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Intensification and development potential of the aquaculture sector have created problems relating to 
the ecological purity and quality of the final fish product. In the conditions of Ukraine, there is extremely little 
information regarding the objects of trout fishing. Therefore, the purpose of our work was to investigate and 
analyse individual chemical and biochemical parameters of muscle tissue of commercially profitable and valu-
able indigenous species of salmon fish grown under the same conditions.

As the materials for research the brown trout (Salmo trutta m. fario), rainbow trout (Oncorhynchus 
mykiss) and brook trout (Salvelinus fontinalis) in the age of a year and a half (1+) served.

According to the results of the research, moisture composition in the muscular tissue of brown trout was 
higher compared to rainbow trout and brook trout (P<0.01). In brook and rainbow trout, the amount of the pro-
tein is significantly higher (P<0.01) than in brown trout. The content of ash in brook trout, brown and rainbow 
trout was 1.23 %, 1.16 %, 1.25 %, respectively. The percentage of total lipids in the muscle tissue of rainbow trout 
and brook trout was significantly higher than in brown trout (P<0.01). The higher content of free cholesterol and 
mono- and diacylglycerols in brook trout compared to the brown and rainbow trout (P<0.01) was noticed. 
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Інтенсифікація і потенціал розвитку сектора аквакультури створили проблеми, що стосуються 
екологічної чистоти і якості кінцевої рибної продукції. В умовах України надзвичайно мало інформації, 
яка стосується зокрема об’єктів форелівництва. Тому метою нашої роботи було дослідити і проана-
лізувати окремі хімічні та біохімічні показники м’язової тканини комерційно прибуткових та цінних 
аборигенних видів лососевих риб, вирощених в однакових умовах.

Матеріалом для досліджень слугували дволітки (1+) струмкової форелі (Salmo trutta m. fario), 
райдужної форелі (Oncorhynchus mykiss) та американської палії (Salvelinus fontinalis). Годівля здійснюва-
лася кормами «Aller Aqua». Показники хімічного складу води цього господарства відповідали державному 
стандарту СОУ 05.01-37-385:006.

За результатами досліджень, вміст вологи у м’язовій тканині струмкової форелі був вищим 
порівняно з райдужною фореллю та американською палією (гольцем) (P<0,01). У гольця та райдужної 
форелі значення білка вірогідно вище (P<0,01), ніж у струмкової форелі. Вміст золи в американської 
палії, струмкової та райдужної форелі становив 1,23 %, 1,16 %, 1,25 % відповідно. Відсоток загальних 
ліпідів у м’язовій тканині райдужної форелі та американської палії був суттєво вищим порівняно зі 
струмковою фореллю (P<0,01). Встановлено вищий вміст вільного холестеролу та моно- і диацилглі-
церолів у американської палії порівняно зі струмковою і райдужною фореллю (P<0,01).

Результати вказують на те, що досліджені види мають високу харчову цінність. Після аналізу 
складу м’язової тканини досліджуваних риб встановлено, що американська палія характеризувалася 
дещо вищими якісними показниками, зокрема такими, як вміст сухої речовини, білок та ліпіди.
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Интенсификация и потенциал развития сектора аквакультуры создали проблемы, касающиеся эко-
логической чистоты и качества конечной рыбной продукции. В условиях Украины чрезвычайно мало инфор-
мации, касающейся, в частности, объектов форелеводства. Поэтому целью нашей работы было исследо-
вать и проанализировать отдельные химические и биохимические показатели мышечной ткани коммерчески 
прибыльных и ценных аборигенных видов лососевых рыб, выращенных в одинаковых условиях.

Материалом для исследований послужили двухлетки (1+) ручьевой форели (Salmo trutta m. fario), 
радужной форели (Oncorhynchus mykiss) и американской палии (Salvelinus fontinalis). Кормление осущест-
влялась кормами «Aller Aqua». Показатели химического состава воды данного хозяйства отвечали государ-
ственному стандарту СОУ 05.01-37-385:006.

По результатам исследований содержание влаги в мышечной ткани ручьевой форели было выше 
по сравнению с радужной форелью и американской палией (гольцом) (P<0,01). В гольца и радужной фо-
рели значение белка достоверно выше (P<0,01), чем в ручьевой форели. Содержание золы в американской 
палии, ручьевой и радужной форели составило 1,23 %, 1,16 %, 1,25 % соответственно. Процент общих 
липидов в мышечной ткани радужной форели и американской палии был существенно выше по сравне-
нию с ручьевой форелью (P<0,01). Установлено высокое содержание свободного холестерина и моно- 
и диацилглицеролов в американской палии по сравнению с ручьевой и радужной форелью (P<0,01).

Результаты исследований указывают на то, что данные виды имеют высокую пищевую цен-
ность. После анализа состава мышечной ткани исследуемых рыб установлено, что американская палия 
характеризовалась несколько более высокими качественными показателями, в частности такими, как 
содержание сухого вещества, белок и липиды.

Ключевые слова: ФОРЕЛЬ, БЕЛОК, ЗОЛА, ВЛАГА, ОБЩИЕ ЛИПИДЫ, КЛАССЫ ЛИПИ-
ДОВ, SALMO TRUTTA m. FARIO, ONCORHYNHUS MYKIS, SALVELINUS FONTINALIS

In Ukrainian coldwater fish-breeding 
enterprises the most farmed salmon species are 
rainbow trout Oncorhynhus mykis W., brook trout 
Salvelinus fontinalis and the demand for growing 
local species — brown trout Salmo trutta morfa 
fario L. is increasing [15].

In the waters of the Ukrainian Carpath-
ians brown trout (Salmo trutta morpha fario L., 
1758) is still a native species [27]. This type of 
trout is one of the most attractive species, in par-
ticular because of the taste, dietary properties and 
demand among fishermen [20].

Brook trout (char) is mainly grown as an 
amateur and sport fishing object [28]. However, 
an increase in the volumes of cultivation and 
marketing of brook trout can increase the diver-

sity of salmon products [31]. The cultivation of 
this fish may represent a potentially new sector 
for the aquaculture market [13].

The availability of data on the qualitative 
composition of some salmon fish flesh contrib-
utes to a deeper scientific understanding of the 
issue of diet-related nutrition [39]. 

According to the literature sources chemi-
cal composition of trout flesh, in addition to genetic 
factors, also depends on the quality of water, feed-
ing, season, age and size of fish [32].

Trout flesh is a source of polyunsaturated 
fatty acids, such as n-3 and n-6 and is low in cho-
lesterol amount [12]. Therefore, it is an important 
component of a balanced diet for people [38]. Fish 
is considered a source of animal protein, and plays 
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a special role in improving the physical and in-
tellectual development of humans due to its good 
nutritional value [35].

Proteins have numerous structural and 
metabolic functions. The deposition of protein 
is one of the main determinants of live weight 
(biomass) in fish [9].

Lipids belong to one of the most infor-
mative biochemical characteristics of fish, be-
cause these components play an important role 
as a source of metabolic energy, including res-
toration and adaptive mechanisms and perform 
structural functions in cell membranes [40]. Lip-
ids are usually considered as a component of fish 
muscle, which is used to evaluate the quality of 
fish meat [22] because they contain essential fat-
ty acids [30]. The nature and the quantity of fish 
lipids depend on species and habitats [34].

The detailed analysis of the basic informa-
tion on individual quality indicators of trout meat for 
assessing the nutritional composition is very neces-
sary for both fish suppliers and consumers [10].

Information on fish chemical composition 
is highly relevant for the standardization of food 
products based on nutritional criteria. Lack of in-
formation on trout products, highly appreciated 
on the market, triggers interest in current research 
aiming at the analysis of body weight, chemical 
composition of fish flesh and other technological 
and qualitative parameters [37]. According to Ja-
been [17], the information on the nutrients content 
will facilitate the classification of fish in qualitative 
composition and will help to determine the market 
price of fish and consumer health benefits.

Therefore, the purpose of the research is 
to determine the individual chemical and bio-
chemical parameters of muscle tissue of salmon 
fish grown under the same conditions.

Materials and methods

The study was performed on three kinds 
of salmon at the age of year and a half (1+). They 
were brown trout (Salmo trutta morfa fario Lin-
naeus, 1758), rainbow trout (Oncorhynchus mykiss 
Walbaum, 1792) and brook trout (Salvelinus fon-
tinalis Mitchill, 1814) weighing 132.07±0.239 g, 
262.12±2.459 g and 288.56±3.640 g, respectively. 
All three species of fish were grown in the con-

crete basins of the farm, which is located in the 
Transcarpathian region (Ukraine) at an altitude 
of 450 m above the sea level. Water supply came 
from a mountain river. Feeding was done by Aller 
Aqua feeds.

In this work we weighed fish (g), deter-
mined the content of protein, moisture, dry mat-
ter, ash, as well as the content of total lipids and 
their classes in raw muscle tissue from the dorsal 
part of the body.

Proximate composition. The samples of 
fish muscle were dried for 24 hours at 100–105 °C 
according to the AOAC [3]. Ash content was de-
termined by burning sample for 12 h in a furnace 
at 550 °С [2]. Results were expressed as percent-
age to the wet weight.

Total protein concentration was estimat-
ed by the method of Lowry et al. [25], which is 
the most sensitive and can detect its content at 
the level of 5 µg/ml [18]. This method is based 
on the reaction of Cu+, produced by peptide bond 
oxidation, with Folin reagent.

Total lipids in muscles were investigated 
to the method of Folch et al. [14]. According to 
this method, samples were extracted using chlo-
roform/methanol (2:1, v/v) and were separated 
into classes using thin layer chromatography with 
silicagel (TLC). These analyses were performed 
in five approaches (n=5).

Statistical processing of the results of the 
research was conducted using the software ANO-
VA. Differences were considered to significant at 
P<0.05 and P<0.01. The results of the analyses were 
presented as means of standard deviation (±SD).

Results and discussion

The comparative analysis of the chemi-
cal composition of muscle tissue of the body of 
three species of trout grown under the same con-
ditions is given in table 1.

The high moisture content increases the 
fishes’ susceptibility to microbial spoilage, oxi-
dative degradation of polyunsaturated fatty acids 
and consequently decreases the quality of the fish-
es for longer preservation time [29].

The highest moisture content of the studied 
fish species was in brown trout and was 76.97 %, 
which is significantly higher than rainbow trout and 
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Table 1
Proximate composition muscle tissue  

of three trout species (Salmo trutta fario L.,  
Oncorhynchus mykiss, Salvelinus fontinalis)

Parameters Brown trout Rainbow trout Brook trout
Moisture, % 76.97±0.044 76.43±0.150aa 75.72±0.349aa

Dry matter, % 23.03±0.044 23.57±0.150aa 24.28±0.349aa

Protein, mg/g 19.00±0.304 24.45±0.295aa 25.33±0.521aa

Ash, % 1.16±0.025 1.25±0.027a 1.23±0.035
Note: a — Р<0.05, aa — P<0.01 for brown trout / 

rainbow trout, brown trout / brook trout; b — Р<0.05, bb — 
P<0.01 for rainbow trout / brook trout.

(2–4 % fat), medium fat fish (4–8 % fat) and high fat 
fish (>8 % fat) [1]. Based on the above-mentioned 
classification, rainbow trout and brook trout are 
fishes with an average fat content, and brown trout 
belongs to the category of fish with low fat content.

This difference in the content of total lip-
ids in the muscle tissue of rainbow trout, brook 
and brown trout can be partly explained by genet-
ic features. Also, according to Souza et al. [37] in 
fish with a larger body weight the fat deposition is 
more intense. It is also confirmed by the fact that 
fish with a lower percentage of moisture has more 
lipids and protein [8].

According to Kaya, the content of total lip-
ids in cultivated S. trutta f., on average was 3.62 %, 
for wild one it was 2.7 % [42]. In rainbow trout the 
content of total lipids was 3.10–4.68 % [10]. Also 
according to Souza (2015) in the rainbow trout 
fillet the given figure was 6.5 %, 4.3 % [42].

It was found that the dominant classes 
among lipids in all three fishes studied were triac-
ylglycerols and slightly less phospholipids. Simi-
lar data indicates [33] for Arctic charr (Salvelinus 
alpinus L.), although Keriko et al. (2010) reports 

brook trout (P<0.01). Accordingly, the dry matter 
content was higher (P<0.01) in O. mykiss and S. fon-
tinalis relative to S. trutta f. The corresponding lit-
erature data indicate that the moisture content was 
77.43 % of the brown trout filet [21], 73.7 % in 
rainbow trout [37] and 76.94 % in brook trout [7]. 

Compared to rainbow trout, brook trout 
had slightly higher protein content, but no signifi-
cant difference was found, however, the protein 
in these species was significantly higher (P<0.01) 
than in brown trout.

The average content of ash in brook trout 
was 1.23 % and 1.16 %, 1.25 % in brown and 
rainbow trout (P<0.05). These results are simi-
lar to those reported by for brown trout [21] and 
brook trout [19].

According to Rasmussen & Ostenfeld 
(2000), the average amount of ash in fish ranged 
from 0.8 to 1.4 %, but may exceed this percentage 
due to the number of intramuscle fish bones in the 
fillet. According to literary data, the muscle tissue 
of brook trout contains significantly higher pro-
tein, lipid, and dry matter compared to rainbow 
trout. Also, according to Tidballb et al. (2017), 
wild brook trout has higher protein content than 
domesticated and wild rainbow trout.

For physiological reasons, there is a very 
close relationship between moisture and protein 
content in fish flesh. This metric also varies with 
age and size [5].

The content of total lipids (table 2) in the 
muscle tissue of rainbow trout and brook trout was 
significantly higher than in rainbow trout (P<0.01) 
and was 4.78 % and 5.65 %.

According to the content of lipids, fishes 
are classified into lean fish (<2 % fat), low fat fish 

Table 2
The ratio of total lipids and there classes in muscle tissue of three trout species  

(Salmo trutta fario L., Oncorhynchus mykiss, Salvelinus fontinalis)

Parameters Brown trout Rainbow trout Brook trout
Total lipid (%) 2.42±0.270 4.78±0.310aa 5.65±0,247aa

Lipid class (%):
phospholipid 27.50±0.172 22.88±0.501aa 20.53±0.158aa,bb

free cholesterol 9.30±0.090 10.45±0.125aa 13.78±0.280aa,bb

mono- and diacylglycerols 4.46±0.454 9.51±0.099aa 13.15±0.277aa,bb

non-esterified fatty acids (NEFA) 10.60±0.148 11.65±0.188aa 10.49±0.208bb

triacylglycerol 27.88±0.229 33.40±0.695aa 28.47±0.287bb

cholesterol ester 20.27±0.591 12.13±0.187aa 13.58±0.191aa,bb

Note: aa — P<0.01 for brown trout / rainbow trout, brown trout / brook trout; bb — P<0.01 for rainbow trout / brook trout.
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that in the muscular tissue of the fish species stud-
ied, such as common carp (Cyprinus carpio), mir-
ror carp (Cyprinus specularis), largemouth bass 
(Micropterus salmoids) and tilapia (Oreochromis 
leucosticus), phospholipids were the highest.

The content of phospholipids and choles-
terol esters in the muscle tissue of rainbow trout 
was 27.50 and 20.27 %, which was significantly 
higher (P<0.01) relatively to other fish species 
studied. There is also a significant difference be-
tween the data of the classes of lipids between 
rainbow trout and brook trout (P<0.01).

The phospholipids are all contained in 
membrane structures, including the outer cell 
membrane, the endoplasmic reticulum and other 
intracellular tubule systems, as well as membranes 
of the organelles like mitochondria. In addition to 
phospholipids, the membranes also contain choles-
terol, contributing to the membrane rigidity [16]. 

According to Moriya, phospholipids con-
sist mainly of polyunsaturated fatty acids (PUFAs), 
which are extremely useful for human nutrition [11]. 
Some of the phospholipids classes have been re-
ported to possess antioxidant properties [23].

The content of free cholesterol mono- and 
diacylglycerols had a significant difference (P<0.01) 
between O. mykiss and S. fontinalis and was higher 
relative to S. trutta f. (P<0.01). In rainbow trout the 
content of non-esterified fatty acids (NEFA) and tri-
acylglycerol was significantly higher compared to 
brown trout (P<0.01) and brook trout (P<0.01). The 
triglycerides are lipids used for storage of energy in 
fat depots, usually within special fat cells [16], and 
they act as depot for storing nutrients in the body of 
fish [36, 4] and are used as the main indicator of the 
biochemical condition of fish [41]. The triglycer-
ides reflect the fatty acid composition of the food to 
a greater extent than phospholipids do [6]. 

According to Lochmann, mono- and diac-
ylglycerols, cholesterol esters are important forms 
of long-term energy stores.

Thus, the research results show that the 
muscle tissue of all selected fishes is a good source 
of protein, minerals and lipids.

Conclusion

The obtained results of chemical and bio-
chemical studies of muscle tissue of three species 

of salmon (Salmo trutta morfa fario L., Oncorhyn-
hus mykis W., Salvelinus fontinalis M.) indicate 
that these species have high nutritional value. Af-
ter analyzing the muscle composition of the inves-
tigated fish, it was established that the brook trout 
was characterized by somewhat higher qualitative 
parameters, in particular, such as dry matter, pro-
tein and lipids.

Prospects for further research. For a more 
detailed analysis of the quality of muscle tissue, it 
is advisable to investigate its fatty acid composition 
in brown trout, rainbow trout and brook trout.
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