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ABSTRACT

. Morphophysiological and biochemical indices in wild Atlantic salmon
. £rom the Tuloma River during spawniﬁg migration and in those farmed
".in the Barents Sea from seed material to a marketable’ welght were

studied.

External morphological features and indices of internal organs in
salmon farmed are similar to those in wild. However, differences

in chemical composition of muscular tissue were elucidated: content
of moisture is somewhat higher in fish farmed and that of fat is
lower compared to wild, Content of protein, extraction of miofib-
rillar and sarcoplasmic proteins of muscular tissue in fish compa-
red are similar, Total dissolved protein is similar to that in most
traditional fishes, Content of carotenoids in wild fish muscles is

"by 6 times higher than in farmed. Protein of muscular tissue in

fish compared is in accordance with a stendard protein and.answers
the needs for indispensable aminoacids.

Biological importénce of lipids, determined by a con#eht of poly-
unsaturated fatty acids is higher in farmed fish compared to wild.
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INTRODUCTION

Atlantic salmon Salmo salar L. is not only a valuable commercial
species but is of special interest for sea farming, Development
of biological technology of this species farming is based on the

data on natural blologlcal cycle of growth studying of dynamics | oo
of morphophysiologlcal and biochemical indices at different sta-
' ges or ontogeny, data on feeding under natural conditions (Marty- i,

nov, 1983, Shestopal, Martynov, 1985).

The comparisons between wild and farmed fish allow to estimate
adequacy of farming conditions and diet, as well as to determine
food value for fish farmed.

Distinctions between the farmed and wild fish result not only from
dirferences in food, acce351b111ty of its components tfor consump—
tion, but from tormation' of deflnlte meat consistency, its fat-
ness and-colour. The last parameters depend on food and regimes

of teedlng allowing to rorm muscular tissue in fish farmed with
the parameters of density and fatness given, and use of agents: x
containing carotenes - %o prov1de specific colour of meat
(Refstie, 1983),

The paper aimed at a comparative analysis for.mcrphophysiOIQgical

and biochemical indicés in wila Atlantic salmon during spawning

migration and. farmed in the Barents Sea from seed matemal to a .
’ marketable weight

MATERIAL AND METHODS

Morphophysiological and biochemical indices in wild Atlantic sal-

mon, caught during a spawning run into the Tuloma River (June-July)
and in-salmon farmed in the Barents Sca from seed‘material to a r .
marketable weight (October-November) were studied. - .

In total 24 specimens of wild salmon, including 9 females and 15
males, and 14 specimens of farmed (9 females and 5.males).have
been examined.
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External morphologlcal features of fish were estlmated after Martynov
(1985) ‘and fish were aged by scale. Indices of internal organs
(Smirnov et al., 1972), chemical CompOSltlon of muscular tissue
(Lazarevsky, 1965) were studled, aminoacidic composition was deter-

_mined by LKB amlno-analyser, fatty acidic composition of lipids was

‘studied- by HITACHT chromatograph, carotenoids were determlned in li=

'pid extracts of muscular tissue by Spectra of absorbtion using SF-26

spectrophotometer (wave length range ‘is from 420 to 450 n. m.(Yarzhom—

' beck 1970)

' RESULTS

P

Eiternal'morphologiCal)features of Atlantic salmon farmed to a mar-

_ketable weight (1.5-2.0 kg) have evidenced no distinctions from those

in spawning mlgrants of the Tuloma River (Martynov, 1985). Fish had
s1lver eolour, bright gill covers and fins, T '

Table 1 presents morphOphysiologieal indices forlfish compared.

Atlantic salmon farmed reacbed the same length and weight of body as
w1ld No dlstlnctlons were found’ ln the 1ndices of internal organs of

_3flsh examined, Maturation coefficient for wild Atlantlc salmon is by

4 times higher compared to the fish farmed

Age comp031tlon of fish. specles examined was represented by a consi-
derable variety of groups (Table 2) ‘Thus, a group at age 6+2+(4Qo)

predominated in wild fish and, 441461, 6) - in fish farmed Percentage'
of the group at age 5+1+ was the most similar, i. e. their portion
made’ up 20% in wild fluh and 15, 4% - in farmed, No ‘age group 5+1+,
442+, 5+2+ were found in wild salmon whereas in flsh farmed they

were represented by 7.7, 7.7% and 3.8%, reSpectlvely.

" Chemical composmtlon of meat of Atlantic salmon farmed in cages is

characterized. by a hlgher percentage of moisture in tlssue and 1ower

- fatness (Table 3).

The indices for protein content, extraetien of miofibrillar and sarcop-
lasmic proteins.of muscular tissue of fish compared are similar, To-
tal dissolved protein is smmllar to that in most tradltlonal flshes

(Kizevetter, 1975)



According to the balanced feeding formula the muscular tissue of
Atlantic’ salmon farmed differs’ insignificantly from that of wild
(Table 4) (Pokrovsky, 1976)

.Estimation of quality of muscular tissue protein compared to a stan—
dard one showed a real value of protein of both.farmed and w1ld sal- O
mon - (Table 5) (Pokrovsky, 1976) '

' Ooiour of meat of fish farmed was .pale pink which determined consi-‘
derable differences in carotenoid content, Compared to the tish farmed
they were by 5-6 times higher in Wild salmon.

Data on fatty acidic comp031tion of muscular tissue lipids are presen-
ted in Table 6. A . | | "

.Total content of saturated acids in lipids of farméd and wild salmon

is similar. Essential differences have been elucidated by number of
mono- and polyunsaturated fatty acids, i.e. in wild salmon monounsa-’
}turated acids are by 1.4 times higher than in fish farmed, whereas in

. latter - the content of polyunsaturated acids is hlgher by 1.7 times.
Content of . docosahexanoic acid in lipids of fish farmed is by 4.5 times .
higher compared to wild, i. e. only small quantities of arachidic acid
were found in salmon farmed whereas in wild - 4 4&%. ‘

DISCUSSION

’ Atlantic salmon farmed to a marketable weight in the Barents Sea du-- .
ring 2 years do not differ from wild ones by external reatures and

indices for internal organs. Identlty_of external morphological»feae

tures was determined by genetics and a lack of differences in the

indices for internal organs indicates , probably, absence of extreme

. factors when farming Atlantic salmon (Smirnov et al., 1972).

Low maturation coeff101ent of Atlantic salmon farmed, compared to- =~
wild preSpawning migrants of similar weight may be resulted from most
factors, In nature a period of juvenile feeding in the sea varies from

1-to 3 years (She topal, Martynov, 1985) and in most portion or fish
analysed the freshwater period and period of feeding in the- sea essen-

tially exceeded those indices in the main bulk of salmon farmed
(Table 2).
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.’Period of Salmo salar tarming during 2 years was, probably, insuf-

flolent for reachlng the specific stage of gonad maturation. Food
1nsufrlclent by some ' components’ as well as the norms and regimes

. not- sutable for feeding could oon81derably 1nfluence a delaylng -of,

gonad maturatlon.

Most dlstlnotlons (by 5-6 times) - have been elucidated in content of

caroten01ds in muscles of wild and farmed flSh

Analy31ng the. dynamlcs of the carotenoids 1n salmon body during
ontogeny Yarzhombeck (1970) estimated the aoumulatlon of carote-
noid pigment in muscular tissue to maximum to take place propor-
tlonally with increase ‘in weight prior to the gonad maturity stages
II and III. Then the oarotenomd concentration in muscular tissue re-
mains constant prior ‘to the spawning period when the carotenoids
from musculars mobilize in ovariés plus_their'membranes and skin,

No caroten01d plgments in muscular tissue have been found in the

farmed salmon speclmens examlned and no transferrlng of oarotenoids
from musculars to other organs and tissue has been registered which
are evidenced by their low concentration in skin, A lack of carote-

- noids in food should be fegardéd‘a single reason for poor colouring

of muscular tissue of salmon farmea (Yarzhombeck 1970 Murayama :
and Yanaze, 1961) B ,

Probably, a lack of carotenoid plgments in food for Salmonidae re-

" sults in fractional using of potentlal ability of fish growth Sup-

piement oLl krlll ‘and shrimp. meal to artificial food contributes

to better increments and survival compared to control -specimens
‘which consumed food without supplement (Kanidjev, Gerasimchuk,1971;

Slepnev et al., 1977, Gamygin et al,, 1978 Jahn et al., 19783 Pet--

.. rova, 4979, Ibragimov, Krasav1na, 1982)

1Q% supplement of shrlmp carapace in usual food gives 12~55 ng of
astaxantine per 1 kg of dry substance as it was set by the Norwe—
gian specialists (Prospeotus of T Scnettlng A/C in Stavanger Nor-

way, 1983-1984)

Norwegian spe01allsts use food W1th colour agents during a long time
which give better and more stable red colour of meat and increase:
a marketable value of salmon (Refstle, ‘1983) .
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. Problem of colouring of muscular tissue of Atlantic salmon under

'extraction of miofibrillar and sarcoplasnmic proteins in Atlantic

6 .

the Barents Sea farming conditions ‘has not yet developed and requi-
res additional research

¢

Such indices for Atlantic salmon farmed as the protein content,
o
salmon farmed do not differ from those 1n wild fish,

‘ : . .;
No distinctions were found when comparing the contents of irrepla-

. ceable aminoacids in standard protein and that one.of Atlantic sal-

mon farmed but value of protein in fish examined was shown,

Similar contents of prOtein'in muscular tissue of fish compared
indicate the balanced content of protein in food, which ensures

its optimum quantity'in'salmon muscles when farming. Probably; these
data prove the point of view of some researchers noting that amino-
acidic composition of protein in muSGIesﬂis relatively stable and .
insignifioantly'depends on taxonomic. position of fish, pattern of
feeding, maturity stages and other ecologophysiological ‘factors '; '
(Korzhenko, Novikov, 1967; Bolgova, 1980) .

High inheritable differences in fat content are observed in salmon.
Due to this index is con81dered to be eaSily regulated (Refstie,

-+ 1983) ., Our data on lower oontent of fat in muscles of salmon far-

med compared to that in wild 1ndicate a necessity of additional
research for regulating the index mentioned.

Distinctions in fatty acidic relationships between wild and farmed
salmon have been registered by most authors (Bolgova et al., 1980;

- Sidorov, 1985) Comparative analysis for compos1tion of fatty acids
'in wild and farmed young salmon, taken for analysis 1n the same’

tine and adapted to similar temperatures elucidated a low content
of linolenate in food and lipids of farmed Juveniles. Lipid content
in muscles and liver of - farming fish-is determined by the relation-
ship between-the fatty acids. in lipids of food. The distinctions o g
elucldated in composition of mono- and polyunsaturated fatty acids

reflect different physiological fish state. Coefficients of gonad

maturity in fish compared prove this, High content of polyunsatu—
rated fatty acids in lipids of flsh farmed 1ndicates a high quali-
ty of lipidi component of food as well as a higher food value of 4

lipids in salmon farmed.
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Moisture in muscular tissue of fish farmed, exceeding the index given
in wild salmon, also indicates a difference in meat quality.

Thus, the analysis has elucidated a number of distinctions and simi-
larities in morphophysiological and biochemical indices in wild and -
farmed Atlantic salmon, External morphological indices are similar

in fish COmpared. Such biochemical -indices as content of aminoacids
in protein, fatty acidic content of lipids show a high food value of
salmon farmed, However, lower content of fat, higher percentage of
moisture in meat compared to wild fish and pale pink colour of meat
show a necessity to study the relationship between food composition,
norms and regimes of feeding, supplements of carotine substances and

meat quality.

The authors acknowledge M.Nekludov for fish age determining.
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TABLE 4, Morphophysiological indices for wild and
farmed Atlantic salmon* |

v
G i o o o tons Ot — G —

INDICES ! WIID ATTANTIC SALMON : PARMED ATTANTIC

SALMON
remales : males . females . males
45,0 - 87,0 47,0 - 59,5 52,5;59,0 54,3-6C,5
Fork length, -cm 54,9 54,5 54,7 57,1
| I280 - 2750 I300 - 2900 IBIA-IQ78  I892-2340
Body weight,g 1897 - I902 . 1766 1916
Indices, % 3 | |
. ‘ : 1,3 - 1,7 1,1 -1,8 1,3-1,9 I,I-1,7
liver 1,4 I,4 I,6 1,4
0,13 - 0,20 0,I7 - 0,27 0,11-0,18 0,14-0,20
Heart 0,17 0,I9 0,I3. 0,Io
0,08 ~ 0,11 0,08-0,23 . 0,08-0,I2 0,II-0,2I
Spleen | 0,10 0,I3 0,09 - 0,16
0,6 - 5,3 0,8 -4.8 0,45-0,96 0,12-0,8
Maturity 2,55 2,26 - 0,63 0,44

coefficient, %

— et e mw G B e W
- own s G e G Gy A WS Gmaw S e Yewe  wms e Gy mmme e Gemm  tmmd G
— sy Svmy -

* Timits of value fluctuations are in numerator;
mean values of indeces are in denominator.
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TABLE 2, Age composition (% of number of specimens examined)
of wild and farmed Atlantic salmon

e Gy s e v o et v v ottt i s mhe  mpm g wn w— - — o — w—
s — —— o — — t—— ——— o—

AGE : WILD . FARMED
3+ I+ - 7.7
3+ 2+ 20 3,8
4+ I+ 20 51,6
dt 2+ - 7,7
5+ T+ 20 15,4
o+ R+ - 3’8

e e s e mae  mame A e Mems M AN e e M  Smms YR A W amEd  Geee A A Mt LMR  AME  em  amet M mma A e Amme  aee e
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TABLE 3, Biochemical characteristic of muscular tissue
in wild and farmed Atlantic salmon

~
" — E— - T — ma—y  SEr mn See o w— SR W et e v G Ve Gt R e ey S S Gemm e et e e e e —

Chemical composition, T T T 7T T7
content, % 3

moisture ' 69,9 71,5
protein : ' 21,3 20,8
‘rat ' 7,06 6,3
ash ‘ I,I I,4
Calorific value,kcal/100 g I58,5 T44,2
Extraction of protein, ‘

% of total protein:

miofibrillar I4,1 \ 17,3
sarcoplasmic 16,2 15,5
Content of carotenoids, 0,43 0,07
TABLE 4. Correspondence of main nutrients of salmon

to ideal product

—" o — S oy — " w4 SO wmts Gy S e . Sws e Sme GMED e GMER  HaR B AW G ey e s Gwws  Swnr  Ghete  w— w—aw

INDICES : FARMED SALMON + WILD SALMON
Proteins 43,0 49,0
including animal pro- 87,0 ' 88,7
tein - 177
Fat | 15,0 ‘ ,

S mamm S mvm emr  Gmar e amw G e mmwe  Shmn e S mte e Sl MM GMEp  tmae S G G G e Smgy s S memy  Amtw M WS ane S
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«  TABLE 5. ’Content of irreplaceable aminoacids in standard protein
and protein of Atlantic ‘salmon, % to the total of aminoacids

— —
e —— et e W SN S e G m— W o — G— G W G et W w— WS wmew G  Gwew  Gmme  Smmw W e oo

Aminoacids ' Standard ! Protein of salmon :Protein of

‘ o _;_lir?_t(f{’_ . . farmed §w1ld salmon
Isoleucyn 4,0 4,1 | 3,6
Leucine 7,0 7453 8,4

A Lysine | ' 9,9 11,4 8,2

' Containing sulphur 3,5 3,8 3,3

A Aromatic _ 6;0 7,0 6,4
Threonine 4;0 5,1 \ 5,1
Valine " 5,0 4,9 5,3
Tryptophan ' 1,0 I,0 | I,2
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TABLE 6, Fatty acidic composition of lipids in muscular tissue
' of farmed and wild Atlantic salmon (in % to a total)

VD s MDAy M s v wew G wmme  wwam  Ww  mey it Gumw  Gmmy G e e e e G Gmar e oy i wwt e wmie s M e o

Fatty acids § Farmed Atlantic sale §Wild Atlantic salmon K
___________ IONe e e e e o e e e o e v o~ - — - — e o - "
I2:0 “ 0,06 s
14:0 3,23 4,66
I5:0 0,65
16:0 16,39 15,32
17:0 - 0,75 ,
18:0 : 3,80 2,30
20:0 0,IR
I6:1 0,44 : 6,49 .
17.1 0,77 0,66
18:1 17,14 23,9
R0 :1 5,16 16,81
R2:1 3,31 ' B
24:1 1,08 :
16:3 & 3 0,39 Y
18:3¢" 3 1,70
I8:2 w0 3 0,33 2,35
182w 6 3,65 -
20:5 & 3 6,67 7,76
20:3 & 3 - 0,86
20:2 47 6 0,40 ®
RI:Du™ 3 : 0,32
R2:6 '3 18,09 3,97
24:5 W' 3 - 0,61
Total of ‘
saturated 24,94 ' ‘ 22,37
monounsaturated ' 33,90 48,15 )
polyunsaturated 33,02 19,82 ,

non-identified 8,18 10,12




