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Abstract

This study was performed to examine the effects of electron beam irradiation on volatile flavor components
of Shingo pear (Pyrus pyrifolia cv. Niitaka) and on their changes according to storing period following
irradiation. Volatile flavor components in pear were extracted using simultaneous steam distillation and
extraction (SDE) apparatus and analyzed by GC/MS. 46 components were identified in control whereas 45,
44, 48 and 51 components were identified in irradiated samples by electron beam at 0.25, 0.5, 1, and 3 kGy,
respectively. Hexanal, n—hexanol, and (E)-2-hexenal were identified as the major volatile flavor components
of all samples. The characteristic volatile flavor components of irradiated pear by electron beam were similar
to those of control, and their effects depending on irradiation source were not different. In addition, there
was no noticeable change in volatile flavor components of pear with storage at 4°C for 30 days or with
irradiation. Sensory evaluation indicated that the consumer receptiveness tended to be higher at a low level
of radiation dose under 1 kGy than control, albeit not significant. Therefore, electron beam irradiation at low
level of radiation dose under 1 kGy could be considered as an effective method to exterminate vermin and
thus to improve the shelf-stability of pear without deterioration.
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A 3Lvl (Pyrus pyrifolia cv. Niitaka)E 20079 UFA] &
S AR AN A =8 Al 7o g0 A Fujsle] 2

S F-o] e digwre A ALgst Tk AR
Ab=  Electron-beam Accelerator(model ELV-4, 25
MeV, EB-Tech., Ltd.,, Korea)Z ©]&3} Beam Current
0.47 mA(0.25 kGy), 1.3 mA(0.5 kGy), 2.96 mA(1 kGy) &
3.7 mA(3 kGy), Velocity 20 m/min(0.25, 0.5, 1 kGy) % 10
m/min(3, 5 kGy) AFHEE ZABIA L F5F4F0] 0.25, 05,
1 % 3kGy7t HEF & AT olw o] FrdEdS
Cellulose triacetate(CTA) dosimeter2 2213}t AApA
ZAF F 4C, 86% FUEEE FAHE AL A By
st w) A3 Al A& T

N Lo o

32y SV |MEo =& B
A2 500 g& Milli Q water 1 Lo £33} Waring blen-

der(Braun, MR 550 CA, Spain)Z 1&3F £33 & AF 7}&

HEY AEE Hagstr] 98t 0.1 N NaOH &4 A
7}8Fed pH meter(Pinnacle 530P, Nova Analytics Corporation,
USA)Z ZA43tHA pH7F oF 6571 5| =8 2453 om,
°o|F A FUER FEE& AEE AESAT
3y Fr|d R FE8 Schultz 5(11)9] ol upa}
Z 3327 (Likens & Nikerson type
simultaneous steam distillation and extraction apparatus,
SDE, Normschliff, Wertheim, Germany)(12) £ Aol A 2
AIZE Rt FE3A ol LA AR FE8He
HPLC grade® T (Fisher Scientific, USA)3}o] 2|73
n-pentane¥} diethylether &3-&1(1:1, v/v) 200 mLE A}
£33t o FAFEAS 98] n-butylbenzene 0.2 mge W
T2 d2A FHlE A& A3 H7Hetav SDE WU

H
FZE8vo] B4 Na,SOE H7lste 859 5

H
FR| et RS AASAL, F2E LA T4
#7180 EEEL Vigreux column(250 mL, Normschliff

Geratebau, Germany)< AFH8-3le] ¢ 2 mL7MA] 5533
GCE vialol &71 F D27k 71F tel A ¢ 05 mL7AA
F5ote GC/MSeS] EAAE=E st

ol

2N 2|y
SDE WHo = & 5549 34 374+ Shimadzu
GC/MS QP-5000(Shimadzu Co., Kyoto, Japan)< ©]-&3}
A B39, A5 9 ion3}+= electron impact ioniza—
tion(EDWHo 2 Pt GC/MS 4 =72 ionization
voltageZ 70 eVE 3} 1L, ion source temperature= 230°C
2 3on, 25 22 IYL 40°ColA 37 FAg v
2°C/min®] &= 2 150°C7HA] ©HA] 4°C/ming] £ =2 200°C
A FEA R F 2080 FAS v A 5°C/ming] £&
2 230°C7H A dsAZ]l & 587 fFAEIEE AA AT
T BT Bapake W 40~350(m/2) o2 A3
t}. Column< DB-Wax(60 mx0.25 mm i.d., 0.25 ym film
thickness, J&W, CA, USA)S AF&-3+9th Injectore} de-
tectord] == 27} 250°C, 230°Ce] ™, carrier gas= heli-
umS AHEEY] §452 10 mL/min®. & k3l A8 1 ulLs
FAstA 2 splitlessE 3 F ).

LS 7|MEo ol 3 At

GC/MSel| 93} total ionization chromatogram(TIC)ol|
29 Z peakd AEEAL mass spectrum library
(WILEY 139, NIST 629} NIST 12)¢} mass spectral data
book?] spectrum(13)#}9] AX] € GC-FID #2440l 2]3F re-
tention index$} 349 retention index(14,15)9+2] <4 x|
83 FFEA B4 dataZ ®wluste] st

S st B8 F= Al R ZFEEE HUtE
n-butylbenzene¥} T3 E 7] E2] peak areaS ©]-&3}
o AlE 1 kgoll 3HE 38 VB8RS diFos F=
sttt
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PS4 G5 Sol el 83 AA=S FaA
A F Aol FARES sk Aane] A, @, 257,
A, W FRE V15 5 5704 540 vste] 04
qeyon ZAAY. JEEE 71 Tohike ex-

tremely)”E 97 0.2, “7} 4 Hdislike extremely)’E 173
©° 2 Ul tH16). 2T+ SPSS £4 ZZ 139 analy-
sis of variance(ANOVA)&} Duncan’s multiple range test
(DMRT)E o]&3ted p<0.05 FolA #2488 AH3IA

2ot

nE

He

AlHfe| RN EV|ME

n-Pentane¥} diethylether £3H-8-H(1:1, v/v)& F
2 AMg3te] SDEMH o2 A auje | des F
FEIAT HIZAF Alaeje} AAA =AM A
GC/MSE #23}e] 98 chromatogram< Fig. 19 YER
A3, F9 A Fr)gRe] 247 FFS Table 13
20 JER AT

A 2 FE F 1,10949 pg/kgd A FU|EES 3
Fatgen, SAHH RS F 46222 aldehydeR ¢} alco-
hol#7} 247+ 115, ketone 55, 333 & 4%, esterF 9+
furan® 7t 242 3%, AASIRHE 2%, 282 VIESRE 7
o] o2 IR Aan)e IR Vst &5
718 AEE2] & peak area= aldehyde 7} 46.49%, alco-
holF 34.94%, A4 3}3HE] 5.03%, esterfr7} 3.8%, ketone
F7F 2.35%, furan 7} 1.92%, &3}3HE0] 0.81%, 7€}

Zo] 466% &o2 U

Alaujol A B8 THH F7)1A4E F hexanal, n-hexanol
Z} (E)-2-hexenal®] Z+Z} A 9] 34.18, 24.68 2 9.22% =
hBEE S 2R84 th Hexanal, n-hexanol, (E)-2-hexenal,
(Z)-3-hexenol, (Z)-3-hexenal®} #& Cs 3}ES ZHA)
(green note) & EAA A& A7 RO E AN EE B3
< 34 F AxEe A2 FEo| 23, A8 FFE
o|th(13,14). o] AEEL A8 T/ AEY oy #d
T ARAAE F2 TS dom uhh(17), AFH(1R),
E2=(18), HE5oH19), AHF(20) & H3H(21), EvE(22), 2
HE(23) T AY BE HJLT Ao FrdEo R geld
v} 9tk =3 pyridine, (£)-3-hexenol, ethyl acetate?} Z+z¢
491, 474, 361%% 3T FAHAoH, o] & 2-acetyl
thiazole, ethanol, furfural, acetic acid, 1-phenyl-1-butanol,
2-pentyl furan, hexanoic acid’} 2215 itk

Hj o] E53 7R o2 EA R pear oil(pear ester)
2 224, AWFTY e Aguo] 555 FUEE
(25)%] esterfte MEFEQ Aol A & HE5 o] o
7] B4 WA ZoldE BATH S bartlett Wi 7]
AR B3 Suwanagul?} Richardson(26)e] K. alo| X+
hexanal®} 2-hexenal%to] EIF RO Y B AF e o
B2 FT79 aldehyde®7F A=A o= A5 T4,
FEUH, FE8M Y Aol 7Idd Ao g AeE AT
Aldehyde&+ Suwanagul® Richardson(26)©] A}-&3F dy-
namic headspace trapping Bt 7FE % 2] TE solvent
FEWHAAN FF 580l ¥ F2 Ao Bud vt itk

71t 33 PR L2 furfurale] 16.82 ng/kg 5%
HRer, furfural> Z3Y F(coconut-like)(27), AT

countis

TIC * 1.0 2 21 118, 30
Rl4 2
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Fig. 1. GC/MS total ion chromatograms of the volatile flavor components in non- and irradiated Shingo pear (Pyrus pyrifolia

cv. Niitaka) by electron beam at 1 kGy.
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Table 1. Changes of volatile flavor components identified in control and irradiated Singo pear (Pyrus pyrifolia cv. Niitaka)
by electron beam after storage at 4°C for 30 days

(unit: pg/kg)

Irradiation dose (kGy)

Ple\i)k RTY R1? Compound name 0 0.25 0.5 1 3
’ 0 30 0 30 0 30 0 30 0 30
days days days days days days days days days days
1 7.388 862 Ethyl acetate 40.08 3322 4116 22261 6591 83395 39.70 12622 120.06 40.75
2 8.058 891 2-Methyl butanal 1.37 3.07 1.00 154 166 t 1.75 3.44 1.41 0.97
3 8.162 895 3-Methyl butanal 2.51 4.67 3.02 447 191 0.62 3.14 9.35 0.86 5.28
4 8.852 921 Ethanol 18.59 4.02 5.49 399 3772 299 1950 763  29.12 6.68
5 9.279 937 2-Ethyl furan 4.79 2.53 1.38 t 2.27 0.85 2.52 0.79 1.49 1.38
6 9.493 944  2,3-Dimethyl octane 2.20 t 2.39 t 1.49 1.74 1.64 t 3.80 t
7 10229 968 2-Pentanone 717  24.08 951 259.00 9.08 13.71 728 41.13 9.34 16.84
8 11178 997 Decane 0.98 - - - - - 1.17 - 1.34 -
9 12754 1035 Ethyl butanoate - 0.71 0.87 321 869 6.69 1.05 t 5.77 t
10 13.873 1055 2,3-Pentanedione 2.00 4.05 2.55 467  3.89 1.92 2.38 6.61 0.56 1.78
11 14629 1069 Dimethyl disulfide 0.82 1.66 - 3.00 0.92 1.34  3.08 5.98 1.84 3.35
12 15244 1080 Hexanal 379.24 41290 55258 177.97 621.83 22828 810.23 386.74 660.09 454.62
13 16571 1103 3-Pentanol ¥ 3.54 - 4.49 - 1.16 1.72 8.49 2.35 2.60
14 17626 1122 2-Pentanol 312 1493 366 1634 248 6.13 226 2778 3.09 1348
15 1834 1134 (Z)-3-Hexenal 1.00 2.62 1.50 175 077 188 376 0.98 2.31 3.68
16 18.608 1138 2-Methyl-2-pentenal 0.66 4.10 0.61 0.56 - 1.24 1.58 0.61 1.31 2.08
17 18795 1141 Butanol t t - 2.03 - 0.75 - t 0.97 0.93
18 19981 1160 Ethyl 2-butenoate 0.97 t 0.36 226 251 3.13 0.84 2.50 2.30 1.42
19 21.359 1181 Pyridine 5443 9739 8539 8280 6595 4998 &6.76 156.73 53.89 100.63
20 22452 1196 (Z)-2-Hexenal 3.67 5.83 4.21 484 381 320 451 10.16 536  11.30
21 23572 1213 (E)-2-Hexenal 102.33 163.60 10537 11531 107.95 8829 132.14 246.89 138.66 314.34
22 24479 1228 2-Pentyl furan 138 1512 21.02 1085 3292 841 1224 1879 2585 1593
23 24681 1231 Ethyl hexanoate 1.06 1.03 1.02 - 4.15 218 057 2.31 3.56 1.49
24 26.04 1252 Pentanol 5.23 5.06 6.30 439 738 2.21 6.03 6.24 7.63 4.98
25 26571 1260 Dihydro—2-methyl-3—furanone 1.09 2.04 1.58 245 184 0.78 1.53 3.87 1.18 1.97
26 26.742 1262 Methyl pyrazine 1.40 1.37 0.61 168 098 0.54 1.65 - t 1.96
27 271256 1272 Hexyl acetate - 1.18 0.56 t 0.87 0.63 t 0.95 0.81 0.85
1SY 30037 1308 Butyl benzene - - - - - - - - - -
28 30.806 1320 (E)-2-Heptenal 4.86 4.68 6.75 364  8.68 212 5.80 5.20 712 3.72
29 31.763 1335 6-Methyl-5-heptene-2-one 3.86 2.11 3.93 346 435 1.31 478  10.00 4.36 6.46
30 33.201 1356 Hexanol 27386 8726 17808 39.47 239.16 2838 367.20 79.82 298.39 104.32
31 34.413 1373 Dimethyl trisulfide 1.18 1.07 1.47 1.81 1.54 094 324 3.44 0.99 1.76
32 35145 1383 (Z)-3-Hexen-1-ol 5264 1966 13.26 659 844 3.05 59.08 956 13.62 8.37
33 36.625 1404 (E)-2-Hexen-1-ol 7.75 7.29 4.40 553 854 265 847 1172 1411 2098
34 37996 1427 (E)-2-Octenal 1.96 1.60 2.18 079 385 1.42 2.05 1.99 3.64 2.52
35 39.252 1447 Acetic acid 15.02 460 1722 471 14.15 448 1178 1612 1713 6.96
36 39.443 1450 3-Methyl thiopropanal 5.21 8.17 6.06 572  6.08 497 659 11.60 5.55 8.69
37 39.987 1458 Furfural 16.82 2278 1854 2274 1689 1245 2889 4341 2728 34.70
38 42.246 1492 2-Ethyl hexanol 5.83 6.03 6.97 564 876 4.81 763 1316 9.04 5.29
39 42818 1500 2-Acetyl furan 2.66 2.82 0.83 227 124 1.38 1.29 4.80 3.68 2.65
40 43929 1518 Benzaldehyde 1.37 2.86 0.88 291 1.55 5.33 1.73 2.89 4.55 1.27
41 44.817 1536 (Z)-2-Decenal - t - t - t - - 1.44 -
42 45882 1548 Linalool t 1.48 0.87 208 259 1.42 3.73 1.96 1.77 2.05
43 46.838 1566 3-Methylpyrrole - 0.67 - - - 0.51 - 1.94 1.01 1.25
44 51.367 1633 2-Acetyl thiazole 20.82 1860  24.87 877 3471 355 1927 1775 2073 1552
45 56.497 1718 3-Methylthiophene-2-aldehyde 1.81 7.14 - t - 2.63 - 3.36 - -
46 60.856 1796 1-Phenyl-1-butanone 469 1251 869 1355 6.26 6.60 393 20.62 6.11 11.20
47 61.8 1811 (E,E)-24-Decadienal - 1.93 0.63 t - t 2.18 - 10.37 1.97
48 63.068 1845 Hexanoic acid 10.33 0.63 9.11 089 450 096 880 t 11.69 3.62
49 64.354 1874 4,7-Dimethyl-4-octanol - t - t - t - - 1.86 -
50 67.775 1959 Benzothiazole 2.20 1.59 1.79 257 264 0.89 2.08 3.57 1.47 1.69
51 68193 1971 1-Phenyl-1-butanol 14.04 1948 1534 1631 17.78 741 1662 3375 13.05 1864
52 75423 2197 2-tert-Butylphenol 6.27 6.80 299 1121 742 3838 667 11.21 6.27 10.36
53  81.368 2385 »-Dodecalactone 7.25 7.32 1.07 897 154 244 501 2342 4.01 10.76

Total

1109.49 1058.99 1178.05 1101.62 1387.64 1366.58 1726.33 1406.40 1574.39 1294.39

URetention time.

YRetention index. “Internal standard. *Trace.
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Table 2. Relative content of functional groups in volatile flavor components identified in unirradiated and irradiated Shingo

pear (Pyrus pyrifolia cv. Niitaka) by electron beam after 30 days of storage

(Relative area %)

Irradiation dose (kGy)

Functional

groups 0 0.25 05 1 3
0 days 30 days 0 days 30 days 0 days 30 days 0 days 30 days O days 30 days

Aldehydes 46.49 59.56 59.19 30.58 55.41 25.25 57.80 50.60 54.90 64.62
Alcohols 34.94 16.49 20.07 10.55 24.34 4.65 28.68 14.92 25.37 15.19
Esters 3.80 3.45 3.73 20.74 5.92 61.95 2.47 9.41 8.42 347
furans 1.92 1.93 1.97 1.23 2.63 0.78 0.93 1.73 1.97 1.54
Ketones 2.35 4.92 2.32 26.52 1.94 1.96 1.44 751 1.62 3.79
N-Compounds 5.03 9.39 7.30 7.67 4.82 3.73 5.12 11.28 3.50 8.02
S-Compounds 0.81 1.70 0.64 0.97 0.62 0.72 0.75 1.73 0.53 1.07
Miscellaneous 4.66 2.55 4.77 1.74 4.33 0.96 2.81 2.82 3.68 2.32
Total 100 100 100 100 100 100 100 100 100 100
2 U A 2 A ez g1 e AR

2 289 A2y FRANE TS HPEelT

(28). = b2 AR o=z YR Jlepds) vhsow YAEE

furan SHFE(29)2 F5d F2 2ol LAY o] 2-ace-
tyl furane Wl £ 3} 2-ethyl furan, 2-pentyl furane] &<l
HRow 2 e 266 pg/ke, 4.79 pg/kg, 13.85 pg/kg o
2 FAHUT ol ARY A&EFFIERFFEHA V1Y
3= Ao 2 A8 "t} Aldehyde® % benzaldehydes 1.37
ng/kgo 2 FAEJI ol AT, AT B EFo} FoAA
gF3 F71B0)E YEh= EEE geA o, of2s
#F(almond-like)(27)& HEME o2 ® 4A Slch

M ZHEE F 1,058.99 ng/kgel

H, THH A8 F 52%2
=2 aldehyde¥ 13 (59.56%), alcoholf+ 12 (16.49%), ke~
toneF 6%(4.92%), esterf 5%(3.45%), &3}3+E 4%5(1.7%),
furan¥+(1.93%) 2 A A3}35(9.39%) 247+ 3%, 18a 7]
E}3SHE 6F(255%) o2 1%t (Table 2).

A A7 A 3 3] F 3 PR g
Z+7} 1,109.49, 1,058.99 ng/kg o2 k7t A4S o His:
3 50|tk B 7E 2= aldehyde 9] $Hako] 46.49%
ol A 5956% 0.2 k7t =713 Ao = Vel o Nanos
FTERNHE i A& Asirt A== A4 Fol aldehyde
7F $7vEE BHaste] B AGAde) A EAt

Cs lipid peroxidation product$] hexanal, n-hexanol,
(E)-2-hexenal®] gF&Fo] 242} 379.24, 273.86, 102.33 ug/kg
©°2 A=Y, HF717F FF hexanal 2 (E)-2-hexenal
< u)F =718 AlcoholF¢! n-hexanold] &2 27.86
ng/kgol Aot A & 87.26 ng/kg o & F7 AT

TR ZALE Aol 22y BV |dE

B AP 5 kGy AFo gz Az ZAFgE Al ) o A

dastdsel vehd Aol =l (Fig. 2), 2l#3 o4
ElupA] ¢82 0.25, 0.5, 1 B 3 kGyE2 FAFSH Al aiu] &

W FEE BHES ST A AR Ak

B o o

A
E-0.5 kby

Control

E-0.25 kGy

E- 5 kby

Fig. 2. Photographs of irradiated Shingo pear (Pyrus pyr-
ifolia cv. Niitaka) by electron beam.

£ GC/MSZE #4438l A& chromatogram 1 kGy2 Fig.
1o eI, S i )8 249 §Fs
Table 17} 2] JeERAATE A4 0.25, 05, 1 2 3 kGy 9
Aoz ZAe A F 3 Fr1gdw-S 1,178.05,
1,387.64, 1,726.33 ¥ 1,574.39 ng/kg®l 13, Z+7}; 48, 53, 52
2 48F o2 IRIFHUL B8 T8 PRS2 = al-
dehyde®7} 7Fd wekem I gh&ke 59.19, 5541, 57.8 &
54.99%(0.25, 05, 1 2 3 kGy)& HlZ=AF Alawj ek A4
ZAFSE 2laa) ol A aldehydeR o] el =& AL Fls)
o1, hexanale HA ZAH0.25, 05, 1, 3 kGy)oll <]}
552.58, 621.83, 810.23, 660.09 ng/kg. 2 1 kGy7tAl= A%
o] F7IEFF el FUbstth} 3 kGyoll A tha FHashe
A HY o vHZAL Alau) ] by )R] =4
7 9932l Aol7t fleg At (Fig. 3).

TR ZZALE AlTHRS| M F 3L SV|ME W5}

AR Z2ARSE 28] E 30Y 7F 4°Coll At GC/MS
2 BAsle] 9L chromatograme Fig. 49 YE AT A
A} 025,05, 1 ¥ 3 kGy] AHo 2 ARt 7} d#E
Alanfe] 3k ) Ad 8-S 1,178.05, 1,387.64, 1,726.33 2
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Fig. 3. Changes of Cg lipid peroxidation products in irradi-
ated Shingo pear (Pyrus pyrifolia cv. Niitaka) by electron
beam.
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Fig. 5. Changes of Cg lipid peroxidation products of in irra-
diated Shingo pear (Pyrus pyrifolia cv. Niitaka) by electron
beam after storage at 4°C for 30 days.
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Fig. 4. GC/MS total ion chromatograms of the volatile flavor components in non—- and irradiated Shingo pear (Pyrus pyrifolia
cv. Niitaka) by electron beam at 1 kGy after storage at 4°C for 30 days.
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Table 3. Sensory evaluation of non- and irradiatied Shingo pear (Pyrus pyrifolia cv. Niitaka) by electron beam after storage

at 4°C for 30 days

Sensory score

C{grsidﬁ{tg;) Color Flavor Texture Sour Sweet Overall acceptance
0 days 30 days O days 30 days O days 30 days O days 30 days O days 30 days O days 30 days

0 507 547 433" 5.60" 6.20" 6.27 5.20% 5.00° 513" 6.00" 5.20% 5.93"

0.25 6.13" 5.47° 5.67° 5.13° 6.53" 6.40° 5.60° 4.60° 627" 533" 6.33° 5.27%

05 527 5607 5A7T 447 613" 507° 520" 460" 687" 420 660"  4.33™

1 5.60° 493" 5.07° 473" 5.60" 6.20° 4.60" 4.00" 533 573 520° 5.60%

3 567 5.33" 4.80% 5.47% 5.27% 5.67 4.60" 3.67 473 6.87 4.07* 6.73"

YValues with different letters within a column differ significantly (p<0.05).
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