein
nutrition impact on rainbow trout this
year juvenile fish in modern industrial
conditions of cold-water fish farms of
Ukraine is necessary and relevant.

Materials and methods
of the study.

Experimental studies on this year
juvenile rainbow trout Oncorhynchus
mykiss (Walbaum, 1792) were carried
out at “Shipot” farm, Perechyn district
of Transcarpathian region.

The purpose of the scientific and
economic experiment was to establish
the influence of different protein nutri-
tion levels on this year juvenile trout’s
productivity.

To do this, five experimental fish
groups were formed by the method of
analogues (table 1).

During the comparative period, the
experimental fish consumed feed of the
control group. In the main period, the

1. Design of scientific and economic experiment

Fish-holding Experimental periods
density at the Mean weight at | comparative (5 .
Groups of fish beginning of | the beginning of days) main (40 days)
the experiment, | the experiment, r ) : ke of
imen/m?2 crude protein content per 1 kg o
Spec feed stuff, %
1- control 200 1.14+£0.114 52
2- experimental 200 1.14£0.102 48
3- experimental 200 1.12+0.095 52 50
4- experimental 200 1.15+£0.107 54
5- experimental 200 1.11 £0.088 56
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level of crude protein in the trout’s feed
of the experimental groups was regulated
by replacing the individual components
of the feed (using combined mathemat-
ical methods to optimize the calculation
by means of AgroSoft WinOpti soft-
ware). The nutritional value of the exper-
imental feed stuffs is shown in table 2.

Feeding of this year juvenile rain-
bow trout was carried out 6 times a day,
at regular intervals during the day. The
required amount of feed was calculated
according to the indices of juvenile fish
individual weight and to the temperature
of the environment at the time of feeding.

Holding density of the experimental
fish at the beginning of the experiment was
200 specimens/m?* Rearing of juvenile
fish was carried out in ponds at the pond
stage of 1 m. The conditions of keeping
this year juveniles during the experimental
period complied with the generally accept-
ed ones in trout farming (MHCTpYyKIIWHS. . .,
1985; COY 05.01.-37-385:20006).

Test fishing of experimental trout
was performed once every 5 days. 100
juvenile fish specimens of each group
were subjected to electronic weigh-

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

Results of the study and their
discussion.

It was found that in the main period
of the experiment, due to different pro-
tein nutrition of this year juvenile trout,
there were noticeable changes in the
rates of their weight gain (table 3).

At the end of the experiment (45
days) the highest weight was reached
by trout in groups 4and 5, who out-
weighed the control group analogues
by 0.73 and 1.41 g, respectively, or by
6.4 and 12.3 % (p <0.01). At the same
time, this year juveniles in experimen-
tal groups 2 and 3 were inferior than
the mentioned index of their control
peers by 1.32 and 0.53 g, respectively,
or by 11.5 (p<0.05) and 4.6 %. The
difference between the weight of fish of
groups 2 and 5, which consumed feed
with the protein content of 48 and 56 %,

2. Content in 1 kg of compound feed,%

Groups of fish
Index

1st 2nd 3rd 4th Sth
Metabolic energy, MJ 17.00 17.00 17.00 17.00 17.00
Crude protein 52.00 48.00 50.00 54.00 56.00
Crude fat 14.00 14.00 14.00 14.00 14.00
Crude fibre 1.72 2.26 2.72 242 1.70
Calcium 2.25 2.25 2.25 2.25 2.25
Total phosphorus 1.50 1.50 1.50 1.50 1.50
Lysine 3.00 3.00 3.00 3.00 3.00
Methionine 1.00 1.00 1.00 1.00 1.00
Vitamin A, thousand [U 15 15 15 15 15
Vitamin D3, thousand IU 35 3.5 3.5 35 3.5
Vitamin E, mg 250 250 250 250 250
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3. Weight of experimental this year juvenile trout with different protein
nutrition, g

Day of Groups of fish

experiment 1t 2nd 3rd 4th Sth

1 1.14+£0.114 | 1.14+0.102 1.12+0.095 | 1.15+0.107 | 1.11+0.088

5 2.06+0.185 | 2.03+0.140 2.04+0.164 2.03+0.155 2.00+0.195
10 3.13+0.232 3.17+0.201 3.08+0.198 | 3.12+0.249 | 3.13+0.247
15 4.19+0.265 4.12+0.208 4.09+0.215 | 4.27+0.201 | 4.38+0.292
20 5.32+0.243 5.01+0.243 5.18+0.267 | 5.56+0.282 | 5.76+0.287
25 6.47+0.287 5.99+0.284 6.33£0.286 | 6.93+0.257 | 7.30+0.303*
30 7.82+0.306 7.1240.212 7.62+0.305 | 8.38+0.289 | 8.84+0.299*
35 9.06+0.290 | 8.14+0.245% 8.74+0.368 | 9.66+0.356 |10.22+0.328%**
40 10.2740.323 | 9.15+0.288* 9.80+0.367 | 10.94+0.383 | 11.5840.385%*
45 11.44+0.374 | 10.12£0.313* | 10.91+0.401 |12.17+0.425 | 12.85+£0.412%*

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

respectively, in this period amounted to
27.0 % in favor of the latter.

The description of this year juve-
nile trout’s growth using mathematical

Weight (y), g
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methods confirmed the ascending shape

of the growth curve (fig.).

This year juvenile trout’s growth is
described by a mathematical model with
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Fig. Graphic model of this year juvenile trout’s growth with different protein
nutrition.
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a nonlinear characteristics. By changing
the experimental period (x), depending
on the level of protein in the feed, one
can predict the weight of this year juve-
nile trout (function - y):

Group 1 (52 % of crude protein -

CP):
y =0.0005x>+ 0.211x + 0.9439
(R2=0.9997);
Group 2 (48 % CP):
=-0.0001x*>+0.207x + 0.9923
(R?=0.9995);

Group 3 (50 % CP):
y=10.0002x2 + 0.2126x + 0.9138

(R?2=0.9996);

Group 4 (54 % CP):

y =0.0006x> + 0.2292x + 0.8384
(R?=0.9993);

Group 5 (56 % CP):
y =0.0006x>+ 0.2454x + 0.7317
(R?=0.9989).

The analysis of variance data show
that different levels of protein nutri-
tion consumed by this year juvenile
trout highly reliably (p < 0.001) affect-
ed the weight of the experimental fish.
The share of this factor’s influence was
84.8 %, which was by 5.6 times more
than the influence of other factors.

According to the study results, during
the period of this year juvenile trout rearing,
the nature of changes in their weight mean
daily gain depended on the level of protein
in the feed and changes in the dynamics of
weight accumulation (table 4). It was found
that in almost all periods of the experiment,
this year juveniles, who consumed feed with
a higher content of crude protein, according
to the mean daily gain outweighed the ana-
logues, which were fed compound feed with
lower protein nutrition.

It should be noted that in general,
during the main period of the experi-
ment, large mean daily weight gain was
characteristic of this year juvenile trout in
experimental groups 4 and 5, consuming

feed with the protein content of 52 and
54 %, which by this index exceeded the
controls, who consumed feed containing
protein at the level of 50 %, respectively
by 19 and 36 mg. Yearlings of trout in
experimental groups 2 and 3 by the said
index were inferior than the controls by
33 and 13 mg, respectively. The differ-
ence between the peers in groups 2 and 5
in the mean daily weight gain was 69 mg
for the main period of the experiment.

Analyzing the changes in fish weight
depending on the quality of its feed at
different stages of the experiment, it was
found that feed costs per unit of weight
gain were significantly lower in trout,
which consumed feed with a higher con-
tent of digestible protein. In particular,
specimens of group 5, who consumed
food with the protein level of 56 % had
the mentioned index for the main period
of the experiment at the level of 0.775 kg,
and outweighed the analogues of groups
1, 2, 3 and 4 by 0.043, 0.104, 0.063 and
0.02 kg respectively.

It should be noted that the surviv-
ability of experimental fish throughout
the experiment was quite high, met the
existing standards and ranged from 75.2
to 78.1 %.

Analyzing the efficiency indices of
rearing this year juvenile trout, we can
say that with different protein nutrition,
they differed from each other (table 5).
In particular, we can state the fact that the
increase in protein nutrition of feed stuffs
from 48 to 56 % leads to an increase in
ichtyomass of this year juveniles for the
main period of the experiment by 7.0-
43.1 %. As a result of the obtained data
analysis on the consumption of feed by
this year juveniles and their growth rate,
it was found that the indices of feed con-
sumption and its costs for the total in-
crease in fish ichtyomass differed mark-
edly among the groups.
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4. Mean daily weight gain of this year juvenile trout with different energy
nutrition, g

Experimental Groups of fish

periods, days 1§t 2nd 3rd 4th Sth
1-5 0.184 0.178 0.184 0.176 0.178
6-10 0.214 0.228 0.208 0.218 0.226
11-15 0.212 0.190 0.202 0.230 0.250
16-20 0.226 0.178 0.218 0.258 0.276
21-25 0.230 0.196 0.230 0.274 0.308
26-30 0.270 0.226 0.258 0.290 0.308
31-35 0.248 0.204 0.224 0.256 0.276
36-40 0.242 0.202 0.212 0.256 0.272
41-45 0.234 0.194 0.222 0.246 0.254
Mean for the main
experimental 0.235 0.202 0.222 0.254 0.271
period (6-45 days)

These factors ultimately affected the
prime cost of 1 kg ichthyomass gain of
this year juvenile trout, which was the
lowest in fish that consumed feed with

the protein content of 52 % (group 1). In
particular, according to the mentioned
index, they outweighed analogues in all
other groups, respectively (according

5. Economic efficiency of rearing this year juvenile trout with different energy

nutrition
Groups of fish
Index I¢ [ 2nd | 3rd | 4th | 5th
Ichthyomass at the beginning of the main
experimental period, kg 4033 | 39.83 | 40.15 | 39.87 | 39.16
Survivability, % 77.6 75.2 76.9 78.1 77.8
Ichthyomass at theend of the experiment, kg | 177.55 | 152.2 167.8 190.1 | 199.95
Ichthyomass gain for the main 137.22 | 112.37 | 127.65 | 15023 | 160.79
experimental period, kg ) ) ) ) ’
Feed costs per 1 kg of ichthyomass gain, kg | 0.818 | 0.879 | 0.838 | 0.795 | 0.775
Feed costs for the total increase in 11225 | 98.77 | 106.97 | 11943 | 124.61
ichthyomass, kg
Production cost per 1 kg of compound
feed, UAH 71.26 | 71.98 | 70.84 | 7421 | 76.32
Cost of feed stuff fed for the total increase | 7995 65 | 7109.70 | 7577.80 | 8863.11 | 9510.41
in ichthyomass, UAH
Cost of feed spent per 1 kg of ichthyomass 5829 | 6327 | 5936 | 5900 | 5915
gain, UAH ’ ) ) ) )
Prime cost per 1 kg of ichthyomass gain, UAH | 83.27 | 90.39 | 84.81 84.28 | 84.50

Note: measured in 2016 UAH.
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to the design of the experiment) by 8.5,
1.8, 1.2 and 1.5 %.

Thus, in economic terms, when rear-
ing this year juvenile trout to the mean
weight of 10 g, it is most appropriate to
give them feed stuffs with the protein
level of 52 %.

Conclusions

1. The use of feed stuffs with high pro-
tein content (56 %) in the feeding of
these year juvenile trout is accom-
panied by their weight increase by
12.3 % (p <0.01) and growth inten-
sity - by 7.1-15.7 %, compared to
the analogues, consuming food with
the protein level of 52 %. Reduction
of this index to the level of 48 %
contributes to a probable decrease
(p <0.05) in weight by 11.5 %, and
a decrease in growth intensity by
5.8-13.8 %.

2. It is proved that different levels of
protein nutrition in this year juve-
nile trout significantly (p <0.001)
influenced the increase in the weight
of experimental fish. The share of
this factor’s influence was 84.8 %,
which is by 5.6 times more than the
influence of other factors.

3. It was found that the cost of feed per
1 kg of weight gain in this year’s ju-
venile trout, who received feed with
the protein content of 56 % was low-
er by 5.5 %, and with its content of
48 % - by 7.4 % higher compared
to the fish that consumed feed with
the protein content of 52 %. The sur-
vivability of the experimental fish
throughout the entire experiment
was almost similar and kept within
the range of 75.2-78.1 %.

4. Analysis of the obtained results
showed that the most economically
feasible is rearing of this year ju-

venile trout, using compound feeds
with the nutritional protein value of
52 %, compared to a decrease or in-
crease of this index to 48 and 56 %,
respectively.

5. Prospects for further research are re-

lated to the study of the influence of
different protein nutrition for this
year juvenile rainbow trout weigh-
ing more than 10 g and marketable
fish on the laws of its physiological,
biochemical and morphological pa-
rameters.
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AHomayia. Y cmammi po3214aHymo numMaHHA epeKmueHOCMi BUKOPUCMAHHA MOBHOPA-
UioHHUX KOMBiKOpMi8 3 pi3HUM pigHem pomeiHy 3a 8UPOWYBAHHA Yb020aimKie palidymcHoi
openi 0o macu 10 2. Memoro docnidy b6ysn0 ecmaHosneHHsA 8rnausy pizHux pieHie npomeiHo-
8020 H(UB/IEHHA hopesni Ha MOKA3HUKU i npodykmusHocmi. [a4 ybo2o 3a Memodom aHas02ie
6yn0 chopmosaHo n’ame NidAocniOHUX 2pyn ybozonimkie. KoHmponasHa epyna pub ompumy-
8as10 KoMbiKopmU, piseHb MpomeiHy 8 AKUX cmaHosus 52 %. Y 3pigeHAnbHUl nepiod niddocnio-
Ha puba crnoxueana KOMbBIKOPM KOHMPOAbHOI epynu. B ocHosHuli nepiod pieeHs cupoeo npo-
meiHy 8 Kombikopmax gopesni Konusasca 8i0 48 0o 56 % y 1 ke. Y pesynsmami nposedeHux
00Cni0HeHb 8CMAHOB/AEHO, W0 BUKOPUCMAHHA y 200ieni yboz2onimkie gopeni Kombikopmie
3 nidsuweHoo npomeiHogoto noxcusHicmio (56 %) cynposodxrcyemoca 36inbueHHAM iXHbOT
macu Ha 12,3 % (p<0,01) ma iHmeHcusHocmi pocmy — Ha 7,1-15,7 % y nopieHAHHI 3 aHan02a-
MU, WO CrIoXueasnu Kopm i3 pisHem npomeiHy 52 %. 3meHweHHA 4b0o20 MOKA3HUKA 00 pieHA 48
% cnpuse 8ipo2ioHoMy 3meHweHHo (p < 0,05) macu Ha 11,5 %, ma 3HUMCEHHIO iIHMeHCcU8HOCMI
pocmy Ha 5,8-13,8 %. [logedeHo, wjo sumpamu Kopmy Ha 1 K2 npupocmy Macu y ybo20aimkie
hopeni, AKi ompumysanu KOMBOIKoOpMU i3 eMicmom npomeiHy Ha pieHi 56 %, 6yau meHWuUMU
Ha 5,5 %, a 3a liozo emicmy Ha pieHi 48 % — Ha 7,4 % binbwumu y MopieHAHHI 3 pubamu, wo
CroMcusanu Kopm iz emicmom npomeiHy Ha pieHi 52 %. BooHoyac 36epexceHicms niddocnio-
HUX pub ynpodosx ycbo2o 0ocnidy eidnosioana HOPMAMUBHUM MOKA3HUKAM Yy dhopenieHu-
ymei Ui nepebysana y mexax 75,2-78,1 %. AHAMI30M OmpuUMAHUX pUbBHUYbKUX pe3ynbmamis
8cmaHosseHo, wo HalibinbWw eKOHOMIYHO O0YinbHUM € BUPOUWYBAHHA Ub020aimKie goperi,
AKI croxusaoms KOMBIKOpM i3 noxusHicmio 52 % npomeiHy y NOPiBHAHHI 3 3HUMEHHAM YU
niosuwWeHHAM Yb020 NOKA3HUKA 00 48 ma 56 % giornosioHo.

Kmrovoei cnoea: palidyxHa ¢hopesns, 200iens pub, ybo2oaimku, Kombikopmu, cupuli npomeiH,
MPOOYKMUBHICMb, eKOHOMIYHA egheKmuesHicmMe.
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