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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 m2 at the fish-holding density of 50 specimens/m2 
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 ω9 elaidic and palmitoleic; polyunsaturated – by linoleic ω6 
and linolenic ω3 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.

Кондратюк В.М. Біологічна ефективність ліпідів м’яса райдужної форелі залежно 
від рівнів енергії в комбікормах

У статті досліджено вплив використання повнораціонних комбікормів з різним рівнем 
обмінної енергії на показники біологічної ефективності ліпідів м’яса райдужної форелі. 
Метою досліду передбачалося встановити вплив різних рівнів енергетичного живлення 
товарної райдужної форелі на жирнокислотний склад ліпідів м’яса та їх біологічну ефек-
тивність. Для цього за методом аналогів було сформовано п’ять піддослідних груп. Дослід 
тривав 210 діб та поділявся на два періоди: зрівняльний (10 діб) та основний (200 діб). 
У зрівняльний період піддослідна риба споживала комбікорм контрольної групи. В основний 
період рівень енергії в експериментальних комбікормах для різних піддослідних груп форелі 
коливався від 16 до 20 МДж у 1 кг. Годівлю райдужної форелі в період досліджень прово-
дили 4–6 разів на добу, в денний час через рівні проміжки. Необхідну кількість корму роз-
раховували відповідно до показників індивідуальної маси риб та температури середовища 
на момент годівлі. Вирощування товарних дволітків проводили у ставах площею 100 м2 за 
щільності посадки 50 екз./м2 та рівня води в них 1 м. Загальна кількість особин форелі 
в експериментальних дослідженнях становила 25 тис. екз.

Встановлено, що згодовування рибі повнораціонних комбікормів із вмістом обмінної 
енергії на рівні 16 та 17 МДж/кг сприяє зниженню вмісту сирого жиру у м’ясі порівняно 
з фореллю, яка споживала корми із вищим вмістом енергії. Результати досліджень під-
тверджують наявність насичених, мононенасичених та поліненасичених жирних кислот 
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у складі ліпідів м’яса райдужної форелі: із мононенасичених жирних кислот переважа-
ють ω9 елаїдинова та пальмітоолеїнова; поліненасичених – лінолева ω6 і ліноленова ω3. 
Аналіз одержаних результатів показав, що в ліпідах м’яса райдужної форелі, яка спожи-
вала корм із вмістом обмінної енергії на рівні 20 МДж/кг, значення ліноленової кислоти 
є більшим  порівняно з рибами, які отримували корм із вмістом енергії на рівні 18 МДж/кг, 
що вказує на підвищену біологічну ефективність ліпідів.

Ключові слова: райдужна форель, годівля риб, комбікорми, обмінна енергія, м’ясо, 
ліпиди, жирнокислотний склад.

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

Group

Fish-holding 
density at the 

start of the 
experiment, 

specimens/m2

Mean 
weight at the 
start of the 

experiment, g

Experimental periods
equalization

(10 days)
main

(200 days)
metabolic energy content per1 

kg of feed, МJ
1– control 50 50.2±1.72

18.0

18.0
2– experimental 50 50.7±2.41 16.0
3– experimental 50 50.5±3.14 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, %

Index Group
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 А, th. IU 10 10 10 10 10
Vitamin D3, th. IU 3 3 3 3 3
Vitamin Е, mg 200 200 200 200 200

Commercial second summer trouts were grown in ponds with the area of 100 m2 
at the fish-holding density of 50 specimens/m2 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).
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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 ω6 family and linolenoic acid (C 18:3) of the ω3 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, ω9 elaidic acid 
and palmitoleic acid predominate in both control and experimental groups.

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

Fatty acids FA 
code

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

Saturated (SAFA) 36.28 37.11 37.66 41.47 45.06

myristic 14:0 1.67±
0.06

1.60±
0.03

1.52±
0.06

1.78±
0.09

1.92±
0.06*

palmitic 16:0 24.09±
1.19

23.9±
2.13

23.7±
2.44

25.9±
2.56

27.5±
0.84*

stearic 18:0 10.08±
0.63

11.1±
0.96

11.9±
1.14

13.2±
0.66**

15.03±
1.67*

arachic 20:0 0.44±
0.01

0.51±
0.03

0.54±
0.06

0.59±
0.05*

0.61±
0.02***

Monounsaturated 
(MUFA) 19.8 19.77 20.12 20.76 23.06

palmitooleic 16:1 3.58±
0.09

3.52±
0.09

3.59±
0.09

3.84±
0.06*

3.72±
0.21

ω9 oleic 18:1 2.23±
0.08

2.15±
0.11

2.09±
0.44

2.42±
0.52

2.84±
0.87

ω9 elaidic 18:1 13.01±
0.54

13.0±
2.06

13.24±
1.69

13.10±
2.31

14.5±
0.32**

gadoleic 20:1 0.98±
0.02

1.1±
0.04

1.2±
0.03

1.4±
0.04*

2.0±
0.09***

Polyunsaturated 
(PUFA) 12.49 12.35 12.69 13.92 16.25

linoleic ω3 18:2 9.92±
0.47

9.8±
1.32

9.91±
1.16

10.3±
1.32

11.8±
0.54*

linolenoic ω6 18:3 1.88±
0.09

1.84±
0.06

2.23±
0.09*

2.84±
0.11***

3.15±
0.21***

eicosadienoic 20:2 0.69±
0.05

0.71±
0.08

0.55±
0.02*

0.78±
0.04

1.3±
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 ω6 and linolenoic ω3 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 С 18:2:С:18:1 ω6: ω3

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 ω3.

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 ω9 elaidic and palmitoleic; polyunsaturated – by linoleic 
ω6 and linolenic ω3.

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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У статті розкрито кризу, спричинену поширенням COVID-19, яка вплинула на галузь 
свинарства України. Агрохолдинги, які працюють у секторі тваринництва, зазнають 
великих змін у своїй діяльності. Кількість поголів’я свиней знижується через зменшення 
попиту з боку м’ясопереробних компаній, які «страждають» через дефіцит робочої сили 
та проблеми з доступом до ринків України.

Проаналізовано динаміку поголів’я свиней. Розглянута структура поголів’я свиней за 
категоріями господарств в Україні станом на 2020 р. Описано причини зменшення спо-
живання населенням м’яса і м’ясних продуктів, що досягло критичної межі продовольчої 
безпеки держави.


