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Abstract. In trout farms of Ukraine, when using compound fodder for their production, the
question arises of clarifying the requirement of rainbow trout in energy, protein and amino acids to
achieve the maximum realisation of its biological productivity potential. Accordingly, the research
explored the effect of using complete fodder with various levels of lysine and methionine on the
biological efficiency of rainbow trout meat lipids. The purpose of the experiment was to determine
the effect of different levels of amino acid nutrition of commercial rainbow trout on the fatty acid
composition of meat lipids and their biological efficiency. For this purpose, five experimental
groups were established by the method of analogues. The experiment lasted 210 days and was
divided into two periods: equalising (10 days) and main (200 days). During the equalisation period,
the feeding diet was the same for the fish of the control and experimental groups. During the main
period, the level of lysine and methionine in the experimental fodders for different experimental
groups of trout ranged from 2.5 to 2.9% and from 0.8 to 1.0%, respectively. Feeding of rainbow trout
during the study period was performed 4-6 times a day, during the daytime at regular intervals.
The required amount of fodder was calculated according to the individual weight of the fish and
the temperature of the environment during feeding. Cultivation of marketable two-year-olds was
performed in ponds with an area of 100 m? at a planting density of 50 specimens/m? and a water
level of 1 m. The total number of trout in the experimental studies was 25 thousand specimens. It
is established that the main share of fatty acids of lipids of rainbow trout meat is saturated fatty
acids and monounsaturated fatty acids. As a result of the research, it was determined that using
feed with increased levels of lysine and methionine for fish of the 4th experimental group was
accompanied by an increase in the content of the sum of saturated fatty acids in meat by 5.84%
compared to the control. With the growth of amino acid nutrition of the fodder, there is an increase
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in the content of linoleic acid in trout m’eat by 0.19-0.24% compared to the control. The practical

value of the scientific work is to substantiate approaches to the technological bases of increasing

the efficiency of using fodder nutrients in trout farming to ensure high fish productivity, which is

of great economic importance

Keywords: rainbow trout, fish feeding, mixed fodder, lysine, methionine, meat, lipids, fatty acid

composition

Introduction

Fish flesh is one of the most vital foodstuffs
for humans and a source of complete proteins,
fat, minerals, and vitamins. Its quality and nu-
tritional value depend on both genotypic and
phenotypic factors with the latter presupposing
rational and balanced fish feeding [1;2;3].
Using complete compound feeds with dif-
ferent lysine and methionine levels directly
affects the bioefficacy of rainbow trout flesh
lipids [4;5]. Consequently, it is essential to
explore the influence of different amino acid
nutrition types of commercial rainbow trout
on the flesh bioefficacy indicators in modern

industrial conditions of cold-water fish farms
in Ukraine.

Materials and Methods

Experimental studies were conducted on two-
year-old rainbow trout Oncorhynchus mykiss
in the Shypot fish farm of Perechyn district in
Zakarpattia region. The scientific and economic
experiment was designed to determine the effect
of different types of amino acid nutrition of com-
mercial rainbow trout on the biological efficiency
of meat lipids and its fatty acid composition.
For this purpose, were formed five experimental
groups by the method of analogues (Table 1).

Table 1. The design of scientific and economic experiment

Stocking Experimental periods
density at the M.eailn bOd}Z T N
) beginning weight at the | Equalising (10 days) ‘ Main (200 days)
Fish group f th beginning
exp(:erim‘:rn ¢ of the Content per 1 kg of compound fodder, %
specimen/m’2 experiment, g Lysine | Methionine | Lysine ‘ Methionine
1- control 50 53.9+3.17 2.7 0.90
2 — experimental 50 53.4%2.86 2.5 0.80
3 — experimental 50 54.2%3.74 2.7 0.9 2.6 0.85
4 — experimental 50 52.7£3.29 2.8 0.95
5 — experimental 50 54.0£3.06 2.9 1.00

During the equalising period of equalisation,
the experimental fish consumed fodders equal to
the control group with the same content of lysine
and methionine. During the main period, fish of
all experimental groups received a similar ration

except for lysine and methionine levels. The
abovementioned amino acids were added in vary-
ing proportions as provided by the experimental
design. The nutritional value of the experimental
grower compound feeds is presented in Table 2.
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Table 2. Chemical composition of compound fodder

. Group

Indicator I ‘ ond ‘ 71 ‘ 4 s
Metabolic energy, MJ/kg 17.00 17.00 17.00 17.00 17.00
Crude protein, % 48.00 48.00 48.00 48.00 48.00
Crude fat, % 18.00 18.00 18.00 18.00 18.00
Crude fibre, % 2.40 2.40 2.40 2.40 2.40
Calcium, % 1.80 1.80 1.80 1.80 1.80

Total phosphorus, % 1.20 1.20 1.20 1.20 1.20
Lysine, % 2.70 2.50 2.60 2.80 2.90
Methionine, % 0.90 0.80 0.85 0.95 1.00

Vitamin A, thousand IU 10 10 10 10 10

Vitamin D,, thousand IU 3 3 3 3

Vitamin E, mg/kg 200 200 200 200 200

During the study, rainbow trout were fed
4-6 times a day, in the daytime and at regular
intervals. The required amount of compound
feeds was calculated based on the indices of in-
dividual fish weight and ambient temperature
at the time of feeding.

Commercial two-year-olds were reared in
ponds with an area of 100 m? at a stocking den-
sity of 50 specimens/m?, and a water level of 1 m.
The total number of trout in experimental stud-
ies was 25 thousand specimens. Conditions for
keeping experimental fish correspond the regu-
latory requirements in salmon farming [6;7].

The mass fraction of lipids was determined
by the Soxhlet extraction method in accordance
with DSTU 8717 [8]. The fat was weighed after
its solvent extraction from a dry sample using a
Soxhlet apparatus based on the determination
of the sample mass change after the solvent ex-
traction rendering.

The fatty acid content was determined using
the chromatographic technique on a Kupol 55
chromatograph. The peaks in the chromatogram
were identified by calculating the “carbon num-
bers” and by using chemically pure standard solu-
tions and fatty acid methyl esters. The content of
individual fatty acids based on the results of gas
chromatographic analysis, i.e. chromatograms,
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was calculated according to the formula includ-
ing correction factors for each of such acids. The
above correction factors were defined as the ratio
of the peak areas (namely peak heights) of hepta-
decanoic acid (internal standard) and tested acids
at a concentration of 1:1 and isothermal opera-
tion of the gas-liquid chromatograph.

The mass fraction of polyunsaturated fatty
acids (PUFA) was determined by the chromato-
graphic technique on an HRGC 5300 chromato-
graph; lipids were extracted by the Folch and
Bligh-Dyer extraction method; lipid efficiency
ratio was determined by the calculation method;
lipid biological significance coefficient (BSC)
was calculated as the ratio of the sum of eicos-
apentaenoic and docosahexaenoic PUFAs to the
mass fraction of fat in the product [9;10;11].

The research results were processed by the
variation statistics [12;13;14] technique using
the STATISTICA 7.0 software, and MS Excel
with the built-in statistical functions.

Research and Discussion

The research results have identified that differ-
ent levels of limiting amino acids in compound
fodders for commercial rainbow trout entail
some changes in the fatty acid composition of
the flesh (Table 3).
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As can be seen from the above data, the
bulk of fatty acids in rainbow trout flesh lipids
are saturated fatty acids, mainly palmitic and
nonadecanoic acids and monounsaturated
acids where oleic acid predominates.

Linolenic and linoleic acids occupy a
unique position among PUFA since they are
essential for human nutrition and the treat-
ment and prevention of many diseases.

Experimental studies indicate that different
types of rainbow trout amino acid nutrition do
not significantly affect the fatty acid composi-

tion of flesh lipids [15;16]. Thus, using compound
fodders with an increased level of lysine and
methionine for fish of the fourth experimental
group throughout rearing entailed an increase in
saturated fatty acids in the flesh by 5.84% versus
control. It is explained by an increased content of
palmitic (by 5.42%), stearic (by 0.59%), and ara-
chidic (by 0.21%) acids in the flesh versus control.

The value of nonadecanoic acid concur-
rently decreased. Thus, the content of the in-
dicated acid in the fourth group trout flesh was
0.45% lower versus control.

Table 3. Fatty acid composition of commercial rainbow trout flesh lipids (n=5)

Fatty Groups
Fatty acids acid
Code 1st znd 3rd 4th Sth
Saturated fatty acids

(SAFA;(Y 4473 46.80 49.55 50.57 48.60
myristic 14:0 2.31+0.78 2.18+0.68 2.42%0.95 2.38+0.87 2.36+0.36
palmitic 16:0 19.08+1.24 21.6£2.84  23.1£2.04 24.5+1.02° 23.4*1.27"
stearic 18:0 3.15%0.63 3.12+0.41 3.55%0.74 3.74*+0.68 3.66%0.47
arachidic 20:0 0.88+0.08 0.81+0.06 0.93+0.09 1.09+0.08 1.06+0.06
nonadecanoic 19:0 19.31+2.13 19.09£2.31 19.55%2.14 18.86+2.58 18.12+2.69

Monounsaturated fatt

acids (MUFA) Y 35.52 37.70 36.98 36.82 36.66
palmitoleic 16:1 6.12+0.96 7.08+0.87 7.83+0.94 6.31+0.81 6.10x0.79
w, oleic 18:1 14.08+1.44 14.93+1.24 14.62+2.12 15.10+2.39 15.31+2.69
w, elaidic 18:1 1.21+0.09 1.38+0.06  1.44+0.02° 1.28+0.04 1.32*0.06
gadoleic 20:1 14.11+1.69 14.31+3.01 13.09+1.97 14.13+2.14 13.93+2.33

Polyunsaturated fatt
V‘;d ds (PUFA) ¥ 3.33 3.45 3.62 3.75 3.65

linoleic w 18:2 1.74%0.09 1.78%0.12 1.78%0.11 1.93+0.09 1.98+0.05
linolenic w, 18:3 0.83+0.04 0.88+0.09 0.93*0.06  0.94+0.07  0.84*0.05
eicosadienoic 20:2 0.76=0.02 0.79+0.06  0.91%0.06° 0.88+0.04" 0.83+0.07

Not identified 16.42 12.05 9.85 8.86 11.09

Note: *p < 0.05 compared to the 1% group

A similar pattern was inherent with MUFA.
In particular, an increase in the content of lim-
iting amino acids in diets for commercial rain-
bow trout resulted in an increase in the content
of MUFA in meat by 1.14-2.18% relative to con-
trol analogues. It was explained by an increase
in the content of oleic and elaidic acids.

In addition, it was discovered that using
compound fodders with high levels of amino

acid nutrition when feeding rainbow trout of
the 4% and 5% experimental groups entailed
a decrease in the MUFA content in the flesh,
namely palmitoleic and elaidic acids, compared
to the indicators of the 2" group specimens.
Additionally, there were significant differ-
ences between two-year-old trout of different
groups in terms of PUFA content in the flesh
such as linoleic and linolenic amino acids. Thus,
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an increase in the amino acid nutritional value
of the compound fodders evoked an increase in
the content of linoleic acid in the trout flesh by
0.19-0.24% versus control.

Overall, the highest content of fatty acids
in the flesh inhered in commercial trout of the
4t experimental group fed with compound fod-
ders with a lysine and methionine content of
2.8% and 0.95%, respectively.

Fish lipids are basic labile components af-
fecting the nutritional and biological value of
fish products. Fish oil is mainly distinguished
by the predominance of unsaturated fatty
acids (up to 84%), including fatty acids. Based
on this, it was important to explore the biolog-
ical efficiency of lipids of meat of two-year-old
rainbow trout depending on the growing con-
ditions (Table 4).

Table 4. Bioefficacy indicators of flesh lipids in two-year-old rainbow trout (n=>5)

G Ratio of fatty acid types
roup SAFA:MUFA:PUFA | PUFAISAFA | C18:2:C:18:1 | oo,
Ideal lipid 1:1:1 0.2:0.4 >0.25 10:1
15t 1:0.79:0.07 0.07:1 1:8.09 1:2.10
2nd 1:0.81:0.07 0.07:1 1:8.39 1:2.03
3 1:0.75:0.07 0.07:1 1:8.21 1:1.91
4t 1:0.73:0.07 0.07:1 1:7.82 1:2.05
5th 1:0.75:0.08 0.08:1 1:7.73 1:2.36
Conclusions

The experimental data obtained indicate
that the growth of rainbow trout on fodder
with different amino acid compositions con-
tributed to the increase of biological efficiency
of meat.

The C18:2:C18:3 ratio of fatty acids has
proved to be consistent with the literature re-
ports and is indicative of a high bioefficacy
of rainbow trout flesh lipids. The ratio of the
these fatty acids in flesh with predominantly
w, valuable fatty acids is of considerable in-
terest.

The calculations demonstrate that the
increase in the number of limiting amino
acids (lysine and methionine) in grower com-
pound fodders for commercial trout (3™ and
4% groups) has been accompanied by the ac-
cumulation of w,, w, valuable fatty acids in
the flesh.

1. The conducted research demonstrates the in-
fluence of different levels of amino acid nutrition
of commercial rainbow trout on the fatty acid
composition of flesh lipids and their bioefficacy.

2. It has been established that an increase
in the content of limiting amino acids in the di-
ets for commercial rainbow trout results in an
increase in monounsaturated fatty acids in the
flesh by 1.14-2.18% compared to the control.

3. The obtained results suggest that the
highest content of fatty acids can be found in the
flesh of commercial trout of the 4™ experimen-
tal group fed with compound fodders containing
2.8% lysine and 0.95% methionine.

4. It has been proved that an increase in the
aminoacid nutritional value of compound feeds re-
sultsinanincrease in the content of linoleic acid in
trout flesh by 0.19-0.24% compared to the control.
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Biosioriyna epekTHBHICTS JIiTiAiB M’sica paiay:kHO1 popeJti
3aJIesKHO BiJ piBHIB aMiHOKHCJIOT y KOMOiKOpMax

Bagum MuxkosnarioBra KoHapaTiok, AHacracis OnmekcaHapiBHa IBaHioTa

HarionanbHuit yHiBepcuTeT 6iopecypciB i mpupomoKopucTyBaHHs YKpainu
03041, Byn. l'epoiB O6oponn, 15, m. Kuis, Ykpaina

AHoTtamnisg. YV ¢openeBux rocromapctBax YKpaiHM 3a BMKOPUCTAHHSI KOMOGIKOpMIiB BJIaCHOTO
BUPOGHUIITBA TMTOCTAE MATAHHS OO0 3’ICYBaHHS MOTpe6u paiimyskHoi dboperni B eHeprii, mporeini
Ta aMiHOKMCJIOTaX 3 METOW JOCSITHEHHS MaKCMMaJIbHOI peasizalii ii 6iosoriuHoro moreHiiiamy
MPOAYKTMBHOCTI. BimmoBigHO, y CTaTTi MOCTIKEHO BIUIMB BUKOPUCTAHHSI ITOBHOPAIL[iOHHMUX
KOMOIKOpMIiB i3 pisHMMM PiBHSAMM Ji3UHY /i MeTiOHiHY Ha MOKa3HUKY 6ioMOTiYHOT eheKTUBHOCTI
ninigiB m’sca paimyskHoi dopeni. MeToro goctiny nepen6ayuanocst BCTAHOBUTY BIUIMB Pi3HUX PiBHIB
aMiHOKMCIOTHOTO KMBJIEHHSI TOBapHOI paiaykHoi (openi Ha KMPHOKMUCIOTHUIA CKIaJ JIiITiIiB
M’sica Ta iXHI0 6i0/oriuHy e(eKTUBHICTb. /I 1[bOT0 32 METOZ0M aHaJIoTiB 6y/10 chOPMOBAHO IT’SITh
miggocaigHux rpy. Joctig tpyBas 210 1i6 Ta mofminsgscs Ha ABa nepiogy: 3piBHsuIbHMI (10 1i6) Ta
ocHoBHMIT (200 1i6). YV 3piBHS/IbHMIL TIepiof pallioH rofiiBii 6B OTHAKOBMM [IJIsI pUO KOHTPOJIbHOI Ta
eKCIiepUMeHTa/IbHUX I'PYIl. B oCHOBHMI ITepiof piBeHb JIi3MHY /i METiOHIHY B eKCIIePUMEeHTATbHUX
KoMO6iKopMax JIJIst pi3HUX MiAJ0CTiqHUX Ipyn Gopesi KoamMBaBcs BiamosimHo Bin 2,5 mo 2,9 % i Big,
0,8 m0 1,0 %.Toxisio paitmy>kHoi opesti B mepiop qociaKeHb TPOBOANMIIN 4-6 pa3 Ha 100y, Y IeHHMIT
yac yepes piBHi MpoMiskky. Heo6ximHy KiIbKicTh KOPMY PO3Pax0OBYBaIM BifITIOBIIHO IO TOKA3HUKIB
iHgMBimyanpHOI Macu pub Ta TeMIepaTypy CepemoBuIla HA MOMEHT TOAiBji. BupolyBaHHS
TOBapHMUX JBOJIITOK ITPOBOAMIIM B CTaBKax rutoineto 100 M? 3a IIiibHOCTI ITocaiku 50 eK3eMIUIsIpiB/M?,
Ta piBHS BOAM B HUX 1 M. 3arajbHa KilIbKicTh 0CO6MH (hopesii B eKCIepuMeHTaIbHIUX JOCTiIKEeHHIX
CTaHOBWJIA 25 THUC. €K3eMIUISIPiB. BCTaHOB/IEHO, II0 OCHOBHY YacTKy JXMPHUX KUCIOT JIMiAiB
Mpsica paiayskHOI ¢openti CKIamarTb HaCHMYeHi SKUPHI KMCIOTY Ta MOHOHEeHacuueHi. YV pesyabTaTi
TOCITiIKeHb BUSIBJIEHO, 1[0 BUKOPUCTAHHSI KOMGIKOPMIB i3 ITiABUIIIEHMM PiBHEM JIi3MHY Ta METiOHIHY
IJIsT pyb 4 MOCTiIHOI TPymyM CYIPOBOIKYBAIOCS 36iTbIIEHHIM BMICTy CyMM HAaCUMUEHMX JKUPHUX
KUCIOT y M’sici Ha 5,84 % TOpiBHIOIOUM 3 KOHTPO/IEM. 3a 3pOCTaHHSI aMiHOKMCIOTHOI MOKMBHOCTI
KOMOIKOpMY cIiocTepiraeTbcsi 36iblileHHsT y M'sici dopeni BMicTy JiHomeBoi kuciotu Ha 0,19-
0,24 % mopiBHIOIOUM 3 KOHTpoeM. [IpakT1yHa I[iHHICTh HAYKOBOI POOOTH MOMSITAE B OO PYHTOBAHHI
ITIXO/IiB IO TEXHOJIOTIUYHMX OCHOB ITiABUIIEHHS e(eKTUBHOCTI BUKOPUCTAHHS MIOXKUBHUX PEYOBUH
KOMOIKOpMiB y (OpeTiBHUIITBI 3 METOI0 3a0e3IeueHHsT BUCOKOI pMOOITPOIYKTUBHOCTI, 10 MAIOTh
BaK/IMBE HAPOAHOTOCIIOapChKe 3HaUeHHS

KirouoBi citoBa: paiimykHa dhopesb, TomiBas pub, KOMOIKOpMH, JTi3H, METIOHiH, M’Sco, JTimiau,
SKMPHOKUCIOTHUI CKIa],
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