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Abstract

This study evaluated the effects of gammaray and electron beam (E-beam) to improve the safety of spices for meat pro-
cessing. The spices (garlic powder, curry powder, turmeric powder, black pepper, white pepper, oregano, parsley, laurel |eaf
powder, basil, and rosemary) were irradiated by gammaray and E-beam at 0, 2, 4, 6, 8, and 10 kGy. Total bacterial popula-
tions were then enumerated on total plate count agar, and bacteria isolated from the samples were identified by polymerase
chain reaction (PCR). In addition, D, values for Bacillus cereus and Staphylococcus aureus inoculated in spices was deter-
mined, and the Ames test was conducted for genotoxicity analysis. The contaminated total bacterial populations in spices
ranged from 1.5 to 3.8 Log CFU/g, and most of identified bacteria were Bacillus spp., and Saphylococcus spp. However,
the bacterial populations decreased below the detection limit (2 Log CFU/g) after irradiation at 4 kGy except for parsley,
which required 6 kGy in gammaray and 8 kGy in E-beam to decrease total bacterial populations below detection limit. D,
valueswere also higher (p<0.05) in E-beam treated samples than gamma-ray treated samples. No genotoxicity was observed
in both conditions with and without metabolic activation. These resultsindicate that gammaray (>4 kGy and <6 kGy) could
be more useful to improve food safety of meat processing spices compared to E-beam.
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S0l ol A= M= A} ARRo] FAHIL vk
(Wetzel et al., 1985). W} S713-8 3Falg Ao &
A1 Al W o2 A WARAS o]go] thekstAl AT
H1 e FAlolt

sHA, AR AP Ee AEY A F Y F
221 F49] Aslgleo] HAd 2 B rAES glo
7P &AW R delA UaL(Byun, 1994), A Al
AHoz 11 AMge] F7kska 3t ®Co B ¥Cs:
AP g ARgse Hrpdolu 7A|F g TAlEE A
S AMSHE WA A AR EAA L ST

delel G A g AR} e °1W1

e r%
r{r olf
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T 101 xﬂfM = 7HH Xﬂﬂﬂﬂ
«1 JJ, B84, AET 5 obdskar AR A%
o] giFgwclehs SR Bie] ol Shtk(Thayer,
1994). Z12fu} ek B RS EH R AFd =
Abstel O B3 AR e Ak EaE vk gl
L(Song et al., 2009), 5+ AUAE ol-&st] AFHQ &
T 205 vug A7 vHIg Aot w}aw 2 <
TME §7FE ARl U8R ol8H 3= S
CleE, o7leE, 4%, 555, S5, 287
<], AR, v, 2=vie))9] EE fls) i
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Aol A8 $7128 FAREEE, wkE, 39,
BEFF, BUFE odvhke, dee), Yl ni
2zrE)e F)ZYE = (Jochiwon, Korea)oll A 4%k
< low density polyethylene(LDPE) bag(Syunkyoung Co.,
Ltd., Korea)oll 3 cm ©]&le] FAI7} HxE E3ske] A}
&3kt

20t 3 MR EAL

2l FAE 6]-5'LOJ;<} A7 HARA It LA
(Jeongeup, Korea) W] A1 11.1 PBq, %Co 7oA ZARA]
A (point source AECL, IR-79, MDS Nordion International
Co., Ltd., Canadays ©]-83t] A|71E 10 kGyS] HHFE=
S7Ve-8 Aol el 0, 2, 4, 6, 8 2 10 kGy9] &
FTFAFS AEE Stk FdE gl danine
dosimeter(5 mm, Bruker Ingruments, Germany)S A&-3}
%At} Dosmetry Al2ElS A A 7| (IAEA)Y] T2
o &3t RESRF F ARSI, F FrAdEe] &
= 2% oWt AR ZAE dectron-beam(E-beam)
accelerator(Model ELV-8, 2.5 MeV, Eb-Tech, Korea)S ©]

B3Il 10 Meve] duA] A7), 715 AR/ 5 mAe] £

Ao 7 F E54%0] 0, 2, 4, 6, 8, 10 kGy7} H==E =
AbsATt. ojufl o] S=X3E cdlulose triacetate dosimeter
=2 el

0ME 2¥= 7t

7ol zAR PR H4E 2ARS 245
sl A2 1 gol] EaE 2194(0.85%, NaCl) 9 mLE 3
h the ERstel 107 AR R JAY Mg
total plate count agar(PCA; Difco, Laboratories, USA)]|
=% sidch. R S Eramdos 2
7} 30°Coll A 48713 wljokst 3 30-300709] HEFS A
3 WA+ Alg=sle] A& Log CFU/gE UERERITE

[e)

RS

18t PCA WA & A8-3}
ol 8]4ste] PCAdl HE3H of
5 A= colonyS FH 3]

e, g Bt

& 30°CollA] 48A17F mlj kgt
T B3t} o]E 4243k genomic DNA kit(Invitro-
gen, USA)E o]&-3l] PCRY| AFE-E template DNAS 3
Z&190).
PCR primer

48 s 2F vAEY e F5317] sl 2
*4 PCR primers: °]-&-3te] At} 524 H7I4<d
= 16S IDNAE 43}9T}. 16S rDNA PCR #4412
Keyser 5(2003)9] =%-ol 719 primerZ 5-CCC GCA
TCT CTG CAG GAT TCT C-37} 5-CTA ATA CCG
CAT AAC GTC TAC G-3& ARE3FSITh

SIS AHMES(PCR)

Za A S &9 20 ul, SF5 19.2 uL, template
DNA 05 pL(100 ng/uL)®t Z+Z+e] primer= 0.3 ulL(20
pmol)E # 3} premix(Bioneer, Korea)S Al8-5lo] PCRE-
T3t PCR 473 =712 PC-808(ASTEC, Fukuoka,
Japan)S AHE31e denaturation 94°CollA] 30%, annealing
£ 50°Col| A 30%, extensonS 72°Col|A 124 E 303
2w 2AJElaL viR|eko g 72°Co)|A 387t last extension
= AAE A

Agarose gel M7|G=0|| Qg SEAE EOQl
FELREO] SRS 913te] 1.2% (wiv) agarose gel
1 }Oﬂl 719954 (Advance, Japan)= #A1514AT}
Agarose 1.2 g7} IxTBE(tris boric acid EDTA) 2584
100 mLS 419] 1.2% gelS THE & PCR 4HE 2 Lol
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10xbromophenol blue dye 0.5 uLE 430} gdell loading
33z 100 vollA] 408 A7)9%5 A|ZATH Size marker 2
1000 bp DNA ladder(TAKARA, Jepan)= AR5t 7]
JEo] Tt $ gde SYBROZ QA1 on ZE5 DNA
£ Gd image analyzer(Bio-rad, USA)E #&3)9ch =X
¥ PCR product= PCR purification kit(Qiagen, Germany)
£ o] g3t AASH o, TZH DNAE SolGentAl
(Dagjeon, Korea)oll sequencings- 2] =3}t

Mg 2A

grE H7|A<EL Nationd Center for Biotechnology
Information(NCBI)2] Basic Local Alignment Search Tool
9} Ribosomal Database Project Il toold] SE&o] &
databaseS- AH8-3te] AT,

HPARM ZbS

*p U AF B
HAA VAR A s A8 flstke] &
AEE HiAR T uAES FJEsAg Srlge 42
10 g¥ PE nylon bagell ¥-& v 317] 43 & 40 kGy
Aako] 7S AR Al AlE dFEe &
A8 U 09 AE B 27 T U HeA v
i=|

Ay &1 Bacillus cereus KCTC 1012 % Saphylococcus
aureus KCTC 19168 o83}y om, sk 3sted7-<
AEAFAAE (Korean Collection for Type Cultures, KCTC)
oA skl Aol ARt 2857 A WA
EE& o]50] HEH tryptic soy agar(TSA; Difco)ell A 1
Wl FolS FHal - tryptic soy broth(Difco) 10 mLol]
Z3t] 2417 vl GAIZ] vl 0.1 mLE FH3 A= Bl
A 10 mLoll FF3te] 18r%F FRF 23} vt & 1 u)
FAE A ARSI T HE Al vl A 2
© A= Fo|7] fl8l 2zt videls 4] (69838 g,
15 min)gt 3 58S Al 0.85% DI EFE 2
3] AlFsh ARl AMEE 295 2V|FEE 7-8
Log CFU/mL F<F°] HE= 3slon #F5 dEdd &
Aol 2%(viw)sEE FHE3Tt.

ZotM EAL

v AV S dAE AT A AT
2>(Jeongeup, Korea) W A9 11.1 PBqg, ®Co 7w A}
AAAE o] gate] A7HF 10 kGye] HEg= 7H7} 0, 1, 2,
3,4,5 6, 7,8 9% 10 kGy2] £ F54FS I 3}

HE 5 AR AIE 10 ool e 21957(0.85%, NaCl)

) o qFIA
Hjka o 2 7}z} 37°Col|A] 48A171 Hl kst 3 30-3007)

o] ks FAg WA Aldte] Log CFU/G= YERA
% 3RS o83l Dy whs ALk

FHSMEH oM Hot

PR A Y H7hs Ames test(Ames
et al., 1975 Maron and Ames, 19835 o]&3lo] =43}
Atk Aol AFEE #5= Salmondla Typhimurium LT2
2 %2 3= S Typhimurium TA98Z} TA100011L, ©]
E e ARl UM FeA 7] FRAE g1l
f35) higidine 874 S5, uvel gk U4 % (urrB =
Hol), rfa =AWl FAHF B Rfactorol] o3t
ampicillin == tetracycline WA 59 #3328 2213
= Aol ARgsEaT.

B A% Ag-" #3F+= Molecular Toxicology Inc.
(Boone, USA)IX T3t S gRIst & gh=3)st
ATA EAAE A Al wi Y S0 RS ARl AR
Stk fA Aol sld FF+= nutrient broth No.
2(Oxoid Ltd., UK)oll F3}e] 37°Col| 4] 200 rpmo.=2 oF
107)7F AEke)k(Vison Scientific Co., Korea)dt & Alg
o A&ttt

A S g 7 #EA(S9 fraction)> Sprague-
Dawley rat®] 7o ZRE F2]gt A2 = Orientd Yeast
Co.(Tokyo, Japan)ollx] 431592, 5%(v/v)e] SO mixture
= A x3t] ALE-3FATE SO mixtures 0.5 mlL/plateE ]
glglor, 19 &4 2-aminoanthracene(2-AA, Sigma,
USA)S] EdHo] 8= FRIsiit. S dtixEd=2s A
AEA] A AL F/HTE AR o, U=
EZ 2= 4-nitroquinoline-1-oxide(4-NQO), sodium azide
(SA) B 2-AAS Sigm*HUSA)ZFH T-4sto] o]8-3}
k.

AFEZS] Al dARAA A8+ H HIHE(-9
&le] direct plate incorporation o2 3l oH, 74+ &
= 27 plaeE ARSSEATH AlEE4 01 mLY S9
mixture((e= B5H) 0.5 mLol v 0.1 mLS top
agarell &35t minima glucose agar plateol] F-o] 13}
AlZ1 T, 37°CellA] 48A17F vt & BHEdwe] J
S5 Algsiaint

Al Ade B7sdde] gy B FUAE
Ueplom, EdHe] fide] B4 HEHnlo] g
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SPSS software(1997)el14] ZZ 1o 25 ANOVA testS
o]-g3te] FAHEAS ¢ F Duncand] T8-S AA
Sk

2 jl_l. }

2 i

p
!

O|4E 2= "ot

e B AR 24K dlEe] FATE S5t
AtH(Table 1). &< A]FoA 1.5 to 3.8 Log CFU/g
o] dwrsr|Y mAEo] Yeh oy, A9 9 22wl
AMe vAEC] HEEA ottt 48 B 2=ulglde
curcumin?} 22 iEdS Ad s1ekEo] FHrE 9l

Aoz wit® v} Uck(Park et al., 2007). FEE A

T AE= 7RSS 2 kGy, A F9- 4 kGy

&) AdgellA wdEe] AZEA ATt 1Y =

T HAES APEar] A8l kel 7B 6 kGy,

AR ] 739- 8 kGyo] MES Fa g 33ItH(p<0.05). ©]

= o] A wis) Ao FHET} E7] witol

Z}7ke] SFAE Uiol] S mAE Aofo] Kt auH
o]7] wjFolgtar ALE K Thakur, 1994).

Kwon 5(2006) 213l ARE-sle= i s
247} fr8odie] el o] dEds 23t ok
g 7150l Balsal oy 7+ Alg 8 & JHgele
g o] mAE] GA e dE 7FeAol il FEY A

i

ol A7 FAgE] Fado] AR EHIL kL
3Fth. McKee(1995)¢} Banerjee 5-(2003)2 57138
AlF0] Bacillus cereus 53 28 n|E-o] A=E ok
LG OM, Farkes(1998)= $7F8-8& 0] WA}
ZARE A8shdH vAES aFos AN 4 itk
HsEsiaith. A9 23, A% 3 2=uleE A9jg 44
o] gRlge AN ZAPIES A8319s o st
grEe 702 gl on, Avbd AP A =
Aol Hl3] BapH o2 93 mAES Abdshke As &9l

B

N

2% 0j4E 3
Z¥zke] FAlg el mA=ERE 213 PCR product

=
X,
N A
oft
o
%]
o
3

golE A7|AME-e NCBI2] Blast searchs F3le]

| =& geneS #HAGH A, dFAlse ot M= ok
2 04 njAEo] TAHEATHTable 2). AU A4 1
AEo] AEHA &2 48 9 2=vlgle A7 gPdelA
AeletAnt. 1 Ayt F35FE ALt FIsA Bacillus
sp7t AEFNeH, 53] tharzQ HAA &) nAE
2l B. cereus’} Pl B SFo|A HEHIUT T3 B
E5-oll#= Saphylococcus spp.7t HEE 0] FA1ES] 9
Az A4 @7= ). dFAlFl B. subtilis, Clostridium

Tablel. Total bacterial populations (Log CFU/g) in the meat processing spicestreated by gammaray and electron beam

Irradiation dose (kGy)
Sources Sample

0 2 4 6 8 10
Basil 1.5 NDY ND ND ND ND
Laurel leaf powder 1.8° 1.3 ND ND ND ND
Black pepper 3.2 2.2 ND ND ND ND
Curry powder 3.2 2.2 ND ND ND ND
Garlic powder 2.5 15° ND ND ND ND

Electron beam
Oregano 2.4° 1.9° ND ND ND ND
Parsley 3.8 2.1° 1.8° 154 ND ND
Rosemary ND ND ND ND ND ND
Turmeric powder ND ND ND ND ND ND
White pepper 2.2 1.3 ND ND ND ND
Basil 1.5 ND ND ND ND ND
Laurel leaf powder 18 1.0° ND ND ND ND
Black pepper 32 1.9° ND ND ND ND
Curry powder 3.22 1.9° ND ND ND ND
Garlic powder 252 15° ND ND ND ND
Gammaray

Oregano 2.4 ND ND ND ND ND
Parsley 3.8 1.6° 15 ND ND ND
Rosemary ND ND ND ND ND ND
Turmeric powder ND ND ND ND ND ND
White pepper 2.2 1.7° ND ND ND ND

DViable colony was not detected at detection limit <2 Log CFU/g.

#dMeans within the same row with different letters are significantly different (p<0.05).
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Table 2. Identification of isolated bacteria from irradiated meat processing spices using PCR method - 16SrDNA

Sample

Microorganisms

Basil Bacillus subtilis

Laurel leaf powder
Black pepper
Curry powder
Garlic powder
Oregano

Parsley

White pepper

Bacillus spp. CK8, Bacillus spp. MDS07, Bacillus spp. LS11
Saphylococcus saprophyticus, Saphylococcus xylosus
Bacillus subtilis, Bacillus amyloloquefacien

Weissella confusa, Bacillus subtilis, Bacillus cereus

Bacillus megaterium, Bacillus subtilis

Bacillus megaterium, Bacillus endophyticus

Bacillus cereus

perfringens, Campylobacter spp., Listeria monocytogenes
S0l AEH] olF AAsH] AT A7t ALH ok g
th= Ulgo] WEH v} Qlth(Farkas, 1998). &3 & A7
oA 7EH Badillus spp. 2 Saphylococcus spp. =5 2
FEg flsle YUFoR uEE ul gov, TG of

£ AT =3 Hwso] IekChol e al., 2000). mebd ok
A R7hEE FAR G4 UF S0
Ao e 5 glon], ERHoz MRS AFE
£ o] asithn Akach

AR 224

U o AR 549 43EnE EUE sl 47
o] §7Fs-& AlHol B. cereus 2 S aureusE: HE3 3
Ak 2 AR ZAM 98 AR 7AS Table 3
of Uelith. 1 A7 nAE F5F 2 s wt v
AR de] O Aoz Ueldth PR 29E &
g Al FdatEo] e Aoz Yehd 43 2 2=vlEe
0.19-0.23 kGy= 7% e Aoz ERGTHp<0.05). B.

o

Table 3. D,qvalue (kGy) of the different pathogensinoculated
in meat processing spices treated by gammaray and
electron beam

D,,vaue (kGy)
Bacilluscereus  Saphylococcus aureus
Gamma Electron Gamma Electron

ray beam ray beam
Basil 0.53° 0.632 0.37° 0.46%
Laurel leaf powder  0.35 0.532 0.35 0.452

Black pepper 0.56a 0.52a 0.35 0.50%
Curry powder 0.53° 0.582 0.342 0.342
Garlic powder 0.412 0.412 0.49° 0.53%
Oregano 0.49° 0.522 047 0.46%
Parsley 0.39° 0.60% 0.35 0.442
Rosemary 0.20? 019 0.23° 0.23°
Turmeric powder 0.20% 0.20% 0.23% 0.23%
White pepper 0.512 0.56% 0.35 0.452

#Means within the same row with different letters are signifi-
cantly different (p<0.05).

cereuss vHEOl HESIS Wl e s R AR
gk Wige] et Aor ERIEglom, S aureus®] 7-¢-
ko] HEFSAS o WAdo] gk AoE yEpith vt
A, A, <7H, Ld7ke 9 g A HA
ZAPE 2P AL AE]et Bk A gk A o]
733 Z1oZ VR tH(p<0.05).

AR tigh =Y e AR AL AlY] 2
T, AR, S PR AT 9 eix 2 2 Ql
Aol JES etk BREE o F FYd vy
Eolg} dA gtz 279 TR 590 we} WAkl o
g mAE] Zrde WskelAl ¥k (Molins, 2001). Song
5(2009) 3 Waje 5(2009)> UvHH o= Zuld Al A
g Bop AR 2AF A Al ARl tigh #3dol
s @l o, o) B ApAntel AX|ssiT). o
© Fmpido] Ao vis| Friert 7] witel] FAs
Yol LA mAES] Aol Kot g3#o]7] wjZo]

r

ARS8 Ames test= S Typhimurium LT2 strainoll A -2
g higidine @74 SARC)FE o83t 11ds] EAE
Aol A T U= AIFHOE TAL00S base par
substitution mutaion2- TA982 frameshift mutations- A&
sb7] flall ke dFolth(Ames et al., 1975). o] Al
o ok 4ol gl =2 TS Uehdo] g9

h =
8F, =AY kY e SAEEAAY 3t
AR Sol= APYEIL eH(Kim et al., 2008). Fehd B

A 241 FAEE 7S ® S Typhimurium
TA98Z TAL00° thet H-9=dwe] HeE AR 4
FE Table 40 AABFITE Ao ALLE F T3 A}
T4E 1.8x10%mL =2o)glom, duAd A v =

Hol AlS sttt -4 A BA) Ale] A9,
E AlgTTolA Al A8 F=2] 1,250-5,000 ug/plate
o] HMeleA BEFAEAMo] Hetrrt Szt Blask

S o RS Apolvt e AR UERTE B o

—)
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Table4. Revertant colonies (mean + standard deviation) recovered from the Salmonella Typhimurium reversion assay for meat
processing spices treated by gamma ray and electron beam

Sample Irradiationdose  Concentration Number of revertant colonies (His+) per plate
(kGy) (ng/plate) TA98 (-9) TA98 (+S9) TA100 (-S9) TA100 (+S9)
1,250 28+7 38+2 187+3 253+1
0 2,500 22+0 32+8 214+4 202+1
5,000 30+4 25+9 191+2 219+19
30 1,250 30+1 35+4 180+8 225+25
Basil (Gammaray) 2,500 20+1 3542 160+3 193+6
5,000 21+11 364 159+6 181+6
20 1,250 332 24+8 193+8 243+13
2,500 18+6 21+3 222+5 261+3
(E-beam)
5,000 22+4 25+2 222+42 283+14
1,250 3016 27+8 184+7 184+4
0 2,500 2142 23+1 186+11 163+31
5,000 17+1 26+1 205+39 210+1
30 1,250 21+4 29+6 159+5 175+4
Laurel leaf powder 2,500 2142 26+2 147+23 180+24
(gammaray)
5,000 1743 21+6 164+6 164+16
30 1,250 12+4 18+9 132+16 192+13
2,500 14+2 25+3 193+17 213+11
(E-beam)
5,000 20+9 21+12 228+10 24716
Negative control H,O 31+3 39+6 218+1 22142
4-NQO 0.5 748+£53
L 2-AA 2 1808+215
Positive control
SA 0.5 555+18
2-AA 2 1338+116
Samo Irradiation dose ~ Concentration Number of revertant colonies (His+) per plate
e
P (kGy) (ng/plate) TA98 (-S9) TA98 (+9) TA100 (-S9) TA100 (+S9)
1,250 12+1 14+1 193+13 22445
0 2,500 20+4 33+3 191+11 196+1
5,000 19+6 31+8 155+3 269+37
20 1,250 16£3 25+3 182+9 251413
Black pepper 2,500 1741 2622 1564 167+19
(gammaray)
5,000 17+1 277 163+5 278+5
20 1,250 20+1 26+2 232+19 250+40
2,500 25+4 25+0 244+18 261+4
(E-beam)
5,000 2142 25+8 270+8 236+28
1,250 3245 24+1 210+42 193+60
0 2,500 24+4 28+1 203+3 219+25
5,000 23+4 29+0 20723 21648
20 1,250 22+4 234 20722 183+55
Curry powder (gammaray) 2,500 24+1 22+1 211+13 22021
5,000 24+4 24+5 21522 215+18
20 1,250 2247 14+3 171+9 1816
2,500 211 18+2 169+12 173+14
(E-beam)
5,000 23+4 24+1 180+0 183+20
Negative control H,O 31+3 39+6 218+1 221+2
4-NQO 0.5 748453
Positive control ZAA 2 1808+215
SA 0.5 555+18

2-AA 2 1338+116
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Table 4. Continued

Irradiation dose

Concentration

Number of revertant colonies (His+) per plate

Sample
P (kGy) (ng/plate) TA98 (-S9) TA98 (+9) TA100 (-S9) TA100 (+S9)
1,250 23+9 24+6 201+32 208+4
0 2,500 29+5 25+7 190+8 188+7
5,000 27+7 31+1 161+9 178+1
30 1,250 18+1 2412 110+4 203+7
Garlic powder 2,500 14+1 255 172+29 259+13
(gammaray)
5,000 19+1 285 196156 227+1
20 1,250 19+1 29+4 197+26 199+16
2,500 28+1 32+6 186+3 209+2
(E-beam)
5,000 16+1 28+2 233+18 206+23
1,250 23+1 17+6 180+1 152+21
0 2,500 23+6 25+2 158+1 180+1
5,000 22+10 26+11 188+30 212+25
0 1,250 23+6 22+5 158+11 177+56
Oregano (gammaray) 2,500 1942 24+1 205+12 219+22
5,000 16+1 28+2 233+18 206+23
20 1,250 23+2 35+2 185425 185+45
(E-beam) 2,500 19+2 3015 19516 20016
5,000 28+5 18+3 185+4 20448
Negative control H,O 31+3 3916 218+1 22142
4-NQO 0.5 748+53
Positive control 2AA 2 18084215
SA 0.5 555+18
2-AA 2 1338+116
Samol Irradiation dose Concentration Number of revertant colonies (His+) per plate
e
P (kGy) (ng/plate) TA98 (-S9) TA98 (+9) TA100 (-S9) TA100 (+S9)
1,250 14+7 20+0 167+25 224+28
0 2,500 1146 19+6 215+6 225+5
5,000 12+4 2017 214+11 293+29
20 1,250 20+5 27+1 185+3 225+15
Parsley (gammaray) 2,500 30+1 354 180+8 225+25
5,000 20+6 2815 187+2 229+15
30 1,250 10+4 13+1 98+20 167+45
2,500 11+4 187 19614 246121
(E-beam)
5,000 1445 26+1 200+1 263+15
1,250 20+6 25+7 175+16 10319
0 2,500 20+6 28+4 187+1 229+20
5,000 1548 24+13 18016 180+1
30 1,250 23+8 33+2 112423 160+44
Rosemary (gammaray) 2,500 21+1 30+3 125+28 171425
5,000 28+11 23+3 1388 152+3
20 1,250 1242 10+3 185+19 22316
2,500 23+13 2048 178+13 184+12
(E-beam)
5,000 18+1 2016 181+28 243+13
Negative control H,O 31+3 39t6 218+1 22142
4-NQO 0.5 748+53
Positive control 2AA 2 18084215
SA 0.5 555+18
2-AA 2 1338+116
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Table 4. Continued

Sample Irradiationdose  Concentration Number of revertant colonies (His+) per plate
(kGy) (ng/plate) TA98 (-S9) TA98 (+9) TA100 (-S9) TA100 (+S9)

1,250 15+1 23+10 25616 195+1
0 2,500 17+2 16+2 146156 205+34
5,000 13+1 15+1 277+6 30313
30 1,250 22+5 20+1 147+26 19626

Turmeric powder (gammaray) 2,500 22+4 31+3 1868 189+7

5,000 203 271 158+11 168+8
30 1,250 2312 39+0 25612 231+16
2,500 24+1 34+2 220+6 232457

(E-beam)

5,000 26+7 26+6 263+15 300+£38
1,250 74 11+3 20412 233+14
0 2,500 19+2 2441 205+12 219+22

5,000 16+4 19+4 149+4 189+1
30 1,250 12+3 19+5 153+16 170£11

White pepper (gammaray) 2,500 162 235 177+8 216+4
5,000 17+1 25+3 194+6 23724

20 1,250 23+1 170 140+1 1568

2,500 22+9 201 1538 146+7

(E-beam)
5,000 191+11 8+4 219+29 25514
Negative control H,O 31+3 39+6 218+1 22142
4-NQO 0.5 748153
Positive control 2AA 2 1808+215
SA 0.5 555+18
2-AA 2 1338+116

4-NQO: 4-Nitroquinoline-1-oxide, SA: Sodium azide, 2-AA: 2-Aminoanthracene.
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