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Abstract : In order to reduce or remove off-flavor and volatile organic compounds (VOCs) from Laminaria japonica effectively,
continuous treatment process by supercritical carbon dioxide (SC-CO») was applied. After freeze-drying, Laminaria japonica
powdered with 710 um was used. Experiments were carried out at temperature range from 35 to 55 ‘C, and pressure range from
10 to 25 MPa for evaluation of SC-CO, treatment effect. Flow rate of carbon dioxide used in this reseach was constantly fixed at
26.81 g/min. Before and after treatment of SC-CO,, off-flavor and VOCs from Laminaria japonica were analyzed by gas
chromatography-mass spectrometry detector (GC-MSD). Total 47 VOCs emitted from Laminaria japonica were identified before
treatment of SC-CO,, major components of seaweed smell (ordor) in Laminaria japonica were identified as alcohols, aldehydes,
ester and acids, ketone, halogenated compounds and hydrocarbon. Off-flavor and VOCs in all experimental conditions was re-
duced or removed after SC-CO; treatment. Among the experimental conditions, the highest removal yield was at 25 MPa and 55 C.

Keywords : Supercritical carbon dioxide, Laminaria japonica, Volatile organic compounds, Off-flavor, GC-MSD
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: High pressure pump
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Figure 1. Schematic diagram of supercritical carbon dioxide extraction apparatus.
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Table 1. Analytical conditions for off-flavor and VOCs from Lami-
naria japonica

ATD-400 (Perkin Elmer, USA)

Tube type Tenax-TA
2nd split ratio 7:1
1st Desorption 320 C (3 min)
2nd Desorption 340 C (1 min)
2nd Cryo temp. 30 C
Desorb flow 50.2 mL/min

GC/MS (QP-2010, Shimadzu, Japan)
35 C (10 min)
8 C/min - 120 C (10 min)

Oven temp. 12 C/min - 180 C (7 min)
15 C/min - 230 C (10 min)

AT-1 (Alltech), Non-polar,

Column 100% Dimethyl Siloxane

(60 m x 0.32 m x 1.0 um)
Splitless
250 C

1 mL/min contant flow

Control mode

Injection Temp.

Column flow

Acqusition mode Scan
250 C

Interface temp.

Ionization energy 70 eV
Mass range 20 - 350 m/z
Column pressure 15.7 psi
MS Det. temp. 250 C
Carrier gas He (99.9999%)
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Table 2. Volatile organic compounds of raw Laminaria japonica detected by GC/MS

Peakno.| R.T Compound P A. Area%
1 3.25 Acetaldehyde 2,038,430 1.41
2 3.34 Methanol 6,735,344 4.65
3 3.86 Ethanol 61,981,471 42.75
4 4.13 2-Propanone 6,484,631 4.47
5 441 2-Butanol 3,691,945 2.55
6 4.69 Dichloromethane 2,220,782 1.53
7 4.81 Methyl acetate 112,895 0.08
8 5.19 Propanal, 2-methyl- 336,326 0.23
9 545 Methanesulfonyl chloride 1,231,451 0.85
10 5.53 Cyclopentane 614,917 0.42
11 5.74 1-Propanol 194,726 0.13
12 591 Silanol, trimethyl- 634,784 0.44
13 6.02 Butanal 351,561 0.24
14 6.34 2-Butanone 1,414,935 0.98
15 6.52 Hexane 5,328,333 3.67
16 6.96 Trichloromethane 5,881,968 4.06
17 7.27 Acetic acid, ethyl ester 673,991 0.46
18 8.40 Acetic acid 2,207,240 1.52
19 8.61 Butanal, 3-methyl- 1,017,921 0.70
20 9.28 Benzene 2,717,398 1.87
21 11.14 n-Pentanal 155,867 0.11
22 11.24 1-Penten-3-ol 3,543,212 2.44
23 11.26 2-Butanone, 3-hydroxy- 1,356,484 0.94
24 11.33 4-Heptanol 166,083 0.11
25 13.90 2-Butenal, 2-methyl- 139,754 0.10
26 14.38 Hexane, 1-chloro- 616,741 0.43
27 15.04 Toluene 1,125,000 0.78
28 15.37 Hexanal, 2-chloro- 388,069 0.27
29 15.72 1-Pentanol 239,220 0.16
30 16.16 n-Hexanal 1,624,509 1.12
31 17.10 Acetic acid, butyl ester 1,053,149 0.73
32 17.78 Cyclotrisiloxane, hexamethyl- 13,713,858 9.46
33 18.74 Benzene, ethyl- 112,466 0.08
34 19.69 Styrene 1,173,035 0.81
35 19.78 Hexanal, 2-chloro- 812,760 0.56
36 20.03 Pentane, 2,2-dimethyl- 59,162 0.04
37 21.77 Benzaldehyde 388,547 0.27
38 22.44 1-Octen-3-ol 504,905 0.35
39 22.88 Octanal 389,050 0.27
40 23.19 Cyclotetrasiloxane, octamethyl- 6,721,583 4.64
41 2443 I-Limonene 2,635,730 1.82
42 24.78 Nonane, 3,7-dimethyl- 188,879 0.13
43 26.89 n-Nonanal 199,753 0.14
44 30.87 | Benzeneethanamine, N-[(pentafluorophenyl)methylene]-.beta., 4-bis[(trimethylsilyl)oxy]- 348,995 0.24
45 32.37 Decanal 151,341 0.10
46 41.32 Pentadecane 568,828 0.39
47 45.66 2,5-Cyclohexadiene-1,4-dione, 2,5-diphenyl- 502,298 0.35
48 52.49 1,2-Benzenedicarboxylic acid, bis(2-methylpropyl) ester 250,249 0.17
Total 145,000,576 100
Identified compounds 47
Aldehydes 11 (4.68)
Alchols 9 (53.58)
Hydrocarbons 13 (24.35)
Ketones 4(6.73)
Esters and acids 5(2.96)
Halogenated compounds 5(7.69)

* R.T. : Retention time, * P. A. : Peak Area.
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Figure 2. Gas chromatogram of volatile organic compounds of raw Laminaria japonica.
(,000000)
(N
1.50-60,00(1:00)
7300(100)
125
100
075
050
025 WV i ﬁ
L | | | fotmrrfd
00— qu‘ J‘ I "!“—JL L= B = S e "MWM .
25 50 75 100 125 60 75 20 25 50 75 N0 @5 B F5 40 45 40 45 500 R5 560
Figure 3. Gas chromatogram of volatile organic compounds of Laminaria japonica after SC-CO, treatment at 25 MPa, 45 C.
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Table 3. Volatile organic compounds of Laminaria japonica after SC-CO, treatment at 25 MPa, 45 C

Peakno.] R.T Compounds P.A. Area%
1 3.25 Acetaldehyde 414,001 1.96
2 3.34 Methanol 3,282,391 15.52
3 3.86 Ethanol 6,113,379 28.90
4 4.13 2-Propanone 1,616,874 7.64
5 441 2-Butanol 383,422 1.81
6 4.69 Dichloromethane N.D. -
7 4.81 Methyl acetate N.D. -
8 5.19 Propanal, 2-methyl- N. D. -
9 5.45 Methanesulfonyl chloride N.D. -
10 5.53 Cyclopentane 314,095 1.49
11 5.74 1-Propanol N. D. -
12 5.91 Silanol, trimethyl- N.D. -
13 6.02 Butanal N.D. -
14 6.34 2-Butanone N.D. -
15 6.52 Hexane 552,475 2.61
16 6.96 Trichloromethane 1,273,920 6.02
17 7.27 Acetic acid, ethyl ester N. D. -
18 8.40 Acetic acid N.D. -
19 8.61 Butanal, 3-methyl- 152,761 0.72
20 9.28 Benzene 931,832 4.41
21 11.14 n-Pentanal 128,909 0.61
22 11.24 1-Penten-3-ol 103,995 0.49
23 11.26 2-Butanone, 3-hydroxy- N. D. -
24 11.33 4-Heptanol N. D. -
25 13.90 2-Butenal, 2-methyl- N. D. -
26 14.38 Hexane, 1-chloro- N. D. -
27 15.04 Toluene 157,460 0.74
28 15.37 Hexanal, 2-chloro- N. D. -
29 15.72 1-Pentanol N. D. -
30 16.16 n-Hexanal 614,040 2.90
31 17.10 Acetic acid, butyl ester N. D. -
32 17.78 Cyclotrisiloxane, hexamethyl- 1,010,308 4.78
33 18.74 Benzene, ethyl- N.D. -
34 19.69 Styrene 142,043 0.67
35 19.78 Hexanal, 2-chloro- N. D. -
36 20.03 Pentane, 2,2-dimethyl- N.D. -
37 21.77 Benzaldehyde 67,171 0.32
38 22.44 1-Octen-3-ol N.D. -
39 22.88 Octanal N.D. -
40 23.19 Cyclotetrasiloxane, octamethyl- 3,398,748 16.07
41 24.43 I-Limonene 222,757 1.05
42 24.78 Nonane, 3,7-dimethyl- 270,326 1.28
43 26.89 n-Nonanal N. D. -
44 30.87 | Benzeneethanamine, N-[(pentafluorophenyl)methylene]-.beta., 4-bis[(trimethylsilyl)oxy]- N.D. -
45 32.37 Decanal N.D. -
46 41.32 Pentadecane N.D. -
47 45.66 2,5-Cyclohexadiene-1,4-dione, 2,5-diphenyl- N.D. -
48 52.49 1,2-Benzenedicarboxylic acid, bis(2-methylpropyl) ester N.D. -
Total 21,150,907 100
Identified compounds 20
Aldehydes 5(6.51)
Alchols 4 (46.73)
Hydrocarbons 9 (33.10)
Ketones 1(7.64)
Esters and acids -
Halogenated compounds 1(6.02)

* R.T. : retention time, * P. A. : Peak Area., * N. D. : not detected
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Figure 4. The comparision of removal yield of the volatile com-
pounds from Laminaria japonica by SC-CO; treatment
at different temperatures and pressures.
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