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&R RASLEBAT ARSI EATAI > 34 E
VAJE B AR A 444k EATA)K }i A AR AT
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TRk st A = B (Cronobacter) Ry B 2 1
s BiEEEE M NEEE  NES M
HEERER - RIGEERZ Eh—BY - K
Tk s B FE R (Yellow-pigmented
' BE1980FH 4
R B I IS AR B (Enterobacter sakazakii)® - 2008
N BEE. sakazakii’s FEZE Cronobacter o
It & FH 6 {1E 25 A #U RB (Genomospecies)

Enterobacter cloacae) |

B BEEC. sakazakii
turicensis ~ C. muytjensii v C. genomospecies 1%
C. dublinensis™" - T H B EEE OO
F HAMHMEIR Sl - fF4°CHIERE THEE S
JEL > AI{E5.5-46°CHUIRE AR - FolERE
FER37°C - RS (Pasteurization) {5 {4:(62-
65°CHNZA30 min) Al E " H AT DAfERZ 1
HUEREE RS - IR — MR AR e 2R Ay
R+ FERE FHAMERR70°CRY B K R 5 B 5 10
¥ DURFEDD R R SRR AR R - B2 E

C. malonaticus ~ C.
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BT REAERNGED KAl EEAY)
R (Biofilm)RF 4 » PRI AT TE R 25 A e i R
FOFFRE - FIMIARHE B R P B
SeRER e E BN AR E BRI AR
GHEEHEZ T -

OO 5 AT B B i A R i R BR A BT
B AEZUEN - BERADERE - KIEEDL
RIEA BRI K TS ERY B EAEARE ¢ IR
R A RESEIEREIS R - MU RRSE" - B
SRR T B B BT T MR AR - (HEoK B
WS - BRI RIS - E
Fi RHEE - R4 R R
Ttk s Al b Bk Hh & SR S AR
MR o IR EMuytjens® AESfEH -
HERf IR B A o- B PERE T (a-Glucosidase)
WEPEYY - R R A RS R A R R D e 2
BJE - A04-F BRI i (4-Methylumbelliferyl,
4-MU) 8K 5-181 -4-51-3-15|I5(5-Bromo-4-chloro-3-
indolyl, X) * #& I 1E Fyo- 1 B EF B Y [ 2k 3
E”\Zi(ll-lS) o

O R o A B R A B 5 o g A B
R104FE N SR (Most Probable Number,
MPN)EF#GE"Y » BEE110E7THIH A
Mz TSR EY R, T HpR
I 5 A% B 2 H {258 R AT HE Bt o fiE H DU 82
RERZEW  REREENE - K52
MJFDA/BAM (Food and Drug Administration/
Bacteriological Analytical Manual) Chapter 29
MISO (International Standard for Organization)
22964:2017 "k B 5 2 (VA2 0 [ — ) e
fTEnterobacter sakazakii (Cronobacter)
chromogenic plating medium (R&F ESPM)
(FDA/BAM /%) ~ Brilliance Enterobacter
sakazakii agar (DFI formulation) (ESAE{DFI)
(GRITA % FFDA/BAM /5 i) F2 Chromogenic
Cronobacter isolation agar (CCI) (ISO /%) 3f#
R 2 R B RERH - IE B AR HY
REARIET M - SRAFDA/BAMZ funfie &

100 g &t B et 17 5 At b ek -
EREETRTAEREB T EZZS -

AP AR

MFERTTE

— - BEEK

F i E ik HIZE Cronobacter spp. 515k -
FEERREANFR— - a4tk - EEREERIEE I H
BN B LB RV A E IR R KT
R L B B i B 2 i S BRI LRI R -

=—  FFEERECBEREK

FEERR HREE
Aeromonas spp. 2
Acinetobacter pittii

Bacillus spp.

Citrobacter freundii

Enterobacter spp.
Enterococcus spp.
Escherichia spp.

Hafinia alvei

Klebsiella spp.

Listeria spp.

Morganella morganri
Pantoea dispersa
Pediococcus pentosaceus
Proteus spp.

Providencia rettgeri
Pseudomonas aeruginosa
Raoultella orithinolytica
Salmonella spp.

Serratia spp.

Shigella spp.
Staphylococcus spp.
Streptococcus spp.

Vibrio spp.

L I S T N R U e O L N N N B " S TN 'S T N T SO S

Yersinia enterocolitica
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FDA/BAM (2012)
Chapter 29: Conobacter

IS0 22964:2017
Cronobacter spp.

( \
AL 10010~ 1g

#4100 ¢ KA 10g
+BPW 900 ~ 90 ~ 9 mL + BPW 900 mL +BPW 90 mL
L (&= £if) (10 % 419 (10 & 418
!35°C 18- 24h !36i 1°C, 2442 h ‘34-38"& 18+2h
p
% 10mL 3 s 2 #i% 0.1 mL
+ EE broth 90 mL (40mL/F) +CSB 10 mL
\ 7
- 55C. 1524h !a; < (3000 xg, 10 min) - 41541°C,24%2h
{ \
FIEAN [ 4 «%n’? LR [ 314>+ CCI agar ]
| VRBGAz ESA | !415i1°C,24i2h
; ‘35 C, 18—2‘4h 4¢ ~ PBS 200 uL 50 A EE
EP D 2 B AR Vortex 20 7}, %]ﬂ,« TSA
fT o At
(_FoHRETsA !34-38"@21 +3h
- 35°C, 18240 4142 100 pL %+ [ e ]
[ HuER ] DFI agar % R&F agar
- £4)

‘36:& 1°C, 18-24h

R

)

B— - iR E B (RIEAEIE )Z*A%RE/IIL

N

==

Soo
ZIX

BUE (Sensitivity) RBE—14
(Specificity) F B

EAEE S IE AT R E T RS R — 1
B o SBa AR © $9AYBHI (Brain Heart Infusion
Broth) BB EZE R 10 uL » 73 Bl &4 A 3 FHE: 1
E5EEL(R&F ESPM ~ ESA ~ CCI) » 43 BA36°C
Fe41.5°CHIE R 18-24/\FF » BB % AR

o

(R&F ESPM : ESHEVEE K E 5 ESA @ EEfk
Bk DAEHBERESTHRENE

E&%F&z P o

= EEEAFEHEUTE (Product
Recovery, Pg)itEx

BHIM R 5 W1 mL » B4 % B0 4% 1 1K
(Butterfield’s Phosphate-Buffered Dilution Water,
BPBW) 9 mL -+ {&FELfH10 ~ 100 ~ 1,000
RV o S BRI mLIEA
BRI - o3 Bl ] ASTE#E I 35 B M TSARS &
F(HRH) - BREEH AR AR E R - f

E 5% 18-24/N\FF(R&F ESPM ~ ESA ~ TSA :
36°C » CCI : 41.5°C) » FH UL TA R - I
SHEEBECE (Product Recovery, Py) ©

(%) = TSAREEEE

x100
- MEESE ARG

AT EERY) R 2 TS Emt
151 » DAFDA/BAMAg B f ke 3Tl ol s e 5t
Theks - fBEiiARan T « ERehage DU E R
PEE] - RS 100 g @ A ZE I R AR T
(Buffered Peptone Water, BPW) 900 mL * i& 5

95 136 + 1°CHIE4 + /I (TR
B o IREVARTE40 mL > H:2%8 (380 mL) » 435!

B S0 mLEE(VE > DA3,000 xgBiE (210578 - £
P EEWR - DA AR RS PREE OB 2 AE
TN A W IR B % 7% (Phosphate Buffered Saline,
PBS) 200 pLENFESUIUEY - HEE45 -

U100 pL K —#fRE 2 (10 uL)ZR&F
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ESPM ~ ESA K CCIHG & B HETT Bk e B 1S
#EH(CHM®K) > R&F ESPMESARSEEA36 +
1°CHEIE R #1824 h » CCIEFEELf 41,5 + 1°C
FIERE24 £ 2NFF - BIEPRER 2 AR
ARRE o TRESEIRE B R&F ESPMESEH: E i
BENEIKOEE - EEMIEEEEE RS
EEATRHEOHR ARG AI2EGAE
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FEREETER

HESREN L EHEEHES LR
S BT AE Y EAEAE - KA RIS
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i [RERERME  BKFEEE =T/ BETE
FHEE 2 A Sibs Ak - Bl S TERN
MPNEHEBGT UL ETRE - TREEBEH
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1SO 22964 FHRER R B 7 LT E MR H k2
A -

— ~ BRI
AHFFELAFDA/BAM J5 1 (E By £ E g BR i
122 R R e s IR FDA/BAM K
ISO /7L F 2 # B 3% & 2 (R&F ESPM »
ESAKCCI) » B 2% i g f oo 52 56 17 B
ELo-#ERETHR R  ZEREEE
ERNEEOFEES-R-4-8-3-15Lk-o-D-ALIE
) EBE T (5-Bromo-4-chloro-3-indolyl-a-D-
glucopyranoside, X-a-Gle)7Kf#E £ 2 EBYE
(X) » DB SR 85 R A R Ay A v AL

1=
7

B ERERERE —HHER

R e e S E AR B AR B R 2 R K
Bl » DAR&F ESPM ~ ESA K CCIEZ £ £t
ITERUE R E R

BRERE - DLEEREES 15 R

R&F ESPM  ESA K CCUSEELEFTIGH] - 5
REUR | TuiEsA R R B R A A
M ERUEAE R F100% ©

HMEE - DUIEEERESE445% - EiR
JAR&F ESPM  ESA K CCIRFE FL Tz H]
FEHREER {2 Proteus vulgarisTAR&F ESPM
BEEREZBEME - SURTEH - P vulgaristh g
EEo-B AT - 7] IR EIRE
JBEA AR E" » {HProteus spp. fEESA
K CCIEEE I - AT SRV 8B+ 1F1E
T gEAR(LE  PRIKBREE » 81w
IR E B ESANCCIS &R o B EK
o WP LA - HEProteus spp.. 2 IR L& A
R&F ESPMEZE A [ » BB v i S AR B R B
Al BREIKE - SiRAIZEEE - (HR]
DAFE st — 5B (AT Vitek 2 ~ Rapid ID 32E5Y
MALDI-TOF) A hERd S HER

A A B A4 » ESA B CCLES 2 Bt Hl
SR At o b B 1% 100% 5 R&F ESPM
BEEZHER97.7% -

= IEEERHEWNEZIERT

B2 (R&F ESPM » ESA K CCIRZ & 5L
ZRHE » DA RE IR B B 9PR(BCRC 14153 »
BCRC 13988 * BCRC 80027 » BCRC 80295 -
BCRC 80585 * BCRC 17990 » BCRC 17992 -
BCRC 17993 » BCRC 17994) » {1 &5
BRI R - S EETRIRE T - R&F
ESPM  ESA K CCUHEER#[a=E : BCRC
14153 55133% ~ 107%52113% ; BCRC 139885
100% ~ 80%k283% ; BCRC 80027£599% ~ 86%
5299% ; BCRC 802955580% ~ 73%2100% ;
BCRC 80585596% ~ 79% . 93% ; BCRC
17990 5591% ~ 75%5285% ; BCRC 17992 %
73% ~ 73%:80% s BCRC 17993 592% -
87%K2124% 5 BCRC 17994)%92% ~ 117% k%
108% = 37 8 Bl 7% & B W Eal e =R R
70% > FFEREEEL S MEREEHE



42

RISV ST

R&F ESPM GESA ®CCI

140%

120% -
L4 100% 99% 9%
100% s I SO
L oped 83%
:f § 221 ’
80% R et :

80%
73%

2223 03‘60§

60% el

(%) Yd#% B Wm;
e

LU s

0% | fogs

2240000000000 0000000000000000

goiozooooo“oi‘ooiozoioooo-‘ooﬁ =

T T LT Tesesells

0% o 5 Lo
Crono.
BCRC

14153

Crono.
BCRC
80295

Crono.
BCRC
80027

Crono.
BCRC
13988

100%

117%
1! 2 108%
o6 93% L’
9%
=

o
2% 570,488
91% 85% :.‘
5o, 73%  80%  pTRl_ted g
. o

‘g 73% - [hed

Shabbbbtan0e
>
:
e

2 ok
Crono.
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B - &5 5EEE 2 BEEIIE(Product recovery, Pg)itEs

» BEIRINRCE R B RIS ERERES
Ry T IR H AR B (R R R il v
TR B B I DU TSBRESE TR
M EERER I BEE - ETRINE
o o AsAbpdtaat —alEls - HEBEEER
FHEAA IR - DARHE R D09 E HAR S R E H R
el L GIS 7
F—rHLATSBES B WU EE 75 - B
B A I e DL E A R A B 9 F E AR TR A 7
DAL+ 100LE B2 B EEATARN - AfH- 50 R 3G
T 8 (Cronobacter sp.)E#F1.6 X 10° CFU/
mL > Bif-ZE 8 7o 85 (H R E (Klebsiella oxytoca)
H#0R2.0 X 10* CFU/mL » CHl-7E RISIEE
(Enterobacter aerogenes)# %1 }%3.0 X 10" CFU/
mL > D#fl- 5 5 157 5 J& (Cronobacter sp.) K
EEFE 0 E A K E (Klebsiella oxytoca) & #URs
1.6X10° CFU/mL2.0 X 10* CFU/mL * Efl-
LA SR B (Cronobacter sp.) M E RIS IR E
(Enterobacter aerogenes)E % %1.6 X 10° CFU/
mL 3.0 X 10" CFU/mL * FiHl- 50 & #5458 B B
(Cronobacter sp.) . IE B E (Klebsiella oxytoca

K. Enterobacter aerogenes)E % %1.6 X 10° CFU/
mL}25.0 X 10" CFU/mLRMZETSBES & »
FIR&F ESPM ~ ESA K CCIFGE F DS G
FEAR TR SE IR R - AR ¢ AR
F51.5%10* CFU/mL » H#EIEF93.8% * B
RE Rz CHHE A 3 T8 i !l 55 25 25 B R e HH D R 36 A7
B » DfLR1.6X10° CFU/mL ~ 1.4 X 10> CFU/
mLK21.5X 10° CFU/mL - B EE % R100%

87.5%/%93.8% * EfiF51.6 X 10° CFU/mL »

1.2X 10> CFU/mL}21.6 X10° CFU/mL * F#
[EER 5 100% ~ 75%F2100% » FAl k1.2 X 10
CFU/mL ~ 1.2 X10* CFU/mL 1.4 X 10* CFU/
mL - B EEICRET5%  75%87.5% (&
D) AERET  Hamm R EERNESEES
HRIFE R EREH TR 2 REAEE - BiE
B AT pE B R 2 W EAEE - BB
FETLETS% L - U E BIEREIEE R
FILAL  100ELB1 2 F &R EE R - 1%
BHERPEE SR E T - B
REEY RLAF -

E_HDTESRERDH BELESR



Typical
1.5% 10>
ND
1.5% 107

CCI

Total
1.5X 10°
1.5%x10*
2.6%10°
2.1x10*

Typical
1.5X 10
ND
ND
1.4X10°

ESA

Total
1.5X 10
1.6x10*
2.8%10*
1.6 10"

1.5X 10
ND
ND

1.6 X 107

Number of bacteria detected (CFU/mL)
Typical

R&F ESPM

Total
1.5% 10
2.0x10*

3.1x10"
2.1x10*

1.6 X 10
2.1x10*
2.9%10*
1.8x10*

Non-Crono.
bacteria added
(CFU/mL)
NA
2.0%10*
3.0x10*
2.0%10*

Crono. bacteria
added (CFU/mL)
1.6X 10
NA
NA
1.6 10

» TSBEER AN EE S EfER

Crono. + K. oxytoca

=—
Treatment
K. oxytoca
E. aerogenes

Crono.
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FHR RN Ak i SR I R 2 i R

s | £
X x 8% x BTG ER TR RN ER
- = |§2 2t o AR R R SRR
e |£5 IV 32 EC b BRI - 53 DL B B 1 Oy 0
X X 25y G Sein ABPWILE G194 - [EFSITHE%
¥ 183 DATS A B 5 Fo SR BB 2 5 55 2 BB -
e |33 AR B SR & et (Rl - P —
X x8l3 TR INEER « SRS R EER
== |tz 1.2X10" CFU/mL » H AR H it R -
== (5% B SRALIN ABPWIL R A9 5% + IEFTR A
5 X 2|2 g & - ARHVR I8 CFU/mL » BAHZRNNS.0 X 10
R £ CFU/mL -+ CFA#RA18.0 X 10° CFU/mL - ff A4
S = 3 B A SR A S R A
X x 8 §§ J& - EWATT © A#R8 CFU/mL + 7 CFU/mL
== |£5 J29 CEU/mL - BBEI T 100% » 87.5%
== |2E 112.5% » B }%7.3X 10" CFU/mL ~ 7.4 X 10
g g 2 %é CFU/mL%7.7X 10" CFU/mL » B BUEIER
o< ?;: § 91.3% * 92.5/%£96.3% * CHl$47.4x 10> CFU/
5 |zt mL ~ 7.2X10° CFU/mL 8.0 X 10° CFU/mL
S8 2 S AR 592.5% ~ 90%F2100% (=) » #f
AR BT - DAEETEE0 CFUMLIS A B2 117
v |¥E WK R B - SRR S SR B R P A
- M HE - SRR I R LR 2R 2 IEE
“F |55 PRI BT B WIEH L - 3 LT TR
ggg HIER ZEH&E -
<%
e |§31 B HEERIARBSEBRERSE
X% 2 B MERE
$I1T 0 RRORERAZEGELLSE
g |<5¢€ (B EL O ~ W30 ~ BEED1HF ~ SRR
Y |55 8 HARITURETRE - ASRNRNFR
Y O|TEY HHEMEELR - AR RBERA)R
oS |TET  R&F ESPMEGEILEHIAEE ; EEH2AE
3 O|vES P (B OTR ~ f5 A SR FAES A T CCIE 2 2
12 |58 B AISE IS TR T DACCIRE i
Sx | 235 ENMREBMETSAREE - DlViek2 -
$ § T;; § ITL Rapid ID 32E * MALDI-TOF K Real-time PCR£
SE |28 (THEEE WML HERIREmES
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Crono. Number of Bacteria Detected (CFU/mL)
Treatment bacteria R&F ESPM ESA ccl

added

(CFU/mL) Total Typical Total  Typical Total Typical

Probiotic Milk Powder NA 12X10" ND ND ND ND ND ND
(PMP)
Experiment A 8 1.0x 10 8 8 7 7 9 9
(Crono. + PMP)
Experiment B 8.0X10" 12X107 73Xx10" 73%X10" 7.4x10" 74x10" 7.7X10" 7.7X10'
(Crono. + PMP)
Experiment C 8.0X10° 1.4X107 74X10° 74X10° 72X10° 7.2X10° 8.0X10° 8.0X 10’

(Crono. + PMP)

* Culture media: Tryptone soy agar (TSA); R&F Enterobacter sakazakii chromogenic plating medium (R&F ESPM); Brilliance
Enterobacter sakazakii agar (ESA); Chromogenic Cronobacter isolation agar (CCI); "NA: No added; © ND: not detected (< 1 CFU/
mL); * Total = colonies of Cronobacter sp. (Typical) and non-Cronobacter.

M~ EERNERIEERE AR

R&F ESPM ESA CCI

Sample TSA - - - - - -
Atypical Typical Atypical Typical Atypical Typical

EBEEED) - - - - - - i
SULND% 3 ki)
FREAH (B 2 2E TR
ERENE
IR ER - - - - - - -
FEELEA R
E TN
BeET
Wk (E2EH)
trE R
B HE T3
Kt

+

FERRIA (false positive)
REREEH ¥ + : * ' ! ]
SRR + - - - - - -

+ o+ o+

+ o+ o+ o+ o+ o+t
1

+ - + - + -

+
+
+
1

* Culture media: Tryptone soy agar (TSA); R&F Enterobacter sakazakii chromogenic plating medium (R&F ESPM); Brilliance
Enterobacter sakazakii agar (ESA); Chromogenic Cronobacter isolation agar (CCI); ™ -: No Growth; +: Growth; © Atypical: Non-
-Cronobacter; Typical: Cronobacter; * false positive: Proteus vulgaris.
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BEAR AR - AE AR RSN
FFEAAIT R ; MEFETCAIAR&F ESPMEFEREL
AR ZAIBER o RSB BIRE R P vulgarisTi
IR IR R - LRk AT — 1%
AR ZAE R o AWPITRE R - A2 IR B
fofEdl H LA T2 R B M0 LTE ~ #55
e HHieREsa TR - H3E IS B R
#ﬁ °

A

AW FERE R » PAFDA/BAM Chapter
29 K 1SO 229647 # 5| 3% % 5= [Fl e fg Al v FE 56
REE - MERE IR 23R R
FL(R&F ESPM + ESA K CCI) A FUE &l b (s
Bk - E—-tEERka(RiE ) « B5EE BT
5k - BERINAOERRE - EESEN
AL RS R E RSk o
R&F ESPMEG &R & HEMERIRESA K CCIHS &
FME  ([HAT SRR B r R R E R EE T T LA
HERR - ZEEREPTRE Z B F K - At
FE RS A5 B2 B FDA/BAM R B i f2 L 1SO
B ER BRI A SRk -
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Evaluation of Test Methods for Detection of
Cronobacter (Enterobacter sakazakii) in Foods

SZU-CHING WU, MIN-LIEN YEH, TSUI-PING HUANG, CHE-YANG LIN,
SHOU-CHIEH HUANG, SU-HSIANG TSENG AND DER-YUAN WANG

Division of Research and Analysis, TFDA, MOHW

ABSTRACT

Cronobacter, formerly known as Enterobacter sakazakii, is a genus of Gram-negative bacteria of
the family Enterobacteriaceae. Powdered infant formula (PIF) contaminated with Cronobacter sakazakii
has been confirmed to be related with neonatal meningitis and septicemia. In Taiwan, Ministry of Health
and Welfare (MOHW) has promulgated a method of the most probable number (MPN) to estimate
Cronobacter in foods in 2015. In response to the needs of laboratory inspection, a qualitative method
to test the presence of Cronobacter in the food is required. Therefore, this study aimed to evaluate the
performance of several media used in qualitative methods for detecting Cronobacter established by
the MOHW, US Food and Drug Administration/Bacteriological Analytical Manual (FDA/BAM) and
International Standard for Organization (ISO) 22964. Considering the sample size and the convenience of
operation, the inspection processes of FDA/BAM were adopted. Three commercial chromogenic media
were compared for the sensitivity and specificity in detecting Cronobacter: R&F Enterobacter sakazakii
chromogenic plating medium (R&F ESPM) (method of FDA/BAM), Brilliance Enterobacter sakazakii
Agar (ESA) (method of MOHW and FDA/BAM), and Chromogenic Cronobacter isolation agar (CCI)
(method of I1SO). The sensitivity was 100% for all types of chromogenic plates in detecting 51 strains
of Cronobacter. Only 1 strain of Proteus vulgaris was shown false positive in R&F ESPM, so that the
specificity was 97.7% for R&F ESPM and 100% for ESA and CCI, as evaluated with 44 non-targeted
bacteria. The recovery rates were higher than 70% for all types of chromogenic plates. The effect of food
matrix was evaluated by spiking probiotic milk powder with Cronobacter and the final colony counts
out of three commercial chromogenic media were comparable to the numbers of spiked bacteria. Finally,
15 food products were tested, and Cronobacter was detected in two products which were not food sold
exclusively for infants less than 6 months of age. Based on the results of this study, the official test method
will be revised toward the use of FDA/BAM method and ISO method chromogenic media.

Key words: Cronobacter, Enterobacter sakazakii, R&F, ESA, CCI



