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Abstract

This study was conducted to evaluate the possible subacute toxicity of gamma-irradiated dried bibimbap.
The dried bibimbap was irradiated at the dose of 30 kGy at room temperature. For the animal study, the male
and female ICR mice (8 mice per group) had the diet with AIN39G as control and dried hibimbap 30 kGy irradiated
and non-irradiated for three months. During the experimental period, the group with 30 kGy irradiated bibimbap
did not show any changes in appearance, behavior, mortality, body weight, organ weight, and food consumption
compared to the control. Also, all of the biochemical parameters were observed in the normal ranges. In histo-
pathological examination including hematological and serum biochemical analyses, there were no significant dif-
ferences among the control and 30 kGy irradiated dried bibimbap groups. These results indicate that irradiation
of bibimbap up to 30 kGy did not cause any toxic effects and could be applied for the development of safe

ready-to—cook food.
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5%, ZEFA] 45%, TAFE] 4%, I A 4%, T 2.5%, 20|
25%, FA 25%= FAE vREks F 4ol -20°CE %
AT b T4 Axst IFEZS F 30 kGyo FF4
Fo] Hu g FrbdxAtste] Az eFulntS Axsk it
olwj gtepal A= Co-60 WA A 4(IR779 Nordion
International Ltd., Ontario, Canada)2 ©]&3}o] 220 A
AP 10 kGy o] AFERZ A oW, S0 gl
Alanine dosimeter(5 mm, Bruker Instruments, Rheein-
stetten, Germany)S AF&3FA Tk olu] AT b=
+0.3 kGyol Atk 30 kGy #rhd ZAFSE v jIgke vl A}
WA 5o A B et LT 48 A1EE A
Al et Tk
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A AA| BA (specific pathogen
free) 2] ICR 74]"ﬂ u}—‘%i: (57)Z o} (Koatech Laboratory
Animal Research Co., Pyeongtaek, Korea) & 2 H-¥ 43}
Aok 7979 A9 F #3 g S AR FH ASHATT fle
A% &5 Ao "]ﬁhﬂ AHESATE AdE S &

= 209~226°C, AUlEE 45~55%, $7138]4 2 w9k 10~
153]/A17F, Al 714, ‘:5 A1ZE 12A) 7H(08:00 ~20:00) =

2% 150~300 LuxZ AAE AFSEA0 A ZE71E Yo
AFSAFAH278X420X200 mm, Three-Shine Inc., Kumsan,
Korea)ol| 2~3v}2] & -’F%%}%D}.

ek HINHO kGy) ﬂi%éﬂl%“ﬂ T A
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AIN93G 2ol & 7]E 2 Z com starch, dextrose & cellulose
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Table 1. Formula of experimental diets
. . Bibimbap Bibimbap
Ingredient AIN93G 0 KGy) (30 KGy)
Casein 200 200 200
Corn starch 397.5 79.5 79.5
Dextrose 132 141.5 1415
Bibimbap 0 318.0 318.0
Sucrose 100 100 100
Cellulose 50 40 40
Soybean oil 70 70 70
Mineral mix 35 35 35
Vitamin mix 10 10 10
L-cystine 3 3 3
Choline bitartrate 3 3 3
Total 1,000 1,000 1,000
Total kcal 4,000 4,000 4,000
o F& 2YF] F GBS FUSA 2AD pellet TE
o] AF&-3tAtH(Table 1).
utsal 3 mAe| ZHE
Fol UL Kol F IAZNH 647K A8,
Foq gSEREH 0¥ 7HA= Wd 15 = Eol disf
AHG Azt At B L FF S, #5E A
A8 73 F BARG O, o 9F S L ARE AR
2 71E3s T
HE Hel AIEMFE Y STYFE
Alg 717t F BE TEY AT FA7A A3
o, Fol F 0UAA AFL WF A3 ZPFHLk A}
29 B 7 A e ArEd 5F0 Abgshe v
$27 28 9e 5 J=S IR AR AT 2
S5FE 2N A3 AR TR A, B TIY
3} e AFANA FARA AAT
S2o| sax| Y B9
AbSo] B3 ARTES 12417 B¢ A I dEH 2
Z AT F AF g ot =S 11 v,
N, B, ek, 9, A AYAA F z3ho] 4
PHPFE AR i RAZ BHY FES AAT T
FAE St A7) & 849 AlEe 7HA =70°C
WEae ®ast
SIOHBHA 2 A}
AT ¢tol Q¥ S 53 EDTA-2K7F 28 E FH
(Becton Dickinson, Franklin Lakes, NJ, USA)ol] &2 x|

A% ¥ A5

Cumbria, UK)Z °] £

WBC), &% F-(neutrophil),
(monocyte), &4+ (eosinophil), &% 7 (basophil) & =
AT 4 (red blood cell, RBC), 3| &
A ¥+ 8] & (hemato-
crit, HCT), H+ Hd+ €3 (mean corpuscular volume,

AstArth Yolrt F
=24 g+ (hemoglobin, Hb), &

5

T A=A (HEMA VET 950, Drew Inc,
ste] & WG 4=(white blood cell,
2 i 2 (lymphocyte),

r/}sn;
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MCV), #t 3|22 2% & #F(mean corpuscular hemo- EAXz|
globin, MCH), %¥# 3|22 2% ¥ %(mean corpuscular o]Ae] Adox o} Ay Statistical Package for
hemoglobin concentration, MCHC), A& =7] EX¥Z(red Social Sciences 10.0& ©]€3}4} one way ANOVA EA4&
blood cell distribution width, RDW), @43 4=(platelet, e A8+ F9 48 Duncan’s multiple range test
PLT), B 4% 8% (mean plasma volume, MPV)= & 2 p<0.05 FFdA BasAoh
A3tAt.
Z4pl Ol —7&t
S{oHo| AUBIBEN ZIA| Zot 2 oH

II.

4 34 AFd A FeEst @S AN E #
2371 71(KoneLab 20, Thermo Fisher Scientific, Waltham,
Finland)E ©]&-3}s &% (albumin, ALB), alkaline pho-
sphatase(ALP), alanine aminotransferase(ALT), aspartate
aminotransferase(AST), blood urea nitrogen(BUN), &d|
2~H] = (cholesterol, CHOL), creatinine(CREA), bilirubin
direct(D-BIL), ¥ =% (glucose, GLUC), & 2] F¥(total
bilirubin, T-BIL), &4 A% (triglycerides, TG), = @32
(total protein, TP)& =73} th.

HZ #Hs) AlZMFEF D ZT| 2
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Ab AZ-FH Y HFH ol 703 o) E AL PR A &
S=

30 kGy #ehd AR v eks vlg-2o) £ 5 7}

o] AF Wstet A BAHHF ZIE Table 20 UERH AT

T ZAF BRI BES 3MEE R BE APl
ZA|SA ZAL A BRAJN AT S/ BEHASH, 2 B B2}
2283 AALE 98t 113 A17E 4% et E g AlE B vus] & o §93 zo)rt gle ALE y
ol §dlo mAAZ T d¥kHQl 2HAHHAA S AA EbttH(Table 2). =&k 2ol AT A - Hl&f vz
et ZofE stk Eojd 4 2F & vlo] A2 F(Lecia AbAlE FoT 9 30 kGy A AR BT BF 4 BE
RM2255, Lecia, Wetzlar, Germany) 2.2 7 ym 223 & A4 F948S ‘/}EPHX] ket F8 A7) ‘3]74 gk
hematoxylin & eosin @41-& AA|sto] 3388w 7 (Axio- = XA Sls A A3, S BE Y] A71elA
imager M1, Carlziess, Niedersachsen, Germany)2. 2 #-3% F994 Jd= W3y /\] FEE HQHRE 3 Eo|F Lf& a5
3T SHA o]}t AAEA Fut FVIFA S8 A A
- T 0, A% 2w 5o FA HEe A FY8S
Fof ¥ 00UV ol g BANe] T fof mE 1 SHHRO(Table 3.
A3 %5 &S Ketamin(Yuhan Corporation, Seoul, Korea) . & oS AL
5P A1 & So g AAEAT| Y] AHS #EsIAT 30 kGyZ Zehd ZAME vl ek 90U 3 T3 o

Table 2. Effects of freeze dried hibimbap irradiated at 30 kGy on body weight and food consumption of ICR mouse

Sex Group Initial body weights (g)  Final body weights (g) Body weight gain (g) Food intake (g/day)
Control 32.60+0.98%° 42.31 +4.98% 9.05+3.61™ 3.79+0.31"
Male 0 kGy 32.21+1.28 44.31+4.78 11.80+4.06 353+0.25
30 kGy 32.03+1.77 39.50+3.09 7.90+2.53 3.48+0.51
Control 26.40+2.25"° 38.85+4.45"° 12.80+5.59%° 3.29+0.43%
Female 0 kGy 26.05+1.38 38.41+4.24 11.53+4.53 3.01+0.31
30 kGy 26.17+1.02 36.30+3.24 10.10+4.36 3.01+0.34

Values are expressed as mean®SEM (n=8). NSNot significant at 5% level by Duncan’s multiple range test (column).

Table 3. Effects of freeze dried hibimbap irradiated at 30 kGy on the organ weight of ICR mouse (unit: g/100 g BW)

. . . Kidney Kidney Testis

Sex Group Liver Spleen (Left) (Right) JOvary Lung Heart
Control 406+038  025+0.05™  063+0.08%  065+0.09™  058+0.01%  050+0.01"° 052+0.05"°

Male 0 kGy 353+1.52 0.21+0.04 0.62+0.09 0.63%0.06 0.45+0.01 0.57+0.06 0.40+0.03
30 kGy 4.17+0.31 0.20+0.05 0.68+0.08 0.66+0.08 0.47+0.01 0.52+0.05 0.50+0.04
Control 378+0.35™ 026007 043+0.11%  045+0.10™  0.38+0.12%  047£0.09™°  0.37+0.08%

Female 0 kGy 3.67+0.38 0.27+0.05 0.49+0.08 0.48+0.07 0.44+0.11 0.52+0.08 0.40+0.05
30 kGy 3.66+0.42 0.26+0.06 0.47+0.07 0.49+0.06 0.43+0.12 0.54+0.11 0.41+0.06

Values are expressed as mean+SEM (n=8). NSNot significant at 5% level by Duncan’s multiple range test (column).
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Table 4. Hematology profiles of the male and female ICR mouse administered orally with freeze dried bibimbap irradiated
at 30 kGy for 3 months (unit: k/ul)

Sex Group White blood cell Neutrophil Lymopocyte Monocyte Eosinophil Basophil
Physiological range 1.8~10.7 0.1~24 09~9.3 0.0~0.4 0.0~0.2 0.0~0.2
Control 538057 2284037 3.03+0.22" 015+0.03%  0.04+0.06™  0.02+0.04"
Male 0 kGy 6.00+0.75 2.13+0.23 3.55+0.52 0.21+0.04 0.08+0.04 0.02+0.08
30 kGy 6.07+£0.72 2.09+0.26 3.62+0.56 0.29+0.03 0.07£0.02 0.02+0.03
Control 7.45+5.44™ 2.15+1.64% 4914363 0.30+£0.16™  0.07£0.04%  0.01+0.01™
Female 0 kGy 7.02+1.86 2.46+0.84 421£1.12 0.21+0.06 0.06+£0.03 0.01£0.02
30 kGy 7.90+2.79 2.16+0.89 5.23+1.89 0.34+0.12 0.08+0.07 0.020.02

)NS

Values are expressed as mean+SEM (n=8). “Not significant at 5% level by Duncan’s multiple range test (column).
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Table 5. Erythrocyte and thrombocyte values in the male and female ICR mouse administered orally with freeze dried bibimbap
irradiated at 30 kGy for 3 months

Sex  Group RBC (M/uL) Hb (g/dL) HCT (%) MCV (fL) MCH (pg) MCHC (g/dL) RDW (%) PLT (K/L)

Phyf;‘r’}ggical 636~942  11.0~151 351~554 454~603 121~193 202~342 124~270  592~2972
Control  8.69+0.54™ 11.02+0.79™° 51.26+6.35" 58.98+6.62™ 12.62+0.03"° 21.85+2.19™° 19.12+0.71¥°1302.2+239.3%°

Male 0 kGy 1049+365 11.85+1.05 61.81+17.11 59.95+7.63 1207269 20.04+3.81 18.82+1.04 13445+224.7
30 kGy 991+094 11.97+0.79 54424699 55.05+6.08 12264047 2247+2.10 1865+1.05 1120.0+369.6

Control  9.39+0.49™ 11.81+0.69™° 54.80+5.28"° 58.35+5.43™ 12.57+0.48"° 21.68+1.87"° 18.36+0.37"°1263.0+407.8%°
Female 0 kGy 10.14+063 12.48+0.76 53.82+650 53.08+586 1243+0.67 2357+1.81 17.77+074 1149.1+118.9
30 kGy 954+128 11.95+1.69 53.05+9.24 5565+6.80 1251+0.65 2267+2.04 17.85+0.66 1079.2+266.8

RBC, red blood cell; Hb, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin, MCHC,
mean corpuscular hemoglobin concentration; RDW, red blood cell distribution width; PLT, platelet; MPV, mean plasma volume.
Values are expressed as mean+SEM (n=8). NSNot significant at 5% level by Duncan’s multiple range test (column).

Table 6. Serum biochemical values in the male and female ICR mouse administered orally with freeze dried bibimbap irradiated

at 30 kGy for 3 months

Sex Grow ALB ALP ALT AST BUN CHOL
D (g/dL) (U/L) (U/L) (U/L) (mg/dL) (mg/dL)
Physiological range - ‘ 44+135  120£1067  191+1337 34+97 124+337
Ml Control 3.66+£0.14" 46.087+1653" 65262334 162.38+£59.84" 2514+3.33%  197.02+67.50"°
a0 kGy 375+020  36.71+1429 106.29+97.24  141.81+60.78  27.47+394  186.67+31.78
30 kGy 3.73+0.19 525741357 169.00£138.17 194.07+52.10  3043+6.82  163.03+15.64
Physiological range — ] 56+17.8 62+54.8 134+65.6 25+91 92+261
Female Control 3.96+0.35"  91.85+4055"° 3447+865"°  181.49+9259™° 23.08+2.14" 13365+43.35"
0 kGy 390+0.18  11151+37.06  3471+1031  14960+3752  2410+152  117.42+29.21
30 kGy 391+0.31  12394+3980  3408+11.85 181.59+71.87  2224+199  101.41+19.49
Sex Grow CREA D-BIL GLUC T-BIL TG TP
P (mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) (g/dL)
Physiological range ~ 1.0+2.19 - 314+922 04+029 104379 524063
Ml Control 0494004 072014  2692+11.26™  0.73+£0.14" 134.93+6755"°  51140.13%
a0 kGy 0.54+0.05 0.65+0.08 37.82+1852 063+0.08  14254+2455 5.39+0.28
30 kGy 0.53+0.04 0.74+0.16 38.72+17.63 067+0.15  117.35+43.43 5.29+0.29
Physiological range 08+1.8 — B 106+381 04+0.26 71+276 524055
Female Control 0.63+0.07"  058+0.11"  44.02+27.66"  056+0.13" 149.71+7498"  560+0.57"°
a0 kGy 0.61+0.04 0.51+0.08 66.89+13.83 0.47+0.08 99.48+19.36 553+0.38
30 kGy 0.59+0.05 0.52+0.07 60.87+30.94 0.45+0.09  130.31£15.0° 5.40+0.39

ALB, albumin; ALP, alkaline phosphatase; ALT, alanine transferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen;
CHOL, cholesterol; CREA, creatinine; D-BIL, bilirubin direct, GLUC, glucose; T-BIL, bilirubin total; TG, triglycerides; TP, total

protein.

Values are expressed as mean+SEM (n=8). MNot significant at 5% level by Duncan’s multiple range test (column).
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Fig. 1. Histopathological examination of
the liver of ICR mouse administered with
freeze dried bibimbap irradiated at 30 kGy
for 3 months, x20. (A) male, (B) female.

Fig. 2. Histopathological examination of
the kidney of ICR mouse administered
with freeze dried bibimbap irradiated at
30 kGy for 3 months, x20. (A) male, (B)

female.



4 A& & A3
AB7IZE T AR ER A7 AT HA TES
UehdA odgror, Al Wk AR AE 3 2 A7)
Am tzel vle) ApolE HolA gokr dojsha At
3 @A G B A FAE e BHeEd
SHA AR A 2 B A B QAR FE2E fAs L
ger A5, A 5o frod v WA Hste $E
A ekokeh, webA 30 kGyE ek 2AME AZS-Fun
& g Rl A AFANAR 2 AP E
=40] gle AR AFHAS

Al 2

2 @A ee] Ayl A

® A7E ngHstr)en
A ol AAFATANIAGA FHAALATA 72
Ade Fo FPRQem, T AUl gA=FU
2 3

1. Han KS, Pyo SH, Lee EJ, Lee HA. 2008. Standardization
of the recipe for the large-scale production of Korean
cooked rice varieties — Bibimbap, bean sprout bab, and fried
rice. Korean Soc Food & Cookery Sci 24: 580-592.

2. Ju JJ, Shin MG, Kwon GS, Yoon GS. 1998. Recipe stand-
ardization and nutrient analysis of local foods of Cheollabuk-
do province (The first report). Korean J Community Nutr
3: 630-641.

3. Han YS, Park JY. 2001. The microbiological and sensorial
properties of frozen bibimbap namul during storage. Korean
J Soc Food & Cookery Sci 17: 149-155.

)

4.

10.

11.

12.

13.

14.

15.

AzsFugel 49 5457 %1

Kim JH, Oh SH, Lee JW, Lee CY, Myun MW. 2004. Effect
of glucono delta-lactone on the quality of cooked rice. J
Korean Soc Food Sci Nutr 33: 1698-1702.

. Mun SI, Ryu HS, Lee HJ, Choi ]JS. 1994. Further screening

for antioxidant activity of vegetable plants and its active
principles from zatho—xylum schinifolium. / Korean Soc
Food Nutr 23: 466-471.

. Kang MY, Kim S, Yun HJ, Nam SH. 2004. Antioxidative

activity of the extracts from browned oak mushroom
(Lentinus edodes) with unmarketable quality. Korean J
Food Sci Technol 36: 648-652.

. Park JM, Lee JW, Kim JH, Kim KS, Han KJ, Sul MS, Lee

HJ, Byun MW. 2007. Studies on manufacturing of Su-
jeonggwa (Korean traditional cinnamon flavored persim-—
mon punch) edible in severe environment by gamma
irradiation. J Korean Soc Food Sci Nutr 36: 609-615.

. Song BS, Park JG, Park JN, Han IJ, Jong JI, Kim JH, Byun

MW, Kang SW, Choi GH, Lee JW. 2009. High-dose proc-
essing and application to Korean space foods. Radiat Phys
Chem T8: 671-674.

. WHO. 1981. Wholesomeness of irradiation food (Report of

a joint FAO/IAEA/WHO Export Committee), Technical
Report Series, No. 659.
Bruhn C. 1995. Consumer attitudes and market response
to irradiated food. J Food Protect 58: 715-718.
ICGFI. 1994. Summary report on eleventh meeting of the
international consultative group on food irradiation. Den-
pasar, Bali, Indonesia. 2-4 November.
Tanaka N. 1992. Induction of polyploids in bone marrow
cells and micronuclei in reticulocytes in Chinese hamsters
and rats fed with an irradiated wheat flour diet. In Final
Report of the Food Irradiation Research Committee or
1956-1991. Matsuyama A, ed. The Japan Isotopes Associa-
tion, Tokyo, Japan. p 212-220.
Thayer DW. 1987. Toxicology studies of irradiated-steri—
lized chicken. J Food Protect 50: 278-288.
Kang 1], Kwak HJ, Lee BH, Kim Byun MW, Yook HS. 1998.
Genotoxicological and acute toxicological safeties of gam-
ma irradiated beef. Korean J Food Sci Technol 30: 775~
780.
Han SM, Lee JW, Byun MW, Kang IJ. 2005. Toxicity of
high—dose irradiated porridge powder for three months. J
Fast Asian Soc Dietary Life 15: 431-436.

(201048 11¢

189 A< 20119 19 189 A=)



