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Volatile Flavor Compounds of Freeze Dried Garlic and Garlic Roasted with Qils
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Abstract

The purpose of this study was to investigate the change of flavor compounds of freeze-dried garlic and
garlic roasted with sovbean oil and sesame oil. Freeze—dried garlic and ground raw garlic roasted with oils
was prepared at 180°C for 5 minutes. Volatile compounds of garlic samples were obtained by Likens-Nickerson
distillation/solvent extraction and identified by GC and GC/MS. Sulfur compounds, methyl allyl sulfide, diallyl
sulfide, methyl allyl disulfide, dimethyl trisulfide, dially] disulfide, methyl allyl trisulfide and diallyl trisulfide
were the major volatile in garlic flavor which was more than 98% of the total volatile cornpounds. The total
amount of sulfur compounds in freeze—dried garlic roasted with soybean oil was decreased to 20% compare
to that of garlic flavor: however, 10 pyrazines such as 2-methyl pyrazine, 2,6-dimethyl pyrazine, 2-ethyl-5-
methy] pyrazin and 3-ethyl-2,5-dimethyl pyrazine which were not originated from both freeze-dried garlic
and soybean oil were identified. They might be generated from thermal interactions of sugars and nonvolatile
flavor precursors of garlic. In freeze-dried garlic roasted with sesame oil, the amount of diallyl sulfide, methyl
allyl disulfide, dimethy] trisulfide increased whereas diallyl disulfide completely disappeared. The amount of
two cyvclic compounds 3,4-dihydro-3-vinyl-1,2-dithiin and 2—-vinyl-4H-1,3-dithiin, which were artifacts
from allicin, increased in roasted garlic with sesame oil.
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Fig. 1. Gas chromatograms of volatile flavor compounds isolated frem garlic,
Al garlic, B! freeze—dried garlic, ! deep—fried garlic at 1I80°C for § min in sovbean oil, D deep—fried freeze—dried garlic at 18°C
for 5 min in sovbean ¢il, B deep—fried garlic at 180°C for 5 min in sesame ¢il, F! deep—fried freeze-dried garlic at 180°C for 5 min

in sesame oil 1.5 Internal Standard
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Table 1. Volatile flavor compounds from garlic

Chiantification (ppo

Mo, Cormpound

A B C D E 15
sulfur cormnpounds
1 methyl allyl sulfide 1258 179 150 (.86 G161
2 dimethyl disulfide 040 10.33 .25 8.93
2 3 methyl thiophene 3
4 diallyl sulfide 1046 D00 2607 18380 143G 16558
b 3 methyl thio propanal 18 297 341
G methy]l allyl disulfide E2.88 9108 1233 65115 1269 G762
7 frans propenyl methyl disulfide 057 205 1.25 .88 0.14
& methoxy methyl isothiocyanate 431 237 1.54
o 2 ethyl 1 thia cyvclopentane 1376 14.65
15 dimethyl trisulfide 185 354 063 452 136 2774
11 1,1 bizlmethylthin) sthane 756
12 2 thiophenecarboxaldehyde 507
13 diallyl disulfide G2o.41 43057 37707 £.30 1436
14 methy] allyl trisulfide 13550 10179 26.04 10.05 20.25 0.05
15 methy]l propyl trisulfide 147 044
15 4 methyl 1,23 trithia cyclopentane 4344
17 34 dihydro 3 winyl 1,2 dithiin 1052 450 27 80 16712
18 34 dibydre ZH thiopyran 288 275 2.3
15 2 winyl 4H 13 dithiin 20H.85 1255 18678 40715
20 diallyl trisultide 503.72 31048 128.26
21 diallyl tetrasulfide 543 013 1.46
Total sulfur compounds 140608 1053.2 0720 23002 54871 38064
Aldehvdes
22 2 butenal 255 (.64
Z3 2.4 pentadienal 0.08
24 2 methyl 2 hutenal 244
s} hexanal 185 145 160 315 1547
26 2 furan carboxaldehyde 218 235 20.66
7 furfural 6267
28 3 methyl 2 butenal 240
29 2 heptenal 2.80
30 5 methyl furfural 2703
31 benzenaldehyde 1.25
32 2.4 heptadienal 0.70 272
33 2 hydroxy benzaldehyde 0.62
34 bezene acetaldehyde 170 1273 052 407
35 Z potenal T34
36 nonanal 2.46 40).04 12.3%
37 24 nonadienal 6.64
35 Z chlorcpropenal 1.38
34 2 decenal 261
A 24 decadienal 1441 510 2365 30.06
41 3 dodecen 1 al 051
Total aldehydes 180 404 3466 113.67 THED 0261
Alcohols
42 1 butancl 079 019 742 756
43 1 izopropoxy 2 propanol 065
44 2 buten 1 ol 616
45 2 pentyl 1 ol 052 21.16
A6 2 methyl 2 butancl 071 1.08
47 3 hexannl 165
48 1 penten 2 ol 34
4G 4 methyl 3 heptancl 0.27
50 2 furanmethanol T6.12 1532
51 1 hepten 2 ol 3.30 123
L2 7 octen 4 ol .00
53 1 oeten 3 ol (.16
54 1,3 benzodioxol 5 937
55 ispeugennl (.26

Total alcchols 2468 145 88.00 103 60,82
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Table 1. Continued
Quantification (pprn)

o Compound n B - 5] B 7
Acids

56 acetic acid 12838

57 3 butencic acid 143

ba methoxy acetic acid 016

5h propatcic acid 118 2664

&0 4 pentencic acid 770

61 4 pentynoic acid 717

G2 4 methoxy butancic acid 0.35

G3 oxiriany] methy]l ester 2 methyl 1 propencic acid 252

G4 heptafluoro butancic acid 0.28

&5 3 12 propynyloxy) propancic acid 478

Total acids 270 355 E161 1357
Amines

G butanarnide 033

67 n difluore phosphing dimethy]l hydroxyl amine 327

Ge 1 butanarnine (.60

6 2 methylene Ttanediamide (.52

0 G arming 24 htidine 133

71 n hexyl amine 10.76

72 NN’ diethyl 14 benzenediamine 279

Total amines 0.33 3.88 0.52 1331 1355
Ketones

73 2.3 pentadione 3.85

74 4 decanone 0.64

75 3 penten 2 one 4724

76 1 (2 furfuryl) ethanone 280 250

77 AH 1 benzopyran 4 one 205

Total ketnnes .64 675 718 .03
Esters

78 ethyl acetate 058 117 1653 141 1527

75 dirnethy] ester 1,2 benzenedicarboxylic acid 016

&0 14 dimethyl pentadecanate 0.28

&1 didodecy]l phtalate 2.28 1247

&2 methyl ester dibutyl carbamodeoic acid 150

&3 ethvl 2 propenv] carbomic acid ester G20

24 methyl cyclopropane carboxylic acid ester 252 053

o) dodecanyl acrylate 3006

&G dibutyl phlalate 1.45

Tuotal esters 0.58 161 1843 40.42 370 33.27
Furans

a7 23 dihwdro 3 methyl furan 044

28 2.3 dihydrofuran 175

&0 25 dihydmfuran 512

] 2 propyl furan (.86

41 24 dimethyl furan 263 342

92 2 pentyl furan 056G 017 3.44 .48 2154

93 furan 152 7.18 188

Total furans 445 10.24 10.62 175 8.36 2154
Hydrocarbons

G4 3 methylene pentane 141

o5 3 methyl 1 pentene 1.44

GG 1,23 trimethy] cyclopropane 1061

97 3 methyl frans 2 pentene 051 1041 471 557

08 3 methyl cis 2 pentene 316 765 2.27 153

G4 3.3 dimethyl 1 pentens 430 255

100 (2 methoxy ethoxy) ethane 11.27

1 1 ethoxy butane 47237 2050 4350 H0.82

102 1 ethoxy pentane 348

102 1,2 butadiens 251

104 3 ethyl hexane 137

105 1,2 pentadiene 158
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Table 1. Continued

Quantification (ppm)

o Compound n B - o B T

106 cis 1 nitro 1 propene 27467

107 3332 trifluore 2 methyl 1 propene 125

108 cyclododecane 414 056G

108 (+ ) 337 trimethyl 29 dioxatricycle nonane 213

110 2 methyl frans 3 hexene 183

111 2 chloro 1 propyne Lor 178

112 butyl cyclobutane .82

113 Heyclobutane 3.28

114 trihyvdroxvbenzene 3.84

115 3 ethyl 14 hexadiene 062

116§ methoxy 2 pentyne TG

117 3 methyl 1 hexene 13

118 ethoxy ethene G486

11% 7 methyl 3 octyne 528

120 1 flugre  phenyl cyclopropane 151.43

121 heptane 185

122 11" dimethv] cyclopropane 4467

123 3 methoxy buta 1,2 diene 405

124 1 isopentyl 245 trimethyl benzene 678 10.45

125 spiropentate 3.38

126 23 dimethyl 1 pentene 178

127 1 methyl hicyclohept 2 ene 283

128 3 methoxy 1 propene 434

125 cyclododecansa .24

Total hvdrocarbons 16.17 13.86 8217 2674 342 68 110.83
Phenols

130 3 chloro phencl 168

131 2 methoxy phenol 0.35 276 21825

132 2 methoxy 4 vinyl phenol 2.74 T80

123 34 methylene dioxy phenol 656

Total phenols 202 12.06 22679
Pyrazines

134 2 methy] pyrazine 3322 4305

135 26 dimethyl pyrazine 16180 18151

136 2 ethvl 5 methyl pyrazine 1585 356

137 2 ethyl § methyl pyrazine 2500 343

1238 235 trimethy] pyrazine 13.40 50.38

138 2 acetyl pyrazine 273 162

140 frimethyl pyrazine 116

141 2 ethenvl § methyl pyrazine 400

142 2 ethenvl 5 methyl pyrazine a7

143 25 dimethyl 3 ethy]l pyragine 4165 1795

144 2 methyl 3 propyl pyrazine 726 TH2

145 2 acetyl 3 methyl pyrazine .82

146 2 methyl 35 diethy] pyrazine 2616 505

147 26 dimethyl 3 propyl pyrazine 1451 1655

148 25 dimethyl 3 iscbutyl pyrazine bo3

150 2 methyl SH 67 dihydr cyclopenta pyrazine 245

151 25 dimethyl 3 (2 methy]l propyl) pyrazine 408

152 25 dimethyl 3 cis propenyl pyrazine 156

152 25 diethyl 36 dimethyl pyrazine 160

154 trimethy]l propyl pyrazine 116

155 25 dimethyl 2 (3 methy] butyly pyrazine 161

Total pyrazines SI5.8T 1425 35543
Pyrroles

156 25 dihvdro 1 nitrozo 1H pymrole 5ol

157 1H pyvrrole 1.36 EAT

158 2 methyl 1H pyrrole 730 283

Total pyrroles 1426 1285
Pyridines

158 pyridine 2412
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Table 1. Continued
Mo, Compound n = Clualétlflca’aon %me) = =
160 2 methyl pyridine 031
161 3 methyl pyridine (.86
162 3 ethyl pyridine 322 1113
163 5 ethyl 2 methyl pyridine 1530
164 2 ethoxy 67 dihydro 5H 1 pyridine 2781
166 2 pentyl pyridine 334
Total pyridines 0.31 2408 3.22 5768

Pyrimidines
166 24 dimethy] pyrirmdine 515
167 2 chloro 5 methoxy pyrimidine 2.24
Total pyrinmdines G.15 2.24
Uthers

168 2 methyl 2 vinyl oxirane .80
169 2 hydroxy methyl 33 dimethyl oxirane 520
170 23 dihydro 1 methylindene 33
171 allyl nitrile 308 745
172 tetramethyl oxirane 112
173 2 butyl ethyl ether 432
174 ethyl butyl ether 280
17 4 sthoxy 3 hydroxy butyronitrile 1.26
176 1H indole 2.82
177 cxazole 206
178 1,234 tetrahydroguineline 257
Total others 432 415 16.28 861 1465
Crveralls 1434.81 109858 97457 120265 114508 143773

I Caculated Kovats Retention Indices with n paraffin (Cg—Cigd as reference on a DB 1ms colunm.

Samples (A~F) are the same as in Fig. 1.
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allicing] 983 22 GCE F4%e HAAANM 2-vi-
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AR AR ST IEER ©] F AE-2 vhE AAY
AEo] oly nlEg T2 2544 g e ® AdE A
r)dRele # 3ok 718 B vl E alde-
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Hoh A4 ey Br 45 e 9 SU8E o]AdE
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pounds7t A48t F7|8 Y AL AR el mibe) )
TR 22 vy vFEREg B wheel g8 sulfur
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718 B2 Azv=E9] sulfur compounds T2 A
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diallyl trisulfide, diallyl tetrasulfider} 42 = ok Diallyl
distlfide’s Fig. 1Dl Yebd 22 524 #3224 vls, d&
vhs, F718d B& vl=d AR 2 o] 2 a-d
Atk Y dallyl sulfide= 238 AzvlsxRc} 188 =
7FEHLh 3 FrEd Be dFvisddMe dEvisR
= 29 furfural? S-methyl furfiral 5 293 9hee] F2
AAEoY BEFS BrE 72 e HEE0] FAHHA
ot ¢]AL vtEAEE BREY F1E8Y AW A
whgolgta # 5 27, =3 WA AdEeln B
gFolut FHr|EY Fr|HELez BU(22)F 2-methyl
pyrazine® 26-dimethyl pyrazine, 2,5-dimethyl-3-ethyl
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azine 5 1070¢] alkyl pyrazines©] 5735 21Tt ©] pyrazines
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Azckes 7184 $& vhsd $719% 5

FolRAth Ueda $(34)2 vl=# oprl=il @¥0] vl=4
Hl&ahy] A B ot AR R TR whE3t e pyrazine ¥
Aol 7l ghoka 8 5ok Makbrouk(35)E 25-dimethyl pyr-
azine, 25-dimethyl-3-ethyl pyrazine, trimethyl pyrazine
& o] $ 239 pyruvaldehyded) cysteine E eystine 2
2 7193y A=Ay St £33 glucosedt cys-
teined ¥HESAME 25-dimethyl pyrazine, 2-methyl-3-
ethyl pyrazine, 2-methyl-6-ethyl pyrazineo] A4 HCTtT
Radtygch 282 2219 pyrazined viEe] HF LA
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¢ sulfur compounds7t FL1H Aok Qv 55 &
S VeI R E diallyl trisulfides T Ee] SdEHoH
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trisulfide®] o] ZA Zd3tdch 2t H7 18 B
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ok FU1EC BE dzviEdM Admod A g4
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pyrazine, 2,5-diethyl-3f-dimethyl pyrazine®] 2elx A},
o] HEEL YA vp=9] HIF T B4R AFA v
=9 cycteine® =l 28t AAHAHLH = F1E
A 2] g A 29 pyrazined] 23 AelSa H £ itk
(22,36,37).

sHH 7|8l B& adzvEE 67 = AEE G mo-
files| A 7 ®2 H3E Jeidizien EH 4R
FE 7 2idth F718ed FE dzvlE sulfur com-
pounds FEH2 Az:vlse] 63%7 DadtHed dzvs

oA Beld frans—propenyl methyl disulfide, diallyl disul-
fide, diallyl trisulfide, dallyl tetrasulfider} =)= o] =] A
Foz #FAxA gtk wEe] 1 1-bis(methylthio)-eth-
ane, Z-thiophenecarboxaldehyde, 4-methyl-1,2,3-trithia-
cyclopentane® & sulfur compounds7t 21 EIch =3
2,5—-dimethyl-3- (2-methyl propyl) pyrazine2 E3% 1774
& pyrazines-2 E7|ELE B2 dZ:viEd AlEREG A
cheFetn we o] BRIFRch ¢]Ze v -glutamylalkyl

cysteine £ vi=2] HIEH I BrHE
2= FAEH g dle 4P ES
AFEETHE8,29). =3 2 &) BF o A
#8ted alkyl thiosulfatert T80 = A Ajuf g
HolA Aelgt & £ 3k
Ol &7ld&e| et
vhed dzvlsS T4 %‘ﬂifﬂr H71Bd B& AEA
M 2l B E RS TR Fig 29 2ok A4 E & B
AR vi=m F7Ed & E&U}a, FA MBS B
Ao rha weten I FEe Ao LI vhEg
B4R EH-L 7P 3 vedy vls ARy &4
]EF o] FE sulfur compounds] S Avise] Ao 7+
FH3 A HFig. 3). 2 thge] AZvs, F7)Bd BE
U}E‘ﬂﬁot‘i vlEel BISHS sulfur compoundse] &
T £do] 7P 2 Ae FU|E B2 dE:vpEolich
v AZvlsedM 2 §9e] 71 RUE diallyl disul-
fide's AF3H F7|2L2 71G3ES o &33) 42H
Hor F AR 22 $9%E vebd dallyl trisulfides
F7189 Ao srEEsS o) ¢33 LEHI
N8 sulfur compoundsZE A diallyl sulfide, methyl allyl
disulfide, dimethyl trisulfide, methyl allyl trisulfide= 9}=
g AFRAFAY FAE, APIBLRE 2 2594 7HEE)
H9S v I gEke) Hale ARE oy gaEo &"E A

7t Ee
Aol
7hg-l

AH A4

r?ﬂ =)

&l
4
3

__'.L'.
4
=

o
MR F

F

T ZAEIPE IYER o] HREL =S 7}%%}9&%
uH rh=e #7118 O E A 98¢ de FauE)

£ itk AZEebth Diallyl sulfide, methyl a]lyl digul-
ﬁde, dimethyl tisulfides A7l 7189 78R
ESie v vi= Ak gErR o @A Z71809 o Methyl
propyl trisulfide’=s vlEH AxvlselMT A8 71F %
o2 HA gAAHARAE A&l At F18 7t
3 AzvlEd AlRdME AR FdM 7 oken g
8] pyrazinese] ZRIF AT I8 I pyrrol, pyrimidine,
pyridine $8 Td4: FFER 05 vl=4 ojrlx=st

1600

1200

Total Compaunds (ppm
g
(]

400

A B [ D E F

Fig. 2. Total volatile flavor compounds from garlic.
Samples {4 ~F) are the same as in Fig. 1.



340 AT -

1600

1200

oo
=
()

Suffur Campounds (ppm)

400

S e e e e s

e
P

ﬁ

A B C D E F

prit g

Fig. 3. Sulfur compounds from garlic.
Samples {4 ~F) are the same as in Fig. 1.
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