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Abstract

Bacteria contaminated in eggs were isolated using selective media. 16S rDNA sequencing analysis of isolated bacteria
was performed and Staphylococcus sciuri, Bacillus cereus, Escherichia coli, Proteus mirabilis, and Enterococcus
faecalis were identified. No Salmonella strain, a typical contaminant of eggs, was found. The radiation sensitivities
of isolated bacteria and Salmonella typhimurium, in an inoculated model system, were expressed in Dio values.
The ranges of Dio values shown by S. typhimurium, S. sciuri, B. cereus, E. coli, P. mirabilis, and E. faecalis
were 0.365-0.399 kGy, 0.418-0.471 kGy, 1.075-1.119 kGy, 0.280-0.304 kGy, 1.132-1.330 kGy, and 0.993-1.290
kGy, respectively. The growth of all six test bacteria in eggs (inoculated at 10°%-10" CFU/g) during 3 days of
post-imadiation storage at ambient conditions (25°C) was recorded. S. typhimurium was eliminated by irvadiation
at 3 kGy, and E. coli and S. sciuri were eliminated by iradiation at 5 kGy. The viable cell counts of B. cereus,
P. mirabilis, and E. faecalis in eggs showed 4-6 log reductions after imadiation with 5 kGy.
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salmonellosis©] TH5). S+, Aol = Salmonella enteritidis
£ H]33} . Typhimurium, S. heidelberg 52 B4 148
E 097 o|2RE FYi AFE WA AlElZt HalE o]
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A 24 T Al 92} cuticle Fo = o] B] AjH g
o} Q38 Aol oA AT Jdorg Fo7t
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AT A E5e 107] AL Al AlFS A5 2 A
2 g AHNA TS AlRE AL Al
it T 70452 goll o, 7Y A A5 nAER
2, 7k AL T A AABIRT. EFAIEETFE
A3} Salmonella Typhimurium KCTC 1925 (serogroup B)
+ Korean Collection for Type Cultures (KCTC, Daejeon,
Korea)oll A 43}t

MEHHIXIE o| &8t Mlrtel &2

A g9 | AE B2 IS0 6579(18)0l F3te] AAEHS
o T4 10709 AlEFelA] 2H2 10704 F 10070 9
ATS FALZ B FE3 U2, FHFo2 545y
Wl GEks A A & W B RS 355 34d
1007) 2] Y7+ 747} 50 mL comical tubeol] B3l Ei A<
I (NaCl 0.85%)5 78t 4T 2o 3081t X&
WS U2 B-f 1 mLE tryptic soy broth 10 mLoll 3=
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h=
(NaCl 0.85%)% ©|-&-3le] 1/10 ¥ TAEZ 3|4g ot
7} g|Ad 1 mLE Fste] AEuiA] 15 mLol| pour plating g
&, °o|F 37T Hjd7IoNA 48213t HiGFste] AAH
colonyZ- colony®] A, 2oF 5-2o] 2] zjo|o upe} £
sttt #21E colonys 22| AdEuR|ell A 33] Ath
Hjokate] aite] AlTo R Baetqth Adu) =)o)
42 wAE 2] 71552 Salmonella-shigella agar (Difco
Co. Detroit, MI, USA)ol|A] 2418 YEIY = colony&
SalmonellaZ-, 10% egg yolk”} 37} MYP agar (Oxoid,
Basingstoke, UK)9|A FIAS 717 348 Yehl=
colony< Bacillus=, Baird Parker agar (Oxoid, Basingstoke,
UK)ollA F3et 32 717 53]4 colony= Staphylococcus
=, eosin methylene blue agar (Difco Co. Detroit, MI, USA)®]|
A =388 YER = colony= E. coliZ 31521,
ZF Adeaf Aol A G ojd 54 YERH= colony 3
HEg Fe Rasiiith

16S IDNA MEE24M0| ofst 227 F2| &ol

Z4zke] AdeujAlel A ZFElE w#F 5% st
universal primerS- ©]-8-3F 16S tDNA #4915 AAJsle] 7]
NEE AT ¥l %le] DNA ¥l Dario 5(19))
el wel, DNA 532 )3+ PCR Breidt(20)2] ¥l
w2} AA3FH 0 ARE-EF primer= 16S tDNAS] 5L
o B}ES F universal primerE AHE-5FA T} Primer A€
5’-AGA GTT TGA TCC TGG CTC AG-3’(position 8-27,
Escherichia coli numbering)®} 5°-AAG GAG GTC ATC
CAG CCG CA-3’(position 1541-1522) 2.2 tjz}Ql s} Th
PCR ¥HE-Z27L 57 70 ul, 10X PCR buffer 10 uL,
25 mM MgCl 10 uL, dNTP 1 ul, DNA 4 uL, Taq polymerase
1 uL (5 UpL), primer (50 mM) 2 uL = 77}3}] denaturation
2 9579l A 20%, annealing 50 Col| 4] 40%, extension 72C
A 12 303 4 303] WHE AAJSFG o 72ToA 530
2 9335kt

2|7 F A3

B Ao B2 Staphylococcus sp., Bacillius. cereus,
Escherichia coli, Proteus mirabilis, Enterococcus faecalis,
agjal 2 AFoAe A FRot Al nA
&2 4213 Salmonella Typhimurium KCTC 1925 (serogroup
B) FAITTE st AT 47t HT U Fel HE
st Zebd s SASAT AEd T AT T
652 @< colonyE- tryptic soy broth (Difco Co. Detroit,
MI, USA) 10 mLol| HE3}te] 37Tl A 24417+ &<t 134
ket & wjFe) 0.1 mLE 3l YA tryptic soy broth
100 mLol| FEste] 18417t St vt FHlstnh Al
&g HES 3 vAE ABE 2 75 v o] ATt
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Hog AlF A 249 A Feg 27 5 T/
Ae ARAT 14402 10% egg yolkrh H71E
MYP agarol| A F7E 71 #8249 YER= colony=
Bacillus=., Baird Parker agarol|A] £33 -5 7131 53]
colony+= StaphylococcusZ., eosin methylene blue agar | A
58-S YEh = colony= E. coliz A TE3%0H,
Z} e lel A S-ARETE 2 2 T/ colony B3
e g 22 Ba3 U 165 iDNA E7IMLEA S 53]
of S99 Y TS AABHATE ARl 134
o7 Feld Al 5%l thek 16S 1DNA f714 84S
53 B - 54 A Staphylococcus sciuri, Bacillus
cereus, Escherichia coli, Proteus mirabilis 2 Enterococcus
faecalise = AR T2 24 vAES] A=
g FA5IATHTable 1). ARHH 0.2 Ao WA YE
90 AAL Salmonella?) Ao.2 AHA Q21Ke6,7) & 24
o A= Salmonella ¥7] 88 A]<1 Salmonella-shigella
agarol| X Salmonella 52 7248 YE = colony7}
AR A ot Salmonellav HEHA] F2 o= AF3)
At} ¥, Moon Ko(22)2 A5 5 Aldte] LA
ZA A A1E A9 413%7F Al 25 o] Itk
H3GoH, Lee 523y WH7he] dut A& 82x10°
CFU/g o|H, ZAF 59 5% X< tiddwo]l AZE U
O B gk uf glo] Al -5 Al S sRAd o
AFES ¢ 5 ¢ 5 AUtk
Az 2el Moo ZotM Z=d

2 AFoA Ao ZRE F2d AT 559 broth
culture, A7 F2t ST HE, AT v R HE 20049
ok 2Al tiE 24498 D10 $o.2 Al4Fsle] Table
200 A|ASFATE. Salmonella= ¥ AFAAM = 2| A] &
kot AR Fo WA AER A o6 B
ARQEFE F7FAT A 85 5 ZF577Y S
Typhimurium®] Do 3t 0.365~0.399 kGy, Staphylococcus
sciuri= 0.442~0.471 kGy, E. coli+ 0.280~0.344 kGy<]
HAZ ARkEe] vlaA] Zhapdel] thgh 74/d0] w2 Ao
2 7=} 28]al Enterococcus faecalis$t P. mirabilis
£ 10 kGy A%, 718]3 B. cereus= 1.075~1.119 kGy 5
°] Dy = YERHo] Bz Zhepdoel] tigh AgHo] &
Ao 2 Ve

F T 5ol HTH o5 b AR A2
Il A Staphylococcus<} S. Typhimurium®] Dyo ko] ZHz}
044, 0.54 kGyZ X 313 v} 91 o™, Maxcy(25)= A5
oA S. Typhimurium®] Dy gt 0.59 kGy= Hi1gh v}
Ak B A A= ole|gh Barel HIgte Salmonella®]
Dy 72 Ta S Staphylococcus= A3 7o o}
Salmonella spp.©ll T3l 0.5~1.0 kGy2] Dy #2 T3, A}
e B 71el w2} zhe] 7t lths Thayer 526)9] 72
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Table 1. Identification of isolated bacteria from the egg using 16S
rDNA sequencing analysis
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16S 1DNA sequence analysis
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Table 2. Radio-sensitivity (Dio value) of Salmonella Typhimurium
and isolated bacteria from egg in a broth culture and egg
inoculated model system

Isolate

No. Nearst(?) relative in GenBank  Accession No. Similarity - nt difference

(%) Jcompared

EU419917.1 100 0533
EU277741.1 100 0/533
EU095646.1 100 0533

Staphylococcus sciuri AM7781781 100 0/533

Staphylococcus sciuri strain RTE 61 EF213033.1 100 0/533
A Staphylococcus sciuri DQ536508.1 100 0/533

Staphylococcus sciuri strain BSD 14 DQ518614.1 100 0/533
EF204306.1 100 0533
EF204305.1 100 0/533
EF204304.1 100 0533
DQ364587.1 100 0533

Staphylococcus sp.
Staphylococcus sp.
Staphylococcus sciuri

Staphylococcus sciuri
Staphylococcus sciuri
Staphylococcus sciuri
Staphylococcus sciuri

Bacillus cereus strain W-2 EU187485.1 9 1/936
Bacillus sp. EU584544.1 9 1/936
Bacillus sp. EU584537.1 9 1/934
Bacillus cereus EF473136.1 9 1/934
Bacillus cereus EF473128.1 9 1/934
B Bacillus cereus DQ339659.1 9 1/930
Bacillus cereus DQ289058.1 9 1/934
Bacillus sp. EU573774.1 9 0/925
Bacillus sp. EU584552.1 9 1/933
Bacillus sp. EU558976.1 9 0/925
Bacillus cereus strain HNR10 EU373359.1 9 0/925
Escherichia coli strain BE27 EF560780.1 9 1/907
Escherichia coli EF191171.1 9 1/907
Escherichia coli strain BE39 EF560783.1 9 1/905
Escherichia coli ATCC 8739 CP000946.1 9 1/904
C  Shigella flexneri strain FBDOO2 EU009187.1 9 1/904
Escherichia coli strain SYW003 EF620924.1 9 1/904
Escherichia coli strain BEE15 EF560791.1 9 1/904
Escherichia coli strain CICCHLIQ41 ~EF528266.1 9 1/904
Escherichia coli O15T:H7 AM184233.1 9 1/904

Proteus mirabilis strain HI4320
Proteus mirabilis strain HI4320
Proteus mirabilis

AMO42759.1 100 0/633
EU3822151 100 0/633
AM231709.1 100 0/633

Proteus mirabilis strain MP4 AY186055.1 100 0/633

Proteus sp. AM2327281 100 0/633
Proteus mirabilis EF194104.1 9 1/633
Proteus mirabilis EF091150.1 9 1/633
Proteus sp. EU530206.1 9 1/633
Enterococcus faecalis strain 1J-12 EUS47777.1 9 1/928
Enterococcus faecalis AB362602.1 9 1/928
B Enterococcus faecalis AB362600.1 9 1/928
Enterococcus faecalis AB362592.1 9 1/928
Enterococcus faecalis AB244434.1 9 1/928
Enterococcus faecalis strain 47/3 AM697463.1 9 1/928

D10 value (kGy)

Microorganism
Broth culture  Outer-membrane Inner-membrane
Salmonella Typhimurium 0.365 0.378 0.399
Staphylococcus sciuri 0.442 0471 0418
Bacillus cereus 1.075 1.119 1.09%4
Escherichia coli 0.280 0.304 0.290
Proteus mirabilis 1132 1.330 1.303
Eenterococcus faecalis 1.044 1.290 0.993

T 7R v MeAATe} FARE 21 0= 3
= Ak e, 7ekd 2ALe tiE Bacilluse] 433 3
M E= 05 kGy W<, WAEA} el A= 2.5 kGy 5
Ao Z HIE I J=H(27,28), E A= A wjtS
ANZ F B ok FF g 10°7 CRUg 52
et s Aoz FPAE} WRAEAT}E EA) =
1.075~1.119 kGy *191¢] Dy ko] Yehd Z1 0= 4=
t}. o] Hg 30l veRd viel o] 3 kGy olete] A=
N &S B. cereus®] AFEE©] 3 log T oot
3~5 kGy2] HL M= 0.5 log D=2 AFE S0 G473
volx = AREe 3118 4 rhdubE oz ghmpi o]
A Ee] v G o)l gt 12 gel o3|
el =t wAEC] AMakal e FHEE] nAE
gk E7A0 2AMAFES ARt T8 9Fs 3
ot &, FEEC] G E, T 87 g5hA 240
EZETE el ot AX fRE A= g
o] Aol AxA vlAE] Fupd AgAo] tha ozl
TH29). £ AFAA = 7 E4o] &2 broth culturet}
Wb Ul ol HES v vlsle] 97]9} Hslal 1o
FEggo] vhe izt W HE v Ee] Aubd HgAol
Tha 52 A0 = Yepgou SAA o xHP<0.05)=
YERFA] ettt

S|
ar

%
2

ZotM =ARE EET(Zko]| w2 o|ME 4E

T o7t A Aol Arbd S 2Rk 25T
3U7 AshEA] wAES] WSS 543t Fg 1~6
ol eI S. TyphimuriumS HF3 Alge W2 13
I ARG W HE ABT BT 3 kGy oldY] AR FlA
= AL A=l AEHA ko A% 713 Foll=
BE 1949 thas s ot S7kete Fds WEh
At} ©]:= Thayer(17)2] E3t¥ §317]9] S. Typhimurium
S HESHA 3 kGy 7vbA ZALel 23] 6 log cycle 52
HAE FAGAE Uehd 239 AR FEoldth
Staphylococcus sciuri 75 Z}7+ A3 Fzbol] HE3gh
A5 1, 3 kGy v ZARFIAME vAEY] AED HE
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Growth of inoculated Staphylococcus sciuri in egg during 3 days of post-irradiation storage at 25T.

10

Outer-membrane

-0 kGy ——1kGy
L —2—3 kGy —e—5 kGy

1 1 )

0 1 2 3
Storage period (day)

Viable cell (log cfu/g)

10

Inner-membrane

L —=—0 kGy ——1 kGy

—+—3 kGy —e—5 kGy
0 1 2 3
Storage period (day)

Fig. 3. Growth of inoculated Bacillus cereus in egg during 3 days of post-irradiation storage at 25C.
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Growth of inoculated Escherichia coli in egg during 3 days of post-irradiation storage at 25C.
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Growth of inoculated Proteus mirabilis in egg during 3 days of post-irradiation storage at 25C.
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Fig. 6. Growth of inoculated Enterococcus faecalis in egg during 3 days of post-irradiation storage at 25C.
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of W o] #AHN oY 5 kGy AT FAE HE
A Eo] AEH A &tk $HA, Staphylococcus sciuris
AZE3 3 kGy] Pk ZALE AAIS Al89) A9 b
EH HE AEE AE vAEY A7) 1 log CFUg T2
kot izt Ui HE A8 3 log CRUg T2 F243]
ST o]¥E Aye thhe] Ajole o thE n|
AE9 HF APTAAE gubd Hgkoz el
ol 7 WL F7|9} Halal lo] AxF o] 44
a1 GFEAo] AFE = wkele] AR Yhe R
Ado] a1 mjAEo] o] & rheet Yito] THS A H
zpo] wiiE?l A0 E AR E ATk B cereust 3 kGyo] A%
ol 4] B1ZA} B2l BIBle] oF 4 log CRUg ©9l9] WA E
A a7} Yeld oW E coli= 6~7 log CFU/g W<
| AE A A a9y FEE AT P mirabiliss 4HA
O nAE o] Eo} 5 kGyo] bl A kel A
3~4 log CFU/g 9] MIAE A% JAEHE B
E. faecalis= 52 A X 5~6 log CFUJg 52| nAYE
A7 AR G} eyt dubd o g Zhupa 2ALE A
FoA HAE F20] JAEE AL AP e 7l
ZAtol| oJaf 4 Wk ME A E7F A 717bo] Aol
uE} F A AgSA Ksta HA AMdEE
post-irradiation effect(30, 31)°1 93t o2 Uiz Y=t
B AFANME P mirabilisS BIF3H Al gPTol A o3
7Agko] BF HAok

Lee 5(23)2 A=t dzte] dwbdRl A LEG=7}
8.2x10° CFU/g $~Folgtal Ba1gk vl 3, Kim 5(32)<
T2 A vAE AT} AwkATF >10° CRUjg, Tt
i <10' CFUJg, &3] 22} >10° CFUJg $F°]H o]t
S VAE LUEE 3 kGy =9 vk AR Ao
7} 7Fssithal Bk vl lok &9, Avbd 2AF ASS
ol &gt 7FaAlES EHSE fle Ao A glon
2(33) Aol gk 7P Z2AF 7)1Ee8 8-S Al 95}
24" & Qe 8T 7o) @ Aoz dgEch 2 29
o AFE FEATY nAE AE FERY 22 107
CFU/g 9] PIAES AHF oz HE st A A&
Zopd Ak 23 Alo)S AR Aoz w9l AlF
%5 AT 3 kGy 9 Avid ZAKIFOE AT
FAL FASHEA ATHoZ SHHe FFEo R nAE
S AR 5 USs FeE AdEn

)

Ao F8 o vd=S Beste] Al b7} 1
Il HES v Ak A AAske] 74 e
o vk e Bk & A30lA AlE #F
Ao ghe Eeld nAES 168 IDNA G719 E4E
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Este] I A4S A Staphylococcus sciuri, Bacillus
cereus, Escherichia coli, Proteus mirabilis 2 Enterococcus
faecalis®] 5 2] U]y E-o] EAEN oW Salmonella= 7
=57 Utk FF AP T S. TyphimuriumS: H %8}
of A EelgF 5ES AT 2 Zig Wi 10°
CFU/gH Al &3 b= #AridS A D10 o=
ZAvbA 7448 #7138 A3, S, TyphimuriumS 0.365~
0.399 kGy, Staphylococcus sciuriv~ 0.418~0.471 kGy, B.
cereus— 1.075~1.119 kGy, E. coli+ 0.280~0.304 kGy, P.
mirabilis< 1.132~1.330 kGy, 18] 3L Enterococcus faecalis
£ 0.993~1.290 kGy 2] D10 33 Yehdeh 7oAl
ZAF 25T A 2ol A v R S AR
A3}, S. Typhimurium2- 3 kGyoll A, E. coli®} Staphylococcus
sciuri= 5 kGyoll A b APEE o o vAE HE
Aol M & ZH2Ee] Dy ol Eshe S AR
H7} vebdth GubEQl Ao ndE 29 £FES 10°
CFUjg U< 72te o), 3 kGy] vl ZAMdEe =
A mdE AA7L 7Fsd Ao AR EAT
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