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Abstract. The expediency of using waste generated during industrial 

processing of commercial aquatic biological resources is justified. By-

products obtained as a result of cutting fish and non-fish objects represent a 

significant source of biologically valuable substances. The article provides 

information on the use of secondary raw materials for the production of feed 

products for farm animals, birds and aquaculture facilities for the production 

of biologically valuable products, biofuels. The paper presents an 

assessment of the technological potential of by-products formed during the 

processing of the most profitable commercial objects – crabs and salmon. 

Such bu-products include carapace of the cephalothorax, crab entrails, as 

well as the caviar film remaining during the punching of salmon fish hawks. 

The assessment of the total chemical composition of the waste from the 

cutting of the blue crab was carried out. The high biological value of the 

hepatopancreas and carapace crab proteins was revealed. The general 

chemical waste from punching of chum salmon hawks is given. The high 

biological value of these waste lipids was confirmed by evaluating their fatty 

acid composition. The possibility and necessity of using the studied waste 

for the production of biologically valuable products is experimentally 

justified.  

1 Introduction 

According to FAO data by 2030, the total volume of aquatic biological resources caught and 

grown under aquaculture conditions will amount to 200 million tons. An increase in the 

processing of aquatic biological resources inevitably leads to an increase in the amount of 

by-products, which in some cases can reach 70% of the mass of raw materials. Such products 

include waste generated during the processing of aquatic biological resources: heads, viscera, 

skin, bones, scales, crustacean shells, etc. Most of these by-products are thrown away as 

waste. Recently, this problem of the development and implementation of complex and waste-

free technologies has attracted the attention of scientists, since by-products are a significant 

source of biologically valuable substances and can be considered as secondary raw materials 

for the production of food and feed products [1].  
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Most often, by-products from the cutting of aquatic biological resources are used to obtain 

feed products for farm animals, birds and aquaculture facilities [2-5]  

By-products obtained from the processing of aquatic biological resources serve as raw 

materials for the production of biofuels and biogas [6-10], as well as for obtaining collagen 

[11-15]  

By-products formed during the cutting of aquatic biological resources are processed by 

the method of enzymatic hydrolysis to obtain valuable biologically valuable products [16-

18].  

Various uses of by-products obtained during the processing of aquatic biological 

resources are determined by their significant technological potential, which is estimated by 

the general chemical composition, as well as the biological value of proteins, lipids, etc.  

Thus, it is precisely the determination of the technological potential of secondary raw 

materials from processing of aquatic biological resources is an important task in determining 

the prospects for its rational use.  

Among aquatic biological resources, crabs and salmon fish are among the most profitable 

processing facilities.  

When processing crabs, the share of by-products is about 80%; these include 

cephalothorax carapace, films, viscera (including the liver). In most cases, this waste is not 

sorted, accumulated or processed, but disposed of by dumping into the sea. If waste is 

discharged in one area in large quantities, deterioration of the sanitary and hygienic state of 

this water area may occur.  

The problem of ensuring the ecological and sanitary-hygienic cleanliness at the coastal 

enterprises engaged in the processing of salmon fish in order to obtain salmon caviar is the 

disposal of the caviar film remaining during the punching of ovaries.  

By-products generated during the processing of crabs and salmon are the object of 

research in order to determine their technological potential to determine the prospects for 

their further use.  

2 Materials and Methods  

By-products obtained after cutting blue crab (Paralithodes platypus) and punching chum 

salmon (Oncorhynchus keta) were used as the object of the study.  

The determination of protein substances was determined by oxidation of organic 

substances by burning it in sulfuric acid in the presence of a catalyst, stripping the formed 

ammonia with steam, trapping it with a sulfuric acid solution and determining the nitrogen 

content by titration.  

The mass fraction of fat was determined by the extraction method in a Soxhlet apparatus. 

The method is based on the extraction of fat with an organic solvent from a dry sample and 

the determination of its mass by weighing.  

The mass fraction of water was determined by evaporating it from the test sample during 

heat treatment at a temperature of 100-105 ° C and determining the change in its weight by 

weighing.  

Mineral substances were determined by removing organic substances from a weighed 

portion of the analyzed sample by burning and determining the resulting ash by weighing.  

The composition and quantitative content of amino acids were determined by high-

performance liquid chromatography on an automatic amino acid high-speed analyzer L-8800 

(Hitachi , Japan) using a 200 × 4.6 mm column, an Ultropac-8μ (Li +) ion exchanger, Li-

citrate buffers with a pH of 2.8-3.5, a ninhydrine reagent for development (color reaction at 

135 °C). The calculation was performed by comparing the peak areas of the studied samples 

with the peak areas of the standard mixture of amino acids «Sigma (USA) ». To determine 
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the tryptophan content, the samples were hydrolyzed with barium hydroxide at a temperature 

of 110 ° C for 18 h.  

Fatty acids were determined in the form of their methyl esters on a Shimadzu GC-16A 

capillary gas-liquid chromatograph (Supelcowax-10) with flame an ionization detector 

equipped with a capillary column (30.0 m ´ 0.3 mm) at a temperature of 190 ° C.  

3 Results and Discussion 

Traditionally, the muscle tissues of crabs are used for food, for commercial species, their 

composition is the main subject of research, which is also true for the blue crab. Despite the 

fact that the composition of the muscle tissue of this crab has been studied in sufficient detail, 

however, the non-food parts, such as carapace and hepatopancreas of this type of crab, have 

not been sufficiently studied, despite the fact that the share of carapace in waste is 37-42 %, 

hepatopancreas - 4-8 % [19]. 

The total chemical composition of the by-products from the cutting of the blue crab 

Paralithodes platypus is presented in Table 1. 

Table 1. Indicators of the composition of the parts of the blue crab Paralithodes platypus 

 

Body part 

Mass fraction, % 

Water Protein Lipids Mineral 

substances 

Chitin 

Carapace 69.49± 1.22 12.96± 0.05 1.20± 0.1 9.82± 0,11 6.53 ± 

0.05 

Hepatopancreas 77.33± 1.22 16.80± 0.05 5.41± 0.1 1.71± 0.11 - 

 

The data presented in Table 1 demonstrate that the carapace and hepatopancreas of the 

studied blue crab Paralithodes platypus have certain differences in the content of the main 

substances. Carapace is characterized by a higher content of dry substances (the excess in 

comparison with hepatopancreas is 34 %). The protein content in hepatopancreas is 30 % 

higher than that in carapace. The lipid content shows even more significant differences – in 

the hepatopancreas they are 4.5 times more. However, minerals show an inverse relationship, 

they are more in carapace 5.7 times due to the presence of chitin in it.  

The qualitative and quantitative amino acid composition of the proteins of the parts of the 

blue crab Paralithodes platypus is presented in Table 2. 

Table 2. Amino acid composition of the proteins of the blue crab parts Paralithodes platypus 

A
m

in
o
 a

ci
d

 Content 

mg/g 

weight 

mg/g protein % of the 

amount of 

amino 

acids 

mg/g 

weight 

mg/g protein % of the 

amount of 

amino 

acids 

Hepatopancreas Carapace 

Irreplaceable 

Thr 8.84+0.41 52.63+2.19 5.26+0.11 6.39+0.18 49.32+2.27 4.93+0.20 

Ile 7.22+0.23 43.02+2.02 4.30+0.15 5.14+0.19 39.71+1.28 3.97+0.14 

Leu 11.26+0.39 67.04+3.04 6.70+0.27 8.25+0.30 63.73+2.79 6.37+0.26 

Val 7.83+0.27 46.64+1.96 4.66+0.17 5.61+0.19 43.33+2.12 4.33+0.17 

Lys 10.84+0.36 64.54+3.02 6.45+0.29 7.77+0.27 61.23+2.59 6.12+0.29 

Met 0.83+0.03 4.97+0.16 0.50+0.02 0.40+0.01 3.09+0.15 0.30+0.01 

Phe 6.55+0.18 39.00+1.49 3.90+0.15 4.85+0.13 37.45+1.57 3.75+0.15 

Trp 2.70+0.03 16.06+0.61 1.61+0.06 2.11+0.08 16.25+0.58 1.62+0.07 

Total 56.07+2.12 333.90+15.11 33.38+1.51 40.52+2.00 314.11+14.55 31.39+1.49 

3

E3S Web of Conferences 320, 01006 (2021)
ESEI 2021

https://doi.org/10.1051/e3sconf/202132001006



Conditionally-replaceable and replaceable 

Tyr 7.42+0.27 44,20+2.00 4.42+0.18 5.49+0.12 42.43+1.85 4.24+0.21 

Cys 0.66+0.01 3.93+0.11 0.39+0.00 0.32+0.00 2.50+0.10 0.25+0.00 

His 3.35+0.12 19.93+0.85 1.99+0.07 3.62+0.11 27.90+1.02 2.79+0.11 

Arg 8.29+0.36 63.94+2.80 6.39+0.24 8.05+0.32 62.10+3.01 6.21+0.25 

Asp 16.81+0.66 100.10+4.45 10.00+0.39 13.31+0.48 102.74+4.59 10.27+0.42 

Ser 7.38+0=.29 43.95+1.65 4.40+0.15 6.16+0.21 47.59+2.06 4.76+0.21 

Glu 25.50+1.05 151.80+6.81 15.18+0.46 20.01+0.86 154.44+6.63 15.44+0.66 

Pro 17.08+0.72 101.71+4.76 10.17+0.41 13.52+0.55 104.37+5.01 10.44+0.40 

Gly 14.17+0.53 84.39+3.25 8.44+0.22 11.27+0.48 87.03+3.60 8.70+0.36 

Ala 8.76+0.31 52.15+2.03 5.22+0.23 7.10+0.27 54.79+2.41 5.48+0.22 

Total 108.48+5.01 666.10+30.15 66.60+3.01 88.85+4.05 685.89+32.04 68.58+3.02 

In total 165.49+6.78 1,00 99.98+4.03 129.37+4.91 1,00 99.97+4.19 

 

The analysis of the obtained results shows that the composition of amino acids is identical 

for carapace and hepatopancreas of the blue crab Paralithodes platypus, but there are some 

differences in the content of individual representatives. The total amino acid content is 165.49 

mg/g of weight in hepatopancreas and 129.37 mg/g of weight in carapace, a difference of 

28%. Conditionally-substituted and replaceable amino acids quantitatively significantly 

predominate over the essential ones, the excess in hepatopancreas is 2 times, in carapace 2.2 

times. The content of essential amino acids in hepatopancreas proteins is slightly higher than 

in carapace and varies from 314.11 mg/g of protein in carapace to 333.90 mg/g of protein in 

hepatopancreas. The common major amino acids for all the studied parts of the blue crab 

Paralithodes platypus are the amino acids - threonine, leucine, lysine, arginine, glutamic 

acid, aspartic acid, glycine, proline. 

It was found that the main part of the amino acids in the proteins of the studied parts of 

the blue crab Paralithodes platypus are aliphatic monoaminomonocarboxylic amino acids 

(28.85-29.32% of the total amino acids) and monoaminodicarboxylic acids (25.18-25.71% 

of the total amino acids), and the total content in carapace and hepatopancreas does not differ 

much. It is also necessary to note a fairly high content of diaminomonocarboxylic amino 

acids (12.33-12.84 % of the total amino acids). The content of aromatic amino acids is 9.61-

9.93 % of the total of amino acids, heterocyclic-12.17-14.85 % of the total of amino acids 

with a predominance in carapace. Oxymonoaminocarboxylic amino acids are not more than 

9.69 % of the total amino acids. The least represented are sulfur-containing amino acids, their 

content is minimal and does not exceed 0.89 % of the total amino acids. 

Of the 18 identified amino acids, 8 are essential, the predominant of which are leucine, 

lysine, and threonine. This is typical for both carapace and hepatopancreas, but their total 

content in hepatopancreas is slightly higher than in carapace (18.41 % vs. 17.42 %). It is 

necessary to note a fairly high content of two conditionally interchangeable amino acids-

arginine and histidine, and the histidine content in carapace is 40 % higher than that in 

hepatopancreas, the arginine content differs slightly. 

Of the substitutable and conditionally substitutable amino acids, 10 representatives were 

identified. The set of maximally represented interchangeable amino acids is identical for 

carapace and hepatopancreas. Substituted amino acids are maximally represented by 

glutamic acid (15.18-15.44 %) with a slight predominance in carapace, proline (10.17-10.44 

%) with a slight predominance in carapace, aspartic acid (10.00-10.27 %), glycine (8.44–8.70 

%). The total content of the predominant non-essential amino acids is 44.41-44.85 % with a 

slight excess in carapace, which is 65.4-66.7 % of the total content of non-essential and 

conditionally non-essential amino acids. 

When processing salmon fish, the most valuable food product is salted caviar. During its 

production, the joints are punched, as a result of which by-products is formed in the form of 

connective tissue (film). 
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The total chemical composition of by-products from punching the roe of the chum salmon 

Oncorhynchus keta is presented in Table 3. 

Table 3. Indicators of the composition of by-products from punching the roe of the chum salmon 

Oncorhynchus keta 

 

Name 

Mass fraction, % 

Water Protein Lipids Mineral 

substances 

Carbohydrates 

Roe of 

Oncorhynchus 

keta 

79.37±0.31 9.56±0.12 4.49±0.07 1.08±0.05 5.50±0.45 

 

The data presented in Table 3 demonstrate that the roe of Oncorhynchus keta is 

characterized by a high protein and lipid composition in terms of dry substances. The 

carbohydrate part calculated by us by subtracting the protein, lipid and mineral parts is of 

interest for further research. The lipid fraction is of the greatest interest in the structure of the 

chemical composition of the by-products from the cutting of jacks, since its high content 

makes it difficult to store and process this by-products.  

The results of the study of the fatty acid composition are presented in Table 4. 

Table 4. Fatty acid composition of by-products from punching the roe of the chum salmon 

Oncorhynchus keta 

Fatty acid Indicator 

12:0 0.17 

14:0 3.40 

i-15:0 0.10 

15:0 0.41 

16:0 12.28 

i-17:0 0.21 

ai-17:0 0.12 

17:0 0.33 

i-18:0 0.22 

18:0 4.11 

20:0 0.17 

Saturated 21.52 

16:1 n-7 5.86 

16:1 n-5 0.26 

18:1 n-9 19.41 

18:1 n-7 3.09 

18:1 n-5 0.79 

19:1 n-9 0.20 

20:1 n-11 0.35 

20:1 n-9 1.04 

20:1 n-7 0.33 

22:1 n-11 0.51 

22:1 n-9 0.26 

Monounsaturated 32.10 

16:2 n-4 1.12 

16:3 n-3 0.54 

18:2 n-9 0.16 

18:2 n-6 1.35 

18:2 n-4 0.17 

18:3 n-6 0.21 

18:3 n-3 0.71 
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18:4 n-3 0.55 

18:4 n-1 0.20 

19:4 n-3 0.22 

20:4 n-6 1.25 

20:3 n-3 0.12 

20:4 n-3 1.46 

20:5 n-3 (Eicosapentaenoic Acid) 12.39 

21:5 n-3 0.21 

22:4 n-6 0.18 

22:5 n-3 4.74 

22:6 n-3 (Docosahexaenoic acid) 20.29 

Poliunsaturated  45.87 

Amount n-3 41.23 

Amount n-6 2.99 

The total of Eicosapentaenoic and Docosahexaenoic acids 32.68 

 

It is worth noting the predominance of polyunsaturated fatty acids in the composition of 

by-products from punching the roe of the chum salmon, the share of which was 45.87 %. 

Among the saturated fatty acids, palmitic acid prevails, the content of which is more than 

half of the total of all saturated fatty acids. Among the monounsaturated fatty acids, oleic 

fatty acid prevails, the content of which is also more than half of all monounsaturated fatty 

acids. The high content of n-3 fatty acids, as well as the sum of EPA and DHA, allows us to 

consider the waste from the cutting of hawks as a valuable raw material. 

4 Conclusions 

The results of the conducted analytical and experimental studies indicate a high technological 

potential of by-products formed during the processing of crabs and in the production of salted 

caviar from salmon fish. The analysis of the chemical composition of the studied secondary 

raw materials proves the feasibility of its use for the production of biologically valuable feed 

and food products. 
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