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ABSTRACT

Effect of Gamma Ray and Electron Beam Irradiation on
Volatile Organic Compounds of Spicy Vegetables

Kim, Jun Hyoung
Advisor : Prof. Kim, Kyong-Su, Ph.D.
Department of Food and Nutrition

Graduate School of Chosun University

Spicy vegetables that give unique flavors to food have been developed as the
food industry advanced. The effectiveness and effect of substances that promote
physiological activity have been ascertained. Thus, use of such substances is on
the increase and extensive studies of enhancement of food preservation by
gamma ray irradiation and of easiness in distribution are being conducted. In
relation to this, we intend to monitor changes induced using gamma ray and
electron beam irradiation in major volatile components in spicy vegetables by
investigating the change in major volatile components of major spicy vegetables
and by investigating the effect of such irradiation at high dose on spicy

vegetables.

1. Analysis of changes in volatile components of irradiated spicy vegetables by

gamma ray

A. From red pepper, 38 types of volatile organic components were isolated and
identified: alcohols(31.4%), aldehydes(35.8%), esters(21.2%), hydrocarbons
(4.796), ketones(4.5%), acids(0.6%) and heterocyclic compounds. Total amount

of organic components was 11898 mg/kg. Major components identified



included ethyl acetate, 2-methybutanal, 3-methylbutanal, hexanal, pyridine,
2-pentylfuran,  benzaldehyde, linalool, (EE)-24-decadienal, = B-ionone,
1-tridecanol, (Z)-9,17-octadecadienal and methyl linolenate. Total amount of
volatile organic components showed an increasing trend in radiation dose,

exceptionally decreasing at dose of 7 kGy.

B. From ginger, 70 types of volatile organic components were isolated and
identified. The 33 types of components that belong to hydrocarbon families
accounted for the largest proportion(83.8%), followed by alcohol, aldehyde,
ketone and ester families. Major volatile organic components of dried ginseng
included a-zingiberene, B-sesquiphellandrene, [-bisabolene (Z,E)-a-farnesene,
BG-phellandrene, germacrene D, (Z)-citral, camphene, a-zingibereneand, B
—-sesquiphellandrene, which accounted formost of organic components. The
volatile organic component conten to fall irradiated ginseng specimen was
higher than that of non-irradiated specimen with highest content observed in

the specimen irradiated with a 7 kGy dose.

C. From welsh onion, 45 types of volatile organic components were isolated and
identified. According to type of functional group, S-containing compounds
accounted for the largest proportion, and aldehydes, alcohols, ketones, furans,
esters, hydrocarbons and acids family were identified. Major volatile organic
components included 2-methyl-2-pentenal, 2-tridecanone, propanethiol,
3,5-diethyl-1,2,4-trithiolane, dipropyl trisulfide and Z2-propen-thiol. The total
amount of volatile organic components of dried welsh onion specimen
decreased with increasing irradiation doses with the lowest amount observed

at rradiation dose of 10 kGy.

D. From garlic, a total of 47 types of volatile organic components were identified

with 26 of them being S-containing compounds and accounting for 98.7% of

_Xi_



the total volatile organic components. Besides, alcohols, aldehydes and esters
family were also identified. Major compounds included large amount of diallyl
disulfide, diallyl trisulfide, methyl allyl disulfide, 3-(allylthio)propionic acid and
methyl-2-propenyl trisulfide. The total content of volatile organic components
of garlic decreased as irradiation doses increase. Consequently, major

compound contents also slightly decreased.

E. From onions, a total of 40 types of volatile organic compounds were isolated
and identified with 25 of types accounting for 71.5%: aldehydes, ketones and
esters families were identified. Major volatile organic components of dried
onions included dipropyl trisulfide, propanethiol and 2-methyl-2-pentanal.
Among irradiated and non-irradiated groups, total content of volatile organic
compound increased with increasing irradiation doses with the lowest content
of volatile organic compound observed at 10 kGy. Total content of volatile
organic components at irradiation dose of 10 kGy was higher than that at 7
kGy. The proportion of S-containing compounds in the specimen irradiated
with dose of 10 kGy was lower than in a control irradiated with dose of 7
kGy, and was higher than in specimen irradiated with different dose of

radiation and in non-irradiated groups.

2. Analysis of change in volatile organic components of iwrradiated spicy

vegetables by electron beam

A. From red hot pepper powder irradiated with electron radiation, 39 types of
compounds were identified. Major volatile organic components included ethyl
acetate, 2Z2-methybutanal, 3-methylbutanal, hexanal, pyridine, 2-pentylfuran,
benzaldehyde, linalool, (F,E)-24-decadienal, B-ionone, 1l-tridecanol, (Z)-9,17-
octadecadienal, and methyl linolenate. The total amount of irradiated red hot

pepper increased with an increasing dose of radiation although it decreased at

- xii -



7 kGy. However, the highest amount of volatile organic components of red

hot pepper was observed at a radiation dose of 10 kGy.

. Total content of volatile organic components of dried ginger irradiated with
electron radiation increased with increasing irradiation doses until at a dose of
3 kGy, decreased at 5 kGy and 7 kGy, and increased again at 10 kGy. Major
volatile organic components included a-zingiberene, G-sesquiphellandrene, G
-bisabolene, (Z,E)-a-farnesene, [-phellandrene, germacrene D, (2)-citraland—
camphene, most of them being Terpene family. Irradiation did not affect the
over all proportion of hydrocarbon family. The amount of [-bisabolene
decreased with increasing dose of irradiation but exceptionally decreased at a
dose of 10 kGy. In contrast, the amount of 6-methyl-5-heptene-2-one and

camphor decreased with an increasing dose of irradiation.

. The amount of volatile organic components of welsh onion irradiated with
electron radiation decreased with an increasing dose of irradiation. The lowest
amount was observed at a dose of 7 kGy, but increased at 10 kGy. The
amount of major aromatic substances of welsh onion such as Z-propenthiol,
propylene sulfide, 35-diethyl-1,24-trithiolane increased with an increasing
dose of radiation with the amount being highest at irradiation dose of 7 kGy.
It showed a decreasing trend at the irradiation dose of 7 kGy or more. The
amount of (Z)-propenyl propyl disulfide, (E)-propenyl propyl disulfide and
dipropyl trisulfide increased with increasing doses of irradiation and with the
highest amount show data dose of 5 kGy. It showed decreasing then data

dose of b kGy or more.

D. Electron beam irradiated garlic was not considerably different from

non-irradiated garlic in terms of proportion of functional groups as

S-containing compound accounted for 97.6% to 98.9% of total 48~54 types

- xiil -



of compounds. Major volatile organic components included diallyl disulfide,
diallyl trisulfide, methyl allyl disulfide, 3-(allylthio)propionic acid and
methyl-2-propenyl trisulfide. Compared with non-irradiated specimen, total
content of organic components decreased with increasing doses of irradiation.

Consequently, the major compound contents also decreased.

E. The number of types of compounds identified from the onions irradiated with
electron radiation was 40, and the proportion of each functional group was
found similar between irradiated and non-irradiated specimen. The change in
content was not significant. Major volatile organic compounds included
dipropyl trisulfide, propanethiol and 2-methyl-2-pentanal. They decreased with
an increasing dose of irradiation with the lowest amount observed at 7 kGy

but slightly increased at 10 kGy.

3. Effect of irradiation with high doses of each radiation source on volatile

organic components of spicy vegetables

Spicy vegetables exposed to high levels of radiation registered changes in their
volatile organic component depending on the type of radiation.
The total volatile organic components of red pepper and ginger were higher in
gamma ray and electron beam irradiated group than in non-irradiated sample,
and its rate of increase was higher in electron beam irradiated group than in
gamma ray irradiated specimen. The organic compounds of ginger such as a
-zingiberene, (Z E)-a-farnesene, B-myrcene, and limonene rendered similar
results.

The total content of volatile organic components in welsh onions was higher in
non-irradiated group than in gamma ray and electron beam irradiated group, and
it registered lowest in group subjected to electron radiation. After exposure to

either gamma ray or electron beam, content of 2-methyl-2-pentenal, (Z)-propenyl

- xlv -



propyl disulfide, and dipropyl trisulfide in Welsh onions decreased.

The total content of volatile organic components in garlic and onion decreased
after irradiation with either gamma ray or electron beam, and registered the
lowest in gamma ray irradiated group. The garlic’s content of dially trisulfide
was the lowest among all gamma ray irradiated control.

The content of major S—containing compound registered the highest in electron
beam irradiated in onion. The content of aldehydes was lowest in gamma ray
irradiated specimen. The content of propanethiol and dipropyl trisulfide decreased

after irradiation and was lowest in electron beam irradiated control.

In this study, we found that irradiation with gamma ray or electron beam
affected the volatile organic components by analyzing change in volatile aromatic
components of spicy vegetables irradiated with gamma ray and electron beam.
Although composition of major components changed, no compounds that are
specific to irradiation were observed. The sensitivity of spicy vegetables to
radiation source and dose differed by types of spicy vegetables although not
highly correlated with extraction efficiency of volatile components after
irradiation. Based on these results, we consider that more extensive studies are
required to determine appropriate radiation source and dose that can be used to
sterilize spicy vegetables while considering sterilization, energy efficiency, and

extraction efficiency of useful components.
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3= AMFsET. o] HU3slE “CFAZTH(GMP: Good Manufacturing
Practice) & AA & st &3t 7wAke 545 @dsty] aix ABT Aoz
ZARRE A S AR dUE H A AT F d's A8E W RHTHE6).
gt Codex(FAO/WHO 35 A& 7A993])+ 1983l 10 kGy olste] &ALE
2178t Codex ARbFAS AT v o 20039 = 71«4 daido] e
W 10 kGy ool AR Q1A e Codex 42 A9 8AtHE7,58).

AR AARom 2o Y] a1 AR AAAo] Folw]o] 527 A 250
o T A3Fol WAk FARE s8star lem(Table 12), o1& =7F T 30970 =
ZhllM e ddA EE AR JArHB9). Felvtebe 1991 o] A FA Fe] o
al £ARF sl &AM, 2004 d o= &G AFol giEel Al 2671 el
A ZAPZF AAE AL A (Table 3)(60).
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g WAbA A 7)) AbdstE TS AtR e R Lu[Ate] o)d] 3
HEo] Hdd Zolnm ofF JWisly] 3 7lwA dZete] FEHIF 9
Codexoll A& 238 WA A= 7S TAE d8Addes 047}/\]“"1]/‘1
A A8}aL, labellinge- ol F-3}slal glow, EUN A+ “irradiated” 5+ “treated with
ionizing radiation”o]#t& ©@olE WAMA AN FE R HIbEol| ®AE|oF ob, WAL
A z2AbE FH7MEC] HE AFY 25% olotE AAET Ak 9o golE x| ok
gt gk ATh6l). 3 oA+ A A(radura)E® 474 5 cm ©1 A
7|® FEASHES rAskaL glom, § 8ol WE AMAEE qrAlekal ATH62).
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Table 1. Countries and food items in permitted to irradiation

Country Food Item No. Country Food Item No.
Argentina 14 Italy 6
Australia 15 Japan 1
Austria 3 Korea 26
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 5
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 17 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. Applications of food irradiation

Food items Purpose Dose(kGy)
Class 1 . ) )
Bulbs, Roots and Tubers Inhibit sprouting during storage 0.1~02
- Delay ripening 03~10
Class 2 .. )
. - Insect disinfestation 0.3~1.0
Fresh fruits and vegetables(other ) )
than CI i - Shelf-life extension 1.0~25
an Aass - Quarantine control” 0.15~1.0
Class 3 . - Insect disinfestation 0.3~1.0
Cereals, milled cereal products, nuts, ) . .

Jeceds pulses. dried vegetables and - Reduction of microorganisms 1.5~5.0
oriseeds b ’ g - Inhibit sprouting(chestnut) 0.1~20
fruits
Class 4 . Rgduction Qf ceg)tain pathogenic 01~70
Raw fish and seafood and their MICTOOTZANISMS

- Shelf-life extension 1.0~3.0
ducts(fresh or f ), frozen fro : ; )
iaergo CLSUTESh of frozen, Hoze s - Control of infection by pamsﬂ;es2> 02~20
- Reduction of certain pathogenic 1.0~7.0
Class 5 microorganisms2>
Rravgupfu(“ﬁry jnd meat arrll)d their - Shelf-life extension 1.0~30
Procuctstiresi a 0ze - Control of infection by palrasites2> 05~20
Class 6 - Reduction of certain pathogenic 2.0~10.0
Dried vegetables, spices, animal microorganisms2>
feeds, dry herbs and herbal teas - Insect disinfestation 0.3~10
- Insect disinfestation 0.3~1.0
Class 7 « Inhibit mould 1.0~3.0
Dried food of animal origin - Reduction of certain pathogenic 20~70

Class 8

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

. . 2
miCcroorganisms )

- Reduction of microorganisms
- Sterilization
- Quarantine control

3)
3)
3)

YThe minimum dose will be characterized for the special parasites
?The minimum dose will be characterized for ensuring the hygienic quality of food

9The maximum dose will be characterized for special purpose and food ingredients
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Table 3. Irradiated foods approved, irradiation purpose and dose limit in Korea

D
Food/Product Purpose 0S¢
max.(kGy)
Potatoes, onions and garlic - Inhibit sprouting 0.15
Chestnuts - Inhibit sprouting 0.25
Fresh and dried mushrooms - Sterilization - Delayripening 1
Dri fish hellfish L .. .
ried meat, fis anfi N e. ish powder - Sterilization - Disinfestation 7
for processed food ingredients
Soybean paste powder, red pepper - Sterilization - Disinfestation 7
paste powder and soy sauce powder
Starch for spiced food - Sterilization - Disinfestation 5
Dri les f f L .. .
. ried V egetables for processed food - Sterilization - Disinfestation 7
ingredients
. . . - Sterilization
Spices and dried vegetable seasonings .. . 10
- Disinfestation
Yeast powder and enzyme preparations - Sterilization - Disinfestation 7
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 e .. .
5 . ) b - 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
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2 A" AXH(CEN standards 1055, 1996~2004; Codex standards 9%,
2001 ~2003)F ol A -4 FA=u3 9 (Photo Stimulatated Luminescence : PSL), &3H4
H(Thermo-Luminescence : TL) & 2F7F9] WAL AR HAWHE A=Hskal 2007
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H‘E

(Electron Spin Resonance

spectroscopy, ESR), 7Z|AAZvlE g2/ A2 H(Gas  chromatography/Mass
Spectrometry)o Al 5)ka1(6 ) 20104 3¢ AEZAH = FAdAZE A AL A
o ol WAMdZALA RS Felshe AAN JAAE AEetes AR dLE SHHTHED).

4
ole] WM& Ul HAV|E AFEIFS B, AdzolM= A&3E AT Aol
FrlEo] A HARRY(ESR, TL, GC/MS)E2] EE87F Al=d vl vt &7 W
ol B A= 19809 F-H AG7hA d=dAEdTd H
st v)gel ols) ofe] WHew s Jlow, 5 5 Aol vy Fid HFE
b

of WA Atel 98] X5+ hydrocarbonfiE #AASH7] 917 eb W

I e =24 ®WY, Comet assay(134-142)9} 7 A ESHE W EO] AL
AA T T2 Fo] ol Eedm W HAZo s F&e oy Ao}

o]F 10 kGyolste] AP #E s &etal e Fae WEASD WA A
wogrA gtom AR T FUFS AHHLR FIUME Jow odHm, o
ol Frlete F FAEE T WA AR AR HA g AL AF
Holgta weErt dA TL, PSL % ESR 59 HA|HE o]&sa glort 7]E
HAR ] g A= Ao glvy ez dA7tA Add AANEES AR
HeHoZ 2857 S N2 AR Ads gt Aol

olgl Weto® WRAM FAbe] o) wiZstA F¥dE e Y FFEES E
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= of aEI7HF, A%, W9, vis, dube

B AR AFCEEFAA A sk 2 Aol AAEE Alae QdE

r -70°C Y& A 2442 YeAA e 210z 4

10 kg€ w471 37](Labconco 7754500, Labconco,

a7 2% -50°C, ¢4 10 mTorrd] 242

2 @Mﬁ %éﬁz&%@. "7 AALEE 20+1°Coldan,

Polyethylene (PE)A &l ¥A4A=2 Z-gxgsie] 7vepd 2 AXR A AJ52 Ab

£3 ) o2 nFAL hRAIES} $HA 4TE AR are] BAste] Ao AL&
sttt

R L
Aol gkl 2Abe 29 108 G Co60 7l ZAFAA(R-70 gamma
irradiator, MDS Nordion, Canada)2- ©]-&3}o] A-2(20t1C)olA 4 70 Gyel A
Fgw FEAge] 13,5 7, 10 2 30 kGy7h HEE 2Aslgdon, 443 3
%1 dosimeter (ceric cerous dosimeter, Bruker Instruments, Rheinstetten,
Germany) & Ab&3dte] & FFd@de] x5 AAtsiith

oh AR &4
AR ZAFE Electron-beam  accelerator (model ELV—4, 25 MeV, EB-Tech.,
Ltd, Korea)E o]&3ste] Zvpd XA} U3 FAHEHE ZEEE Velocity

H
5-10m/min®] A FEZ AT olwle F4 -2 cellulose triacetate (CTA)
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dosimeter® <15}t

2. Aok

WA AT X

R4

e

Al ok Aleko 2 mar Sigmarled Fisher Scientific
(USAAFERE Fiskien, 3 Fr7178#el FEo] ARET pentane H
diethyether (Fisher Scientific (USA))+ HPLC grade® +¢38}¢], ©o]& Al wire
spiral packed double distilling (Normschliff Geratebau, Germany) #*2 A5 73t
A& AR 52 o5 A SR (Millpore corporation, Bedford, USA)o 4]
< Milli Q waterg AR&stATh 7187 @gol AMEE F NaSOse 650°C

3|stz oA o} A Bl F desiccatorol Al R £ ARESESIH

flo
i
z}d

i
o,

3. 7171

FE IR FES foted dEFFrIsRTE g (Likens & Nickerson
type simultaneous steam distillation & extraction apparatus, SDE, Normschliff,
Wertheim, Germany)& ARS8 2™, Vigreux column (250 ml, Normschliff,
Wertheim, Germany)g AH&3slo] & & A 7 s .

T Z bR o5 EelE Ed FrIAEe A 2 AE 242 floko
DB-Wax (60 m x 025 mm id, 025 um film thickness, J&W, CA, USA)
capillary column®] “&2#¥ Shimadzu gas chromatography/mass spectrometry
(GC/MS, QP-5000, Shimadzu, Kyoto, Japan)Z ©]-&3}t}.
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Apparatus for Likens-
Mickerson simultaneous
distillationfextraction

Fig. 1. Diagram of simultaneous distillation and extraction (SDE)

apparatus according to Likens and Nickerson.
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2. WA F714 e RN EE M EERE

Mz

g]

iz

7}. Gas chromatography/mass spectrometry (GC/MS)¢] ¥4z 4
b frldEe BAXREE Yol et tgd v RO oY F
9] capillary column (DB-1, DB-5, Carbowax 20M, DB-wax)E2 Al-&3}o] #¢]

£ st on, w&5e 2485k dulddE AA eIt 28 HAe 2424

LI

T2, =" I [UIEEE GC/MSe sty A skt

GC/MS+ Shimadzu gaschromatography/ mass spectrometry QP-50002 A}-8-3}%1

o A7 9 jon3}t+ electron impact ionization (ED®FH o= dsH Tt GC/MS £

Z 72 ionization voltageE 70 eVE 3} 3L, ion source 5% 230C=E st}

E3E A% BApEe] WMel(mz) v 41~45022 A = X2 e 40T

ol A 3EZF FAE e 2C/ming] X2 150C7HA thAl 4TC/ming] 522 200T

71 % 1083 A8 2E A8l Injector?}t detector®] =%+ Z+7;

250°C, 300°Cel™, carrier gas® heliume Ab&ate] f42 1.0 mL/min® & skt
A&E 1 uLE split ratio 1:202. 2 F 434 HTable 4).
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Table 4. GC/MS conditions for analysis of volatile organic compounds

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

Temp. program 40°C (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)
Ionization voltage 70 eV
Mass range(m/z)  41~450
Injection volume 1 uL (split ratio 1:20)
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o skl #e 2 AR
GC/MS9| 9]&] total ionization chromatogram (TIC)o] #2]¥ 7} peak? A&
22 mass spectrum library (NIST 12, NIST 62, WILEY 139)2} mass spectral
data book®] spectrum(152,153)3¢] dx] % GC-FID #4l¢] 9% retention indexi=

lab retention index database®} ¥ 4He] retention index(154,155)¢te] A= % F &

Pl

O

49 4] dataE Wlalste] gels T
AL sl {F71A8E 5 A UFETE4=2 #17Fd n-butylbenzened &4

<

H F718 59 peak area gk ol&3dte] AR 1 kgoll sHrd Ed FUIEEE A

WHoz AFEstH o ZF 3}gEo sk response factor= L34 &t}

C % 1000 g
Component Content (mg/kg of sample) = ——-———-———-
Ax Bg
A 1 ZF A B4 internal standard®] peak area
"B AR &
C: Zr AMmolA 24 9 peak area

t}. Retention index %

TE Axe FEAd BAMoZA  Kovats(156)7F At wlFE
(retention index or Kovats index, RD& A3 &7H-& 722 sho] o
SHASRE FAE Zlolt)

HHEE A= chromatogram 2 5E £28 Felstr] ¢ste] A&d hein g
ZA oH 3 Lo mRE X]—’F—E F38 59 chromatogram $JolA 7 &2 1

TE Az 93 Hol Ushbs T ole 44 d7e] vRE ARoRRH

N
o

il

Al

)
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Log Vrw - Log Vrw
RL = 100 Z + 100 { }

Log Vw1 — Log Vew

- RL ¢ 3EE 19 retention index

* Vr®, Vr®, Vrz © 3FEE 1, &40 57F 2424 7, Z+190 23] &1
<

<
X
N
&
<

2 Mot EFlom AsIAH. =AY £
d HA BAxRPAA GC/MS B4 5 tHTable 14). GC
chromatogram®l #1 €%1% n-alkane w29 WF 5 Al {Hretention time, RT)&
o] &3}e] A EH hasic programe] EAH ZF peakd HWEFE AFES WYsie] 7

peak?] RIZ S H3lAth

II (Ciz3~ C2)9 n-alkane =&
Pzs

o 1 uLE FRH
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Spicy vegetables

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

BLENDING

- Added 1000 mL of Milli Q water
- Adjusted to pH 65 with 1 N NaOH
- Added n-butylbenzene 1 mg as LS.

SDE

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

DEHYDRATION

- Adding anhydrous Na:SO. for overnight
- Filtration

CONCENTRATION

- Concentrate to 1 mL by Vigreux column and N3

GC-FID & GC/MS

Fig. 2. Analysis of volatile organic compounds from spicy vegetables.
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e 18RS E4EAE FHeE] feke vdd & 2RO
9] capillary column (DB-1, DB-5, Carbowax 20M, DB-WAX)E2 Ah&3d}o]

L& vl on, 458 AstE duAdRE AA oed e HAH Y 4
Ae FHIEIHY. GC/MS+E Shimadzu gas chromatography/mass  spectrometry
QP-50002 AF&3l o™ Al&9 jondli electron impact ionization (EDWH o2
AslF . GC/MS 4 2712 ionization voltageE 70 eVZ 3% 3L, ion source =
T 230TE shelvh E=7 24 A Welim/z)w 40-35022 A
Column< DB-WAX (60 m x 0.25 mm id., 025 pym film thickness, J&W, USA)
E AREelal, 2% ZEIOES 40T 33 A% th 2C/mind £%2 15
0C7HAl thA]l 4C/min® X2 200C7HA] A5A171 & 1087 2134t Injector
9} detector®] === Z}7Z} 2507C, 300°Cel™, carrier gas™ heliume ARESFG I

22 10 mL/min®® e, Algi 1yl split ratio 11202 F¢ 32t

2

E

ol

riz

BN

2. n—Alkane? Y&+ &5 ASF

A9 e $159 n-Alkane A2 GC/MSE 48t HF &
17+8 789tk n-Alkane 5% @ mixtureE DB-WAX capillary columne ©]-&
Fo] A% chromatograme Fig. 4¢] WeRIAL, 21719 ©@ad sds &=
retention time (Table 15)& RI 92 9138 basic programe] Y#Hste] 2@ 7}

peak®] RIZ -3}t

(e
i
il

>~

2

ofr
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Fig. 3. GC/MS total ion chromatogram of n—alkane standard mixture.
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Table 5. Retention time of n—alkanes for gas chromatographic retention index

n-Alkane Name Retention time(min)
CioHze n-Decane 11.297
CrHa n-Undecane 16.379
C12Has n-Dodecane 22.646
Ci3Hgs n-"Tridecane 29.418
C14Hzo n-Tetradecane 36.233
CisHae n-Pentadecane 42.708
CisHzy n-Hexadecane 49.27
Ci7Hszs n-Heptadecane 55.369
CisHss n-Octadecane 60.992
CioHag n-Nonadecane 65.492
CaoHaz n-Eicosane 69.197
CorHa n-Heneicosane 72.842
CaoHas n-Docosane 75.395
CasHag n-"Tricosane 78.404
Ca4Hzo n-Tetracosane 82.063
CasHsz n-Pentacosane 36.971
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A 24 A zA0 og FA ALF AR HAE

i
ox

ZAFSFA] & a1EVFFEE control® SFar, 4wEA 1, 3,5, 7 2 10 kGyE ZAFSE

she] 912 chromatogram<- Fig. 43} 231
Table 69, #5719 g3u]u= Table 79| Ve AT

FAF7FFA A E1E IR AR F 38 FLFE acidfF 1%(0.6%), alcohol
F 6%F(31.5%), aldehydef 118(35.8%), esteri+ 5&(21.2%), hydrocarbonf 7%
(4.7%), ketonei 4%(45%) % heterocyclic compound 4% (1.7%)°]} o, 7] &
TS 11898 mg/kgol Ut nx7FFo ERA R EAste o Y /714
T o2 ethyl acetate, 2-methylbutanal, 3-methylbutanal, hexanal, pyridine,
2-pentylfuran, benzaldehyde, linalool, (EE)-24-decadienal, B-ionone, 1-tridecanol,
(7)-9,17-octadecadienal, methyl linolenate o] <)% At}

Aldehydef+ & benzaldehydet® 2], 27 % &0l SoA @3 7|2 Y
EA(16)E dEA o AR A T Eh B AE oA &5t
] -0 ZE WA (green note)® £ A o] X+ 1T % Ce lipid peroxidation productf
= hexanal= Q1% A TH159). &3 2-Methylbutanal®} 3-methylbutanal= 21 %]
= o] 7FA 2 methyl7]i= aldehyde®] Abzell o &k Abap g4 23 8ol
SgeE Sl 71189 rH160).

Maillard ¥H-&-3 =@ o] Aswbgo] ofs AH== g dEL v 52 F
AN e 1 ol4e] nitrogen ©lW sulfur ¥AE 3} heterocyclic compound

olar, 471 ©]74<9] carbon A& 7}A = long chain alkyl substitute® 7}3It}. o] ¥

r%’ﬂ

il

I

3%
rir

long chain alkyl substituted heterocyclic compoundst® 7} 2)E0] FQ3F v 2k
7)o s el ghrH16]).

o]¥ heterocyclic compound & ¥ 7hgtAst wkgo® AAHEE furan 33
2(162)% 2-methyl furan”’} 1AL, o] “EAWHA”, = YRl Ao FAFs)



o fRE sledst vgow ARt By up gth v 3§
AR 5 235 6-tetramehyl pyrazine®] #<Q1¥ 31, o]+ mailard ¥ 7R
AbERl & EF A HejAbEQl pentanal ¥
hexanal2- WAl A A alkylpyrazine 771 A AohE ®avh ok ol alkyl-
pyrazine &< 2%9 vl s YAl HEES FHA Y= #Ee s v &
A tH163). LT oo Fa HdEoR deA ¢

linalool, B-ionone®] 725 th Esterffs 5502 o] & ethyl acetate: #2 9
Az sz, liquor, B8, #3259 FuE e o|f¥e HAFTow I A
81 TH(164,165).

1, 3,5, 7 % 10 kGye] H&o=z Zepd Ald 1371 & 2H2 3959 3}
gEo]l grlFen, g fUdE 2L dlxzad v 1, 3, 5, 7, 10
130 kGyZE fvpal 2ArE a137 o2 77t 126.34 mg/kg, 162.41 mg/kg,
185.33 mg/kg, 14741 mg/kg 2 22359 mg/kg ol E3], 10 kGy= Zvpd =
AP a1SETR A gl Rt oF 194] R FHu] ghEko]l FlF Ut

kA F2AYE a1EvbRe] Fo B aEL aldehyded, alcohol®, esteri 2
heterocyclic compoundf 2 #elHFR o o= x7d HS=3 A4S KA
Hydrocarbon¥r, aldehyde¥r, ketone¥r, alcoholfr 2 esterit +© 2 AWAFsE A4
Eolm wAbA AR AT AAE free radicaloll 9s] A WAESlZF FxE 5 )
= ZAog 4y Jdui166). 3l aldehyde i WARA ZAlo] 93l ofvfiAto] B
afol olsjm B 7hed ALo®E Haiwar QIrH167).

1 kGy®] Ad#om AtE aZ7FFoA g9 g {71482 1-tridecanol,

(Z2)-9,17-octadecadienal, (F E)-24-decadienal, methyl linolenate, ethyl acetate,

acetol®} ammonium acetate®}o] #HF-E

o,

:

i

T

1 terpened 3} EZ =

Ju
S
of

3-methylbutanal, B-ionone, benzaldehyde, hexanal, furfural, 2-methylbutanal,
linanol, 2-pentylfuran, pyridiness 2 & ko] & 7| AR BT A vshom o]
E2 HZAN AZ27FF A Fo dRoE SIYQY sdEEH dA T HxAt
31Z=7FFel BlElA] methyl linolenate®] 3 1.7¥), (2)-9,17-octadecadienal 1.5
H), 1-tridecanol 1.3#¥] F7F= Attt o] Hrol ethyl acetate, B-ionone, (E E)-24-
decadienal Z+7} 259, 1.39), 129 A= ZFASFS T

=
3,5 7 283 10 kGyo A#Eoz xaAld mE7bFoA] gelg Fura H714

Pl

ot
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S WAk 3 1kGy R 2AbE aETFRelA Bdld Fa SgEEe] 44 a3l
o el Sleide] ke @Rlskiith 3 kGyE &AM asrbEel A

1-tridecanol, (2)-9,17-octadecadienal, (FE,E)-24-decadienal, methyl linolenate & <]
gako]l A #l® o methyl linolenate HIZAF LFE7FEo A oy & ko]
A3 380, (2)-917-octadecadienal 2.2%] ZF7}s T 1-tridecanol< H] &AM
g 179 A gel¥dar, ¥hd  ethyl acetate, 2-methylbutannal, 3-methyl-
butanal, hexanal B-ionone % H]E/\}—’Foﬂ 3] A4 = IFgEEE FF o
o= 1 kGy® ZAME wjo] &3} frAkekA Webskth

5 kGygE xAM ax7bFY Y F7IAE S 1-tridecanol, (2)-9,17-
octadecadienal, (EE)-2A4-decadienal, methyl linolenate®] 3$F=ko] 7} =4 byt
o HZEARF WE] ZzE 189, 274, 35%) F7FeheS HtE B-ionone,
benzaldehyde, hexanal, pyridine =2 $F&o]l 3 3 kGy= FAME 3137FFo| A 9]
tegol wls) S7hE S Wbl e vl Ao BlaleE] fARgE e vEbd Ao
gtolw] o] Hrh. ¥ ethyl acetatee 4.2¥], 2-methylbutanal, 3-methylbutanal < 7}
2.29), 1.8¥) ZrAshsivt.
7 kGy®E AP RS A frIdEe] s duRy, Soldo®
ZAFOl HlE SrbEI ey, 5 kGyE FAbE a7 J
kol Hla tha FAAEE AEE vEdth 7P 52 399 1-tridecanol®] 3 -¢
Hl Aol vl 1.789) F7bekl ov, 5 kGy =4 &
methyl linolenate™ W] ZAMSE HlLsle] 23¥) F715 o 5 kGy RAF hako] W]
3 158 ZHAaele de2 vebWth 2-penthylfuran, furfural, benzaldehyde, linalool
SoME 22 A3E ATk v, v ZAbe] vlE) FAaE oY 5 kGy &

AN foh ok

Ab gEko] wlE] Sr1E FEEE ATt 1 F ethyl acetates HZAMFEO] H]E] 3.2
v ZHAaskglovt 5 kGy AR HlElA e AF FUbeE Zlew FR1E U

2-methyl butanal ¥ 3-methyl butanal 7 kGyollA4e] $hake H] AL} F-ALS)H
A FJIEA, 5 kGy F£AF kel Hla)] o 2¥] e Frid AFE e

10 kGy= ==Abd a527b7e] Y #718ges M =2 99%e dEde
=
[}

1-tridecanol, (7)-9,17-octadecadienal, methyl linolenateS #els}H v}, 18] a1
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d oE Ay #U1EgE e HEAkT 3 1 3,5, 7 kGyE A a5kl
sAE ddE g2 A9E gelsidth SAH R vlAbT el vE 9

%, 1-tridecanol, (7)-9,17-octadecadienal, methyl linolenate®] 3%#ko] Z}z} 2.
3.2v), 2.8 A =LA FIFEQTh ERE v Aol HlE] W] gl EER g9
ATk BlEARFRE Bluste] T ko]l ZAEe BPEEE ethyl acetate,
hexanal, (EE)-2,4-decadienals 2315} T},

r

ks
g T8 FFgES AT FAS IS v, vl 2AbE AR 3
z Holxl 9kA
9k hexanal % benzaldehyde™ WA ZAbe] 93] f-294<]
stk 2y B ATl A vEhd Aabe olol Aolstlen, ole AR F,
A A Alme AE R A AR E X
of 8 Aoz shekal AT
A AP LFE7EFOlA 1 kGyE BARE ARl A Bl e 7k WSt

woh w3l 2AlE AR A] Eolz el 318
7 2o YAst BHog v 2AXEE Ae uw Bxo] w2 AR A A

2 dzg + oz Ard.

0] o.
= = TOoMR=

_l

n
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Fig. 4. GC/MS total ion chromatograms of the volatile organic compounds
from non- and gamma ray irradiated red pepper powder at dose of

1, 3, 5, 7 and 10 kGy
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Table 6. Volatile organic compounds identified in non—- and gamma ray
irradiated red pepper powder

(unit: mg/kg)

PI\?:F RLY Compound Name 0 Ilnadlat;on dosSe (kGS;) 10
1 852 Ethyl acetate 9.00 3566 338 215 281 291
2 871  2-Methylbutanal 142 073 073 066 138 110
3 874  3-Methylbutanal 327 213 199 182 341 212
4 891  Ethanol 231 101 042 29 08 054
5 949  2,3-Butanedione 054 065 072 059 146 0.78
6 957  Pentanal 032 032 026 034 040 018
7 964  2-Methylpentanal 041 025 024 035 036 023
8 1007  2-Methylnonane 043 043 023 038 020 025
9 1014 3-Methylnonane 1.83 09 128 137 132 122
10 1038  3,7-Dimethylnonane 157 111 130 152 119 149
11 1082 Hexanal 201 18 161 186 246 1.14
12 1137 1-Methylpyrrole 040 019 038 033 054 062
13 1187 Pyridine 053 050 047 0566 126 087
14 1213  3-Methylbutanol 020 019 011 007 010 035
15 1232  2-Pentylfuran 065 060 084 080 077 0.76

1S” 1313 Butylbenzene - - - - = -
16 1320 4-Methylpentanol 033 034 032 037 039 031
17 1327 (E)-2-Heptenal 023 016 018 033 026 0.10
18 1360 Hexanol 042 045 042 046 042 031
19 1362 2-Methyl tridecane 07 071 078 086 061 059
20 1392 2-Methyl tetradecane 023 014 014 015 021 0.09
21 1430  1,3-bis[1,1-dimethylethyl]-benzene - 005 029 059 078 0.8
22 1434  2,3-Dimethylhexene 043 038 046 052 060 039
23 1449  Acetic acid 075 054 074 075 048 1.07
24 1462 Furfural 0838 142 132 171 162 1.69

25 1485 2,35,6-Tetramethylpyrazine 049 049 041 045 043 0.60

YRetention index, “Internal standard
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Table 6. Continued
(unit: mg/kg)

Peak Irradiation dose (kGy)

No. RILY Compound Name 0 1 3 5 7 10
26 1524  Benzaldehyde 161 192 116 19 176 188
27 1553 Linalool 062 0656 080 087 072 133
28 1628  Pulegone 040 046 031 023 035 030
29 16562 1,2-Dimethoxyhbenzene 031 026 047 032 032 020
30 1773 (E,Z)-2,4-ecadienal 193 177 184 273 088 035
31 1819  (K,E)-2,4-Decadienal 11.87 946 990 11.09 766 1.05
32 1864  Geranyl acetone 1.86 094 127 170 101 188
33 1956 B-Ionone 260 19 219 258 168 236
34 2017  Methyl pentadecanoate 165 120 143 161 106 4.14
35 2038  1-Tridecanol 3355 4316 58.14 61.60 56.37 88.20
36 2070 :g;;g;cymw acid 071 096 058 178 100 3.4
37 2196  Methyl palmitate 840 653 748 804 477 2351
38 2337 (£)-9,17-Octadecadienal 1864 2865 41.73 49.93 3323 59.04
39 2475  Methyl linolenate 544 930 1612 1896 1238 15.62
Total 11898 12634 16241 18533 14751 22359

URetention index
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Table 7. Relative content of functional groups in identified volatile organic

compounds from in non- and gamma ray irradiated red pepper

powder
Irradiation dose (kGy)

Functional Group 0 1 3 5 7 10
No. Area% No. Area% No. Area% No. Area% No. Area%s No. Area%
Acids r 06 1 04 1 04 1 04 1 03 1 05
Alcohols 6 315 6 363 6 371 6 B8 6 399 6 407
Aldehydes 11 3% 11 /5 11 375 11 P93 11 362 11 308
Esters 5 212 5 170 5 178 &5 174 5 150 &5 220
Hydrocarbons v 47 8 32 8 31 8 31 8 35 8 23
Ketones 4 45 4 32 4 28 4 28 4 31 4 24
CHOemteggggggc 4 17 4 14 4 13 4 12 4 20 4 13
Total 38 1000 39 1000 39 1000 39 1000 39 1000 39 100.0
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2. vk At A AR G1AAE W

ZA A e A4S control® &}aL, 1, 3, 5, 7 2Ela 10 kGy #vA 2AMSY

A f{71dEE SDE WHeR FE3 & GCO/MSE B4 st dojxl
chromatogram< Fig. 5o =28ttt GC/MS ¥4 &3t BA-¥ 3 7
Aol 243 A4 F=e Table 8, AE A F7IAHEY #57] e

# ste2 Table 991 ‘)rE]r‘ﬂoiTﬂr.

Az A7 8 BAHYE AEL £ 70%2 2, 33%9 hydrocarbon 7} HH-&
o AP 1 9ol 1859 alcchol®et 8% aldehydeR7b #91% 3o
ketone% 6%, esterit 2 7|elgtgEL2 717 3Fow FHQY. T EE 3
H % peak area% X% hydrocarbonit 7} 83.8% % FutA F7]AH e thF-E-2 A5}
AL glem o]ojal aleoholF 7 11.4%, aldehydef 7} 3.6%, ketone 7} 0.9%, ester
F7F 0.19% 22ar 7183t d=o] 0.2%% eIt

Ax Al a9 Ed fFrIEEY F%2 15784 mg/kgel™, a
-zingiberene(37756 mg/kg), L[-sesquiphellandrene(2751.5 mg/kg), [-bisabolene
(17511 mg/kg), (7, E)-a—farnesene(15495 mg/kg), L-phellandrene(841.7 mg/kg),
germacrene D(598.2 mg/kg), (2)-citral(463.9 mg/kg), camphene(460.9 mg/kg) 5 ©]
1o a-zingiberene} ﬁ—sesquiphellandrene% 77y 239%%} 174% 2 7] 79

e ZpAete] dx AAke] Fd frldE R FlH

2

M7Fo] essential 0il® FA L strain® EFEA o] mE U H AAF A
gl 52 #olE YeE oz oJAX=H, Madagascarel 4] AAtE A7)

ol FoAFE2Z 31.0% camphene, 12.0% y—terpinene 2 10.0% geranialS- &
a1, S A A7kl essential ol 39.0% a-zingiberene, 17.0% a-curcumene %
7.0% P-sesquiphellandrenes drste] & xFolE& vER AL ATH169-171). =ujit
A7Fel Fa FgridRE oz Kim 50172 2 Moon# Lee(173)= zingiberene, B
-sesquiphellandrene, G-bisabolene, G-phellandrene = camphene% =
ATZARAE dAsIH o, T4k A9 essential oil?} FLAES Yo £
/o] Abo]d}Sdal, Madagascardt A 7+2] essential oil#E EH Z < 2FolE VEFA]

|
ok = lAE A7) B e 3Rt E F zingiberene HEE 9 g AP A

=
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|5o] ghom, FH Aol Frtely g, F9AGE R AAdEZA FAHAH
(174).

AN THdd F N1FY FFE T terpencidAE BaF 10709
tricyclene, a-pinene, camphene, 2-0G-pinene, sabinene, G-myrcene, limonene, 0
-phellandrene, p-cymene, terpinolene®} < monoterpene® 10%, B4 15712
o]F] 7 S-elemene, a-copaene, bergamotene, [G-elemene, a-gurjunene, a-humulene,
caryophyllen, y—caryophyllene, (E)-fB-farnesene, germacrene D, a-zingiberene, £
-bisabolene, a-cedrene, (7 E)-a-farnesene, [arnesene, [B-sesquiphellandrene,
germacrene B% 3 #-& sesquiterpened 17&°0] A F AT} citronellal, camphor,
linalool, bornyl acetate, (E)-2-decenal, [Z]-citral, a-Terpineol, nerols ¥ < &&
2] oxygenated monoterpenef 2} farnesol, elemol, caryophyllene oxide, nerolidol, a
-bisabolol, a—eudesmols 2] oxygenated sesquiterpenef 65 2.2 FA ¥ AT}

Monoterpene H.UFE sesquiterpeneir e 3ol =9t om, Prasad(175) 59 <
7o wak B7e] 7] monoterpenecl Al 7191 E o] A7 S U F7F A7
7o) FbAd BT 2w FEo]l AE st olyd 7
THE A4S F Uy o, F AHAEAELS A9 dlF o] monoterpene hydrocarbon

9} sesquiterpene hydrocarbon 123 oxygenated monoterpenei 2t oxygenated

sesquiterpenef2F 2 terpenoidf ol 7]<lslar lom o5 Aol FFr|AHE L
AFAES F4 Hrle] 2938 27} Ha Qri76,177). E5 A7) = E
A dd s st EAsIEE= slo] oYyt ¥ F terpene
non-terpenes+ 8}3HE9] Ao 2o ojs|A AFHET}

Zubd 2AE Az e A Y fUdEE e, B X
At Az A F2] w48 stgER G e, gixaed viete] -
71730 T Avbid AL Foll Frbekdth. vk AbE Al A AR

RN N

A {7 Re FEe AsEd 1, 3,5 7 283 10 kGyolA 16,359.2 mg/ke,
18,2083 mg/kg, 17,819.7 mg/ke, 18,8683 mg/kg = 176629 mg/kgl 2 31
oh W ZARTH(15,785.4 mg/kg)el HlE] FAF Aol SUF s 1 s mg S}
Hol g,

1 kGy®] A#gom ZAtg AdAA84 A FRlE #s7]d we

ot

Wy fROE
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+ hydrocarboni#7} 87.8%% H|ZAF Almet FUSHA 7HE weol e Ul
H, 24 02 aleoholi 7.9%, aldehyded+ 3.3%, ketonei+ 0.7%, 7]E} 029 2]
esterit7} 0.09%= YERAY. FH /7 FLZE  a-zingiberene, [-sesqui-
phellandrene, (Z E)-a-farnesene, [-bisabolene, [G-phellandrene, germacrene D,
(Z)—citral, camphene 2% a-zingiberene, campene< ZrZ} 5207.2 mg/kg, 5481
mg/kg® H|ZAF AlZET} gheko] F7)6E Al (7, E)-a-farnesene, (2)-citral®] Sk
& Z+r4dl vl £38] [-bisabolened W] ZAF Al &A= 17511 me/keg(11.19%)F o}
Blytont 1 kGy®E FAFEE A 8ol AE I g#Fe] 8983 mg/kg(5.5%)E HwWltrhefo)
gt 202 yeulth 3 kGyol AZFes XAg dxAd4de] ud fr18eE
S71H 2 WF3HW  hydrocarbonf 87.9%, alcoholi+ 8.0%, aldehydef 3.1%,
ketone® 0.7%, 71} 02%, esterf 0.1% <oz yegdgden, 49 334 (714
2 a-zingiberene, [-sesquiphellandrene, (Z,E)-a-farnesene, [B-bisabolene, £
-phellandrene, germacrene D, camphene, (2)-citral s+ 2 1= At} 5 kGye] A
ol A At & A4 A % hydrocarbonfi 7t 838% % 3 714w S M
2ol A en oo} A alcoholH 7.3%, aldehyde 3.09, ketone¥ 0.7% 121l
71 FFEH esterF SEELS 47 02%, 01%Z YeEYAY. FE 3 f
71480 2% a-zingiberene, [-sesquiphellandrene, (Z,F)-a-farnesene, G-bisabolene, B
-phellandrene, germacrene D, camphene, (Z)-citral ¢ &% 1% A o 1 kGye A
oA AR Aol T AT 2 o® &¢ld [-bisabolenee] 1262.1 mg/kg
o 4% F/EIAT 7 kGye A#oew zAtd dAx AR U 714
peak arca%E #s7]o uwgt EF/FSIWE hydrocarbon 89.3%, alcoholi 7.0%,
aldehydefr 2.99, ketoneir 0.7%, 718k 0.1% Z#] 3l esterF¢ 3IE2 09%= 3

olgtg o, FH F7)AHRE 2= a-zingiberene, [-sesqui— phellandrene, (Z,E)-a

N

ry
f

Pl

—farnesene, [-hisabolene, G-phellandrene, germacrene D, camphene, (Z)-citral® =
o2 AduelA gl A e oz gRIHAT. 1% a-zingiberene H|ZA}
Alzo A 3775.6 mg/kg(23.9%) A 6167.8 mg/kg(32.19%)Z S 7F8tA k. 10 kGy 9l
Ao ZASE A% A f71dEE A5 7ld wet 57 skY hydrocarbon
5 88.3%, alcoholit 7.7%, aldehydef+ 3.196, ketone¥ 0.7%, 71E} 0.296, esterir

01% <oz vYehgleon FH A {74 B S22 a-zingiberene, [-sesqui-
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phellandrene, (7 E)-a-farnesene, [GB-phellandrene, [G-bisabolene, germacrene D,
camphene, (7)-citral £ 2.2 <15t}

A Fa Sgeed Hubd Ak 9% FFE A EWY, a-pinene,
camphene, limonene, B-phellandrene, a-ingiberene, (ZE)-a-farnesene, B-sesqui-
phellandrenee ZAF Aol S5 Bl AL Algol| H&)] L steko] Frlelal o
v}, ¥ B-bisabolene 71%01 AL Aol wEh faEe] v 3 Eo] 94l
Hol At Prasad(175)5 < A7 <42 60 Gyel AA=Z Zvld ZAF = cntrol®
Hlatstel o @2 oilg 3|58 5 Ao, ol vl o AxY x4& 33d)
a0 ARE 2ASERY T B oile] frEHel I ZoE Hiaskqth 2
ATAhe] Apel= A BAH Az A AFeAae] AlgHl Aolg AtmEth
ERE AR b AR Qe ATIA RS AEE AaAlTe A
7} B ATH178,189).

Tt 2 ATl vErE AdE o9 Aolsle] A

.

8

BFHTE 1 kGy el A& Aol A #ld Ao g f71 482 v EART H]
3l B2 W3l vEhA gster giFiEe] sed=se] A

A=A okt ol=lalr Akl xAbd A4 A4St S22 Arkid £AA

2 B v BH G2 44 24 AL 5% & 92 Aew Amndth
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Fig. 5. GC/MS total ion chromatograms of the volatile organic compounds
from non- and gamma ray irradiated dried ginger at dose of 1, 3,

5, 7 and 10 kGy

_86_



Table 8. Volatile organic compounds identified in non—- and gamma ray

irradiated dried ginger

(unit: mg/kg)

Peak _— Compound Name Irradiation dose (kGy)

No. 0 1 3 5 7 10
1 849 Ethyl acetate 3.1 3.1 35 3.5 3.8 4.0
2 912 Ethanol 2.0 2.4 2.1 4.8 6.0 1.2
3 973 Tricyclene 98 127 131 120 130 135
4 981 Ocimene 1.7 1.9 1.7 1.9 2.0 2.1
5 988 a-Pinene 1441 1851 2018 1749 1963 201.7
6 1034 Camphene 4609 5481 5969 5232 589 5953
7 1049 Hexanal 71 9.1 3.6 7.4 9.1 3.7
8 1073 B-Pinene 186 221 223 203 216 229
9 1087 Sabinene 117 142 142 135 137 153
10 1134 B-Myrcene 1495 1555 15688 1432 1534 1605
11 1138 a-Fenchene 4.6 4.6 44 4.2 3.7 5.0
12 1153 2-Heptanone 52 54 49 4.5 49 5.3
13 1169 Limonene 1797 181.0 1866 170.7 1814 191.3
14 1181 B-Phellandrene 8417 8978 9418 8704 9224 9665
15 1184 1,8-Cineole 296.1 3140 3302 3048 3216 3227
16 1214 y-Terpinene 3.7 36 34 4.0 34 3.8
17 1239 p-Cymene 113 1.7 121 117 117 0 130
18 1253 Terpinolene 259 257 260 241 246 262
19 1360 Octanal 6.8 7.1 6.9 6.5 6.1 5.7
20 1277 Perillene 6.0 6.1 6.1 5.8 55 5.8

LS.” 1282 Butylbenzene - - - - - -
21 1295 2-Heptanol 65 163 164 164 178 175
22 1307 6-Methyl-5-heptene-2-one 336 244 261 274 248 236
23 1362 2-Nonanone 9.5 39 9.1 9.0 9.7 9.9
24 1399 (E)-2-Octenal 9.5 8.3 9.0 8.3 9.1 9.0

URetention index, “Internal standard
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Table 8. Continued
(unit: mg/kg)

Peak Irradiation dose (kGy)

No. RI1" Compound Name 0 1 3 5 7 10

25 1443 &~Elemene 256 222 228 231 229 234
26 1451 Citronellal 353 319 318 333 322 334
27 1455 Cyclosativene 504 445 472 466 487 501
28 1466 a-Copaene 689 622 672 662 687 708
29 1489 Camphor 129 125 108 113 113 132
30 1495 2-Nonanol 115 110 109 113 116 121
31 1514 Limonene oxide 159 144 153 156 170 148
32 1522 Linalool 724 672 690 659 707 719
33 1529 (E)-[(-Bergamotene 433 401 419 427 458 430
34 1543 (E)-p-2-menthen-1-ol 129 115 127 118 115 128
35 1556 Bornyl acetate 7.3 7.3 75 7.8 75 79
36 1559 Aromadendrene 220 216 233 232 249 173
37 1564 [-Elemene 716 643 668 634 673 530
38 1567 Isocaryophyllene 4.1 77 5.8 3.2 45 7.1
39 1573 2-Undecanone 677 626 666 651 695 702
40 1578 4-Terpineol 208 233 240 239 238 241
41 1588 a-Gurjunene 109 105 96 114 130 101
42 1600 Myrtenal 7.6 7.7 7.3 8.2 7.6 8.4
43 1617 (E)-2-Decenal 262 228 259 254 289 287
44 1620 a-Humulene 282 243 259 290 327 2456
45 1640 (2)-B-Farnesene 1382 1319 1560 919 1509 1272
46 1658 (2)-Citral 4639 4426 4619 4322 4344 4404
47 1664 y-Muurolene 260 263 281 382 316 267
48 1676 a-Terpineol 99.1 999 1023 995 1045 981
49 1688 Germacrene D 5982 9985 6316 611.1 6308 6014
50 1696 a-Cedrene 3526 2874 3399 3680 4396 3295

URetention index
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Table 8. Continued

(unit: mg/kg)

PIE(T( R.LY Compound Name 0 1hrad1at;on dos; (kGY)7 10
51 1711 a-Zingiberene 37756 52072 5953.3 5897.2 6167.8 5779.8
52 1715 B-Bisabolene 17511 898.3 9492 12621 13875 921.0
53 1731 (Z,E)-a-Farnesene 15495 1472.3 1691.5 15545 1656.8 1604.2
54 1741 &-cadinene 1291 1172 1340 1284 1386 132.1
55 1760 B-Sesquiphellandrene 27515 28069 3137.8 31193 3270.6 3067.6
56 1762 a-phellandren—8-ol 6.5 6.4 7.4 5.7 6.5 6.9
57 1773 Myrtenol 130 1.7 118 118 116 117
58 1782 Geranyl acetate 39 3.8 49 3.7 39 4.1
59 1788 2-Tridecanone 6.9 6.3 7.1 6.6 6.4 6.6
60 1811 Germacrene B 1528 1463 1673 1558 1582 1575
61 1825 Nerol 205 219 251 215 217 283
62 1840 (E)-2-Dodecenal 128 128 139 120 129 137
63 1968 Caryophyllene oxide 6.2 5.3 6.2 56 4.5 51
64 1982 Nerolidol 1219 1166 1350 1200 1096 1231
65 2019 B-hisabolol 1657 161.6 1781 1588 1594 1599
66 2043 B-Farnesol 367 302 423 363 3bB7 3856
67 2064 Elemol 878 810 946 811 768 840
68 2085 a-Bisabolol 1699 160.6 2014 1652 1692 1808
69 2096 a-Cedrol 2779 2831 3201 2829 2919 2970
70 2223 a-Eudesmol 1269 1202 1334 1209 1228 1230
71 2344 (E)-farnesol 631 641 758 695 695 704

Total

15704 16302 13283 178197 188683 176629

URetention index
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Table 9. Relative content of functional groups in identified volatile organic

compounds from in non- and gamma ray irradiated dried ginger

Irradiation dose (kGy)

Functional Group 0 1 3 5 7 10

No. Area% No. Area% No. Area% No. Area% No. Area% No. Area%

Alcohols 18 114 18 79 18 80 18 73 18 70 18 7.7
Aldehydes 8 36 8 33 8 31 8 30 8 29 8 31
Esters 3 01 3 01 3 01 3 01 3 01 3 01
Hydrocarbons 33 838 32 8/8 32 879 32 838 32 893 32 833
Ketones 6 09 6 07 6 067 6 07 6 07 6 07
Miscellaneous 3 02 3 02 3 02 3 02 3 01 3 02

Total 70 1000 70 1000 70 1000 70 1000 70 100.0 70 100.0
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3. vk 2AbE diste] R w1 Wt

ZAVek A e Ax totE controlZ Sbar, 7wk 1, 3,5 7 18]a 10 kGye A
o ZAEE AS A|BE ALEEe] SDEWH R A fUlARS &
2

2}

o,
Az on
o

B35l AL chromatogram< Fig. 69+ Za1, TA %

rir
=

&= Table 10, #5771 fH&H| L= Table 11 WeR At
Control® AR&H WAR ZAbelA] @2 diatolA & 4559 A /714
g 54 Holerw, #evEE EFI ZI S-containing compoundi 20F,
aldehyde 8%, alcohol 5%, ketonew
F 2% 393 acidi 1Fo] BAYJoew, o]E59 F peak arear S-containing
compound+ 54.0, aldehydefr 21.196, ketone¥+ 15.3%, alcoholi+ 4.2%, esterir 2.9%,
furan® 1.2%, hydrocarbon® 1.1% 12|31 acidf® 0.3%% 35318 E0] o3}
g fridated AA Vo ekeE e E AU
x4 A F7] AHAECZE 2-methyl-2-pentenal(15.2%), 2-tridecanone
(10.496), propanethiol(9.7%), 3,5-diethyl-1,2,4-trithiolane(5.5%), dipropyl trisulfide
(5.4%6), 2-propenthiol(4.5%)% o1 At} dizle] 2=2< dr|e] 5EA4E U&= sulfidefr

==

= & 12%F°% monosullide® propylene sulfide 1%, disulfide® (F)-propenyl

o]

Pl

%, furan¥ 3%, ester# 2%, hydrocarbon

j

propyl disulfide, (/)-propenyl propyl disulfide 2#]31 propyl butyl disulfide & 7
%, trisulfide™ (Z)-propenyl propyl trisulfide, (E)-propenyl propyl trisulfide 12]
31 methyl propyl trisulfides .2 Z}2ZF A A shke] 3.0%, 10.9%, 16.6%E A st=
7l

G Izt E 4o weE Fa g 2 Sg=Ed FAbskA vEuit FE
st AlliumEe S XA BHe] Qo] He ARz o
Yo & &4 alliinase, S-alk(en)yl-L-cysteine sulfoxide lyase(E.D. 4.4.1.4)7} 4
ol EHHAe s feld FF, uIEAdY ¥F AFEES S-alk(en)yl-L-
cysteine sulfoxide(ACSOs)fF& pyruvate, ammonia 123 S22 alk(en)yl-
thiosulfinate¥ =, ¥4 &3 F713d== 7lFEslsto] 448 0H(181-183). o
pol Al gel¥ propanale W ¥te] o A FU]RE S ohuhE ek dFd A

EAZ2REY dA" HFLANF)S thiopropanal S-oxide®HF ¥ propanal® sulfide
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2 A EE A AR =g ddivtel A daEE gel¥ 2-methyl-2-pentenal &
ol# A AAE propanal ¥ FAEFEE aldol condensation®} 74+ dehydration
of ofsl FdHEH134).

Zvbid 1 kGy= AN A RoAM = F 4559 A 7] shdbee] sA-EHAL
H  Fz7]o] weEl S-containing compoundi 59.8%, ketoneit 20.7%, aldehydeir
10.2%, alcoholf+ 5.0%, esteri 2.7%, furan® 0.7%, hydrocarbonf 0.7% 12]il
acidi¥ 0.1%2 ZH2} 20%, 8%, 4%, 5%, 2%, 3%, 2& 183 1&o] FAHU. o
EAel A §7] AE-oZE 2-tridecanone(12.8%), propanethiol(11.0%6), dipropyl
trisulfide(10.2%6), 2-methyl-2-pentenal(7.0%6), 35-diethyl-1,2,4-trithiolane(6.6%6),
(E)-propenyl propyl disulfide(4.4%6) 1|3l 2-propenthiol(4.4%6), T°] &< =HAUL
W v FZARET Fo 3R AL fAEF v, 2-methyl-2-propenals 74 E)
%32, dipropyl trisulfide S 7FstAt).

Zvbid 3 kGyE AR AlRAAME F 4659 AEAE F7] FdEe 4 HIIL
o Fz7]o] weEl S-containing compoundir 58.4%, ketoneir 19.7%, aldehydeir
11.7%, alcoholf 3.4%, esteri 4.9%, furan¥ 0.8%, hydrocarbon® 0.9% 12]il
acidf 01%= FAHUATE 3 kGyo F8& SFEY 74L& 1 kGye FAkshv
2-propenthiol, propylene sulfide®] W& Z7}8}lal, dipropyl trisulfide € #H|&-&
7+ 4kl

Zvbid 5 kGyE AR AlRAAME T 47FY IEAE {7 FFEe 4 HIL
H  Fs7]o] weEl S-containing compoundi 56.1%, ketonei+ 18.6%, aldehydeir
14.6%, alcoholi+ 5.3%, esteri 3.5%, furant 0.8%, hydrocarbonf 1.0% 12]il
acid® 0.1%% &< Hrlh 5 kGyol A= ketoneR <! 3-methyl-3-buten—2-one2
F7F= glskgith

ZAubd 7T kGyR AR ARAAME T A7FY AEAE F7] FEEe] 4 HIIL
o Fz7]o] weEl S-containing compoundi 59.2%, ketonef+ 16.8%, aldehydeir
14.7%, alcoholi+ 3.4%, ester& 3.9%, furan® 1.1%, hydrocarbon® 0.9% 12]il
acidit 0.1%62 &< HUTh 7 kGyel 542 ggE =+ 2-propenthiol, propyl-
enesulfide®] H]&o] F7letH o, o] H|XATI Hlw & uf oF W] A== 71

[e]
= FAE BTh

3T
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Zubd 10 kGy g A A 8olX e & A7F9 A #7] gEc 548 HU
o FH-z7]o] wEl S-containing compoundf 56.3%, ketonef+ 17.8%, aldehydef
15.0%, alcoholf 5.1%, esteri 3.5%, furant 1.2%, hydrocarbon® 1.1% 12]il
acidf 0.2%= 91 At 10 kGye EAAQ 3FER 7 kGydlA 71 =&
H] &2 K<l 2-propenthiol, propylenesulfide®] 748k 74¥2S H At Dipropyl
trisulfide, methyl propyl trisulfidex 1 kGyol A 717 =& Shako] ¥, HAF
Faveke AEe BT A A3 vlaste] AR AR & odA fid fo1se
o] S H|ZAF AR A= 347.03 me/kgel HaL, 1, 3, 5, 7 1¥ 3L 10 kGy©lA]
ZF7} 333.88 mg/kg, 211.32 mg/kg, 228.67 mg/kg, 220.50 mg/kg 123l 205.48
mg/kg® TAME A RE BHY HXAL ARE V[EoR AN E] SUMESE A
stth 10 kGyol A 7Hd wbe ko] SIE Atk 918 &2 2= s 1 kGy9
Zrvpa ZARA ZF gEkEe] wronm 10 kGyY Ad#elAE 1 i f714dE Y
Astel A dFE WA= A& & F glglon, o] 913 uimtel| Aol Fupil

O
AR sl vA = A q@ el Aq® 5 Jhm ArEs.

nﬂnu

rir
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Fig. 6. GC/MS total ion chromatograms of the volatile organic compounds

from non- and gamma ray irradiated dried welsh onion at dose of

1, 3, 5, 7 and 10 kGy
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Table 10. Volatile organic compounds identified in non- and gamma ray
irradiated dried welsh onion

(unit: mg/kg)

PI\?:F RI1" Compound Name 0 inadlatglon dosse (kGS;) 10
1 805 Propanal 1127 606 297 521 33 156
2 846 Propanethiol 33.62 3718 2011 1530 1552 20.40
3 902 Ethyl acetate 941 8b4 988 740 800 636
4 926 3-Methylbutanal 033 0b4 042 037 067 061
5 934 2-Propenthiol 1555 1480 2056 2198 2679 1395
6 937 Propylene sulfide 1053 10.06 1456 1544 1873 976
7 944 Ethanol 379 708 181 470 160 452
8 94 2-Ethylfuran 030 013 014 018 010 025
9 966 24-dimethyl furan 294 179 123 143 173 143
10 975 Vinyl acetate 064 064 053 066 067 073
11 978 Pentanal 055 030 024 021 029 034
12 987 3-Methyl-3-buten-2-one - - - 030 031 041
13 994 2255~ Tetramethyl pentane 018 0568 048 051 035 037
14 1009 2,2-Dimethyl octanol 03 137 103 117 093 089
15 1034 2-Butenal 317 107 128 113 138 091
16 1077 Hexanal 321 193 17 152 152 1.69
17 1088 2-Methyl-2-butenal 069 043 028 033 030 044
18 1154 2-Methyl-2-pentenal 52.82 2364 1726 2415 2446 25.03
19 1182 2,5-Dimethylthiophene 314 142 091 137 151 1.69
20 1212 2-Hexenal 125 038 046 045 042 028
21 1224 Methyl propyl disulfide 088 049 031 013 026 026
22 1226 2-Pentyl furan 081 029 035 030 055 048
23 1245 2,4-Dimethyl thiophene 869 443 432 444 483 488

24 1256 (Z)-Methyl propenyl disulfide 284 201 244 222 240 174

URetention index
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Table 10. Continued

(unit: mg/kg)

Peak

Irradiation dose (kGy)

No. R.IY Compound Name 0 1 3 5 7 10
25 1280 (E)-Methyl propenyl disulfide 362 247 286 262 287 214
1S? 1305 Butylbenzene - - - - - -
26 1370 Dimethyl trisulfide 242 326 262 271 209 198
27 1372 Dipropyl disulfide 163 147 074 078 033 087
28 1404 (Z)-Propenyl propyl disulfide 1136 1242 671 649 596 6.44
29 qap3 1 DistLImdimethyl- - 035 058 076 085 103
ethyll-benzene
30 1429 (E)-Propenyl propyl disulfide 1385 1540 784 769 667 782
31 1444 Acetic acid 088 032 026 030 018 045
32 1520 Methyl propyl trisulfide 991 1492 689 692 576 627
33 1568 2-Furyl ethyl ketone 1.08 115 1.8 098 111 1.16
34 1595 Undecanone 262 522 383 432 348 352
35 1612 3,5-Dimethyl-1,2,4-trithiolane 056 127 075 055 140 034
36 1638 2-Acethyl thiazole 068 040 025 023 038 044
37 1663 Dipropyl trisulfide 1876 3429 749 871 564 872
38 1721 [-Bisabolene 354 169 088 091 083 087
39 1735 3,5-Diethyl-1,2 4-trithiolane 1919 2244 1457 1767 1841 10.65
40 1767 (Z)-Propenyl propyl trisulfide 1479 837 339 484 339 6.63
41 1787 (E)-Propenyl propyl trisulfide 11.84 11.16 448 634 628  9.09
42 1807 2-Tridecanone 36.11 4336 2538 2665 2295 2292
43 1855 Propyl butyl disulfide 359 381 134 182 144 164
44 1921 5-Ethyl-2-nonanol 227 225 134 206 162 138
45 1966 a-Tsopropyl benzyl alcohol 113 083 074 055 037 058
46 2221 5-Methyl-2-octylfuran-3-one 13.31 2025 1055 1030 917 848
47 2272 6-Ethyl-4,5-decanediol 703 163 221 357 2650 309
Total M3 3BB 21132 2867 2050 A48

URetention index, “Internal standard
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Table 11. Relative content of functional groups in identified volatile
organic compounds from in non—- and gamma ray irradiated

dried welsh onion

Irradiation dose (kGy)

Functional Group 0 1 3 5 7 10

No. Area% No. Area% No. Area% No. Area% No. Area% No. Area%
Acids 1 03 1 o1 1 0L 1 01 1 01 1 02
Alcohols 5 42 5 50 6 34 5 53 5 34 5 5l
Aldehydes 8 211 8 102 8 117 8 146 8 147 8 150
Esters 2 29 2 27 2 49 2 35 2 39 2 35
Furans 3 12 3 07 3 08 3 08 3 11 3 12
Hydrocarbons 2 11 2 08 3 09 3 10 3 09 3 11
Ketones 4 13 4 07 4 197 5 18 5H 168 5H 178
S-containing compounds 20 40 20 08 0 84 20 561 20 P2 D 63
Total 4H 1000 4 1000 46 1000 47 1000 47 1000 47 1000
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4. ZobA E=ALE vhEe] HuA F/14E A

ik

Mz

ZAFSFA] & wES control® dFar, ZAwpA 1, 3,5, 7 183l 10 kGyE ZAFSE
A& ARE ARESte SDE Wy oz &3 vhso g f7148S GC/MS=E
284 2™ chromatogram< Fig. 7% 2t} GC/MS 49 93ty Hdd 3
Z/ 3 b Table 120 WebUIRdar, 49 g f71dEe] &

710 W& A4 FZi Table 139 Vel A
vl MM FAHE FUAE [UIEES F ATELE 15 26F0] EIIHE
Fom, olEo] HA| IR 98E%E F S AAEHTE o]E 9% alcohol
F 3%(0.3%), aldehyde¥ 7%(0.3%), esteri+ 3F(04%) 2 718 3gE 83(0.4%)°]
Qoﬂo}lo‘ﬂ et gyl wg nge® EXsth vt A et
g FrIsEEd e dFEolxl KHale]l wEW, whsolAM 2 A" A8 S
3 % ool 3 7] FFEeldvtal BaEnt glo] & ATl 22 4
HE AT F UATHIR0). AbsHA] & u}b o A= F 585354 mg/kg el
%= % diallyl disulfide®} diallyl trisulfide”} 2+2F 2002.333F 2198.84 mg/kg o2
E98 st oy, Holo] methyl allyl disulfide, 3-(allylthio)propionic
acid ¥ methyl-2-propenyl trisulfide”} 27} 312.69, 293.68 % 636.73 mg/kg & T}
o] o]lE sFEEC] vt SAA FHE UEE stk o ¢
e AdE Lee 5(185)9 Avls % diallyl disulfide”} 44.4%, diallyl trisulfide”}
30.2%E AAst vt A3t fAFsE v Brondnitz 5 (186)°] vhe &= T
 diallyl disulfie®] g&o] 60.0~66.0%, diallyl sulfide’} 14.0%ZA vlEFEE 9
g AA T Bard Adetes Aol ol vied #F, =8, &
FHY T Aoldl 7IRIg Aoz AZHETE. Hgh Park To] Rk Faox e
dimethyl disulfide®} dimethyl trisulfide”’} ZFZ} 195%, 17.4%% $2 d7|H4E o2
A=Y ol 22 AlliumEolAE 5 7] d e veRJ= alkyl group

o] ThE A& ¢ UTHA8D).

2 AFoAE 156F 9 sulfide 77 FAHYD o]H s 2 vs9 Fadw
% alliin, & A& olv] =4kl S-allyl-L-cystein sulfoxideo & ¢ A glom v}

= B9 3y g2 vis 24 o] FHE w] A &4 alliinaseo] €34
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alliino] ®3d 5o AAE allicin(diallyl thiosulfinate)©o] t©}A
diallyl disulfide ¥ A5 ¢ sulfidef™® a5 o] WAFTIL Bas o] oh(235-237).
o] & GC/MS 4 Fo alicin®ZH¥H AAEE= 3-vinyl-1,2,-4H-dithiin =}
2-vinyl-4H-1,3-dithiin®] &l gl o o]+= allicin 334 5 2¥A} thioacrolein
o] Diels—alder ¥+&3slo] A= A2 2-vinyl-4H-1,3-dithiin®] major® 34 ¥
Al F 3eHE BE ofsix|wr - A Fgo] 9l o 2-vinyl-4H-1,3-dithiine # 3 A
shzabgo] Qe Aox dEA UTHISR).

1, 3,5 7 % 10 kGy=E Fvld ZASE vt 2o e 49~55%9 3hgt=o] &<l
HRon, FfagEoe] 2AGHA &2 vlEI VTR 968~985%=E HH-E
S AAFEY. FoIFEZE diallyl disulfide, diallyl trisulfide, methyl allyl
disulfide, 3-(allylthio)propionic acid, methyl-2-propenyl trisulfide’s &2 W}E}yEo 1
ste= o 2L HIEAF AlRek frAksHAl Sl E AT

HlzA 21,3, 5 7 283 10 kGy&E ZAS vlsolA e b f7148e &
Sheke 585333 mg/kg, 8129.25 mg/kg, 5829.49 mg/kg, 5803.25 mg/kg, 5481.75
mg/kg 2 5298.15 mg/kgo]l N E AL, 1 kGyd] AF AlmollA 1 &) 71 =
A vebst shA v AR Ro] FUME R fU AR & gl fadkal 19
ol F9 FFEEY T AA vk Aadosch dixAd SFER dally
disulfide= H|ZAF Al &4 2002.33 mg/kgl 2 E1E Ao} 1 kGy FARA] 5o A
277134 mg/kge & Z7Fst e, 3, 5 7 123 10 kGyolA = 202547 mg/kg,
1848.65 mg/kg, 1723.88 mg/kg % 1694.65 mg/kg o8 1 &L 7FAE vt Dially
trisulfide, diallyl sulfide, 3-(allythio)propionic acid, methyl 2-propenyl trisulfide 5
gk AR B vERlTh

Zubid 2AME b A frIAdEel dE A9 dA5E= Kwon Yoon(18)
2 Ceci 5(190)e] #3x% s 8} 2l Kwon# Yoone 0.05~01 kGy2] Aoz FA}
H vlso A dially disulphide®] &#o] ZFAaFojHtlal B st al, Ceci 52 H X
AbElol A viEd 005 kGyE =AM vhEY A fo1d R Aol it
a Barekglrh B3 Jia S(19D% whEdA Y fU1dEES AR 2AE
ZA 1 ghEke] st o, A4V ot kel Wyl givhal ®arskgrt, 1

e & Aol M vehd A3tk olsh Agelste] Alme FRF 2AF A AR A,
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Fig. 7. GC/MS total ion chromatograms of the volatile organic compounds
from non- and gamma ray irradated dried garlic at dose of 1, 3, 5,

7 and 10 kGy.
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Table 12. Volatile organic compounds identified in non- and gamma ray
irradiated dried garlic

(unit: mg/kg)

Peak b Irradiation dose (kGy)
No. R.I Compound Name 0 1 3 5 7 10
1 842 Ethyl formate 088 341 113 039 139 127
2 852 1-Propanethiol 072 059 079 047 067 063
3 864 2-Propenal 069 065 080 070 071 061
4 896 Butanal - 090 053 024 08 069
5 906 Ethyl acetate 21.47 3539 33.04 2210 2397 2837
6 948 Ethanol 341 2120 432 108 743 6.34
7 960 Allyl methyl sulfide 435 668 598 285 467 570
8 980 Pentanal 017 040 079 063 079 0.8
9 997 224-Trimethylhexane - 060 028 057 060 056
10 1013 3,7-Dimethyl nonane 059 113 084 08 09 064
11 1037 3-Butenal 471 850 1693 892 1594 19.63
12 1042 3-Methyl-3-buten-2-one 0657 078 116 044 099 130
13 1047 2,25,5-Tetramethylhexane - 065 052 058 09 041
14 1054 Allyl vinyl ether 028 076 072 059 121 116
15 1069 Dimethyl disulfide 14256 767 1383 7.08 11.01 1279
16 1080 Hexanal 651 886 1185 420 411 638
17 1090 2-Methyl-2-butenal 032 094 092 076 111 088
18 1101 2-Ethenyl-2-butenal 254 262 383 227 38 439
19 1113 2-Propenol 975 754 1712 7256 1312 1548
20 1141 4-Penten-2-ol - - 080 022 18 265
21 1144 Diallyl sulfide 13.80 27.73 17.00 822 1198 12.06
22 1147 2-Methyl-2-pentenal - 073 102 056 088 0.86
23 1172 3-Butenol - - 078 076 180 265
24 1198 1-(1-Propenylthio)propane 566 914 1348 299 446 6.16
25 1215 (2)-2-Heptenal - 122 113 0838 176 054
26 1228 Methyl propyl disulfide 069 087 078 022 112 079
27 1230 2-Pentyl furan 083 156 076 822 122 105
28 1260 1,3-Dithiane 595 627 5b2 056 501 533

URetention index
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Table 12. Continued
(unit: mg/kg)

Peak Irradiation dose (kGy)

No. RILY Compound Name 0 1 3 5 7 10

29 1277 Methyl allyl disulfide 312.69 321.41 317.21 221.28 252.70 27854
30 1284 Propenyl methyl disulfide 1708 1463 1342 1013 1157 12.69
31 1295 3-Methylpyridine 6.8 332 599 127 269 204
15” 1309 Butylbenzene - - - - - -
32 1374 Dimethyl trisulfide 3116 4214 3618 2739 3192 33.08
33 1426 (E)-Propenyl propyl disulfide 460 563 427 370 372 325
34 1429 1,3-his[1,1-dimethyl-ethyl]-benzene - - - 03 060 077
35 1449 Acetic acid 09 180 036 036 - -
36 1451 Methional 095 38 327 165 250 161
37 1463 2-Vinyl-1,3-dithiane 77130 9282 6259 6430 6055 57.71
38 1482 Diallyl disulfide D023 277131 05047 1886 172383 160466
39 1486 3-(Allylthio)propionic acid 293.68 29370 205.14 202.80 181.27 17895
40 1494 2-Ethyl-1-hexanol 126 245 152 104 063 1.09
41 1518 Dimethyl thioacetamide 589 817 636 911 840 799
42 15625 Methyl propyl trisulfide 141 307 133 109 074 055

43 1588 Methyl Z2-propenyl trisulfide 636.73 958.96 663.74 689.78 656.48 642.53
44 1645 Cyclopenthyl ethyl sulfide 4183 4331 3430 3492 2601 2739

45 1686 Methylcyclohexyl sulfide 303 260 234 19 425 196
46 1728 35-Diethyl-1,2,4-trithiolane 12556 1716 1116 1125 1001 945
47 1733 3-Vinyl-4H-1,2-dithiin 1543 1959 1469 1850 1785 14.40
48 1794 Diallyl trisulfide 20WH 329323 218643 24%62 227050 210854
49 1799 Allyl 1-propenyl trisulfide 4324 2122 2623 3598 3693 3756
50 1844 2-Vinyl-4H-1,3-dithiin 1805 2462 1667 2159 2014 1697
bl 1885 2-Ethoxy-4-methyl cyclohexanone 11.10 646 930 372 805 6.14
52 1967 2-Methoxy-5-methylthiophene 11.84 929 1509 669 1791 1338
53 1975 1-Phenyl-1-propanol 325 487 452 371 342 295
54 2263 Ethyl palmitate 156 688 518 411 461 381

Total 33 812025 53949 B85 M8l 52RI5

URetention index, “Internal standard
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Table 13. Relative content of functional groups in identified volatile organic

compounds from in non—- and gamma ray irradiated garlic

Irradiation dose (kGy)

Functional Group 0 1 3 5 7 10
No. Area% No. Area% No. Area% No. Area% No. Area% No. Area%
Alcohols 3 03 4 05 6 05 6 02 6 05 6 06
Aldehydes 7 03 7 03 9 0.7 9 03 9 05 9 07
Esters 3 04 3 06 3 07 3 04 3 06 3 06
S-containing compounds 26 987 26 985 26 979 26 985 26 981 27 979
Miscellaneous 8 04 9 02 9 03 10 05 9 03 8 03
Total 39 100.0 40 1000 44 100.0 44 1000 44 1000 45 100.0
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A8k 2™ chromatogram Fig. 8% Zth. GC/MS #4249 9lsle THHE 3
] Z/3 3 2 Table 14¢] Wetl Az, sHE 88 F71889 &
710 W& A4 FZi Table 1591 Vel A

Fufoll Al F 40 A FrIsEEe] £ - sAHEHJL T T F3FEe] 24
FTOoF T715%E Ao, aldehydeFe 5F2=F 21.3%, alcohol® 3&Fo=ZE
15%, ketoned 1F 22 0.1%, ester’} 2502 39%Co % ¥l ¥ Fa
kA f7] A4S 2= dipropyl trisulfide(14.88 mg/kg), propanethiol (33.47 mg/kg)
2 2-methyl-2-pentanal(26.37 mg/kg)e] SRIF A, A I F7149% =
(131.98 mg/kg)oll A 56.6%5 A8ttt 1 2o thre] stz o] AY¢at S+
sluby EAS AR e 53] trisulfide 7 AYnte] Fubd fr1HRe EA
of 7lolsl= Ao et

olgfgt sulfideft— FIAZ7F 3}7E w alliinaseo| <J3)4 S-alkyl- £+
alkenyl-L-cysteine sulfoxide®Z5H #alHo] AAdd alkyl %+ alkenyl thio-
sulfinate”} ThA] W&o B ATH169). Fohe] 5424 g 7lofsle Fagk syt

j

E% Boelens < propyl thiosulfonate (freshly cut onion), propyl propenyl

H
H

disulfide®} propyl propenyl trisulfide (boiled onion), 231 dimethyl thiophene
(fried onion)& &<lstar ol#fdt FEEY AHEEY A+ THESIATHI70). =
3t methyl propyl disulfide, dimethyl trisulfide, dipropyl disulfide, (Z)-Propenyl
propyl disulfidex= %IolA FQ3 F3dEZ SHAolgta Hud np Y}
(171-173).

B dqoa] AgdE Feld 2-methyl-2-pentenalS propanal 5 A28 aldol
condensation™ A4 %+ dehydration®] 98] @A ¥ =9 propanale MY Fa
g 3 P E T otvE ol= FTast 4k 3F Hd=4< S-propenyl-cystein-
S-oxide”} E9FA 3t lachrymatory factor(#F 242)91 thiopropanal S-oxideE &4

st At A 0 & propanal¥ sulfur FEiE A¥)E ¥ o] 2-methyl-2-pentenal & 4373
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STH170).

2 ATl A+ propyl thiosulfonateZ} EI¥ A Z k=t o]+ thiosulfonate 7}
W S w8 F8Ad TIdEe] fUIAE FEA SRYEE ¢ =S
o7 HAEA gar FE&F Foldr] w2 Alliums AE FUgdTE 4
oM Z FAHEAAA A FErhal o HH170).

1 kGy2 ZAME ¥39 3)aa 749 F3S 13480 mg/kg &2 H ZAMF
o frAtsHAl vtk Fetel A T 405 Fd frlstEEe] £ - sAEHUL
% F3lgEoe] B5FoR 722%5 A8k o aldehyde¥, alcoholiF, ketonet,
ester7F RlE Ao, 7 AIH RS v AT FASHA WERRTE T3}
=2 & dipropyl trisulfide, propanethiol % 2-methyl-2-pentanal, methyl propyl
disulfide, dimethyl trisulfide, dipropyl disulfide, (Z)-Propenyl propyl disulfide”} &
QAlElo Mtk 1 <& propanethiol, dipropyl trisulfide™ Z+2F 27.27 mg/kg, 13.67
mg/kg 2 & H| Ao H]3] ZHAE o] vERRTh

3 kGy2 =AY o Ae] e 10558 mg/kg R HZAFFO] WS F 21.0%
7EAaske] vepydtl o9} 28 e o 2 propanethiol, 2-methyl-4-pentanal, methyl
propyl disulfide, dipropyl disulfide, methyl propyl trisulfide= 3 kGy FAF A #Fo) 4]
T gbeko] ZHAE AT B, dipropyl trisulfide™ S7FE o Aok ey Fo g E
o PG JdolAs HI AT fARSHA &l H A

5 kGyE ZAME &Fute] g 71459 F%2 103.01 mg/kgeln, 544 3t
FEL 0FIAY. Fa P2 BEARF B DA EE AREF fARSHA S
WAL, 3tz o] ShEFRistel] doix AR FEHE F7FE U Diproyl trisulfide
T 22776 mg/kg o2 H|ZAFT-o| H]E| 65.4% F7FE UL,
propyl trisulfideX o<} fFAFSH 73S et} v, 5o A 22 propanethiol
H] Aol v 8] et d A7, 3 kGyE FAMR U B4 Vet

7 kGy® AR Fafol M= et
7V =4 vebd 9] aldehyde F+ 5 Qe
58 ARy diproyl trisulfide’} 71 =A vEbgon o= ulxA ® A}
AHAgAME 7 =& d3oz FEAT. 3 (Z)-propenyl propyl disulfide

O

dimethyl trisulfide, methyl

2 methyl propyl trisulfide®™ £ 78k



-2-pentanal, methyl propyl disulfide, (E)-prophenyl propyl trisufate™ 7 kGy<] #
AN WA R Te Aud AR B F b R gEes dehirh

10 kGyel FAPd =M el by F7]1d8e & %2 13138 mg/kgl® 7
KGy ZAA s Z7hE ot uaATel FAE Ss e aey 33a
BEo] H &L 7 kGy ZAME ABRT ZAEFAUA T B ZATE 2 ZARA S AR

o wmate] FAFUT. FasgRe] PAE vz % 2AAGE ARETE §4}

AV

st AdE vEldllen, 1 EEke] lojAalE YA}l MEE lEA &t
Farkas 5(192)2 8~10 kGy2] XA} AzkoA] 3jubA fr]AdHe HstE g
T AAJT R AE AL, Bachman 3 Gieszezynska(193) & 75~15 kGy® ZAME

£
R A AT ST IR WEtel s AR a stk & AT
= 3~7 kGy ZAF Aol Al kube] A 7ol 7HE B WEE dEid s
glatieh. ol& Qs ARA R Qs ol E
= ez O e WE AR AN
A Mg AP Re] Aol fE AR A

>
i
0,
3
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Fig. 8. GC/MS total ion chromatograms of the volatile organic com-
pounds from non- and gamma ray irradiated dried onion at

dose of 1, 3, 5, 7 and 10 kGy.
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Table 14. Volatile organic compounds identified in non- and gamma ray
irradiated dried onion

(unit: mg/kg)

PI\?:F R Compound Name 0 inadlagon doze (kGS;) 10
1 835 Ethyl formate 014 008 036 011 014 014
2 846 1-Propanethiol 33.47 2727 2027 2584 16.08 29.30
3 902 2-Propene-1-thiol 078 072 017 034 007 031
4 905 Ethyl acetate 500 478 468 548 366  7.00
5 910 Diethyl acetal 0.17 004 0.08 014 - 002
6 928 3-Methylbutanal 029 033 013 024 010 024
7 936 Propylene sulfide 099 0565 024 019 - 030
8 947 Ethanol 130 1.09 374 08 130 164
9 969 2,4-Dimethylfuran 147 154 074 064 041 065
10 977 2,3-Butadione 013 019 018 020 022 019
11 990 (E)-3-penten-2-one - - 012 009 014 021
12 1012 3,3-Dimethyloctane 027 040 041 035 048 050
13 1036 2-Butanol 037 026 019 015 030 056
14 1068 Dimethyl disulfide 043 0562 012 016 013 023
15 1079 Hexanal 082 033 017 026 022 081
16 1154 2-Methyl-4-pentanal 2637 2792 1182 584 510 7.06
17 1183 Pyridine 0.18 - 011 016 035 039
18 1185 2,5-Dimethyl thiophene 207 182 123 080 070 087
19 1227 Methyl propyl disulfide 283 238 123 119 08 1.23
20 1229 2-Pentylfuran 0.27 - 024 026 060 0563
21 1248 2,4-Dimethyl thiophene 322 317 200 164 132 164
22 1258 (Z)-Propenyl methyl disulfide 043 0561 033 038 052 046

23 1282 (E)-Propenyl methyl disulfide 073 063 051 057 075 075
157 1308 Butyl benzene - - - - _ _

YRetention index, “Internal standard
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Table 14. Continued

(unit: mg/kg)

Peak

Irradiation dose (kGy)

No. R Compound Name 0 1 3 5 7 10

24 1372 Dimethyl trisulfide 092 134 080 154 1.8 180
25 1375 Dipropyl disulfide 280 237 158 230 232 204
26 1407 (Z)-Propenyl propyl disulfide 159 151 197 204 318 257
27 1425 Allyl propyl disulfide 026 036 013 - - -
28 1428 1,3-di-tetra—butylbenzene - 005 009 027 015 023
29 1432 (E)-Propenyl propyl disulfide 201 173 241 246 393 331
30 1492 2-Ethyl-1-hexanol 036 030 046 038 054 039
31 1523 Methyl propyl trisulfide 568 606 500 647 946 837
32 1595 (Z)-35-Dimethyl-1,24-trithiclane 043 162 149 096 142 102
33 1616 (E)-35-Dimethyl-1,24-trithiclane 046 137 138 0.76 144 139
34 1641 2-Acetyl thiazole 066 077 039 058 073 060
35 1666 Dipropyl trisulfide 14.88 1367 1576 2276 3245 2591
36 1723 2-Methyl-45-dihydrothiophene 094 074 068 053 150 098
37 1732 1,2,4-Trithiolane 051 022 033 107 038 -
38 175 DO Abvdrom2AbTrimethyl=AIT g o0 06 1547 728 685 1746

1,3,5-dithiazine

39 1770 (Z)-Prophenyl propyl trisulfate 377 439 329 290 294 3.80
40 1790 (E)-Prophenyl propyl trisulfate 6.32 833 530 516 471 5.59

Total

131.98 134.80 100.58 103.31 107.22 131.38

URetention index
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Table 15. Relative content of functional groups in identified volatile organic

compounds from in non- and gamma ray irradiated dried onion

Irradiation dose (kGy)
Functional Group 0 1 3 5 7 10
No. Area% No. Area% No. Area% No. Area% No. Area% No. Area%

Alcohol 3 15 3 12 3 42 3 13 3 20 3 20
Aldehydeds 5 213 4 213 4 116 4 63 4 51 4 62
Esters 2 39 2 36 2 48 2 54 2 35 2 54
Heterocyclic

3 15 3 11 3 10 3 10 3 13 3 12
compounds
Hydrocarbons 1 02 2 03 2 05 2 06 2 06 2 06
Ketone 1 01 1 01 2 03 2 03 2 03 2 03

S-containing °4 715 25 722 25 777 24 851 24 872 23 844
compounds

Total 15 1000 15 100.0 16 100.0 16 100.0 16 100.0 16 100.0

_6']_



A 34 AR 2Abl GF FA AT AWA FAYE 54
L AAA z2AE a7 JEd w788 st
ZASHA] @2 3137 FE controlZ Shal, A 1, 3,5, 7 2 10 kGyE ZAFS

g AEE AGste] SDEMHoZ 3y {74 s 53 & GO/MSE 4
sho] AL chromatogram—% Fig. 939 %31, &
Table 16°1, 5 7]¥ stEu]al= Table 17°ﬂ YER] St

ST A Eld A GRS F 38 Fo® acidF 1E(0.6%), alcohol
 6%(31.5%), aldehydet 115(35.8%), ester 5% (21.2%), hydrocarbon® 7%
47%), ketoneFr 45:(4.5%) 2 heterocyclic compound 4%F(1.7%)°1 o™ H7|A &
TS 11898 mg/kgol Ut nx7FFo ERA R EAste o Y /714

O 2+ ethyl acetate, 2-methy butanal, 3-methylbutanal, hexanal, pyridine,

—

)];

Pl

2-pentylfuran, benzaldehyde, linalool, (EE)-24-decadienal, B-ionone, 1-tridecanol,
(7)-9,17-octadecadienal, methyl linolenate o] <)% At}

1,3 5 7 % 10 kGy9 dZFoz A A a7t Tl e 42 3959 g
ol FRlFEAde, AU FrIEE 2L iz vl 1, 3, 5 7 2
10 kGy A ZAME a237bFe] F9S ZH7F 14029 mg/kg, 18929 mg/kg,
29558 mg/kg, 16871 mg/kg % 297.18 mg/kg °lle™ 53], 10 kGy® AR %
ArE aLFE7VFO A Ul Rh oF 254] AR FHu giFe] FlE ).

AR ZAbE 137129 F£Q WFIE2 aldehyde?, alcoholf, esterf =
heterocyclic compoundf & g<lE gl o o= Uz 3 v $=3F AL Bt

1 kGye] Aoz xAld 77 A g 3uka $7]4 8-S 1-tridecanol,
(7Z)-9,17-octadecadienal, methyl palmitate, methyl linolenate, (EE)-2,4-decadienal,
ethyl acetate, 3-methylbutanal, B-ionone, furfural, benzaldehyde, hexanal,
2-methylbutanal, 2-pentylfuran, pyridine, linanol +2.& $t&ko] & d7|AH H
o A vgkon, o5& WXAL FVMFOAM FQ JFoE SHIW IFEE
I A=) ]JZ_/\} 1327} H]3]A4 methyl linolenate(6.88 mg/kg)e] $F#L 1.3
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Hl, (Z2)-9,17-octadecadienal(25.96 mg/kg)< 144, 1-tridecanol(39.97 mg/kg)< 1.2
o S7FERIeE o] ®rel  ethyl acetate(4.26 mg/kg), (E,E)-24-decadienal(6.51
mg/kg)E 777 2.14, 1.8¥) B AT Aoz vEylith
3,5 7 e]al 10 kGye] Aoz zAatd usrbFolA gld dd F714%
< HZA B 1 kGyE AP x7FFO A ERlE Fa SgeEe] dx
u, oL skl lelxlel WstE ERlskith 3 kGy®R EAbE TRl (2)-
9,17-octadecadienal, 1-tridecanol, methyl linolenate, (EE)-24-decadienal, ethyl
acetate ¥ 3-methylbutanal &< $F=Fe] =4 &A% 2, methyl linolenate H] &
Ab a1 RO A Bl skeRe)] W& 354, (£)-9,17-octadecadienals 299 Z7}s)
At} 1-tridecanol H]ZAFFo] HlE] 168 A lElar, ¥hH ethyl acetate,
2-methylbutannal, 3-methylbutanal, hexanal G-ionone & H|ZAFo| HI&| A
© IFEEE gHAeY o= 1 kGyE ZALRS WY $EFH FASHA vERs
=3
5 kGygE xAM ax7bFY Y F7IAE S 1-tridecanol, (2)-9,17-
octadecadienal, methyl linolenate, ethyl acetate, 3-methylbutanal % B-ionone®] &t
ol 7 A vetwt o, BlAbe HlE| SUhE S S dth 5 kGy S AR
oA EolHog HFAT] HF FUIEIe™, 1 F  1-tridecanol(117.44
mg/kg) 2.2 W ZAFFO H]&] 359, (2)-9,17-octadecadienal(82.49 mg/kg)= 444
12]31 methyl linolenates(21.55 mg/kg)T 4.0M=Z 7 22 S71&S HATh
hexanal< 124 mg/kg2 & 1 kGy ¢ 3 kGyol A& WA} v]=3k stako g 3
Ao} 5 kGy A A= 168 skt ®38h ethyl acetatee 2.7H] 78}
Bort 3 kGye RARA A A G AR S UERH YR (EE)-2,4-decadienal &
1.39 mg/kgo 2 AR F 7P v g}
7 kGyE AP 7R SR fUIAEY s A9 EY, 5 kGyE XA
H azTpFolA v ZAol HE] FUHEE UEWlov, Solf g TkGyol A FHa
A vebillth 7HE =2 3R] 1-tridecanol®] 73-¢ HIZAMO HE 1.4
5 kGy ZFAF ol uHls] 24M] #Astgew, (2)-9,17-
octadecadienal H|ZAFe} "l sle] 208] F7FslH ovh 5 kGy A g3ke] w3

2.38] ZFash 4 g2 vERWth methyl palmitate, pyridine, 2-penthylfuran 1] 3l
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linalools o A1 &= 22 Zg-s Ve Sl

10 kGy® A8 ax7bFe] 334 f7istdee 7MY 52 §9e vede
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" uE A fristgEES A 2 1, 3, 5, 7 kGyE A
49 FEHR 22 435 vedllt SA AR HEANo B3] F8 F3E
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v, 3.78) A =2A S7EE AT EF v Aol ) Wgke] fle stgEol ey
ATt vlFARFQL wlaste] 1 gEFo] 7hAN = I YE E & ethylacetate, hexanal,
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Fig. 9. GC/MS total ion chromatograms of the volatile organic com-
pounds from non- and electron beam irradiated red pepper

powder at dose of 1, 3, 5, 7 and 10 kGy.
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Table 16. Volatile organic compounds identified in non- and electron beam
irradiated red pepper powder

(unit: mg/kg)

Peak _— Compound Name Irradiation dose (kGy)
No. 0 1 3 5 7 10
1 852 Ethyl acetate 9.00 426 358 330 393 562
2 871 2-Methylbutanal 142 136 126 141 160 191
3 874 3-Methylbutanal 327 300 294 280 320 383
4 891 Ethanol 231 1657 071 054 273 284
5 949 2 3-Butanedione 054 116 103 1656 112 163
6 957 Pentanal 032 034 032 023 040 021
7 964 2-Methylpentanal 041 032 034 030 040 039
8 1007 2-Methylnonane 043 042 047 037 040 057
9 1014 3-Methylnonane 183 136 143 122 160 204
10 1038 3,7-Dimethylnonane 157 139 153 157 173 197
11 1082 Hexanal 201 192 204 124 203 166
12 1137 1-Methylpyrrole 040 079 051 071 090 057
13 1187 Pyridine 053 098 028 123 051 069
14 1213 3-Methylbutanol 020 036 046 016 044 017
15 1232 2-Pentylfuran 065 122 092 068 103 076
15”7 1313 Butylbenzene - - - - - -
16 1320 4-Methylpentanol 033 014 049 034 039 023
17 1327 (E)-2-Heptenal 023 024 056 022 032 014
18 1360 Hexanol 042 065 048 041 080 138
19 1362 2-Methyl tridecane 075 093 073 108 1.08 0.13
20 1392 2-Methyl tetradecane 023 020 018 039 020 036

URetention index, “Internal standard
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Table 16. Continued

(unit: mg/kg)

Peak

Irradiation dose (kGy)

No. RILY Compound Name 0 1 3 5 7 10

21 1430 13-his[1,1-dimethylethyl]-benzene - 011 036 084 094 164
22 1434 2,3-Dimethylhexene 043 064 055 043 048 048
23 1449 Acetic acid 0.7% 094 030 143 173 219
24 1462 Furfural 088 221 192 180 320 285
25 1485 2,3,5,6-Tetramethylpyrazine 049 072 054 063 08 1.06
26 1524 Benzaldehyde 1.61 204 157 158 213 316
27 1553 Linalool 062 081 087 165 157 242
28 1628 Pulegone 040 046 076 044 023 022
29 1652 1,2-Dimethoxybenzene 031 046 050 031 0320 025
30 1773 (E,Z)-24-ecadienal 193 145 814 025 123 010
31 1819 (F,E)-2,4-Decadienal 11.87 651 708 139 445 1.84
32 1864 Geranyl acetone 1.86 17 118 163 175 218
33 1956 B-Ionone 260 265 233 254 260 282
34 2017 Methyl pentadecanoate 165 318 206 544 388 7.02
35 2038 1-Tridecanol 3355 3997 5271 11744 49.07 100.67
36 2070 ijg;;gif;cymw acid 071 106 11l 384 120 203
37 2196 Methyl palmitate 840 1990 1462 3005 22.79 35615
38 2337 (£)-9,17-Octadecadienal 1864 2596 5363 8249 3696 83.63
39 2475 Methyl linolenate 544 688 1882 2155 851 2036

Total

11898 140.29 189.29 295.58 168.71 297.18

URetention

index
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Table 17. Relative content of functional groups in identified volatile
organic compounds from in non—- and electron beam irradiated

red pepper powder

Irradiation dose (kGy)

Functional Group 0 1 3 5 7 10
No. Area% No. Area% No. Area% No. Area No. Area? No. Area%
Acids r 06 1 o0v 1 02 1 05 1 10 1 07
Alcohols 6 315 6 310 6 294 6 408 6 326 6 363
Aldehydes 11 368 11 323 11 422 11 317 11 331 11 336
Esters 5 212 5 262 5 212 &6 217 5 239 &6 236
Hydrocarbons 7T 47 8 39 8 30 8 21 8 40 8 25
Ketones 4 45 4 43 4 28 4 21 4 34 4 23

heterocyclic compounds 4 17 4 26 4 12 4 11 4 20 4 1.0

Total 34 1000 35 1000 35 1000 35 1000 35 1000 35 100.0
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2. AAA AR A AT w13 E W

ZAFSFA] FE 7S control® d}ar, 1, 3, 5, 7 22]al 10 kGy AR FALEA
AL Ao I fFUIdEE SDEMHeR FE% & GC/MSE A ste] o]
71 chromatogram<> Fig. 100 =23ttt GC/MS 40| 9lste] FHd 3ty
F7144%9 2A Add HEE Table 18] Yehla, 4" IJHA §7
o #e7]e] W& AdE S Table 199 YU

Az B &8 54" A Z 70%F 2%, 33% 2] hydrocarbon#(83.8%)7}
gEEe (x5 1 9] 1859 alcohol®ob 8% 9] aldehydeRr} 8Hol ¥ 9l o.n
ketonef 6%, esteri 2 7|ESES 47t 3Fo 2 EJFHICH AAFolA EAH

F2 A H7AARSFEE  a-zingiberene, [B-sesquiphellandrene, [G-bisabolene,

—_—

j=]
]\éT':

[5

i

M
flo

(Z E)-a—farnesene, [-phellandrene, germacrene D, (7)-citral, camphenes ©]%12
W, dx Ao Fd fFrIdEeR FdH Sl

A A A7 A #e2l w389 A fU1dE

e 549 sg== ddHslen, I fr18Ee] & dEe A & S
Holmhrh 1 kGyo Ad&ow xAtd AolA &Eeld
02 hydrocarboni 7} 84.7% 2 HIZAL A&} FYUsHA 7HE Wl sl 9l
o, 2422 alcoholi+ 11.0%, aldehydei™ 3.3%, ketonei+ 0.8%, 71E} 0.2%
a2 a1 ester77F 01% = VYRS 79 3¢ {714 S ZF a-zingiberene, B
-sesquiphellandrene, (Z,E)-a-farnesene, [-phellandrene, [-bisabolene, germacrene
D, camphene, (Z)-citral 2% [B-bisabolened} (2)-citral® ZZ+ 811.8 mg/kg,
4196 mg/kg®E WEo I Hluste] AAaEAT 3 kGyol Ad#om A Hd3Ad
AoERlE A frIAdEe derlel wE AWl %2 hydrocarbontt
85.4%, alcoholFr 10.2%, aldehyde® 3.3%, ketonef 0.8%, 71E} 0.1%, esteri+ 0.1%
sog Yvepgleow 3 A #7142 a-zingiberene, [-sesquiphellandrene,
(Z,E)-a-farnesene, [-phellandrene, [(-bisabolene, germacrene D, camphene,
(2)-citral «£o.2 AT L F a-zingiberene® [G-sesquiphellandrene, (7,E)-
a-farnesene 27} 6313.9 mg/kg, 3440.1 mg/kg, 19442 mg/kg® el o] H] XA}
AR AR S7ree #sAn 5 kGyel Aoz FAtE AAFAA &g
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2 3 f71d79 peak area% s T 7o whef 578 hydrocarboni 85.2%,
alcoholF+ 10.3%, aldehyde® 3.5%, ketonei+ 0.8%, 71E} 0.2% ¥ 3l esterf+2l 3}
SEL 0.1%% st o, 8 Al F7]AHE 2= a-zingiberene, [-ses-
quiphellandrene, (7, E)-a—-farnesene, [B-phellandrene, [G-bisabolene, germacrene D,
camphene, (Z)-citral 2% IAAHAJG. 7 kGye AFoz AE AAAAE
hydrocarbon¥r7}  8522%% F&d #7|4dE T 7HE Bol e oofx
alcoholF+ 7} 10.6%6, aldehydei 7} 3.496, ketonef7F 0.5% 2]l 7€} esterie] 3}
FE2 7 02%, 01%= SR15AT. T8 3y f71A-d RSS2 a-zingiberene,
B-sesquiphellandrene, (7, E)-a-farnesene, [-phellandrene, [-bisabolene, germacrene D,
camphene, (7)-citral ¢ & E<lF 2tk 10 kGye A#Hoz FAld A7 e 3w
A FAAES Bevle wek B35, hydrocarbon® 85.5%, alcohol® 10.3%,
aldehyde® 3.29%, ketone® 0.8%, 718} 029% 123l esteri 0.1% o2 g%
o, FH FEAH {7 EL  a-zingiberene, [-sesquiphellandrene, (Z E)-a
—farnesene, G-bisabolene, G-phellandrene, germacrene D, camphene, (Z)-citral®.=
gl At

AR ZAAE A BAE a-zingiberene, [G-sesquiphellandrene, (7, E)-a
—farnesene, O-phellandrene, S-bisabolene 5°¢] 8 f7]AF o2 Folyo] ulFA}

79 vE7FA R terpene ] FEtEol FE GIHAL™, A T hydrocarbon

ol AAAG HEole & S FA F2 Ao vewn. au dAA F
M S AR dge Al A vusld da Z271eE A Jgugon,
53] 8 fU71d% 59 syl B-bisabolenes 1,

A Eel A= v FEARFRY haskE AEe Helth 10 kGyJ Al A= Felxez
F7Fetarh 2ea = tE FaSFEEA A dEH gL e Ue
(Z)-citral& W]EAL AlBlAM 4639 mg/kg (29%)2 SRS AA T 2A o] S7)
s gheol fadhe ARE BT ook A2 AF¥er wAHdE FgE T
6-methyl-5-heptene-2-one¥ camphor< 4l #o] %7}‘“01] wel ko] ZFastE A

S ERI3st¥ a1, B-myrcene, (Z)-[F-farnesen, germacrene D+ 1 ¥ 3 kGyoll A&
Zbebe AEe moltirh 3 KGy ool ABEdAE SolH o gawgrh EE,
ZAF H A e HxAAY AAA R fUIdE §Ee 15,7854 mg/kgE 4
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Epstow, duade 2AbE dx Ao dAAe fdd #1488 g2 1, 3 5,
7 2 10 kGyolA ZZF 16,170.7 mg/kg, 19,3837 mg/kg, 17,8668 mg/kg, 16,394
mg/kg B 176532 mg/kg o & FJAHUT. TALHI} Hlalsto] A7 A 59 A
oA sHl® AAH AW FUHES 3 KGyAHE ket 5 KGy 2 7
kGy® A A RdA e fHhches Aee Boy A Aol FrlEssE S
she 43S Bt A8 ow A I AR A dE dAAA 24

G dehbd @gom, F4 YR FS 3 kGyd 24 AR P BE W

35 YERTE 1 kGye] A 2abelA Qe e Mg FU1dE S wEAL
ol HlEl W WsyE vehA] ggten diRie] dgmael 45 foHel ¥
=N 5 ;

O

s B g olzelsa A xAE A% 948 SHos guiAl
AN E B W BA0] de 47 2 ABE A3 5 e Ao And
o,
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Fig. 10. GC/MS total ion chromatograms of the volatile organic compounds
from non— and electron—-beam dried ginger at dose of 1, 3, b, 7

and 10 kGy.



Table 18. Volatile organic compounds identified in non- and electron beam
irradiated dried ginger

(unit: mg/kg)

PI\?:F R.LY Compound Name 0 1hrad1agon dosse (kGY)7 10
1 849 Ethyl acetate 3.1 3.4 4.0 4.2 3.1 3.4
2 912 Ethanol 2.0 2.3 1.3 0.9 14 3.8
3 973 Tricyclene 98 103 109 113 114 123
4 981 Ocimene 1.7 2.3 0.7 2.0 2.5 2.7
5 988 a-Pinene 1441 161.2 1699 167.1 1634 1824
6 1034 Camphene 4609 5016 5549 521.8 491.6 540.3
7 1049 Hexanal 7.1 7.1 8.4 7.2 7.4 8.4
8 1073 B-Pinene 186 214 232 226 210 226
9 1087 Sabinene 117 149 149 1562 142 148
10 1134 B-Myrcene 1495 1651 1723 1685 161.3 1663
11 1138 a-Fenchene 4.6 4.7 5.0 4.5 4.8 4.9
12 1153 2-Heptanone 5.2 5.2 55 4.6 5.1 5.3
13 1169 Limonene 1797 1983 2088 2080 1965 201.2
14 1181 B-Phellandrene 8417 9331 10206 988.0 9456 967.1
15 1184 1,8-Cineole 296.1 3023 3403 3225 3126 3225
16 1214 y-Terpinene 3.7 4.1 39 47 4.3 4.3
17 1239 p-Cymene 11.3 120 131 132 124 130
18 1253 Terpinolene 259 273 276 292 271 282
19 1360 Octanal 6.8 6.9 7.3 6.5 7.0 7.1
20 1277 Perillene 6.0 6.8 6.4 7.3 6.6 6.2
1.S” 1282 Butylbenzene - - - - - -
21 1295 2-Heptanol 165 180 186 181 181 189
22 1307 6-Methyl-5-heptene-2-one 336 288 284 274 292 262
23 1362 2-Nonanone 95 102 108 114 103 108
24 1399 (E)-2-Octenal 95 103 104 105 9.5 9.8

URetention index “Internal standard
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Table 18. Continued

(unit: mg/kg)

PIE(T( R.LY Compound Name 0 ;ITadlat;OIl dos; (kGY)7 10
25 1443 6-Elemene 256 264 299 285 243 255
26 1451 Citronellal 353 32 391 362 3H3 346
27 1455 Cyclosativene 504 516 609 568 430 515
28 1466 a-Copaene 689 718 828 789 674 722
29 1489 Camphor 129 123 133 131 127 1156
30 1495 2-Nonanol 115 133 146 140 130 132
31 1514 Limonene oxide 159 148 154 174 169 165
32 1522 Linalool 724 741 769 733 719 738
33 1529 (I)-B-Bergamotene 433 447 513 470 419 453
34 1643 (E)-p-2-menthen-1-ol 129 102 137 196 123 136
35 1556 Bornyl acetate 7.3 7.2 7.4 75 7.4 77
36 1559 Aromadendrene 220 226 257 250 225 246
37 1564 B-Elemene 716 681 941 910 669 690
38 1567 Isocaryophyllene 4.1 49 77 8.3 35 4.8
39 1573 2-Undecanone 677 710 846 798 712 727
40 1578 4-"Terpineol 208 210 236 251 248 242
41 1588 a-Gurjunene 109 117 9.9 82 118 139
42 1600 Myrtenal 7.6 79 8.2 8.1 7.1 8.0
43 1617 (E)-2-Decenal 262 2577 306 284 289 285
44 1620 a-Humulene(=a-Caryophyllene) 282 226 295 247 289 305
45 1640 (2)-B-Farnesene 1382 1605 171.2 1647 1539 1565
46 1658 (2)-Citral 4639 4196 5231 5059 4514 4545
47 1664 y-Muurolene 260 259 287 2719 318 266
48 1676 a-Terpineol 99.1 96 1072 997 973 1022
49 1688 Germacrene D 5982 6012 6558 599.9 599.7 6384
50 1696 a-Cedrene 352.6 2976 3278 3440 3127 3448

URetention index
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Table 18. Continued

(unit:mg/kg)
PIE(T( RL" Compound Name 0 1IITad1at;0n dos; (kGY)7 10

51 1711 a-Zingiberene 37756 49459 63139 5678.0 5149.5 5639.8
52 1715 [-Bisabolene 1751.1 811.8 871.0 8452 849.3 1040.8
53 1731 (Z,E)-a-Farnesene 1549.5 1557.0 19442 1754.2 15124 1630.7
54 1741 6-cadinene 1291 1254 1525 1448 1234 1334
55 1760 [-Sesquiphellandrene 27515 27703 3440.1 30959 2811.2 3032.9
56 1762 a-phellandren—8-ol 6.5 8.3 3.9 5.4 6.7 116
57 1773 Myrtenol 13.0 122 97 113 123 4.0
b8 1782 Geranyl acetate 39 4.4 85 8.1 3.8 6.1
59 1788 2-Tridecanone 6.9 6.7 6.8 7.6 7.2 6.1
60 1811 Germacrene B 152.8 1555 1917 1721 1512 1547
61 1825 Nerol 205 219 222 216 211 224
62 1840 (E)-2-Dodecenal 128 147 166 156 139 1438
63 1968 Caryophyllene oxide 6.2 5.9 45 6.6 53 6.3
64 1982 Nerolidol 1219 1161 126.0 121.7 1205 1168
65 2019 [S-bisabolol 165.7 1585 187.7 1703 1559 1568
66 2043 [-Farnesol 367 379 522 420 308 371
67 2064 Elemol 878 814 968 917 794 791
68 2085 a-Bisabolol 169.9 180.0 1976 169.8 155.1 161.1
69 2096 a-Cedrol 2779 2976 3239 2987 2736 2714
70 2223 a-Eudesmol 126.9 1188 1388 1295 1189 1174
71 2344 (E)-farnesol 68.1 6563 749 670 626 628

Total 1574 161707 193837 17868 163340 17.6:32

URetention index
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Table 19. Relative content of functional groups in identified volatile
organic compounds from in non—- and electron beam irradiated

dried ginger

Irradiation dose (kGy)
Functional Group 0 1 3 5 7 10
No. Area% No. Area% No. Area% No. Area% No. Area% No. Area%

Alcohols 18 114 18 110 18 102 18 103 18 106 18 10.3
Aldehydes 8 36 8 33 8 33 8 35 8 34 8 32
Esters 3 01 3 01 3 01 3 01 3 01 3 01
Hydrocarbons 33 838 33 847 33 84 33 82 33 82 33 835
Ketones 6 09 6 08 6 08 6 08 6 05 6 08
Miscellaneous 3 02 3 02 3 01 3 02 3 02 3 02

Total 68 100.0 68 1000 68 1000 68 1000 68 1000 68 100.0
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3. AAR 2AE vkl WA F14R Wl

ZAYE R Fe 3= control® d}ar, 1, 3, 5, 7 1#]al 10 kGy9 Ao w Az}
A &Abgk AE AlRE AMESte] SDEWH R I fUIdES FET &
GC/MSE #A3] A8 chromatograme Fig. 119} 231, 43 AE3 o]E9
ddlA sXE Table 209, #5578 3H@u] = Table 21011 LHER AT

Control® AR&H WAR ZAbehA] @2 wiafelA 5 45F 9] A F7]d &l
g T4 H%erw, #svEE EFI ZAI S-containing compoundi 20%
aldehyde 8%, alcohol 5%, ketonew 4%, furan¥ 3%, esterw 2%, hydrocarbon
F 2% 393 acidi 1Fo] BAYJoew, o]E59 F peak arear S-containing
compounds+ 54.0%, aldehyde 21.1%, ketone¥® 15.3%, alcoholit 4.2%, ester¥
2.9%, furan¥ 1.2%, hydrocarbon¥ 1.1% 1#]3l acidi+ 0.3% % &35t53}gE0] o
ko] A FrdRe 2A Vst Alew S ATH

WEAel g [ AHAEoZE 2-methyl-2-pentenal, 2-tridecanone,
propanethiol, 3,5-diethyl-1,2,4-trithiolane, dipropyl trisulfide, 2-propenthiol5s ] 31t}
diste] 254 ddr]e] 5L U sulfide® F 12F22  monosulfides
propylene sulfide 1%, disulfide™ (E)-propenyl propyl disulfide, (Z)-propenyl
propyl disulfide ZZ#] 3l propyl butyl disulfide & 7%, trisullide® (Z)-propenyl
propyl trisulfide, (E)-propenyl propyl trisulfide ~2#] 31 methyl propyl trisulfides 2.
2 gl A

A 1 kGy2 =AM AlmoAE F 4539 38d f7] sgEe]l FAHEAL
W #s7]e] weEl S-containing compoundf 55.8%, aldehydef 17.2%, ketonefr
17.1%, alcoholi+ 5.6%, esteri 2.0%, furan® 1.2%, hydrocarbonf 0.8% 12]il
acidf 03%= 217} 20&, 8F, 4%, b, 2&, 3%, 2% ¥l 1&°] =AY o
XA 3y fr] AHAEoERE 2—methyl—2—pentenal(12.4%), 2-tridecanone
(11.6%), propanethiol(8.4%), 35-diethyl-1,2,4-trithiolane(5.8%),  2-propenthiol
(5.4%) 12|31 dipropyl trisulfide(5.1%), 5ol &<l Hlow, H|zAMTY F9o 3
E9 FAL FAFSIS v 2-propenthiol®}t propylene sulfides™ 4 571 3t
A2 3 kGyE A A BolAlE F 4659 I8 f7] sgEe] 54 HAL
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W #s7]e] weEl S-containing compoundf 56.2%, aldehydef 20.6%, ketonefr
14.4%, alcoholi+ 4.7%, esteri 2.2%, furant 1.0%, hydrocarbonf 0.7% 12]il
acid 0.1%= At A2 5 kGyE FAME AlRmOAE F 47%9 A
71 FEEol A HAgow HLrlo] wel S-containing compoundi 62.5%,
aldehyde¥ 12.79%, ketone¥ 15.0%, alcoholi 3.5%, esteri+ 3.7%, furani+ 1.3%,
hydrocarbon¥ 1.1% 123l acid$F 0.3%= el wdrt 5 kGyd 8 3gdE9
AL 1 kGyet A8 ketoned ¢! 3-methyl-3-buten-2-one®] F7F2 Q15 ¢t}
A 7 kGyRE ZAME AR AT F 47F9 R4 §7] dEEe] B HUL
W #s7]e] weEl S-containing compoundf 59.6%, aldehydef 17.5%, ketonefr
12.7%, alcoholi+ 4.1%, ester& 3.5%, furan® 1.3%, hydrocarbonf 1.2% 12]il
acid® 02%= AF A} 7 kGyd EA A JdEZ+ 5 kGyol A 223 ketone
91l 3-methyl-3-buten-2-one°] M523+ $Feko 2 7 kGyol &= gl it Ax4
10 kGy 2 A AlRd A s T 4759 A #7] stgd=o] o4 HJoew, #5
719w}l S-containing compoundf 56.3%, aldehydef 18.6%, ketones 13.7%,
alcoholi+ 4.9%, ester+ 3.4%, furan¥ 1.5%, hydrocarbon# 1.4% 123 acidFF
0.3%=% eyt 10 kGye EAZA 3IFgEZE= ketonei el 3-methyl-3-
buten-2-one®] 5 ¢} 7 kGy et H|$£F TEow 10 kGyolAE FAFArt. thu
¢l 2-propenthiol, propylene sulfide, 3,5-diethyl-1,24-trithiolane<
deko]l 7t s F7ksted 7 kGyolA Hd e BAom, 7 kGy ol A%
oM+ FHAdhe AES BATE (2)-propenyl propyl disulfide, (E)-propenyl propyl
disulfide 72|31l dipropyl trisulfide™ d#o] F7}gr5 F7lste] 5 kGydl Al o
1w, 5 kGy ol/de] did e faste 43S Btk ZAF A3 v
A AA A [UsgE Y SRS HlZAF AlmelAME 347.03
mg/kgel R AL, 1 5 7 % 10 kGyelA+= 242 29354 mg/kg, 273.89 mg/kg,
22390 mg/kg, 21881 mg/kg 123l 27391 mg/kg® H|ZAFFoA HF Ekow
AP ol SV S Hasttt 7 kGyolA 7P 2 o] EI¥ A 10 kGyol
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Fig. 11. GC/MS total ion chromatograms of the volatile organic compounds

from non- and electron beam irradiated dried welsh onion at dose

of 1, 3, 5, 7 and 10 kGy.
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Table 20. Volatile organic compounds identified in non- and electron beam

irradiated dried welsh onion

(unit: mg/kg)

Peak

Irradiation dose (kGy)

No. R.IY Compound Name 0 1 3 5 7 10

1 805 Propanal 11.27 897 990 142 367 430
2 846 Propanethiol 33.62 2451 2277 2404 1755 2327
3 902 Ethyl acetate 941 557 bH72 748 681 797
4 926 3-Methylbutanal 033 040 042 045 020 078
5 934 2-Propenthiol 1555 1587 21568 1828 2250 23.05
6 937 Propylene sulfide 1053 11.29 1411 1275 1421 1531
7 944 Ethanol 379 468 510 160 391 527
8 954 2-Ethylfuran 030 039 011 046 021 035
9 966 2,4-Dimethyl furan 294 266 234 154 157 212
10 975 Vinyl acetate 064 042 042 089 084 136
11 978 Pentanal 055 032 031 034 03 062
12 987 3-Methyl-3-huten-2-one - - - 026 021 040
13 994 2255 -Tetramethyl pentane 018 038 038 053 066 057
14 1009 2,2-Dimethyl octanol 03 101 031 105 017 133
15 1034 2-Butenal 317 162 136 234 404 458
16 1077 Hexanal 321 209 168 233 289 363
17 1088 2-Methyl-2-butenal 069 025 023 048 062 094
18 1154 2-Methyl-2-pentenal 52.82 3630 42.09 2050 2572 34.96
19 1182 2,5-Dimethylthiophene 314 225 216 168 163 243
20 1212 2-Hexenal 1.25 058 033 055 083 102
21 1224 Methyl propyl disulfide 088 015 034 015 035 057
22 1226 2-Pentyl furan 081 064 039 084 097 160
23 1245 2,4-Dimethyl thiophene 869 721 648 512 506 637
24 1256 (Z)-Methyl propenyl disulfide 284 251 257 208 259 277

URetention index
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Table 20. Continued

(unit: mg/kg)

Peak

Irradiation dose (kGy)

No. RILY Compound Name 0 1 3 5 7 10

25 1280 (E)-Methyl propenyl disulfide 362 318 319 254 283 360
1S.” 1305 Bultylbenzene - - - - - -
26 1370 Dimethyl trisulfide 242 209 163 221 299 267
27 1372 Dipropyl disulfide 153 1.20 091 078 061 082
28 1404 (2)-Propenyl propyl disulfide  11.36 11.16 9.04 828 7.23 822
29 1apg T PistLITdimethylethyll - 02 042 080 121 216

benzene

30 1429 (E)-Propenyl poryl disulfide 13.85 1399 1057 1015 834 862
31 1444 Acetic acid 0.8 072 029 05 032 093
32 1520 Methyl propyl trisulfide 991 87 730 824 797 856
33 1568 2-Furyl ethyl ketone 1.08 147 139 093 118 071
34 1595 Undecanone 262 327 339 28 273 3561
35 1612 3,5-Dimethyl-1,2,4-trithiolane 056 078 074 019 018 148
36 1638 2-Acethyl thiazole 0.68 0561 067 035 044 043
37 1663 Dipropyl trisulfide 1876 1490 1021 1389 868 986
38 1721 [-Bisaholene 354 176 112 114 071 119
39 1735 3,5-Diethyl-1,2,4-trithiolane 1919 17.14 1048 1555 1590 1678
40 1767 (Z)-Propenyl propyl trisulfide 1479 942 11.33 560 435 793
41 1787 (E)-Propenyl propyl trisulfide  11.84 1347 1500 551 533 888
42 1807 2-Tridecanone 36.11 3391 2526 21.84 1866 2512
43 1855 Propyl butyl disulfide 359 347 278 244 168 245
44 1921 5-Ethyl-2-nonanol 227 23 181 193 121 216
45 1966 a-Isopropyl benzyl alcohol 1.13 083 074 05 037 058
46 2221 5-Methyl-2-octylfuran-3-one 1331 11.40 951 758 505 771
47 2272 6-Ethyl-4,5-decanediol 7.03 764 501 280 328 397

Total

A1 28K 238 229 ZI88l 27391

URetention index, “Internal standard
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Table 21. Relative content of functional groups in identified volatile
organic compounds from in non—- and electron beam irradiated

dried welsh onion

Irradiation dose (kGy)

Functional Group 0 1 3 5 7 10
No. Area% No. Area% No. Area% No. Area% No. Area% No. Area%
Acids 1 03 1 03 1 01 1 03 1 02 1 03
Alcohols 5 42 5 56 5 47 5 35 5 41 5 49
Aldehydes 8 211 8 172 8 206 8 127 8 175 8 186
Esters 2 29 2 20 2 22 2 37 2 35 2 34
Furans 3 12 3 12 3 10 3 13 3 13 3 15
Hydrocarbons 2 11 2 08 3 0v 3 11 3 12 3 14
Ketones 4 153 4 171 4 144 5 150 5 127 5 137

S-containing 20 540 20 558 20 562 20 625 20 596 20 56.3
compounds

Total 45 100.0 45 100.0 46 100.0 47 1000 47 1000 47 100.0
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220, T 7]d g u= Table 239 YERUIATE

vpEo A TAHE FAWH [UIAEES F OATELE 1% 26%°] S-containing
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Fig. 12. GC/MS total ion chromatograms of the volatile organic compounds
from non- and electron beam irradiated dried garlic at dose of 1,

3, 5, 7 and 10 kGy.
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Table 22. Volatile organic compounds identified in non- and electron beam

irradiated dried garlic

(unit: mg/kg)

PIE(T( R.LY Compound Name 0 1hrad1agon dosg (kGy)7 10
1 842 Ethyl formate 088 159 09 166 133 139
2 82 1-Propanethiol 072 113 060 0563 089 051
3 864 2-Propenal 069 052 043 040 101 086
4 896 Butanal - 063 007 040 114 051
5 906 Ethyl acetate 2147 3950 2497 3045 22.07 21.87
6 911 1,1-Diethoxy ethane 1.06 096 149 057 138 104
7 948 Ethanol 341 842 307 376 452 822
8 960 Allyl methyl sulfide 435 748 505 615 361 451
9 980 Pentanal 017 063 087 064 - -
10 997 2,2,4-Trimethylhexane - 070 076 058 0838 058
11 1013 3,7-Dimethyl nonane 059 119 118 118 124 091
12 1037 3-Butenal 471 2098 434 1255 1385 1436
13 1042 3-Methyl-3-buten-2-one - 172 - 128 102 154
14 1047 2,2,5,5-Tetramethylhexane - 111 101 050 076 117
15 1054 Allyl vinyl ether 028 116 081 096 087 140
16 1069 Dimethyl disulfide 1425 1527 1177 1271 951 10.70
17 1080 Hexanal 651 711 409 538 690 790
18 1090 2-Methyl-2-hutenal - 097 - - - 121
19 1101 2-Ethenyl-2-butenal 254 456 291 374 251 397
20 1113 2-Propenol 975 1850 1172 1386 977 1207
21 1141 4-Penten—2-ol - 075 056 109 141 292
22 1144 Diallyl sulfide 1380 1685 1388 13.09 928 11.69
23 1172 3-Buten-1-ol 059 061 131 154 265
24 1198 1-(1-Propenylthio)propane et 807 843 968 884 6.77
25 1215 (Z2)-2-Heptenal - 116 - - 098 118
26 1228 Methyl propyl disulfide 069 061 073 062 052 076
27 1260 1,3-Dithiane 59 607 645 600 492 564

URetention index
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Table 22. Continued

(unit: mg/kg)

Peak

Irradiation dose (kGy)

No. RILY Compound Name 0 1 3 5 7 10

28 1277 Methyl allyl disulfide 312.69 27286 27720 27646 222.15 29527
29 1284 Propenyl methyl disulfide 1708 13.03 1599 1440 1082 12.20
30 1295 3-Methylpyridine 6.85 429 249 38 399 202
15” 1309 Butylbenzene - - - - - -
31 1374 Dimethyl trisulfide 31.16 3407 32,60 3790 3112 36.33
32 1426 (E)-Propenyl propyl disulfide 460 408 397 38 38 400
33 1451 Methional 095 493 305 383 269 644
34 1463 2-Vinyl-1,3-dithiane 7730 6710 81.69 8239 6535 6239
35 1482 Diallyl disulfide 2002.33 1969.07 2245.06 2254.81 194796 1765.27
36 1486 3-(Allylthio)propionic acid 293.68 21779 293.19 267.73 207.12 187.01
37 1494 2-Ethyl-1-hexanol 126 150 138 160 152 152
38 1618 Dimethyl thioacetamide 589 760 917 1029 10.20 10.72
39 1525 Methyl propyl trisulfide 141 128 190 179 188 284
40 1588 Methyl 2-propenyl trisulfide  636.73 74154 789.36 892.58 800.48 688.30
41 1645 Cyclopenthyl ethyl sulfide 41.83 3833 59.88 5052 57.87 50.29
42 1686 Methylcyclohexyl sulfide 303 371 307 49 615 268
43 1728 3,5-Diethyl-1,2,4-trithiolane 1255 1122 1099 1282 13.09 1142
44 1733 3-Vinyl-4H-1,2-dithiin 1543 1770 1790 1940 2761 2532
45 1794 Diallyl trisulfide 2198.84 2694.23 2939.96 3151.00 3147.64 2311.54
46 1799 Allyl 1-propenyl trisulfide 4324 3892 67.00 7094 3528 61.09
47 1844 2-Vinyl-4H-1,3-dithiin 1805 19.66 21.30 2382 3023 23.10
48 1885 2-Ethoxy-4-methyl cyclohexanone 11.10 843 830 1495 1609 545
49 1967 2-Methoxy-5-methylthiophene 11.84 1255 1084 2145 2472 1279
50 1975 1-Phenyl-1-propanol 325 414 414 456 490 4.21
51 2263 Ethyl palmitate 156 509 221 45 746 4832

Total

0803.33 6361.28 7009.39 7359.00 6790.90 5675.24

URetention index, “Internal standard
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Table 23. Relative content of functional groups in identified volatile organic

compounds from in non— and electron beam irradiated dried garlic

Irradiation dose (kGy)
Functional Group 0 1 3 5 7 10
No. Area% No. Area% No. Area% No. Area% No. Area% No. Area%

Alcohols 3 03 6 06 6 03 6 04 6 03 6 06
Aldehydes v 03 8 06 6 02 6 03 6 04 7 05
Esters 3 04 3 07 3 04 3 06 3 05 3 05

S-containing compounds 26 987 26 978 26 989 26 985 26 94 27 W2

Miscellaneous 8 04 8 03 7 02 8 03 8 04 9 03

Total 39 100.0 43 100.0 41 100.0 41 1000 41 100.0 43 100.0
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Fig. 13. GC/MS total ion chromatograms of the volatile organic compounds

from non- and electron beam irradiated dried onion at dose of 1,
3, 5, 7 and 10 kGy.
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Table 24. Volatile organic compounds identified in non—- and electron—-beam

irradiated dried onion

(unit: mg/kg)

Irradiation dose (kGy)

Peak R Compound Name

No. o 1 3 5 7 10
1 833 Ethyl formate 014 016 010 018 031 003
2 844 1-Propanethiol 3347 2909 2635 2726 1323 23.67
3 898 2-Propene-1-thiol 078 07 075 068 028 058
4 901 Ethyl acetate 500 541 422 290 325 558
5 907 Diethyl acetal 017 031 01 0.07 - 010
6 925 3-Methylbutanal 029 027 026 012 014 019
7 934 Propylene sulfide 099 022 057 11 032 019
8 944 Ethanol 1.30 065 105 177 342 097
9 967 2,4-Dimethylfuran 147 124 168 08 083 146
10 976 2,3-Butadione 013 010 021 010 008 027
11 990 (E)-3-penten—2-one - - - - 007 021
12 1012 3,3-Dimethyloctane 027 018 039 034 037 046
13 1035 2-Butanol 037 015 028 027 027 0.3
14 1068 Dimethyl disulfide 043 023 067 012 025 034
15 1079 Hexanal 082 052 047 068 044 049
16 1153 2-Methyl-4-pentanal 26.37 22565 278 1675 1571 2324
17 1182 Pyridine 018 027 024 011 019 042
18 1184 2,5-Dimethyl thiophene 207 172 190 1.4 147 198
19 1227 Methyl propyl disulfide 2.83 14 349 111 137 191
20 1228 2-Pentylfuran 027 014 - 041 046 067
21 1247 2,4-Dimethyl thiophene 322 284 311 32 246  3.03
22 1258 (Z)-Propenyl methyl disulfide 043 058 094 106 045 046
23 1282 (E)-Propenyl methyl disulfide 073 079 039 144 054 0.8

152 1307 Butyl benzene - - - - -

URetention index, “Internal standard
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Table 24. Continued.

(unit: mg/kg)

Irradiation dose (kGy)

PI\?:F RL" Compound Name 0 ) 5 : 7 0
24 1372 Dimethyl trisulfide 092 087 189 138 088 1.18
25 1374 Dipropyl disulfide 280 165 257 1.9 155 1.76
26 1406 (Z)-Propenyl propyl disulfide 159 224 219 433 137 161
27 1424 Allyl propyl disulfide 0.26 0.2 06 - 017 0.09
28 1428 1,3-di-tetra-butylbenzene - 005 013 021 03 035
29 1431 (E)-Propenyl propyl disulfide 201 28 29 5H71 1.7 1.86
30 1492 2-Ethyl-1-hexanol 036 031 035 05683 053 017
31 1522 Methyl propyl trisulfide 568 479 836 735 452 484
32 1695 (Z)-3,5-Dimethyl-1,2 4-trithiolane 043 161 133 214 124 1.4
33 1616 (E)-3,5-Dimethyl-1,2 4-trithiolane 046 116 105 172 138 099
34 1641 2-Acetyl thiazole 0.66 07 092 068 100 1.08
35 1666 Dipropyl trisulfide 1488 1239 16.08 1946 951 10.25
36 1722 2-Methyl-4,5—dihydrothiophene 094 078 104 126 092 076
37 1732 1,2,4-Trithiolane 051 065 039 064 037 028
38 1756 ?2_5({121 Ef;z_iif’6_trlmethyl_4H_ 725 1519 1109 1682 2039 1896
39 1770 (Z)-Prophenyl propyl trisulfate 377 353 321 473 416 435
40 1790 (E)-Prophenyl propyl trisulfate 632 652 522 798 726 691
41 2039 3,6-Dimethyl-1,2,4,5-tetrathiane 0.90 - - - - -

Total 131.98 126.16 132.27 139.07 103.21 124.18

URetention index
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Table 25. Relative content of functional groups in identified volatile organic

compounds from in non— and electron beam irradiated onion

Irradiation dose (kGy)

Functional Group 0 1 3 5 7 10
No. Area% No. Area% No. Area% No. Area% No. Area% No. Area%
Alcohol 3 15 3 09 3 13 3 18 3 41 3 12
Aldehydeds 5 213 5 190 4 216 o5 129 4 158 4 193
Esters 2 39 2 45 2 33 2 22 2 35 2 45
Heterocyclic

3 15 3 13 2 15 3 10 3 15 3 21
compounds

Hydrocarbons 1 02 2 02 2 04 2 04 2 07 2 07
Ketone 1 01 1 01 1 02 1 01 2 02 2 04

STCOMANING o 15 o4 741 24 719 24 BL6 24 744 24 719
compounds

Total 15 1000 16 100.0 14 1000 16 100.0 16 1000 16 100.0
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powder at dose of 30 kGy.
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Table 26. Volatile organic compounds identified in non—, gamma ray and
electron beam-irradiated red pepper powder at dose of 30 kGy

(unit: mg/kg)

Peak R.IY Compound Name Control Gamma - Electronic
No. ray beam
1 852  Ethyl acetate 9.00 3.12 2.59
2 871  2-Methylbutanal 1.42 1.61 1.14
3 874  3-Methylbutanal 3.27 3.7 2.32
4 891  Ethanol 2.31 1.28 0.86
5 949  2,3-Butanedione 0.54 1.35 0.80
6 957  Pentanal 0.32 0.42 0.29
7 964  2-Methylpentanal 0.41 0.23 0.30
8 1007  2-Methylnonane 0.43 0.20 0.27
9 1014  3-Methylnonane 1.83 1.40 1.12
10 1038 3, 7-Dimethylnonane 1.57 1.47 1.54
11 1082 Hexanal 2.01 3.23 1.72
12 1137  1-Methylpyrrole 0.40 0.89 0.84
13 1187 Pyridine 0.53 1.32 0.72
14 1213 3-Methylbutanol 0.20 0.08 0.17
15 1232 2-Pentylfuran 0.65 0.77 0.96

1S” 1313 Butylbenzene - - -
16 1320  4-Methylpentanol 0.33 0.55 0.20
17 1327 (E)-2-Heptenal 0.23 0.24 0.09
18 1360  Hexanol 0.42 0.84 0.56
19 1362  2-Methyl tridecane 0.75 0.67 0.80
20 1392 2-Methyl tetradecane 0.23 0.16 0.11
21 1430 1,3-bis[1,1-dimethylethyll-benzene - 2.21 1.87
22 1434  2,3-Dimethylhexene 0.43 0.69 0.41
23 1449 Acetic acid 0.75 1.00 1.63
24 1462  Furfural 0.88 2.22 1.87
25 1485  2,3,5,6-Tetramethylpyrazine 0.49 0.81 0.53

YRetention index, “Internal standard
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Table 26. Continued
(unit: mg/kg)

Peak H Gamma Electronic
No. R.L Compound Name Control ray beam
26 1524 Benzaldehyde 1.61 2.03 1.54
27 1553 Linalool 0.62 1.05 1.64
28 1628 Pulegone 0.40 0.39 0.28
29 16562 1,2-Dimethoxybenzene 0.31 0.27 0.44
30 1773 (E,Z)-2,4-ecadienal 1.93 1.66 0.22
31 1819 (E,E)-24-Decadienal 11.87 8.38 1.21
32 1864 Geranyl acetone 1.86 1.28 1.27
33 1956 [B-lonone 2.60 2.39 1.67
34 2017 Methyl pentadecanoate 1.65 1.15 4.08
35 2038 1-Tridecanol 33.55 42.05 58.85
36 2070 13-Tetradecynoic acid methylester 0.71 0.55 1.03
37 2196 Methyl palmitate 8.40 4.75 26.39
38 2337 (2)-9,17-Octadecadienal 18.64 24.59 49.71
39 2475 Methyl linolenate 5.44 6.96 12.66

Total 11898  127.97 184.66

1 . .
"Retention index
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Table 27. Relative content of functional groups in identified volatile
organic compounds from in non—-, gamma ray and electron

beam-irradiated red pepper powder at dose of 30 kGy

Functional Group Control Gamma ray Electron beam

No. Area% No. Area% No. Area%
Acids 1 0.6 1 0.8 1 0.9
Alcohols 6 315 6 35.8 6 33.7
Aldehydes 11 35.8 11 37.8 11 32.7
Esters 5 21.2 5 12.9 5 25.3
Hydrocarbons 7 47 8 5.5 8 3.6
Ketones 4 4.5 4 4.2 4 2.2
Heterocyclic compounds 4 1.7 4 3.0 4 1.7
Total 38 100.0 39 100.0 39 100.0
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Fig. 15. GC/MS total ion chromatograms of the volatile organic compounds
from non—-, gamma ray and electron beam irradiated dried ginger
at dose of 30 kGy.
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Table 28. Volatile organic compounds identified in non—, gamma ray and

electron beam irradiated dried ginger at dose of 30 kGy

(unit: mg/kg)

Peak RLY Compound Name Control Gamma - Electron
No. ray beam
1 849 Ethyl acetate 3.1 hbh 3.3
2 912 Ethanol 2.0 2.2 2.3
3 973 Tricyclene 9.8 14.3 13.6
4 981 Ocimene 1.7 2.8 2.1
5 988 a-Pinene 144.1 203.5 198.6
6 1034 Camphene 460.9 603.3 593.8
7 1049 Hexanal 71 3.8 7.4
8 1073 B-Pinene 18.6 22.5 23.1
9 1087 Sabinene 11.7 15.1 15.2
10 1134 [B-Myrcene 1495 153.0 165.9
11 1138 a-Fenchene 4.6 53 5.0
12 1153 2-Heptanone 52 49 4.6
13 1169 Limonene 179.7 189.5 208.7
14 1181 [-Phellandrene 341.7 905.8 9724
15 1184 1,.8-Cineole 296.1 318.1 329.3
16 1214 y-Terpinene 3.7 3.8 4.3
17 1239 p-Cymene 11.3 158 156
18 1253 Terpinolene 25.9 24.0 28.3
19 1360 Octanal 6.8 5.8 6.1
20 1277 Perillene 6.0 5.8 6.7
LS” 1282 Butylbenzene - - -
21 1295 2-Heptanol 165 16.0 187
22 1307 6-Methyl-5-heptene-2-one 336 27.8 235
23 1362 2-Nonanone 9.5 10.1 10.5
24 1399 (E£)-2-Octenal 9.5 8.4 9.3

YRetention index, “Internal standard
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Table 28. Continued

(unit: mg/kg)

Peak

Gamma Electronic

RILY Compound Name Control
No. ray beam
25 1443 6-Elemene 25.6 21.0 23.5
26 1451 Citronellal 35.3 31.8 32.6
27 1455 Cyclosativene 50.4 46.7 48.3
28 1466 a-Copaene 68.9 63.9 69.0
29 1489 Camphor 12.9 11.6 11.8
30 1495 2-Nonanol 11.5 11.9 12.8
31 1514 Limonene oxide 15.9 15.7 15.0
32 1522 Linalool 72.4 715 71.8
33 1529 (E)-[-Bergamotene 43.3 41.0 424
34 1543 (E)-p-2-menthen-1-ol 12.9 13.8 139
35 1556 Bornyl acetate 7.3 75 7.0
36 1559 Aromadendrene 22.0 22.7 24.0
37 1564 B-Elemene 71.6 65.4 69.7
38 1567 Isocaryophyllene 4.1 54 6.8
39 1573 2-Undecanone 67.7 66.2 72.6
40 1578 4-Terpineol 20.8 20.9 20.9
41 1588 a-Gurjunene 10.9 144 16.4
42 1600 Myrtenal 7.6 6.6 6.4
43 1617 (E)-2-Decenal 25.2 285 284
44 1620 a-Humulene (=a-Caryophyllene) 28.2 28.8 28.5
45 1640 (Z)-[B-Farnesene 138.2 9.1 151.9
46 1658 (2)-Citral 463.9 433.8 445.6
47 1664 y-Muurolene 26.0 31.0 34.1
48 1676 a-Terpineol 99.1 98.8 103.1
49 1688 Germacrene D 598.2 5739 5109
50 1696 a-Cedrene 352.6 355.6 355.0

1 . .
"Retention index
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Table 28. Continued

(unit: mg/kg)

Peak RI" Compound Name Control Gamma - Electronic
No. ray beam
51 1711 a-Zingiberene 3775.6 5325.0 5552.0
52 1715 [B-Bisaholene 1751.1 1179.8 1010.1
53 1731 (Z,E)-a-Farnesene 15495 1458.0 1568.9
54 1741 &-cadinene 129.1 128.3 133.6
55 1760 [-Sesquiphellandrene 2751.5 3015.7 3019.4
56 1762 a-phellandren-8-ol 6.5 6.7 6.9
57 1773 Myrtenol 13.0 14.2 12.1
58 1782 Geranyl acetate 39 2.5 35
59 1788 2-Tridecanone 6.9 6.9 6.3
60 1811 Germacrene B 152.8 148.7 157.8
61 1825 Nerol 20.5 23.5 23.4
62 1840 (E)-2-Dodecenal 12.8 124 13.6
63 1968 Caryophyllene oxide 6.2 5.0 56
64 1932 Nerolidol 121.9 1237 119.1
65 2019 LB-hisabolol 165.7 157.6 159.3
66 2043 [-Farnesol 36.7 28.2 30.4
67 2064 Elemol 87.8 78.7 81.6
68 2085 a-Bisaholol 169.9 162.0 180.6
69 2096 a-Cedrol 2779 279.8 293.2
70 2223 a-Eudesmol 126.9 1195 120.8
71 2344 (E)-farnesol 68.1 774 65.2
Total 15,7854 17,109.2 17,454.1

1 . .
"Retention index
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Table 29. Relative content of functional groups in identified volatile
organic compounds from in non—-, gamma ray and electron

beam-—irradiated dried ginger at dose of 30 kGy

Functional Group Control Gamma ray Electron beam

No. Area% No. Area% No. Area%
Alcohols 18 11.4 18 7.6 18 9.7
Aldehydes 8 3.6 8 3.2 8 3.2
Esters 3 0.1 3 0.1 3 0.1
Hydrocarbons 33 83.8 32 88.2 33 86.2
Ketones 6 0.9 6 0.8 6 0.7
Miscellaneous 3 0.2 3 0.2 3 0.2
Total 70 100.0 70 100.0 71 100.0
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Fig. 16. GC/MS total ion chromatograms of the volatile organic compounds

from non—, gamma ray and electron beam irradiated dried welsh

onion at dose of 30 kGy.
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Table 30. Volatile organic compounds identified in non—, gamma ray and

electron beam irradiated dried welsh onion at dose of 30 kGy

(unit: mg/kg)

Peak RL" Compound Name Control Gamma - Electron
No. ray beam
1 805 Propanal 11.27 7.97 10.39
2 846  Propanethiol 33.62 33.23 21.11
3 902 Ethyl acetate 9.41 9.28 8.89
4 926 3-Methylbutanal 0.33 112 0.98
5 934 2-Propenthiol 15.55 19.56 23.60
6 937 Propylene sulfide 10.53 13.47 16.55
7 944  Ethanol 3.79 1.42 2.79
8 954 2-Ethylfuran 0.30 0.18 0.33
9 966 2,4-dimethyl furan 2.94 2.66 1.94
10 975 Vinyl acetate 0.64 1.66 1.64
11 978 Pentanal 0.55 0.91 0.85
12 987 3-Methyl-3-buten-2-one - 1.17 1.64
13 994  22,55,~Tetramethyl pentane 0.18 1.06 0.86
14 1009 2,2-Dimethyl octanol 0.35 2.47 1.94
15 1034 2-Butenal 3.17 5.09 4.08
16 1077 Hexanal 3.21 6.47 721
17 1088 2-Methyl-2-butenal 0.69 1.96 1.37
18 1154 2-Methyl-2-pentenal 52.82 34.37 36.14
19 1182 2,5-Dimethylthiophene 3.14 2.54 2.53
20 1199 Allylsulfide - 0.57 0.40
21 1212 2-Hexenal 1.25 0.85 0.96
22 1224 Methyl propyl disulfide 0.88 0.45 0.42
23 1226 2-Pentyl furan 0.81 2.06 2.12
24 1245 24-Dimethyl thiophene 8.69 6.27 6.64
25 1256 (2)-Methyl propenyl disulfide 2.84 2.93 3.41

YRetention index, “Internal standard
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Table 30. Continued

(unit: mg/kg)

Peak RL" Compound Name Control Gamma_ Electronic
No. ray beam
26 1280 (E)-Methyl propenyl disulfide 3.62 3.58 3.77
182 1305 Butylbenzene - - -
27 1370 Dimethyl trisulfide 2.42 3.32 3.85
28 1372 Dipropyl disulfide 1.53 0.77 0.49
29 1404 (Z2)-Propenyl propyl disulfide 11.36 7.89 6.43
30 1423 1,3-bis[l,1-dimethyl-ethyll-benzene - 3.61 4.06
31 1429 (E)-Propenyl propyl disulfide 13.85 10.17 7.78
32 1444 Acetic acid 0.88 1.14 0.87
33 1520 Methyl propyl trisulfide 9.91 9.93 8.72
34 1668 2-Furyl ethyl ketone 1.08 1.68 1.35
35 1595 Undecanone 2.62 3.63 3.45
36 1612 35-Dimethyl-1,2,4-trithiolane 0.56 1.63 0.18
37 1638 2-Acethyl thiazole 0.68 0.68 0.88
38 1663 Dipropyl trisulfide 18.76 14.92 9.29
39 1721 B-Bisabolene 3.54 2.35 1.05
40 1735 35-Diethyl-1,2,4-trithiolane 19.19 18.96 11.05
41 1767 (2)-Propenyl propyl trisulfide 14.79 14.61 9.38
42 1787 (E)-Propenyl propyl trisulfide 11.84 15.05 10.72
43 1807 2-Tridecanone 36.11 3791 41.47
44 1855 Propyl butyl disulfide 3.59 2.86 3.38
45 1921 5-Ethyl-2-nonanol 2.27 3.68 3.47
46 1966 a-Isopropyl benzyl alcohol 1.13 0.39 0.39
47 2221 5-Methyl-2-octylfuran-3-one 13.31 14.31 16.07
48 2272 6-Ethyl-4,5-decanediol 7.03 6.51 7.29

43 34703 339.30 314.23

1 . .
"Retention index
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Table 31. Relative content of functional groups in identified volatile
organic compounds from in non—-, gamma ray and electron

beam irradiated dried welsh onion at dose of 30 kGy

Functional Group Control Gamma ray Electron beam
No. Area% No. Area% No. Area%
Acids 1 0.3 1 03 1 0.3
Alcohols 5 4.2 5 45 5 5.1
Aldehydes 8 21.1 8 17.3 8 19.7
Esters 2 2.9 2 32 2 3.4
Furans 3 1.2 3 14 3 14
Hydrocarbons 2 1.1 3 2.1 3 1.9
Ketones 4 15.3 5 173 5 204
S-containing 20 54.0 21 50 21 479

compounds
Total 45 1000 48 1000 48 100.0
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Fig. 17. GC/MS total ion chromatograms of the volatile organic compounds
from non—, gamma ray and electron beam irradiated dried garlic

at dose of 30 kGy.
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Table 32. Volatile organic compounds identified in non—, gamma ray and

electron beam irradiated dried garlic at dose of 30 kGy

(unit: mg/kg)

Peak RILY Compound Name Control Gamma - Electron
No. ray beam
1 842  Ethyl formate 0.88 1.94 1.70
2 852  1-Propanethiol 0.72 0.77 0.92
3 864  2-Propenal 0.69 0.56 0.99
4 896  Butanal - 0.63 0.68
5 906  Ethyl acetate 21.47 34.70 26.88
6 911 1,1-Diethoxy ethane 1.06 - 1.40
7 948  Ethanol 341 12.44 11.62
8 960  Allyl methyl sulfide 435 7.75 7.42
9 980  Pentanal 0.17 2.01 1.86
10 997  2,2,4-Trimethylhexane - 0.56 0.63
11 1013  3,/7-Dimethyl nonane 0.59 1.10 1.11
12 1037 3-Butenal 471 16.91 18.04
13 1042  3-Methyl-3-buten—2-one 0.57 2.04 3.10
14 1047 2,255 -Tetramethylhexane - 0.43 1.17
15 1054  Allyl vinyl ether 0.28 4.20 531
16 1069 Dimethyl disulfide 14.25 13.10 13.10
17 1080 Hexanal 6.51 13.65 7.96
18 1090 2-Methyl-2-butenal 0.32 1.57 1.19
19 1101 2-Ethenyl-2-butenal 2.54 5.06 4.57
20 1113 2-Propenol 9.75 15.26 13.49
21 1141  4-Penten-2-ol - 8.68 8.22
22 1144 Diallyl sulfide 13.80 16.24 16.40
23 1147 2-Methyl-2-pentenal - 0.90 0.98
24 1149 Butanol - 1.31 7.67
25 1172 3-Butenol - 7.89 3.64
26 1198  1-(1-Propenylthio)propane 5.66 6.62 10.06
27 1215 (Z)-2-Heptenal - 0.99 1.21
28 1228 Methyl propyl disulfide 0.69 0.81 0.65
29 1230 2-Pentyl furan 0.83 2.29 -
30 1260 1,3-Dithiane 5.95 6.30 6.46

YRetention index, “Internal standard
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Table 32. Continued

(unit: mg/kg)

Peak RILY Compound Name Control Gamma - Electronic
No. ray beam
31 1277 Methyl allyl disulfide 312.69 242.77 239.08
32 1284 Propenyl methyl disulfide 17.08 12.47 12.15
33 1295 3-Methylpyridine 6.85 2.19 161
LS” 1309 Butylbenzene - - -
34 1374 Dimethyl trisulfide 31.16 33.69 37.07
35 1426 (E)-Propenyl propyl disulfide 4.60 3.66 427
36 1429 1,3-bis[1,1-dimethyl-ethyll-benzene - 1.50 1.06
37 1449 Acetic acid 0.95 0.88 -
38 1451 Methional 0.95 2.57 3.75
39 1463 2-Vinyl-1,3-dithiane 77.30 54.65 59.17
40 1482 Diallyl disulfide 2002.33  1374.40 1519.51
41 1486 3-(Allylthio)propionic acid 293.68 150.81 165.82
42 1494 2-Ethyl-1-hexanol 1.26 1.13 1.72
43 1518 Dimethyl thicacetamide 5.89 9.04 10.91
44 1525 Methyl propyl trisulfide 1.41 1.62 2.21
45 1588 Methyl 2-propenyl trisulfide 636.73 610.23 725.46
46 1645 Cyclopenthyl ethyl sulfide 41.83 20.22 56.96
47 1686 Methylcyclohexyl sulfide 41.83 2.96 3.09
48 1728 3,56-Diethyl-1,2,4-trithiolane 3.03 10.59 15.80
49 1733 3-Vinyl-4H-1,2-dithiin 12.55 12.52 17.68
50 1794 Diallyl trisulfide 2198.84  2050.61 2649.29
51 1799 Allyl 1-propenyl trisulfide 43.24 24.64 42.39
52 1813 (E)-1,3-Dimethoxycyclohexane - 2.62 -
53 1844 2-Vinyl-4H-1,3-dithiin 18.05 15.43 20.35
b4 1835 2-Ethoxy-4-methyl cyclohexanone 11.10 4.10 5.90
55 1967 2-Methoxy-5-methylthiophene 11.84 7.07 10.79
56 1975 1-Phenyl-1-propanol 3.25 4.20 4,95
57 2263 Ethyl palmitate 1.56 3.65 5.15

Total 5853.33  4845.60 5794.55

1 . .
"Retention index
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Table 33. Relative content of functional groups in identified volatile
organic compounds from in non—-, gamma ray and electron

beam irradiated dried garlic at dose of 30 kGy

Control Gamma ray Electron beam
Functional Group

No. Area% No. Area% No. Area%
Alcohols 3 0.3 6 1.0 7 0.8
Aldehydes 7 0.3 9 09 7 0.6
Esters 3 04 3 0.8 3 0.6
S—containing compounds 26 0R7 27 96.8 27 976
Miscellaneous 8 04 10 04 10 0.4

Total 47 100.0 o5 100.0 A 100.0
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Fig. 18. GC/MS total ion chromatograms of the volatile organic

compounds from non-, gamma ray and electron beam irradiated

dried onion at dose of 30 kGy.
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Table 34. Volatile organic compounds identified in non—, gamma ray and

electron beam irradiated dried onion at dose of 30 kGy

(unit: mg/kg)

Peak RLY Compound Name Control Gamma - Electron
No. ray beam
1 833 Ethyl formate 0.14 0.17 0.09
2 844 1-Propanethiol 33.47 22.41 21.13
3 898 2-Propene-1-thiol 0.78 0.31 0.58
4 901 Ethyl acetate 5.00 7.96 4.18
5 907 Diethyl acetal 0.17 0.16 0.07
6 925  3-Methylbutanal 0.29 0.25 0.19
7 934 Propylene sulfide 0.99 0.78 04
8 944  Ethanol 1.30 0.80 1.10
9 967 2,4-Dimethylfuran 1.47 0.60 0.93
10 976 2,3-Butadione 0.13 0.25 0.17
11 990 (E)-3-penten—2-one - 0.36 0.36
12 1012 3,3-Dimethyloctane 0.27 0.42 0.51
13 1016 Thiopene - - 0.41
14 1035 2-Butanol 0.37 0.47 0.4
15 1068 Dimethyl disulfide 0.43 0.18 0.28
16 1079 Hexanal 0.82 1.01 0.48
17 1153 2-Methyl-4-pentanal 26.37 6.63 13.08
18 1182 Pyridine 0.18 0.37 0.35
19 1184 25-Dimethyl thiophene 2.07 0.94 1.46
20 1227 Methyl propyl disulfide 2.83 1.25 1.53
21 1228 2-Pentylfuran 0.27 0.80 0.84
22 1247 24-Dimethyl thiophene 3.22 1.63 2.47
23 1258 (Z)-Propenyl methyl disulfide 0.43 0.47 0.51

1 . .
"Retention index,
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Table 34. Continued

(unit: mg/kg)

PI\?:F RILY Compound Name Control Gi?;na Elbeecat:l)n
24 1282 (E)-Propenyl methyl disulfide 0.73 0.70 0.77
152 1307 Butyl benzene - - -
26 1372 Dimethyl trisulfide 0.92 1.21 1.34
27 1374 Dipropyl disulfide 2.80 1.40 1.33
28 1406 (Z)-Propenyl propyl disulfide 1.59 1.78 1.65
29 1424 Allyl propyl disulfide 0.26 - -
30 1428 1,3-di-tetra-butylbenzene - 0.72 1.3
31 1431 (E)-Propenyl propyl disulfide 2.01 2.58 1.99
32 1492 2-Ethyl-1-hexanol 0.36 0.28 0.51
33 1522 Methyl propyl trisulfide 5.68 5.26 .77
34 1595 (Z2)-3,5-Dimethyl-1,2,4-trithiolane 0.43 0.92 1.31
35 1616 (E)-3,5-Dimethyl-1,2 4-trithiolane 0.46 0.58 0.76
36 1641 2-Acetyl thiazole 0.66 0.40 1.19
37 1666 Dipropyl trisulfide 14.88 13.23 10.62
38 1722 2-Methyl-4,5-dihydrothiophene 0.94 0.49 1.39
39 1732 1,2,4-Trithiolane 0.51 0.38 0.62
0 1756 Z,l(iie—ljilrl?;fdro—2,4,6—tr1methyl—4H—1,3,5—d1 795 551 17.40
41 1770 (Z)-Prophenyl propyl trisulfate 377 2.37 5.11
42 1790 (E)-Prophenyl propyl trisulfate 6.32 3.46 8.17
43 2039 3,6-Dimethyl-1,2,4,5-tetrathiane 0.90 - -
131.98 89.49 112.89

YRetention index, “Internal standard
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Table 35. Relative content of functional groups in identified volatile
organic compounds from in non—-, gamma ray and electron

beam irradiated dried onion at dose of 30 kGy

Functional Group Control Gamma ray Electron beam
No. Area% No. Area% No. Area%
Alcohol 3 1.5 3 1.7 3 2.1
Aldehydeds 5) 21.3 4 9.0 5) 14.8
Esters 2 3.9 2 9.1 2 45
Heterocyclic compounds 3 1.5 2 2.0 3 2.3
Hydrocarbons 1 0.2 2 1.3 2 1.9
Ketone 1 0.1 2 0.7 2 0.6
S-containing compounds 25 715 24 76.3 24 73.8
Total 40 100.0 39 100.1 41 100.0
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