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Removal of Volatile Compounds from Tuna Fish Oil
with Supercritical Carbon Dioxide

Hyung-Seob Roh

Department of Food Science and Technology,
Graduate school of

Pukyong National University

Abstract

Off-flavors and volatile compounds in tuna fish oil were succesfully
removed using supercritical carbon dioxide. Samples of the oil were
extracted in a 56m! semi-batch stainless steel vessel under conditions
which ranged from 80 to 200 bar and 20 to 80C with carbon dioxide
flows from 10ml/min. Volatiles were analyzed by gas chromatography,
mass detector with canister system. Concentrates of volatile compounds
of fish oil had fatty, fishy and off-flavor. Aroma concentrates showed
over 129 peaks, of which 100 compounds were identified. Volatile
components mncluded 2,4-hepatadienal(fishy), dimethyldisulfide
(unpleasant),  dimethyltrisulfide (unpleasant) and 2-nonenal(fatty).
Analyses of the oil extracted at 50T, 200 bar showed a 99.4% reduction

of volatile compounds.
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DI F A& A8t 2 ol aerie] £%e} dmae 2rn 23
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Qv FEF AEL analogue pressure gauge(Heise co. model No.
CM-123958, WIKA co. model No. DM-16007)& o) &8}a] Zxsi9ic} =2
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canister system& ©] 83t A|E9] headspace® 18 %% injection 8t on,
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Table 1. Analytical condition of GC/FID

Model Hewiett-Packard 5890
Column HP-INNOWAX (30mx<0.32mmx0.5um)
Carrier gas & Flow rate N2 0.1mé/min
Injector temperature 230T
Detector temperature 2607T
Air/Hp 9/1
Oven Temperature 160T — 2T/min — 240C (15min)
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Table 2. Analytical Condition of Gas Chromatography & Mass

Detector
(Gas Chromatography
* Model Shimadzu GC-17A
Control Mode Splitless
Injection Temp. 2507T
Interface Temp. 2507T

Carrier Gas / Flow He, 1m#/min constant flow
Oven Temp. 35T (10min)-8C/min—120TC(10min)-12°C/min—180C

AT-1 (Alltech), Non-polar
Column 100% Dimethyl Siloxane
(60 m X 0.32 mp X 1 um)

Mass detector

Model GCMC - QP5050A
Acqusttion mode Scan
Interface temp. 250°7C

lonization energy 70eV

Mass range 35 7 350 M/7Z
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Table 3. Analytical conditions of canister system

Canister system

AUTOCan Canister Autosampler/Concentrator,

Model Tekmar. Co.

GC start option End of desorb
GC cycle time 40 min
Cryvo On
Line temp. 2007TC
Valve temp. 2007
MCS line temp. 70T
Trap standby temp. 100 T
Cryo standby temp. 200 T
MFC standby flow 100
Dry purge time 0.5 min
Dry purge temp. -507T
Dry purge flow 5
Desorb preheat temp. 270 C
Trap desorb time 4 min
Trap desorb temp. 270 T
Cryo cool temp. -185 T
Cryo inject time 1 min
Cryol inject temp. 200 T
Trap bake time 10 min
Trap bake temp. 270 T
MCS bake temp. 270 T
MCS cool 70 C

._16_
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Table 40l Vet itk Tableol] Webd A3} 0] butirye acid, palmitic acid,
stearic acid®} 22 ¥ 3R 4do] A Ao 43%7F2S A& 9slo
™, docosahexaenoic acid(DHA)S} eicosapentaenoic acid(EPA)E Eorst &
E3 A2 57% T4 Hol Atk o] F DHASH EPAC] #18ke 354548 1}
228 a=

Table 4. Fatty acid composition(%) of fish oil

Compounds Composition(%)

Butyric acid (C40) 7.62
Caprylic acid (Cgo) 1.53
Capric acid (Cip0) 0.85
Myristic acid (Cia) 4.51
Pentadecanoic acid (Cisq) 1.45
Palmitic acid (Ciso) 22.34
Palmitoleic acid (Ci4:1) 6.90
Heptadecanoic acid (Cizy ; cis—10) 0.96
Stearic acid (Ciso) 4 .51
Qleic acid (Cig:y) 9.41
Elaidic acid (Cig ; frans-9) 0.71
Eicosadienoic acid (Copz + c/s-11,14) 2.85
Eicosapentaenoic acid (Cugs 3 ¢r5-5,8,11,14,17) 852
Eruic acid (Caz1) 092
) Docosahexaenoic acid (Cozs 5 ¢is=4,7,10,13,16,19) 26.93
Total 100.00

_17._



2. FHNTH Fey AR 54

AL A R Bl b A9l cannister systemS o] 23k 11
9] head-space® ¥ 3 ¥ GC-MSDE A}Ld}o AR Y BA A9 Fig

[¢]
= 1

il
by

2ol E42 49 chromatogram< YeERNL o n) Table 50] 43

23l Table 6l EA A WAE Yehle 2A5S e,
129719 peak”} FEHALm, o] F 997)9) peakell il 2 i

Ao We 30708 B2e) gElAE vER o A}

TAH AELS EF 99F 22 alkene 24%F, aldehyde & 20%, alkane¥# 15

tjo

ofl
oX
52
lo
=

. alcholF 13%F, ketone§ 9%, alkynef 7%, #3882 32, furane 2%, 4
FHALE 2%, acid 2%, phenolf 9 prydazineo] 2 134 2% 535 o] 4
o,

Alkenefro] 422 I-pentene, methyl-2-butene, methyl-1-butene, 1,3-pent
adiene, Z-mrthyl-1pentene, n-hexene, 1.3,5-cycloheptatriene, 2-octene, 2.5-0
ctadiene, 3-octene, 3,5-octadiene, 3-methyl-1,4-heptadiene, 4-methyl-1-hept
ene, 1-decyne, 5-(1-methylethylidene)-1,3-cyclopentadiene, 1,3,6-octatriene,
l-undecene, 3,3,6-trimethyl-1,4~heptadiene, (E)-1,5,9-decatriene, 3-(3~methy
I=1butenyl-cyclohexene, 1-undecene, 3-tridecene®] 243 0]t}
Aldehyde# 2= 2-propenal, propanal, butanal, 3-hydroxy butanal, 3~-methy
I=butanal, pentanal, 2,4-hexadienal, 2-mehtyl-2-butenal, 2~hexenal. n-hexan
al, 4-heptenal, heptanal, 2-pentenal, 4—methylenecyclopropyl*butyraldehyde,
Z~octenal, 2,4-heptadienal, octanal, 2-nonenal, trans-Z-cis—6-nonadienal, 4-d

ecenai®l 20F 02 EAT Q).
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Alkanest = 1,1-dimethyl-cyclopropane, ethyl-cyclopropane, 2-methyl-penta

ne, n-hexane, heptane, 1-nitro-pentane, 1, 1-dimethyl-2-allyl-cyclopropane, o
ctane, Z2,4-dimethyl-heptane, I-ethyl-2-methyl-cyclopentane, 2,3,4~trimethyl
~hexane, nonane, cyclopropane, 4-methyl-tridecene® 15&¢)9]t}.
1322 44 alcoholfF+ 2-butene~1,4-diol, 2~mrthyl-1-propanol, 2-met
hyl-1-butanol, trnas-4-methyl-cyclohexanol, cis-2-methyl-cyclohexanol, 2.4
—hexadien-1-ol, 3-nonyn-2-ol, 1-nonen-3-ol, 3-nonyn-2-ol, 3-decyn-2-ol,
10-undecyne-1-ol, tert-dodecanethiol, 1,3-dimethyl-2-methylene-cyclopentyl
-methanole] 1t}

Ketone# %= 1-pentene-3-one, 3-methyl-2-butanone, 3-pentanone, 2-heptan
one, 2,3-octanedione, 2,5-cyclooctadien—1-one, 3,5-octadiene-2-one, 4-(5-me
thyl-2-furaryl)-2-butanone @] 9%9]%it}.

Alkyne®+ 1,5-hexadiyne, 3-octyne, 1-octen-4-yne, 1-nonyne, 1-undecen-
3-yne, 3-undecyne, 3-undecen-5-yned 73o0]9}

F3EL2 dimetjyldisulfide 9} dimethyltrisulfide, diallylsulfone®] 3% 0o =
T4 H At
“1#] oL, ethylacetate 9} hexylformate 2% 5 9] acid7t SA 9 oo 2-methyl-
furan® 2-amylfuran® 2% furan®’t A& 90}.

HFEE S 2= ehtylbenzen} 1,2-dimethyl-benzeneo) A& 1, phenol
9} prydazine 7tz 3-ethyl-phenold} 3- methylpyridazine §FHE% o] A &5
A,

olgel 99719 FHE ARF f1 4o WAE FuLAT)= Rl alkan

efrehs HMER 21702 WG S R0l AEHU o/ WA R T



able 69 YeERfQIt} o] & dimethyldisulfide9} o] &= <kshuiae} 7o

FEg o AR R 25 o9l Aldehyde® % hexanal (threshold=4.5pp

b}, heptanal(threshold=31pph)& 54 AL FWAE 2rx 4 o f-2] v]eluje}
A B g%l gl Ao® welg whd, 2-octenal, (E)-2-nonenal(t
hreshold=0.08ppb), & (Z)-4decenal(threshold=0.5pph)& z}z} 7hal =) b= o} o
ard-boardlike & YEIE Ed 2 olfo Baxo} 24 Hoe Hew
Itk ol & aldehyde® 3 (4)-4~decenal®] #$ arachidonic acid®] A+s}A]

2% A8tk E& (E,E)-2,4-hepadienald A-$ 238 239} v)guls

do
mII
FIF
m{n

2R de|A i) ol9kzkol ;9 aldehyde Tl (E,E)-2 4heptadien
alZ A8 sk Eo] EAste, =8 ¥ 329 polyunsaturated fatty acid)
of g atstel eldte] A Z7lEE Aol BuEdct o9} o], Z35 e

FAEE JEN = enal® 2 dienalFE ool gojA I ME oz of

_20_



o ysy

wo.ap spunodwod 9[nejoA 10 WeIS0jeWolyd uol [e10] 'z 'S

le -

66

liiZ

33

Ol

AL LA L LN B B N L A B B B B e e |

930°0

905

FO0[

93051

93G0T

930'6T

930°0t

920'sE



Table 5. Volatile compounds identified in fish oil as determined GC/MS

( Area ; x 10"

Peak Retention
) ) Compounds Area Arca %

No.  time (min)
1 5.1 2-Propenal 17.90 0.30
2 5.2 Propanal 8.27 0.14
3 5.3 unknown 2.76 0.05
4 5.5 1-Penlene 43.31 0.73
5} 5.7 2-Butene-1,4-diol 39.13 0.66
6 5.8 unknown 105.81 1.79
7 5.9 unknown 107.77 1.82
8 6.0 2-Methyl-1-propanol 106.27 1.79
9 6.1 2Z-Methyl-2-butene 297.04 5.01
10 6.3 1,1-Dimethylcyclopropane 12918 2.18
11 6.4 2-Methyl-1-butene 0.33 0.01
12 6.5 1,3-Pentadiene 6.08 0.10
13 7.8 Ethylevclopropane 0.81 0.01
14 8.0 2Z-Methylpentane 1.15 0.02
i5 8.3 Butanal 27.63 0.47
16 3.5 unknown 22.72 0.38
17 8.6 2-Methyl-1-butanol 1.06 0.02
18 9.7 2Z-Methyll -Pentene 1.75 0.03
19 10.0  2-Methyl butanal 8.58 0.14
20 10.2 unknown 7.51 0.13
21 10.4 Ethyl acetate 5.16 0.09
22 10.5 wunknown 0.44 0.01
23 11.5 2-Methyl-1-pentene 2.71 0.05
24 12.0  3~Hydroxybutanal 2.23 0.04
25 12.2 3-Methylbutanal 15.26 0.26
26 12.8 1,5-Hexadiyne 3.29 (.06
27 13.3 1-Hexene 1.53 0.03
28 13.8 1-Penten-3—cne 11.14 0.19
29 14.1  3-Methyl-2-butanone 10.27 0.17
30 14.2 Hexylformate 0.05 0.00
31 14.3 Pentanal 33.83 1.42
32 14.4  3-Pentanone 2432 041
33 14.6  3-Methylpentane 1.94 0.03
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Table 5. Continued
( Area ; X 107

Peak Retention

, , Compounds Area  Area %
No.  time {min)

34 14.9  2,4-Hexadienal 680.26 11.48
35 15.0 4-Methyleyclohexanol £.52 0.11
36 15.4 Heptane 73.35 1.24
37 16.1  3-Methylpyridazine 0.82 0.01
38 16.7 2-Methyl-2-butenal 56.53 0.95
39 16.8 Dimethyldisulfide 19.59 0.33
40 16.9 2-Hexenal 2.86 0.05
41 17.1 unknown 0.44 0.01
42 17.2  unknown 0.58 0.01
43 17.3 unknown 1.07 0.02
44 17.6  unknown 0.48 0.01
45 17.8 1,3,5-Cycloheptatriene 6.50 0.11
46 18.1 1-Nitro-pentane 50.65 0.86
47 18.5 unknown 1.25 0.02
48 189 n-Hexanal 357.71 6.04
49 19.1 1,1-Dimethyl-2-allylcyclopropane 366.95 6.19
50 19.3  1,7-Octadiene 364.22 6.15
5l 19.5 2-Methylcyclohexanol 2.79 0.05
52 19.8 Octane 119.60 2.02
53 19.9 2-Octene 125.40 2.12
54 20.0  2,5-Octadiene 625.24 10.56
55 20.2  3-Octene 49.01 0.83
56 20.3  3-Octyne 444 .31 7.50
57 20.5 3,5-Octadiene 44277 7.47
58 20.7 2,4-Dimethylheptane 6.14 0.10
59 20.9 2.4-Hexadien-1-ol 29.57 0.50
60 21.1 1-Ethyl-2-methylcyclopentane 16.25 0.27
61 21.2  3-Methyl-1 4-heptadiene 2.09 0.04
52 21.3 4-Methyl-1-heptene 1.84 0.03
£3 21.4 1-Decyne 15.05 0.25
64 21.7 Ethylbenzene 4.30 0.07
65 21.8  unknown 4.22 0.07
66 22.0 1,3-Cyclopentadiene 12.59¢ 0.21
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Table 5. Continued
{ Area ; > 107

FPeak Retention

] ) Compounds Area Area %
No.  time (min)
67 22,1  2,3.4-Trimethylhexane 1.95 0.03
68 22.2 1,3,6-Octatriene 9.00 015
69 22.3  1-Octen-4-yne 9.00 0.15
70 22.4  Z2-Heptanone 4921 0.83
71 22.5  4-Heptenal 78.40 1.32
72 227 Heptanal D2.88 0.89
73 22.8 1.2-Dimethylbenzene 4,77 (.08
74 22.9 2-~Ethyl-2-pentenal 52.66 0.89
75 23.2 unknown 1.35 0.02
76 23.3 Nonane 21.98 0.37
77 23.4  unknown 0.13 0.00
78 23,5 3-Ethylphenol 6.93 0.12
79 23.9 unknown 2.50 0.04
80 24.1 unknown 1.69 0.03
81 24.2  4-Methylenecyclopropylbutylaldehyde., 3.37 0.06
82 24.4  Cyclopropane, (3-chloropropyl)methylene— 0.52 .01
83 246  2-Octenal 4,64 0.08
84 24.7 unknown 0.01 0.00
85 24.8  unknown 1.06 0.02
86 24.9  unknown 2.30 0.04
87 25.0 unknown 0.02 0.00
88 25.1 1-Nonyne 0.65 0.01
89 25.2  unknown 1.00 0.02
390 254 3-Nonyn-2-ol 0.04 0.00
91 25.5  unknown 0.43 0.0
92 25.6  Dimethyl trisulfide 1.23 0.02
93 26.0 2,3-Octanedione 37.93 0.64
94 26.5 1-Nonen-3-ol 9.28 0.16
95 27.0  2,4-Heptadienal 65.51 1.11
96 27.1 2-Pentyll-Pentene 45.21 0.76
97 27.2  Octanal 33.67 0.57
98 27.5 2,5 Cyclooctadien-1-one 145.58 2.46
99 28,0 Decane 5.22 0.09
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Table 5, Continued

( Area ; x 10

Peék_“ Retention B - o
) . Compounds Area Area %

~ No. time (min) -
100 28.4 3-Nonyn-2-ai 0.95 0.02
101 28.6  unknown 0.58 0.01
102 30.3 2-Nonenal 4.78 0.08
103 31.0 3,5-Octadien-2-one 2.74 0.05
104 31.3 1-Undecene (.84 0.01
105 31.8 3-Decyn-2-ol 0.76 0.01
106 31.9 diallylsulfone 3.34 0.06
107 32.1 5-Methyl-2-1-Penteneyl-2-butanone 0.61 0.01
108 32.3  2-Nonanone 6.70 0.11
109 32.4  3,3,6-Trimethyl-1,4-heptadiene 1.88 0.03
110 32.5 1,5,9-Decatriene 12.57 0.21
111 32.6 unknown 0.44 0.01
112 32.8 10-Undecine-1-ol 4580 0.77
113 33.2 1-Undecen-3-yne 38.44 0.65
114 33.3 3-Undecyne 5.63 0.08
115 33.4  3-methyl-1-butenyleyclohexene 59.85 1.01
116 33.5 unknown 0.12 0.00
117 33.6 unknown 6.86 0.12
118 33.7 3-Undecen-5-yne 39.50 0.67
119 34.5 2,6-Nonadienal 27.29 0.46
120 34.8 tert-Dodecanethijol 9.17 0.15
121 34.9 unknown 0.66 0.01
122 35.2 1-Undecene 0.81 0.01
123 360 1 .3=Dimethyl-2-methylene—cyclopentylmethanol 1.35 0.02
124 36.4  unknown 0.79 0.01
125 38.4 4-Decenal .88 0.01
126 39.6 unknown 4,63 0.08
127 39.9 unknown 0.60 0.01
128 40.1 3-Tridecene 3.02 0.05
129 405  4-Methyltridecane - . 3.82 0,06
Total B 592336 100.00
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Table 6. Aroma-active compounds in fish il

( Area ; x 100

Retenton | |

time (min) Compounds Odor description Arca
— 8.6 2-Methyl-1-butanol wine, fusel oil, sweet 1.06
100 2-Methy!l butanal roasted cocoa 858
10.4  Ethyl Acetate pineapple, solvent-like, fruit 5.16
120 3-Hydroxybutanal dark chocolate 2.23
133 1-Hexene solvent-like 1.53
138  1-Penten-3-one camphor 11.14
143  Pentanal pungent 83.83
168  Dimethyldisulfide onion 1959
169  2-Hexenal fatty, stinkbug 2.86
189 n-Hexanal green leaf 357.71
224  2-Heptanone soapy, blue cheese 49.21
225  4-Heptenal biscuit 73.40
227  Heptanal green leaf, fatty 52.88
246  2-Octenal fatty,green leaf 4.64
256  Dimethyl trisulfide garlic, rotten 1.23
270  2.4-Heptadienal fishy, nutty 65.51
272  Octanal soapy, fatty 33.67
30.3 2-Nonenal fatty, orris 478
323 2-Nonanone hot milk 6.70
345  2,6-Nonadienal waxy, cucumberpeel 21.29
384  2-Decenal orange, tallowy 0.88
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Fig. 3. Reducing ratio of volatile compounds from fish oil by supercritrical carbon
dioxide with 80, 120, 160 and 200bar at 207C.
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Table 7. Volatile compounds of fish oil with 80, 120, 160 and 200bar at 20C

( Area ; x 107
Areal20)

R.T Compounds - - - e
80 bar 120 bar 160 bar 200 bar

5.1 2 Propenal 141 158 220 7.5
5.2 Propanal 10.6 15.3 19.1 8.8
5.3 Acetone - 17.9 - -
5.9 1-Pentene - 5.0 - -
0.9 unknown - - - 6.9
6.2  Methyl nitrate 115.2 35.2 11.9 19.9
6.7 1-Chloro—1-propene - 41.1 10.7 6.0
7.2 unknown 9.8 - - -
7.5 unknown 35.9 - - -
7.6 N-Methoxy-methanamine 9.8 - - -
8.3 Butanal 6.7 3.9 9.7 -
9.6 unknown 12.2 0.3 20.6 20.9
10.2 unknown 120.7 76.7 - -
11.2 1,2-Dichloro~ethane, 45 5768 27.3 22.2
12.1 2-Methyl-1 3-dioxolane, 44.5 13.0 - -
12.7 unknown - 6.6 2.1 -
13.9 2,3-Dimethyl-1,3-butadienc - 3.9 - -
13.9  unknown - - 2.0 -
14.2 Z-Penten-1-ol 5.6 14.2 12.3 214
14.3 2—-Methyl-3~pentanone 249.5 - - -
14.3 Pentanal - - 10.5 -
14.6 3-Methyl-pentanc 12.7 6.6 - -
14.9 2,4~Hexadienal 3.6 - 13.9 37.7
15.4 Heptane - - 4.0 4.4
16.5 2-Methyl-2-butenal 2.5 3.7 0.0 8.5
16.9 unknown 2.6 - - -
17.7 unknown 4.4 - - -
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Tabie 7. Continued

( Area ; x 107
Area(20)

R.T Compounds - - e
30 bar 120 bar 160 bar 200 bar
189 Hexanal 53.0 154 309  61.9
19.1 6-Methyl-1,5-heptadiene - 12.0 - -
19.3 1,7-Octadiene 53.0 - 9.5 19.7
19.7 unknown - - - 0.4

19.8 Octane - - 1.7
19.9 2-0Octene - 2.5 2.6 -
20.0 2,5-0ctadiene 4.3 21.8 21.7 58.0
20.2 4-Octene - - 1.1 -
20.3 3~Octyne 2.9 12.9 11.7 28.3
20.7 unknown - - - 3.1
22.4 Z2-Heptanone - - - 7.0
22.5 4-Heptenal 4.1 2.8 3.9 10.7
22.7 Heptanal 3.1 - 2.5 6.4
26.0 Z2,3-Octanedione 6.7 - - 10.5
27.0 2,4-Heptadienal - - 5.0 -
27.2 Octanal 2.6 - - 5.9

27.4 Cycloocta-2,7-diene - - -
27.4 Cycloocta—2,7-dienone 3.5 5.6 - 9.5
30.4 2~Prapenyl-1,3-Dioxolane 9.0 - - -
32.8 10-Undecyn-1-ol - - - 9.6
32.9 Undecineol = 4.8 3.1 -
33.2 1-Undecen-3-yne - 2.6 2.4 5.8
33.5 unknown - 1.8 1.4 5.2
34.8 5-Methoxy—4- methyl-1-heptene 2.7 - - -
37.2 Dodecane - - - 11.0
37.4 2-Methyldodecane, - - - 19.9
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Fig. 5. Reducing ratio of volatile compounds from fish oil by supercritrical carbon
dioxide with 80, 120, 160 and 200bar at 307,
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Table 8. Volatile compounds of fish oil with 80, 120, 160 and 200bar at 30T

( Area ; X 107

R.T Compounds — Area(BO) : C
80 bar 120 bar 160 bar 200 bar

7 5.1 2-Propenal 1.4 15.7 0.9 1.9
5.2  Propanal 42.5 5.5 1.0 1.3
9.4 ethanol 83.9 - - -
5.5 1-Pentene 3.4 - - -
5.8 Isopropyl alcohol 39.6 - 1.2 -
59 unknown 39.6 - - -
6.2 Methyl nitrate 417 18.4 3.5 3.7
6.3 Acetic acid 3.2 - - -
6.7 1-Chloro-1-propene 22.4 - - -
6.9 n-Methoxymethanamine, - - - 3.0
7.0  unknown - - 0.5 -
7.2 Nitromethane - - 2.5 -
8.3 Butanal 2.3 5.7 0.6 0.8
8.8 unknown - - 2.6 -
9.6 unknown - 7.7 30.0 7.0
10.2  unknown 87.8 73.3 - -
10.3  Ethyl Acetate 4.7 - - -
10.5 unknown 4.7 - - -
11.2  1,2-Dichloroethane, 66.8 1.5 0.5 0.5
11.8  unknown - - 0.5 0.6
12,1 Z2-Methyl-1,3~dioxolane, 7.5 7.2 - 6.2
12.7  unknown 3.4 0.6 4.5 -
12.9  2-Nethyl-1-pentene, - 1.1 - -
13.8 1-Penten-3-one - - 0.5 0.9
13.9  2,3-Dimethyl-1,3-Butadiene 2.5 - - -
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Table 8. Continued

( Area ; % 107
Area(30)

R.T Compounds

80 bar 120 bar 160 bar 200 bar
14.2  2-Penten-1-ol o.1 - - -
14.3  Penlanal 1.9 - - -
14.3 2-Methyl-3-pentanone - 34.4 11.3 7.2
14.6 J-Methylpentane - 8.2 1.0 1.2
14.8  2,4-Hexadienal - 1.1 - 0.2
17.1  unknown - 0.5 0.2 0.3
17.6  unknown 3.6 - - -
185  unknown - 20.2 5.4 -
18.8 2-Methyl-4-pentenal 7.9 - - 1.2
18.9  Hexanal 7.5 18.9 6.4 4.5
19.2  unknown - 18.9 - -
19.8  unknown - 3.6 0.5 4.4
19.9 2,5-0ctadiene - 1.2 - 0.4
20.3  3-Octyne - 0.8 - -
21.5  unknown 1.5 - - -
22.5  4-Heptenal 0.6 2.1 0.9 0.8
22.7  Heptanal 1.0 1.1 0.6 0.5
26.0  2,3-Octanedione - - 1.1 -
26.1 unknown - 2.6 - -
26.2 2,4-Dimethyl-3-pentanone - - - 1.2
26.4  unknown - - - 0.1
27.1  Oclanal - 1.1 0.5 0.5
27.4  Cycloocta-2,7-diene - - 0.3 0.3
32.9  Undecineol - 0.7 0.3 0.4
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Fig. 7. Reducing ratio of volatile compounds from fish oil by supercritrical carbon

dioxide with 80, 120, 160 and 200bar at 407T.
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Table §. Volatile compounds of fish oil with 80, 120, 160 and 200bar at 40T
{ Area : x 10%

Arcal40)

RT Compounds - - i
80 bar 120 bar 160 bar 200 bar

5.1 2-Propenal 209 6.0 2.3 0.4
5.2 Propanal 46.3 18.4 3.5 0.6
5.5 1-Pentene - 1.9 98.8 0.4
5.8 Isopropyl alcohol - - 30.7 -
5.9 unknown 2.7 - 5.1 -
6.2 Methyl nitrate 44 6 28.4 - 5.7
6.3 Acetic acid 4.4 - - -
6.4 unknown - 0.4 0.2 1.0
6.7 1-Chloro-1-propene 9.8 11.6 0.4 2.8
7.0 unknown - - 1.7 -
8.3 Butanal 1.2 2.3 1.7 -
8.4 2,3-Dimethylbutane - - 0.1 -
8.8 unknown - - 0.2 0.5
9.6 unknown - 40.5 2.9 22.9
10.2 unknown 51.2 3.8 - -
10.4 Ethyl acetate - - 1.1 -
10.5 unknown - 0.4 - -
1.2 1,2-Dichloroethane 61.7 40.4 2.2 14.8
11.8 unknown - - 0.5 -
12.0 unknown 8.6 - - 0.9
12,1 Z2-Methyl-1,3~dioxolane - 2.2 - -
12.8 1,5-Hexadiyne 2.5 - - -
13.8 unknown - 1.9 - -
13.8 1-Penten—-3-one - 1.3 1.0 -
13.9  2,3-Dimethyl-1,3-butadiene - 1.9 - 0.9
141 unknown 4.0 - - -
14.2 2-Penten-1-ol 4.9 3.0 - 1.0

_43f



Table G,

Cecontinued

{ Area : X 10°)
. Area(40)

R.T Compounds T e

80 bar 120 bar 160 bar 200 bar
14.3 Pentanal - 2.9 - -
14.3 2-Methyl-3-pentanone - - 1.4 -
14.4 3-Methylbutanal - - 3.7 -
14.6 3-Methylpentane 4.0 11.7 05 1.6
17.1  unknown 1.5 - - -
17.6 unknown - - - 0.1
17.7 1,6-Heptadien-3-yne - - - 0.1
17.8 1,3,5-Cyclokeptatriene - 1.4 - ~
18.5 unknown - - - 0.3
18.7 3-Hexenal 6.5 - - -
18.8 2-Methyi-4-pentenal - 4.4 9.2 -
18.9 Hexanal 6.5 7.5 9.2 1.7
19.8 unknown - 3.1 - 0.6
21.5 unknown 1.0 - -
22.5 4-Heptenal - 0.5 1.2 0.4
22 7 Heptanal 1.2 0.3 0.9 0.2
26.0 2,3-Octanedione - - 0.9 -
27.2 Octanal - 0.5 0.8
32.9 Undecineol 1.3 0.4 0.4 0.3
35.2 Octane, 2,7-dimethyl- - 1.9 - -
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Fig. 9. Reducing ratio of volatile compounds from fish oil by supercritrical carbon
dioxide with 80, 120, 160 and 200bar at 50T,
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Table 10. Volatile compounds of fish oil with 80, 120, 160 and 200bar at 507C
{ Area : x 10

Area(b0)

" compounds 80bar 120 bar 160 bar 200 bar
5.1 2 Propenal | 45 172 03 29
5.2 Propanal 6.8 19.4 1.3 2.9
5.5 1-Pentene 1.5 0.9 - 0.3
5.8 Isopropyl alcchol - 2.1 - -
6.2 Methyl nitrate 23.3 5.5 4.2 2.1
6.4 unknown 3.2 - - -
6.7 1-Chloro-1-propene 7.4 2.9 3.9 1.7
7.7  2,2-Dimethyl-oxirane - - 0.3 -
8.1 2,3-Dimethylbutane - - - 1.6
8.3 Butanal - 2.7 - 1.2
8.8 unknown - - 1.8 -
9.6  unknown 8.6 - 15.3 4.1

10.2  unknown 156.7 22.9 - -

10.4  Ethyl acetate - 2.7 - -

11.2 1,2-Dichloroethane 142.7 10.5 17.0 3.6

11.3  unknown 2.6 - - -

11.5 3~Methylbutanal - - 0.1 -

11.8  unknown 2.9 2.3 2.5 1.6

12.1  2-Methyl-1,3-dioxolane 7.6 - - -

12.7  unknown 4.6 1.1 - -

12.8  1,5-Hexadiyne - 0.4 0.4 0.2

13.7 Unknown - - 0.2 -

13.8  1-Penten-3-one - 1.8 - 1.0
13.9 2,3-Dimethyl-1,3-butadiene 4.7 - 1.0 -

14.0  unknown - - - 0.3
14.2 2-Penten-1-ol 2.4 12.8 7.0 7.3
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Table 10. Continued

{ Area ;
7 Area(50)

a COmPOuRdS e b 120 bar 160 bar 500 bar
7 14.3 Pentanal - 1.3 - 11
14.6 3-Methylpentane - 1.2 - 0.7
14.9 Z2.4-Hexadienal - 0.9 0.3 0.5
16.7 2-Pentenal - - - 0.3
17.8 1,3,5-Cycloheptatriene 3.9 - 0.4 -
18.5 unknown - - - 0.2
18.8 Z-Methyl-4-pentenal - 7.2 0.9 -
18.9 Hexanal 3.7 7.2 5.1 2.6
18.8 unknown 13.6 - - -
21.5 unknown 1.1 - - -
225 4-Heptenal - 0.9 1.1 0.5
22.7 Heptanal 2.0 0.8 0.7 0.3
27.0 2.4-Heptadienal - 0.8 - -
27.2 Octanal 1.2 0.8 0.6 -
27.4 Cycloocta-2,7-diene - - - 0.3
32.9 Undecineol 4.8 - 0.3 0.2
33.2 1-Undecen-3-vyne 1.7 - - -
38.7 Dodecane - - 4.1 -
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Fig. 11. Reducing ratio of volatile compounds from fish oil by supercritrical carbon
dioxide with 80, 120, 160 and 200bar at 60T,
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Table 11. Volatile compounds of fish

oll with 80, 120, 160 and 200bar at 60T

( Area ; x 107
Area(60)

R.T Compounds e

30 bar 120 bar 160 bar 200 bar
5.1  2-Propenal 40 3.0 8.9 7.1
5.2 Propanal 1.8 3.2 6.0 4.4
9.5  1-Pentene 0.5 0.2 - 0.4
6.2 Methyl nitrate 2.7 1.8 2.4 2.2
6.7 1-Chloro-1-propene 1.1 1.8 1.5 1.9
8.1  unknown - - - 1.5
8.3 Butanal 1.7 2.9 1.3 1.6
9.6  unknown 7.2 1.8 11.0 4.4
11.2 1,2-Dichloroethane 5.3 5.1 5.3 5.5
11.5 3-Methylbutanal - - 0.4 -
11.8  unknown - 1.9 - 2.6
12.7  unknown - 0.4 - 0.9
13.8  1-Penten-3-one 2.0 1.8 2.1 2.8
13.9 2,3-Dimethyl-1,3-butadiene - 0.4 - 0.4
14.1  2,3-Pentanedione - - 4.0 -
14.2  2-Penten-1-ol 11.3 6.8 - 14.8
14.3 Pentanal - 1.6 2.9 1.8
14.6  3-Methylpentane - 0.3 - ~
14.9 2 4-Hexadienal - 0.4 0.7 1.0
16.8 2Z2-Pentenal 0.7 0.5 0.8 0.7
18.5 unknown - - - 5.1
18.7  3-Hexenal 1.9 - 2.6 -

51 -



Table 11. Continued

( Area ; x 10"
Area (60)
R.T Compounds
80 bar 120 bar 160 bar 200 bar
) 18.8 2-Methyl-4-pentenal - _ 3.7 - -
18.9 Hexanal 10.3 4.2 G.4 0.1
20.0 2,5-Octadiene - - 0.4 1.0
22,5 4-Heptenal 1.7 0.9 1.7 0.8
22.7 Heptanal 1.2 0.5 1.0 0.6
26.1 unknown 0.4 0.2 - -
270 2,4-Heptadiena 0.7 - - 0.3
27.1 Octanal 1.1 0.3 1.1 -
27.4 Cycloocta-2,7-diene 1.2 - - -
27.6 unknown - - ~ 0.3
32.9 Undecineol 2.4 0.2 0.5 -
33.2 1-Undecen-3-yne 1.7 - - -
33.5 unknown 0.9 - - -
33.8 unknown 0.6 - - -
38.3 unknown - - 2.9 -
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Fig. 13. Reducing ratio of volatile compounds from fish oil by supercritricai carbon
dioxide with 20, 30, 40, 50 and 60Tat 80bar.
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Table 12. Volatile compounds of fish oil with 20, 30, 40, 50 and 60°Cat 80bar

( Area @ > 10N
Area(80)
R.T Compounds - —
20T 30T 40T 50T 80T

51 2-Propenal 14.1 1.4 209 45 40
5.2 Propanal 10.6 42.5 46.3 6.8 1.8
5.4  ethanol - 33.9 - - -
9.5 1-Pentene - 3.4 - 1.5 0.5
5.8 Isopropyl alcohol - 39.6 - - -
5.9 unknown - 39.6 2.7 - -
6.2 Methy! nitrate 115.2 41.7 44.6 23.3 2.7
6.3 Acetic acid - 3.2 4.4 - -
6.4 unknown - - - 3.2 -
6.7 1-Chloro-1-Propene - 224 9.8 7.4 1.1
7.2 unknown 9.8 - - - -
7.5 unknown 35.9 - - - -
7.6 n-Methoxymethanamine 9.8 - - - -
8.3 Butanal 6.7 2.3 1.2 - 1.7
9.6 unknown 12.2 - - 8.6 7.2
10.2  unknown 120.7 87.8 hl.2  156.7 -
10.3 Ethyl acetate - 4.7 - - -
10.5 unknown - 4.7 - - -
11.2  1,2-Dichloroethane 4.5 66.8 61.7 142.7 9.3
11.3 unknown - - - 2.6 -
11.8  unknown - - - 2.9 -
12.1 2-Methyl-1,3-dioxolane 445 7.5 - 7.6 -
12.7 unknown - 3.4 8.6 4.6 -
128 1,5-Hexadiyne - - 2.5 - -
13.8 1-Penten-3-one - - - - 2.0
13.9 2,3-Dimethyl-1,3-butadiene - 2.5 - 4.7 -
14.1 unknown - - 4.0 - -
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Table 12. Continued
( Area ; X 10%
Area(80)
RT Compounds s p— - R R
20T 30T 40T 50T 60T

14.2 2-Penten-1-ol 5.6 5.1 4.9 24 113
14.3 Z-Methyl-3-pentanone 249.5 - - - -
14.3 Pentanal - 1.9 - - -
14.6 3-Methylpentane 12.7 - 4.0 - -
14.9 2 4-Hexadienal 3.6 - - - -
16.5 Z-methyl-2-butenal 2.5 - - - -
16.7 2-~Pentenal - - - - 0.7
16.9 unknown 2.6 - - - -
17.1 unknown - - 1.5 - -
17.6  unknown - 3.6 - - -
17.7 unknown 4.4 - = - -
17.8 1,3,5-Cycloheptatriene - - - 3.9 -
18.7 3-Hexenal - - 6.5 - 1.9
18.8 2-Methyl-4-pentenal - 7.9 - - -
18.9 Hexanal 53.0 7.5 6.5 3.7 10.3
19.3 1,7-Octadiene 53.0 - - - -
19.8 unknown - - 13.6 -
20.0 2,5-Octadiene 4.3 - - - -
20.3 3-Octyne 29 - - - -
21.5 unknown - 1.0 1.0 1.1 -
22.5 4-Heptenal 4.1 0.6 - - 7
22.7 Heptanal 3.1 1.0 1.2 2.0 1.2
26.0 2,3-Octanedione 6.7 - - - -
26.1 unknown - - - - 0.4
27.0 2,4-Heptadienal - - - 0.7
27.2 Octanal 2.6 - - 1. 1.1
27.4 cyclooct-2,7-diene 3.5 - - 1.2
30.4 2Z2-propenvl-1,3-Dioxolane 9.0 - - - -
32.9 Undecineol - - 1.3 4.8 2.4
33.2 1-Undecen-3-yne - - - 1.7 1.7
33.5 unknown - - - - 0.9
33.8 unknown - - - - 0.5
34.8 5-Methoxy-4-methyl-1-heptene 2.7 - - - -
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Fig. 15. Reducing ratio of volatile compounds from fish ail by supercritrical carbon

dioxide with 20, 30. 40. 50 and 60Tat 120bar.
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Table 13. Volatile compounds of fish oil with 20, 30, 40, 50 and 60TCat 120bar
( Area ; x 109

RT COmpOUndS e Area (120) S
20C 30T 40T 50T 60T
5.1 2-Propenal 158 157 60 17.2 3.0
5.2 Propanal 15.3 55 184 194 3.2
5.3 Acetone 17.9 - - - -
5.5 1-Pentene 5.0 - 1.9 0.9 0.2
9.8 Isopropyl alcohol - - - 2.1 -
6.2 Methyl nitrate 85.2 184 284 5.5 1.8
6.4 unknown - - 0.4 - -
6.7 1-Chloro-1-propene 41.1 - 11.6 2.9 1.8
8.3 Butanal 3.9 5.7 2.3 2.7 2.9
9.6 unknown 0.3 7.7 405 - 109
10.2  unknown 76.7  73.3 3.8 229 -
10.4 Ethyl acetate - - - 2.7 -
10.5 unknown - - 0.4 - -
11.2 1,2-Dichloroethane 576.8 1.5 404 105 5.1
11.8 unknown - - - 2.3 1.9
12.1  2-Methyl-1,3-dioxolane 13.0 7.2 2.2 - -
12.7  unknown 6.6 0.6 - 1.1 0.4
12.8 1,5-Hexadiyne - - - 0.4 -
12.9 2-Methyl-1-pentene - 1.1 - - -
13.8 unknown - - 1.9 - -
13.8 1-Penten—-3-aone - - 1.3 1.8 1.8
13.9 2,3-Dimethyl-1,3-butadiene 3.9 - 1.9 = 0.4
14.2 2-Penten-1-o0l 14.2 - 3.0 1238 6.8
14.3 2-Methyl-3-pentanone - 34.4 - - -
14.3 Pentanal - - 2.9 1.3 1.6
14.6 3-Methylpentane 6.6 82 11.7 1.2 0.3
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Table 13

. Continued

{ Area ; x 107

Area(120)

e Lompounes 20T 30T 40T 50T 60T

14.9 2,4~;Iexadienal - 1.1 - 0.9 0.4
16.5  2-Methyl-2-butenal 3.7 - - - -
16.8  Z-pentenal - - - - 0.5
171  unknown - 0.5 - - -
17.8 1,3,5-Cycloheptatriene - - 1.4 - -
18.5 unknown - 20.2 - - -
18.8  2-Methyl-4-pentenal - - 4.4 - 3.7
18.9 Hexanal 154 189 7.5 7.2 4.2
19.1  &6-Methyl-1,5~heptadiene 12.0 - - - -
19.2  unknown - 189 - - -
19.8  unknown - 3.6 3.1 - -
19.9  2-Octene 2.5 - - - -
20.0  2,5-Octadiene 21.8 1.2 - - -
20.3  3-Octyne 12.9 0.8 - - -
22.5 4-Heptenal 2.8 2.1 0.5 0.9 0.9
22.7 Heptanal - 1.1 0.8 0.8 0.5
26.1  unknown - 2.6 - - 0.2
27.0  Z,4-Heptadienal - - - 0.8 -
27.1  Oclanal - 1.1 0.9 0.8 0.3
27.4  Cycloocta—2,7-dienone 5.6 - - - -
32.9  Undecineol 4.8 0.7 0.4 - 0.2
33.2 1-Undecen-3-yne 2.6 - - - -
33.5 unknown 1.8 - - - -
352  2,7-Dimethyl-octane - - 1.9 - -
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Fig. 17. Reducing ratio of volatile compounds from fish oil by supercritrical carbon

dioxide with 20, 30, 40, 50 and 60Cat 160bar.
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Table 14. Volatile compounds of fish oil with 20, 30, 40, 50 and 60Cat 160bar

( Area : x 10%)
Area (160}
R.T Compounds : - o
20T 30T 40T 50T 60T
5.1 2-Propenal 220 09 23 03 89
5.2 Propanal 19.1 1.0 3.5 1.3 6.0
5.5 1-Pentene - - 988 - -
5.6  unknown - - 5.1 - -
5.8 Isopropyl alcohol - 1.2 30.7 - -
6.2 Methyl nitrate 11.9 3.0 - 4.2 2.4
6.4 unknown - - 0.2 - -
6.7 1-Chloro-1-propene 10.7 - 0.4 3.9 1.5
7.0 unknown - 0.5 1.7 - -
7.2 Nitromethane - 2.5 - - -
7.7 2.2-Dimethyloxirane - - - 0.3 -
8.3 Butanal 9.7 0.6 1.7 - 1.3
8.4 2,3-Dimethylbutane - - 0.1 - -
8.8 unknown - 2.6 0.2 1.8 -
9.6 unknown 20.6  30.0 29 153 110
10.4 Ethyl acetate - - 1.1 - -
11.2  1,2-Dichloroethane 27.3 0.5 2.2 17.0 5.3
11.5 3~Methylbutanal - - - 0.1 0.4
11.8 unknown - 0.5 0.5 2.0 -
12.7 unknown 5.1 4.5 - - -
12.8 1,5-Hexadiyne - - - 0.4 -
137 unknown - - - 0.2 -
13.8 1-Penten-3-ocne - 05 1.0 - 2.1
13.9 2,3-Dimethyl-1,3-butadiene - - - 1.0 -
13.9 unknown 2.0 - - - _
14.1 2.3-Pentanedione - - - - -
14.Z2 2-Penten-1-ol 12.3 - - 7.0 -
14.3 2-Methyl-3-pentanone - 11.3 1.4 - -
14.3 Pentanal 10.5 - - - 2.9
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Table 14. Continued

( Area ; x 109

Area (160)

R.T Compounds - -
20T 30T 40T 50T 60T
14.4  3-Methylbutanal - - 3.7 - -
14.6  unknown - 1.0 0.5 - -
14.9 2 4-Hexadienal 13.9 - - 0.3 0.7
15.4 Heptane 4.0 - - - -
16.5 2-Methyl-Z2-butenal 5.0 - - - -
16.8 2-Pentenal - - - - 0.8
17.1  unknown - 0.2 - - -
17.8 1,3.5-Cycloheptatriene - - - 0.4 -
18.5 unknown - 5.4 - - -
18.7 3-Hexenal - - - - 2.6
18.8 2-Methyl-4~pentenal - - 9.2 0.9 -
18.9 Hexanal 30.9 6.4 9.2 5.1 9.4
19.3 1,7-Octadiene 9.5 - - - -
19.8 Octane 1.7 - - - -
19.8 unknown - 0.5 - - -
19.9 2-Octene 2.6 - - - -
20.0 2,5-Octadiene 21.7 - - - 0.4
20.2 4-Octene 1.1 - - - -
20.3 3-Octyne 11.7 - - - -
22.5 4-Heptenal 3.9 0.9 1.2 1.1 1.7
22.7 Heptanal 2.5 0.6 0.9 0.7 1.0
26.0 2,3-Octanedione - 1.1 0.9 - -
27.0  2,4-Heptadienal 0.0 - - - -
27.1  Octanal - 0.5 0.8 0.6 1.1
27.4 Cycloocta-2,7-diene - 0.3 - - -
32.9 Undecineol 3.1 0.3 0.4 0.3 0.5
33.2 1-Undecen-3-yne 2.4 - - - -
33,5 unknown 1.4 - - - -
38.3 unknown - - - - 2.9
38.7 Dodecane - - - 4.1 -
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Fig. 19. Reducing ratio of volatile compounds from fish oil by supercritrical carbon
dioxide with 20, 30, 40, 50 and 80Tat 200bar.
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Table 15, Volatile compounds of fish o1l with 20, 30, 40. 50 and 60Tat 200bar
( Area : < 107

RT Compounds
5.1  2-Propenal o
5.2 Propanal

55 1-Pentene

5.8 unknown

6.2 Methyl nitrate

6.4 unknown

6.7 1-Chloro~-1-propene
6.9 Methoxymethanamine
8.1  2,3-Dimethylbutane

8.1 unknown

8.3 Butanal

8.8 unknown

9.6 unknown

11.2 1,2-Dichloroethane

11.8  unknown

12.0  unknown

12.1 2-Methyl-1,3~dioxolane
12.7 unknown

12.8 1,5-Hexadiyne

13.8 1-Penten-3-one

13.9 12,3-Dimethyl-3-butadiene
14.0  unknown

14.2 2-Penten-1-ol

14.3 2-Methyl-3-pentanone
14.3 Pentanal

14.6 3-Methylpentane

14.8 2,4-Hexadienal

Area (200)

20T 30T 40T 50T 60T
75 19 04 29 7.1
88 13 06 29 44
- - 04 03 04
6.9 - - - -
199 37 57 21 22
- — 10 — —
6.0 - 28 17 19
- 30 - - -

- - - 16 -

- - - - 15

- 08 - 12 16

_ - 0.5 - -
209 7.0 229 41 44
222 05 148 36 55
- 06 - 16 26

_ — 0‘9 — —_

- 8.2 - - -

- - - - 09

_ _ ~ 09 )

- 09 - 10 28

- - 09 - 04

— - - 03 —
1.4 - 10 73 148
- 72 - - -

- - 11 18

- 1.2 1.6 Q.7 -
377 0.2 - 05 10
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Table 15. Continued
( Area ; X 107

Area (VZOO)

. Compounds 200 30T 40T 50T 60C
15.4 Heptane 4.4 - - - -
16.7  2-Methyl-2-butenal 8.5 - - - -
16.7 2-Pentenal - - - 0.3 0.7
17.1  unknown - 0.3 - - -
17.6  unknown - - 0.1 - -
17.7 1,6-Heptadien-3-yne - - 0.1 - -
18.5 unknown - - 0.3 0.2 5.1
18.8 2-Methyl-4-pentenal - 1.2 - - -
18.9 Hexanal 61.9 4.5 1.7 2.6 5.1
19.3  1,7-Octadiene 19.7 - - - -
19.8  unknown 5.4 4.4 0.6 - -
19.9  2,5-Octadiene 58.0 0.4 - - 1.0
20.3  3-Octyne 28.3 - - - -
20.7 unknown 3.1 - - - -
22.4  2-Heptanone 7.0 - - - -
22.5 4-Heptenal 10,7 0.8 0.4 0.5 0.8
22.7 Heptanal 6.4 0.5 0.2 0.3 0.6
26.0  2,3-Octanedione 10.5 - - - -
26,2 2,4-Dimethyl-3-pentanone - 1.2 - - -
26.4  unknown - 0.1 - - -
27.0 2 4-Heptadienal - - - - 0.3
27.2  Octanal 5.9 D - - -
27.4 Cycloocta-2,7-diencne 9.5 0.3 - 0.3 -
27.6  unknown - - - - 0.3
32.9  Undecineol 9.6 0.4 0.3 0.2 -
33.2 1-Undecen-3-yne 2.8 - - - -
33.5 unknown 5.2 - - - -
37.2  Dodecane 11.0 - - - -
37.4  Z2-Methyldodecane 19.9 - - - -
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