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and is encountering a variety of marine life ranging from numerous 

species of fish, crustaceans, molluscs and mammals, to sea weeds. 

Fish constitute the basis (78--82%) for the Soviet fishing industry 

in this area. 

The large variety of commercial fish constitute a raw 

material that essentially differs in chemical composition and 

technological properties. Hence in order to process these catches 

efficiently and economically it is important to understand some-

thing about their mechanical, physical, and chemical properties. 

The appearance of the 21st volume of TINRO NEWS (1942), 

which contained the first summary of a study of the chemical 

and technological properties of fish from the Far East, has been 

followed by other wide-ranging, systematic investigations. The 

data resulting from these studies have enabled us to establish 

more precisely the chemical composition and technological assets 

Preface 
TRPell:fl.)N MON RWSUE 

The Soviet fishing industry of the Pacific bisin.:.lia§ 1=!':ement  
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of traditional fish catches in the Far East as well as of numerous 

species from different areas of the Pacific frequented by the Soviet 

fishing fleet. 

We studied numerous species from the western and eastern 

zone of the North Pacific, from the eastern areas down to the 

tropic latitudes, including species from the Korea Strait, the East 

China Sea, and from the Gulf of Tonkin. We also investigated fish species 

caught in the eastern part of the Indian Ocean, off the coast of western 

Australia in the Great Australian Bight and off the coastof New 

Zealand. 

In recent years research conducted at the laboratories of 

our Far East fishing industry has resulted in important data on the 

technological characteristics of fish from that area. 

Finally, new research on the chemical composition' of 

commercial species from the Pacific area has also been published in 

foreign countries. 

Our goal is to summarize the fragmented data and to identify 

the aims of technological research. The combined data will be a 

useful reference for the technologists and merchandizers of our Far 

East fishing industry. 

In compiling this summary we cnnsulted the data already, 

published by members of TINRO, technological reports of the scientific 

archives of TINRO, and numerous sources (see bibliography) dealing with 

the chemical composition and technological assets of commercial fish 

encountered in the fishing areas of the Pacific basin. 
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In order to arrange the extensive factual material, we 

adopted the system presently used in the zoological classification 

of fish. The content and structure of individual divisions and chapters 

were predetermined by the volume of pertinent data. 

Fish bodies, as is known, consist of tissues made up of 

biophilous and biogenic substances which make up the structural 

material and foodstuffs of the hydrobiont. The bulk of organic 

substances that participate in the biochemical processes of synthesis 

and decomposition appear to be very unstable. As a result there is 

an ongoing change in the chemical composition of the tissues of the 

fish body; this change is regulated mainly by biological causes. No 

less significant are the chemical changes occurring in fish tissue 

posthumously,when tissue enzymes and microorganisms and various 

external factors (temperature, the oxygen of the air, sun light and 

so on) begin to affect the body. Posthumous changes in chemical 

composition and in the property of unprocessed fish enormously affect 

the latter's technological characteristics, and research in this 

area is significant enough to deserve a separate chapter. 

An investigation into tissue composition of various 

commercial fish may be desireable for the purpose of establishing 

qualitative characteristics, or for determining the quantity either 

of individual elements (establishment of basic chemical comp.), 

or of individual substances, or groups of substances, that form 

part of the material under study (establishment of combined chemical 

composition). 



Both these approaches, besides being of important biochemical and 

biological significance, also have considerable practical value. 

They make it possible to determine the rate at which the nutritive 

and technological qualities of the fish are changing, measued by 

time and  ocation of a given catch, and thus determine its most 

efficient  use. 

In our research the second approach predominated; the 

chemical analyses were conducted according to well-known methods. 

Along with preparing the materials for chemical analysis, 

the parts of the fish were also correlated by weight. In this area 

numerous tasks were carried out especially by V. Bogachev, M. Borisova, 

I. Varpakhovskii, V. Gotovets, P. Kantemirov, B. Kalinin, E. Kleie, 

E. Koshubo, A. Lisachenko, O. Omeryanenko and I. Frolov. 

The chemical analyses were conducted by the following 

members of the technological and chemical laboratories of TINRO: 

V. Adistanova 

M. Borisova 

V. Bochkareva 

L. Vysotskaya 

V. Gaivoronskaya 

A. Glinkova 

V. Gordievskaya 

A. Dvinina 

G. Dolbish 

T. Dyupina 

G. Ermakova 

A. Zyulina 

G. Gudaeva 

L. Bukhryakova 

L. Vakulyuk 

A. Krivets 

E. Lagovskaya 

O. Legen'ko 

A. Lisachenko 

V. Mas t ic() 

O. Mel T nikova 

A. Men'shutina 

K. Mershina 

Ya. Mikulich 

I. Varpakhovskii 

R. Velichanskaya 

V. Vinogradova 

A. Podoba 

Z. Repina 

M. Reshetnyak 

N. Rublevskaya 

V. Rudakova 

A. Semenova 

N. Skorobogatova 

N. Strashuk 

M. Syromyatnikova 
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T. Ivanyushina 	 L. Milanina 	 M. Sycheva 

(Soboleva) 	 V. Mikhaleva 	 (Vakhrusheva) 

P. Kozakova 	 A. Myaksha 	 A. Teplitskaya 

S. Kanevskaya 	 V. Myasoedova 	 T. Udelova 

E. Kaletina 	 E. Nagibko 	 G. Fil'e 

A. Kirillova 	 E. Nasedkina 	 N. Firsov 

E. Kleie 	 I. Nikitina 	 N. Khalina 

L. Konysheva 	 N. Nikonova 	 O. Kholosha 

T. Korenchuk 	 O. Omel'yanenko 	L. Khorynskaya 

A. Koroleva 	 E. Ochkurova 	 R. Shikhanova 

E. Koshubo 	 E. Pavlyuchenko 	T. Shurga 

A. Krasnitskaya 	 V. Petrochenko 	L. Ertel' 

In compiling the tables, we saw no need to calculate 

arithmetical mean values, since we assumed that the indicated 

ranges within which the various changes in size, weight, chemical 

composition, and so on, occurred would be sufficient for an 

objective evaluation of the technological properties of the fish. 

Readers who may wish to comment on the content of this 

article should address their correspondence to: The TINRO 

Editorial Staff, 20 Lenin Street, Vladivostok, USSR. 
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I. Cyclostomata 

Lampreys (Petromyzontidae). The lamprey family includes 

8 genera of protozoans, having an elongated, almost cylindrical, 

body which lacks scales but which is copiously covered with mucus. 

In Far East waters there are two species of lampreys: the first 

belongs to the Pacific genus Lampetra (Lampetra japonica Martens)  

and the second is a Far East river lamprey (Lampetra reissneri). 

The first is found in the rivers of the coastal area and of Kamchatka, 

including large numbers in the Amur river. The second species is 

found in the rivers .of the Khabarovsk region, Sakhalin and Kamchatka, 

and in the Anadyr river. 

Lampreys are migratory fish which cover long distances in 

preparation for spawning. Every year at the beginning of winter a 

large number of lampreys enter the mouth of the Amur river and, 

searching for spawning grounds, migrate upstream beyond the city of 

Khabarovsk. In the Nikolaevsk area the lamprey run climaxes from 

the end of September to the beginning of November; at Khabarovsk it 

peaks at the beginning of December. Once the spawning grounds are 

reached, the lampreys winter there and spawn only at the beginning 

of summer. The developmental changes of the lamprey are as follows: 

the young lamprey (sand eels), after spending 3--4 years in the river, 

gradually find their way to the sea. This sequence in their life 

cycle causes a change in the chemical composition of their body tissue, 

which is especially apparent during feeding and spawning.periods. 
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The adult Pacific lamprey is 31.5--50 cm in length and 

weighs 60--186 g; the females are somewhat larger than the males 

(90-110 and 60--80 grams, respectively). In the Pacific lamprey 

there is a direct relationship between the length of its body 

and its weight (Table 1). The river lamprey usuallY is 12--18 cm 

in length. 

Table 1  

Ta6J-inua 1 

a-  J1iiiia Tula mIIII0r11, Ntm 	380-390 	 410-430 	 450-470 

b - Bec pii61A, r 	 85-87 	 105-125 	 110-135 

a - length of lamprey (mm) 
b - weight (g) 

The Amur lampreys which were caught in the Oct--Dec period 

had a head which constituted 5--7% of the weight of the body, the gills 

4.1--8.1%, the dressed carcass 74.2--85.6%, viscera 6.8-11.8, including 

the liver 1.2--1.5, gonads 4.6--5.5%; the weight of the ovaries with 

membranes varies from 6 to 15.1% (average 9.1) relative to that of 

the female body, while the weight of the milt varies from 2.9 to 4.8% 

(average 4.5) relative to the weight of the male body. 

According to V. Zyryanova and N. Rublevskaya, the meat of 

the Pacific lamprey has a fat content of up to 30--35% (Table 2), 

but it diminishes noticeably as the spawning season approaches. 

The lampreys caught in winter have the greatest technological assets. 



') Betwzy 	Ta63witax tilicairre..:w — nainteubwee aliagenne, mameuareab 	!!atc6oa• 
. 	wee aeamcaac: aaiiHora uctv.a3a.re ,Tra. 	In a ll Tabl es • and  for any g i ven  
index the numerator has the least and the denominator 
the greatest,  value.  

8. 

Xwmitiecki coc.rau Nigca bunior 
•Ta6.rinna 2*) 

flpe.aeaby coupucarmn, (2,; 
. 	 • Merro .loBe. 

nmara. 	witp 	6enoic 	 ta 
place of capture 	moi  rie fat  pr  	' b.. a51_ 

a  • 	. 11 . AmYP ,  il 945  KM '31  YeTi'51‘ 	 • 	54,6 	23,7 	12,4 	0,7 
;.ieur,Gpt, 

 
9 ,7 	• . -32,7 	15,6 	0,8 -  

b 	
p. Cytrau, nazuoe ilpitmopbc, 	- 	52,0 	32,6 	. 12,6 	1,0 

ifoa6pi, 	 53,5 	33,1 	13,7 	1,2. 
' 	-r 	 , c 	- i 0 .  ..,K.e, imcae upecTa (maft—linn) 	68,6 	' 	13,3 	161 	1,9 . 	.. 	. 

Table 2. Chemical composition of lamprey meat 

a-river Amur, 945 km from its mouth (December) 
b-river Suchan,.southern coastal area (November) 
c-same, after spawning (May-June) 
d-percentage composition 

The fat content increases proportionately to the size 

of the lamprey. Thus at a body weight of 65--85 g (length: 37--42 cm) 

•the meat contains 23--24% fat, and at a weight of 120--170 g 

(45--50 cm) the fat content rises to 30--33%. 

According to M. Osipova (1931), the meat of the Volga  

lamprey contains from 21.3-33.7% fat, and that of the Neva 

lamprey from 14.6 to 21.2% (Zakharov and Dal'berg). 

. (Continued on next page) 
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19,8 
20,0 
11,2 
19,0 ' 
12,0 

65,2 

nKpoil roe 51,7 ' 
• • 75,3 
• 62,1 

70,3 

FlpeA,eâu coRepue.annn 

:1(11 pa, % 

Ilpea.enbi cofi,epHcanna aura ?Anna A 
f • 	n u e. ua 1 r 

nemecTna 	TIMHCII0r0 upa  f2 fi  

M:tco 

KinnetuntK 	›Keiy,q,oR.  

11Kpa 

5,5-21,8 

2,2-49,0 . 

 4,2--15,7 

150-1690 	 700-9950 

7600--200000 

292000-725000 

640-173000 

1010-17300 

1820-113600 

60-52-M 

a 
b 
c 
d 

Tab e 3 	Ta6anna 

X111.111 ,12CK1iil comati 	-rea a vixooneauckdi 1111111On (p. Ar,:yp, AeKaë:pb) 

, head 	ro.noila 
: gonads w ittICTFAKII C 

m i It 	. • me.uRit 

1 I iver 	. nineub 
I 	. 
i rptest i ne Knmetnnm 

content  

Ea ara 
)MO sturei fa

1:1(1) 

Co,n,ep)k.  a Hue, % 

-1-lacru Tea a 

bcicly parts I prortern 

14,2 
•• • 22,8 

• 12,3 	'- 
17,5 

.16,6 

, 

I &St VI a  

• 0,7 
• 1,6 

- 	1,2 

' 	• 

1,1 

Table 3. Chemical composition of body parts of 
Pacific lamprey (Amur river, December). 

In contrast to bony fish, in lampreys each myotome is 

surrounded by fat, and the myosepta consist almost entirely of 

fatty tissue. There is an absence of brown muscle tissue [sic]. 

The fatty tissue is thickest near the head and decreases toward 

the tail end. N. Rublevskaya's analyses (Table 3) indicate a 

high fat content in different body parts of the Pacific lamprey. 

The investigations of Kh. Khigashi and co-workers (1958, 

1959) showed that the meat and tissue from different body parts 

of the Pacific lamprey contains significant amounts of vitamin 

A (Table 4). 
• • 	- 

P 

Tab I e 4 Ta 6,1 !ma 4 

Copep ..naii;:e urn mum A B TaanFix Tula TnxoonsaneKuil minion 

48CTIf Tenn 

parts of body 

Table 4. Vitamin A content in tissues of the Pacific lamprey. 

a-meat; b-liver; c-intestine and stomach; d-roe; e-percentage of fat 
content; f-content of vitamin A (in international units per gram); 
fl-in tissue; f2-in fatty tissue. 
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Of the overall quantity of vitamin A in the lamprey body, 

25-53% is concentrated in the meat, 47--75% in visceral parts of 

which 29--48% is found in stomach and intestinal tissue. 

According to the above investigators, the content of 

water-soluble vitamins varies within the ranges indicated in Table 

5. 

Judging by the group of important vitamins found in the 

lamprey, the latter is a valuable source of food. 

/ 8 

Tab le 5 T6ju!1a  5 
Cop,cpytalme.. no;!,opacincipemux 	tiuw  i  rsx reaa mnued• 

1 	content of 	in rari—frigire 
ri peaenbi co.zeptuquva 	,-6 ) 	cmpom neinecTRe 

131sTammi 

vitamin 
Tkiamett (13 1) 	

. 
46-150 	175-1080 • 70-420 

Peced»-q3itil (112) 	. 	160--600 	220.-2650 	600-900 
A;.v.:11>v-ili ti,-,i 	 160-220 	60-200 	110-270 
1.1tamEG6imbamint (13:2) 	3,3-5,4 	0,8-3,8 	1,9-23,0 
qic.-webaa laic:Iola (BC) 	20-30 	30 	190-570 
n wroreiiona idiciora 	2.80--570 	caeAbt 	1200-1400 ItToreiiona 

• 	 traces 

\lye() 
' 	f-i-esh l 	' I 	i -V■i-r 

I 	tui-cy.pKa 	Jletletib 	I 	l'On11.4 	, 

70 • -250 
200-630 
50-360 
4,6-11,5 
60-100 

87OE-1560 

Table 5. Content of water-soluble vitamins in the lamprey 

a-thiamine (B
1' 

 )- b-riboflavin (B o ); c-adermin  (B6 );  d-cyanocobalamin 
(B ). e-folic acid (BC); f-pantothenic acid. 

12 ' 

The fat extracted from the lamprey by melting has a pale-

brown color and pleasant taste; at 20°C the fat is liquid. Its 

physical and chemical , properties, according to M. Borisova and I. 

Varpakhovskii (1938) and Kh. Khigashi (1959), are characterized by 

the following constants: specific weight (d 
15 

 4
) 0.9235-0.9441, 

_— 
index of refraction (() 1.4650--1.4875, iodine number 121.1--194.3, 

saponification value 167.8--198.6, content of non-saponifying substances 
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According to A. Matveeva (1934), the fat of the Volga 

lamprey has a lower iodine number (101.3--133.7), this also applies 

to the fluid fatty acids extracted from the fat (65.6%) whose 

iodine number is 155.7. This suggests that the glycerides of the 

Volga lampreys contain fewer unsaturated fatty acidà. A higher 

content of unsaturated fatty acids in its fat may be the distinguishing 

biochemical feature of the Pacific lamprey. 

Lamprey fat easily oxidizes and hydrolizes, and, after 

30 to 45 days of storage, frozen lampreys rapidly loose their 

organoleptic qualities due to oxidation of the tissue fat. Hence 

glazed and frozen lamprey should be stored at low (minus 20 to 25°C) 

temperatures. 

Baked lampreys constitute a first-rate product; they are 

used for preparing smoked, marinated, and canned lampre products, 

whose chemical composition, as determined by V. Podsevalov (1935), 

14.11'in (1911) and other investigators, is shown in Table 6. 

, 	. 	• 	 •. . i •_ 	 Ta6outta .6 
XnmitlecKurt coé -i-aB moue:tux Iwo -era- op ng mItttorit 	 Table 6 e  	 . 	  

d 	lipe,ke.11,1 co.:temattitsi, % 
Tim ripon,ymtnil 

type oF product- 	 B.-..ara 	1 	;urp 	I 	6eirt.-11: 	1 	30.1 a 

	

water 	---f-at 	prot-e-i-n----es-11-- 
a 	•Kciiictrrmbil «Amara 	 4t;,4 	26,6 	• 	1.4,1 	2,3. 

U cocientelifiom cohy^ 	 55,5 	30,2 	21,1 . 	3,3 -  

1.) . 	,\Imilcm - a rip•-)twitmiluoi 	 37,7 	191) 	20.3 	4,5 

-' 	' 	• 	
.__

4
_ 

	

0,10 	 31,7 	Wi 	---(T . 
c 	M‘diin- ft tûpgnero xontic.iiiisi 	 50,9 	20 .

2_n411Q  
.. 	.1:2-.." 	 1,4 	• --. 

51,2 ' 	21,3 	25,6 	2,2 . 

	

. 	 . 

	

• • 	11 pl ■ NtellellMe pambr: cnocoGim Tenemoii o6pailc‘TKII: 	 KW> 

"ellne,6,"W.IPOIllia- Prepared by.various methods of heat 
treatment: predrying, baking, smoking, blançhing 

_ 	. 

Table 6. Chemical composition of lamprey . products 

a-canned lamprey ("Lamprey in lamprey sauce"); b-baked lamprey; 
c-hot-smoked lamprey; d-percentage content. 
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Lamellibranchia (Elasmobranchii) 

This subclass includes the order Selachii, which comprises 

several suborders of sharks and suborders of skates (Batoidei). 

Sharks. The sharks whose habitat is the Pacific Ocean 

comprise 14 Families and constitute 3 suborders. These Families 

are  characterized by numerous genera and species. For example, 

in the Sea of Japan, the Sea of Okhotsk, and in the Bering Sea 

the porbeagle (Lamna cornubica),  and the spiny dogfish (Squalus  

acanthias) can have commercial significance. Many species of 

sharks are caught dùring tuna—fishing operations in the open waters 

of the Pacific, including representatives  •of the grey or blue 

family of sharks (Carcharhinidae), dogfish (Scyliorhinidae), wrbeagle 

sharks (Lamnidae), and spiny dogfishes (Squaliformes). 

The sharks that get hooked usually weigh 20--30 kg but 

individual animals can weigh as much as 200--250 kg; the largest of 

these sharks can be 4 and even up to 7 meters in length. 

Weight correlations of the different parts of the body 

depend on the anatomical structure of the body and can change 

considerably. 

In systematizing the research results of E. Koshubo, E. 

Kleie, L. Konysheva, Z. Repina, V. Gordievskaya, and others, who 

established weight correlations for 36 species of edible Pacific 

sharks, one can prove that the meat yield from sharks depends not 

only on the relative size of the heads and viscera but also on the 

changing dimensions of fins, cartilage and skin (Table 7). 
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Table  7 
. 	_ 

Ta6anita 7 

n 
 5 	
b 	flpe.ae:un u3mene.n.nn ontocurem,noro neca , 

:-. - el 	 II acTeil TeAa, 94 	. . 
BilyT- ea c.-4 
	b4 	a 4 11C.le Tyunai 

t- roeona pen- Tyma 
h 	iltr It b 3 = 0 xpatutiiii.ininaiial I KO.Hia 	I mu() ar. x 	i   

c 	Maaornnonan, mni- Ko- 	0,5- 17,2- - 8,3- 58,8- '2,4- 4,2- 4,0.- 50,1-- 
ry6an, Kpnno3yCian 	11,9 	22,4 	11,9 	67,2 	6,3 	6,0 . •7,4 	60,8 

Cepan, Kociridan, Kynt,n, 	 - 

d 	na...w.:uppax, opcno3n- 	1,1- 19,6- ' 8,1- F,0,0- 3,1- 3,0- . 4,7- 37,0- 
raena ycaTag, mo.urr 	16,2. 	31,5 	23,0 	69,7 	10,6 	12,9 	10,6 • 49,6 

! 
letiiii II i!icoa aii; ' M)1) -  • . 	:1 

el:oil a n rea, 	 0,4- 18.9- 9,0-- 41,8- 2.2-- 	4,4- 5.0- ' 32,4--. 1 
cemma6epilast 	. 	250,0 	32,4 « 	26,6 	68,1 , 16,8 	14,7 	15,1 	40,0 	1 

Purai an, rpeCien ■ ta- 	2,-; 	17,1 	. 7,9 	:33,3 ' 	3,0 	2,5 	7,3 	20,8 	I 
• - Tan, tiopnas: 	- 25,5 	33,6 	46,9 	39,6 	6,4 	22,0 	12,1 . 	23,0 	•! 

. _. ... _ 	 • 	,-1 

a-weight range of a single specimen, in kg; b-changes in relative 
weight of body parts, in percent; bl-head; b2-viscera; b3-carcass; 
b4-including: b5-cartilage; b6-fins; b7-skin; b8-meat. 

c-soft-headed sharks, soft-mouthed sharks, krivozubaya*; 

d-gray, Galeus australia,  smooth hound, palasorrah, protozigaena,* 
nurse shark, hammerhead shark; 

e-carpet shark, lesser spotted dogfish, blue shark, whitefin shark, 
gray, short-tailed shark, fin sharks, angel sharks, seven-gilled sharks; 

f-horn shark, cowshark, black shark; 

It may be noted that the shark species of the suborder 

Lamniformes have a higher meat yield than those of the Heterodontidae 

• and Hexanchidae. 	• 

BIT at:y.1 bi 

sh. ark spec i es.  

KoBp.003H. Komagi.m, 
6uunr-paff, 

cepax, Kopir) 

*Translator's Note:  Species for which no reliable translation 
could be established are transliterated and followed by an asterisk. 
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The relative weight of shark meat, coming from animals 

of the same species, depends on their physiological condition. For 

example, female sharks always yield less meat than males of the same 

size. And the meat yield of pregnant females is considerably reduced; 

the embryos may constitute 15-19% of the overall weight of the animal. 	/10 

Tab I e 8Tad.1nua 8 
. 	 comp mica axya 	. 

e • 	 • 	FlpeRe.ribt coflepwanng, 

cemeiicTro, Enia 

shark . f am i I y 
•POraTb.le ayJm  

(1-ieterodontidae) 
1'pe6Ty.,3y6bie amh.-ng 

(Iiexanellidae) 	• 
Kwiper,ble axy:ni . 

(Ore,:ielobidae) 
tIectlanue ?Web! 

(Odom( aspielae) 
Cc./ 1,,a,e.f.11,1e a Icy,:im 

(Launicine) 
lon.taznAl 

(Sc..y:iorh:niclac) 
CepLte n Toity6me auyrim 

(Gard; &rhi nid ne) 

• (Sphyrniciae) 
Ka rpanooCipaMble aKy.ut 

(Scinalifornvcs 

(Squatini(la.:!)  

aaara 	lunp 	
i • 

a3oT 	I 
i (no Kbenb,umo) 1 I 

a I 	1 a2 	
3o.qa 

.  
a3 	'al.  

79,6 	. 	0,3 	 3,84  • 	 1,8  

67,9 
• ' 	

13,1 . . 	. 	' 3,3 	. 	1,2 

	

76,9 ' 	. 	0,5. • 	4,22 	 1,3 

76,4 	'' " 	0,4 	' 	3,51 	- 	1,5' - 

70,3-70A 	- 	0,2-8,6 	' 3,8-4A - 	1:6-1,7 

	

70 8-76,5 	0,1-0,6 . 	. 4,0-4,5 	- 0,9-1,6 

	

68,5-80,6 	0,1 --.1,i, 7 	3,5.-- 1,6 	0,8- 1,6 

	

74,6-75,6 	0,2,-4,2 	3,3-3,6  

	

69,5-80,3 	' 0,3,-4,4 	3,8-4,4 ' 	1e-1A 

	

75,2-77,2 	0,2-1,4 	' 4,0-4,4 	. 1,0-.-1,4 

a-contents, in percent; al-moisture; a2-fat; a3-nitrogen, 
determined according to Kjeldahrs method; a4-ash. 

Thus the relative weight of shark meat varies within 20.8 

to 60.8%, depending on a multi tude of biological factors. 

The shark meat most suitable for human consumption is the 

back fillet and the part near the tail, which together constitute 

50--60%, the rest may be utilized for animal 'feed. But regardless 

1 
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whether It is used for human or animal consumption, shark meat must 

be frozen. 

The research of I. Navor (1921), E. Bauman (1952) and others, 

•as well as that of TINRO investigators (V. Adistanova, N. Nikonova, 

V. Novozhilova, V. Rudakova, E. Kleie, T. Soboleva, T. Udelova, and 

others), warrants the conclusion that the meat of most of the sharks 

investigated is lean. Still, the meat of the Hexanchidae, Squaliformes, 

Carcharhinidae, and Lamnidae may contain 7--12% fat (Table 8). 

Shark meat perceptibly differs from that of other bonY 

fish by its darker Color, its coarse-fibered structure, its resilient 

consistency and peculiar taste. The meat of young sharks has the better 

organoleptic qualities. 

The boiled meat (after defrosting) of the various shark 

species has specific properties (Table 9). The boiled meat of black 

sharks had the best organoleptic qualities. The meat of the Pacific' 

hammerhead shark (Sphyrna zygaena) received a favorable evaluation, 

while that of the hammerhead shark (Sphyrna blochii) found in the 

Indian Ocean, according to V. Tishina (1967), was tough, dark-

colored, and had a sourish-bitter taste. 

The flavor of shark meat is due to its nitrogenous 

substances. We know that shark meat contains from 3.3 to 4.6% nitrogen 

and that on conversion this gives a very high protein content 

(20.6--28.7%). However, according to S. Bitti (1937), G. Rei, K. Kutting 

(1943), E. Naguchi (1932), and many other investigators, the biochemical 
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KIICAORaTbIll 
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• Ta6nuna 9 
44. 	 (hniled) 	 

Meat cuoil c -rna nape'n_oro mlica  properties  

IIiA oKyo 
spec s es 

(sqyalidae) 
ael'AR eâW)...41d1 ,451 

- ( La ulna u I tronus) 
Cep ouro.ayila 

. (1'suro glauca) 
Kvubn anyna 

"(Mustelus inanago) 
nyn a-monor 
(Sphyrna zygaena) 

Kon p ...)nt151 
;(0rédtolobus 
orneus) 

axyna 
(llalatias 
phi) 

Kocntia a 
(Cletus ousiralia) 

Kopc■ -rnoxooc-ro 51 
(Carcharinus) 

l'petiennaTaa 
rach aelurus)  

()imam • i 	ECOUCIICTelp,1151 

color 	consistenc 
-1) 

0-t• noêll Ce.ioii 	Conn an, neentan . 

BoAnnlic ran, 
Kp oflI;luua fl  

CeponoTan, C.SLic -rpo Bonnanc•ran, 
TeMliee.T  na  noanyxe xponha1133s1 
Cnelnan,  na  r,oaity- lineTnan 
xe 6bicrpo wmneer 

lino-man 

Beau 

Cepa 

2 

3 

4 

5 

1 	from almost white 
to greyish 

light 

almost white 

gray 

white 

6 	light  

juicy, tender 

compact 

tender 

elastic 

tender, juicy 

watery, friable 

pleasant 

satisfactory 

distinctly acidic 

bitter/sour 

pleasant taste 
and smell 

defrosted meat has 
strong urea odor which 
diminishes after 
soaking 

excellent 

pleasant 

. 
7 	white 	 watery, friable 

8 	greyish but darkens 	watery, friable 
quickly in open air 

10 	gray 	 compact unpleasant smell and 
taste which persist 
even after soaking 
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feature of shark meat is its high content of nonprotein nitrogen: 

that of volatile matter (up to 80--120 mg percent), urea (1.5-2.8%), 

and  trimethylamine oxide (up to 150 mg percent). 

The analyses of N. Rublevskaya, who investigated the meat 

of 32 species of Pacific sharks, showed as well that the urea content 

of this meat varied from 1.56 to 2.33%, trimethylamine from 1 to 34 mg 

percent, trimethylamine oxide from 220 to 950 mg percent and nitrogen 

of volatile matter from 16 to 55 mg percent. 

A consistently high urea content (above 2%) was found in 

the meat of horn-, Galeus australia,  white-eye- and hammerhead sharks. 

In the meat of spiny dogfish, gray-, cow- and seven-gilled sharks the 

urea content does not exceed 1.5--1.75%. 

In the meat of soft-headed and white-finned sharks and angel 

sharks the content of trimethylamine oxide does not exceed 220-330 mg 

percent, but in that of smooth hound-, lesser spotted-, gray-, fin- and 

horn sharks it exceeds /00 mg percent. 

Evidently the level of urea and trimethylamine oxide accumulation 

depends on the biochemical features of the nitrogen metabolism in 

individual shark species. 

Based on the data of E. Nasedkina, it can be stated that the 

overall nitrogen content of the meat of the Pacific sharks investigated 

falls within the ranges given in Table 10. 
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Table 10 ..do.-utto 10 

CO,Up8Calift0 II mstce, % percentage content( in the meat) of: 
A38T 06111,11ii 	overall nitrogen 	3,5-1,5 

Anor Ite6e.rucontii 	nonprotein nitrogen 1,35-1,65 	 . 

kt T. It.: 	I f-iC i Ud i ng : • 
'a 	830T rptime-timaNuttioEctua 	 • 	0,05-0,18 	• 
b 	azol moqe.,-taltbt 

3 

	

0,74-1,06 	

, 

% N IteCeJiKoubtft .100 nonprotein.  N 	24,4-42,0 . 

• 3.'d N obulttft .• 	y 
overall N 

'VI N MAO. 100._.,1A0_ 	' 	 3,0 - --11,4 	 • • 

% N He6e•rix0r•bril 	nonpr 
% N MOxiedllitbi • MO 	ure 	I■i 	, 	 .- - 
ek N fie6eaKouL1ii 	nonprotein N 	54,4-724 

• • 	• 

a-nitrogen trimethylamine oxide; b-urea nitrogen. 

According to S. Komarov (1933), Zh. Kambel (1935), M. Sakaguchi 	/12 

and M. Khuzhita (1964) and others, shark meat contains somewhat less 

creatine than that of bony fish (326-600 and 580--740 mg percent, 

respectively). 

The high content of nonprotein nitrogen determines the given 

organoleptic qualities so apparent in the culinary products of shark 

meat on the one hand, and, on the other, it is responsible for the fact 

that the nitrogen of simple proteins constitutes from 58 to not more 

than 74% of the overall nitrogen content. Hence the content of simple 

proteins in the meat of the Pacific sharks studied has a low-  average, 

ranging within 12.7-18.9%. 
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According to E. Nasedkina, the meat of various shark species 

contains from 50 to 290 mg percent of free amino acids, which is 

.5 to 2/3 that contained in the meat of most bony fish species. Again, 

_judging by the work of M. Sakaguchi, M. Khuzhita (1964) and others, 

and by the conclusions E. Nasedkina draws, the composition of free 

amino acids of shark meat differs from that of other deep-sea fish 

by a lower  content of essential amino acids and, particularly, of 

valine, lysine and histidine, and by a higher content of methionine. 

But with regards to non-essential free amino acids, shark meat is 

richer than other deep-sea fish in the monoamino acids glycine, alanine, 

•and serine, in aspartic acid, and in the sulfoamino acids cystine 

and taurine. This suggests that the free amino acids in shark meat 

are of lesser biological importance. 

The overall amino acid composition of the protein of shark 

meat has a distinct biochemical character. A comparison of the known 

data regarding.the composition of amino acids of the protein of bony 

deep-sea fish with the results of T. Paskhina i s and N. Tyuleneva's 

analyses of the amino acids of the protein of 8 species of Pacific 

sharks makes it clear that the protein of shark meat contains noticeably 

fewer essential amino acids (41.8--56.3 and 21.6 and 45.9, respectively). 

Especially poor in essential amino acids is the protein of the Nebrins  

concolor,  seven-gilled (Notorhynchus), Carcharinus dorsalis and of the 

Scoliodon palasorrah (Table 11). 

Of the non-essential amino acids shark protein, compared to that 	/13 

of other deep-sea fish, contains somewhat more arginine and cystine but 
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perceptibly less aspartic and glutamic acid. 

According to data provided by A. Teplitskaya and I. Nikitina, 

the content of water-soluble vitamins of the B group varies little 

In 32 shark species, changihg within WM: Vitamin B
2 

from 100--500, 

B
c 30--300, PP 3000--19500, B12 

0,5--8.5. 

According to K. Takeda, Zh. Nishimoto (1958), Kh. Khigashi (1959) 

and others, shark meat contains 25--250 intern. units of vitamin A 

per gram of light meat, and 21--114 intern. units per gram of dark 

meat; pantothenic acid (800-860%); folic acid (2.5-3.5 71%/0.) and a high 

content of choline (35-80mg%). 

(continued on next page) 
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1 	 ccoc.pw.auun re cyxom 6e.11e N111e..Z, 

mopfutx (Carcharhium, 
albiruarginatus) 

11CCE14:c 
11 '..00S1';1101( 

1e44ICTIICV , X (Galeorlguus h pm6 
•3 austrans) 

I 	roaybuii 
I 	(Prionace 

glauca), 
1 atzysia-monor 

(Sphyrna 
biochi) 

cem1irica6ep- 
Ha, 1,13.110- 

ronouoii, 
Elb1C01:0- 

warTorw6ofi 5 
L Hemmeuumwe 

amudwicâolld essent i a am i no ac i ds 
a 	Ba.muf n  :e-ritoiniu 	 - 

b . 
• matmeiiumt 	 15,8-21,5 • 

C 	11 au,  rucrunu 	12,1--20;2 

5,1-5,8 ' 

9J-40,4 
14,9-19,3 

4,5--5,6 

11,4-14,6 

16,'3-17,5 

•3,7-8,6 

7,3-13,4 

' 

• • 13,-cro -r0tel 	36,6-51,7 	31,1-33,5 	443-45M 

11. 3ame1tiNme 
aminicaon,,1110nessent i a I am i no ac i ds •  

d 

h 

. r:untuu 

.11,nannu 

Ceptui - 	• 	. 

Arm lumn 

Acnapareumouaft Kuc.no•ra 

1'iii0T2MH1108,1:51 xuclo. ra 

1.itcTuu 

• 4,6-5,5 • 

5,9-6,9 

6,2-11,5 

13,4-16,9 

5,3-6,0 

3,9 	• 

6,5-7,0 

13,0-14,0 

. 2,5--5,3 

4,1-6,0 

4,2-8,1 

• 2,0-3,0 

7,82-10,9 

0,8-3,4 

dorsalis, 

6,8 

3,8 

• 12,8-14,2 

1-percentage content of amino acids in dry protein;" 
2-bony deep-sea fish; 
5-in seven-.gilled, in Nebrins concolor, in Carcharinus 
and in Scoliodcn palasorrah. 

a-valine and methionine; b-pheny1alanine, leucine, isoleucine; 
c-lysine, histidine; 

g-arginine; d-glycine; e-alanine; f-serine; 
i-glutamic acid; j-cystine. 

h-aspartic acid; 

(continued on next page) 
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Apart from the liver, all inedible parts of the various 

species of sharks have some fat on them. The Chemical composition 

of these parts (analyses by E. Kleie, T. Soboleva, T. Udelova) 

is shown in Table 13. 

Table 13 Ta6,rattka 13 

head 
f rt s 
v scera sk in 
sn I ne 

t ver 

1-ranges of 
(deteLlitined 

l'ono3 a 
"DInt 

13.arrpcmiroe•t 

Xpefier 
negimb 

	

70,2-77,8 	0,9-4,5 . 	3.98-9,5 

	

55,5-73,0 	0,1--0,6 	3,3-6,7 

	

73,3-81,0 	0,6-1.1 	1,2-1,6 

	

61,5--72,8 	0,4-5,5 	4,4--8,2 

	

02,5-71,3 	0,4-0,9 	3.9--1,7 

	

17,6-52,0 	22,5-80,4 	0,28-1,5 

aoJi 
Id 

3.4-7,3 

3.1-3.90 
3,6-7,8 

0,6-1,5 

IC a3OT 
(no K ben bilan to) 

percentage content; la-moisture; lb-fat; lc-nitrogen 
according to Kjeldahl's method);  id-,.ash. 

lb  ta 
 naa ra 

LiaCTI{ Te.18 

body parts 
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Table 12 shows the results of an analysis of products 

prepared from spiny dogfish. 
-  

Tab  le  I 2
/ 
	Ta6..rniga 12 

II pee:i IA coliep)1cannn, % a 

n.n a ra 
Halm/min:mu, 

name .of  'produet 13  a3oT 
e2 

H) 	(no 
< Bea s.rui:00 ) 34  . sona 

2 
3 

`.1ont1eilbti3 6 	• 	• 36,4--11,6 
Bnaenbte. 6.1abrea11 	34,6.-39,9 
IÇopMollax myn na 

T 	(5e3 	 8,9.-12,6  

	

19,8-27,4 	2,7--3,1  

	

20,4-31,6 	3,2--3,5 

	

10,6-16,7 	10,1-11,5 

12,1=13,6 

1-smoked balyk*; 2-sun-dried fish; 3-fish meal made from carcasses 
(excluding liver); 
a-ranges of percentage content; al-moisture; a2-fat; a3-nitrogen, 
determined according to Kjeldahl's method; a4-ash. 

The shark skins are used in the manufacture of haberdashery 

items. 

The dimensions of the skin, .of course, are determined by the 

size of the animal; thus in the Squalidae the skin is  no more  than 

*Specially prepared longitudinal cuts (Tr.). 
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0.4--0.5 m
2

, while in large gray and blue sharks it is up to 1.5--2 m
2

. 

Skins may be preserved by freezing to prevent swelling and the hydrolysis 

of collagen in shark skins when they are cured with brine, they should 

be stored at a temperature of minus 5--10°C. 

In eastern countries the tails and fins of sharks are used in 

the preparation of food products. They are marketed in dried and 

frozen varieties; pickled shark fins are not in great demand. 

The skin, the gristly parts of the head, tail and fins can 

•be used in preparing gelatin and glue. The percentage weight of 

collagenic material obtained from the head, fins and tail of a shark 

of the family Squalidae, relative to the undressed weight of the animal, 

was 10.6--12.4 and 8.1--10.4%, respectively. The amount of gristly 

material obtained from the head, relative to its weight, was 76.4--80.1%. 

The yield of dry glue was 3--8%, relative to the raw cartilage. 

The liver of sharks is valued for its fat content and for 

its vitamin A. Its percentage weight, relative to that of the body, 

and depending on the species, varies from 1.6--31.1%. However, in 

almost 50% of the shark species investigated the percentage weight 

of the liver did not exceed 5% (Table 14). In 25--28% of the species 

the liver was considered as large in size, with a percentage weight of 

5--10% of that of the body; and up to 20% of the sharks had a very 

large liver whose weight amounted to 10--21% of that of the body. 
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MI6:Pula 1 •  

- . 	. 
• OTwacirren bid,' ii Bec 	a 

Bila al<Y•IN , spec i es 
• • netionn, •,,t,; (ripe,/.1eligl 

• b Butcokoilf., prih, nynbn, Kouraqbst, Kpnno3y6a1, MaaoronoBart, 
:■151FNOCyng, M0.10T, Mopcuoii. anree, nerornieye, cemneta- 	 . 

• 6oreaah, c•,>pac, cyinan ici.  cuuna, 'yearns!,  •poramar. 	 . 1,6-5,0 	. 
c lonponan, rjr_ienna-raa, msirxoroeoBan, 6ceorpy,a,aa, Kocsonian, 	 . 

THIT013a51, 6e.10ilùpaSI, neaannt;)nan 	 5,1--10,0 
- .d .Ç,e11,,:mBan,, ,X0-"Ii0qCSI, ;111Ca, ‘1:0p01 1X0MOUTa51, In...pnan 	 10i1-21,1 

- 	• ---- -- 	- 	• --- 	• 	---- 	 ._ 	_ ._ 	. _ 

a-ranges of percentage weight of liver relative to body -weight; 
b-Carcharinuà dorsalis, Smooth hound, Lesser spotted dogfish, 
krivazubaya*, -Scoliadon palasorrah, smooth liammerhead shar, 
angel sharks, riegogalus*,- ièven-gilled.sharks, gray, Soupe:in 
sharks,,blue, nurse, and horn sharks; 

c-carpet sharks, Brachaelurus, soft-headed, white-breasted, 
Galeus australia, tiger shark, whitefin shark, fin shark; 

d-porbeagle, spiny dogfish, thresher shark, short-tailed shark, 
black shark. 

-Changes in the relative weight of the liver did not seem 

to be linked either to the size, sex or stage of embryo development, 

or to the area or season when a given animal was caught. 

The work of E. Lagovskaya and G. Dolbish indicates that 

the relative weight  of the  liver differs even among animals of the • 

same species; in the Squalidae, for example, it varies from 5--21.1% 

of the weight of the body. 

Different species of sharks accumulate from 8-80% of fat 

in their liver. The fat content depends on a series Of biological 

factors. In one species, for example, the fat content in the liver 

increases with age, and sharks caught in the spring have less fat in 

their liver than those caught in the fall, and so on. 

The content of vitamin A also depends on the species of sharks, 

their age, condition,  area  .and  season of capture. 

Based on the published data of Broklesbi (1932), Schmidt-Nirsen 

*See footnote,  p.13.  (Tr.). 
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spec ies 

8,4-54,9 	1270-20800 	3100-247900 

(1932), Lovern (1934), Pugslei (1940), Toioki (1930) and others, 

and on the analyses conducted by E. Lagovskaya, G. Dolbish, and I. 

Denisov, one can.generalize to the effect ,that, subject to the above 

f. Ta6AntLa 15 
Xapanepucruxn negenn ma .  

Kontogaii au.ria 	 — 
' 

 
(cc.  Squalidae) 	22,5-77,3 	. 	60-19480 	110-40440 

. 
' - Cb;lersan 	 . 	 . 	. 
"  (ce.  Isuridae) 	16,1-70,3 	120-1260 	190-23100 

• 
AKy-na-.Inca 

(cem. Alopiidae) 	•  13,4-55,9 	170-4100 	300-32900 

Cepm.e n ro..iy6me aRyabi 
(cet.  Carcliarinidae) 	12,0-68,3 	180-9800 	' 270-81600 

. Àn;.il a-M. 0:10T 

' 	(CEM. Sphyrniclae) 
Konpunan aEpa 

(cem. Orectolobidae) 	34,3 	' 	690 	** 	, • 2040 

Table 15. Characteristics of shark liver. 

a-fat content, in percent; b-vitamin A content In international 
units per gram, in: bl-liver; b2-liver-oil 

factors, the oil and vitamin A content - in the liver of various species 

of sharks varies considerably (Table 15). 

The smooth hammerhead shark is of particular interest, for 

its liver is unusually rich in vitamin A. 

According to Kh. Khigashi, S. Muroyama (1959) and the analyses 

conducteà by A. Teplitskaya and I. Nikitina, the liver tissue in - 

sharks is very rich in vitamin B12  (Table 16). 
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Intestinal and gastric tissue in sharks contains 0.6--3.5% 

fat and up to 250 international units of vitamin A. Of the overall 

amount of vitamin A contained in the shark organism, 85--90% is 

concentrated in the-liver. 

The available material on liver-oil in the various species 

of sharks (Ttsuzhimoto (1919, 1928, 1929), Toioki (1934), Schmidt-Nil'sen 

(1933), Flud (1934), and others) suggests that itsphysical and chemical 

composition varies greatly (Table 17). 
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2.7.1eAmueil nec 	le.o:upt intitera 

9,8-14,5 
K2-28,8 

Go,:; -p(;;'  

0i116 —0,9351 
0.Wicl,  
0.9048-0,9)54 
0,9 1 09 —0,917G 

1,4720—.1,1851 
1.4717-1,4S41 
1,4715-1,4849 

1,171C-1,4S 
1,1 e_317 —1.4930 

KW chlmmean 
ommacimfl 

L3 	 _ 
175,3--;194,4 

149,7-1749 
131,7-149,9 
7,2---l30,1 

 23,0-75,0 

iloatoe luteno 

b4 

103,0-200,8 
120,5-1CO 3 0 
75,2-183,9 
91,3-174,4 

122,2-26,6 
230,0-344,6 

a 	npe.m.e.ribr 
c0,11.q”waluin 
HOM11,1CI! 

nmec-in, 	 pn)pa!mun 
(d 

jb 	 b2 

n.12 e 	e 	11 a it 

Table 17. Characteristics of liver-oil in sharks. 
a-content range of nonsaponifying substances; b-range of values; 
bl-specific weight; b2-coefficient of refraction; b3-saponification 
number; b4-iodine number. 
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The figures in Table 17 show that a rising content of 

nonsaponifying substances in the fat is accompanied by a lower 

specific weight and saponification number and by a rising co-

efficient of refraction. The iodine number decreases in a more 

 complex pattern. At first, the increase in nonsaponifying sub-

stances, consisting mostly of saturated compounds, causes a 

relative decrease in unsaturated glycerides, which in turn lowers 

the iodine number. But the latter rises as highly unsaturated 

alcohols and hydrocarbons begin to predominate in the nonsaponi-

fying fraction. 

High iodine numbers make shark-liver oil susceptible 

to oxidation. 

The biochemical feature of shark-liver oil is the high 

fraction of nonsaponifying substances. The latter do not exceed 

22 in only 20% of the investigated species of sharks, in 40% of these 

species the nonsaponifying substances exceed 15% (Table 18). 

(continued on next page) 
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. • 	' 	Table I 8 Ta6.1inta 18 

llpeae.ibt cluvp- 

species, 	8ita aKyapt 
oartnicKuc 	c.iuta)  

1 il<D111111 twomidave-
. 	 NthIX Be IlleC111 

a  b "A". 

Alopias - pelagicus, A. vulpes Apisturus mactorhynchus, Ca-
Wins torazarne, Cephalloscyliium umbratilc, Cynias manazo, 
C g•iscus, Isuropsis sp., I. glauca, Ileterodontus zebra, . .. 
'PriStturus 'eastamaiiii, Sphyrna zygaena, Orectolobus 	Ro 2 
japonica 	 •(20%) 
Carcharias faurus, C. isobeli, Lamm' cornubica, Eugaleus 	 A. 
japonica, Mustelus 	a ni arcticus. 	Orectolobus 	orna tus 
Pristiophortts japonica, 	Pristiurus 	cattulus, 	Scoliodon 	 , 

Laticoudus, 'Squalus 	milsuktiri, 	Squatina nebuloska, 	2,1-5,0 	'' 13 
S. japonica, Scyllium \ ariolitum 	 (20%) 
Charnarinus sp., Carcharinidae albirniarginatus, Nebrius 
concoler Prionace emus, Trialcis scyllium, Squalus 	5,1-10,0 	'6 
ucanthias. 	 . (10%) 

•G:-.ieocordo tigrinus, 	Squalus sp., S. Wakiyae, 	I-iept- 	- 	 .. 
ianchis deani, 	tjitsul;tirina owstoni, Xexanchus  con- 	10,1-15,0 	6 • 	. • 
nus. 	 (10%) 

Brachaclurus sp., CirrhiEzaleus barbifer, Ettnopterus lucifer, . 	 . 	, .. 
E. frontimaculatus, Cetorliiims maN.intus, Soinniosus brevi- 	15,0-30,0 	8 .. 
pinus, Notorhyncluis sp.. (.7archarhinns sp. 	 . 	« (12%) .. . 
Car.cl:rrias  fer ' , Cvntrobc-annns owsioni.Centrophorus atro- 	 . r.  

tuarginafus, Centroshylliuin ritleri, 	Laculargus boreali.s. 	 . 
Scyrnnorhinus lieho,.2"....:uneus squainutosus, Lipidorhinus 	30,1-60 	10 .. . 
Icinhei Scyrimorhinus iicha. . 	(16%) ' . 

• Dalaiius phillipsi, Centrophorus sp., i)tislitirtis pilosus, Aca - 	
. 

, ntiliditini aglantiniia, 	Chatcharias 	ov..stoni, 	Elmopterus 	60,1-90,7 	8 	s • 
• spina ,t, Ecintiorhinus brucus, •Lepidurinntis follacCus 	 (12iY, 1 ) 	. 

a-percentage content of non-sapQn ifyIng ,s.ubstances in .the fat; 
b-number of species. 

The nonsaponifying substances in shark-liver.oil consist, 	/17 

apart from cholesterol, of hydrocarbons (squalene, pristane, and 

substitutes)and to a lesser degree of - glycerol ethers (Chymiferous, 

batyl, selachyl) and higher alcohols such as oleic acid and cetyl 

alcohol. In sharks the bulk of the nonsaponifying substances 

consist of squalene, which is an unsaturated (iodine .  number-388.1) 

terpene hydrocarbon with an empirical formula of C301150 . 

According to M. Ttsuzhimoto'(1919), O. Toioki (1935), and 

others, squalene is present only in liver oil with a high content of 

nonsaponifying substances. Thus squalene is absent when the nonsaponi-

fying substances‘amount to only 15%. In oil containing from 16.2--28.8% 

of nonsaponifying substances the squalene content increases to).3.8%, 

13 
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when the former rises to 30.3--58.3% the squalene rises to 13.5--53.3, 

and when the nonsaponifying substances increase to 60.5--90.2%, the 

squalene reaches 58.3--84.8%. 

According to Ttsuzhimoto (1928), shark-liver oil contains, 

in addition to squalene, pristane (C181138)  whose content usually 

does not exceed 1.5%, but in the basking shark it reaches up to 

10%. 

According to published data, processed shark-liver oil 

Contains from 5.3 to 21.5% (average 10--12%) of nonsaponifying 

substances. Characteristic of shark livers is a high content of 

non-saponifying substances, which are biochemical in nature. 

This is important to remember when shark liver oil is to be used for 

food or medicinal purposes. 

A high content of vitamin A in the liver oil of several 

species of sharks (for example, the hammerhead species) makes 

their liver an important source of an oil from which subsequently 

a vitamin A concentrate is obtained by way of molecular distillation. 

The fluctuations of the physical and chemical properties 

of shark-liver oil are illustrated in Table 19, where the data 

(continued on next page) 
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Ta 6.rnma 19 . 
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;It 	om byte - 
cehreileTna 	 4 /tea  0 	nettecrn, 

M 
family 	 a
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10`),2 	6,3 
90.2 

1222  35%3 
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Table 19. Chemical and physical constants of liver oils 
of Pacific sharks. 
a-saponification number; b -iodine 'number.; c-percentage of non-
saponification  number. 

of the above-mentioned researchers (M. Ttsuzhimoto, 0. Toioka, 

A. Flud, and others) and of the TINRO researchers (L. Vakulyuk, 

E. Lagovskaya, V. Adistanova, L. Khorynskaya, L. Kaletina, V. Bochkareva 

and others) are systematized according to individual shark families 

which inhabit the Pacific Ocean and adjacent seas. 



The triglyceride content in shark-liver oil is inversely 

proportional to the nonsaponifying fraction. The following 

fatty acids were discovered in the triglycerides (Ttsuzhimoto 

(1928), Toioki (1935), Lovern (1936) and others): saturated: 

C
14 

from 1 to 6; C
16 

from 10.5 to 14.5; C
18 

from 0.5 to 3.0; 

C
20 

not more than 1.0; unsaturated: C
14 

from single traces to 

1.5; C
16 

(--2.0) from 4.0 to 12.0; C
18 

(--2.2) from 19.0 to 

35 ' 5;  C20 
 (--2.6)  from 10.5 to 32.5; 

c22 (--
6.1) from 12.0 to 

26.0; C
24 

(--6.0) from 6.0 to 12.0. (The figures in parenthesis 

indicate the number of double bonds). 

Thus the bulk of the fatty acids consists mainly of 

palmitic acid, while myristic and stearic acid is present in 

co•siderably lower quantities. 

Predominant among the unsaturated fatty acids are C18 , 

C20 and C 22 ; and the highly unsaturated acids included linolenic 

acid 
(C18H3002)' 

moroctitic* 
 (C10H2802)' 

clupanodonic acid 	 •  

(C
22
H
34

0
2
) andCHO CHO CHO acids. 

20 30 2' 20 32 2' 22 36 2 

The presence of highly unsaturated fatty acids makes 

shark-liver oil extremely unstable with respect to the oxygen of 

the air. At the same time, the presence in the liVer of active 

hydrolytic enzymes rapidly hydrolyzes the oil. Hence when shark 

livers are processed the tissue enzymes should be inactivated as quickly 

as possible to prevent the oil from oxidizing. As soon as the sharks 

are hoisted aboard, the liver is removed, washed with sea water and 

*Transliterated from Russian (Tr.). 



/19 

32. 

packed and sealed into airtight metal containers (14-16 kg). Shark 

liver is preserved variously--by freezing, and by . dry-salting (10-- 

15%) and subsequent cold storage. The enzymes can be deactivated quickly 

by heating the packed open containers to 90--100°C, followed by sealing, 

cooling, and cold stotage. Recently the liver has been frozen and 

stored in thermostable sacks made of synthetic material. 

Skates. Of the skates (suborder Batoidea), common skates 

of the family Rajidae (9 species) and stingrays of the family Dasyatidae 

(3 species) are harvested in considerable quantities in all Far 

Eastern seas. In the southern Pacific representatives of the Rhinobatidae 

are encountered also. 

Skates caught on the bottom of the sea usually weigh 2.5--5.5 

kg; however, their weight can vary from 0.5 to 250 kg. There are no 

notable distinctions in the weight ratios between parts of the body 

in skates and stingrays, but characteristic of all.the species investigated 

was a relatively high weight ratio between the viscera and -the heads 

(Table 20). 

(continued on next page) 
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Ta6natta 20 
Beconoe c.orhanuielnie ilacrefi iena cKaroa 

lipeneabi, % percentages_ 

body  parts 

o61,11(110Belltib4 e 
eNaThi 

(Randal-) 

CKATM-MiOCTO.  
Koam  (Po.'.  
Dasya(idae) 

cKaTm pomme-
l-Me HMI mop-
cKme rmTapm 
(Rdimobatidae) 

a 	roaciBa 
b xBocT 

.,c 	-litly-rpenuoe.esf, 
T, '1. negeab 

d tynixa 
e 
f 	Xpftutti 
RMgco c Kona 

Kona .• ; 1 . Muco 603 KOSKI; 

Table 20. 

a-head; b-tail; c-viscera including liver; d-carcass; 
e-fins; f-cartilage; g-meat with skin; h-skin; i-meat without 
skin; 	 • • 

The analyses of I. Varpakhovskii, Z. Podoba, and V. Adistanova 

indicate that skate  méat  has a lOw fat content but that it is well 

hydrated (Table 21). 

Ta6mmtsa 21' 

XtstiottecKmil COCTO nacTen tena exa-roes 

jo dyfTip,eit. 
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Mato f I esh Cl:aT 10filitIrt 
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v i.191fflMoch ith 
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Regent> 1  j ver  
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Pox 	ustrunc -ran 
(Rliii:oba(us 
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74,2 	0,7 	3, •  

4,2 
2,5 
3,2' 
1,3 

3,1 
1,1 	3,5. 

2,0 

1,7 

	

1,9 	. 
2 ,6 
0,3 

-0,5 • 

	

1,3 	• '• 
2,6 

74,6 
76,5 
È7:à".  
38,6 
39,7 . 
75,6 
-79,4 

Table 21. Chemical composition of body parts in skates 

a-percentage content; al-moisture; a2-fat; a3-nitrogen (determined 
according to-Kjeldahrs MethOd); a4-ash. 
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N. Rublevskaya's analyses showed that skate meat (Rhino- 

batus dlidensiss  and Rhyna ancylostoma)  contains 2.1--2.15% of urea, 

0.48% of trimethyl amine oxide and 2.4--2.9 mg% of trimethyl,amine. 

Of the overall N-content in skate meat 25--30% (30--38% according 

to Sh l yuen) is nonprotein N which consists mainly of urea nitrate. 

Thus skate meat contains relatively little simple protein--it varies 

from 10.8--18.4%  •and on the average doesn't exceed 15%, that is to saYe 

noticeably less than in shark meat. 

The fragmentary data that have appeared in the literature, 

along with E. Nasedkina's analyses, indicate that, compared to the 

proteins of shark Meat, those of skate meat contain somewhat fewer 

essential amino acids and that the nonessential amino acids in the 

vitamins of skate meat contain much more arginine. 

Skate meat, according to A. Teplitskaya, contains ( 	) 

vitamin B
12 

(0.5--2.5)
'  B2 

 (100-300), Bc (100) and PP (3000--10500). 

Moreover, compared to shark meat, skate meat has the less 

attractive organoleptic qualities. Skates, after their liver has been 

removed, should be processed for feed products. Of the visceral parts 

in skates the liver is of considerable interest; it contains significant 

amounts of oil and vitamin A. 

The investigations of E. Lagovskaya, G. Dolbish and others have 

shown that in stingrays (Dasyatis acajei), caught in the period from 

July to October in various areas of the Far East (the maritime coast, 

Sakhalin, Kuril Islands, and Kamchatka), the weight of the liver varies 

within 3.6 to 9% (usually 5--7%) of the weight of the body, and the oil 
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content of the liver also varies greatly (from 4.8 to 52.3%, usually 

26--30%). 

The vitamin A content in 1 g of liver tissue varies from 5 to 

7190 international units, while that of 1 g of liver oil varies from 

110 to 60940 intern. units (usually 1200-1500). 

E. Lagovskaya established in stingrays a direct relationship 

between the vitamin A content in liver oil and body weight. Skates 

weighing up to 5 kg had a vitamin A content of 500--600 intern. units 

per g of liver oil. In animais  weighing over 12 kg the vitamin A 

content rose to 1100--3200  i. u. per g of liver oil. In summer liver 

oil contains more vitamin A than in other seasons. 

According to G. Dolbish, in the species Raja  parmifera the 

weight of the liver, relative to that of the body, varies from 5.1 

to 6.3% and its oil content varies from 13.5 to 37.4% with 480 to 2120 

i. u. of vitamin A per gram. 

The common European skates (Rajidae) (Schmidt-Nil'sen, 1933) 

have a larger liver (from 4 to 12% and usually from 8--10% relative 

to the weight of the animal's body). The oil content of the liver 

also varies significantly (from 7.0 to 61.5%), depending on the species 

(for example, Raja tullonica  7.0--14.0%, Raja  nidrosiensis  44.0--61.5%) 

and on other causes of a biological character. A. Teplitskaya also 

discovered vitamin B
12 

in skate livers (from 6.5 to 20.5 'U.), B1 

• (127), B2  (500--1000), Bc (100--500) and PP (2500--15500). 

Fresh skate-liver oil has a pale yellow color and satisfactory 
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organoleptic qualities. At 18--22°C the oil is transparent, but 

at 10--120C hard glycerides begin to precipitate. Skate-liver oil 

is distinct in that its physical and chemical properties make it 

fairly unstable, especially with regards to the iodine number and content 

of nonsaponifying substances. The data of E. Lagovskaya, E. Kaletina, 

M. Ttsuzhimoto (1916), Schmidt-Nirsen and A. Flud (1933) on the 

chemical composition of skate-liver oil are summarized in Table 22. 

K. Gukh, T. Khildich, and Zh. Lovern (1930, 1934, 1936) have 

noted that the saturated fatty acids in the liver oil of common 

skates (Rajidae) consist of mainly palmitic (14%) and myristic 

and in angel sharks of palmitic (17%) acid. Their unsaturated fatty 

acids consist of the acids C18
--C

22' 
but the ratio of the individual 	/21 

acids shows sharp distinctions (Table 23). 

Table-22 	Talutga 22 

u. 15  

CEaThr XBOCTOK0:1b1 	 0.9106 	1,4728 	140,2 	105;7 

(Dasyaiidae) 	 0,9316 	194,2 	• -72-66,6 

	

_... . 	_ 

WilEnaenabie cum 	0,9099 	1,4678 	149,0 	, • 105,8 

	

_ 	. 
(Rajidae) 	 0,9345 - 	1;4860. 	186,1 	' 	186,6 

à - 	• 	
. • . hopeime aureabi . 	0,8866 	1,4790 	. 	120,9 	1 0 5 , 0  

(Squatinidae) 	 0,9393 . 	1,4343 	. • -Ti.15-,0-  

ft-tup ■ Ime cma-mt 	 - 	. 

	

.. 	. 
povraeable 	 • ' ' 	. • • 	' • • 

	

..... 	. 	. 

(RitinobLticiae) . 	0,9267 	. 1,4825 	: . 	182,8 	183,7 	, 	.3,2 

: CKarbt poraturmaara 	• 	... 	t - : 	• 	• 	. • 

(Mobulidae) 	 0, ,_-.M8 	1,4g55 	189 ,3 	900 ,9 	- 3,2 .. 

I laamenoBaune 

- family 

FICOM IA • 

JIFICMIAC 

BC111,CCT-

130, % c  

1,0 
12,6 

1,1 

57,1 

a-saponification number; b-iodine number; c-percentage of 
nonsaponifying substances. 
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Thus, in comparison with shark-liver oils, *skate-liver 

oils contain a little more polyene acids of high molecular weight 

and hence oxidize more • quickly. The high iodine numbers indicate 

that skate-liver oils are unstable, while the high upper limits of the 

nonsaponifying fraction precludes the use of skate-liver oil for 

medicinal purposes. 

' I ab e 23 	l'atianka 23 

Cemeiicruo 
family 

ab i d con.tent  Coepauu  Kitcaur,  x  in  percent  
C 	C1 	

• 
C.,, 	I C. . 

; 	• 	. 	: 

Rajidae 	. 	- treCUW‘blef 	W,5 .. i . 20,5. .. . i,, .. 32,5 I 	. • 18,5 
I 	 (---2,0) 	(-3M 	(-7 , 5) 	(-9,5) 
Squatinidae 	- 	. ! .' , 	... .. 	, 	.;,. 6,5 - .. . 	20,7-!' ! - .."21,9 ' :- -'. -' 80,5 	- 

. 	 (

-2M) • 	(-3,0)" . (-6A) ' (
- 1 0,2) ' . 	 . 

HOT.DCEPHALI 

(Chimaeridae) 

Of the numerous species of the family Chimaeridae caught in 

Far Eastern.  waters, the Hydrologus barbouri  is encountered most 

frequently. Dressed, its carcass constitutes up to 50.8% of the 

weight of the body, the head has a percentage weight of 25.3--30.7%, 

the viscera 18.9--23.9%, the liver 14.1% and the fins 6.2--7.9% 

(analysis by M. Borisova). 

The meat and tissues of all the other parts of its body, 

excluding the liver, contain very little fat (Table 24). Due to the 

high content of proteins in the meat, their degree of hydration does 
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not exceed 340--350%. The meat has an unpleasant smell and taste. 

A. Teplitskaya found that the meat of the speckled chimaeras contained 

Tatinu,a .24 • 
Xne.mccER:1 cocTanTei? Term xn...fin.2 

npene.114 coitevA'aling contents 
Ilac.TH Teaa 

6o.ioN 	aoaa 
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79,3. 	. .0,10- 	21,2- 	1,4 
. flegenb liver 	14,3 	66,4 . 	— 	. — 

vertebrae, 1103El:2111W, WIallifIllill, 	 78,8 	0,5 	• 	14,1 --.! . 	2,3 _ 
fins, head rombin 	 . . 82,4- 	0,-9- 	19,6 	' 	3,0 

Table 24.' Chemical composition of body parts of the chimaeras. 

the vitamins B2
(300), B12

(2), and PP(4000 	%). Kh. Khigashi's data 

(1959) indicate that the flesh of this fish is low on pantothenic 

(110 'T'%) and folic (2.7 _Y.%) acid. 

Khigashi also found (1959) that these acids are in law ,  supply 	/22 

in the chimaera-liver (pantothenic up to 70.y% and folic up to 32 

Chimaera-liver oil has a low iodine number (93-94), a saponifi-

cation value of 138.0--140.6 and a high percentage (19.9--22.2%) of non-

saponifying substances (Kleie, 1959). Its vitamin A content does not 

exceed 210--220  Lu. per gram (Ttsuzhimoto, 1919, 1926; Nirsen, Flud, 

1933, 1936; Toioki, 1935, and others). Chimaera-liver oil has a d
15

4 - 

0.8980--0.9184, a refractive index of 1.4682--1.4755, a saponification 

value of 131.3--172.8, a low iodine number of 82.6--128.7, a high percentage 

(18.5-37.5%) of non-saponifying substances and low (82.6--128.7) iodine 

numbers [sic]. . Zh.  Lovera  established that the fatty acids C18  and C20 



39. 

(70.2%) predominate in chimaera-liver oil and that the saturated 

fatty acids consist of palmitic (8.4%) and stearic (7.2%) acid. 

Acids predominate among the unsaturated fatty acids . (50.6n 

and the acids C
20 
 and C

22' 
which constitute 27.5%, are dominated by 

acids with triple and double bonds. The composition'of chimaera-liver 

oil makes it useful only for industrial purposes. 

IV. The Higher Fishes (Teleostomi) 

I. Cartilaginous Ganoids (Chondrostei) 

The family of sturgeon fish (Acipenseridae) belongs to the 

suborder of cartitaginous ganoids (Chondrostei). 

In the Far Eastern waters there are three representatives 

of this family: the Amur  sturgeon (Huso dauricus)*,  the Amur sturgeon 

(Acipenser schrencki)  and the Sakhalin sturgeon (Acipenser medirostris). 

In the Far East these species are sought after in the lower Amur river 

basin (from Khabarovsk to the estuary), with the largest fish -being 

caught in the estuary. Here the Huso dauricus,and  other sturgeons 

reached a weight of 100--150 and 20--30 kg) respectively, and midway 

upstream 20--50 and 2--5 kg, respectively. The largest species of Huso 

dauricus  encountered in the estuary weighed 950--1200 kg. 

The weight ratios of body parts of Amur  sturgeon, as researched 

by E. Koshubo and I. Varpakhovskii, are given in Table 25. 

*"Huso dauricus":  also known as "kaluga" (Tr.). 



13:lara 	 • 6e.not: 
water 	oil • 	 protein 

71,5-71,9 	6,2-9,4 	17,7 • 18,1 

3011i1 

ash 

-gt 	 v• ; Tab 1 e 25 	Ta6nnua 

-I a flpe,leiibt cq,a,epneaunn n % K necy ph161,‘ 
'lacru  relut 

body parts Ka.rjra 
Huso dauricus 

oceTp 
Amur  sturgeon 

11,6-20,6 

10,8-13,6 

1,0-1,7 
52,6-59,0 

7,5 

1,5-4,5 • 
11,4 
2,4 
0,6 
•5,1 

-head 	ro.lon a • 
t a  i  1 and 	X.noer n naanumt f i ns 
cart i I age Xpunit 	 • 

• (:itil . ed 	13513";àp ina.  I rcard 
bil9ny  • 0 1 at es .)Kyqmi 

•1 71 et wi tryi , liac c Kowa 
sk n 1(ma 

-See•rà 	Sayfrpennoct 
'13 T. 11. N10;10101 

roe 	 unpa 
liver 	ne=lein, 

I 	swim bladdera1laTC,Ibliblii 
other v  i  scer'e""ibâFtIS=""ccrn .  
a-percentage weight of parts relative to body 

• 

sk in 

10,9-14,2 
3,0-7,6 
9,4-12,6 

1,6-2,3 
50,6--54,9 
6,5-8,3 

0,1-5,6 
8,3-12,6 
1,8-2,6 
0,4-05; 
4,3-6,8 

On the production line the percentage weight (relative 

to that of the body) of the Amur sturgeon and Huso dauricus  is 

as follows: gutted: 82.5--87%; gutted, decapitated and without 

fins: 75--78%; fillets with skin; 56--57%. 

Sturgeon meat has excellent organoleptic qualities. Data 

on the chemical composition of the meat of Amur sturgeon and the 

, 	 . 
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XimtntlecKilik cocTan mica oceTponblx pier 

FI  i 	i c u  bi  coitcpwallits!, % content 

B 

'peÇi z3 	• 

, a 

b 

Ocesrp amypcKnii 	• 

OceTp 11onro-EacnaPermii 
ut en5ITer.nii 

Kaayra amypeEnn 

Dui yra no:iro-nacnaiienan 

61,9-74.7 	. 	3,9-17,7 

75,4-76,9 	3,9-5,8 

71,0-79,9.. 	3,1-8,2 

14,7-16,7 

16,8-17,2 

15,2-19,4 

0,9-1,7 

1,1-1,4 

0,9-1,2 

Table 26. 

a-Amur sturgeon: 
c-Huso dauricus;  

Chemical composition of sturgeon meat. 

b-Volga-Caspian and Siberian sturgeon; 
d-Volga-Caspian beluga. 

Huso dauricus,  compiled by L. Vakulyuk and I. Varpakhovskii, are presented /23 

in Table 26. Also included in this Table are 

by A. Popov, V. Osipov, V. Podsevalov, and O. 

comparative data, compiled 

Yudanov, on the meat 

- composition of the Caspian beluga and on the Volga-Caspian and Siberian 

sturgeon. 
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The chemical composition of the meat of the Huso dauricus  is 

similar to that of the Caspian beluga. But the meat of the Amur 

 sturgeon, compared to that of the Siberean and Volga-Caspian sturgeon, 

is less fatty. 

The color of sturgeon oil varies from intense yellow to 

reddish-orange, with a pleasant taste and smell. At room temperature 

this oil is liquid and transparent. The values of the physical and 

chemical constants of sturgeon oil, based on analyses of E. Kaletina, 

V. Adistanova and Z. Podoba and on the work of T. Kir'yanova (1934), 

A. Matveeva (1934), A. Matveeeva (1934) and others, are presented in 

Table 27. 

.Amur stur ceTp  
,geon 	aNtypcimil 

c vo I ga- 	Occrp coero- 
KauluikKufi 

- Caspian u KypuncEuil 
and Persian 
,stureons  

	

1,4680 	0,4 	187,6 	127,8 	0,7 

	

1,4720 	0,6 	1 92,3 	130,7 	2,3-  

	

1,4680 	1,3 	195,9 	138,2 	1,8 

	

1,4770 	2,6 	198,7 	14071 	2,8 

!. 

 

	

Msico f esh 0,9'224 	 0,2 	186,3 	12'2,4 	1,0 

	

0,236 * 	1,4747 	0,3- 	189,1 	127,3 	3,0 
liKparoe 	0,9242 	1,4776 	1,1 	190,7 	140,1 	1,0 

Alneo.f  I  esh 0,9190  
0,9220 

Buyrpenuoc-ru 	0,9180 
v scera 0,9230 

a-acidity; b-saponification number; 
of non-saponifying substances. 

c-iodine number; d-percentage 

The body fat of the Amur sturgeon differs 

Volga-Caspian and Persian sturgeons by its higher 

from visceral parts and from roe have the highest  

from that of the 

iodine numbers. Oil 

iodine numbers. The 
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ripenenbt cc,:wp)RaBstn, % content 
HaamenoBanue 

npitayKra 
product  

a 	Ba.luK Konqewei 
1:3 amypcKoro . oce'rpa • 

b 	Tema xoniteuax 
• A13 amypuoro.oceTpa 

liaabq; NontieBuii 
113 amypeKori Kanyrit 

'mule sa it 
Bnara1 	mip 	6eeog 	3021a 	

3œlibt  i n ash - 
w,ater 	fat 	prote,i 	ash 	COAb 

À7,1 	18,3 	- 	18,6 	6,7 	5:7 
53,4- 	29,5 	e8 	10,5 	- '' 	-9,7 

•45,3 . 	-30,4 	- 15,3 	8:7 	7,8 
49,8 	. 15,3 	. 26,7 	6,6 	: 5,8,  
51,2 	. 	if-,-6 	26,8 	8,8— 	7, 8 .  

a-smoked balyk (Amur sturgeon); b-smoked belly (Amur sturgeon); 
c-smoked balyk (Huso dauricus).  

amount of low-molecular fatty acids contained in sturgeon oil is 

insignificant (Reichert-Meissl number 0.5--0.8 and Polenske number 

0.8--1.8). The content of saturated fatty acids varies within 

17.3--19.5% and that of the unsaturated fatty acids within 75--78%. 

Sturgeons are an excellent source 	from 

which to prepare smoked and dried balyk, belly and flank fillets. 

The chemical composition of these products, made from Amur sturgeon 

and Huso dauricus,  is given in Table 28. 


