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Abstract Supercritical carbon dioxide (SCO2) extraction was investigated as a method for pro-
tein-sourcing material from squid viscera. To find the optimum conditions, the extraction of squid 
viscera using SCO2 was performed under the conditions of temperature range from 35 to 45oC 
and constant pressure 25 MPa using Hewlett-Packard 7680T. Also from result of SDS-PAGE, 
the protein denaturation was minimized when using SCO2 extraction. And the major amino acids 
in the squid viscera were glutamic acid, aspartic acid, lysine, leucine, arginine, alanine, glycine, 
isoleucine, and valine. The main fatty acids from squid viscera were myristic acid, palmitic acid, 
stearic acid, heneicosanoic acid, palmitoleic acid, elaidic acid, oleic acid, eicosenoic acid, EPA 
(eicosapentaenoic acid), and DHA (docosahexaenoic acid). 
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Introduction

Squid is popular seafood that is used in various ways 
as part of the human diet. It is widely consumed in 
Southeast Asia and other parts of the world. In southern 
Europe squid is known as calamari. Not only is squid 
consumed fresh, but it is also processed into other forms 
of food in huge quantities [2]. Squid inhabit all the 
world’s major oceans and seas. The viscera are usually 
discarded during processing, yet the by-product oil ob-
tainable from this waste is high in polyunsaturated fatty 
acids (PUFAs), particularly the ω-3 fatty acid oils [15].

About 40% of squid in Korea are used as dried squid, 
seasoned squid, seasoned-frozen food, salted fish 
(jeotgal) and 60% are used as living body type. The 
viscera excluding the edible portion such as skin, trunk, 
fin, fish meat were removed as the non-edible portion 
in processing. This removal amounts were occupied 
over 20% and most of the non-edible portion are used 
as feed for animal, squid liver oil for feed [16].

The application of supercritical fluid extraction (SFE) 
to biomaterials has been recognized for several years 

[7-9,11,12,19,24]. Conventional methods for the ex-
traction, fractionation and isolation of PUFAs include 
the use of highly flammable or even toxic solvents or 
energy-intensive vacuum distillation, as normal near at-
mospheric pressure high-temperature distillation can re-
sult in degradation of thermally labile compounds. 
Consideration of such factors has led investigators to 
apply SFE techniques to the separation [20]. 

In the supercritical state, the distinction between the 
liquid and the gas phase has disappeared and the fluid 
can no longer be liquefied by raising the pressure nor 
can gas be formed on increasing the temperature. Thus, 
the physicochemical properties of a given fluid, such 
as density, diffusivity, dielectric constant and viscosity 
can be easily controlled by changing the pressure or 
the temperature without ever crossing phase boundaries 
[23]. The main advantages of using supercritical fluids 
instead of conventional organic solvents are the mini-
mal consumption of organic solvents, the exclusion of 
oxygen, and the reduction of heat. Modern SFE offers 
shorter extraction times, potentially higher selectivity 
and increased sample throughput (due to available auto-
mated instruments) compared to conventional solvent 
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Table 1. Amino acid composition of squid viscera untreated 
and treated SCO2

Untreated Treated

Essential amino acids 19.81 29.86

Arginine
Histidine
Isoleucine
Leucine
Lysine 
Phenylalanine
Threonine
Valine

2.90
1.25
2.36
3.35
3.43
2.14
2.06
2.32

4.60
1.93
4.12
4.70
4.63
3.96
2.86
3.06

Non-essential amino acids 21.06 30.57

Alanine
Aspartic acid
Glycine
Glutamic acid
Proline
Serine
Tyrosine

2.64
4.96
2.55
5.82
1.93
2.06
1.10

3.68
8.14
3.26
8.52
2.41
2.88
1.68

Total 40.87 60.43

non-essential (alanine, aspartic acid, glycine, glutamic 
acid, proline, serine, and tyrosine) amino acids were 
determined. Glutamic acid was the highest contained 
component in squid viscera. The following main con-
tents were aspartic acid, lysine, leucine, arginine, ala-
nine, glycine, isoleucine, and valine. Essential amino 
acids contain 19.81% in constitutive amino acids of 
squid viscera. After SCO2 extraction, essential amino 
acids composition increased to 29.86%. Moreover con-
stitutive amino acids amounts of squid viscera were in-
creased from 40.87% to 60.43%.

Analysis of fatty acids

The fatty acid composition of squid viscera was pre-
sented in Table 2. This experiment was performed at 
40oC and 25.0 MPa as the optimal condition from the 
extraction data. The total contents of fatty acids are 
477.86 mg/g in untreated squid viscera, 414.03 mg/g 
in SCO2 treated powder, 1061.72 mg/g in SCO2 ex-
tracted oil, respectively. From these results, we obtained 
the oil contains a plenty of PUFAs. The contents of 
saturated fatty acid like palmitic acid remained highly 
compared to unsaturated fatty acid such as EPA, DHA 

in SCO2 treated sample. In the contrast, the contents 
of PUFAs are highly contained in the oil after SCO2 
extraction. The main fatty acids from squid viscera were 
myristic acid, palmitic acid, stearic acid, heneicosanoic 
acid, palmitoleic acid, elaidic acid, oleic acid, eicose-
noic acid, EPA and DHA. 

The major fatty acids classes were PUFAs, mono-
unsaturated fatty acids (MUFAs) and saturated fatty 
acids (SFAs). In this work, total SFAs are declined from 
33.80% to 22.79% in extracted oil after SCO2 treatment. 
But the valuable unsaturated fatty acids (MUFAs, 
PUFAs) are increased from 22.79% to 24.57% and from 
43.41% to 52.63%, respectively. 

Discussion

From the extraction data, we suggested that 40oC 
temperature condition of squid viscera is optimal at 25 
MPa. And from the SDS-PAGE data, there is no change 
in intensity after SCO2 extraction. Also due to no use 
of a high temperature heating in SCO2 extraction tech-
nology, it seems to be denaturation of protein was 
minimized. Therefore, we extracted using SCO2 from 
throwing-away squid viscera, the protein was mini-
mized denaturation.

The major amino acids were glutamic acid, aspartic 
acid, lysine, leucine, arginine, alanine, glycine, iso-
leucine, and valine. These results were in accordance 
with reported total amino acids of squid Loligo vulgaris 
[28]. In particular, glutamic acid and glycine were rec-
ognized commonly to be taste-active in seafood [10].  
Also aspartic acid, glycine and glutamic acid are known 
to play an important role in the process of wound heal-
ing [6]. Especially, lysine which is easy to lack for 
Korean who is eating cereals as a staple food, was con-
tained in squid viscera [18]. Moreover amino acids are 
increased after SCO2 extraction.

The main fatty acids from squid viscera in this study, 
the result was in accordance with reported fatty acids 
of squid oil [13,22]. In general, when human con-
tinuously takes an excess of SFAs, SFA content in blood 
will be increase and the cholesterol content will be high. 
As this result, it comes as cardiovascular disease such 
as atherosclerosis and hypertension [3]. All these results 
suggested that SCO2 extraction process provides more 
chance for the marine industry as functional compo-
nents such as EPA and DHA compared to conventional 
extraction method [14,22].
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Table 2. Fatty acid composition of the squid viscera untreated and treated with SCO2  

Compounds
R.T.
(min)

Weight % (Weight mg/g sample)

Untreated Powder Extracted oil

Butyric acid (C4:0) 3.55 ND7 ND ND

Capric acid (C10:0) 9.03 1.31 (0.27) 7.32 (1.77) ND

Undecanoic acid (C11:0) 9.83 ND 5.45 (1.32) ND

Tridecanoic acid (C13:0) 11.62 ND 8.46 (2.04) ND

Myristic acid (C14:0) 12.84 17.03 (3.56) 9.36 (2.26) 36.66 (3.45)

Pentadecanoic acid (C15:0) 14.21 2.91 (0.61) ND 6.31 (0.59)

Palmitic acid (C16:0) 15.83 98.66 (20.65) 95.48 (23.06) 118.15 (11.13)

Stearic acid (C18:0) 19.75 23.07 (4.83) 29.83 (7.20) 40.42 (3.81)

Arachidic acid (C20:0) 23.89 ND ND 3.09 (0.29)

Heneicosanoic acid (C21:0) 26.39  13.76 (2.88)  14.81 (3.58) 24.54 (2.31)

Behenic acid (C22:0) 27.67 ND ND ND

Tricosanoic acid (C23:0) 29.40 ND ND 2.94 (0.28)

Lignoceric acid (C24:0) 31.20 4.79 (1.00) ND 9.82 (0.93)

Total SFAs 161.52 (33.80)  170.71 (41.23) 241.93 (22.79)

Myristoleic acid (C14:1 ; cis-9) 13.29 ND ND 1.76 (0.17)

Palmitoleic acid (C16:1 ; cis-9) 16.34 18.40 (3.85) 8.76 (2.11) 45.23 (4.26)

Heptadecenoic acid (C17:1 ; cis-10) 18.12 ND ND 4.35 (0.41)

C18:1 ; trans-91 , C18:1 ; cis-92 20.25 61.13 (12.79) 41.66 (10.06) 146.87 (13.83)

Eicosenoic acid (C20:1 ; cis-11) 24.44 26.57 (5.56) 31.58 (7.63) 56.68 (5.34)

Erucic acid (C22:1 ; cis-13) 28.02 2.80 (0.59) 12.21 (2.95) 5.94 (0.56)

Total MUFAs 108.90 (22.79) 94.21 (22.76) 260.83 (24.57)

C18:2 ; trans-9,123 , C18:2 ; cis-9,124 21.28 5.33 (1.12) ND 13.82 (1.30)

γ-Linolenic acid (C18:3 ; cis-6,9,12) 21.83 ND ND 1.85 (0.17)

Linolenic acid (C18:3 ; cis-9,12,15) 22.55 ND ND 7.12 (0.67)

Eicosadienoic acid (C20:2 ; cis-11,14) 25.40 3.76 (0.79) ND 7.80 (0.73)

Arachidonic acid (C20:4 ; cis-5,8,11,14) 26.54 ND ND 3.53 (0.33)

EPA (C20:5 ; cis-5,8,11,14,17)5 27.64 71.81 (15.03) 58.49 (14.13) 218.96 (20.62)

Docosadienoic acid (C22:2 ; cis-13,16) 28.95 ND ND ND

DHA (C22:6 ; cis-4,7,10,13,16,19)6 31.77 126.53 (26.48) 90.62 (21.89) 305.88 (28.81)

Total PUFAs 207.44 (43.41) 149.11 (36.01) 558.96 (52.63)

Total 477.86 (100.00) 414.03 (100.00) 1061.72 (100.00)
1C18:1 ; trans-9: elaidic acid, 2C18:1 ; cis-9: oleic acid, 3C18:2 ; trans-9,12: linolelaidic acid, 4C18:2 ; cis-9,12: linoleic acid, 
5EPA: eicosapentaenoic acid, 6DHA: docosahexaenoic acid, 7ND: not detected

Conclusion

SCO2 extraction was performed at the temperature 
from 35 to 45oC and the constant pressure 25 MPa. 
The maximum extraction yields recorded at 40oC in 

squid viscera at 25 MPa. We obtained that protein dena-
turation was minimized using SCO2 extraction from re-
sults of electrophoresis and amino acids analytical data. 
Also we suggested that SCO2 extracted oil was more 
contained PUFAs such as EPA and DHA than SCO2 
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untreated sample. Thus we can get the squid viscera 
that not denaturated protein without disintegrating the 
functional compounds using SCO2 extraction. Therefore 
SFE technology is useful method to manufacturing use-
ful materials using fish by-products and seems to be 
a useful processing technique for changing the composi-
tion of lipids in order to obtain high contents of the 
functional products. Furthermore from the viewpoint of 
protein-sourced materials, SCO2 extraction would be 
able to substitute for the conventional solvent 
extraction. Therefore SFE technology provides more 
chance for the marine industry as functional seafood.
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