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Effect of UV or Ethanol Treatment on the Arcobacter butzleri
Contaminated on Pork

Min Hwa Lee and Changsun Choi*
Department of Food and Nutrition, Chung-Ang University, Ansung 456-756, Korea

Abstract

Although Arcobacter butzleri is a foodborne emerging pathogen causing gastroenteritis in human and animals, there are a
few researches on the physical and chemical control methods. The aim of this study was to investigate the effect of ultravi-
olet radiation or ethanol treatment on A. butzleri. To demonstrate the UV effect, 8 log,,CFU/mL of A. butzleri were spiked
on stainless steel and the pork was then exposed to 250 nm of ultraviolet light for 108-648 mWs/cm?. To ascertain the effect
of ethanol, 4. butzleri and A. butzleri spiked pork were soaked or sprayed 10, 35 and 70% of ethanol for 10 to 30 min. 4.
butzleri significantly decreased all of the UV doses in stainless steel, whereas, the reduction was just 0.92+0.62-1.29+0.34
log,,CFU/mL in pork spiked with 4. butzleri. In the ethanol groups, A. butzleri decreased significantly in 35% or 70% of
ethanol in contrast, the bacterial counts were dropped slightly in A. butzleri spiked pork groups. Therefore, it is necessary to
develop various kinds of control methods or hurdle technology for 4. butzleri.
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Arcobacter species= H MFA 233 255 vAE
2 a% £A49 Ze 7HtolH Campylobacter®t H15=3h
Rl »Ao"]‘ Eﬂ o o 51‘7:]-‘/]' §7]X—1 Z7A9
A= A8-o] 7Fs3FcH(Vandamme ef al., 1992). Arcobacter
species= 197713 49] EjololA Hx B S M (Ellis
et al, 1977) A AAHOZ 712R, B8 98 = §7 A
Foll Bo] 2 | o= By QIthHo et al., 2008;
Kabeya ef al., 2004). = o] B 11 nlof] oJshd Al 7}
5 = 18.9%7} Arcobacter butzlerioll, 3.3%7} Arcobacter
cryaerophilus] LGE ] )0 =0y 5= vl
2 QAT e Ao Z Yedti(Lee e al., 2010).
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U HZ AlellA g E ARIZE SRk o] 1 9¥
“dol AAIL Ut} olgE]ofol A= 19831 Rovigo A H 9]
3t EoliolA] 65789 oJHol7} A butleriE QA3 2=
= SAE 4ol Al AJATHVandamme et al., 1992).
1995 Bl HAL SAI7F = ool 6317 % 93
o] BHNX Campylobacter’} % %E]S%}E]-_L Hasl¥ e
o 1= 1599 —rtﬂoﬂfﬂ A. butzleri &
7]’ £ F0S-S Bk tH(Taylor et al,, 1991). 2L 2]l

=, =Y, W) SAME A butzleri®] ZFES Bl
31532 (Lerner et al., 1994; On et al., 1995; Vandenberg
et al., 2004) HA|=, FE|DE}, JAE] ofgfHo| Q= o
PR} AAPE B2} 2017 F 8%} A. butzleridl A=A
= d+%= JdJiang e al., 2010). T3 HZ A 28
T=H BA7HT79%) 737321(26.2%)0 BIS) 4. butzleriol
e t= 27t ick(Fera et al., 2010). Syl
= AR A drcobacter spp.2] W A7} BA=
o}t IolA fEEe A5 L9E =Tt =7 o
Fof| 13438 718 Z2] Al drcobacter spp.oll 23 215
5 WA SFo] F A= o e

S A. cryaerophilus
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Arcobacter spp= HT GFA © HAEH AT+ 52
o] AP 9 o1} (Adesiji er al., 2011; Collado and
Figueras, 2011) Ao A= & =] 431 it &
A7A] KYE Arcobacter spp.d] AW ATZE 2=
WH3lo| WE Areobacter spp.2] AAH AT-(Kjeldgaard et
al., 2009; Lee and Choi, 2011), f7]4FS o]k Ao
A (Cervenka et al., 2004), pH & NaCl2 ©]83} Ao
W 994(D'Sa and Harrison, 2005) 5°] o]Fo] How z}
9 L AEE-E o] &3k Aoyl thek A= oA
o]Folxl vt Qi

UV Vacuum UV(100-200 nm), UV-C(200-280 nm), UV-
B(280-315 nm) and UV-A(315-400 nm)Z YR At
250 A UV 372 245-285 nmZ UV-C7} o] &
3} thH(United States Environmental Protection Agency,
1999). ©]&]gk UVCE U A] FA}(photon)S T3kl
2lo] E| A& DNA®| pyrimidine dimerS &4}t
DNAE WAAIZI= 28-S Fo=2N A, blojzx &
718%5S APEAIT = 98-8 SFo(Shechmeister, 1983). B
@ Aelie g7) Folt A, wi AR ¥H 5 B
HAAS ML aHo R ARRE & jlom AL &
o] gl 250l FEFS vEA] Fom AAFo R A
H3lo] 2% 2¢le] ©2o] o] 8531 AT Wong ef al., 1998).

AL 5 3R] e Y e vAdE
} RIS ARSEE EAE s YA
St Ao 4 A JAt(Pinto et al., 2006).

S =9 "glra 3ol Zisro] Eo7F AW
TZ5 Fsial MEE 23] AE thilEs ¥y A7)
o2 MAES EEAS A o]t ofjghed %
G, T, M Al B axFeln 7Y &
AR FE= 50-70%% E#A ArkBlock, 1991). F=3+
OERE-2 2Fo UukH o7 AR TlsshH, A st 4
Al A 4= Ath(Larson and Morton, 1991).

B Ao A= broth A9 4. butzlerio} 2150 29H
A. butzleriz & Ap2]H 02 A3 § AF HA=E
Hlwgre 25 A=) 2.9 FH A butzleriol] T3+ ek}
Ao At BRE ddsiaat &kl

%
it

0 o
i
N
o H

g
o,
iR
2
2
T

MEFH| Y SAEF
E Ao AR =5 A2 20108 3¥EHE 697}

we] Al
oA F71HoZ FustH o =50 APPARSE dY
sl Aol ARt Aol W& 3x3em’(5g) A
Nz 2EHes AR

B Ato| N AR S Arcobacter butzleri ATCC
496162 American Type Culture Collection(ATCC)ollA

A BN= A A o] AR v BSH @ X

WSRO A butzleri CAU 0760463 A. butzleri CAU
0801802 ZH7} o] A Wl8-E U] Alg AlSe]
oAl ettt Z4zke] #e] H strain Tt 3
A 2% o4, FAksled B8 g vk, 15°C AETH
T, 42°C AL B, 934 573958, hemagglutination
24 W 5 AHTA A OF FFELQNNL
(Multiplex Polymerase Chain Reaction)S <=3§3}o] 4.
butzleridS 1519 A. butzlerie= Arcobacter Selective
Broth(CM0965, Oxoid, Hampshire, UK)ol] CAT selective
supplement(SR174E, Oxoid, Basingstoke, UK} 37|35}
37°C 3718 Z3004 48A17F &<t vijkste] HA]|71E Ak
83190 27t 4= 8 log,,CFU/mL ©]’go]3ith.

Xte|M =AL Al Arcobacter butzlerie] ME M= AL

A oS At A5 HZA IRl UVC(245-285
nm) Z 254 nm2] 372 A3} (Butler ef al., 1987)
A#ge HD 2012.0 photoradiometer(Daehyuntech Co.,
Korea)= =43t} 3x3 cm? =7]9] 2H|Qlgj2~d §
ol 8 log,,CFU/MLS] A. butzleris 200 uL¥ HE3 5
30 W9 2}9]4(G30T8, SANKYO DENKI, JapanyS 254
nm 330 Z ZFZF 108(0.18 mW/em? * 600s = 108 mWs/
cm?), 205216 mWs/cm?), 305(324 mWs/cm?), 40%-(432
mWs/cm?), 503540 mWs/cm?), 60%(648 mWs/cm?) 7t
ARSI O Ape)AS ZARHA] 5 1S HERToR
ATt 45 mLe 0.1%(W/V) Peptone Water(218071, BD
Difco, USA)7} 71 50 mL tubedl] & ZAVS 2E|Q1
Y22 YA vortexing 3t #E3}F AZ T dE A
Peptone Waterol] 108} ©A] 3]A13}] Arcobacter Selective
Agar(Arcobacter Selective Brotholl 1.2%2] Agars %713+
SR Aol A 37°C 5718 202 48X vl skt
Y 1 mme] WS Od JFS 4 butzieriz &
wste] Attt

el ZALA| &7 AlE0

of M& Mz ZAl

3x3 em* F719] E5 MZ 8 log,,CFUMLS] 4. butzleri
S 200 pLA HE3H F 254 nm ] 2Fe]AS 30 WE
Z}Z} 108108 mWs/em?), 208(216 mWs/cm?), 30%(324
mWs/cm?), 408432 mWs/cm?), 504540 mWs/cm?), 60
(648 mWs/em?) 7t ZAYSI O 2}9)S 2AKEA] &
L OEFS YFZRFOE T} 45 mLe] Peptone Waterol]] A}
o) ZAKSE MES ¥al stomacher(Interscience bagMixer®,
ST Nom, France)® 120 rpmol| A 283F 723} st o
NS peptone waterol] 108] THA] 3]293}o] Arcobacter
Selective AgarollA 37°C 7124 2710 F 4843t wlj<ks)
Aok vl & 1mme] S 9 S 4 butzleri
2 At AlgstAT.

29 Zl Arcobacter butzleri
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OllEt2 X{2| Al Arcobacter butzleriel ME M= Z{A}

oflekg A2] Al 4 butzleri®] A5 HEE A 9
8 Tkt o] olgh2o A butzleris FFSIFTE 50
mL2] 10, 35, 70% &kl 8 log,( CFU/MLS] A. butzleri
£ 747} 200 LA HF3H & 5, 10, 20, 30 - vortexing
stRom oekgel] JAsHA] S AES R E &)
ST}, Vortexing 3F A AL peptone waterol] 108] THA|
3]4J3}e] Arcobacter Selective Agarol] = 31101 37°C
713 x4 484171 vkt 1 mme] WEEHE T
s Akt

OIEtS &X| X2| Al |7 AZ0 2% & Arcobacter

butzleri2| 4x M= ZHAt

7 AF T A butzleri7t LAFNS B oS A
]

e A
butzleris AE3 =8 WZS ThoFs 50| oekeo] 2
XA 3x3 em? 27]9] ESGFEA H9) AMEd 8
log,CFU/MLE] A. butzleriZ 200 pL¥ HZEato] 5
10, 35, 70% oIg-&l 5, 10, 20, 30%&3F AR

peptone wateroll 108] ©A] 3]443}ed Arcobacter Selective
Agardl] = 3o 37°C &713 2704 4841 Hll
&l 1| mme] WHEEI T S A4Stk

olo{2Z HEle| GIEtE X2| A| |7 41F0 =2 =

Arcobacter butzleri2| Mg T Z{A}

ool HA| Hejo] 24 vAR F7HE FE
2 Pele e E A S-S Aojsket AR
3 Ak Lee et al., 2007). 50x25x30 cm =7]2] model
cabinet®] $1¥-¥-of aerosol generator(Royal-G Enterprise,
ShenZhen, China)g 143t ogk&o] ooj2F FPY=
AR 4 AesE FRlEI JEAe] A7l 2.4 MHz
o odehEo] FEE 10, 35, 70%E olgE: HA =
A7 FAg Al 7HA] wEE ARSI deree] S
o o3k 2EAte] BERMEstE 9] fldte] HarE 9

A4S & F ole2s EAkiien "@dgrt o WA
zh I=5 UYL 1ARF o X3k, 3x3 em?
=719 &5 AEol 8 log,,CFU/MLY A. butzleris 200
pul® HEske] 99U F model cabinetol] ¥l 5, 10,
20, 3027t A2 FH|9 oeE AEE %tk 42
3F g b oleE A WY SLE e R X

Fstoint.
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SHEM
BEE AT 3314 vHE 48 sllom A3 A f
AE AAEy] sl BA ==Y SAS(Statistical

Analysis System) 9.1 version(Cary, NC, U.S.A)S ©]-&83}

of Z4siit. 2t i) A3t gkoll sl one-way ANOVA
(analysis of variance) %24 & Duncan9] t-tests %3}
p<0.01 olge] oM #od HAAYS Atk

2 1

Xte|M =AL Al Arcobacter butzlerie] MS = AL

Broth ZFEl] A butzleris AF&)A ZA} S1HE uf 4.
butzleri ATCC 49616, A. butzleri CAU 076046, A. butzleri
CAU 080180 25 = 2k A#olA foHo=z 7ha
AT (p<0.01)Fig. 1a). A 70 T3 Z A butzleri ATCC
496169] 7H4-8°] 7FF 1o 108 mWs/em’d o] 2.33+0.41
log,,CFU/mL, 216 mWs/cm*d o 4.94+0.39 log,,CFU/mL,
324 mWs/em®d W] 6.04+0.35 log,,CFU/mL72: 3l =}
9 Aol 432mWslem’d W] T o) HAEHA FUrh
=3} A butzleri CAU 076046 2 A. butzleri CAU 0801802
108 mWs/em’d W 232} 2.16+0.36 log,,CFU/mL, 1.93+0.35

(@) 8
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Fig. 1. Population (log,,CFU/mL) of Arcobacter butzleri on
pork meat treated with various doses of ultraviolet
radiation. (a) Arcobacter butzleri on the stainless steel,
(b) Arcobacter butzleri on the pork. Error bars represent
standard deviations and the symbol “*” is used to indicate
statistical significance with p<0.01.
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log,,CFU/mL 73431902 ™, 216 mWs/cm*d w 3.05+0.36
log,,CFU/mL, 4.40+0.46 log,,CFU/mL, 324 mWs/cm*d uj]
4.49+0.27 log,,CFU/mL, 4.98+0.28 log,,CFU/mL 74~ 3}
oy A. butzleri ATCC 49616%= =}Fo]7} WO} 432 mWs/
ecm?d W= A, butzleri ATCC 496163} 7o) ] o] A=
57 29kt

Xte|M AL Al AlZoll 2 El Arcobacter butzleri®l

M T ZA

50 LFE A butzleris AR ZA} SHHS A
Broth e 4. butzleris A4 ZA}F 3FHS wjol] vs}
o Jolst Axpr} YeRt. Broth eS| A. butzlerioll A}
NS ZAVRIAS BT A butzleri®] S HE= F43)
Al AASFH oW (Fig. 1a) =5 Q9 A butzleri®] 7+
A vig- A2 0= VERATHFig. 1b). A. butzleri ATCC
496162] 739 2ke) M#o] 108 mWs/em™ FE] 2180
2 AE] AlEfske] Ha A1 648 mWs/em®™ollA
1.29+0.34 log,,CFUMLZA3F A2 YERGTtH(p<0.01).
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A. butzleri CAU 0801802] 7% 216 mWs/cm?FE] 2]
o g 7HAste] 324 mWs/em®llA] 0.92+0.62 log,,CFU/
mL 7Hegh 108 YEhgorn 1 o]FEE F9% At

= Aoz Yehdth Wb A burzleri CAU 0760462 7
- 0-648 mWs/cm?e] BLE Akl A {217 27} Qle= A
o7 Jegtom Hxu A T3 540 mWsiem?ol A
0.410.41 log,,CFU/mMLS] AO.2 ek},

OllEt= X{2| Al Arcobacter butzleri®| ME T ZAl

Broth A+9] 4. butzleridll 10% ogke-S A2 7H-5¢
A. butzleri®) 7+ BEZE Fig. 2a0] YERAATE 10% gk
SoNME 4 butzleri7} 5 Fo)H0o 2 7H45} 2 M (Fig.
2a) 35% % 70% oE2oME A butzleri7} AEH A X%
Th(data not shown). 4. butzleri ATCC 496162 10% ol
22 587 AESIES 7% 1.27+0.36 log,CFU/mL 744
skaler 10837 A8l 749 2.52+0.26 log,CFU/mL,
2058-7F A2 eAS 9 2.99+0.39 log,,CFU/mL, 30%3t
A 2)5+9S 75 4.69£0.56 log,,CFU/mL 7HA8kict, wha

Log,, CFU/mL

—8— ATCC 49616
—O— CAU 076046
—v— CAU 080180

0 T T T T T T
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(d)
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T T T T T T
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Time (min)

Population (log;,CFU/mL) of Arcobacter butzleri on pork meat soaked with 10%, 35% and 70% of ethanol at various time

points. (a) Arcobacter butzleri treatment with 10% of ethanol, (b-d) Arcobacter butzleri on the pork treatment with 10%, 35%
and 70% of ethanol. Error bars represent standard deviations and the symbol “*” is used to indicate statistical significance with

p<0.01.



208 Korean J. Food Sci. Ani. Resour., Vol. 32, No. 2 (2012)

A. butzleri CAU 076046, A. butzleri CAU 0801802 303
2] & Z+7} 0.86+0.35 log,,CFU/mL, 0.93+0.27 log,,CFU/
mL2 7+4-35}$TH(data not shown).

OlEtE A X| X2| A| 7 AE0 29 & Arcobacter

butzleri2| M= M= ZHAt

S5 AZE 29 H A butzieri7} ANERE XA o
gt Hsl7F Yep =Rl thste] Fig. 2b-2dol] YERAATH
A. butzleri7} 29 B =59 10% 22 AT
S A. butzleri ATCC 496162 5% THE FoFog
431901 (p<0.01) 304 Foll= thz=rl] BIs)| 0.77+0.65
log,,CFU/mL®| 7328} tH(Fig. 2b). ¥HH A. butzleri CAU
080180 X A. butzleri CAU 0760462 10% o|€h& 2] A
BE FRA 197 zfolE HolA] gkon H g
AIZER] 308 & tixtel B8 2+ 0.48+0.52 log,,CFU/
mL, 0.16£0.42 log,,CFU/mLY 7+438}QTHFig. 2b). 35%
Nehe-S AF3INS ABF 4. butzleri ATCC 49616 5%
SHE fFoxor ZFAste 308 Foe 1.52+0.60
log,,CFU/ML #4340} 4. butzleri CAU 0801803} A.
butzleri CAU 0760462 308 FRE Z+zb 0.86+0.58
log,,CFU/mL, 0.59£0.38 log,,CFU/mML¥ f-<9]Zo & 7}4
31 THp<0.01)(Fig. 2¢). 70% SEFE-S HFetgS S
A. butzleri ATCC 49616 5% ©|$HE 5oz 7hAi
slo] HFZ 0 F 2.83+0.52 log,,CFU/ML 7439101 4.
butzleri CAU 0801803} A. butzleri CAU 076046 ZE=3F Z}
ZF 104, 5% o]FFH FYHoE Aoy T A
2R 1.70+0.53 log,,CFU/mL, 1.33£0.43 log,,CFU/mL®]%}
th(p<0.01)(Fig. 2d).

olo]2Z HEf2| Of|EHE X2| Al ST AF0 2 =

Arcobacter butzleri2| M ME ZA}

ooizZ e ollek2o] SF7 2Fol A © 4. butzleri
o mx= 9GS Fig. 3a-3coll YERAATE 10% ollghe
o] 7% 308 B At o7 Ao|7t gl AL
2 ek O WKFig. 3a) 35% N9 AL A butzleri
ATCC 49616 % A. butzleri CAU 0760462 10 $-HE,
A. butzleri CAU 0801802 208 ZHE foldozg 744
3FATH(p<0.01)(Fig. 3b). 70% NEr-LS) AL 4. butzleri
ATCC 49616 2 A. butzleri CAU 0760462 10 SH-E]
, A. butzleri CAU080180-2> 30% FHE fojxo=w 7+
23 THp<0.01)(Fig. 3¢). dlo]2Z Fejo] oeke A
Al SF AEY 29 H A butzieric §9Fo w2 7+AE}
AANE FAELS A g2 AeZ et 7 & 2
22 e & 70% oNehe-S A2)3 4. butzleri ATCC
49616 T2 1.05+0.50 log,,CFU/mL 743k ASF 1}
1357=2

(@ °

Log,,CFU/mL
£

—e— ATCC 49616
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—w— CAU 080180

T T T T T T
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Log,,CFU/mL
£
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@
o 4
°
(=2
o
)
2
—e— ATCC 49616
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0 T T T T T T
0 5 10 15 20 25 30 35
Time (min)

Fig. 3. Population (log,,CFU/mL) of Arcobacter butzleri on
pork meat treated with 10% (a), 35% (b) and 70% (c)
of ethanol through aerosol at various time points.
Error bars represent standard deviations and the symbol
“*” is used to indicate statistical significance with p<0.01.

|
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£ AFolMe T2 A5 wo] Q=] AlglAl &
A ZME YOINE 4. butzleriol T3t oErE-T} 2}9)H
o] A% FHE GolH It E3] broth 4] TAI$}F 215
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Fig. 4. Sensory evaluation of pork meat treated with soaking and aerosolization of 70% ethanol at various time points. Soaking
method (a-¢) and aerosol method (f-j). Control (a, f), 5 min (b, g), 10 min (c, h), 20 min (d, i) and 30 min treatment (e, j).

29 H TA AFE AEE HFOZHN broth ]
Ae dee 32 zejdoez fA Ao § ot
150l 29 © A butzleric T2 WA vAE 2ol
qeh&d Apejd o R Aofslr] FEre S RIS

Broth JEl2] 4. butzleriol AL)AES ZALBIGEE W %
FHFE X33 Al A9 FF EF 108 mWs/em?2] A
Foll A FrolFos 74 om 432 mWs/em?2] A ko)
A BE fAZE AEEA = AoE eyt Ha 5
(2010)9] ATl WEW 504 mWs/em?S] AH2] XS ZAVSE
= Wl Bacillus cereus= 2.12 log,,CFU/mL, Cronobacter
sakazakii= 1.64 log,(CFU/mL, Staphylococcus aureuss= 1.02
log,(CFU/mL, Salmonella Typhimurium< 2.48 log,,CFU/
mL, Escherichia coli= 232 log,,CFU/mL 743k Ao Z
yepston o= B AgtollX 3% 4. butzleri7t THE
W Aol vl xpejAdd o W3k oz et
TH(432-540 nms/cm’*Z2 ZA} 2 79~ 6.48-6.58 log,,CFU/
mL 7H2). 28y Ha 59 dA7elxXe 27+ 71 7-8
log,,CFU/mLe| o 2ol A 1 w3l 260 nmz H A
T 254 nméh= th27] wiEel] zo)7t S FHO=E o
psi=g

njAEo] 2o =25 cyclobutyl-type dimer, pyri-
midine FXHE, DNA-THYE W} AAJE-(DNA-protein cross-
linksyS /934 =H o] w) BA== pyrimidine 33}
sol oJ3k WAl a0l v wick Aps] el o)
pyrimidine©] ¢t ¥ &40 FHH MEs 2245
I WAES O ol BAEA Za 9 AT Al
Al F(Bintsis et al., 2000). WEFA A. butzleri= broth
2ol A 108 mWs/em? ©]4+2] #1e] A0 2 DNA £73o] 7}
ot ol QI8 HAlTEY HAEs A 3 A=
JehE )
WA, A butzleriZ} 21Eo)| LAENS A5 A e

q4l £

>

=

AE B zpejdo g Aoalr] e Ao UEsith
2o 04 H A butzleriol AAE FZAIAES ¢
a1 ZHAo] 0.41+0.41-1.29+0.34 log,,CFU/mLe A1}
2] = Aoz YeERFom §o)A zjo] WSk A burzleri
ATCC 496163} A. butzleri CAU 080180°] 2}z 108 mWs/
cm?, 216 mWs/em?e] Aol A LERY broth Ao A<}
= Zdoldt AR7F UStth. &8 4. butzleri CAU 076046
o] A$ollE 0-648 mWs/em?e] RE Aol X o7 2}
7} gle Aog Yepdth o5 538 uvee EW Aol
= 29t aA9 2E e & U= 4. butzleri=
Aofstroll= FHIIA] g Aoz FAdE o]t 4
= Wong 5(1998)%] 29} dX|sk= o2 Vepsitt
Wong 52 Tryptic soy agar®} HjA| ZAd|7], Z28]a A
7] FBA Fol )X ZAVsI Escherichia coli$t
Salmonella senfienberg®] Ajo] JRE ZARSISITE. 100 uW/
em’® 9] A)AE ZARBIAS W E. coli= TSANA 5.0+1.0
log 7HAdt ot iR 7] 2 2] SR FololA=
237} 1.5+0.5 log, 1.6£0.6 log 7Ask Ao 2 Yehtorn
S. senftenberg®] 735 TSAOIA 7.4+0.6 log TA3FH oL
HAZH 7] 2 A A FL]oME 22 1.9+04 log,
3.8+0.8 log 7443 Ao & UehY E coli®} S. senfienberg
7} AL ZAF Al TSA AR 2F vEY 2 SollA
wago] ¢ F2 Aoz YET

B Ao A 4385k nlell 251 broth 2] A. butzleri
E 10% olehgol] 5T AEslo e FojAog hish=
Ao 7 Yehtor oek2o] 4. butzleris Aojsl=d] &
HHolghz AE SHIIAT ek vAEe] AxH
S &N 7o ZH B85 A7 (Ha and Ha, 2010) 4.
butzleri =3+ 10% OeFSol| = MEH o] &4 Aog B
QIth. Ha(2010) 59 A7l W=2™ 10%2] olgh&ol 5%
7 WA nAES AHESINE BF B cereust 0.48
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log,,CFU/mL 7343190, C. sakazakii= 0.73 log,,CFU/
mL, S. aureus= 0.12 log,,CFU/mL, Salmonella Typhimurium
2 0.13 log,(CFU/mL E. colix= 0.05 log,,CFU/mL 7+A~3SF
Ao Wusle] B A1) 4. butzleri(0.47+0.26-1.27+0.36
log,(CFU/mML 7+42)9] olehgel tigh 17=rt e ¥
g uEs MsAY O 2 Ao et e
2ol 2 H 4. butzleri= AL ZF Al 10%, 35%,
70% oS BT Fol2 Zpol7} giAY Haso] wig- w
2 Aoz Yt T3 =5 AES olekee] IAY
S AY A gAEE 5 BsFoE 4 At
Yel= Ao 2 A= AtHFig. 4a-e). HFH =5 AUZ9|
qoJ=2E Feo] dees EFeis Afole e
zol7h fle A& AAEJATHFig. 4f5).

B Ao ALESE 4. butzleri Al WS dF = A4
2 RS Z QIS i o TAEo] 7P E W 4. butzleri
ATCC 49616°1o™ 1 U592 A butzleri CAU
080180, A. butzleri CAU 07604621 Ao Z et} o]
23k B broth o] dA} A5 W 04 B 44 =
T EYE A BloH o FFEdTol vl 7300
XA B2 8 A butzleri strain®] AFJA E ofek&-of tst
ol o Aahr] WEd] Ao AzEa, 53] Also
5 WTR A%e) 4 el B2R A bucleri CAU
076046°] 2|3 AE# o] gk o] o A3t o=
il

B AFNME A butzleri7} A A T} dERER =E
Aold 4+ e dFolvt AFel LFHNS 85
AA=A] e #Fd-S Ittt maba 2Eol
H A butzlerio)] WA TrFSE B4 sehd At
W 2 o]E WE3) hurdle technology 3771 Al
o= AZtHEr

N

4

o
Wb g@ XL ok

o OF
) =

B A= Arcobacter spp. & AFelAl $1349S 7}

Z s dogin A AAIFeZ 289 7P Bol

AE O A= A butzleriol DI L] d3} oehE-2] At
3}

I} =5 MZol| Z+2} 8 log, ,CFU/MLY] 4. butzleri
2 200 uL¥ HES 5 254 nm AFOZ 108-648 mWs/
em?9] A}e)S ZARIATE B 10, 35, 70%] olghe:
o broth AN A. butzleri®} A. butzieriE HE3) =52
10-30% 2t FAATIAY oo2F eE 5 AlA
zE|lRE 22" FAHY 4 butzleridl A FAF A A
butzleric B& A9)A Aol A fojHoz Fasidont
ES0l 9% A butzieri= 9 3F Zol7F YIAY THAS
o] g He Aoz YeEPIThHIL 742 0.92+0.62-
1.29+0.34 log,,CFU/mL). 53} broth “JENS] A. butzleriol

ok
=]
(2

fehES XS ¢ He Y odek&olX 4. butzleri
7} foF o7 TAaEFH oL AlSo 2 H A butzleric
oAl ztol7t FIAY FHAgo] vig- e 3o F g
SH10% olghEo] Hil 7FATS 0.16+0.42-0.77+0.65
log,CFU/mL, 35% l&F&-2 0.59+0.38-1.52+0.60 log,,CFU/
mL, 70% ol¥hS-2 1.33+0.43-2.83+0.52 log,,CFU/mL).
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