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Kpim Toro, BojoAif0OYH JOCUTh HU3BKUM €HEPTOCIIOKUBAHHSAM, BOHHU JIy)KE €KOHO-
MiyHi. 3a OJHAKOBOI IHTEHCHBHOCTI CBITJIa HA OOUWHUIIIO IUIONI TaKa JiaMIa I03BOJIE
3aomaauT 10 85% eneKTpoeHeprii MOPIBHSAHO 3 JIAMITOK pokaproBaHHs 1 10 50%
MOPIBHSAHO 31 3BUYAWHUMH JIaMIIaMH JICHHOTO CBIiTJa, 3BaKAIOYM Ha Te, IO TEPMiH
poOOTH X B KiJIbKa pa3iB JOBIINH.

I3 Bukopucranusam y pauionax roaisii BBMJ TM «Cunau» crioctepiraerbes mif-
BUIICHHS MPOAYKTUBHOCTI IIPOMHUCIIOBOTO CTajla Kypei-HeCyuOK Ta BCTaHOBJICHO Mepe-
Bard 3aCTOCYBaHHS Iperapary B Mexax MporpaMH BUCOKOS(EKTHBHOTO BUPOIIYBaHHS
i eKcruTyaTanii NTHII.
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The article studies the effect of the use of complete feed with different levels of lysine
and methionine on the morphological composition of the body and chemical composition
of the meat of commercial rainbow trout. The aim of the experiment was to establish the effect
of different levels of amino acid nutrition of commercial rainbow trout on these indicators. 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
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the main period of the experiment, the level of lysine and methionine in the production feed
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 day at regular intervals. The required amount of feed was calculated according to
the indicators of individual fish weight and ambient temperature at the time of feeding. The
growing of commercial two-year-old trout was carried out in ponds with a stocking density
of 50 specimens/m? and a water level in them of 1 m. The total number of trout in experimental
studies was 25 thousand specimens. Conditions for keeping experimental fish met the regulatory
requirements in salmon farming.

It was found that with the increase in the weight of two-year-old trout, the weight of muscle
tissue and the yield of edible parts increases. Different levels of lysine and methionine in the diets
of young rainbow trout, during their growing affects in different ways the weight of internal
organs. It is proved that the increase in the levels of lysine to 2.9% and methionine to 0.95% in
the diets of rainbow trout during the growing periods contributes to the increase in the weight
of the liver, stomach and intestines.

The results of experimental studies showed that the muscle tissue of rainbow trout, regardless
of the influence of the studied factor, is characterized by a high protein content (21.8-24.9%).
Elevated levels of lysine and methionine during the growing period contributed to a decrease
in crude protein content in muscle tissue. Feeding two-year-old rainbow trout with complete
feed with different methionine and lysine content does not significantly affect the content of dry
substance, ash and minerals in muscle tissue.

Key words: rainbow trout, fish feeding, compound feeds, lysine, methionine, amino acid
nutrition, morphological indicators, marketable qualities, chemical composition.

Konopamiworx B.M., lIeanwoma A.O. Mopghonoziunuii cknad mina ma ximiuhuii ck1ao
M’saca ¢hopeni 3anexncHo 6i0 pieHie aMIiHOKUCIOM Yy KOMOIKOpMax

Y ecmammi docniosceno enniue euxopucmants nOBHOPAYIOHHUX KOMOIKOPMIG i3 pi3HUM pi6HeM
JI3UHY Ma MEMIOHIHY HA MOPQONOSIYHULL CKAA0 MINA Ma XIMIYHULL CKAAO M '8Ca MOBAPHOL paii-
OyarcHol gopeni. Memoro docnidy nepedbauanocs 6cmaHo8UMU 6NIUE PISHUX DIBHI8 AMIHOKUC-
JIOMHO20 JICUBTIEHHS MOBAPHOL patidyicHol ghopeni Ha 32a0aHi NOKAZHUKY. /[ ybo2o 3a Memo-
odom aHanozie cghopmosano n’ame nidoocrionux epyn. locnio mpueae 210 0i6 ma nodinsecsa Ha
06a nepioou: 3pigHsnvnutl (10 0i6) ma ocnoeruii (200 0i6). V 3pisusanvHuil nepiod niodociiona
puba cnodcusana KomoOikopm KOHMpPOAbHOI epynu. B ocnosHuti nepiod docnidy pieeHv Ni3uHy
i MemioHiHy y npoOdyKyilinomy Kopmi korusasca 6io 2,5 00 2,9% i 6io 0,8 oo 1,0% eionosiono.

Tooisnio paiioyxcHoi gopeni 6 nepiod docniodxcensb npoeoounru 4—6 paz Ha 000y, 6 OeHHull
uqc uepes piHi npomisicku. HeobxioHy Kinobkicms Kopmy po3paxo8yeanu 8i0n06ioHO 00 NOKA3HU-
Ki6 IHOUBIOYanbHOi macu pub ma memnepamypu cepedosuwa Ha yac ix 2odieni. Bupowysanns
MOBAPHUX OBONIMKIE NPOBOOUNU 6 CMABAX 3a WINbHOCMI nocaoku 50 ex3./m’ ma pieHs 800u
6 Hux I m. 3aeanvha Kinvkicms ocobun gopeni 6 eKCnepuMeHmanbHux 00CAiONHCeHHAX CIMAHO-
suna 25 muc. ex3. Ymoeu ympumaris nio00Ciionux pub 6ionosioanu HOPMAmueHUM GUMO2AM
¥ JI0COCIBHUYMEGI.

Yemanoesneno, wo 3i 30inbuennsam macu 0801imKis (popeni maca m 's:30601 MKAHUHU MA 8UXIO
icmignux uacmun 3pocmae. PisHutl pisens Mi3uny i MEmioHiHy y payioHax Monooi paioyxcHoi
gopeni nio uac ix upowysanHs NO-PIHOMY 6NAUBAE HA MACY BHYMPIWHIX opeanis. [losedeno,
wo nioguweHHs1 y payionax patioyxicHoi gopeni piensa nizuny 0o 2,9% i memioniny oo 0,95%
YIPOO0BAHC NEPindis UPOULYEAHHS CNPUSLE 30LTbULCHHIO MACU NEYIHKU, WILYHKA MA KUMKIGHUKA.

Pezynomamu npogedenux excnepumeHmanbHux O00CniONHCeHb NOKA3ANU, WO M A308a MKa-
HUHA patdyxchol gopeni (He3anexncho 6i0 6nauU8y 00CAIONCYBAH020 (PAKMOpa) xapakmepusy-
embcs sucoxkum emicmom oinka (21,8—-24,9%). Iliosuwyenns pigus ni3uHy ma MemioHiHy npoms-
20M Nepiody GUPOWYEAHHS CAPUSLIO 3HUJICEHHIO 6MICTY 8 M A306il MKAHUHI CUpPO20 NpOomeiny.
Tooiens osonimkie paudysxcHoi gopeni nOBHOPAYIOHHUMU KOMOIKOpMAMU 3 DISHUM 6MICHOM
MEmIOHIHY Ma Ji3UHY CYMMESO He BNIUBAE HA MICI Y M A308il MKAHUHI CYXOi peuosunu, 301u
Ma MiHepaIbHUX PedosuH.

Knwwuosi cnosa: paiioyscua opens, 200dienst pub, kombikopmu, i3uH, MemioHiH aMIHOKUC-
JIOMHE HCUBLEHHS, MOPPONOSIYHI NOKAZHUKU, MOBAPHI AKOCMI, XIMIUHUL CKAAO.

Relevance of the article and analysis of recent research and publications. The
nutritional and biological value of fish raw materials is a major factor in its use as a food
product. Fish is characterized by a high content of vital compounds for the human body,
such as acrylic acid nitrile, including lysine, leucine, essential fatty acids, including
unique eicosapentaenoic and deoxyhexanoic, fat-soluble vitamins, macro-and micro-
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nutrients in balanced human proportions [1-6]. According to a number of researchers,
methionine, which has a lipotropic, antisclerotic effect, is of special importance [7—10].
Many scientists claim that the content of methionine in fish is one of the first places
among protein products of animal origin [11-14].

Analyzing the degree of influence of the feed factor in the diets of rainbow trout on
metabolic processes, it is important to study the marketable qualities of fish, namely
the morphological and structural composition of two-year-old rainbow trout, depending
on growing conditions.

Accordingly, studies of the use of complete feeds with different levels of lysine
and methionine on the morphological composition of the body and the chemical com-
position of the meat of commercial rainbow trout are necessary and of great economic
importance.

Material and methods of research. Experimental studies on two-year-old rainbow
trout Oncorhynchus mykiss (Walbaum, 1792) were conducted in the fishery “Shipot”
located at Perechyn district of Transcarpathian region.

The purpose of the scientific and economic experiment was to establish the influence
of different levels of amino acid nutrition of marketable rainbow trout on the indicators
of its marketable qualities and chemical composition of muscle tissue.

For this purpose, five experimental groups were formed by the method of analogues
(Table 1).

Table 1
Scheme of scientific and economic experiment
Stocking Experiment periods
. Th
density at the weiegl?:ii%; equalization basic
beginning beeinni (10 days) (200 days)
. ginning
Fish group of the of the content in 1 kg of feed,%
experiment, .
. experiment, . . L.
specmiens / g lysine | methionine | lysine | methionine
m
1- control 200 53.9+£3.17 2.7 0.90
2- experimental 200 53.4+2.86 2.5 0.80
3- experimental 200 54.2+3.74 2.7 0.9 2.6 0.85
4- experimental 200 52.743.29 2.8 0.95
5- experimental 200 54.0£3.06 2.9 1.00

During the equalization period, the experimental fish consumed feed of the control
group, where the levels of lysine and methionine were the same and met the established
norms [16]. In the main period, fish of all groups received a similar diet, except for
the level of lysine and methionine in it. The mentioned amino acids were added in one
or another proportion, as provided by the scheme of the experiment.

The nutritional value of experimental production feeds is shown in table 2.

Feeding of rainbow trout during the study period was performed 4—6 times a day,
during the day at regular intervals. The required amount of feed was calculated accord-
ing to the indicators of individual fish weight and ambient temperature at the time
of feeding.

The growing of commercial biennials was carried out in ponds with a stocking den-
sity of 50 specimens/m? and a water level in them of 1 m. The total number of trout in
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experimental studies was 25 thousand specimens. Conditions for keeping experimental
fish met the regulatory requirements in salmon farming [16].

Table 2
Content in 1 kg of feed, %
. Group

Indicator Ist | 2nd | 3rd | 4th 5-th
Exchange energy, MJ 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 fiber 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 3
Vitamin E, mg 200 200 200 200 200

Marketable qualities of rainbow trout were determined by the main indicators of size
and mass composition of raw materials — the weight of fish, head, fins, bones, muscle
tissue, bones, skin and internal organs. The study was performed by weighing on elec-
tronic scales VLTK-500. Based on the obtained weighing data, the ratio of the weight
of individual parts of its body to the weight of the whole fish was determined in accor-
dance with GOST 1368 (2003) [17].

Mass fraction of ash — by weight method, after mineralization of the product sample
in a muffle furnace at a temperature of 500-600 ° C in accordance with DSTU 8718:
2017 [18]. The method is based on the removal of organic substance from a sample
of the analyzed product by incineration and determination of ash by weighing.

The mass fraction of lipids by the Soxhlet method according to DSTU 8718:2017,
which is that the fat is weighed after its extraction with a solvent from a dry sample in
the Soxhlet apparatus, based on determining the change in sample weight after solvent
extraction of fat [18].

Mass fraction of protein according to GOST 7636-85 — determination of total nitro-
gen by the Kjeldahl method [19]. Ashing of the samples was performed on Velp Scienti-
fica series DK6 (Italy) with a vacuum pump (JP). Distillation was performed on a steam
distillation apparatus Velp Scientifica UDK 129 (Italy).

The content of calcium and phosphorus was determined in accordance with DSTU
ISO 11885:2005 by the method of atomic emission spectrometry with inductive plasma
[20]. The method is based on the ability of free atoms of elements in gases to emit light
energy at a wavelength characteristic of each element.

The research results were processed by the method of variation statistics using
the software STATISTICA 7.0. and MS Excel using built-in statistical functions.

Research results. In order to rationally use fish raw materials, we conducted a study
of the morphological and structural composition of biennials of rainbow trout, depend-
ing on the growing conditions. The research results are shown in table 3.
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Analyzing the degree of influence of the feed factor in the diets of rainbow trout
on metabolic processes, the marketable qualities of fish were studied. For the analysis
of marketable qualities 5 fish were selected from the control and experimental groups,
with the average weight per group.

Analysis of data on the mass composition of rainbow trout indicates a certain sta-
bility of the relative mass of the skin and internal organs. With the achievement of high
indicators of live weight, there is an increase in the relative mass of muscle tissue
and a slight decrease in the yield of inedible parts (indicators of the Sth group). This in
turn leads to an increase in the yield of edible parts, the difference between the control
and the indicators of the 5th group is statistically significant (p <0.05).

In general, it has been found that as the weight of two-year-old trout increases,
the mass of muscle tissue and the yield of edible parts increases.

Table 3
Commercial qualities of rainbow trout, n=5, M+m
. Group

Indicator 1-st 2-nd 3-rd 4-th 5-th

Fish weight, g 291.5+ 254.9+ 279.4+ 310.2+ 306.5+
9.03 8.41%* 8.22 9.43 8.87

Head weight, g 48.72+ 43.97+ 45.02+ 50.1+ 51.24+
2.33 2.12 2.36 2.69 3.01

Fins weight, g 18.19+ 16.42+ 16.88+ 19.10+ 18.83+
1.54 1.21 1.89 2.03 2.47

Bone weight, g 17.61+ 17.48+ 18.57+ 20.67+ 20.37+
1.98 1.39 1.24 1.69 1.67

Muscle weight, g 153.5+ 118.94+ | 139.93+ | 166.08+ | 163.32+
10.01 8.14% 9.02 7.96 6.35

Skin weight, g 19.96+ 18.01+ 21.03+ 24.34+ 22.83+
2.03 1.65 1.97 2.69 2.03

Internal organs weight, g 16.14+ 13.24+ 15.48+ 18.79+ 16.98+
1.87 1.47 1.52 1.76 1.81

Edible parts weight, g 173.46+ | 13695+ | 160.96+ | 190.42+ | 186.15+
8.12 9.04* 6.32 6.25 5.69
Edible parts yield, % 59.1 51.7 57.2 60.8 60.3

Inedible parts weight, g 120.04+ | 127.95+ | 120.44+ | 122.78+ | 122.55+
6.32 5.21 4.21 4.98 3.25
Inedible parts yield, % 40.9 48.3 42.8 39.2 39.7

*p<0,05 — compared with the 1st group

The results of our studies indicate that different levels of lysine and methionine in
the diets of young rainbow trout, during their growing has a different effect on the mass
of internal organs (table 4).

There is a significant difference in the weight of such parts as the liver, stomach
and intestine between the fish of the control and experimental groups. In particular, it
was found that the increase in the diet of rainbow trout lysine to 2.9% and methionine
to 0.95% during the growing season contributes to an increase in the mass of the liver,
stomach and intestines. Thus, the weight of the liver, stomach and intestines in fish
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of the 4th experimental group was 16.4%, respectively; 14.4% and 20.9% higher com-
pared to similar indicators in the trout of the control group (p <0.05; p <0.01).

Table 4
Mass of internal organs of two-year-old rainbow trout, g, n=5
. Groups
Indicator 1-st 2-nd 3rd 4-th 5-th
Heart 1.02+0.01 1.20+0.06* 1.21+0.09 1.32+0.09* | 1.2840.06**
Liver 4.14+0.33 3.7240.30 4.63+0.63 4.82+0.53 4.74+0.71
Kidneys 1.88+0.06 1.76+0.07 1.89+0.07 1.93+0.07 1.90+0.09
Stomach 4.31£0.29 3.82+0.31 4.50+0.92 4.93+0.36 4.88+0.82
Intestine 4.794+0.37 2.74+0.22*% | 3.31+£0.49* | 5.79+0.22%* 4.18+0.64

*p<0,05; **p<0,01 compared with the 1st group

Feeding two-year-old rainbow trout of the 2nd group during the period of growing
with complete feed with low lysine and methionine content, compared with the control,
caused a decrease in the mass of the liver, stomach and intestines, respectively (accord-
ing to the experimental scheme) by: 11.1%; 12.8% and 74.8% (p<0.05).

The use for feeding rainbow trout during the period of growing complete feed with
a content of 2.6% lysine and 0.85% methionine (group 3) was accompanied by a prob-
able decrease in intestinal mass by 44.7%, a slight increase in liver and stomach mass,
respectively, by 11.8% and 4.4% compared with such indicators in the control group.

In general, it was found that the highest rates of internal organs weight were found
in fish of the 4th group, which during the growing period was fed complete feed with
a higher content of lysine by 0.1% and methionine — by 0.05%.

The next step was the study of a comprehensive assessment of fish raw materials for
the content of essential nutrients, biological value of proteins and biological efficiency
of fats are shown in table 5.

Table 5
The chemical composition of the muscle tissue
of commercial rainbow trout, %, n=5
. Groups
Indicator Tost 2-nd 3rd d-th 5-th
Water 72.8+1.88 | 73.1x£1.91 | 72.3£1.77 | 71.8+1.68 | 72.1£1.63
Dry substance 27.241.22 | 26.9+1.31 | 27.7£1.44 | 28.2+1.51 | 27.9+1.48
Crude protein 22.6+0.52 | 21.8£0.93 | 21.9+1.12 | 24.6+0.64* | 24.9+0.78*
Crude fat 4.12+40.22 | 4.01£0.30 | 3.984+0.28 | 3.84+0.44* | 3.92+0.51
Ash 1.492£0.11 | 1.51£0.03 | 1.54+0.13 | 1.56+0.15 | 1.63+0.19
Calcium 0.7240.09 | 0.66+0.08 | 0.74+0.10 | 0.79+0.09 | 0.76+0.08
Phosphorus 0.13£0.01 | 0.14+0.02 | 0.17+0.01%* | 0.15+0.02 | 0.14+0.03

*p<0,05; compared with the 1st group

Analysis of the data in Table 5 showed that the muscle tissue of rainbow trout,
regardless of the influence of the studied factor, is characterized by a high protein con-
tent (21.8-24.9%).
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The results of our research show that the use of compound feeds with different levels
of amino acid nutrition in the diets of rainbow trout biennials during their growing has
different effects on the chemical composition of muscle tissue.

Thus, the increase in lysine and methionine levels during the growing period con-
tributed to a decrease in the content of crude protein in muscle tissue. In the muscle
tissue samples of fish of the 2nd and 3rd experimental groups, the crude protein content
was 3.7% and 3.2% lower, respectively, compared to the same indicator of the fish
of the control group.

It has been found that feeding rainbow trout biennials with complete rations with
the same level of protein and energy, but with different content of amino acids such as
methionine and lysine, does not significantly affect the content of dry substance, ash
and minerals in muscle tissue.

At the same time, when feeding the fish of the 4th group of complete feed with
increased by 0.1% lysine content and 0.05% methionine, an increase in muscle con-
tent of crude protein and dry substance by 1.0% and 2.0%, respectively, as well as
a decrease in crude fat content — by 0.28%, compared with the control group. How-
ever, the content of ash, calcium and phosphorus in the muscle tissue of this group did
not differ significantly.

The increase in the level of amino acid nutrition of trout of the 5th group was also
accompanied by an increase in the content of crude protein, dry substance and ash in
the muscles, compared with those of the control group analogues. It was found that
as the dry substance content in the muscles increases, the content of organic matter
in them increases, and the main part of it is protein. The protein content in muscles
of trout of the 4th and 5th experimental groups exceeded the control analogues and fish
of the 2nd and 3rd experimental groups.

In general, during the growing period, the greatest nutritional value was character-
ized by the muscle tissue of rainbow trout biennials, which were fed feed with a high
content of lysine by 0.1% and methionine — by 0.05%.

Conclusions. It was found that the weight of the liver, stomach and intestines in fish
of the 4th experimental group was 16.4%, respectively; 14.4% and 20.9% higher com-
pared to similar indicators in the trout of the control group.

As aresult of research, it was found that the weight of internal organs have the high-
est indicators of fish of the 4th group, which during the growing period were fed com-
plete feed with a high content of lysine by 0.1% and methionine — by 0.05%.

It is proved that when feeding fish of the 4th group of complete feed with increased
by 0.1% lysine content and 0.1% methionine, there was an increase in muscle protein
content of crude protein, dry substance by 1.0% and 2.0% respectively and a decrease in
crude fat content — by 0.28%, compared with fish of the control group.

Trout of the 4th and 5th experimental groups in terms of protein content in muscles
exceeded the control analogues and fish of the 2nd and 3rd experimental groups.
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