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Abstract

This study evaluated the antimicrobial effects of retort process and gammairradiation on reduction of total bacterial pop-
ulations in spicy chicken sauce, which is served on top of the steamed rice. Commercial spicy chicken sauce was treated
with retort and gammaray at 0, 1, 3, 5, and 10 kGy. Total aerobic bacterial populations were then enumerated on plate count
agar and isolated bacteria from the test samples were identified using PCR analysis. Moreover, gamma ray sensitivity of
identified bacteriawas evaluated by D,, values, and genotoxicity of gammarirradiated samples was examined. Gammairra-
diation at 3 kGy reduced total aerobic bacterial cell countsin spicy chicken sauce below detection limit, but total aerobic
bacteria cell countsin test samplestreated with retort were 2.1 log CFU/g. I dentified bacteriafrom the samples were Bacil-
lus subtilis, B. amyloiquefaciense, and B. pumils, and the D,,values for B. subtilis and B. cereus were 0.39 (R?= 0.921) and
0.28 log CFU/g (R?= 0.904), respectively. The SOS chromotest showed that the gammarirradiated spicy chicken sauce did
not cause mutagenicity. These results indicate that gamma irradiation of spicy chicken sauce could be useful in ensuring
microbial safety.

Key words: spicy chicken sauce, retort, gammairradiation, microbial contamination
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(121°C, 4% oPR)oIN BFFoEH 4YH FRYL ¥
oA AF PPUCE HES FLoINE FARF A

SHAl BAZE
A5, sol=F/ =
7Y AgE st dEZE 2td
H|IZFS A f-EHTt.

gy 9ok 2o SAxAFNE thke] mjAEe] A
Z5o] AR FHoA EAIZE Ha ks dF AT
7} R Elth Koo 5(1993)2 dE=ZE 3-¢-%] 71HE
Az o PAE B4 3 2y, 25x10° cellsge] A
Z9 ot LR EHTE Wonjcik-Stopczynska 5-(2002)2
%5 T A F79 AAHE Fxo] nAES A}
S+ A3} Penicillium spp., Aspergillus spp., Alternaria spp.,
Cladosporium 52] P|AE°] AEHUt B st
gk Qi A2 Ax A 7P Bol ARSEI e AR
o= wavolM Ffgt thket v AE(Bacillus spp.,
Lactobacillus spp., Saphylococcus spp. 5)°] 107-10° celld
g W= ®xatar lo] AlF AA| o] BEWT ofvg} 7t
T2 952 ARgskeT At Agte vt "okar
Rstdth(Kim et al., 2001). webs A% 2] 9
AstE sl Bk bdsiar §9H2Ql Atvle] Fesit

g, 21417] AF T AlE] VlsR WrF A e W
AP AP 1S miE At et )IFE Tloke) 4
14 Ao 2 RY ylojgd = A T EE FEeREe
2 3 AT} 2 HEA Y ALE JEEE F)Y)
Zog =Y F e MEL AF A4 7= A 4
FHE AelA Big g ETE 4S5 A VIEE
Zygal Uk, AF] M A AFEe] 9ISl ¢
3 P ES APk AFe] A A S HAY
o A Uk W= AFEMAe 19994
129 A&l el mAd=e AbER Al eI A
Fs A% A5 W 2ARE F8sta ok sy
2}% 1987, 1988, 1991 ¢ 19950 4x}elol 2A % 18
N F5Y AFAPE 7o 7SS ety

EQEV|AEFE BIES Tl F50] 20049 5¢ FUIE
371 Atk (Korea Food and Drug Administration, 2004).
Sk A-sE dEke] WAk A AlEY EE, §5HE
9 I S0 dFS FA ¥aL BRFHOE wAES
Alofgetar Hasiok(Byun, 1997). T12]a1 AR A
Sk 215F9] A3 ofu] MARZAZ]F(WHO), =42 &
ER71F(FAO), A LA 7| F-(IAEA)St A7) 2 &)
ST oA AFe HE Y As) o R S
FEHTHFAOIAEA/WHO, 1999).

b & AFoMe S8 SN FHA o] Thsets
g V13Ado] FRE gt A LS 9%
ZATE Bol AHET e 5 Giase] st
A8l HEZE B 7P A AEjebe] BludTE
stz st

g N

R

AME&Ed| I X2

o) ARSH 31 QRF A= (F)A]ok22(Cheongwon,
Korea)oll Al 3t AREalth 429 A5 3 A=
He Table 17 2t} AXE AFE 13 EF $(1809/
bag) 85°ColAl 1083 719 H4& AR T EZHPET/
nylon/cast polypropylene, 110 mmx160 mm)S 3+ T2 2|
EZE Nt 9 bl A 4 Akt dEZ
E At odojagd mensh xedt 4XI(STERI-
ACE, Kyounghan Co., Kored)E ©]-83}a 120°Co| A 20
B A £ C7kA WAk Akl AR g
A AT A5 A 784> (Jeongeup, Korea) W] A
¢ 11.1 PBg, Co-60 7Av}A ZAFA)A (point source AECL,
IR-79, MDS Nordion Internationa Co., Ltd., Canada)s- ©|
g3to] AIZHE 10 kGyo] d&&= 717+ 0, 1, 3, 5 2 10
kGyel ¥ FFA%FS A=F stk F54%F gl

aanine dosimeter(5 mm, Bruker Instruments, Germany)E
A3 Dosimetry A|2~El-& A AA13 71T (AEA) L]

Tablel. Ingredientsin spicy chicken sauce, which is served on top of steamed rice

Ingredients Contents (g) Ingredients Contents (g)
Chicken breast 27.00 Chicken extract 1.00
Carrot 10.00 Ginger 0.25
Onion 10.00 L-monosodium glutamate 0.60
Red pepper powder 1.50 PA starch 2.00
Wheat-gluten of malt 9.00 Black pepper powder 0.15
Garlic 0.80 Sodium chloride 1.00
Apple puree 210 Garlic powder 0.10
Refined sugar 250 Onion powder 0.10
Ricewine 0.80 Paprika agent 0.15
Sweetening agent 0.80 Kochujang 4.00
Vegetable mix 0.50 Water 24.05

Cornoil 1.60
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TA F88t] AT T ARREIY o, F S
o] QA= 2% oW ATh AlBE A A1F A7A] 4°Co
B3

OdE 2¥: 47t

Zobd zA Mge} MAE QUEE ZH] 9
sl Alg 190 BAE 294(0.85%, NaCl) 9mLE
e e skl m saes M7 549
S plate count agar(PCA; Difco Laboratories, USA)dI|
= sl $AEsE SAsA. 4R SHe
SR 0 2 30°Col| A 48413 vl kS & 30-300
A Hehe FAF w9 AS3ke] log CFUIGE Uie}
W 2ic.

l‘-hi

o OjdE S8

H#Z=o| 22| 2l DNA ==

Qi A2 ] wAEe] E—fﬂ%— -‘H%‘}O% PCA BjAE A}

B3tAT). FAEE "t A G5l gAste] PCAd HE
d o5 30°CollA] 48A17F i o]:t:ﬂ' 5 AAE colonyE
sl == BT o5 74 ¥ genomic DNA kit
(Invitrogen, USA)E ©]&-3}4] PCRol AF8-2 template
DNAS FZ33th.

PCR primer

A2 PNE 09 vjyBe] fHAE FZa) ) 2
%] PCR primer o310} ARk B4 4714

£ 16S IDNAZ 743}9it}h. 16S rDNA PCR #4242
Keyser 5(2003)8] =l 7]&¥ primerZ 5-CCC GCA
TCT CTG CAG GAT TCT C-3% 5-CTA ATA CCG
CAT AAC GTC TAC G-3S Al&-3ITh

S A
FTHEAAHNE A2 F 20pLo|AH FHT 19.2
uL, template DNA 0.5uL (100 ng/uL)2} Z+2ke] primers
0.3 uL(20 pmol)Z- #|3}al premix(Bionear, Korea)s A18-35}
o] PCRS T35ttt PCR 473 71> PC-808(ASTEC,
Japan)S AHESHe] denaturation 94°CoilA] 30%, annedling
& 50°CollA 30%, extension 72°CollA 134 % 303
£ W& AAsta vpAgre® 72°ColM 3% 3F last
extensions AAISFAATH
Agarose gel M7|FS0f 2gt SEAE EQl

PCR SZAFE-2] 31018 ¢J3le] 1.2%(w/v) agarose gel
S o]gsle] H7)9% 4] (Advance, Japan)E 41813t}
Agarose 1.2 g%} 1xTBE(tris boric acid EDTA) 58
100 mLE- 4301 1.2% gelS YH= §& PCR AHE 2 Lol 10x
bromophenol blue dye 0.5 uLE 41914 geloll loadingstal

100 Vol A 40% A7195A)Z ). Size markerE+ 1000 bp
DNA ladder(TAKARA, Japan)S ALE-319tt. A 7]9%50]
Ed 5 g2 SYBROZE @AI¥ o X% DNA=
Gel image analyzer(Bio-rad, USA)Z #zsldt). 5249
PCR product:= PCR purification kit(Qiagen, Germany)&
o]g-ate] GAlstl e, S%¥ DNAE SolGentrH(Korea)
ol sequencings 2]¥3t5itt.

FIIME 2

3R A7|AELS Nationa Center for Biotechnology
Information(NCBI)2] Basic Local Alignment Search tool}
Ribosomal Database Project Il toold] SE=Fo] Q&=
databaseE- AH&-ste] HAEIGATH

H -
Hk A= ZFzF 10g% PE nylon bagel) %—]%‘:}—?:l
2 APds ZAFste] Eitsttt.
A T2 s W oF PAE 4 2 5 UiR
Al WAA A<l Bacillus cereus KCTC 1012 % B.
subtllls KCTC 10222 o]-g3tj o, sy 3stad1d
A EZIAIE] (Korean Collection for Type Cultures, KCTC)
AN Fhst] AP ARESHATH 23/ WA A
EE2 o]5°] HZH tryptic soy agar(TSA; Difco)oll A 1
H“:Lé]E F3l 2L tryptic soy broth(Difco) 10 mLol

Z35}e] 2477 wjEA|Z) wjkl 0.1 mLE FH3) AE$ )
x] 10 mLoll HEste] 18A)7F Ft 23} wjget & 1wl
FAE APl ARESIAT T HE Al viAINAN 2
= A5 Fol7] sl 2zt wjddS 4] (6988 g,
15min)dt & S AS A A5l 0.85% DHAA4E 23]
AFsHATH ARl AHEE 209 27)1EEE 7-8 log
CRUIML =50] HEE 3llon #35 Had ey
HHazol 2%(viwys =2 HESIHT

2ok AL

b 2ARE e X} T4 A5 gt
Z~(Jeongeup, Korea) 4] A 111 PBg, %Coztmti AL

AAE o]g3le] A)7F & 10kGye] AEg=E 712} 0, 0.5,

10, 15, 20, 25 3.0, 35, 40, 45 2 50kGy?] & &=

A% d=5 skt

>

Dlé%*% =4
HAE T 2213 Al 10 ool B 21949(0.85%, NaCl)
90 mLE H71e o EFelel 102 SAow BMa
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Bl 0 2 7}7} 37°Co| A 48A17F wlSkEt 3 30-3007)

SOS chromotestE 0|8 FE=MEH oMY HIt

Aol A dFol ARE

Ao AMEE T Escherichia coli GC44360 25
B 9 E coli PQ37TEX T35+ 30% glycerol} LB
brothol 4] 3154t vljekst TS 112 Este] -20°Ce
RSttt ARdTE efgvitt A2 FHlstg e 1
wjulc}h uvrA mutation, rfa mutation®} PHOc gene®] con-
ditutivity = sftA::lacZ fusion®] inducibilityS 7AAFSHA T}

SHHO|E A

Frame shift mutation®} point mutations- Aol 4%
T JE o] AFlA Quillardets} Hofnunge] = (1985)
= WA Bakd Hame] R (1990)2 88ttt ¥
5 HIE PQ37HY 50uLS 12mL Luria-Bertani(LB)
medium(peptone 4 g, yeast extract 2g X sodium chloride
4gS ST 400mLel Bal)ell FFskaL 37°Cell A ul ek
sPAA 600 nmol|lAe] 3% S78217F 1.0 o] w7HA]
A7 A g vt dojd #lS LB medium
o V42 33t 7t FEHEE FHlE Al 20uLet =
o] ¢l Mitomycin C(Sigma, USA)S 30 uL Egs}ed
9047t 37°CollA] HjYste] SOS RES-S A =st & S|
E B-galactosidase o] B4 S5 9lsled B-buffer 1.8 mL
S F7kste] 37°CollA 5EZF vksl T2 o-nitrophynyl-
B-D-galactopyranoside(ONPG) 400 L& #7181, the
Z:o]l+= akaline phosphate2] 4 =4S 93l P-buffer 1.8
mL-S 37}ste] 37°C oA 587k ujokst 3 P-nitrophenyl
phosphate disodium(PNPP) 400 uLE 7183t 1 o
37°CollA] 30%7F WA & B-gdactosidase= 15M
Na,CO,; 1.6 ML= akaline phosphate= 25N HCI 0.8 mL
9 2 M Tris 0.8 mLEA &Zof 23 gkl kg8 A
A7 o B33 =4 (UV 1600 PC, Shimadzu, Japan)=
o] g3t 420 nmollA STt SAE FAE o8-S
o] enzyme unite2 Yehd $ R-factor2 Ekste] HE
o7 FE=A4(IF=Induction Factor)Z YERHT}.

Induction factor=2¢*¢] R-factor/thz=-2] R-factor
R-factor=-galactosidase unit/alkalinephosphatase unit
Enzyme unit=1000xOD a 420 nm/reaction time (30 min)

SH =24

TS APS 33 HEE AAEIeH, Aozl AdE
. SPSS software(1997)oll -] T2 1 F general linear
model procedureS =3y3tar ]2l zfolrl R uwf

T ZFo]= Duncan®] multiple range testy S AR&-3}]
B7FeFAtH(p<0.05).

cE

[

OjME 2= "ot

HEZE 9l Znpd Al o8k ste Gy A9 w|
AE At AHE Table 20 AASHATE. BlzARE A2 9]
ArE AU WAE, AR 3 F3ol7t 242} 45 log
CFU/g, 4.3 log CFU/ge] HE= AT 18U HEZE A
2] A Quts )4 WBES 21 log CFU/ge] HEE 3ot
183 3 kGy o] b AR A Al BE mAE
o] AEHA gv AoF Yt sy G 4] F
AE AL B 5700 vkl 2AHE A8EHd AR
W o9 mdES addes Aldedive d7Aaet
Ux|5}4THKIm et al., 2001; Lee et al., 1999).

T3 HEZE ARtk 7R A A7t mAdE
S AFo R e AoE Yehdth g EZE A Al
At ARl weEt mAES Tt Aadithe A7EdE
£ uj(Koo et al., 1993), ¥ Ao A A3 35t HY
hE HEZE M A4 A 3% TH $Ho2RE
o] & ol AtmHrt. oo AE T B
Stet Gt Ao SISk 98l BEEE At Kok
A LAS WA de AR 24 vt 29

ojgar AetE

'ﬂnal

e £ fo
N

2y 4= S8

AE2E A ¢ L 85ColA 1087 13} A4 Akt
gk She G el 2 AE VAR TS 9ISk, v
AEZRE 8H3 PCR products FA13 & A7 g9
gole B3 AT 547 W By 22 ) o HAE
o RS ARG ol gRlE H71HLEL NCBI9
Blast searchs 5311 fANE7l & gened 7419 27}
85°CollA] 12} 7FEH AlJolA= B. amyloliquefaciens?}
B. pumilus SAE JEZE 21H A|S0A= B.
Table2. Total aerobic bacterial counts (mean+SD), recovered

on plate count agar, in spicy chicken sauce treated
by retort processand gamma irradiation (n=3)

Treatments Total aerobic bacterial counts

(Log CFU/qg)
No treatment 45+0.14
Retort 21+0.1°8
1kGy 21+0.1°
- 3kG <1.0°¢
Irradiation 5k Gi <10S
10 kGy <1.0°¢

A-CMeans within the same column with different letters are signif-
icantly different (p < 0.05).



Gamma lIrradiation on Spicy Chicken Sauce 145

subtilis7h HESEH AT mAA]). GiF A0 d59l
154 Bacillus spp.o] AEEHthes Ad74A%= oY
2} HEE HF Ack(Lee e al., 1996; Kim et al., 2001).
T g2 F 989 Al Bacillus® BIE3) Ligeria
monocytogenes, Salmonella spp. % Escherichia  coli
0157:H7 5ol 23k B vAE 2<do] #AA] Har 9l
THWHO, 1981; Lee et al., 1999). Bacillus= 13 944 o
F2A AEHo] T Aol Hls) T4, HE8 2 W
ok o] AA o] o]HTHKim et al., 2001). AE9]
HAESH Qb Ado] HAHA] X3tk AF] 2 9H
A mAEET opEt Als) & e Byoe g <
gt Bacillus spp.o} 22 PIAE Aoz <3 X5 3
A3s 2 5 ok(Park et al., 2007). webA Gt
28 33 FAANE A2le] 7Pssk a1 Sla) e
o] g Wi rlgo] Wesitkn AlEH.

p

ox b ror

71 ©o] AZH+E B. cereus 2 B. subtilisE QA2
HAES & v 25488 SHEHATE WA Qtaio
T 152 HES T 0-5kGy7HA] 05 kGy TR FA}
3to] A3t AAE Table 39 AXSHAT} B. cereuse} B.
subtiliss @i Aol HEsS Wi, 212} 5.8 log CFU/
gt 5.7 log CFU/gZ WERstO.m B. cereus®] 73¢9l 2
kGy ZAF & B. subtilis 7492l 1.5 kGy AL & A=
Al =2git). o] A¥E EUIE 3lof, Yitirol o9
= B. cereus 2 B. subtilise] 7 7S =43 A
3} B. cereus ¥ B. subtilis= 0.39 2 0.28 kGy= 717} 1}
Bl B. cereus’} Zwbalol] gk WAle] Fgk A=
ERITE. Gu 5(1995) ufjoll A Algt=l= 2]a17]9] Ligteria
spp.oll thgh AFrellA] U] AlEE]= Ha17]9] Listeria spp.
o] AEEL 9] HEE Hldl ZA H& Hela, =
AJo] 21E L. monocytogenes, L. ivanovii, L. sedigerie] 7
&2 YT A9 Mg HAEES EATaL Halske]
T} AZiz 5(200202 AlFollA A EE 95, a5 2

2317] P Ao 3l B. subtiliss AW Aa 74zt
4.9x10%g, 2.1x10%g 2 4.3x10%ge] AEFHN oW ZvpA
ZAL 9 wlo]A 29 o] Bo|| =EAA T5o WskE A
B Ay} 50 kGyE ZAvHd 2AIES B9 #5+E 2-3 log
cycded =7} AAastiar, Zupd 5.0 kGyek 20 sec vlo]
AZSolBE HEL A S AEFHA LUt
Buatgdth Thayer (19952 EHad war7)o|
Salmonella Typhimuriums {3 & 74 A 2
7 3 kGyE ZAHS 739 6 log cycled] S2AAE B
Akl B3k o, Yook 5(1998)2 -89 L FAI!
HAMTY WA Z4ALS E. coli, S Typhimurium,
Vibrio parahaemolyticus, Saphylococcus aureus 2 L.
monocytogenes= 242+ 0.32, 0.54, 0.61, 0.44 2 0.37 kGy
S Yeldtia Wt oH, Thayer 5(1994)2 B. cereus
9] endosporeol] tigt D,y gk 4231710l A 2.78 kGy, 2™
Zo)A 1.90 kGy ! HjR|a7]o| A 2.78 kGy= ERsTH
Al Barstt.

FHSHEHN oty "ot

SOS chromotestol]] AM8-%+= E. coli PQ37& uwrA =4
Hol9} rfa EAWCIE Hol glo] S|l a5 W
2 golaA 5T 4 9lo] SOS o] ZZHo] siA
o] wgo] Yol B-gaactosidasee] Ao = ko] o
U Het o] W HFeES FEERE S8 e
Az kst FARO] fideS ¢ole o tk(Ohta
et al., 1984; Rueff et al., 1986). SOS chromotest= H]=
F Ul g 7 ol od YIS S = AR

[e)
o= te 2

>
Y

=

FEEE S35t Wgsiez ;o] F-X57, DNA
£4e FE AR5 EZY] A HeElsH o]&FH
ATk T=3F Ames tesoll A BHZ S0l EZ S oF 90%

7} SOS frgEdol o o] F Wl A=Al A
A7 At RuEHA T (Quillardet et al., 1982

Quillardet et al., 1985). HEZE 2 7Hbd AV 315
gk 222 H7189S Wl E coli PQ379Y th3 E¢IW
ol S ZA A¥E Fig. 1o AASACE Al =

Table 3. Radiation sensitivity of Bacillus cereus and Bacillus subtilisin spicy chicken sauce (n=3)

Bacillus cereus

Bacillus subtilis

| rachation Bacterial cell t Bacterial cell t
dose (kG eria cell counts acterial cell counts
(kGy) (log CFU/g) Dio R (log CFU/g) D1 R
0 58+00 57+01
05 46+0.0 45+0.2
1 3600 35+01
15 34+01 <10
> <10 0.39 0.921 <10 0.28 0.904
3 <10 <10
4 <1.0 <1.0
5 <10 <10
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5
4.5 * * 23
4
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S —0— Retort
s 3
= ——0 kGy
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1
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0
1,250 2,500 5,000

Conc. (ug/assay)

Fig. 1. Genotoxicity of gamma-irradiated spicy chicken sauce
in E. coli PQ37. The mitomycin C concentration was
0.01 mg/mL.

Atell oI3h ste Qi ko] EdWHolAS BEs] ¢
3] 20 kGyE A S sto] AAS P8It A4
BEEE 23S §31 5000 myassyS HLEE

2 st w3t AFEF Be A1RAE F=ol
/‘1 G Aozvo]l g FEAlF FAI= 1.38-1522 YERR
oF B3 AR ZAMY W fEAIFY] ST e
2] kokth B AR A AREE S¥o]Y2) mitomycin
C(0.01 mg/mL)e] FE=A57} 448 Uehdt AS & wf 3
v ZAbl o3 SRS gle AR ATE
t}. ol& 7wk ZAKEE Har7)(Kwak et al., 2001) 2 &
F(Yook et al., 2000) 5©] SOS chromotestel] ]33t /%
=738 kA el A kAol ASHAH= ?‘j_iﬂrfl‘r
LB}

ool Ads Foste £ o, 3t5 @ &k T 3
4 Z Badillus spp7} AEEo] nyEstzo s A ¢t
A = glon, adAR] HskE ffste] 3 kGye] vt
A ZAHE7F MEEE ARt a9Fo g nAyES
APEsHE Blo R gRIFUTH

o OfF
) =

F3 AN HAHo] Fhse 715430l
S @i 2R PG A8 7R ol 46l
3 QE B Yo Jyss sl gekd 24} 7]
$¢ g3 dERE At vndTE WY
shet W 220 pAE 0AE WYt A3 YE2E ]
A& AT} 45 log CFUIg A5 dEEE
AgTL 2.1 log CFUGY] & xﬂ?ro] Azt vkl 3
kGyel Zmha el oM AZEA olstel Aol 4
ZHo. AEE AES 513?} A7} Bacillus spp.&
gl o, B. cereus 2 B. subtilisoll thdk WAL 7+
A =24 A3 247t 039 2 0.28 kGy= RIFAT} SOS
chromotests ] &3+ §-HEASHA obdA B7 23 7wt

2 otzxA d

2 ZAb 93 B BEE A ekt o))
ANE F3sle] B o, sje @y 220 a7A0 YA
315 918t 3 kGye] 7 A EVE HEZE A
Ho a940 2 vAES APdshs Aoz RIS

#Ate 2

o] e wHHT|eR] Ador AYshe Tt
Sl AR ZIE ARl o8] A gt T

I
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