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Characteristics of Thiosulfinates and Volatile Sulfur Compounds
from Blanched Garlic Reacted with Alliinase
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Abstract In this study, attempts were made to develop a method for controlling the volatile sulfur compounds in garlic.
Crude alliinase extracted from fresh garlic was applied to garlic pulp blanched for 5 min at 100°C, and the changes in the
thiosulfinates and volatile compounds of the blanched garlic pulp reacted with the enzyme were investigated. Eight kinds
of thiosulfinates from garlic were separated by HPLC, and identified by LC/MS/MS. When the alliinase was added to the
blanched garlic pulp at 100, 200, 300, or 400 units, and reacted for 15 min, respectively, thiosulfinates were generated in
the amounts of 37, 68, 77, and 80% of the fresh garlic content (control). Under the same conditions, we analyzed the
volatile compounds, where 28 peaks were identified by GC/MSD. Of the 28 peaks, 23 were volatile sulfur compounds.
The results of the analysis showed that all the volatile compounds were generated at amounts of 25, 36, 66, and 76% of
the content of the control, respectively. These results indicate that the sulfur compound content of garlic can be regulated,

depending upon the reaction conditions of allinase.
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wks(dllium sativum 1) B3F}(Lilliaceae)ol] £:3h= tiEH <!
Allums HE2 F53 Fr Ade Y=@de Avs ok
2o drAel 93td vhse] gkt AgEgLe mls S
EAske thiosulfinatesSt ©15<] Ea| B o3 Zlo8 Ry
2 Atk & allicin®] E3|4HE diallyl disulfide, dially] trisulfide
3 diallyl sulfide 52 VA8 A5AA 2Agewt ohet dAME
AEAA Agolw Hoske ZleR HiaEo] 3Uti(1-6). Diallyl
sulfide=aflatoxin B1, benzo(a)pyrene, nitrosoamine, dimethylhydra-
zine 0| 318} WekA|e] BAglol] oJle] freslE U cytochrome
P450-2 E19] £843t=A AT skt §4 oM vk
< b 28R allicin®] A3t WAL ajoenec] - allyl
methyl tisulfides &% &7 JAIFEo] glom, alyl methyl
sulfides ¥2bst 2o #ojshs A2 BIHI YTHT).

ke 2 U IRE T 4% B9 SURS v 2o 24
3= (H-S-allyl-Lcysteine  sulfoxide(alliin), (+)-S-methyl-L-cysteine
sulfoxide(methiin) %  (+)-S-(trans-1-propenyl)-L-cysteine sulfoxide
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(isoalliin)7} alliinase[alliin alkyl-sulfenate-lyase(EC 4.4.1.4)]2] 2§
o 23} allicin(2-propene-1-sulfinothicic acid S-2-propenyl ester)
4 "] %3} methyl allyl, i-propenyl allyl, allyl 1-propenyl, 1-pro-
penyl methyl, dimethyl thiosulfinate 59| thiosulfide® 3=
olE9] RaE E EINESY A i AdEE A
otH8-9). Allicing W]=3 thiosulfinatest= B PE2A
F3Ho] diallyl disulfide AF9 sulfides =S B3
Aoz A 3UTH(10).

ol
=

B9 s Fol AR Bz doid ALY I HYE
S& ks 4 5 2T A4S UEiE 99 2R 29

A ge] mheg o8 7HAEe] 988 AMgsket A
e9le] H3 vk Allin® 25¥] allicin®] A/d2 pH 58 2 30-
35°Col M E 30 ool o] FoiA b, alliing] Hatoldo] 6% o
el allicin® & #spsict ghol11). ol8d A+ A= Ant
=% T Foe vis 59 e TS dHF
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2 A A8 v 20063 AR AR AdA] QAatE
theg 7HERE FHEAIRA IS Ae® 10 B et
At viE F9 allineseE $HA35] E3AEA7 IX7) vl
Z(blanched garlic pulpy= Pruthi 5(12)¢] il w2} A2319)
o & 42& AANA g ks & 500 TAE AT
YW 100°CAIA 58 B9t 7HEEk 9 E AAS 3 =k
(Oscar kaiso DH-850, Dong-ah Ind. Co., Ltd., Gimhae, Korea)Z
g v, RggEeR sk 200 Bt Ala
ARSSIETE tETE —1°cd) BaE Alulsg uiy] 3 aid)r)
2 st ARt

Allinase =X % &#M=H

Alliinase Z&AME Mazelis®h Crews(13)#+ Nock®t Mazelis
(14)°] S A7 MFs AT & 293 o= 200g
o 0.02M sodium phosphate buffer(pH 6.5)28 200 mLS 7}3}
o 4°Col A 387 78 7)(National SSC81, Matsushita electric
works, Ltd., Tokyo, Japan)= & s}al, X2 2 (cheesecloth)S
ol &3led AAHet T 15,000X g, 4°CoNM 6087 DalRE st 4
AL FH3AY. olol 1% protamine sulfate 30 mLE 7}she] 2
EFekaL 1587 AT F, 15,000 g, 4°ClA oA 3087+ 9
AEgste] A5AE H3l Eshert 33%7F H == ammonium
sulfateS HH3) 715pEA 308 F2F wulsiet. T3S 15,000
Xg, £CA 307 T AAEHF A& AAHE 005M
sodium phosphate buffer(pH 7.0)8-<} 25 mLE 7}5le] =T}, o]
£ 48 FE(SpectraPor® 2 membrane, MWCO 12,000-14,000,
29X250 mm, Spectrum Lab. Inc, Rancho Dominguez, CA,
USAYE &7 YB3 25uM pyridoxal S-phosphates 2713
0.05M sodium phosphate buffer(pH 7.0y&-2o 7} 3627F Eot
BASAT FAAS 15,000Xg, 4°CollA 3087 QAEw 8o
AEYE membrane filterMinisart RC 25 0.2 um, Sartorius,
Gottingen, Germany)® o3}t ZEALNE A} o9} 72
o] ZAE FaANG —70°Cel HAIHA Aol ARSI

ZA e allinase?] 4L Friedemann® Hangen(15) =& %
Schwimmer®} Weston(16)2] 2ol w2l 3319t & 10mM
alling pyridoxal 5-phosphate 25puMeo] F-&® 0.1M sodium
phosphate buffer(pH 6.5) 2mLell &35t T2 o]o =A% 284
4 100 uLE 7F8k 37°Col A 1087 WHeAIZ 3 A8 pyruvie
acidE 420nmeIA FF=E st FFAT 129 1 umole
pyrwvic acidg A3k F4AFE 1wt SHTH oju AR
allin® Stoll#} Seebeck(9)3} Freeman®} Whenham(17)2] 8 u}
2} nheERE &, FASA0.

Thiosulfinates X $|2 slgtEe| MME 2l allinase Ht
=AU

REZNE FF, Axd dlinaseE EXTF vlsdEd FA7)
st} A/d== thiosulfinates 2 volatile compounds & 37°C
AN EAo H7EF R wkEANE gl 23yt & 4
A FEEE 10 SFF 10mLE 7Fete] & £33 e
2 APofX FE3 alliinase ZFANEE 100, 200, 300 L 400
wnits 77t F@r¥eled 37°CelA b2k 5 10 21587 wheA A
o BRgE we} ko] SEHW FA] ZEAK(formic acid)
S olgsle] pH 3.002 ZE3le] 4SS AR AATH
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LC/MS/MSE O|&%! thiosulfinatese| =0l

ko] EHA] AAREE thiosulfinates 3FHE-2] 821-& u-bonda-
pack C,,(10 um, 3.9X300mm, Waters Co., Miliford, MA, USA)
Zdo] AF¥  HPLOMSMSEFimigan TSQ-Quantum EMR,
Thermo electron Co., Waltham, MA, USAYS o|&-3le] BX3) 73
7} 2 Block 5(18)9] HPLCE ©|&-3l] B3 AHE vzl
#1814t HPLOMSMSE o83 #2272 APCI mode®] ion
sourceE ARE-3I 2, MS®] vaporizer ¥ capillary =& 2F2F 500
2 340°CE 8T}, ShealthAuxiliary gase A4S ARE-SIGOH,
Ee 74zt 40 2 5 arbitary units® FXEATH Mass ranges
115-175 mi2 3Tk o154 0.1% obEAte] X3ke 45% v
e AMgsier 9§42 1.0mLE st 7+ 93] &
2 912 Ql-scan modellA] AJA4J ¥ total ion chromatograph(TIC)
2RE Egd 39 EAFHF sulfur isotope effects ©]-&sle] &
o189 el Allicin®] #<1-2 Shiseido SI2 system(Shiseido, Tokyo,
Japan) HPLC7} 72 API-3000(Applied Biosystems, Foster City,
CA, USA) LOMSMSE AHE-3td ESI positive Ql-scan mode 2
multi-reaction scan modeol|x] E<13}53c).
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I g vlsEZo allinases 715t E4H M R 9hEA
7ol uwle} A thiosulfinates Block 5(18)e] wWhol| wiel
HPLCE o|&3ted EAgith & EANEE AAAZ 742hel
NEE 250 mL AE B AF sl SFF 0mLe ds)
W 8 @l (methylene chloride) 50 mLE 7}ste] FE3 Egda &
22,000X g, 4°CollA 1587 A48l A5 ot &
Aol TA] el dolEl 2 SomLE 7hete] & & Y423t
o A5dg il X FES dsvEd FE89d93 FIHoh
o]& 30°C olslollA] AyAR 3 the WHEEFEZ (benzyl alco-
hol, Sigma-Aldrich, St. Louis, MO, USA) 0.1%7} TF= L= A
23 n-hexand} 2-propanol EF-84(98:2, v/v) 10mLE 713t
£33 5 02 un membrane filterZ 7S} A3l 20 UL
#Hsled A7t A ZH(Chromsep HPLC column, 250X4.6 mm,
Varian, CA, USA)] ‘428l HPLC system(JASCO, Tokyo, Japan)
of Y3t 254nmelM EFBAT. ol olFAe] fE&e B
% 1.8mLE 3Y2H gradient systemS )83l Els} =
L0 A+ p-hexan, 87 B 2-propanold AMHESHY] 6871AE= B
£H 2%E FXEI 6EA 1687 E BEY 10%=2 243
OF AN F 2587F] BEAS 10%E fA815t) 258
B 3587kA) BEAE 2%E THAAZIT) Thiosulfinates®] 44 %
HiZE= WHEEFEAL o)gsle] HWAS BAs & diz=7A&vt
EH3)9 thiosulfinates HAHAE 10002 3] M| H3
£ AAM(%)E VER LT
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Ztzhe] g2 SE AT A A8 Al ® B v
W= HEHpentane)¥t To|golHE 23FEw(2: 1, vvE FF, F
23 3 o]Z GC/MSD(6890/5973 system, Hewlett-Packard, Avon-

dale, PA, USA) 943t ¥4, vZsidct. & vh=9 3uA
RS ERME £& F FAIF hlA HF 400uLE F
Z3le] DB-5 Z¥(fused silica capillary, 60 m><0.25mm film
thickness, J&W Scientific, Folsom, CA, USA)°] A&® GC/
MSDe| 1uLE F4s9 29 Ae dFes BEgaE
1L5mLE Stgon oBLew= 45°CH|A 38ZF fAI% F &
1.5°CH 2200C7HA] “d58ted 1087 FA31ATE FU7 2 inter-
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face 2%+= 72t 230 @ 260°C2 4|51, ionization voltage
£ 70eV, mass rangew 35-550 mz=2 3T FAAL spilt
ratio= 10: 12 3tFch 3y A9 A& wiley 275 library
9] #F spectrum? ©]-8-3152H, relative similarity7} 90% ©]%F
Q1 sigtEel sl §9 EdEAe oL Qs £3
FEFS A Bad BR(192002 2AE ZAst) A
g A R A vaE WEEEER] Hauy
£ 7IEOR & AR audog vt WRESE
-2 diethyl disulfide(Sigma-Aldrich) 0.45 g2 50mL T EH =
o =9 2mLE HE B35 A FHa) ¥k

OE25EH FE8 allinasee| &4

& Age AMET viE2RE FEF allinase £ELW &
AE Lotrr] 3ty mlEEPH & AT aling 6 mMo
A 2mM B9E 20 mMe] FE7HA] AZE £ alliinase 100
uLE ¥EFH2E 713le] AAE pyruvatedFHE 2A&qth 2
A7 16 mM7EAE pyruvate@ o] A& o g Zrlsiglow A
HAFE)FR] 09972 FX4e] Bole] e Aoz Ykt
Alliin 16 mM®l| alliinase 100 uLZ 7}k 37°CoIA 1087 wH-2-
AA A3E pyruvateZHEF-S 700 umole©| T} HlEERE E&
ZAE alliinase 24N DMASEEL. Bradford(21)2] WY
w2t 24% A7 mLe 25mge] THHO Qv AeE YRt
o olEidt HAHE vlegtom B APolA F&, AAE alliinase 3
B4R A med 280 umoled] pyruvatesS BATHE Ao
YERT) Shin(22)2 alliin 10 pMol] nl=2RE] 2238 2G4
100 pLE 718t R4S 249 243 2849 Bia Ing
3 pyruvate’} 200-250 pmoleo] ABFEIATIT. B350, Tomo-
fumi F(23) 332.5 umole®] AAHNTT Byt o) 7
o] A2l W pyruvaterd A Fo] o2 VEhlle AL &
Z9e] AR Az 7]Qdshe Aoz AlsHUL

Oks &2 thiosulfinates &9l
v 54 y-glutamyl-S-alkenyl-L-cysteine®] y-glutamyl-transpepti-
dasedl] 93] E3N=H Salkenyl-L-cysteineo] BA %2, S-alkenyl-L-
cysteine®l] oxidase”t Z-8-3t0] alling ) E3+ S-alkenyl-L-cysteine
sulfoxide”} A/ ATH22). S-alkenyl-L-cysteine sulfoxideell alliinase”}
2839 allicin(2-propene-1-sulfinothioic acid S-2-propenyl ester:
CH,=CH-CH,-S(0)S-CH,-CH=CH,)& H|#3t 8%2] thiosulfinates
7F A E e o] ARAEE vl WA 2 Ha@Ad F8
3 9L 3t}H24). WA HPLC 2 LOMS/MSE o] &3l A
nhEg BT AS- AAE thiosulfinates?) EHE 218t4} &)
Stk S viss f718RR FE31] degt A 2yo) A
d HPLCE 4% 43 o9 2 938 A& 5+ UUThFig.
D). LCMSMSE ¢]&3}e o]E HaE ERIg A7 s = 7}
7 8% thiosulfinate®. Y7 allicin® scan mode?)A molecular
ion 163 mze] full fragment ion, 121mz2] fragment ion [CH,=
CH-CH,-S(0)S-] # 73 m/9] fragment ion(CH,=CH-CH,-$-)& %
8 & 4 AN} T3 2-propene-1-sulfinothioic acid S-methyl
ester ¥ methane sulfinothioic acid S-2-propenyl esters= molecular
. don 137 m/z8} sulfur isotope 139miz BISE 18 4 glom,
(E)-1-propene  sulfinothioic acid S-2-propenyl ester, 2-propene-1-
sulfinothioic acid S-(Z E)-propenyl ester= molecular ion 163 m%
2 sulfur isotope 165mz B1&Z Elslth Block S(18)2 LC/

MS 2 NMR2 ©]-8-3t9 =9 thiosulfinatesE 2] &¢Ittt
I A3 vhe2RE allicing HEE 839 thiosulfinatesS 213}
At 252 LOMSE allicing 48 A B A7a7e} 720
parent ion 163 m~z} daugther ion 73 mzS Q1T 4= QUeH, 2-
propene-1-sulfinothioic acid S-methyl ester % methane sulfinothioic
acid S-2-propenyl ester= LCMSOlA = E2| 52 YA Bl =
73} A parent ion 136 m~z9t daugther ion 75, 73 ¥ 63miS
g 2 ATty Busiglch =3 £42ES 43 HPLC
£ ol&sl An=EY] thiosulfinatesE 43 A3} Fig. 12 (d)
o} o] FEjE ARnEIRS AL Bt 289 A
FAF oA w= 1,2 3, 4,5 6 7 2 8 2+ (B)-1-
propenesulfinothioic  acid S-2-propenyl ester, 2-propene-1-sulfi-
nothioic acid S-(Z)-1-propenyl ester, 2-propene-1-sulfinothioic acid
S-(E)-1-propenyl ester, 2-propene-1-sulfinothioic acid S-2-propenyl
ester, 2-propene-1-sulfinothioic acid S-methyl ester, methanesulfi-
nothioic acid S-(E)-1-propenyl ester, methanesulfinothioic acid S-2-
propenyl ester, 3 methanesulfinothicic acid S-methyl ester2 <l
HAo

Allinase BFSZZ0l 2 thiosulfinatese] M2k H|I

WEERE & AA3 aliinase® FX 3 visBId 7))
o REEAIA BhgEA] we)k Y thiosulfinate®] 79k A4
ArE Yol A o1& $3le] EA TS nfEgzY nf
EREE & AA3 alliinaseE 100, 200, 300 2 400 unit®
7¥ele] 37°CelA 5, 10 2 1584 742 WAl & HPLCE
thiosulfinatesE #%t 23 Fig. 1 # Table 13} 22 A7E ¢
At} Fig 19 Z2rlEad(de AR @2 Arkseiz
e} 2@ O 2 Block 5(18)°] B3 allicin ©]9]9] 7
709) thiosulfinates 37t 25 vERG oW Gxz]ste] alliinase
g 7B e mlegxe AZnEaH (@ WEEEEIEE A}
4-3t benzyl aleohol ©]€]olle TR H A7} A JehtA] gttt
HHH alliinase® 200 2 400 wnits: 24z} 78k 1587 BRSAIZL
AzulE Y b) 2 (©F allinased] H7}Eo] Z71842 3
ol £ g 7} =39 WA o] FIIEAT AZNE I (a)ol M
thiosulfinates A7t itk AMLL mls 59 alliinase”t H413]
AgEP ke RS veplle ot

B4RV 2 gk A7k w2 thiosulfinates A4 TS Table 1
2 o4t Table 1914 R upe} Zho] E AF 71| o]t
A )eh elEEE allinased 7151] WH-gAIFIH Anlsz H
B AAE thiosulfinates®] °F 80%7} AAHA oM, o]&¢] AT)
A AT A7 9 9SAIZEY] Sk A Sk A
o2 eyt 2 alliinaseS 100, 200, 300 2 400 unit¥ 713}
o] 5% HkeA7) A7} thiosulfinate AA] A ZHE thete H=
FHAL 10022 B o 712} 338, 628, 722 ¥ 73.6%7F A
HoH, 1027 A7 AEFolA= ZH2 350, 653, 776
2 80.2%7F A HUF, 1587 wAZ Aol ZH 36.9,
679, 773 2 80.5%7F A4 = ALZ Jehth 3 ugA
7+ 2 47 WE thiosulfinates?] A4S thiosulfinate®]
F57 wt &el7t e AoE JERg mhEe] WA thiosul-
finate? 60%C132 ARehe Aoz 4R allicin® alliinase 300
unit °]E 7Fele] 587 wESAITIE A9 ARl 85% A%
A= 15871x) o AL Asdhe AoE et 2-
Propene-1-sulfinothioic acid S-(Z)-1-propenyl ester, 2-propene-1-
sulfinothioic acid S-(E)-1-propenyl ester™= Z}z} 200 unit ©]42]
BAE Uhste] SETF WRSAIZIE OF 50 E 70%7F AAENeH
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Fig. 1. Chromatograms of thiosulfinates in garlic pulps reacted with alliinase under the various concentrations. (a) Blanched garlic, (b)
blanched garlic + alliinase 200 uint, (c) blanched garlic + alliinase 400 uint, (d) control (fresh garlic) 1: (E)-1-propenesulfinothioic acid S-2-
propenyl ester[ AlISS(O)Propenyl-(E)], 2: 2-propene-1-sulfinothioic acid S-(Z)-1-propenyl ester[AlIS(O)SPropenyl-(Z)], 3: 2-propene-1-
sulfinothioic acid S-(£)-1-propenyl ester[ AlIS(O)SPropenyl-(E)], 4: 2-propene-1-sulfinothioic acid S-2-propenyl ester[allicin : AlIS(O)SALI], 5:
2-propene-1-sulfinothioic acid S-methyl ester[AlIS(O)SMe], 6: methanesulfinothioic acid S-(E)-1-propenyl ester[MeS(O)Spropenyl(e)] 7:
methanesulfinothioic acid S-2-propenyl ester[AlISS(O)Me], 8: methanesulfinothioic acid S-methy! esterfMeS(O)SMe}, IS (Internal standard):

Benzyl alcohol.

o2 RN
BAT

2 olfd= & Wt

acid S-methyl ester &

AoZ eyt
propene sulfinothioic acid S-2-propenyl estere 5%
oM AHH 70% Ak AEow 10 % 1583
Me es8lE adle A3 YERNITH 2-Propene-1-sulfinothioic
methanesulfinothioic acid S-(E)-1-propenyl

a8y (E)-1-
HHSAIZ] AR
Hl-o-51 A

o W

=L

FAE 42 3

esters A7 S7HE A FKEAL

7Vohe AESE WM 7h
UERA methanesulfinothioic acid S-methyl ester= ¥FHS-AIZF 158
7R F7tehe Ae® Jepldeh £ A3olA (E)-1-propene-
sulfinothioic acid S-2-propenyl ester8Fg-E°] 10 ¥ 155 &7l

Table 1. Changes in thiosulfinates of blanched garlic pulps reacted with alliinase under the various conditions

WA 5
Al

10

s

o O

Q
o=

(Unit: peak area percent™)

Addition concentration (alliinase)

PNV Compound® 100 unit"” 200 unit 300 unit 400 unit
Smin 10min 15min| Smin 10min 15min| 5min 10min 15min| Smin 10min 15 min

1 AlISS(0)Propenyl-(E) 56.1 441 428 | 596 432 485 69.0 522 480 | 51.77 4560 528
2 AlIS(0)SPropenyl~(Z) 270 353 283 51.7 505 62.3 483 60.0 625 | 50.89 4755 538
3 AlIS(0)SPropenyl-(E) 448 449 404 | 733 74.1 796 | 717 729 585 | 6438 6847 70.7
4 AlIS(0)SAl 432 453 470 80.1 826 848 854 888 85.6 | 83.16 8846 875
5 AlIS(0)SMe 6.1 7.1 7.0 15.6 183  20.1 32.8 317 385 | 4159 48.00 483
7 AlISS(0)Me 4.9 53 53 14.7 18.1 17.8 | 60.5 659 688 | 73.05 8721 76.1
8 MeS(0)SMe 0.7 0.9 0.0 16.8 33.7 19.0 15.0 173 163 | 1560 617 263

Total 338 350 369 | 628 653 679 | 722 776 713 736 802 805

YPN: Peak number.

IPeak area percent is the relative ratio of peak area of each compound in fresh garlic pulp.

IChemical Abstracts names of compounds refer to Fig. 1.

1 unit is the amount of alliinase that generates 1 pmole pyruvate for one minute.
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Fig. 2. Total ion chromatogram and mass spectrum of thiosulfinates in garlic. (a) Total ion chromatogram, (b) mass spectrum of
AlIS(0)SMe, AlISS(O)Me, (c) mass spectrum of AlISS(O)Propenyl-(E), AlIS(O)Spropenyl-(Z), AlIS(O)Spropenyl-(E).
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Fig. 3. GC-MSD total ion chromatogram of volatile compounds in fresh garlic.

N Zashe A% Uepd AL o) Bo] HARG gste] 7] W2 o= AZWL olsh 2 FAS Lawsh Hughes
SE ool Hh A&l 2235k 2 o]FREE EaEHE 2 259 ATEAFANNE £ F A & 252 viEEYE A
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Table 2. Changes in volatile compounds of blanched garlic pulps reacted with alliinase for 15 min under the various concentrations

(Unit: Area count/10,000)

Alliinase concentrations (unit™)

PN? RT Compound
Control” 100 200 300 400
1 421 Sulfur dioxide 5914.6 916.7 2033.5 2787.6 32275
2 529 2-Propen-1-ol 2983.7 623.4 1304.3 578.4 2469.2
3 5.36 Cyclopentane 615.4 502.0 550.5 578.4 737.1
4 5.52 1,5-Hexadiene 205.8 137.0 166.5 65.7 114.0
5 6.03 2-Propen-1-thiol 623.7 2235 3538 502.9 360.8
6 6.07 Propylene sulfide 1239.7 452.5 730.2 766.0 569.2
7 7.63 Propanoic acid 196.7 56.8 130.0 2193 255.6
8 7.81 Allyl methy! sulfide 1260.6 10.8 80.4 214.1 600.0
9 9.50 Dimethyl disulfide 112.5 3.0 9.9 39.7 142.5
10 10.74 2-Butenoic acid 964.9 491.3 545.8 626.2 698.0
1 14.12 Methyl ethyl disulfide 1096.4 2777 3884 690.7 1759.9
12 15.59 Diallyl sulfide 673.9 92.4 218.2 250.0 311.6
13 18.02 3-Methyl-2-cyclopenten-1-thione 227.6 45.6 161.1 183.4 161.2
14 19.02 3,4-Dimethylthiophene 872.6 80.1 200.7 259.5 178.7
15 21.18 trans-Propenyl methyl disulfide 474.4 28.4 452 92.1 103.8
16 21.81 cis-Propenyl methyl disulfide 661.2 28.8 66.7 91.1 106.2
17 23.14 Unknown 2239.0 955.8 1383.4 1467.6 1251.9
18 24.29 Dimethy! trisulfide 3132 6.2 12.0 64.3 309.8
19 24.63 S-Methyl methanethiosulphinate 223.0 146.7 181.7 180.3 2115
20 2721 Unknown 2089.2 101.8 1243 806.9 916.2
21 27.40 2,3-Dimethylthiophene 396.8 71.2 117.6 1413 194.7
22 28.44 2-Methyl-1,3-dithiane 339.5 14.4 9.0 111.1 265.0
23 29.19 Unknown 557.5 8.1 213 161.5 313.8
24 32.09 Unknown 7234 83.1 162.7 297.5 839.1
25 34.62 Diallyl disulfide 3601.6 533.6 914.5 2674.3 3513.5
26 35.85 Unknown 1456.5 3314 722.1 994.2 7533
27 36.25 Unknown 2203.6 131.8 267.9 811.3 1818.7
28 36.59 CH,,S, 2992.5 4723 855.9 1035.1 858.2
29 38.32 4-Mercapto-3-methyl-crotonic acid 286.6 64.0 90.5 54.1 944
30 40.01 Allyl methy! trisulfide 1592.8 412.5 1034.5 1553.9 2009.4
31 4571 3,4-Dihydro-3-vinyl-1,2-dithiin 34647.6 9141.0 17797.7 26197.9 32285.7
32 49.08 2-Vinyl-4H-1,3-dithiin 58038.8 164322 15629.4 40611.4 40712.7
33 55.18 Diallyl trisulfide 3938.1 900.4 1255.8 2165.6 32532
34 66.68 Unknown 1029.5 62.4 126.6 662.2 660.6
35 72.78 Unknown 941.4 557.9 734.7 9323 1023.1
36 74.91 Dially! tetrasulphide 304.2 95.5 132.3 211.2 260.5
Total 136038.4 344925 48558.9 89079.1 103340.8
UControl is the fresh garlic pulp.
2 and ¥ refers to Table 1.
olfell Hu WHEE eSO, methyl”]E -3 thiosul- E ANEE] I IIES ERIEA FT olE Hsed]
finatess= ©|RTF 108 A= =2 5% Felof o) AL = SriFERe) it F&, TS5 WIIELS GOMSDe F4
om, ojE RF 10087 8RS AAlskdTh 2y afo] B8 A3} Fig. 337 22 Total Ion Chromatogram(TIC)S

allyl 1-propeny! thiosulfinate= thiosulfinates® 713 E-<Fg3%F 22

2 s FRE gasp] ARsart Busarh Puti 5(12)
(o]

Lo

BAE AEANZ visigo allinaseE 7}8ked whEA]F|H
allicina% allyl sulphideE AAAQAIZ 4= Ao, DA ol
o w559 peroxidase E catalased} 2 AT HIAA 2
AFY ¢ 29 9% = Av sk
Ok 39 34y 87| MEol &l

Arkest e ks dxe §4F 7hely

39

3

BN

ZAel w

¢

Ton
AL} Fig. 3914 Ee Hieh zro] Zeld 367H¢] 310 dist
o] 7}7+9] mass spectrum, EFEEEL 0|23 retention time 5Ol
IR 3t 7 3 dig RS SR A 2R =
giste] ARe] FHTh S99 2819 g AR 3 3
e 23F, AR 2F0)0o ™ o] 2-propen-1-ol, cyclopentane
2 1,5-hexadienee] EA8l= A= UERdTH(Table 2). 23%9
sulfide BFE-L allicin®] HEIES YR diallyl disulfide,
diallyl sulfide, diallyl trisulfide & ©]4t&}&o] 1=, allicin
o] GC/MSD 43 5 HaERE ¢¥8Zl 3 4-dihydro-3-vinyl-



606 k2| E318ka)R) A 39 W Al 6 & (2007)
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8 PWIPRCE BuH dimethyl disulfide, allyl methyl sulfide,
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