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Abstract
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Gamma irradiation at 30 kGy was applied to porridge to evaluate its possible genotoxicity. The genotoxicity
of irradiated porridge was evaluated by Salmonella Typhimurium reversion assay, chromosomal aberration test
and in vivo micronucleus assay. The results were negative in the bacterial reversion assay with S. Typhimurium
TA98, TA100, TA1535 and TA1537. No mutagenicity was detected in the assay both with and without metabolic
activation. In chromosomal aberration tests with CHL cells and in vivo mouse micronucleus assay, no sig—
nificant difference in the incidences of chromosomal aberration and micronuclei was observed between non-
irradiated and 30 kGy-irradiated porridge. These results indicate that porridge irradiated at 30 kGy did not
show any genotoxic effects under these experimental conditions.
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t}. Folxzz]) 78] 7S shelf-stable meat product®] ©HA &
ol 4 45 kGyd] WAMIZRAFE 71k D).
upeid oh8-x o] mAlEF WAl AR Fo] o]n sfHlE
FAA, A Foll oo} 2nAHE AT FARF WL 2A
ol & Al o g oA Hrld e HAF] 8F-Fr) o]
E oM B2E AEe] s} 24 54 X©)
£ 9319 ek ZA)E 9 o] 4 7HeAd o] EobAl ol whet
o] 59 ML AEY FH 22 30 kGy2] A= 7

24 5o $ASARA T B AASc

E A A4 Az BHEL felFal d s FAF
£ A FellA Fdste] Abgtol o, Qg d A 7
g/100 g, /¥ 5 /100 g, B<+3HE 79 g/100 g, FEF 1,910
mg/100 g(390 kcal/100 g)ol it}

TYT AZ B 2EL IAAAE AT 49 Co-60 kAl
ZARA| A (IR-79, Nordion International Ltd., Ontario, Can-
ada, 100 kiloCurie activity)& o]-&8lo] A1 &(12£1°C)el| A
23 70 Gy A#HFEZ F 30 kGyd FFAEHE IEF
2R FAbslgoh A% 34l Fricke dosimetry
(ceric/cerous dosimeter) & AH-8-319] 2.5 (9), o1 v FAd
o] 22k £0.2 kGyoldrh Aok AR Az EE
Bl ZAL Y2 59} A A2l MAstHA A5

A AH-E AR

2 ore
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A& ol A% FF= Salmonella Typhimurium LT2S
A2 3= S Typhimurium TASS, TA100, TA1535, TA1537
2 AP A dT Aoz e Bof o} At BE3}
AHg-atedth. o] F - Aol 4] histidine 74, crys-
tal violet <43, ampicillin W4, spontaneous &7 ¥Heo] =
52 gl dlgich 3 nutrient brothel] 825 E3F whok
atod D571 (2% 10° cells/mL) Feh o] o] 22 & t}g- vl
% 0.1 mLoll, A8 &2 (30 kGy A4} £22) =Y 0.1
mL, 5-9 mixture(Z=< 0.2 M Na-phosphate buffer) 0.5 mL
+ £33l 37°Cell A 30%-7F pre-incubationd} 3 t}. Histi-
dine/bioting- 373t top agar 2.5 mL-& 7}3}¢] minimal glu-
cose agar B} 2] o] F-of F-& F-of 37°Col| A} 48A17F F<F vl
gt F EHEGH] S At JHANREAR
<+ 2-aminofluorene(2-AF), 2-nitrofluorene(2-NF), N-meth-
yl-N'-nitrosoguanidine(MNNG), 9-aminoacridine(9AA) 5
& ZF AdTFY S wEo] A3k tH10).

EZaFel siUMEZE 0|26 AMA ola AlY

Chinese hamster lung(CHL) fibroblast® A}-g-3led 30
KGy ZAF 2252 A olAA & AAEdth(11). W)

kS

Ho

A] = minimal essential mediumell fetal bovine serum-2 5%
HEE 18l AMslgl ey, SANEREARE ARE
2] &-n} Q] phosphate buffered saline(pH 7.4)%, A &
A2 AR 2713tell A= benzo( @ )pyrene$ dimeth-
ylsulfoxideol| £-8] A]A A}-8-319] 2.0, cfALEA] F-2) 3ol 4]
+ mitomycin C& BT FF5ol 43427 A&t =
A & Ao H&38t7] 97 50% FAGAFES FHF

5, 0 FEE 7|FoE FY) 28 39S FEE A3}
o] B AY-L Fginh & S-9 mixture(20%, v/v), A ER
g FAdzEA ] ZIR wiFH 22 643 w3 F B
5wk o2 wale] 16417 F1F o ] oFdF ¥ colcemid
£ A& ok 0.05% trypsin-EDTAR A|E£& o} 44
Aol AlHE A TS At A FAH A
o) A2 B fulA oA 1,00000 2 wi-E = 7 AFF
F 100709 & H3 £9 F7] A& AT obf AT
gk FxolAte] F SHYNES SA(-): 5% Rt oA
(£):5% ©] 4 10% ==, o3 (+): 10% o] A2 7]l vte}
#A skt

A

ICR "h-2(84; 5~65F%3) & AH8-3t <k 17U 7HY
3717208 713 F AF EA B0 kGy 2AMERF)S 543}
o RS AR|AIP o2 RE HFFA) s Ao
=5 u8¥oz AAs I, o) 128 43t A &
o2 34tk NPHT FEE oA AF kg 7 5000 mg
olslon], A T Ng 24417 pA o 23] AT Fois}
At} wiR| % Fo F 242 7ko] 7 #}3F 3 Hayashi(12)®] HF
W o] £3}¢] acridine orange -%%(0.5 mg/mL)2- slide glass
ol RE 5t F7| Foll AEAZ o, 29 FFZ 5
AHE FA oF 5 uLE slide glass$ ol "ol=al 3 cover
glassZ Hvh AZEE 27 ¥ d3dv)7 slo)A] =t
S 1 =l 1,000709] =44 8 F(polychromatic eryth-
rocyte, PCE)E $&3le] O FollH 252 3L = &
#-& 712 AR ¥ F(micronucleated polychromatic ery-
throcyte: MNPCE) & &4 3}o] & AA 91x & Al4rstgch

ol off xR )

SAEY

2T wAdE ek 2AHR ARl 2 AP A s
ZHe ANOVAE T3+ ¥ Duncan’s multiple range testZ
o] §-3td A B4 3t

[~}
A2 Bldo] S Asty] 99 mA= ok
ZAHE0 kGy) 8 w24} 4 17] 2RSS NEEAE AHS
&}oy S. Typhimurium TA 98, TA100, TA1535 ¥ TA1537
o Bg HAEAM] PASE 2atshsin,
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dujAl g A ate] wpet BE A e AEZFYE b A Hetae 2o o)l A8 N L= I7(10). AE
ool A4 HuF <l 10 mg/plated 0] 22 HAste] & LAY TARY FAEANEEH 2 AHE-7 2-AF 2 2-NF
A 6RAR At BAFEE Sk 1A 59 = AR B 2 B4 747# k70 H EL 40HH«I 57
mixtureZ 7}8HA] 92 WAt A A] (-)2] A9, 30kGy WOl A F7HE By A SdH U E e wt
A Har] 2EE5E 2E AP EFAA AP E w2 A AP EA 2 AHEE 30 kGy A4 7] %%}é% A AE
0.625~10 mg/plate®} WA HFo] AF2] Fi 2 HEFmelA vzt 2T AR B AgeE
X9l F7F B2 AaE RelA wsked $HidET 9 et it wheba) A 2AHE ¥ 30 kGy £AF 4327
Bl2AHO kGy) Ha7] #3253 viaiME SAHeR & 2EFS 738 W EAEdEe] UM dEhiAl e
o)A Q) &}o] & Holx] o9t (Table 1). LEE Foll 4] <F7t 7o w Hol Eo;]u:]o] eul o o= Hog Pl

of A4t At AL AYEA YA A% 24 B AL v 2e) Ames Sol IR AVHAICE %

Al el 7)olehe Aom FAEN o)sh B AL H APz Ao 1aLL )3 glos, wery el s

ZHobAd 2APA oh wl Al AR 2 FelA etk A Ee B4AE dehie] Qe A%, mEH ) wFabs]

4AE E0% 5 S0 mixture® /M AEI(HANE AF Y e T4 -S4 3 SR A9 ek,

@ RE QAL A AYAE FElg $AWe] A2 AT & AP obge] THF MIATE o] 8T

o) 27he nolA ekt FAAEARN G (N E 5, 2 YHEL 0] 4 A
Aubd o FAwol A4S BYL IHUAT BAMe] )9 ARF LFsE AT Yok

Table 1. Salmonella Typhimurium reversion assay with gamma irradiated beef porridge at 30 kGy

No. of His+ revertants per plate”

Test compound Conc (mg/plate) S-9 mix

TAO98 TA100 TA1535 TAI1537

0 kGy 10.00 - 31£3 114+ 15 13£3 5+3

5.00 - 3517 127+16 16+4 6x4

250 - 3316 135+11 13+5 73

1.25 - 39+8 142512 1322 6+3

0625 - 34+6 137+14 15%5 8+2

0 - 35%6 132+ 15 17+3 7+2

10.00 + 37+8 116+12 11£2 5+3

5.00 + 41x6 119+ 14 14+6 6+2

2.50 + 45+4 127+11 12+4 7+3

195 + 4313 126+ 14 15%2 513

0.625 + 385 131 %11 13£3 6+4

0 + 426 129+15 14%3 7+9

30 kGy 10.00 18+6 117+14 10+2 62

5.00 - 24+ 4 128+ 15 14+3 7+1

250 - 30+6 134+14 13%1 6+4

1.25 - 33+4 129+16 12+2 7+2

0.625 - 38+7 124+13 132 8+4

0 - 33+9 122+14 12+4 7+2

10.00 + 22+4 115+16 11£1 5+3

5.00 + 3216 114+11 12+1 612

250 + 30+11 123+15 16+3 7+3

125 + 35+9 112+17 18+3 6+1

0.625 + 32+6 129416 14+7 7+6

0 + 28+4 125+14 15+4 7+3

2-AF? 0.01 + 2545+56" 154874 ne” ne
2-AA 0.002 + ne ne 124+21° 16519

2-NF 0.01 - 1389+43" ne ne ne

MNNG 0.01 - ne 121628 758+ 68" ne
9-AA 0.08 ne ne ne 178 74"

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

Y9-AF, 2-aminofluorene; 2-AA, 2-aminocanthracene; 2-NF, 2-nitrofluorene; MNNG, N-methyl-N'-nitrosoguanidine; 9-AA, 9-
aminoacridine were used as positive controls for the corresponding strains.

Not examined.

"Significantly different from the control (p<0.01).
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HOMM AL 2UF 0| AMxoled LS

£ ATz BHH o2 A4-E T 9+ Chinese ham-
ster lung(CHL) fibroblast A Z-& jAto. & &led 7Fela] =
Al ERE(30 kKGy)# +AHFAS Frpskgc) ek 241
H327] FEHEB0KGy)ol gt Au| A A& 4% A
EA4E& dehllA] o, A47157 A FxEql 10 mg/mL
2 AFAL HaFEEE AA] GAA o) AAF L AlA
8}9dt}. & Chinese hamster lung(CHL) fibroblast ) 3 ul) &
A4 AlFH L 5=F 10,5, 25, 1.25 mg/mL 4%HA4 2 A A
slo], A F A A&(ctg), FAEA Arbicth), IREA =
(cte), DA ZE(csg), A dt(esh) 2 G4 A 2d
(cse)®] FAA o] FF& SA3h A AL A
A=) AP, ol E+4] PBS(phosphate buff-
ered saline)= 100702 ¥ dH A N4 17019 chromatid
exchangeZ | 9} &}ar 997 25 AAto g SAo)glon
71212 Ay Aol gl A dHERT MMC(mito-
mycin C)& 6471 7ke] A& vpelu] oFAd o] A Ao)la} &
Hbe-S vlehyed ddub o) CHLAIZ A2 Alg A 3ol o
25k ek(Table 2). 39 30 kGy 4 37 £3%9) 7
-, 125 mg/mL = 572 987, 5 mg/mlL F% T F
L 9708 AA Al E Jeh gz, #3752 10 mg/mL
9] Foffol el = 1719 chromatid gap¥ 1719] chro-
matid exchangeS A 93} &= 987 % AAF-S Jehy o
QA o]t fite-S Holx] dghrt. tjAFRA EAHA](+)el)

= A G 2 24 H37] FEHE0 kGy)E B
T AE-s=elr 5% viake] G4 Ao)A} S )
CHLAI Z2] 74 54 ApdbAl el A Aolate 712 Alx
8 &2 3%E 2H3t s do] A georz 5%vite o
Aot HH 28 EE AR FAY}4). gl 2
Mok 2415 & 30 kGy 24 4 17] BLEFL 4% g
% 2 Hol 4] o] Ak fik

AR - SHE - T

o] gle AR ekl
< Woldl E4L 71937 $g e
27 A Al APy stz R HA 02 invitro
o] o] AL-4-5 1 gl o] AL 1970 & Schmid
of &Jsle] A= ](14) 2 T 22 AL A Fslgl o
71&2] B-& 3stEA o st AAH e 7 & g0 FF
st Age AR E QATT Qe A Helnh
HA YA )AL RAE] Al AAFe 4
EZE o]-48 invivo A EFATA A o] I o] &= &
b 2 w2 E o] 43t Al o] A AlgHR
o} AH 5ol =1 F3}bo) ]-_‘11_ } Bl oluia}l A ek
o] golgtrt gk o) 72 Wb E3lo] B A1 F o4
FAE ey oY= AN HEEH7) S EAE
B AFHOE oFo] He AR Hop A= AP BE
A2 f88 Aoz AR (15). 94 A o1 4k (chro-
mosome aberration)2- 34 A =2] ¥ 3H(o) =4 aneuploidy,
w54 polyploidy)et e o] Wsh(FxolhE FEAh
TR FE FAAA o A4t A= FAAY B
2] e FFA R 7)1} 39, 3 0] A (structural
aberration)< 4¥FYd 2 2 DNA ©|&4) A xt(double strand
breaks)el] 7]18char oed A gl 3 o) Au} Fzo]Abe]
froiE Az i FA A ¢w AEEle Aog A
ZhE] 3 ol A A2 Aol = A o E G A A A (A
YA Hel)g 7HAl M EA o2 o] F 7b5A o) AUtH16).

2l ]

o] & »}EMM o skch(Table 3).
71 F4E(30 kGy) & A3 EF k %625 5,000 mg«l ]
A2 AFEAR A3, &0 dE2FOW)E 1,000702] b4

Table 2. Chromosomal aberration on irradiated beef porridge at 30 kGy using a Chinese hamster lung cell line

Concentration With (+) or without (-) crg?

Treatment (mg/mL) S9 mixture cth cte csg csh cse nor Total
pBS" - - 0 0 1 0 0 0 99 100
30 kGy 10 - 1 0 1 0 0 0 98 100

5 - 1 1 1 0 0 0 97 100

25 - 1 0 0 0 0 0 99 100

1.25 - 0 1 1 0 0 0 98 100

MMC? 0.002 13 7 11 2 2 1 64 100
PBS - + 1 0 0 0 0 0 99 100
30 kGy 10 + 1 1 1 0 0 0 97 100
5 + 1 0 1 0 0 0 93 100

25 + 1 0 0 0 0 0 99 100

1.25 + 1 1 0 0 0 0 98 100

B(a)p® 0.05 + 12 6 3 3 1 0 75 100

PPhosphate buffered saline (negative control).
2Mltomycm C (positive control).
¥Benzo( a )pyrene (positive control).

4)ctg1 chromatid gap, ctb: chromatid breakage, cte: chromatid exchange, csg: chromosome gap, csb: chromosome breakage, cse:

chromosome exchang, nor: normal.
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Table 3. Frequency of micronuclei from marrow in mice
treated with 30 kGy-irradiated beef porridge

Test Dose No. of mice MNPCE/
compound (mg/kg) tested 1,000 PCEY
DW 5 27127

30 kGy 5,000 5 32409

2,500 5 28*1.2

1,250 5 2409

625 5 3.1x0.9

MMmc? 2 5 43653

UMNPCE: micronucleated polychromatic erythrocyte, PCE: pol-
ychromatic erythrocyte.

YEach value represents the mean*SD of three plates.

"Mitomyein C (positive control).

*Significantly different from the control (p<0.01).

XA 8 T (polychromatic erythrocyte, PCE) & 432 7121
t}d A A & F(micronucleated polychromatic erythrocyte,
MNPCE)7} 27 &0l 1, FA} 4317 EF2 A A&
4 Y olA 24~328 5 bl v Szl v
3 A W= F- A UA Fo1EA otk g kA
2832 2 A3 mitomycin C= 2847} 238 2713
436709 28RS Moz HoldA S vehe] &

Algol AgtsiAl st S& & 5 Ak

FOlT W 2WBAE YA GE QO o} 43

AA W FAEAAH ez A7, 53] vh¢2F o] &3}
£ 43 A3 (micronucleus test)o] A A= o 9lck & Al
2 FeAEe] A o) E AT Rl Tl A A4t
He HE1Fe 2dsHe 288 g P LE 74
5 & 2 Folv, Tl AL 43 e AN
P olewder ¥ aE 9o} A3 polychromatic ery-

throcytesoll A #3253 713] £ Howell-Jolly body 2 & &}
aLEol o) deizlon A A} B o] AxY
225 s ALE AZbE I givh19). A H A 4
f-Hbe 7hulAd o]} fast neutron o2 TAME T2 Bz o 4]
FA=E o 1 F fFAFAAEA kS s 9%}
o} AR Fo] Fgola] &8 Aol o] &5 7] Azety
o} G FepaAsi(FEol b elE vk /0 e
v, H 22 A A de] doita o) Fle] - EE ) ¢om
FAAE 2 G' GAA dHe] FAET, o] o) Al
Z F-gAle AFEE} ] Ll
A FzolAb-& ubdd 2 9l Aoloh wit AlEe] Bdzt
el A7F Aozt Ale]l Hel A 170WHA] o] A7} Al
2 Fg A Az A Helx AEgohe HolA G A
o] Aol AR AEY 4 vt ZEHoZ B AP L

b

2

ol5d F UTHI2).

o|4kel ARE Fatd) Bl ZvhAd 2A £EF(30 kGy)
2 HEA ] invitro 354 A8l Salmonella Typhim-
urium FHAEFDH] A1 o FAA | A AN A4S
el Az, in vivo FAFAATA SR A=
REd g Ydoinh oz B A7AnE B0 2 3] 54
ATE S ste] Wb AL A Fe A Holel #4%

&9l Aoz Az

0]

B 945 % 2o)H 54 AL 98 Fotdza
71%2) ol 4 7h o) Fobalol whel o] 52} bAAE Fu

] 3,
& 5402 30 kGy A E ek A BEEe] fA 54
stz ok A HrLE AAlstdTh ek AL E v EAL B
Z%¢) S. Typhimurium TA 98, TA100, TA1535 % TA1537¢]
gk Ee] H2es AR A dAjEgAdA =q] 2
QA nF APFAL ¥ el 0625~10 mg/plate] H 9]
A BAde] Ao T EAQ] Ut L 7FAE Bol
Eddo]dAe] o

o
© AR AdEA w2 g, A F HAHEFE )43
=l

Ztatel 2
B ATE Brlere) AR AFAEAee] dBo
= S9R9en 7 A6l A=Yy
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