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Effect of gamma- and electron-beam irradiation on

flavor components in Pear (ZAvrus pyvrifolia cv. Niitaka)
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ABSTRACT

Effect of gamma-irradiation and electron beam irradiation
on flavor components in Pear

(Pyrus pyrifolia cv. Niitaka)

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

Graduate School of Chosun University

This study was performed to examine the effect of irradiation (gamma ray,
electron ray) on volatile flavor components of Shingo pear (Pyrus pyrifolia cv.
Niitaka) and to verify the change of volatile flavor components according to the
storing period after irradiation. Volatile flavor components from pear were
extracted using SDE apparatus and analyzed by GC/MS. Components of 46 were
identified in control and 45, 44, 48 and 51 components were identified in
irradiated samples by electron beam at 0.25, 0.5, 1 and 3 kGy, together with 46,
48, 53, 52 and 48 components in irradiated samples by gamma-ray at 0.25, 0.5, 1
and 3 kGy were identified, respectively. Hexanal, n-hexanal, (£)-hexanal were
identified as major volatile flavor components of all samples, it was turned out to
be Cs compound. The characteristic volatile flavor components of irradiated pear
by gamma-ray or electron beam were similar to those of control, and effects
according to irradiation source were not difference. Also there was no sensible
change on volatile flavor components in pear after storage at 4C for 30 days.

We evaluated the interrelation between irradiation (gamma ray or electron beam)

- vil -



on the volatile flavor components which contribute to consumer receptivity. As a
result of sensory evaluation, we could find out that the preference tends to be
higher at a low level of radiation dose under 1 kGy, than control but there was
no differ significantly. Therefore, treatment of irradiation by gamma-ray or
electron beam at low level radiation dose under 1 kGy was considered as the
effective method to improve extermination of vermin and the shelf-stability of

pear without deterioration.
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Table 1. Food Irradiation Applications

. Dose
B t Product
enefi (kGy) roducts
Low -dose (up to 1 kGy)
Inhibition of sprouting 0.05-0.15 Lotatoes, onions, garlic, root
ginger, yam etc.
Insect disinfestation and parasite Cereals and pulses, fresh and
disinfection 0.15-0.5 dried fruits, dried fish and meat,
fresh pork, etc.
Delay of physiological processes (e. 0.25-1.0 Fresh fruits and vegetables
g. ripening) ' '
Medium~-dose (1-10 kGy)
Extension of shelf-life 10-30 LFresh fish, strawberries,
mushrooms etc.
Elimination of spoilage and 1.0-7.0 Fresh and frozen seafood, raw
pathogenic microorganisms ' ' or frozen poultry and meat, etc.
Improving technological properties Grapes (increasing juice yield),
of food 2.0-7.0 dehydrated vegetables (reduced
cooking time), etc.
High-dose (10-50 kGy)
Industrial sterilization (in 30-50 Meat, poultry, seafood, prepared
combination with mild heat) foods, sterilized hospital diets.
Decontamination of certain food 10-50 Spices, enzyme preparations,

additives and ingredients

natural gum, etc.

(ICGFI, 1999)
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A 1 & AIA=
1. A A=

BoAado) A A3 A vl (Pyrus pyrifolia cv. Niitaka)E WA -3 7))
o) A Fufeto] A x e Fto] MG tfHvbE At A& AT A5 Zhwt
A zAE YCo ZvbAd ZARAIA(IR-79, Nordion Intranational Ltd, Ontario,
Canada)S ©o]&3slo] A2(20+1TC)oA 9 70 Gy AFER FFAlzko] 247t
0.25, 05, 1 % 3 kGy7l &5 HAstd o, F5d=e &2 Ceric cereus
dosimeter(Bruker Instruments, Rheinstetten, Germany)& AF-83lo] F S+ %9
x5 AAre gt AAA FAF= Electron-beam Accelerator(Model ELV-4, 2.5
MeV, EB-Tech)E ©]&3}lo] Beam Current 0.47 mA(0.25 kGy), 1.3 mA(0.5 kGy),
296 mA(l kGy) ¥ 3.7 mA(3 kGy), Velocity 20 m/min(0.25, 0.5, 1 kGy) % 10
m/min(3 kGy) AZFEZ A oM FadFo] 025 05 1 % 3 kGy7F H ==
o AR oo F4dwFE Cellulose triacetate(CTA) dosimeter® 2213}
Ak Febd WodAd A 4T, 85% AulE ST A AR AAare B
woto] Aol AFE-sEA T

2. Aok

HEodAgo AMEE RE AGSE EFAeko R m I Sigmarlet Fisher Scientific
(USAAERE Fdstd ey, % % chromatographyol AF&3F #7]&w = HPLC
grade® T Y3ste], o= ©THA] wire spiral packed double distilling(Normschliff
Geratebau, Germany) A2 ATHFIT S AFEAT B TTFASTHFIA
(Millpore corporation, Bedford, USA)ol A & Milli Q waterE AF&3tdt. 771 &
mj o] &pol ARG E - NaSOsv= 650°C 3|3t 2o Al sk Bl % desiccatorel]

A E F A

pud



7}

u.
A,

o}.

P Y

WAl ZAF A=) 0 Cobalt-60 y—irradiator
(at the Korea Atomic Energy Research Institute)
Electron —beam Accelerator (EB-Tech Co., Ltd)

. 718l = F A * : Wire spiral packed double distilling apparatus

(Normschliff Geratebau, Germany)
Blender : Multi mixer (Braun MR 550 CA, Braun, Spain)
pH meter @ pH/ION meter (Pinnacle 530P, Nova Analytics Corporation,
woburn, USA)

=2 = = =

Q F5Z7% = : Likens & Nickerson type simultaneous steam

Ipr
o|\

ditillation & extraction apparatus, (SDE, Normschliff, Wertheim,
Germany)

&3 column : Vigreux column (250 ml Normschliff, Wertheim, Germany)

Gas chromatograph/mass spectrometer : Shimadzu GC/MS QP-5000 equipped
with mass spectrum library WILEY 139, NIST 62, NIST 12
(Shimadzu, Japan)

Capillary column : DB-Wax (60 m x 0.25 mm i.d.,, 0.25 zm film thickness,
J&W, USA)



A2 A AL

L3y gARe 3%

Al® 500 g3 Milli Q water 1 LE £33} Waring blender® 1%37F 23 & 1

N NaOH €& #H7lste] pH 652 XA3sta ol& A FrAdEY F58& A8

=
2 A5

S FrIAES FE2 Schultz 5(27)¢ Wl wet MFdd AEHFF7

=

ot

X (SDE)(28)o A1 2} 5 # 3+ n—pentane¥} diethylether®] = 3¢H-&wj(1:

(o

=
=

Agshel ek shelA 247 Fok FEodch ARRAe 94

m

mlE &
24 n-butylbenzene 0.2 yLE FE8§ A 5ol H7lstAo 5 & F=& ol F
Na,SOs5 #H7Fsto] e 2it ¢ WA &5 A7 At (Fig 1).

GRS F7) e EIFE= Vigreux columne AFg3ko] oF 2 mIZtA F =3
T GCE vialdl &7 F A7t~ 7]5F stellA 0.5 ml7bA] F53te] GC/MS9] +4

New s



Apparatus for Likens-
Nickerson simultaneous
distillation/extraction

||

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

apparatus according to Likens and Nickerson.



2. 84 PR B4/ 27

i

7h. GC/MS o3 3T A FAEY EXxA

- g4

b SR AFEAMSE Ys] GC/MSE Shimadzu gas chromatograph
/mass spectrometer QP-50002 AF&3t9om, Az o]&3k= electron impact
ionization(ED¥® 0.2 3ttt GC/MS 4 %1 L ionization voltageE 70 eVE
3} 1L, injector$} ion source? &%= Z}7Z} 250°C, 230Co|™, w3 B E R
o] WM (m 2w 40-3500.2 AASAT. Columns DB-Wax(60 m x 0.25 mm i.d.,
0.25 pum film thickness, J&W, USA)E AF&3tA i, &% Z2ZI92 40T A 3
A FAE g 2C/min®] £=2 150C7HA thAl 4C/min®] &== 200C7HA 4
A7 5 2087 A v oAl 5C/min® Hx= 230C7HA A7l & 5%
2t fAEEE AAS A Carrier gasE heliume AF£38F9] f-40] 1.0 ml/min7}

A e, AlgE 1 ulE splitlesso 2 2913519 tH(Table 2).

_‘|O_



Table 2. GC/MS conditions for identification of volatile compounds

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

Temp. program 40C (3min)-2C/min-150C -4C/min-200C (20min)-5<C
/min-230C (5 min)
Injector 2507C, splitless
Ion source and 230C
interface temp.
Tonization Electron impact ionization(EI)
Ionization voltage 70 eV
Mass range(m/z)  40~350

Injection volume 1 ul

_‘I‘I_
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GC/MSoll 93] Total Ionization Chromatogram(TIC)oll &% Z} peak?e] Al & &

e}

>

& mass spectrum library(WILEY 139, NIST 629} NIST 12)¢} mass spectral

data book? spectrum(31)¥¢] 4 X = GC-FID #4]o] 2|3 retention index2}

S
A9l retention index(32-34)¢}e] U, 21l TEE A B4 dataE W] uLd}lo]

S Yoto] SrAHE F&5 A WEXEFEZEZ H7FE n-butyl benzened A
?l G B o] peak areaE o]l &35to] A& 1 kgoll THH IubA A ES A

C x 1000
Component Content (mg/kg) = x 0.2

A x B

A Z A& A internal standard®] peak area
‘B AlE 9] (g)

< C 2 ARl M Zh A2 2] peak area

. %

il

A 4= (retention index)®] 4 9

W2 g gz FAWOREA Kovats(29)7F #|erar W F2 %] 4=(retention
index or Kovats index, RD+ Z4] 431S 7|Fo 2 sl HFEE

2 AT Aol

Al ZF

Ry

o
ol

e

w5 A4+ chromatogramO. 2 F-8 §3-& 8135t 7] ¢35t AL&% parameter

=
24 owl & gA@ HEE AFE TTEY chromatogram YollA 2 2o o
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Log Vroy - Log Vra
= 100 Z + 100 {

Log Vruz+1y — Log Vra
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Pyrus pyrifolia cv. Niitaka

Irradiation

- y-Irradiation and Electron-beam irradiation
at a dose of 0.25, 0.5, 1 and 3 kGy

Blending

- Add 1 L of Milli Q water

SDE(Simultaneous steam distillation &
extraction apparatus)

- By solvent mixture of n-pentane
/ diethylether (1:1, v/v) 200 ml
- Add 0.2 mg n-butylbenzen as LS

- For 2 hrs

Dehydration

- Adding Na>SO, for overnight
- Filtering

Concentration

- Concentrated to 0.5 ml by

Vigreux column and N

GC/MS Analysis

Figure 2. Scheme for analysis of volatile flavor components of non- and

irradiated Shingo Pear (Pyrus pyrifolia cv. Niitaka).
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A 1 A n-Alkaned WY& A

HEE A5 =9 935t n-alkane 52 GC/MSE #X35te] HEE
A S F5FE Y n-Alkane (52 2 mixture 1 3} DB-wax capillary column

o=
S o] g3le] 438 chromatogram= Fig 3o YeElW A Zhzbe] ghig=of 33y

rlr

retention time(Table 3)2 RI +H<S ¢ 3 basic programel] Q=& ste] E = 7z
peak? RIE T3

Mizture [

counts

cio

i

c1z 18

Mixture [1

counts

Figure 3. GC/MS chromatograms of n—alkane standard mixtures I and 1I.
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Table 3. Retention time of n-alkanes for gas chromatographic retention

index
n-Alkane Name Retention time
C7Hie n-Heptane 5.153
CsHis n-Octane 6.141
CoHa2o n-Nonane 8.194
CioHzz n-Decane 11.828
Ci1Hoy n-Undecane 17.136
Ci2Hzs n-Dodecane 23.570
Ci3Hzg n-Tridecane 30.446
Ci1aHso n-Tetradecane 37.341
Cis5Hs2 n-Pentadecane 44.079
CisHs4 n-Hexadecane 50.509
Ci7Hss n-Heptadecane 56.629
CisHss n-Octadecane 62.005
Ci9Huo n-Nonadecane 66.439
Co0Ha2 n-Eicosane 70.156
Co1Huy n-Heneicosane 73.446
Caz2Has n-Docosane 76.548
Co3Hug n-Tricosane 79.183
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A vz o2l 79 aldehydeE &elatdint. o= Alg dAAge F=Uyo A
ool A 7lQlete A o=, aldehydee= o] ATAel o3 o] &€
headspace trapping WH Xt} 7FE 28] ¥ A solvent FEolA t#dF A3 A
o2 B a1¥ o] $HTH(49).
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3 (coconut-like)(50), AFeEl 2 e Ay 22 A48 o= Q=i o+
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dH A o, ol =3 (almond-like)(50)S UEIW = AL o=2® d#fA At}
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Figure. 4. GC/MS chromatogram of volatile flavor components in Shingo
Pear (Pyrus pyrifolia cv. Niitaka).
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Table 4. Volatile flavor components identified in Shingo Pear (Pyrus pyrifolia
cv. Niitaka)

Pecozk RT.” RI? Compound Name M.FE? FEW.” mg/kg Area%
1 7388 862 Ethyl acetate CsHgO, 88 0.040  3.612
2 8058 891 2-Methyl butanal CsHioO 86 0.001  0.123
3 8162 895 3-Methyl butanal CsHioO 86 0.003  0.226
4 8852 921 Ethanol CHeO 46 0.019 1676
5 9.279 937 2-Ethyl furan CeHsO 96 0.005  0.432
6 9493 944 23-Dimethyl octane CioHz2 142 0.002  0.198
7 10.229 968 2-Pentanone CsHioO 86 0.007  0.646
8 11.178 997 Decane CioHz2 142 0.001  0.088
9 13.873 1055 2,3-Pentanedione CsHgO2 100 0.002  0.180
10 14.629 1069 Dimethyl disulfide CoHeS2 94 0.001  0.074
11  15.244 1080 Hexanal CeH12O 100 0.379  34.181
12 16571 1103 3-Pentanol CsHipO - 88 7 0018
13 17.626 1122 2-Pentanol CsHi2O 88 0.003  0.281
14 1834 1134 (2)-3-Hexenal CeH100 98 0.001  0.090
15 18.608 1138 2-Methyl-2-pentenal CeH10O 98 0.001  0.060
16 18.795 1141 Butanol CHioO 74 t 0.014
17 19.981 1160 Ethyl 2-butenoate CeH1002 114  0.001  0.088
18 21.359 1181 Pyridine CsHsN - 79 0.054  4.906
19 22452 1196 ()-2-Hexenal CeHiz 100 0.004  0.331
20 23,572 1213 (£)-2-Hexenal CeH10O 98 0.102  9.223
21 24.479 1228 2-Pentyl furan CoH14O 138 0.014 1.248
22 24.681 1231 Ethyl hexanoate CgHigO2 144 0.001  0.095
23 26.04 1252 Pentanol CsHipO 88 0.005 0471
24 26.571 1260 Dihydro—2-methyl-3-furanone CsHgO2 100 0.001  0.098
25 26.742 1262 Methyl pyrazine CsHgNz 94 0.001  0.126

PRetention time, “Retention index, YMolecule formula, YFormula weight, “Trace.
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Table 4. Continued

Peak

No. RT.” RI? Compound Name MFE? FW.” mg/kg Area%
78" 30037 1308 BLutyl benzene C1oHia 134 - -

26 30.806 1320 (£)-2-Heptenal CHpO 112 0.005 0.438
27 31763 1335 6-Methyl-5-heptene-2-one CsHuO 126 0.004  0.348
28 33.201 1356 Hexanol CeHO 102 0274 24.683
29 34.413 1373 Dimethyl trisulfide CoHeS3 126 0.001  0.106
30 35.145 1383 (2)-3-Hexen-1-ol CeHpO 100 0.053  4.744
31 36.625 1404 (£)-2-Hexen-1-ol CeHO 100 0.008  0.698
32 37.996 1427 (£)-2-Octenal CsHuO 126 0.002  0.177
33 39.252 1447 Acetic acid C:H,02 60 0.015 1.353
34 39.443 1450 3-Methyl thiopropanal CHOS 104 0.005 0.470
35 39.987 1458 Furfural CsHi02 94 0017 1516
36 42.246 1492 2-Ethyl hexanol CsHisO 130 0.006 0525
37 42.818 1500 2-Acetyl furan CeHsO2 110 0.003  0.240
38  43.929 1518 Benzaldehyde CHsO 106 0.001 0.124
39 45.882 1548 Linalool CioHiO 154 ¢ 0015
40 51.367 1633 2-Acetyl thiazole CsHsNOS 127 0.021  1.877

41 56.497 1718 3-Methylthiophene-2-aldehyde CsHsOS 126  0.002 0.163

42 60.856 1796 1-Phenyl-1-butanone CioHi202 148  0.005 0.422
43  63.068 1845 Hexanoic acid CeHi202 116 0.010 0.931
44 67.775 1959 Benzothiazole C/HsNS 135 0.002  0.198
45  68.193 1971 1-Phenyl-1-butanol CioHisO 150  0.014 1.266
46 75.423 2197 2-/terz~Butylphenol CioHisO 150  0.006  0.566
47 81.368 2385 y-Dodecalactone Ci2H2202 198 0.007  0.653

Total 1.109 100

YRetention time, “Retention index, ¥Molecule formula, YFormula weight, S)Trace, 9Internal standard.

_20_



)

of ofe] Fejel 3 Fejd o] YEty=d A QD el
= 5 4 Att Hong 5553 Hong¥ Kim(56)el <
o

AEA ol A =™ controlled atmospheres

@
—
IS
(@
@
—
S
i
)
2
>
¢]

M A= FFAo]l FAHE Aow

H 315 a1
MR omM F S(6B556) o7 Aot dATS #AA & g AT AFT| ] wE

anfe] IR SDEH oz FEF3e GC/MSZE w2 FA4sdon, 4%
Total Ton Chromatogram-= Fig 50 WER S, gdd 3y Fridede =47
T, #E7lel mE JdA H&L2 Table 59 Table 6 o VR LT,

A7 309 Tk AumERE F 1.059 mg/kge LA FIAAES 355
ow, FAHE A& 52% 0 % aldehyde® 13%, alcohol# 12%, Kketonei 6%
ester 5%, 3 FE 4F, furanF % AASHNE 747 3F, 29 VESEE 6
T wom FAHJT. Aawje] Frjgdiel 7loste #ev|EE gdEH A

sl22 aldehyde 7} 59.564%, alcoholf 16.488%, Z A 3}3%E 9.389%, ketonet
4.920%, furan¥ 1.933%, 33}3t= 1.703% 28] 7]Etgst=Eo] 0.027 mg/kgl &

o

ofy

A Ay F Ao F 3Add g4 R A7 1109, 1.059 mg/kg o
2 o7t Ao v FEoldnt 7| E = aldehyded o ko] 46.489
%ol Al 59.564% 0. & °FzF e Ao @ e om Nanos 5 (B57)% wie] A%
A7 A= #A Fol aldehyde’t 2713 Hauste] B A7FATY g5
c}.

Alme] BAAA F a4 EAA4s Ags A Foky] wiEel FulS(green
note) . EAR A= %% Cs lipid peroxidation product¢! hexanal, (£)-2-

hexenal, n-hexanol®] & #o] z7} 0.379, 0.102, 0.274 mg/kgo. = o=, A%
71%F &9t hexanal % (A)-2-hexenal "% Z 7}t AlcoholH ¢l n-hexanol?]

_21_



S (0274 mg/kgo]l o} A F 0.087 mg/kg o

ku
12
Y
ol
B~
ol
ol
2
O

mem 12 H 5. 30 0 Ky

i

A

i il i min

Figure. 5. GC/MS chromatogram of volatile flavor components in Shingo
Pear (Pyrus pyrifolia cv. Niitaka) after storage at 4C for 30 days.
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Table 5. Changes of volatile flavor components identified in Shingo Pear
(Pyrus pyrifolia cv. Niitaka) after 30 days of storage at 4C

Peak 1 2 3 0 day 30 day
No. R.L Compound Name MFE” F.W. ma/ka Area% ma/kg Area%
1 862 Ethyl acetate CsHgO2 88 0.040 3612 0.033 3.137
2 891 2-Methyl butanal CsHioO 86 0.001 0123 0.003  0.290
3 895 3-Methyl butanal CsHioO 86 0.003 0226 0.005 0.441
4 921 Ethanol CoHeO 46 0.019 1676 0.004 0.380
5 937 2-Ethyl furan CeHsO 96 0.005 0432 0.003 0.238
6 944 23-Dimethyl octane CioH22 142 0.002  0.198 t 0.013
7 968 2-Pentanone CsHioO 86 0.007 0646 0.024 2.274
8 997 Decane CioH22 142 0.001  0.088 - -
9 1035 Ethyl butanoate CeHi1202 116 - - 0.001  0.067
10 1055 2,3-Pentanedione CsHgO2 100 0.002 0.180 0.004  0.382
11 1069 Dimethyl disulfide CoHeSz 94 0.001 0.074 0.002 0.157
12 1080 Hexanal CeHi20 100 0.379 34.181 0.413 38.990
13 1103 3-Pentanol CsHi O 88 £V 0.018 0.004 0.335
14 1122 2-Pentanol CsHipO 88 0.003 0281 0.015 1.410
15 1134 (2)-3-Hexenal CeH100 98 0.001  0.090 0.003 0.247
16 1138 2-Methyl-2-pentenal ~ CeHi10O 98 0.001 0.060 0.004 0.387
17 1141 Butanol CiH10O 74 t 0.014 t 0.028
18 1160 Ethyl 2-butenoate CeHi1002 114 0.001  0.088 t 0.038
19 1181 Pyridine CsHsN 79 0.054 4906 0.097 9.196
20 1196 (X)-2-Hexenal CeéHiz 100 0.004 0.331 0.006  0.550
21 1213 (&£)-2-Hexenal CeH100O 98 0.102 9223 0.164 15448
22 1228 2-Pentyl furan CoH14O 138  0.014 1.248 0.015 1.428
23 1231 Ethyl hexanoate CsHis02 144  0.001  0.095 0.001 0.098

DRetention index, YMolecule formula, YFormula weight, “Trace.
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Table 5. Continued

Peak ) 2 3) 0 days 30 days
No. R.L Compound Name MFE” FEW. ma/ka Area%s malka Areats
24 1252 Pentanol CsHi O 88 0.005 0471 0.005 0.478
25 1260 Dihydro—2-methyl-3—-furanone CsHgO» 100  0.001 0.098 0.002 0.193
26 1262 Methyl pyrazine CsHeN2 94 0.001  0.126 0.001 0.130
27 1272 Hexyl acetate CgHis02 144 - - 0.001 0.111
157 1308 Butvl benzene CoHu 134 - - - -
28 1320 (£)-2-Heptenal CHiO 112 0.005 0438 0.005 0.442
29 1335 6-Methyl-5-heptene-2-one  CsHi4O 126 0.004 0.348 0.002 0.199
30 1356 Hexanol CeHisO 102 0.274 24.683 0.087 8.240
31 1373 Dimethyl trisulfide CoHsS3 126 0.001  0.106 0.001 0.101
32 1383 (X)-3-Hexen-1-ol CeHi2O 100 0.053 4.744 0.020 1.856
33 1404 (£)-2-Hexen-1-ol CeHi2O 100 0.008 0.698 0.007 0.688
34 1427 (£)-2-Octenal CsHi4O 126 0.002 0.177 0.002 0.151
35 1447 Acetic acid CHsO2, 60  0.015 1.353 0.005 0.434
36 1450 3-Methyl thiopropanal CsHsOS 104  0.005 0.470 0.008 0.772
37 1458 Furfural CsHsO2 94 0.017 1516 0.023 2.151
38 1492 2-Ethyl hexanol CgHisO 130 0.006 0.525 0.006 0.570
39 1500 2-Acetyl furan CeéHeO2 110 0.003  0.240 0.003  0.266
40 1518 Benzaldehyde CHsO 106 0.001 0.124 0.003 0.270
41 1536 (2)-2-Decenal CiHisO 154 - - 7 0014
42 1548 Linalool CioH1s0 154 - 0.015 0.001 0.140
43 1566 3-Methylpyrrole CsH/N 81 - - 0.001 0.063
44 1633 2-Acetyl thiazole GHsNOS 127 0.021 1.877 0.019 1.756
45 1718 3-Methylthiophene—2-aldehyde C¢HsOS 126  0.002 0.163 0.007 0.674
46 1796 1-Phenyl-1-butanone CioHi202 148  0.005 0.422 0.013 1.181

DRetention index, YMolecule formula, YFormula weight,
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Table 5. Continued

ng R.LY Compound Name M.F.? FW.>° mg/l(zgdZea% mg/?l’:; (z?,ea%
47 1811 (£ £)-2,4-Decadienal CoHisO 152 - 0.002 0.182
48 1845 Hexanoic acid CeHppO2 116 0.010 0931 0.001 0.060
49 1874 4,7-Dimethyl-4-octanol ~ CioH»O 158 - - " 0.021
50 1959 Benzothiazole C:HsNS 135 0.002 0198 0.002 0.150
51 1971 1-Phenyl-1-butanol CioHiO 150  0.014 1.266 0.019 1.839
52 2197 2-tert-Butylphenol CioHiO 150  0.006 0566 0.007 0.643
53 2385 y-Dodecalactone CioH2202 198 0.007 0.653  0.007 0.691

Total 1.109 100 1.059 100

PRetention index, “Molecule formula, YFormula weight, "Trace.

Table 6. Relative content of functional groups in volatile flavor components

identified in Shingo Pear (Pyrus pyrifolia cv. Niitaka) during storage at 4C

Functional 0 days 30 days
groups c Relative area% C Relative area%

Aldehydes 11 46.489 13 59.564
Alcohols 11 34.942 12 16.488
Esters 3 3.795 5 3.451
furans 3 1.920 3 1.933
Ketones 5 2.348 6 4.920
N-Compounds 2 5.031 3 9.389
S-Compounds 4 0.814 4 1.703
Miscellaneous 7 4.661 6 2.553
Total 46 100 52 100

"Number of Compounds.
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mg/kg o2 Aol T7FEFE HuwA =2 FEFES AAsA oy, 3 kGyol A wha
Haste 4% BAd(Fig 8). oy AAMd AR F7He wE (A)-2-

hexenal®] &% W= &l =H=A &A%



Control E-0.25 KBy E-0.5 kGy E-1 kGy E-2 kGy

E- 5 kby

Figure 6. Photographs of irradiated Shingo Pear (Pyrus pyrifolia cv. Niitaka)

by electron beam.
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Figure 7. GC/MS total ion chromatograms of the volatile flavor components in
non- and irradiated Shingo Pear (Pyvrus pyrifolia cv. Niitaka) by electron
beam at 1 kGy.
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Table 7. Comparison of volatile flavor components identified in irradiated

Shingo Pear (Pyrus pyrifolia cv. Niitaka) by electron beam

(unit : mg/kg)

Peak Irradiation dose (kGy)

No. LY Compound name 0.5 05 ] 3
1 862  Ethyl acetate 0.041 0.066  0.040  0.120
2 891 2-Methyl butanal 0.001 0.002  0.002  0.001
3 895  3-Methyl butanal 0.003 0.002  0.003  0.001
4 921  Ethanol 0.005  0.038  0.019  0.029
5 937 2-Ethyl furan 0.001 0.002  0.003  0.001
6 944  2,3-Dimethyl octane 0.002 0.001 0.002  0.004
7 968 2-Pentanone 0.010  0.009  0.007  0.009
8 997  Decane - - 0.001 0.001
9 1035 Ethyl butanoate 0.001 0.009  0.001 0.006
10 1055 2,3-Pentanedione 0.003 0.004  0.002  0.001
11 1069 Dimethyl disulfide - 0.001 0.003  0.002
12 1080 Hexanal 0.553 0.622 0810  0.660
13 1103 3-Pentanol - - 0.002  0.002
14 1122 2-Pentanol 0.004  0.002  0.002  0.003
15 1134 (2)-3-Hexenal 0.001 0.001 0.004  0.002
16 1138 2-Methyl-2-pentenal 0.001 - 0.002  0.001
17 1141 Butanol - - - 0.001
18 1160 Ethyl 2-butenoate 0.000  0.003  0.001 0.002
19 1181 Pyridine 0.085  0.066  0.087  0.054
20 1196  (2)-2-Hexenal 0.004  0.004  0.005  0.005
21 1213 (£)-2-Hexenal 0105  0.108 0132  0.139
22 1228 2-Pentyl furan 0.021 0.033 0012  0.026
23 1231 Ethyl hexanoate 0.001 0.004 0.001 0.004
24 1252 Pentanol 0.006  0.007  0.006  0.008

1 2)
"Molecule formula, “Trace.
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Table 7. Continued
(unit : mg/kg)

Peak L Irradiation dose (kGy)
R.IL Compound name

No. 025 05 1 3
25 1260 Dihydro-2-methyl-3-furanone  0.002 0.002  0.002  0.001
26 1262 Methyl pyrazine 0.001 0.001 0.002 t
27 1272 Hexyl acetate 0.001  0.001 t7 0.001
757 108  Butyl benzene - - - -
28 1320 (£)-2-Heptenal 0.007  0.009  0.006  0.007
29 1335 6-Methyl-5-heptene-2-one 0.004  0.004  0.005  0.004
30 1356 Hexanol 0178  0.239 0367  0.298
31 1373  Dimethyl trisulfide 0.001 0.002  0.003  0.001
32 1383  (2)-3-Hexen-1-o0l 0.013 0.008  0.059  0.014
33 1404 (£)-2-Hexen-1-ol 0.004  0.009  0.008  0.014
34 1427 (£)-2-Octenal 0.002 0.004  0.002  0.004
35 1447  Acetic acid 0.017 0.014 0012  0.017
36 1450 3-Methyl thiopropanal 0.006 0.006 0.007 0.006
37 1458  Furfural 0.019 0.017  0.029  0.027
38 1492  2-Ethyl hexanol 0.007  0.009  0.008  0.009
39 1500  2-Acetyl furan 0.001 0.001 0.001 0.004
40 1518 Benzaldehyde 0.001 0.002  0.002  0.005
41 1536  (2)-2-Decenal - - - 0.001
42 1548  Linalool 0.001 0.003  0.004  0.002
43 1566 3-Methylpyrrole - - - 0.001
44 1633 2-Acetyl thiazole 0.025 0.035 0019 0.021

45 1718 3-Methylthiophene-2-aldehyde - - - -
46 1796 1-Phenyl-1-butanone 0.009 0.006 0.004 0.006

URetention index, IInternal standard, YTrace.
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Table 7. Continued

(unit : mg/kg)

Peak 0 Irradiation dose (kGy)
R.L Compound name
No. 0.25 0.5 1 3

47 1811 (£ £)-2,4-Decadienal 0.001 - 0.002  0.010
48 1845 Hexanoic acid 0.009 0.005  0.009  0.012
49 1874 4,/7-Dimethyl-4-octanol - - - 0.002
50 1959 Benzothiazole 0.002 0.003  0.002  0.001
51 1971 1-Phenyl-1-butanol 0.015 0.018 0.017  0.013
52 2197  2-fer-Butylphenol 0.003 0.007  0.007  0.006
53 2385  y—-Dodecalactone 0.001 0.002 0.005 0.004

Total 1.178 1.388 1.726 1.574

1 . .
'Retention index.

Table 8. Relative content of functional groups in volatile flavor components

identified in irradiated Shingo Pear (Pyrus pyrifolia cv. Niitaka) by electron

beam
Irradiation dose (kGy)
Functional
0.25 0.5 1 3
groups 0

C area%s C area%s C area% C area%
Aldehydes 12 59.188 10 55.411 12 57.797 13 54.904
Alcohols 9 20.074 9 24.335 10 28.684 12 25.374
Esters 5 3.733 5 5919 5 2.471 5 8.416
furans 3 1.971 3 2.625 3 0.930 3 1.971
Ketones 6 2.320 6 1.943 6 1.443 6 1.624
N-Compounds 2 7.301 2 4.823 2 5.121 3 3.498
S-Compounds 2 0.639 3 0.616 3 0.748 3 0.532
Miscellaneous 6 4774 6 4.329 7 2.807 6 3.680
Total 45 100 44 100 48 100 51 100

UNumber of Compounds.
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Figure 8. Changes of Cs lipid peroxidation products in irradiated Shingo
Pear (Pyrus pyrifolia cv. Niitaka) by electron beam.
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Figure 9. 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 9. Changes of volatile flavor components identified in irradiated Singo Pear (Pyrus pyrifolia cv.
Niitaka) electron beam after storage at 4°C for 30 days

(unit : mg/kg)
Peak Irradiation dose (kGy)
Compound Name 0.25 0.5 1 3

No. 0 days 30 days 0 days 30 days 0 days 30 days O days 30 days
1 Ethyl acetate 0.041 0.223 0.066 0.834 0.040 0.126 0.120 0.041
2 2-Methyl butanal 0.001 0.002 0.002 ¢! 0.002 0.003 0.001 0.001
3 3-Methyl butanal 0.003 0.004 0.002 0.001 0.003 0.009 0.001 0.005
4 Ethanol 0.005 0.004 0.038 0.003 0.019 0.008 0.029 0.007
5 2-Ethyl furan 0.001 t 0.002 0.001 0.003 0.001 0.001 0.001
6 2,3-Dimethyl octane 0.002 t 0.001 0.002 0.002 t 0.004 t

7 2-Pentanone 0.010 0.259 0.009 0.014 0.007 0.041 0.009 0.017
8 Decane - - - - 0.001 - 0.001 -

9 Ethyl butanoate 0.001 0.003 0.009 0.007 0.001 t 0.006 t

10 2,3-Pentanedione 0.003 0.005 0.004 0.002 0.002 0.007 0.001 0.002
11 Dimethyl disulfide - 0.003 0.001 0.001 0.003 0.006 0.002 0.003
12 Hexanal 0.553 0.178 0.622 0.228 0.810 0.387 0.660 0.455
13 3-Pentanol - 0.004 - 0.001 0.002 0.008 0.002 0.003
14 2-Pentanol 0.004 0.016 0.002 0.006 0.002 0.028 0.003 0.013
15 (2)-3-Hexenal 0.001 0.002 0.001 0.002 0.004 0.001 0.002 0.004
16 2-Methyl-2-pentenal 0.001 0.001 - 0.001 0.002 0.001 0.001 0.002
17 Butanol - 0.002 - 0.001 - t 0.001 0.001
18 Ethyl 2-butenoate 0.000 0.002 0.003 0.003 0.001 0.002 0.002 0.001
19 Pyridine 0.085 0.083 0.066 0.050 0.087 0.157 0.054 0.101
20 (2)-2-Hexenal 0.004 0.005 0.004 0.003 0.005 0.010 0.005 0.011

Trace.

_35_



Table 9. Continued

(unit : mg/kg)
Peak Irradiation dose (kGy)
Compound Name 0.25 0.5 1 3

No. 0 days 30 days 0 days 30 days 0 days 30 days 0 days 30 days
21 (£)-2-Hexenal 0.105 0.115 0.108 0.088 0.132 0.247 0.139 0.314
22 2-Pentyl furan 0.021 0.011 0.033 0.008 0.012 0.019 0.026 0.016
23 Ethyl hexanoate 0.001 - 0.004 0.002 0.001 0.002 0.004 0.001
24 Pentanol 0.006 0.004 0.007 0.002 0.006 0.006 0.008 0.005
25 Dihydro-2-methyl-3-furanone  (0.002 0.002 0.002 0.001 0.002 0.004 0.001 0.002
26 Methyl pyrazine 0.001 0.002 0.001 0.001 0.002 - t 0.002
27 Hexyl acetate 0.001 t* 0.001 0.001 t 0.001 0.001 0.001
7S” Butyl benzene - - - - - - - -
28 (£)-2-Heptenal 0.007 0.004 0.009 0.002 0.006 0.005 0.007 0.004
29 6-Methyl-5-heptene-2-one  0.004 0.003 0.004 0.001 0.005 0.010 0.004 0.006
30 Hexanol 0.178 0.039 0.239 0.028 0.367 0.080 0.298 0.104
31 Dimethyl trisulfide 0.001 0.002 0.002 0.001 0.003 0.003 0.001 0.002
32 (2)-3-Hexen-1-0l 0.013 0.007 0.008 0.003 0.059 0.010 0.014 0.008
33 (£)-2-Hexen-1-o0l 0.004 0.006 0.009 0.003 0.008 0.012 0.014 0.021
34 (£)-2-Octenal 0.002 0.001 0.004 0.001 0.002 0.002 0.004 0.003
35 Acetic acid 0.017 0.005 0.014 0.004 0.012 0.016 0.017 0.007
36 3-Methyl thiopropanal 0.006 0.006 0.006 0.005 0.007 0.012 0.006 0.009
37 Furfural 0.019 0.023 0.017 0.012 0.029 0.043 0.027 0.035
38 2-Ethyl hexanol 0.007 0.006 0.009 0.005 0.008 0.013 0.009 0.005
39 2-Acetyl furan 0.001 0.002 0.001 0.001 0.001 0.005 0.004 0.003
40 Benzaldehyde 0.001 0.003 0.002 0.005 0.002 0.003 0.005 0.001

YInternal standard, Trace.
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Table 9. Continued

(unit : mg/kg)

Peak 0.25 0.5 1 3
Compound Name
No. 0 30 0 30 0 30 0 30
41 (H-2-Decenal - t" - t - - 0.001 -
42 Linalool 0.001 0.002 0.003 0.001 0.004 0.002 0.002 0.002
43 3-Methylpyrrole - - - 0.001 - 0.002 0.001 0.001
44 2-Acetyl thiazole 0.025 0.009 0.035 0.004 0.019 0.018 0.021 0.016
45 3-Methylthiophene-2-aldehyde - t - 0.003 - 0.003 - -
46 1-Phenyl-1-butanone 0.009 0.014 0.006 0.007 0.004 0.021 0.006 0.011
47 (£ £)-2,4-Decadienal 0.001 t - t 0.002 - 0.010 0.002
48 Hexanoic acid 0.009 0.001 0.005 0.001 0.009 t 0.012 0.004
49 4 7-Dimethyl-4-octanol - t - t - 0.002 -
50 Benzothiazole 0.002 0.003 0.003 0.001 0.002 0.004 0.001 0.002
51 1-Phenyl-1-butanol 0.015 0.016 0.018 0.007 0.017 0.034 0.013 0.019
52 2-tert-Butylphenol 0.003 0.011 0.007 0.004 0.007 0.011 0.006 0.010
53 y—Dodecalactone 0.001 0.009 0.002 0.002 0.005 0.023 0.004 0.011
Total 1.178 1.102 1.388 1.367 1.726 1.406 1.574 1.294
YTrace.
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Figure 10. Changes of GCs lipid peroxidation products of in irradiated
Shingo Pear (Pyrus pyrifolia cv. Niitaka) by electron beam after storage

at 4C for 30 days.
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Table 10. Relative content of functional groups in volatile flavor components
identified in irradiated Shingo Pear (Pyrus pyrifolia cv. Niitaka) by electron
beam after 30 days of storage

Irradiation dose (kGy)

Functional 0.95 05 1 3

groups 0 days 30 days 0 days 30 days 0 days 30 days 0 days 30 days

Aldehydes 59.188 30.583 55411 25254 57.797 50.601 54.904 64.622

Alcohols 20.074 10549 24335 4.649 28,684 14917 25374 15.191
Esters 3.733  20.744 5919 61948 2471 9405 8416  3.456
furans 1971 1225 2625 0779 0930 1.733 1971  1.542
Ketones 2320 26516 1943 1958 1443 7512 1624  3.787

N-Compounds 7.301  7.669 4823 3734 5121 11282 3498  8.022
S-Compounds 0.639 0973 0616 0.723 0.748 1733 0532  1.066
Miscellaneous  4.774 1741 4329 0.955  2.807 2817 3.680 2.315

Total 100 100 100 100 100 100 100 100

UNumber of Compounds.
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Table 11. Sensory evaluation of non- and irradiated Shingo Pear (Pyrus
pyrifolia cv. Niitaka) by electron beam

Sensory score

Irradiation
dose (kGy) Color Flavor Texture Sour Sweet Overall
acceptance

0 5.07" 433" 6.20° 5.20° 5.13° 5.20"
0.25 6.13° 567 6.53" 5.60° 6.27" 6.33"
05 5.27° 5.47° 6.13" 5.20° 6.87" 6.60""
1 5.60" 5.07 5.60" 4.60" 5.33" 5.20°
3 567 4.80° 5.27° 4.60° 4.73% 4.07*

Vaeyalues with different letters within a column differ significantly (2 < 0.05).
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Table 12. Sensory evaluation of non- and irradiatied Shingo Pear (Pyrus

pyrifolia cv. Niitaka) by electron beam after storage at 4C for 30 days

Sensory score

Irradiation
dose (kGy) Color Flavor Texture Sour Sweet Overall
acceptance

0 547" 5.60" 6.27° 5.00" 6.00" 5.93"
0.25 547" 513" 6.40" 4.60" 5.33™ 5.27
0.5 5.60° 447" 507" 4.60° 4.20° 4.33"
1 4.93* 4.73° 6.20" 4.00* 5.73% 5.60%
3 5.33" 547" 5.67" 367 6.87" 6.73"

V49V alues with different letters within

a column differ significantly (Z~ < 0.05).
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Figure 11. Photographs of irradiated Shingo Pear (Pyrus pyrifolia cv. Niitaka)

by gamma-ray.
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Figure 12. GC/MS total ion chromatograms of volatile flavor components
in non- and irradiated Shingo Pear (Pyrus pyrifolia cv. Niitaka) by
gamma— ray at 1 kGy.
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Table 13. Comparison of volatile flavor components identified in irradiated

Shingo Pear (Pyrus pyrifolia cv. Niitaka) by gamma-ray
(unit : mg/kg)

Peak D Irradiation dose (kGy)

No. R.I Compound name 0.5 05 ] 3
1 862  Ethyl acetate 0.029 0.046 0.037 0.099
2 891  2-Methyl butanal 0.003  0.001  0.003  0.002
3 895  3-Methyl butanal 0.001  0.005  0.002  0.002
4 921  Ethanol 0.053  0.019 0.012  0.018
5 937  2-Ethyl furan t7 - 0.002  0.003
6 944  2,3-Dimethyl octane 0.001 0.001 0.004 0.008
7 968 2-Pentanone 0.007 0.007 0.007 0.012
8 997  Decane - 0.002  0.003  0.008
9 1035 Ethyl butanoate 0.001 0.001 - -
10 1055 2,3-Pentanedione 0.001  0.003  0.001  0.002
11 1069 Dimethyl disulfide 0.002 0.002 0.002 -
12 1080 Hexanal 0.557 0.563 0.502 0.327
13 1103 3-Pentanol 0.001 0.001 - 0.004
14 1122  2-Pentanol 0.003  0.003  0.004  0.006
15 1134 (2)-3-Hexenal 0.003  0.003  0.005  0.004
16 1138  2-Methyl-2-pentenal 0.001  0.002  0.002  0.001
17 1141 Butanol - 0.001 - -
18 1160 Ethyl 2-butenoate - 0.003 0.003 0.003
19 1181 Pyridine 0.063 0.079 0.064 0.053
20 1196  (2)-2-Hexenal 0.007  0.010  0.012  0.012
21 1213 (£)-2-Hexenal 0.203  0.300 0360  0.357
22 1228 2-Pentyl furan 0.020 0.036 0.028 0.035
23 1231 Ethyl hexanoate 0.001 0.001 0.001 0.003
24 1252 Pentanol 0.004 0.008 0.005 0.008

i) 2)
Molecule formula, “Trace.
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Table 13. Continued.

(unit : mg/kg)

Peak Irradiation dose (kGy)

No. RV Compound name 0.5 05 ] 3
25 1260 Dihydro—2-methyl-3—-furanone  0.002 0.002 0.001 0.002
26 1262  Methyl pyrazine 0.001 0.002 0.001 0.002
27 1272 Hexyl acetate 0.001 0.001 -

757 1508 Butvl benzene - - -
28 1320 (£)-2-Heptenal 0.002  0.005  0.005  0.006
29 1335 6-Methyl-5-heptene—2-one 0.006 0.005 0.004 0.005
30 1356  Hexanol 0.260  0.276 0490  0.142
31 1373  Dimethyl trisulfide 0.001 0.002 0.002 0.001
32 1383  (2)-3-Hexen-1-o0l 0.015  0.012  0.031  0.042
33 1404  (£)-2-Hexen-1-ol 0.021  0.036  0.087  0.026
34 1427 (£)-2-Octenal 0.002 0.003 0.005 0.005
35 1447  Acetic acid 0.012  0.017 0018  0.034
36 1450 3-Methyl thiopropanal 0.007 0.008 0.004 0.004
37 1458 Furfural 0.028  0.034  0.027  0.058
38 1492 2-Ethyl hexanol 0.007 0.009 0.006 0.010
39 1500 2-Acetyl furan 0.002 0.001 0.005 0.005
40 1518 Benzaldehyde 0.003  0.002  0.001  0.002
41 1536 (2)-2-Decenal 0.002 0.003 0.004
42 1548 Linalool t¥ t 0.003  0.004
43 1566  3-Methylpyrrole 0.001 0.001 0.002 0.006
44 1633 2-Acetyl thiazole 0.028  0.027  0.023  0.025
45 1718 3-Methylthiophene-2-aldehyde - 0.004 t -
46 1796 1-Phenyl-1-butanone 0.007 0.009 0.004 0.009

PRetention index, “Internal standard, YTrace.
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Table 13. Continued.

Peak 1) Irradiation dose (kGy)
No. R.IL Compound name 0.5 05 ] 3
47 1811 (Z.2)-2,4-Decadienal 0.003  0.004  0.003  0.006
48 1845 Hexanoic acid t* 0.016  0.022  0.042
49 1874 4,7-Dimethyl-4-octanol 0.001  0.004  0.002  0.004
50 1959 Benzothiazole 0.002  0.003  0.002  0.003
51 1971 1-Phenyl-1-butanol 0.014  0.020 0015 0.018
52 2197 2-terr-Butylphenol 0.009  0.009  0.004  0.004
53 2385 y-Dodecalactone 0.004  0.007  0.003  0.003
54 2541 Octadecanol 0.002  0.008  0.003 -
Total 1.405 1.628 1836 1.437

i) . . 2)
Retention index, “Trace.

Table 14. Relative content of functional groups in volatile flavor components

identified in irradiated Shingo Pear (Pyrus pyrifolia cv. Niitaka) by gamma-

ray
Functional 0.25 0.5 1 3

groups C  mg/kg C mg/kg C mg/kg C mg/kg
Aldehydes 12 58.072 13 57.399 13 50.660 13 54.640
Alcohols 12 27.831 13 24.991 12 35.905 11 19.657
Esters 3 2.168 5 3.204 4 2.311 3 7.278
furans 3 1.623 2 2.273 3 1.860 3 2.923
Ketones 6 1.919 6 2.094 6 1.108 6 2.331
N-Compounds 3 4.642 3 5.012 3 3.640 3 4.236
S-Compounds 3 0.704 4 0.965 4 0.429 2 0.378
Miscellaneous 6 3.042 7 4.061 7 4.086 7 8.557
Total 48 100 53 100 52 100 48 100

UNumber of Compounds.
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Figure 13. Changes of GCs lipid peroxidation products of in non—- and

irradiated Shingo Pear (Pyrus pyrifolia cv. Niitaka) by gamma-ray.
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Figure 14. GC/MS total ion chromatograms of volatile flavor components
in non- and irradiated Shingo Pear (Pyrus pyrifolia cv. Niitaka) by
gamma- ray at 1 kGy after storage at 4C for 30 days.
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Table 15. Changes of Volatile flavor components identified in irradiated Singo pear (Pyrus pyrifolia cv.
Niitaka) by gamma-ray after storage at 4C for 30 days
(unit @ mg/kg)

Irradiation dose (kGy)

Peak Compound Name 0.25 0.5 1 3

No. 0 days 30 days 0 days 30 days 0 days 30 days 0 days 30 days
1 Ethyl acetate 0.029 0.043 0.046 0.047 0.037 0.035 0.099 0.066
2 2-Methyl butanal 0.003 0.003 0.001 0.002 0.003 0.005 0.002 0.003
3 3-Methyl butanal 0.001 0.009 0.005 0.007 0.002 0.005 0.002 0.004
4 Ethanol 0.053 0.004 0.019 0.003 0.012 0.004 0.018 0.004
5 2-Ethyl furan ¢! 0.003 - 0.001 0.002 0.001 0.003 0.001
6 2,3-Dimethyl octane 0.001 0.001 0.001 t 0.004 0.001 0.008 -

7 2-Pentanone 0.007 0.019 0.007 0.019 0.007 0.019 0.012 0.026
8 Decane - - 0.002 - 0.003 - 0.008 -

9 Ethyl butanoate 0.001 0.001 0.001 0.001 - 0.001 - 0.001
10 2,3-Pentanedione 0.001 0.005 0.003 0.006 0.001 0.003 0.002 0.006
11 Dimethyl disulfide 0.002 0.002 0.002 0.002 0.002 t - -

12 Hexanal 0.557 0.371 0.563 0.312 0.502 0.337 0.327 0.182
13 3-Pentanol 0.001 0.003 0.001 0.004 - 0.004 0.004 0.005
14 2-Pentanol 0.003 0.014 0.003 0.016 0.004 0.013 0.006 0.018
15 (2)-3-Hexenal 0.003 0.002 0.003 0.002 0.005 0.004 0.004 0.002
16 2-Methyl-2-pentenal 0.001 0.001 0.002 0.001 0.002 0.003 0.001 0.001
17 Butanol - 0.001 0.001 0.002 - 0.001 - 0.002
18 Ethyl 2-butenoate - 0.002 0.003 0.003 0.003 0.002 0.003 0.002
19 Pyridine 0.063 0.077 0.079 0.092 0.064 0.081 0.053 0.092
20 (2)-2-Hexenal 0.007 0.007 0.010 t 0.012 0.018 0.012 0.008

"Trace.
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Table 15. Continued.

(mg/kg or day)

Irradiation dose (kGy)

Peak Compound Name 0.25 0.5 1 3

No. 0 days 30 days 0 days 30 days 0 days 30 days 0 days 30 days
21 (£)-2-Hexenal 0.203 0.212 0.300 0.378 0.360 0.501 0.357 0.207
22 2-Pentyl furan 0.020 0.012 0.036 0.045 0.028 0.015 0.035 0.030
23 Ethyl hexanoate 0.001 0.002 0.001 0.001 0.001 0.002 0.003 0.002
24 Pentanol 0.004 0.005 0.008 0.009 0.005 0.006 0.008 0.008
25 Dihydro-2-methyl-3-furanone 0.002 0.002 0.002 0.002 0.001 0.002 0.002 0.003
26 Methyl pyrazine 0.001 0.001 0.002 0.001 0.001 0.002 0.002 0.002
27  Hexyl acetate - 0.001  0.001  0.001  0.001 t” - -
7s” Butyl benzene - - - - - - - -
28 (£)-2-Heptenal 0.002 0.004 0.005 0.006 0.005 0.005 0.006 0.009
29 6-Methyl-5-heptene-2-one 0.006 0.004 0.005 0.004 0.004 0.006 0.005 0.007
30 Hexanol 0.260 0.153 0.276 0.189 0.490 0.068 0.142 0.042
31 Dimethyl trisulfide 0.001 0.003 0.002 0.003 0.002 0.003 0.001 0.003
32 (2)-3-Hexen-1-o0l 0.015 0.026 0.012 0.009 0.031 0.011 0.042 0.008
33 (£)-2-Hexen-1-ol 0.021 0.022 0.036 0.080 0.087 0.035 0.026 0.007
34 (£)-2-Octenal 0.002 0.002 0.003 0.006 0.005 0.003 0.005 0.004
35 Acetic acid 0.012 0.015 0.017 0.014 0.018 0.007 0.034 0.015
36 3-Methyl thiopropanal 0.007 0.006 0.008 0.005 0.004 0.007 0.004 0.009
37 Furfural 0.028 0.040 0.034 0.037 0.027 0.044 0.058 0.094
38 2-Ethyl hexanol 0.007 0.007 0.009 0.010 0.006 0.008 0.010 0.012
39 2-Acetyl furan 0.002 0.003 0.001 0.004 0.005 0.004 0.005 0.007
40 Benzaldehyde 0.003 0.004 0.002 0.004 0.001 0.004 0.002 0.007

YInternal standard, “Trace.
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Table 15. Continued.

(mg/kg or day)

Irradiation dose (kGy)

Peak

No Compound Name 0.25 0.5 1 3
: 0 days 30 days 0 days 30 days 0 days 30 days 0 days 30 days

41 (2)-2-Decenal - 0.001 0.002 0.010 0.003 0.001 0.004 0.003
42 Linalool t! 0.007 t 0.004 0.003 0.005 0.004 0.018
43 3-Methylpyrrole 0.001 0.001 0.001 0.001 0.002 0.003 0.006 0.007
44 2-Acetyl thiazole 0.028 0.018 0.027 0.017 0.023 0.015 0.025 0.018
45 3-Methylthiophene-2-aldehyde - - 0.004 0.004 t 0.001 - 0.024
46 1-Phenyl-1-butanone 0.007 0.013 0.009 0.012 0.004 0.014 0.009 0.015
47 (£ £)-2,4-Decadienal 0.003 0.005 0.004 0.003 0.003 0.002 0.006 0.006
48 Hexanoic acid t 0.008 0.016 0.014 0.022 0.006 0.042 0.008
49 4,7-Dimethyl-4-octanol 0.001 0.003 0.004 0.004 0.002 0.001 0.004 0.039
50 Benzothiazole 0.002 0.003 0.003 0.001 0.002 0.002 0.003 0.003
51 1-Phenyl-1-butanol 0.014 0.023 0.020 0.021 0.015 0.017 0.018 0.030
52 2-tert-Butylphenol 0.009 0.007 0.009 0.007 0.004 0.008 0.004 0.010
53 y-Dodecalactone 0.004 0.011 0.007 0.009 0.003 0.008 0.003 0.009
54 Octadecanol 0.002 - 0.008 - 0.003 - -

Total 1.405 1.192 1.628 1.434 1.836 1.353 1.437  1.085

YTrace.
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Figure 15. Changes of Cs lipid peroxidation products in non- irradiated

Shingo Pear (Pyrus pyrifolia cv. Niitaka) by gamma-ray after storage at

4C for 30 days.
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Table 16. Relative content of functional groups in volatile flavor components

identified in irradiated Shingo Pear (Pyrus pyrifolia cv. Niitaka) by gamma-

ray after storage at 4C for 30 days

Functional 0.25 0.5

groups 0 30 0 30 0 30 0 30
Aldehydes 58.072 55471 57.399 53526 50.660 68.826 54.640 48.834
Alcohols 27.831 22,657 24991 24.664 35905 12984 19.657 16.945
Esters 2168 3991 3204 3707 2311 2918 7278 6.583
furans 1.623 1488 2273 3486 1.860 1510 2923 3.410
Ketones 1.919 4564 2.094 3591 1.108 3.880 2.331 5.937
N-Compounds 4642 6.644 5012 6593 3640 6.357 4236 9.353
S-Compounds 0.704 0949 0965 0951 0429 0874 0378 3.296
Miscellaneous 3.042 4237 4.061 3483 4.086 2.651 8557 5.641
Total 100 100 100 100 100 100 100 100

UNumber of Compounds.
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Table 17. Sensory evaluation of non- and irradiated Shingo Pear (Pyrus

pyrifolia cv. Niitaka) by gamma-ray

Sensory score

Irradiation
dose (kGy) Color Flavor Texture Sour Sweet Overall
acceptance

0 347 4.20° 6.53" 5.93" 6.47% 5.93*
0.25 4,60 413 6.93" 5.60" 4.80" 4.80°
05 467 4.80° 707" 5.80° 7.07 6.33°
1 7.07° 6.73 6.73" 5.93" 8.07° 7.40™
3 553" 3.40° 4.27° 3.80" 3.27° 2.80°

Vadyalues with different letters within a column differ significantly (2 < 0.05).

Table 18. Sensory evaluation of non- and irradiatied Shingo Pear (Pyrus

pyrifolia cv. Niitaka) by gamma-ray after storage at 4C for 30 days

Sensory score

Irradiation
dose (kGy) Color Flavor Texture Sour Sweet Overall
acceptance

0 5.33% 5.13" 6.27" 4.00" 6.20°" 6.00°"
0.25 5.60" 6.20° 7.33° 467 7.40 767
0.5 5.33% 5.07% 6.33" 467 6.33" 6.13°
1 5.73" 5.27° 6.13" 3.67° 5.60° 5.67
3 4.33° 3.67" 353" 3.60° 4.27° 3.87¢

Vadyalues with different letters within a column differ significantly (2~ < 0.05).
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Figure 16. GC/MS chromatograms of volatile flavor components in non-
and irradiated Shingo pear (Pyrus pyrifolia cv. Niitaka) by gamma-ray

and electron beam at 1 kGy.
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Table 19. Comparison of volatile flavor components identified in non- and irradiatied Shingo Pear (Pyrus
pyrifolia cv. Niitaka) at 1 kGy by gamma- ray and electron beam after storage at 4C for 30 days
(unit @ mg/kg)

Irradiation source

Peak Control
Compound Name Electron beam Gamma-ray

No. 0 days 30 days 0 days 30 days 0 days 30 days
1 Ethyl acetate 0.040 0.033 0.040 0.126 0.037 0.035
2 2-Methyl butanal 0.001 0.003 0.002 0.003 0.003 0.005
3 3-Methyl butanal 0.003 0.005 0.003 0.009 0.002 0.005
4 Ethanol 0.019 0.004 0.019 0.008 0.012 0.004
5 2-Ethyl furan 0.005 0.003 0.003 0.001 0.002 0.001
6 2,3-Dimethyl octane 0.002 t 0.002 t 0.004 0.001
7 2-Pentanone 0.007 0.024 0.007 0.041 0.007 0.019
8 Decane 0.001 - 0.001 - 0.003 -

9 Ethyl butanoate - 0.001 0.001 t - 0.001
10 2,3-Pentanedione 0.002 0.004 0.002 0.007 0.001 0.003
11 Dimethyl disulfide 0.001 0.002 0.003 0.006 0.002 t

12 Hexanal 0.379 0.413 0.810 0.387 0.502 0.337
13 3-Pentanol ¢ 0.004 0.002 0.008 - 0.004
14 2-Pentanol 0.003 0.015 0.002 0.028 0.004 0.013
15 (2)-3-Hexenal 0.001 0.003 0.004 0.001 0.005 0.004
16 2-Methyl-2-pentenal 0.001 0.004 0.002 0.001 0.002 0.003
17 Butanol t t - t - 0.001
18 Ethyl 2-butenoate 0.001 t 0.001 0.002 0.003 0.002
19 Pyridine 0.054 0.097 0.087 0.157 0.064 0.081
20 (2)-2-Hexenal 0.004 0.006 0.005 0.010 0.012 0.018

YTrace.
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Table 19. Continued

(unit : mg/kg)

Irradiation source

Peak Compound Name Control Electron beam Gamma-ray
No. 0 days 30 days 0 days 30 days 0 days 30 days
21 (£)-2-Hexenal 0.102 0.164 0.132 0.247 0.360 0.501
22 2-Pentyl furan 0.014 0.015 0.012 0.019 0.028 0.015
23 Ethyl hexanoate 0.001 0.001 0.001 0.002 0.001 0.002
24 Pentanol 0.005 0.005 0.006 0.006 0.005 0.006
25 Dihydro-2-methyl-3-furanone 0.001 0.002 0.002 0.004 0.001 0.002
26 Methyl pyrazine 0.001 0.001 0.002 - 0.001 0.002
27 Hexyl acetate - 0.001 t* 0.001 0.001 t
75" Lutyvl benzene - - - - -
28 (£)-2-Heptenal 0.005 0.005 0.006 0.005 0.005 0.005
29 6-Methyl-5-heptene-2-one 0.004 0.002 0.005 0.010 0.004 0.006
30 Hexanol 0.274 0.087 0.367 0.080 0.490 0.068
31 Dimethyl trisulfide 0.001 0.001 0.003 0.003 0.002 0.003
32 (-3-Hexen-1-o0l 0.053 0.020 0.059 0.010 0.031 0.011
33 (£)-2-Hexen-1-ol 0.008 0.007 0.008 0.012 0.087 0.035
34 (£)-2-Octenal 0.002 0.002 0.002 0.002 0.005 0.003
35 Acetic acid 0.015 0.005 0.012 0.016 0.018 0.007
36 3-Methyl thiopropanal 0.005 0.008 0.007 0.012 0.004 0.007
37 Furfural 0.017 0.023 0.029 0.043 0.027 0.044
38 2-Ethyl hexanol 0.006 0.006 0.008 0.013 0.006 0.008
39 2-Acetyl furan 0.003 0.003 0.001 0.005 0.005 0.004
40 Benzaldehyde 0.001 0.003 0.002 0.003 0.001 0.004

UInternal standard, Trace.
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Table 19. Continued

(unit : mg/kg)

Irradiation source

Peak Compound Name Control Electron beam Gamma-ray
No. 0 days 30 days 0 days 30 days 0 days 30 days

41 (2-2-Decenal - t" - 0.003 0.001
42 Linalool - 0.001 0.004 0.002 0.003 0.005
43 3-Methylpyrrole - 0.001 0.002 0.002 0.003
44 2-Acetyl thiazole 0.021 0.019 0.019 0.018 0.023 0.015
45 3-Methylthiophene-2-aldehyde 0.002 0.007 0.003 t 0.001
46 1-Phenyl-1-butanone 0.005 0.013 0.004 0.021 0.004 0.014
47 (£ £)-2,4-Decadienal - 0.002 0.002 - 0.003 0.002
48 Hexanoic acid 0.010 0.001 0.009 t 0.022 0.006
49 4 7-Dimethyl-4-octanol - t 0.002 0.001
50 Benzothiazole 0.002 0.002 0.002 0.004 0.002 0.002
51 1-Phenyl-1-butanol 0.014 0.019 0.017 0.034 0.015 0.017
52 2-tert-Butylphenol 0.006 0.007 0.007 0.011 0.004 0.008
53 y-Dodecalactone 0.007 0.007 0.005 0.023 0.003 0.008
54 Octadecanol - - - 0.003 -

Total 1.109 1.059 1.726 1.406 1.836 1.353

YTrace.
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