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Abstract

The objective of this study was to determine the resistance of Cronobacter sakazakii in acidic environments. The D-values
of CAFM2 (ATCC 29544), EB 1, EB 5, and EB 41 at pH 2.5 in TSB were significantly (»<0.05) higher when cells were
adapted at pH 4.5 in TSB for 5-h then when cells were not adapted at pH 4.5 in TSB. The D-values of CAFM2, EB1, and
EB 41 at pH 2.5 in TSB were significantly (»<0.05) higher when cells were adapted at pH 4.5 in TSB for 10-h then when
cells were not adapted at pH 4.5 in TSB. The D-values of CAFM2 and EB1 at pH 2.5 in TSB were significantly (p<0.05)
higher when cells were adapted at pH 4.5 in TSB for 24-h then when cells were not adapted at pH 4.5 in TSB. The adaptation
of C. sakazakii to mild acidic environments may result in increased resistance to severe acidic environments. The D-values
of all test strains at pH 2.5 in TSB were significantly (p<0.05) higher when cells were cultured at pH 4.5 then when they
were cultured at pH 7.2 in TSB. These data indicate that cells cultured in mildly acidic environments may result in increased
resistance to severe acidic environments. The acid adaptation of C. sakazakii showed an increased resistance to acidic envi-
ronments. The acid adaptation response of C. sakazakii has important implications for food safety, which should be consid-

ered when food preservation measures are developed.
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Cronobacter sakazakire 1% 549 FXAEA, 5
84, BTV IETOE Aol H dfrole} 1E 9
3=}, Hdo] Astd 3A}ol| FekS wXYy. C. sakazakii
7k AR1e0A e A= Al B F (bacteraemia), W HF:
(septicemia) &9 HWES YO 7| TH(Hawkins, 1991;
Jimenez and Gimenez, 1982) Ao} 2 oo Hlsl] 7+
A AE7F 2R &tk WHH C osakazakii 7} 2A80F 2
frotellAl ZEE A= 352 (meningitis), AldES
(bacteraemia), &= (septicemia), 52 ZHS Yo7y
(Bar-Oz et al., 2001; Burdette and Santos, 2000; Van
Acker et al., 2001) £A] 2 T2 2] XA&-o] 40-
80%o°l E3l= ZoF W18} tH(Nazarowec-White and
Farber, 1997).
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AZ AFAlo] Hojuk(Breeuwer et al., 2003; Dancer et

al., 2009; Edelson-Mammel ef al., 2005; Farber and
Forsythe, 2008) 2] 5474 & BIESH A2 EA

=

EH 53 O (Himelright et al., 2002) ©]]dl%= =
(Cottyn et al., 2001), Z)2=(Soriano et al., 2001), 2)FF
(Kandhai et al., 2004), E%(Neelam et al., 1987) 52
Ao Bl ot wEbA C sakazakii= TRUFSH
7oA AEsHH 2E# 2 S0l =EE ThsAo] 3
ol AT DA FHo] AS A= dAd.
Itz o7 HAEL A 2E# 2 S0A ohksk o
s Holm gt 4k TR 22 EF Q1| e
3l J8FS H=TH(Foster, 2000; Park er al., 1996). A3
Qo] EAE A Alzute] g4 & 9 -gnk vy
52 MEzde] pH g0l FFS won o] oA
= A KBrown et al., 1997) 2% Aol dl-&3l= FHA}
o o g <lsf| AAo] o] FoxItk(Beales, 2004). AH3
A AHL3 Aeromonas hydrophila(Isonhood et al.,

2002), Escherichia coli O157:H7(Cheng et al., 2003; Garren
et al., 1997; Leenanon and Drake, 2001; Leyer et al., 1995),
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Enterococcus faecalis(Flahaut et al., 1996), Lactobacillus
(De Angelis and Gobbetti, 2004), Lactococcus lactis(Sanders
et al., 1999), Listeria monocytogenes(Davis et al., 1996;
Ferreira et al., 2003), Salmonella(Foster, 1991; Foster and
Hall, 1991), Vibrio vulnificus(Bang and Drake, 2005;
Ferreira et al., 2003)= T T2 A4 2~Eg2~ 7 b
o}Ug} alcohol, cold, heat, osmotic, oxidative®} 22 T
TR 2Ed2 S70XY wat AR F7HE 3o
2 Busigit}. o33k nAYEL A2~ (Cheng and Chou,
2001), 2A1A](Leyer et al., 1995), X|Z(Leyer and Johnson,
1993), QAR T2, AH==gAl, @ AE(Gahan et al.,
1996), #15}H(Tsai and Ingham, 1997)%} -2 Thst 2HA
Aol A EelEar Aok

C. sakazakii &) QTS H™ pH 4.5 735tolA A3t
F 1207} 25 S (Dancer et al., 2009; Kim et al.,
2009), pH 3.9 = AgdF 7270 5 5709 T A
st tHDancer et al., 2009). ¥t olujg} pH 3.590 4=
10" CFU/mL oJs}9] we o7 Aol Zhaste] b
AgAdo] =2 AHAoZ Byt FHAtHEdelson-Mammel et
al, 2006). WA C sakazakiis 21ES PIES ThFsh
A BN ABES = lom AE T ARl 2lo
Al AF] A FRE g ke R 4 HYE 7
2] &0z @o] AMESI YO C sakazakiiol AF
A zEdl @70 AR B0 Be 77} 2
a8, @A) 4 AT BAD 2SS GRS 3
Aeldel aat AgAel e A7} mIE Ageluz
oo tigh a1go] Y% F o7 ArhdTh

mepA] 2 AFelxe mAEY sz s
= AW SN C sakazakii EFTTFE B ES] TR
gk SAolA EEE 4T oI 2 g A e

291 AElz 547 BEo] o ¢ =&
5 oo} & AN S C. sakazakii ©] 73}
AoAe] A ABE S,

S

it 10 o
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A
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Microorganism

XFTF C sakazakii CAFM2(ATCC 29544y= S
s AEslEeENE Rebngtor] age opiEF
C. sakazakii EB 1(E¥H A £42]), EB 5AIE2] ¢13H 4
Al &), EB 7(312]0lA &2]), EB 41(EYlA &8
7% B3 AFd o2 HE AlFRtol Ayl A3t
Ak, C. sakazakii 45 SR1517] st AYsletz &
A "WHQl API 20E(BioMérieux, France)® g ol 2
Fol] ARBSIATE. BE = tryptic soy agar(TSA, Merck,
Germany)ol] g4 =2 $ 37°Co|A] 24417 vt - 5°C

F2EoA g2 7|13 BAs & FQ Aol ARgst
W H tryptic soy broth(TSB, Merck, Germany)©ll
% 37°Co] jg7IoNA 20-24417F F<LF vl S AL

Ml

[e}
A7el ek #EE Al AHgSIor Wl
2 B3] 104 CFUMLE B43H 22 Hskac

Media

LA BRI TSA, A wiAl= TSBo|™ 3]4E8-of2
0.1% peptone(Bacto™ Peptone, Becton Dickinson Co.,
USA) 9 mL& ARESIATE. A(20-22°C)ollA] Et7](HVE-
50, Hirayama Co., Saitama, Japan)= Ev¥H TSBe| pH=
728 EA4EHY oW o] BE AF 2] control pHE
2780

Adjustment of pH

EE 35.4%, B 1.18, EALEF 36.452] HCl(Hydrochloric
acid, DC chemical Co., KoreayS B SH<2} E&35}1
1 N2 ZAISHAIL o] & ARg-8te] AFel a3 =& pH
zAo] oot} dHl A4S Tl 4o pHell wE
1 N HCI9] E Q3-8 pH meter(420A, Orion research Inc.,
UsA)z 43kt

Growth of C. sakazakii under different acid conditions

Control TSBol HE ¥ 37°CollA 20-24x]7t2] vjkS
AZ 10%-10° CFU/mLY] AA7] #F= 10*10° CFU/mL
TFO7 3A3 3 1 mL FH3Fe] 99 mLe] pH 4.0, pH
4.5, pH 7.29] TSBell &3ttt AEE TSB €715 37°C
9] &&4=Z(WB-20E, Jeio Tech, Korea)ol| H&3hAA
% A%k 2427 Foll AEY3A 600 nmol N FFES
=2 (U-2000, Hitachi, Japan)s}$3c}.

Survival of C. sakazakii under different acid con-

ditions

Control TSBOl FHZF 3 37°CollA 20-24417t] v kS
AR AR 719l #FE 1 mL Fsl] TY3 pHE TSBY|
] 10%-10’ CFU/mL =502 343 & t}A] | mL #H3}
o 99 mLe] pH 3.5, pH 4.0, pH 4.52] TSBel| 534
ot HEE TSB7F &7 8715 20-22°Ce] Ao Hyst
HA HE FE9) 2, 4, 6, 8, 10870 A8 sl
ztzke] AEY A1MoIM AEY 1] TSAZ pour platedt
3 37°COl A 24-48X17F viSFEE Boll 30-30070 Atole] H
go] 2 At 2 489 Uz control TSB

of oF A WL AW F Pl 2 Avsleln.
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Survival of C. sakazakii under different adaptation

time

Control TSBol| H= & 37°Col|A] 20-24r]17Fe] Hjoke
AR AA71 75 1 mL Fste] Y4227 (Microl 7TR,
Hanil Science Industrial, Incheon, Korea)Z 14142 (2450
g, 2 min) 3 ¥ A5HS BF Hojulal pH 4.5 TSBO
AESATE HFE TSB7E 211 8715 20-22°Ce] A2
of BshdA 5, 1047 etet ABEE sEaitt. Z42he) A&
& Al 1 mL FH3 $ pH 2.5 TSBOll FFste 90,
180, 270, 360zm}T} ThA] AMEE 3l TSAR HI 39
gk 2 37°CollA] 24-48A17F wiFgE ol 30-3007] Ato]e]
Aol & ARkstant. 7F A3e] gz pH 4.5 TSB
o HEH w5 5Ys pHY TSBeA] 10*-10° CFU/mL
FoE A% F | mL AEH st o]F U3 I

2 AW F A £8 AV

o]
T o

il

o

Survival of C. sakazakii under different cultivation

conditions

ki $HAe] pH 4.5 TSBol| 22t HE 3 37°Col|A
20-2471718] wikE AR BA71Y #FE 1 mL FHo}ko
HjFe wje} T35 pH 4.5 TSBoA] 10%107 CFU/mL &
TOoZ A% & Al 1 mL FH3k] 99 mLe] pH 2.5
TSBYl| HEsIATE HEH TSB7F 71 |71 20-22°C9]
AL BA3PAA 90, 180, 270, 360ZPI} MZE 3l
TSAZ pour platedt & 37°COlA 24-48X|7F v FgE S0
30-3007] Atele] Hete] & Alklsiath. 7t A3 of
Z7-2 pH 4.5 TSBAA vlld HA7|9] a5 FY3
pH2] TSBol|410°~10° CFU/mML 2.2 343 & 1 m
AEH sl o]F FY HAHS A £ ] & A

Asksict

onE

Statistical analysis

BE AYL 33 jiE Feiste] dojxl Ayjolnt. Aw
o 3k SAIEAA2]= SAS program(Version 9.1, SAS
Institute Inc., USA)S AHE-3lt}. 8 #%4(PROC REG
Hxho 2 DIk(EAT Ag] 21X 90%2] HABES At
Hal=d 28l AlHS ARk} General linear model
o Z AP 1Y FAHEAS AAE & 7 AF

o) frold e 5% FEE<0050I4 ol zolHT

A g

[

i

Growth of C. sakazakii under different acid condi-

tions

Ao g S widshE pH 7.2 TSBAXE RE
Fo) FYws} 10 oo verh. ols} vz
pH 4.5 TSBAHE T3l mel 3= wspt xfolg 1

AANE BE F77F AGS Ao = Yepyith whA pH 4.0
TSBolA EB 5, EB 7 181 EB 412 AAsGAw
W] 73] F3= Walr} 001 o8k wn)g FFEo
A7go] Algke Z o= UERTh o] FALSE pH 4.1¢60A4]
H¥F FF 2 ool EelE wFE 1209 Ag 7
= 6979 #F7F AASIA L (Dancer e al., 2009), ¥
2 fol AFoN BelE FFe 119 AFHEF F 7
MY #F7F ARG THKIm er al, 2009). L3 C
sakazakii OFTFEt X EFE humanoll 4] £2]% EB
5, foodollA] E2]E EB 7, soilo|lA] &€ EB 412 stool
oA #2]E EB 19 vla| B2 2bg 270 o] 7}
e Aoz yepgth I 8 75Ut =] 28 735
HT} A BAollA Aol e Aom Husiylor
(Kim et al., 2009) brain heart infusion(BHI) Bj*|(pH 3.5)
ol A A=go] o]Fo1 A TH(Ibrahim er al., 2005) o]f+-4] (pH
43)llA] Aol o]FoiAA] ¢k Z1A Y (Richard et al.,
2005)H1 ALk Al Fol] WA R AF 2EHAdo] 2ol Hole
Ao 2 Kyt

Survival of C. sakazakii under different acid con-

ditions

o wet zto]7h AR pH 459014 pH 10 Ake]<]
AR A A o] 71e3 Ao E HA1sE A (Breeuwer
et al., 2003)3} VIR E pH 4.5 TSBoA 9] 47} &
7VelAtHFig. 1). & MidFshs TSBO| pHZF 7.2%90= 3
QkshA pH 4.59014 pH 7.2 Alo]e] TSBolAM+= AR &=
= PSS AT AL TFed slom Azt &
T+ pH 4.0 ©|3}¢] TSBolM+= EB 59+ EB 78 A3 U}
w2 Y] 7o) ATt AREATE 53] pH 3.5 TSB
e BE F57F AR He ARl 10" CFU/mLe]st
o] FFo 7 7HAFINTE )= Edelson-Mammel 5(2006)
o] AFelA tiFEe] A 7571 10" CFU/mL ©]3}9]
TEOE Zaste] A S0 =& AEdS vE
Tl Bagh A9 fARRE Aot A gge tig A
e dFERE AolE Kol ALE UET ol F
A3 FEwTEa A EejE $739 AeldlA 7]
o

Survival of C. sakazakii under different adaptation

time

°F:d #739] pH 4.5 TSBlA 2-8-8HA] 94-& A% 7
A 847391 pH 2.5 TSBolAY] DL HA 1338004
Ao 1.53%8 22 YEPITHFig. 2). CAFM29} EB 12 pH
4.5 TSBolA 283 7% Dite] Aoz S7ksiidk
(p<0.05). EB 5= 5AIF 5%t A-83F 79, EB 412 54|
HL 10817 B9F 288 75 Dol oA o= Frket
ATHP<0.05). EB 7% A|9)3 & #3571 b 8749



554 Korean J. Food Sci. Ani. Resour., Vol. 31, No. 4 (2011)

—~
(Y
-

Surviving Population {(log CFU/ml)

o L L L L L .
0 2 4 6 8 10

Time (h)

O
-
~

Surviving Population {log CFU/ml)

0 2 4 6 8 10

Time (h)
Fig. 1. Survival curves of (a) C. sakazakii CAFM2 (=ATCC
29544) and (b) C. sakazakii EB 7 at pH 4.5 TSB (@),
pH 4.0 TSB (O), pH 3.5 TSB (V). Bars represent standard
error of the mean. Data points are the means from tripli-
cate experiments.

pH 4.5 TSBIl H83he B¢ 244 87344l Dilol
Z7bhe RO gt Wt ohlet A B0
o] AL o AelM 9] H-GA|Ttel it e A
S Bt

C. sakazakii=E. coli(Cheng et al., 2003; Garren et al.,
1997; Leenanon and Drake, 2001; Leyer et al., 1995)2} %+
o YA 79} v R ZE A B A ALl A
AR B Ao Ao ZrtelR=E Aoz el
). C. sakazakii®] 2F A& deol 3 &S mechanisme
AEA] AL Ak AT E. colixl®l BA7IV 2Ed|
2 e A == RpoSet 22 sigma factorol] 3]
BRodt= 7ﬂ\(Hengge-Aroms, 2002; Loewen et al., 1998;

o

2

Robert ef al., 1993)0.2 33 & 4 9lon =% o]g}
BAE A7} Fsolor & Aoz wekdn,

12

10

Decimal Reduction Time (min)
o
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Cronobacter sakazakii strains

Fig. 2. D-values of C. sakazakii strains at pH 2.5 TSB under
different adaptation time. 0 h (M), S h (&), 10 h (M), 24
h (#). Values followed by different letters are signifi-
cantly different (p<0.05) by Dunnett's test.
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Cronobacter sakazakii strains

Fig. 3. D-values of C. sakazakii strains at pH 2.5 TSB under
different cultivation condition. pH 7.2 (), pH 4.5 (H).
Values followed by different letters are significantly dif-
ferent (»<0.05) by Dunnett's test.

Survival of C.sakazakii under different cultivation
conditions
SFAkA B3 2] pH 4.5 TSBOA viFsE 7H$- pH 2.5
TSBo|A 2] DZtol pH 7.2 TSBOIA wjek3t 73--o) H]3)
Z7VsFAtH(Fig. 3). CAFM29] D2 2036502 YElt
a1, oRTF] DEE 6.2180lA 33.26% 02 YERdTh
EE 757} pH 4.5 TSBo|A] ket 749 pH 2.5 TSB
ool Diko]l FolFog FTHFATHp<0.05). cPETEF
oA EB70] Aol thgk Aol 7Pt FA vEebstar
EB57} Atell tigk #&de] 7P 22 Zo 2 yEputth
(p<0.05). =3} pHE}'.J_ zﬂ—;qg}_r: A4 5}7:]0]]}\1 242_6].
oTJiEP Hj et 735 7 gHelA e Dakel =& A
259] go] A2 &S ZoF wgdr) 53] 24
7ol g5t A9 thE 2EF 2 A wAF A
| 57182 (Leyer and Johnson, 1993; Ryu and Beuchat,

[
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1998; Wong et al., 1998) % 4H} 259] wxl A3
o TS T A7) FRlEolo & Zo = HArkET)

o

o OF
) =

B AJE XFTF C sakazakil CAFM2)S} 47)¢] oA
5~EB 1, EB 5, EB 7, EB 41)2 A}&3}] pHE 24
st A SO ARdES AWEIT C sakazakii=
pH 4.5 TSBol|A 5A1ZE, 10213t B2 A-8-3 4%, pH 4.5
TSBolX #-881A] %2 7Z-5-9F vlust] EB 75 Al2gh
RS #F7F pH 2.5 TSBolA{9] Dgto] %oz =/
UEFATHp<0.05). WebA] 2Fibd S0 283t i+
A2 B0 9] AdtAdo] =TFSIUT). C sakazakii=
pH 4.5 TSBollA] vjst 739, pH 7.2 TSBolA] w3t 7
¢} vlaste] BE #F7F pH 2.5 TSBellA|9] Dgkol
o)F o g FA YEPATHp<0.05). webx oFiHd 75004
HjeFet e TR A9 A o] TS

B A7 Tl C sakazakire P 8730 A8 7
5 g BN ARl B Ao bk
t}. o]2]3k acid adaptation response= C. sakazakii®}
H 2% 7} Ao A 9] hurdle technologyS Z]-8-3=t|
AoA FHAd Bl AAE AAEE AT F AS
Aoz HteEt

HAtel 2

o] A= 20098 Ftistar ShedT22AdH](209-
A-054-043)c]] oJ3f =L om ofof] A=)
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