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The volatile organic compounds(VOCs) emitted from raw garlic and Kimchee were analyzed with ther-
mal desorption or purge & trap/gas chromatography/mass selective detection method. Very offensive
compounds such as methyl allyl sulfide, dimethyl sulfide, dimethyl disulfide, diallyl sulfide, methyl allyl
disulfide, diallyl disulfide and dimethy! trisulfide were detected, and among them, dimethyl disulfide and
dimethyl trisulfide were confirmed to be generated during the precocity of Kimchee or emitted from the
stuff of Kimchee other than the garlic. Malodorous compounds emitted from the garlic or Kimchee were
detected in the breath of a Korean and the refregirator keeping Kimchee. It was confirmed that the
disufides emitted from the garlic or Kimchee were major components of offensive odor in the alveolar air
and the refregirator. It was clarified that heat process is very effective to reduce odorous VOCs in garlic

or Kimchee.
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Table 1. Operating conditions for VOC concentrator(DS-5000)

Condition of concentrator DS 5000 Condition of concentrator DS 5000

Carrier Gas He (0.8m¢/min) Internal Trap Cool Down Temp.

Purge Gas He (40m¢/min) Interal Trap Preheat 0.2min
Standby Temp. 30T Internal Trap Desorb Temp. 180C
Sample Sweep Time 0.1min External(XFER) Line Temp 180T
Sample Preheat Time 0.1min Cryofocus Standby Temp. 150C
Sample Desorb Temp. 40°C Cryofocus Cool Down Temp. -1207C
Sample Desorb Time 8min Cryofocus Injection Time 1min
Valve Temp. 150TC Cryofocus Injection Temp. 200°C
Water System Line 200C Bake Temp. 195C
MCS Desorb Temp. 200T Bake Time 15min

Table 2. GC/MSD conditions for VOC analysis

Mass range © 15~400 or 35~400
Scan Thresh : 15
a/d(2"N) 2

28T (15min)—3.0C/min—150TC (0min)—10C/min—2007C (5min)

Column 2 PONA, 50mX0.2mmXx0.33#m
Oven

Carrier . Helium, 0.8m¢/min

Det : MSD, 280TC

Inj ! Cryofocus injection, 200T. lmin
EM Volts * 2388
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Fig. 1. TIC for VOCs emitted from a raw garlic.
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Fig. 2. TIC for VOCs emitted from the grilled garlic.
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Table 3. VOCs emitted from a raw garlic and the grilled garlic

Raw garlic Grilled garlic %

No.| R.T. Compound Abundance | No.| R.T. | Abundance | decrease
1 4.23 Acetaldehyde 4641918 1 4.24 962792 79.2
2 4.82 Ethanol 2117580 100
3 5.01 2-Propenal 29093512 2 5.04 699911 97.6
4 5.12 Propanal 7698206 3 5.12 4894698 36.4
5 5.33 iso-Propanol 4967441 4 5.34 1885740 62.0
6 5.65 Dimethyl sulfide 2469749 5 5.67 832521 66.3
7 6.26 Allyl alcohol 9532489 6 6.27 9289208 2.6
8 10.85 Methyl allyl sulfide 6496865 100
9 11.08 Trichloroethylene 4709045 7 11.12 4667746 0.9
10 | 12.75 Dimethyl disufide 2616179 9 12.75 453625 82.7
11 | 17.67 Diallyl sulfide 48894123 10 | 17.69 2324668 95.2
12 1 19.93 Methyl allyl disufide 186499932 100
13 | 25.89 Diallyl disulfide 169235672 11 | 25.76 8502236 95.0

(Peak number 8 in the chromatogram 2 was identified as 2.4.4.-trimethyl-2-pentene by mass spectrum.)
Table 4. Threshold values(ppm) of several kinds of substance emitted from the garlic and Kimchee

Substance Threshold value Substance Threshold value
Acetaldehyde 0.0015 iso-Valeraldehyde 0.00028
Ethanol 0.094 Methy!l allyl sulfide 0.00014
Acrolein 0.0085 Dimethyl disulfide 0.0022
Propionaldehyde 0.0010 n-Hexylaldehyde 0.00018
iso-Propanol 0.038 Diallyl sulfide 0.00022
Dimethyl sulfide 0.0030 Diallyl disulfide 0.00022
iso-Butyraldehyde 0.00041 2 -Pinene 0.692
Ethyl acetate 0.87 Toluene™ 0.33

(* : toluene is not VOC from the garlic or Kimchee, but common substance in air.)
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Fig. 3. TIC for VOCs emitted from Kimchee.
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Fig. 4. VOCs emitted from the boiled Kimchee.
Table 5. VOCs emitted from Kimchee and the boiled Kimchee
VOCs from Kimchee Boiled Kimchee %
No.| R.T. Compound Abundance No. | R.T. | Abundance |decrease
1 4.19 Acetaldehyde 30162718 100
2 4.78 Ethanol 46890144 1 4.66 4983536 89.4
3 5.00 2-Propenal 22453810 2 4.86 4189487 81.3
4 5.11 Propanal 32673821 3 4.95 8591420 73.7
5 5.64 Dimethyl sulfide 54609169 4 5.44 52157514 4.5
6 6.26 iso-Butyraldehyde 6418813 100
7 1 .7.92 Ethyl acetate I 4194750 100
8 9.06 iso-Valeraldehyde 5849796 5 8.53 2877228 50.8
9 10.85 Methyl allyl sulfide’ 9251231 100
10 | 12.86 Dimethyl disufide 261708943 6 11.89 27817647 89.6
11 14.90 Hexanal 2763429 100
12 | 19.92 Methyl allyl disufide 218985196 7 19.84 | 21563307 90.2
13 | 20.45 Methyl propyl disulfide 12802967 ,' 100
14 | 20.72 1,3-Dithiane 15099421 100
15 | 21.11 (-)-a-Pinene 3720438 100
16 | 21.65 Camphene 4628634 1 100
17 | 21.83 | Dimethyl trisufide 82745855 ! [ i 100 |
18 | 24.40 | Sabinene ‘ 8817105 E I 100
19 | 25.74 Diallyl disulfide i 39506793 B | 100

(* : VOCs identified in the raw garlic)
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Fig. 5. Chromatogram of detected VOCs in indoor air.

1.CH,Cl; 2.Cyclopentane 3.Isohexane 4.2-Methyltetrahydrofuran 5.Hexane 6.1-Methyl-
cyclopentane 7.CCl;CH; 8.Benzene 9.Cyclohexane 10.Heptane 11.Isobutyl-methylketone 12.0-
Methyl-ethylbenzene 13.1,2,3-Trimethylcyclohexane 14.-Pinene 15.1,3,5-Trimethylbenzene 16.1,2,
3,4-Tetramethylcyclohexane 17.Dl-Limonene
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Fig. 6. Chromatogram of detected VOCs in the breath of a Korean young man.
1.CH,Cl; 2.Butane 3.1-Methyltetrahydrofuran 4.3-Methylpentane 5.Hexane 6.1-Methyl-
cyclopentane 7.CCl;CH, 8.Benzene 9.Cyclohexane 10.Methyl allyl sulfide 11.Heptane 12.1-Methyl-
cyclohexane 13.Toluene 14 .Hexamethyl-siloxane 15.Ethylbenzene 16.p-Dimethylbenzene 17.m-Di-
methylbenzene 18.Nonane 19.a-Pinene 20.p-Methyl-ethylbenzene 21.8-Pinene 22.1,3,5-Tri-
methylbenzene 23.Decane 24.Dl-Limonene
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Fig. 7. VOCs in air of the refregirator keeping Kimchee.
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