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| zvestiya Tikhookeanskogo Nauchno-lssledovatel’skogo lIn-
stitut rybnogo khozyaistva i okednograF}i (TINRO). -
Transactions of the Pacific Research Institute of the fish-
ing industry and oceanography (TINRO).
1971, pp. 259-294 '
Vladivostok - USSR
The Technological and Chemical Characteristics of Commercial
.Fish of ?he Pacific Basin. |
By: I.V. Kizevetter; Doctor of Technical Sciences, Professor.
Thunniformes. ‘ : *259

This suborder comprises a large number of species of
the Thunnidue family which are valuable commercial fish.

If we generalize the results of investigations performed

at TINRO,and : data from foreign authors, the fol-
lowing description of - individual tuna species can be
given.

% Numbers in the right-hand margin indicate the corresponding
pages in the original. :




Auxis (Auxis thazard) or King mackerel has a body

length of 30-40 cm and weighs 800-2000 gm. Filleting gives - /260
a high meat yield (62.3-66.7% of the body weight). The meat
is.tender and tasty. '
_ Based on the data in the literature, the composi-
tion of the meat is (%): Moisture 71-74.7%, fat 4-6.2, protein
17.9-19.2 and ash P.1-1.3.

M. lonaze (1956) found Vitamin Bg (470~5703%) in
the raw meat of Auxis. The liver contains 630-1600)% Vi-
" tamin B, and the pyloric appendages contain 630~680X% B,
and 1-1.54% B,,.

| Auxis is a valuable table fish.

Skipjack tuna or Katsuwo (Katsuwonus peclamis) has

a body length of 40-100 cm (usually 50-70 cm); the weight is
900-25000 gm (usually 1500-5000 gm). .
The studies of A. Myaksha, K. Mershina and V. Ku-

shelevskii show clearly that skipjack tuna is u valuable

meaty fish but that the yeisht ratios betweén the parts -of lthe.bo-

dy (in % of the weight of the body) vary over a wide range:
_head 11-26.5 (including gills at 3.3); viscera 6.6-21.6 (in-
cluding liver at 0.9-3.5); trunk 68.4-86 (including tail

and fins at l.5-2.5)£ spine and bones 85]-ll,|;'méut with
the skin 60.8-66. |

The time of the beginning of rigor mortis and its

duration in skipjack tuna depend on the temperature of the
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surrounding air, the size of the fish and the character of

the ante-mortem agony. Thus, in a skipjack tuna of 5-6 kg
at an air.temberdture of +11-15° C, rigor mortis sets in
70-75 min. after removal from the water and it is completed

after 20 hours. However, at 20-23° C it sets in after 50-55

min. and it is completed after |4 hours.

“The meat of skipjack ‘tuna is dense, dark in colour,

and rather dry. |t has a slightly acidic taste.
Based on the analyses by G. Fil’e, K. Mershin; and
others, and based on the data in the |iterature, the chemi-~

cal composition of skipjack tuna meat obtained in the Feb-

ruary~August period varies in a wide range (%): moisture
64.8-75.4, fat 0.4-13.4, protein 18.3-26.3 and ash 0.9-2.8.
According to the data in the literature (Kondo, 1936; Miya-
ma, 1940; and others) a low moisture content (65.7-66.5%)
and a low fat content (6.6-8.8%) are characteristic of
skipjack tuna, while the protein content is very high (24.6-
27.2%).

The meat of skipjack tuna contains 2.8-3.1 parts

dfiwater per part of protein (by weight). This makes the meat
dry and crumbly. The meat has a nog-uniForm fat content, de-
pendent on the season of Ffshing, on the weight of the fish,
and on the distribution of the meat on the body.

| Based on the results of our analyses, the average -
fat content in the meat of é 2.5-3 kg fish is 1.7% in Feb-

pruary, 8.8% in August, 7.5% in September, and 2.9% in November.
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The fat content is highest in the meat of the ab-
dgmen. Generally, the fat content increases with the increase
of the wejght'oF the fish. Thus, in February a fish of 3 kg
has 0.4-0.8% fat in the meat of the back and |-1.5% of fat in
the meat of the abdomen. A larger fish (weight 8 kg) has cor-
\ndspondingly 1.6-2.3 and 2.9-4.3% fat:

Even greater differences in.the fat content were

found in the muscles of the skipjack tuna by Y. Miyama and

K. Saruya (1938-1940). Based on their data, the amount of
fat in the meat of the dorsal part varied in the range of
|.8-8.8% and in the abdomen 17.6-29.8%.

The fat of the skipjack tuna has a high iodine num-

ber value (189-209) and it is therefore very unstable to-
ward oxidation. The fat has a dy° of 0.9293-0.9361, an?’ of
1.4820-1.4845 and a saponification number of [82-191,

Based on the data of T. Mori, S.Konosu (1957),
S. Muroyama (1957), H. Higashi (1959) and other authors,
and also based on the results of the analyses by M. Syro-
.myatnikova and A. Teplitskoya, one can conclude that /261

the dark meat of the skipjack tuna as compared to the white

meat contains far more vitamins of the B.group and that the
niacin content is far less (table 366).-

A variety of water-soluble vitamins were found in
the tissues of the py!oric appendages ({4 based on the raw
material) by D. Kakimoto (1957): By - 300, B, - 750-780,
Be - Sd, Byg - 6.3-7.5, biotin - 16 and pantothenic acid - 740.
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Tabanmta 366
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Table 366.

I - Parts of the body

2 - Range of the contents Q{V) in the raw materlal
3 - White meat

4 - Dark meat

5 - Liver

Bluefin or Eastern tuna (Thunnus thynnus) is the lar-

" gest tuna, reaching a length of 300 cm (usually 150-180 cm)

and a weight of 370 kg (dsua||y 9-90 kg).

The relative weight of the body parts of bluefin tu-
na are not different from otheé tuna species. Filleth@ gives
a high meat yield.

The relative weight of the body parts of the bluefin
tuna varies in the following range (in % of the body weight):
head 16.1=17.5 (including gills at 3.8-4.2), viscera 5.1-8.8
(including liver at 1), trunk 75.! (including the skin at
4.6-5.4), tail and-Fins l.4-1.6, spine and bones 7-9.3, meat

60.1-63.1
| According to the ddtatin the literdtqre (Mannan,

Fraser, 1961; Dill, Vinogradov and others) and based on the
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results of the analyses by G. Fil’e, the chemical composition

of eastern tuna varies in a rather wide range (%): moisture

65-75, fat 1-34.5, protein 15.4-26.3 and ash 1.1-2.7.

The hydration index of the proteins in the meat of |

the eastern tuna is somewhat higher than in the case of the

;mgdf;of the.skigjuck tuna (3.3f3.8). This is the reason why

the meat of the eastern tuna is more juicy.

As in the case of the skipjack tuna, the highest fat

content in the eastern tuna is in the meat of the abdomen

(table 367).

.
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Table 367.
T - The composition of the meat in various parts of the trunk
of the eastern tuna
-~ Meat of
- Composition
- Range of contents, %
Data of TINRO
- Data from the literature : . ’ o
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- Moisture ' :
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9 - Fat.

10 - Protein
Il = Tail part
12 - Abdomen

The physicochemical constants of the fat vary in /262
the following ranges: dj - 0.9240-0.9449, 920 - 1.4800-1.4837,
saponification number 177.0-186:4, iodine number 164.2-194.6.

“The content of unsaponifiable matter is 1.4 to 1.9%. The fat contains. 68 to 70%
unsaturated fatty acids, including 30-32%

highly unsaturated fatty acids (the iodine number of the
fatty acids is 360-365).

-The high percentage of highly unsaturated fatty
acids inthe fat makes it very unstable towards oxidation.
This is noticeable in the preservation of frozen tuna.

Albacore (Germo alalunga). The length of the body is

.50-130 cm (usually 80-100 cm), the weight is.3.5-45 kg (usu--
ally 5.5-15 kg). |
' Filleting of albacore yields 54-58% meat. This
tuna has a small head (10.2-13.5%). However, the fins
and the bones. are massive (26.3-29.4%).
 The cheﬁical composition of albacore meat (Fil’e
“and Novozhilbva) varies in the following ranges (%): mois;
ture 55.8-64.3, fat 1.6-23, protein 17.5-25.5 and ash 0.9-
2.6. |
As in the case of the other species, albacore has
the highest fat content.in the abdomen (up to 23%). The fat
content‘in the meat of the back and in the tail part does |

not exceed 10.7%. The meat of albacore is Iiéht in colour
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and palatable. The main value of this type of tuna is for
the preparation of canned fish.

‘ A. Teplitskaya and M, Syrohyatnikova found high
contents of the vitamins Bl2 and PP (%) in the dqu meat

of this tuna species (table 368).

Tatanua 368
(7 T i Npenen coxcpramma (7% ) » cwpos semeerse
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Table 368.

| - Tissues

- Range of the contents Q{%) in the raw material
White meat :

- Dark meat

Liver

(SR~ ISY &

-YellowFin tuna (Neothunnus albacora) usually has a
body-lengfh of 100-180 em (up to 300 cm) and a weight of
20-45 kg (up to 200 kg).

| Based on the data of V. Zhbanova, filleting of the

yellowfin tuna yields the following body parts under indus-

trial conditions (in. % based on the weight of the fish): head
16.4-17.5, the pectoral! girdle 1.9-2.3, the area between the

first pair of fins and cuttings of gills |.7-1.8, tail, fins,
“and cuttings 1.4-1.5, viscera 3.9-4.8 (including the milt and

the roe at 0.7-0.9 and the liver at 0.4), scale and skin 0.9-1.1,
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bones and cartilages 8.4-9.2, dark meat 2.2-3.1, white meat
60-64% of the weight of the fish. Based on the data of A. My-
dgsha, the relative weights of the body pahts.of the yellow-
Fiﬁ tuna are on the average: head and gqills 20.2%, viscera
6.!% (including the liver at |.1%), trunk 71.1% (including
the skin at 1.5%), fins 1.1%, spine and bones 6.!% and meat
62.4% based on the weight of the body of the;FisH.
According to the analyses by A. Novozhilova and

G. Fil’e, the meat of the yellowfin tuna has the following

" chemical composition: moisture 67.8-73.3%, fat |.9-6%, pro-
tein 22.3-24.7% and ash 1.2-2.2%. |

Data in the !iterature (Mannan, 1961; Sakaguchi,
1964 and others) show that the percentage of fat in the
meat of this species of tuna varies in a wider range (0.9-
12.9) and the amount of protein, 23.3-26.7.

In yellowfin tuna (Fil’e) the highest fat content /263

is found in the meat of the abdomen (6%) and the lowest
amount is found in the buck part (1.9-2.9%). The fat of this
fish has a high iodine number (133-181) and it oxidizes rea-
dily.

M. Sakaguchi and co-workers (1964) found a high
content of non-protein nitrogen (730-740 mg%) in the meat

of the yellowfin tuna. A large amount of histidine (up to

- 880 mg% based on the weight of the raw meat) and creatine
(556-560 mg%) was found in the composition of -the non-pro-

tein extractives. Rgldtive to the total uamount of extructive




nitrogen, the histidine nitrogen amounts to nearly 224 and
the creatine nitreogen is 26%. The high content of non-pro-
tein nitrogen, histidine and creatine is a biochemical cha-
pacteristic of the meat of all species of tuna.

The analyses of M. Syromyatnikova and A. Teplits-
kaya and the data ?n the literature (Kisaka, 1958) show
that the meat and the tissuesvof the other body parts of

yellowfin tuna contain a rich complex of water-soluble vi-

tamins (table 369).

The fat of the yellowfin tuna has a high iodine

number (133-18!) and it is unstable to oxidation.

G. Dolbish found 'in the liver of the yellowfin tu-

na 3.1-4.7% fat and 450-510 iU of Vitamin A (1 gm of liver

fat contains 8100-10320 IU of Vitamin A).

TaGmma 369
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Table 369,

T = Parts of the body

~ Range of contents gy%) in the raw material
- Pantothenic acid

- White meat

Dark meat

- Viscera without liver

- Livep.

N oo
1




Bigeye tuna (Parathunnus olesus) has a length of

70-200 cm ‘(most commonly 80-120 cm) and a weight of 4-85 kg
(usually 8-14 kg); '

Thezimé of V. Zhbanova show that filleting of bigeye
tuna yields under industrial conditions 38.4-42.3% of waste
_byproducts (in %): head I8-20.2, pectoral girdle 1.6-2.1,
the dared between the Tirst pair of Fiﬁs and cuttings of gills
1.9-2.1, tail, fins, and cuttings |.5-1.7, viscera 2.9-4.9
(including milt and roe.at 0.7-1 and liver at Q.S), scale
and skin I.1-1.4, tails and cartilages-8.3-8.8, dark meat
2.9-3.6. The white meat yield ranges between_SS% and 62%
based on the weight of the fish body.

The chemical composition of the meat of bigeye tuna

is as follows: moisture 68.4-71.4%, fat 0.9-8.4%, protein

21.6-24.3% and ash 1.6-1.8%.

The meat of bigeye tuna contains a large amount of

histidine from which, in the posthumous period, histamine
is formed due to the action of some species of Proteus

(Kawébatd, Ishigaka, 1956). The meat of the tuna becomes
poisonous when the histamine content exceeds |10-120 mg%.

" In bigeye tuna (Mori, 1957; Higashi, 1959 and other

authors) the brown muscles contain considerably more vita-
mins of the B group than the light coloured muscles (table
370).

The fat of the bigeye tuna also has high iodine num-

ber values (172-196) and it is unstable to oxidation.
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Tatmnia 370
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Table 370.

- Vitamins

Range of contents (f%) in the raw material
- White meat

- Dark meat

Chol ine

ViH LN —

The results of the investigations of individual
spécieslof tuna and the data available in the literature
allow us to list a number of common technological charac-
teristics. |

The body of all species of tuna is covered with a
dense skin with a layer pf fatty cellular tissue underneath.
All species of tuna are fleshy and they yield in filleting
60-65% meat relative to the weight of the fish. The meat ob-
tained is differentiated in structure and colour into two
groups: thte and brown.

The brown meat is unevely distributéd along the

center line of the body: the heaviest layer of brown nmeat

is located in the center of the body; it is thinner towards

the hcad and the tail.




Therefore, thorough glazing and preservation of frozen tuna

The ratio between the weight of white and brown

meat depends on the tuna species. The yellowfin tuna has the least

brown meat-5,8%-and the skipjack tuna has [0-13% brown meat relative

to the weight of the total meat.

The white meat of individual spe;ies is distinguished
by its consistency, colour and taste. The meat of albacore
is the lightest in colour and it has the greatest palatabi-

lity; the meat of skipjack tuna is darker in colour and is

less tasty.

In all species of tuna, the highest fat éontent in
the meat is in the abdomen. The tissue fat in tuna has high
iodine numbers (|33-209), causing instability of the fats
to oxidation. The tissues of tuna contain active hydrolases
which cause tissue fat hydrolysis in the posthumous period.

For this reason, frozen tuna is unstable in preservation.

at a temperature not in excess of = 25° C are compulsory
technological requirements to secure a long term preservation.
The organoleptic propérties of fhe meat of tuna make
it a valuable base stock for the mdnuFucture of canned foods of
the type “meat in its own juice” as well as "blanched meat in
0il”. There is a general trend towards the manufacturing of
canned tuna. The data of K. Mershina-showed that canned tuna meat is

characterized bv a high protein content (table 371).
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Table 371.
I - Description of canned food
2 - Range of contents
3 - Moisture
4 - Fat
5 - Protein
6 - Ash '
7 - Blanched meat in oil (meat from the back and the tail
part)
8 - Ditto (meat from the abdominal part)
9 - Smoked meat, in oil
10 - Blanched meat, in tomato sauce
Tuna is also used for freezing for subsequent cu- /265

linary usage.
The meat of tuna is a valuable source of minerals.
According to the data in the literature (Dontcheff,
1938; Coulsoﬁ, 1935; Kisaka, 1958; Nilson, 1939; and others)
and based on the Qndlyses by K. Mershina, A. Krasnitshkayua,
N. Khalina and E. Nasedkina, the following elements have been
found (in mg%) in the minerals in the meat of tuna: iron 8-
|8, phosphorus 190-700, zinc 20-80, aluminum 1,2-1.5, manga=
nese 90-110, copper up to 100, potussium 260-360, magnesiuﬁ.
90-110, calcium 10-40, cobalt 6-7, mo|ybaenuﬁ 4-8 and iodine
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The brown meat which is separated in the'prepdrdtién of

canned food, is perfectly edible and it has a.good taste in
culinary produ;ts, resembl ing the taste of venison. However,
it is not blended with the white meat in the preparation of
-canned ‘food. Canned brown meat is of much lesser value in the world
market. ) |

The chemical composition of the inedible body parts
of the investigated tuna species are described in table 372

based on the analyses by G. Fil’e, V. Rudakova, G. Dolbish

and others.

Tadauna 372
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Table 372.

The chemical composition of the inedible body parts of tuna.
- Body parts

- Range of contents, %

- Moisture :

- Fat
~ Protein
Ash
- Head, gills, fins, tail, spine .
- Skin

- Stomach, intestines
0 - Liver

— OO E NS~
]

2 i g S b e PO,

1, i 4 bt e b A

o

P

e i et e

e

2}




The results of the investigations by G. Dolbish
and G. Fil’e have shown..that the liver of tundhcdntdins a

large amount of Vitamin A (table 373).

Tadnanua 3/
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Table 373.

Vitamin A contents.

- Body parts

- Fat content, %

- Range of Vitamin A content in IU per | gm
- Tissue '

Tissue fat

- Liver

- Milt

- Intestines and stomach
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The tissﬁes of the inner organs of tuna, especial-
ly the Iiver{ contain a rich complex of vitamins of the B‘
group. The range of contents of individual water-soluble
vitamins is (K%): Bjg - 6-250 (the maximum occu;s in the

liver), By - 150-300 (thé maximum is found in the heart),

B, - 500-2500 (maximum in the liver), B, = 500-1300 (maxi-

mum in the liver), pantothenic acid = 600-3960 (maximum in

the liver and in the roe), PP - 7000-25000 (maximum in the
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liver).

Flatfishes (Pleuronectifofmes). _ /266

The family of flounders (Pleuronectidae). Numerous

speciés of Flouﬁder (over 30) are widely distributed in
all the seas of the Northern Pacific. Thé flounder, a typi-
cal ground fish,migrates considerably during 'the .dunnual
cycle, either to the spawning site or in search of food.
The spawning period of the various species of flounder is
rather wide and depends on the species, the age of the floun-
der, the region of their habitat and the hydrological condi-
tions. Spawning takes place at different times: from the
~end of the winter to the end of the summer. As a result of
thfé extended span of the spawning period, both meager fish
" (which ceased feeding and started to spawn) and wgll—Fed
Fish (which finished spawning and started to feed) are
found siﬁultaneous|y in the catch.

Among the multiform species of flounder, the fol-

lowing species were investigated (table 374).
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Genus

Species of flounder
Russian name
Yellowfin sole

Longsnout flounder

Yellow-striped flounder

Japan Sea flounder

Liopsetta

Banded flounder

Black flounder
Rock sole

Alaska plaice
Sohachi flounder
Slime fiounder
Flathead sole
Starry {lounder
Roughscale sole

The data of P. Moiseev, M.

M. Tychkéva, E. Polutov, A. Fadeev,

show that the dimensions and the weight of various species’

Krivobok, M. Demidova,

A. Medveditsyna and others

-

of flounder in commercial fishing are characterized by




great variability (table 375).
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Table 375.

The range of differences in dimension and weight of various

"flounder species.

I - Species of flounder
Length AB body, cm
- Weight of fish, gm
- Range
-~ Predominant
- Range
- Predominant
- Yellowfin sole
- Longsnout flounder

- Yellow-striped flounder

- Japan Sea tlounder

- Rock sole

- Alaska plaice

- Slime flounder

- Flathead sole

- Starry flounder

- Nadezhnyi flounder

- Sohachi flounder
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These variances are due to the influence of nu-~
merous factors of a biological nuture: the age distribu-
‘tion of the fish aggregates, differences in the rate of

growth of one and the same species in various regions of

/267




habitat, the ratio between males and females, etc.

P.20.

In individual species of Flounder there is an evi-’

dent relationship between the weight and the length of the

body. V. Tikhonov established this relation between the wei

(P gm) and the total length (L ecm) for yellowfin sole which
mdweligmpn the western coast of Kamchatka; for mules: P =
0.01016 L3“0588 and for females P = 0.007952 L3u|503.

The specific gravity of the uncut flounder varies
from 1.045 to .11 and for the decapitated flounder from
1.091 to 1.183.

The bulk density of the uncut-Flounder depends
both on the compactness of packing of the fish and also on

its size (table 376).

. TaGauua 376
Hacunboi see nanban . .

@ Kaséana K (1_1)[|m|,u1auuouudﬂ Pddnunmuut llh’\'lmanﬁvmm;xxa

JECPYIKE tm nubparope

@:\le.ﬂ::m (#0—130 1) 0,876--1,02 0,201—1,04 0,908—1,0G

@ Cpeamit (250--400 1) 0,625—-0.915 — 0,390—0910

@ Kpyouasn (Goaec 9500 r) 0,806--0,900 0.860—0,908 0,900--0,080
" Table 376.

The bulk density of flounder.
~- Flounder .

- Charging by gravity

- Charging by vibrator
Packing by the piece

- Small

- Medium

- lLarge
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P.2l,
.The fleshiness hatio in flounder increases with
the increase of the dimensions of the fish. Therefore, the
large specimens of flounder have a considerable téchno]o~

gical value (table 377).
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Table 377.

The change in the fleshiness ratio (gm/cm) in relation to
the length of the flounder body.

- Species ’

- Length of the body, cm

- Rock sole

Yellowfin sole

- Yellow=striped flounder

- Flathead sole

- Sohachi flounder

NN
t

The abundant excretion of slime in the preserv§~
tion of the fish hust be considered as u technological Fed;
ture of flounder: under industrial circumstances, the loss
of weight during trénsportdtfon or preservation of the raw
material varies from 2.5 to 19.5%.

The amount of sl ime fbrﬁed in the éoéthumous period

depends on the species of flounder. Under similar conditions
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of preservation, the highest degree of slime excretion can

be observed in flathead sole, slime flounder and Alaska

plaice and the lowest excretion is obséerved in yellowfin

sole, starry flounder, black flounder und yellow-striped

flounder.

Regardless of the species composition of the raw
material, the amount of excreted slime depends on ‘the tem-
perature of tﬁe fish body, the depth of the layer and the

duration of preservation (table 378).
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Table 378.

Weight loss during preservation of flounder.
| - Body temperature of the fish

2 - Depth of the layer, cm

3 - Range of weight loss in %

4 - 2 hours
5
6

- 4 hours
- 8 hours

When flounder is preserved in boxes, the increasing

weight loss is reduced in long term storage (fig. 45).
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The changes in weight loss during various periods of sto-
rage of flounder in boxes (net weight 20-25 kg) without
ice'at an air temperature of [8-20°,

A - total loss, B - weight loss per hour.

| - Duration of storage in hours

2 - Weight loss (%)

Numerous investigations have been carried out by
P. Kantemirov, E. Kleie, V. Petrochenko and L. Konysheva
concerning the determination of the weight interrelations

of the body parts in various species of flounder obtained

in different commercial regions‘(Peter The Great Bay, Tatar Strait,

the west coast of Kamcﬁatkd, the Bering Sca, etc). The re-

P.23.

sults of these investigations show that all species of floun-

der have o small head and that the relative weight of the

fins, the spine and the large bones is very substantial,

The relative weight of the viscera was found to be very va-

riable and this instability is related to the .weight of the

sexual.glands (table 379).
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The highest yield from trunks (64-75%) is obtained

in slime flounder, yellow-striped flounder, Japan Sea floun-

der and rock sole. The following species give a somewhat

lower yield (53-75%): the banded flounder, the black floun-

der, the sohachi flounder, and the yellowfin sole; next

wcomes~the “flathead-sole, -the lLongsnout flounder und.the star-

ry Flounder_(50-73) and, findlly, the Alaska plaice (44-70%).
The highest relative weight of meat with skin is found for

slime flounder (60-63%) and the lowest weight is obtained

in Alaska plaice (32-55%).

1t might be useful to point out that the relative
fweight oF the fish trunk QF the same species and sex, caught
’fn £he same region and in the same ménth of the year, de-
creéses as the weight of the fish increases. For instdnce,‘
in a flounder weighing ISO-ZSQ gm, the relative weight of
the trunk is 61.1-64.6% of the body weight, while in a large
mature Fish of 410-760 gm, the relative weight of the trunk
is 40.8-56.8%.

The weight interrelations between the parts of the
body of the Flounder change particularly drastically depen-
dent on the stage of maturity of the sex gland. A good exam-

ple of this is the femule Alaska plaice, caught at the end

of August in the Tatar strait (table 380).

The highest yield from a flounder trunk can be obtained
right after spawning. Since the period of spawning for the

various species of flounder is rather extended, we were not
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uBle to detect any regularity in the seasonal changes of

the yield of trunks in the filleting of fish of commercial catches.
The yield of trunks varied in Jdnudry-Fcbrdury’in the range
of 59.6-68.1%, in April-May between 69.6 and 73.1%, in June-
July between 54.4 and 73.2%, in August-September between

50.2 and 737% and November between "66 and "73.4%.

Text continues on page 27.







P.27.

Table ?79 '
The weight relations between the parts oF the body
Flounder species

Fishing period

Weight of the fish, gm
In % of the weight of the fish
Head

Viscera

Including

- Liver

- Sex glands

Fins

Trunks

Spine and bones

Meat with skin

Genus Limanda

Yellowfin sole
Longsnout flounder

Yel low-striped flounder
Japan 8ea flounder
Genus Liopsetta

Banded flounder

‘Black flounder

Rock soie

Various species

Alaska plaice

Sohachi flounder

Slime flounder

Flathead sole

Starry flounder
Roughscale sole
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30 - April-November
31 - January=-September
32 - April-November
33 - April-September
34 - January-November
35 « February-August
36 - May-August

37 - July-September
38 - May-November

39 - January-August
40 - March-September
41 - September '

2

May

3
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Table 380.

| - Weight of the fish, gm

2 Stage of maturity of the sexual glands
3 - In % of the female body weight
4

5

- Ovaries plus their membranes
Trunks

Depending on the species and on the biological con~-
dition of the flounder, the relative weight of the meat with

skin varies in the range of 32-36% for the Alaska plaice

and for the starry flounder and it reaches up to 63% in the

case oF‘the slime flounder. The weight of the skin varies

in @ range of 4.7-14.2% relative to the weight of the fish,
depending on the character of the integument and on the pre-
cision with which the skin is sepdarated from the meat cuts.

The yellowfin sole and the sohachi flounder have the most

"light-weight” skin and the starry flounder has the most

"heavy” skin (related to the thickness of the skin and the
presence of many mineralized excrescenses).

In the slicing of fillet of flounder meat, the
yield of pure meat under industrial conditions amounts to

30.7-40.1% and the yield of meat crumbles amounts to 2.1-3.6%,
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both relative to the weight of the fish.

To eése the removal.of the skin, the trunk is scal-
ded (30-45 sec.) in boiling water, and in that case the meat
yield does not exceedi34-36%. ’

Thus,Athe flounder should be placed in the cutego-
ny of fish from which a_small yield of pure meat is obtained in filleting.

V. Adistanova; A. Burii, N. Gavrilenko, V. Gotovets,
L. Konyshevé, E. Kleie, E; Lagovskaya, K. Mershina, N. Niko-
nova, N. Novozhilova, 0. Omel’yanenko, V. Petrochenko,

V. Rudakova, N. Skorobogatova and others performed analyses
of numerous samples of meat of the various species of floun-
der obtained in different regions and at different periods
of time. The summary of the results of these investigatioens
(table 381) sHows that the chemical composition of the ﬁeat
of the various specfes of flounder is changing constantly
~and that this is due equally té the variability of the moisture
content (65-87.1%), the fat content (0.2-12.3%) and the
protein content (]2.5-2|.5%).

“The highest moisture content (up to 84%)‘Nd3 found

in the meat of the Alaska plaice, the flathead sole, the

rock sole and the yéllowfin sole. The meat of the starry

flounder, the Japan Sea flounder and the black £1ounder

have the least varidble'moisture content (75-80%).
Apparently, there is an inverse relation between
the moisture content and the fat content in the meat of the

various species of flounder. Thus, the meat with 84-77% of




P‘..'BG‘I

moisture contains 0.3-5.4% fat, with a.moisture content of
76.9-71% the fat content is i.4-7.|% and with a moisture
content of 70.9-65% the fat content is 4.4-12.3%. However,
this general trend doés not always apply to the individual
species. | |

The largest amount of fat has been found in the

meat of the sohachi flounder (9.9%) and in the meat of the

slime flounder (ub to 7%). The fat content in the meat of

the sohachi flounder fluctuates from 0.8 to 9.9% and it

ranges between 3.3 and 7% in the case of the slime flounder.

Among Limanda the highest averagé fat content in the meat

is found for the yeliowfiﬁ sole (on the average 3.2%), fol-

iowed by the Japan Sea flounder (1.9%), the yellow-striped

flounder (1.2%) -and the longsnout flounder (0.7%). Among

Liopsetta, the black flounder has an incredased fat content,

Based on the range of the fat content in the meat, the ma-
Jority of the flounder species can be classified as medium-

fat or low-fat fish.
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Table 381. .
The chemical composition of the meat for various species of
flounder.

- Species of flounder

- Period of fishing

- Weight of the fish, gm

- Range of contents,

2

3

4

5 - Moisture » -
o 6 |

7

- Fat
- Protein
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8 - Ash

9 - Genus Limanda

- Yellowfin sole

- Longsnout flounder

- Yellow=stripned flounder
- Japan Sed flounder

- Genus Liopsetta

Banded flounder

- Black flounder

"~ RNock wsole

- Various species

- “Alaska pladce
20 - Sohachi flounder
21 - Slime flounder

- Flathead flounder
23 - Starry flounder
24 - YNadezhnyi flounder
- 25 - Roughscale soie
26 - January~November
27 - July-November
28 « January-November
29 - April-October
30 - February-0October
3! - February-August
32 - February=-August
33 - February-September
34 - May-September
35 - January-August
36 - January-September
37 - May-September
38 - May-July
39 - May
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For the majority of flounder species, an increased
percentage of fat in the meat can be observed in the summer-
~fall period. However, the increased amount of fat in the
meat occurred in the first half of the year in the case of

the flathead flounder and the slime flounder. These changes

in the fat content are related to the periods of spawning
and foraging: in the pre-spawning period (winter) and in
the post-spawning period (spring) the fat contents reach

their minimum and the accumulation of fut in the meat is the
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highest.For all species of flounder in the period of fOPd;
ging. Due to the fact that the spawning period is'very.pro—
longed for the various species and for the various-age
groups of the mature flounder, it is very difficult to esta-
blish when the best condition prevails for the flounder
.catch or when it is most emaciated.

No relation af all could be observed between the
fat content in the meat dnd the weight of a certain species
of flounder and in many cases small specimens of actively
feeding {mmature fish have a fatter meat than the fdrge
fish dFEer spawning.

For example, the immature yellowfin sole (weight /272

200-300 gm) has a fat content in the meat varying in the
range of |.7-5% whereas for a mature fish (weight 700-800
gm) in the spawning period the fat content is 2.8-3.5%.

On the other hand the fat content in the meat is the same
(0.8-1.3%) in a flathead sole of 200-300 gm and one of 600-

700 gm.

Apparently, the age factor, which has a distinct
affect on the fat content in the meat of numerous species -
of fish, is not of crucial importance in the case of the
flounder.

The deposits of fat in the Qrganism of the fully
#conditioned” flounder (Wilson, 1939) are concentrated
at the base of the fins and droﬁnd the bones and the spine.

When the spawning time approaches, the fat reserve decreases
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and these fat deposits become hardly noticeable immediate-

ly after the flounder has spawned (fig. 46).

Puc, 48, Pacrioromenne oOTHOACHHN AHPpa B Toad
KaMGadbl o pepuod garyaa (1) o uocsae nopec-
Ta (2) (ro J1. Buiscony) -

Fig. 46.

The distribution of the fat Jdeposits in the body of the
flounder in the period of foraging (1) and after spawning
(2) after D. Wilson.

Based on the results of our analyses we conclude
that the fattest meat is found in the flounder in the head
area and that the leust amount of fat is found in the tail
ared.

The amount of proteins in the meat of the different

. . . at
flounder species varies in the range of 11.6-21.5/%. However,

the widest range of protein content variation (11.6 to 20.6%) is found in

‘the yellowfin sole and in the Nadezhnyi_ flounder (transla-

tor’s note: name transliterated). The most stable and also
high (17.3-19.6%) protein content is found in the meat of

the black flounder and the leust content (13.2-14.8%) is

found in the meat of the starry flounder.

It is a characteristic that the hydration index of

the meat proteins fluctuates widely due to the instability




of the moisture content and the protein content in the in-

dividual species. All the species investigated by us can

be listed in an ascending order (table 382).

Tabanua 382
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Table 382.

- Flounder species

- Degree of hydration
- From

- To

- Average

- Black flounder
Banded flounder

- Japan Sea flounder
- Longsnout flounder
- and yellow~striped

or l @ o | - &) cpenuce
3.0 4.6 42
39 4,6 43
3,6 48 4.4
40 50 45
4,2 53 ° .47
4,6 58 4,8
ar 6,2 5,0
T 48 6,5 53

of the meat proteins

flounder

~ Sohachi flounder
- and yvellowfin sole

- Rock sole

Flathead sole

- Nadezhnyi flounder
- Slime flounder

- Alaska plaice

« Starry flounder
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The data in the

literature (Jarvis, 1926; Nilson,

1939; Coulson, 1939 and others) and the results of the uana-

lyses by K. Mershina, N. Krasnitskaya, N. Khalina and others
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show that the following macro- and micro-elements form
part of the composition of the minerals in flounder meat
(in mg#%): calcium 90-240, phosphorous 140-280, iron 0.4-5,
magnesium 6-26, potassium 190-270 ({%), iodine‘40-70, co-
‘balt 0.4-0.5, zinc 16-40, molybdenum 0.2-0.24, manganese
40-50.
There is a noticedble aiFFerence in the organolep-
tic properties of the meat of specific species of flounder. /273
A good taste, a tender consiétency and o white colour are

characteristic of the yellowfin sole, the black flounder,

the yellow-striped flounder and the Japan Sea flounder.

The meat of the longsnout flounder, the rock sole and the

starry flounder has a satisfactory palatibility. The latter
species features the presence of hard scutes on the skin.
These are resistant to heat and they should be removed in

the preparation of canned food. The meat of the flathead sole,

the Alaska plaice, the banded flounder, the slime flounder and the Nadezhny

flounder is Ffabby and watery and is not very palatable.

The meat of the sohachi flounder has o specific unpleasant
"oozy" taste. |

The palatability of the meat of the specific spe-
cies of flounder appears to be related to the specificity
of the composition éF the nitfous extractives. For instance,

“in the meat of the flathead sole, which has a poor palata=~

bility, M. Sakaguchi and M. Hujita (1964) found 4 relatively

high content of extractive non-protein nitrogen (up to 290 ma%) .
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As compared to the meat of other sea fish, the content of
creatine (150-170 mg%) and creatinine (50-58 mg%) in flat-
head sole .is lower and the trimethyl-amino oxide content is

rather high (150-160 mg%). However, in the meat of the soha-

chi Flogn@gr, which has unpleusant organoleptic properties,
V. Rutkgtova found :780 mgZ of .extractive nitnogen‘(including 75~
90 mg% of volatile basic compounds).
The meat of the flounder is rather rich in free
amino acids (150-170 mg%), mainly in the form of replaceable
amino acids (90-100 mg%). The gomposition of the irre-
Plﬁxﬂble amino acids shows very little histidine (9-10 mg%)
andimethionine (up to | mg%0). Howéver, the amount of ly-
sine is large 30-35 mg%) and there is a fair amount of
“threonine. ™The replaceable amino aclds contain a large |
amount of taurine (60-65 mg%), aspartic acid (IS—IG mg%)
and glycine (7 mg%).
The palatability and the whiteness of flounder
meat are directly related to the basic volatile nitrogen
compounds (ALO) and the methylamine content. For instance,
if the ALO content in the meat is not more than 30-35 mg%,
then it has an entirely white colour and there is no un-
pleasant taste a£ all. However, if the basic volatile ni-
trogen compound content in the meat is in excess of 50 ma%,
-~ then it becomes cream-coloured and it has a distinct and

-

uhpleésant taste.
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The rate of accumulation of basic volatile nitro-

gen compounds in the meat of the flounder is directly re-

lated to the temperature. For instance, when the meat is
preserved at 0° C one finds after four days a basic vola-

tile nitrogen compound content of 45-30%. This is in the

same range as what is found at a preservation-temperdture

of 10-12° C after two days and at 16-20° C after 24-36
hours. When flounder is preserved in cold sea water (minus
1-1.8° C), then a content of 45-50 mg% of basic volatile
nitrogen compounds appears after six or eight days. However,

the meat of the fish begins to swell already after four

days (the weight increases by 8-10%).

To obtain white and tasty meat in canned foods and
in culinary products, the processing of flounder should
be performed in the stage of rigor mortis. The subsidence
of rigor mortis and the transition to autolysis is accompa=-
nied by a decline in the organoleptic properties of the
meat. The fish should therefore be cooled after it is |if-
ted from the water so.that the rigor mortis stage of the
flounder is prolonged.

The inedible body parts of all tbe species of floun-
der investigated by us have a rather monotonous chemical
éompositioﬁ (table 383).

Only the liver tissues of the flounder show a
rather substantial accumulation oF‘th (up to éé%). The

highest fat content in the inedible part of the flounder




body is found during the foraging period.
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Table 383. .
The chemical composition of the body parts of the flounder.

- Parts of the body

- Range of contents, %
- Moisture

- Fat

Proteins

- Ash

- Head

- Fins and tail

" Spine and large bones

LCooONONnN B -~
1

I'0 - Viscera (without liver and without sexual glands)
Il - Liver

12 -« Roe

I3 - Skin

The phosphorus content of the inedible parts of
the body varies in the various species of flounder in the
following range (% of the raw meat weight): hedd 1-1.3,

bones and fins 1.3~1.8, viscera 0.9-1.3, roe t-1.3.
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E. Lagovskaya and G& Dolbish investigated nume-
rous specimens of flounder liver. Their dnalyses show that
the content of Ffat and of Vitamin A in the liver is vefy
unstable (tdble 384). |

All sbecies of flounder are characterized by a dis-
tinct increase of the fat content in-the liver from-the be-
ginning of the year to the summér and the fall (20-30%).
However, the amount of Vitamin A in the liver fat reaches
its maximum values in the pekiod when the fat content of

the liver is at its minimum. The highest Vitamin A content

(27000-61000 IU) was found in the liver fat of starry floun-

der and of yellowfin sole, and the lowest Vitamin A con-

tent (up to 1370-2220 IU per | gm of fat) was found in the

liver of the Japan Sea flounder and the black flounder.

The ability to accumulate Vitamin A in the liver
increases with the age of the fish and also with the higher
geographical latitude of the habitat of a given species.

It has been éétabiished that cold-loving species qf floun=-
der accumulate considerably more Vitamin A in their organism
than the wurmth-lqving species.

The tissues of the stomach and of the»intestines
of the flounder show a noticeably lesser degree of Ffat ac-
cumulation than in the liver, even in the summertime. How-.
"ever, in individual species the concentration of Vitamin A

in the tissue fat reaches high values (tqble,jSS). Thus, the

liver of the flounder is undoubtedly of considerable interest
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as a raw material for Vitamin A and this also applies, but
. to a lesser degree, to the tissues of the stomach and the
intestines., |

| The data in the literature and the results of the
analyses performed by us show that the fat obtained from the
Jiver of the flounder has a dark -colour and the fol[owing
wvalues for the physico-chemical constants: dlg - 0.9178-

0.9280, saponification number 179.0-198.6, iodine number

[18-131, and a rather large content of unsaponifiables

(7.0-12.6%).
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Table 384. . .
The ranne of the fat and Vitamin A content in the liver of
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flounder.
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Flounder species
Region of fishing
Period of fishing
Weight of Ffish, gm
% of the fish weight
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6 - Fat content

7 « Vitamin A content in U

8 « In | gm of tissue

9 - Tissue fat

10 - Yellowfin sole

Il - Longsnout flounder

12 « Yellow-striped flounder

13 - Japan Sea flounder

14 - Black flounder

15 .= Roek sole

16 ~"Banded flounder

17 =« ‘Flathead sole

18 - Starery flounder

19 - Alaska plaice

20 - Sohachi flounder

21 - Slime flounder *

22 - Peter The Great Bay, Southern Sakhalin, east coast of

Kamchatka, Bering Sea ‘

23 - Peter The Great Bay

24 « Peter The Great Bay, Southern Kuril islands
25 - Peter The Great Bay, Souther Sakhalin
26 - Peter The Great Bay

27 - Bering Sea, Southern Sakhalin
28 - Peter The Great Bay
- 29 - Southern Sakhalin, Kamchatka

30 - Bering Sea, Kamchatka, Sakhalin
31 - Sakhalin, Kamchatka

32 « Primor’e, Sakhalin

33 -~ Primor’e, Sakhalin

34 - May-September

35 - May-December

36 - March-November

37 - July=-November

38 - February-August.

39 - August-September

40 - February=-October

41 - July-September

42 - July-September

43 - September-November

44 - May-December

45 - July-December

The results of the analyses by M. Syromyatnikova

and A. Teplitshaya and the data in the literature (Sautier,

P.43.

1946; Higashi, Murayama, lonaze, 1959 and others), show that

the tissues of the inedible parts of thé'body of various




species of flounder contain noticeably more water-soluble
vitamins than the meat (table 386).
The highest Vitamin B‘q content has been found in
' =

the liver of the black flounder (Liopsetta obscura)(300-490

'X%) and of Limanda aspera (248]%).

Theréfore, the waste “obtained in filleting has con-
siderable value as a raw material for the manufacture of

feed products.

Podd.

/276

Tabanna 38H

“DC)LO.‘IM COACPAANHT MUP H BTEAMIHG A B OTKAUNX JKCAYHKA i pMIetiKa

.. ’ N N z ) ﬂ -‘{)CO- d}&mop;uuunu D=
@ R (:3 : nC]\HOJl “ Bec % K aep- T«\mua Anl e
Bun wambas Pafion anea puGer, | onecy bl A
' HOBY : pradn Acnpa, i ica- /nm
) % ¢ | weil )"ull(\)-l;u
é;’}'}l((‘.1'rtwtl(\])nst 2/ 3aa. Metpa
('] B(‘ nmore, ~ ‘ o
Kauuvatka, ' . o
Bepirono (Z}/”"”‘“'"“ _380 41 s 30 1190
Mope . anryer 1160 54 48 .?;\1530 l 0100
. - N4
é/,/) Tesmuas @3:!.’1. Metpa @‘,’) Menpads— 180 24 L6 Thean r_xsg_,(_
: Beaukoro __anryer 520 7.2 3,.)U 100, P 3330
N : « - = .
@ Moaccatin ({W 3axa. Uletpa @tbcnpnm, - 00 20 1,3 "cacnm e
) Beannoro _ anryet 160 5,5 2,0 70 5500,
@Ocmuunnmn L) 3aa. [Metpa (3} Hinan— 200 33 03 0 1880
_Beanxoro _anryer 510 150 21. . 50 . 2600
o ) : (;_{‘.:9_ L )
(’,/ Madoporas ) 3aa. Tlerpa (Aj/l-lmnh-— K 13 e —eseant
. Reanroro < oaBryer 1320 3.2 2.1 80 5500
10 oy xaeinan (20T epuirnsu . , ‘ v
- « C Mape (/J Anryet 1600 42 3.0 615 20870
@H(c.’nm‘zpm.\':m * 2 Contabij 1510 -"_33_ 200 60 5000
. . . . : 2300 3% 5 AL 7840
s
Table 385.
The ranae of the fat and Vitamin A content in the stomach
and intestinal tissues. .

| - Species of flounder
2 - Region of Ffishing




3 - Period of fishing

4 -~ Weight: of the fish in gm
5 - % of the fish weight

6 - Fat content, %

- Vitamin A content in | gm
- Tissues

- Tissue fat

- Yellowfin sole

- Black flounder
Randed. Flounder
shach i £ lLounder
w5l ame tlounder

Rock sole

- Alaska plaice

- Peter The Great Bay,
- Peter The Great Bay
- Peter The Great Bay
- Peter The Great Bay
21 = Peter The Great Bay
22 - Bering Sea

23 - July-August

24 - February-August

25 - February-August

26 - July-August

27 - July-August

28 - August

29 - September

30 - Traces
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Kamchatka,
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Bering Sea
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- Table 386.

The Vitamin B group content.

1« Vitamin o ,

2 - Range of content ( %) in the
3 - Meat

4 - Liver
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raw material




P.46.

Intestines, stomach
Heud, spine, fins
Sexual glands
Pantothenic acid

0O~ OV
]

The characteristics of the chemical composition

of the food and feed products prepared from the Far
“Fast Flounder is illustrated in ‘table 387, 'based on the ana-

lyses by E..Kalet?na, L. Khorynskaya, L. Vakulyuk, L. Ertel,
and others. '

The canned flounder of the type 'fish in its
own Juicé", prepared from raw fish in tomato juicé or in
oil and salted flounder have an unsatisfactory palatibility.

The following elements are present in the minerals
contdined in feeding meal obtained from the waste products
of flounder (%){ calcium (1.3-4.3), magnesium (0.24-0.42),
phosphorus (2.5-4.2) and, as microelements (mg%): manga-
nese (0.17-3.4), iron 8.8-132.8), copper (0.36-1.10), io-
dine (0.02-0.09).

Hal ibut. Four species of halibut are widely dis-
tributed in the northern part of the Pacific. The true) hali-
but (Hippoglossus_spp.) is the largest among them (table

388).
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Table 387.
I - Name
2 - Range of contents in %
3 - Moisture
4 - Fat
5 - Protein
6 - Ash
7 - Canned food
8 - “Seared flounder-in tomato sauce”
9 -« "Seared flounder in white sauce”
10 - “Seared filounder in oil”
Il - “Smoked flounder in oil”
12 - "Flounder in its own juice”
I3 - “Fricassee, in tomato sauce”
I4 - “Cutlets in tomato sauce” )
|5 - Stuffing from cooked meat with oil
16 - Meat of strongly salted flounder
17 - Salted roe . i

P.47.
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- Feeding meal from cooked meat

Feeding meal from waste, obtained from flounder filleting
in the manufacture of canned food

20 - Feeding meal from small nonfilleted fish

ptoRe o]
]

Tabauua S&8
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Tdble 388.

Russian name

- Lat.iin name

- . Length of the body, cm

= Weight of the fish, kg

- Usually

Maximum

- Usually

- Maximum

- True) halibut

- Greenland hal ibut

- Arrow=-toothed halibut, American
- Arrow-toothed halibut, Asiatic

o

— — 0 00N AN B LO B —
]
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The average dimensions and the weight of halibut
in industrial catches vary considerably depending on the
region, the period of fishing and also on the method of
fishing. |f halibut is fished with a set-line, thé average
size and weight of the fish in the catch is bigger than'in
trawl fishing. Larger specimens are obtained at considerable

depths. The females are bigger than the males of the same

age.
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The results of studies performed by M. Vernidub,
V. Nevzorova, E. Kleie and N; Novikov showed that thene is
a direct relation between the length of the body and the

weight (table 389).

- ~Tabauna ~389 / 2 7 8
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30,0--40,0 0506 . 35—40 0d--0,8
40,1--500 0,6-2,1 ~ 0414
50,1—60,0 . 2532 48--90 . 1525
60,1-70,0 - 351,65 9,0—11,0 3,0—15
70,1~-80,0 o 48-65 — —
. 80,1--40,0 5,075 13,0180 —
90,1—100,0 13,0 14,0—200 -
110,1—125,0 - 18,224, -

Table 389,

The relation between the length and the weight of the hali-
but body. . "

I - Length of the body AD (translit.), cm

2 - Weight of the fish, kg

3 = Greenland hal ibut

4 - (True) halibut .

5 - Arrow-toothed hal ibut

The hal ibut is a fleshy fish. The highest yield
was obtained for the American arrow-toothed halibut (table

390).

\




e ek s et
3

ST PR O R SR

T T~

P.50.

Tatama 390
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1 TIO3ROUOHNUK 4,9--17,2 7.6--185 8,6—156,0 " G,9--13,2
(3) wsco ¢ nowei 48,5--60,0 48,3—67,7 46,9---65,9 59.0—67,6

Table 390.

The Nﬂlqht relations between the parts of the body of the
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]
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1

hal ibut.

- Part of the body

- Species of halibut

- Greenland halibut

- (True) halibut

- Arrow-toothed hal ibut

- Asiatic

American

- Weight of the fish, kg in % of the body weight
- Head

- Viscera, including sexual glands
- Liver

- Trunk, including fins and spine
- Meat with skin

January-September

- January-0QOctober

- March-September

- March~0October

The results of experiments performed by E. Kleie,
P. Kantemirov, A. Levoi and others show that there is no
distinct relation between the yield of meat and the we ight

or the sex of the halibut. However, in all cases a distinct
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decrease in the yield of meat cun be observed in the pe-
riod from the summer to the fall (table 391). This is due

to the considerable increase of the relative mass of the

v i scerd,

TaGanna 391

é‘) Buxon mnca %

O Bux waarye . , -
Bua uaaryea CZ) HiLa L ‘é/) anrycr (E:),ccn‘rnﬂm.

Yepuutii 49,8—56,0 —_ A5 8-BLS
Deaoroputit — 51,1--57.7 48,3- 20,0
8) CrpesosyGuii asnatcsui 49,2--69 4 45.9--61.9 —
Crp2a03yGudt aMepUKANCKHi 07,6 60,4—061,1 -—
Tablo 391 .

Hal ibut speC|es

- Yield of meat in %

- July

- August

September

- Greenland hal ibut

- {True) halibut

- Asiatic arrow- toothed hal ibut
- American arrow-toothed hal ibut

CooN NS —
]

The results of the analyses by E. Kieie, V. Petro-
chenko, R. Velichanskaya, N. Rublevskaya and others show
that the chemical composition of the meat in the different

species of halibut varies in a rather wide range (table 392).
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BRI : TaGama 302 /279
KHMEMCCKHI cOClan Maca HARTYCOon '
C;) Bia naaryea Uﬂcpmm Hatia0- :{?w PG, 2 * IIpeaeant conepikaiig, n
‘ ) Attt Vs E p,;.up @u.um(l?):xo.w
@ Hepradt . @Sllnm|)1,-¥ 1790 67,8 6,1 07 .09
' cenTsINpY 9060 &6 186 155 I
79 ) Beaskopuift @}'lll e 1900 73,6 0,2 148 1.0
_ oK 16, 96200 Bl . U8 9 To
mg&)(bponmqﬁmﬁ (EHMNapr— 70 64,1 5.0 10,8 0,1
REITRS RN COliph LS00 77,6 213 17,5 T
@(‘”w Hogv Gl @Q-.‘\lau'x'-m ) '_'_.‘i~3_0 _66,1 1,0 116 Lo
ANUPRE IR oRTHipn - 30600 81,3 2 i6 Tf T3

Table 392, :

The chemical composition of halibut meat.
| Halibut species ‘
Observation period

- Weight of the fish, gm

- Range of contents, %

- Moisture

- Fat

Protein

- Ash

- Greenland hal ibut

- {True) halibut

- Asiatic arrow-toothed hal ibut

- American arrow-toothed haltbut

- January-September

January-0October

- March-September

- March-0October

[3%]
!

——— e e~ O 00N VB O
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Based on data in the literature (Reay, 1943; Vino-
gradov, Mattisen, 1950; Suoston, 1961; Mannan, 1961 and |
others), the chemical composition of the meat of the hali-
but Hippogl. hippogl. varies in the following range (%3):
moisture 68-79, Fat.0.5-9.6, protein 18-22.9 and ash i-1.5.
The meat of the halibut is less fut in the summer than in
the spring (the fat content in July is 0.9-3% and in April

1.2-9.3%). The meat consists of white~coloured and brown
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musc les.
According to the data given by A. Mannan (1961)

and other'authors,.the dark muscles of the (true)'hdlibut'

are distinguished from the light-coloured muscles by their

chemical composition and by their T™MA® content (table 393).

Tabmmua 393

@ @ lpene: lhl COACPHMINL %
L C0CT AR T e e s s e —
Xenoraan MyckyaaTyps | (;)TL..QH MyCHYATY R -

&) Baara 77,2--79.0 71,7769

® HKup . 0,7—1,} : 3,985

) gt)/ Beaox 19,0—%0,1 18,6190

Gf TMA (%) .02 1,3—26

Table 393.

1 = Composition
~ Range of content, %
- Light-coloured muscies
- Dark muscles

2
3
4
5 « Moisture
6
7
8

-~ Fat
- Protein
- TMA (trdnsliﬁé)(mg%)

As compared with the meat of other species of hali-
but, the meat of the (true) halibut has the lowest fat con-
tent but it has the highest content of proteins. The Green-

land hal ibut and the arrow=-toothed American hal ibut have a

low protein content and a high hydration index value for
the meat proteins. It should be pointed out that the hydra-
tion index of the meat proteins varies in a rather wide range

for each species of halibut: in the arrow-toothed Asiatic

Revisor's note. No suitable expansion is available for this abbreviation,
which has been taken directly from the original Russian
text.

e ot -
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hal ibut from 4 to 6.5, in the (true) halibut from 3 to 4.3,

in the anrow-toothed American hal ibut from 4.5 to 7 and in

the Greenland halibut from 4.3 to 8.4.

These fluctuations in the hydration index values
of the prdteins can be expected to correspond to variations
in the technological "properties of “the meaet -of the indivi-
dual species of halibut. In fact, among the Pacific species

of halibut, the Ltrue) hal ibut has the most compact meat.

The meat of the Greenland halibut has a more tender consistency,

however }n'Fish with a low fat content it becomes somewhat

wateﬁy.since the hydration index of the proteins reaches

7 to 7.5%.

The meat of the arrow-toothed halibut has a number
of specific features. When common methods of'éooking, searing
_and smoking with heat are applied, the meat of the de-
frosted halibut is unstable. The fat easily se-
pdrdﬁes out from the meat, a large amount of freely |ibe-
rating coaguléte~is formed, the meat exfoliates, the pie-
ces break up, etc.

When arrow-toothed halibut is salted, the meat /280

tightens up in the beginning. However, when the fish is
left in the brine it swells considerably, becomes jelly-like,
peels off the bones and a large amount of fat is excreted.

V. Myasoedova pointed out that the meat of the arrow-toothed

halibut as compared to, for instance, the meat of the Green-

land halibut contains much less nitrogen, elastin, and col lagen
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2.2 and 4.7% nitrogen respectively). It is possible that
‘the low .connective tissue protein content in the meat of

the arrow-toothed halibut causes its instability in heat

processing and in brine preservation of salted fish. The
.analyses by L. Ertel and Z. Repina showed that a complex
of extremely .active proteolytic ferments is present in the

meat of arrow-toothed halibut. Judging by the rate of ac-

cumulation of the products of proteolysis, the muscle fer-

ments of the aprrow-toothed halibut are 20 times more active

at pH 4.5 and 100 times more active ut pH 6.5 than the mus-

cular ferments of the Greenland halibut. This biochemical

" characteristic of the halibut meat certainly promotes the
hydrolysis of the connective tissue in the posthumous pe-
riod and thereby reduces the stability of the tissues. It
is very probable that the presence of highly active proteo-
lytic ferments is connected with an infestation of the tis-
sues by some species of Microsporidia.

As compared to the (true) halibut, the meat of which

is normal in structure, consistency and organoleptic pro-

perties, the arrow-toothed halibut contains much less free

amino acids (on the average 190 mg% and 65 mg?% respectively)
according to E. Nasedkina. Moreover, although the ratio be-
tween the individual free amino acid groups in the meat of the
species in question is practically equal, the’predominance
of monoamino acids as compared to other amino acid groups

may be recognized (table 394).
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@ - G/ Coouonenne rpyun CAK B asice
Ppyina asvuvokncaor ) Geaolunor (7 '
R ' v oelonrepory ~
Tpeaoayloro naaryca
. . raatryca cTpenosy ATy ed
(f) MOUOAMHTRIKICAOTHE 1 1
G
‘;é;) Jiuarunoxienori 0,62 0,58
ey T :
Q’-’ CyanQioa MHAOKICAOT 0,33 - 031
S Thukamensiie aMitHOKAC 10T 1 0,20 015

Table 394,

I - Amino acid group

- Ratio between SAK (free amino acid) groups in the meat
- (True) halibut

- Arrow-toothed halibut

- Monoamino acids '

- Diamino acids

~ Sul famino acids

- Cyclic amino acids

CON NVt
1

The meat of the (true) halibut and of the drhow;

‘toothed halibut differs slightly in the interrelation of the

individual amino acids in the composition of the proteins.
Accdrdiné to the data in the litetature (Rideel, Brocklesby,
1937; Thurston, 1960 and others) and based on the results
of the analyses by E. Nasedkina, the meat proteins of the

1

arrow-toothed halibut contain somewhat more irreplaceable amino

acids and somewhat less glycine, alanine, serine and argi=-
nine (table 395).

M. Syromyatnikova and A. Teplitskdyé showed that
hal ibut meat contains 0.6-8}% Vitamin B;,. lts content is
Highest (3.5-85%) in the meat of the drrow-tooﬁhed hal ibut.

The Vitamin 82 content in halibut meat ranges from 40 to
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2005%,and the highest content.oF this vitamin was found

respectively.

in the meat of the (true) halibut. The Vitamin Bc and Vi-

tamin PP contents are not in excess of 100§% and 12004%

P. Sautier (1946) found 30-80 % thiamine and up to

-BQJ%-nLhoFlngn in the meat -of ‘the arrow-toothed halibut.

Kh. Khiroze and his co-workers (1959) showed that

the meat and the liver of the Greenland halibut, as com-

more pantothenic acid (table 396).

pared to the (true) halibut, contains more folic acid and

/281
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Table 395.
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.= Amino acid groups

- Irreplaceable amino acids
{true) halibut
Arrow=toothed hal ibut
- Replaceable amino acids
(True) halibut

- Arrow~toothed halibut
=“Monoamino acids

- Menocarboxylic

' - Dicarboxylic

- Sul fur-containing
- Diamino acids

- Monocarboxylic

- Dicarboxylic
Sulfur-~containing
- Cyclic amino acids
- Valine

"= Leucine

- Threonine

- Methionine

Lysine

- Phenylalanine

"= Histidine

- Tryptophan

Glycine

- Alanine

- Serine

- Aspartic acid

-~ Glutamic acid

- Arginine

- Cystine

Prol ine

- Tyrosine

[ o]
— O
[ |

[FS JISFS J I8
Lo —O
1

Tatxnna 396

: %) ———
o . 2 Mpeacstr copcpaantt (Yo } 1-CRpoM Beliecrie
Bna maaryca UYacrn rena - A 0
. ¥) goanesan kucaota  GJnanroreionatt KieaoTa

. @ Dl‘JlUK(lpl-ll.l @ Mitco 80230 2'5.3__'3‘0
o 7/Henettn 10210 13—15
@ Yeprui Msmo . 2080 890 25—3.2

T () Hewen o §0--30 o 3530

Table 396.

I - Halibut species

2 - Parts of the body

3 - Range of content ( %) in the raw material
4 - Folic acid

P.58.




- Pantothenic acid
= (True) halibut
- Greenland hal ibut
- Meat
- Liver

0 - Meat

| = Liver

alkadNeXs ol Ro 1 &,

There is a distinct inverse correlation between

.the moisture .content and the fat content in ‘the meat of

the halibut: For the same moisture content in the meat, the

level of fat accumulation depends on the halibut species

(table 397).

Tabnaunua 397
Koppeastusist MEeMAY COJCHMANMCM BRUTH I NUPA B MACC HAATYCOB

; el Toenean cotemii N 4 BICC naaTye
(/) Mpeseant coneq- 3] Tpeneant corepn me(;: npa, %, B MACC NMaATYCOR
wauna saacn  |f7; ) / o g’l' W I03YHOr0 cTpeauaydoro
8 MACe Hepuoro peaakoparo amgpuxuhcuorof:) Canarerore
- |
. 65,1—67.0 , — — 21,2 18.3—21 44
G7.1-—565.0 [4.3—18.6 — g L
69,1710 16,4-—18,1 -_— 15.6 B N+
- TLI=T30 9,7—10.5 - 9.9—-13.5 109 -
731750 - [ E B ) o 3208 9.5--100 81110
7a,)—770 9,1 23--85 9.0 65
77,1700 — 1015 5.1 -
70, 1-~61,0 H,4--9.1 0.2—1.3 1,085 . -
Table 397. .

The interrelation between the moisture content and the fat

content in the meat of the halibut.

- Range of moisture content in the meat

~ Range of fat content, % in the meat of the halibut
- Greenland hal ibut

{True) halibut

- Arrow-toothed American hal ibut

- Arrow-toothed Asian halibut

NP Lot ]
13

The fat content in the meat of the various hali-
but species usually increases with the age and’ the weight

of the fish. However, large fish often can contain less

/282
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fat than smaller fish. This may be illustrated by the re-

sults of analyses of halibut meat caught in the month of

August in the Bering Sea and in Alaska Bay (table 398).
Tabauuna 398
‘) Cpemnii nee (?) ~' i ﬂpuu A Conch: KAIVGL SEPPA 8 Mnee. o

Oﬁn 20RO O _CTPEAGRY LI WAATYCR

Haarye MEPURRICKIe ‘@ ﬂ%lldTLkHL

- 1.0,

puéu, wr “Tepuaii uaaryc

0.5 —
0.9 — .- — 8,7
[ —_— — —_ 10,2
14 — - 99 .
1 - - — 183
25 9.9=-14,4 —_ _ o
36 — — 18,1 -
4.6 17,1--18,1 ) — - 15,6---18.3
5,7 — 9.8 — —
G,2 15,1 — — —
7.4 5, ],‘l--— 3,0 —— P
94 —_ 8.5 - —
10,3 — 6,0 b -
19,8 — 4.5 — —
Table 398.
I - Average weight of the fish, kg
2 - Range of the fat content in the meat, %
3 - Greenland hal ibut
4 - (True) halibut
5 - Arrow-toothed halibut
6 - American
7 - Asiatic

One of the contributing factors causing a drastic
deéredse of the fat content in the meat of large fish is the
exhaustion of the fish due to sdening and also due to para-
site infestation.

‘ By classifying the results of the anulyses of ha-
| ibut meat, one may conclude that the highest fat content

in the meat is found in the months of June and July in the

case of the Greenland halibut and.of the (true) halibut
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and in fhe months of August and September in the case of

the arrow-toothed halibut (table 399).

TaGaura 399

P é!.) ITpeneant co:u.‘l‘m\'mnnE ;Icnpn BoMsce, %
Mepnoaiona puds {(5) qepuoro 7 Geaorkaporo » {57 - cpeavsyfinx nairycon
' - CnaaTyea Jadryea - (é/ AAATCKORO. ™ @ancpumncunro
@ weupant — vapr 11,1 0,8--3.6 82110 9.3—11,1
® Ampesn \ 143 1,222 — 11,7—135
¢ Hiom, — suoan (1,1—186 1,4—6,0 11,0146 10,2—15,6
Abryer — ceurstiiph . 54—18,1 0,208 10,2—21,4 9,3—-21,2

72 Oxiaiipy - ’ — 14,8-~19,7 0,8—12.0

Table 399.

I - Period of fishing

- Range of the fat content in the meat, %
- Greenland hal ibut

- (True) halibut

- Arrow-toothed halibut

2
3
4
5
6 - Asiatic
7
8
9
|
|
l

-~ American

- February-March

- April
0 - June=July
I - August=-September
2 - October

The data of N. Zvyagina, V. Bochkureva, N. Khalina
and others show ﬁhat the iodine number values of the fat
obtained from hal ibut meat by melting out in water varied.
in the range of 90 to 145. The lowest iodine number was found

for the fat of the Greenland halibut and of the Asiatic ar=-

row=-toothed halibut (From 90.6 to 115.2) and the highest io=- .
dine number was found in the fat of the (true) halibut (from

28 to 145). _ : .

The inedible parts of the body of various species
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of hal ibut were analysed (Vel ichanskaya, Konysheva, Rub-
levskaya and others). These analyses showed that there is
a rather Bigh‘th accumulation in the bony parts of the
body of all the halibut species. A high fat content was
also found in the skin because, when the latter is removed,
. the subcutaneous fat layer is also partially removed. The

|iver contains fat accumulations up to 38% (table 400).

TatGaumua 400

o . . ) .
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Table 400, ‘

| = The chemical composition of the inedible parts of the body
of the halibut.

- Halibut species . _ ;

- Fishing period L . ;

- Range of contents, % '

- Moisture

- ‘Fat

- Protein

- Ash

- lead |

0 -~ Greenland halibut

- (True) halibut

— e o ——— S OO NT A U P GO DO

|
2 - Asiatic arrow-toothed hal ibut
3 - American arrow-toothed hal ibut
4 - Aprit-Jduly, August
5 - February-August
6 - July
7 = March, April, July
8 - Fins and spine
9 - August
20 - June
21 - Skin
22 - Intestines and stomach
23 - April
24 - Gonads (Ovaries)

25 - Liver

The yield of liver, its fat content, and also the
Vitamin A content in the liver fat (Dolbish, Petrochenko,
Kleie) vary for each hal ibut species in the following range
(table 401).

No evidence was found of any regularities in the
changes in the yield of liver relative to the fishing pe-
riod of the halibut nor of any substantial differences in
relatfon to the type of species. Large halibut gives after
cutting a slightly higher yield of liver.

The fat content in the liver of the vdrious species

of halibut varies practically in the same range. It was
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found that there is noticedb]y more fat in the liver of the
large hal ibut than in the liver of the small halibut.

No evidence was found of any regularities in the
changes of the fat in the liver or of the Vitd;in A content
in the liver fat relative to the time of fishing of the
s“halibut, ‘However, -the maximum Vitamin A content in the li-~

ver fat can be found inh September in the case of the arrow- /284

toothed halibut and in August in the case of the true halibut and

the Greeland halibut (table 402).

f’l’) ) . “Tadauita 401
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Table 401.

The characteristics of halibut liver
- Properties

- Hal ibut species

- Greenland hal ibut

- (True) halibut

Arrow~toothed halibut

- Asiatic

- American

- Weight of fish, kg _

- Weight of liver in % to the weight of fish
Fat content in the liver, 7%

Vitamin A content in IU in | gm of:
Liver ‘

Liver fat
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TaGamia 402
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Table 402.
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2
3
4
3
6
7
8
9
|
|
|
|
|
|
|
|
|
|
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Content of fat and Vitamin A in the
Liver

Period

Range of fat content, %

Range of Vitamin A content in IU in
(True) halibut

Greenland hal ibut

Arrow-toothed halibut, Asiatic

Arrow~toothed hal ibut, American

January-March
July-August
September-0ctober
January

August
September-0October
January

March

August

September

October
January=-March
April
August-September

533047840
1253022670
2820127500
151020000
21430
3060131100
12590— 1 18850
1062016660
9910--31810
1510017830
89020-~ 125670
2570--40790
330013980
93501 1470
551015460

liver of the halibut.

I gm of liver fat
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The liver fat of the (true) hal ibut obtained in

tbe same months of the year in the central and eastern

zones of the Bering Sea contains noficedbly more Vitamin A
than the fat of the halibut from the regions o% the La Perouse
Strait and the southern Kuril islands (16400-127500
and 15108440 1U .in | gm respectively).

A rather high content of fat and Vitamin A in the
liver of thé hal ibut makes it a valuable raw material for
the hydrolytic method of Vitamin A extraction.

The fat obtained froﬁ the liver of the Greenland
hal ibut contains 6.4% non-saponifiable substances and it has
the‘Following values of constants:‘dis - 0.92!3,4939 - 1.4712,
saponificétion number - 266.6, iodine number - 198.,0.

» The data in the literature (Lovern, |934, Pugsley,
1940 and others) show that the liver fat of the halibut
has a higher percentagé of Qon-saponifidble substances (5.1-
15.8%).
| In the composition of the fatty acids of the |iver/285
fat of the halibut one finds: 81% unsaturated (including
. 27.9% highly unsaturated) and 19% saturated fatty acids.
-According to the data of G. Dolbish, the fat content
in the tissues of thé intestines and of the stomdéh is not
more than 6-6.5% in the various species of halibut, while

the amount of Vitamin A varies in a very wide range (table

403).
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TatGanua 403

) O Aeaoxopuit [ &/ Hepaii l@ (‘.Tpc:.():{‘\(u.w
& Hokazareas F HATTNC wTye ! ATy e
C:) Coaepanite ‘l\'ll[);i porkausy, %o 1,7—18 4.0—48 24—06,2
© Conepmenne BT Anae )
Ha lr .
(f) At 170--2910 9023090 155012180
TKANEBOTO  FUPY 7810 -- 145500 2500—-- 16130 25620 .- 297070

Table 403.

- Properties

- (True) halibut

- Greenland halibut

-~ Arrow-toothed hal ibut

Fat content in the tissues, %

- Vitamin A content in IU in | gm:
- Tissues ‘

- Tissue fat

(ol o NOL PR S
L)

A. Teplitskaya and M. Syromyuatnikova have esta-
blished that there are no substantial differences in the
content of water-soluble vitamins in the tissues of the
.species of halibut investigdted_by them. However, the high-
est contént of vitamins was found in the tissues of the in-

testines and of the liver (table 404).

Tatanna 404

)
@ ¢ | ) Elipcacnt conepwannn (Y% ) 8 clipon somectke
aCTH TOA -
- By [ B [ Be | .pPP
GD Toaona, naannuin, koetn 0,4--5,2 10----80 -— —
@ BuyTpentonrn (o3 noudi) 4,865 . 30--140 — —
Tledenn ' 10145 I50--600 600 3000

Table 404.
I - Part of the body ,
2 - Range of contents (¥%) in the raw material
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- Head, fins, bones
- Viscera (without liver)
- Liver

s

Fishes of the Order Tetradontiformes.

To. this Order belong several families with peculiar

“body forms: ‘the gray triggerfish, the trunkfish, the puf-

fer, the ocean sunfish, etc. The dataof N. Nikonova and

V. Adistanova show that the meat of the Tetradontiformes

fishes has an average fat conteﬁt (table 405).

i . M Tadnma 405
- ' (’ XUMIUCCKIET COCTAR MACH CPOCTHOMEMIOCTRIMX

[peream conepwauns, %

D Haaw ¢
L) Haswaume &) raara @ WHD @ Ge:ox ]@ 30014

@ Msco cnunoporon 749 06 198 . 14
78,0 1,6 22,3 1,6

@ Muco aynu-puion 76,4 26 16.8 13
. 790 4,7 18,2 19

@ Msico coBari-pribut 793 42 16,4 1.2
(Ppyry) 80,1 6,0 17,7 1,6

Table 405. .

| - The chemical composition of the meat of Tetrudontiformes
- Name

- Range of contents, %

- Moisture

- Fat

Protein

- Ash

- Meat of the gray triggerfish

- Meat of the ocean sunfish

0 - Meat of the EufFev‘(Fugu)(translitcrated)

— OO\
3

It is known that these species of fish can cause
food poisoning with fatal results. The investigations of
B. Shura-Bura (1943) have shown that the poisonous matter

of puffer is concentrated in the milt. The poison is thermo
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stable and it attacks the central nervous system. The meat
of this fish i's not poisonous when the viscera dare com-
pletely removed and after careful cooking. However, these /286
species of fish ‘should not be considered edible.
Among the internal organs of Tetradontiformes,
the liver .is 6f some interest: the relative weight of the

liver of puffer ranges from 1.5-3.2% and in gray triggerfish

up to 4.5% based on the weight of the body.

The amount of fat in the liver of gray triggerfish

reaches 33.9%, in the liver of ocean sunfish 36.2%, and in

the liver of puffer 21.6%.
The liver fat of puffer and ocean sunfish has the following values
of physico~chemical constants: dls - 0'9259'0f9269' ngo -
1.4785, saponification number 169.7-182.2, iodine number
142.7-159.9, unsaponifiable matter 1.5-8.4%. The fat does
not have any toxic properties and it can be used as a com-

mon |iver fat.

In the liver of the gruy triggerfish, caught in the

‘gulf of Tonkin, G. Dolbish found 33.9% fat and 170 U Vita-
min A in | gm of liver. This corresponds with a content of

800 U Vitamin A in | gm of liver fat.
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