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Safety Evaluation of 30 kGy Irradiated Chocolate Ice Cream

Young Eun Jeon, Xing Fu Yin, Cha-Kwon Chung, and Il1-Jun Kangf

Dept. of Food Science and Nutrition and The Korean Institute of Nutrition,
Hallym University, Gangwon 200-702, Korea

Abstract

This study was investigated the potential toxicity of gamma-irradiated chocolate ice cream for its future
use in space. Chocolate ice cream was irradiated at a dose of 30 kGy at a temperature of —20°C. For the animal
study, AIN-93G was used as a control diet and irradiated and non-irradiated chocolate ice cream diets were
administered to male and female ICR mice (ten mice per group) for three months. During the experimental period,
the group fed irradiated chocolate ice cream did not show any changes in appearance, behavior, mortality, body
weight, organ weight, or food consumption compared to the control. Also, all biochemical parameters, including
hematology profiles, erythrocyte counts, and serum biochemical values were in normal ranges. In histopatho-
logical examinations of liver and kidney tissues, there were no significant differences between the control group
and the group fed irradiated chocolate ice cream. These results indicate that chocolate ice cream irradiated at
30 kGy did not cause any toxic effects and could be applied for the development of safe and hygienic space

food.
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ZFolo]l2ad AZXE 3 AFge ofo|xaAYET
(Chocoicecream, Seogang Dairy Co, Sacheon, Korea), A&
(White sugar, Beksul, Inchon, Korea), ¥} & 39 (SK
2000, Shinkwang Food Co., Gimhae, Korea), Z o} =
(Pure cocoa powder, Morinaga, Tokyo, Japan)< A]Z ol A
T43k] AFES AT AR 100°Col A 583t 71Dsle] A
TE & 2 Lo ofo]2~agd D 700 g(FA 2 18%, 118
B 48%)3} ZFo} B 200 g, A® 100 ¢ & vl A1
7 g 58 wAseta 4°CAlA 1A B3 5/43% £, o]
223 A Z7)1(SSI-141T, SE-A Co., Incheon, Korea)E ©]
B3t AzsArt T2 AxE 2Fcto]|2aYLe EFH|
F 23 ¥# 8 7] (aluminum laminated with polyethylene,
10x 15 em® Al-LDPE, Sunkyung Co., Ltd., Seoul, Korea)l
Hol g 2AS & AP A&

oK Z=AL

Alge] ek A= A9 111 PBg, Co-60 vk AL
Al (IR-70 gamma irradiator, MDS Nordion, Montreal,
Canada)< ©|- &3ttt ol 2Folol=age Arpd =
AF 25 -20°CY] WEdE| oA AR OH, WEAAEHE
AL F JEE =goloto] 27t &7 AFAH(35x40% 10
mm)dll AlZ e} A YL F, 30 kGy<9] 447010 kGy/h)
o] HE% AT A & F A% &4 alanine
dosimeter(QOeric cerous dosimeter, Bruker Instruments,
Rheinstetten, Germany)& AH&-3} . th. Dosimetry A]22¥l
(Kishor and Reinhard, 1995)-& <A 4x}3 7] 7(IAEA) 9]
Ao F&ate] F3S & ARSI, T FF Y

S A= 2% ol AT

deisE Y AlsEd
AYFTEL 5FHY SEHH YA FA(specific pathogen
free)9] ICR AlE vl SYAE 5 E(F)(Seoul, Korea)
7497 2L

o=
ol A9 3 E3AASs A H
S st Aol AHE-EHA
o AFFEL 2% 209~226°C, AHEE 45~55%, 7]
5] 2 W] 10~153]/A17E, e 7142, 2 A7 12413
(08:00~20:00) 2 %% 150~300 Lux® 2ZE A58
A Z2 7R 0] E ARSAFAH278 X 420 X 200 mm, F2AE]AF
2, F2bhel 5vte) Y =85tk B SEAYS S-usta
SEAYEND3 9 £A($AWE: hallym 2011-31-1)
S wol Featgi.
Algze] 72y 2 AlREZe Fof
FASHO R b ZF 109kl 37 o2 Uitk &
AIN-93G 2]0| & 7|2 o2 T3 t 277 7o vl ZA
(0 kGy) 23 olo]2~= ™ B Zvpd ZAH30 kGy) 22

ofol2ay RelFow FANAT. ARE 247e W5
FrES AIN-93G 20 B EFH] pellet THEo]
AR A 2ol HANAL, e} §5 BiE7)E o) &

st} AT AgE AAFE AFF2 AAHG 23 ofo]~

He] AR B4 A%, gstE, A, gl Fhekol
7 B2 (dry basis) 71202 747} 6558, 25,58, 8.84 /100
Ao BE 2 ofo] 2T 7] Fof AP A
casein, sucrose % soybean 0il9] %& HAAA F
S YA 24T pellets THEO] AL AT} ol
ofo]~A R Fojge Alge] A A ZFRT tha
5%2 A3t A HIHE AASATHTable 1).
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A AAste] Fstd v (Axio-imager M1, Carlzeiss,
Niedersachsen, Germany)2. 2 23} %t}

o o
i
=
[0
o
-9
[
oo
2
=2
=l
oxl
>

ol

o
H,
e
=2
i
9‘L
3R
o

Hodo 2 fr X odo
)
o
2
o

Table 1. Formula of experimental diets

Chocolate ice cream

Ingredient AIN-93G 0 KGy 30 KGy
Casein 200 195 195
Corn starch 397.5 397.5 397.5
Dextrose 132 132 132
Chocolate ice cream 0 50 50
Sucrose 100 65.7 65.7
Cellulose 50 50 50
Soybean oil 70 59.3 59.3
Mineral mix 35 35 35
Vitamin mix 10 10 10
TBHQ 0.014 0.014 0.014
L-cystine 3 3 3
Choline bitartrate 25 2.5 25
Total (g) 1,000 1,000 1,000
Total kcal 4,000 4,000 4,000
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H % B (Becton Dickinson, Franklin Lakes, NJ, USA)el =}
HAg F A5HFASZA(HEMA VET 950, Drew Inc.,
Cumbria, UK)E ©]-&3} & W&+ 4=(white blood cell,
WBC), &% (neutrophil, NE), ¥ >+ (lymphocyte, LY),
@& G (monocyte MO), ZAF(eosinophil, EOQ), T3
(basophil, BA) & &394t Yol7t & A+ F(red
blood cell, RBC), 3l 2&Z% &3 (hemoglobin, Hb), 8Z
A8 H]&(hematocrit, HCT), B Z 3T &2 (mean
corpuscular volume, MCV), B+ 3| 22247 g ZF(mean
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corpuscular hemoglobin, MCH), B s|ZZE4% % d FAFA ALY ELS BEEA EUT QGSEES T
(mean corpuscular hemoglobin concentration, MCHC), %] Fe Ao, x2T 9 23ofe] 23y HIEAHO kGy) B &
83 27) B X Z(red blood cell distribution width, RDW)  ZOFol&I ™ ZAHE0 kGy) A FATel 7191k o)dg7de] 2
= =339 2= A ATt

o AEstE ZAl
374 9 AAE Qololy 2o GRS ARasie 2
237171(KoneLab 20, Thermo Fisher Scientific, Waltham,
Finland)E ©]-&3}4] albumin(ALB), alkaline phosphatase

(ALP), alanine aminotransferase(ALT), aspartate amino-

o

transferase(AST), blood urea nitrogen(BUN), cholester-
ol(CHOL), creatinine(CREA), bilirubin direct(D-BIL),
glucose(GLUC), triglycerides(TG), total protein(TP), total
bilirubin(T-BIL)& =4 3}%t}.

SAAz]

ojare] AFoA AdojW A= Statistical Package for
Social Sciences 10.0(SPSS Inc., Chicago, IL, USA)< o] &
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3} one way ANOVA #4418 3t3om A5 /o4& SHOHSHY AL
Duncan’s multiple range test® p<0.05 FZl|A] vl stgh ZFopo]|2aY S FAS AP T At HALE &

Table 2. Effects of chocolate ice cream irradiated at 30 kGy on body weights and food consumption of ICR mouse

Sex Group Initial body weights (g) Final body weights (g) Body weight gain (g/day) Food intake (g/day)
Control 34.81+0.32™° 53.69+2.38%° 0.32+0.06™ 3.90+0.12"
Male 0 kGy 34.29+0.65 55.74+1.62 0.31+0.05 3.8240.10
30 kGy 33.68+0.47 53.87+1.81 0.31+0.04 3.91+0.08
Control 27.6440.56™° 55.55+0.69™° 0.42+0.02% 3.77+0.10™
Female 0 kGy 27.48+0.51 56.37+2.65 0.40+0.02 379+0.11
30 kGy 27.54+0.56 55.55+1.65 0.39+0.03 3.65+0.10

Values are expressed as mean=SEM (n=10).

NSNot significant at 5% level by Duncan’s multiple range test (column).

Table 3. Effects of chocolate ice cream irradiated at 30 kGy on the organ weight of ICR mouse

(unit: g/100 g BW)

Sex Group Liver Spleen Kidney Lung Heart
Control 3.75+0.06 0.24+0.01" 1.27+0.01™ 0.54+0.02%° 0.53+0.01"%
Male 0 kGy 3.71+0.06 0.24+0.01 1.2440.01 0.52+0.01 0.54+0.01
30 kGy 3.63+0.10 0.25+0.01 1.25+0.02 0.53+0.01 0.52+0.0.
Control 3.35+0.05™ 0.26+0.01% 1.0240.02% 0.54+0.02" 0.54+0.02°
Female 0 kGy 3.40£0.02 0.25+0.01 1.034+0.03 0.55+0.01 0.52+0.02
30 kGy 3.37+0.08 0.26+£0.01 1.02+0.02 0.55+0.01 0.52+0.01

Values are expressed as mean+SEM (n=10).
NNot 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 with chocolate ice cream irradiated at 30 kGy

for 3 months

(unit: k/uL)

Group

Sex WBC NE LY MO EO BA
(ng/g/day)
Physiological range 1.8~10.7 01~24 0.9~9.3 0.0~04 0.0~0.2 0.0~0.2
Control 6.41 £2.79™ 1.35+0.33° 3.46+1.47"° 0.15+0.11" 0.07+0.06™ 0.05+0.07
Male 0 kGy 3.68+151 1.10+0.42% 2.37+1.06 0.15+0.09 0.05+0.03 0.01+0.01
30 kGy 4.79+3.22 0.70+0.21° 3.12+2.14 0.10+0.08 0.04+0.05 0.01+0.01
Control 3.16+1.18™ 0.52+0.25%5 1.91+1.01% 0.25+0.11" 0.06+£0.02" 0.02+0.01™
Female 0 kGy 3.36+2.29 0.86+0.82 1.82+0.88 0.12+0.15 0.02+0.01° 0.03+0.06
30 kGy 5.01+3.16 1.05+0.71 3.03+1.72 0.20+0.11 0.08+0.05% 0.04+0.03

Values are expressed as mean+SEM (n=5). “Not significant at 5% level by Duncan’s multiple range test (column).
WBC, white blood cell; NE, neutrophil; LY, lymopocyte; MO, monocyte; EO, eosinophil; BA, basophil.

g A4S Table 49 HeERHATE 30 kGy ZAF ZFL0}0]
23 FT F WP F(WBC), FZFLY), &3l 7
(MO), ZAFT(EO) ¥ AT (BAIE hETF vluste v)
A AR Fola B30 kGy b A AR R BF
T4 9l Aol & HeEhlA sk &, A9 B9 iz
I} 30 kGy A} ZFofo)|2AY FoT Aboldll EFT(NE)
o} FA7F FejF o2 sk o o]+ physiological range
HEI(NE: 0.1~24 k/uL)oll A HlojuA] g& Fxong =
goll 7108 A= obd Ao g wdETh

HEg #d FAANA 719 B9 HEF FRBO),
Z2RI(Hb), F AP WLHCD), B HI+ &4
(MCV), B+ s|Z2=2W FFZFMCH), B sZ==21
FTE=(MCHO)= F94 %l Aol Yep A egkon, vl =
Ab ZFofolzaay T AP 7] BEZRDW)O
Ak 2w F-2) 2] 2ol & B tH(Table 5). 4319 7
& Bl AP ZFoo|AAY Folie Ht HRIEN G
FHEMCHE Astie 25 F932 2o] S Yehf A
Fottt B B4 A3E Wolford 5(8)0] A3 AFEFE9
A 7|22 g oA AAg FG 2 (RDW: 12.4~27.0%,
MCH: 12.1~19.3 pg)¢t ¥n st e o) 37t 25 G4
e Wl &3t o g H AL ZFofe] A Y] E
71918 Adte obd Aoz AeEtH(Table 5).
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Table 5. Erythrocyte values in the male and female ICR mouse administered orally with chocolate ice cream irradiated at

30 kGy for 3 months

Sex Group RBC (M/uL)  Hb (g/dL) HCT (%) MCV (fL) MCH (pg) MCHC (g/dL) RDW (%)
Physiological range 6.36~9.42 11.0~15.1 35.1~55.4 45.4~60.3 12.1~19.3 20.2~34.2 12.4~27.0
Control ~ 9.47+0.48" 12072043 51.73+1.42" 57.70+0.86"° 13.40£0.15" 23.47+0.09%  14.60+0.15"
Male 0 kGy  9.78+0.53 11534047 52304083  5807+£1.07 12974020  23.47+0.09 15.2340.18"
30 kGy  9.90+0.21 1157+065  5267+116  5640+166 13.03+0.35  23.27+0.12 15.03+0.12"
Control ~ 9.41+040™  1173+0.96™ 4867+248Y 5437+1.48™ 1280+0.10° 23.30+052"  15.73+0.24"°
Female 0 kGy  9.98+0.12 1227+115  4770+225  5330+142  1397+017* 23.77+0.29 16.37+0.38
30 kGy  9.25+0.41 1157065  4830+221  5427+092  1297+0.12° 23.80+0.10 16.47+0.55

Values are expressed as mean+SEM (n=10).

NSNot significant at 5% level by Duncan’s multiple range test (column).
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.
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Table 6. Serum biochemical values in the male and female ICR mouse administered orally with chocolate ice cream irradiated

at 30 kGy for 3 months

Sex  Grow ALB ALP ALT AST BUN CHOL
P (g/dL) (U/L) (U/L) (U/L) (mg/dL) (mg/dL)
Physiological range — ] 70+15 10070 190+130 30+10 130£35
Male  Control 361+0.15™ 11570+1061%  4270+6.30"  121.63+11.81% 2520+1.33" 93.36+11.66™
0 kGy 368+0.03 11594+1546  42.25+3.01 122.43+4.05  2504+161  93.37+4.16
30 kGy 360+0.04 11586+1256  42.45+0.74 120734621  2498+219  93.39+13.35
Physiological range - 50+17 60450 130£65 25+9 92426
Female  Control 365+0.14%  91.63+150™  3420+3.19%  134.20+13.13 18.93+1.86™° 14520+4.37"°
make 0 kGy 3.67+0.05 91.69+2.18 35.92+453 1344441259 19.17+3.88  144.32+1257
30 kGy 3.65+0.08 91.15+7.28 34.62+1.89 133.40+11.67 18704204 14515+14.77
Sex  Grou CREA D-BIL GLUC TG TP T-BIL
P (mg/dL) (mg/dL) (mg/dL) (mg/dL) (g/dL) (mg/dL)
Physiological range 0.5+0.3 — 90+30 104+38 52+1.0 0.4+0.2
Male  Control 0.46+0.03" 034001  6894+491™ 95114242  498+0.05"  0.46+0.03"
0 kGy 0.46+0.02 0.3340.04 68.21+2.04 96.75+7.03 4.98+0.19 0.45+0.05
30 kGy 0.46+0.03 0.33+0.03 68.77+5.34 96.74+3.79 494+0.24 0.45+0.03
Physiological range 0.5+0.3 — 106 +40 71+28 52+25 04=+02
Female  Control 0.46+0.05™  0.40£0.05%  90.20+10.31% 117.48+459™  4.68+0.10%  0.47£0.01™
emale o kGy 0.46+0.01 0.38+0.03 92.20+4.83 114.32+6.47 467+0.31 0.47+0.05
30 kGy 0.46+0.01 0.40+0.03 90.81+0.63 11882+1057  4.70+0.20 0.47+0.02

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

total bilirubin.

Values are expressed as mean+SEM (n=10). NS5Not significant at 5% level by Duncan’s multiple range test (column).

' Control

Control

Control

Choco-icecream 0 kGy

Choco-icecream 0 kGy

Choco-icecream 0

Choco-icecream 0 kGy

kGy

Choco-icecream 30 kGy

Choco-icecream 30 kGy

Choco-icecream 30 kGy

i, |

* Choco-icecream 30 kGy

Fig. 1. Histopathological examination of
the liver of ICR mouse administered with
chocolate ice cream irradiated at 30 kGy
for 3 months, x200. (A) male, (B) female.

Fig. 2. Histopathological examination of
the kidney of ICR mouse administered
chocolate ice cream irradiated at 30 kGy
for 3 months, x200. (A) male, (B) female.
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