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Changes in Volatile Sulfur Compounds of Garlic under Various Cooking Conditions

Hyeon-Ju Bae and Hui-Jung Chun
Department of Food & Nutrition Sookmyung Women's University

Abstract

This study was performed to find the changes in volatile sulfur compounds of garlic under various cooking
conditions. The volatile sulfur compounds of gatlic were identified with GC and GC/MS. The results of the study

were summarized as follows :

Chopped garlic boiled for 30min and 60min had more volatile sulfur compounds than

that of fresh garlic, while 2-vinyl-4H-1,3-dithiin decreased by boiling. Whole garlic boiled for 30min and 60min had
less volatile sulfur compounds than that of fresh gatlic, while allyl methyl trisulfide and diallyl trisulfide increased
by boiling. Analyzing the change of volatile sulfur compounds under cooking methods, the order that showed more

volatile sulfur compounds was as follows :
pressure cooking.

grilling > frying > steaming > boiling > microwave oven cooking >
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Table 1. Operating conditions for flavor analysis by GC

Instrument Hewlett-Packard 5890 series ] plus
Column DB-5 fused silica capillary column
(60m X 0.32mml.D. X 0.25um)
Oven temp. 40°C (3min) ---------- > 220°C (10min)
1.5°C/min
Injector temp. 180°C
Detector temp. 250°C
Detector Flame ionization detector (FID)
Carrier gas He, 1.2 ml/min
Split ratio 1:30
Make-up gas He, 20 ml/min
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Table 2. Operating conditions of GC/MS used for the
identification of flavor compounds
1. Instrument : HP 5972 mass selective detector (MSD)
2. Setup source

1) Electron voltage : 70 eV

3. Setup scan

1) Mass range : 30-300 m/e
4, Data handling system

1) Computer system : HP Chemstation

2) Library : Wileynbs 138
5. GC conditions :

1) Instrument Hewlett-Packard 5890 series Il plus
2) Column DB-5 fused silica capillary column
(60m x0.32mmL.D. X 0.25um)
3) Oven temp. 40°C (3min) -—------- > 220°C (10min)
1.5°C/min

4) Injector temp.  180°C
5) Detector temp. 250°C

6) Detector Flame ionization detector (FID)

7) Carrier gas He, 1.2 nl/min

8) Split ratio 1:30

Table 3. Proximate composition of garlic (unit; %)

Moisture 66.3£0.28
Crude protein” 20.2+£0.54
Crude fat"” 0.340.04
Crude ash” 45+0.13
Carbohydrate” 75.0+0.89

YThe contents of crude protein, fat, ash and carbohydrate
was calculated by dry basis.
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Fig. 1. Gas chromatogram of flavor compounds in fresh garlic

g, orlanryt on vud sy REEES
4% ZAde Table 49 2th Boelens 5%
Carson™o]] 9]3t uls9] #3822 (hiosulfinate s}
FEo] Balxo] diallyl disulfideE A 3L, ©]7 0]
tts Fo EAstes AFY methyl L propyl-FE A
SEEESH M2 28t disulfide, trisulfide ¥ o
& EFS g9dEg At gk Sulfide
SIS E2 ulzo 9 VPR Z &R e,
2] o) qo}oq % 167]9) sulfide 3}gHEo]
2 - 53HAL APNME LT A9

Table 4. Identification of volatile surfur compounds in
fresh garlic

Peak No.” | Compounds identified ® | Relative abundance ©
1 allyl methy! sulfide dp
2 diallyl sulfide o4+
3 diallyl disulfide o+ 4+
4 allyl methyl trisulfide g 4
5 2-vinyl-4H-1,3-dithiin o+
6 2-vinyl-1,3-dithiane +
/ diallyl_trisulfide ++

*Peak number refers to Figure 1.

Compounds were identified by Wileynbs database system
on the basis of similarity 90%.

‘Relative peak area of a identified compound to total peak
area calculated from gas chromatographic analysis using
FID detector.

¢ denotes very small peak whose peak area count is
<500,000.

“+++ denotes medium peak whose peak area count is
>5,000,000 and <50,000,000.

"++++ denotes large peak whose peak area count is
250,000,000 and <100,000,000.

8++ denotes small peak whose peak area count is
>500,000 and <5,000,000.
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Table 5. Identification of volatile sulfur compounds in garlic by boiling (Unit : peak area count/10,000)
o Boiling condition
Peak No. Flavor compounds R . chopped garlic whole garlic
Fresh garlic 30min 60min 30min 60min
1 allyl methy! sulfide 25.8 3762.1 2631.6 24.4 483.0
2 diallyl sulfide 793.6 33235 1070.2 2222 146.6
3 diallyl disulfide 9703.2 24545.2 13406.9 3043.2 2194.8
4 allyl methyl trisulfide 65.2 11034.5 7114.9 5320 494.2
5 2-vinyl-4H-1,3-dithiin 2757.4 1545.0 1478.8 508.1 389.0
6 2-vinyl-1,3-dithiane 14.0 13.4 25.3 0.0 0.0
7 diallyl trisulfide 411.2 7688.2 9335.3 3325.6 3082.5
Total 13770.8 51911.9 35063.0 7655.5 6790.1
g Asatnt dARoR 0F /FAARE 08 AR 533 B AT: Twble 63 2ok ARFL
7tdA g5 HE HRY FESEEC Bol day 2 EgE W Zxde wE Fr|gEe $71d
Atk Brks9 A9 FAH2Z Quisd vl AL F71, "I, A7, Folrl, ARALA 2=,
308, 608 71EAE EF FFIFES #wHel A dee zg 2oz vaga Y w4 FHs
& Aoz ZAHI, allyl methyl sulfideE A2 FE9 FFFL AXHAA 2EG ¢HE XY=
Gme 308 A&7t 0% AEC) Ha 7 SgE  Ansyg gasdo & 5V gAY I=
o] ggro] 4l allyl methyl trisulfide$} diallyl of mWet uls9 alliinase o] ASHAY FAH
trisulfide= 308 7FdA] Aotz vls] 27} 8144 o, o2 JANEEE F4TE Rudded, 2
F7HHATH} 608 AGAdE 0% FINRG F  ATFAAE e zdY WldE ™ol AR
7% AEA gase 3¥E RAT FW, HAEE ¢ 4+ Ak
2vinyl-13dithiane & EAR AT Feole dE Arige ARt gi® @8RS 4unY,

HA gtk dutsd Evlsd 7TEAEE ¥ allyl methyl sulfide$} diallyl sulfidel= €& a0l
SlEE thRnkse Er]8E0] o Wol LAHAE A1, diallyl disulfide= %} & ¢ FAHYIA &
o, ole Bvte AU E AT nts2 allino] £ g Bastged, A 99 AN AxAY
HA g2 dEdA Ay ZR17] gEd 29 B A A 1023 cﬂw'-i_-ﬂa@ A% diallyl disulfide®]
24352 Qs U Eol AHA LER o= 33% #AE Bagled, & AFAAE AR AA
AzZrdn). a3, d3etsd Sute 2% 608 7t of 222 2% 27 Aveksd Hlsl 36% 7F g4
FAlol HlE) 308 JhEAle] MRl Bl AE & & F A}k W, 2-vinyl-4H-1,3-dithiing ¥

=

s 3t 71718 Adg A WA, 2-vinyl-1,3-dithiane &
R2719% 4¥e 2NN Aokzel W Zaded,

. XR|=Z40) M2 F{uA SV|MEo| BiSt allicin®] RIAEZ a7 2-vinyl-1,3-dithianeo] 7+
}—;4 Asole A8 24, dg zgge 1F  2¥che e 1 2N allicino] FFsihE A
ol EHER olE FHEAIA Zzhe WA 7t g 9guag*. Allyl methyl trisulfides} diallyl
A BPHOR 2ol Y RYXAE 44, Y1 usilfides EE ZYA Brisng F7Ec
Table 6. Identification of volatile sulfur compounds in garlic by cooking conditions (Unit : peak area count/10,000)

Cooking conditions
Peak No. Flavor compounds Fresh garlic pressure  microwave

boiling steaming grilling frying cooking cooking

1 allyl methyl sulfide 25.8 1288.4 3299.2 1333.5 470.8 24.6 267.5
2 diallyl sulfide 793.6 5046.3 46303 5840.9 4090.0 71.9 795.1
3 diallyl disulfide 9703.2 18432.1 28229.2 36038.3 39132.8 1725.1 3503.5
4 allyl methy! trisulfide 65.2 9664.6 11932.1 131423 5216.4 1111.7 2027.3
5 2-vinyl-4H-1,3-dithiin 2757.4 1820.2 1765.2 956.5 4754.1 591.7 890.7
6 2-vinyl-1,3-dithiane 14.0 15.4 16.8 12.4 226 7.0 15.2
7 diallyi trisulfide 411.2 7525.5 7525.5 5778.1 4294.3 8644.5 4716.1

Total 13770.8 43792.5 57398.3 63102.0 57981.0 12176.5 12215.4
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