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Abstract. The article considers the efficiency of using complete feeds with different levels of
protein in rearing commercial rainbow trout. The purpose of the experiment was to establish
the effect of different protein levels in nutrition of two-year old trout on its productivity. For
this purpose, five experimental groups were formed by the method of analogues. During the
equalizing period, the experimental fish consumed feed of the control group. In the main
period, the protein level in trout feed ranged from 44 to 52 % per 1 kg. As a result of the
studlies it was established that the increase of protein content in compound feed from 48 to
52 % leads to an increase in the weight of commercial fish by 13.0 % (p < 0.001), an increase
in its growth intensity — by 7.4-16.7 %, while the reduction of protein in feed to 44 % leads to a
reliable (p < 0.05) reduction in trout weight by 9.4 %, and a decrease in its growth intensity —
by 6.5-12.1 %. It is proved that different levels of experimental trout’s protein nutrition have
a highly reliable (p < 0.001) effect on the growth of marketable fish - the share of this factor’s
influence is 89.8 %. Analysis of the feed costs, proves that using combined feed with 52 %
protein for feeding two-year old trout, leads to a decrease in feed costs per 1 kg of weight gain
by 5.1 %, whereas reducing this index to 44% causes increase of feed costs by 6.4 % per a unit
of product, compared to feeding fish with production feed having the protein content of 48 %.
At this, the preservation of experimental fish was high enough and made 94.3 to 96.2 %. In
rearing trouts according to the criteria of maximum productivity, it is recommended to feed
commercial trout with production combined feeds with the protein level of 52 %, whereas,
in production according to the economic optimization criteria, this index should make 48 %.

Keywords: commercial rainbow trout, fish feeding, combined feed, protein,
economic efficiency.

Rationale and background. nutrition is one of the main factors de-
termining the efficiency of feed nutri-

It is known that the feeding factor ents, fish growth intensity and economic
plays a key role in industrial trout farm-  performance of the industry (Yehorov,
ing (Cowey, 1992; FAO, 2016). Along Fihurska, 2011; Shcherbyna, Hamyhyn,
with this, the completeness of protein  2006). Research by scientists in the field
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of fish nutrition shows that a deficiency
of protein in the diet can provoke a slow-
down in trout growth and increase feed
consumption per unit of growth, and its
excess - leads to the release of more ni-
trogen and pollution — the environment
(Sherman et al., 2002; Jobling, 2016).

Some scientists believe that productiv-
ity of trout and the quality of its products
are most influenced by the ratio of energy,
protein and amino acids and their content
in the diet (Karabulut et al., 2010; Kim,
Kaushik, 1992; Mahmud, 1996). Other
researchers claim that the growth and de-
velopment of rainbow trout are most in-
fluenced by the level of protein in the feed
(Khan et al., 2019; Takeuchi et al., 1978).

Thus, the study of the impact of dif-
ferent protein nutrition of commercial
rainbow trout in modern industrial condi-
tions of cold-water fish farms of Ukraine
is important, necessary and relevant.

The purpose of the scientific and
economic experiment was to establish
the effect of different protein levels in
nutrition of commercial rainbow trout
on its productivity.

Materials and methods.
Experimental studies on two-year-

old rainbow trout Oncorhynchus myki-
ss (Walbaum, 1792) were carried out at

the “Shipot” farm in Perechyn district of
Transcarpathian region.

The five experimental groups formed
by the method of analogues (table 1).
During the equalizing period of the ex-
periment, which lasted 10 days, the ex-
perimental fish consumed the compound
feed of the control group. In the main
period of the experiment (200 days) the
level of protein in the trout’s feed of
the experimental groups was regulated
by changing individual components of
the feed (using combined mathematical
methods to optimize the calculation us-
ing the program AgroSoft WinOpti).

Feeding of rainbow trout during the
study period was performed 4-6 times a
day, during the day time at regular inter-
vals. The required amount of feed was
calculated according to the indices of
individual fish weight and ambient tem-
perature at the time of feeding.

Weighing of experimental trout was
performed once every 10 days using
electronic balance in a tared container
with water, with accuracy up to 0.1 g.
Rearing commercial two-year trout was
carried out in aquaculture ponds with
fish-holding density of 50 specimens/m?
and the water level of 1 m. The total
amount of trout specimens in the ex-
perimental s$tudies was 25 thousand
specimens. Conditions for keeping ex-

1. Scheme of scientific and economic experiment

) ) Experimental period
fish-holding density M ioh - :

at the beginning ean weight at equalizing main

Group of fish of experiment, the beginning of | (10 days) : (200 days)
specimens./m? experiment, g crude protein content
per 1 kg of feed stuff, %

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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perimental fish met the regulatory re-
quirements in salmon farming (Instruc-
tions for breeding rainbow trout, 1985;
SOU 05.01.37-385:2006).

Studies of the rainbow trout growth
rate were carried out based on the results
of test fishing. No less than 100 speci-
mens from each group was weighed with
electronic balance. The study results were
processed by the method of variation
statistics (Plokhynskyi, 1969) using MS
Excel and STATISTICA 7.0 software by
means of built-in statistical functions.

Results of the study and their
discussion.

The presented data indicate that
commercial trout, which were fed pro-
duction feeds with different protein nu-
trition levels, had different weights at
all times during the main period of the
experiment (table 2).

At the end of the experiment, the
highest weight was reached by com-
mercial two-year trouts, which were fed
compound feed with a protein content of

2. Dynamics of weight gain in experimental trout at different protein nutrition, g

Day of Group of fish
experiment 1 > 3 4 5
1 55.3+£248 56.1+2.13 54.8+2.37 55.1£3.13 54.5+£2.99
10 61.6+2.73 62.3+2.46 61.2+£2.52 61.4£3.52 60.7+3.20
20 69.0+2.99 69.6+2.87 68.6+3.13 68.9+3.96 68.1+3.45
30 76.4+3.24 76.0+£3.10 75.6+2.88 76.5+£3.52 75.8+£3.77
40 83.4+3.98 81.9+3.56 82.1+3.87 84.444.33 84.1+4.01
50 90.7+4.30 87.5+4.20 88.6+4.49 92.3+4.27 92.5+4.18
60 98.2+4.78 94.1+4.92 95.7+4.68 101.244.62 101.745.22
70 106.9+£5.16 | 101.8+4.76 103.9+4.89 111.8+4.83 113.44+5.03
80 116.3+5.89 | 110.4+£5.36 113.0+4.89 124.3+£5.56 127.8+5.46
90 128.5£5.24 | 121.1+4.78 124.5+5.46 137.4+5.08 142.745.62
100 140.9£5.96 | 131.4+5.11 135.8+5.70 151.9+£5.74 158.4+6.03*
110 155.3£5.58 | 143.7+4.99 148.94+5.02 166.9+6.17 174.4+6.32*
120 170.1£6.05 | 155.9+5.32 162.3+5.47 182.6+6.38 191.5+7.22%
130 186.4+6.37 | 170.6+5.79 177.6+£5.86 200.1£5.99 | 210.9+6.87**
140 203.5£5.74 | 186.4+6.26* | 194.1+6.22 218.746.28 | 231.1£6.08***
150 221.846.02 | 203.0+£5.94* | 211.2+7.01 238.446.17 | 251.6+6.29%**
160 238.0+6.15 | 218.1+£6.78* | 226.7+6.56 | 255.845.86% | 270.0+7.84%**
170 253.446.92 | 232.3+6.38% | 241.4+7.14 | 271.546.11% | 286.5£7.11%***
180 268.1£7.45 | 244.6£6.65*% | 255.0+6.82 286.946.68 | 302.7£7.23%**
190 279.9+7.24 | 254.7£6.84* | 266.2+7.08 299.247.08 | 315.8£7.56%**
200 288.6£8.01 | 262.0+£7.14* | 274.3£7.35 308.44+7.25 | 325.7£7.91%**
210 296.4+8.25 | 268.6£7.43* | 281.5+8.23 316.947.89 | 334.8+8.07***

*p <0.05; **p <0.01; *#% <(0.001 compared to group 1
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50 (group 4) and 52% (group 5), which
outperformed analogues consuming feed
with a protein level of 48% (group 1), re-
spectively, 20.5 and 38.4 g (p <0.001),
or by 6.9 and 13.0 %. At the same time,
trouts, which consumed productive feed
with a protein content of 44 (group 2) and
46 % (group 3), were inferior in the above
indices compared to their peers who con-
sumed food with a protein level of 48 %
(group 1), respectively, by 27.8 (p < 0.05)
and 14.9 g, or by 9.4 and 5.0 %. The dif-
ference between the weight of two-year-
olds of groups 2 and 5 who consumed feed
with a metabolic energy content of 44 and
52 %, respectively, at the end of the exper-
iment was highly reliable (» <0.001) and
was 24.6 % in favor of the latter.

The description of the commer-
cial trout’s growth using mathematical
methods confirmed the ascending shape
of the growth curve (fig.).
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Trout growth is further described
by a mathematical model with a non-
linear characteristic. In a certain peri-
od of commercial fish growth (x), de-
pending on the level of protein in the
production feed, its weight (v) can be
predicted:

Group 1 (48 % crude protein — CP):

y=0.0027x + 0.6797x + 51.569

(R?=0.9942);
Group 2 (44 % CP):
y=0.0024x> + 0.5811x + 53.851
(R?=0.9936);

Group 3 (46 % CP):

v =0.0025x* + 0.635x + 52.009
(R?=0.9943);

Group 4 (50 % CP):

v =0.0026x" + 0.8156x + 48.768
(R?=0.9942);

Group 5 (52 % CP):

y =0.0027x> + 0.8905x + 46.174
(R?=0.9936).

140 160 180 200 220 240

Experimental period (x), days

—e—group 1 —i—group 2

group 3

group 4 ==group 5

Fig. Graphic model of commercial trout growth with different protein nutrition
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According to the variance analysis of
the obtained data, different levels of protein
nutrition of experimental trout highly sig-
nificantly (p <0.001) effected the increase
in the commercial fish weight. The share of
this factor’s effect is 89.8 %, which is by
8.8 times more than the influence of other
paratypic and genotypic factors.

Different levels of protein in the feed
consumed by trout, having considerably
effected its weight, significantly affect-
ed the mean daily weight gain (table 3).

In general, during the main period of
the experiment, the highest mean daily
weight gain was observed in commer-

cial trout, which consumed feed with
the protein content of 50 (group 4) and
52 % (group 5), it, on average, outper-
formed the analogues which consumed
feed with the content of protein 48 %
(group 1), 110 and 200 mg, respectively.
At the same time, the experimental fish
consuming food with the protein content
of 44 (group 2) and 46 % (group 3) were
inferior in the mentioned index to their
control peers by 140 and 70 mg, respec-
tively. The difference between the mean
daily weight gain in trout of groups 2 and
5 for the main period of the experiment
was 340 mg in favor of the latter.

3. Average daily gain of two-year trout, g

. . Group of fish
Experimental periods, days
1 2 3 4 5
1-10 0.63 0.62 0.64 0.63 0.62
11-20 0.74 0.73 0.74 0.75 0.74
21-30 0.74 0.64 0.70 0.76 0.77
31-40 0.70 0.59 0.65 0.79 0.83
41-50 0.73 0.56 0.65 0.79 0.84
51-60 0.75 0.66 0.71 0.89 0.92
61-70 0.87 0.77 0.82 1.06 1.17
71-80 0.94 0.86 091 1.25 1.44
81-90 1.22 1.07 1.15 1.31 1.49
91-100 1.24 1.03 1.13 1.45 1.57
101-110 1.44 1.23 1.31 1.50 1.60
111-120 1.48 1.22 1.34 1.57 1.71
121-130 1.63 1.47 1.53 1.75 1.94
131-140 1.71 1.58 1.65 1.86 2.02
141-150 1.83 1.66 1.71 1.97 2.05
151-160 1.62 1.51 1.55 1.74 1.84
161-170 1.54 1.42 1.47 1.57 1.65
171-180 1.47 1.23 1.36 1.54 1.62
181-190 1.18 1.01 1.12 1.23 1.31
191-200 0.87 0.73 0.81 0.92 0.99
201-210 0.78 0.66 0.72 0.85 0.91
Ave"aggefr‘i’géh(el ?};%eﬁ’;sr)‘memal 1.17 1.03 1.10 1.28 137
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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 weight
gain were significantly lower in trout,
which consumed feed with a higher
content of digestible protein. In partic-
ular, individuals of the 5th group, who
consumed food with a protein level of
52 % had the mentioned indicator for
the main period of the experiment at the
level of 1,152 kg, and outperformed the
analogues of the 1st, 2nd, 3rd and 4th
groups by 5.1; 10.9; 7.5 and 2.8 %.

It should be noted that the surviv-
al rate of the experimental fish during

the entire experimental period was high
enough, met the existing standards and
ranged from 94.3 to 96.2 %.

Analyzing the efficiency indices of
commercial trout cultivation, it can be
stated that with different protein nutri-
tion, they differed from each other (ta-
ble 4). The highest ichtyomass gain was
found in two-year-old trout of the Sth
group, who consumed compound feed
with the protein content of 52 %. They
outperformed the analogues of other ex-
perimental groups, respectively (accord-
ing to the scheme of the experiment) by
13.1; 24.3; 17.7 and 6.7 %. The lowest
cost of weight gain was found in fish of

4. Economic efficiency of commercial trout rearing with different protein nutrition

Group of fish
Index
1 2 3 4 5
Ichtyomass at the beginning of the | 37 30 | 37057 | 30508 | 30639 | 302.89
main experimental period, kg
Survival rate, % 95.1 95.4 96.2 943 952
Ichtyomass at the end of 140938 | 128122 | 1354.02 | 1494.18 | 1593.65
experiment, kg
Ichtyomass gain for the main 1102 | 97065 | 104894 | 1187.79 | 1290.76
experimental period, kg
Feed costs per 1 kg of ichtyomass | 1) | 1578 | 1238 | 1184 | 1152
gain, kg
g:;d l‘i‘g’ﬁs for the total ichtyomass | 334 55 | 124049 | 129859 | 140634 | 1486.96
Production cost per 1 kg of
comapond ol UAEL 6324 68.1 64.03 718 70.85
Cost of feed fed for the total 6969048 | 66101.27 | 67163.63 | 8528332 | 91450.35
ichtyomass gain, UAH
Cost of feed consumed per 1 kg of
ehtyormims g UALT 7658 | 8703 | 7927 | 8501 | 8162
Net cost perl kg of ichtyomass 10941 | 12433 | 11324 | 12144 | 11660
gain, UAH
Selling price per 1 kg of fish, UAH 140.0 140.0 140.0 140.0 140.0
Total cost of trout rearing, UAH | 154193.5 | 159295.6 | 153331.4 | 181460.1 | 185817.8
[Tj(ﬁllreven“e from the sale offish, | 1973135 | 1793708 | 189562.8 | 2091852 | 223111.0
Profit, UAH 43119.7 | 200752 | 362314 | 27725.1 | 372932
Level of production profitability, % 27.96 12.60 23.63 15.28 20.07

Note: in prices of 2017
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group 1, which was fed food with the
nutritional value of 48 % protein. They
were superior in this respect to their peers
of groups 2, 3,4 and 5 by 13.6; 3.5; 11.0
and 6.6 % respectively. Given the sale of
fish in all groups at the same price — 140
UAH / kg, the highest level of produc-
tion profitability was set for commercial
trout consuming productive feed with the
protein level of 48 % (group 1) —28.0 %,
and the lowest was that with the protein
level 44 % (group 2) — 12.6 %.

Thus, from an economic point of
view, for rearing of commercial rain-
bow trout, it is most appropriate to feed
it with productive feed having the pro-
tein level of 48 %.

Conclusions

1. It is established that different protein
level in feeds of rainbow trout
before reaching the market weight
significantly affects its productivity.
In particular, an increase in this index
in feed from 48 to 52 % leads to an
increase in the weight of commercial
fishby 13.0 % (p< 0.001), an increase
in its growth rate - by 7.4-16.7 %,
while protein reduction in compound
feed up to 44 % leads to a significant
(p < 0.05) decrease in trout weight by
9.4 %, and a decrease in the intensity
of'its growth - by 6.5-12.1 %.

2. Different levels of experimental trout’s
protein nutrition have a highly reliable
(p <0.001) effect on the increase in
the weight of commercial fish. The
share of this factor’s influence is
89.8 %, which is by 8.8 times more
than the influence of other paratypic
and genotypic factors.

3. Analysis of feed costs shows that the
use of feed with the protein content
of 52 % in feeding two-year-old trout
reduces feed costs per 1 kg of weight

gain by 5.1 %, while reducing this
figure to 44 % increases feed costs per a
unit of production by 6.4 %, compared
to feeding fish productive feed with the
protein content of 48 %. Survival of the
experimental fish was high enough and
ranged from 94.3 to 96.2 %.

. Analysis of biological and economic

indices of commercial trout rearing
shows that in the production of trout
products according to the criteria
of maximum productivity it is
recommended to use commercial
feed with the protein level of 52 % for
feeding trout, and in the production of
fish according to economic optimization
criteria, this figure should be 48 %.

. Prospects for further research are

related to the study of different rainbow
trout’s amino acid nutrition influence
on the indices of its productivity at all
stages of its rearing.
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AHOmayia. Y cmammi po3enaHymo NUmMaHHA eqheKmuBHOCMi 8UKOPUCMAHHA MOBHOPAY-
OHHUX KOMBIKOPMI8 3 pi3HUM pieHEM npomeiHy 3a 8UPOWY8AHHA MOBapHOI palioyxcHoi hopesi.
Memoto docnidy nepedbavanoca 8CmaHo8UMU 8MAUS PiZHUX pigHi8 npomeiHo8020 HueneHH:A
dsonimkie hopeni Ha MOKA3HUKU iT npodykmuesHocmi. [as 4bo20 3a MemodoM aHasozie 6yso
chopmosaHo n’ame niddocnioHux epyn. Y 3pieHAnbHuUl nepiod niddocnioHa puba cnoxcusana
KOMBIKOpM KOHMPObHOI 2pynu. B ocHosHuli nepiod piseHb npomeiHy 8 Kombikopmax ¢openi
Konusascsa 8i0 44 00 52 % y 1 Ke. Y pesynsmami nposedeHux 00CniOHeHb 8CMAHOB/EHO, WO
36inbweHHA emicmy npomeiHy y kombikopmi 3 48 do 52 % npuseodums Ao 36inbwieHHA Mmacu
mosapHoi pubu Ha 13,0 % (p < 0,001), niosuweHHs il iHmeHcusHocmi pocmy — Ha 7,4-16,7 %,
modl Yac AK 3HUXCeHHA MpomeiHy y Kombikopmi 00 44 % npu3eodume 0o docmosipHozo (p < 0,05)
3MeHWeHHA macu openi Ha 9,4 %, ma 3HUMHeHHA iHmeHcusHocmi ii pocmy —Ha 6,5-12,1 %. flo-
8e0eHo, Wo pizHuli piseHb MPomMeiHo8020 HusneHHA Nid00cNiOHOI hopeni 8ucoKOAOCMOBipHO
(p < 0,001) 8nausae Ha HAPOCMAHHA MACU MOBAPHOI pubu — yacmka enausy 0aHO20 hakmopy
cmaHosume 89,8 %. AHasi3 suMpam Kopmis, 3acei04Yye npo me, Wj0 BUKOPUCMAHHA y 200ieni
dsonimkie ghopesni Kombikopmy 3 emicmom npomeiHy 52 % cnpuse 3HUXEHHIO 8UMPAM KOpMy
Ha 1 K2 npupocmy macu Ha 5,1 %, mooi AK 3MeHWEeHHA ybo20 MOKA3HUKA 00 44 % nidsuwye
8uUMpPamMu Kopmy Ha 00UHUUIO MpoOyKyii Ha 6,4 % y nopieHaHHI 3 200ieneto pub npooyKyiliHum
KOpMOM i3 emicmom npomeiHy Ha pieHi 48 %. 36epexceHicms niddocnioHux pub eooHoYac byna
docmamHb0o 8UCOKOK | cmaHosuna 8i0 94,3 do 96,2 %. 3a supobHuymea npodykuii gpopenis-
HUYMea 3a Kpumepiamu MAaKCUMAsnbHOI MpodyKmueHocmi pekomeHOyemoca 017 2o0dieni mo-
8apHoi ghopeni sukopucmosysamu npooyKuiliHi Kombikopmu 3 pisHem npomeiHy 52 %, 8 moli
4ac AK 30 8UPOBHUYMEA MPOOYKUIT 30 EKOHOMIYHUMU Kpumepiamu onmumizayii yeli MoKasHUK
mae cmaHosumu 48 %.

Knroyoei cnosa: mosapHa palidyxcHa gopens, 200iensa pub, Kombikopmu, npomeiH, eKOHOMIYHa
eghekmusHicme.

Vol. 11, N%4, 2020 ANIMAL SCIENCE AND FOOD TECHNOLOGY ISSN 2706-8331 | 53



