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ABSTRACT

Studies on the Changes in Volatile Organic
Components of Allium Species Plants by y-Irradiation

Han, Byoung-Jae
Advisor : Prof. Kim, Kyong-Su, Ph.D.
Department of Applied Science and Technolgoy,

Graduate School of Chosun University

This study was performed to find the effect of y-irradiation on the volatile
organic components in A/ spices which have been much consumed
throughout the world, to determine whether foods irradiated or not, and to
assume that the process of irradiation is within the regulatory limitations on

permissible foods and maximum allowable absorbed dose.

I Analysis of volatile organic components in A//ium spices
e The volatile organic components in .4/ spices, such as dried garlic, onion,
Welsh onion and leek were extracted by simultaneous distillation and

extraction (SDE) method and identified by GC and GC/MS analysis.

e Components of 48 were identified in dried garlic, including 28 S-containing
comopunds (94.25%), 7 aldehydes (0.46%), 3 alcohols (1.14%), 2 Kketones
(0.05%), 2 esters (1.94%), 2 N-containing compounds (1.46%) and 5 miscell-

aneous (0.7%). Major compounds were diallyl disulfide, diallyl trisulfide,



1I
¥

2-butyltetrahydrothiophene, allyl methyl disulfide, 2-allylthiopropionic acid,
3-vinyl-1,2-4H-dithiin and methyl propyl trisulfide. Diallyl disulfide and diallyl
trisulfide were abundant in dried garlic and peak area% of these compounds

were 36.61 and 33.73%, respectively.

Compounds of 32 were identified in dried onion and the major components
were dipropyl trisulfide (21.66%), methyl propyl trisulfide (15.61%) and 1-
propanethiol (13.10%5). (Z&)-Propenyl propyl trisulfide, 2-methyl-2-pentenal,
dimethyl trisulfide and (2)-propenyl propyl trisulfide were identified, and

trisulfides contributed on characteristic flavor of dried onion.

Compounds of 35 were identified and 18 S-containing compounds (83.43%)
were detected as a major constituents of volatile compounds of dried Welsh
onion. The major components were dipropyl trisulfide and 1-propanethiol, the
amount of these components were 91.80 and 63.06 mg/kg, respectively.
(£)-propenyl propyl disulfide, 3,5-diethyl-1,2,4-trithiolane, (2)-propenyl propyl
disulfide, propylene sulfide and methly propyl trisulfide were also identified.

Compunds of 43 were identified in dried leeks, including 19 S-compounds
(96.65%), 9 alcohols (0.83%), 9 aldehydes (1.57%), 2 esters (0.39%), 2 N-
compounds (0.41%) and 2 miscellaneous (0.15%). Dimethyl trisulfide (314.88
mg/kg) and (2)-propenyl methyl trisulfide (155.15 mg/kg) were the major
compounds with dimethyl disulfide, (£)-propenyl methyl disulfide and methyl

allyl disulfide were detected in large amounts.

Analysis of change of volatile organic components in A/llium spices by
irradiation
The volatile organic compounds from dried and irradiated dried .4/ spices

with doses of 1, 3, 5, 10 and 20 kGy using ¥Co were extracted by



simultaneous steam distillation and extraction (SDE) method and identified

with GC/MS analysis.

In dried garlic, the total contents of the characteristic volatile sulfur
containing compounds like diallyl disulfide and diallyl trisulfide formed when
the cellular tissue was disrupted, and 3-vinyl-4H-1,2-dithiin and 2-vinyl-
4H-1,3-dithiin formed from allicin was not changed significantly with
irradiation, but were found the ratio of diallyl disulfide to dially trisulfide and
3-vinyl-4H-1,2-dithiin to 2-vinyl-4H-1,3-dithiin decreased with increasing the

radiation doses.

In dried onion, major compounds of S-containing compounds such as 1-pro-
panethiol, methyl propyl trisulfide, propenyl propyl disulfide and dipropyl
trisulfide in the control sample were clearly increased in 10 kGy irradiated
samples but those compounds were decreased in 20 kGy irradiated samples.
2-Methyl-2-pentenal and hexanal were also changed by y-irradiation in the
similar pattern with major S-containing compounds. Exceptionally, dimethyl
disulfide and dimethyl trisulfide showed different trend with major
S-containing compounds. In dried onion, Yy-irradiation seemed to be high

enough to change the levels and proportions of flavor components.

In dried Welsh onion, the several S-containing compounds (methyl propyl
disulfide, (2)-propenyl methyl disulfide, (Z&)-propenyl methyl disulfide,
dimethyl trisulfide, methyl propyl trisulfide, 2,4-dimethyl thiophene) were
highly induced at 20 kGy of irradiation. Our result suggests that application
of y-irradiation at 20 kGy did not bring any significant lose in total content

of volatile flavor compounds of dried welsh onion.

In dried leeks, dimethyl trisulfide and dimethyl disulfide were dramatically

X1



decreased at 1 and 10 kGy, but not changed at 5 kGy compared with
unirradiated leeks. Moreover, content of other functional groups are not
apparent different before and after irradiation while contents of esters

increased by irradiation.

In this study, effects of y-irradiation on the volatile organic components in
Allrum spices were determined by analyzing changes of volatile composition.
The composition of volatile components were little changed but, few specific
compounds induced by y-irradiation were identified. The total amount of
volatile organic components in A/ spices were decreased after irradiation
at high dose (up to 10 kGy), even though there was no correlation between

irradiation dose and volatile concentrations.

Xil
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Table 1. Country and the number of food items permitted to irradiation

Country Food Item No. Country Food Item No.
Argentina 14 Italy 6
Australia 15 Japan 1
Austria 3 Korea 19
Bangladesh 21 Libya 6
Belgium 12 Luxembourg 3
Brazil 117 Mexico 101
Canada 7 Netherlands 19
Chile 20 New Zealand 15
China 24 Norway 3
Costa Rica 21 Pakistan 86
Croatia 72 Philippines 3
Cuba 18 Poland o
Czech Republic 2 Portugal 3
Denmark 3 Russian Federation 48
Egypt 13 South Africa 94
Finland 4 Spain 5
France 30 Sweden 3
Germany 3 Syria 20
Ghana 171 Thailand 25
Greece 3 Turkey 97
Hungary 13 Ukraine 47
India 30 United Kingdom 55
Indonesia 22 Uruguay 1
Iran 1 USA 47
Ireland 3 Viet Nam 8
Israel 46 Yugoslavia 23




Table 2. Irradiated foods approved, irradiation purpose and dose limit in

Korea
Dose
Food/Product Purpose
/ P max.(kGy)
Potatoes, onions and garlic - Inhibit sprouting 0.15
Chestnuts - Inhibit sprouting 0.25
Fresh and dried mushrooms - Sterilization - Delayripening 1
Dried at, fish and shellfish d e .. .
ried meat, hs dn. S e. 1St powder: Sterilization * Disinfestation 7
for processed food ingredients
Soybes ast d d e .. .
oybean paste powdet, Ted bepper - Sterilization - Disinfestation 7
paste powder and soy sauce powder
Starch for spiced food - Sterilization - Disinfestation 5
Dried tables f d food . .. .
. e V cectables for processed 100 - Sterilization - Disinfestation 7
ingredients
Splces'and dried vegetable - Sterilization - Disinfestation 10
seasonings
Yeast der and e .. .
cas pgw ef and enzyme - Sterilization - Disinfestation 7
preparations
Aloe powder - Sterilization - Disinfestation 7
Ginseng products - Sterilization 7
Sterile meals for hospital patients - Sterilization 10
Egg powder - Sterilization * Disinfestation 5
Grains, legumes and its powder for o o )
) ) - Sterilization - Disinfestation 5
processed food ingredients
Algae food - Sterilization - Disinfestation 7
Sauces - Sterilization - Disinfestation 10
Seasoning and condiments - Sterilization - Disinfestation 10
Leached tea and tea powder - Sterilization - Disinfestation 10




A AlsaL, labellings 9 F3tetal o™ (Table 3), EU°lA & “irradiated” HE+=
“treated with ionizing radiation”¢]gl= WOl & WAL FZAAE 2 HIMEC HEA
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Table 3 Authorization of irradiation by classes of food and advisory tech-

logical dose limits

Food items Purpose Dose(kGy)
Class 1 o ) )
Bulbs, Roots and Tubers Inhibit sprouting during storage 0.1~0.2
Class 2 - Delay rl.pejmng . 0.3~1.0
. - Insect disinfestation 0.3~1.0
Fresh fruits and vegetables(other . .
than Class 1) - Shelf-life extension 1.0~25
- Quarantine control” 0.15~1.0
Class 3 ) - Insect disinfestation 0.3~1.0
Cereals, milled cereal products, . . .
. . - Reduction of microorganisms 1.5~5.0
nuts, oilseeds pulses, dried . .
. - Inhibit sprouting(chestnut) 01~20
vegetables and fruits
Class 4 . Re.duction (.)f cezr)tain pathogenic 01~7.0
Raw fish and seafood and their mlcroongmsms )
- Shelf-life extension 1.0~3.0
products(fresh or frozen), frozen - i L
- Control of infection by parasites 0.2~20
frog leg
- Reduction of certain pathogenic 1.0~7.0
Class 5 microorganismsm
Rravdv pfu(lftrry f“‘il;nferatz ar?)d thelr . Shel-life extension 1.0~3.0
procuctsiiresh a oze - Control of infection by parasitesb 05~2.0
Class 6 - Reduction of certain pathogenic 2.0~10.0
Dried vegetables, spices, animal microorganismsm
feeds, dry herbs and herbal teas - Insect disinfestation 0.3~1.0
- Insect disinfestation 0.3~1.0
Class 7 + Inhibit mould 1.0~3.0
Dried food of animal origin - Reduction of certain pathogenic 2.0~7.0

Class 8

Traditional foods and health or
patient, space military foods,
natural gum, honey and special
spices etc

. . 2)
microorganisms

- Reduction of microorganisms
- Sterilization
* Quarantine control

YThe minimum dose will be characterized for the special parasites,
“The minimum dose will be characterized for ensuring the hygienic quality of food,
*The maximum dose will be characterized for special purpose and food ingredients.
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Table 4. Country and dose max of dried vegetables permitted to irradiation

Country Purpose Dose Max.(kGy)
Argentina - Disinfestation 1.00
Croatia - Disinfestation 1.00

* Microbial control 10.00

France - Disinfestation 1.00

Ghana - Disinfestation 1.00

- Microbial control 10.00

Korea - Microbial control 7.00

Netherlands - Disinfestation 1.00

Pakistan - Disinfestation 1.00

Poland * Microbial control 10.00

South Africa - Disinfestation + Microbial control 10.00

Turkey - Disinfestation 1.00

* Microbial control 10.00

United Kingdom - Disinfestation 1.00

USA - Disinfestation 1.00

Yugoslavia - Disinfestation 10.00
ez BoapdAE uFe PN AN} dyHs dzAsF 3
Allium® A B, A%, Avs, A%3)S o ste] PAA A @
$EES Folm EAIRE BET & Ab BAL wAdnA FY AEA2F
A4 FUolAE A - AFe] ZHOR T kGy oldhe] AFS A Ldtw You v
=, G, ZRE FoA A e mAE AE HAHow 1 kGy B 10 kGy 9
WARA 2AFE F8skar dtk(Table 4). ol dxALFO WALY ZAME A= TL
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A 2% Alliums HE9 444 54 2 w5d%

olg¥ 3 glow ekt AEH v]wel ™I AFr Fd] JPHAEA o] E
VoA M= Alins e kA

EAQS nFen, o wdEFo] FE Aow dAE = Aliwnso AAH 2

A1 B Alliums =9 dubAd R 2 A A

WSt (Liliaceae) o %3t A A& whE(Aliwn sativam L.)E A H-oFA] o}
TGotrlobrt AAA A o] ojn] A FTejdctem HutEo o|FE Y=

g Tty ExoA woSoA el 18 ~9 ZupA g E WA &5 5o
|8 Aom dHA don(93), FEuEtE BlES] T, dE T ofrlop A
gob, I/ R = Sl AuiE Aok fEuetel mhso] Al

oAl =i AuhE 7] Alze A=A 2 A AlVl= g Ee] e A A gkl
W G Alst el Azl R Vlesd Aow Wol mimo Au] HAkel o] &2 vy
odE Aow FFHEY vt FFoRs A, A AH T s ny=Aw

2 Aufets dAG A A, Fall, g, 8 T Fat ARl F= A
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29 5 A FARE 4% v Aoho5). A ols HuEel FEA,

o2

A, FEAA, A T VIS MR e Ae® B HEA AFEZE
AF o okE e AAEE dE &85 dTvhH96-109).

s AL YElle AES allicine 2 sl 3fd d3olu]ite o
&<l alliine] alliinased] 8] #aHEA vhs SF/] A4 AT allicing
AAAET Allicing w¢ B3 3T E = A diallyl disulfide® 2&) 5™ alliin
o #alHA T AAE pyruvic acide} A= 2&ste] A F3FE 2 carbonyl
st ES A ST(110). 2= alliing &3 A A AAE allicin® thiosulfinate

H7lsh whggomn AZuAzl b=, 8¢ 45 28, 45 2 2

il

S
A, A, BAsHE A4S, BN oA, 1

54§
ok 0 deMEd 5o ARRA EHAQ AsAstde AL veach(I2-

ol ) 7 2 g

’

il

0.35% & #HA| gHrh(115).

vt dRbA o R FHES(HIEY) Y A2 F8 ¥ FE(625%)0] A
o= ©E Aol Wol FfHEHo Utk WL v FFpel] Hlste] A (126
kcal/100g)e] =ow w©¥lH(73%)% BsE(285%)0] Wi o Hpe AHE
thiamine, riboflavin® o] gfF¥o] tH(Table 8)(116). ®EFIIF=2 F=
scorodosez} &= D-fructose® 4% A %3 & 0] tetrasaccharideo] ™, Ao A&

(sucrose), E X3 (glucose), oF&}P] =2 (arabinose), 9% (maltose) 5 o] 5o 3l

tH(117).
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Table 5. Proximate composition of garlic

(per 100 g edible portion)

Carbohydrate Mineral
Energy Moisture Protein Fat Ash
(keal) (%) (g) (g)  Nonfibrous Fiber (g) Ca p Fe Na K
(g) (g) (mg) (mg) (mg) (mg) (mg)
126 62.5 7.3 0.2 27.2 1.3 15 5 173 14 8 730
Vitamin
A
By B: Niacin C
Retinol Retinol B-Carotene Thiamine Riboflavin Ascorbic acid
Equivalent(RE) (ug) (ug) (mg) (mg) (mg) (mg)
0 0 0 0.21 0.10 0.5 31

[Food Composition Table, Sixth Revision, 2001]
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okyt = ubol] whg} w3 (mild onion)9t wW¥ %3 (strong onion)® %W (117)
oA Aujste FFore FIAG-HAFL-Adla-dd2s- AN -HF x4 Fol
ATt ol gt Y= SEuerY FRA 53] dAd T Aol A A=A al i A o

T2 A zuasz d
2] ARgE L dHH(118).

Fub= AFY A xr R Qd oJHE Ak, 2u Tx FolA AR of &
Hol gkom119), HE, 5, WE, FH, THEASANA AL fH(120). =T A
AR oaas2ner @45 Axa3(122), 99 Astav123), A2 gt

ksl E39(124)5 0 Z4F A FHoll 2 g To| o, de AHAE F allicin

o) §FAF U FATALE Y AoE UHA TG 4IBYL AL Ao
2 geld drh125). 1 Wl FEHe A%AU26), FTA2HES Fi L FF
WAz Gat dum wnHm: 9em2n), Fuel FHHel 2t flavonoidsl A

-9 quercetin, quercitrin ¥ rutin 3% 3 3¢EQ allyl propyl disulifide 2
diallyl disulfide &< &4s}l=t84S Yeldl= Aoz ®Baxo 9lrh(128).
Fupo] FELE oF 90%olH FHAHAL 68-80%= I AL o (fructose)o] B

= (glucose) ¥ (sucrose)= A9 22 4S5 FHsta Avk(16,117). @A

R

e

L 1%E F9 FA oln =4S arginine, glutamine® & o] Hlol] 200 9] o}n| x=AF
S FHsta Aok Vitamin(AE 92), ¥718 2 A3 vitamin Cx= A &gkl uf2)
Aacty AR F gasts Aol Avkd17). Fue FHL2 Uk oFule] EFH o]

o]z qkell wlef o F §-F Aom HrbE A Qvh(129).

rl
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Table 6. Proximate composition of onion

(per 100 g edible portion)

Carbohydrate Mineral
Energy Moisture  Protein Fat Ash
(kcal) (%) (g) (g) Nonfibrous — Fiber (g) Ca p Fe Na K
(g) (g) (mg) (mg) (mg) (mg) (mg)
34 90.1 1.0 0.1 8.0 04 04 16 30 0.4 2 144
Vitamin
A B B: Niacin C
Retinol Retinol B-Carotene Thiamine Riboflavin Ascorbic acid
Equivalent(RE) (ug) (ug) (mg) (mg) (mg) (mg)
0 0 0 0.04 0.01 0.1 8

[Food Composition Table, Sixth Revision, 2001]



3. W] ANt E R A EA

NI Aliwn fistuloswm L) = AF7F QAo =2 FaoAs 7| dd5FH Al
a, ME(Ef)e] 1 dige T3 EFolA, dute Es I gAAdd. 2y
= efidol FxelAd =deda, Frleds 164710 Aot Fakrh Al
A sdol FAHAE gt dae $Y, 59 fEugdlA F8T Aar ol
o ow AFE(TM)Ia, FROL)IT 2 7t OnE )9 3FFT R
FHIL FF ol 7IFAA] Aelrh vh130). W= S AakEFe] oF 20%7F X
=AM AufEa o, 53 tE AuAGel A s B Auirt Brbs g A

30

dol 2 A== A5 Fago] 7bsdtel AL digz 2 WA A4

= 55T AF4e0 WAe v ukS 7FA allyl sulfide® & $H3lH 439
S BHAA ASE FUHA7IA, BE wiket A ste o davh o Feo A=
AEALE Al %o 3540 WAZA, dsfoln =4k alliing -3t

7] W&otk AE7F da s iAW alliinase’t &AM alling Eas] F3 A=A
WA 7 Y& allicing AASE allicine] &35 o] allyl sulfided & AA3Th o]
allyl sulfidei= vitamin B9 T2 E ¥ol= 82 32 Z vitamin Bio] 22
=9 o]l HAsH EIAo|vh(130). Ik A, A, ok, WIET), B
i), T GEa), AE(EK) 9 ZAVF o= e AdAH R 9, die da

T e AAAEA32) = Ba Ha vk B3, kel dE AdEd A 2

1>

—~

Ao gk A7F &ds] W ATH133).
ol A FFol wel Aol Bouy FRIGFS dAlA o wE ZHH90~93%).
T92 129 RE/100g o] A ¥k ) A K9] o
= $lon vitamin o] Jr}(116). 1 ¢ Ca K, 5 F7|&2=

C %]
FEE daEol o dFTHeRE F4T AEolTH(116).

Vitamin2 =24 F ¢ @il vitamin A9



Table 7. Proximate composition of Welsh onion

(per 100 g edible portion)

Carbohydrate Mineral
Energy Moisture  Protein Fat Ash
(keal) (%) (g) (g) Nonfibrous Fiber (g) Ca P Fe Na K
(g) (g) (mg) (mg) (mg) (mg) (mg)
26 91.1 15 0.3 55 1.0 0.6 31 35 1.0 1 186
Vitamin
A B B- Niacin C
Retinol Retinol B-Carotene Thiamine Riboflavin Ascorbic acid
Equivalent(RE) (1g) (ug) (mg) (mg) (mg) (mg)
129 0 775 0.06 0.09 0.6 21

[Food Composition

Table, Sixth Revision, 2001]



9 8 A4lium twberosum R.o1™ T oA & " Kaustsai ", dENAE
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F= 719d 11C 7Y AFWER)HA A Al G el ol wl AJA
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o dEAGME 1CHY XA
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ohAlobel @, F, oA o ARH A, FE, 44 5o GFF fu

B oReW(135), $EE AR, gy By, vy C, 24, 2 59 d9das gol
FHotn ol w84 Arolth ¥F go] Solglt YA YR ETEY E: 3

ARl olgHYon WAL oA ABFEY 29ty FHAD. $EFE 7
AE 92 W FARE SO ¥ R AdAwe] FE ¥

B(136), EF S5 R allyl sulfideR 7 FH50l o] BEF G A A
o BAEES o] §BW ofnt zelA Aot FFI YAS AARE FU3R)
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W, @ S400 A5k 2 GUAE BAHS FESE JROE oo FHL u

= FAE Aol 200~400 A% BAFS 2E 6F0 FUAET BHYRAY EAES

3o 2 oF 90%= dwd 29%, 34 39%, A4 05% H IS 1.3

X
o

a

t}. Vitamin A9 &8 516 RE/100gl. 2 ¥ 3uiA =7} H W, vitami CXx

o
of
ol

FgrEo] v Z2E(K), ZH(Ca) 5 F7IEAE AZF e UATH116).
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Table 8. Proximate composition of leek

(per 100 g edible portion)

Carbohydrates Minerals
Energy  Moisture  Protein Fat Ash
(kcal) (%) (g) (g) Nonfibrous  Fiber (g) Ca p Fe Na K
(g) (g) (mg) (mg) (mg) (mg) (mg)
21 914 2.9 0.5 2.8 1.1 1.3 47 34 2.1 5 446
Vitamins
A B B2 Niacin C
Retinol Retinol B-Carotene Thiamine Riboflavin Ascorbic acid
Equivalent(RE) (ug) (ug) (mg) (mg) (mg) (mg)
516 0 3094 0.11 0.18 0.8 37

[Food Composition Table, Sixth Revision, 2001]



A2 A Alliums HE9 A3 R 594 %

o] BESE RS olgelolE MED WUhd AgH vme] FolH ot -
Az AP e}, obAloke] - F 3 - AR - QR - A FolAle} - AujopAlol 1]
0 oopxelsteh esEARol § A AAe] Wel REHe gk wEg g wo
AT AGe ofAelAd HASEA oE Ut F vlEe b4 wol AdEs

s FRoz 2001delE 78M4AES A 200293 2003del= 7

—

ot

9,0804 &, 10,080 ES AAFste] 2003l = 2002 w3 11% F7Fek Aoz A
A Zohebe FAlolg(14D). 20039S Hlwstel BT 19E elA AFeUE] =

ol tgors ARz 500dE, o] 3797 E, H - THIIVIERAE vl
2837, 2ol o] EVL 747 219 E, 216 ES Aake A tH(Table 9). o1 HH
Zuets A vhs A 391 elH OECD =7F el A= 1915 AAst .
olHH AAHoR AHE D A Foe] FrElE FAlolH $Eve I A
ER b anl ko]l Frbsta 9t vheo

el %
o & 56,155 0.2 ¢F 81%7F F7tstR o, &+ 2004 o= 633F o2 20001
=

jinss
n:9

22 2000 10,530= 0] 20043
9] 136%] Hl& 78% F7FePA W 7+ %2 7123 20019 %= 11,400
E BoE 1/18W19 #AE&S HATHTable 10). ZU = FYxHE nfse grre
7hA ol AHEsta AgHoz 77k Faikoln) AdmyAjole} dEGAME A
FAET UTH(142).
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Table 9. Cultivation area and yield of garlic in different countries

(Unit:1000 ha/1000 t)

‘01 ‘02 ‘03
Country Area Yield Area Yield Area Yield
China 585 7,894 627 9,080 632 10,080
India 120 497 120 500 120 500
Korea 37 406 33 394 33 379
USA 14 267 13 256 13 283
Russia 30 228 30 230 30 219
Egypt 9 215 9 216 9 216

[FAO, Agricultural Product Yearbook 2004]

Table 10. Foreign trade-volume of garlic in Korea

Year Import volume (ton) Export volume (ton)
2000 10,530 136
2001 23,632 11,400
2002 27,025 5,388
2003 34,659 567
2004 56,155 633
2005 (May) 18,496 54

[Korea Agricultural Trade Information Service, 2005]
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e uhE AR 70% bEe WA deln YEA A A, A, A
FEAoY #AYe BE A% FAAYL NFOoR olFeld Fz AREM 5
A~79AA} S8 eln A Ae @SR ARE F5 2ARTHIAD).

upE o] AwiE A2 20000 44,941 haolA 2004 o+ 30,237 ha® #Addon,

W= 9] 378846+=0l Hls 6% 748k th(Table 11). 20001
& AAEE 7158 dEs 2000 (474,388 )0l AL, b 2 AgkEE V159 o

T 20049 (3578248) 02 AL fadts FAE ols 9 vied TR 7H4

Ao Wolx Bz Beow s A Ae] gast Ao Wt

Table 11. Cultivation area and yield of garlic in Korea

Year Area (ha) kg/ha Yield (ton)
2000 44941 1,056 474,388
2001 37,118 1,095 406,385
2002 33,153 1,190 394,482
2003 33,140 1,143 378,846
2004 30,237 1,183 357,824

[National Agricultural Products Quality Management Service, Korea, 2005]
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Fuko] FE A= FxoE Auix o]l 2001d 7213 haolA 2003 8013
ha= 11% Z7tetlom AAb=Fe 20019 15,0227 =04 2003 175457 =0 =2
17% F7kstel A% F7kete FAloltH(Table 12). F+ WA F8 A= =%
ol 2001 (4,8507 =) 58 2003 (5,000 )7k A S7ksk o Aot A&
A F7F FAE Eola v fElvEle 2001d (40 A, 074- =)ol Al
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Table 12. Cultivation area and yield of onion in different countries
(Unit:1000 ha/1000 t)

‘01 ‘02 ‘03
Country
Area Yield Area Yield Area Yield

China 721 15,022 771 16,545 801 17,545
India 520 4,850 520 4,900 530 5,000
Russia 111 1,352 112 1,402 117 1,561
Pakistan 106 1,563 104 1,385 104 1,400
Turkey 100 2,150 90 2,050 93 1,800
Korea 19 1,074 15 933 12 745

[FAO, Agricultural Product Yearbook 2004]

Table 13. Foreign trade-volume of onion in Korea

Year Import volume (ton) Export volume (ton)
2000 6,069 263
2001 6,363 2,828
2002 1,621 1,299
2003 78,477 28
2004 34,734 85
2005 (May) 37,888 54

[Korea Agricultural Trade Information Service, 2005]
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Table 14. Cultivation area and yield of onion in Korea

Year Area (ha) kg/ha Yield (ton)
2000 16,773 5,232 877514
2001 18,995 5,653 1,073,708
2002 15,314 6,093 933,095
2003 12,352 6,033 745,203
2004 15,563 6,090 947,797

[National Agricultural Products Quality Management Service, Korea, 2005]
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19 Adal] 200490l = 2,301 22 20039
of Wl 12% Z7tstdom Hadow F7bst= F4 o]t (Table 15). olo ks <

Fde ®ola sl

Table 15. Foreign trade-volume of Welsh onion in Korea

Year Import volume (ton) Export volume (ton)
2000 1,876 15
2001 2,248 9
2002 1,934 5
2003 2,056 -
2004 2,301 7
2005 (May) 741 -

[Korea Agricultural Trade Information Service, 2005]
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)

ha 283 2Hd2004d el & 25743 haol gttt md AAaksko A wjH 2 7}
2 o FUkste A4S YERdid o 20000l 657,881 ©] 20051 59 7FA]
o] AAakES 700,201 0= Z718 9 tH(Table 16).

Table 16. Cultivation area and yield of Welsh onion in Korea

Year Area (ha) kg/ha Yield (ton)
2000 24,316 2,706 657,881
2001 23,987 2,650 635,713
2002 21,590 2,625 566,828
2003 20,039 2,669 534,903
2004 25,743 2,720 700,201

[National Agricultural Products Quality Management Service, Korea, 2005]
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4. FF AL L 24 IF

REe 13 gEow 5 6% A% 8% & A W 7, 85 F3o] Asd 4
AREz Q77 wop A Awm Aol A Lol Q& FAolth(144). AW
AL 19929 199 ha, 1993\ 474 ha, 1994\d 729 haZ F7lst o H Lo = AlA
ol WAo] EAham Qi FAolth wA AMZF A A7 4-1090] T S8
= w7l oY), Zheuy] 5 37bK dEle AA PEE. FANTS 199
d 3317E 0|1, 10a" F#F2 19934 4,320 kg, 19943 4,550 kgolth. HojF4kx <l

N

==

N

rlr

2B QoA Ak 16000 Ed A7 dFFEAA 1,0000] Eol AAHh e
$39) o] g8 FAFGAT AV AMUAT FHAG ANBHOZ 202
agpel] wleke] gabgol R Aotk FYUFL 20009 9TE ol v 2004

f

Aol = 42% F71E 16625 T Yste] F7Fske Av o o8-8 th(Table 17).

Table 17. Foreign trade-volume of leek in Korea

Year Import volume (ton) Export volume (ton)
2000 97 8
2001 92 7
2002 129 0
2003 162 0
2004 166 0
2005 (May) 80 0

[Korea Agricultural Trade Information Service, 2005]
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2. Ao

BT AL BE AL EFAjekoZ w3 SigmaAlet Fisher Scientific
(USAALZHE F+98tg o, % 2 chromatographyol] A}&3F #7487 = HPLC
grade® T Y435te], o]= YA wire spiral packed double distilling(Normschliff
Geratebau, Germany) FAZ AFHFIT HAS A& B2 SFASFHA
(Millpore corporation, Bedford, USA)ol A 22 Milli Q waterZ A&3tAth. #7148
uj o] ego AbgH F NaxSOs= 650°C 3]st 2o A gAY B % desiccator

oA Wy § AREsRlnh

3. 7171

A AR FES Aot AEFSUIFRFE A (Likens & Nickerson
type simultaneous steam distillation & extraction apparatus, SDE, Normschliff,
Wertheim, Germany)E A3t 29, Vigreux column(250 ml, Normschliff,
Wertheim, Germany)2& AF-&3to] &ulE A A3}

F= B bR o8 EEE A AR A48 B ALY 42 Hsto]
DB-Wax(60 m x 0.25 mm id., 0.25 ym film thickness, J&W, CA, USA) capillary
columno] #2¥ Hewlett Packard 5890 II Plus gas chromatography-FID(GC-FID,
Hewlett Packard, Wilmington, USA)®} Shimadzu gas chromatography/mass spec-

trometer(GC/MS, QP-5000, Shimadzu, Kyoto, Japan)Z o] 83} t}.
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Apparatus for Likens-
Mickerson simultaneous
distillation/extraction

Fig. 1. Apparatus for Likens and Nickerson used for simultaneous

distillation and extraction (SDE) of volatile compounds.
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Hal7l flste] s 2 ZRan oy F
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oX,
o
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oX,
Me
1o
S
>
BN
Y
tlo
o —W

=2 dusdon, 4% 2 guaddSs AX g9 22 HHY B2z
S FHa A tHTable 5).

SDEMH o= F& w54 A F71488S GC-FID9 GC/MSe| ¢Jato] 4]
g9tk GCE FID7F &4 Hewlett-Packard series 5890 II PlusZ A}8-3}9 o1,
column< DB-Wax(60 m x 0.25 mm id, 025 ym film thickness, J&W, USA)E

AbEe A A, &5 Z2 L 40T A 3EF A o5 2C/ming] £E=2 150C
b4 TEAl 4C/mine] 52 200C7HA A5 A7 T 1057 A== HAAFY

Injector®} detector?d] <%+ Z+Z} 250°C, 300C o], carrier gas= helium< AF&3}

o] 48 1.0 mL/min® = Ut AJ8E 1 yl= split ratio 1:200. 2 F¢ a3t}

. Gas chromatography/mass spectrometer(GC/MS)2] #2424

A FIIAAEY AFEAS 98 GC/MSE  Shimadzu gaschromatography/
mass spectrometer QP-50002 AFg3 3 om A F9 ijon3tE  electron impact
ionization(ED¥y o2 P35ttt GC/MS 4271 L ionization voltageES 70 eVZ
32, ion source 2=+ 230C=E 3t} wa BT Exzdo] A (o= 41~

A7 59

FN

ZHoew B

rok

45002 HAFAT. g8 BAZAELS GC-FIDY &4
21 5} 94 tH(Table 6).
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Table 18. GC conditions for analysis of volatile components

GC Hewlett-Packard 5890 series II Plus

Column DB-WAX(60 m x 025 mm 1.D., 0.25 ym film thickness, J&W)
Detector FID

Carrier gas He(1.0 mL/min)

Make up gas N2(30 mL/min)

Temp. program 40°C(3 min)-2C/min-150C-4C/min-200C (10 min)
Detector temp.  300TC

Injector temp. 250C

Injection volume 1 pL(split ratio 1:20)

Table 19. GC/MS conditions for analysis of volatile components

GC/MS Shimadzu GC/MS QP-5000
Column DB-WAX(60 m x 025 mm 1.D., 0.25 ym film thickness, J&W)
Carrier gas Helium(1.0 mL/min)

Temp. program  40C (3 min)-2C/min-150C-4C/min-200C (10 min)
Injector 250°C

Ion source and 230°C

interface temp.

Tonization Electron impact ionization(EI)

Tonization voltage 70 eV

Mass range(m/z) 41~450

Injection volume 1 uL(split ratio 1:20)
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‘B AR o
C: 7zt AlgolA 7t AR 9 peak area
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Aol ost™, A alkane® MY F AT column FXA, FELxE B HE
chromatography 2713 F#stAl 1 3= 5o d+v &4 9 100w 2
#S zZtet. wEbA n-alkane o] 4] columnol A% @4 CH4(RI=100), CoHs
(RI=200) *++ CpHonw2(RI=100n)ol 2= ZFAEE HEFHATH(190).

5 AXE Fo7] dstd 7 MR EFE =, mixture I (C7~Cy7), mixture
II (Ci3~ C»)° n-alkane EF &2 5 3Adto] sqdoz zA6UH. A€ &F
o 1 ulE FHE HA BAZF71(Table 514 GC-FID #4334t GC chromato-
gramol A 9% n-alkane X TEZ 2 #FEF Ali(retention time, RT)S ©] &3} ¢

24 ¥ basic programeoll &A1 ¥ 7} peake] ®HFE AIZFS tidste] 7 peakd] RIE
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Allium species (Dried)

- Gamma irradiation at doses of 1, 3, 5, 10
and 20 kGy

BLENDING

- Add 1000 mL of Milli Q water
- Adjusted to pH 6.5 with 1 N NaOH
- Add n-butylbenzene 1 pL as LS.

SDE

- By solvent mixture of n-pentane/diethylether
(1:1,v/v) 200 mL, for 2 hrs

DEHY DROGENATION

- Adding anhydrous NaxSOs for overnight
- Filtration

CONCENTRATION

- Concentrate to 0.1 mL by Vigreux column and N»

GC-FID & GC/MS

Fig 2. Analysis of volatile organic components from Al/iurm species.
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A1 AT fFUIAE 24 9E 2 =23

Ay FrIdEY A E FHE7] f8td s &
5, Carbowax 20M, DB-WAX)E 2 Al&3lo] £

=g nusgon, 55 24t AR A deBn 2L HHY 22

GCE FID7F H#3% Hewlett-Packard series 5890 II PlusE AF&3t%oH,
column< DB-Wax(60 m x 0.25 mm id., 0.25 ym film thickness, J&W, USA)E
Abgetdla, 2% ZR2IaPL 40TCoAA 37 AT & 2C/mine] X2 150C
7HA G Al 4C/min®] £ 2 200C7HA Azl § 1023F A8kt Injector ot
detector®] 2%+ Z+Z} 2507C, 300°C o] ™, carrier gas+ heliume AF&3F% 3 F %
< 1.0 mL/min® & s oem A8 1 yLE split ratio 1:20% Y3

AR AFE3 GC/MS+ Shimadzu gas chromatography-mass spectrometer
QP-50005 Algsldom A 89 jon3E electron impact ionization(ED)®#H o 2 3Y
sEA T GC/MS ¥4 2L jonization voltageE 70 eVZE 3191, ion source &%
© 230C= stdv. w3 4T B2 Ao 41~45002 H sk

tE $BARAEE GC-FID BAZEAN BUd 2do wAse.
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Fig. 3. GC chromatograms of n-alkane standard mixtures 1 and 1I.
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Table 20. Retention time of n-alkanes for gas chromatographic retention

index
n-Alkane Name Retention time
C7Hie n-Heptane 5.153
CsHis n-Octane 6.141
CoHa2o n-Nonane 8.194
CioHz2 n-Decane 11.828
Ci1Hoy n-Undecane 17.136
Ci2Hzs n-Dodecane 23.570
Ci3Hzg n-Tridecane 30.446
C14Hs0 n-Tetradecane 37.341
Cis5Hsz2 n-Pentadecane 44.079
CisHs4 n-Hexadecane 50.509
Ci7Hss n-Heptadecane 56.629
CisHss n-Octadecane 62.005
Ci9Huo n-Nonadecane 66.439
Co0Ha2 n-Eicosane 70.156
Co1Huy n-Heneicosane 73.446
Caz2Has n-Docosane 76.548
Co3Hug n-Tricosane 79.183
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ketone¥+ 7} 0.05% 1231 71} 0.7% = YEFSETH(Table 22). AvlE9 F8 F7]Ad%
< diallyl disulfide, diallyl trisulfide, allyl methyl trisulfide, allyl methyl disulfide,
2-allylthiopropionic acid, 3-vinyl-1,2-4H-dithiin, methyl propyl trisulfide % °]%l 2
o gFEe AA g FFELS diallyl disulfide¢t diallyl trisulfide= Zt7} 36.61%,
33.73% =5 =A% oj ¢} & A= Lee 5(1159 Awts F diallyl disulfide”}
44.41%, diallyl trisulfide’} 30.17% % A9tk 239 FAH8H9 2 Brondnitz

5(152)0] w5 FEE Folv diallyl disulfie®] F&Fo]l 60~66%, diallyl sulfide”}
4% 2A mtsFEE s AT Bug Aiets dolstaith o«
=9 FF, FE8v, SFEN S Aolel VAT Aow AA4HEYG. E£F, Park &

o] H1gk HFAME dimethyl disulfide®} dimethyl trisulfide’} 2tz 19.47%,
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17.38% %2 F8 7|4 o=z FAHJ=H ol 2 AliumEsaA=E 5470 3
714 &= YErW = alkyl groupe]l tHE A & o ATHA53).
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diallyl disulfide ¥ A9 sulfided= walxo] TAFTT Hiso] lvh(117,
154-156). & AFoA &l H  sulfideE= 13F 22 cyclopentyl ethyl sulfide
(1.38%), diallyl sulfide(0.76%) %2 monosulfide’} 5%, allyl methyl disulfide
(3.70%), diallyl disulfide(36.61%) % 2| disulfide® 7} 5F ol o™ trisulfide & 3%
6 2 diallyl trisulfide(33.73%), methyl propyl trisulfide(1.45%), dimethyl trisulfide
(0.19%) 0] A}, o] & g sulfidef+ Ph=9 SAAQ F7IAAES vebd #9 ofyz}
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Fig. 4. GC/MS chromatogram of volatile components of dried garlic.
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Table 21. Volatile components identified from dried garlic

No. RTY R.I? Compound name MF? MW.” Area% mg/kg
1 6.35 812 Ethyl formate CsHsO2 74 0.58 3.44
2 6.73 831 2-Propenal C3H40 56 0.16 0.95
3 766 874 Ethyl acetate C4sHgO2 88 1.24 7.33
4 7.78 879 1,1-Diethoxyethane CeH1402 118 0.03 0.19
5 9.19 931 Ethanol C2HeO 46 0.80 472
6 9.78 950 Allyl methyl sulfide C4HsS 88 0.34 1.98
7 1063 975 2,3-Butanedione CiHeO2 86 0.03 0.16
8 13.37 1039 2-Butenal C4HO 70 0.03 0.16
9 1425 1056 2-Methyl-4-pentenal CeH100O 98 0.01 0.08
10 15.14 1072 Dimethyl disulfide CoHeS2 94 0.11 0.64
11 1567 1081 Hexanal CeH120 100 0.18 1.07
12 1628 1091 2-Methyl-2-butenal CsHgO 84 0.02 0.13
13 17.00 1104 2,3,3-Trimethyl-14-pentadiene  CgHis 110 0.27 1.62
14 1718 1107 (£)-Propenyl propyl sulfide CeHi2S 116 0.01 0.08
15 1756 1114 2-Propenol C3HsO 58 0.26 1.55
16 1816 1124 2-Pentanol CsHi2 O 88 0.01 0.06
17 1957 1147 Diallyl sulfide CeHioS 114 0.76 4.47
18 2228 1188 3-Ethoxy propanal CsHi1002 102 0.02 0.14
19 2268 1193 Di-1-propenyl sulfide CeHioS 114 0.01 0.06
20 2515 1232 2-Pentyl furan CoH14O 138 0.10 0.62
21 2716 1261 2,2'-Bi-1,3-dioxolane CeHi004 146 0.02 0.12
22 2733 1264 1,3-Dithiane CiHsS2 120 0.03 0.19
23 2857 1281 Allyl methyl disulfide CHsS: 120 370 21.82
24 2884 1284 3-Hydroxy-2-butanone C/HgO2 88 0.02 0.11

25 29.04 1287 (&)-Propenyl methyl disulfide C4HsS2 120 0.11 0.66

YRetention time, “Retention index, “Molecular formula, YMolecular weight.
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Table 21. Continued

No. R.T.” R.I” Compound name ME?Y MW.” Area% mg/kg
26 29.88 1298 3-Methyl pyridine CéH/N 93 0.03 0.18
157 3073 1312 Butvibenzene Cioflrs 134 - -
27 3143 1322 (A)-2-Heptenal CHi20O 112 0.01 0.04
28 3539 1379 Dimethyl trisulfide CoHeS3z 126 0.19 1.10
29 37.34 1409 2-Ethylthiacyclohexane CHuiuS 130 0.03 0.18
30 3877 1430 (&) -Propenyl propyl disulfide CeHi2S: 148 0.48 2.84
31 40.27 1454 Acetic acid CoH4O2 60 0.19 1.11
32 4117 1467 2-Vinyl-1,3-dithiane CeHi0S2 146 1.17 6.91
33 4256 1488 Diallyl disulfide CeHi0S2 146 36.61 216.04
34 4278 1490 3-Allylthiopropionic acid CeHi0S2 146 3.09 1822
35  45.09 1527 N,N-Dimethylethanethioamide C4HoNS 103 1.35 7.96
36 4539 1532 Methyl propyl trisulfide CaHi10Ss 154 1.45 8.56
37 4878 1584 Dimethyl sulfoxide CoHsOS 78 0.05 0.29
38 49.10 1589 2-Allyl-1,3-dioxolane CeHi002 114 0.06 0.36
39 4945 1594 Allyl methyl trisulfide CiHsS3 152 6.67  39.34
40 50.28 1607 2-Propenyl-1,3-dithiolane CeéH10S2 146 0.02 0.09
41 5149 1628 Pentyl propyl disulfide CsHeS2 106 0.05 0.30
42 52.80 1649 Cyclopentyl ethyl sulfide CeéHi2Ss 130 1.38 8.14
43 5781 1734 35-Diethyl-1,2,4-trithiolane  CsHi2S3 180 0.70 4.15
44 58.08 1739 3-Thiophene-2-carboxaldehyde CeHsOS 126 0.09 0.54
45 5826 1743 3-Vinyl-4H-1,2-dithiin CsHi602 144 224 1321
46 61.55 1802 Diallyl trisulfide CeHi0S3 178 33.73  199.08
47 6381 1854 2-Vinyl-4H-1,3-dithiin CelsS2 144 0.91 5.39
48 68.62 1974 2-Methoxy—-5-methylthiophene CsHgOS 128 0.64 3.77
Total 100 590.15

D . .
Retention time,

YRetention index, YMolecular formula, "Molecular weight, “Internal Standard.
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Table 22. Relative content of functional groups in identified volatile

components from dried garlic

Functional group No. Area %
Alcohols 3 1.14
Aldehydes 7 0.46
Esters 2 1.94
Ketones 2 0.05
S-containing compounds 27 94.25
N-containing compounds 2 1.46
Miscellaneous 5) 0.70

Total 48 100
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SDEM®H o= F&3 Adae 84 {7148 GC/MSE #48to] chromato-
gram-2 Fig. 59 =439 31 FAHE 3T 71458 =A% 33E AFaHh2
Table 23¢] YEU L T =% Table 249 e AT}

Aol s F 32T FPEo] &y - TAHUJEL 25 F3PEo] 283F o=
86.32% 5 A8t oW, aldehydefr+ 2F S 6.34%, alcoholi+ 2F o= 4.37%,

_EL
:
i)

w57

ketoned 25 0 2 0.66%, ester’} 1502 181% % 7]E 2%F0] 050% o= 3ol
tH(Table 24). Adae] Fo 3 F71AdRo2ZE dipropyl trisulfide(21.66%),
methyl propyl trisulfide(15.61%) 2 propanethiol(13.10%)°] Ao A 32
A F7IAEY 50.37T%E AASEY. 2 9ol (&)-propenyl propyl trisulfide
(6.51%), 2-methyl-2-pentenal(6.27%), dimethyl trisulfide(4.95%), (2)-propenyl propyl
trisulfide(4.16%) & o9 FsgFEo] A7 579 AT SAS FAHGRoH
53], trisulfide ™7} %3] A {71 5S4 7lodsts Ao E YERTH.

o] 23 sulfidefr+ S3AIE7F vz=E W alliinaseo] 938 A S-alkyl- T+ S-
alkenyl-L-cysteine sulfoxideFZFE ®3l5o] AAE alkyl T+ alkenyl thio-

sulfinate”} ThA] WkG-sto] A ETH?2). Futol S Fel 7dst= Fad FdE

L=0e]

Z Boelens &< propyl thiosulfonate(freshly cut onion), propyl propenyl disulfide
9} propyl propenyl trisulfide¥(boiled onion), L2 2 dimethylthiophene(fried onion)
= Zdsta ol g F=EY AAAF =Y A7 LESATHU62). =7, propane-
thiol, propylene sulfide, dimethyl disulfide, 2,4-dimethyl thiophene, propenyl methyl
disulfide, dimethyl trisulfide, propenyl propyl disulfide, methyl propyl trisulfe,
propenyl propyl trisulfide= A% FolA FQ3 233E2 EH Aozt Huyd nf
A TH(163-165).

B oA Ay H 3ol¥E 2-methyl-2-pentenals propanal ¥+ X5 E aldol
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dH A A= Aol th162).
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Fig. 5. GC/MS chromatogram of volatile components of dried onion.
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Table 23. Volatile components identified from dried onion

No. RT.Y RI? Compound name MFE?Y FW." Area% mg/kg
1 6.63 826 1-Propanethiol C3HsS 76 1310 27.81
2 775 878 Ethyl acetate C4HsO> 88 1.81 3.84
3 793 885 Diethyl acetal CeH1402 118  0.17 0.41
4 8.94 921 Propylene sulfide CsHeS 74 0.25 0.51
5 9.32 934 Ethanol C:HeO 46 4.33 9.20
6  10.28 961 24-Dimethylfuran CeHgO 96 0.33 0.71
7 1525 1070 Dimethyl disulfide CoHeS2 94 0.87 1.86
8 16.33 1088 2-Pentenal CsHgO 84 0.07 0.26
9 18.32 1122 2-Pentanol CsHiO 88 0.04 0.13
10 2045 1157 2-Methyl-2-pentenal CeH100 98 6.27 13.20
11 2246 1186 2,5-Dimethyl thiophene CeHsS 112 0.55 1.18
12 2653 1226 Methyl propyl disulfide CsHioS2 122 257 5.46
13 26.67 1249 24-Dimethyl thiophene CeHsS 112 1.55 3.28
14 2744 1261 (2)-Propenyl methyl disulfide C4HsS: 120  0.73 1.54
15 2844 1274 Allyl methyl disulfide CsHsS2 120 0.28 0.61
16 29.16 1284 (Z&)-Propenyl methyl disulfide CsHsS: 120  1.00 2.11

1.5, 30.88 1308 AFutylibenzene CioHis 134 - -
17 3545 1376 Dimethyl trisulfide CoHeSs 126 495 10.50
18 37.80 1410 (2)-Propenyl propyl disulfide CesHi2S: 148 1.76 3.74
19  38.69 1424 Prppyl ally disulfide CeHppS2 148 0.48 1.02
20 39.38 1435 (ZA&)-Propenyl propyl disulfide CgH2S2 148 2.28 4.84
21 4549 1527 Methyl propyl trisulfide CiHi0Ss 154 1561 3311
22 49.23 1584 Allyl methyl trisulfide CsHsS3 152 0.53 1.13
23 50.01 1595 3,5-dimethyl-1,2,4-trithiolane  C4HgSsz 152  1.14 217
24 5442 1668 Dipropyl trisulfide CeHuSz 182 2166 4597
25 5779 1725 (2)-35-diethyl-1,24-trithiolane CeHi2Sz 180  1.62 3.45

YRetention time, YRetention index, YMolecular formula, “Molecular weight, YInternal Standard.
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Table 23. Continued

No. RT.Y RI? Compound name MF? FW."” Area% mg/kg
26 5833 1735 (A)-35-diethyl-1,2,4-trithiolane CeHi2Ss 180 1.74  3.69
27 58.65 1741 Dimetyl tetrasulfide CoHipS3; 158 1.88 4.00
28 5956 1758 5,6-hydro-2,4,6-trimethyl-4H- CsHi3NS, 163 1.10  2.32
1,3,5-dithiazine
29 6050 1774 (2)-Propenyl propyl trisulfide CeHi2Ss 180 4.16 9.12
30 6158 1794 (A)-Propenyl propyl trisulfide CeHi2Ss 180 651  14.29
31  65.67 1885 2-Tridecanone CisH2s0O 198 0.31 0.64
32 69.97 1998 g:?ijl_g’_methyl_BH]furan_ CiHi0: 182 035 075
Total 100 213.45

"Retention time, “Retention index, ¥Molecular formula, YMolecular weight.

Table 24. Relative content of functional groups

components from dried onion

in identified volatile

Functional Group No. Area %

Alcohols 2 4.37
Aldehydes 2 6.34
Esters 1 1.81
Ketones 2 0.66
S-Contaning compounds 23 86.32
Miscellaneous 2 0.50
Total 32 100
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propyl disulfide(6.18%), propylene sulfide(5.52%) 123 methly propyl trisulfide

(479%) & v Fstgr=o] &AW Ak =37, 2-methyl-2-pentenal(6.23%)°] 7

G Fhslol glof olFol Ww Sqol Hdy 54 PHRE Ao FaAng
o Avstel AU B S4L dEde Fo 838 24e g f48Y

Agiael A ZA=4<20 WAl SA4S Zte sulfidefe 10822 monosulfide™
propylene sulfide 1F°]%loH, disulfideF= (2)-, (&) -propenyl propyl disulfide,
methyl propyl disulfide & 7% ] % 12, trisulfide = 2 (dipropyl trisulfide, methyl
propyl trisulfide) 22 A%Sde} th= A disulfided7F WA EAld 7]oddts RAo=E

byt
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Adistel A 21 ¥ propanal(3.37 mg/kg) e T8 AL F7IAHE T o
Uz g FAFEA2RE PAHE HFLA(F) thiopropanal S-oxide®= 4-E]
propanal® sulfide® AWl EEHAA AAHCE, T Adagoax A=k &dd 2-
methyl-2-pentenal> o] 2 A AA ¥ propanal + #AZHE aldol condensation¥}

A4 5= dehydrationo] 93] 3 A D }H(162).

TIC || 1.0 LS.

ol MUMM@

5 50 7

Fig. 6. GC/MS chromatogram of volatile components of dried Welsh onion.
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Table 25. Volatile components identified from dried Welsh onion

No. RT.Y R.I? Compound name ME?Y MW.” Area% mg/kg
1 573 769 Propanal C3HeO 48 090  3.37
2 644 817 1-Propanethiol C3HsS 76 16.77  63.06
3 753 868 Ethyl acetate C4HgO2 88 1.20 450
4 835 902 3-Methyl butanal CsHioO 86 0.17  0.63
5 871 915 Propylene sulfide CsHegS 74 552 35.91
6  9.04 927 Ethanol C2HeO 46 055  2.07
7 10.01 958 2,4-Dimethyl furan CeHsO 96 217 815
8 10.38 970 3-Methyl-2-butanone CsH100 86 0.16 0.59
9 1048 973 Pentanal CsHioO 86 024 092
10 14.95 1071 Dimethyl disulfide CoHeS2 94 0.06  0.23
11 1545 1080 Hexanal CeHi120 100 1.31 4.93
12 16.05 1090 2-Methyl-2-butenal CsHsO 84 0.08  0.32
13  20.06 1157 2-Methyl-2-pentenal CeH100 98 6.23 23.44
14 22.06 1187 2,5-Dimethyl thiophene CeHsS 112 0.49 1.83
15 2485 1229 Methyl propyl disulfide CsHioS2 122 0.45 1.68
16 26.24 1250 2,4-Dimethyl thiophene CeHsS 112 1.38 519
17  26.46 1253 Pentanol CsHi20 88 023 091
18 27.00 1261 (2)-Propenyl methyl disulfide CsHsS: 120 0.76 258
19 2871 1285 (Z&)-Propenyl methyl disulfide CiHsS: 120 084  3.17

LS7 3046 1310 Butvibenzene Ciwly 134 - -
20 31.36 1324 5-Methyl thiazole CHsNS 99 0.61 2.28
21 3495 1377 Dimethyl trisulfide CeHi14S2 150 1.89 712
22 3735 1406 (2)-Propenyl propyl disulfide  CgHi2S, 148 6.18 23.24
23 3892 1422 (Z&)-Propenyl propyl disulfide CgHip2S, 148 780  29.31
24 3999 1432 Acetic acid CoHiO2 60 0.31 1.16
25 4051 1436 Furfural CsH4O2 96 015 055

YRetention Time, “Retention Index, ¥Molecular Formular, YMolecular weight, “Internal Standard.
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Table 25. Continued

No. RT.Y R.I? Compound Name ME?Y MW.” Area% mg/kg
26 4499 1475 Methyl propyl trisulfide C4Hi0Ss 154 479  18.01
27 4792 1498 2-Furyl ethyl ketone CHgO2 124 0.97 3.66
28 54.00 1672 Dipropyl trisulfide CeH14Ss 182 2442  91.80
29 5815 1744 3,5-Diethyl-1,2,4-trithiolane CeH12S53 180 751 2824
30 59.97 1777 (2)-Propenyl propyl trisulfide CsH12Ss 180 0.94 3.52
31 61.04 1795 (&)-Propenyl propyl trisulfide CgH12Ss 180 1.34 5.02
32 6172 1810 2-Tridecanone Ci3H20O 198 1.10 412
33 64.01 1862 1-(1-Methylethoxy)-2-propanone CgHi202 116 1.22 458
34 66.55 1923 2-Tetradecanol CisHz0O 212 0.23 0.85
35 76.300 2193 5-Methyl-2-octyl(2H)furan-3-one ~ Ci3H202 210 1.03 3.87
Total 100 390.81

YRetention Time, “Retention Index, “Molecular Formular, YMolecular weight.

Table 26. Relative content of functional groups

components from dried Welsh onion

in

identified volatile

Functional group No. Area %
Alcohols 1.01
Aldehydes 9.08
Esters 1.20
Ketones 5 4.48
S-Containing compounds 17 81.75
Miscellaneous 2 248

Total 35 100
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AzE ¥F5 AEZ 3o SDEYHORE 7RSS FET § GC/MSE 24

glo] 9& chromatogram< Fig. 691, 4% AR o5 Az ¥Ei: Table

AX-F(Allium tuberosum) A= F 43F 9 3dEo] B FAHIoH, 3stg
&5 19%, alcohol® 9%, aldehyde® 9%, esterf 2%, 43L& I
dE 2R O F F3dEe] v AEH F4 FgER SAHdy. e
2 ¥ = peak areat 3T Eo] 96.65%%E A FUIAEL ERES A
st 2 aldehydeR 1.57%, alcohol+ 0.83%, A A3I3E 0.41%, ester+ 0.39%, 1
gal 7IEsttE 0.156% so =2 FiHol U= Aow YEwtHTable 29). &l
AEE FoA dimethyl trisulfide, (2)-propenyl methyl trisulfide % dimethyl
disulfide”t Z+zt 314.88 mg/kg, 155.15 mg/kg % 120.32 mg/kg o & v % T-f-5 o
3l E o] RES A5 o1 (60.07%), L ¢ (£)-propenyl methyl disulfide
(10.53%), allyl methyl disulfide(7.48%), 2-ethyl-1,2-dithi-5-ene(5.03%) = 3|4
71820 2 & vFsS AAEAT s FFELS Aliwnd e 55T
ol A 71dst o5 A&Eo] EE uwf v FHAA WA S-alk(en)-yleysteine
sulfoxide® 7} &4 ¢ allinased g o7 3o w WatxwaA DA 3313

o]9] 954 mg/kg® Y% FHEH Ydv Aoz FoFE (A)-2-hexanal> green
note®Z SAA A= Loz AxdHo FQAEQA BEx3ATA] lipoxygenase2}
hydroperoxide lyase°l] 2]3&] #3] - A H sFE=ZH Ao} U9 U EO
2 delA 9lth(166-168). Park 59 ATFolME HFo] Fo It JRe FFgE
o] £33 dimethyl disulfide, dimethyl trisulfide, (2)-propenyl methyl trisulfide®}

(&) -propenyl methyl disulfide® o3 ¥ 835t vty 1 H v ATh(152).



TIC*1.0 L.

U\JLM_L‘; A “_L_AJJI_L,_H_A Ww

% 50 7

Fig. 7. GC/MS chromatogram of volatile organic components of dried leek.

,55,



Table 28. Volatile components identified from dried leek

No. RT.Y R.I? Compound name MFE?Y MW.*” Area% mg/kg
1 6.3 813 Ethyl formate CsHeO, 74 0.09 0.87
2 6.7 832 2-Propenal CsH40O 56 0.01 0.05
3 76 874 Ethyl acetate C4HsO2 88 0.30 2.90
4 9.1 930 Ethanol C2HsO 46 0.20 2.00
5 9.7 949 Allyl methyl sulfide CaHsS 88 0.16 1.56
6 106 974 Pentanal CsHi100 86 0.04 0.37
7 152 1073 Dimethyl disulfide C2HeSo 94 12.24  120.32
8 156 1081 Hexanal CéHi20 100 0.06 0.60
9 175 1113 2-Propen-1-ol CsHsO 58 0.15 1.44

10 189 1137 2-Methyl-4-pentenal CsH100 98 0.03 0.32
11 20.3 1158 2-Methyl-2-pentenal CsH100 98 0.06 0.64
12 22.0 1184 Heptanal C/Hi,O 114 0.09 0.90
13 23.0 1198 6-Methyl-1-heptanol CgHisO 130 0.08 0.76
14 242 1216 (£)-2-Hexenal CeH100 98 1.13  11.09
15 251 1231 Methyl propyl disulfide CsHioS: 122 0.10 0.99
16 265 1252 2,4-Dimethylthiophene CeHsS 112 0.10 0.96
17 267 1254 1-Pentanol CsHi20 88 0.02 0.21
18 27.3 1263 (2)-Propenyl methyl disulfide C4HsS: 120 395  38.80
19 285 1280 Allyl methyl disulfide CaHsS2 120 748  73.48
20 29.1 1283 (E)-Propenyl methyl disulfide C4HsS, 120 1053 103.44

LS7 07 1311 Butvibenzene CwHy 134 - -

21 355 1381 Dimethyl trisulfide CoHeSs 126 32.04 314.88
22 359 1386 (2)-3-Hexen-1-ol CeéH120 100 0.06 0.56
23 36.3 1392 Nonanal CoH1O 142 0.11 1.07
24 387 1429 (Z&)-Propenyl propyl disulfide CgHp2S2 148 0.02 0.21
25  40.3 1455 Methional C4HOS 104 0.84 8.30

YRetention time, YRetention index, ¥Molecular formula, YMolecular weight, “Internal Standard.
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Table 28. Continued

No. RTY R1? Compound name ME? MW."” Area% mg/kg
26 409 1463 Furfural CsH402 96 0.04 044
27 411 1466 3-Ethyl-12-dithi-4-ene CeHi0S2 146 154 1517
28 421 1481 Diallyl disulfide CeHi0S2 146 1.76  17.32
29 425 1487 3-Ethyl-1,2-dithi-5-ene CeHi0S2 146 503  49.39
30 429 1493 2-Ethyl-1-hexanol CsHigO 130 0.04 041
31 450 1526 N,N-dimethylthioacetamaide C4HoNS 103 012 1.14
32 453 1531 Methyl propyl trisulfide CiHi0S3 154 0.11 1.06
33  46.3 1546 Furaneol CeHsO3 128 0.04 044
34 466 1551 Linalool CioH1isO 154 0.08 0.74
35 494 1592 (2)-Propenyl methyl trisulfide C4HsSs 152 1579 155.15
36 498 1598 (A)-Propenyl methyl trisulfide C4HsSs 152 347 34.07
37 544 1675 S-Methyl methylthiosulfonate CoHeO2S2 126 012 119
38 548 1681 2-Butyl-4-methylthiazole CsHisNS 155 0.03  0.34
39 553 1689 Cyclohexyl methyl sulfide CHuS 130 039  3.83
40  61.0 1792 Dially trisulfide CeHioSs 178 098  9.62
41 629 1832 Hexanoic acid CeH1202 116 0.12 118
42 687 1975 1-Phenyl-1-butanol CioHisO 150 0.16 159
43 741 2140 2,4,6-Trimethylpyrridine CsHuN 121 029 2.86

Total

100.00 982.66

b} . .
Retention time,

“Retention index, “Molecular formula, YMolecular weight.
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Table 29. Relative content of functional groups in identified volatile

components from dried leek

Functional group No. Area %

Alcohols 9 0.83
Aldehydes 9 1.57
Esters 2 0.39
S-Containing compounds 19 96.65
N-Containing compounds 2 0.41
Miscellaneous 2 0.15

Total 43 100
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5. Allium% 9 JA2A F3FE 54

AR IS J e Aliwnso 544 HA et tte] ddde] He Ador o
Fo 9= &A alliinase, S-alk(en)yl-L-cysteine sulfoxide lyase(E.C. 4.4.1.4)7} 2]
2o @A o8 FEE FAH, AT F HA7EHY S-alk(en)yl-L-
cysteine sulfoxide(ACSOs)HFE pyruvate, ammonia 1812 T2 alk(en)yl-thio-
sulfinate =, 344 SstFEZ 7heEslste] A4 ¥ 0H2,169,170).

Alliinase= garlic(A  sativwm), onion(A.  cepa), leek(A. porrwmn), shallot(A
ascalonicurm), Welsh onion(A. fistu/oswrm), Chinese chives(A. fuberosum), rakkyo
(A. cfunense), ramson(A. wursinum™ L Alliums 2] B A EoA HAX=
homodimeric glycoprotein® 2, C-S lyase &4 7[x1 7] W&ol amino acid
cysteine?] sulfoxide F-=A4¢ Cp-Sy 2T BT 4+ Jvh71).

Fig. 82 alliinasedl 93] cystein sulfoxide 3}g&Eo] 34 33322 A3y =
HALE =243 Aoz F MY cystein sulfoxide A= 4338t sulfenic acidE
A shvte] FEA thiosulfinates A sh=dl o] & H TH172-174).

o] 21 &t thiosulfinatef ol &A1 3t= alkyl groupe el W&t AZwnse 73
= W] H7|x= &1 o] 3 3}stE F(chemotaxonomy) A E S HEejE FE 79
oA Aol s WErHTA75). webA Alimss oA QY= AR s d=E
(sulfide)<] alkyl groups T4 AFE2ZY FFAHAEE H7TE F A

s A el E = sulfide® 9 2 allkyl group2 allyl groupl =
% diallyl disulfide¢} diallyl trisulfide”7} o= SQl= Ao misd= F2 (+)-S-
(2-propenyl)-L-cysteine sulfoxide(ALLYLCSO, alliin)e] &350 Yz Lo

(+)-S-methyl-L-cysteine sulfoxide(MCSO, methiin)E 33 t}(2)+= Hareh X
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ok, Whdo) UgulE % %9 (+)-S-(1-propenyl)-L-cysteine sulfoxide(PRENCSO,
isoalliin)®} A2 MCSO % (+)-S-propyl-L-cysteine sulfoxide(PCSO, propiin)=
ekl ALLYLCSOE #rstA ¥= 545 7FA dom(©2), & A2 3ol A
T oofmo]l A F71AE = dipropyl trisulfide(21.66%), methyl propyl trisulfide
(15.61%), dimethyl trisulfide(4.95%)7} 8 SsttE=Z gl = ol th(Table 30). oI}
ol %= dipropyl trisulfide, (L)-¢} (£)-propenyl propyl disulfide, propylene sulfide
stt=w SAEA Faot FgEFIE 2 AR FAH A PCSO
3 ER BaEo] 9o(2), propyl groups 71 33tgEo] v

o2 dAsFdort B Ao E methyl groups 7FA dimethyl trisul-

ol
fo

o] *

rr

o
Lo
Jm
o,
a

=]
£

o] =
T =

gk
)

fide(32.04%), dimethyl disulfide(12.24%) % (A&)-propenyl methyl disulfide (10.53%)
7F F8 sulfided 2 &5 o] MCSO® FLE7F =5 Aoz dAddrt MCSOE %
Hj =9} A g3t JAE BdEsa, PSCOE AFHAA Al e 3 IS AF
S} thiosulfinatesF ©] tH(176). ©] 2] g ACSOs= Aol A L-(+)-isomery¥to] 7 ¥
oH(173).

29 Ade Foe Adan FAF WAZ Uuus 94 4 oa

TAHA dethe A A dA s T(162).

= Aol FEeld Avks, Age, Adsk 8 ARF Y {frdE F 9
T2 Zb7h 59015, 21345, 37594 W 98266 mg/kgi o, A #HsigEe 247
497.02, 184.25, 307.33 % 949.74 mg/kgo 2 AF-Fol A TS Uetde F3TE
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{07 W,
2 & coon

S-alk{en)yl-cysteine squoxide@

1:R= CH,
2:R= CH,CH,
3:R= N
4:R= X
H20 5:Rz &
6:R= "~
.\ p@ (9]
S. + 2 )L + 2 NH
2 - 8°H COOH 3
alk(en)yl-sulfenic acid pyruvic acid ammenia
-H,QO
.'\ pe
s\ /R
R7ES

alk(en)yl-thiosuifinate @

Fig. 8. Alliinase-catalyzed reaction of cysteine sulfoxides into thiosulfi-

nates, pyruvic acid and ammonia. R = methyl, ally, propyl.
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Table 30. Relative content of sulfides in A//iump spp.

Peak area%

No. R.L" Compound name It 5 o oY
1 921  Propylene sulfide - 0.25 552 -
2 950  Allyl methyl sulfide 0.34 - - 0.16
3 1072 Dimethyl disulfide 0.11 0.87 0.06 12.24
4 1107 (&)-Propenyl propyl sulfide 0.01 - - -
5 1147 Diallyl sulfide 0.76 - - -
6 1193 Dipropenyl sulfide 0.01 - - -
7 1226 Methyl propyl disulfide - 2.57 0.45 0.10
8 1261 (2)-Propenyl methyl disulfide - 0.73 0.76 3.95
9 1281 Allyl methyl disulfide 3.70 0.28 - 7.48
10 1287 (A)-Propenyl methyl disulfide 0.11 1.00 0.84 10.53
11 1379 Dimethyl trisulfide 0.19 4.95 1.89 32.04
12 1410 (2)-Propenyl propyl disulfide - 1.76 6.18 -
13 1424 Allyl propyl disulfide - 0.48 - -
14 1430 (&)-Propenyl propyl disulfide 0.48 2.28 7.80 0.02
15 1488 Diallyl disulfide 36.61 - - 1.76
16 1532 Methyl propyl trisulfide 1.45 15.61 4.79 0.11
17 1584 Allyl methyl trisulfide 6.67 0.53 - -
18 1628 Pentyl propyl disulfide 0.05 - - -
19 1668 Dipropyl trisulfide - 21.66 24.42 -
20 1689 Cyclohexyl methyl sulfide - - - 0.39
21 1741 Dimetyl tetrasulfide - 1.88 - -
22 1774 (2)-Propenyl propyl trisulfide - 4.16 - 15.79
23 1794 (A&)-Propenyl propyl trisulfide - 6.51 - 3.47
24 1802 Diallyl trisulfide 33.73 - - 0.98

Total 84.22 65.52 52.71 89.02

D L Dy P SR . Dy . By
Retention index, “Dried garlic, ~Dried onion, "Dried Welsh onion, “Dried leek.
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A 3 A BAA A A7 Alliums A& JARAE K714 E ¥ £4

1. WA =AM Avbs9] ATA F7I4E A3 24

ot

7h AR AR Avbs ] A2 #FUIAE

2

> =
w8k A2 chromatogram< Fig. 991 Welglow, skld g Ao =4
< Table 31 YEFY AT
HA 1 kGyR ZALE Antsdd A 2659 S-containing compoundi 7 95.22% &
gelso] 7bg B S vebl o, 7% 9 aldehyde®E 0.59%, 2 4% 9] alcohol

r_{

FE 064% 2 ketonew+ 0.12%, 7 3% N-containing compoundfi & 2.69% %
esterit= 0.59%7F SHAH AL, 279 7T =2 0.15% A AT BARH A &
< Avtsy wIsAR FQ s5E2 diallyl  disulfide, diallyl trisulfide,
3-vinyl-4H-1,2- dithiin % 2-vinyl-4H-1,3-dithiin®.2 l=%low 2z+7} 1241,
1304, 113 % 49 mg/kgoldt. =Fnjzow  FAxAW  1,1-diethoxyethane,
2-pentanol, 2-ethoxy propanal, di-1-propenyl sulfide, acetic acid, dimethyl sulfoxide
92 2-allyl-1,3- dioxolane2 1 kGy&E FA} ZFo == k).

AvtES 3 kGyE ZAFS 3 39l% S-containing compound® 9 H &L 95.66%
2 Z7189 2™, alcoholi % N-containing compoundi++ 7238t} 33-R-35
=75 ToAA F4 318EQ diallyl disulfide ¥ diallyl trisulfide= Z+2} 157.3, 191.1
mg/kgel ¢l 3-vinyl-4H-1,2-dithiin % 2-vinyl-4H-1,3-dithiin>= Z+Z} 149, 6.5
mg/kgel At 1 kGy= XA F FAHJA A fF=E BF SedHAoH,
pyridineS A9t s} E9 gF2 F7F5% 2, thiazole?} 3-propenyl guaiacol©]

F7t= A EA
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5 kGy= ZAME Awrtso A 1A F diallyl disulfide, diallyl trisulfide,
2-butyltetrahydrothiophene, allyl methyl sulfide 59 33}3&%0] 95.35% = 27% 0]

FAEH v E2A Avts FAEEHR o diallyl disulfide®t diallyl trisulfide®™ 2

f
L

143.1, 168.4 mg/kgol R i1, 3-vinyl-4H-1,2-dithiin ¥ 2-vinyl-4H-1,3-dithiin®¢] &

ot

L 7}7} 138, 6.0 mg/kgel AT}, E3F 2 3-butanedione®] F7F= ¥ o 7} &
et Eo] T4 A

10 kGy2 ZAt" Avlsodl A diallyl disulfide, diallyl trisulfide, 3-vinyl-4H-

Mo

1,2-dithiin ¥ 2-vinyl-4H-1,3-dithiin®] @32 2}7} 173.9, 2278, 7.5 ¥ 58 mg/kg
ojlom WAL 77.06%5 =kA A TE vl ZAMAI =9 1 kGy, 3 kGy % 5 kGy= =
AlEl AwnpsolA o® ethyl formate® 3-hydroxy-2-butanones %A %% ¢k
t}. S-containing compound® 9 W &L 97.76% = FAF T 71 =& &S AA 3
Fqom, 1 9 FF7|E v 1% uwroz FF Y} o]F XA}
2} A 89 Y N-containing compoundi+ 0.65% % A3 % A3 A
2t} o] N,N-dimethyl ethaneamide® & #o] <F 9.0 mg/kgol 4

FaEe] 710E Aow due

—_

25 mg/kgl &

npso] AydA AR s Fdl+= diallyl disulfide, diallyl trisulfide, 3-vinyl-4H-
1,2-dithiin % 2-vinyl-4H-1,3-dithiin® 20 kGy=Z= ZA}H Zulso A zZ+2k 1235,
178.6, 5.8 B 45 mg/kgo = &=t} S-containing compoundfi= 97.28% = U
RES 23X, alcohold, aldehyde®, ester®, ketoned, N-containing
compound® % 7B} TE L 1% vwko]l itk 10 kGy 9} wk37FA] 2 ethyl formate

9} 3-hydroxy-2-butanone< A == &9k}
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TIC = 1.0
1 kGy
LS.
0Ly L i JJLHJ \*La_hakﬁm~ﬁw_u
TIC * 1.0
3 kCy
LS.

]

TTC 10
SkCy

“F

TIC *1.0
10 kGy

F

TIE =10
20 kGy

i

M i

y
L
i
B

Fig. 9. GC/MS chromatograms of volatile organic components in irradiated

dried garlic at 1, 3, 5, 10 and 20 kGy.
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Table 31. Volatile components identified in unirradiated and irradiated
dried garlic at 1, 3, 5, 10 and 20 kGy

(mg/kg)

No. RL Compound name Irradiation dose (kGy)

0 1 3 5 10 20
1 812 Ethyl formate 344 021 036 041 - -
2 831 2-Propenal 095 0.09 016 0.18 0.14 0.13
3 874 Ethyl acetate 733 146 151 251 202 194
4 879 1,1-Diethoxyethane 0.19 - - - - -
5 931 Ethanol 472 1.04 083 146 1.19 150
6 950 Allyl methyl sulfide 1.98 035 0.83 074 065 049
7 975 2,3-Butanedione 0.16 0.17 - 017 026 0.24
8 1039 2-Butenal 016 024 041 030 024 0.24
10 1056 2-Methyl-4-pentenal 0.08 0.06 014 0.09 019 0.18
9 1058 3-Hexanone - - 0.04 0.06 0.09 -
11 1072 Dimethyl disulfide 064 024 080 050 047 0.26
12 1081 Hexanal 1.07 144 187 113 148 161
13 1091 2-Methyl-2-butenal 013 0.08 013 0.10 0.12 0.24

14 1104 2,3,3-Trimethyl-1,4-pentadiene 162 2.05 381 2.77 327 257
15 1107 (Z&)-Propenyl propyl sulfide 0.08 005 0.09 007 014 0.08

16 1114 2-Propenol 155 087 130 1.09 041 040
17 1124 2-Pentanol 006 - - - - -

18 1125 (£)-3-Penten-2-one - 006 012 012 018 0.18
19 1147 Diallyl sulfide 447 241 459 336 399 3.02
20 1172 3-Buten-1-ol - 003 014 014 027 023
21 1184 Pyridine - 008 010 0.07 0.04 014
22 1188 2-Ethoxy propanal 0.14 - - - - -

23 1193 Di-1-propenyl sulfide 0.06 - - - - -

24 1215 Thiazole - - 014 013 020 0.16
25 1232 2-Pentyl furan 062 040 060 050 072 0.89

D Lo
Retention index.
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Table 31. Continued

(mg/kg)
b Irradiation dose (kGy)
No. R.IL Compound name
0 1 3 5 10 20
26 1261 22'-Bi-1,3-dioxolane 0.12 - - - - -
27 1264 1,3-Dithiane 019 015 018 014 027 0.16
28 1281 Allyl methyl disulfide 21.82 1071 21.46 17.12 1940 12.13
29 1284 3-Hydroxy-2-butanone 0.11 0.15 0.20 0.16 - -
30 1287 Methyl propenyl disulfide 066 044 0.73 049 055 0.27
31 1298 3-Methyl pyridine 018 038 076 037 052 032
157 1312 Butvibenzene - - - - - -
32 1322 (A)-2-Heptenal 0.04 0.06 0.10 0.05 0.19 -
33 1379 Dimethyl trisulfide 1.10 067 237 163 180 1.04
34 1409 2-Ethylthiacyclohexane 018 017 018 031 034 025
35 1430 (&)-Propenyl propyl disulfide 2.84 200 234 237 274 221
36 1454 Acetic acid 1.11 - - - - -
37 1455 3-Methylthiopropanal - 099 163 135 1.22 1.07
38 1467 2-Vinyl-1,3-dithiane 691 364 361 331 413 317
39 1488 Diallyl disulfide 216.04 12418 157.34 143.14 173.90 12351
40 1490 3-Allylthiopropionic acid 18.22 11.64 1262 10.36 1150 9.48
41 1491 Dithiacyclopentane - 011 011 012 049 040
42 1497 Octylcyclohexane - 016 021 015 030 0.20
43 1516 1H-Pyrrole - - 015 017 033 047
44 1523 Benzaldehyde - 016 029 035 038 054
45 1527 N,N-Dimethyl-ethanethioamide 7.96 938 1225 961 257 192
46 1532 Methyl propyl trisulfide 856 028 0.60 038 033 0.36
47 1584 Dimethyl sulfoxide 0.29 - - - - -
48 1589 2-Allyl-1,3-dioxolane 0.36 - - - - -
49 1594 2-Butyltetrahydrothiophene 39.34 2566 49.04 41.19 49.30 36.51
50 1607 2-Propenyl-1,3—dithiolane 0.09 012 021 018 044 0.44

URetention index, “Internal standard.
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Table 31. Continued

(mg/kg)

Irradiation dose (kGy)

No. R.I" Compound name

0 1 3 5 10 20
51 1628 Pentyl propyl disulfide 0.30 - - - - -
52 1649 3,5-Diethyl-1,2,4-trithiolane 814 1789 22.12 26.29 18.24 15.34
53 1734 3-Methyl-1,24-thiazol-5-amine 4.15 3.07 3.15 332 550 4.58
54 1739 3-Thiophene-2-carboxaldehyde 054 0.49 049 1.23 056 0.46
55 1743 3-Vinyl-4H-1,2-dithiin 13.21 11.33 14.95 1381 750 5.86
56 1802 Diallyl trisulfide 199.08 130.46 191.19 168.48 227.88 178.64
57 1854 2-Vinyl-4H-1,3-dithiin 539 494 656 6.09 581 4.59
58 1865 Guaiacol - 035 027 063 047 0.19
59 1974 2-Methoxy-5-methylthiophene  3.77 4.64 618 467 446 562
60 2175 p-Propenyl guaiacol - - 048 034 0.36 -
61 2219 Methyl palmitate - 049 052 034 025 0.27

Total

590.15 376.08 530.31 474.05 557.80 424.50

Table 32. Relative content of functional groups in identified volatile components
from unradiated and irradiated dried garlic at 1, 3, 5, 10 and 20 kGy

Irradiation dose (kGy)

Functional group 0 1 3 5 10 20

No. % No. % No. % No. % No. % No. %
Alcohols 3 107 4 061 5 057 5 077 5 049 4 054
Aldehydes 7 043 8 081 7 059 7 046 8 069 7 095
Esters 2 182 3 058 3 045 3 069 2 040 2 052

Ketones 2 005 4 012 3 007 3 007 3 010 2 0.1
S-Compounds 25 9233 24 9456 25 9492 26 9511 24 96.89 24 96.31
N-Compounds 2 138 3 262 5 253 5 219 5 066 5 071
Miscellaneous 7 292 3 070 3 08 3 071 3 077 3 087

Total 48 100 49 100 51 100 52 100 50 100 47 100
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1, 3,5, 10 ¥ 20 kKGy= WAFd AR Anbsol A 2hzE 49, 51, 52, 49 2 46%F 9]
A g ES EJe 9. WA ZAF & alcoholFF, esterw 9 HIE o] 1%0]7
o A 1%m|wro g 7FA3l9l 3, S-containing compoundiE 92%0°l A 94%0] Ao =
=7k 2™ aldehydef = k3t ZF7F8F i th. N-Containing compoundi+ & 5 kGy7}
A 2% o] A& AASATHE 10 kGyF-E 0.7% 2 7FA3E AL, ketoneR o W& %
AL Foll e A A3 AFol7k gl A o= UE T (Table 32).

ZA " dAntsd A TAE 3 E = 3-hexanone, (£)-3-penten-2-one, 3-buten-
1-o0l, 3-methyl thiopropanal, dithiacyclopentane, octylcylohexane, 1H-pyrrole, benz-
aldehyde, guaicol, methyl palmitate 5 1159 3 g &0 F7l2 FAdHAT}. ZAH
Avlso A F71=2 &A% 3}3E 5 benzaldehyde$} dithiacyclopentanes ZAFA =
o] F7tgel wet FTrtete AFEFES YJERWAT. 1 9 acetic acid, 2-allyl-1,3-
dioxolane, dimethyl sulfoxide, Pentyl propyl disulfide % 1159 3 g Eo] ZA} &
of 2259l om 3-hydroxy-2-butanone& 10 kGy A} ZFo] A2 =t}

npE9] Eo]AQl e Fu gl Z 8-S Sl S-containing compoundiF 2] H| &
< AP 5 S od, Fastdt e F d%He AActe S vEdAA. F
8 3} =9 diallyl disulfideol ™3 diallyl trisulfide®] ®]g&o] 1.09914 0.652 A4
Ao g ZFAste] diallyl trisulfide®] $F#o] diallyl disulfide Xt} =4 &dxdeo
, ZAME Avkso] P T AT diallyl trisulfide®] o] o F oz e
) 3}
o] 3-vinyl-4H-1,2-dithiin® 2 9] M %o] Frasdte oz ATt ojejd A

b

Wb, 8k 3-vinyl-4H-1,2-dithiin, 2-vinyl-4H-1,3-dithiine] ¥ &% FA} & 7+

ol we} diallyl disulfideo] ©3F diallyl trisulfide®] ®] €3} 3-vinyl-4H-1,2-dithiinol
gt 2-vinyl-4H-1,3-dithiin®] Y& vl=9 WA A markerZ2 4] 9] 7} A4
< AAE =oH(Fig. 10).
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Fig. 10. Ratio changes of major volatile components of dried garlic

by irradiation doses.
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AL AN Y SRR SDE FEHoE A fUIAESE FE35H9 GC/
MS®E BX3% 0™ chromatogram< Fig. 11, 3&A F714 59 AL Table 33
of et At

1 kGy= ZAE dgdol = 3559 24 Aol sAHAJNCH, ds7HE=

[e%

S-containing compoundi7F I LA F7IAHEY {7.37T%E HEES AXsHH oW,
aldehyde® 4.39%, alcoholf 4.25%, ester® 242% <o 2 AdHdY. F2 3T
F71 2o 2= dipropyl trisulfide®} 1-propanethiole] &= Qo Z+zk 390,
183% =2 39 H7)Ad R UEELS X359l Dimethyl trisulfide, propenyl
propyl disulfide, methyl propyl tirsulfide, 28] 21 propneyl propyl trisulfide % ¢
S-containing compound®7F A H &QlF o] ZALE HdFIte] WA FUIAE
TAsF o™, ®3 ethanol¥ 2-methyl-2-pentenale] 27k 16.7, 16.2 mg/kg® 1
kGy® ZAME A¢ae] Fa ez SAHA

3 kGy= ZAE Aokgtol A Zdd A A Fol Al S-containing compound

o

ot

F+ 89.47%, alcoholi+ 4.12%, aldehyde¥ 3.51%, esterf+ 1.17%, ketone¥ 0.13% =
S-containing compoundF< o] ©rE B FZALY} ZALE kT A FaH
S-containing compound+2 &% F 714 =2 AL FAsFGY. AdFIY 9 A
21 dipropyl trisulfide®} 1-propanethiol< 3 kGy< HMAMA ZA} Zo] 2427} 4556
(196.9 mg/kg), 11.45%(49.4 mg/kg)E eI AA FHAEA F7IA LA 2HA 8k

H & & 1 kGy®E A Al &59F /A8 24 dipropyl trisulfide”} 2FA]| 8= H] & 9]

Me
lo

Z7}3 9 tF. Methyl propyl trisulfide®} dipropyl disulfide®= Z+z} 324 #7]A

84, 7T7% = A= sHwo Yo, ethanol?t 2-methyl-2-pentenal F3 F 2
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Table 33. Volatile components

dried onion at 1, 3, 5, 10 and 20 kGy

identified in unirradiated and irradiated

(mg/kg)
b Irradiation dose (kGy)
No. RIL Compound name
0 1 3 5 10 20
1 815 Ethyl formate - - - - 1.53 -
2 826 1-Propanethiol 2781 7198 49.41 60.79 4471 89.05
3 878 Ethyl acetate 384 986 504 632 2089 10.13
4 885 Diethyl acetal 041 133 041 045 043 047
5 911 Methyl propyl sulfide - 0.15 0.07 0.16 0.30 -
6 921 Propylene sulfide 051 0775 020 041 - 0.95
7 934 Ethanol 9.20 16.72 1756 1500 16.08 18.33
8 961 24-Dimethylfuran 071 1.09 092 105 163 1.30
9 971 2-Pentanone - 0.17 0.09 0.11 0.14 0.21
10 985 3-Pentene-2-one - - - - - 0.18
11 1032 2,2-Dimethyl heptane - - 0.26 - - -
12 1070 Dimethyl disulfide 1.86 0.17 067 047 333 0.69
13 1088 2-Pentenal 026 024 042 024 488 045
14 1109 1-Penten-3-ol - 0.28 - - - -
15 1122 2-Pentanol 013 0.09 022 011 028 0.16
16 1157 2-Methyl-2-pentenal 13.20 16.27 15778 18.80 24.02 19.44
17 1186 2,5-Dimethyl thiophene 118 130 132 181 211 1.63
18 1226 Methyl propyl disulfide 546 391 10.84 7.35 2665 9.65
19 1249 24-Dimethyl thiophene 3.28 439 433 627 654 584
20 1250 1-Pentanol - - - - 071  0.95
21 1261 (2)-Propenyl methyl disulfide 154 0.63 0.71 058 110 1.13
22 1274 Allyl methyl disulfide 0.61 - 048 024 121 0.39
23 1284 (A)-Propenyl methyl disulfide 2.11 0.68 0.99 0.78 137 145
157 1308 Butvibenzene - - - - - -
24 1339 Hexen-3-ol - 0.38 - - - -
25 1352 Methyl 5-hexenoate - - - - - 0.39

YRetention index, “Internal standard.
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Table 33. Continued

(mg/kg)
b Irradiation dose (kGy)

No. R.IL Compound name

0 1 3 5 10 20
26 1353 Hexanol - - - - - 0.38
27 1376 Dipropyl disulfide 10.50 1877 3358 25.70 37.83 14.00
28 1410 (X2)-Propenyl propyl disulfide 3.74 11.70 871 10.05 551 8.19
29 1424 Allyl propyl disulfide 1.02 1.48 - - 3.85 2.18
30 1435 (A)-Propenyl propyl disulfide 4.84 1490 11.85 1377 7.27 10.67
31 1445 Acetic acid - 0.40 026 018 066 0.43
32 1449 1-Octen-3-ol - - - - 0.39 0.54
33 1456 Furfural - - - - - 0.34
34 1460 Diallyl disulfide - 029 030 037 - 0.46
35 1527 Methyl propyl trisulfide 3311 19.07 36.24 2486 3757 25.79
36 1570 1-Furyl ethyl ketone - - - - - 0.68
37 1583 Allyl methyl trisulfide 1.13 - 047 051 026 0.76
38 1584 Pentyl propyl disulfide - - - - 0.63 -
39 1595 35-Dimethyl-1,2,4-trithiolane  2.77 1.04 060 063 053 0.66
40 1640 2-Acetyl thiazole - 1.03 0.60 084 0.75 0.68
41 1668 Dipropyl trisulfide 45.97 158.85 196.68 175.39 133.67 108.77
42 1725 (2)-35-Diethyl-1,24-trithiolane 3.45 431 7.02 551 491 5.60
43 1735 (A)-3,5-Diethyl-1,24-trithiolane 3.69 848 3.20 6.15 1.77 6.16
44 1741 Dimethyl tetrasulfide 4.00 - - - - -
45 1758 ?:ggfgi‘i;‘;;’i&mmethyHH7 232 456 497 398 - 427
46 1774 (2)-Propenyl propyl trisulfide 9.19 7.80 556 967 6.04 595
47 1794 (£)-Propenyl propyl trisulfide 14.29 1373 9.18 16.12 911 9.79
48 1885 2-Tridecanone 0.64 - - - - -
49 1998 2-Hexyl-5-methyl-[2H[furan-3-one  0.75 0.38 055 227 250 1.68

Total

213.52 397.18 429.49 416.94 411.16 370.77

1) . .
Retention index.
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Table 34. Relative content of functional groups in identified volatile components
from unirradiated and irradiated dried onion at 1, 3, 5, 10 and 20 kGy

Functional group

Irradiation dose (kGy)

0 1 3 5) 10 20

No. % No. % No. % No. % No. % No. %

Alcohols
Aldehydes
Esters
Ketones
S-compounds

Miscellaneous

2 437 4 425 2 412 2 358 5 435 5 540

3 651 3 439 3 351 3 462 3 707 4 551

1 181 1 242 1 117 1 151 2 543 2 277

2 066 2 012 2 013 2 057 2 065 4 073

22 8522 22 8737 22 8947 22 8824 22 8174 22 83.83

2 143 3 145 5 160 5 148 3 076 4 176

Total

32 100 35 100 35 100 35 100 37 100 41 100
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Fig. 13. GC/MS chromatograms of volatile organic components in unirradiated
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Table 35. Volatile components identified in unirradiated and irradiated
dried Welsh onion at 1, 3, 5, 10 and 20 kGy

(mg/kg)
b Irradiation dose (kGy)
No. R.L Compound name
0 1 3 5 10 20

1 769  Propanal 337 994 771 10.00 943 517
2 817 1-Propanethiol 63.06 4837 54.15 36.52 53.84 23.68
3 868 Ethyl acetate 450 488 518 540 555 3.74
4 902 3-Methyl butanal 063 059 078 149 0.90 0.77
5 915 Propylene sulfide 3591 4371 50.69 39.05 36.14 21.28
6 927 Ethanol 207 330 190 222 333 594
7 958 2,4-Dimethyl furan 815 1156 743 423 1159 6.95
8 970  3-Methyl-2-butanone 059 079 117 120 0.99 046
9 973 Pentanal 092 079 088 1.09 139 0096
10 1071 Dimethyl disulfide 023 101 029 028 729 476
11 1080 Hexanal 493 3.08 361 645 10.38 8.40
12 1090 2-Methyl2-butenal 032 046 036 071 096 027
13 1157 2-Methyl-2-pentenal 23.44 56.32 51.33 25.38 54.30 38.91
14 1187 25-Dimethyl thiophene 183 341 197 191 283 149
15 1229 Methyl propyl disulfide 168 344 120 245 1156 764
16 1250 2,4-Dimethyl thiophene 519 984 719 564 849 564
17 1253 Pentanol 091 068 063 117 113 0.71
18 1261 (2)-Propenyl methyl disulfide 258 645 210 195 1958 &88.66

19 1285 (E)-Propenyl methyl disulfide  3.17 880 3.32 230 27.75 28.03
1.S7 1310 Buthvi benzene - - - - - -

20 1324 5-Methyl thiazole 228 168 099 065 1.79 1.03
21 1378 Dimethyl trisulfide 712 798 411 436 4266 47.75
22 1391 Nonanal - - 1.22 102 012 0.06

23 1406 (2)-Propenyl propyl disulfide  23.24 13.70 11.67 896 16.80 13.19
24 1422 (£&)-Propenyl propyl disulfide  29.31 17.30 15.00 11.29 19.91 16.99
25 1432 Acetic acid 116 068 082 127 232 0383

YRetention index, “Internal standard.
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Table 35. Continued

(mg/kg)
N Irradiation dose (kGy)
No. RIL Compound name
0 1 3 5 10 20
26 1436 Furfural 055 017 001 133 091 08
27 1475 Methyl propyl trisulfide 18.01 21.84 9.64 823 79.78 69.96
28 1498 2-Furyl ethyl ketone 3.66 356 256 266 584 3.89
29 1672 Dipropyl trisulfide 91.80 28.01 24.95 18.77 44.22 28.71
30 1744 3,5-Diethyl-1,24-trithiolane 2824 497 772 380 293 281
31 1777 (2)-Propenyl propyl trisulfide 352 429 833 469 380 4.20
32 1795 (Z&)-Propenyl propyl trisulfide 5.02 6.27 1207 645 536 511
33 1810 Tridecanone-2 412 635 22.09 3661 7.44 2287
34 1862 1-(1-Methylethoxy)-2-Propanone 4.58 357 371 2.70 3.77 31.19
35 1923 2-Tetradecanol 085 1.10 182 351 162 243
36 2193 5-Methyl-2-octyl(2H)furan-3-one 3.87 3.88 1259 993 533 8.13

Total

390.81 342.77 341.19 275.67 512.08 513.46

D L
Retention index.

Table 36. Relative content of functional groups in identified volatile components
from unirradiated and irradiated dried Welsh onion at 1, 3, 5, 10 and 20 kGy

Irradiation dose (kGy)

Functional group 0 1 3 5 10 20
No. % No. % No. % No. % No. % No. %
Alcohols 3 098 3 149 3 128 3 249 3 118 3 1487
Aldehydes 6 87 6 207 7 1914 7 1676 7 1518 7 11.35
Esters 1 116 1 142 1 151 1 194 1 108 1 077
Ketones 5 43 5 529 6 1278 6 2038 5 459 5 793
S-Compounds 16 8246 16 6753 16 6289 16 5644 16 7524 16 76.48
Miscellaneous 2 24 2 357 2 240 2 199 2 273 2 160
Total 33 100 33 100 35 100 35 100 34 100 34 100
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Fig. 14. Quantitative variation of major volatile components of

dried Welsh onion by irradiation dose.
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A& Table 379 YElH A 2™, chromatogram< Fig. 159

1 kGy2 ZAt" AR F M= 2259 S-containing compoundiF 7} 94.73%, 11%
9] aldehyde® 7} 2.95%, 3% 9] esteri7} 1.46%, 7% 2 alcohol®7F 0.25%, 2% 9]
N-containing compoundF7} 0.45%, 1% 9] ketone¥ 7} 0.04% Z18]3 6F 2] 7]E}s}
= 017%7F FAHAJT T8 FFES AFFY DA FUIdRAA FdE A
¥  dimethyl trisulfide, dimethyl disulfide, (£)-propenyl methyl disulfide %
(2)-propenyl methyl trisulfide’} F8 3FEZ FAH=HAT. 2 Fol dimethyl
sulfoxide, 2,3-butanedione, 2-butanethiol, benzaldehyde % H]ZA} Al &o|A] &2l
A B g Eo] FhE T AT

3 kGyz ALY AFEFA A= 2059 S-containing compound”’} 95.46%, 10% 9]
aldehyde# 7} 1.96%, 2% 9 ester®7F 1.10%, 8% <] alcohol®7F 0.99%, 2% <9
N-containing compound® 0.38%, 1% 9] ketone® 7} 0.04% @] x 3% 9 7|} 3¢
0] 0.07% =o= F 469 FdAd AEol FAHAT 3 kGyelA &9 FeA
TR 24 9 TS 1 kGyE 2AME A9k frAFES

5 kGy2 ZAME AXFEF A= 2259 S-containing compound”’} 96.37%, 2% 9]
esteri7F 1.39%, 109 aldehyde® 7} 1.06%, 6% ¢ alcoholR7F 0.79, 29 N-
containing compound# 7} 0.31%, 159 ketone® 7} 0.02%, L8l x 3% 9 7]e 3
Eo] 0.06%7F FAE F 46T IEAH Aol Y. 2-Hydroxyethyl

methyl sulfideZ7} FA % Ao} ke 037 mg/kgl & =u o]}, 5 kGy FAFA]
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FoA 3T F71AE] FHF2 9965 mg/kgoZ UMY w2 FTol T

10 kGy®E ZA}E AXFolAE= 2159 S-containing compound’} 95.22%, 2% 9]
esteri 7} 1.65%, 9% ¢ aldehyde® 7} 1.39%, 7% 9] alcohol®7F 1.12%, 2% N-
containing compound7} 0.45% 183 3%F9 7] g Eo] 0.13%E F 43F 9
stgt=ol FdHdY. AFFo Fa AEY P& FAEIoY, 2 FES
dimethyl trisulfide 217.6 mg/kg, dimethyl disulfide 92.67 mg/kg, (2)-propenyl
methyl trisulfide 91.6 mg/kg % (£)-propenyl methyl disulfide 81.84 mg/kg 0. & H]
ZAE Aol vt W2 o = AT

20 kGy2 ZALE AR Fo = 21F9 S-containing compoundF7F 95.68%, 9F
9] aldehyde® 7} 1.20%, 2% <2 esterF7F 1.47%, 6% <] alcoholi7F 1.07%, 2% <
N-containing compoundf 7} 0.43%, 1% 2] ketone® 7} 0.02%, 123 3% <] 7]E} g}
Fd=ol 013% % F 44F o] FAHJH. ATAE F7IHEY profile 10 kGy= ZAF
H dRFe fAs e, F

71 TS 82752 mg/kg o ® 10 kGy = FA
d ABoAM B 2 SFoz FeFgu
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Fig. 15. GC/MS chromatograms of volatile organic components in unirradiated
and irradiated dried leek at 1, 3, 5, 10 and 20 kGYy.



Table 37. Volatile components identified in unirradiated and irradiated
dried leek at 1, 3, 5, 10 and 20 kGy

(mg/kg)
No. RL Compound name Irradiation dose (kGy)
0 1 3 5 10 20

1 813 Ethyl formate 087 311 313 575 360 344
2 832 2-Propenal 005 115 016 042 091 061
3 874 Ethyl acetate 290 1043 731 813 7.68 877
4 907 2-Methyl butanal - - - 0.29 - -
5 930 Ethanol 200 264 313 181 134 141
6 946 2-Ethyl furan - 006 020 014 015 0.16
7 949 Diallyl methyl sulfide 156 174 177 221 155 220
8 961 25-Dimethylfuran - 024 026 0.26 - 0.27
9 972 2,3-Butanedione - 040 032 0.17 - 0.14
10 974 Pentanal 037 055 039 035 010 0.36
11 1038 2-Butenal - 0.37 - - - -
12 1073 Dimethyl disulfide 120.32 101.93 131.33 119.11 92.67 109.96
13 1081 Hexanal 060 068 080 058 040 053
14 1103 2,3,4-Trimethyl-1,4-pentadiene - 0.06 - - - -
15 1108 Allyl formate - 0.58 - - - -
16 1113 2-Propenol 144 377 192 347 308 491
17 1137 2-Methyl-4-pentenal 032 019 0.27 - - -
18 1142 2,4-dimethyl-1-hexene - 0.18 - - - -
19 1145 Methyl ethyl disulfide - 036 038 010 0.09 0.05
20 1158 2-Methyl-2-pentenal 064 041 048 094 058 0.68
21 1184 Heptanal 090 029 037 036 072 0.74
22 1198 6-Methyl-1-heptanol 0.76 086 0.35 - 035 041
23 1216 (£)-2-Hexenal 11.09 1340 13.37 6.40 4.10 561
24 1231 Methyl propyl disulfide 099 078 126 090 0.75 096
25 1252 2,4-Dimethylthiophene 09 092 1.07 065 097 0098

D s
Retention index.
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Table 37. Continued

(mg/kg)

Irradiation dose (kGy)

No. RI” Compound name
0 1 3 5 10 20
26 1254 1-Pentanol 021 027 016 010 048 0.63
27 1258 2-Butanethiol - 0.52 - - - -
28 1259 2-Hydroxyethyl methyl sulfide - - - 0.37 - -
29 1263 (2)-Propenyl methyl disulfide 38.80 37.58 38.78 42.20 30.06 33.64
30 1280 Methyl allyl disulfide 73.48 67.12 69.30 72.78 43.43 60.34
31 1283 (Z&)-Propenyl methyl disulfide 103.44 104.53 108.47 103.21 81.84 80.24
£.S% 1311 Butv/ benzerne - - - - - -
32 1381 Dimethyl trisulfide 314.88 287.66 303.09 309.80 217.61 252.88
33 1386 (£)-3-Hexenol 056 025 133 010 065 0.14
34 1392 Nonanal 1.07 130 1.14 094 0.82 0.68
35 1429 (A)-Propenyl propyl disulfide 021 0.05 0.23 028 060 0.35
36 1455 Methional 830 7.89 451 439 369 531
37 1463 Furfural 044 051 101 013 1.39 0.50
38 1466 3-Ethyl-1,2-dithi-4-ene 15.17 1660 1458 16.11 952 14.24
39 1481 Diallyl disulfide 1732 1753 14.31 1635 8.85 14.26
40 1487 3-Ethyl-1,2-dithi-5-ene 49.39 53.82 46.85 4562 32.20 36.56
41 1493 2-Ethyl-1-hexanol 0.41 - 0.44 - - -
42 1523 Benzaldehyde - 044 065 029 060 0.36
43 1526 N,N-dimethylthioacetamaide 1.14 209 131 181 143 1.26
44 1531 Methyl propyl trisulfide 1.06 379 790 587 1.08 0.39
45 1546 Furaneol 0.44 - - - - -
46 1551 Linalool 074 155 090 101 087 1.36
47 1561 Cyclohexyl ethyl ether - 0.73 - - - -
48 1583 Dimethyl sulfoxide - 1.37 082 101 041 1.12
49 1592 (2)-propenyl methyl trisulfide 155.15 148.85123.47 161.09 91.61 130.53
50 1598 (Z&)-propenyl methyl trisulfide 34.07 40.26 29.79 43.42 28.04 33.08

YRetention index, YInternal standard.
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Table 37. Continued

(mg/kg)
) Irradiation dose (kGy)

No. R.L Compound name

0 1 3 5 10 20
51 1675 S-Methyl methyl thiosulphonate 1.19  0.76 - 056 046 057
52 1681 2-Butyl-4-methylthiazole 0.34 - - - - -
53 1689 Cyclohexyl methyl sulfide 383 461 399 377 281 539
54 1792 Dially trisulfide 9.62 11.07 687 1027 423 853
55 1832 Hexanoic acid 1.18 031 024 016 1.01 0.69
56 1975 1-Phenyl-1-butanol 159 167 116 154 093 -
57 2140 2,4,6-Trimethyl pyrridine 286 224 226 129 163 2.28

Total

982.66 960.47 951.83 996.51 685.29 827.52

D L
Retention index.

Table 38. Relative content of functional groups in identified volatile components
from unirradiated and irradiated dried leek at 1, 3, 5, 10 and 20 kGy

Irradiation dose (kGy)

Functional group 0 1 3 5 10 20
No. % No. % No. % No. % No. % No. %

Alcohols 9 083 7 020 8 099 6 079 7 112 6 1.07
Aldehydes 9 157 11 295 10 19 10 106 9 139 9 120
Esters 2 039 3 146 2 110 2 139 2 165 2 147
Ketones - - 1 004 1 004 1 002 - - 1 0.02
S-Compounds 20 96.68 22 9473 20 9546 22 9637 21 9522 21 95.68
N-Compounds 2 041 2 045 2 038 2 031 2 045 2 043
Miscellaneous 1 012 6 017 3 007 3 006 2 017 3 0.13

Total 42 100 46 100 43 9993 43 9994 41 99.83 41 99.87
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