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Quality Characteristics of Low-Dose X-Ray Irradiated-Imported Navel
Oranges during Storage at Room Temperature (20°C)

Dan-Bi Noh, Kyoung-Hee Kim, and Hong-Sun Yook

Department of Food and Nutrition, Chungnam National University

ABSTRACT This study evaluated the effects of low-dose X-ray irradiation treatment on quality characteristics and
sensory evaluation of imported navel oranges during storage at 20°C for 12 days. The samples were irradiated at
doses of 0.2, 0.4, 0.6, 0.8, and 1.0 kGy, and changes in color value, hardness, Brix/acid ratio, total sugar content,
reducing sugar content, vitamin C content, and sensory evaluation were investigated. There were no significant differ-
ences between non-irradiated and irradiated samples in terms of color value, Brix/acid ratio, total sugar content, reducing
sugar content, and vitamin C content. Difference in hardness between non-irradiated and irradiated samples decreased
at the end of storage. Reducing sugar content was reduced as storage period increased. The sensory evaluation scores
of non-irradiated and irradiated samples were not significantly different according to storage period, except for sweetness
and texture. Overall acceptability was not significantly different by irradiation dose or storage period. These results
suggest that X-ray irradiation does not affect quality characteristics or sensory evaluation.
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XA ZA}= Seoul Radiology Service Co.(Chungbuk,
Korea) W X-ray linear accelerator(Mevex Co., Stitts—
ville, Canada)& °]-&-3ke] At Al&7F &2 tray
9] £+ 0.35 m/mine & 931 7.5 MeVx4 kW] 714
71914 100 Gy/3 el AFERZ 0.2, 0.4, 0.6, 0.8, 1.0 kGy
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Ao e =L Hunter M= A (Spectrophotome-
ter CM-600, Konica Minolta Sensing, Inc., Tokyo, Ja-
pan)E 3], 38 FEE AIZR o] 3x3¥1 cm A7 &
22 5 WI(L, lightness), 42 %(a, redness), FA = (b,
vellowness) @ A&l A& YER = AE 7S UEF
om 153 o] Wk SAste] o gte = et

3 &3

e EAXL texture analyzer(TA/XT2/25, Stable
Micro System Co., Ltd., Godalming, UK)E A}-&-3}3it}.
A& 3 mm9] plungerg ©|§3F3 3 54 2712 pre test
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Bt o 2 HeEh AT
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nolphthalein &9 3~4%W8S "ojxg]al 0.1 N NaOH %
Tg&dqor FZ Aol Yepd wi7tx] 47ttt

, o VXEXAXD
Titratable acidity (%)=f><100

© 0.1 N NaOH &4¢] 27 A%
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3to] 3] 1 mLE #3}al 5% phenol(Junsei Chemical
Co., Ltd., Tokyo, Japan) &< 1 mL, $4HSamchun Pure
Chemical Co., Ltd., Anyang, Korea) 5 mLE ¥ il vor-
texing 3k ¥, A4 208 F %= W5}l spectrophoto—
meter(UV-1800, Shimadzu, Kyoto, Japan)® 490 nmol
A FFEE AT 39> DNSH14)E o] &3t+
O A= 1 g& FFFl g4 & o]& 1 mL #3] DNS
Al ek(dinitrosalicylic acid 0.5 g, NaOH 8 g, Rochelle salt
150 g& FHFF°l =9 500 mL #-€; Samchun Pure
Chemical Co., Ltd.) 2 mLE 23 42 v 1083 71
2 W7kslo] spectrophotometer® 550 nmoll A &3 &S
SA39 9 2 399 g2 glucose(Samchun Pure
Chemical Co., Ltd)& ©|&3% FF==34(R*=0.996,
R*=0.994)° F4=2 Hgsto] AxatAt.

HIEt2! C &2k &3

FA7Z A& 5 mgS 60% methanolol] €313l 0.2
pm filter(PALL Gelman Laboratory, Ann Arbor, MI,
USA)ZE o3}t 5 o] & A|g §H o2 33t Ao ALE-
¥ HPLC+ YL 9100(Young Lin Instrument Co., Ltd.,
Anyang, Korea), column< YMC-Pack ODS-AQ(250x
4.6 mm 1.D., 5 pm), detector= YL 9,120 UV/vis de-
tector, mobile phasei= acetonitrile : water=10:90(v/v),
flow ratex 0.7 mL/min®&. & 3}, 20 pL Y 3te] 254
nmel A EAs3lth vEN C &S s xoEd2 §
¥8 HEFTl CQl L(+)-ascorbic acid(Samchun Pure
Chemical Co., Ltd.)E AF&3I AL, o2 A dolx ¥ =79
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Statistics 21.0 software(SPSS Inc., Chicago, IL, USA)&
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¥ 7hs 3k 4dd Zol(much)E YERITH16). 319 AR
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Table 1. Changes on Hunter's color values of orange peels during storage at 20+0.1°C for 12 days after X-ray irradiation

Hunter Irradiation Storage period (days)
parameterl) dose (kGy) 0 3 6 9 12

0 61.46+£1.989%  50.89+1.07"" 58.43+2.15%5¢ 52.2242.69°° 57.51+3.55%
0.2 61.23+1.61* 61.95+1.35 58.69+1.89"" 50.4043.24°° 52.91+3.38"C

L 0.4 60.17:1.49"" 59.58£1.69"  59.04x2.51"% 52014498 55.34+3.38""
0.6 58.18+1.57 60.00=1.80 60.43+2.70° 57.11+3.78" 51.00+7.68°
0.8 60.32+2.33% 59.78+1.47°" 59.24+1.97"4 52.81+3.46°8 50.62+3.06°
1.0 60.25+1.08* 60.83£1.76™* 59.40+1.80™* 59.11£1.36™ 51.64+4.96°
0 40.24+2.46°8 41.24+1.08™* 38.15£1.92%¢ 29891408 35.98+4.43%
0.2 40.78+1.68"A 38.3141.42 38.8542.24*8 28.62+5.05 29.88+2.69°C

. 0.4 40.62+1.82" 40.82+1.69""  36.4043.73° 29.2743.22" 31.914.76"
0.6 42.41+1.96" 40.15+1.67 36.58+3.05 35.05+3.22" 29.57+4.39
0.8 40.62+3.09™* 40.88+1.49* 38.86+2.89* 30.77+4.34°8 29.19+2.96"8
1.0 42.18+1.00™* 41.67+1.57 39.67+1.40° 36.35+1.30°C 29.61+3.03"°
0 64.43+3.79* 57.2042.44°8 52.4444.68°C 45.07+5.58"° 52.81£5.31%°
0.2 64.29+2.27* 59.36+2.14" 53.98+3.57"¢ 45.44+6.22"" 47.34+3.51P

b 0.4 63.30i2,14ZZA 57.40&:3.1832}3 55.0&:4.25"/“:1’3 45.39i7.43bg 48.41i6.123bbcc
0.6 59.87+2.34 56.93+3.70 58.44+4 88" 53.6246.27" 43.61+11.70%
0.8 62.15+2.90* 58.60+3.52%8 56.08+3.62™" 46.84+7.47°C 41.88+6.45°
1.0 60.27+£2.04°A8 61.99+4.34% 56.0242.85"C 57.2142.93*5¢ 44.70+7.40>°
0 0.00 0.00 0.00 0.00 0.00
0.2 0.60 4.18 1.71 225 9.39

AE 0.4 1.76 0.56 3.22 0.72 6.37
0.6 6.03 1.13 6.51 11.12 12.96
0.8 2.58 1.46 3.80 2.06 14.59
1.0 475 4.90 4.01 15.38 11.86

L degree of lightness, a: degree of redness, b: degree of yellowness, AE: overall color difference ( VZ*+a>+1).

"MeantSD (n=15).

MValues with different small letters (a-d) within a column differ significantly (P<0.05). Values with different capital letters (A-D)
within a row differ significantly (P<0.05).

Table 2. Changes on Hunter's color values of orange pulp during storage at 20+0.1°C for 12 days after X-ray irradiation

Hunter Irradiation Storage period (days)
parameter” dose (kGy) 0 3 6 9 12
0 53.0543.22*2%  50.8241.52°" 51.36£1.71*8 52.8042.55™ 52.87+1.71%4
0.2 53.2143.34* 52.2241.85 52.26+1.94** 53.604+2.29** 52.8143.74™4
L 0.4 53.8442.43* 51.68+2.94*8 51.7622.84*B 54.0043.20** 49.96+4.98°3
0.6 52.38+2.46" 52.2042.17* 52.20+3.23* 53.99+2.52% 53.96+2.06™
0.8 51.65+2.27°8 52.714+2.84*8 51.72+1.87% 52.11+1.72*8 53.58+2.20*
1.0 51.78+2.24* 52.14+2.59* 52.21+2.77* 52.63+3.28* 50.58+2.93%4
0 6.02:1.47"5¢ 5.70+1.12"¢ 8.02+1.44* 7.33£1.12* 7.02+1.66*8
0.2 6.79+0.78"8 6.0420.68"%¢ 7.8241.94%* 6.46+1.31"8 5.30+£1.41
. 0.4 6.65+1.02" 4.971.97" 6.53+1.93" 6.88+1.41"" 7.03+2.36"
0.6 5.02+1.08° 4.67+2.12 6.88+1.54° 6.68+1.31° 6.55+1.44"
0.8 4.55+1.47% 4.76+1.95CP 7.54+1.49"* 5.83+1.48"¢ 6.11x1.14""
1.0 5.52+1.12"B 5.47+1.21"8 7.41£1.99%* 6.91+3.28 6.49:+0.96**8
0 33.3445.76°8 31.4542.36" 34.1542.34*8 36.1243.61** 35.0443.11%4
0.2 36.88+4.28" 33.5342.92%8 34.75+3.87"8 34.0144.80°4P 32.20+5.21"8
b 0.4 33.81+4.58™  32.13+4.96" 32.31:4.04 36.25+4.43% - 33.20£6.70""
0.6 32.62+3.13% 31.25+4.25" 34.67+2.44" 35.0243.58" 36.67+2.86"
0.8 30.06+4.36C 30.33+6.25 34.44+3.93*8 32.2042.48°5¢ 36.23+4.55
1.0 31.8743.35%4 32.13+3.96* 34.72+4 47 33.30+4.73%A 31.89+3.61"
0 0.00 0.00 0.00 0.00 0.00
0.2 3.63 2.53 1.10 242 3.33
AE 0.4 1.11 1.32 2.41 1.30 3.44
0.6 1.40 1.81 1.50 1.75 2.02
0.8 3.86 2.39 0.67 426 1.66
1.0 2.01 1.50 1.19 2.86 3.93

L degree of lightness, a: degree of redness, b: degree of yellowness, AE: overall color difference ( VZ*+a®+5*).

IMean+SD (n=15).

MValues with different small letters (a-d) within a column differ significantly (P<0.05). Values with different capital letters (A-D)
within a row differ significantly (P<0.05).
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Table 3. Changes on hardness of orange during storage at 20+0.1°C for 12 days after X-ray irradiation (unit: N)
Irradiation Storage period (days)
dose (kGy) 0 3 6 9 12
0 0.32+0.06"%9? 0.39+0.05™ 0.340.06™" 0.29+0.07"8 0.29+0.04°8
0.2 0.29:£0.06" 0.35+0.02"" 0.38+0.05"* 0.34+0.02**" 0.31+0.06"
0.4 0.33£0.05"*" 0.330.02°" 0.36+0.03"* 0.300.06™¢ 0.27+0.03"
0.6 0.35+0.07%* 0.2940.05 0.35+0.05™* 0.3120.05"8 0.30£0.04°"8
0.8 0.32+0.09™* 0.30+0.03* 0.30+0.03°* 0.2740.05™* 0.29+0.03"*
1.0 0.38+0.04** 0.2740.03% 0.33£0.03"" 0.28+0.08"%¢ 0.2940.045¢

"Mean+SD (n=10).
?Values with different small letters (a-c) within a column differ significantly (P<0.05). Values with different capital letters (A-C)
within a row differ significantly (P<0.05).

ASHE A AE F 2R ol eahE dor B4 59 @ tha wag Ay Ansh AAshs vhelw, wheba XA
Tize] AE R} Hoba whgol dofubl se, 1 ukg EARE el e) Yakulo] 9 T ek Hlo® wel
o AR SFgEEel % 24 Hobd wge ojstety o
2 B8 S4ol P nATh22,23). WA EAfl
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2Ab mel 9 Mo 24} o Rsk AFYIRE F mE ARH FFS welA ggka, BAY FFE A7)
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SHAt| B3} AgE ol FasE shed ME el FEel 4 A
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Table 4. Changes on Brix/acid ratio of orange during storage at 20+0.1°C for 12 days after X-ray irradiation

Irradiation Storage period (days)

dose (kGy) 0 3 6 9 12
0 16.56:£0.18°"? 15.02+0.19% 16.91+0.16™ 18.00+0.12"* 14.66:0.30°
02 16.10£0.15" 15.89+0.34°* 14.90+0.20" 15.89+0.13™" 13.46+0.30°
0.4 15.33+0.10° 16.54+0.10™" 15.89+0.24" 14.31£0.11" 13.04+0.12"
0.6 14.96+0.06°C 17.51:0.34** 15.8140.16"° 14.820.24% 14.77£0.25°
0.8 15.63+0.00® 16.76+0.04™* 15.10+0.13% 15.54+0.23°" 15.67+0.15™
1.0 14.55+0.05 15.81£0.06"° 16.29+0.14"* 14.66+0.05° 16.19+0.11**

1)MeannleD (n=3).
*Values with different small letters (a-f) within a column differ significantly (P<0.05). Values with different capital letters (A-D)
within a row differ significantly (P<0.05).
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Table 5. Changes on total sugar contents and reducing sugar contents of orange during storage at 20+0.1°C for 12 days after X-ray

irradiation (unit: g/fresh weight 100 g)
Irradiation Storage period (days)
dose (kGy) 0 3 6 9 12
0 14.54+1.32*D? 12.9240.20™8 13.65£1.21%8 13.11+1.77*® 11.72+0.44°5
0.2 13.04+1.79°* 10.09+1.23" 9.43+1.18"" 10.34+0.74"® 10.86+0.9348
Total 0.4 11.86%1.85"48 12.82+1.36™ 10.04+1.4648 10.81=1.69"*F 9.710.95"
sugars 0.6 10.79+1.70" 11.10+1.60™* 11.01+1.40™ 11.21+0.51"* 10.62+0.85™*
0.8 12.79+1.61°* 11.45+1.53™4 8.39+0.23 10.76+0.74°*8 10.28+1.77"48
1.0 12.50+0.45"* 12.68+1.35™ 11.341.49° 12.47+0.78%4 12.10+1.28*
0 7.3841.22%A 5.97+0.56" 5.50+0.72° 6.08+0.24"® 5.31+0.38"®
0.2 8.48+0.47" 5.01£0.51°° 5.16+0.26" 5.3940.34"" 5.1940.26™
Reducing 0.4 8.61+0.12"* 5.47+0.41°° 5.08+0.13" 5.19+0.83"" 4214022
sugars 0.6 7.13+0.25** 5.32+0.30™ 5.13+0.25%¢ 4.80+0.46"5C 4.56+0.21°
0.8 7.5940.37"A 5.16£0.27"" 4.96+0.71"® 4.72+0.49"" 4.19+0.84"
1.0 6.461.04° 5.17£0.61°8 5.01£0.32*P 4.69+0.51"" 421+1.37"

1)Meanﬂ:SD (n=3).
PValues with different small letters (a-c) within a column differ significantly (P<0.05). Values with different capital letters (A-C)
within a row differ significantly (P<0.05).
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Table 6. Changes on vitamin C contents of orange during storage at 20+0.1°C for 12 days after X-ray irradiation (mg%)
Irradiation Storage period (days)
dose (kGy) 0 3 6 9 12
0 37.13£0.11°5"? 42.04+0.09°* 29.05+0.09°° 19.40+0.15T 33.69+0.26C
0.2 31.74+0.27°° 37.14+0.06® 32.3140.11°¢ 31.00+0.08% 37.65+0.47*4
0.4 38.36+0.21* 33.04+0.16™ 32.32+0.08°° 29.18+0.06¢ 35.72+0.16°%
0.6 32.40+0.13 36.54+0.28° 33.71+0.19" 27.72+0.23% 30.18+0.05®"
0.8 33.42+0.15 39.09+0.09%* 31.48+0.20%° 25.12+0.08°¢ 35.50+0.22%8
1.0 31.10+0.11 46.45+0.19* 36.11+0.08%% 30.14+0.11%° 28.11+0.05°¢

1)MeannleD (n=3).
?Values with different small letters (a-f) within a column differ significantly (P<0.05). Values with different capital letters (A-E)
within a row differ significantly (P<0.05).
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Table 7. Changes on sensory scores of orange during storage
at 20+0.1°C for 12 days after X-ray irradiation

d A F9 2/A

Sensory  Irradiation Storage period (days)
parameters dose (kGy) 0 3 6
0 4,8i1.2“i”2) 4,9i1.4: 4,6i1.2:
0.2 4,4i1.4“A 506157 5.141.2°
Color 0.4 4,8i1.laA 4.7413" 53+12°
0.6 4,6i1.3aA 48412 5.11.6°
0.8 5,1i1.1“A 5.141.9° 5.0416
1.0 4.9+1.0" 4.8+1.8" 4.9+1.4
0 4,8i1.4a: 4,3:b1.7:B 3,4:&1.0b:A
0.2 4,0i1.5“A 4813 3,7i1.5*‘bA
Sweetness 0.4 4,1i1.3“A 4717 4,5i1.5:A
W 0.6 4,9i1.5£‘A 4.1£18" 47417
0.8 4,9i1.4£‘A 4.3+15" 4,4i1.6abA
1.0 4.7+1.2° 42419 4.6+1.7°
0 4.1i1.7“2 3.9:|:1.52 3.9i1.7i
0.2 3.6i1.3“A 4417 3.9+1.6°
Sourn 0.4 3.9ﬂ:1.3“A 3.941.4° 4.8+1.8"
ourness 0.6 45413 41419 484177
0.8 4.3ﬂ:1.7“A 405147 4.6+15
1.0 3.8+1.1° 44+1.6" 43+1.1
0 4.8i1.4“:A 4.8i1.9z 4.3:|:1.22
0.2 4.1:|:l.32A 4716 4614
Flavor 0.4 375147 44£16° 455147
0 0.6 48127 4.1219" 39515
0.8 4.7ﬂ:1.0“A 40197 3.9+15°
1.0 4.8+1.1" 3.8+1.8"" 4.1%1.6
0 4.3¢1.4ai 4.1¢1.3a2 4.3¢1.5a2
0.2 4.110.9aA 4'%1'31 4'&1'4:
Textur 0.4 4.211.2aB 4.111.4:3 4'%1'31
exture 0.6 4.1209"  45:1.6"" 52:1.6"
0.8 4.311.2aA 4.611.52‘A 4.711.52‘A
1.0 4.240.9" 42415 43+13°
0 4.3¢1.7ai 4.5¢1.2a2 3.6¢1.3*‘2
0.2 4.011.4aA 4"&1'51 4'&1'7:
Overall 0.4 4.211.5aA 4.311.72‘A 4.811.42‘A
acceptability 0.6 4.6i1.4aA 4.611.3.2‘A 4.8i1.6aA
0.8 5.011.23A 4'&1'0: 4.611.3.2‘A
1.0 4.840.9" 43+1.7" 44415

YMeantSD (n=20).

?Values with different small letters (a,b) within a column differ
significantly (P<0.05). Values with different capital letters (A,
B) within a row differ significantly (P<0.05).
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