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Genotoxicological Safety Evaluation of X-ray Irradiated Four Foods

Da-Woon Jung', Yu-Hua Huang', Beom-Seok Song? Myung-Woo Byun®, and I1-Jun Kang'

!Department of Food Science and Nutrition & The Korean Institute for Nutrition, Hallym University
?Advanced Radiation Technology Institute, Korea Atomic Energy Research Institute
ISchool of Culinary Nutrition, Woosong University

ABSTRACT This study evaluated the genotoxic effects of 30 kGy of X-ray irradiation to four foods (chicken, egg
powder, dried green onion, and black pepper). In bacterial reversion assay with Salmonella Typhimurium TA98, TA100,
TA1535, and TA1537, the X-ray irradiated foods did not show a significantly increased number of revertant colonies
in the presence or absence of the S9 metabolic activation system. In chromosomal aberration tests with Chinese hamster
ovary (CHO) cells, the X-ray irradiated foods showed no increase in the frequency of chromosomal aberrations. In
in vivo mouse micronucleus assay, the X-ray irradiated foods did not show any increase in the frequency of poly-
chromatic erythrocytes with micronuclei. These results indicate that 30 kGy of X-ray irradiation to four foods (chicken,
egg powder, dried green onion, and black pepper) showed no genotoxic effects under these experimental conditions.

Key words: genotoxicity, X-ray irradiated food, bacterial reversion assay, chromosomal aberration test, micronucleus
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Ao} b ZAbAEo] ehdl Aol tieh Amzbe] EHlE=9}
AT ZARAE w2 oheket FHlo] At o 2E] Fo
of 8t A2 AR AL g}, oo e} . Ao = vl
AZARY] A 71l XA 2Abe] F83E Qe 7 x2dT
2 axgo R ARG X-A ZARE] A S HES
207 30 kGyE X-A ZAFSE A1 E 42(Har7], A
T AT, $5)9 A5 kg HUHE A

AlE & X-M EA X2

2 ATl RS AEE Har), A9 5 32 A5
A ) Fd Ae FYst T2 Z7](Vacuum Freeze
Dryer, Model SFDSF12, Samwon Freezing Co., Seoul,
Korea)ol $47% 3l SAAE A 82 AL X-
A ZAbE @oluleEl 2o A A ¥ o] 3lE LINAC Electron
Accelerator(Model ELV-8, 10 MeV, EB-Tech, Dae-
jeon, Korea)dl §-2r% X-A AWEZH-E HAs= Als
X-A(7.5 MeV, 1 mA)°l 1.12 m/min®] £E= AFEES
wEAA A7F FAE] 30 kGy7t HES WHEEle] 2 g
stttk A #le cellulose triacetate dosimeter
system$ o|-&3I 0w F FH AT Qb= B AR

5% ol ATt

A2 k= S Typhimurium TA98, TA100, TA1535,
TA1537%2 FHRAATY(Osong, Korea) o ZHE 4
ol Al BES ARSI o]E T E AFECl 94
histidine 874, crystal violet ZF5=4), ampicillin WA,
spontaneous HF7 ¥l & F& A3t 30 kGyE X-
A AR AE 4 (FaT], A, A9, 352 v e
7kl Wt Beel Jwrt FolA 7] witel &3 7kt
a1 Ag FX22 5000 pg/plates 34| 52 A ete] &3

=8k obAA Ho}b 1589

A 5eAIR gl o, S9 mixtureE 7FHA] @2 U
AL 84 FA A"l SO mixture s 7HeE AL &4 A&
Al 2=g o2 o] 2 AFE #3353t ¥ FE nutrient

uh 5ek vl ksl Hi5=7](2x107 cells/mL) 4
gol o255 g thg wlgd 0.1 mLel AFEEAX-A
FAAE 4%) 0.1 mL, S9 mixture =+ 0.2 M Na-phos-
phate buffer 0.5 mLE &3}3}o] 37°Cell A 303t pre-
incubation 3} t}. Histidine/bioting -3 top agar 2.5
mLE 7}5}¢] minimal glucose agar BjA]ol] F-o] & 3o
37°Coll A 48A1%F &<t vkt $ B ZdAde] Jegs A
FATH19). FANEEAZE sodium azide(SA), 4-
nitroquinoline N-oxide(4NQO), acridine mutagen ICR-
191(ICR-191), benzolalpyrene(Bla]P) % 2-amino-
anthracene(2-AA) & 7+ Alg 752 54 Bt50] A}
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Chinese hamster lung(CHL) fibroblastE A}-&3}<] 30
kGy® X A A% 43(F7], A& d, A, &
)] A ol AlFE AAISHATE #iAE minimal es-
sential medium®l fetal bovine serum(FBS)< 5% % =%
A7tste] Abgsiglon, S REdEE AlEEdY &
uj 1 dimethylsulfoxide(DMSO)&, ¥dUzEHAZ = o
Ab 84 ZA 3ol = benzo(a)pyrenes DMSOo!| &3f A
A AFgsielor, gial &4 FA)] shol| A& ethyl methane
sulfonate(EMS)E E 575l §3AIA AFE3FA . o
HIA o A A FEAX-M ZAMF 43)8 A3t 54
AF-E FFeta, 1 AP mE FEE 625~5,000 ug/
mL2 AAste] 2 A3 S S Th S9 mixture(20%, v/v),
AFEAX-A ZAF 45) 2 dduxzE4de] x84
HjFd o = GAIZE MYt the BE o WG o R Wl
16A17F B¢t o w3 & colcemidS A ]38k thg 0.05%
trypsin-EDTAR A X & Ro} dAA o] AlES 913 &
& A&t Fsten A stell 41,0008 9] wi&= 7t
AldaE 100709 & HAX 4 7] e diste] LA
T 2 A o] 5 HESL, oY R TE

7] &3S TH20).

713 A% F 30 kGy = X-A A A5 45 (7],
A, Ag, F3)8 F7F0 sl duA ez 73
T} Thed A s E Folate] @AY A BE
TEolA 5EE SHA o 270] WEHA skt o]
2,000 mg/kg/days + Al@o] agFor dAstal, o
2 22 3}od 1,000, 500, 250 mg/kg/dayE 24717} HA o
= 23] A7 shlnh mhA e ol § 244]3%0] A2tk

U2 Schmid(21)¢] Rl wet =4HAE Al=sksivh
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o] o] Ayl A Hojzl A= Statistical Package for
Social Sciences 10.0(SPSS Inc., Chicago, IL, USA)S ©]
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Table 1. Salmonella Typhimurium reversion assay with 30 kGy
X-ray irradiated four foods in the absence of S9 metabolic acti-
vation system

Test Conc. No. of His+ revertants per plate"
Compound (ug/plate) TA98 TA100 TA1535 TA1537

Chicken 5,000 2744 15716 1242 842

1,000 22+6  168+14  14+£3 1143

200 264 17416 1382 10£2

40 2543 171£12 1546 8+3

0 28+6  167+16  13+3 T2

Egg 5,000 27+6  174+16  15+3 11£2
powder 1,000 27+4  172+18 1343 10+2
200 28+6  175+14 1282 10+3

40 275  168+18 1444 8+3

0 265  172+15 13+4 8+3

Dried 5,000 28+5 17315 1443 10£2
green 1,000 266 170£16 1543 11£2
onion 200 27£5  168+18 14+3 8+3
40 264 171+14 134 10£2

0 28+5  169+14 1243 9+3

Black 5,000 2846
pepper 1,000 28+5

17414 14£2 10£2
168£16  14+4 9+2

200 26+6  172+12 1443 842

40 27+4 17018 1343 9+3

0 26+6 17114  13%2 7+3

SA? 0.5 ne”  412413" 319£16°  ne

4NQO? 0.5 532427  ne ne ne
ICR-191% 0.5 ne ne ne 135428

YEach value represents the mean+SD of three plates and ex-
pressed of revertant colonies per plate.

ISA (sodium azide), 4NQO (4-nitroquinoline N-oxide), ICR-191
(acridine mutagen ICR-191) were used as positive controls for
the corresponding strains.
~Not examined.

Significantly different from the control (P<0.01).

4Z0| M3 O|AF AIE
Aol /\1{— Chinese hamster lung(CHL) fibroblast

AL ez oo 30 KGy2 X ZNT 4F 43
7], AR, A, $H)e] fA54S B Al
BARA 2R AF 4D A AR5 B2 5

g Ay 545 YEhdA et J& Thee Ha sEd
5,000 ng/mLE A¥ A& Hi w52 AA3ste] GH4A o]
A AEES AA a—oﬂﬁ} = CHL fibroblast A 8] el A A
FEAX-A AN AF 43)9 A8 48 F5E 5,000,
2,500, 1,250, 625 ug/mL 192 AAste], AMEA A
£=(chromatid type deletions, TD), &2 n 3 (chro-
matid type exchanges, TX), @A A<&(chromosome
type deletions, CD), A wg(chromosome type ex—
changes, CX), A &EA] 2 AAA Z}o](chromatid and
chromosome type gap, G) &2 €A ol #5& 574
At 4 S9 mixtureE 7}8HA & thAl B4 2
Ale] Al o A Erdl ] DMSOE 100712 F7]%3 A
ol H4 0.570¢] CD, 1709 CX, 0.570¢] 71€} types A



X-3 2AFHES f

Table 2. Salmonella Typhimurium reversion assay with 30 kGy
X-ray irradiated four foods in the presence of S9 metabolic acti-
vation system

Test Conc. No. of His+ revertants per platel)
Compound (pg/plate) TA98 TA100 TA1535 TA1537
Chicken 5,000 40+£7  168+17 11+2 10+3

1,000 3549 172412 1241 12+2

200 4248  154+14 11+£1 10+2

40 386  162+17 9+3 1443

0 3948 177«16 1242 1242

Egg 5000 3846 178+15 11l 1242
powder 1,000 4185 172+17 1242 1343
200 3647  169+16  12+1 1243

40 3746 174+18 10+2 10+2

0 367  164+17 9+2 1243

Dried 5,000 41+£8  175%16 1242 1242
green 1,000 40+6  177+13 11£2 12+£2
onion 200 38+6  169+16 10+l 10+3
40 40+8  166+15 1142 1243

0 3749 172+17 10+3 10+3

Black 5,000 42+7  179+18 1242 11+£2
pepper 1,000 40+8 17616  10£2 10+3
200 4246 168+15 1142 11+3

40 40+8  167+16 1042 1243

0 3746 167+12 9+3 10+£2

B[a]P” 1 218+26"  ne’ ne ne

2-AA? 1) ne 64835 103+£12° 218+27

YEach value represents the mean+SD of three plates and ex-
pressed of revertant colonies per plate.

Z)B[(X]P (benzo[a]pyrene) and 2-AA (2-aminoanthracene) were
used as positive controls for the corresponding strains.
“Not examined.

*Signiﬁcantly different from the control (P<0.01).
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F%E21 5,000 pg/mLAAME 9671 o4 A4S vER 4
A ol Fes HolA vt CHL Ax9 A5 &
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oA FAduzel s FARH e Fo% TS e
WA kst whebA Al EE(X-Ad 2ARRE A5 49)2

A=A sFE okx A Ho} 1591

A B RA D A B g BN ol v )
A o1g vhehllA] gk Ao wot Al o] Fuol

X—=M ZAAE 432 A8 A

30 kGy= X-A AR 25F 43 (Far7], detd, a4
DS AR Y8 &8 AHS S
g HAE Z2A A9 b PAE T
ZdEo] SN FolAQl Aol & YERUA] okt
(Table 5). & AHAEAX-A AL AF 45)8 NA5E
kgd 250~2,000 mg2] WA= AFFo 3 A3}, 2,00070
°] PCE & MNPCE7} A A& &% ¥$lol4 1.8~3.89
2S5 Yehy &) gi=H(DMSO0) 2.3 Hla] 43 13
WE7F o)A A S7hebAl &t 28 A2 2,0007H
°] PCE % MNPCE®] W=7} S22 3t 7(0.35%)
ol&}, AU RTL A 50(2.5%) ©]4D Ao| B4 7|F
ojth, I AlFoA FAUEEHE A8 cyclophos-
phamide-H,O(CPA)= A8 47} &4 3] Z7}38k 98.2571 <]
LYNEE HYo =R 2 Aol AielA daAlHeS &
T AR I x4 AxQl PCE:RBC & BE
Fol ol A 0.29(FA T2 94%) o] F o2 MEEAo
e A ookt wEbA 30 kGy R X-A 2AME 213E 4%

(Fa7], AREE, A}, F3)0 Fol8 Bg 23 WAL

, WL ) gl

OfN

i

FusA 2 Ao Hotk AAMel ot (Hawel A0
2 AgA 2% & AASH, o1 Yush Jo(24), Jo
(25)9] 29 Asske At

olAe] A= F3te] B 30 kGyE X-A FAE 2%
4 (Ga), Aaed, An F3)E dF2 A< i #
574 Alg<l S Typhimurium H7EAH] Alg 9 A
ol Aol A SA4& YA, in vivo FREA Al
A& kit AS & 4 9 il
EdZ @37 54ATFE F35te] X-4
4 A Hrke 283 & S A= AZtH.

AT AR A E e A S 5842
dlaha, gelazate] diAz1Em X-A 2Ake] B8
e 54 o= 30 kGy X4 AR 45 (A7), Azt
o, A5}, $30) FASHEH g Bk ABe
Salmonella Typhimurium TA98, TA100, TA1535
TA15370 gk X-4 ZA S 459 B7¥e] e
AL A giAF E4A =9 2 BA A B ALY
E5 ¢l 40~5,000 pg/plated] WA EFHo] F
o FE oEHQ FUt B A4S BolA &gttt 1y

LHF MGALE o] 87 QA o % APANE X-

MLt ol
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Table 3. Chromosomal aberration test on 30 kGy X-ray irradiated four foods in the absence of S9 metabolic activation system
using a Chinese hamster lung cell line

Conc.

Test compound G” CD CcX TD TX Other Nor Total
(pg/mL)

DMSO" - 0 0.5 1 0 0 0.5 98 100

EMS? 800 1 1 1 4 29 0 64 100

Chicken 5,000 0 1 0.5 1 0 0.5 97 100

2,500 0 0 1 1 0 0 98 100

1,250 0 0.5 0 0.5 1 98 100

625 0 1 1 0 0.5 0.5 97 100

Egg powder 5,000 0 0.5 1 1 0.5 0 97 100

2,500 0 1 0.5 2 0.5 0 96 100

1,250 0 0.5 2 0 0.5 0 97 100

625 0 1 0.5 0 0.5 0 98 100

Dried green onion 5,000 0 1 0.5 1 0.5 0 97 100

2,500 0 1 0 0 1 98 100

1,250 0 0.5 1 0.5 1 0 97 100

625 0 0.5 0.5 0 0 0 99 100

Black pepper 5,000 0 1 0.5 0.5 1 0 97 100

2,500 0 1 1 0.5 0.5 0 97 100

1,250 0 0.5 0.5 1 1 0 97 100

625 0 1 0.5 0 0.5 0 98 100

Number of findings of mean aberrant metaphases. 100 metaphases were examined per culture.

1)Dimethyl sulfoxide (negative control).

2)Ethyl methanesulfonate (positive control).

IG: gaps (chromatid typetchromosome type), CD: chromosome type deletions, CX: chromosome type exchanges, TD: chromatid
type deletions, TX: chromatid type exchanges, Other: metaphases with more than 10 aberrations (including gaps) or with chromo-
somes fragmentation, Nor: normal.

Table 4. Chromosomal aberration test on 30 kGy X-ray irradiated four foods in the presence of S9 metabolic activation system
using a Chinese hamster lung cell line

Conc.

Test compound G’ CD CX TD X Other Nor Total
(pg/mL)

DMSO" - 0 0.5 1 0 0 0.5 98 100

B(a)p” 20 0 2 3 4 13 0 78 100

Chicken 5,000 0 1 0 0.5 0 0.5 98 100

2,500 0 0.5 1 0.5 1 0 97 100

1,250 0 0.5 0.5 0 1 0 98 100

625 0 1 1 0 0 0 98 100

Egg powder 5,000 0 2 1 0 1 0 96 100

2,500 0 1 0.5 1 0.5 0 97 100

1,250 0 1 1 0 0 0 98 100

625 0 1 1 0.5 0.5 0 97 100

Dried green onion 5,000 0 1 1 0.5 0.5 0 97 100

2,500 0 1 1 0 1 0 97 100

1,250 0 1 1 0 0 0 98 100

625 0 1 0.5 0 0.5 0 98 100

Black pepper 5,000 0 0.5 1 1 0.5 0 97 100

2,500 0 1 1 1 0 1 96 100

1,250 0 1 0.5 0.5 1 0 97 100

625 0 2 1 0 0 0 97 100

Mean aberrant metaphases of duplicate cultures. 100 metaphases were examined per culture.
"Dimethyl sulfoxide (negative control).
2) L.
Benzo[a]pyrene (positive control).
G: gaps (chromatid typet+chromosome type), CD: chromosome type deletions, CX: chromosome type exchanges, TD: chromatid
type deletions, TX: chromatid type exchanges, other: metaphases with more than 10 aberrations (including gaps) or with chromosomes
fragmentation, Nor: normal.
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Table 5. Frequency of micronuclei from marrow in mice treated
with 30 kGy X-ray irradiated four foods"

Test compound Dose MNPCE/2,000 PCE:RBC
P (mg/kg) PCE” ratio”

DMSO? 2.3+13 0.31£0.03

CPA” 70 98.2+27.4 0.24+0.03

Chicken 2,000 2.8+1.1 0.3340.03

1,000 3.8+1.2 0.31+0.02

500 2.5+1.6 0.3240.03

250 1.8+1.4 0.2940.03

Egg powder 2,000 2.6+1.2 0.31+0.03

1,000 3.2+1.1 0.33£0.03

500 3.5+1.5 0.31£0.03

250 2.3+1.4 0.32+0.02

Dried green 2,000 3.0+1.5 0.29+0.03

onion 1,000 3.6+1.2 0.3240.03

500 2.84+0.8 0.33£0.02

250 34+1.2 0.31£0.03

Black pepper 2,000 2.4+1.5 0.31+0.03

1,000 3.6£1.2 0.32+0.02

500 3.8+0.8 0.3240.03

250 2.8+1.6 0.33£0.02

YEach value represents the mean=SD.
MNPCE: micronucleated polychromatic erythrocyte, PCE: pol-
ychromatic erythrocyte.

*RBC: red blood cells (polychromatic erythrocytetnormochro-
matlc erythrocyte).

Dlmethyl sulfoxide (negative control).

Cyclophosphamlde H>O (positive control).

Slgmﬁcantly different from the control at P<0.01.

ZAFAE 452 625~5,000 pg/mLe] A E HE oA
FAA o] fFise]l 5% mRtoloj A GAA o] s i
a4 o= Aow etk w3 AAF PFHETE o &
o] X-A ZAE 4% 298 I DL FAF A
Alg AE FE9 250~2,000 mg/kge] WA A4S
7 A E e Edgo] SAUERTY fod 2ol =
LERA] eFof 23S FrbshA] S FlakSlt o)/
Ag algeR 93 #4 AT 30 kGy X-4 AR F
4F(Far7], AeEE, Ad, $5) 2 A2 F4

ZAel =

B oe g RRaee) gelo audTAe] X
Y (2013M2A2A6043298)5 &3l FaHNoH, 1 XY
o A=y,
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