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THE COMPARISON OF QUALITATIVE COMPOSITION OF THE MUSCLE TISSUE
OF BROWN TROUT, RAINBOW TROUT AND BROOK TROUT
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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
troutwas 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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MOPIBHAHHS SIKICHOTO CKJIAZLY M’SI30BOI TKAHUHHA
CTPYMKOBOI ®OPEJII, PAUAYKHOI ®OPEJII TA AMEPUKAHCBHKOI ITAJIII

€. O. bapuno, 1O. B. Jlobotixo
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JIbBIBCHKHI HAITIOHAJIBHUH YHIBEPCUTET BETEPUHAPHOI METUIIMHH
Ta 6iotexnounorii imeni C. 3. I>kuipkoro,
Bya. [lekapceka, 50, M. JIpBiB, 79010, Ykpaina

Inmencugixayis i nomeHyian po36UmKy CeKmopa aKeaxyibmypu Cmeopuu npooiemu, o cmocyomobcs
eKon02iunol yucmomu i sikocmi KiHyesoi pubroi npodykyii. B ymosax Ykpainu naossuuaiino mano ingopmayii,
KA CMOCYEMbCsi 30Kkpema 06 ekmie gopenisnuymea. Tomy memoio Hawtoi pobomu 6yn0 docaioumu i npoaua-
Ai3yeamu oOKpemi XiMiuHi ma OioXiMiuHI NOKAZHUKU M 30801 MKAHUHU KOMEPYIUHO NPUOYMKOGUX MA YIHHUX
abopuceHHUx Ui 10COCe8UX PUod, BUPOUEHUX 8 OOHAKOBUX YMOBAX.

Mamepianom 0ns docnidxcenv cryaysanu osonimxu (1+) cmpymxoeoi gpopeni (Salmo trutta m. fario),
paiidysicnoi ghopeni (Oncorhynchus mykiss) ma amepuxancoroi nanii (Salvelinus fontinalis). I'ooiens 30itichiosa-
nacs kopmamu «Aller Aquay. Tloxkaznuxu XiMiuH020 CKAAOY 800U YbO2O 20CNOOAPCMEA BION0BIOANU OEPHCABHOMY
cmandapmy COY 05.01-37-385:006.

3a pezynbmamamu 00CAiONHCEHDb, MICI 8002U Y M 3061l MKAHUHI CMPYMKOBOL (hopeni 6y6 sumyum
NOPIBHSIHO 3 PATIOYICHOI (DOPENLI0 Ma amepukancovkoio naiicio (coamvyem) (P<0,01). ¥V eonvys ma paiioyscnoi
¢openi 3nauenns binka sipociono euwe (P<0,01), nisc y cmpymxogoi ¢hopeni. Buicm 30nu 6 amepukancwvroi
nanii, cmpymkosoi ma paudysxcroi gopeni cmanosus 1,23 %, 1,16 %, 1,25 % sionosiono. Biocomox 3azcanvhux
INi0i8 y M 513061l MKAHUHI PATOYICHOL popeni ma amepukancvkoi naiii 6y cymmeso UM NOPIGHSHO 3i
cmpymxo6oio gopennto (P<0,01). Bcmarnogneno guwuii 6Micm 8ibHO20 XONeCMepony ma MOHO- i Ouayuieni-
Yeponie y amepukancoKoi naii nopieHsHO 3i cmMpymMKosoo i paiidycroro gopennio (P<0,01).

Pesynomamu exazyroms Ha me, wjo 00CAI0NCEHT BUOU MAIOMb BUCOKY Xapuosy yinnicmy. Ilicis ananizy
CKAAOY M 30801 MKAHUHU OOCTIONCY8AHUX PUD BCIMAHOBLEHO, WO AMEPUKAHCLKA NATISL XAPAKMepU3y8anacs
0ewjo UIUMU AKICHUMU NOKAZHUKAMU, 30KpeMa MAaKumMu, K 6Micm Cyxoi peuogunu, Oi10K ma ainiou.
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CPABHEHUE KAYECTBEHHOI'O COCTABA MBIIIIEYHON TKAHU
PYUYBEBOH ®OPEJIH, PAIYKHOM ®OPEJIA U AMEPUKAHCKOM IMMAJINHA
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JIbBOBCKMI HAIMOHAJIbHBIN YHUBEPCUTET BETEPUHAPHON METUIIMHBI
u onorexHosiorn umenu C. 3. I xuikoro,
yi. [lexapckas, 50, r. JIeBoB, 79010, Ykpauna

Hnmencugurayus u nomenyuan pasgumusi Cekmopa akeaxyivmypsl co30ani npobiembl, Kacaouuecst 3Ko-
JIO2UMECKOU YUCIMOMbL U KAYeCmea KOHEeUHOU pulonotl npodykyuu. B ycrosusx Yipaunvl upessvruaiino mano ungop-
Mayuu, Kacarowelics, 8 4acmuocmu, 00bekmos gopenesoocmea. Iloomomy yenvio Hawel pabomol 6bLIO UCCIE00-
6aMb U NPOAHATUIUPOBATL OMOETbHBLE XUMUYECKUE U OUOXUMUYECKUE NOKA3AMENU MLIUEYHOU MKAHU KOMMEPYecKu
NPUOBLILHBIX U YEHHBIX AOOPUSEHHBIX BUO08 I0COCEBIX PblD, BbIPAUJEHHBIX 8 OOUHAKOBLIX YCIOBUSIX.

Mamepuanom ona uccredosanuii nocaycunu ogyxnemxu (1+) pyuvegoii gopenu (Salmo trutta m. fario),
paoyscnou popenu (Oncorhynchus mykiss) u amepuxanckou nanuu (Salvelinus fontinalis). Kopmaenue ocywecm-
ansnacey kopmamu «Aller Aquay. Tloxazamenu xumuuecko2o cocmasa 800bl OAHHO20 XO3AUCTNEA OMBEUAIU 20CY0ap-
cmeennomy cmanoapmy COY 05.01-37-385:006.

Ilo pe3ynvmamam ucciedo8anuii CoOOepIcanue 81azu 6 MbIUeyHOU MKAHU Pyubedoll ghopenu ObLI0 Gvluie
10 cpagHenuro ¢ padyiicHoll ghopenvio u amepuranckou nauuel (corvyom) (P<0,01). B convya u padysicroii go-
penu 3uauenue benxa oocmosepo eviute (P<0,01), uem 6 pyuvesoti hopenu. Cooeparcariie 301bl 8 AMEPUKAHCKOU
nanuu, py4begot u padyscnou goperu cocmasuno 1,23 %, 1,16 %, 1,25 % coomeemcmeenno. llpoyenm obugux
JUNUOOB 8 MBIWEUHOU MKAHU PAOYICHOU (hopenu u amepuKaHcKol nanuu ObLl CywecmeeHHo 8vluie No CpasHe-
Huto ¢ pyuvesou ghopenvio (P<0,01). Yemanosneno gvicoxoe codepicanue c80600H020 X0NeCmepura u MOHo-
U QUAYUN2IUYEPOTLO8 8 AMEPUKAHCKOIU NATUU NO CPABHEHUIO C PYYbesoli u padyicrou gopenvio (P<0,01).

Pezynomamur uccnedosanuil ykazviearom na mo, 4mo 0auuwvie 8U0bl UMEIOM GblCOKVIO NULYEBVIO YeH-
Hocmb. [locne ananuza cocmaea MvleuHou MKAHU UCCIe0YeMbIX PblO YCMAHOBIEHO, YO AMEPUKAHCKAS NAIUL
Xapaxmepus06aiacy HeCKOIbKO Doiee 8bICOKUMU KA4eCEEHHBIMU NOKA3AMENAMU, 8 YACTHOCIU MAKUMU, KAK
cooepaicane cyxoeo eeujecmed, Oenox u IUnuovl.

KmoueBbie ciioBa: ®OPEJIb, BEJIOK, 30JIA, BJIATA, OBIIWE JIMTTU/IbI, KJIACCBI JIUIIH-
JOB, SALMO TRUTTA m. FARIO, ONCORHYNHUS MYKIS, SALVELINUS FONTINALIS

In Ukrainian coldwater fish-breeding sity of salmon products [31]. The cultivation of
enterprises the most farmed salmon species are this fish may represent a potentially new sector
rainbow trout Oncorhynhus mykis W., brook trout for the aquaculture market [13].

Salvelinus fontinalis and the demand for growing The availability of data on the qualitative
local species — brown trout Sa/mo trutta morfa composition of some salmon fish flesh contrib-
fario L. is increasing [15]. utes to a deeper scientific understanding of the

In the waters of the Ukrainian Carpath- issue of diet-related nutrition [39].
ians brown trout (Salmo trutta morpha fario L., According to the literature sources chemi-
1758) is still a native species [27]. This type of cal composition of trout flesh, in addition to genetic
trout is one of the most attractive species, in par- factors, also depends on the quality of water, feed-
ticular because of the taste, dietary properties and ing, season, age and size of fish [32].
demand among fishermen [20]. Trout flesh is a source of polyunsaturated

Brook trout (char) is mainly grown as an fatty acids, such as n-3 and n-6 and is low in cho-
amateur and sport fishing object [28]. However, lesterol amount [12]. Therefore, it is an important
an increase in the volumes of cultivation and component of a balanced diet for people [38]. Fish
marketing of brook trout can increase the diver- 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,
262.124+2.459 g and 288.56+3.640 g, respectively.
All three species of fish were grown in the con-
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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 100105 °C
according to the AOAC [3]. Ash content was de-
termined by burning sample for 12 h in a furnace
at 550 °C [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 pg/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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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 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+0.150*

75.72+0.349~

Dry matter, %

23.03+0.044

23.57+0.150%

24.28+0.349%

Protein, mg/g

19.00+0.304

24.45+0.295*

25.33+0.521%

Ash, %

1.16+0.025

1.25+0.027*

1.23+£0.035

Note: * — P<0.05, @ — P<0.01 for brown trout /
rainbow trout, brown trout / brook trout; * — P<0.05, ® —
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-
1ds 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

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+0.310% 5.65+0,247=
Lipid class (%):

phospholipid 27.50+0.172 22.88+0.501% 20.53+0.158z=bd

free cholesterol 9.30+0.090 10.45+0.125% 13.78+0.2802

mono- and diacylglycerols 4.46+0.454 9.51+0.099* 13.15+0.277%

non-esterified fatty acids (NEFA) 10.60+0.148 11.65+0.188% 10.49+0.208%

triacylglycerol 27.88+0.229 33.40+0.695% 28.47+0.287%

cholesterol ester 20.27+0.591 12.13+0.187% 13.58+0.1912b

Note:  — P<0.01 for brown trout / rainbow trout, brown trout / brook trout; ®* — 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
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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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