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Abstract

Isolation and Identification of fatty acid and volatile compounds in tuna fish oil

were successfully carried out using supercritical carbon dioxide. Samples of the oil were ex-
tracted in a 56 ml semi-batch stainless steel vessel under conditions which ranged from 80
to 200 bar and 40 to 60°C with carbon dioxide flows from 10 ml/min. Volatiles in the oil
extracted from the samples with supercritical carbon dioxide were analyzed by gas chromatog-
raphy, mass detector with canister system. The extracts were contained with various fatty acids,
57.0% of unsaturated fatty acids such as docosahexaenoic acid(DHA) and eicosapentaenoic
acid(EPA), and 43.0% of saturated fatty acids. The aroma compounds in the oil showed over
129 peaks, of which 100 compounds were identified. Volatile components included 2,4-hep-
atadienal(fishy), dimethyldisulfide (unpleasant), dimethyltrisulfide (unpleasant) and 2-none-
nal(fatty). The isolation efficiency of the volatile compounds from the samples was 99.4%

at 50C and 200 bar.
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Fig. 1. Schematic diagram of supercritical fluid process.
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Table 1. Fatty acid composition (%) of fish oil

Compo-

Compounds sitionl()% )
Butyric acid (Cay) 7.6
Caprylic acid (Cs.) 1.5
Capric acid (Cio.0) 0.9
Mpyristic acid (Cja.) 4.5
Pentadecanoic acid (Cis.) 1.5
Palmitic acid (Cie) 223
Palmitoleic acid (Cia4:1) 6.9
Heptadecanoic acid (Ci7; ; cis-10) 1.0
Stearic acid (Cjs) 45
Oleic acid (Cis:1) 9.4
Elaidic acid (Cis.,; ; trans-9) 0.7
Eicosadienoic acid (Cy, ; cis-11,14) 2.9
Eicosapentaenoic acid (Cys ; cis-5,8,11,14,17) 8.5
Eruic acid (Cx:1) 0.9
Docosahexaenoic acid (Ca ; cis-4,7,10,13,16,19)  26.9
Total 100.0
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Table 2. Volatile compounds identified in fish oil as determined GC/MS

( Area ; x 10°)

Compounds Area % Compounds Area %
2-Propenal 0.30 .
. P : ols | 2A-Hexadienal 11.48
ropana .
P 4-Methylcyclohexanol 0.11
1-Pentene 0.73 Hent 124
. eptane :
2-Butene-14-diol 0.66 P o
3-Methylpyridazine 0.01
2-Methyl-1-propanol 1.79
2-Methyl-2-butenal 0.95
2-Methyl-2-butene 5.01 . .
) Dimethyldisulfide 0.33
1,1-Dimethylcyclopropane 2.18
2-Hexenal 0.05
2-Methyl-1-butene 0.01 .
. 1,3,5-Cycloheptatriene 0.11
1,3-Pentadiene 0.10 .
1-Nitro-pentane 0.86
Ethylcyclopropane 0.01
n-Hexanal 6.04
2-Methylpentane 0.02 .
1,1-Dimethyl-2-allylcyclopropane 6.19
Butanal 0.47 .
1,7-Octadiene 6.15
2-Methyl-1-butanol 0.02
2-Methylcyclohexanol 0.05
2-Methyl1-Pentene 0.03
Octane 2.02
2-Methyl butanal 0.14
2-Octene 2.12
Ethyl acetate 0.09 .
2,5-Octadiene 10.56
2-Methyl-1-pentene 0.05
3-Octene 0.83
3-Hydroxybutanal 0.04
3-Octyne 7.50
3-Methylbutanal 0.26 .
. 3,5-Octadiene 7.47
1,5-Hexadiyne 0.06 .
2,4-Dimethylheptane 0.10
1-Hexene 0.03 .
2,4-Hexadien-1-ol 0.50
1-Penten-3-one 0.19 |-Ethvl-2-methvicvel ¢ 027
- -2-methylcyclopentane .
3-Methyl-2-butanone 0.17 Y yiey . P
3-Methyl-1,4-heptadiene 0.04
Hexylformate 0.00
4-Methyl-1-heptene 0.03
Pentanal 1.42
1-Decyne 0.25
3-Pentanone 0.41
Ethylbenzene 0.07
3-Methylpentane 0.03 .
. 1,3-Cyclopentadiene 0.21
2,3,4-Trimethylhexane 0.03
. 3-Nonyn-2-ol 0.02
1,3,6-Octatriene 0.15
1-Octen-d-vne 0.15 2-Nonenal 0.08
yn 3,5-Octadien-2-one 0.05
2-Heptanone 0.83
1-Undecene 0.01
4-Heptenal 1.32
3-Decyn-2-ol 0.01
Heptanal 0.89 .
. diallylsulfone 0.06
1,2-Dimethylbenzene 0.08
5-Methyl-2-1-Penteneyl-2-butanone 0.01
2-Ethyl-2-pentenal 0.89
N 0.37 2-Nonanone 0.11
onane . . .
3,3,6-Trimethyl-1,4-heptadiene 0.03
3-Ethylphenol 0.12 .
1,5,9-Decatriene 0.21
4-Methylenecyclopropylbutylaldehyde, 0.06 .
Cyclopropane, (3-chloropropyl)methylene 0.01 10-Undecine-1-ol 0.77
yclopropane, Propy y 1-Undecen-3-yne 0.65
2-Octenal 0.08
3-Undecyne 0.09
1-Nonyne 0.01
3-methyl-1-butenylcyclohexene 1.01
3-Nonyn-2-ol 0.00
. . 3-Undecen-5-yne 0.67
Dimethyl trisulfide 0.02 .
. 2,6-Nonadienal 0.46
2,3-Octanedione 0.64 .
tert-Dodecanethiol 0.15
1-Nonen-3-ol 0.16
. 1-Undecene 0.01
2,4-Heptadienal 1.11 .
1,3-Dimethyl-2-methylene 0.02
2-Pentyl1-Pentene 0.76
-cyclopentylmethanol 0.01
Octanal 0.57
. 4-Decenal 0.05
2,5-Cyclooctadien-1-one 2.46 .
3-Tridecene 0.06
Decane 0.09




Table 3. Aroma-active compounds in fish oil

Fatty Acid and Volatile Compounds from Tuna Fish Oil

111

(Area ; x 10%)

Compounds Odor description Area
2-Methyl-1-butanol wine, fusel oil, sweet 1.06
2-Methyl butanal roasted cocoa 8.58
Ethyl Acetate pineapple, solvent-like, fruit 5.16
3-Hydroxybutanal dark chocolate 2.23
1-Hexene solvent-like 1.53
1-Penten-3-one camphor 11.14
Pentanal pungent 83.83
Dimethyldisulfide onion 19.59
2-Hexenal fatty, stinkbug 2.86
n-Hexanal green leaf 357.71
2-Heptanone soapy, blue cheese 49.21
4-Heptenal biscuit 78.40
Heptanal green leaf, fatty 52.88
2-Octenal fatty,green leaf 4.64
Dimethyl trisulfide garlic, rotten 1.23
2,4-Heptadienal fishy, nutty 65.51
Octanal soapy, fatty 33.67
2-Nonenal fatty, orris 4.78
2-Nonanone hot milk 6.70
2,6-Nonadienal waxy, cucumberpeel 27.29
2-Decenal orange, tallowy 0.88

Table 4. Volatile compounds of fish oil with 80, 120, 160 and 200bar at 40C

(Area ; x 10%)

Area Area
Compounds Compounds
80 bar 120 bar 160 bar 200 bar 80 bar 120 bar 160 bar 200 bar
2-Propenal 20.9 6.0 23 0.4 Pentanal ) 29 ) )
Propanal 46.3 18.4 3.5 0.6
2-Methyl-3-pentanone - - 1.4 -
1-Pentene - 1.9 98.8 0.4
Tsopropyl alcohol i i 30.7 i 3-Methylbutanal - - 3.7 -
Methyl nitrate 446 284 ) 57 3-Methy1p§ntane 4.0 11.7 0.5 1.6
. . 1,6-Heptadien-3-yne - - - 0.1
Acetic acid 4.4 ) ) ) 1,3,5-Cycloheptatriene - 1.4 - -
1-Chloro-1-propene 98 11,6 04 28 | ooyconep '
3-Hexenal 6.5 - - -
Butanal 1.2 2.3 1.7 -
. 2-Methyl-4-pentenal - 4.4 9.2 -
2,3-Dimethylbutane - - 0.1 -
Hexanal 6.5 7.5 9.2 1.7
Ethyl acetate - - 1.1 - 4-Heptenal i 0.5 12 0.4
1,2-Dichloroethane 617 404 2.2 14.8 P ’ ’ ’
. Heptanal 1.2 0.8 0.9 0.2
2-Methyl-1,3-dioxolane - 2.2 - - .
. 2,3-Octanedione - - 0.9 -
1,5-Hexadiyne 2.5 - - -
Octanal - 0.5 0.8 -
I-Penten-3-one e " | Undecineol 13 04 04 03
2,3-Dimethyl-1,3-butadiene - 1.9 - 0.9 Octane. 2.7-dimethvl ' 1'9 ’ ’
2-Penten-1-ol 49 3.0 - 1.0 | Ccrane o dmety ; ' ; ;
o} SFAIRF 40°C, 200bare] Z71 ol A= heptanal 3} oc- F| RS} octanal i heptanal 2> A|WFHE oF7] Al
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Fig. 3. Reducing ratio of volatile compounds from fish oil by supercritrical carbon dioxide with 80, 120, 160 and 200bar.

a) 40C, b) 50C, c) 60C

Table 5. Volatile compounds of fish oil with 80, 120, 160 and 200bar at 50C (Area ; x 10%)
Area Area
Compounds 80 bar 120 bar 160 bar 200 bar Compounds 80 bar 120 bar 160 bar 200 bar
2-Propenal 4.5 17.2 0.3 2.9 | Pentanal - 1.3 - 1.1
Propanal 6.8 19.4 1.3 2.9 | 3-Methylpentane - 1.2 - 0.7
1-Pentene 1.5 0.9 - 0.3 2,4-Hexadienal - 0.9 0.3 0.5
Isopropyl alcohol - 2.1 - - 2-Pentenal - - - 0.3
Methyl nitrate 233 5.5 4.2 2.1 1,3,5-Cycloheptatriene 3.9 - 0.4 -
1-Chloro-1-propene 7.4 2.9 39 1.7 | 2-Methyl-4-pentenal - 7.2 0.9 -
2,2-Dimethyl-oxirane - - 0.3 - Hexanal 3.7 7.2 5.1 2.6
2,3-Dimethylbutane - - - 1.6 | 4-Heptenal - 0.9 1.1 0.5
Butanal - 2.7 - 1.2 | Heptanal 2.0 0.8 0.7 0.3
Ethyl acetate - 2.7 - - 2,4-Heptadienal - 0.8 - -
1,2-Dichloroethane 142.7 10.5 17.0 3.6 Octanal 1.2 0.8 0.6 -
3-Methylbutanal - - 0.1 - Cycloocta-2,7-diene - - - 0.3
2-Methyl-1,3-dioxolane 7.6 - - - Undecineol 4.8 - 0.3 0.2
1,5-Hexadiyne - 0.4 0.4 0.2 | 1-Undecen-3-yne 1.7 - - -
1-Penten-3-one - 1.8 - 1.0 2,3-Dimethyl-1,3-butadiene 4.7 - 1.0 -
2-Penten-1-o0l 2.4 12.8 7.0 7.3 | Dodecane - - 4.1 -
Table 6. Volatile compounds of fish oil with 80, 120, 160 and 200bar at 60T (Area ; x 10°)
Area Area
Compounds 80 bar 120 bar 160 bar 200 bar Compounds 80 bar 120 bar 160 bar 200 bar
2-Propenal 4.0 3.0 8.9 7.1 | 2-Methyl-4-pentenal - 3.7 - -
Propanal 1.8 3.2 6.0 4.4 | 3-Methylpentane - 0.3 - -
1-Pentene 0.5 0.2 - 04 | 2,4-Hexadienal - 0.4 0.7 1.0
Methyl nitrate 2.7 1.8 24 22 | 2-Pentenal 0.7 0.5 0.8 0.7
1-Chloro-1-propene 1.1 1.8 1.5 1.9 | 3-Hexenal 1.9 - 2.6 -
Butanal 1.7 29 13 16 Hexanal ‘ 10.3 4.2 9.4 5.1
. 2,5-Octadiene - - 0.4 1.0
1,2-Dichloroethane 5.3 5.1 5.3 5.5
4-Heptenal 1.7 0.9 1.7 0.8
3-Methylbutanal - - 04 - | Heptanal 12 05 10 06
1-Penten-3-one 2.0 1.8 2.1 2.8 2,4-Heptadiena 0.7 _ _ 0.3
2,3-Dimethyl-1,3-butadiene - 0.4 - 0.4 Octanal 1.1 03 1.1 _
2,3-Pentanedione - - 4.0 - Cycloocta-2,7-diene 1.2 - - -
2-Penten-1-ol 11.3 6.8 - 14.8 Undecineol 2.4 0.2 0.5 -
Pentanal - 1.6 2.9 1.8 1-Undecen-3-yne 1.7 - - -
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supercritical carbon dioxide with 20, 30, 40, 50 and 60C.

and 60°Cat 80bar (Area ; x 10%)

Area Area

Compounds 20C 50°C 60°C Compounds 20C 50°C 60C
2-Propenal 20.9 4.5 4.0 2-Penten-1-ol 4.9 24 11.3
Propanal 46.3 6.8 1.8 2-methyl-2-butenal - - -
ethanol - - - 2-Pentenal - - 0.7
1-Pentene - 1.5 0.5 1,3,5-Cycloheptatriene - 3.9 -
Isopropyl alcohol - - - 3-Hexenal 6.5 - 1.9
Methyl nitrate 44.6 233 2.7 2-Methyl-4-pentenal - - -
Acetic acid 44 - - Hexanal 6.5 3.7 10.3
1-Chloro-1-Propene 9.8 7.4 1.1 1,7-Octadiene - - -
n-Methoxymethanamine - - - 2,5-Octadiene - - -
Butanal 1.2 - 1.7 3-Octyne - - -
Ethyl acetate - - - 4-Heptenal - - 1.7
1,2-Dichloroethane 61.7 142.7 53 Heptanal 1.2 2.0 1.2
2-Methyl-1,3-dioxolane - 7.6 - 2,3-Octanedione - - -
1,5-Hexadiyne 2.5 - - 2,4-Heptadienal - - 0.7
1-Penten-3-one - - 2.0 Octanal - 1.2 1.1
2-Methyl-3-pentanone - - - cyclooct-2,7-diene - - 1.2
Pentanal - - - 2-propenyl-1,3-Dioxolane - - -
3-Methylpentane 4.0 - - Undecineol 13 4.8 24
2,4-Hexadienal - - - 1-Undecen-3-yne - 1.7 1.7
2,3-Dimethyl-1,3-butadiene - 4.7 - 5-Methoxy-4-methyl-1-heptene - - -
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Table 8. Volatile compounds of fish oil with 20, 30, 40, 50 and 60Cat 120bar

(Area ; x 10%)

Compounds Area Compounds Area
P 40C  50C 60T P 40T 50C 60T
o-Propenal o E 3 | 24-Hexadienal S 09 04
P ’ ' : 2-Methyl-2-butenal - - -
Acetone ) ) b 2-pentenal - - 0.5
1-Pentene 1.9 0.9 02 b . '
Isopronyl alcohol i 21 i 1,3,5-Cycloheptatriene 1.4 - -
Propy’, ' 2-Methyl-4-pentenal 4.4 - 3.7
Methyl nitrate 28.4 5.5 1.8
Hexanal 7.5 7.2 4.2
1-Chloro-1-propene 11.6 2.9 1.8 6-Methvl-1.5-heptadiene
Butanal 23 2.7 2.9 " VETYELTCP - - ”
2-Octene - - -
Ethyl acetate - 2.7 - 2 5-Octadiene i i i
1,2-Dichloroethane 40.4 10.5 5.1 3’-Octyne i i i
2-Methy1—%,3—d10xolane 2.2 - - 4-Heptenal 0.5 0.9 0.9
1,5-Hexadiyne - 0.4 -
Heptanal 0.8 0.8 0.5
2-Methyl-1-pentene - - - .
2,4-Heptadienal - 0.8 -
1-Penten-3-one 1.3 1.8 1.8 Octanal 0.5 0.8 03
2,3-Dimethyl-1,3-butadiene 1.9 - 0.4 . ’
Cycloocta-2,7-dienone - - -
2-Penten-1-ol 3.0 12.8 6.8 .
Undecineol 0.4 - 0.2
2-Methyl-3-pentanone - - -
1-Undecen-3-yne - - -
Pentanal 2.9 1.3 1.6 2 7-Dimethvl-octane 19 i i
3-Methylpentane 11.7 1.2 0.3 ’ ¥ :
Table 9. Volatile compounds of fish oil with 20, 30, 40, 50 and 60Cat 160bar (Area ; x 10%)
Area Area
Compounds 200 50C 60C Compounds 40°C 50C 60C
2-Propenal 23 0.3 8.9 3-Methylbutanal 3.7 - -
Propanal 3.5 1.3 6.0 2-Methyl-2-butenal - - -
1-Pentene 98.8 - - 2-Pentenal - - 0.8
Isopropyl alcohol 30.7 - - 1,3,5-Cycloheptatriene - 0.4 -
Methyl nitrate - 4.2 2.4 3-Hexenal - - 2.6
1-Chloro-1-propene 0.4 3.9 1.5 2-Methyl-4-pentenal 9.2 0.9 -
Nitromethane - - - Hexanal 9.2 5.1 9.4
2,2-Dimethyloxirane - 0.3 - 1,7-Octadiene - - -
Butanal 1.7 - 1.3 Octane - - -
2,3-Dimethylbutane 0.1 - - 2-Octene - - -
Ethyl acetate 1.1 - - 2,5-Octadiene - - 0.4
1,2-Dichloroethane 2.2 17.0 53 4-Octene - - -
3-Methylbutanal - 0.1 0.4 3-Octyne - - -
1,5-Hexadiyne - 0.4 - 4-Heptenal 1.2 1.1 1.7
1-Penten-3-one 1.0 - 2.1 Heptanal 0.9 0.7 1.0
2,3-Dimethyl-1,3-butadiene - 1.0 - 2,3-Octanedione 0.9 - -
2,3-Pentanedione - - - 2,4-Heptadienal - - -
2-Penten-1-o0l - 7.0 - Octanal 0.8 0.6 1.1
2-Methyl-3-pentanone 1.4 - - Cycloocta-2,7-diene - - -
2,4-Hexadienal - 0.3 0.7 Undecineol 04 0.3 0.5
Heptane - - - 1-Undecen-3-yne - - -
Pentanal - 2.9 Dodecane - 4.1 -
heptadienal, hepatanal, octanal®} 22 H]HUY % ©|F &eko ™, 2-nonenalo|H} 71EFS] -dienal= T H-E-9]
TR Zed doME vE 24 BRog Uy Fags & 5 AUtk 120bar FE A= 50T
Aoz uehgth aed BE 2AME o 244 FWAY JE FelEao] 980%E 1)
dimethyldisulfide®} 22 73t o3 A ELS HEHA & =A YERGSU 2 4-heptadienal, hepatanal,
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(Area ; x 10%)

C 4 Area C d Area
Ompounds 40C  s50C  60C Ompouncs 40C 50T 60C
2-Propenal 0.4 2.9 7.1
Heptane - - -
Propanal 0.6 2.9 4.4 1,6-Heptadien-3-yne 01 ) )
1-Pentene 0.4 0.3 0.4
. 2-Methyl-4-pentenal - - -
Methyl nitrate 5.7 2.1 2.2
Hexanal 1.7 2.6 5.1
1-Chloro-1-propene 2.8 1.7 1.9 .
. 1,7-Octadiene - - -
Methoxymethanamine - - - .

. 2,5-Octadiene - - 1.0
2,3-Dimethylbutane - 1.6 - 3-Octyne ) ) )
Butanal - 12 I
1,2-Dichloroethane 148 3.6 5.5 |7 SPanone ) ) )

. 4-Heptenal 0.4 0.5 0.8
2-Methyl-1,3-dioxolane - - -
. Heptanal 0.2 0.3 0.6
1,5-Hexadiyne - 0.2 - .
2,3-Octanedione - - -
I-Penten-3-one ) 1.0 28 | 4-Dimethyl-3-pentanone - - -
12,3-Dimethyl-3-butadiene 0.9 - 04 |y e P ) ) 03
2-Penten-1-ol 10 73 148 |2T0°P '
2-Methyl-3-pentanone - - - Octanal ) ) )
y-op Cycloocta-2,7-dienone - 0.3 -
Pentanal - 1.1 1.8 .
Undecineol 0.3 0.2 -
3-Methylpentane 1.6 0.7 - |-Undecen-3-vne i ) i
2-Methyl-2-butenal - - - yn
Dodecane - - -
2-Pentenal - 0.3 0.7 2-Methvldodecane ) . )
2,4-Hexadienal - 0.5 1.0 Y

octanal? #-2 HIHY H o]FH HFEAFES 2443
EEA ¥ HASHATE 160 barF7 ol A]

2,4-heptadienal, hepatanal, octanal®} Z-2 H|HY| 2
o7 IS 93 A 9n AZHU.

200 bar 2% 50CoAAME= Ze 4d =41 5 7%
=2 BYEEQ 994%2] L A8 BEYEass
YEM AT =3 heptanal S A 9] | F-E2] =&
HEY 2 ofF fidvbs AREe] 27 2EEs
Yel a2 Aok

n &

X b YAIES BAE T 25 129719 peak
Ao, o]F 997]¢] peakoll thal A= 2t
A =4 3h9d o), A Ao] we 307]e] o)
EH%H/“]% nEHo R AHeAtt sA/E dES &

T 99%C 2 alkene¥ 24, aldehyde & 20-E, alkane
<, alkyne¥ 7%,
H]—G]:/H g}@—.ﬁ. 2
T HE5AHFIA
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F3= 3
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