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she hEAQl Allums: A28 53 Fol9) ohe)
& MY AU Yrk 20 ATZT| o
sl ohel tlarst AzlBAS UEE B8Es
2 ol Fof| Exsle  -glutamyl-S-alk{en)yl-L- cysteines,
S-alk(en)yl-L-cysteines & S-alk{en)yl cysteine sulfoxide
9} EAEH  ABAEE  dialken)yl
thiosulfinate s ©] /. ot dlalk(en)yl thiosulfinate 2]
2ol 2 ZlEEY A wbgol osto] AAE
diallyl disulfide, diallyl trisulfide %! diallyl sulfide

o 3|ulA
%f;fziﬂc 7t Eh
-glutamyl-S-allyl-L-cysteine®] A 2 FEaaHA
of Yehte S-allyl-L-cysteine<-
methylhydrazine 0. 2 |-E5| & THA Qof =t
dol M=
g Az|&EAo] Qle ZASE Risty et Diallyl
sulfide aflatoxin Bl, benzo(a)pyrene, nitrosoamine,
dimethylhydrazine 50| 3} etz 4ol o]
5lo] ST &= 9hS cytochrome P 4502 E1& £
AR Ao EA ofilgittil HIEQIH. Ajoeneo]
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ol 0 i, allyl methyl sulfide= &4135} 280l #Hols

= 7oz HuE UrH12).
UI-.E:-_CJ /iﬂglil-/(%;r_l_ ﬁ'lzuloﬂ %&63

AB0ol _glutamyl-S-alk(en)yl- L-cysteines, S-alk(en)yl-L-

cysteines %! S-alk(en)yl cysteine sulfoxide2 Rl& A

Y& A

A} = -glutamyl transpeptidase 52 & A2N-8o] 25}
o] Mg Aoz LEepgEL olz{gh #Hake E

npbsol x2S ulsiEA A4GEe  dialk(en)yl
thiosulfinate 1} 3| &31TELS RANE FT=
Z 7Zog o&Hr nleg o83 7|54 AEE
7REstol] QlojA Azl Aol goldles EE Y Wist
g tA FEe olE AR st AEZ A4S
ojof 7154 AZECEA 1 §5g TES AT
2 4 & ANoE ABRHIHS)

mtetd BEEoAE sl A 5 Aelgda

=t I
C/J
&
4]
=2
=
N
5
=

oz Aalslol AmEgnt B3 ohsel
A58l T AR EAE IHET & Yk 7I54AE
o AL EIRAS AmEsl e B

27 OI] w2 alk(en)yl thiosulfinates /‘c‘j /‘c‘j Ale]

20o) 3)|HA 31510 51 3hE
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1. —glutamyl—S—alk(en)yl-L—cysteines, S—alk(en)yl—
L-cysteines & S-alk(en)yl cysteine sulfoxides
SI=0| A§4g A Higl

= O

1964 Suzukis2 AIEERE Hx2 29 y
-glutamyl-S-alk(en)yl-L-cysteine2 £z|, B 13193t}

7 % Vimanen5ol 9J3ke] 50 GAlEEEC) B
Bus|gint vhgol= -ghaamyl-S-(2-propenyl)}-L- cysteine)
-glutamyl-S-(¢rans- 1-propenyl)-L-cys-teine & - glutamyl-S-
methyl-L-cysteineo] Ex{sl= Z10 7 deiA ot
o] &t y- glutamyl-S-alk(en)yl-L-cysteine=alk(en)yl
cysteine2}  alk(en)yl HE]
transpeptidation 2}-8-of 2]dlo] FAEE= Aoz o
AEE Matswuras 2 97719 nheol=

-glutamyl-S-alk(en)yl-L-cysteine©| 72] Zzi35}z] &
oL,], ohs x| AFE 7] AlE7] 1714 AEE stEko] &
A5 713t B sldct y-glutamyl-S- alk(en)yl-L-
ezl B2l ohso] AAA

cysteine  sulfoxides=

B A

cysteine— X|=7Z] ¢

= AL Az dathatg gl QlojAe] 1
T8 o3 ERsAl WA AR WTH6).

QojA+=  -glutamyl-S-alk(en)yl-
L-cysteineo]  -glutamyl trans-peptidase”} Zh-8-5}

S-allyl cysteine, trans-1-propenyl cysteine %! S-methyl

284 BT
alliin(S-Allyl-L- cysteine
sulfoxide)} methiin (S-methyl-L-cysteine), Isoalliin[S-
(trans-1-propenyl)-L-cysteine sulfoxide)]-2 7 19] H
B nie} Zro] Z+zZh S-allyl cysteine, S-methyl cysteine

cysteine7} AAAE Tt oo &7 U A

292 42T ¥ Yaa

e

ol rrans-l-propenyl cysteineoﬂ oxidase” ]’ 751}%”8]'0:] ‘%4
A

g3

rok
Fiis)

N

2z ATABo) 5 nhsg ALAT P
7d%  -glutamyl-S-alk(en)yl-L-cysteine©] 25| %|oq alliin,
methiin & isoalliino] AFAAE]M, allings 2] AAAAET
= AZEE 9dte YT e Ao HE
th IchikawaS(5)L nlsS 77b 3, 4 9 23Cof
15007 ARSHA phs 39 ol WS 573
3t ZAal 2E ARALTojA - glutamyl-S-alk(en)yl-L-
cysteine0] B E O] ZASHE AE¢S HERE Hb

) isoalliin)2 =

—

S-alk(en)yl -L-cysteine(alliin, methiin %!
7Veles Ao R HENGE, olafdt g4 ¥ 71 B
2 -3C 2 25CHEE} 4ol %3t opsof Qo]

7HE & ALE WEeHH & A% A AR
ol lgi  -glutamyl-S-(2-propenyl)-L-cysteine
(GSAC)&&aFo)] 51.2 umole?! U}—-— 4°Col| Al % ArsH
A1} 604 qtol 66%7F 2 A%H 17.2 pmoleE HEHH
Q1 AR 90U 7R E REAOoZ ZIAF = Ao

A
2 et B alliin> A7 90 7HR] &30

——

2l

N 2

1>

H_N R
R 2
-glutamyl-
2\/\( / ;rransoil;g{lase \l/\ S/
o
COOH COOH
y-erlpteamyl-S-alkferdvi-1.-cyvsieine S-alkfer)yl-L-cysteine
H,O:
R=trans-l-propenyl, allyl,
methyl, propyl
H R
/S\\ /R i ~ N\I/\S -
-H,0 Alliinase
R ? ~a————  pyruvic acid + HOS-R I ”
| cCOOR O




umol/g dry weight

1020l A 604 A}o]o
1 1500 = Z+ZF 66%

—_
L

50 -
* *% . K4

wmaol/g dry weight

1 | 0 1 | H

0 50 100 150 0 50 100 150 0 0 100 X
Storage time (day) Storage time (day) Storage tme (day)
: +GSAC ____________________ o }i#.'m _____ +T0tal
JE12, - 3(a), 4b) & 23T(c) XN& D} °| GSAC % aII||n0| 5_,__,# 2 3|

-glutamyl-S-(trans-1-propenyl)-L-cysteine = -3°C o]
A AZT A5 A 608 7t = wEE R o
3 FRES B8 gaste] of 41% Hdasir
4TCol M= 108A 60Q Atolol F43] Zasto]
A% 604 L 150Uo0= 22 66% X 81%7F 7HA
ot Ltehget. ®hH 23Tof &gt nfel
A7 90Y 7ix|= Yuts] ZAsto] oF 23 umoled
S5t -glutamyl-S-(frans-1-propenyl)-L-cysteine
ol gAX Faf 2go st BAH isoalliin -3
2 4TCo|A  -glutamyl-S-(trans-1-propenyl)-L-cysteine
of dhaje)sto} Frlele B2 e A% 150
€ Fole 22 140) & 247} F71g o2 e}
WEHAR A 0.8+0.100A 27 11.244.5 & 257429
umole 2 =713, 23Cofl AAst nh=9] isoalliingt
T A 15049 49 oF 48 F713t 3.4 pmoles
LIEERN G O L), cycloalliin 3FF-2 -3 2] 4CHE} 4.4
H =< 7.5+3.5 pmoleE WERHQITL

-glutamyl-S-methyl-L-cysteine= 4Col| A 1504 7t
A AS 39% ZATEoL 3 W 23Tof4
b Zdasts st A2 HENTEL 602 71X =

- =
b2 ozs

517}
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A_'-v.—:—-
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He 848 dasto] o

-glutanmyl-S-(srans-1-propenyl)-
L-cysteine®] & 4AA l"i:ﬁﬂ 2 2hgof olste] AAH
isoalliine- -3 & 4Co| A -glutamyl-S-(trans-1-propenyl)-
Lcysteineo] shilz|sto] Zrbete Aae Liehjo
A% 1508 Folle= Zr7} 14u) & 32017}
o2 Lepgoh Az A 08101004 244 11.244.5
Al 257429 umole 2 £713H. 23Cof| A At ol=29]

isoalliin&=F-2 A AF 1504 2] 7.2 oF 4nf =715t 34

CRASIEA

pmoleE LERNS 01, cycloalliin 52 -3 C & 47T
Hr} =2 44n) =2 75435 pmoleE LERAQIC)
Lancasters-(7) 2 Ceci=(8)-2 Lolst= nfs2 &
M7]19] ots Rrt  -glutamyl transpeptidase®] 4 o
=rt B 3t9int Ichikawas(5)2 159 dA4+4
oAl 3T 25CHRE= 4T A% 4%
-glutamyl-S- alk(en)yl L-cysteine®] 44 dA4ro] 2
2 4To| z FR717F ElutEmA
%)= -glutamyl transpeptidase 45710l 7]<l1s}
Zolgti Sigirt. oldel dAFAEER

peptide7} alliind} 2 sulfoxides2 Hig}tsl= A

gote T F

-glutamyl

35
Food Preservation and Processing Industry (Vol.7, No.1)




-glutamyl-S-alk(en)yl-L-cysteines & S-alk
(en)yl cysteine sulfoxidesfé} wHe nls 22X,
EY 2ol we} zo7t §l
ot obs 9 ERIAEY T

T FBHIEE ok % *}%3}‘34 7P%?J nog
LEFGEL Amault5(10)-2 ol =

= 100, 200, 300 2! 400kg# Z+2d /K]H]'{Sj 431 200
ke7hA = alliindtefo] 78] 304 R |

concentration of alliin in mg/g dry
powder

0 100 200 400
Suifar fertilisation level in kg/ha

=
20| MZE Of=

51518H2 A|H|= =2 alliin

2. Dialk(en)yl thiosulfinate 2UZO Y44 X
=3t
8 X0 nhsol 3589 -gutamyl-S-alk(en)
yl-L-cysteined} 3%-37-2] S-alk(en)yl cysteine sulfoxides
Zxst et
S-alk(en)-yl cysteine sulfoxides2 HHz2] QAR ZHA|
). e

Ql alliin, methiin % isoalliin©|
3 (mesophyll storage cell)ljoll &£xlst11
n}s0] L 3bA| E(vascular bundle sheath cell)<:ol =
ZAFHeHD).

Alliin, methiin %! isoalliin& A}sHAE VIEM
ATEHAEA nteRZo] £45 R ¥ ol A
Sol ME ZAr|Elo] Qe GEjolAe ofbF WAl
WRE ettt I8 otes kst wH8A
2o ZAg|Elo] @l alliinaser} alliin, methiin 2
isalliind} 4|2 A& 2125104 allyl-S(O)S-allyl (allicin)

2 H| &3t 8719] thiosulfinates < allyl-SS(O)-propenyl-
(E), allyl-S(O)S-propenyl-(Z), allyl-S(O)S- propenyl-(E),
allyll-S(0) S-methyl, methyl-S(O)S- propenyl(e), allyl-SS
(O)-methyl, methyl-S(0)S-methyl7} 4341 E1E©).

oh=9] alliinase 280 2 HE] AAIE|: thiosulfinates

allilnaseet= A7}

rlr

ot bl

Ml

JEs ok e ohs Fo| Eajets 71AQ SalkenylL
S5 _ i
= cysteine 32, alliinase® & I BAlo] wal olE 4
Intermediate Sulfenic
Precursors Acids Thiosulfinates
r o N r i Garlic
il S H
§ NN 3\ A~ Elephant Garlic
/\/”\Acozﬂ 2 W ¥ Wild Garlic
i Chinese Chive
ﬁ\)ﬂ\l‘i, Th s A /\/ s\s/\/
’
AL COH N, o7 9 1 g
o N - H,0 W NgNF AN
. ‘ MeSOH — | 8, 1" o
Mo 23 I il
2 COH :yhrldoxalt’ ANy RS —> /\/:‘ s,%]
O  NH, '
! PrSOH o 0
”~ 4 il
R 1§ 0 12
I
Other 1-Propenesulfenic Acid- S Me Mo S
Derived Compounds Me g 8”7 \9’10\/\
=l 4. D=9 dialk(en)yl thiosulfinate &gt MAMZAZ
36
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of £A)st= alliinase= 4487 2] o}n] 5 At}
F4Eo} glon o} 54 kDe
polypeptide_*?-_ a 6&%“% M=
T A
lOmgO‘) AlhmaseP_] 28712
B FEle Aoln cysteine®] SYHR}= ethyl, propyl,
isopropyl, allyl or butyl7}Q} 7202 xH}= 7] A (aliphatic
group)} ZRE|o] glojof gir. &
o] SHA= sulfoxideFERE FAjstofor gt miel
A S-alk(en)yl-L-cysteines2 7] Z1¢] oh|t}. Alliinase
of Zd pHE 5~82 wlud Wor Hx 25t
37Co|r}. pH 30]8lof A alliinases= A& s, Alg
B HAE pH 30|40lA BlA] B4o] Aojix) o
=H(6).

‘ﬁx}a’rﬁ
_é_:.}aﬂm 3}31;#] 10%
2) }(/\HU}_ lgt'—]- ok
0.

(-)-L-cysteine ©. 2 £

EESh cysteine-5- £ A

IS 500g2) Hle& WARRIFEO] i 1/ R0
100C EojA SE7T Adstd 471 s AF

Bl Aoz Vehgel1l, 12). uhs9) alliin, methiin
1} isoalliino]] allitnase7} ZH8-510] ABAIE]= thiosulfinate
T 35 TollA 302 oo o]Fofx]r, 63 oo
50%0]4o] HEEE Ao de{A URK1I).

= 1. WAKZA OF=9 thiosulfinates &Hattis}

Block5-9)= nhe2 HA %S 1-propenyl &+
thiosulfinates”} =715l= 202 LElch = AL
A A vls(sample 1), Y4 A nls(sample 3), 750

A 235 A8 x7] vhs(sample 2), FEolA 5
sto] WA A A ol=(sample 4) 4% 9] allyl/methyl/
1-propenyl $+& thiosulfinates®] H|&& &73%F 2t
Zr7y 80:16:4, 78:11:11, 94:2:3 2 90:3:891 Z1o & 1L}

Ebgtoh(E 1 2 735 AX).

2. Alliinase EJi0l O|Ft X2l OI==E 2H
O] thiosulfinates@ XH*Y4J

thiosulfinates 2] /‘c‘j A
ATE B ol el B
EulsS 100CoA 52 =

alliinasc L5 VAT T IHEERE 2E 3
A5t alliianseE FH7bsto] FA-7R W REGAIL
o] mlZ thiosulfinates®] =&

Peak : Garlic stored at room tem. Garlic stored at refrigerator
Thiosulfinates _
No sample 1 sample 2 sample 1 sample 2
1 AlISS(0)Propenyl-(E) 2.1 1.6 1.6 3.1
2,3 AlIS(0)SPropenyl-(Z, E) 59 5.3 18 13
4 AlIS(0)SAll 62 89 59 79
11 AlIS(0)SMe 8.1 1.4 7.5 1.6
15 MeS(0)SPropenyl-(E) 1.2 - 1.9 -
16 AlISS(0)Me 18 2.9 11 3.9
18 MeS(0)SMe 2.2 - 0.9 -
total MeS(%) 16 2 11 3
total AlIS(%) 80 94 78 89
total 1-propenylS(%) 4 3 11 8
total tiosulfinatesa) 25.6 14.3 20.7 22.1
“Unit : pmole/g wet weight.
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(a) Ol= (b) Y& A& o=

(4C, 270 ¥)

' Il

3

; 16 2
S 16

s 18
1|2” s 18 1 | ﬂ '; 1sh h

0.0 10, 2000 0. 10, 20.0

T2l 5, 0l g2 WA HA0l=2| thivosulfinates 22| HPLCa Z0[E 24,

IS (a) Blanched garlic

(b) Blanched garlic + alluiinase 200 unit

IS

A

72l 6. Allinaseb 22X 40| 2 dX{z| ol==25E] MAME| thiosulfinates I Z0IE 7124,

e dHasir] L& AMus@izrp)e 3znlg & 200 2 400 witE 2424 7lsto] 1527 REGA]T
T2 0 2 BlockS(9)0] B3t allicin 0]9le] 77He] IAEuEIH((D) W (o)= allinasel] HrlEo] 57}
thiosulfinates 1] 37} B% LERGoLl, dalz|sled 5 139 4+ U Z u3e WAo] F718tqitt
alliinaseS 7}5}x] ¥ nlsw=m=o] FzniEal  IAZ0pET8i(a)oll A thiosulfinates T 37} Grts Al
@)= HEZZEZZ A3 benzyl alcohol o]QJo] AL bhe %9 alliinaser} ¢33 ABEQIH= A
= & 3yt A8 vehR] Qoieh B alliinase = HERHE AojTH(13).

8
[ZX &} THSAY 2008 62

> W

d



5to PAe|et nhEE = o] allinaseE 7}eto] B
Al719 AlnbsE2 BE A4E  thiosulfinates?] F
80% 7} ABGAER LM, o]E AA HAF2 G4
A7t 2 gt 7t A Srksle Ao
2 Uehgch £ alliinase2 100, 200, 300 2 400 unit
A 7lsto] 5B 8RS A7) AT thiosulfinates A7 A
A 79 13 FHAZ 100%8 & o 7442

338, 62.8, 722 W 736%7F AA Hdom 10871
I

802%7} ABAI E|oich 155
7v7} 36.9, 67.9, 77.3 2 80.5%7} AHA
4

=
2 Uepde) s 08 A g W BAR

= thiosulfinates®] A8 AIEF2- thiosulfinate 2]
mjz} zlol7h 9l A0E Uehgth nksel MA
thiosulfinate= 60%0)|Ar2 X}X|5l= A0 2 L}E}

i allicin-2 alliinase 300 unit 0] AV 7}&}o] SE 7}

= 2. Allinase &7k & B2 A0 = thiosulfinates

RESAI7IR AL ARl 85%F = AG=RL
M 15 15E7IR] & 3%A = A5slir). allyll-S
(0)S-1-propenyl(Z), allyl1-S(O)S-1-propenyl(E) < 2
ZF 200 unit o]49] GAE 7}5to] SE7H HESA]T]
Hoof 50 & 70%71 AGE e I ojFoe &

3 7L gl A2 HEGT Z1Eu allyll- SS(0)-

I-propenyl(B)= 55 HESAI7) AlBAA H) 70%7%
= AGEon 10 R 1587 3H3e AlRdAME

238y Zasts ¥ HERAEL Allyl-S (0)S-

methyl & allyl-SS(O)-methyl= & A 71589 5712l

st S7tolelom, A7 5& o] FoE At F
7ttt B82S HEMHIIH 78 2 e
EPd methyl-S(O)S-methyl= ®WHgA|7F 152712 &
7Vote 722 LRI

Allyl-SS(O)-methyl(B)= 10 & 158 X z]ol| A
dasts 482 HERE A2 o] E&0] G448

of o5t 5E ool A A4S Tl T
O|ZHEHE 255 += 7o, methyl-S(O)S-methyl 7}

152 71X Z74e A0 ekt 22 Bh2 thiosul-

siaHis)

e [ i, J S

(Unit : peak area percent”)

Addition concentration (allinase)

PN”

Compound” 100 unitd) 200 unit 300 unit 400 unit
5min 10min 15min|5 min 10min 15min|5 min 10min 15min|5 min 10min 15 min
1 AlSSO)Propenyl-(E) | 56.1 441 428 | 596 432 485 | 690 522 480 |S5177 4560 528
2 AlIS(0)SPropenyl-(Z) | 270 353 283 | 517 505 623 | 483 600 625 |50.89 4755 5338
3 AlS©O)SPropenyl-(E) | 448 449 404 | 733 741 796 | 7.7 729 585 | 6438 6847 707
4 AlIS(0)SAll 432 453 470 | 801 826 848 | 854 888 856 | 8316 8846 875
5 AIIS(0)SMe 61 71 70 | 156 183 201 | 328 317 385 | 4159 4800 483
7 AlSSOMe 49 53 53 | 147 181 178 | 605 659 688 | 7305 8721 761
§  MeS(0)SMe 07 09 00 | 168 337 190 | 150 173 163 | 1560 617 263
Total 338 350 369 | 628 653 679 | 722 776 713 | 736 802 805
z) U PN: 53,
Y @A EA &e e BaEAS 100%2 sk vl HAN Y.
Y1 wnits 129 1 umole?) pyruvateE A§2F5}= alliinase] .
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EEIC

finatesoll Bl5to] Bl TH £7 A7) BB AL
2 AL Hr Lawel Hughes(14)= mt2R7E A4
5l thiosulfinates®] S42 A5t Zu AnfsL
nt4fobH allicin % allyl propenyl thiosulfinates 3}%}
1 23 CAlA 052 ool Hrh B4AHE&S e
Rout, methyl7| & 83 thiosulfinates= o] 5}
108 A= &2 SEFolof Al A gol T23}3

o, ol EF 1027t & 84825 RAISIA
1.

o >N

Ir

T2{L} allyl 1- propenyl thiosulfinate= thiosulfinates
7t EQHEst B 57 FRE 467 A
ABIita BUGE) Puhi S(122 TAE A
ZA7) oHsRwo] allinaseE 7ltod wHSA]7)H
alliciny} allyl sulphideZ AYA AlZ £ U on,

A lol] 2]5te] ml==2] peroxidase 2 catalase 2}

ol

Q

3. OIS &9 HEMd FAUSO| 2
Aotslt A nke H=o| FAE 718l

Hgzzlol mME ARESY HLY BLES B

1 37 73} Z2-2 Total Ion Chromatogram(TIC)
] 3 7oA B uie} 2ol E2|H 3671

=
i
thsto] ZH2Eo] mass spectrum, FEER

st A8 #Qls 2 28712] ul3 o risto] A
F&lo] 7Hed AR Hetgr. & 28749
HEAH A & FEE 235, A4F 2F0I%loH

o] Q]ofl 2-propen-1-ol, cyclopentane %! 1,5-hexadi- ene
o] Exfsts ALE HEIGTHE 38R). 23F<
sulfide® 3}TE2 allicine] AEH4EE {7l
diallyl disulfide, diallyl sulfide, diallyl trisulfide 2! ©]
Atgtgto] #Q1E|9l 1, allicine] GC/MSD EA a7y
BaAZE Azl 34-dihydro-3-vinyl-1,2-dithiin
2-vinyl-4H-1,3-dithiin = &I =} £ =2
Q #7142 0= B1H dime thyl disulfide, allyl

AN w8 o)

methyl sulfide, trans-propenyl methyl disulfide, cis-
propenyl methyl disulfide, dimethyl trisulfide, allyl
methyl trisulfides = Q1= ITH(15,16). AF2] 7]

1 | I 1 I |
4000 50.00 60.00 70.00

Shunclanceldipg ;
1 2407
] D
] 31
1407 - 5 |
3000000 2
5000000 -
11lle I %2
] 17 " 3
4000000 g 10 % B
577 9 2 Ml
2000000 - |f | { %
4 % | 31
Ty .‘J_L.J\_MJI N M ) J-l [ W&Jﬁ NI —- i,
' | I I T T 1 1 1 T T T 4 ] I I 1 1 1 I I I I
%

[ime--» 10.00 20.00 T
3 B 15 9 21 2
agl 7. AM ofs2| LM etslstE|
40
A




= 3. Allinase X{7|2k| w2 Xz ols9| Ut atslstEo| RjAMEr H| W

(Unit : Area count/10,000)

Alliinase concentrations(unit3))

PN”  RT Compound 5
Control 100 200 300 400

1 421 Sulfur dioxide 5914.6 016.7 20335  2787.6 3227.5
2 529 2-propen-1-ol 2983.7 623.4 1304.3 578.4 2460.2
3 536 Cyclopentane 615.4 502.0 550.5 578.4 737.1
4 552 1,5-Hexadiene 205.3 137.0 166.5 65.7 114.0
5 603 2-propen-1-thiol 623.7 2235 353.8 502.9 360.8
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 methyl sulfide 1260.6 10.8 80.4 214.1 600.0
9 950 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
11 14.12 Methyl ethyl disulfide 1096.4 27177 388.4 690.7 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 45.2 2.1 103.8
16 21.81 Cis-propenyl methyl disulfide 661.2 28.8 66.7 91.1 106.2
17 23.14 Unknown 22390 955.8 13834  1467.6 12519
18 2429 Dimethyl trisulfide 313.2 6.2 12.0 64.3 309.8
19 2463 S-methyl methanethiosulphinate 223.0 146.7 181.7 180.3 211.5
20 2721 Unknown 2089.2 101.8 124.3 806.9 916.2
21 2740 23-dimethylthiophene 396.8 71.2 117.6 141.3 194.7
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 21.3 161.5 313.8
24 3209 Unknown 7234 83.1 162.7 297.5 839.1
25 34.62 Diallyl disulfide 3601.6 533.6 9145 26743 35135
26 35.835 Unknown 1456.5 3314 722.1 994.2 753.3
27 3625 Unknown 2203.6 131.8 267.9 811.3 1818.7
28 3659 CgHioS2 2992.5 472.3 855.9  1035.1 858.2
29 38.32 4-mercapto-3-methyl-crotonic acid 286.6 64.0 90.5 54.1 04 .4
30 40.01 Allyl methyl trisulfide 1592.8 412.5 1034.5 15539 2009.4
31 45.71 3,4-dihydro-3-vinyl-1,2-dithiin 346476  9141.0 17797.7 261979  32285.7
32 4908 2-vinyl-4H-1,3-dithiin 58038.8 164322 15629.4 40611.4 407127
33 55.18 Diallyl trisulfide 3938.1 900.4 1255.8  2165.6 3253.2
34 66.68 Unknown 1029.5 62.4 126.6 662.2 660.6
35 72778 Unknown 941.4 557.9 7347 032.3 1023.1
36 7491 Diallyl tetrasulphide 304.2 95.5 132.3 2112 260.5
Total 136038.4 344925 485589 89079.1 103340.8

U hzTE Arked

Yo %2 Fx
41

Food Preservation and Processing Industry (Vol.7, No.1)



AR FEUH wa} xo]7} 9 T‘:— 108 By
=] Q) Leahy 2l Reineccius (17)2] A +of 2351

pentane 0.8 FE5&

butanol} Z+&

7d2-ol = ethanol, propanol 2!

YIERE FEHA

rr

purge and trap concentratorE ©]-8% 7320

trap concentrators 0|83

7&}%4—] 0411}(15) T2} Likens-Nikerson% x| & ©o]-&

tol mhes] F714ES ZXR F 55510 24
3 Yu 5(16)2] @0 1-hexanol S ZAEE|QI0
L} 2-butanal & hexanal2 ZAEE|x] QP2 7oz B

3}93\14- ol Zo] %UH’"‘% gL %%—”F%”iloi

OIr

ol

£ 23
g % mr—}. e 39 2l o}o\ % QBLFE

alliin, methiin & iscalliino] &
wido] B3 A510] U1 8 A4
o}:;getia OHm OLEI]_]—O]E %xelo] AN A &)
Spare®} Virtanin(18)2 X 1135} E}. 0l essential oil
of| A = diallyl disulfide”} 4] &20]0 diallyl trisulfide
9} diallyl tetrasulfide® $}-S-5|o] Qiety B 175191 E}
(19). B3t Brodnitz 5(20)-2 allicino] Esji&EH 2
monosulfide, disulfide, trisulfide©]2]o| & o] 4t3}&o]

A =TT | slodt

4. Alliinase &Jiol OIFt Xi2| OI==E EH
O HEMIZHTIZZO| THA443 Hid
S x 2] nhsE =0 alliinaseE 71514 thiosulfinates
o) ATE BT 2T 158 £ WEAHE o
thiosulfinates®] AHAdeFo] Xthzlo] TEsl= AoE
LEEPATE wEtA  alliinaseE GA 2
100, 200, 300 % 400 wit®! & 7}stod 37 C oA 158

T RESAIT AlgEd Aukee] tiE a2

3o A B ute) Zol
2o £ 93HAE 100%
Z slo] v|ug o alliinaseS o} o
100, 200, 300 2 400 unit® A 713t A| 5252 FE
A BB MA AASL 7hz) 254, 357, 65.5
P 760%0104‘?-} tEe] £Q Fnj4dEo|n Azl
o Jehf 708 ezl diallyl disulfide, diallyl
trisulfide, diallyl sulfidey} 22 &% LA
Az ABASL Zv7F 254, 35.3, 67.5 & 76.3%0]|%1 0
m, 38 B HAIEA & 5)IwA o) 773%2 125

]_-‘—-
L 31
=2 =

& A 2]

=

i ) 20282 O°
L Aoz el allicin GEs)4AHES] 3,4-dihydro-
3-vinyl-1,2 -dithiin % 2-vinyl-4H-1,3-dithiin3} 3HE 2

77k 276, 36.1, 72.1 X 788%7F AAEE Ao
LHERRT) o9t 22 Zit= HPLCE ©]-83to] o

S

rot

75_7

e ﬂJIﬂ

v

Al 29] thiosulfinates £ &k AHAES

o} A e HELD AT

3 T2 o
Zzﬁiiiﬁ%w@&%&@%&@ w g

GsnEBRdBOeRRT S0ty _
@ii%%@@ &&&@%%% E XS 3 3
cmaseeBRARS ERL e Rams bR

£ 1k(en)yl thiosulfinates 48 % o &<| EalerE

A

-glutamyl-S-alk(en)yl-L-cysteines= 1}
= -glutamyl-transpeptidase % oxidase?] Z+&of 2]

3o A% vbH S-alk(en)yl cysteine sulfoxide= 7
A% BF Frheiolon, ol 3T | A2(23C)of



51:}5 HEZ@C)ANA 713 wo

2 UERRH. ojgfd g4 9 F7)

_—.]_L.
j -

=193
AL.C

O o

_\,l

H
i
- glutamyl-S-(Z -propenyl)-L-cysteine©|

1-propenyl)-L-
cysteine2 &} 1 ZiC}.

-glhutamyl-S-(trans-
cysteineo]L}  -glutamyl-S-methyl-L-
-glutamyl-S-(2-propen yl)-L-
cysteine> 4 CoA A 604 dio] 66%7F AT
R o] 2 HE] ANAIE S-(2-
AP

L-cysteine &

propenyl)-L-cysteine sulfoxide

1L
= 1 9E

-glutamyl-S-(trans- 1-propenyl)-
4°Col|
A 15047 A At A9 242 81% R 39% 7t A
&tal, o]
L-cysteine sulfoxides & S-methyl-L-cysteine sulfoxide
= S7belet. §t Wx{z] nlsof alliinaseE 7} s}
of FFEEES AMAAE AT 23 859 Salk (en)yl
cysteine sulfoxidesE EQ1E 4= QU] S-(2-propenyl)-
L-cysteine sulfoxide= | thiosulfinates®efo] oF
60%E =A== AL F LERGE} 100, 200, 300 &2
400 unit®] alliinaseS Z7isto] 1527 k24171 4
1} thiosulfinatesw A nlE(H R 1)0] v]stod 7427
37, 68, 77 4 80%7F AAE= 7oz Lighdrl
GC/MSDE o] &5l th27 4 G4 Hriste] #
SAIY AE9] FUA
100, 200, 300 = 400 wnit & 7}5}od 155
2R A7IY A7 nlse) FuA B4Rl 25,

36, 66 & 76% A 2] AMAE|= 7102 ettt o]

~-glutamyl-S-methyl-L-cysteine &

S25E 747}

AB A=l S-(trans-1- propenyl)-

YRS BAT

allilnase &

gl 2 FYs = o ke ol &% AEAL
ojLf AFE T BF mhed ARl mE e

710

O T
BHERY BAZNE 2AR o] o] Fojx{of &}
o, E3t g4AE
HAE 30~80% w9 UjollA x&o] 7153t
e

1. Kamel A, Saleh M. Recent studies on the chemistry

10.

. Ceci L, Curzio OA, Pomilio AB.

ststsisi2o| Bal |

and biological activities of the organosulfur
compounds of garlic(Allium sativum). Vol. 23, pp.
455-485. In: Studies in Natural Products Chemustry.
Rahman A (ed). Elsevier, New York, NY, USA
(2000)

Jeang DY, Jeang SU. Garlic science.

Science, Seoul, Korea. pp. 93-103 (2005)

World

. Ichikawa M, Ide N, Yoshda J, Yamaguchi H, Ono

K. Determination of seven organosulfur compounds
in garlic by high-performance liquid chromatography.
J. Agr. Food Chem. 54:1535-1540 (2006)

Choi MK, Chae KY, Lee JY, Kyung KH.
Antimicrobial activity of chemical substance derived
from s-alk(en)yl-L-cysteine sulfoxide(alliin) in
garlic, alliun sattivum L. Food Sci. Biotechnol.

16:1-7 (2007)

. Ichikawa M, Ide N, Yoshda J, Ono K. changes in

organosulfur compounds in garlic cloves during

storage. J. Agr. Food Chem. 54:4849- 4854 (2006)

. Whitaker JR. development of flavor, oder and

pungency in oino and garlic. Vol. 22, pp. 73127.
In: Advance in food research. Chichester CO.
Academic press, New York, USA (1976)

Lancaster JE, Shaw ML. Metabolism of
peptides during development, storage and sprouting
of onion bulbs. Phytochemistry 30:2857-2859 (1991)

-glutamyl

-glutamyl
transpeptidase/ -glutamyl peptidase 1n sprouted
Allium sativum. Phytochemistry 31:441-444 (1992)
Block E, Naganathan S, Putman D, Zhao SH.
Allium chemistry : HPLC analysis of thiosulfinates
from onion, garlic, wild garlic (Ramsons), leek,
scallion, shallot, elephant(great-headed) garlic,
chive, and Chinese chive. J. Agr. Food Chem.
40:2418-2430 (1992)

Arnault A, Christides JP, Mandon N, Haffner T,

43
Food Preservation and Processing Industry (Vol.7, No.1)




BEE

11.

12.

13.

14.

kahane R, Auger J. High- performance ion-pair
chromatography method for simultaneous analysis
of alliin, deoxyalliin, allicin and dipepeptide
precursors in garlic products using multiple mass
spectrometry and UV detection. J. Chromatogr. A.
991:69-75 (2003)

Choi YH, Shim YS, Kim CT, Lee C, Shin DB.
Characteristic of thiosulfinates and volatil sulfur
compounds from blanched garlic reacted with
allitnase. J Food Sci. Thechno. Korea. 39:600- 607
(2007)

Pruthi JS, Singh L], Girdhari .. Thermal stability
of allilnase and enzymatic regeneration of flavour
in odourless garlic powder. Curr. Sci. India
28:403-404 (1959)

Chi MS, Koh ET, Stewart TJ. Effects of garlic on
lipid metabolism 1in rats fed cholesterol or lard. J.
Nutr. 112:241-248 (1982)

Lawson LD, Hughes BG. Characterization of the

formation of allicin and other thiosulfinates from

garlic. Planta Med. 58:345-350 (1992)

15.

16.

17.

18.

19.

20.

Shin DB. Effect of
methods on flavor compounds of garlic powder.
PhD thesis, Chung-Ang University, Seoul, Korea
(1995)

YU TH, WU CM, Liou YC. Volatile compounds
from garlic. J. Food Sci., 54:977-981 (1989)
Leahy MM, Reineccius GA. Comparisoﬁ of
methods for the isolation of volatile compounds
from aqueous model system. pp. 19-47. In:
Schreier P. Walter de
Gruyter, Berlin, Germany (1984)

Spare CG, Virtanin Al. On the lachrymatory factor
in onion(Allium cepa) vapors and its precursor.
Acta Chem. Scand. 17:641-650 (1963) |
Lawson LD, Wang ZJ, Hughes BG. Identification
sulfides and

thiosulfinates in commercial garlic

extraction and dehydration

Analysis of volatiles.

and HPLC quantitation of the
dialk(en)yl
products. Planta Med. 78:363-370 (1992)

Brodnitz MH, Pascale JV, Derslice LV. Havor
components of garlic extracts. J. Agr. Food Chem.
19:273-275 (1971)



