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Abstract

The changes in the volatile organic compounds in plum after its electron beam inadiation and storage were determined
using the simultaneous distillation extraction method and gas chromatograph-mass spectrometry. There were 44,
46, 45, 47, and 38 volatile compounds in the 0-, 0.25-, 0.5-, 0.75-, and 1 kGy imadiated samples, respectively.
Also, the volatile flavor components of the plum that was stored for 30 days were identified as 48, 40, 40, 39,
and 40 components. The compositions of the volatile compounds of the control and inadiated samples showed
a similarity after the storage. Especially, the more important volatile flavor of the plum was identified as hexanal
of the C6compounds, (E)-2-hexenal and (Z)-3-hexenal. In particular, hexanal, (E)-2-hexenal, and (Z)-3-hexen-1-ol
increased in all the doses, where as hexanol and (E)-2-hexen-1-ol decreased. Among the lactone compounds, y
-hexalactone, y-octalactone, and y-decalactone were identified during the storage period in the raw samples. Hexanonic
acid and 2-hexenoic acid were not identified during the storage of the samples, and 2-methylpnole was detected
only when the storage samples were imradiated at a dose higher than 0.5kGy. Therefore, it was shown that there
was no effect on the variation of the volatile organic component suntil 1 kGy in the plum was imadiated with

an electron beam.
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A A (Prunus salicing), v 74] AVSH(Prunus domestica),
lﬂl u] %X}T(anus americana)©|t}. $-2uetel A=
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A7y o] slgko] o] FolR|A] o} =2 o] AH]9
oj&Eshe AAolv@). 3 AAFH5o AErt oE #Yd
of Hlsl HlaLA ofslf # £ FA] AH|SHA] GO A=
Z97t gom vso] $3A717L Aupan HAxs B9t
ol o] o] Alsf AiEREe] Hsli= A- FHtol
sith webA ol gt B s FHAskstr] HsiM e st
2] A gt Anet vl A 1 A H
7ieto] H @ 3t} o]# 3t ©]f-Z methyl bromide technical
options committee (MBTOC)9 A& 4]3%2] kA8 =9
i, AAAET 7]z B§EAES tst 2% A7)
A%, A ET, A, AFRAEY BN SOl a3t
gL Ak AL 7] 8-S A5 HESA HO).

AR A} AR 7F:7](high voltage electron
beam accelerator) S ©]-8-3}] FALA]E] = ALE ARA
& F2 297 B0z wol ARHAOL 4T, 4E
5o Bt SRIEHA AF AR ZAb tigh A7t
B3] o] FolA 1 Slrh. AApAE Febdel vl AnHx
Sof 857} 31 3 oUAI9} AR o) ZAAE
Azt &AL AE] 3 AFe] 2% Wt A9 gle AHe
2 0% #doy A3k 8t T #5F S4S A
T Ae Aol ArKe). ol AR e BAgHd
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B Do) AME3 AP, salicina)E BF AT FAE
FrETAol A FAst Fo] detarl Adg RS
Adste] Aol AREstATh AR AAL ZANE
Electron-beam Accelerator(model ELV-4, 2.5 MeV, EB-
Tech, Ltd, Korea)E ©]-83}] beam current 0.47 mA(0.25
kGy), 1.3 mA(0.5 kGy), 2.96 mA(1 kGy) 2 3.7 mAQ3 kGy),
Velocity 20 m/min(0.25, 0.5, 1 kGy) 2 10 m/min(3 kGy)
AFER ARG OH Fdo] 025, 05, 075 B 1
kGy7} HE= ZASIE ojul F5A%E cellulose
triacetate(CTA) dosimeter2 21 & 4 C(ANEE7} 85%)
2 §A5E AL Agae) npstel Aol A,

Al ot
& Aol ARSRE AJofE B SEAIFOR Sigma

ok o
ok o
(USA)ALS} Fisher Scientific(USAALEZFE 7430,

% ¥ chromatography®ll A-8-3F +-7]-8-vll= HPLC grade
2 4, wire spiral packed double distilling (Normschliff
Geratebau, Germany) x| 2 A Z5F73l] AL&3ITh &2
42 5-F74X|(Millpore corporation, Bedford, USA)%l A
Z 73 Milli Q waterS A3 oW, F7])8ul o] &9
AHEE F-4 NapSOs= 650°C 3] 8F2 ol A 3h7E Bl
desiccatorol] 4] W & ARE-3}9 T}

LY R7|d29 F& 2a

A& 400 g3} Milli Q water 1 LE &3%}3}%] Warning
blender (Braun, MR 350 CA, Spain)& 4§13 3 1 N NaOH
€95 A7kl pH meter2 pH 7.00.2 =4 $ 324
71489 F5& A82 AFESITH

A 714889 52 Schulz 5(8)] el whet
MFE AE5FS 71575273 (Likens & Nickerson type
simultaneous steam distillation & extraction apparatus, SDE,
Normschliff, Wertheim, Germany)(9)°l| 4] #5523} n-pentane
7} diethylether®] &3-81l(1:1, v/v) 200 mLE A}&-35}o]
733t stollA] 3AI7E Bt FESIATE AFHEAS fI8l W
ETEZ ZA n-butylbenzene 1000 ppm 1 mL(in pentane)S
FE8& ABd Hrletdth = §, FE80d 7
NaxSO.E F7hate] shwt E<b WA|ste] 422 A A8

o

71735 7718wl #E &2 Vigreux column (250 mL,
Normschliff Geratebau, Germany)2- AHE-3F] 2F 2 mL7}A]
5T F GCE vialoll &7 F FAIh2 7157 dhelA 05
mL7}A] F338e] GOMSY XA g8 AH&-3Th

FEY R7|d2e 24

SDEHO 2 =3 34 #7142 HP 6890
GC/MS(Agilent technologies Inc, USA)S- ©]-8-3}e] HF &
A3tR o™, A 59 iond}+= electron impact ionization (EI)
WHog gtk GoMsel o3k 717 B4 23S
ionization voltageE 70 eVZ }$] 3L, ion source temperature
= 230CE 3¢ o, exxa WL 40ToA] 387 &
A3 T2 2C/ming] $E2 150C 74 ©HA] 4C/ming]
E£E2 200C7H] s A7 F 2083t A1 U5 5C/min
o] £E = 230C7HA] o2& A2 § 533 Al S A4
st B A W= 40~350(m/2) 2 ST
ColumnS DB-WAX(60 m 0.25 mm id, 0.25 ym film
thickness, J&W, CA, USA)= AF8-3}1L, injector®} detector
9 &&= 747} 250°C 2} 230C o™, carrier gast heliumS-
ARESY] §4:2 10 mLmin®.E 33 A FE 1 ILE Y
3to] splitless= 3FATH

#2y 7140 ol W Yy

GC/MSol| )3} total ionization chromatogram(TIC)ol] &
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2]9 7} peak?] A %232 mass spectrum library (WILEY
139, NIST 629} NIST 12)9} mass spectral data book2]
spectrum(10) 2] Y] B F&/42] retention index(11) &
Ao A A retention index2}e] Y], 181 EFE
Aol 4 datas HlaLst] gl {71438 F= Al

JExFEZ2 2 37149 n-butyl benzened} 5 H 272
peak areas ©]-83to] JujH o2 Gt & AR 1 kgoll
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N

T
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A9 3 {71452 SDEH O $E319] GOMS
2 B 545 B49 TICE Fig. 191 YehiSlaL, 291
A A F71AE-L Table 10 28]3 #5571 3L
Table 2 YERH AT

AFFERE F 111 mgkgd] LA FrI8ES £A48H
o, FHHE AR F MFToE AV Be g
acidf7} 5%, alcohol 7} 17, aldehyde 7} 115, esteri+
o} ketoneF 7} ZA7b 3F H 1FToE FIFHGOH,
hydrocarbonF7} 35 18] 7|E}3lHEo] 4% o2 &
A=Ak 279 7| Eol 71oske 57 EE geld
AAEE 9] % peak areat esteri/} 37.6%E 7P B S
2}A)8}93.2.H, alcoholF 29.8%, acid+ 12.8%, aldehyde
11.7%, 71E}s}HE0] 50%<} hydrocarbon 2.5% 2 ketone
T 04% T2 2 Yeiyith 539 38 f7188E 3
A1 ester+<! ethyl formate, ethyl acetate”} 14 ¢] 0.9 B
32 mgkgE A2 A F713ES] RS A8
1, FY9 Fs e Fas TR Adsianh
=3 hexanal, (E)-2-hexenal, hexanol, (Z)-3-hexen-l-ol 5
Cs 31HE0] 2171 05, 05, 1.0 2 0.8 mgkg® AH ek 24015

o™, o] 2]o) ethanol, 2-pentanol, 2-hexenoic acid 5=
A= ATt

AFo A F4E 77]14E 5 hexanal, (E)-2-hexenal,
(Z)-3-hexenal, (Z)-3-hexen-l-ol, (E)-3-hexen-l-ol¥} 2 Cs
3}tE2 EHAl(green note) 2 SR ) A= FVIHE L
ZAEE st 38 F AEEY = {25
E3l- A E 3HERE 53], hexanol-> A3 2R 717
TR PR R ATHATKI2). 2] &9 dolrt
Hd 5 AfrAdwel T2 e dom Al EE(13),
ErtE14), A2l2]15) B =2K16) 5 Ao BE 249
g1 oz BlH vl ok AcidF % acetic acid7} 1.16
mg/kg S 2 F 5 UL hexanoic acid, 2-hexenoic acid %
nonanoic acid= Z}Z} 0.1, 02 2 0.1 mgkgl 2 YElt o
dodecanoic acid= "o 2 3lF It 1 9 FFFEZ
alcohol + &3-pentanol @} 2-pentanol©] 0.1} 0.3 mg/kg o2
B3 71eks} g2l pyridine©] 0.3 mgkg 52 A
25| 21t} Benzaldehyde, furfural 52 Belitz(17)9l] 23] =}
o] 71 e AS ves Ao F7} i R EQ)
O}, o] A5 9| SDE° & 71749 F= ol A
AAE Ao 7 Al HL

HAM ZAleE A9 UM RIME B
AFFel 025, 0.5, 075 2 1 kGy2] HAAAS A M eF ZAL
te] 3 F7I8ES AE5TS7IS T EX(SDEHSZ
=3l GOMSE #2] 543k, 9% chromatogram
Fig. 1] YeRla, 18 3aA 7|48 A7}
g 94 A7)0 wE Atha HlE-S Table 1 2 Table
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Fig. 1. GC/MS total ion chromatograms of the volatile flavor components in non- and irradiated Plum (Prunus salicina) by electron beam.



252 Sk 2 F 275818 A 4|19 A3 (2012)

Table 1. Changes of volatile flavor components identified in control and irradiated Plum (Prunus salicina) by electron beam after storage
at 4C for 30 days

(unit : mgfkg)
Irradiation (kGy)
No  Compound name RI” 0 025 05 075 1
Odyy 30dy Ody 30dy Ody 30dy Ody 30day 0day 30 day
1 Octane 737 0.06 0.01 0.05 0.01 0.03 001 0.06 0.02 0.09 0.01
2 Ethyl formate 756 0.96 t3) 0.08 0.01 0.09 t 0.11 0.02 0.05 0.01
3 Butanal 79 0.04 - 0.01 t 0.01 t 0.01 t 0.01 t
4 Ethyl acetate 808 322 0.98 0.38 0.34 043 0.26 045 0.38 0.30 0.78
5 Isopropyl acetate 823 - - - - - - - - - t
6 2-Butanone 827 - t - t - t - t - -
7 2-Methyl butanal 851 - 0.01 t t 0.01 001 t t - t
8 3-Methyl butanal 858 - 0.01 t t t 001 t t - t
9 2-Propanol 889 - 0.06 - 0.07 - 0.02 - t - 0.02
10 Ethanol 902 0.30 0.76 0.11 0.94 0.09 0.02 0.16 0.04 0.16 0.18
11 4,5-Dimethyl octane 908 0.17 - 0.04 - 0.04 - 0.03 - t -
12 2-Ethyl furan 918 - - - t - 001 - t - t
13 4-Methyl nonane 930 0.04 - 0.01 - 0.02 - 0.01 - t -
14 2,3-Butanedione 958 - 0.16 - 0.03 - 0.05 - 0.06 - 0.03
15  Pentanal 963 t - 0.03 - 0.04 - 0.03 - 0.02 -
16 2-Methyl-3-buten-2-ol 1043 0.02 0.02 0.02 0.03 0.01 t 0.01 0.02 0.03 0.02
17 2,3-Pentanedione 1057 - t - - - t - - - -
18 Hexanal 1081 0.53 t 0.64 0.01 121 001 0.84 0.09 0.88 0.01
19 2-Methyl-1-Propanol 1094 0.01 0.05 t 0.04 t 0.01 t t - 0.04
20 3-Pentanol 1110 0.11 0.01 0.02 t 0.03 t 0.02 t 0.01 t
21 2-Pentanol 1125 0.30 0.02 t 0.01 0.09 001 0.08 001 0.01 t
22 Heptanal 1136 0.03 - 0.01 - 0.03 - 0.03 - 0.02 -
23 2-Methyl-4-pentanal 1140 0.01 - 0.03 t 0.01 - 0.01 - 0.01 -
24 Butanol 1150 t t t 0.01 t t t 0.02 0.01 0.01
25 Pyridine 1186 0.30 0.15 0.19 0.16 0.30 0.19 0.20 0.18 0.19 0.14
26 (Z)-3-Hexenal 1199 0.01 0.01 0.02 0.02 0.03 0.02 0.70 001 0.02 0.01
27 3-Methyl butanol 1211 - 0.04 - t - t - t - 0.02
28 (E)-2-Hexenal 1216 0.57 t 0.85 044 0.98 0.53 0.70 001 0.78 0.37
29 Acetic anhydride 1231 0.05 - 0.03 0.01 0.03 t 0.03 001 0.02 t
30  Pentanol 1254 0.02 - 0.01 - 0.01 - 0.01 - 0.01 -
31 Cymene 1268 - 0.01 - 0.01 - t - - - -
32 Hexyl acetate 1272 - - t - t - - -
33 3-Hydroxy-2-butanone 1285 - 0.04 - t - t - t - t
1S2)  Buthyl benzene 1313 - - - - - - - - - -
34 (J-3-hexenyl acetate 1314 t - t - 0.01 - 0.01 - 0.01 -
35 Hexanol 1359 1.01 0.01 0.78 0.01 0.65 001 0.80 0.02 0.60 t
36 (J-3-Hexen-1-ol 1388 0.83 0.06 0.59 0.14 046 0.08 0.58 0.11 0.55 0.08
37 Nonanal 1391 0.01 - 0.07 - 0.03 - 0.04 - 0.04 -
38  (EB-24-Hexadienal 1396 t - 0.03 - 0.02 - 0.02 - 0.01 -

YRetention index, nternal standard, ITrace
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Table 1. Continued

Irradiation (kGy)

No Compound name RII) 0 0.25 0.5 0.75 1
Odyy 30day Oday 30dy 0 day 30day Oday 30day 0day 30day

39 (B)-2-Hexen-1-ol 1410 0.09 0.06 029 0.08 0.15 0.03 0.17 0.07 0.13 0.01
40 Acetic acid 1452 1.16 0.07 0.38 0.08 0.40 0.04 0.39 0.08 0.23 0.03
41 Furfural 1464 0.05 0.01 0.02 0.01 0.06 0.02 0.04 0.01 0.12 0.01
42 3-Phenyl hydroperoxide 1490 0.03 - t2) - t - - - - -
43 2-Ethylhexanol 1495 0.07 0.05 0.08 0.03 - 0.03 0.08 0.03 0.06 0.03
44 1-Methylbutyl hydroperoxide 1498 0.16 - t - - - - - - -
45 3-Nonen-2-one 1515 - t - - - - - - - -
46 Benzaldehyde 1525 0.02 0.03 0.05 0.01 0.08 001 0.02 0.01 0.16 t
47 Linalool 1554 - 0.02 - - - - - - -
48 Octanol 1567 t t t t t t 001 t 0.01 t
49 2-Methylpyrrole 1574 - - - - 0.01 - t - t
50 a-Terpineol 1703 - 0.01 - 0.05 - - - - - -
51 y-Hexalactone 1708 - 0.04 - - - - - - -
52 Butyrophenone 1803 0.05 0.05 0.08 0.02 0.07 0.03 0.08 0.04 0.08 0.03
53 Hexanoic acid 1840 0.08 - 0.11 - 0.16 - 007 - 0.10 -
54 (2)-Genarylacetone 1860 - 0.10 - - - - - - -
55 Phenylethyl alcohol 1923 - - - - - 001 - - -
56 Benzenethanol 1924 - 0.19 - - - - - - -
57 y-Octalactone 1933 - 0.03 - - - - - - -
58 3-lonone 1956 - 0.02 - - - - - - -
59 2-Hexenoic acid 1961 0.18 - 0.04 - 0.07 - 0.06 - 0.05 -
60 Dodecanol 1974 0.13 0.03 t - t - 0.01 0.01 t -
61 2-Methyl-1-phenyl-1-propanol 1979 0.10 0.37 0.04 0.09 0.05 0.11 0.08 0.10 0.06 0.11
62 Propyl tetradecanoate 2038 - 0.07 - - - - - - -
63 Nonanoic acid 2154 0.08 - 0.02 - - - 0.02 - - t
64 Tetradecanol 2167 0.12 0.03 0.13 - 0.01 - 0.02 - 0.03 -
65 y-Decalactone 2168 - 0.16 - - - - - - -
66 Methyl hexadecanoate 2223 - 0.27 - 001 - 0.01 - 0.03 - 0.01
67 Ethyl hexadecanoate 2259 - 0.30 - 0.04 - 0.01 - 0.04 - -
68 2,4-Di-t-butylphenol 2312 0.07 0.52 t t t 0.01 0.01 0.01 0.03 t
69 Dodecanoic acid 2483 0.05 0.08 0.01 0.04 0.01 0.02 t 0.03 - 0.03
70 Octadecanol 2580 0.07 - t - 0.01 - 0.01 - - -

Total 11.07 573 5.19 291 6.20 240 559 1.82 5.04 220

"Retention index, Mrace

#5719 peak area= alcoholF9] 73-¢- AFHZE 413,
272, 39.1 2 372%2 025 kGyoll Al 7};5; =) Uehyton
aldehyde7+ 329, 42.2, 33.8 D 422%=F 05 kGyoﬂ/\i iﬂ]
FRI= AT Acid 2} hydrocaron‘%— 2 Jels e
kGy©oll A 18]31 ketoneFE 0.7 kGyoll A =L gHafo] iﬂ]
Uttt Acidfie F 550 AERNSH 0259 075

kGyZ ZA}SE AlFolA] acetic acid, hexanoic acid,
2-hexenoic acid, nonanoic acid, dodecanoic acid”} &1}
31, nonanoic acid™ 0.59} 1 kGy©ll 4] dodecanoic acid*‘:
kGyoll A YehIA] ettt Cs 8HHE 5 A472] @714
©2 23} hexanol AFE= 07, 06,08 2 06 mg/kg_
Z 0.75 kGy©l| 4] hexanal®} (E)-2-hexenal< 0.6, 1.2, 0.8
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2 0.8 mgkg 18] 0.8, 0.9, 0.7 2 0.7 mgkgl & 0.5
kGyol A greo] A B+ At} (Z)-3-hexen-1-0l-2 0.6,
04, 0.5 2 052 025 kGy°ollA =4 glEglon Aoz
29l 7o Ho|x] ekgkt), o] AHF o] IS
v X 3}E2 lipoxygenase] &/4% o] UTial B
FEATK19).
HIZAL XEFe} MAMM ZEASE Ao 3|WA RI[ME H|w
A9 Fjbg f71AEe] £48 913e] SDE FEH Y
GC/MS EA1H o 2 u]2AF A9} 025, 05, 075 2 1 kGy
2 ARG AR A f719ES Btk vl AL
AHF9F AP ZARSE A9 3 f71/3E ] Hlale
Table 19 YEPAN 2™, E24F total ion chromatogram=-
Fig. 19 3413} 3, #57]8 H|alE Table 20 YeRY
At

H|Z2AL 29 2bzho] deFo 2 AP A AHF¢]
F A PR ek v AL AF 11.5 mg/kgd
025,05,075 2 1 kGyoﬂ/ﬂ-‘C— 52,62,55 % 50 mgkgl =
S1E ATk B5 71 peak areat aldehyde2] 73-$- H]ZA}
AFE 117% olFo 2AVE Alge A% 329, 422,
33.8 2 422%F YUE o] ARG A5 A gHeEFol| 718t
AL 53], 05 kGyoll A = Yelstth Addfie B A
o Al BIZA} AlRof| Bldl 7FA3}S AL alcoholF+ 0.5 kGy
S Alelstal B5F S7FEAh Eserie HIZAL AR 37.6%
oA MEFE=E 92,92, 107 @ 7.3% = A3 7HAaskdch
Ketone = table 20|49} o] BE Ao X F71stA AL
hydrocarbon -2} 7]E}8}eHE<] 7-9- 0.5 kGyE Al¢J3taL
BT AES SRIEth o) T2 AT F ester
721 ethyl formate®} ethyl acetate:= H]ZA} A5 H]3|
AR ZALgE A5l 4] table 101 WERdRES} o] 7HAst

Table 2. Relative content of functional groups in volatile flavor components identified in non- and irradiated Plum (Prunus salicina) by

electron beam after 30 days of storage

(Relative area %)

Irradiation (kGy)

Funtional groups 0 025 05 0.75 1
0 30 0 30 0 30 0 30 0 30
Acids 1292 2.86 9.85 344 10.72 3.84 9.49 6.55 6.51 2.88
Alcohols 29.81 41.23 41.39 5393 2121 2142 39.11 3113 3724 2521
Aldehydes 11.74 240 3291 18.88 42.28 37.24 3381 19.32 4226 19.93
Esters 37.62 35.19 9.22 14.55 9.24 17.87 10.76 2693 7.33 4046
Ketones 049 1421 1.58 249 1.36 5.67 1.65 6.28 1.69 355
Hydrocarbons 2.54 0.60 1.23 093 3.73 0.84 1.23 1.25 1.05 0.87
Miscellaneous 501 351 411 6.12 577 1343 4.38 8.96 414 7.53
Total 100 100 100 100 100 100 100 100 100 100
e e K. 30 day - Comtrol

L]

x5

[ [N O Y P

TIE 11

1k 30 day - 1 kGy

25

D\HJ b Ll i QJ%WM

Fig. 2. GC/MS total ion chromatograms of the volatile flavor components in non- and irradiated Plum (Prunus salicina) by electron beam

after storage at 4°C for 30 days.
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%337 hexanal¥} (E)-2-hexenal 18] 3 (E)-2-hexen-1-ol =%
bE RE A Z7459.00 hexanol®] B AR

BE Aol 2os9n 1 de 4% JEHolA
YSIC}. Furfural®] 79 B12A} A5l ]3] 24} 5 1 kGy
S A &) Aol A5t 2 benzaldehyde= ZAF £
Z7F5tAth AcidR 5 0259} 0.75 kGy = ZAKH A| 8ol A
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