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Abstract

This study was conducted to evaluate the effect of gamma irradiation (0.4, 0.6, 0.8, 1 and 1.5 kGy) on the microbiological,
physicochemical and sensory qualities of imported orange during storage at 3°C for 60 days. Total aerobic bacteria and
yeast/mold counts in non-irradiated oranges were 3.59 and 3.75 log CFU/g, and those counts in irradiated oranges at 1.5
kGy were decreased by 1.75 and 2.26 log CFU/g, respectively. Moreover, those counts were decreased significantly according
to a dose-dependent manner after gamma irradiation. The pH revealed no significant difference between the control and
irradiated samples; however, titratable acidity was decreased significantly according to a dose-dependent manner and storage
time. The vitamin C contents were decreased significantly according to a dose-dependent manner and storage time after
gamma irradiation. Further, sensory evaluation testing revealed no significant difference between the control and irradiated
samples, except 1.5 kGy. Samples irradiated at 1.5 kGy had the lowest values in color, sweetness, sourness, flavor, texture
and overall acceptance. The results suggest that gamma irradiation was effective for ensuring microbiological safety;
however, irradiated oranges at 1 and 1.5 kGy did not have good physicochemical and sensory qualities. Therefore, we can
use the sample irradiated at 0.4~0.6 kGy as optimum-dose to be minimize on quality changes.
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2 E30o|th(Lee YS 2004; Park S5 2007).

A AFe A NS S8l 7FE Ad A =
AL EFA A2, 3hst oFF A2, microwave 5] At A
£ SHAIEL o] 2o o3t A9 URt RO Wit ¢ &
AE 7t AW, Bkt i 2hF 9 fa EEY Al
o2 oy ZAEE o1k, ndE A Ak "ojA &
ARl A 7= 7ido] Basieh weha 2T o7 A
71& 5 stz YA oldR] 9] o] go] Al Aoz <l
A= 31 QIth(Van Calenberg 5 1998; Ko 5 2005). AZ2] 1}
A ZAb= FAO, TAEA, WHO 59 =A|7] oA #8581,
HAEE AlE E 3FEA AFY Ao 3 &
A AA 600] =7t A AFFH o2 o] &= 1L §lom(Byun &
Yook 2003), FDAO| AL A& 240 B o2 3}g) o] vha}
A A= 1 kGy o|8t2 8]8-8F3 QITHFDA 2008). ZuhAle
AES & 24T $, detol 7Hsste] At & T
A9 22t oS WAT = L, HFe =2 A7t 7hHssh,
2 2 EF2 ASol AY gloh ®3, AAgt A At
CENES AL §AAAE gl ojst
of e AA A4 ns Yehe, 21&9 d¥eHE -
T2 HIlE Ak = e AR ol §lof(Sawai 5 1990;
Byun 1997; Niemira 5 2001), &9 JAistel B2 =
Aol Fa% a7 71"t Yun 5 2008).

=7} 7ke] A1F o] Eds T FAof nl=olA e
29 /A Aol A FTIst, &Y AEFY HA W
Hoz Hhabdo] SiEa QIAITE AR 2AME SARET
dojztdo] A== -5l et o] nkAEo] A &
of, A|A| F9 o AAF-3t AgFollA Azt 3439 EAE oF]
Al 4= SQlthLee JW 2009). mebA] & dAtoAs U=
AHY 712& BHstL, A 2AMAZY AEdS B35H]
Ak HHQ] dgto g FAnbd ZAPE LAIX| 9 n]dE W o]
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1. M=

20139 19 5L F oA wl= A zyotoA ¢
% Navel 2@ X|(Citrus sinensis)E& F-4ste] AEZ AHESIA
ot QA= Avbd 2ARE £ 2148 A 3 @(Homeplus, poly-
ethylene, Hwaseong, Korea)o] do] Wd3 BIH3+£2TC)st4Th
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b AR YA AT AL TR T A eong-
eup, Republic of Korea) Y Co® ZrmpA RAAA(150 TBq
capacity; ACEL, MDS Nordion, Canada)& ©]-&3}l9 A7t
600 Gy9] XA=HEZ 04, 0.6, 0.8, 1.0, 1.5 kGy2] & S5AHF
S AEE a9t AFS Codex So|A THZ0 2A4F A
oA EF A Ve = AL, FeAZY &
©1-2 alanine dosimeter(5 mm, Bruker Instruments, Rheinstetten,
Germany)E A28}t H|ZARLC] 0 kGy= S 26
IS 7] flste] Aubd AL R Bastlar, A
A% A} 7 Hask)

3. A2 FH|

Zubd 24 ARE BubHS ZAREA g ] EAFTeH
W7 2T A 159 A0 0U7A AFHEA BHS
AN YRS Azel B, MRS Dug g, B
A3k BS T BRE ol gl pH, A%, & THRS
2% 9] 11 E A A3}, &5 7](GFJ-3070G, NUC Electronics
Co. Ltd., Daegu, Korea)2 2}&3}o] 3,000 pme. 2 158 St
4] HE2](COMBI-514R, Hanil Science Industrial Co. Ltd., In-
cheon, Korea)3t A|2S P& BI32C)stHA AFHESHE 1L,
£% 9 ST, viamin C 15T ARE 0T A BE
3t & ZZAZAZ(FD 8518, Iishin Lab Co. Ltd., Dongducheon,
Korea)sto] £ = ThEo] Yg BN 241 C)stHA A&
2 AR

4. O|M=E 24

2dA 9] AR LUEE 2] Pl WEAT 2
Aok 2AHE ZF A2 D714 A, BE 9 530]9 &
XEZE pour platingo] 2]3t plate count WHOZ HARSIHTH
(Harrigan & Meccan 1976). W& &4 3 Alges 349
o] RES 3 o A F Hat4(0.85% NaCl) 27 mlE 713t
ohg FAslelT, o] WHOR 1104 TAEE sj4stel A
23519t dut 714 A2 plate count agar(Difco Labs.,
Detroit, MI, USA)S AFg&-3}o] 37 Cof|A] 48417t vljFstal, &
2 9 Z3o]FL potato dextrose agar(Difco)S AME-5te] 25T
ol A 72417t B Fste] AHE colony?] & oz Al
3te] A& 1 g log colony forming unit(log CFU/g)2 e
et

=2 AAE V102 Eol=d| agt YA ZHDecimal
reduction dose, D10 value)-2 o} o] A]of oJste] A& T
(Song 5 2010).

Dose(kGy)

Do = (log N, —loghV)
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Alo] M =42 Hunter A %= A|(Chroma meter CR-400,

Konica Minolta Sensing, INC., Tokyo, Japan)2 }3], Z %= ¢
Ae) g REL ARE o] 331 an 272 AL F, 13
Z(L, lightness), ZM &=(a, redness), A =(b, yellowness) L
AAAR] MAE et = AE S UEien, 153 e
27eto] Bagoz ehsic

S|

It

oo
=
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6. A= =3

Aol BEAL texture analyzer(TA/XT2/25, Stable Micro
System Co. Ltd., Surrey, England)E AFE-3}th A& 3 mn2)
plungerE ©|83}¥ 1L, S ZA-L pre test speed: 2.0 mu/sec,
test speed: 1.0 mm/sec, post test speed: 2.0 mm/sec, strain: 70%=
sho] 9] S WA A 979 g BES 331
FAZ ZeA 63 HHE SHsto] PP o2 et

pHE ZHEE AR 3 S ZHEZ 108 3143 7 147

SoF RIS & pH meter(Istek, pH-200L, Guro, Korea)S o|-&
st ST AtE= FES AR 10 E FH<eol =9

[¢)
100 2 83k F, o] A&t o] 20 ml T ¥ 1%
phenolphthalein 89 3~4 W28 Hoj= 2|31, 0.1 N NaOH #
Zga02 $FA0| el b Hgsrac
VX FXAXD

Titratableacidity (%) = —g X 100

V: 01 N NaOH 49| &4 An|ek
: 0.1 N NaOH &9 &7}

: 0.1 N NaOH & 1 mlo] Argshs 7|4kl oK)
S

: A2 F ZH(ml)

“ T AT

8. & 1=

0 & o Y BT B 5

Al F -2 phenol-sulfuric acid(AOAC 1980)% o]
et 245 FAAR AR | g& S/ 345ty 3
Al 1 mE 3l 5% phenol &8 1 ml, A 5 mlE g,
vortexing 3+ F Ao A 208 A= ®X|5}aL, spectrophoto-

b ZAF 42¢] 2@z 23

A 33

A

meter(UV-1800, Shimadzu, Kyoto, Japan)2 490 nmoj| A &35

£ S35ttt g2 DNSH(Lee 5 2003)= ©]-&3sh=
U, MR 1 g 2850l 348 5 0|2 | nl 23] DNS Aok
(Dinitrosalicylic acid 0.5 g, NaOH 8 g, Rochell salt 150 g& &
Foeol 0] 500 ml 9IS 2 nl W AL T 1087 B
= W7t AWA 1023 Dol dol 43]aL, spectro-
photometer2 550 nmof| A S F=E &SH439t & F It
S AL glucose(Samchun pure chemica Co., LTD, Pyeong-
tack, Korea)Z 0|88 EZALITH(R=0.996, B=0.994)0] &
=g H83to] Adksior

10. Vitamin C &2F &8

SAAZ AR 5 mg& 60% methanolo] £3|3}e] 0.2 um
filter(PALL Gelman Laboratory, AnnArbor, MI, USA)Z 1}t
T o]Z Ay gH o2 3}¢th HPLCE YL 9100(Young Lin
Instrucment Co., LTD, Anyang, Korea)& ARE-3} 1L, £ 9]
AFRE columne YMC-Pack ODS-AQ(250%4.6 mml.D., 5 xm),
detector= YL 9120 UV/vis detector, mobile phase+= acetonitrile:
water=10:90(v/v), flow rate:= 0.7 m{/min2 2 s}a1, 20 1l F
shof 254 nmof|A| B4 5H¢ITh Vitamin C FFS 913 #F
E3L 3994 vitamin CQl L(+)-ascorbic acid(Samchun pure
chemical Co., LTD, Anyang, Korea)S A3} 1L, o|2A A
o7 w9 oo} WAL FEHFTA(R=0.998)°] HY
st} ZA 59 AHm%)S AFESHRTH

719) Aol B Weksh 7] S8 oes] FoHA),
o} FTH6H), Ot FTHEH), BEolThaR), o7t B4 &
THA), o 24 The), dasl £4) kIR A
o 7 M e el ARo) A7, T A% % A
7 AR HEEs Wi

12. A A2

HE AYE 39 o] HEE A4S en, 1 Ak SPSS
Statistics 20.0 Network Version(on release 20.0.0 of PASW
Statistics) softwareS ©]-&3sle] &4 AT E stgch $934
2Hol7k Gl FEo] sl EAHEA(ANOVA)S A5}
o] Duncan's multiple range test=2 p<0.05 oA 22} 4
A2 ANk

Zot 2 o
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1. OjME 24

LA eHdH v FEY FA 5 (Dyo value)= 1
A2 MATE VI0R Fol=H Bag AIFE gte=,
1T AEYSF Ao igtste] a9 FgFo|7 gyt
AldEch HAPA Aol 2 A S 2 H 3(Mendonca 2002,
Song 5 2010)E %1 o™, Lee 5(1998)2 AL A|=2 2] F=H| 9
Ogt Z}o], A|gof| EAsHE 27| HBEY T&, ARY &
o) sjabx A, ol fAle) olstela A, 24} BT A%
27 8 24 A9 ol weh gekntn shele B A7
oA At B4 ATL 082 kGy, EE D B 101
kGy2 Yeh} ar 9 F3o|7 gut AltE ot Zdupdde] o
3 Waol 2 Row g,

b 2AFE S 32Tl A HESHEA] 602 e
TR Gt 3714 A, AR 9 FF0|9] H3HE Table |
of Yetligich dut 37144 At A% 0Y 2.94(0.4 kGy),
2.88(0.6 kGy), 2.83(0.8 kGy), 2.41(1 kGy), 1.75(1.5 kGy) log
CFU/g 0.2 H|ZAFT 3.59 log CFU/go]] H|3) goj8 o= 7ha
22 310l THp<0.05). HRARLE A% 02 3.59 log CFU/g
o vlaf A& 60l 5.50 log CFU/gL 2 34.7% Z7}8+
t}. 04 kGy AR AR 45U7HA] Hadhe FdS 2ot
7t A% 604 oll= S718HRAL, 0.6 kGy o]4e] =AM ol A
= AR 1594 7 gasieh A% 309A R E = HES

Lot

5. 25 A R DGR

A olst e Holw, A% 60L7HA] Hupd Abe] ot
e A BIE YRl Sith ol Aubd 2Ab] o3 &
A2 e AEAZ7} BEY|7h0] Faigol et 2w 2
o &-33A FEdla, FA} AFE3F= post irradiation effecto]]
ojgt o2 ALK Ma & Axcy 1981), ol2jet AFE &R
W FINE FAE AFS ehilch B 9 Eol
9] 7] LEEE H|RARLAA A& 0LA] 3.75 log CFU/go]]
1|3} 4.86 log CFU/go. 2 22.8% F7}3lth A% 0¥ 3.09(0.4
kGy), 3.02(0.6 kGy), 2.94(0.8 kGy), 2.86(1 kGy), 2.26(1.5 kGy)
log CFU/ge. = H|2ARE| Hl3] Fojdoz ZadhS 8¢l
SFAL(p<0.05), B]ZARO] H|B] ZARFR|A EE Gl #5go]
o] 4 avs e 4 Uk 04 kGy A= A1 30
U7 Fadhes e Holurt AR 4544 S8R,
0.6 kGy o|Fe] Ad&Zollde A 1544 d7t dasieirt
A% 30LAFE = HETA olst 2 Holw, A% 60d
7HA] Zubd 2Ap] 2% 4 avE BT ol27t dike
Yun 5(2008)°] 0.6 kGy o|4e] Aok ZAR= H|ZAR
Hgto] 5~63= Hro| nYEsHd HEY &R} 7k &
ABFAIL, Lee 5(2008)2 A7|7ko] Aol whet v]z=AR
€ rYHer FrIstal, 2AMIF] S S fAadte
T3 Aol UEhthal Biste] & AFAdet A5t
.

Table 1. Changes in microbial growth of orange during storage at 3+2C for 60 days after gamma irradiation

(Unit: log CFU/g)

Irradiation Storage period(days)
dose(kGy) 0 15 30 45 60 SEM?
0 3.59°80 3.95%8 4.19*8 5.14%8 5.50* 1.53
0.4 2.94% 2,704 2.09° 2.08% 2.87% 2.17
Total 0.6 2.884 2.04°AB ND ND 0.79°5¢ 1.83
aerobic 0.8 2.83% 0.75° ND ND ND 1.50
bacteria 1.0 241 0.38% ND ND ND 1.39
1.5 1.75* ND? ND ND ND 1.10
SEM? 1.92 2.13 1.98 2.13 235
0 3.75% 4,02 4.13* 5.38% 4.86™ 1.68
0.4 3.09*4 2.80* 2.16 226" 2.86™ 225
Yeasts 0.6 3.02*4 2,53 ND ND 0.38® 1.89
and 0.8 2.94% 0.79°8 ND ND ND 1.55
molds 1.0 2.86* 0.38%8 ND ND ND 1.47
1.5 226" ND ND ND ND 1.24
SEM 1.88 2.17 1.97 224 229

D @4 Values with different letters within a column differ significantly(p<0.05). ““: Values with different letters within a row differ
significantly(p<0.05). 2 Standard error of the means(n=36). ¥ Standard error of the means(n=30). ¥ ND: not detected within the detection
limit(<10' CFU/g).
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o 2AE @A 9] ME ¥she ool 3hg FEo
Huntergh< ©]-8-5te] 22k Table 29F 3¢ Uehict. o2
LI E)S AX 4587 A= A 2 2tol5 et
WA 3L, A% 0LA = Aol F71eteE gasis 7
S Bk E3F v ZAES 04, 0.6, 0.8 kGy RAFLS] L
2 AR 304 o] FRE foHoz 7rAasa, 1, 1.5 kGy
A HAaZo] ¢ 2A YeitE A& Hof, H|RANL
H|3to] ZAREOA Ao] B& A Ao Bt agh(H

49 ouxe] B B4 35
ME)e 2AAFY ARIb0] FNASE Fase A
S BHGT, HRARE D 04, 0.6 kGyRT} 08, 1, 1.5 kGy2]

ZaZo] © 27 vehdh 58] A 27 ujste] A%
60U 2] F7HB4E fo)H o2 At bt
@HE)S A 003} 15UA ZAHTe] F7HA4E 57}
She AT BT A% 300t 4507 §OIH Kol S
0] gtk AR 60QA 1, LS kGyolH §21H91 Kol 5
woln], Ag7zke] S7hte] whet Zhadt Ao ek
o AEGHS AAAQ RS UEE A0, 120 o)Al

Table 2. Changes in Hunter's color values of orange peels during storage at 3+2°C for 60 days after gamma irradiation

Hunter Irradiation Storage period(days)
parameter dose(kGy) 0 15 30 45 60 SEM”
0 67.09°*) 65.08" 66.51%4 63.87%¢ 60.52° 2.80
0.4 67.38" 67.13** 67.37%A 61.41¢ 64.128 3.48
0.6 68.77* 67.89** 67.84A 65.948 62.74%C 2.76
LY 0.8 68.88* 68.19** 68.43* 64.23"8 61.17>¢ 3.75
1.0 68.23* 67.30*8 66.49EC 65.69 54.69%° 5.23
15 65.95® 68.12* 66.17°" 63.19%¢ 54.75% 5.29
SEM® 1.50 1.68 2.14 3.14 442
0 30.41°° 3423 29,398 24.69"° 27.33% 3.87
04 30.78°* 32.19® 30.91*° 26.05"C 27.14¢ 15.84
0.6 29.44° 30.67® 30.89* 26.83% 27.79%¢ 16.19
a” 0.8 27.574 30.76% 28.77°¢ 23.90°° 21.54° 17.63
1.0 30.31° 30.77°® 27.00% 27.06* 20.41°° 17.41
1.5 33.04* 29.05% 27.60°C 27.39% 20.98"° 16.34
SEM 14.14 234 223 3.75 4.10
0 66.39% 68.29° 70.56°* 66.98"8 64.15* 3.43
0.4 69.35% 71,5548 7276 63.90° 69.64" 4.66
0.6 71.02°® 73.65 73.76* 71.46™ 66.21° 3.79
vY 0.8 73.32% 73.94%4 74.01% 69.57"8 64.05* 5.38
1.0 72724 71.53%8 70.96™A8 69.62°8 5142 8.39
1.5 70,208 73.01%4 69.35% 66.66° 49.19°® 9.19
SEM 2.92 3.02 3.28 491 8.54
0 73.07% 76.46 76.46°* 71.42008 69.73% 3.81
0.4 75.90°5¢ 78.48%8 79.07* 69.03° 74.88°¢ 5.25
0.6 76.90°" 79.82%4 79.98* 76.36™ 71.85% 3.98
AEY 0.8 7837 80.09** 79.44% 73.688 67.69% 5.26
1.0 78.79* 77914 75.94%8 74,858 55.42° 8.99
1.5 77.60™4 78.60"4 74.78" 72.125¢ 53.52 9.66
SEM 2.59 2.15 2.93 5.11 8.61

D L: Degree of lightness. ? a: Degree of redness. * b: Degree of yellowness. ¥ AE: Overall color difference v AL?+ Ad®+ Al .
% # Values with different letters within a column differ significantly(p<0.05). **: Values with different letters within a row differ significantly
(p<0.05). © Standard error of the means(n=90). ” Standard error of the means(n=75).
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W AYS] 2 A mery much)©] §9HA Holol siFFthBae 7] A% SRk Wsrovt #4717 mrek M9 4
5 2008). & A¥ Ay} a9 AE ZHE 53.52~80.099] HY =71 F7he AS Holal 24.37~39.819 HYYE YE
2 Holm, BE AR very much FES] Mol 2 bl m, FLAME very much, 5 HF5| = RO Aol B 2
1, A wek Y HEoh gaske A% By ok QUHOR 1 kGy oY) mAlme] Zubd 2AbE BB

29| A9, L3k AN & Fo3Ql Apol= B Ao 5o Yi 4 f=dh= 47 Eil(Joesphson
o|R] AT AAZ7|7ko] Ao wet Sk BEFS & Peterson 1983; Lee 5 2008)E] 1L 9lo], Q&AX|o] Mz 7z &
B, agh2 A7|Tto] Aol wet Fadte AFE A fA o 1 kGy o9 #mtd A= AR g2 Aeg
ok olwf 9] aghZ &9 & Uehl=d, ol I el At}
chlorophylle] Zx3}7] &2 2 HQIthKim 5 1996). b3t
ZAARFT AR 7)70] STV AT FokR= A

o] Uekstort, §oj4Ql Zolis Holx] gkt AEZHE T
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l
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A His
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Table 3. Changes in Hunter's color values of orange flesh during storage at 3+2°C for 60 days after gamma irradiation

Hunter Irradiation Storage period(days)
parameter dose(kGy) 0 15 30 45 60 SEM”

0 4730 49,88 59.81% 51,49 51.08%¢ 4.58
0.4 48.01¢ 48.37™ 59.73% 51.62°° 51.94% 471
0.6 46.41°F 48.45"° 60.11°* 53.73% 57.54%8 5.62
LY 0.8 46,697 49.96™ 62.72* 52.03% 55.57% 5.88
1.0 48,68 50.47°¢ 55.70° 49.80° 54,028 3.06
15 4582 49.50®P 60.27*4 52.46™C 5531 5.54

SEM® 1.67 1.91 3.25 2.46 3.02
0 —1.30™* —1.52%4 —4.25" —1.97* —3.15" 1.48
0.4 —1.81" —1.24* —4.12%P —2.85%¢ —2.23%® 121
0.6 —1.61% —1.73%A —3.97¢ —2.34B —3.64>C 1.24
a® 0.8 —0.91* —2.07%B —4.65"¢ —3.17® —4.13P 1.63
1.0 —1.24%A —2.28>B —5.05°%® —2.27%8 —3.46™ 1.63
15 —2.63% —2.66% —5.534¢ —2.90%A —4.39%® 1.39

SEM 1.00 1.13 0.91 1.02 0.99
0 27.12%P 31.478 28.91°P 34.11° 30.62°5¢ 3.47
04 28.69™8 30.80%8 24.00¢ 31.53%8 32.83%4 4.96
0.6 26.53%P 28.96 28.88% 37.35% 39.61°4 5.92
bY 0.8 28.72%P 31.20° 25.80% 37.39* 3497 493
1.0 30.09° 30.37® 31.02°® 34,5508 38.78* 6.36
15 26.09° 29.35% 33.15% 38.70* 37.82% 5.98

SEM 3.14 3.98 3.92 4.12 6.13
0 27.19%P 31.54%® 29.25% 34,18 30.79%¢ 3.36
0.4 28.77"8 30.838 2437 31.68%8 32,920 4.85
0.6 26.58"P 29.03% 30.16™¢ 3743 39.81%4 5.83
AEY 0.8 28.75"P 31.30° 26.24% 37.54* 35.2208 4.88
1.0 30.12*¢ 30.49* 31.44% 34.66° 38.95% 471
15 26.23P 29.50° 33,63 38.81* 38.08* 6.00

SEM 3.11 3.92 3.89 4.08 457

" Subscripts of this table are same as Table 2.
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Table 4. Changes in hardness of orange during storage at 3+2°C for 60 days after gamma irradiation (Unit: g)
Irradiation Storage period(days)
dose(kGy) 0 15 30 45 60 SEM?
0 2,355.95%D 2,117.13%B¢ 2,186.178 1,950.76"P 1,818.52%P 230.47
0.4 2,285.81* 2,250.26*8 2,039.64% 2,096.67°%¢ 1,822.82°P 218.18
0.6 2,042.95% 2,044.84%* 1,912.66" 1,804.57°® 1,809.52%8 135.50
0.8 2,049.31* 1,827.47° 1,997.95"8 1,897.95%5¢ 1,786.24°¢ 145.43
1.0 2,038.59** 1,921.88%48 1,994,728 1,863.23" 1,885.18" 121.38
1.5 2,051,928 2,104.64°* 1,974.04 1,806.76™ 1,742.90° 158.90
SEM? 171.86 187.75 144.62 138.71 95.83

D @b Values with different letters within a column differ significantly(p<0.05). *°: Values with different letters within a row differ
significantly(p<0.05). 2 Standard error of the means(n=36). * Standard error of the means(n=30).
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Table 5. Changes in pH and titratable acidity of orange during storage at 3+2°C for 60 days after gamma irradiation

Irradiation Storage period(days)
dose(kGy) 0 15 30 45 60 SEM?
0 3.84°Y 3.64"P 4.00* 4,02 3.89%8 0.14
0.4 3.87 3.66™ 3.99%8 4,03 3.79% 0.14
0.6 3.77% 3.65"F 4,08 406" 3.91% 0.17
pH 0.8 3.86% 3.54 4,02 4.02% 3.89%8 0.18
1.0 3.81<¢ 3.63% 3.98 405 3.76% 0.16
1.5 3.84%8 3.53%P 406" 4.06* 3.66 0.22
SEM? 0.04 0.06 0.04 0.02 0.09
0 0.90** 0.85%8 0.86" 0.79* 0.79° 0.04
0.4 0.82°B 0.86* 0.79"¢ 0.79° 0.77°° 0.04
Titratable 0.6 0.85% 0.84°8 0.68"¢ 0.70° 0.70° 0.07
acidity 0.8 0.79"8 0.84" 0.76° 0.74°° 0.70 0.05
(%) 1.0 0.85° 0.81® 0.82"8 0.74°¢ 0.68° 0.07
1.5 0.85% 0.84" 0.74® 0.71°5¢ 0.66° 0.08
SEM 0.03 0.02 0.05 0.04 0.05

D @< Values with different letters within a column differ significantly(p<0.05). “*: Values with different letters within a row differ
significantly(p<0.05). ? Standard error of the means(n=18). ¥ Standard error of the means(n=15).
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7. Vitamin C &2F B}

Aubd 2AE @A 9] vitamin C $g 3= Table 89
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Table 6. Changes in total soluble solid contents of orange during storage at 3+2C for 60 days after gamma irradiation

(Unit: °Brix)

Irradiation Storage period(days)

dose(kGy) 0 15 45 60 SEM?
0 13.10* 12.00° 13.13* 11.23% 12438 0.74
0.4 12.17% 12.67* 12.00% 12.10* 11.60° 0.37
0.6 12.13% 11.77%® 12.33% 10.09% 12.10* 0.54
0.8 12.00°® 12.07*® 12.33% 10.07° 11.03% 0.87
1.0 12.478 12.73* 12.27°¢ 12.27F 11.47° 0.93
1.5 12.60% 1273 11.50% 11.80™ 12.00°® 0.50

SEM? 0.38 0.43 0.51 0.76 0.48

D @4 Valyes with different letters within a column differ significantly(p<0.05). *: Values with different letters within a row differ
significantly(p<0.05). ? Standard error of the means(n=18). * Standard error of the means(n=15).
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Table 7. Changes in total sugar contents and reducing sugar contents of orange during storage at 3+2C for 60 days after

gamma irradiation (Unit: %)
Irradiation Storage period(days)

dose(kGy) 0 15 30 45 60 SEM?
0 1053 11.25%¢ 11.76™8 12.49%4 10.95°<P 0.77
0.4 10.46* 11.47°¢ 11.25%5¢ 12774 11.93*8 0.91
0.6 10.60* 11.25%® 11.09%® 11.92% 11.54%8 0.50
Total 038 10.41% 1103 11.87% 11734 11.00°® 0.62
e 1.0 11.13* 11.15® 12,0248 124804 10.99%® 0.77
15 11.13* 11.53%® 12.19* 12.53%4 11438 0.59

SEM? 0.54 0.36 0.58 0.48 0.42
0 5.20%¢ 5.38"8¢ 5.26 5.83* 5.60°8 0.27
0.4 4,96 5.17°%¢ 5.208 5914 5.87°B 0.42
‘ 0.6 5.49°5¢ 537" 5.80° 5.76"™ 6.29*" 0.36
Reducing 0.8 5.21%¢ 5.59*8 5.78* 5.34°BC 5.840A 0.29
S 1.0 5.44%C 5.63%® 5.58%BC 5.71%® 6.32* 0.32
15 5.59% 5.60° 5.53%C 5.97%8 6.39* 0.36

SEM 0.25 0.19 0.29 0.24 0.32

D o Values with different letters within a column differ significantly(p<0.05). *®: Values with different letters within a row differ
significantly(p<0.05). ? Standard error of the means(n=18). ¥ Standard error of the means(n=15).

Table 8. Changes in vitamin C contents of orange during storage at 3+2°C for 60 days after gamma irradiation

(Unit: mg%)

Irradiation Storage period(days)

dose(kGy) 0 15 45 60 SEM?
0 48.34™D 4542 44.50° 41.90° 38.61° 0.89
0.4 47.42°4 4527 43,68 4121 37.31% 0.93
0.6 4733 45.16® 42,02 38.18"P 36.17°F 1.12
0.8 44,82 31.15" 30.49% 27.40° 22.68%° 1.98
1.0 41,69 23.23B 21.01¢ 18.96™ 17.36% 2.36
1.5 40314 23.11® 20.16% 17380 14.03™ 2.45

SEM? 0.74 245 2.46 243

D =T Values with different letters within a column differ significantly(p<0.05). ™ Values with different letters within a row differ
significantly(p<0.05). ? Standard error of the means(n=18). ¥ Standard error of the means(n=15).
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Table 9. Changes in sensory scores of orange during

storage at 3+2°C for 60 days after gamma irradiation

Sensory  Irradiation

Storage period(days)

parameters  dose(kGy) 0 15 30 SEM®
0 52040 5674 47 115
04 5.0% 5.0 43 110
0.6 5.4 4.8%8 43" 112
Sourness 0.8 5.4 5.3% 41" 128
1.0 5.5% 4.0°® 34°8 137
1.5 4.7 3.3 3.0% 137
SEM? 1.29 1.16 1.22
0 5.9% 5.1 56 094
0.4 6.0** 5.1 5104 1,07
0.6 6.1 49" 47 128
Sweetness 0.8 6.0 49" 51048 118
1.0 5.6 4,78 4.1 130
1.5 5.5% 3.4 32% 159
SEM 0.95 1.20 143
0 5.9% 6.0 564 1.02
0.4 5.9% 4.6™% 5B 104
0.6 5.9% 4,98 53048107
Texture 0.8 6.1 56048 498 122
1.0 5.6 4.4 44 137
15 5.5% 3.6% 49%% 142
SEM 1.20 1.34 1.10
0 6.1 554 50 131
0.4 6.1 5.3 49" 121
0.6 6.3* 5.3 49 114
Color 0.8 6.2 548 50 117
1.0 6.1 548 44® 137
1.5 5.9% 534 524 1.07
SEM 0.88 1.08 1.30
0 5.4 4.6 474 099
0.4 544 4.6 36" 120
0.6 5.5% 5.1%® 46" 098
Flavor 0.8 5.7 4.6* 41" 116
1.0 5.8 49" 3.6°8 138
1.5 5.5% 3.7 3.0 151
SEM 1.14 0.98 1.04
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Table 9. Continued
Sensory  Irradiation Storage period(days)
parameters dose(kGy) 0 15 30 SEM?
0 5.9* 564 517101
0.4 5.8 50088 478 115
0.6 6.1 5.0°8 50 113
ac(zz;r::ce 0.8 60 SIMB 479 |4
1.0 574 4.1%8 40" 133
1.5 534 3.9% 34 147
SEM 1.05 1.11 1.31

D @4 Values with different letters within a column differ signifi-
cantly(p<0.05). *B: Values with different letters within a row differ
significantly(p<0.05). ? Standard error of the means(n=120). *
Standard error of the means(n=60). On the hedonic scale for
sourness, sweetness and texture a score of 1=none~7=strong; for
color, flavor and overall acceptance a score of 1=dislike extremely~

7=like extremely.
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