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Volatile sulfur compounds in pickled garlic
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Department of Food and Nutrition, Chungnam National University, Taejon, Korea

Abstract

Solvent extract of homogenates of fresh garlic or pickled garlic was subjected to GC-MS analysis,
which showed 30 volatile sulfur compounds for fresh garlic and 20 compounds for processed one.
Major sulfur compounds from fresh garlic extract were identified to be 3-vinyl-[4H]-1,2-dithiin, diallyl
disulfide, 3,4-dimethylthiophene and methyl allyl sulfide. Meanwhile, the number of volatile compounds
from pickled garlic decreased gradually during storage. Diallyl disulfide, methyl allyl trisulfide and
diallyl trisulfide were major volatile sulfur compounds from pickled garlic stored for 50 days. It is
appeared that the amount of trisulfides in pickled garlic increased gradually during storage, in contrast
to the amount of dithiins and monosulfides in pickled garlic decreased.
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Table 1. GC-MS condition for volatile sulfur compou-
nds analysis

GC-MS
Column
Oven temperature

HP 5890 II

HP-1(25 mX 0.2 mm LD.)

40T (2 min) to 50C, 0.5C /mi;
50 to 140TC, 2C/mi; 140 to
280(2 min), 5C /m/

Injector temperature 250C

Detector temperature  280C

Carrier gas He (1 m//min)
Ion source temperature 280
Ionization voltage 70 eV

Mass range 0~400 m/e

Table 2. HPLC condition for allicin analysis

Instrument Waters Assoc.
Injector U6K
Column Cis 4 Bondapak(3.9X 300 mm) _

Mobile phase methanol : water=6:4 (containing 0.1%
formic acid)

Flow rate 0.8 m//min
Detector UV detector (M486)
Integrator HP 3894A
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Fig. 1. Change in acidity (A) and pH (B) of pickled
garlic during storage at 20°C.
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Fig. 2. GC chromatogram of volatile sulfur compounds from fresh (A) or pickled garlic stored 40 days (B).
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Table 3 Volatile sulfur compounds identified from fresh and pickled garlic

Peak Compound MW. m/e (relative intensity)
No?
1 methyl allyl sulfide® 88 39(100) 45(43) 88(37) 41(8) 47(7)
2 diallyl sulfide 114 45(100) 73(52) 72(40) 39(26) 114(26) 47(18)
3 allyl methyl disulfide 120  41(100) 120(40) 79(7) 64(5) 37(1) 88(1)
4 34-dimethylthiophene 112 39(100) 45(98) 110(75) 97(52) 79(47) 84(35) 66(35) 58(28)
5 1,2-dithiacyclopent-3-ene - 104 103(100) 45(58) 104(53) 71(15). 59(13) 32(7) 87(1)
6 dimethyl trisulfide 126 126(100) 45(81) 79(54) 80(18) 111(18) 64(28)
7  3-methyl-2-cyclopentene-1-thione 112 79(100) 112(67) 45(60) 87(60) 39(58) 85(35) 58(26)
8 diallyl disulfide 146 41(100) 39(37) 72(54) 118(50) 85(20) 103(17) 146(5) 62(3)
9 di-1-propenyl(cis) disulfide 146 41(100) 39(58) 73(30) 81(26) 146(20) 106(15) 61(9) 103(3)
10 di-1-propenyl(trans) disulfide 146 41(100) 39(67) 73(41) 81(40) 146(24) 61(20) 105(15)
11 allyl propyl disulfide 148 45(100) 39(64) 148(20)
12 4-methyl-1,2,3-trithiacyclopentane 138 138(100) 41(69) 73(58) 39(32) 59(24) 96(15)
13 methyl allyl trisulfide 152 87(100) 45(90) 79(79) 64(18) 111(13) 152(7)
14 methyl I-propenyl(cis) trisulfide 152 45(100) 88(43) 153(39) 73(30) 64(17)
15 methyl propyl trisulfide 154 154(100) 43(69) 112(47) 64(30) 79(20) 48(15)
16 14-dithiane 120 71(100) 45(86) 120(81) 39(47) 55(39) 83(13)
17 methyl 1-propenyl(trans) trisulfide 152 45(100) 88(43) 152(36) 73(24) 71(15)
18 1,2,3-trithiacyclohexane 138 71(100) 45(56) 103(28) 39(24) 5%7)
19  3-vinyl-4H-1,2-dithiin 144 111(100) 45(96) 97(79) 39(75) 144(71) 71(66) 77(64) 58(18)
20 5-(methylthio)-3-thiolen-2-one 146 45(100) 73(66) 39(58) 146(50) 103(49) 85(37)
21  2-vinyl-4H-1,3-dithiin 144  72(100) 45(72) 111(50) 39(43) 144(41) 97(24)
22 dimethyl tetrasulfide 158 71(100) 111(41) 158(11) 39(45)
23 2-vinyl-1,3-dithiane 146 146(100) 74(64) 117(49) 39(45) 103(34)
24 diallyl thiosulfinate 162 41(100) 45(28) 97(24) 162(20) 74(13) 59(9) 69(3)
25 diallyl trisulfide 178 41(100) 73(66) 113(56) 45(50) 79(5) 178(3)
26  di-1-propenyl(cis) trisulfide 178 45(100) 41(86) 73(75) 178(13)
27 di-1-propenyl(trans) trisulfide 178 45(100) 41(90) 73(64) 146(42) 178(9)
28  1,2,34-tetrathiepane 170 170(100) 41(62) 64(55) 128(45) 45(36) 106(42) 73(10)
29 methyl allyl tetrasulfide 184 41(100) 45(79) 64(52) 79(47) 120(30)
30 2-formylthiophene 112 111(100) 45(46) 112(38) 64(12) 77(11)
31 4,59-trithiadodeca-1,11-diene 220 41(100) 33(71) 64(43) 73(24) 146(17) 105(15)
32 diallyl tetrasulfide 210 41(99) 64(68) 73(26) 105(22) 146(18)
33  4-ethyl-6-methyl-1,2,3,5-tetrathiane 198 138(100) 64(98) 41(86) 73(66) 96(20) 106(13)
34  3'-(allylthio)propanol 130 41(49) 45(36) 59(15)

* Number refers to Figure 2.

b Identification of each compound was established in comparison with mass spectra reported previously (27, 21)

fide, methyl allyl tetrasulfide, diallyl tetrasulfide, 4,5,9-
trithiadodeca-1,11-diene, methyl 1l-propenyl trisulfide
£ 24 sulfidedr} 13202 7} @k, 3-vinyl-[4
H]-1,2-dithiin % 2-vinyl-[4H]-1,3-dithiin®] dithiin 2
2, 1,2-dithiacyclopent-3-ene, 3,4-dimethylthiophene, 4-
methyl-1,2,3-trithiacyclopentane, 1,2,3-trithiacyclohe-
xane, 3-methyl-2-cyclopentene-1-thione, 1,4-dithiane, 5-
(methylthio)-3-thiolen-2-one, 2-vinyl-1,3-dithiane, 2-for-
mylthiophene, 1,2,34-tetrathiepane, 4-ethyl-6-methyl-1,
2,3,5-tetrathiane 5-9] 2)3}§tEo] WA=}l E3)
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23} 315 E 2+ Table 49419} 2Fe] 3-vinyl-[4H]-
1,2-dithiin, diallyl disulfide, 3,4-dimethylthiophene, me-
thyl allyl sulfide, 1,2-dithiacyclopent-3-ene, di-1-prope-
nyl(trans) disulfide <o| gt} Yuls Luj 325 Fole
allicin®] self-decomposition 4H&<l 3-vinyl-[4H]-1,2-di-
thiin®} 2-vinyl-[4H1-1,3-dithiino) -2 o2 AH <k
36%% AR}t Di-1-propenyl disulfide diallyl di-
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lyl disulfide, methyl allyl trisulfide®] o2 ol &
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Table 4 Composition of volatile sulfur compounds from fresh and pickled garlic

45

Peak No? Compound bYield, X 10~¢ g/g garlic bulb
Storage time (days)

0 20 40 50 60 liquid
1 methyl allyl sulfide 5.99 1.03 0.14 047 021 0.04¢
2 diallyl sulfide 0.01 118 0.07 0.09 2.04 0.18
3 allyl methyl disulfide 0.17 101 0.09 0.98 291 0.51
4 3,4-dimethylthiophene 6.1 - - - - 1414
5 1,2-dithiacyclopent-3-ene 501 3.37 2.66 242 14.40 0.21¢
6 dimethyl trisulfide 0.31 0.06 - 0.16 044 -
7 3-methyl-2-cyclopentene-1-thione 0.01 - - - - -
8 dially! disulfide 6.58 7.81 5.06 10.57 70.32
9 di-1-propenyl(cis) disulfide 135 0.92 0.15 1.87 163
10 di-1-propenyl(trans) disulfide 445 1.94 0.64 2.69 2.58
11 allyl propyl disulfide 0.08 - - - -
12 4-methyl-1,2,3-trithiacyclopentane - 0.32 - - -
13 methyl allyl trisulfide 0.89 1.39 0.72 371 20.99
14 methyl 1-propenyl(cis) trisulfide - 0.09 - 1.88 -
15 methyl propyl trisulfide 0.11 - - 0.07 -
16 1,4-dithiane 0.12 - - - -
17 methyl 1-propenyl(trans) trisulfide - 0.12 - 0.08 -
18 1,2,3-trithiacyclohexane - - 1.88 0.02 6.12
19 3-vinyl-4H-1,2-dithiin 2155 299 131 1.06 7.65
20 5-(methylthio)-3-thiolen-2-one 0.30 - - - —
21 2-vinyl-4H-1,3-dithiin 220 0.37 0.33 - 1.70
22 dimethyl tetrasulfide 2.08 - - 0.83 -
23 2-vinyl-1,3-dithiane 0.04 0.31 — 0.21 —
24 diallyl thiosulfinate 0.26 - - - -
25 dially! trisulfide 0.15 0.87 114 2,52 6.07
26 di-1-propenyl(cis) trisulfide 0.29 011 0.13 - 042
27 1,2,3,4-tetrathiepane - 2.38 203 27 3.75
28 di-1-propenyl{trans) trisulfide 1.04 0.16 0.32 - -
29 methyl allyl tetrasulfide 0.14 0.09 - 0.59 -
30 2-formylthiophene 0.08 - - - -
31 4,5,9-trithiadodeca-1,11-diene 0.03 0.07 0.05 0.56 -
32 diallyl tetrasulfide - 0.06 - 0.03 -
33 4-ethyl-6-methyl-1,2,3,5-tetrathiane - 0.06 - 0.06 -
34 3'-(allylthio)propanol - - 0.04 0.06 —

= Number refers to Figure 2. Yeilds were caculated with heptadecanoic acid as internal standard ¢ Negligible 4 Unknown

compound ¢ Ethyl acetate
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wj &3] GC-MSel Falatdgd 22 GC profile
Fig. 2B A9} #ch Aobr vlhgelA 2ozl #2244
229 GC profile-& yvl52 GC profiled= Faked,
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Table 5. Mean scores values for pungency and over-all acceptability of pickled garlic during storage at 20°C

Characteristics

Storage time (days)

4] 10 20 30 40 50 60
Pungency 7.00¢" 6.14 5.07¢ 4.00° 3.07¢ 2.00° 1.21°
Over-all acceptability 1.07* 207 3.07° 5.00%f 5.93 5.14¢ 45708

* Any two means in the same rows followed by the same superscripts are not significantly different(p<0.01) to Duncan’s

multiple range test.
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Fig. 3. Change in volatile sulfur compounds from fresh
and pickled garlic during 50 day storage.
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