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Th  è Technological and Chemical Characteristics of Commercial 
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*259 Thunniformes.  

This suborder comprises a large number of species of 

the Thunnidae  family which are valuable commercial fish. 

If we generalize the results of investigations performed 

ut  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. 
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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 	1.1-1.3. 

M. lonaze (1956) found Vitamin B6 (470-570p) in 

the raw meat of Auxis.  The liver contains 630-1600g% Vi-

tamin B 2  and the pyloric appendages contain 630-680e B2  

and 1-1.5S% B12' 

Auxis  is a valuable table fish. 

Skipjack tuna  or Katsuwo (Katsuwonus pciamis)  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 a valuable 

meaty fish but that the Weight ratios between the parts of .the . 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  ut  0.9 - 3.5); trunk 68.4-86 (including tail 

and fins at 1.5-2.5); spine and bones 8.1-11.1;  meut  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 



• 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 temperature of  tII -15 °  C, rigor  morts 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 14 hours. 

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

and rather dry. It  huas  d slightly acidic taste. 

Based on the analyses by G. Fil'e, K. Mershina and 

others, and based on the data in the literature, the chemi-

cal composition of skiEjack 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 

of water per part of protein (by weight). This makes the meat 

dry and crumbly. The meat has a non-uniform fat content, de-

pendent on the season of fishing, 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 a 2.5-3 kg fish is 1.7% in Feb-

ruary, 8.8% in August, 7.5% in September, and 2.9% in November. 

13.3. 



The fat content is highest in the meat of the ab-

domen. Generally, the fat content increases with the increase 

of the weight of the fish. Thus, in February a fish of 3 kg 

has 0.4-0.8% fat in the meat of the back and 1-1.5% of fat in 

the meat of the abdomen. A larger fish (weight 8 kg) has cor- 

respondingly 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 

1.8-8.8% 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- 

15 
ward oxidation. The fat has 	d4 of 0.9293-0.9361, an 

)20
d of 

1.4820-1.4845 and a saponification number of 182-191. 

Based on the data of T. Mon, 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. Teplitskaya, 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 pyloric appendages Qr % based on the raw 

material) by D. Kakimoto (1957): B 1  - 300, B 9 '- 750-780, 

Bc  - 50, B12 - 6.3-7.5, biotin - 16 and pantothenic acid - 740. 

• 
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Table 366. 
1 - Parts of the body 
2 - Range of the contents e) in the raw material 
3 - White meat 
4 - Dark meat 
5 - Liver 

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

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

and a weight of 370 kg (usually 9-90 kg), 

The relative weight of the body parts of bluefin tu-

na are not different from other tuna species. Filleting gives 

a high meat y .ield. 

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 75.1 (including the skin at 

4.6-5.4), tail and fins 1.4-1.6, spine and bones 7 - 9.3, meat 

60.1-63.1. 	 • 

According to the data in the literature ( Amman, 

Fraser, 1961; Dill, Vinogradov and others) and based on the 

P.5. 
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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 

neat .of the sklpjack tuna (3.3-3.8). 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) 

• Tennita 367 
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Table 367.  
1 - The composition of the meat in various parts of the trunk  

of the eastern tuna 
2.- Meat of 
3 — Composition 

• 4 - Range of contents, % 
5 - Data of TINRO 
6 - Data from the literature 
7 — Back 

• 8 — Moisture 
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9 - Fat 
10 - Protein 
11 - Tail part 
12 - Abdomen 

	

The  physicocheMical 	constants of the fat vary in 	/262 

	

15 	 20 

	

the following ranges: d 5 	0.9240-0.9449, D d  - 1 .480 0 -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 •atty 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). 

Filletin gof 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 chemical composition of albacore meat (Filie 

and Novozhilova) 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 met  of albacore  is light 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. Syromyatnikova found high 

contents of the vitamins B 12 and PP (o) in the dark meat 

of this tuna species (table 368). 

• 
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Table 368.  
1 - Tissues 
2 - Range of the contents (jr%) in the raw material 
3 - White meat 
4 - Dark meat 
5 - Liver 

Yellowfin tuna  (Neothunnus albacord) usually has d 

body length of 100-180 cm (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 1.7-1.8, 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 und skin 0.9-1.1, 



• 

• 

bones and cartilages 8.4-9.2, dark meat 2.2-3.1, white meut 

60-64% of the weight of the fish. Based on the data of A. My-

aksha, the relative weights of the body parts of the yellow-

fin tuna  are on the average: head and 	gills 20.'2%, viscera 

6.1% (including the liver at 1.1%), trunk 71.1% (including 

the skin at 1.5%), fins 1.1%, spine and bones 6.1% 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 1.9-6%, pro-

tein 22.3-24.7% and ash 1.2-2.2%4 

Data in the literature (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 back 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. Relative to the total amount of extractive 
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nitrogen, the histidine nitrogen amounts to nearly 22% and 

the creatine nitrogen is 26%. The high content of . non-pro-

tein nitrogen, histidine and creatine is a biochemical cha-

racteristic of the meat of all species of tuna.. 

The analyses of M. Syromyatnikova and A. Teplits-

kaya and the data in the literature (Kisaka, 1958) show 

that the meat and the tissues of 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 (133-181) 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 lU  of Vitamin A). 

Tali:14u 369 

Table 369.  • 
1 - Parts of the body 
2 - Range of contents Qr %) in the raw material 

. 3 - Pantothenic acid 
4 - White meat 
5 - Dark meat 	 •• 
6 - Viscera without liver 	 • 

7 - Liver. 
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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). 

The data of V. Zhbanova show that filleting of bigeye 

tuna yields under industrial conditions 38.4-42.3% of waste 

byproducts (in %): head 18-20.2, pectoral girdle 1.6-2.1, 

the areabetween the first pair of fins and cuttings of gills 

1.9-2.1, tail, fins, and cuttings 1.5-1.7, viscera 2.9-4.9 

(including milt and roe at 0.7-1 and liver at 0.5), scale 

and skin 1.1-1.4, tails and cartilages 8.3-8.8, dark meat 

2.9-3.6. The white meat yield ranges between 58% 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  

(Kawabata, Ishigaka, 1956). The meat of the tuna becomes 

poisonous when the histamine  content exceeds 110-120 mg%. 

In bigeye tuna  (Mon, 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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Table 370. 
1 - Vitamins 

• 2 - Range of contents ('%) in the raw material 
3 - White meat 
4 - Dark meat 
5 - Choline 

The results of the investigations of indivi.dual 

species of  tune 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 of 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 differentidted in structure and colour into two 

groups: white and brown. 

The brown meat is unevely distributed al ong  the 

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

is located in the center of the body; it is th.inner towards 

the head and the tail. 
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The ratio between the weight of white and brown 

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

brownmeat-5.8%-and the skipjack tuna  has 10-13% brown meat relative 

to the weight of the total meat. 

The white meat of individual species 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 content in 

the meat is in the abdomen. The tissue fat in tuna has high 

iodine numbers (133-209), causing instability of the fats 

111, 	 to oxidati'on. 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. 

Therefore, thorough glazing and preservation of frozen tuna 

at a temperature not in excess of - 25°  C are compulsory 

technological requirements to secure a long term preservation. 

The organoleptic properties of the meat of tuna make 

it a valuable base stock for the manufacture of canned foods of 

the type "meat in its own juice" as well as "blanched meat in 

oil". There is a general trend towards the manufacturing of 

canned tuna. The data of K. Mershina showed that canned tuna meat is 

• characterized by a hiRh protein content (table 371). 
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Table 371.  
ipt ion 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; Coulson, 1935; Kisaka, 1958; Nilson, 1939; and others) 

and based on the analyses by K. Mershina, A. Krasnitskaya, 

N. Khalina and E. Nasedkina, the following elements have been 

found (in mg%) in the minerals in the meat of tuna: iron 8- 

18, phosphorus 190-700, zinc 20-80, aluminum 1.2-1.5, manga-

nese 90-110, copper up to 100, potassium 260-360, magnesium 

90-110, calcium 10-40, cobalt 6-7, molybdenum 4-8 and iodine 

• 
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The brown meat which is separated in the'preparation of 

canned food, 	is perfectly edible and it has a good taste in 

culinary products, resembling the taste'of venison. However, 

it is not blended with the white meat in the preparation of 

tanned food. Canned brown meat is of mucfl less'er 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. 

Ta6aw.ta 372 
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Table 372.  
The chemical composition of the inedible body parts of tuna. 

I - Body parts 
2 - Range of contents, % 
3 - Moisture 
4 - Fat 
5 - Protein 
6 - Ash 
7 - Head, gills, fins, tail, spine 

8 - Skin 
9 - Stomach, intestines 
10 - Liver 
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Table 373 • .  
Vitamin A contents. 
I - Body parts 
2 - Fat content; % 
3 - Range of Vitamin A content in ILI per 1 gm 
4 - Tissue 

. 5 - Tissue fat 
6 - Liver 
7 - Milt 
8 - Intestines and stomach 

P.16. 

The results of the investigations by G. Dolbish 

and G.  Fil 'e have shown-that the liver of tuna  conta  ins  a 

large amount of Vitamin A (table 373) 

The tissues of the inner organs of tuna, especial-

ly the liver, contain a rich complex of vitamins of the B 

group. The range of contents of individual water-soluble 

vitamins is (i"n 
\a-/: BI2 	6-250 (the maximum occurs in the 

liver), B1 - 150-300 (the maximum is found in the heart), 

B
2 

- 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 



• 

P. 11. 

liver). 

Flatfishes (Pleuronectiformes). 	 /266 

The family of flounders (Pleuronectidae).  Numerous 

species of flounder (over 30) are widely distributed in 

all the seas of the Northern Pac'ific. The flounder, a typi-

cal ,ground fish,migrates considerably during the annual 

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 

this extended span of the spawning period, both meager fish 

•(which ceased feeding and started to spawn) and well-fed 

fish (which finished spawning and started to feed) are 

found simultaneously in the catch. 

Among the multiform species of flounder, the fol-

lowing species were investigated (table 374). 

• 

• 
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,Table  374. 
I - Genus 
2 - Species of flounder 
3 - Russian name 
4 - Yellowfin sole  
5 - Longsnout flounder  

.6 - Yellow-striped flounder  
7 - Ja an Sea flounder  
8 - Uopsetta  
9 — Banded flounder  
0 - Black flounder 
1 - Rock sole  
2 - Alaska 	laiée  
3 - So aéli flounder  
4 - Slime flounder  
5 - Flathead sole 
6 - Starry flounder  
7 - Roughscale sole  

The data of P. Moiseev, M. Krivobok, M. Demidova, 

M. Tychkova, E. Polutov, A. Fadeev, A. Medveditsyna and others 

show that the dimensions and the weight of various species 

1110 	of flounder in commercial fishing are characterized by 
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great variability (table 375). 
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TaMe 375 
The ,range ,of.differences in dimension and weight of various  
'flounder species.' 

1 	Species of flounder 
2 - Length AB body, cm 
3 - Weight of fish, gm 

• 4 - Range 
5 - Predominant 
6 - Range 
7 - PredOminant 
8 - Yellowfin sole 
9 - 1-7,7ç7s777---i—V-WrIder  
0 - Yellow-striped flounder 
1 - Japan Bea flounder  
2 - Rock sole 
.3 - . Alaska plaice  
4 - Slime flounder 
5 - Flathead sole  
6 - Starry flounder  
7 - Nadezhnyi flounder  
8 - Sobachi flounde'r  

These variances are due to the influence of nu- 	/267 

merous factors of a biological nature: the age  distribu- 

tion  of the fish aggregates, differences in the rdte of 

growth of one and the same species in various regions of 
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habitat, the ratio between males and females, etc. 

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 wei9ht 

(P 9m) and the total length (L cm) for yellowfin sole  which 

.dwells on the western coast of Kamchatka; for males: p= 

3.,o588 	 .1503 
0.01016 L 	and for females P = 0.007952 L 3  

The specific gravity of the uncut flounder varies 

from 1.045 to 1.›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 fiàb and also on 

its size (table 376). 
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Table 376. 
IT-e—giTk-7-71ensity of flounder.  
1 - Flounder 
2 - Charging by gravity 
3 - Charging by vibrator 
4 - Packing by the piece 
5 - Small 

.6. --Medium 
7 - Large 
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The fleshiness ratio in flounder increases with 

the increase of the dimensions of the fish. Therefore, the 

large specimens of flounder have a considerable technolo- 

gical value (table 377). 	 • 

. 	• 	 Ta6Amu 377 
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Table 377. 
The change in the fleshiness ratio (9m/cm) in relation to 

the len9th of the flounder body.  
• 1 - Species 
2 - Length of the body, cm 
3 - Rock sole 

• 4 - Yellowfin sole  
5 - Yellow-striped flounder 
6 - Flathead sole  

• 7 - Sohachi flounder  

The abundant excretion of slime in the preserva-

tion of the fish must be considered as u technological fea-

ture of flounder: under industrial circumstances, the loss 

of weight during transportation or preservation of the raw 

material varies from 2.5 to 19.5%. 

• 
110 	

The amount of srime fôrmed in the poàthumous 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 observed in yellowfin  

sole, starry flounder, black flounder  and yell'ow-striped  

flounder. 

Regardless of the species composition of the  raw 

Mat.erial, the amount of excreted slime depends on -the -tem-

perature of the 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.  
I - Body temperature of the fish 

2 - Depth of the layer, cm 

3 - Range of weight loss in % 
4 - 2 hours 
5 - 4 hours 
6 - 8 hours 

When flounder is preserved in boxes, the increasing 

weight loss is reduced in long term storage (fig. 45). 
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Fig. 45.  
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 18-20°. 
A - total loss,  B - weight loss per hour. 
I - Duration of storage, inhours 
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 Kamchatka, the Bering Sea, etc.). The re-

sults of these investigations show that all species of floun-

der have a 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 Erom trunks ("64-75%) is obtained 

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

der and rock sole.  The fol  lowing  species give a somewhat 

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

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

'oomes-thefl-athead-sole, the longsnout flounder and the star-

ry flounder  (50-73) and, finally, 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%). 

It might be useful to point out that the relative 

weight of the fish trunk of the same species and sex, caught 

'in the same region and in the same month of the year, de-

creases as the Weight of the fish increases. For instance, 

.in a flounder weighing 150-250 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 bm, 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 female 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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able 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 January-Februury 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 73% and  •November between -66 and 73.4%. 

Text continues on page 27. 
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• 
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Table 379. 	 • 
The weight relations between'the parts of the body. 

- Flounder species 
2 - fishing period 
3 - Weight of the fish, gm 
4 - In % of the weight of the fish 
5 - Head 
6 - Viscera 
7 - Including 
'8 - - L iver 

.
9 - •Sçc g I ands 

fins 	 • 
1 - Trunks, 
2 - Spine and bones 
3 - Meat with skin . 
4 - Genus Limanda 	 • 

5 - Yellowfin sole  
6 - Longsnout flounder 
7 - Yellow-striped flounder  
8 - Japan Sea flounder 	 • 

9 - Genus.tiopsetta  
20 - Banded flounder 	• 
21 -431ack flounder  
22 - Rock soie  
-23 - Various species  
24 - Alaska plaice  
25 - Sohachi flounder  

26 - Slime flounder  
.27 - Flathead sole .  
28 - Starry flounder  
29 - ftatIghscale sole  
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 
42 - May 
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Table 380. 
1 - Weight of the fish, gm 
2 - Stage of maturity of the sexual glands 
3 - In % of the female body weight 
4 - Ovaries plus their membranes 
5 - 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 a 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 separated 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 ease 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 exceed 34-36%. 

Thus, the flounder should be placed in the catego- 

ry of fish from which a small yield of pure meat is obtained in filleting. 

V. Adistanovd i  A. Burii, N. Gavrilenko, V. Gotovets, 

L. Konysheva, E. Kleie, E. Lagovskaya, K. Mershina, N. Niko-

nova, N. Novozhilova, O. 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 investigations 

(table 381) shows that the chemical composition of the meat 

of the various species of flounder is changing constantly 

and that this is due equally to the variability of the moisture 

content (65-87.1%), the fat content (0.2-12.3%) and the 

protein content (12.5-21.5%). 

The highest moisture content (up to 84%) was found 

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

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

flounder,  the Japan  Sec*  flounder  and the black flounder  

have the least variable 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 

• 



• 

• 

moisture contains 0.3-5.4% fat, with a.moisture content of 

76.9-71% the fat content is 1.4-7.1% and with a moisture 

content of 70.9-65% the fat content is 4.4-12.3%. However, 

this general trend does 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  (up 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 und 7% in the case of the slime flounder. 

Among Limanda the highest average fat content in the meat 

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

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

flounder  (I.2%) . and the longsnout flounder  (0.7%). Among 

Liopsetta, the black flounder  has an increased fat content. 

Based on the range of the fat content in the meut, 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 s ecies 

of 

flounder. 

- Species of flounder 
2 - Period of fishing 
3 - Weight of the fish, ym 
4 - Range of contents, % 
5 - Moisture 
6 - Fat 
7 - Protein 
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8 - Ash 
9 - Genus Limanda  

Y,ellowfim sole  

1 - Longsnout flounder 
2 - Yellow-striped flounder 

- Japan Sea flounder  

4 - Genu •  Liopsetta  
:5 -:Banded,flounder  
—6 - Black flounder  

- - Variflus-cies 
-9 --'A14skà:pla,ioe  
20 - Sohachi flounder  
21 - Slime flàunder 
22 - Flathead flounder 
23 - Starry flounder  
24 - ia.dezhuyi flounder  
25 - Noughscale soie  

26 - January-November 
27 - July-November 
28 - January-November 
29 - April-October 
30 - February-October 

- 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 

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 



• 
highest for all species of flounder in the period of fora-

ging. Due to the fact that the spawning period is'very pro-

longed for the various species and for the vari .ous 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 at all could be observed between the 

fat content in the meat and the weight of a certain species 

of flounder and in many cases small specimens of actively 

feeding immature fish have a fatter meat than the large 

fish after spawning. 

For example, the immature yellowfin sole  (weight /272 

200-300 gm) has a fat content in the meat varying in the 

range of 1.7-5% 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 hds d distinct 

affect on the fut 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 organism of the Fully . 

"conditioned" flounder (Wilson, 1939) are concentrated 

at the base of the fins and around 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). 

-7 
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_ 
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Fig. 46.  
The distribution of the fat deposits in the body of the 
flounder in the period of foraging (I) 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 least amount of Fat is found in the tail 

area. 

The amount of proteins in the meat of the different 

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 und also 

high (17.3-19.6%) protein content is found in the meat of 

the black flounder  and the least 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 
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• 
of the moisture content and the protein content in the in-

djvidual species. All the species investigated by us can 

be listed in an ascending order (table 382). 

Table 382.  
- Flounder species 

2 - Degree of hydration of the meat proteins 
3 - From 
4 - To 
5 - Average 
6 - Black flounder  
7 - Banded flounder  
8 - Japan Sea flounder  
9 - Longsnout flounder  
0 - and yel low-striped flounder  
I - Sohachi flounder  
2 - and vellowfin sole  
3 - Rock sole  
4 - Flathead sole  
5 - Nadezhnvi Flounder  
6 - SliMe flounder • 
7 - Alaska plaice  
8 - Starry flounder  

The data in the literature (Jarvis, 1926; Nilson, 

1939; Coulson, 1939 and others) and the resulÉ's of the ana-

lyses by K. Mershina, N. Krasnitskaya, N. Khalina and others 



show that the fol  lowing  macro- and micro-elements form 

part of the composition of the minerals in flounder  meut  

(in mg%): calcium 90-240, phosphorous 140-280, iron 0.4-5, 

magnesium 6-26, potassium 190-270 (0), iodine 40-70, co-

balt 0.4-0.5, zinc 16-40, molybdenum 0.2-0.24, manganese 

40-50. 

There is a noticeable difference in the organolep- 

tic properties of the meat of specific species of flounder. /273 

A good taste, a tender consistency and a 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 

star ry 	has a uatisfactory 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 131.21L./....2.L.Li 2. _, the banded flounder,  , the slime flounder and the Nadezhm,  

flounder  is flabby und watery and is not very palatable. 

The meat of the sohachi flounder  has a 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 of the nitrous extractives. For instance, 

in the meat of the flathead sole,  which has a poor palata-

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

high content of extractive non-protein nitrogen (up to 290  mg).  
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As compared to the meat of other  se  a fish, the content of 

creatine (150-170 mg%) and creatinine (50-58 my%) 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 flounder,  which has unpleasant organoleptic properties, 

V. Rudakova found 780 mg% of extractive nitrogen (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 composition of the irre-

placeable 	amino acids shows very little histidine (9-10 mg%) 

and methionine (up to 1 mg%0). However, the amount of ly- 

sine ia large 30-35 mg%) and there is a fair amount or 

threonine. The replhceable amino acids contain a large 

amount of taurine (60-65 mg%), aspartic acid (15-16 mg%) 

and glycine (7 me). 

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 at all. However, if the basic volatile ni-

troyen  compound content in the meat is in excess of 50  mg,  

then it becomes cream-coloured and it has a distinct and 

110 	unpleasant taste. 



P.38. 

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 ut 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 peeservation temperature 

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 inealmed. foods and 

in culinary products, the processing of flounder should 

be perfoèmed in the stage of rigor mortis. The subsidence 

of rigor mortis und 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 lif-

ted from the water so.that the rigor mortis stage of the 

• flounder is prolonged. 

The inedible body parts of all the species of floun-

der investigated by us have a rather monotonous chemical 

composition (table 383) 

Only the liver tissues of the flounder show a 

rather substantial accumulation of fat (up to 26%). The 

highest fat content in the inedible part of the flounder 
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body is found during the foraging period. 
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Table 383. 
The chemical composition of the body parts of the flounder.  
1 - Parts of the body 
2 - Range of contents, % 
3 - Moisture 
4 - Fat 
5 - Proteins 
6 - Ash 
7 - Head 
8 - Fins and tail 
9 - Spine and large bones 
10 - Viscera (without liver and without sexual glands) 
11 - Liver 
12 - Roe 
13 - Skin 

The pho sphorus 	content of the inedible parts of 

the body varies in the various species of flounder in the 

following range (% of the raw meat weight): head 1-1.3, 

bones and fins 1.3-1.8, viscera 0.9-1.3, roe 1-1.3. 
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E. Lagovskaya und G. Dolbish investigated nume-

rous specimens of flounder liver. Their analyses show that 

the content of Fat and of Vitamin A in the liver is very 

unstable (table 384). 

All species of flounder are characterized by a dis-

tinct  Increxse  of the fat content in the 1 iver from the be-

ginning of the year to the summer and the fall (20-30%). 

However, the amount of Vitamin A in the  iver fat reaches 

its maximum values in the period when the fat content of 

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

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

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

tent (up to 1370-2220 IU per 1 gm of fat) was found in the 

liver of the JaPan Sea flounder  und 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 specie .s. 

It has been established that cold-loving species of floun-

der accumulate considerably more Vitamin A in their organism 

than the warmth-loving species. 

The tissues of the stomach and of the intestines 

of the flounder show d noticeably lesser degree of Fat 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 (table.385). Thus, the 

1 iver of the flounder is undoubtedly of considerable interest 



P.41. 

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 

liver of the flounder has a dark colour und the fol  lowing  

15 
values for the physico-chemical constants: d 4  - 0.9178- 

0.9280, saponification number 179.0-198.6, iodine number 

118-131, and a rather large content of unsaponifiables 

(7.0-12.6%). 

• 

• 



P.42. 

• 
/27 5 

Cowl z.:zitute u1 1 .,  
Co. 11N11111 ■ ‘ A 

.0 	tei- n•  e, 
o Tn0110- 

outwit 1 Ka. nor° 
r_t_eLl pupa 

ée 

Bcc  
11 1,16 1,1, 

6,1) JIJ1HIllU)j)I.lJl3fl  

>ke.1 11.0110,110C3 

ei.,)Sluouctcrtn 

&Temttan 

« 

 • 6
-.\ 
..„,3-.) JI.nymonteeoran 

e2)11a.nyeonmini151 

'CO • • 313e3Itt1rran 

65.)  >1(earo5p1oxati 

OcT poroI  1)11 11  

KantlarNa 

Bepnurotio 
mope, 
Kam tin rma, 
Cm »mot 
Cay.nonu, 
KamnaTn. a 

&ilpintoptte, 
Caxamnu 

cenTn6pb 

(A.e -)1110,1b--  

ccuniCipb 

`,3 ) Cettrsuptt-- / 
iton5pb 

(_1•C')Mart-- 
RPna6pt, , 

30 	210 
2400 61000 

40 	620 
180 	1840 

50 	670 
-370 -6-36-0 

20 	120 
2666- 21610 

Tn6mintz  1 84 

Ilpeite:114 co;kepnannit wtipa tt unTamuna A it nenenn Kar,ffla,r; 

(4) 
. ['arum' nona 	1101)110R J101111 

Cifi) ikt...nTolupan 	3am,flei pa 
11e.iunc,ro, 

-10mtnt..15 Caxannn, 
nocluinue 

BItJL nam6an 

• 

notlepeail,e 
Fa 1  man a, 
Gepunrotto 
mopo 

mope, 	eV ;.Anryei.-- 

T 	
,.... Iffinntait Cil X i1,111111 	ccrancipi. 

) C )  / • flo.wenTan 	
---,) u.....,,, 3 a.m. Iturpa  

Be.unt(n I, 	-.--) onT1I6)t, 

1:k.--DIOAtibtri Caxalide idiom,- 

M11.10p0r1,51 

Ca xn.1 

130 	1,3 	2,3 	10 	110 
H60 	30 	27,0 	510 5-7-4-60 

80 	1,3 	4,8 	50 	790 
250 	,8 	-7,4- 	-G6-  1(1920 

110 	1,1 	4,7 	10 	1‘20 

--4«f 	25,4 	310 2240 

100 	• 1,5 	5,2 	30 	100 

8-40- 	7173-. 	21,2  .  170 	1370 

110. 	0,9 	1.5 	10 	90 

520 	2, -3 	29,4 77-50 61700 

340 	12 	7,7 	90 	810 
18,6 -250 -3:7;0 

100 	1,5 	3,6 	10 	70 
-716 	2,8 	16,1 	-4-8-6 972750 

1,5 	2,3 	20 	100 
2:17.  57-6--  92-06-  

250 	2,1 	5,5 
1500 	4,3 	29,2 

860 	2,4 	7,6 
3.67-6 , 

100 	1,2 	5,0 

510 	2,3 	20,7 

130 	0.7 	6,1 
. 'LT 

cc...J-1115;th 
3na. I'leTpa 	Man- 
I3eannoro 	 ;Itutn6ph 

3a.n. rle -rpo 
13e,mnzoro, 	/OA, 
10>1<no-Kypn.tnt. 	i'laPT- 
CKIIC 0-11a 	 110116ph 

an. Ile-rpa 
(„2/• 	14 10.Y11,- - B e.n 	r o , 

10>n1ttif1 Caxn.nun 	noaCipt, 

3 11.a. lleTpa 	(-3.4:9(1)enpaJut - 
13C.'1111W11J 	 an ryei. 

-..)Deplutrono 

• 

Table 384.  
The ranqe of the fat and Vitamin A content in the liver of 

the flounder. 
1 - Flounder species 
2 - Region of fishing 
3 - Period of fishing 
4 - Weight oF Fish, gm 

5 - % of the fish weight 
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• 6 - Fat content 
7 - Vitamin A content in IU 
8 - In 1 gm of tissue 
9 - Tissue fat 
0 - Yellowfin sole  

1 - Longsnout Flounder  
2 - Yellow-striped Flounder  
3 - j a pa n  Sea flounder 
4 - Black flounder 	 • 
5 - Rock sole 

" 6 - - Banded Flounder 

7 - Fl athead  TS-71e  
'8 - S-t-Tirry flounder  
9 - Alaska plaice  

20 - Sohachi Flounder  
21 - Slime flounder 
22 - Peter The Great Bay, Southern  Sakhal  in, 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  Sakhal  in, Kamchatka 
30 - Bering Sea, Kamchatka, Sakhalin 
31 - Sakhal  in, 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. Teplitskaya and the data in the literature (Sautier, 

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

the tissues of the inedible parts of the body of various 
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species of flounder contain noticeably more wuter-soluble 

vitamins than the me u t (table 386). 

The highest Vitamin B 12 content has been found in 
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Table 385. 
Ihermue  of the fat and Vitamin A content in the stomach 
and intestinal tissues.  
1 - Species of flounder 
2 - Region of fishing 
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3 - Period of fishing 
4 - Weight of the fish in 

- % of the fish weight 
6'- Fat content, % 
7 - Vitamin A content in 
8 - Tissues 
9 - Tissue fat 
0 - Yellowfin sole  
1 - Black flounder  
2 - Banded .flounder  

-,Sohachi 'flounder 
4,- Slime flounder  
5 - Rock sole  
6 - Alaska 	plaice 
7 - Peter The Great Bay, Kamchatka, Bering Sea 

1 8 - Peter The Great Bay 
19 - Peter The Great Bay 
20 - 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 

1'a(1..nitita 380 

CoReimatsee nurnmulion upytuttd. 

• B1 	 40-6;:, 	120-110 	400 	____ 
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____ 

. — 
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.-Table 386. 
7-17771777in B group content. 
1 • - Vitamin 
2 - Range of content ( %) in the raw material 
3 - Meat 
4 - Liver 

• 
9m 

1 gm 
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5 - Intestines, stomach 
6 - Head, spine, fins 
7 - Sexual glands 
8 - Pantothenic acid 

The characteristics of the chemical composition 

of the food and 	feed 	products prepared from the Far 

Lint flounder  is  lilustrated in table 387, based on the ana- 

lyses by E. Kaletina, L. Khorynskaya, L. Vakulyuk, L. Ertel, 

and others. 

The canned flounder of the type "fish in its 

own juice", prepared from 	raw fish in tomato juice or in 

oil and salted flounder have an unsatisfactory palatibility. 

The following elements are present in the minerals 

contained 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 (me): 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" 
0 - "Seared flounder in oil" 
I - "Smoked flounder in oil" 
2 - "Flounder in its own juice" 
3 - "Fricassee, in tomato sauce" 
4 - "Cutlets in tomato sauce" 
5 - Stuffing from cooked meat with oil 
6 -  Met of strongly salted flounder 
7 	Sa ted roe 
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18 - Feeding meal from cooked meat 
19 - Feeding meal from waste, obtained from flounder filleting 

in the manufacture of canned food 
20 - Feeding meal from small nonfilleted fish 
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Table 388.  
1 - Russian name 
2 - Latin name 
3 - Length of the body, cm 

4 - Weight of the fish, kg 
5 - Usually 
6 - Maximum 
7 - Usually 
8 - Maximum 
9 - (1- rue)halibut 
10 - Greenland halibut 
II - Arrow-toothed halibut, American  

12 - Arrow-toothed halibut, Asiatic  

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. If halibut is fished with a set-line, the 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 there is 

a direct relation between the length of the body and the 

weight (table 389) 

Ta6:11utif .,389 
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30,0-40,0 	 0,5-0,6 	. 	3,5-4,0 	 0,4--0,8 

10,1---50,0 . 	 0,6--2,1 	 — 	 0,9--1,4 
50,1-60,0 	 . 	2,5-3,2 	 4,8-9,0 . 	 1,5-2,0 

60,1-70,0 	 . 3,5-1,65 	 9,0-11,0 	 3,0-4,5. 

70,1-80,0 	• 	4,8—.6,5 	 ....._ 	 -- 
.80,1--90,0 	 5,0---7,5 	 13,0-18,0 
90,1-100,0 	 13,6 	 14,6-20,0 

110,1-120,0 	 -- 	• 	 18,2-24,8 

• 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 

- Greenland halibut 

4 - 7T-Ft-77-171:Tibut  . 
5 - Arrow-toothed halibut  

The halibut is a fleshy fish. The highest yield 

wus obtained for the American arrow-toothed halibut  (table 

390). 
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Table 390.  
The  weight relations between  the parts of the body of the  
halibut. 
1 - Part of the body 
2 - Species of halibut 
3 - Greenland halibut  
4 - (True) halibut 
5 - 7ÇFFC;;;=T-c7ôî'h--7.7-Fhalibut  
6 - Asiatic 
7 - American 
8 - Weight of the fish, kg in % of the body weight 
9 - Head 
0 - Viscera, including sexual glands 
I - Liver 
2 - Trunk, including fins and spine 
3 - Meat with skin 
4 - January-September 
5 - January - October 
6 - March -September 
7 - March - October - 

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 weight 

or the sex of the halibut. However, in all cases a distinct 
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decrease in the yield of meat can be observed in the pe-

rlod from the summer to the fall (table 391). This is due 

to the considerable increase of the relative mass of the 

viscera. 

Tiewita 391 
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49,8-56A 	 45,8-51,5 
Bwmopmrt 	 51,1— 57,7 	18,3-50,0 
erpem03y61iit aiiaiciitG 	 49,2-59,4 	45$. —51,9 	 -- 
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Table 391.  
1 -  Hal  ibut  species 
2 - Yield of meat in % 
3 - July 
4 - August 
5 - September 
6 - Greenland halibut 
7 - 	 alibut 
8 - Asiatic arrow-toothed halibut  
9 - American arrow-toothed halibut 

The results of the analyses by E. Kleie, 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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Table 392. 
The chemical composition of halibut meat.  
7 - H Libut  species 
2 -  Observation  period 
3 - Weight of the fish, gm 
4 - Range of contents, % 
5 - Moisture 
6 - Fat 
7 - Protein 
8 - Ash 
9 - Greenland halibut  
0 - (True)  halibut 
1 - Asiatic arrow-toothed halibut  
2 - American arrow-toothed halibut  
•3 - January-September 
4 - January-October 
5 - March-September 
6 - March-October 

•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 (%): 

moisture 68-79, fat 0.5-9.6, protein 18-22.9 and ash 1-1.5. 

The meat of the halibut is less fut in the summer than in 	• 

the spring (the fat content in July is 0.9-3% und 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) - 

und other authors, the dark muscles of the (true) halibut  

are distinguished from the light-coloured muscles by their 

chemical composition and by their TMA*  content (table 393). 

Te6 :1min 393 

Table 393.  
I - Composition 
2 - Range of content, % 
3 - Light-coloured muscles 
4 - Dark muscles 
5 - Moisture 
6 - Fat 
7 - Protein 
8 - TMA (translit.)(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 hjghest content of proteins. The Green-

land halibut  and the arrow-toothed American halibut  have a 

low protein content and u  high hydration index value for 

the meat proteins. It should be pointed out that the hydra-

tion index of the meat proteins varies in d 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. 
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halibut  from 4 to 6.5, in the (true) halibut  from 3 to 4.3, 

in the arrow-toothed American halibut  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 proteins can be expected to correspond to variations 

in the technologi'cal properties of-the meat of the indivi-

dual species of halibut. In fact, among the Pacific species 

of halibut, the (true) halibut  has the most compact meat. 

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

however in fish with a low fat content it becomes somewhat 

watery since the 4dration 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 cooking, searing 

and smoking with heat are applied, the meat of the de- 

frosted halibut Ls unstable. The fat easily se- 

parates out from the meat, a large amount of freely libe-

rating coagulate 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 lagon  



• 
(2.2 and 4.72  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 arrow-toothed halibut  are 20 times more active 

at pH 4.5 and 100 times more active at 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 Rrouns in the meat nf 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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Table  394. 
1 - Amino acid group 
2 - Ratio between SAK (free amino acid) groups in the meat 
3 - iInI121±2.11 17231t 
4 - Arrow-toothed halibut  
5 - Monoamino acids 
6 - Diamino acids 

Sulfamino acids 
8 - Cyclic amino acids 

The meat of the (true) halibut  and of the arrow-

toothed halibut differs slightly in the interrelation of the 

individual amino acids in the composition of the proteins. 

According to the data in the literature (Rideel, Brocklesby, 

1937; Thurston, 1960 and others) and based on the results 

of the analyses by E. Nasedkina, the meat proteins of the 

arrow-toothed halibut contain somewhat more irreplaceable amino 

acids and somewhat less glycine, alanine, serine and argi- 

nine (table 395). 	 • 

M. Syromyatnikova and A. Teplitskaya showed that 

halibut meat contains 0.6-8e% Vitamin B 12 . Its content is 

highest (3.5-8p) in the meat of the arrow-toothed  halibut. 

The Vitamin B 2 
content in halibut  meut ranges from 40 to 
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200d%,and the highest content of this vitamin was found 

in the meat of the Ltrue) halibut.  The Vitamin B
c and Vi-

tamin PP contents are not in excess of 100Y% and 1200S% 

respectively. 

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

ri,boflavn 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-

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

more pantothenic acid (table 396). 
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Table 395  
T. AMiho acid greiips 
2 - Irreplaceable amino acids 
3 -7.(true) halibut 
4 - Arrow-toothed halibut 
5 - Replaceable amino acids 
6 - ,(True)haljbut  
7 - Arrew-toothed halibut 

aci.ds 

9--;1‘1»corbhxy 1'  i'c 
TO' - -Dicarboxylic 

I - Sulfur-containing 
2 - Diamine acids 
3 - Monocarboxylic 
4 - Dicarboxylic 
5 - Sulfur-containing 

.6 - Cyclic amino acids 
7 - Valine 
8 . - Leucine 
9 - Threonine 
20 ;- Methionine 
21 - Lysine 
22 7- Phenylalanine 
23'7 Histidine 
24 - Tryptephan 
25 - Glycine 
26 - Alanine 
27 - Serine 
28 - Aspartic acid 
29 - Glutamic acid 
30 - Arginine 
31 - Cystine 
32 - Proljne 
33 - Tyrosine 

Ta6:tittla 396 

bomm)phifi AS sun) 	 . 80— 230  
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281) -.--S90 ' 	2,5-3,2 

• 	' flown!, 	 80--30 	• • • 	35-39 

Table  396.  
species 

2 - Parts of the body 
3 - Range of content ( %) in the raw material 
4 - Folic acid 
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5 - Pantothenic acid 
6 - (True) halibut  
7 - Greenland halibut  
8 - Meat 
9 - Liver 
10 - Meat 
II - Liver 

There is a distinct inverse correlation between 

:the eoi,sture,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) 

• Ta6,runta 397 
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_ . 

	

09,1-71,0 	16,4-18,1 	— 	 15,6 	. 	14,6 

	

71,1-73,0 	9,7-15,5 	— 	- 	9,9-13.5 	10,9 . 
, .73,1-75,0 . . 	10A-14.5 	3,2-9,8 	0,3-- 10,0  

	

75,1-77,0 	 9,1 	' 2,3 • 8,5 	0,0 	 6,5 	' 

	

77,1-79,0 	 — 	 1 0-1,5 	5,1 	 -- 

	

79,1-01,0 	5,4—.9,9 	(1 ,2-1,3 	1,0-5,5 . 	_ 

Table 397.  
7-17te interrelation between  the moisture content and  the fat 
content  in the  meat of the halibut.  
1 - Range of moisture content in the meat 
2 - Range of Fat content, % in the meat of the halibut 
3 - Greenland halibut  
4 - rrue) halibLIL 
5 - Arrow-toothed Americanhalibut  
6 - Arrow-toothed Asian halibut 

The fat content in the meat of the various hali- /282 

but species usually increases with the age and - the weight 

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

• 
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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) 

• Ta6nuna 398 

co qu 
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_ 	 8,5 	_ 	 — 
— 	 6,0 	_ 	. 	-- 
- 	. 4,5 	_ 	 — 

Table 398.  
1 - Average weight of the fish, kg 
2 - Range of the fat content in the meat, % 
3 - Greenland halibut  
4 - 	halibut 
5 - Arrow-toothed halibut  
6 - American 
7 - Asiatic 

One of the contributing factors causing d drastic 

decrease of the fat content in the meat of large fish is the 

exhaustion of the fish due to spawning and also due to para-

site infestation. 

By classifying the results of the analyses of ha-

libut 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  

1,4 
2,1 
2,5 
3,6 
4,6 
5,7 
6,2 
7,4 
9,4 

10,3 
.19,8 
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and in the months of August and September in the case of 

the arrow-toothed halibut  (table 399). 

T a 6;111; ta 399 
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Table 399.  
1 - Period of fishing 
2 - Range of the fat content in the meat, % 
3 - Greenland halibut  
4 - (True) halibut  
5 -*Arrow-toothsed halibut  
6 - Asiatic 
7 - American 
8 - February-Mach 
9 - April 

. 10 - June-July 
11 - August-September 
12 - October 

. 	 . 	 . 	 , 

The data of N. Zvyagina, V. Bochkareva, N. Khalina 

and others show that the iodine number values of the fat 

obtained from halibut  meut  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 

128 to 145). 

The inedible parts of the body of various species 
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• 
of halibut were analysed (Velichunskaya, Konysheva, Rub-

levskaya und others). These analyses showed that there is 

a rather high fat accumulation in the beny 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 

liver contains fut accumulations up to 38% (table 400). 
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Table  400.  
1 	The chemical composition of the inedible parts of the body 

of the halibut. 
2 -  Hal  ibut  species 
3 , Fishing period 
4 - Range of contents, % 
5 - Moisture 
6 —Fat 
7 - Protein 
-8 Asb 

• —  lie ad  
0i7e-enland halibut  
1 - Tirue) halibut 

2 - Asiatic arrow-toothed halibut  
3 - American arrow-toothed halibut  
4 - April-July, 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 halibut species in the fol  lowing  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 

relation to the type of species. Large halibut gives after 

cutting a slightiy higher yield of liver. 

The fat content in the liver of the various species 

of halibut varies practically in the same range. It WdS 
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found that there is noticeably more fat in the liver of the 

large halibut 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 Vitamin A content 

in the liver fat relative to the time of fishing of the 

halibut. However, , the maximum Vitamin A,content in the li- 

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

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

the Greeland  halibut (table 402). 
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Table  401. 	•  
- The characteristics of halibut liver 

2 - Properties 
3 - Halibut species 
4 - Greenland. halibut  
5 - !InLej  halibut 
6 - Arrow-toothed halibut  
7 - Asiatic 
8 - American • 
9 - Weight of fish,-kg 
10 - Weight of liver in.% to the weight of fish 
II - Fat content in the liver, % 
12 - Vitamin A content in IU in 1 gm of: 
13 - Liver 
14 - Liver fat 
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Table 402.  
I - Content of fat and Vitamin A in the liver of the halibut. 
2 - Liver 
3 - Period 
4 - Range of fat content, % 
5 - Range of Vitamin A content in 11.1 in 1 gm of liver fat 
6 - (True) halibut 
7 - Greenland halibut 
8 - Arrow-toothed halibut Asiatic 
9 - Arrow-toothed halibut, American  
0 - January-March 
1 - July-August 
2 - September-October 
3 - January 
4 - August 
5 - September-October 
6 - January 
7 - March 
8 - August 
9 - September 

20 - October 
21 - January-March 
22 - April 
23 - August-September 
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The liver fat of the (true) halibut  obtained in 

the same months of the year in the central and eastern 

zones of the Bering Sea contains noticeably more Vitamin A 

than the fat of the halibut from the regions of the La Perouse 

Strait 	and the southern Kuril islands (16400-127500 

and 1510-8440 1 11 in I gm respectivelY). 

. A rather high content of fat and Vitamin A in the 

liver of the halibut makes it a valuable raw material for 

the hydrolytic method of Vitamin A extraction. 

The fat obtained from the liver of the Greenland 

halibut  contains 6.4% non-saponifiable substances and it has 

the following values of constants: d 15 
- 0.9213,1 20) D  4 	

- 1.4712, 

saponification number - 266.6, iodine number - 198.0. 

The data in the literature (Lovern, 1934, Pugsley, 

1940 and others) show that the liver fat of the halibut 

has a higher percentage of non-saponifiable substances (5.1- 

15.8%). 

In the composition of the fatty acids of the 1 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 the intestines and of the stomach 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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Table 403. 
I 	Properties 
2 - (True) halibut  
3 - Greenland halibut  
4 - Arrow-toothed halibut 
5 - Fat content in the tissues, % 
6 - Vitamin A content in Ill in 1 gm: 
7 - Tissues 
8 - Tissue fat 

A. Teplitskaya and M. Syromyatnikova have esta- 

blished that there are no substantial differences in the 

content of water-soluble vitamins in the tissues of the 

species of halibut investigated by them. However, the high- 

est content of vitamins was found in the tissues of the in-

testines and of the liver (table 404). 
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• Table 404.  
T - Part of the body 
2 - Range of contents (y%) in the raw material 
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3 - Head, fins, bones 

4 - Viscera (without liver) 
5 - Liver 

Fishes of the  Order Tetradontiformes.  

To this Order belong several families with peculiar 

body tforms: the ,9ruy triuerfish,  the trunk -Fish,  the puf-

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

V. Adistanova show that the meut of the Tetradontiformes 

fishes has an average fat content (table 405). 

- 

I -1 a 3 Banue ço inara  

	

flpele.im 	 % 

	

111111 	D 	—10.73wia 

Msico .nym-pi.16u 

meo cou1o•bt61, 

(m) 

0.6 	19,8 	 IA 

MM 	T,F 	22,3 	. 1,6 

76,4 	2,0 	16,8 	1,3 

79,0 	.4,7 	18-,2". 	1,9 

79,3 	4,2 	16,4 	1,2 . - 
 17,1. 	1,6 

Nine() ogintoporon 	 74 ,9 

Table 405.  
1 - The chemical composition of the meut  of Tetradontiformes 
2 - Name 
3 - Range of contents, % 
4 - Moisture 
5 - Fat 
6 - Protein 

• 7 - Ash 
8 -  Meut of the gray triggerfish 
9 - Meat of the ocean sunfish  
10 - Meat of the puffer  (fugu)(transliterated) 

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 mut.  The poison is thermo 



• 
stable and it attacks the central nervous system. The meat 

of this fish is not poisonous when the viscera are 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 of some interest: the relative weight of the 

liver of Ruffer  ranges from 1.5-3.2% and in mr_m_tLiguerfish 

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 surdish has the follming value 

1 
of phyico-chemical constants: d

5 
 4  - 0.9259-0.9269, n

20
D 

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 corn-

mon  liver fat. 

In the liver of the  iy  triggerfish,  caught in the 

gulf of Tonkin, G. Dolbish found 33.9% fat and 170 IU Vita-

min A in 1 gm of liver. This corresponds with a content of 

800 lU Vitamin A in 1 gm of liver fat. 
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