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Biocontrol of Isolated Cronobacter spp. (Enterobacter sakazakii) by
Heat, Sanitizer, and Antibiotic

Eun Jin Lee and Jong-Hyun Park*
Department of Food Science and Biotechnology, Kyungwon University, Seongnam 461-701, Korea

Abstract

Tolerance against heat, sanitizers, and antibiotics of 112 Cronobacter isolates classified by desiccation was determined to
permit effective biocontrol in powdered foods. The isolates were classified into three groups: dry-tolerant (n=37), dry-sen-
sitive (n=7), and dry-intermediate (n=68). The strains that were highly tolerant to drying also showed high heat tolerance
that they seemed to have high tolerance to heat after dry stress in powdered foods like infant formula. Sodium hypochlorite
and benzalkonium chloride concentrations necessary to achieve a 5-log reduction in viable counts (CFU/mL) were 15-25
ppm and 5-15 ppm, respectively. However, there was little difference of the efficacy of these sanitizers between dry-sensi-
tive and -tolerant strains for planktonic cells suspended in 3% albumin. The minimal inhibition concentration (MIC) of -
lactam ampicillin was 64-128 ppm for 90% of the strains. The isolates were consistently sensitive to kanamycin and naldixic
acid (MIC=4 ppm). Dry-tolerant strains displayed more antibiotic resistance than dry-sensitive strains. The results indicate
that dry-tolerant Cronobacter isolates often possess heat and antibiotic resistance, indicated the need for potent sterilization

treatments of powdered foods.
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Cronobacter sppi= Q3 Enterobacter sakazakiiZ T8
o] 247} Iversen 5(2008)° 25kl A} Cronobacter
spp.2 7N al== ASHE|ATE DNA-DNA E43}, %3d
o C
turicensis, C. muytjensii, C. dublinensis 52| 5522 A
EREAC o] T I3 24, 5] AL, TAE ¥
AJBHA] ¢F= Enterobacteriaceae?}e] 7H1To2 &, EY &
o] 3733, oY 71| 7HAE R AAAE Sl EAE
Ch(Friedemann, 2007). ©] w2 ZAE AiHe7golu 7}
oMz BAE I Q9 Cronobacter spp= ot Al X
H2RI FEFs T J4 VI8 AEd R FE AT 1)

o)3}ed  Cronobacter sakazakii, C. malonaticus,
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2 olhe] A1}, Aol AAFo, frollAA el
(neonatal meningitis), 38 (bacteremia), AAYo} IJARA =+
< (necrotizing enterocolitis) 52 WS do7|= AR &
HATHArad ef al, 2001; Farmer e al., 1980; Guillaume-
Gentil, 2005). "}-%- EEA A=A Cronobacter spp.
of ZHAH Ffroke] XARE©C] 33-80% o] AoZ &
A glom wl-e- XAl Mlit(Iversen et al., 2003)°.F
EEA Jom A AAIACRE AR LEdEs
24-142%21 Ao 2 W= o] thversen et al, 2004;
Muytiens e al., 1988). A ol AT F AR
E O 2 Cronobacter spp.2] 2~38d 2 EAS 14
3l A9H(Yoo et al., 2005; Jung et al., 2006) O] FZ ZA|
EH8 ol Cronobacter spp7} EA3= 202 H18A] &
A7t =i Jot

o] Cronobacter spp.2] 7V & EAL AX Aol =

S AQlY| E agglomerans, E. coli, S. Typhimurium, S.
Enteritidisol] ¥]3l Q5 AEJ 0 AGErt EeF
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= Cronobacter spp.2] AEE°] = HBreeuwer et al.,
2003; Barron et al., 2007). 3+ Edelson-Mammel %
(2005)& ZAEY] =2 IFIECE sl 7002 o]
AE0] Jeslta Buskie}. o8 Al Cronobacter spp.
7F B8 dxAEely 350 2ol =rial ®Haly
= AL UE mAE =& tE Enterobacteriaceae 9|
HlSte] AHEQt) AR 2B 2] & AAS 7HA7]
ol Aow AdA1 9IthLehner er al., 2004). )&
Cronobacter spp.2] 7|53 &2 T2 FAA £
g 2=0]] #esl= trehalose 59 A7 L
%]7] wjF-oletal K13} cH(Breeuwer ef al., 2003). TFE
Ao 2= AZol| thshe] extracellular polysaccharide 5
<} biofilme] P50l 7] e o= Askar itk
(Tamaru et al., 2005). ©|2}2-2 Cronobacter spp.2| =<
biofilm 58-S E812 49S FTO=ZH UV light,
AESE 2E# 2, A, S, Ak A, gAEA,
PA T FHZEd 20 dat AFLE = = F
ATHO'Toole et al., 2000).

Cronobacter spp.& Aot YA 73 &4 4
2] AlojHo] Fo] AFE o] gtH(Nazarowec-White et al.,
1997; Edelson-Mammel et al., 2004; Kim et al., 2007). ©]
et Ao 7Y & EAL Cronobacter spp. 242+ %
Foll wet gol digk Ado] ol thekste] D,,58°] 9.9
2 AL 7RI Y dFE o) thRRe] o
T 72°CY] 15% ARtEolA 8 log unit ©)/de] A
= zles yehsth webd WHOE ZAERE 70°C
1732 442 SAsPH Cronobacter spp.S E&A13st
T Athal AFSFATHFAO-WHO, 2006). 13y ZA| &
o] AL FA Aol & o]FolR]A] V% Sl
ZAEA Ao TAEA FolA At Hol A5
B Fole wmeol Aesthn ALt B
Zo g )RR A Cronobacter spp= biofilmS
gt FEE e dEo] dS 7ol At & Ut Aok
I3 Y biofilmS A= AZWNA Cronobacter spp.2]
Aol gk A= A gle ASE BLIh

Polyvinyl chloride(PVC), teflon, wool, 1F-9} 2~EIQ1d|
2= FEo A 8. aureus, E. coli, S. enteritidis2} L. monocy-
togenese F2IA| ¢k A0l HIS| quaternary ammonium
compound(QAC) sanitizerdl] A&=-S- 71X JATH Breeuwer
et al., 2003). Candida albicans®] antifungal agent g0l
A= F-f-1f(planktonic cell)oll BI3} biofilme] MICFo] ©
E=%thar sitk(Barron et al., 2007). 182l E. sakazakii=
Fdede A 2 28RN FE5 3 A 9
biofime FAS Aldele & ZHEsHA| vtk Barst
AckKim er al, 2007). o]2]d EI= biofilm WEol] A]
o dANES tA|e] JAFE7F & o] Fo|X]A] ke Ao
ZHE fdEva & 4 Jok
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el At 3} X85 S A FEAl
2 o A ZolRaL Ut} Iuky o=z 2}
AA A 2 H Cronobacter sppi= W5 p-lactam3}
cephalosporin®] W17+3}aL benzylpenicillin?} oxacillin 5l
= Aoz A3Pdo] Erhal Harsttk(Stock er al,
2002; Farmer e al., 1980; Muytjen et al., 1986). o}-&¢]
B-lactamase®] &/go] Wslel] oJste] AP A
79 &3o] = A} (Paterson ef al., 2005; Girlich er
al., 2001). LGH A=A E21E Cronobacter sppit-=
ampicillin, gentamycin % cefotaximeol] #&do] Fitiar
H 13} tHDennison and Morris, 2002). 121} =
ol tigh A UlAdell tisk Rae o} gle
o7 HQIt}

A B Aqolae AR 5o AXED AF
oA Felste] AU =7t ©E Cronobacter spp.©-
Z2RYE &, gAA, A dist S 24951
Cronobacter spp2 A|ojdh= G342 < WPHS Atz
sHAT.
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B ATtoA ARE-E Cronobacter spp= =HollA 5
9 AR, oA, A4, A4, s T Rvkd A
=] X]

FHAAFE 16052 AlEZE FH EE=o] & A7 v
230 BRAE] e 1120FE AFESFAtH(Lee ef al,
2009). AsFetA, AE)etH 548 Blasly] ff8) FANE
F2A C muytjensii ATCC 513299} C. sakazakii KCTC
20498 AFBSHOP AEEIE AR BRACHS AHEE}
Act.

£2| Cronobacter spp.2| & Z+d

FATFS C muytjensii ATCC 513293} C. sakazakii
KCTC 29495 ¥3tsle] 112709] AR A&7 &
75 W AFEFE st 7x7 em’S] 2811 2
"o 20 uLE gojrd & 25°C, AFE 75%2] &
g} Q5| o)El(Daehan Scientific, Seoul, Korea)oll4] 71
27 F 0, 4, 8, 24, 48417140 50 uL D.W.E 203)4)
23] pippeting sl] AZE FAE 355l TSA(Oxoid)
of T F 37°Col|lA] 24X7HERE 35 2 kS st
P9 s AFsiath AMdA R wel Axwzt, d
FUYA, g0 7 BH3AtHLee e al., 2009).

TAATE X3 112709 Cronobacter spp.& X &
Aol we} Al 2FSE Y59 10 mLe] TSB(Oxoid,
Hampshire, UK)OIA] 37°C 244|178 A vt Al7l 5
£ T A7 7 log CFUMLS] G50 HE= 34
31k 242 1 mLA 1.5 mL tubedl] UFFo] B F 60°C
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B}l A 5EZE incubationA]Z] ¥ 4°C ice bath® Y
Z4AZ1 F 100 pLs 3l TSA(Oxoid)oll =23k 3 37°C
oA 24717 B2t 35 H wjYS Sl FAE S Al
FtRom 7] d5ot] AolE logE FE7|sIH o™ 7}
OF 2 By BFAAE ALkste] 1718k

MR AEHQ| Cronobacter spp.olle] &5

Azdgdel g 257 w2t AP dFE A2, A
ZH7} Cronobacter spp. S A0 E 3¢7F4 A¥sHe]
TSBO|A] 37°C, 24X |3FE<t Aufjefst 3 231 Altiste] Ak
EolAt. AtAasE Aol AREE AAEAle 1
BAE T AA AFETS ARl 7P B AR &
HA 2polI AR EF (sodium hypochlorite)?} G3bl 2=
F(benzalkonium chloride)E ©]83}tH(Lee et al., 2005).
AtAaEE AP Kim(2005) 59 Arise Al
upgkch, A8 3B trypton, pancreatic digest of
casein(Sigma-Aldrich Co., St. Louis, Mo, USA) 1 g¥} 8.5
g NaCls 575 1 Lol 591 & Farste] ARSIt 5
A= polysorbate 80(Fulka chemie, Swizerland) 30 g3}
lecithin(Sigma-Aldrich Co., St. Louis, Mo, USA)S 3]}
of 7}st] 1LE ¥ &HS AMESIlom A5-E AR

3 mL¥} BEANaHCO, 35.02 g2 SH5 1 Lol €3)) 8
mLS 989 mLe] FF<2} 33t F pore size 0.45 pm
membrane filter2 oJ¥3}e] ARESIH{Y. HAHEER
albumin(Sigma-Aldrich Co., St. Louis, Mo, USA)-& (%
AZ7A: 3 gL, LIZA 30 gL)yg o3 Hisle] AL}
Aok Al T BE Aok AR, Al 2zl
20+1°CE A8 At A58 AP MdEE 1 mL
£ G Al ¥a Al A9 1 mLE 7t
E3slar 20+1°ColA] 2 minx10 secs St WX & 8 mL
o] AggAE H7Fsted 20£1°Col A 5 mintl0 FF ¥HE-
AA o] 4 1 mLE F3A 8 mLet & 1 mL7}F 9]
Q= G APl Hrkskar 20+£1°CA 5 mintl0 s 5
et TN ©o] TR S 1 mLAS 2719 petri
dish(SPL, Korea)ol] 22} Ya1 TSAS 12-13 mL¥ E53}
o 2 41 F 3621°CoN 24412 Hjosle] WA e
FRRE A 25EE ANIT. A8 Ao A
Az 1A%, T3 B4 05N, 314 3} 0%
Y& Fig. 29} 2o 0T T T A
H7He A% AFHFFE Gram(-)¢} Gram(HE Ul Edh=
Escherichia coli O157:H7 NCTC 19499} Staphylococcus
aureus ATCC 121032 AR5t}

(MgCl,, 18.84 g} CaCl, 4624 g& Z5F5 1 Lol &3l)
Validation of Neutralizer toxicity Dilution-neutralization
Test procedure experimental condition validation validation
Interfering substance Interfering substance Neutralizer 8 mL Interfering substance
1mL 1mL +water 1 mL 1 mL+diluent 1 mL
Bacterial test suspention Bacterial suspention Bacterial suspention Product test solution
1mL 1mL 1mL 8mL

20+1°C, 2 min+10s | | 20+1°C, 2 min+10s

| | 20+1°C, 2 min+10's

| | 20+1°C, 5 min+10'

v ¥

v v

Product ;estmLsqutlon Hard water 8 mL

Transfer 1 mL into Mixture 1 mL
petridish +neutralizer 8 mL

v ¥

v v

20+1°C, 5 min+10's | | 20+1°C. 5 min+10's

|| Pour plating with TSA | | 20+1°C 5 min+10s

v v

¥ ¥

Test mixture 1 mL+water Transfer 1 mL into Incubate at 36+1°C Bacterial suspention
1 mL+neutralizer 8 mL petridish For24 h 1mL

| 20:1°C5min+10s | [ Pourplating with TSA |

v v

Transfer 1 mL into Incubate at 236+1°C
petridish For24h

| Pourplating with TsA |

¥

Incubate at 36x1°C
For24 h

| 20+1°C, 30 min+1 min |

V

Transfer 1 mL into
petridish
¥

| Pourplating with TSA |

¥

Incubate at 36+1°C
For24h

Fig. 1. Test and validation procedure for bactericidal suspension test (Kim et al. 2005).
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N drd £3

H2& Cronobacter spp.2] YA A T3 34
WS o]88te] FaASHATH Zarazaga, 1999). T A
AZ= dl 72 AEe] A7 AEE = B-lactam
AE2] ampicillin, aminoglycoside Al8<] kanamycin, stre-
ptomycin®} neomycin, broad spectrum A€ 2] chloram-
phenicol®} tetracycline©], Gram negative spectrum A &<2]
rifampicin, nalidixic acid’} AFEE AT Y} A= &
| 107Re] ot 7 Ao HFE dFE F 11219
Cronobacter spp7} A& #FE AFEEHAY. 2+ A1F
== Muller-Hinton(MH) broth(Oxoid, Hampshire, England)
oA 37°CH B AlH T MH gEduliR|(MHA)l 2} 3148
AZ 0, 05, 1, 2, 4, 8, 16, 32, 64, 128, 256 ppmO.E T
AR s|Aste] s FAAMAE e 7 AlEd
42 tooth-pickingdto] HEZE $- 37°Coll A 241|3F vl Fs}
Act. 4 ASA3) % (minimum inhibitory concentration,
MIC)= ZH2}e] SAA|7F Z7Fe vl a7} S48t
A Bt HA FEE 2o 1A dx WAET
3759k AENG A5 7S HEE Eelsle] 74z @
A S S Wk

Ao

[

£2| Cronobacter spp.2] 4= SMoj| [ME A 2454
FAHFE st oA B3 112702] Cronobac-
ter spp. & x| wt Al 1FS =2 UFQl) ol
310 AT T, RS AR 75, 1A 6878
9] FOAFoTE R3] AFE SIS tH(Lee et al.,

7
3 6
E
=
=
O 5
o0
(=}
=2
= 4 [
Z
=
<
23
(=]
1=
)
g 2
(=]
=
g
g 1
0

Sensitive Intermediate Tolerant

Fig. 2. Death profiles of seven dry-sensitive, 68 dry-interme-

diate, and 37 dry-tolerant Cronobacter spp. by heat at
60°C from the 7 log scale inoculum.

2009). °]5 Zzte] 7S 60°C FLFZoA AFAAES
=33ttt A vt 271735+ 7 Log CFUmL 45
oo AMFEAEE HLS wf AXRVZ IFS Hi 5
Log scale®] APEEI O™ H 3 Log scaleo] APE3H A
ZAE IgHT =2 APES BAoh FHE A9 9
o] AXAFANAN AxAE 1F 7R AeE YE=
tl 3t 2 Log scale®] W& AFE-S HoAFUTH 2 xpd9]
7} HAAT A7} EAdo] AR 15 HIssd Ao=E
A2 ETHFig. 2). 2HEE AZXALS AL Y=
Cronobacter spp.= ol HISIME AdAdo] & HoE B
Aot oy AFA=ol gk Aol &3 Cronobacter
spp.o] EAFAFLE g b AoE Baxo] Utk
(Nazarowec-White and Farber, 1997, Beewer er al, 2003,
Edelson-Mammel et al., 2004). A #)| 2} biocideol] T3t ol
Z} A 8 (cross-resistance)2] 5-4J(Rusell and Day, 1996)¥}
o] AxAAAE AT BHo] e AR HQl
o e FOROE ZAETEe dxA5EdA Aol
Q)= Cronobacter spp.= 7AZAEA o] & Ao g HIIY
. A WHOOME 70°Col A ZAEHS SHdA7)etar A
3lal YA ZAERAFENN XS] Cronobacter spp.= EA]
AT A7) wiiEel ool tigh A=Se A7V o wet
oF & Zo= HRIth. FAZRHFE Ao Aldo] Ay
2EF] A A, 2% 5 AAF R iRl ~EHAE
Ao W AdELS 8 AEYAE VR 98 dFE
PR F (cross protection) S Z Q| AF ZoflA o
EAo] ZaiAcka B skt Gurtler er al., 2007). W}
A ZAERTY Ax 2EH 2 =EHAL dopde
Cronobacter spp.= AR T Z A3 o8] 7[K] 2EH
MNE & WS BY F AS 302 AsdE

ML= Cronobacter spp.Ofl CHE &5
213 AFAA A4 el BAslal e Al
AtAaEst] Qg FYPE AASAREE 49 R
A, Aot A, f71heS ARSStaL JUARE o] 5ol o
= WE2] Cronobacter spp.2|2] &5l gk A+= A
e Aotk 2Eal oY 7HA] AFE ol Z
2 FHYNA S aureus, E. coli, S. Enteritidis®} L.
monocytogens= F-2re1A] -2 AM|3zol| vlg) 45 YEFA
Al(quaternary ammonium comound, QAC) A5 A |
AeES 7EAaL 9tk (Res 1993; Pickett, 1996). o= ©]
So°] A= biofilmo] A&l FIFs & A= Bl
HAAT AxzWAo] T2 Cronobacter spp.7} F+71&E=Z
29" F-HA3¥E (planktonic celldEfol 2] 212l a5
HaE ol 71 Qo

AZWA 3779t X3 305 G4A A
Q] RJolAAAIEF &9 (sodium hypochlorite solution)}
45U EA(QACs)Q] H3h 255 (benzalkonium chloride)

2 1o rob o o
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o thgh dtAses BlaSgsth. Sodium hypochlorite
9} benzalkonium chloride2 AASA] Fa4E 5 AA
AFTot AMol 7MY B Ao d#A UTh(Lee,
2005). At 5%+ Cronobacter spp.”} 5 Log CFU/mLe]y
99.999%2] APES Hole Hx T A3t Sodium
hypochlorite= & 18 & 15-25 ppme] HFo| &35
S 7t Az ag0e] & PEAe gt e
HYZAT SQZAA 5 ppm 7Sl Aol molt
AS 1B LARE} Aol 2 BEAE
U= Ao F HOItKFig. 3). ¥MH QACs?] benzalkonium
chloride= 4ht 557} 5-15 ppm ©= sodium hypochlorite
B} Be wrofA AsES yelyor 7t g me
5 ppm®] Zpo]E Hol= ZoF YePtHFig. 4). =X

30.0
I B Condition clean DConditiondirtyl

E
E 20.0 T T
3
2
E
£ 100 —
-
=
=

0.0

Dry Senstitive Dry Tolerant

Fig. 3. Concentration of sodium hypochlorite for reduction of
5 Log CFU/mL of three dry-sensitive and three toler-
ant Cronobacter spp. Albumin of 3% was contami-

nated at dirty condition.

30

| m Condition clean O Condition dirty

20

-

Concentrate of sanitizer (yg/mL)

Dry Senstitive Dry Tolerant

Fig. 4. Concentration of benzalkonium chloride for reduction
of 5 Log CFU/mL of three dry-sensitive and three tol-
erant Cronobacter spp. Albumin of 3% was contami-
nated at dirty condition.

N

I

-

fo r
It s S

23} e dxAd wiHe AR I35 3 o
ol& Ho] Q@xAY Ayl ARl IA

o= Ht webA olyg Ay AAE B o i
A E o] &3 Cronobacter spp.2] A|o] Alo= sodium
hypochlorite 2t} benzalkonium chloride’} A =4 &
HH oz Age Ao F ALFHTE Albumin®E 3%(W/H)
QAR Foflo] AtEe AW Tt Ax Ut
F BT oA AgamArt 24 %S FL A &
S-S & 7} AT} Cronobacter spp7} F71&5Z2 L
Aol AL o biofilms FIL = U= ZHAM=
Ao 5] Holzlttial B EITHKim er al., 2007).
o= Cronobacter spp.7} ZAEF2L FH3 J4AS
o]83l biofilme FAEIA7] WlEo]th(Kim et al., 2006).
wEb ZAR Y 29 F71E-0 95k Cronobacter
spp.7} biofilmS 71X LA s17] flske] A
oy} B g+ 71719l thigh Al&gt Ao Ak

3} o] F2Fe & 57 Uik

g2 N

r

Cronobacter spp.2] ZAZLHAof| = SHK| 2N SN

11059 FedF¢ 239 FAITTE 1A AgY 8
7HA A thg HABSA N EE=MICYE 43H3A
t}. B-Lactam AlE2] SHYA|= transpeptidased] 28-S
Aske] Alete] MEH-S FAISHE peptidoglycan layer®]
SHS A)Ae-S 3F E A O 2 penicilling} ampicillin
o] At} B-lactam A|FBL] ampicillin®] 7% 8 ppmol A
256 ppme] EXZ Ho|H 2F 90%7} 64-128 ppme] H=&
SEoA AHEJAL 256 ppm ©)F] oAM= BH38H
= BT ER1Ee] =2 Aol e Aoz ERlE
ATHFig. 5). WEbA ampicillinell oFg WA 153 33
aFo R FEEReH Yol e dFE0] B B A
o2 Yeldtt. 4% Cronobacter spp. 285+ tH
o] B-lactam YA WIFFeIT B aStPARE A
A BEliT= B-lactam Aol YjAdo] Atia
Z ATHStock and Wiedemann, 2002, Paterson et al.,
2005, Dennison and Morris, 2002). W&bA E&dF2] £

>

L oE Mz

=)
T
o)
=

50

40

w
o

e Ampicillin

Ratio(%)
]

0.5 1 2 4 8 16 32 64 128

256 256<
Concentration (pug/mL)

Fig. 5. Ratio of 112 Cronobacter spp. isolates by different
minimal inhibition concentration for ampicillin.
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ol wet 22 g5 wet vl e A A 5
& B F= o= HRth

Aminoglycoside A|E8<] A= Mt ribosomeol] 2t
Fotel RNAZH 997 2B el B 39 Al
st= 282 8l ¥ A O F kanamycin, streptomycin
neomycin 5°| ST} Aminoglycoside AEE EFEH=
kanamycin, streptomycin, neomycin®l] e+ AT A3 =
kanamycin®] MIC:= 0.5 ppmollA] 16 ppme] HHE 2
om FZ 4 ppmollA Be FF7F ASES HIY
streptomycin, neomycin® 73-¢- 1 ppmoI|A 16 ppme] &
FE B F=Z 8 ppmolA AdEE o=z SIS
CHFig. 6). o= B-lactamA|E 2] FAA|S aminoglycoside
AR} 328) oo =& T2 As|oF Cronobacter
spp& AFEAIZ F Sl HolEth

Broad spectrumS X0 tetracycline tetracycline |
g AR AT ribosomeo] ZHEdted t-RNAL] A}
£ Wafste] eilEe] S JAIstY S-S gt
Broad spectrum= X.oJF= dAYA|Q1 chloramphenicol 3}
tetracycline®] 735 o] 16 ppme] F=olA AsH
< IRISFA S (Fig. 7) 3 Gram(-) Al F2 A
S B F+= rifampicin® nalidixic acide 242} 16
ppm, 4 ppmol|A] THFEE HFE50] NS HYKFig. 8).

webA] u 74A] Al o] 3BA F B-lactam Al E 9

80

70 == « « Kanamycin
— e Streptomycin
60
so L 5 \ N\ Neomycin
9 / / \
S 40 + N \
g //\
830 + / .
i \
20 N
yavi .
10 .t / N
0 - L L it
0.5 1 2 4 8 16 32 64 128 256  256<

Concentration (pug/mL)

Fig. 6. Ratio of 112 Cronobacter spp. isolates by different
minimal inhibition concentration for kanamycin,
streptomycin, and neomycin.

= == = Chloramphenicol

Tetracycline

Ratio(%)
-y
(=]

0.5 1 2 4 8 16 32 64 128 256 256<
Concentration (ug/mL)
Fig. 7. Ratio of 112 Cronobacter spp. isolates by different

minimal inhibition concentration for chloramphenicol
and tetracycline.

oo
=]

-~
(=}
T

== == Rimfampicin

=3
[=]
T

Nalidixic acid

Ratio(? u)

B W s

o O o o
— —

—
(=}
T

0.5 1 2 4 8 16 32 64 128 256 256<
Concentration (ug/mL)
Fig. 8. Ratio of 112 Cronobacter spp. isolates by different min-
imal inhibition concentration for rifampicin and nali-
dixic acid.

10 T
1 B Sensitive
Tolerant
£ -
£
=
E 6 4 T I -|- T l
I
U I
=]
2, T} I T I_
=
0
A K ‘ 5 ’ N Cc T R | NA
p-lactam Aminoglycoside Broad spectrum G(-) spectrum
Antibiotics

Fig. 9. Minimal inhibition concentration of antibiotics for
dry-sensitive and tolerant Cronobacter spp. isolates.
Seven dry-sensitive and 37 dry-tolerant strains were
experimented and meaned. MIC range 0: 0, 1: 0.5, 2: 1, 3:
2,4:4,5:8,6: 16, 7: 32, 8: 64, 9: 128, 10: 256(ppm). A:
ampicillin, K: kanamycin, S: Streptomycin, N: neomycin,
C: chloramphenicol T: tetracycline R: rifampicin NA:
nalidixic acid.

ampicillino] 7} =& WAIS H.$3 aminoglycoside 7
&) kanamycin®}t Gram(-) spectrum®] nalidixic acidol|A]
7 S WS B O™ Cronobacter spp.2] YA A
OJA] aminoglycoside A|E2] BAE AME-sl= Ao] vl
2] & Aog Wtk oy} dRbA o g Ao WA
Hoh £ 5SS grsl] flste] o] Ald-E Alolsh]
M= g el A RTE oA Fie] FAAE 2ol
Aelshe Aol WA YTh(Lai, 2001; Block e al., 2002).

Ax 540 wet BRE 759 AE2Ng 39 37%
o] AxWA 2] A MIC Bkt Neomycin
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BE A thsliA dxuAde] T =& FAA W



Biocontrol of Cronobacter by Heat, Antibiotic, and Sanitizer

485

e AV Jde As Hol ¥
Aol M2 A4 = ﬁ_i H2ItkFig. 9).

ZEH 2o AR A%

2 o
T o] AxEY AFA g Cronobacter spp.©]
AzxWgol] e &, A=A, FAaA gk WAESA
A3k Cronobacter spp2 A|ojdh= TZAQ0 WHHS
Avsina et BE kel AxAY T, Vh
AZNZE 15, 222 6879 FLEe] o & 1120
ol tisled A3t Azt AXNAIE 7HAAL = Cronobacter
pp= ol HSIAE AsEol & Ao viepeh. ket
A ZAEFTY X 2EY 2o =EHo] 4ohde
Cronobacter spp.©= @ 2EHZNMNE =2 YAAS 2y
T VS AoZ AlgHT) ANTAEAIE 0183+ Cronobacter
spp.2] A& 52 sodium hypochlorites 15-25 ppm<2}
benzalkonium chloride= 5-15 ppm &%=°|4] 5 log CFU/
mL At 2371 A Albumin®. 2 3%(w/v)°°ﬂ’\] el
"I‘TI’H]'W_/] e drA et A2 1
FolA LAHH Blzste f71E LEFE AR data
54 E5de & IS T A &S ¢ U U
ot} 22]3 A WAL p-lactam AlE 2] ampicillinol] o
3lo] oF 90% EE]F7} 64-128 ppm2] FLolA HAA )
FEE X . Aminoglycoside Al€2] kanamycin}
Gram(-) spectrum®] nalidixic acido]A] 4 ppme] 7} &
< WS Bk dxwgt a5 Az 759 A
2ATSE A% Aos BE GaA] deld A%
ol =2 o7 o 2 A WS YA e A
o2 ettt webs E8] Cronobacter spp.d] :AZWA
o] g} sHAA|] AEAdut Feo] Y Ao Z Hlth
aJuEE ZAET 22 BEAFY 1 989 ¥
Cronobacter spp.2] AtA|olo] o] g3t xe|7f €2adh
Aoz weld,

A

E
=
LL

#Atel 2
B A7e 20089% FH7IedEAE ] Aol o)

20}7 A7H(108147-02-1-CG000)2] YHX-Z ool ZHAL=
Hu}.

I

I
o
rat

i

1. Arad, 1., Baras, M., Gofin, R., Bar-Oz, B., and Peleg, O
(2001) Dose parity affect the neonatal outcome of very-low-
birth-weight inrants? Eur: J. Obstet. Gynecol. Rep. Biol. 94,
283-289.

2. Barron, J. C. and Forsythe, S. J. (2007) Dry stress and sur-

10.

11.

12.

13.

14.

15.

vival time of Enterobacter sakakzakii and other Enterobacte-
riaceae in dehydrated powdered infant formula.. J Food
Prot. 70, 2111-2117.

. Breeuwer, P., Lardeau, A., Peterz, M., and Joosten, H. M.

(2003) Desiccation and heat tolerance of Enterobacter saka-
zakii. J. Appl. Microbiol. 95, 967-973.

. Block, C., Peleg, O., Minster, N., Bar-Oz, B., Simhon, A.,

Ard, ., and Shapiro, K. (2002) Cluster of neonatal infections
in Jerusalem due to unusual biochemical variant of Entero-
bacter sakazakii. Euro. J. Clin. Microbiol. Infect. Dis. 21,
613-616.

. Dennison, S. K. and Morris, J. (2002) Multiresistant Entero-

bacter sakazakii wound infection in an adult. Infect. Med. 19,
533-535.

. Edelson-Mammel, S. G., Porteous, M. K., and Buchanan, R.

L. (2005) Survival of Enterobacter sakazakii in dehydrated
powdered infant formula. J. Food Prot. 68, 1900-1902.

. Friedemann M. (2007) Enterobacter sakazakii in food and

beverages (other than infant formula and milk powder). Int.
J. Food. Microbiol. 116, 1-10.

. Edelson-Mammel, S. G. and Buchanan, R. L. (2004) Ther-

mal inactivation of Enterobacter sakazakii in rehyrdated
infant formula. J. Food Prot. 67, 60-63.

. Edelson-Mammel, S. G., Porteous, M. K., and Buchanan, R.

L. (2005) Survival of Enterobacter sakazakii in dehydrated
powdered infant formula. J. Food Prot. 68, 1900-1902.
Farmer, J. J., Asbury, M. A., Hickman, F. W., and Brenner, D.
J. (1980) The Enterobacteriaceae study group. Enterobacter
sakazakii: A new species of “Enterobacteriaceae” isolated
from clinical specimens. Int. J. Syst. Bacteriol. 30, 369-58.
Food and Agriculture Organization-World health Organiza-
tion (FAO-WHO) (2006) Enterobacter sakazakii and Salmo-
nella in powdered infant formula: Meeting report. In:
Microbiological Risk Assessment Series 10, World Health
organization-Food and Agriculture Organization of the
United Nations, Geneva and Rome. WHO Press, Geneva,
Switzerland.

Girlich, D., Poirel, L., Leelaporn, A., Karim, A., Tribud-
dharat, C., Fennewald, M., and Nordmann, P. (2001) Molec-
ular epidemiology of the integron-located VEB-1 extended-
spectrum beat-lactamase in nosocomial enterobacterial iso-
lates in Bangkok, Thailand. J. Clin . Microbiol. 39, 175-182.
Guillaume-Gentil, O., Sonnard, V., Kandhai, M. C., Marugg,
J. D., and Joosten, H. (2005) A Simple and rapid cultural
method for detection of Enterobacter sakazakii in environ-
mental samples. J. Food Prot. 68, 64-69.

Gurtler, J. B. and Beuchat, L. R. (2007) Growth of Entero-
bacter sakazakii in reconstituted infant formula as affected
by composition and temperature. J. Food Prot. 70, 2095-
2103.

Iversen, C., Mullane, N., McCardell, B., Tall, B. D., and Leh-
ner, A. (2008) Cronobacter gen. nov., a new genus to accom-
modate the biogroups of Enterobacter sakazakii, and
proposal of Cronobacter sakazakii gen. nov., comb. nov.,
Cronobacter malonaticus sp. nov., Cronobacter turicensis

sp. nov., Cronobacter muytjensii sp. nov., Cronobacter



486

Korean J. Food Sci. Ani. Resour., Vol. 30, No. 3 (2010)

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

dublinensis sp. nov., Cronobacter genomospecies 1, and of
three subspecies, Cronobacter dublinensis subsp. dublinen-
sis subsp. nov., Cronobacter dublinensis subsp. lausannensis
subsp. nov. and Cronobacter dublinensis subsp. lactaridi
subsp. nov. Int. J. Syst. Evol. Microbiol. 58, 1442-1447.
Iversen, C. and Forsythe, S. J. (2003) Risk profile of Entero-
bacter sakazakii, an emergent pathogen associated with
infant milk formula. Food Sci. Technol. 14, 443-454.
Iversen, C., Lane, M., and Forsythe, S. J. (2004) The growth
profile, thermotolerance and biofilm formation of Entero-
bacter sakazakii grown in infant formula milk. Lett. Appl.
Microbiol. 38, 378-382.

Kim, H., Ryu, J. H., and Beuchat, L. R. (2007) Effectiveness
of disinfectant in killing Enterobacter sakazakii in suspen-
sion, dried on the surface of stainless steel, and in a biofilm.
Appl. Environ. Microbiol. 73, 1256-1265.

Kim, H., Ryu, J. H., Beuchat, L. R. (2006) Attachment of and
biofilm formation by Enterobacter sakazakii on stainless
steel and enteral feeding tubes. Appl. Environ. Microbiol. 72,
5846-5856.

Kim, H. 1., Lee, K. H., Kwak, I. S., Eom, M. O., Jeon, D. H.,
Sung, J. H., Choi, J. M., Kand, H. S., Kim, Y. S., and Kang,
K. J. (2005) The establishing test method of bactericidal
activity and the evaluating of Korean disinfectants/sanitizer
efficacy. Korean J. Food Sci. Technol. 37, 838-843.

Kim, S. H and Park, J. H. (2007) Thermal resistance and
inactivation of Enterobacter sakazakii Isolates during rehy-
dration of powdered infant formula. J. Microbiol. Biotech-
nol. 17, 364-368.

Jung, M. K. and Park, J. H. (2006) Prevalence and thermal
stability of Enterobacter sakazakii from unprocessed
readyto-eat agricultural products and powdered infant for-
mulas. Food Sci. Biotechnol. 15, 152-157.

Lai, K. K. (2001) Enterobacter sakazakii infections among
neonates, infants, children, and adults. Medicine 80, 113-22.
Lee, E., Ryu, T. H., and Park, J. H. (2009) Tolerance of
Korean Cronobacter spp.(Enterobacter sakazakii) ioslates to
dessication. Korean J. Food Sci. Technol. 41, 681-686.

Lee, M. J., Kim, Y. S., Choi, Y. H., Park, H. K., Park, B. K.,
Lee, K. H., Kang, K. J., Jeon, D. H., Park, K. H., and Ha, S.
D. (2005) Evaluation of efficacy of sanitizers and disinfec-
tants marked in Korea. Korean J. Food Sci. Technol. 37, 671-
677.

Lehner, A., Riedel, K., Eberl, L., Breeuwer, P., Diep, B., and
Stephan, R. (2005) Biofilm formation, extracellular polysac-
charide production, and cell-to-cell signaling in various
Enterobacter sakazakii strains: Aspect promoting environ-
mental persistance. J. Food Prot. 68, 2287-2294.

Muytjens, H. L. and J. van der Ros-van de Repe. (1986)

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Comparative in vitro susceptibilities of eight Enterobacter
species, with special reference to Enterobacetr sakazakii.
Antimicrob. Agents Chemother. 29, 367-370.

Muytjens, H. L., Roelofs, W. H., and Jasper, G. H. J. (1988)
Quality of powdered substitutes for breast milk with regard
to members of the family Enterobacteraceae. J. Clin. Micro-
biol. 26, 743-746.

Nazarowec-White, M. and Farber, J. M. (1997) Thermal
resistance of Enterobacter sakazakii in rehydrated dried-
infant formula. Lett. Appl. Microbiol. 24, 9-13.

O'Toole, G. A., Kaplan, H. B., and Kolter, R. (2000) Biofilm
formation as microbial development. Annu. Rev. Microbiol.
54, 49-79.

Paterson, D. L., Rossi, F., Baquero, F., Hsueh, P. R., Woods,
G. L., Satishchandran, V., Snyder T. A., Harvey, C. M., Tep-
pler, H., Dinubile, M. J., and Chow, J. W. (2005) In vitro sus-
ceptibilities of aerobic and facultative gram-negative bacilli
isolated from patients with intra-abdominal infections world-
wide: The 2003 study for monitering antimicrobial resis-
tance trends (SMART). J. Antimicrob. Chemother. 55, 965-
973.

Pickett, E. and Murano, E. A. (1996) Sensitivity of Listeria
monocytogenes to sanitizer after exposure to a chemical
shock. J. Food Prot. 59, 374-378.

Res, T. J. and Frank, J. F. (1993) Susceptibility of starved
planktonic and biofilm Listeria monocytogenes to quaternary
ammonium sanitizer as determined by direct viable and agar
plate count. J. Food Prot. 56, 573-576.

Rusell, A. D. and Day, M. J. (1996) Antibiotic and biocide
resistance in bacteria. Microbios. 85, 45-65.

Stock, 1. and Wiedemann, B. (2002) Natural antibiotic sus-
ceptibility of Enterobacter amnigenus, Enterobacter can-
cerogenus, Enterobacter gergoviae and Enterobacter
sakazakii strains. Clin. Microbiol. Infect. 8, 564-578.
Tamaru, Y., Takani, Y., Yoshida, T., and Sakamoto, T. (2005)
Crucial role of extracellular polysaccharide in desiccation
and freezing tolerance in the terrestrial cyanobacterium Nos-
toc commune. Appl. Environ. Microbiol. 71, 7327-7333.
Yoo, M. K., Kim, S. S., and Oh, S. S. (2005) Isolation and
genotyping of Enterobacter sakazakii from powdered infant
formula manufactured in Korea. Food Sci. Biotechnol. 14,
875-877.

Zarazaga, M., Saenz, Y., Portillo, A., Tenorio, C., Ruiz-Lar-
rea, F., Campo, R. D., Baquero, F., and Torres, C. (1999) In
vitro activities of ketolide HMR 3647, mactolides, and other
antibiotics against Lactobacillus, Leuconostoc, and Pedio-
coccus isolates. Antimicro. Agent Chemo. 43, 3039-3041.

(Received 2010.3.30/Revised 2010.6.2/Accepted 2010.6.9)



