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The Prediction of the Origin of Microbial Contamination in Kimbab
and Improvement of Microbiological Safety by Gamma Irradiation

Na Young Lee, Cheorun Jo, Hun Jong Chung', Ho Jin Kang, Jae Kyung Kim,
Hyun Ju Kim, and Myung Woo Byun*
Radiation Food Science and Biotechnology Team, Korea Atomic Energy Research Institute
"Pediatrics, Konkuk University Hospital, Chungju, 380-704, Korea

Microbial contamination origin of Kimbab was determined using nine types of ready-to-use ingredients, three
each from animal, seafood, and vegetable sources. Effect of radiation on microbiological safety was also
investigated. Total aerobic bacteria were not detected in seasoned beef, ham, and seasoned burdock, whereas
3.50, 5.41, 8.83, and 5.07 log CFU/g were detected in surimi gel, seasoned and blanched spinach, dried laver, and
cucumber, respectively. Total aerobic bacterial and mold numbers were 8.73 and 5.08 log CFU/g in prepared
Kimbab. Gamma irradiation reduced level of contaminated aerobic bacteria and mold population in Kimbab and
its ingredients. Salmonella mutagenicity assay (Ames test} showed Kimbab ingredients irradiated at 10 kGy did
not show any mutagenicity. These results indicate ready-to-use kimbab ingredients were mostly responsible for
total aerobic bacteria and mold population of Kimbab, and low dose irradiation and low temperature storage
(10°C) effectively ensured microbiological safety of Kimbab and ready-to-use ingredients.
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T Aol Mt 10-10%gY 790l o]Ao] ¢glo] H
of & AEF EFAQ 28 F2 Ads)Fe] 3t A
A e Al Afele v BgAel gle Aaoldk 8
S AFEE Yo /eAe dukeEA s 4 Udda B
A TH).

WAL =A )& Al SR 7] H(FAONAEA/WHO)SF 412
o] yetel|A 2 AAMGI} AAAe] Z2s o] AA 52715
A 2309959 AF diste AFE WA 2ALE E7bsia )
T10). et 1987, 1988, 1991 = 19950 4x}ae A
A F 190 F5Y AFRAPY Ao Z|EFES Fo)
sl BrEn|AERE BIES 77 E5o] 2043 52 IR
7P ATh(1L). F5h, A3 Hge] A A 4E9 B
2, 884 9 J5d B4 & JTFS FA G AFolA
frallshs 2E71014 vBEZREY APS 493 Y +
e HYs AE Al dhgelth(12). 53], Aok 2AE
< &3 23 F o] rhsstn @AFEA] AF gloy 4
F 29 T AsleE 218 AL v)Ed of
sl ZEe A EAE Jehlis SA4S JREE ugEe)
2 7FeAde]l & HXx2| 4 F (ready-to-eat food)oltt a7}
543 (minimally processed food)2] DjAIE <EHAl T gjAlAd o)
OIS & A4S BY Ao ditdr

£ AdQoaMe aive $44%9 dEA A njiy
BEpA ok, nEY F 944 e s A 4o
E AWAE F S EE, ofF 2 7)), S4EEE 4
27], @7Ad 2 @) 2 FAREEINSY, FAANEA 2
Qoo st AeAE 2 Az 2Ee AAer 2 A
717k whE A AEDANE Bole FgtdE nAE BY¥T
ArEgon ols o] AxE Ay nAE 2gde o
S, A FALS B3 Autes 9 ke ojgE u
AE38H bAA-E AR

Mz % Uy

o e

s % =¥

AAAEZ ARRE b, o F, A, B& Ha7], AdAD,
#, 73 2, 20] 73 AIFA € Ay AFoM Yt
of Aol AREStAT A ER AMEE 9F AE 94H
g AeelA AZEch Qole PUE F B2 BolM 23
FASt] AM-EIR, AFATE 150°Ce] AN oF Smm F
AZ 3R P sk AzIH e, 2he 2377 150°C
o] MoflA] oF 477t /1EEE R, TR AIZAE AlFA 200
£ #Be 2o 184 ud & 7+ 20mL, o 12g vkE S,
25 1g @ #A1F 05mLe 4% B3 ¥Ed F Agd) A}
gl BH, o, A, @ 9 73 e w3 g A
S3l5on AR E o 5X5mm FAE sl 489
ARG WS AR 2908 Axd UYe
FAsel Al AMgsiEOM Ygle] Solgls AERE 4
S Tae) o W, 99, @A, AVAR, 209 FHOZ
Az R B 98 A 2 AAEE 44 9
¥ polyethylene bag(2mL O,/m’24h at 0°C; 20cmX30cm;
Sunkyung Co. Ltd, Seoul, Korea)ell 22 o}3- E43F 3 7hn}
A AR AAERIT

AR AL
AV ZAle =124 (Dagjeon, Korea) W 4149 10

9 Ci, Co-60 ZrolA FZAMA]M(point source AECL, IR-79,
MDS Nordion International Co. Ltd., Ottawa, ON, Canada)<
ol g3t AL4E 10l A F 10kGyol MFg= zzt
1, 2 ¥ 3kGyS] & SFAEE 952 s AREAEE
A FRE AEE oJHT B2 M 10kGyR ZAISH
Algstget. SdEe] #8921l alanine dosimeter(R)S 5 mm,
Bruker Instruments, Rheinstetten, Germany)E AR&3F]Th
Dosimetry A|28]-2 <A A2 7| LIAEA)S] 7o) &8-3h
REohg & AMgEalon, & FedEe 93K= 2% olUg
o 2AH A9 AR 2 AW 10, 20 2 30°CelA] 2441 7HE
SF AAFEPAr A7zl wE nAESH okdAe AR

Od4E &4

Zopd 2AF E ARLEE g A7) g2 Ay AE ¢
Avre] vAE dAAR: o5 2 FH0|5E 28N =,
AR 10go] HFE 2P 085%, NaCl) 0OmLE J 713l
Bag mixer®(Model 400, Interscience, France)S AME-8tod 12032
TS Egst ¥ 107 slMdHo 2 33 3|4e zhze)l )
2o} maaich PlAEY] S FEFAMEOR 37°C
oA Alge 482)7F, FFols 7247 wiYE I3 AlEgoh
AeAs 2 Age nAE 2L Q) AL A= S
T2 7§ Towml plate count agar(Difco Laboratories, Sparks,
MD, USAYE AH-8I3 oW, F8e] &S 93 WX da
H 10% tanaric acid® E¥ potato dextrose agar(Difco Lab-
oratories, Sparks, MD, USA)Y #7}5le] pH 3.60] HES =4
g ¥ AFd ARRsH

Salmonella typhimuriumg& O3l E3 FHO0| Alf(Ames
test)

Alge] AZ: A8 1007 olEHE 900mLE 2L vlo]H ¢
S 4N A2 &2 F ARE olEhE 900mle 714
X ol & AL ¢ W o NEIHNY. Fujd dee 2
=+ vacuum evaporator(EYELA N-11, Tokyo Nikakikai Co.,
LTD, Japan)E ©] &8t Fe ofghdo] gl w7z} S/AIZI
T FAAXIINY. FAUEE AEE B F 700 ¥F
AL(SW-NF-300, Samwon Freezing Engineering Co., LTD, Korea)
AN BIFPAX Aol AME-sIAY

HA o] A (Ames testy: 27 S0l AHE Ames
test(13,14)5 o83l FHstc) Algol A8 I Sal-
monella typhimurium LT2E AFE 3= 5. typhimurium TA9S
2 TAI000IR, o5 dFe Ahgel WA FaA 59 &
A #A2 A3 histidine 74 S5, UV thdk wizhy
(wrB EdRe]), fa B0 FRGE ¥ Rfactord] 23
ampicillin == tetracycline WA w2 FAEAL 15 F A
Hel] ARE-3F3iTH

£ d¥o] AME-¥E FFE Molecular Toxicology Inc.(Boone,
NC, USAyIA FY3sle] BAL #RIF F 25874 ¢t
AAAENA A Wi FU AL Aol ARl §39%
do] gR1¥ ¢+ nutrient broth No. 2(Oxoid Ltd., Hampshire,
England, UK)°ll HEale] 37°CAlA 200 pme2 o 10417+ 2
) SF(Vision Scientific Co., Korea)3t 5 A& ol ARS-slTh

7y AA(SY fractiony> Maron S(14)9] ¥yl wa} Za]
§ AW ATF 225mgmL -, Oriental Yeast Co., Lot
No. 00042101, Tokyo, Japany& ARS8} T} 5% S9 mixs 4
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7] 89 fractionz} A)¥ cofactor(Wako Co., Lot No. 999902,
Tokyo, Japan)2 FA|3}9tH M2FEE 05 mlplaes st
o, $9 mix¢] B4 2-AA9| Eddlo] fEIE

k4 ZEHAEZ sodium azide(SA, Sigma-Aldrich Chemie
GmbH, Inc., Steinheim, Germany)y F &0l S8 5oH,
Sigma-Aldrich Chemie(Steinheim, GermanyAlolx T+ & 4-
nitroquinoline-1-oxide(4-NQO) 2 2-aminoanthracene(2-AAR= 5
F B dimethyl sulfoxide(DMSO, Aldrich Chemical Co.,
Milwaukee, USA) a3l zh Al@w9] 40 @50 A
-3t

EAEde] Alge NEEHY 7t = T VH plaeE
AHE-3te] direct plate incorporationH o= A AE ) &, 8.
typhimurium ¢-5& nutrient brothel] 3% F<¢t vigsted of
712X 10° cellsimL) efell o]2=F gk vy 100 pL, Al
FEde] EF5FS WEe 100pL H S99 mixture(*EE= 0.2
M Na-Phosphate buffer) 500 L& & @3l histidine-biotinS
383 top agar 2.0mLo] S F ©]& minimal glucose agar
HjRof] Fo] 1Azl o 37°CelA 48217 Bt uidR &
BAEAH| JHEE ALt SURTE APEZ
4l FFF 100uLE FrREIEe, gtz dAL Z44)
o] q4A] SA 2 4-NQOE, WAMEEA -84 2-AAE 77t
100pL8 7ieted he wlo 2 HAAIEY. NEEAs 4 F
Y7 F 7} plateEHH B colonyrd] Hdd HEHAER Y
B BAZEHO] colony T FEEALS Ho|HA 2
Aol 2 o4l F9E FYLE silnh

EAHEN
Ay A LA = SAS(statistical analysis system)s 7l
package(15)% ©1&3le] HF ¥ BFAUAES TEITL

da ¥ nF

det =W 048 22 A NFEY
Az Ae Eahsid Do) Solks BHE Fu4
E SUNE U AHEFOR 1Pro] 7 AEFEL YRR

Table 1. Effect of gamma irradiation on microbial population in
imitation crab leg during storage at different temperatures

Incubation Irradiation Viable cell counts (Log CFU/g)
temp. (°C) dose (kGy) Ohr S hr 2% hr
0 NDV ND ND
1 ND ND ND
10 2 ND ND ND
3 ND ND ND
0 ND ND  458+0,147
1 ND ND ND
20 2 ND ND ND
3 ND ND ND
0 ND ND 4,671+0.02
1 ND ND ND ‘
30 2 ND ND ND
3 ND ND ND

Miable colony was not detected at detection limit <10° CFU/g,
Mean * standard deviation (n=2).
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ol 327/ ARE ¥ F 95 FY AR A AR
er g AL WE FF5E SFsEen, o A
Table 1-73+ 7th 2yt A8 W& F345 AT 4% &
e 77, ¥ 2 53 $QoA g2 AEEA FReH A
Zen 2 A7z A E AFe AEHA @FUdrh
A F FAFAES WA, oF, 9 FITE Table
1-30]) vehgit), staol A Alde AEHA gskevt 20 3
30eCl M 2407 ARRE 4 44 4 logBE Aol 54
stk 22y 1kGy2 FAME a2 20 B 30°CellA 244
7 ARsld e Ade #EHRA GUAthTable 1). A5IA Al
& 350 log CFU/ge] AZEAUL, 20 2 30°CE AAAE 4
2 45 logdE 432} 2kGyE 2AE o] FellM Ml
AZHA WSkt Jo FU6E AlFdA s B, o5 H
7)ol Staphylococcus aureus, Escherichia coli, Salmonella Typh-
imurium D Listeria ivanoviis: &8l 2A1RF & A3ALes @

A7)zl e vl Beg #@]1d 2 23 Gy =

Table 2. Effect of gamma irradiation on microbial population in
surimi gel during storage at different temperatures

Incubation  Irradiation Viable cell counts (Log CFU/g)
temp. (°C)  dose (kGy) 0 hr 8 hr 24 hr
0 350+0.14 5571016 5641007
1 NDV ND ND
10 2 ND ND ND
3 ND ND ND
0 3.50£0.147 5.151+060 7.86+0.71
20 1 ND ND 3.89£0.81
2 ND ND ND
3 ND ND ND
0 350+0.14 5421032 8441011
30 1 ND ND 4.40+£0.12
2 ND ND ND
3 ND ND ND

DViable colony was not detected at detection limit <10* CFU/g.
IMean = standard deviation (n=2).

Table 3. Effect of gamma irradiation on microbial population in
dried laver during storage at different temperatures

Incubation  Irradiation Viable cell counts (Log CFU/g)
temp. (°C)  dose (kGy) 0hr 8hr 24 hr

0 8.83+0.10" 880+0.06 8.83+0.09

0 1 7601051 7631048 7.6010.51

2 7481010 7.48+0.19 7981052

3 7.14+023 7.14+023 7.14+0.23

0 88310.10 8661003 8421062

20 1 760+051 7854035 7451071

2 7484019 7771079 6661008

3 7.14+023 726+064 654+0.09

0 883+0.10 857+0.10 849+0.72

10 i 7.60+051 7.87+038 821+036

2 748+0.19 7.80+0.83 7.81+10.09

3 7.14£023 7291060 6.73+0.17

YMean * standard deviation (n=2).
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Table 4. Effect of gamma irradiation on microbial population in
fried egg during storage at different temperatures

Incubation Irradiation Viable cell counts (Log CFU/g)
temp. (°C)  dose (kGy) 0hr R hr 24 hr
0 NDV ND ND
1 ND ND ND
10 2 ND ND ND
3 ND ND ND
0 ND ND 55640177
20 1 ND ND 3.15+£0.11
2 ND ND ND
3 ND ND ND
0 ND ND 5.67+0.13
10 1 ND ND 3254003
2 ND ND ND
3 ND ND ND

"Viable colony was not detected at detection limit <10? CFU/g.
“Mean * standard deviation (n=2).

Aoz ZANIS 7S Wage Alde Eelsigen A
AN E AR we) F9 Flo] Bel=Egvy BarEl
Aok AAlE F s 290] v BE ek <A
#He] A% Z7)elE 883 log CFU/gel AZEHo] ZAva &
Aol e eE=7 71 & Ao el (Table 3). A
oA Zebd ZARE AAE A3 Alde 12 log FaEHReH
AR whE Fre ¥Rk Aol f1%ch Ahn F(5x2 9]
T 29 vAEQ Micrococcus spp= WA WA #4524 D
ol 1127kGyol™ 10kGy2] 7kl Z2Ae] 2JiME. Llog 5=
o] AMEES JERYE 5kGy ofule] Adkelqx Ao o
e 9 getia RSyl B Ao s Pel 2AF
Mg ZIpAE @40 i 2 3ojrt Qe o=
el EAlske WA WA #5328 Fgelele Alg €
HYHE 5 SES B2 L ARe 2 @ &
oAl ABADAAR Mto] HEHYOH 2 B3h= Table 4
o} 2k AgAGe] A9 AgAd 2ol e Aao) 4F
A ot 20 2 30°ColM 24A7F AFHE AL Slog B
=9 Aol FH3ke AR Yeigtth ABADGE 1 kGyR
ZALsle] 20 ¥ 30°CAlA 24X17HESE AFRE BF 3logd)
o 4] #REg o, 2kGyE A AlRR| oA HFe
HEEHA @Ak lee 5072 2T 23F L 10°Co1A 50
Y7F AL BE 30 CFUS 9A] fskow njgsetz o
2 ¢kt Aoz nadgrh EE Jo E(18)2 FH4AEA R
g st FAEY Pl zAl 9@ 2] o] AE A
ool #& dAFtellA] FH& H7], AdATE 2 P HEH S
aureus, E. coli, S. Typhimurium % L ivanoviie 3kGy2 =
AE A HEe AEEA BUL, 015 FFo Ug WAL
A 254E 0240482 YERRTIE 2 U81E L™, Kim E(19)
Age)e] 7] vAE 4= 1log CFU/g ©l8ldon} A
7174 whe} #rh Srbskicky Roasigoh
HAUAE T FANEE T3, T3 A23 B Q9]
FoA T AlFAR 2 eoolMgt Mol HAEHUT FHA
BX)8] 7L Z7)9) 541log CFU/Y AMito] FEEUeH, 20
g 30°CoA 8AIZE AAFE 7S 6-7 log CFU/g 7522 A
o] &t Telu 2kGyR AR T3 A1EA 9 AL
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Table 5. Effect of gamma irradiation on microbial population in
seasoned and blanched spinach during storage at different
temperatures

Incubation  Irradiation Viable cell counts (Log CFU/g)
temp. (*C}  dose (kGy) Ohr 8 hr 24 hr
0 5411051 535044 54331049
1 ND" ND ND
10 2 ND ND ND
3 ND ND ND
0 541+£0.51%7 6.82+0.19 8711011
20 1 ND 2.50£071 6721009
2 ND ND ND
3 ND ND ND
0 541£051 6881028 8751005
1 1 ND 3251036 7.21+0.78
2 ND ND ND
3 ND ND ND

"Viable colony was not detected at detection limit <10* CFU/g.
Mean £ standard deviation (n=2).

Table 6. Effect of gamma irradiation on microbial population in
cucumber during storage at different temperatures

Incubation Irradiation Viable cell counts (Log CFU/g)
temp. (°C)  dose (kGy) Ohr 8 hr 24 hr
0 507+092 4.98+080 5.10+0.77
1 ND" ND ND
10 2 ND ND ND
3 ND ND ND
0 50710922 482+065 5.90£0.03
20 1 ND ND 4214024
2 ND ND 3.20+0.17
3 ND ND ND
0 507+£092 488+057 5.95%0.02
10 1 ND ND 454+0.23
2 ND ND 3.48+0.22
3 ND ND RFND

"Viable colony was not detected at detection limit <10* CFU/g.
"Mean * standard deviation (n=2).

A& AEHA] 2uthTable 5). Kim 520 98 23]
= 22X10° CFU/g] Aol BEX3tln Baslgon 4 &
A7) Fo Zephkg Felx 2] st F83] Zo/EA
%o Aoz ety Busigch Qole] AS 27)e) 57
log CFU/ge] Aldeo] AEES1en, | kGyE FAME 20]8 20
2 30°CeIM 2477 F9F AANE B 34 logdE 451
o1} 3 kGyE TAME Qole Mool AEHA &gttt 29
L 1 kGy2 24 20]8 10°ColA A4R-E Aol Aol
AE&HA] %ol 3kGyE FAME 2019 7+e AFE VeI
Tt Shin 521} 2018 Z7d9E 6log CFU/g =S e}
Weitka Eusigon, Kwak 5225 HojH w04 Ay =
Alete] fE713 Sl AF 2l FE5713Re M Z. At
glon oje} T2 A 959 A4t AT x7] FAAE
2 UEEE hRAel mer 4 Wevy Basiio =
&, Kang 590y kel Alg 299 99 e 98 a¢
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Seasoned burdock

Seasoned and blanched spinach
Cucumber

Ham

Fried egg

Seasoned and cooked beef
Imitation crab leg

Surimi gel

Dried laver
Commercial Kimbab
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Fig. 1. Mold population in materials for Kimbab manufacturing and prepared Kimbab.
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ANEGES A7), g1 T 9 @) @ FAEEEY,
AAFA 2 eohyt BE F o5F UAS s A4
22 9 A wE Fge] £xE EIg A4E Fig 1
3} 7tk 9ERe] AMAR FolA F2 AIEA, Lof, FelA
gt F3ol7t AEHYOW AFLE B AR o {9
guigl 2ol ik et 1kGyE ARG AS 531 A
BH, 20] W FoM FFol= HAEHA FUTh

9 A7 £88 £ o OIS AETs 2 ETEEE
237, AR ¥ el mAEEgR o= BlwE Hsk
o2 velgton uAlg Q9% T2 AEZE F4HEL
Z A FA, 20]9} FANET F oj5d oz vkt

a0

Zue] DldE EX ¥ HTFsEY

Ager @ HA77ke] wE gl F4d4 2 FHo|5E
243 A Table 73 2ok 7] 271 njAllE $& 873
log CFU/gSE the] Alzto] HEHUTE H¥E 3kGy=E =
AL BE Siog 3R Mdsrrt ZAEHes RS 10°C
oA 24X 7t Bt ARl E Mol F4 glHA] stk
gy 3kGyE RAME RS 30°ClA 2477 AZYE A
G ZAPd ] AAgle] M7t 3238 Sk AeR
el fvhie] F3o] == 508log CFU/OIR o™ 3kGy
2 2N AS 2log CFUgEE S%ol7t Zasisit. 28
U o10°celA] 2407 RS G- FHolge & HeEE o
ERRA] 942 kA 30°CelA] 24417 ARRE S ZARA o)
AAgle] FHole F43] Sk 3o® Jehgr. ofst 7
o] 1 Wl vl¥EL AR ¥ AAr|Zte] w1 v F
As) F7kske Ao vehdtl =3, AgAEd o vy
B dsie) vias] & o 28 9 Az F 23 waeel

Tabel 7. Effect of gamma irradiation on growth of total aerobic bacteria and total mold in Kimbad during storage at different

temperatures
Storage Irradiation dose Total aerobic bacteria (Log CFU/g) Total mold (Log CFU/g)
temperature (°C) (kGy) 0 hr 8 hr 24 hr Ohr 8 hr 24 hr
0 8.73£0.05" 8531005 8371037 5.08+0.25 5.43+0.12 5351007
10 1 5.55+0.11 5.50+0.13 5251038 4274038 4.55+£0.32 409+£0.01
2 4.331046 3.9910.08 4.58+0.57 3911002 3.21+0.18 3224023
3 3291059 3211033 2351007 3201032 3.76 £0.07 3331£041
0 8731005 8.86+0.13 89510.17 508£025 5.284+0.09 5.17£0.12
20 1 5.55+0.11 6461021 7.04+0.04 4.27+0.38 4.07+0.07 3.80t046
2 4.331046 5.411+0.58 5.161£0.36 3911002 3.06+0.51 3.6810.31
3 3291059 3471030 3541020 3201032 3531001 35810.12
0 8.731£0.05 8611030 8.4610.25 5.08+0.25 5.19+0.15 6.76£0.22
30 1 5.55+0.11 6.01£0.01 7.72+0.06 4271038 4.17£0.11 6491049
2 4331046 5.08+0.20 7.41£0.06 391£0.02 3.611£0.19 6.42+0.06
3 329+0.59 39010.10 7.55+0.53 320+032 3601020 6.51+0.19

"Mean + standard deviation (n=2).
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Table 8. Ames test results of non-irradiated and irradiated materials for making Kimbab

Materi Irradiation dose Concentration His+ revertant CFU/plate
aterials
(kGy) {ug/plate) TA98 (-89) TA98 (+59) TA100 (-S9) TAL00 (+59)
10,000 274420 28+ 10.6 186+ 1.4 205+4.9
0 2,500 22421 324238 203+10.6 160+42
o 625 21457 29421 16885 186 +14.8
Imitation crab leg
10,000 19+14 28+127 208+6.4 190+ 134
10 2,500 18+14 28+ 14 17307 184127
625 20£35 31+14 16699 205+7.8
10,000 24142 29407 268 +8.5 261+85
0 2,500 2107 28121 286+12.7 263135
o 625 28+78 31+7.1 263+17.7 255112.0
Surimi gel
10,000 22435 334738 204 +8.5 207+14
10 2,500 18485 3185 2484148 284+21
625 2+42 27+2.1 234+12.0 241164
10,000 20+57 26428 215+3.5 259449
0 2,500 17+35 26157 223+14 248+7.8
) 625 15+49 22+2.8 246+99 268+5.7
Dried laver
10,000 2140.1 30435 209+85 275199
10 2,500 15+2.1 25+14 150+ 19.1 235+127
625 154238 27+14 174+10.6 2671184
10,000 25435 38428 285+7.1 233+ 14.1
0 2,500 32+28 40+07 222492 285+ 148
Seasoned and 625 20+7.1 34+2.1 205+12.7 231171
cooked beef 10,000 26+0.7 65+6.4 234+113 282428
10 2,500 25+ 14 43164 208+0.7 258+11.3
625 1514 30+14 168+7.8 194185
10,000 20+0.1 21+14 131499 185+3.5
0 2,500 22+14 28+ 14 152+64 191421
) 625 18+2.1 27442 154164 17178
Fried egg
10,000 24+14 29+14 138+2.1 180+5.7
10 2,500 17+2.1 26+7.8 132401 175+ 14.8
625 18+7.8 17+0.1 186+ 14.1 181435
H,0 174538 27457 2274140 274+13.1
4-NQO 415+133
2-AA 537+10.1
SA 602+ 144
2-AA 997 +4 4

YMean * standard deviation (n=2).

Abbreviations: 4NQO, 4-nitroquinoline-1-oxide; 2AA, 2-aminoanthracens; SA, sodium azide.
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Table 8. Continued

g okdAd 7| 285

. His+ revertant CFU/plate
Materials Irradiation dose Con. (ug/plate)
kGy) TA98 (-S9) TA98 (+59) TA100 (-59) TA100 (+59)

10,000 1614.91) 28+35 2391170 237142

0 2,500 27449 28+2.1 215+£15.6 2061+9.2
H 625 25407 29457 192435 184+17.0

am

10,000 20+78 284106 2521113 200113
10 2,500 19+£0.7 32471 172£17.0 178 +10.6

625 26421 22457 168+2.8 19407

10,000 21+£0.7 29499 1371141 189£10.6

0 2,500 26+49 34+106 151+14.8 163+127

625 16449 25164 140+ 10.6 161+£14

Cucumber

10,000 13+42 27£57 1371 14.1 1741177
10 2,500 20+28 27442 151+£14.8 187£17.0

625 15+2.8 26+0.1 140+£7.1 18240.1

10,000 20£2.1 27449 129449 202+7.1

0 2,500 2+21 25+14 126 £10.6 140+ 10.6

Seasoned and 625 24421 21£57 109+5.7 119£124
cooked spinach 10,000 17£9.2 25+57 1694£99 185+78
10 2,500 18107 32421 162+15.6 148+11.3

625 13£57 28442 1354113 163+ 14.8

10,000 2607 28+64 249+12.7 239 +10.6

0 2,500 1n£21 3142 19628 270+ 14.1

625 27428 28+0.7 2174£99 250+ 14.1

Seasoned burdock

10,000 1742 29478 170142 210+4.2

10 2,500 17£14 29+7.1 181 +£10.6 2294 14.1
625 22+49 30£35 156 £5.7 2181120

H,0 17£5.8 27£57 2274140 2741131

4-NQO 415+13.3
2-AA 537+10.1
SA 602+144

2-AA 997 +4.4

"Mean =+ standard deviation (n=2).

Abbreviations: 4NQO, 4-nitroquinoline-1-oxide; 2AA, 2-aminoanthracens; SA, sodium azide.
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