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Lipid Class and Fatty Acid Composition of the Viscera from
Common Squid, Todarodes pacificus
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Division of Marine Life Science/Institute of Marine Industry,
Gyeongsang National University, Tongyeong 650-160, Korea
'Department of Food Science and Nutrition/Institute of Agriculture &
Life Science, Gyeongsang National University, Jinju 660-701, Korea

The chemical components, lipid class, and fatty acid composition of the viscera from male and female
common squid, Todarodes pacificus, were examined to evaluate the possible utilization of the liver,
reproductive organs, and gills. In male and female squid, the viscera comprise 21% and 27% of the body
weight, respectively. The protein content of the viscera was slightly higher in females (17.7-19.5%) than
in males (15.6-17.2%). This was especially marked in the female reproductive organs, while there was
little difference in the gill. The liver contained the largest amounts of lipids (17.2-18.6%) and the levels
were higher in males than in females (P<0.01). By contrast, the reproductive organs of females contained
more lipids than did those of males (4.68% vs. 1.65%, P<0.01). The prominent non-polar lipid (NL) classes
were triacylglycerol (51.9-55.4% of the NL content) and sterol ester (16.3-21.8%) in the liver, and free
sterol (47.0-68.5%) and free fatty acids (31.5-41.2%) in the reproductive organs. However, there were no
significant differences in the NL classes between sexes. The percentage of the most prominent phospholipid
(PL) class, phosphatidylcholine (PC), was highest in the liver (78.1-79.6% of the PL content), and there
was no significant difference between the sexes. By contrast, phosphatidylethanolamine (PE) was highest
in the reproductive organs (33.4%), and was higher in males than in females (P<0.05). All the visceral
organs contained 36.4-48.5% of n-3 polyunsaturated fatty acids (PUFA), such as docosahexaenoic acid
(DHA) and eicosapentaenoic acid (EPA). The DHA level was highest in female reproductive organs (32.3%),
while EPA was high in male reproductive organs, These results demonstrate that the viscera of male and
female common squid are a good source of DHA and EPA.
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Table 1. Biological data of male and female common squid
(Todarodes pacificus)

Male (n=30) Female (n=20)

Body length (cm) 43.2+22 46.2+2.8
Body weight (g) - 239.2+26.6 309.4 +50.2
Total viscera (g, %) 49.2 (20.6) 83.7 (27.0)

Reproductive organs (n=3) 24.2 454

Liver 12.8 217

Gill 4.0 55

Others ND* ND

*ND, not determined.

Table 2= YA 7 Ao Aolo] AAUYGRG AL,
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Table 2. Proximate composition of the viscera from male and female common squid (Todarodes pacificus) (wt %)l

Component All viscera Reproductive organs Liver Gill
Male
Moisture 69.82 + 0.29° 78.72+0.63° 59.07 £+ 0.02° 79.83 +0.11¢
Protein 15.58 + 0.44° 16.44 + 0.63° 17.23+0.20° 15.42 +0.12°
Lipid 9.64 + 0.32° 1.65+0.14° 18.63 + 0.37° 1.98 + 0.03°
Ash 2.03 £ 0.04° 2.31+0.04° 1.51%0.05° 1.73+0.03°
Female

Moisture 65.74 + 0.16° 71.22 £0.21° 56.95+0.12° 79.37 + 0.58°
Protein 17.69 £ 1.27° 19.46 £ 0.87° 18.79+0.63° 15.15 £ 0.47°
Lipid 8.49 + 0.26° 468+0.14° 17.24 + 0.54° 1.90 + 0.09°
Ash 1.69 + 0.06%° 1.57 +0.37° 1.46 + 0.05° 1.97 +0.05°

'Data are expressed as mean=SD of four determinations (two groupsxtwo determinations), and different superscript letters
sindicate statistically significant difference (P<0.05).

Table 3. Comparison of proximate composition of the viscera between sexes of common squid (Todarodes pacificus) (wt

%)’
c t Sex t-val
omponen Male Female “value
Moisture 69.82 +0.29 65.74 +0.16 21.67***
All viscera Protein 15.58 + 0.44 17.69+1.27 3.85 ::
j Lipid 9.64 +0.32 8.49+0.26 5.67
Ash 2.03+0.04 1.69 + 0.06 8.44™*
Moisture 78.72+0.63 71.22+0.21 19.49***
Reproductive organs Protein 16.44 + 0.63 19.46 + 0.87 6.90™**
Lipid 1.65+0.14 4.68+0.14 30.61%
Ash 2.310.04 1.57 +0.37 343
Moisture 59.07 £ 0.02 56.95+0.12 31.06***
Liver Protein 17.23+0.20 18.79+0.63 575"
Lipid 18.63 + 0.37 17.24 +0.54 4.24%**
Ash 1.561+0.05 1.46 £ 0.05 0.92
Moisture 79.83 +0.11 79.37 +0.58 1.35
ail Protein 15.42+£0.12 15.15+ 0.47 1.36
Lipid 1.98 +0.03 1.90 + 0.09 1.60
Ash 1.73+0.03 1.97 + 0.05 7.51%*

'Data are expressed as mean+SD of four determinations (two groupsxtwo determinations), and different superscript letters

indicate statistically significant difference (**P<0.01,
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Table 4. Lipid content and lipid class composition of the viscera from common squid (Todarodes pacificus)'

Lipid? All viscera Reproductive organs Liver Gill
Male .
TL (g/100 g tissue) 9.64 165 18.63 1.98
NL (g/100 g tissue) 8.94 (92.7)° 0.81(49.1) 17.77 (95.4) 1.01 (50.9)
PL (g/100g tissue) 0.70(7.3) 0.84 (50.9) 0.86 (4.6) 0.97 (49.1)
NL class (% of NL content) )
DAG 25+0.0 - 45+0.3 -
FS 9.3+0.5 47.0+7.4° 7.3+0.4° 64.9£0.7°
FFA 17.9+0.6° 412+19° 16.5+1.1° 35.1+0.7°
TAG 59.4+1.7° 11.8+7.5° 55.4+1.2°
SE 10.8+0.7 16.3+0.1
PL class (% of PL content) -
SPM - 66.6 +6.8° - 32+0.8
PC 69.8 +4.6° 781£27° 65.0 £ 3.6°
PI - - - 49+20
PE 30.2+ 4.6° 334+6.8° 21.9+27° 26.8+1.8%°
Female
TL (g/100 g tissue) 8.49 468 17.24 19
NL (g/100 g tissue) 6.40 (75.4) 1.87 (40.0) 16.22 (94.1) 0.92 (48.3)
PL (g/100 g tissue) 2.09 (24.6) 2.81(60.0) 1.02 (5.9) 0.98 (51.7)
NL class (% of NL content)
DAG 9.0+£05 - 411208 -
FS 14.7 £ 0.7° 68.5+7.4° 8.4% 1.6 59.2+4.1°
FFA 29.8+1.5° 31.5+7.4° 13.7 £2.9° 40.8+4.1°
TAG 39.5+3.3 - 51.9+4.6 -
SE 69114 - 21.8+2.7 -
PL class (% of PL content)
SPM 8.9+3.7° 37x07° - 54+07°
PC 71.0£55° 70.3+2.7° 79.6 £6.9° 59.0+0.5°
Pi - 41+0.7 - 54+26
PE 20.1+£2.7° 21.9+2.1° 20.4 +6.9° 30.1+3.0°

'Data are expressed as mean+SD of four determmatlons (two groupsxtwo determinations), and different superscript letters
indicate statistically significant difference (P<0.05). TL, total lipid; NL, non-polar lipid; DAG, diacylglycerol; FS, free
sterol; FFA, free fatty acid; TAG, triacylglycerol; SE, sterol ester; PL phosphollpld SPM sphingomyelin;, PC,
phosphatldylcholme PI, phosphatidylinositol; PE, phosphatidylethanolamine. Flgures in parentheses are presented as weight
percent of TL content.
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Tatl)le 5. Comparison of lipid class composition of the viscera between sexes of common squid (Todarodes pacificus) (wt
%) :

Sex

Lipid2 t-value
Male Female
FS 9.3+05 14.7+0.7 9.06™*
FFA 179106 298+1.5 10.39***
All viscera TAG 59.4+17 39.5+£3.3 7.75:*
SE 10807 6914 3.58
PC 69.8+46 710155 0.30
PE 30246 201+27 3.80**
FS 47074 ’ 685+74 3.13*
Reproductive organs FFA 41.2+1.9 315174 1.73
PC 66.6+6.8 703127 1.00
PE 334168 21.9+21 3.20*
FFA 16.5+1.1 13.7+29 1.26
TAG 554+12 519146 0.99
Liver SE 16.3+0.1 21827 2.79
PC 781127 796+6.9 0.40
PE 219127 20.4+£6.9 0.40
FS 60.2+3.7 59.2+4.1 2.70
Gil FFA 39.8+3.7 408141 2.70*
PC 65.0+3.6 59.0+£0.5 3.30
PE 26.8+£1.8 30.1+£3.0 1.90

'Data are expressed as mean+SD of four determinations (two groupsxtwo determinations).
*P<0.05, **P<0.01, ***P<0.001. DAG, diacylglycerol; FS, free sterol; FFA, free fatty acid; TAG, triacylglycerol; SE, sterol
ester; SPM, sphingomyelin; PC, phosphatidylcholine; PI, phosphatidylinositol; PE, phosphatidylethanolamine.

Table 6. Fatty acid composition of the viscera from male common squid (Todarodes pacificus) (wt %)l

Fatty acid All viscera Reproductive organs Liver Gill

14:0 2.52+£0.04° 1.48 £ 0.07° 2.47 +0.03° 1.35 + 0.05°
16:0 14.67 + 0.04° 16.75 + 0.20° 14.67 £0.15° 16.93 + 0.50°
Pytanic 1.57 £ 0.07 - 1.48 +0.03 -

17:0 0.64 £ 0.02° 0.95+0.04° 0.54 £0.01° 2.89+3.73°
18:0 DMA - 0.38+0.13 - 0.81+0.12
18:0 4.39+0.03° 6.56 + 0.07° 3.67 £0.04° 7.79+0.32°
> Saturates 25.25 26.93 24.23 30.70
16:1n-9 - 0.74+0.03 - 049+0.12
16:1n-7 1.65+0.01° 0.40 £ 0.06° 1.91+0.02° 0.47 +0.08°
18:1n-11 - 1.33+0.08 - -
18:1n-9 6.77+0.16° 2.68 ¢ 0.35° 7.58 + 0.06° 2.25 + 0.44°
18:1n-7 1.30+0.02° 1.42+0.01° 1.43+0.01° 0.97 +0.07°
20:1n-11 4.39+007° 0.98+0.12° 4.32+0.11° 1.96+0.11°
20:1n-9 6.12+0.05° 8.28+0.13° 5.40 +0.10° 7.33+0.26°
22:1n-11 472 +0.04° 0.55 + 0.25° 6.97 +0.08° 0.35+0.15°
22:1n-9 0.57 £0.01° 0.21 +0.04° 0.77 £0.02° 0.18 +£0.01°
>Monoenes 26.57 17.06 29.46 14,53
18:2n-6 0.49 +£0.03° 0.23+0.04° 0.54 +0.02° 0.23+0.10°
20:2n-6 0.50 + 0.00° 0.27 + 0.01° 0.47 £ 0.01° 0.18 +0.01°
20:4n-6 2.64 +0.01° 516+0.16° 2.37 +£0.02° 5.86 +0.36°
20:5n-3 7.82+£0.03° 20.40+0.76° 7.32+0.07° 16.71+£1.01°
22:5n-6 0.74 £+ 0.02° 0.32+0.02° 0.64 + 0.00° 0.43 +0.20°
22:5n-3 1.10+0.02° 0.46 +0.02° 1.09 £0.01° 0.61 £0.25°
22:6n-3 32.53+0.29° 28.10 + 0.34° 31.16 + 0.50° 29.05 + 1.66%
SPolyenes 48.18 55.82 46.31 54.04
Unknown - 0.19+0.01 - 0.73+0.04

'Data are expressed as mean+SD of four determinations (two groupsxtwo determinations), fatty acid components present
at <0.5% in all the values of each lane were removed and different superscript letters indicate statistically significant difference
(P<0.05). DMA, dimethyl acetals.
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Table 7. Fatty acid compositions of the viscera from female common squid (Todarodes pacificus) (wt %)’

Fatty acid Al viscera Reproductive organs Liver Gill

14:0 3.01+0.01° 1.77 £0.12° 2.84+0.10° 1.79+0.03%
16:0 17.62 £ 0.07° 23.09 + 0.52° 14.01 + 0.06° 17.59+0.31°
Pytanic 0.74 £ 0.04 - 1.37 £0.08 -

17:0 0.57 +0.01° 0.69+0.01° 0.58 + 0.00° 1.01 + 0.00°
18:0 4.07 +£0.02° 5.35+ 0.09° 416 +£0.02° 7.70 £ 0.03°
SSaturates 27.09 31.68 24.20 29.30
16:1n-9 - 0.61+0.15 - 0.59 £ 0.05
16:1n-7 2.63+0.02° 0.19 +0.02° 2.45+0.01° 0.55 + 0.04°
18:1n-11 - 0.60 £ 0.04 - 0.52+0.16
18:1n-9 9.89 + 0.02° 4.39+0.38" 9.77 +0.08° 2.43+0.29°
18:1n-7 2.44 +0.00° 1.11 + 0.09° 2.39+0.01° 1.05 £0.05°
20:1n-11 3.57 £0.03" 3.68%0.15° 4.05+0.01° 1.89 £0.07°
20:1n-9 5.57 +0.04° 6.33  0.08° 5.31%0.02° 7.61+0.01°
22:1n-11 3.55 +0.03° 0.55+0.29° 4.74 +0.02° 0.28 +0.11°
22:1n-9 0.43 + 0.00° 0.12+0.03° 0.60  0.01° 0.19+0.01°
>Monoenes 29.16 17.97 30.53 15.55
18:2n-6 0.70 + 0.05° 0.14 £ 0.04% 0.86 £0.11° 0.16 + 0.04°
18:3n-3 0.50 + 0.00 - 0.55 +0.01 -
18:4n-3 0.55 £ 0.00° 0.11+0.03° 0.60 + 0.05° 0.08 £ 0.01°
20:2n-6 0.45 £ 0.00° 0.27 +0.02° 0.58 + 0.04° 0.22 +0.01°
20:4n-6 2.09 +0.01° 1.84 + 0.00° 2.00+0.02° 4.97 £ 0.07°
20:4n-3 0.47 £ 0.00 0.17 £ 0.01 0.53 + 0.01 0.10 £ 0.01
20:5n-3 11.14 + 0.05° 1314+ 0.16° 10.21 + 0.05° 17.28 +0.23°
22:5n-3 0.94 £ 0.00° 0.62+0.03° 1.04 £ 0.00° 0.55+0.01°
22:6n-3 25.30 £ 0.05° 32.27 +0.36° 26.79+0.12° 30.02+0.16°
>Polyenes 4375 49.61 4527 54.48
Unknown - 0.74 £0.08 - 0.67 £0.01

'Data are expressed as mean=SD of four determinations (two groupsxtwo determinations), fatty acid components present
at <0.5% in all the values of each lane were removed and different superscript letters indicate statistically significant difference
(P<0.05).
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Table 8. Comparlson of fatty acid compositions of the viscera between sexes of common squid (Todarodes pacificus) (wt
%)’

) Sex
Fatty acid Male Fornale t-value
16:0 14.67 £ 0.04 17.62  0.07 71.13%*
18:0 4.39+0.03 4,07 £0.02 19.23%**
18:1n-9 6.77+0.16 9.89+0.02 40.42***
20:1n-11 4.39+0.07 3.57+0.03 2117
All viscera 20:1n-9 6.12+0.05 557 +0.04 18.72%**
22:1n-11 4.72+0.04 3.55+0.03 49 50
20:4n-6 2.64 +0.01 2.09+0.01 64.70***
20:5n-3 7.82+0.03 11.14 £0.05 115.30™*
22:6n-3 32.53+0.29 25.30+0.05 49.03™**
16:0 16.75+0.20 23.09+0.52 22,74
18:0 6.56 + 0.07 5.35+0.09 2215
18:1n-9 2.68+0.35 ’ 4.39+0.38 6.57™*
Reproductive organs 20:1n-11 0.98+0.12 3.68+0.15 28.96::
20:1n-9 8.28+0.13 6.33+0.08 24 .46
20:4n-6 516+ 0.16 1.84 +0.00 40.96™**
20:5n-3 20.40+0.76 13.14+0.16 18.62%**
22:6n-3 28.10+0.34 32.27+0.36 16.73**
16:0 14.67+0.15 14.01+0.06 8.31**
18:0 3.67£0.04 4.16 £0.02 21.62%**
18:1n-9 7.58 £ 0.06 9.77 +0.08 45.41%*
20:1n-11 4.32+0.11 4.05 +0.01 4.55%*
Liver 20:1n-9 540+0.10 531%0.02 1.75
22:1n-11 6.97+0.08 474 +£0.02 51.94™*
20:4n-6 2.37+0.02 2.00+0.02 23.74***
20:5n-3 7.32+0.07 10.21+0.05 68.58™**
22:6n-3 31.16 + 0.50 26.79+0.12 17.02%**
16:0 16.93 + 0.50 17.59 + 0.31 2.21
18:0 7.79+0.32 7.70£0.03 0.55
18:1n-9 2.25+0.44 2.43+0.29 0.68
Gill 20:1n-11 1.96+0.11 1.89+0.07 0.99
20:1n-9 7.33+0.26 7.61+0.01 2.19
20:4n-6 5.86 £ 0.36 497 +0.07 4.75%
20:5n-3 16.71+ 1.01 17.28 +0.23 1.10
22:6n-3 29.05+ 1.66 30.02+0.16 1.17

'Data are expressed as mean=SD of four determinations (two groupsxtwo determinations). *p<0.05 **p<0.01 ***p<0.001.
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