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The article studies the influence of using the complete feed with different levels of meta-
bolic energy on the biological effectiveness indices of rainbow trout flesh lipids. The purpose
of the experiment was to establish the effect of different energy nutrition levels in commercial
rainbow trout on the fatty acid composition of flesh lipids and their biological effectiveness. For
this purpose, five experimental groups were formed by the method of analogues. The experiment
lasted 210 days and was divided into two periods: equalization (10 days) and basic (200 days).
During the equalization period, the experimental fish consumed feed of the control group. In the
main period, the energy level in experimental feeds for different experimental groups of trout
ranged from 16 to 20 MJ per 1 kg.

Rainbow trout were fed 4—6 times a day during the study period, at regular intervals during
the daytime. The required amount of feed was calculated according to the indices of individual
fish weight and ambient temperature at the time of feeding. Commercial second summer fish
were grown in ponds with the area of 100 m? at the fish-holding density of 50 specimens/m?
and the water level of 1 m. The total number of trout in experimental studies was 25 thousand
specimens.

It has been found that feeding fish with complete feed with the metabolic energy content
of 16 and 17 MJ/kg helps to reduce the crude fat content in flesh compared to trout that con-
sumed higher energy feed. The study results confirm the presence of saturated, monounsaturated
and polyunsaturated fatty acids in the lipid composition of rainbow trout flesh: monounsatu-
rated fatty acids are dominated by w9 elaidic and palmitoleic; polyunsaturated — by linoleic w6
and linolenic w3 acids.

The analysis of the obtained results showed that in the lipids of rainbow trout flesh, which
consumed food with a metabolic energy content of 20 MJ/kg, the value of linolenic acid is higher,
compared to fish that received food with the energy content of 18 MJ/kg, indicating increased
biological effectiveness of lipids.

Key words: rainbow trout, fish feeding, compound feeds, metabolic energy, flesh, lipids, fatty
acid composition.

Konopamiox B.M. Bionociuna eghexmuenicms n1inioie m’sca paioyscnoi ¢popeni 3aneixicno
6i0 pieHie enepzii 6 KoMOIKopmax

Y emammi 0ocniosceno enniue sukopucmamHs ROBHOPAYIOHHUX KOMOIKOPMIG 3 PI3HUM Di6HeM
00OMIHHOT eHepeii Ha NOKA3HUKU 0i0N102IYHOI ehexmuernocmi Ninidie m’aca paildyxcHoi goperni.
Memoio 0ocnidy nepedbauanocs 6cmano8umu 6NaU8 Pi3HUX DIBHIG eHEPLeMUYHO2O JHCUGTEHHS
MoBapHoI patidyxicHoi Qopeni Ha HCUPHOKUCIOMHUIL CKIIA0 inidie M aca ma ix 6ionociuHy egex-
mueHicmy. [ yb020 3a MEMOOOM AHANO2IE OYN0 CHhOPMOBAHO N 'simb NIOOOCHIOHUX 2pyn. Jlocio
mpusas 210 0i6 ma noodinsecs na 0sa nepioou: spiensanoruil (10 0i6) ma ocrosuuti (200 0i6).
V 3piensnvnuil nepiod niodociiona puba cnoxicusana KOMOIKopm KOHMponbLHol epynu. B ochosHuil
nepioo pieeHb eHepaii 6 eKCnepUMeHmMaIbHUX KOMOIKOPMAX 015 PI3HUX Ni0O0CTIOHUX epyn ghopeni
konusascs 6i0 16 00 20 Mxc y 1 ke. Todiento patidyscnoi ghopeni 6 nepiod 00CaiodNceHb npoeo-
ounu 4—6 paszie Ha 006y, 6 OenHull Yac uepes pieni npomiscku. HeobOXiOHy KinbKicmb Kopmy po3-
Paxo8ysanu 8i0N0GIOHO 00 NOKA3HUKIE THOUBIOYAIbHOI Macu pub ma memnepamypu cepedosunla
Ha Momenm 200i6/i. Bupowysants moeapHux 0801imkie nposoduau y cmasax niaowero 100 m? 3a
wineHocmi nocadku 50 exs./w? ma piens 600u 6 nux 1 m. 3azanvna kinekicmo ocobun gopeni
8 eKCNepUMEHMANbHUX OOCTIONCEHHAX CMaHosuna 25 muc. ex3.

Bcemanosneno, wo 320008ysanns pubi nogHopayionHux KOMOIKOpMIE i3 6Micmom OOMIHHOT
enepeii Ha pieni 16 ma 17 MI]oc/ke cnpuse 3SHUMCEHHIO 8MICIY CUPO2O HCUPY Y M SCE NOPIGHAHO
3 ghopennio, AKa CRONHCUBANA KOPpMU 13 8UWUM 6MicmoM eHepeii. Pezyiomamu docrioxceny nio-
MBePOACYIOMb HAABHICTNG HACUYEHUX, MOHOHEHACUHEHUX MA NOTTHEHACUYEHUX JHCUPHUX KUCTIOM
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y ckaadi ninidie m’aca paidyscHoi openi. i3 MOHOHEHACUUEHUX JHCUPHUX KUCLOM Nepesadcd-
fomb @9 enaiounosa ma nAIbMIMOONCIHO8A,; NOMIHEHACUYEHUX — JiHoAeéd W0 i NiHONeH08a 3.
Ananiz o0epoicanux pe3yismamis nokazas, wo 6 1inioax m’saca paudyicroi gopeni, ska cnoxicu-
eana Kopm i3 emicmom oominnol enepeii na pieni 20 M/oc/ke, 3HauenHs 1iHONEHOB0T KUCIOMU
€ OINbUUM NOPIGHAHO 3 pUOAMU, AKI OMPUMYBATU KOPM i3 6Micmom eHepeii Ha pieni 18 M]xc/ke,
wo 6Kkaszye Ha niosuuery 6iono2iuny epekmusHicms iniois.

Knwwuoei cnosa: paiidysxcna opens, 200iens pub, kombikopmu, 0oOMiHHG eHepeis, M sco,
JNUOU, HCUPHOKUCTIOMHULL CKILAO.

Rationale and analysis of recent research and publications. The nutritional value
of fish flesh is not limited to the biological value and nutritional value of protein, but
it is also determined by the amount of fat and the ratio of certain fatty acids. Fish flesh
lipids, in contrast to farm animal meat lipids, are rich in essential fatty acids: linoleic,
linolenic and arachidonic.

Fish lipids are one of the main labile components that influence the nutritional
and biological value of fish products. An important distinguishing feature of fish oil is
the predominance of unsaturated fatty acids (up to 84 %), including fatty acids.

The study on the biological value of rainbow trout flesh lipids the scientific works
of domestic and foreign scientists are devoted to: Yegorova BV, Faritova TA, Sher-
man IM, Grinzhevskyi M. V., Shcherbina MA, Kim J.D. and others [1-5].

However, there are no conceptual developments to study the biological effectiveness
of rainbow trout flesh lipids depending on the energy levels in feed.

Thus, the study of the impact of different commercial rainbow trout energy nutrition
on the indices of its flesh biological effectiveness under the modern industrial conditions
of cold-water fish farms in Ukraine is necessary and has great economic importance.

Materials and methods of the study. Experimental studies on second summer
rainbow trout Oncorhynchus mykiss (Walbaum, 1792) were performed at the “Shipot”
farm, Perechyn district of Transcarpathian region.

The purpose of the research and economic experiment was to establish the influ-
ence of different energy nutritional levels in commercial rainbow trout on the biological
effectiveness of their flesh lipids and their fatty acid composition.

For this purpose, five experimental groups were formed by the method of analogues
(table 1). During the equalization period of the experiment, which lasted 10 days,
the experimental fish consumed the feed of the control group. In the main period
of the experiment (200 days) the level of metabolic energy in the feed of experimental
groups’ trouts was regulated by changing the individual components of the feed (using
combined mathematical methods to optimize the calculation using the Agro Soft Win
Opti software).

Table 1
Design of scientific and economic experiment
Fish-holding Experimental periods
density at the .Mean equalization main
Group startof the | “eCALINC | (g gays) | (200 days)

exper 1ment,2 experiment, g metabolic energy content perl
specimens/m kg of feed, MJ

1— control 50 50.2+1.72 18.0

2— experimental 50 50.7+2.41 16.0

3— experimental 50 50.5+£3.14 18.0 17.0

4— experimental 50 50.9+1.53 19.0

5— experimental 50 50.3£2.83 20.0
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Nutritional value of experimental production feeds is shown in table 2. Rainbow
trouts were fed 4-6 times a day during the study period, at regular intervals during
the day. The required amount of feed was calculated according to the indices of individ-
ual fish weight and ambient temperature at the time of feeding.

Table 2
Content per 1 kg of compound feed, %
Group

Index 1-st 2-nd 3-rd 4-th 5-th
Metabolic energy, MJ 18.00 16.00 17.00 19.00 20.00
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 fiber 2.50 2.72 2.40 2.56 2.44
Calcium 1.80 1.80 1.80 1.80 1.80
Total phosphorus 1.20 1.20 1.20 1.20 1.20
Lysin 2.70 2.70 2.70 2.70 2.70
Methionine 0.90 0.90 0.90 0.90 0.90
Vitamin A, th. [U 10 10 10 10 10
Vitamin D, th. IU 3 3 3 3 3
Vitamin E, mg 200 200 200 200 200

Commercial second summer trouts were grown in ponds with the area of 100 m?
at the fish-holding density of 50 specimens/m? and the water level of 1 m. The total
number of trouts in experimental studies was 25 thousand specimens. Conditions for
keeping experimental fish met the regulatory requirements in salmon farming [6; 7].

The mass fraction of lipids was determined by the Soxhlet method in compliance
with DSTU 8717: 2017, which means that the fat is weighed after its extraction with
a solvent from a dry quantity of substance in the Soxhlet apparatus, based on determin-
ing the change in sample weight after solvent extraction of fat [8].

The content of fatty acids was determined by chromatographic method with
the “Kupol 55 chromatograph. Identification of peaks in the chromatogram was per-
formed by the method of calculating the “carbon number value”, as well as by using
chemically pure, standard solutions, methyl esters of fatty acids. The calculation of indi-
vidual fatty acids content based on the results of gas chromatographic analysis — chro-
matograms — was performed according to a formula that includes correction factors for
each of them. The correction factors were found as the ratio of the peak areas (including
peak heights) of heptadecanoic (internal standard) and the tested acids at the concentra-
tion of 1: 1 and with the isothermal gas-liquid chromatograph mode of operation.

Mass fraction of polyunsaturated fatty acids (PUFA) was determined by chroma-
tographic method using the HRGC 5300 chromatograph [9]; lipid extraction — by
the methods of Folch and Blay-Dyer [10]; lipid effectiveness coefficient — by calcula-
tion method [11]; the coefficient of lipid biological significance (LBS) was calculated
as the ratio of the eicosapentaenoic and docosahexaenoic PUFA sum to the mass fat
fraction in the product [9].

The study results were processed by the method of variation statistics by means
of the STATISTICA 7.0. and MS Excel software using built-in statistical functions [12].

Results of the study and their discussion. Studies have shown that under the influ-
ence of different metabolic energy levels in feed for rainbow trout, the fatty acid com-
position of its flesh is marked by changes (table 3).




Taspiticbknit HaykoBuit BicHHK Ne 118

238 I

Essential polyunsaturated fatty acids (PUFAs) play an important role in human
and animal life. These include precursors of more unsaturated fatty acids: linoleic acid
(C 18:2) of the w6 family and linolenoic acid (C 18:3) of the ®3 family. Prolonged
absence of linoleic acid in the diet of animals under experimental conditions led to their
death, and the absence of linolenoic acid — to a number of metabolic disorders [13; 14].
Polyunsaturated fatty acids are necessary for construction of cells in various tissues,
regulation of lipid metabolism and normal development of the body, as well as to deter-
mine the elasticity of the blood vessel walls. Therefore, their lack in the human body can
lead to serious disorders [15; 16].

The fatty acid composition of rainbow trout flesh lipids is characterized by the pres-
ence of saturated, monounsaturated and polyunsaturated fatty acids.

Among the monounsaturated fatty acids in rainbow trout flesh, ©9 elaidic acid
and palmitoleic acid predominate in both control and experimental groups.

Table 3
Fatty acid lipid composition of rainbow trout flesh, n=5
. FA Groups

Fatty acids code | 1t | 2-nd | 3-rd 4-th 5-th
Saturated (SAFA) 36.28 37.11 37.66 41.47 45.06
myristic 140 1.67+ 1.60+ 1.52+ 1.78+ 1.92+

’ 0.06 0.03 0.06 0.09 0.06*

almitic 16:0 24.09+ | 23.9+ 23.7+ 25.9+ 27.5+

P 1.19 | 213 2.44 2.56 0.84*
stearic 18:0 10.08+ | 11.1+ 11.9+ 13.2+ 15.03+

: 0.63 0.96 1.14 0.66%* 1.67*

arachic 20:0 0.44+ 0.51+ 0.54+ 0.59+ 0.61+
0.01 0.03 0.06 0.05* 0.02%**

Monounsaturated

(MUFA) 19.8 19.77 20.12 20.76 23.06

. . . 3.58+ 3.52+ 3.59+ 3.84+ 3.72+

palmitooleic 16:11 7500 | 000 | 0.09 0.06* 0.21
. oleic 18:1 223+ | 2.15+ 2.09+ 2.42+ 2.84+

9 ’ 0.08 0.11 0.44 0.52 0.87

. elaidic 18:1 13.01+ | 13.0+ 13.24+ 13.10+ 14.5+

9 ' 0.54 2.06 1.69 2.31 0.32%*

gadoleic 201 0.98+ 1.1+ 1.2+ 1.4+ 2.0+
' 0.02 0.04 0.03 0.04* 0.09%**

Polyunsaturated

(PUFA) 12.49 12.35 12.69 13.92 16.25

linoleic o 182 9.92+ 9.8+ 9.91+ 10.3+ 11.8+

3 0.47 1.32 1.16 1.32 0.54*

linolenoic ® 183 1.88+ 1.84+ 2.23+ 2.84+ 3.15+
6 : 0.09 0.06 0.09* 0.1]%%* 0.2]%**

cicosadienoic 202 0.69+ | 0.71+ 0.55+ 0.78+ 1.3+
0.05 0.08 0.02* 0.04 0.16%*

Not identified 31.43 30.77 29.53 23.05 15.63

* p<0.05; ** p<0.01 compared to group 1
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Among the polyunsaturated fatty acids, linoleic @6 and linolenoic 3 predominate
in fish flesh lipids. According to the study results, in lipids of rainbow trout flesh in
experimental group 5, which were fed compound feed with high metabolic energy con-
tent — 20 MJ/1 kg, the content of linolenoic acid was significantly higher than in the con-
trol group, indicating higher biological effectiveness of lipids.

Indices of lipid effectiveness in rainbow trout flesh are shown in table 4.

Table 4
Indices of rainbow trout flesh lipids’ biological effectiveness, n=5
Group Ratio of FA types
UFA:MUFA:PUFA | PUFA:UFA | C18:2:C:18:1 (O OR
Perfect lipid 1:1:1 0.2:0.4 >0.25 10:1

1-st 1:0.55:0.34 0.34:1 1:0.22 1:5.28
2-nd 1:0.53:0.33 0.33:1 1:0.22 1:5.33
3-rd 1:0.53:0.34 0.34:1 1:0.21 1:4.44
4-th 1:0.50:0.34 0.34:1 1:0.23 1:3.63
5-th 1:0.51:0.36 0.36:1 1:0.24 1:3.75

The ratio of individual lipids classes does not meet the recommendations proposed
by nutritionists. However, the C18:2:C18:3 fatty acid ratios are consistent with the lit-
erature data and indicate the high biological effectiveness of rainbow trout flesh lipids.
Of great interest is the ratio of these fatty acids in flesh, which is dominated by particu-
larly valuable fatty acids ®3.

Conclusions. As a result of the performed studies the influence of different energy
nutrition levels of commercial rainbow trout on the fatty acid composition of flesh lipids
and their biological effectiveness was revealed.

It was found that feeding fish complete feed with the metabolic energy content
of 16 MJ/kg (group 2) and 17 MJ/kg (group 3) helps to reduce the content of crude fat
in flesh compared to trout which consumed feed with higher energy content.

The study results confirm the presence of saturated, monounsaturated and polyun-
saturated fatty acids in the lipid composition of rainbow trout flesh: monounsaturated
fatty acids are dominated by 9 elaidic and palmitoleic; polyunsaturated — by linoleic
®6 and linolenic ®3.

The analysis of the obtained results showed that in the lipids of rainbow trout
flesh, which consumed feed with the metabolic energy content of 20 MJ/kg, the value
of linolenoic acid is higher, compared to fish that received feed with the energy content
of 18 MJ/kg, indicating increased biological effectiveness of lipids.
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BMJINB COVID-19 HA TANTY3b CBUHAPCTBA YKPAIHU

JleeyeHko M.B. — K.c.-2.H.,

douyeHm Kkaghedpu mexHornoeill nepepobku

ma 36epieaHHS CirbCbK020CM00apChbKoi MPodyKuil,
XepcoHcbKull OepxasHull aepapHO-eKOHOMIYHUU yHieepcumem
Ywakoea C.B. — k.c.-e.H.,

cmapuwul suknaday kaghedpu mexHornoaili nepepobku

ma 36epieaHHs CirbCbKO20Cn00apChbKoi MpodyKuyii,
XepcoHcbKuli depxxasHuUll azpapHO-€KOHOMIYHUL yHieepcumem

Y emammi poskpumo kpu3zy, cnpuuuneny nowupennam COVID-19, axa ennunyna na eanyss
ceunapcmea Ykpainu. Azpoxonounzu, aKi npayoioms y CeKmopi meapuHHuymed, 3a3Haiomo
BEUKUX 3MIH Y €8Ol disinbHocmi. KinbKicmb no2onie’s cuHell 3HUNCYEMbCs Yepe3 3MeHULeHHS
nonumy 3 60Ky M ’sCOnepepoObHUX KOMNAHIL, SIKI «cmpadicoaronsvy uyepes degiyum pobouoi cunu
ma npobremu 3 00CHynom 00 purkie Ykpainu.

Ipoananizoeano ounamiky noeonie’s ceunei. Pozensnyma cmpykmypa noeonig’s ceunel 3a
Kamezopiamu 2ocnooapcme 8 Ykpaini cmanom Ha 2020 p. Onucano npuyuHu 3MeHueHHs Cno-
JICUBAHMS HACELEHHAM M SICA | M ACHUX NPOOYKMIB, W0 00CA2NI0 KPUMUYHOT Medici npo008onbyol
beznexu oepicasi.




