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Far informaiion enly

Preface TRADUCTION HON REVISED

The Soviet fishing industry of the Pacific bdsimihag soulemant
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--827%) 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 catcﬁes
efficiently and economically it is important to understand some-—
thing about their mgchanical, physical, and chemical pfoperties.

The appearance of the 21st volume of TINRO NEWS (1942),
which contained the first sumnary of a study of the chemical
and technological properties of fish from the Far East, has been
followed by other ﬁide—raﬁging, systematic investigations.. The

data resulting from these studies have enabled us to establish

more precisely the chemical composition and techmological assets
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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
tfopic latitudes, including species from the Korea Strait, the East
China Sea, and from the Gulf of Tonkin. We also in§estigated 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 iaboratories 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 | /4
. the aims of technological research. The combined data will be a
useful reference for the technologists and merchandizers of our Far
Bast fishing industry. |
In compiling this summary we consulted the data already
~published by members of TINRO, technological reports of the scientific
archives of TINRO, and numerous sources (see bibliography) dealing with
the cheﬁiéal composition and technological asséts of commercial fish

" encountered in the fishing areas of the Pacific basin.




In order to arrange the extensive factual material, we
adopted the system presently used in the zodlqgical 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 s;gnificant 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 iight 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 (eétablishment of basic chemical comp.);
or of individual sgbstances, or groups of substances, that form
bgrt 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 ofAthe 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. 1In 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, 0. Omel'yanenko and I. Frolov.

The chemical anaiyses>wére conducted by the following

members of the technological and chemical laboratories of TINRO:

V. Adistanova G. Gudaeva I. Varpakhovskii -
.M. Borisova | L. Bukhryakova R. Velichanskaya
V. Bochkareva L. Vakulyuk V. Vinogradova
L. Vyéotskaya | A. Rrivets " A. Podoba /5
V. Gaivoronskaya E. Lagovskaya © 2. Repina
- A. Glinkova 0. .Legen'ko M. Reshetnyak
V. Gordievskaya A.ALisachenko N. Rublevskaya
A. Dvinina V. Mas'ko . V. Rudakova
G. Dolbish 0. Mel'nikova © A, Semenova
T. Dyupina - A. Men'shutina : N. Skorobogatova
G. Ermakové . K. Mershina N. Strashuk

A. Zyulina _ Ya. Mikulich M. Syromyatnikova



T. Ivanyushina
{Soboleva) ,
P. Kozakova

S. Kanevskaya
E. Kaletina

A. Kirillova
E. Kleie

L. Konysheva
T. Korenchuk
A. Koroleva

E. Koshubo

A. Krasnitskaya

'Milanina

Mikhaleva
Myaksha
Myasoedova
Nagibko
Nasedkina
Nikitina

Nikonova

"Omel 'yanenko

Ochkurova

Pavlyuchenko

Petrochenko

M.

Sycheva

(Vakhrusheva)

A.

L.

Teplitskaya
Udelova
Fil'e
Firsqv
Khalina
Kholosha
Khorynskaya
Shikhanova
Shul'ga

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:

Editorial Staff, 20 Lenin Street, Vladivostok, USSR.

The TINRO




I. Cyclostomata

Lampreys (Petromyzontidae). The lamprey family includes /6
8 genera of ﬁfotozoans, having an elongated, almost cylindrical, |
body which lacks scales but which is co@iously covered with mucus.
In Far East waters there are two sﬁecies of lampreys: the firsﬁ

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 Khabarbvsk region, Sakhalin and Kamchatka,
and in the Anadyr river. |

| Lampreys are migratory fish which cover longAdistances in A o
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 épawning grounds, migrate uﬁstream beyond the city of

Khabarovsk. In the Nikolaevsk area the 1ambrey tun climaxes froﬁ |

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

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

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

of summer. The develéﬁmental changes of the lamﬁrey are as follows:

the young lamprey (sand eels), after spending 3--4 years in the river,
graduallyAfind their way to the sea. This sequence in their life

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

. which is especially apparent during feeding and spawning-periods.




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 relétionship between the length of its body

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

in length.
Table 1
i i ST Tadauua 1
A~ Il Teaa MIOTH, MM 380390 - - 410430 450—470

b~ Bec pubu, r  B5—RT7 105—125 110—135

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

The Amur 1ampreys which were caught in thé Oct--Dec éeriod
had a head which constituted 5--7% of the weight of the‘body, the gills
4.1——8;1%,:thé dressed carcass 74.2--85.67, viscera 6.8--11.8, including
the liver 1.2--1.5, gonads 4.6--5.57; the weight of the ovaries with
membranes varies from 6 to 15.1% (average 9.1) relative to that of
the female body, whflé the Weight'of the milt varies from 2.9 to 4.8%
(a#erage 4.5) relative to the weight of the male body.

According to V. Zyrvanova and N. Rublevskaya, the meat of
the Pacific lamprey has a fat content of up to 30--35Z (Table 2),
but it diminishes noticeably as the spawning seasom aﬁbroaqhes.

The lampreys caught in winter have the greatest technmological assets.

-’
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) . "Ta6miza 2%)
XuMydechnit COCTAD MHACA pIMHOTr

| d © Mpeneawt concpucanns, &% -
Meero aose ) s
BAsra Hup eanK aona
\ lace of captu : .
; P , pture moisturle  fat! protein_ _ash
f a - DoAnyp s 945 s o1 yoeTha, 546 23,7 12,4 0.7
, Aeradnt 0.7 ©327 15,6 08
! 9. Cyuau, oxuoe Tlpusopue, 52,0 32,6 126 i0
) oalpo 83,6 33,1 13,7 1.2.
- To ate, noesc nepecta {(Mafi—inons) 68,6 133 15,1 1,9
*) Bewoay s radadnax URCANTEb — HANMERbUICE JHAUCHIE, sHaMenaTedn -— HauGoms-

! L., lmee 3nauUlMLIC ARNHOTD NOEAIRTCI In all Tables -and fop any given
index the numerator has the least, and the denominator
M the greatest, value. o

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-—-247% fat, and at a weight of 120--170 g
(45--50 cm) the fat content rises to 30-~-337.

According to M. Osipova (1931), the meat of the Volga
lamprey contains from 21.3~-33.7%Z fat, and that of the Neva

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

(Continued on next page)
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"Tabl e 3 " TaGanua 3
_Xm.:uq':'cmm cocraB Mariel reaw THxookeanckofi muuots (p. Awyp, Bexalps)
' content Cozxepwaunue, %
Hactu Tena | e '
: qup Gle rak . 3ona .4 :
" body parts ;mo Fure| fat” protein as \
lhead Tosiora 652 - 19,8 L4207 ;
| gonads withcermxn ¢ ukpoit roe 517" : 200 © - - 228 A 1,6 |
’ m| |t ..+ Menorn 758 - - 1,2 o o - 1230 0 1,2 o ;
l‘ liver Mesexs ©o6gl 190", " 176 v g i
'.‘ n*gtebt |ne K\ilx.nemnn\ i - 703 . 1.2‘9 e .-1_(;3,.6‘; ___ﬂ__w_.lfl N

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 chific 1ampfey.

The investigations of Kh. Khigashi and co-workers (1958,
1959) showed that the meat and tissue from différent body parts
of the Pacific lamprey contains significant amounts of vitamin

A (Table 4). e S

i . i : . Table 4 TaGaunua 4
i : Cozepwakie EMTAMUMA A B TKAHSX TEAA THXOOKCAMCKGR MIUHOTH

i A . Can fpencan conepsanus | £ Tpesean coxepmanks BuTaMnia A :
Yacth Tera ' ; puenelr i

A parts of body | © Hupa, % £ bewectna | 7Tranesoro wupa £2 '
P a Maco . 5218 159—1650 7009950 :
b Meucns, : 2,2—49,0_ 1010—17300 7600--200000 i
c Kuujevnik 11 weayaoK 42157 1820—113600 292000—725000 ;
i d . Hrpa ' 1,8—22,9 . 60—5320 640—173000 ;

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--75Z in visceral parts of
which 29--48%7 is found in stomach and intestinal tissue.

According to the above investigators, the contenf of /8 _
water—-soluble vitamins varies within the ranges indicated in Table
5.

Judging by the group of iﬁportant vitamins found in the

lamprey, the latter is a valuable source of food.

Table 5 Tatmwa 5
CORCpYANHS ROZODACIBOPEMEX RUTIIHHOR b TRUUAN YOI MHEOP

- content of in raw tissue |

( Tipeacan coaepwaiia (%) B chipon nemectee ‘

Bugavun - i i

vitamin MECO KV PKRA nevens roiaL !

: . l t .Lashl——-sk—'itn— —l——l—we—P_ !—ﬂgonads i

Tuasut (I3y) 46—150 175—108G6 - 70—420 70-—2350 !

: g Puatoduaenn {Ba) . 160690 2202659 6500400 200630 '
e Agepuiti (Bp) 160—220 60-—260 110--270 50-~360
i d Linaurctaavasun {Bia) 3,3—5.4 0.8—3.8 §.2—23,0 46—11,5
T e Woatennn kueaota (BG) 2—30 30 190—E79 60---160
D Tlasroreiionas kneiora 280--570 €1e Ak 1200—1400 8701560

. . : traces

[

Table-5. Content of water-soluble vitamins in the lamprey
a~-thiamine (B,); b-riboflavin (B,); c-adermin (B,.); d—cyanocébaiamin
‘(Blz); e-folIc acid (BG); f-pan%othenic acid., 6"

The fat extracted from the }amprey by melting has a ?ale*
brown color and pleasant taste; at 20°C the fat-is liquid. TIts
physical and chemical\proﬁerties, according to M. Borisova and I.
Varpakhovskii (1938) and Kh. Khigashi (1959), are characterized by
the folléwing constants: specific weight (dli) 0.9235-—0.9441,
index of refraction (igﬁ;) 1.4650--1.4875, iodine number 121.1--194.3,
saponification value 167.8--198.6, content ofhnon—saponifying substances

0.7--15.1%.
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e s

According to A. Matveeva (1934), the fat of the Volga . i
lamprey has a lower iodine number (101.3--133.7), this also applies
to the fluid fatty acids extracted from the fat (65.67) whose |
dodine number is 155.7. This suggests that the glycerides of the
Volga lampreys contain fewer unsaturated fatty acidé.. A higher
content of unsaturated fatty acids in its fat may be the distinguishing
biochemical feature of the Pacific lamprey.
| Lamprey fat easily oxidiées and hydrolizes, and, after
30 to 45 days of storage, frozen lampreys rapidly loose their
organoleptic quaiities due to oxidation of the tissue fat. Hence
glazed and frozen lamprey should be stored at low (minus 20 to ZSOC)
temperatures.

Baked lamprgys constitute a_first—rate product; théy aré
used for preparing smoked, marinated, and c;nned lamprey prodgcts,
whose chemical composition, as determined by V..Podsevaiév (1935),
M.11'in (1911) and other investigators, is shown in Table 6.

i - Ta6auuna -6

: ) }.mmmecmm COCTAL NNINCIMX NPORYKYOB K MutOnI Table 6 f
. d HNpejieait coaehmars, % ;
bl Taa wpogy iy ~ ’
type of produckt- IRET Powgrp ] Beaor . | 3om !
o N watepr - m‘&f“ﬁfﬁ%e < |
: a Konceonut®) «Mirtora _ 44,4 26,6 14,1 23, '
| 6 COSCTBEHNOM COKY® 55,5 30,2 a1, 33 ’
' b © Mot npauctetian 37,7 19,0 20,3 4,5
| R 555 317 30,1 63 :
: c Mulora 1opaNero Konuanng 809 20,2 248 14
! 51,27 21,3 26,6 2,2
- %) Ypesetienne pasmmx citocofon Tenduuofl oGPalOTKM: HOICYINKA, npouekanne, Xon-
© weune, Garvuwaposka. Ppepared by. various methods of heat

treatment: predrying, baking, smoking, blanching

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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II. 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 during tuna—fishing operations in the open waters

of the Pacific, including representatives -0of the grey or blue

family of sharks (Carcharhinidae),‘dogfish'(Scyliorhinidae),'porbeagle

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

The sharks that get hooked usually weigh 20--30 kg but
individual aniﬁals can weigh as much as 200--250 kg; the largest of
these sharks can be 4 and even up to 7 meters in 1ength,

Weight correlations of the different parts of the body
depend.on the anatomical structure of the body and can change
considérably.

In systematizing the research results of E. Koshubo, E.
Kleie, L. Konysheva, Z. Repina, V. Gordievskaya, and others, who
establisﬁed weight correlations for 36 species of edible Pacific
shérks,-one can prove that the meat yield from sharks deﬁends ﬁot
only on the relative size of the heads énd viécera but élso on the

changing diménsions of fins, cartilage and skin (Table 7).
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Table 7 Taomum 7

e Kospopas. komadid,
cluAn, 6enou-pa,
cepan mpono\s acrasl,
CKOf em‘m
ceMihabeptas

f Poratas, tpedoira-
Tam, yepiasn

04— 89— 90—
WO 324 266

255 336 469

g b [peiean i3MeleIs OTHOCHTRARNIOTO Beca

. 2o yacreil teas, % ' .
Bn aky.aIu Lo -
T Ay én BUYT~ b 5 uucae T)'L-II\H
aee ronoBaj peH- |TYiuKa

Sh ar‘k speci es O = bl ‘;\xr;)cm ¥ spatttsifuaautucn ! KA . sco !
TS o= ST H6 b7 8~ -
c Madorcaopas, Murko- 05— 172— -83— 388~ TA— 4,2_ ,()___ 50,1~
rydas, Kpisosydas 11,9 224 119 672 6,3 60 . 74 608 !
Cepag, Kocasaas, Kynbi, o . : R . :
NATATUPPRX, WPOTO3H- Ll 19,6— 81— 00— 31— 30— . 47— 37,0~ !
raeua ycartag, Mod0T 182 315 23,0 |

62,7 10,6 12,9 106 - 49,6

P

0—" 324—

! 2.2

631 . 168 14,7 i 40,0
33,3 3,0 25 3 20,8
39,6 6,4 22,0 12,1 230

a-weight range of a single specimen, in kg; b-changes in relative

weight of body parts, in percent;

b4-including:

bl-head;
" b5-cartilage; b6-fins;

b2~viscera; b3-carcass;
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 specles of the suborder

Lamniformes have a higher meat yield than those of the Heterodontidae

and Hexanchidae.

*Translator's Note:

Species for which no reliable translatiop

could be established are transliterated and followed by an asterisk.
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The relative weiéht of shark meat, coming from animals
of the same species, depends on their physiological conditio-n. For
example, female sharks always yield less meat thah males of the same
size. And the meat yield of pregnant females is considerably reduced;

the embryos may constitute 15--197 of the overall weight of the animal.

, : . Table 8ratamua 8
L XHMHUeCKHIl COCTAB Msca akyy . o
a fipeneant coaspisag, %
CoueiicTro, BHJL . ’ ! " asor |
R Baara WHP 3082
shark family al . a2 . I(ﬂo Kbeabianio) laA
| -Porathie axyan . ad v .
(Ficterodontidae) 79.6 0,3 3.84 - 1.8, ~
UpeGieayGoie aayabl : . .
{Fienonchidae) . 67,9 B3t . . 33 1,2
Kodposhie axyan . .o S vt
(Oreciclobidae) 76,9 . 05 - . 422 1,3
[lecyasuie oyl : . . C _ .
{Odontaspidac) 76,4 St 04 © 3,51 : 15
Ceabiesiie axKy.ta : . .
(Lawidae) 70,3--76,8 . 02856 3,8—43 - 1,6—1,7
Kowasuby aiyist
(Scytiorhinidac) 70,8--76,5 0,1—0,6 - 4045 - 0916
Ceprte 1t roaydsle aryskl - .
(Carcharhinidae) 68,5-~30,5 C,1—6,7 3,516 0,8—1,6 .
Agryavl-og07 . e .
(Sphyrmidac) . 74,6—75,6 0,2--4,2 3,336 Mo—1,7 :
Karpanoodpauble akyabt . : . \
(Sr qualif olrm os) 69,5--80,3 0,3-—4,4 3,8—4,4 1,0-1,3
Mopuste apreb . .
M s 1044 1014

(Squalinidae) 75.2--77,2 0,2—14

U U U e UV SV S RUUEN Nt Ay S Yo s S A SRTe e L e bt

a-contents, in percent; al=-moisture; a2-fat; a3-nitrogen,

determined according to Kjeldahl's method; a&4-ash.

Thus the relative weight of shark meat varies within 20.8
to 60.8%, depending on a multitude of biological factors.

The shark meat most suitable for human consumi)tion iIs the
baék fillet and the ;'>art near the tail, which toggther .constitut'e

50--60%, the rest may be utilized for animal feed. But regardless
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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 méat of most of the sharks
investigated is lean. Still, the meat of the Hexanchidae, Squaliformes,
Carcharhinidae, and Lamnidae may contain 7--127 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 (afte: defrosting) of the various shark
species has<specifié properties (Table 9). The boiled meat of black
sharks had theAbest organolebtic 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
Indiaﬂ 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 nitrogemous
substances. We knmow that shark meat contains from 3.3 to 4.67Z nitrogen
and that-on conversion this gives a very high protein conteﬁt
(20.6--28.7%). However, according to S. Bitti (1937), G. Rei, K. Kutting

(1943), E. Naguchi (1932), and many other investigators, the bioéhemical

11
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“Tabauua 9

meat CunonitcrT

Bua ary.u

Ba Bapeuwnorao \Hicapr‘oper‘tles

OKPACKa KOHCHCTCHURA BKYC
es .
spec color con:xstencJ taste
Ko'vcuua O+ noftn Seaoit Coquanpuemmsy o I'Ipmﬁxmu

_ (3qualidae)
CEPA Cenb [ EBAS
{Lamna ditvopus)
Ceposroaydas
(Isurus glauce)
Kyiipst axyaa
“(Mustelus inanago)
Ax\y.m-mo.nm
(Sphyrna zyguena)
Konposas
{Crédtolobus
ornatus)

qcpuan ax\ynd
{Dalatias
phillipsi)
Koenuiag
{Galeus ausiralin)
Koporroxaoctas
{Carchariniis)

I'peGenwaran
(Bmcn'\elums)

a

from almost white

-to greyish

light
almost white
gray

white

light

white

greyish but darkens

1o cepoBartoft

e

T

Tinornan |

- PR

'V;xocmemonmenb-

B .
Cneuuqunecmm
KUCA0BRTHIT

.. Kncn‘oq'opbx:u'i

B‘ ve n sanax
NpUATHHE

B aedpocTiposat-
HOM pPeariit 3attax
MOUERHHE!, [10CTe OT-
MOUKH ~— JIETKHH 3a-

© max MoueBiibl

Cheraas . .

. [Tourn Gesan Hexunasn »ﬂ
Cepasn Yapyran .
beaan HC-H(Haﬂ, ‘counast
Cperaas Boastnncran,

© Kpomanpas
Benast Bommu&mﬂ, -~

Kpouninag

Ceposartast, Gucrpo Bousuncras,

TUMHECT #1a DO3IAYXE

Coetstas, Ha 5o3Ay-
xe OuieTpo TeMpeeT

"Cepan

. .Tlnortuan

K[JOUU]H[‘-E!H
TTaoruas

b

juicy, tender

compact

tender

elastic

tender, juicy

watery, friable

watery, friable

quickly in open air

light-colored but

watery, friable

compact

darkens quickly in

open air

gray

compact

Xopounfi™®

. [IEIE I
Tlpusirueti

Ynoue rnopmem.-

o

. Heupustintie skyc H

aanax, He Houezam-
mue nodie OTMOUKH

C

pleasant

satisfactory
distinctly acidic
bitter/sour

pleasant taste
and smell

defrosted meat has

strong urea odor which

diminishes after
soaking

excellent

pleasant

-satisfactory

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 (uﬁ to 80-~120 mg ﬁercent), urea‘(l.S——Z.SZ),
‘and triméth?iamine oxide (up to 150 mg percent).

The amnalyses of N. Rublevskaya, who investigated the meat
of 32 sbecies of Pacific sharks, showed as well that the urea.content
of this meat varied from 1.56 to 2.337, trimethylamine from 1 to 34 mg
percent, trimethylamine oxide from 220 té 950 mg bercent and nitrogen
of volatile matter from 16 to 55 mg ﬁercent.

A consistently high urea content (above 27) was found in

the meat of horn—,-Galgys australia, white—eye- and‘hammerheéd sharks.
In the meat of spiny dogfish, gray-, cow- and éeven—gilled.sharks the
urea content does mnot exceed 1.5--1.75%.

Tn the meat of soft-headed and white—finned sharké 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 ‘700 mg percent.

Evidently the level of urea and trimethylamine oxide accumulation

dgpends 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.

A AP AT T S
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Table 10 Tasaua 10

MokaaaTenn ; Hpeaeann
indices S limits
' Coxzepwanue s asce, % percentage conte'nt( in the meat) of:
AzoT obutuit overall ni trogen 3,5—4,5 S

o

~ Asor mefeakoruiit - ponprotein nitrogen 1,35—1,65

. IO P includi-ng: . .

- a307 TPHMETIVIAMHIOKCIAR . 0,05—0,18

b 230T MOUYEIHILL 0,74—1,06
% N uecesxeunit- 100 honprotein N - 24,4—42,0
(AN . . e
% N obuut overall N . .
% N TMAO.100 TiAD ' - 3.0—-114
% N neSearopuil nonprotein N

% N movesuusi- 100 ynhea N
% N nedeaxouitil

nonprotefn N

R .o e - —_— - . . @ Gramietmem e

54,4—724

a-nitrogen trimethylamine oxide; b-urea nitrogen.

According to S. Komarov (1933), Zh. Kambel (1935), M. Sakaguchi
and M. Khuzhita (1964) and others, shafk meat contains somewhat less
creatine than that of bony'fish (326-~600 and 580--740 mg percent,
resbectively).

The high content of nonbrotein nitrogen determines the given
organoleptic gualities so apparent in the culinary products of shark
meat on the one hand, and, on the other, it is resﬁonsible 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 simﬁle
proteins in the meat of the Pacific sharks studied has a low average,

ranging within 12.7--18.9%.

/12
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According to E. Nasedkina, the meat of Qarious 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, thepcompositidn of free
amino acids of shark meat differs frbm 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 thé 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 biocheﬁicaltcharacter. A comparison of the known
data regarding. the composition of amino acids of the protein of bony
deeﬁ—sea fish with the results of T. Paskhina'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 éhark 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

Scoliodoh palasorrah (Table 11).
. Of the non-essential amino acids shark pvotein, compared to that

of other deep-sea fish, contains somewhat more arginine and cystine but

/13
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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, changing Wiﬁhin Kl%ﬁi vitamin B2 from 100--500,

Bc 30--300, PP 3000--19500, B 0,5--8.5.

12
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--8607%); folic acid (2.5--3.5 T%) and a high

‘content of choline (35--80mgZ).

(continued on next page)




21.

"Tab'le 11 TaGauwa 11

| Mnapensl corapwauus B CyXoM Geake Mace,

MOPCKIX l Ocnqna“ppﬁ x"p{lj,'ﬁui': cesiracacep-
AMHHOKHCAOTH HORAr - ('an'cnar'.mme. ' ('rionace 104, Mano-
HHTURRAE ) HECKHY albimaryinatus) glauca), resiosoi,
. . crerere o | HoXOCREDGHT aryaa-Mon0T BHICOKO-
amino acids CORET 1 (Galeothinus | (Sphyma  nepoii
) I . ; PO 1.3 ausiralis) 14 blodi) MArROrVGOit §

1. Hesanemasie ential . ) id
amsnckaeaory SSSent ial amino ‘acias

a Bamum i vetnomn o8 7—12n - 31—58 +  45-56 3,786
b . Qauiaauan, aciiwm,
PENLGH 158215 9,1—10,4 11,4146 © 7.3—134
C _' fius:m, CHC I 121.-20;2 149193 16,8—17,5 " 8,190
. Beoro Total  356-517 311335 ° 448-459 = 21,6255 .
11, 3anscitiviste L. . . o o
“ammmorrcaorwtonessent ial amino acids . . SRS
d Tamum ©osg-8s 47 0 X T 25-83
e Apamny - 51=-73 7 .54 5360  4,1—60
£ Ceppy -~ .. - 4655 . - - 039 -, 2661
g  Aprunm 5,9—6,9 638 8570 4281
h AcnaPar’unosaﬂ kicsora  62—115 - - 38 - St e o 2030
i - Iiorasunosas kicrora  13,4—16.9 128142  13,0—14,0 " 7,8-109
J  Uacriy , ©09—20 | 12--24 18-34 . 0834

l-percentage content of amino acids in dry protein;’

2-bony deep-sea fish; ,

5~in seven-gilled, in Nebrins concolor, in Carcharinus dorsalis,
and in Scoliodon palasorrah.

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

d-glycine; e-alanine; £-serine; g-arginine; h-aspartic acid;
i-glutamic acid; j-cystine.

(continued on next page)
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Table 12 shows éhe results of an analysis of products

prepared from spiny dogfish.

-—

oo ,
Table 12 Tabnaua 12

a

- Tlpeneawt conepwanns, %

Haumenorannc

name of product k| B I a2 ™ lno )§22g:ﬂanm)L 307
. . ; a. g 4
| Konwewwe Gaaresn ™ v 364416 198274 2,7--3,1 113121
2 _B’;meum_e Ganmzy 34,6—399 . 20,4--316 3,235 12‘1—-13‘6
3 Kopsosas Myka ns ' ‘ B N
TyIex (Ges nonenii) 8,9~—12.6 10,6—16,7

l1-smoked balyk*; 2-sun-dried fish;

(excluding liver);

a-ranges of percentage content;
determined according to Kjeldahl's method;

3-fish meal made from carcasses

al-moisture;

16,4—11,5 . 4,6--6,2

a2-fat; a3-nitrogen,
ak~-ash.

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 |3 Ta6ruua 13

) Tpexenur cojepuasus, %
~ Yacri Teaa lc .01 .
body par\ts ’aﬂﬂara Ib wup (n(\ Kbe,-’lbnamo‘; I dao;li\

‘head ['vioza 70,2778 0,9-—1.5 39895 J4—7.3

i ns [ REER £5,5-——73,0 0,1—0,6 3.3--6,; 6'}?_§lc)'9
viscer Buyrpoitoert 73.3—81.0 0.6—1.1 1.2—1. ) 3.1---3.96
Sk?n 2 Kowa 61,5—7¢,8 0.4—55 4489 3.6—78 -
spine Kpeher 625—71.3 0.4--09 39—1.7 8.3—11.4
‘tiver | RITCHN 17,6—52,0 22 5---80,4 0,26—15 0,6—1,5

l-ranges of percentage content; la-moisture; lb-fat; lc-nitrogen
(determined according to Kjeldahl's method);

ld-ash.

The shark skins are used in the manufacture of haberdashery

jitems.

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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O.4-—0.5-m2, while in large gray and blue sharks it is up to 1.5--2 mz.
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 din
;he preparation of food products. They are marketed in dried and
frozen varieties; pickled shark fins are not in great démand.
- 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--80.17.
The yield of dry glue was 3--87, 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--31.17. However, in
almost 507 of the shark species investigated the percentage weight
of the liver did not exceed 5% (Table 14). In 25—;282 of the species
the 1iver was considered as large in size, with a percentage welght of
5--10% of that of the body; and up to 207 of the sharks had a very

large liver whose weight amounted to 10--217 of that of the ‘body.
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Ta6mrma 14
. . chTenbiiktil BEC @
i aKyan 5 Ot
R Buw akyant  species nevent, ¥ (npeseni)
b Bucoxouepau, £ynoa, Kowaubt, KpuwesyGast, Manoronosas,
MIITROFYGaY, MOJ0T, MOPCKO{N anTed, HEroraieyc, COMHXa- :
Geprtasn, cepad, CYMOBIN, CHISA, yCaTasd, poratas © 1,650
¢ Kespoaas, rpzSemiaran, Msrxoronosas, 6eaorpynad, Koesguas, .
THIpOBAS, doaonepad, ILIARHEROBAR 5,1-~10,0

£e1p208a3, NOTOU2S, I, RPN PKOLIOCTAR, Hepaas ’ 10,1—21.1

a-ranges of percentage weight of liver relative to body weight;
b-Catcharinus dotsalis, Smooth hound, Lesser spotted dogfish,
krivozubaya®, Scoliodon palasorrah, smooth hammerhead shark,
angel sharks, negogaleus*, seven-gilled sharks, gray, Soupfin
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,E
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 deveiopment,
or to the area or season When a given animal-ﬁas caught.

The work of ﬁ. Lagovskaya and G. Dolbish indicates that
‘the relative weight ofthe liver differs even among animals of the
same species; in the Squalidae, for example, it varies from 5——21;12.
of the weight of the body.

ﬁifferent species of sharks accumulate from 8--807 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 shérks caught in the spring have less fat in
their liver than those caught in the f£all, and so on.

The content of vitamin A also depends on the species of sharks,
their age, condition, area .and season of capturé. -

Based on the published data of Broklesbi (1932), Schmidt-Nil'sen

*See footnote, p. 13. (Ir.).

/15
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(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

IPEIENE SN

I . . .

Tabnuua 15
XapakienucTiKa NEHCHH AKYA '

‘ ) . C Mpeaents ‘ ITpaacau coxepwatniy BHTaMHIa A
i B axyast coaepmanis b Bu e malr
: : : . g wapa, % ] T nen e T D 2
. species bl neuwean l HEYEHOUHOTO WHpa
| " Komouait axyaa ' ' o
) (ceai. Squalidae) 22,5--77,3 . 60—-19450 110—40440
!. i Ceﬂb;{eﬁﬂﬂ 2 . . PP ' K te . . '...,A s
; © (ceM. Isuridae) 16,1—70,3 120—1260 190—23100 0
" Axyna-fica ’ h . D -
© (cem. Alopiidae) _13.4—55,9 _ 170—4100 300—32900 o
Cepuie it roaylke axyas ) _
co (eem. Carcharinidac) 12,0—68,3 180—98¢0 27081600
7 ARyna-Mon0T _ L R
* (cem. Sphyrnidde) - - 84549 - 1270--208CC 3100--247900 .
: Kocpusast axy.a A ’ o A N
! {cem. Orectolebidaej 34,3 ) 690 S 2040 -k

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

sharks is very rich in vitamin B12 (Table 16).
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Table 16 Tasrnua 16

. [ — ) Mpenems conepianust (%) B CHPOM cont.:ent ()
; yvitanins BEIECTEY "_"3(_""" In raw liver
‘ By 11970 tissue
* Ba 370-—1500
- B¢ - 40—-530
t B -8—310
PP ; 3500—2200 5
: Maxtorencsas kanora pantothenic acid | 640—1700 : ;
i doauenas xucaTa folic acid 75158

A R eam s ® et s e et

Intestinal and gastric tissue in sharks contains 0.6--3.57

fat and up to 250 international units of vitamin A,

0f the overall

amount of vitamin A contained in the shark organism, 85--907 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) sugéests that its physical and chemical

composition varies greatly (Table 17).

Xapakrepue ke RKpA Deeny R |

Tabauua 17

a Ineneans b _ Mpeavaw sravenus
corepImauny :
HOGMELIR S - yreantii no FORAGENNYERT
1COMbLIR S ya ) ¢ o l e wostdiiptent
ML BEHIECTR, e prppaxnny ftonoe 1
: % | (47 z (020 OMLLICH IR Hoe miHcao
bl * | b2 \hx b4 I

Q411609351

G073 —0,¢

1,4720—.1 4854
| JR i iy O S LR
70— 4849
17021 4835

LOM8—0,4254

LATIG- 4R 1
Lot @ 71,4030

175,31
138,61

149,7—1
131,7--1
70,21

23,07

94,4 103,0-—2008

85,7 120,5—160,0

746 75,.2—183.9
49,2 01,3— 1744
2001 1299 -236.6

5.0 - \?55.“.).1@7‘3'“»(’

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; bé4-iodine number. . :
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The figures in Table 17 show that a rising content of /16
nonsaponifying sugstances in the fat is accompanied by a lower
specific weight and saponification number and by a rising co-
efficient of refraction. The iodine numbér decreases in a more
complex pattern, At first, the increase in honsaponifying sub-

stances, consisting mostly of saturated compounds, causes a

relative decrease in unsaturated glycerides, which in turn lovers
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
2% in only 20Z of the investigated species of sharks, in 407 of these

species the nonsaponifying substances exceed 157 (Table 18).

(continued on next page)
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T AL ALttt W e >p ; S - -
: .t .Table |8 Tabauua 18
B Hpeaeaw cotep- )
: H1 aKyapl wann weonmwsie-t KOAHYeCTRO
spectes (saTRuCKeE naskatne Euia) NP BENEETE 1y RILKOB.
. . B Asipe. N
Alopias-pelagictis, A, vulpes, Apisturus macrorhynchus, Ca- :
tuius torazame, Cephatlosevllium umbratile, Cynias manazo,
C griscus, lIsuropsis sp, . glauca, ileterodonius zebra, . . . .. .
‘Prishurys  “eastamanii, Sphyrna zygaena, Orectolobus o 2 13
japonica (20%)
Carcharias faurus, C. isobeli, Lamna cornubica, Eugaleus ~
japonica, Muslelus  apiarcticus,  Qreclolobus  ornatus .
Pristiophorus japonica, DPristinrus  callulus,  Scoliodon
Laticoudus, Squalus mitsukuri, Squatina nebuloska, 2,150 B K) i
S. japorica, Scyllitim \ariolitum (20%) '
. Charharinus- sp., Carcharinidac  albimergivatus,  Nebrius
concoler  Prionace glancus, Triakis scyllium, Squalus 5,1—10,0 b i
acanthias. ' (10%)
“Gaieocordo  tigrinus, " Squalus sp., S, Wakiyae, Hept- . S :
canchis  deani, Uitsukarina owsloni, Xexanchus cori- 10,1—15,0 :
; nus. (10%)
} Prachaclurns sp., Cirthizaleus barbifer, Etmopterus lucifer, . . -
! E. frontimaculatus, Cetorhinmus maxinws, Somniosus brevi- 150300 . 8 . |
, pinus, Nolovbynchus sp. Carcharhinus sp. 2%y L7
Carclorias feroy, Controlicymaus owstoni, Cenlrophorus atre- ’ . N
! margipafns, Centroshyllium  ritlerl, Lacmargus  borealis, . i
i Scymnorhinus licho, Zamens squatpulosus,  Lipidorhinus 30,1—60 _ 10 . |
{ kinbei Scymnorhinus iicha, ) 4 (16%) - %
i Dalaiius phillipsi, Cenlrophorus sp., Pristivrus pilosus, Aca- ' ' ‘ ‘
’ . nthidium  aglaalinba, Chorcharias  owstoni, Elmoplerus 60,1—90,2 L !
. spinax, Echinorhinus brucus, Lopidorhinus foliaceus (12%) :

L ineing Ao oIt et A A i I e e

a-percentage content of non-saponifyin

: g substances in .the fat:
b-number of species. . : ’

The nonsaponifying substances in shark-liver .oil comnsist, /17
apart from cholesterol, of hydrocarboms (squalene, pristane,Aand
substitutes) and to a lesser degree of -glycerol etﬁeré (éhymiferous,
batyl, selachyl) and higher alcohols such as oleic acid and cetyl

alcohol. 1In sharks the bulk of the nonsaponifying substances
consist of squalene, which is an unsaturated (iodine number 388.1)
texpene hydrocarbon with an empirical formula of C30H50'

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 abseﬁt when ‘the nonsaponi-

fying substances .amount to only 15%. In oil containing from 16.2--28.87%

of nonsaponifying substances the squalene content increases to 13.8%,
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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--90.27, the
squalene reaches 58.3--84,8%.

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

in-addition to squalene, pristane (C ) whose content usually

18738

does not exceed 1.57, but in the basking shark it reaches up to
107.

According to published data, processed shark-liver oil
éontains.from 5.3 to 21.5% (average 10--127) 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 5f vitamin A in the liver oil of several
species of sharks (for exaﬁple,'the hammerhead species) makes
their liver an‘important source of an oii from which subsequently
a vitamin A concentrate is obtained by way of molecular distillation.
.The fluctuations of the physical and chemicai properties

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

(continued on next page)
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Tadauga 19 .

: KHMHUCCKHE H (HIMNCCKHE KOHCTANTH NEYSHOUNBIX KUPOB "
THXOOKEAHCANX RIJIOB AKYa .
) ‘l‘lﬂ.ms{e;mmmue~ _ 4is - OL‘I“:,;CJ""S_ floanoe :1,%3;:,’,,;
cerelicTea 4 in . wieqo | mewmeesn,
family o % C
) llogotpan porarmx akya (MHelerodontiformes) :
Porateie axyan 10,9291 1, 4745 178,5 - 119,6 29
(Heterodontidac) 0.9305 1,4781 1863 1385 39 .
tloporpsn rpefnesybux akyy (Hexanchiformies) . o
TpebuesyCote axyner * 09146 14734 - 1658 103,1 35
‘(Hexanchidze) 09246 14860 1830 17y i5e
MaamenocHule akyant ’ 08749 ~  1.47IR 934 150,3 371
(Chlamydoselachidae) 0,8883 14795 1158 - 13304 si.7
Mojomta ceanneolpasunty (Lamniforates)
CeanfeBble axynsl Q0178 1,4741 1752 109,3 0.8
(Isuridae) o 0,9393 14815 188,1 1312 36
JIHCBI axyvibl 0.9157 1,475 1839 123,2 0.7
(Alopiidae) 30,0293 1,4528 1881 1812 a6
Kowasy ary.s! 0,4i61 1,4725 1788 103, 0,9
(Seylio hinidae) 09308 14815 1845 197.9 NE
Monor-axy it _ 09312 1,4803 174,0 155,6 1.0
(Sphyrridae) - 70,9331 L3651 18427 236 &
Cepuie ot roaySLe aKyir 0,0094 14729 147,0 10,5 2,9
{Carcharhinidac) ' 70,0334 1,853 1378 05,6 a6
Kopposute arynt : - '
(Orectolubidar) ’ 0,0277 1,4798 194,4 169,5 1.3 .
' KarpanooGpastima aryas (Squaliniformes) Coe
Kaziouie aryau ~0.8633 14707 29,0 102.2 6.3
(Squididae) 0,9254 1,4930 1783~ 2814 0.2
telinorhinidas T _0,8806 14700 €29 . 1222 358
ORCED) 1872 130,1 "969,2 685
183 N g

Table 19. Chemical and physical constants of liver oils

of Pacific sharks.

saponification number.

.a-saponification number; b-iodine number; c-percentage of non-

of the above-mentioned researchers (M. Ttsuzhimoto, O. 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.
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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:
C14 from 1 to 6; C16 from 10.5 to 14.5; C18 from 0.5 to 3.0;

020 not more than 1.0; unsaturated: Cl4 from single traces to

1.5; C16 (--2.0) from 4.0 to 12.0; C18 (--2.2) from 19.0 to
35.5; 020 (--2.6) from 10.5 to 32.5; 022 (--6.1) from 12.0 to
26,03 C24 (--6.0) from 6.0 to 12.0. (The figures in parenthesis
indicate the number of double bbnds). .
Thus the bﬁlk of the fatty acids consists mainly of
palmitic acid, while myristic .and stearic acid is present in
considerably lower quantities.
Predominant among the unsaturated fatty acids are C18’
C,. and sz; and the highly unsaturated acids included linolenic

20

acid (C moroctitic* (C clupanodonic acid

188300272 108,805
02) and CZOH3002’ 020H3202, C22H3602 acids.

The presence of highly unsaturated fatty acids makes

(Cyptq,
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. Hencé 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.).
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%packéd and sealed into a}rt}ght metal containers (14--16 kg). Shark
liver is preserved variousl&——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——1000C, followed by sealing,
cooling, .and cold storage. Recently the liver has been frozen and
stored in thermostable sacks made of synthetic material.

Skates. 0f the skates (suborder Batoldea), 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 /19
in skaﬁes and stingrays, but characteristic of all the species investigated I
was a relatively high-weight ratio between the viscera and “the heads

(Table 20).

(continued on next page)
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: Tabauna 20
‘Becopuie COOTHOUICHHH H4CTER TeéAa CKATOB

. fpereant, % percentages
Yacti en - O6BIKIIOBHHHE CRATW-XBOCTO- %‘f‘;gl’;ﬁ;’\\:g;
) cxathl KOMBL (POiL cKile ru'ri;pm
body parts (Rajidae) Dasyalidae) (Rdinebatidae)
a Tloaosa a 16.8—21.7 24,6-—28,6 26,0
b Xsoer ' 86—125 B _
o Buyrpenitovry, 17,0267 20,1—-25.0 ‘ 53
B T. Y. IlEueHL . : 3,6—9,2 '§,6~-9:4 '_1;8
d Tyiuxa e - 61,0
e Taasnuki 1,5--3,0 2.5--3,5 6,5
- Xpanw 4,0—6,0 4,0—6.0 9.9
Mrico ¢ koweil ' 42,9—42,6 : 41,2—45,4 81,2
ﬁ Koxa : S —_ - 88 |
L1 . Maco Gea koxit — - . "fL5

Table 20. Weight correlations of body parts in skates

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

The analyses of I. Varpakhovskii, Z. Podoba, and V. Adistanova
indicate that skate meat has a low fat content but that it is well

hydrated (Table 21).

. Tabanma 217

Xurtaveexnil cocras wactelt tena .ckaros b SR

body part. |2

[Mpeacaw coaepwanity, %

B"n . A08a.10CH Baira YKHD L -ﬂ30T (ﬁo_ 30a4
_species | studied a2 hRremaaolag
Crat 10KHMR Maco Tlesh 78,6 04 29 ég__

(Raja clavala) . . £0,1 08 3.9 )
| ViSGehAcithouty, 19 19 19
(Gea .ne'-lem()i tvemay 20 2, v
Mewens | jverpr o 135 - C
: 7.4 )
Cxat Cmupuosa . A ) - ‘
(Raja sinirnevi) Maco® flesh 74,2 07 3,7 20
I(’oxma tl)mr!:xh‘T.’m _ . '
Rhirobaius .
djidensis) Maco flesh 74, 0,2 42 1,7
CKaT XBOCTOKOI Mico flesh 765 09 2,5 19
{Dasyatis acajei) . . 82,5 1,2 3,2 2,6
Hevens | iver 38,6 49,8 _13 03
, : 397 . 516, 16 05
CKkar XHOCTOKOI Mnco flesh 75,6 038 3,1 1,3
_ (Dasyatis sephen) . 79.4 1,1 KR 2,

Table 21. Chemical composition of bbdy parts in skates

é—percentage content; al-moisture; a2-fat; a3-nitrogen (determined
according to- Kjeldahl's method); aé4-ash.
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N. Rublevskaya's analyses showed that skate meat (Rhino—

batus djidensiss and haqg'anczlostoma) contains 2.1--2.15% of urea,

0.48% of trimethyl amine oxide and 2.4--2.9 mgZ of trimethyl .amine.

0f the overall N-content in skate meat 25--307 (30~--387% accordiﬁg
to Sh'yuen) is nonprotein N which consists mainly of urea nitrate.

Thus skate meat contains relatively little simple protein--it varies
frbm 10.8--18.4%7 and on the average doesn't exceed 157, that is to say,
noticeably less than in shark meat.

The fragmentary data that have.appeared in the literature, /20
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 B12 (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‘skétes the liver is of considerable interest; it contalns significant
amounts of oil and vitamin A.

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

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

Jply 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--77%) 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=-307) .
The vitamin A content in 1 g of liver tissue varies from 5 to
190 international units, while that of 1 g of liver oil varies from
110 to 60940 intern. units (usually 1200-1500).

E. Lagovskaya establighed in stingrays a direct relatiomship
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 animals weighing over 12 kg the vitamin A
content rose to 1100--3200 i. u. per g of liver oil. In summer liver

0il 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 ﬁody, varies from 5.1
to 6.3% and its oil content varies from 13.5 to 37.47% with 480 to 2120
i. u. of vitamin A per gram.

The common European skates (Rajidae) (Schmidthil'sen, 1933)
have a larger liver (from 4 to 127 and usually from 8--107 relgtive
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 &4.0--61.5%)

and on other causes of a biological character. A. Teplitskaya also
discovered vitamin 312 in skate livers (from 6.5 to 20.5 1'%), Bl
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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Vo;ganoleptic qualities. At 18——2200 theioil is transparent, bﬁt
;t 10--12°¢C hard glycerides begin to precipitate. Skate-liver oil
is distinct in that its physical and chemical préperties 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-Nil'sen and A. Flud (1933) on the
chemical‘composition of skate-liver oil are summarigzed 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~balmitic (14%) and myristic ‘(4%)--

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

- aclds consist of the acids ClS--CZZ’ but the ratio of the individual /g;

acids shows sharp distinctions (Table 23).

TaB‘,l e 22 TaGmiua 22

. Heoabt -
M 45 20 Hizeno Honutoe JAREMbIC
aud auue Y '
sd le.HOBm”L o M oMbLieHug YUCAO BCICCT-
family t a | Ba, % o
CEATH XBOCTOROI 0.9106 1,4728 1402 _165,7 10 - '
{Dasyatidae) 0,9316 1,4843 - 1942 ©2000 - 12,6
OOLIKHCRONHAIE CRATH 09099 1,4678 1450 oo 1088 - 7 l,l___"
(Rajidae) 0,9343 1,4860 186,1 © o 186,6 23,7
Mopcrne awream | 0,8365 14720 ' ) 1209 08,0 o 1,7 .
(Squalinidae) 0,9393 [ICENE ER 1 X U XU |
Tlawnnue cxatil ' ' o : E - L
poxsuchble : . e L )
_ (Rhinohatidae) 0,967 Coldsz g8 st 32
" Crarsl poraus-ManTa o Lo e o R
{(Mobulidae) : 0,9:398 [,4%35 1823 202,92 “ 39 -

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.

;T?BIéKZS,jfwmmaQB

o~ “acid content Cogepwaune kicaor, % in _percent

! CeneiicTo i . 1-
! ! C o C C Cuy
\! Fam’ 'y T, ‘..‘~ !=“€.‘ N i:}‘lgb‘ H l.-_é",::lg');“f_ Sy = ! i
.Rajidac C -t pacdghiof 105 .i .205. .« .1 -85 . 185
| ‘ (—20) (—3.3) (—T7.5) (—9.5)
Squatinidae SR e e BT 207 1 2L9 T Y 306
L 200 (30 (60 (5102)
HOLOCEPHALL
(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 50.87% 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 14.17 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--3507%. The meat has an unpleasant smell and taste.

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

-
. Tadanua 24
Xurpyeckr coctan wactTel Tena XHLCpH! :

Mpeneaut coicpixawns  contents

Hacti Teaa '

- . 4 ..Baara wrp . .0eN0K 30a4
body parts watep. fat protein ash:

Maco flesh © 183 008 . 202 L2

79,3 010 22,2 1,4

Teven, | iver 143 664 - L —

vertebrae Tlospauxy, nnaammu, 788 05 14,1 ) 2,3
fins, head rososa. S 824 09 196 30

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

the vitamins BZ(BOO), B12(2), and PP (4000 + %). Kh.'Khigashi's~data
(1959) indicate that :the flesh of this fish is low on pantothenic
(110 % /) and folic (2 7.57%) ac1d.

Khigashi also found (1959) that these acids are in low. supply /22
in the chimaera-liver .(pantothenic up to 70'77% and folic up to 32 ).

Chimaera-liver oil has a low iodine number (93—~94), a saponifi-
catiee value of 138.0--140.6 and a high percentage (19.9~=22.2%) of nop—
saponifying substances (Kleie, 1959). Its vitamin A content does not
exceed 210--220 i.,u. per gram (Ttsuzhimoto, 1919, 1926; Nil'sen, Flud,
1933, 1936; Toioki, 1935, and others). Chimaera~liver oil has a d154 -
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. Lovern established that the fatty acids 018 and 020
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(70.2%) predominate in chimaera-liver oil and that the saturated

fatty acids consist of palmitic (8.47) and stearic (7.2%) acid.

Acids predominate among the unsaturated fatty acids'(SO)G%L

and the acids 020 and 022, 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 fd the
suborder of cartilaginous ganoids (Chondrostei).

In the Far Eastern waters there are three representatives

-0f 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 midwéy
upst%eam_ZO——SO and 2--5 kg, respectively. The largest species of Huso
dauficus encountered in the estuary weighed 950--1200 kg.

The weight ratios of body parts of Amur stufgeon, as researched’

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

*"Huso dauricus': also known as "kaluga" (Tr.).
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Tab | e Z;) Ta6miua 25

a ﬂpe lCJI-b_lﬁCOILe)M(ﬂHHﬂ B % K Bocy poiom
Hactn reaa _
bod s oceTp Kaayra
ody part Amup sturgeon Huso dauricus
ead Pososa - - 11,6—20,6 10,9—14,2
all ,'and Xuvoer u paasuuxn £ 4 ns 2469 3,0—76
artilage )\pmuu <. 108136 ‘ - 9,4—12,6
dried . Basrgp jnal «cord - 0,7--12 - o 0;3—0,7 .
Qﬂ¥ g | a EF)K)‘H\H . . CLO—1,7 . S 1,623
i1lle Wuae ¢ kowel .gkiin 52,6—59,0 60,6---54,9
. & m Koxa 15 S 6583
iscepra - Buytpennocty, . : S
. milt B T. Y. MOJOKN : 1,56—4,5 - : . 0,1-5,6
P poe HKpa 114 '8,3—12,6
| iver Heucinh 24 . 1,8—2,6 ;
Ioswim b | a ddewrasateasunit LY3Lph ’ 0,6 0,4—0% }
other visceri@{upgpgiguiocn &l C T 4368 !

a-percentage weight of parts relative to body

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--877; gutted, decapitated and without
fins: 75--78%; fillets with skin; 56--57%.
Sturgeon meat has excellent organoleptic qualitiés. Data.

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

Tabanua 26

Xusthqeckisit coctan Maca oceTpoBmix puG - i

fipenean conepmannsg, % content

B ow r j
Baara wup Geaon 3084
species - water oil profem ash
a Ocerp  aMypokiil ) 71,5--74,9 6,2—0,4 17,7--18,1 » 0,9-~1,2
’ b Qcerp poaro-racnuiick:il ’ ' )

it cnfuponi 61,9747 . 89177 14,7—16,7 0.9-1,7
C Kaayra amypckan 75,4=76,9 3,958 16,8—17.2 1,1—1,4
d

Beayra posra-kacnuiicsas 71,0—799 3,182 15,2~ 19,4 0,912

v

Table 26. Chemical comnosition of sturgeon meat.
a—-Amur sturgeon: b-Volga-Caspian and Siberian sturgeon;
c-Huso dauricus; d-Volga-Caspian beluga.

Buso dauricus, compiled by L. Vakulyuk and I. Varpakhovskii, are presented

in Table 26. Also included in this Table are comparative data, compiled

by A. Popov, V. Osipov, V. Podsevalov, and O. Yudanov, on the meat

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

sturgeon.

/23



The chemical composition of the meat of the Huso dauricus is

similar to that of the CaSPién beluga. But the meat of the Amur
sturgeon, compared to that of the Siberean and Volga—Casﬁian sturgeon,
1s less fétty.

The color of sturgeon oil yaries from intense yellow to
.reddish-orange, with a pleasant taste and smell. At room temperature
this oil.is iiquid and transparent. The values of fhe physical aﬁd
chemical constants of sturgeon oil, based on analyses of E. Kaletina,
V. AdistanovéAand 7. Podoba and on the work of T. Kir'yanova (;934),

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

Table 27.
| Table 27_ + TaSnuua 27
! part‘(;From wherle a 50 c g dx
TEYIR " . , 5 )
i Bua fat nonywen W9S d}? Y 8.l o= So (2 5
¥ s . . WHp . Eg Eg 53 lgzg
pecies taken 22 [ F8 |=F |[DE8
tAmur sturGcerp ) Maco flesh 09190 14680 04 1876 1278 07
_geon astypekil 09220 14720 06 1923 1307 23
g E . e 0 Buyrpeunosta 09180 1,4680 1,3 1959 1382 18
« : viscera 09230 {4770 26 1987 140, 9.8
‘Yol ga- Ocerp poaro-
Casoiagn Fcmicknt Maco flesh09224  — 702 1863 1224 L0
3:\!!0)' an gy gypcrni o 09236 14747 0,3 891 1253 30
an ersian lrparoe 0,9242 1,4776 1,1 190,7 140,1 1,0
.sturgeons

a~acidity; b-saponification number; c-iodine number; d-percentage
of non-saponifying substances.

The body fat of the Amur sturgeon differs from that of the
Volga~Caspian and Persian sturgeons by its higher iodine numbers. 0il

from visceral parts and from roe have the highest iodine numbers. The
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i Table 28 TuGauna 28

Tipenean coxepwanng, % content

Hauvenosanue

; ‘ L B ukcae salt
mpoaykra BAACa %up 6enox | 3ona 30060 ¢ sh -
product lwater fat prote:l ash con, !N @ h
DBainik  KoldeHbifi 474 183 . 186 67 - 8T
K3 aMypCKOTO ocerpa 53,4 29,5 25,8 105 9,7
-Tewa xonuenas : ’ : 2o T R . :
"H3 AMyPCKOro- ocerpa 453 . 304 - 153 87 78
c Baaug xonvenuii 49,8 B3 . 267 6,6 © 58,
t * W3 aMYPUKOl Kamyrn 5,2 . 17,0 2638 &8 8

- a-smoked balyk (Amur sturgeon); b-smoked belly (Amur sfurgeon);
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 Polenskg number

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

17.3--19.5% and that of the unsaturated fatty acids within 75-—78Z{
Sturgeons are an excellent source from

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

The chemicai composition of these producfs, made from Amur sturgeon

and Huso dauricus, is given in Table 28.




