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Despite a wide range of fatty acids in fish oil, its the usage are very limited owing to off-flavors and volatile compounds in
the oil. A way to extract and remove volatile compounds was performed at a semi-flow extractor by using supercritical
carbon dioxide (SC-CO;). Samples of the oil were treated at the conditions which ranged from 30 to 80°C and from 80 to
200 bar with 10 mUmin flow rate of carbon dioxide. In the oil the volatle compounds were analyzed by gas
chromatography. Before extraction with SC-CO, the oil sample was detected over 129 peaks but 99 compounds were
identified. The results demonstrated that at 40°C and 200 bar extraction condition the volatile compounds in the tuna fish oil
were removed, except for 14 compounds identified after extraction and other SC-CO; extraction conditions reached to high

reduction of the volatile compounds.
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Table 2. Analytical conditions of canister system o}, AHlAo] o 30709 B A vEFL
Canister system 2 A sah
AUTOCan Canister
Model :
Autosampler/Concentrator, Tekmar. Co. Table 4. Volatile compounds identified in the fish oil determined by
GC start option End of desorb GC/MS (Area = *10%
GC cycle time 40 min “Peak no. RT. Compound name Area (%) B
C.ryo On . 1 51 2-Propenal 0.30
Line temp. 200 T 2 52 Propanal 0.14
Valve femp. 200 OC 4 55 1-Pentene 0.73
MCS line temp. 0T s 57 2-Butene-1,4-diol 0.6
Trap standby temp. 100 C 6 538 unknown 179
Cryo standby temp. 200 C 7 59 unknown 182
MEC standby flow 100 8 60 2-Methyl- 1-propanol 179
Dry purge time 0'(5) min 9 6.1 2 Methyl 2 butene 501
gry purge thmp' _55 ¢ 10 6.3 1,1-Dimethyl-cyclopropane 2.18
Ty purge tow . 11 6.4 2-Methyl-1-butene 0.0t
Desorb preheat temp. 270 C 12 6.5 1,3-Pentadiene 0.10
Trap desorb time 5 4 rumn 13 7.8 Ethylcyclopro-pane 0.01
Trap desorb temp. 0T 14 80 2-Methylpen-tane 0.02
Cryo cold temp. -185 C 15 8.3 Butanal 0.47
Cryo inject time 0(1) min 17 8.6 2-Methyl-1-butanol 0.02
Cryol inject temp. 200 © 18 97 2-Methyl-1-Pentene 0.03
?ap Ea‘: time 2;3 min 19 100 2-Methyl butanal 0.14
ap l?ke temp. 270 DC 21 10.4 Ethyl acetate 0.09
xcz a ;’ femp. o ¢ 23 115 2-Methyl-1-pentene 0.05
CS coo ¢ U 120 3-Hydroxy butanal 0.04
25 122 3-Methyl butanal 0.26
jazi_?_l_ ol __ll_’_é" 26 12.8 1,5-Hexadiyne 0.06
27 133 1-Hexene 0.03
28 13.8 1-Penten-3-one 0.19
xl x| <
A 7o XYM =M 29 14.1 3-Methyl-2-butanone 0.17
Table 30l V}e}l Yt Az} 7o) butirye acid, palmitic acid, stearic 31 143 Pentanal 1.42
acide} 2 ¥ A ubate] AA Aate] 43% FFeES 26} 32 144 3-Pentanone 041
Do, saead 43 das v dee oz L0 Neimw o
DHAS} EPAS] G2 3545% & WHehi 31t 35 15.0 4-Me,thylcyclohexanol 0.11
36 154 Heptane 1.24
Table 3. Fatty acid composition (%) of fish oil 38 16.7 2-Methyl-2-butenal 0.95
Compounds Composition (%) Zg izg Dun;llgix::;lﬁde ggz
Butyric acid (Cso) 762 5 178 1,3,5-Cyclo heptatriene 0.1
Caprylic acid (Cyo) 153 46 18.1 1-Nitro-pentane 0.86
Capric acid (Cioo) 085 48 18.9 n-Hexanal 6.04
Myristic amfi (C'.“"’) 451 49 19.1 1,1-Dimethyl-2-allylcyclo propane 6.19
Pentadecanoic acid (Ciso) 145 50 193 1,7-Octadiene 6.15
Palmitic acid (Cico) 2234 st 195 2-Methylcyclohexanol 005
Palmitoleic acid (Cisa) 6.90 5 19.8 Octane 200
Heptadecanoic acid (Ci7.1 ; cis-10) 0.96 53 19.9 2-Octene 212
Stearic acid (Ciso) 431 56 200 2,5-Octadiene 10.56
Oleic acid (Cis.1) 941 55 202 3-Octene 0.83
Elaidic acid (Ciga ; trans-9) 0.71 56 203 3-Octyne 750
Eicosadienoic acid (Cyz ; cis-11,14) 2.85 57 20.5 3.5.0ctadiene 747
Eicosapentaenoic acid (Caos ; cis-5,8,11,14,17) 8.52 s 207 5 4—D,imethy1 heptane 0.10
Eruic acid (Cz) 092 59 209 2,4-Hexadien- 1-ol 0.50
Docosahexaenoic acid (Cxns ; 15-4,7,10,13,16,19) 2693 60 211 1-Ethyl-2-methyleyclo pentane 027
Total 10000 61 212 3-Methyl-1 4-heptadiene 0.04
62 213 4-Methyl-1-heptene 0.03
AxRe ey Yol 53 s o e o
Fig. 20l #4184 9] chromatogram-& Y ERHS12.™, Table 66 22.0 1,3-Cyclo pentadiene 0.21
40 FHE BAES YeRdoh 25 129709 peak’} HE 67 2.1 234-Tri methylhexane 0.03

Hgow, o]F 99719 peake] thalAE 2+ HAES TR 68 222 1,3,6-Octatriene 0.15
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69 23 1-Octen-4-yne 0.15 Ues AHogE  HAL.  §rdH,  2-octenal, (E)-2-nonenal
70 224 2-Heptanone 0.83 {threshold = 0.08 ppb), B (Z)-4-decenal (threshold = 0.5
71 225 4-Heptenal 1.32 ppb)e Z+zh & A3 9} cardboardlikes UERJE E7
;’i 3; 1,2—Dinl;lci;l)1t;1n ﬁenzens ggz A ofrel BN A BT Aoz HY. oS
74 79 2-Ethyl-2-pentenal 0.89 aldehydess % (Z)-4- decenal«] A-9- arachidonic acid®] A3}
76 23 Nonane 037 ARHER 49A Atk EE (EE)-24-hepadienal®] 7§ 3
78 235 3-Ethylphenol 0.12 & Ao HPYS G 242 2HH 9o o9}
o o Doenal o 20] C;9) aldehydeF <) (EE)-2,4-heptadienal & A4 34+
92 256 Dimztch;})rfrﬁgde 002 ol EAEE, 1EeIdARL (olyunsatrated - faty
93 26.0 2,3-Octanedione 0.64 acid)@] AZAL3e)] Eldd WA - Z7EE Aol BaHY
94 265 1-Nonen-3-o} 0.16 o olgk Zo], 53] ¥ FAHZE YelE enalF %
95 270 2,4-Heptadienal .11 dienalF+ oo dojA FA ARozA qHoZE
.o Zbeny | Pentene o mlgkol e, WA Aol glo] Fad 4¥E I Yw
98 75 2,5-Cyclo octadien-1-one 246 Aoz Azdd. SEHAPAY PRI w2 BAFS
99 28.0 Decane 0.09 Z2 olfd doAME olE DEEZIAIY AE4ts)
102 303 2-Nonenal 0.08 o 93l BdkA o]F AREo] Z73HA Hi o2 ¢
103 31.0 3,5-Octadien-2-one 0.05 0}01 H]gq}g} e gq] ] 2 olHEBE GFrsl:s A K=
106 319 diallylsulfone 0.06 A
108 303 2-Nonanone 0.11 g
110 325 1,5,9-Decatriene 021
112 3.8 10-Undecine-1-ol 0.77 Table 5. Aroma-active compounds in fish oil
13 332 1-Undecen-3-yne 0.65 (Area ; x 1)
114 333 3-Undecyne 0.09 RT. . Area
115 334 3-methyl-{-butenylcyclo hexene 1.01 (min) Compounds Odor description Control SC-CO;»
g 337 3-Undecen-5-yne 0.67 86 2-Methyl-I-butanol _ wine, fusel oil, sweet 106 nd.
119 345 2,6-Nonadienal 0.46 10.0  2-Methyl butanal roasted cocoa 8.58 nd.
125 384 4-Decenal 001 10.4 Ethyl Acetate  pineapple, solvent-like, fruit 5.16 nd.
120 3-Hydroxybutanal dark chocolate 2.23 nd.
133 1-Hexene solvent-like 1.53 nd.
138 1-Penten-3-one camphor 11.14 nd.
14.3 Pentanal pungent 83.83 nd.
30.0e8 16.8  Dimethyldisulfide onion 1959  nd
169 2-Hexenal fatty, stinkbug 2.86 nd.
18.9 n-Hexanal green leaf 357.71 1.7
20.0e? 22.4 2-Heptanone soapy, blue cheese 49.21 nd.
225 4-Heptenal biscuit 78.40 0.4
227 Heptanal green leaf, fatty 52.88 0.2
10062 24.6 2-Octenal fatty,green leaf 4.64 nd.
25.6 Dimethyl trisulfide garlic, rotten 1.23 nd.
0,000 Falia. 3R sVl sk i 23 i & 270  2,4-Heptadienal fishy, nutty 65.51 nd.
5.0 10.0 15.0 20.0 25.0 30,0 35.0 400 272 Octanal soapy, fatty 33.67 nd.
Figure 2. A total ion chromatogram of volatile compounds from fish 30.3 2-Nonenal fatty, orris 478 nd.
5il. 323 2-Nonanone hot milk 6.70 nd.
345 2,6-Nonadienal waxy, cucumberpeel 2729 nd.
38.4 2-Decenal orange, tallowy 0.88 nd.
9% FAE AHEL alkene® 24%, aldehydedF 20%E, nd. : not detected
alkane$%+ 15%, alcholf 135, ketonef 9%, alkynefd 73,
FRLE 3%, foanF 2%, PPHATE 2%, wid 25, T OJMBELLE 0|8 LA HE HA Y B
phenol ¢} prydazineo] Z} 15X o]t} o]Abe] 99789 & A
4B A% F 401898 WAE FUARNE drEs 40°C, 200 bare] A= BF 2179] Aol AEHNAD, o
alkaneF-9hc HEER 21709 WAL R HEHAT T 14709 peak7} FAHHUTHEFg 3). %@51 e
ol WA HFEAAEL Table 5o YERAATHI2). ©] 4 aldehydeR 5%, alkene 3%, b 13, alcohol® 2%, alkyne

£ dimethyldisulfide9} 7to] 2= okn} Wxjo} Ze 733 F 2%, akaneFr} 2Zc)gth AALL 99.03%95@
AdFHAEE TEFHO Ut Aldehyded % hexanal heptanal ¥} octanal®} & A7 T o]HEF WA IE
(threshold = 4.5 ppb)& o9 vt =A AT # E2& 25 AAT 5 30 tHTable 6).

Hol glE A2 F HO|3 heptanal (threshold = 31 ppb)-& I 98 2AL AMEHE 30C 7 200 bardl A 7HR
£ FdART ofde} offo HAUE A yE AAE] 9.17%F HEASIT 30T RE 219

Hir
o
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heptanal 28 AHFHE op7iA T EH0] 47 AEFE
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Table 6. Volatile compounds of tuna fish oils after SC-CO,

extraction at 200 bar, 40°C (Area : x10%)
" Retention time Compound name Area
5.1 2-Propenal 0.4
52 Propanal 0.6
55 1-Pentene 0.4
5.8 Isopropyl alcohol -
6.2 Methy] nitrate 57
6.3 Acetic acid -
6.7 1-Chloro-1-propene 2.8
8.3 Butanal ‘
84 2,3-Dimethylbutane -
104 Ethyl acetate -
112 1,2-Dichloroethane 14.8
12.1 2-Methyl-1,3-dioxolane -
12.8 1,5-Hexadiyne -
13.8 1-Penten-3-one -
13.9 2,3-Dimethyl-1,3-butadiene 0.9
14.2 2-Penten-1-ol 1.0
14.3 Pentanal -
143 2-Methyl-3-pentanone -
14.4 3-Methylbutanal -
14.6 3-Methylpentane 1.6
17.7 1,6-Heptadien-3-yne 0.1
17.8 1,3,5-Cycloheptatriene -
187 3-Hexenal -
18.8 2-Methyl-4-pentenal -
18.9 Hexanal 1.7
225 4-Heptenal 0.4
22.7 Heptanal 02
26.0 2,3-Octanedione -
272 Octanal -
329 Undecineol 0.3
352 Qctane, 2,7-dimethyl -
6.0e8 1
5 Qeb 4
4.0e8 4
3.0eb 4
2,08 5
1.0e5 4 M
0.0e8 ﬁ!.,w,. P .‘.‘n,.m.,, T T T T
5.0 10.0 15.0 200 250 - 300 350 40.0

Figure 3. A typical total ion chromatogram of volatile compounds
separated from fish oil at 40°C, 200 bar.
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o2 YR qrMe EF 2349 AR AEHU:,
aldehyde 7 95, ketonef 1, alkene¥ 43, A} 132, alcohol
F 12 133, alkaneR 129 F 17719 peak’} BAHY
t}.

Reduction (%)

92

90 T T T T T T T
60 80 100 120 140 160 180 200 220

Pressure (bar)

Figure 4. The efficiency of the volatile compounds removed by
SC-CO; extraction at different temperatures and pressures.
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£ 1=, alkene§ 3%, A 1=, alcoholF 1%, alkaned 7} 2
Zolth T3 60Te o&E & 72 80 bar, 160 bar
18]al, 200 baro] A octanal®} heptanale] A AE A oFm
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2-nonenal I BE HARRAY AJA AHEo] AEH
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