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Analysis of Volatile Organosulfur Compounds
in Korean Allium Species
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Abstract

We identified volatile organic compounds in Korean Allium species. Volatile organic components in three Korean
Allium species, dried gadic, dried onion,and dried Welsh onion, were extracted using a simultaneous distillation
and extraction (SDE) method and identified by GC/MS analysis. The numbers of volatile compounds were 48,
32, and 33 in the three species, respectively. In dried onion, the major compounds were dipropyl trisulfide, methyl
propyl trisulfide, and propanethiol. (Z), (E)-propenyl propyl trisulfide, methyl propyl trisulfide, and dipropyl trisulfide
were detected at high levels in Welsh onion. In dried gadic, presence of the allyl group identified characteristic
volatile organosulfur compounds including diallyl disulfide and diallyl trisulfide. Qualitative and quantitative analysis
of volatile compounds in three Korean Allium species showed that sulfur-containing compounds were dominant,
and allyl groups derived from (+)-S-(2-propenyl)-L-cysteine sulfoxide (ALLYL CSO, alliin) were more abundant

in dried garic, than in other materials.
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B A AgE BE FFAIFS Sigma chemical
Co.(St. Louis, MO, USA)lA Fqlatglon, =z o
chromatographyol] A}-8-38+ 7]&-vli= wire spiral packed
double distilling(Normschliff Geratebau. Germany) §3] 2
ASH & 2 ARGt =8 B SFASREA
(Millipore Milford. USA)oIA] A& Milli Q waterS A3}
Atk F718v) o] goll AR T4 NaySOs= 105T dry
ovenoll Al W] 4412 Bk Ax AR & ARE-SESATH

FHUd RoI1489 =&
Az A= 20 g7 SHFSF 1 LE EF3te] Waring

blender(MR 350CA, Braun, Spain)2 £3j3te] f714% 5
=& AEE ARSI AFEAS A8 WREFERRE
n-butylbenzene 1 LE A&l H7}stAch A3 7714
H9] $F& Schultz 5(32,33)9] Wol W} AFE A%
5715 FFE7% X (Likens & Nickerson type simultaneous
steam distilltion and extraction apparatusl. SDE) 2 <ol A
2A7E FE FEEAT: olw WA 718w FE8
= M%Z3 n-pentane P} diethylether E3H-g-vljol] v]2] g
AlZ] NaySO4& H7F3te] 3=k 53t ol Whx|ste] 4=
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SDE W o 2 &3ty ¥5H A5 GC/MS <3
E2319 . GC/MSE Shimadzu GC/MS QP-5000(Kyoto,
Japan)S A3, A2 o] 23} electron impact
ionization(El) o2 3}Att. ColumnS DB-WAX
capillary column(60 m x 0.25 mm id., 0.25 ym film thickness,
J&W, USA)S A1-8-5}90 31, temperature program-2 40C ]l
A 383 A F, 1000744 2C/min S22 52 A7)

2, BAl 150C7HA] 3CminZz A7 3 1087 4]
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=
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Fig. 1. GC/MS total ion chromatogram of volatile organic compounds of Korean Allium species (1: Diallyl disulfide, 2: allyl methyl
trisulfide, 3: diallyl trisulfide, 4: methyl propyl trisulfide, 5: dipropyl trisulfide).

Avpsol A 2] - BAR1E e F 8F02, 2759
S 718 94.25%) 0] RS AR e 1
£]0]| aldehyde§F 7%(0.46%), alcoholFF 3%(1.14%), ketone
F 25(0.05%), ester 25(1.94%), 223 2F(1.46%)
9 71EF 5%0.70%)9] SH§HEo] SIS UK Table 1, 4).
Arkse] T2 383 f714E-2 diallyl disulfide, diallyl
trisulfide, allyl methyl trisulfide, allyl methyl disulfide,
2-allylthiopropionic acid, 3-vinyl-1,2-4H-dithiin, methyl
propyl trisulfide Fo]Ao, g A3 SFES
diallyl disulfide®} diallyl trisulfide® Z+2} 36.61%, 33.73% S
A 3Ah o]k 2 A= Lee 5(38)9 Arks F
diallyl disulfide”} 44.41%, diallyl trisulfide”} 30.17%S X}A]
stAvks Ao} FAFEA 2. Brondnitz 5(39)°] whe F
ZE FolE diallyl disulfide®] o] 60~66%, diallyl
sulfide”} 14% 2 A vleFEE9] LS AT B
1§ Aol AolstAtt. ol nhed] FF, FE8,
SHEH 5 Aeld 71918 Aoz HZErt. %3k, Park

alliinase©l] 2J81 4 alliino] #a)=o] AYAE allicin(diallyl
thiosulfinate)©] T}A] diallyl disulfide 3! #52] sulfide =2
e Ho] BT BaFo] lth41,42). £ AFelA
FAH sulfide= 155 2F cyclopentyl ethyl sulfide
(1.38%), diallyl sulfide(0.76%) ‘5] monosulfide”} 5%, allyl
methyl disulfide (3.70%), diallyl disulfide(36.61%) 52|
disulfide 771 6001 trisulfideFi= 4522 diallyl
trisulfide(33.73%), allyl methyl trisulfide(6.67%), methyl
propyl trisulfide(1.45%), dimethyl trisulfide (0.19%)°] 31t}
o1eI% sulfide = wHe] SAH §719RE ek B
gk ohjg} eka) Fnpr} Qirka 2edA] Qo). Diallyl disulfide
= FAE B Fatgo] /o, dillyl misulfides
28 2 38, A &7 oAl ZBo] JE Ao Bl
5] Ith(10-12,14-15). ©] <]o] GOMS £4] Z=] allicin.®-
ZHE AYAE = 3-vinyl-1,2- 4H-dithiinZ} 2-vinyl-4H-1,3-
dithiin®] =)0 M 43,44) IS 217 1321 mg/kg,
539 mgkgo 2 FAE AL o= allicin £33 5 284}
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Table 1. Volatile organic compounds identified in dried garlic

No. RL” Compound name ME? MW. Arca% mglkg
1 812 Ethyl formate CHe0, 74 058 34
2 831 2-Propenal GHO 56 016 095
3 8 Ethyl acetate CH0, 88 124 133
4 819 1,1-Diethoxyethane CHuO, 118 003 019
5 93 Ethanol CGHO 46 080 472
6 950 Allyl methyl sulfide CHS 88 034 198
7 975 2,3-Butanedione CHe0, 86 003 016
8 1039 2-Butenal CHO 70 003 016
9 1056 2-Methyl-4-pentenal CeHiO 98 001  0.08

10 1072 Dimethyl disulfide GHS; 94 011 064
111081 Hexanal CHp0 100 018 107
121091 2-Methyl-2-butenal GHO 84 002 013
13 1104 233-Trimethyl-14-pentadiene CsHi 110 027 162
14 1107 (E)-Propenyl propyl sulfide CHiS 116 001 0.08

15 1114 2-Propenol CGHO S8 026 155
16 1124 2-Pentanol CsHpO 88 001 006
17 147 Diallyl sulfide CHoS 114 076 447
18 1188  3Ethoxy propanal  GsHgOr 102 002 014
19 1193 Dilpropenyl sulfide  CHpS 114 001 006
20 1232 2-Pentyl furan CGH4O 138 010 062
21 1261 2,2"-Bi-1,3-dioxolane CHiOs 146 002 012
22 1264 1,3-Dithiane CHsS; 120 003 019
23 1281 Allyl methyl disulfide CHsS, 120 370 2182
241284 3-Hydroxy-2-butanone CHO, 88 002 011

25 1287 (E)-Propenyl methyl disulfide C.HS; 120 0.1 0.6

26 1298 3-Methyl pyridine CHN 93 003 018
18) 1312 n-Butylbenzene CoHie 134 - -

27 132 (E)-2-Heptenal CH0 112 001 004
28 1379 Dimethyl trisulfide CHgS; 126 019 LI0
29 1409  2-Ethylthiacyclohexane ~ CHuS 130 003 0.8

30 1430 (E)Propenyl propyl disulfide CeHiS, 148 048 284

31 1454 Acetic acid GHO, 60 019 LIl
32 1467 2-Vinyl-1,3-dithiane CHypS, 146 117 691
33 1488 Diallyl disulfide CeHioS: 146 36.61 216.04
34 1490  3-Allylthiopropionic acid ~ CeHyeS; 146 309 1822

35 1527 NN-Dimethylethanethioamide C,HsNs 103 135 7.96

36 1532 Methyl propyl trisulfide ~ CiHiS; 154 145 856
37 1584 Dimethyl sulfoxide CHOS 78 005 029
38 1589 2-Allyl-1,3-dioxolane CHiO; 114 006 036
39 1594 Allyl methyl tisulfide  C.HsS; 152 668 3934
40 1607  2-Propenyl-13-dithiolane ~ CeHioS» 146 002 0.09
41 1628  Pentyl propyl disulfide GHeS; 106 005 030

42 1649  Cyclopentyl ethyl sulfidle ~ CeHipSs 130 138 814
43 1734 35-Diethyl-124-trithiolane  CeHipS; 180 070 4.15
44 1739 3-Thiophene-2-carboxaldehyde CeHiOs 126 0.09 054

45 1743 3-Vinyl-4H-1,2-dithiin GHi0, 144 224 1321
46 1802 Diallyl trisulfide CeHiSs 178 3373 199.08
47 1854 2-Vinyl-4H-1,3-dithiin CHsS, 144 091 539

48 1974 2-Methoxy-5-methylthiophene CHsOS 128 064 377

Total 100 590.15

"Retention index, "Molecular formula, *Molecular weight, “Internal Standard.
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thioacrolein®] Diels-Alder ¥H3-3}e] A= Aoz
2-vinyl-4H-1,3-dithiin®] majorZ A3 F 35HE =5
oFs} Ak 318 M =-g-o] 91 o0 2-vinyl- 4H-1,3-dithiinS A
AAEe] e AR A Uthds).
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Table 2. Volatile organic compounds identified in dried onion

No. RI" Compound name ME” MW. Area% mgkg
1 826 Propanethiol GHS 76 1310 2781
2 8 Ethyl acetate CHO, 8 181 384
3885 Diethyl acetal CHuO, 118 017 041
4 921 Propylene sulfide GHS 74 025 051
5 94 Ethanol GHO 46 433 920
6 961 24-Dimethylfuran CHO 9% 033 071
7 1070 Dimethyl disulfide GCHeS, 94 087 186
8 1088 2-Pentenal GHO 84 007 026
9 1122 2-Pentanol GHO 8 004 013
10 1157 2-Methyl-2-pentenal CHO 98 627 1320
11 1186 2,5-Dimethyl thiophene CHsS 112 055 118
121226 Methyl propy! disulfide CHpS: 122 257 546
13 1249 2,4-Dimethyl thiophene CHsS 112 155 328

14 1261  (Z)-Propenyl methyl disulfide CHsS, 120 073 154

15 1274 Allyl methyl disulfide CHS; 120 028 061
16 1284 (E)-Propenyl methyl disulfide CiHS, 120 1.00 211
1s” 1308 n-Butylbenzene CoHis 13 -

17 1376 Dimethyl trisulfide CHSy 126 495 1050

18 1410  (Z)-Propenyl propyl disulfide CeHpS, 148 176 374
19 1424 Prppyl ally disulfide CeHpS, 148 048  1.02
20 1435 (E)-Propenyl propyl disulfidle CeHpS, 148 228 484
21 1527 Methyl propyl trisulfide CHpS; 154 1561 3311
22 1584 Allyl methyl trisulfide CHsS; 152 053 113
23 1595  35-dimethyl-124-trithiolane ~ CiHgS; 152 114 277
24 1668 Dipropy! trisulfide CeHuSs 182 21.66 4597
25 1725 (Z)-35-diethyl-1,24-rithiolane  CeHppS; 180 1.62 345
26 1735 (B)-35-diethyl-124-trithiolane  CeHppS; 180 174 3.69
27 1741 Dimetyl tetrasulfide CHpS; 158 188 4.00
5,6-hydro-2,4,6-trimethyl-4F-1.3,
5S-dithiazine
29 1774  (Z)-Propenyl propyl trisulfide CeHppS; 180 416 9.12
30 179 (E)Propenyl propyl trisulfide CHpS; 180 651 1429

28 1758 CHipNS, 163 L1100 232

31 1885 2-Tridecanone CiHxO 198 031 064
32 1998 2-Hexyl-5-methyl-[2H]furan-3-one Cy/His0, 182 035 075
Total 100 21345

"Retention index, IMolecular formula, IMolecular weight, “Internal Standard.
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aldehyde = 2E 2.2 6.34%, alcoholf 2E 2.2 4.37%,
ketoneTF 25O E 0.66%, ester’} 15 0% 1.81% 2 7]E}
2%°] 0.50%22 A UK Table 2, 4). AFTe] F8
A 714322 Z = dipropyl trisulfide(21.66%), methyl
propyl trisulfide(15.61%) = propanethiol(13.10%)°] 2}Q1%]

Table 3. Volatile organic compounds identified in dried Welsh
onion

No. RIL" Compound name ME? MW Area% mgfkg
1 846 Propanethiol CHS 76 1519 3362
2 9 Ethyl acetate CH0, 88 425 941
3 %6 3-Methylbutanal CHO 8 015 033
4 937 Propylene sulfide GHeS 74 476 1053
5 M Ethanol CGHO 46 171 379
6 954 2-Ethylfuran CHO 9% 014 03
7 966 2 4-dimethyl furan CHO 9 133 294
8 9B Pentanal CHO 8 025 055
9 1009 2,2-Dimethyl octanol CoHnO 158 016 035
10 1034 2-Butenal CHO 70 143 317
111077 Hexanal CHpO 100 145 321
12109 2-Methyl-2-butenal GHO 8 031 069
13 1157 2-Methyl-2-pentenal CHiO 98 1030 2282
14 1187 2,5-Dimethyl thiophene CHsS 112 142 314
15 1212 2-Hexenal CHiO 98 056 125
16 1224 Methyl propyl disulfide ~ CjHyS; 122 040 088
17 1226 2-Pentyl furan GH,0 138 037 081
18 1250 24-Dimethyl thiophene CeHsS 112 393 869

19 1256 (Z)-Propenyl methyl disulfide CiHsS, 120 128 284
20 1280 (E)-Propenyl methyl disulfide C,HsS, 120 164  3.62

1Y 1312 n-Butylbenzene CoHis 134 - -
201370 Dimethyl trisulfide CHSy 126 109 242
2 137 Dipropyl disulfide CHuS: 150 069 153

23 1406 (Z)Propenyl propyl disulfide CeHiS: 148 5.3 1136
2% 1422 (B)Propenyl propyl disulfide CoHiS, 148 626 1385

2% 143 Acetic acid CHO, 60 040 088
2% 1475 Methyl propyl trisulfide  CiHyS; 154 448 991
271595 Undecanone CiHx0 170 118 26

28 1612 3,5-Dimethyl-124-trithiolane  C,HsS; 152 025 0.56

29 1638 2-Acethyl thiazole GHNOS 127 031 068
30 1672 Dipropyl trisulfide CeHiuSs 182 848 1876
31 1744 35-Diethyl-1,24-trithiolane ~ CeHpS3 180 8.67  19.19

32 1777 (Z)-Propenyl propyl trisulfide CeHpS; 180 668  14.79
33 1795 (E)-Propenyl propyl trisulfide CeHpS:; 180 535 11.84

Total 100 221.33
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Aom AR LA F714889] 5037%5 2AASAT 2
2]l (E)-propenyl propyl trisulfide (6.51%), 2-methyl-2-
pentenal(6.27%), dimethyl trisulfide(4.95%), (Z)-propenyl
propy! trisulfide(d.16%) & Th<] /3 F718gEo]
S 59 I EAS TSI 53, risulfide R
7 AT A 7188 S 7oste e E
YebsTh

o] 3} sulfideF+ Yot E7F 7] = o alliinased] &
A S-alkyl- == S-alkenyl-L-cysteine sulfoxideFZ 5-E]
E3|=o] AYAH alkyl L= alkenyl thiosulfinate”} THA] HE
&ate] AAETH). Fute] BAA ol Vlodste a3
3}13E2 Boelens 5 propyl thiosulfonate(freshly cut
onion), propyl propenyl disulfide©} propyl propenyl trisulfide
F(boiled onion), 123’ dimethylthiophene(fried onion)<-
Ik ofejgt BRHEE APA R AT Eksisit
(46). 5=3F, Propanethiol, propylene sulfide, dimethyl disulfide,
2,4-dimethy] thiophene, propenyl methyl disulfide, dimethyl
trisulfide, propenyl propyl disulfide, methyl propyl trisulfe,
propenyl propyl trisulfide= 1Tl A F23F T3 F7)
3EE SAHolgt HaH vl Qth47). B ATtellA
233 821 ¥ 2-methyl-2-pentenal propanal T #-A}Z 5
E] aldol condensation¥} A4 %= dehydrationol] <J3l 343
5= propanal> A date] Fad F SE Fof s
ol Fasg Jute & HFEAL S-propenyl-cystein-
S-oxide”} EFA S lachrymatory factor(ZF82.4)<1
thiopropanal S-oxideS #/ds}# A2 9.Z propanal ¥
sulfur e 2 AujBE]o] AR THE6). LTl BHl=
2-tridecanone-> myristic acid?] #aliHE2 2 A =
o] th(46). B Aol A= propyl thiosulfonate”} 2<%
A 9kEH| o= thiosulfonate 7} W S719F &
FE&A 711 f7IER FEA FREE T FEE
Fog HAIEA G FE&Fo Hollr] WEeR
Alligmés 21 E-9] 3P AR Bl TR0 o %

Table 4. Relative content of functional groups in identified volatile
organic compounds from Korean Allium

ol g "0 89 D nin Dried Welsh
No. Area % No. Ara % No. Area %

Alcohols 3 1.14 2 437 2 1.87
Aldehydes 7 046 2 6.34 7 1447
Esters 2 194 1 1.81 1 425

Ketones 2 0.05 2 0.66 1 118
Organosulfur compounds 27~ 94.25 23 86.32 18 76.00

N-containing compounds 2 1.46 - - -

Miscellaneou 5 0.70 2 050 4 223

"Retention index, "Molecular formula, IMolecular weight, “Internal Standard,

Total 48 100 3 100 3 100
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o] gitkar BarE ul Qlhd6).

iAo 2 Adigell A= F 33F9 sgtEe] e - &
A= Rem, FRIE JRES A57]d wEt B/ A
TR fr718tE 0l 185 (76%) 22 thg AEH ] F2
e 29159 en, aldehydeF 75(14.47%), alcohol
 2E(1.87%), ketone T+ 15(1.18%), ester 1E(4.25%) 2
71e} SetEo] 4%(2.23%) 22 ER1E A THTable 3, 4).

T2 EAHA Y 77188 2= dipropyl trisulfide
9} propanethiol ©] 2131 71 ]| (E)-propenyl propyl disulfide,
3,5- diethyl-1,2,4-trithiolane, (Z)-propenyl propyl disulfide
o] ST R718k3HEe] ER1E 1S non-volatile
flavor precursor®] E#3Z A4E EAE Y3 e
2,5-dimethylthiophene = 7335 1 th(26).

Adigel A A520 dA 54E 2= sulfide &
monosulfide= propylene sulfide 150|121, disulfide 7+
dimethyl disulfide, (Z)-, (E)-propenyl propyl disulfide, methyl
propyl disulfide 5 7] 13, trisulfide 7= 4% (dipropyl
trisulfide, methyl propyl trisulfide )22 disulfide 7} o]
gel= Ak

UM Allunse| B8 771518 Hln

rks, 19k 9 Adigte) 384 8 fr1sRE
o] £4& Blusly] $late] Z AlgollA 18 sulfideRS
Table 59 f2F3}%ich

I TR ST EES Aliumg o] 57320 9
Ao} Bhe] fRle] B Ao Ao Q= FA allinase,
S-alk(en)yl-L-cysteine sulfoxide lyase(E.C. 4.4.1.4)7} 21 &
o 2ol ol frEjE 7, HFEAe] & d7ER
Q1 S-alk(en)yl-L-cysteine sulfoxide(ACSOs)FS pyruvate,
ammonia 18] 31 =22 alk(en)yl-thiosulfinate 7 =, 314
8 f71SER Tigalste] A ETH16,48,49).

Alliinase~= garlic(A sativum), onion(A cepa), leek(A
porrum), shallot(A ascalonicum), Welsh onion(A fistulosum),
Chinese chives(A tuberosum), rakkyo (A chinense),
ramson(A ursinum) ¥} - Alliuny ] B2 21Eo A i
%)%= homodimeric glycoprotein .2, C-S lyase 438 7}A]
3 17] W&ol amino acid cysteine<] sulfoxide =] <]
CpSy A% B3l & Ark50).

Alliinase©]l 2}3} cystein?] sulfoxide F=A41E 324 &
& f7133E = A=Y F 719 cystein sulfoxide A}
£ 283k sulfenic acidS A 3ol 324 thiosulfinate
= AAsh=t] o] S-HTH51,52). ©]21 3} thiosulfinateF-oll &
ASHE alkyl group] ol whet Allunds & EH3te W
Hol 57|% 3} ]2 3} 3}8E-F(chemotaxonomy) 4}
o FHe 35 29l folAe Aolae ericksy, weh
A Al BURE SEA BHRE 471908
(sulfide )] alkyl group & F34 A2 FIRES

Table 5. Relative content of sulfides in Korean Allium

i Peak area%

No. RI Compound name W
1 91 Propylene sulfide - 0.25 4.76
2950 Allyl methyl sulfide 0.34
31072 Dimethyl disulfide 0.11 0.87
4 1107  (E)-Propenyl propyl sulfide 0.01
5 1147 Diallyl sulfide 0.76
6 1193 Dipropenyl sulfide 0.01
7 1226 Methyl propyl disulfide - 257 0.40
8 1261 (Z)-Propenyl methyl disulfide - 0.73 1.28
9 1281 Allyl methyl disulfide 370 028
10 1287 (E)-Propenyl methyl disulfide 0.1 1.00 1.64
11379 Dimethyl trisulfide 0.19 495 1.09
12 1410  (Z)-Propenyl propyl disulfide - 176 5.13
13 144 Allyl propy! disulfide - 048
14 1430  (E)-Propenyl propyl disulfide 048 228 6.26
15 1488 Diallyl disulfide 36.61
16 1532 Methyl propyl trisulfide 145 15.61 448
17 1584 Allyl methyl trisulfide 6.67 0.53
18 1628 Pentyl propyl disulfide 0.05
19 1649  Cyclopentyl ethyl sulfide 1.38
20 1668 Dipropyl trisulfide - 21.66 848
21 1741 Dimety! tetrasulfide - 1.88 -
22 1774 (Z)-Propenyl propyl trisulfide - 4.16 6.68
23 1794  (E)-Propenyl propyl trisulfide - 6.51 535
241802 Diallyl trisulfide 3373

Total 85.6 65.52 45.55

"Retention index, “Dried garlic, *Dried onion, “Dried Welsh onion.

B7rd 4 Aok

s A ERIEE sulfidei = allyl groupo.2 & 170
X% diallyl disulfide$} diallyl trisulfide”} Thek 2HlE]lo.
o vhEdlE FE (+)-S-(2-propenyl)-L-cysteine sulfoxide
(ALLYL CSO, allim)©] $f-5]0] {13t A7) (+)-S-methyl-L-
cysteine sulfoxide(MCSO, methiin)E $H-+3th(16)= HiL
o} dAeFGTh WhHel| Yule 1EE 9] (+)-S-(1-propenyl)-
L-cysteine sulfoxide(PRENCSO, isoalliin)¥} 2~#F2] MCSO
2 (+)-S-propyl-L-cysteine sulfoxide(PCSO, propiin)Z 3
33l ALLYL CSOE #HréhA] &= 548 7HAaL 3lom
(16), £ AFARNNE Fupe] I {I18%E F
dipropyl trisulfide(21.66%), methyl propyl trisulfide
(15.61%), dimethyl trisulfide(4.95%)7} 8. T3 4713
R 1% UK Table 5). tj3}tol| A= dipropyl trisulfide,
(Z)-} (E)-propenyl propyl disulfide 5-©] 8. 34&E= 3}



WA Alliumé(RHE,

olg)dar okuje} 3R FI e Aow sHelE et
MCSOE =9k 2143 gt WS L3t PSCO=
A2 A A gute] 8 B2 AFERE thiosulfinate o]
(54). °]¥3F ACSOs= Ao A L-(+)-isomerto] 271
th52).

1 9] 21Mdgk SFukel Esta FRig WAE UElE
B4 470 o]/ thio sulfonat FE B A g91EzR
gokom olgjg IRFEES B U w2 48434
71Q1E]0] PR FE2A FHEE S SviFos Hg
A @A 85l got Aol Al A& 33 £V

A B & 1A ehethe A7 Aade Y218k
thde). 919 Ao} o] It vks, A} 9 Adigt
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