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KIGAT T 2y AFAFo o it By ) M5 18 b 09 TE R WA AE 0 W AE A BRI R R
S Z M AARAR T B ARRERE A AT RSELITE  RARITREZAES
TR ALy B A R 0 ORIEIE ~ MR AR o KIAT AR ER T ik 0 47 AR AR R
TS RAERGEE > R A SRWMAREZERR TR HEE L FRTRE - K
B 98 B 09 8 4257 4% £ BIFDA/BAM (Bacteriological Analytical Manual) Z1SOZ X #7547
ARG ECE o W R AR R KB AT 1A & A ) B HE AR 3 B (B-glucuronidase) X A4F M
T EANIE R A NS 2 &R T 4- T RSO ER-B-d-F) ) BE B L 3 (4-methylumbelliferyl
f-D-glucuronide, MUG) %5- /% -4- &.-3-73] ¥--f-d- #] %) BE#£ 3 (5-bromo-4-chloro-3-indolyl-
p-d-glucuronide, BCIG) /K f# & A4 % 4 5 4-F I5 495 BF(4-methylumbelliferone, 4-MU)
K2 &4 W 5-i%-4- £-3-73] #-(5-bromo-4-chloro-3-indolyl) * “A st # T AR 3545 IK A K Y
WA % o BRRBEZEHREA L WSR3 E @ AR E fo ik A 5] 09 KIGAE 454
MBATEHUERR - P A 1RO15T A8 M - AR H FIF KRBT H46REAT
FoMRR o AP ASKREH R A LB - 3R AEEERS L Rt B IR
HI NG 3o A AR50 4 B SUAB BN 35 2 L-MUG (violet red bile lactose agar/violet red bile
lactose agar-4-methylumbelliferyl f-D-glucuronide, VRBA/VRBA-MUG)Z Bt 1t %& & 4 -
JIE B8 -X- %) 2 B EEER 3 3% A& K (tryptone-bile X-glucuronide agar, TBX) & Ak 64 1 3 =1 4%
I KAT0% © AT & & Rt & KH AT RIGAT H BORH kB - & R RIGAT
WY MR DA RAE 5 0 MR i & A S200F 4T RIGAT A8 - L TBX
Fr e R RSP E bkt KIGATH 0 M VRBA/VRBA-MUG: 4 A 50 144 & S il th KBy
AEH o RFEAE ik 8 RAE BAEST AN R ik 2 ARYE o

BRSEE | KIBITE - FIRETEUL - HEERIATE - VRBA-MUGHSEE - TBXIEE
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KIGHREE (Escherichia coli) B FEVERRE M
R R AR R - BIBERRRE 2 — - &
AEAER NSRRI BTG E - BT — 2
RIS S AT DA [ERR AN - R R FEHE 1L
- HRKIBREREAMNEYEFEH S ER
e B HIRAEHAERE T - KL RIGREE

WAERBHIERFIK ~ R fAEEER - 0k
EEARERE - AR RELEZEE - BA
VGG I RER [RGB ERYNE - SRR
B~ IRRHER -

WFFE SRR+ #994-96% I KIGIRE -
DAF D B vb P AR B (Salmonella) ~ EE K
TR R (Shigella) 5 BN #3F [NE (Yersinia spp.)E 4+
B-D-% %] I % 1% 7 4§ (B-D-glucuronidase, GUD)
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O HETEAEADHABGREREY » BEKEE
HO157:HT R g EEGUDEEER - Bl
RIGHRE T E2EEEE - A HAIGUD
RV - HiEECmEEEE AR ZE
SRR FTEARNBEENEL - B RZEOE
SEHHE 2 1 - B-d -7 ] S I % 7 (p-nitrophenol-5-
d-glucuronide, PNPG)&{5-5-4-%&-3-M5(IUk-B-d-
%)% 1% 5 (5-bromo-4-chloro-3-indolyl-A-d-
glucuronide, BCIG) * F14-F B EH-p-d-f %
P I % 1 (4-methylumbelliferyl--d-glucuronide,
MUG) * AMUG £ » MUGH] #GUD 7K fif
& A 4- F B JUE B (4-methylumbelliferone,
4-MU) » & DLEESNE365 nm)ESHEF - 4-MUE[
GELBEOENY - FIL - MUGE#IIAAIE]
BB R R BB E
EHHBY R EELY  ARROEELTES
FHERBGIREE - AT » 4-MUBYELHREE 2
FIFrR RS pHERE - KIS HEMUGZ
VRSB EE R DAER I E S - 5540
MUG ] Bl HAth 55 28 B ple o7 RIRF IR - AR
FHRGREERSHANH R G Z (BE -
HCR LR RO E R 5 18 B TR 1B T R A
EREEEF - HAETHEE HREEIKEGEE
YRR 2 R B R BISO 16649, 2 LEH
IR - W 8 - X - ) BB I P 7 55 2 B (Tryptone-bile
X-glucuronide agar, TBX) » E A (L2 H P fE
B 5% 2 B (Tryptone-bile agar) FRINE BYE
BCIG * GUDEEZ/KIERZ 2O E R - AR
B B SR R et 2 RIGIE R BE© -
WY E Bl iE A W - Hrh—fE
7% %1(Colony-forming units, CFU),Z SEHi G
%75 (Colony-count technique) ; 55— B i fife
%1 (Most Probable Number, MPN)Z{#% - CFU
AIMPN R R Wi 4 5 FH o b B 05 AN IR - h i
ERAERNBRORED o ARG EE R A
HEtEnE cmBars iR - SPGTEERERGTE
BRI MEEET BRI RS
o HR#HETERTEZ(E - iHEE i E

#F& Commission Regulation (EC) No 2073/2005
R EYIRYE - mECE S R E R E R
AR EOEE TR - B E B AR R
MEBGT RO BT R - K E B CE
TR - MBI EOE - i 2
HHISO (International Standard for Organization)
16649-2:2001"" K ZEFDA/BAM (Food and
Drug Administration/Bacteriological Analytical
Manual) chapter 4 Enumeration of Escherichia
coli and the Coliform Bacteria"" 2 /712 » 5F{d
W ERE TR R - DERIBIE TR
k2% -

MFERTE

— - BEE

Bk EH L Escherichia coli 541k » JE
EtZ & Aeromonas spp. 48k  Bacillus spp. 4tk
Citrobacter freundii 2% ~ Cronobacter sakazakii
28K ~ Enterobacter spp. 4%k ~ Escherichia her-
mannii 18§ ~ Hafinia alvei 1£% ~ Klebsiella spp.
3%k  Kluyvera georgiana 1%k ~ Listeria spp. 2
¥ ~ Morganella morganri 1¥£ - Proteus hauseri
1%k ~ Pantoea dispersa 1%k ~ Pseudomonas aeru-
ginosa 11k ~ Salmonella spp. 21k ~ Serratia spp.
3%k ~ Shigella spp. 4tk ~ Staphylococcus spp. 6
¥ ~ Vibrio spp. 2tk ~ Yersinia enterocolitica 1
tk - etk - BREEREE M EIE AL
R FC AT A A TR ORAF R ge Lo el B
B G B LR -

— BRAA
(HELEEISO 16649-2:2001.2 KIGARE PG
HEO AR ] mL 0 A TBXEGEE:
15 mL @ BETE - FERTEARE R - R
44°CEIE R 18-24/NEF » SEEL15-1501H
kB RVE 2 SEHCETTRN L R
CFU/g (mL) -
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(2)2£EIFDA/BAM Chapter 4.2 KIS A
SrERETY
WA L mL » A SSALMEEZL S e 5
EFL(Violet red bile lactose agar, VRBA) 10
mL » BEGTE  FREERER - HY
£ 785 mLZVRBA-MUG - {#558&
FEEE P R VRBA/VRBA-MUG » fA35°C
FIE R #E18-24/1\0F - DL365 nm UVEIR
B - #EAY25-250 [ BLAL B Y& (RAL B H B
B0 L SEHGETTET B - s is R
CFU/g (mL) °

= - BEUE (Sensitivity) RE—14*
(Specificity) it Ef
NEIMER 2 KGR E RIERGERE - 7
PIETERUEMNE R - HBE - D
IR PR S S B BT E R 10 uL (1 loop) » &1
HRESE R VRBA-MUG K TBXISE R - 4337
35°C R A4°CRIE RS E 18-24/N\HF - B BVE A
Re » DIAIE AR 2 S a Bt R BT -

 IBEEEHEIUE (Product
Recovery, Pg)stEs

R R mL » JIA9 mL.Z Wil B 4%
1% (Butterfield's phosphate-buffered dilution
water, BPBW) BL{§10 + 100 ~ 100015552 51%
BE o R 1 mLiG e AR EE » 45
HE AVRBA/VRBA-MUG * TBX f, TSA =fd#
BRE  FEBEECWERKEET2EEHR
Ba - RGPS EEERE - 575K VRBA/
VRBA-MUG * TBX } TSARS 2 A AH S E >
FiiEHETES#& - VRBA/VRBA-MUG K. TSA
FA3SCCHIE RS E 18-24/\F 5 TBX[A44°CHEIE
B2 18-24/\F - FHEEAVE R %L - VRBA/
VRBA-MUG ~ TBXE#FRLATSAEE » 51 &
KIGHRH 2 B R & 2 W EeE -

A~ mEERBEGE

Z)EBIFDA/BAMZ A=) 5317 75 1
U85 [(APPENDIX 5: Examples of Food Types
and Associated Microbiological Contaminants)
O FhER 57 KGR TS Y TR MLt
201 > 43 BIHKFDA/BAMKZISO 16649-275 73
TTRIGRRE il - ERERES DIE R
=] TEEUEHRES0 g - TN AFRERRA450 mL - B4
R I0fEF BRI - BB K P50/ 100 ~ 1000
100001555 R YRR  DISEARGT A ETT
B RSB B A mLiE A&
MA(ZEHE) - W5 REE =T N E R A
(VRBA/VRBA-MUG * TBX * PCA) * 4733~
35°C (VRBA/VRBA-MUG) K 44°C (TBX)fIE
#1824/ NFIR BT E MR ¥ 8 - 55 DAPCA
TEREIHERE - I35 CRIE RS =48/ N\ » BT
R -

fEREETER

wAERAETRELZ2HmEEEEE T
AT E B YR AR - HhRIGEE
PREFBMPN/g (mL) » #UKEESE =+ /\R5T
EHEEZ NS T 0 A T E R
MPN i fife 8T 8k 1T AR i B - B ATECE
PR ERG T BOE E T B - TR A i
B 2R o WIRREILSEARGTENE o A
722 EZFDA/BAMAIISO 16649-2.2 KIGHEE P
WRETEGE  ETERE/E R BERE
HEECREE - RREERINHE - S
HEEMRE - DEHSMERE T - B
e — -

— RKIBREZERERE—HHER

By 3G KIS AR B i B 75 Rt R RS
M > BAIVRBA-MUG K TBX 55 #5177 BRUE
I —MEEE -

TUE A - DI E 8K G2 B 4
54k - DAVY & 857 % H 82 iR VRBA-MUGH]
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[ FDA/BAM ] [ ISO 16649-2 ]
FiiE 1 mL K 1 mL
+VRBA 10 mL +TBX 15 mL
REE wEEE
TR AL PR AL
VRBA-MUG fEIER S
SmL¥FEES (440C » 18-24 h)

\ S . J

ElTes FHUU RS
(35.C * 18-24 h) (BEktn)
\ S . J
ST Y
BRI &)
—

B— - KISARE TR BUEZ BB R1E
it HUERIGIR B ERE E I VRBA-MUG K
TBX - FHEE R (R E)

TBXISEEE TR - RSN - HAMEE
O157:H7 2 F i hsf&t: - H vt s 2 ke
B3 BEUE398.2% @ (REER1.8% -
AN SUBRFEHREE95% NI IR B & E 4£ GUD
R HRIGEEMELOI57T:HTHII - H
GUDIEMERR G Z 5 EYIHEFHZ
o8 LR BEEAT E A GUDEE R &~ B Rluid
A (gus A) » HEGUDFEI A e LR -
H—1HE - DOERIGIREFERIL461% -
IR PAVY T #1472 B #R IR VRBA-MUGHITBX
BB ELETT R o K5 R BUR ¢ Shigella boydii
ATCC 9207 ~ Shigella boydii BCRC 15957 »
Shigella sonnei BCRC 159652 F (ks[5 1E -
HmESaEZH BER -8 -85
93.5% * BI51E2R6.5% - akieH » K5
BRREEBNEZEEGUD » B T &5/ Shigellafll

Salmonella"™" » AR E#E R IR Shigella 3
PREEAGUD » B EARCIAERT -

BT A F 1550 - LAVRBA-MUGHITBX
BEEMERIGER KIERIGRRE - HERE
BB — R AE SR — 5 -

Z EEERHEWNERZ R

FEP {5 VRBA/VRBA-MUG R TBX 2 £
BHEREE - LRIGREE 6K (BCRC 10675 -
ATCC 8739 » BCRC 15375 » 1051900930001
1041901111005 ~ 1049021113002) - sE{TE: &
ERBECEHE - SRETRRE T - BEE
B BB 3R : BCRC 10675 F5100%F1100% -
ATCC 8739 £573%#178.4% ~ BCRC 15375
F590.6%7F193.8% ~ 1051900930001 £583.6%
f183.6% ~ 1041901111005 574%F185% ~
1049021113002 %%79.3%7%173.1% ° VRBA/
VRBA-MUG K TB X35 % 5 19 B S0 B i 2RI 5
BEE =R . HIgRRT0% » FEEEE e

a5 v (16
FEHEN o

=~ AERNERE Bz BT ERIRET
Ty T TR H AR R GRER) BT R RIS AR b
B SRIDMEREZ TSBE BRI TESH
IFEEE B TRRa R REE - BTG
b AEBadtacet A - HERIEEER
AHELA AR - DR A E S B bl A [l £ it
EECBEHE -

F— A DATSBES B VR Ry He B 1T 5B -
AFR-KIGHEE (Escherichia coli) B BUF56.0 %
10° CFU/mL * Bffl - JERIGIRE Z VDM AR E
(Salmonella)&E# k4.2 x 10° CFU/mL » CH - I
KIGHRE Z 78 (1 K R B (Klebsiella pneu-
monia)E #6.0 x 10° CFU/mL » Dffl- KIGHE
Bl (Escherichia coli)}IERIGIRE (Salmonella
HKlebsiella pneumonia)lk1:1008Y &= L H1(6.0
x 10° CFU/mL : 1.1 x 10* CFU/mL)RINERSE
H1 > DIVRBA/VRBA-MUGFITBX #5252 S
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AT EERI ARG IRR W8 - SRER A
#H 5.8 x 10 CFU/mLA15.5 x 10° CFU/mL >
ER[EI R 53 B R596.7%F191.7% ~ B CHLZ 7
TR LSRG AGRERE - DI R4.9 x 107
CFU/mLA15.7 x 10* CFU/mL » B &R =Ry
81.7%7H195% (F—) - 55 » TSBREEWF RN
KIBHE » LIVRBA/VRBA-MUG K TBX 552
B B EEEEZ R 0 R/RDIVRBA/
VRBA-MUG K TBX#5% 2 545 n] ¥E i g By A5
FREE < B -
E_MHAMEFEERIThELEE &
HIEE 2 AR RKGRE » AREEEL.2
x 10° CFU/mL » HARMHAGER » (ERZEH
HIGH - BiERERBIFEERE T E
KIGRE B BRI F R EZ KGR
» AFHVRAN2.5 x 10° CFU/mL ~ BRAFRNN2.5 X
10* CFU/mL ~ CH#L#%/12.5 x 10° CFU/mL - fif
FHVRBA/VRBA-MUGHITBX 558 FL 1T
TEOER I RIGARR - BB AR © Al

2.0 x 10° CFU/mL#11.9 x 10° CFU/mL - B #§[=]
R F80%A1176% ~ BfHR2.0 x 10* CFU/mLA
2.4 x 10* CFU/mL » B EaIER £80%F196%
C#HE2.4 x 10° CFU/mLAI2.1 x 10° CFU/mL >
B B R R R 96%A1184% (36 ) » #5SREAT -
PLEHEEE10° CFU/mLA BB eGSRt
REMEE - EHERNIHERE R KIGE
M EEE DA EE AR EE
iR KRS AR B - I ELES A) IE R IR S AR
B2 B

- ThEE SRR A BIEE 2 R

AHFFEARIEBAMAEE - 158 52 RIGHF
B 75 4 2 B E AL 320 (R 241~ B4
e~ BB ARSI - &
TR R MR - TR AGRRE R
By - FERER (R =) EIMTFERA ~ #IK=
WG ~ BEKHE L KRS ~ PIBRR AR TBX S
BEMHABERR - B RAEEKHELE

OVRBA-MUG mTBX

100% 100.0%

100%
80%
i
w 60%
(Ed
i%:
T 40%
2
S
20%
0% Ek;_‘n‘
'\QQcj
9 &
%Q QV(S
¢ <

B - 2EE 2B EULE (Product Recovery)it

83.6%

S 73.1%
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= HWRHEERKBER iR

VRBA/VRBA-MUG TBX
Product Name PCA (CFU/mL(g)) (CFU/mL(g))
(CFU/mL(g)) Total Typical Total Typical
© (E. coli) © (E. coli)

TFFERZ A 8.5x10° 7.3%10° N.D. 8.7x10° 10
FIFENIKER 8.1x10’ 4.7%10° N.D. 7.0x10° N.D.
HERR A 1.4x10° 4.7%10 N.D. 1.8x10° N.D.
FEA 8.0x10° 2.6x10° N.D. 1.9x10* N.D.
£l 2.5x10° 5.9x10* N.D. 4.1x10° N.D.
fiEfh 4.0x10’ 4.4x10° N.D. 3.5x10° N.D.
N5 N.D. N.D. N.D. N.D. N.D.
i A 1.8x10’ 2.4x10° N.D. 1.9x10* N.D.
I =A% 1.0x10° 1.5x10° N.D. 1.1x10* 20
K 2.3x10° 5.0x10° 65 3.6x10* 240
HIoKHERS 3.9x10° 6.0x10° N.D. 2.8x10° 180
PRABRE A 2.6x10° 1.4x10° N.D. 5.9x10* 40
Ea kS 42x10° 5.7x10* N.D. 3.3x10° N.D.
A A A 1.0x10* 4.7%10° N.D. 2.5%x10" N.D.
HHRA= 1.3x10* 1.8x10* N.D. 1.1x10° N.D.
W)y £ 1.4x10° 1.1x10° N.D. 1.0x10° N.D.
] 42x10° 1.1x10° N.D. 7.5x10° N.D.
Uk 5.6x10° 2.5%x10" N.D. 1.5x10" N.D.
LA A 1.1x10* 1.8x10° N.D. 1.4x10° N.D.
HEAEEE R 3.0x10° 2.4x10° N.D. N.D. N.D.

" E. coli: Escherichia coli; PCA: Plate count agar; VRBA/VRBA-MUG: Violet red bile lactose agar/Violet red bile lactose agar-

-MUG; TBX: Tryptone bile X-glucuronide agar; N.D: not detected

*N.D.": < 10 CFU/mL (Solid sample)
* ™ N.D. < 1 CFU/mL (Liquid sample)

VRBA/VRBA-MUG K TBX 1% & B8 e H S
R » (HVRBA/VRBA-MUGHE: 2 219 HiiE
ARRTBXIG B E - Khefetnbati s « U5
R AR TBX3G = E Ak B (H F510 CFU/g ~ #i)IL
= VA TBXES E R B3 (520 CFU/g »
KL FATBXHIVRBA/VRBA-MUGH:; # 51
B (E 3 Bl 240 CFU/gk 65 CFU/g ~ B k%
A TBXE: & B ik ER{E F5180 CFU/g ~ 245
FRARTBXIG B AUk B {E F540 CFU/g - Hik
15 B FATBX . VRBA/VRBA-MUGE; & 1

PR HEARIGERER - E—F  WETBXIGEE
FAERRIGEREEARE - Mo BEREER
VRBA-MUG K TSA5#E X » 1 LIMALDI-TOF
FeVitek # 7 B TE - 8 TG R R KIGRE -
SVRBA/VRBA-MUGHE;# £ 4 EAHEE GE
HIEE) » IHEERTBXISEE  MEmts
HEAEPE 2R ErfAREEERE
(44°C)RYTBXES 2= B B i F — Al e AR R Il
F#(35°C)HJVRBA/VRBA-MUGHE?# £ » FHREH
IR 2 AR - B4 HENERLEEZ
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JEEEMAYREAR  KEBEFE ARG
FHNHIEGEF o ISR R R R -
Rl - HEmfE HTBXIG R R HER44° CE5 & ]
WL IE B 2 T8 EEFIRKE
FRE AR H -

i

R FE#5E RN » LFDA/BAM K1SO
16649-2. 2 KIGHRE i 58 77 15 B0 i UK SR
WA BT AR R (R «
BB (RIEME)  BEE AR EICEE
EERINRFER R GR S R =
5o gl LI VRBA/VRBA-MUGH?
BRARZHFEGEEER) HBEABESEINTBX
BrE A - HTBXESEE 2 H KIGIRERIE =
FAVRBA/VRBA-MUGH;EEE - HHRISOT 15
Sy SR VR RO B RIGAR R - BAEBEA
LIMEETRRM » I LERERELEE - 55
ISO7 A i Bath Ak T & LI - TBXEG =
EAERHERD - W KGR ER S R
Hi o R85 5 B i L B ik DA T T A A A
WF7e o (AL > LSO 16649-21F B 82T K5
FREERGE T EBOE 2K -

SERK
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ABSTRACT

Escherichia coli (E. coli) is widely distributed in the intestines of humans and warm-blooded
animals. It is often used as a sanitary indicator for monitoring the quality of drinking water and food. The
presence of E. coli is a strong indication of animal waste contamination. Consumption of contaminated
products may cause gastrointestinal discomfort, diarrhea, abdominal pain and other symptoms. The
traditional most probable number (MPN) method for E. coli count is an announced official method in
Taiwan. However, in response to the inspection needs of products exported to the European Union, a
plate count method is required. Therefore, this study aimed on the evaluation of two E. coli plate count
methods including the US Food and Drug Administration/Bacteriological Analytical Manual (FDA/
BAM) and International Standard for Organization (ISO). Both methods were associated to the detection
of p-glucuronidase activity from E. coli. The enzyme hydrolyzed 4-methylumbelliferyl f-D-glucuronide
(MUQG) or 5-bromo-4-chloro-3-indolyl-#-D-glucuronide (BCIG) in the culture media, and produced
fluorogenic (4-methylumbelliferone) or coloring (5-bromo-4-chloro-3-indolyl) substance making colonies
visible. The sensitivity and specificity test results were as follows: the sensitivity test for 54 strains of
different serotypes of E. coli, of which only one strain of O157 showed false negative. Forty-six strains
of non-E. coli bacteria, such as Aeromonas were tested for specificity, among those 3 strains of Shigella
showed false positive. The recovery tests in two culture media including violet red bile lactose agar/
violet red bile lactose agar-4-methylumbelliferyl f-D-glucuronide (VRBA/VRBA-MUG) and tryptone-
bile X-glucuronide (TBX) agar medium, showed higher than 70%. An additional test in fruit juice matrix
inoculated with £ coli and mixed bacteria was carried out, and the results showed that the amount of
E. coli was equivalent to the original inoculation. A survey consisted of 20 commercial products were
applied for E. coli determination. The results showed that E. coli was detected in TBX and VRBA-MUG
media from 5 products and 1 product, respectively. The evaluation data in this study would be used as

reference for revising the current official method.

Key words: Escherichia coli, plate count method, #-glucuronidase, VRBA-MUG, TBX



