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MORBREEORE LAERE S, ERES LoMERETHY . EEFBE TR
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NIRRT, IERIES - BUSTATRMBA A RITHYS L. TORSEHRE LT E.
coli RAEARFD R TRY, BROWE L, BEOHRSERLERTHZ LARETHS
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£0.2°CT 24+ 2 BERIEE L. oV ARERED b, KBHEEL AELRBIC X ) XBE
HThDI L AHRIWEER TS, THbLEERNBEROC 2 Th5, BB, %
BERABEHE EizbDD5 b, IMVIC BBREEREL, £OF -5, [++——)
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Wi\@Ww%ﬁﬂyéﬁ%£ﬁ£6%®ﬁﬂﬂt\%WKE)wh%%ﬁ%%éﬂ
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coli & &, HMBEORSEKREEIT 34 FEARERE S0 BOE 1 BED A
ZOBFEERIORRBWC LVRE LR, Tk, KBEBERE I OXEERE MPN &
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hTnwa,

SEH TR, 7 XRICBWT, 19 BEOKES 11 BIEH O KBEEOR HRH
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FaINTBY, 5 XRICBWT, 13 BEOBEP 4EBHEHI D XBEIBLHENT
AR

o AMlFHICHERETHNATELZBETCHRWEREICEL T, KIEEFEN 9 X
BRIZBWT, 20BEORBRED 15 BEMSBREHIFE S, REBEE 4 XMICB
WT, 6FEHEORET 4L EHE CREABRETNLTNS,

o —F., BRBOAVIE L TIRRBERES 3 XRITBW\T, 4 BEOKRET 38
FoREINTELY, LEFEICEL TS 95 percentile fHAS 1018 cfu/g &5
EWEEFEINTWDS, KBEIX 1 XBREBTS 1 BHOREOHERETH SR
BHER TR,

3— 2. MABFFENESRR D U E O HR R

FAUH, BFE AFVAR, KAV, AR, bwH, @#FEH, vv—¥7, —
AMFUT, ZI9VR A—=APIT, RAAF— Fa—n TLUrFUFE FY
¥, TARSGUY R, AZVT, FTAANT R, A RSz, FFTVF, JLT=
— WA INFN, BTN, AT —F v, AL LDF 25 ¥EE EU 0RHE
B BECBWT, BEAVERORYE - EEEZE TS LORRVIRAERTR
o, —8. WHO BE L diERZ2E,

BMIL, MRS ZERAFEFOREEOREY Th b, RSILABSUVEHMD
BNRBERARCETARKEREEE LD S,

oML LTHE - ZEZF L TWeDiF, 72U, TH, BEOAZTH D,
T AVITHAERBIVCY vyE— CGRER. D VIEIAE) L LT, KB
BEEHI<100 MPN, KFE <10 MPN, ¥ EXTRBIHBINAZNT &, BHE
$¥H3<50,000 cfulg, BET FURENR<IOMPN & WA RBKIZR-TW5,
FETHAELEA R F b REEAEIRMEARE)E LT, KBEH
M<240 cfulg, RBENBH SR WVWI &, BEEKN<300,000 cfu/g, AT
FOKED 001 g PR ShinWZ &, PAERTH 25 g RicEP SR
W2k ko TINA,
BECHBARL@E, HEAEMGEAMENRMRBIE LT, KBESKRH SN
RN b BREEA3<3,000,000 cfu/g & 2o TWB, |
e {EV 7= ToEMEresh dough) D& - BEREICEH LTI, I FHFBKRBHEICLWT,
m=10, M=100. n=5, c=2 E WIHIBLEFLTHY . F2—"BEERKGEE
N n=1T<10cfulg LWV HHEFEEHFL TS,
o IEBOHEME BRBIZEL TR, A1 UARBE<I00 cfulg PWHHEBEE L
TW3, | -
® EWNBONVEDEK - BEICEL T, R4 A, TALFV R, AF 05, A
A CICHBERFEEL,
ZA A FERBEAMN<10 cfu/g. BREHA<1,000,000 cfulg, 7 K7 EREH <100

5
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cfu/fg LWIBRBREELTWDHH, FERETOH RS EMIZIKRBEOHEIX
BRENLRWEOEEREERHD S, '
TANT Y RTHKEENB<20 cfwg BEE LIS, 20-<100 cfufg BER & &
NTWE, Ei. KIEE 0157 RUZ OO VIEC( uHEEEXBR)IL 25g &
EHENRWI & L &h, BEHIZ<10,000CFUg BEE LWE Eh T3, A
F VA 13<100CFU/g BEE L< 1,000~<10,000CFUflg BEER, ooy F—
1T 2bg HICBRHEENLARNWZ &, YAV o BiX<IOCFUg B FE L 10~
<100CFU/g BEER, VAT UT « £/ ¥ FFFRANL 25g PIOBRHI 2w Z 23
9 L< 25g F<200CFU/g MR, VAT VT - & /%A WFPZRRALSNDY AT Y
T 26g FICRHE SN2V Z EREE L 26g F<200CFU/g BRER, PAEXRT
I 28g FICREIhAWnWZ &, BAT FURBEIL<20CFU/g BE¥ L 20~
<100CFU/g 2385, By U A0 25g PICBRHINRWIZ L BEEL L 25g
<200CFU/g BER L WO FH L Ro> TS,

T o AT REEE<1,000,000 cfu/g, FET F7EREH<500 cfulg, RS
EHEBERDBRITIRBENRZNIE, EVIHEERLTNS, A4 X
KIBEIM B IR b, EREBERETEZ 2 X MY ¥ 7 A RN<L,000
cfu/g, 7 EH3<500 cfu/g, $LTR T, FRAEL 30g FIZHRHShQnWI &,
BETFUREN 0.1g FlZBRHSARWZ L, BB FNVEREx T o by
VyBRHERRNI L, BERP<B00 cfulg EWVWHIBEBREE LTV,

AXY ABFOREELSIE, [A42Y A RBRIMCMEBNEZITR S BE
BERIEDWTOMRAYFBREEIFEELRY, PAEXRT R EOREAERRD
BOMBITZBENWL_ANTEETLIZEED-oTH, B, AETAHIZEOTED
HTHEINDIRTTHD, | EWVWH a2 A hBE-TER,

4. FOMOFEEFE

4—1. RBE#ELIOXREBE OIS E

ME CRERGMER, —TCRECBTAMAFREBEE LT, BEE 10 4011
%BECORE (DB LTRSS : EBEN, E. coli DL ZEKICONT.
WEERD AV EERFTCO D EE2EFH L2ER ICMSF, 1996) X 5 &, 60C
W1 2 D EDR 0.26~2.64 2 THD, BRI HTIREEREE T4, B
GEDENFOEETO E coli O15THT7IZBE L, 64.3CIZEIT2 D EM 0.16 43 &
WMEINTND,

4— 2. OWMEOBERIER LU HEEEOEL &M L 2 0BEHME
 BBEERLDVEASCVERICEELERRICOVWT, EATORBORNERL B
TWBDE, RKIBEDIEMT, ¥ATXxT, KA, AT FUKRE, T LTRET
FOREOT 7R b XU Thd, BEBIUBREMNZBLTALNZRER
ME - LT, it Ly RERLE (SERAFFEFREE, ICMSE 1998) .

6
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TALOHMEB L CHEERICOWT, ICMSF (1996) 7 HFHR O b o NBEE &
T H DEEZERIICELDD, EVURAEFRLBET RURFET T b F %
&, 63~65CH EOMEAIC X VEMICERHERET S L RREND, EVTR
ML 100°CTO D ES 4 SUETH B, 121°C TIED TEMFR TRBT 5. FE
TRUBRETT T IR, 120°CG’))‘J'|]§¥HCJZO"C% BRERAMMB 105D 11
BAHETIE 20~40 B EET B,

i, HEETNURBET LT e M UUOEER, BE 10~48C, pH 4.5~9.6,
KATEME 0.87 BETRDONE, EHEEAHTOERELR 6~ THHETEZBZ L
MH#E S TW3S (ICMSF, 1996) , BB v A&HOBETRIZE W T, #h 20
~2ACLUTIREEINE-THAT, EANICIE 2 BREEE, SVOBEICIIE
HEREPEEATH TRERDAICRENET L, SFAWEIMTRbI 3,

4 — 3. WENVEBEERREORNEHRE & BH
@Wﬂyf—w—tﬁﬁéﬂv®ﬁm%#t5wtﬁmﬁ@ﬂy®%%$ﬁﬁg
28 10ICEL DB, FOEEX 8~ICCHUEIET S, PORESE=F—LETF—
ZTik, OB BT B T0CH ORI 3 S ETh -7 (F1)

V E:HEBE

AFEICIBNT, Eﬂﬂ%a@L@W%ﬁh/émwﬁﬁﬁﬁﬁﬁ FEMEt a9
FERAOKFEAERMOFBERERERICET S XRERE OB BFREFROINE.
ENAEOHEERCET I RBEBOREE, BEASVEHMOREREGOTZE. E. coli
ZOMMEOMET L AR EBORELER L7,

FOER, BEAVEROEZLZEMBTHAIERIZR, HASETORERE
EBWTRKBEBE T TR ABEIIAFELERNDI2BREOCHETHDONEZ S
BHREEHTBY, MATROLNEFREBZEEN AR I EHITIZ, BRI
BERTARBEFENETR N ERRERE, ZEE, BEROBRERAA AR S
DRBWCLY, AEALOKREEICEL > TH E. coi BB E iz,

—F. EAZRV T, AEASVEMBEY T AHERRICH L TKREBEHERHEZ
ROTWBEOIFEELET TS,

TREDI LN, HHEEMRMNE - MARERAEELICHT 2HTORS T
¥ELTO E. mh@&%%ﬁn/éﬂhﬁﬁ?é Lk, EEizAbinwboLrE
2B

B SEME, RAEFMCIERTNEING, POREOCHERIL, E. coli £DH
WENAEMEFRTIEAXMMLOLAEEENIMELER I EDIDCT 27
LD THD, BEERHDVEANVERBCBELEERICONT, #BEAEOCHEY
WEOFELRVHEIVEBEEPREI N TWAME I, FLEXRT, BEATFY
REESRH L, RrOMBALHEEZE T L, BEVAERIIK L THROBRE DR -
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BEBRETDILIEONT, MLXFRTAEBIEIED BN,

INEBRR BN ERBERL D B LY ABRFRCEAT FURET V7 v MR,
BEONEERET TIRARE LRWREMEE R 5, LEdo T, BREEEOCORE L 25
HEEREETERY, LOALSEORETRELERY . BROGBE ARSI,
FAMELED, WIhbmrFu bV Uk Th o, BERICNABREBRSERELE
FEETHEFEEELHE SN THARN I EME, REST, MATEEROHESZERICS
WTORSRBEEFICRET 2RVERIIED b WL B2 2,

VI URZT7u7zgA)L (8)
BERANVERMDORSFEBREELICEL, BREESZESCHMT3BTRHT 7200
DVRZTa7rAV (F) 2HEOCISICEEDE,

HiEE

SEDREICBHE N EE Lie, BEASVERA —F —BHRES, B HSES
BIEET. BAhZERAIRET. MAKBARARERSI L & —, MEEARRGHRA
HRENS. ERASMEYEBEERSICMSP) A L A—&AL, L TELEELA&E
AR RSN EEETEFREC, B LET,

- BEIR

Richter et al (1993): Microbiological quality of flours. Cereal Foods World 38(5),
367-369.

ICMSF (1996): Microorganisms in Foods 5, Blackie Academic & Professional
ICMSF (1998): Microorganisms in Foods 6, An Aspen Publication
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R1. BRRRORSIS

BEERDDYE RO
EINEETAERSR A 100,000/g LA . KiEEBFIEME
MBFERSERR
RESE R EL AEH 100000/ LI T, KIGEEEE
EIEERTRME ARk 3,000,000/g LU, E. coli [21£
EERAERENE A£BIR 100,000/ LA, KEGE I,

BAEJVARHER 100 LT
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#F2., WEAVEMBLRERBTHEATICBITS, BEAvEHRE B IO/ NEREFEOK
FEERER B TNTE. coli OMERE

EE AL BE KipEE (MPN) E. coli (MPN)
ISiE/10 =B =E BEE/10 &iE ="E

s 1 8 <300 2300 0 <30 <30
2 9 <300 2300 1 36 36
3 7 <300 4300 0 <30 <30
4 10 920 24000 0 <30 <30
5 6 <300 - 2300 0 <30 <30
6 8 <300 2300 0 <30 <30
7 10 920 9300 3 36 36
'8 9 <300 4300 0 <30 <30
9 4 <300 360 0 <30 <30
10 2 <300 360 0 <30 <30
11 8 <300 2300 1 36 36
12 6 <300 920 1 36 36
13 4 <300 360 0 <30 <30
14 0 <300 <300 0 <30 <30

¥i5E 1 6 <300 2300 0 <30 <30
2 10 360 9300 0 <30 <30
3 8 <300 4300 0 <30 <30
4 10 300 9300 2 290 930
5 0 <300 <300 0 <30 <30
6 10 360 4300 0 <30 <30
7 10 360 9300 0 {30 <30
8 3 <300 2100 0 <30 <30
9 4 <300 2300 0 <30 <30
10 4 <300 2300 0 <30 {30
11 8 <300 2300 0 {30 <30
12 10 2300 2300 1 92 92
13 10 2300 9300 0 <30 <30
14 10 2300 9300 1 36 36
15 4 <300 2300 2 36 36

10
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£ 3. EROHER AR LN FEHBOBEDRERROE LD

et
RAE FNE B To5n
B2 HER (RS /1] [KBEE|Lcol,  ABmsm NN/l AR S NP/ ) .
B E~ BlE| BNi~Bilt BEE | 2ME~BAE | RB=|
A 43x10° ~ 7.1x108  6/18[ 1/18] 18/18] <3~ 1100] 2/18] <3~ 240 o0/18
IhNER <100~ 3.0x107|  5/23| 0/28] 28/28] <3~ >1100] 0/23] <3~ al o2
4—X b 7.3x10° ~ 1.6x10"|  o/13[ 0/13| 2/13 <3~ 36 o/i3 <G~ 3| o
E2 1.4%10° ~ 5.2x10° 3/5 o/5] 5/5| <3~ 100 o/6] <3~ al o/4
== <100 ~ 9.0x10° o/2| o/2] o2 Q~ sl oozl G~ <3 0/2
= 3.0%10°~ 7.8x10° 2/21 o/2| 272|038~ >0 072 B3~ a3 0/2
R—FFring— 100~ <100 o/2) o/2 62 B~ gl o2l <@~ <3 0/2
SAFEA—Z b <100 ~ <100 o/1l 0/1] 0/ <3 ~ 3l 04 B~ 3 0/1
MR TEIERILEST
iV I wl
AEESE MPNE 3% ES,
BERE HRR(EEH) [/g] | KEEE L. coll XMBBE [NPN/g] PR AL
SHE/BRE | B/MI~BXE BHE [BIMNE~EAEBEE | S/ME~SATE [RIHE

AstiAEEa [ 1.6x10° ~ 3.7x10° o/10| o710| 10710 15~ 43| 0/10 Q~  GlEmed
At Adsmb | 1.8x10° ~ 4.8x10°|  0/10) 0/10] 3/10( <3~ 3.6/ 0/10 B~  <Qlipmgd
AfAE g | 4.1x10° ~ 7.1x10°|  0/10[ 0/10{ 3/10] <&~ 3.6/ 0/10 B~ Qlawed
At i ihd | 1. 1x10° ~ 2.0x10° 0/10] 0/10] /10 <3~ 23| 0/10 B~ OiEmeT
AL AR e
Bib ! A 4 b f

1.6x10° ~ 4.9x10°|  0/10[ 0/10| 10710 9.2~ 75 0/10 3~ Gpamed
1.9x10% ~ 4.8x10 o/10| o/10| 10710 7.4~ 93] o0/10 G~  QBlEmed
BitiAkaihe | 3.6x10° ~ 5.6x10° 2710 0/10] 10/10| 3.6~ 43| 0/10| <3~ <B|RHEET
BitiAE MR | 2.9%x10° ~ 5.4x10° 107100 7.4~ 43 0/10 B~ 4 3
Bibimahi | 4.9%107 ~ 10/10
Cit AR R | 4.2% 10" ~

1.2% 108 43 ~ 460 ©0/10 {3~

3~

<3

1/10
0/10| 0/10

e LY

CHL 140 4 .
Gt sin | 6 3x10° ~ 1.4x10 0/10
Dt iAo | 4.3%10° ~ 8. 7x10° 5/10
r#i Adp | 1. 4 4/10
o o :

WL :. :‘ 2 ¥ :jl‘, : ri FE'L "}@n

st Dby | 3.9 10’ ~ 8 10/10 o/1o|

6

* B, coli B B SBET

11
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1% " i.‘r?l:l [
AEED N I
i3 e ey (EEs) [/g] | REEEE L ool Al e srsr MPN/g] E@ﬁ PNAZ] |
SHE/BEE | wMNE~RAE BEE [BME~RABEBEER | R/ME~EXE [FH=s
Mgt E e 1.0%10° ~ '3.8x10° 0/10] o/10¢ 9/10| <3~ 240 0/10 3~  SlEmEd
At NE#D 6.0%10% ~ 7.3x10° 0/10| 0/10[ 8/10| <3~ 240 0/10 G~ GleLed
At/ 5.0x10% ~ 8 1x10° 0/10| 0/10] 8/10| <3~ 15} ©/10 G~ Glaped
AztiNER 2.0%10% ~ 2.5x10° 0/10| o/10] 10/10] 3.6 ~ 150 ©/10 3~ Qe
Azt hNE e 8.0x10% ~ 2.9%10° 0/10| 6/10} 8/10] <3~ 43| 0©/10 B~ Qe
BitihEmt [ 2.0x102~ 1.4x10°  o/10{ o/10| 2/10| B3~ 36| 0/10] B~ QEwes
Bit!/hEHe 3.0x10° ~ 2.0x10° o/10| 0/10] 10/10| 9.2 ~ 460 0/10 @~  Glagee
Biti/hE¥ih <100 ~ 1.4x%10° 0/10| 0/10] 6710} <3~  43] 0/10 @~  GligdegT
Biti/NER 2.1x10° ~ 1.1x19 o/10| 0/10] 10710} 7.4 ~ >1100] 0/10 @~ GligkegT
. BHLUNER 1.0x10% ~ 1.2x%10° os10] o/10] 7/10f <3~ 83 0/10 B~ Glamed
BitiMERK 1.3x10° ~ 4.8x10°)  0/10{ 0/10] 8/10} <8~ 93] 0/10f <3~ <B|KHEd
Bk 3.2x10° ~ 1.1x10° o/10| o710 10/10] 3.6 ~ 1100 0/10 G GHEHET
Gt N ERm 1.6x10° ~ 5.8x10° 0/10| 0/10] 10/10{ 23 ~ 460 0/10 3~  Gigmed
CHtNESN 5.4x10° ~ 9. 8x10° 0/10{ 0/10] 10/10] 120 ~ >1100| 0/t0 B~ <3HEHET
Gt /N E o 1.4%10° ~ 6. 7x10° 0/10| 0/10] 6/10| <3~ 43| 0/10 3~  Qleped
CitinERD 2.3x10° ~ 1.1x10° o/10f o/10] 9/10] <3~ 240 0/10 3~ Qlisled
Gt iR 2.0x10° ~ 2.1x10° 0/10{ o/10] 8/10] <3~ 240 0/10 Q~ Gyt
Cit N E#BT 3.5x10° ~ 1.3x10° 0/10] 0710 10/10| 43 ~ >1100{ 0/10 @~ Glased
DitivEHs 8.2x10" ~ 1.6x10*| 10/10] 0/10] 8/10] <3~  23[ 0/10 @~  <3|BEHed
DitihEmt  [<3.0x10° ~ <3 0x10° a/10l 04100 8/10) B3~ 23] 0/10 B~  GlEseT
DativERu  [3.0%10° ~ 6.5x10° 4710| o710 10710 9.2 ~ 23] 0710 G~ GlEmed
D3t NE R 7.5%103 ~ 1.4x10° 17101 0/10| 10/10| 23~ 240 0/10 G~ <Blasegd
DitnERw  |3.0x10° ~ 3.0x10’ 47101 0/10] _9/10] <3~ 23| 0/10 34~ <3k
MPNEL i 3% iyﬂ] "
AAES i L
BhTE R (CEm) (/g] | AB AR col| Al R [NPN/£] KI5, NP/ ]
SHE/BEE | BME~BXE BHE [RME~SXAEBRE | m/ME~BXE |[BHE
AxLif—X ka | 2.2x10° ~ 8.8x10° o/10] o/10] o/10] <3~ <3| 0/10 3~  Glaged
A A —Z kb | 5. 7x10° ~ 1.4x10°| 0710l 0/10] 1/10f B~ 3.8) 0/10} B~ GlEmEd
Bt —R he |8.2x10° ~ 1.4x10"  0/10[ 0/10] ©0/10] <3~ <3} 0/10f B~ <BlRHET
Bitif—R kd | 5.1x10° ~ 1.1x10" o/10| o/10] o/10] B~ <Gl o/10 B~ GlaBeEd
BitifA —R ke {2.3x10° ~ 5.7x10° 0/10| o/10] of10] 3~ <G| o/10 @~  GlrBeT
Biti4—2 R |7.3%x107 ~ 9.5x10 o/10 o/10] 1/10] <3 ~ 3| o/10 @~  QGlgheT
Citif—2 kg [1L1x10 ~ 1.6x10" 0710 0/10] o710 <3~ <l 0/10 @3~ Qe
Citif —R Rh | 4.6x10° ~ 1.4x70°| 0710 0/10] 0/10] <3~ <] 0/10] B~ <GlwEgT
Gitif—2 ki | 1.7%x10° ~ 8. 7x10° 0/10{ 0/10] ©/10| <G~  <B| 0/10 3~ Qladed
Ditif—R kj | 2.3%x10° ~ 9.6x10° 0/10| 0710] ©/10| <3~ <3| o/10 <3~ Glgwes
Diti4—2 bk | 9.8%10° ~ 3.2x10°| 0710/ 0/10] 0/10] <3~ B 0/10] B~ <BlEHET
DitiA—R B | 1.7%10° ~ 6.3%10° 0/10| 0/10] o/10| <3~ <3| 0410 B~ QGlEHET
Ditif—= bm | 5.6%10° ~ 8 3x10° 0/10] 0710 0/10l 8~ <3| 0/10 @~  QBlEhEd
e - ; vFak
Farl? [-1-] ‘/\J
) HER (R /e | AaEg |k col| XiRmaa [MPN/g] K 2y PN/ £]
SHE/BRE | sIME~BAD BHE B~ R AR REE | E/ B~ AL | REE
Att!Fita 1.4x10° ~ 3.7x10°[  o/10[ 0/10] 6/10 <3~ 75 0/10] <3~ <BlREET
BEIF b 3.6x10° ~ 1.1x10° 1710 0/101 10710 240 ~ >1100] 0/10 B3~  Glgwed
Gk FEHe 9.1%10° ~ 5.2x10° o/10 67101 10710] 210 ~ >1i00]  ©/10 B~ Gl
D#EI M <3.0x10° ~ 8.0x10°|  1/10[ 0/10| 9/10| <3~ 240{ 0/10| <B~ GHRHET
Dit!Efte 3. 0% 10° ~ <3.0x 10° 4710 0/10| 8710 <3~ 23] 0/10 3~ GCEEBE
At L— e <100 ~ 4.0x 10 0/10] o/10| o/10] @B~ G| o010 B~  QleEpET
CiiL—Z b | 3.0%10° ~ 9.0x107 o/10| o710 o710 <3~ | o/10 B3~ Olages
Afti2 LS a 2.0%10° ~ 7.8x 10" 4/t0| o/10| 10710 210 ~ >1100| 0/10 G~ Qlemed
C?:I:Eb)lzib 5 3.0x10% ~ 2.9x10°  2/10| 0/10] 10/10} 3.6 ~ 43 0/10| <&~ QlEHET
n,\_ /
B?i.:v‘;i—z; <100 ~ <100 o/10| o/10] o/10] <3~ <3| 0/10 B3~ <GlEmed
— )
B?i-/\rbg b <100 ~ <100 0/10| 0/10[ ©o/10] <3~ <3| 0/10 @~ Glayed
R ety
Cifiz ba <100 ~ <100 orol o/10] os10] <3~ <3| 00 G~  Glawed

12
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F 4. EBRRHA—I 4108 ERET L S5DEHEOTHFLRINNR

FiL i
53 ¥ ‘
1558 2ER P
N1 et /2.22¢ 15{[E/2.22¢ 1| E S
At [ERITIEE [BE/001e 15{1E ¢ /0.01g 4| iR E TR
HILERS BEYE/25s 15{B=tE/25¢ AEEEEL
_ PN /2978 24T /2.228 R
Bit |EEITIEE /003 24/p2§£/0.03¢g 12| i R,
HIERT  EE/25¢ 24|p=1%/25¢ |EREEL
s AlBE et /2.22¢ 12|BEfE/2.22¢ 8 i%%iﬁ%ﬂi%
c EE7TIRRE [fE/0.01g 12|EE$E/0.01g 8 EF-EE%#E &
HIIERT  |IEfE/25¢ 2|zt /25¢ 2 WEEREE
AEE  |[2%/3s AB[[ETE/3g AR EE
Dt [ EBTLVIEE [EE/0.02g 9|FEM/0.02g AEE TS T 3
YILERS  |EtE/01g 9[FEE/0.1g BEREEE
R hE
T 2EH arE"
- R 28 #E A
PN BEf/7.27g 16 |
Attt |EE7VIERE [EfE/001g 16 EiREiEEEE
HILERS  |EM/25g 16 BEHEEE
_ N Ef/2228 24| jEtE /2.22g REREEE
B [EEIVIRE [[EH/0.03s 24 {REHE/0.03g [AEZ I3 3
HILERS [ /25¢ 24|REiE/25g 12[IEMISEE
AEE ZTE/2.22g 10 EREERL
C#t [BEZIIRE ([FEf/001g 10 TiREEE R
HILERT  |Ek/25 7 R
ABE Bttt/ 3e 284|218 /3¢ RS 33
DEt  [ERITOERE [EiE/0.02g 4| [t /0.02¢ B eIt 3o
HFILEXS  [[EE/0.1g 4|[EE/0.1g [EEEER '
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1 2 poxiive
_ SR =t R A
KiEE [Et/2.22e 16|RE1E/2.22¢ [eEEEE
At [ERTTIRE [EHE/001g 16|BE4E/0.01g 1 EHEEEEEE
YLERS |IEth/25¢ 16[F=t/25¢ 1B EEE
KR [Ef/2.22¢ 24[kEtE/2.22¢ BEEE-E3
Bt |EE7MIEHE |[Ei/0.03e 24(F2 1 /0.03¢ 12| FiREFEIESE
HILERS  |I2fk/25¢ 24[F21E/25g AT 33
2 BEfE/2.22g A[3EtE/2.220 B EE s
Cit [EEIIMOEE [E/001e 4[FEtE/0.01g | FiRZEEEE
HILESRT  |EE¥E/25¢ 1Rt/ 25¢ 1 EEEEE
BN LT /32 2| E1E /3 BEFEE TN
Dit |EBTMOERE [B1E/0.02g 2|f2{E/0.02¢ 1R i
HLERT [BBE/01e 1]EE/0.1g ERERE
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# 8. WIHEE LD DI AEMEBERR IR A E O D HBEE
BB ] WRE el i FHig LS
BRES 7AUN EBBLUGIVE— XBER <T00MPN
' GRiERR, AEHD KBE <10MPN
' LM E) HILERT . BHEEIhinC e
Es <50, 000CFU/ g
wET FyHE <1OMPN
thiz| BEAEA AR KBEEE <2400FU/ g
FE S (BEARERNE KBE BEZhinI e
In#i ) HBEH <300, GOOCFU/g
-yl N ko | 0.0lgdhicEE i &
HILERS WeehiziH AL &
&= AEERCYEREED KB BmHEhENCE
. LU HeEE <3, 000, 000CFU/g
EOEH hs Fresh Dough T m=10, ¥=100/ n=h, =2 .
Fa1—/% Dough Paste (Fresh) #{EXRKIBEEH <10CFU/g, n=1
INEF ARq4>  Flour KiGH <100CFU/g
NE RAAR Confectionery, p T <10CFU/g
Pastries b <1, 000, 000CFU/g
. 7 Fa Bk <100 CFU/g
PR OB S AR IR IRE O RBIEER S L,
¥ A L5 Bakery and Pastry XKBE <0CFU/enEEL LY
products 20~<100CFU/gA 1B R a1
XﬁEﬁE}OIS?ELUﬁ gl SRl &
(V)
HBEH <10, 000CFU/gARE £ L 1
10, 000~<100, 000CFU/gHv i R AL
INFILR {100CFU/ghigE Ly
1, 000~ <10, 000CFU/gA%HE RL4E S
ArEQNRYS— BghitEHEIhANIE
SN aE <10CFU/eAVEE L Ly
10~<100CFU/gA B R pa s
DR7TUYF €/ BghithHEhGnZ EFAFEELL
B RFRA
26 R <200CFU/g At 18 R 451
YRFYF (AT bghhcgshiR D EAEEL
Y7/ 84k
FRR B
25grR<200CFU/e AV 4R 1
HFILERT it Ehisivl &
EEBTFOBE COCFU/sMEE L N
20~ <100CFU/g A1 R 4h 18
BiETOL Dprplc BB SHAN EAFREFEL L
25gH1<200CFU/g AV iR 7R
AS24  Dough Products LEH <1, 000, 000CFU/g
Ready for #E 7 FINE <500CFU/g
EEEMEY BHEAGLWIE
WEMEE BHEIhGWLWIE
ANA s Pastry XBE RiEtEhENTE
EmEEERiES  <1,000 CFU/g
OZRYCGLRE
il ) <B00GFU/g
HILEARS WeghizRE SN &
Ir IR MghlcBEhii 2 &
HBTFORE O lghicRiEshiinl e
HEJ7FORET fHIhiCe
M ol n N LY
253 <BOOCFU/g

21
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-ig.&ﬁ%%éhﬁﬂviﬂ%ﬁﬁféﬁ%hwﬁ6k%@ﬂ%®ﬁ%@%%$%®ﬁ
EHEFiHE ICMSF (1996): Microorganisms in Foods 5, Blackie Academic & Professional)

JBE-EEE RE  DIEG)

FILERS 655  1.1~41
. 70 <0.05~1.4
FRHE 63 1~6
BEEIFORE 65 0.2
EBIRYRE 75 oo
F

Torarks 90 »160
100 40~80

120 20~40

Lo AE3FER 85 - 33~106
100 4.2~6.3

121 0.03~2.35

22
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10, S A BERSE

e BERRE RFEl e IR E
BN 210~230°C  30~35 % 98°C
B, 200~210°C  12~154%> . 95°C
F=wiafE 200~210°C 15~18 % 98°C
K—+ V58 175~180°C  3~54% 85~90°C
- Ne—O-—jL 103.6°C
AF) R 170°C 50 43
HAILA 180°C 8~10 %
AR 130°C 18 43
DA F—a—)L 200°C 12 43
wi=Ly AL, v 160°C 18~20 %3
7T LA 170°C 25 43
HAF—FY 180°C 5%
B/ 200°C 354 98°C
TSR 210°C 25 43
Na—o—JL 200°C 13 43 96°C
FEO—JL 200°C 14 53
BAIN 200°C - 9 43
ARy 190°C 13 43 96°C
HALK—FY 170°C 4 4
=Ly Bk oo 200°C 12 5
FoFIiA 200°C 25 43
Fowi adHh 200°C 13 %

* A=A =X VBNPHID, EA—N—0bOT7T —FIZREFRTEDY 2 ANRT
D,

93
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B 1. S iEo LB DL

AREBORNEERE

HAEAERHB30mm

HBAILAEBDEBmm

LK 100g80

¢ ¢f) Wi
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B, AR AHIET YRS FuT 7 A0 ()

* BERAR T —Z 1k, SIEERAXESROIE

. BELAHEY - BROMAEDHIZDONT

RIRREY - _

EEBLROBERE LTOE, coli

* B REAEEIESCRBREICHESL TS “E coll’ T, EC BEE T,
44 5+0.2°CT 2442 BRRIEEE L, HABERRD b, KIGEE & FFELR
BICL YV KBREETHLIZLARBINCEETHS, THOLEERKRE
BEOZLTHD, b, EERRBERL EhEbO0 55, IMVIC BB
FEBEL, FDNEZ—0RB, [++——) THEIBE2EREEREREHNT
IIRBE LA TWS D, ZOEALRRIT B7H, REEETIX E. coli
LW B LI L, U6, S¥EFE LD Escherichia coli =<, ¥ENTHW
TW3 “KIBE” LRESLERRIERERTIE RS,

WL T AERELIIMITERIC W T ORES
N R EEE T A MBEER - EEERRNBOSEEMLTHY, BET
m@bﬁﬁnﬁﬁﬁzkﬁﬁ%&n%ﬁﬂyéﬂ®;5&&%

BEEZBEENTOBRERE
INEVEIERR - B ENRNBAOBEREREZRER L THREHSEX. THLETP
BEICEBW TR SN TN,

2. BEELLMEVDRE=ONT

EFEELOEERE Y LTO E. coli 12t BARKREEIZRY, 60CIEiT 5
D fE? 0.26~2.64, 64.3CIZBIT B DHEMN0I6HEBEINLTVS,

INEE D AUVISEMB TR SN A EER L 5 3FEEAS LT, ¥
NERT . FKEE., BV VAR, BAT FURE, FLTEAT FUKEDO=T
vru b URERMLER TS, THHMEIL. ELvUAEFREFAT
FORETL 7o b URRE, 63~65CLL EOMEIC L v EEIESHIT
EET A BmbhTWA, B Y AEFEIT 1000CTO D ER 4 5ELET
HABHNB, 121CTIIED CEMERTRET 3, 867 FYRFE= T i
VOEANL, B 10~48C, pH 4.5~9.6, Kk4oEM 08T TR BN, B
BWEETOEREELR 6~ T7THREATEIZ - LBREERTWS, EBT VY
HRETYS D FF 4T, 120C0OMENC X - Th, BHRIMEN 10 50 11T
A E TIT 20~40 52 ET 5, (ICMSF, 1996)

3. BENE. NT. HEELER

DRI <FPAr MIEAEL, BEE5 2B IENERORME
0 ERTEBRICEFEEINTWAERER X, ElEARNIE, &30, ~—
Fa—p, EFRy, F—FY, Fowia, NA40 6 BETHE, 7=
w2 LS, M IRIERE 2 AR BIT Y folote, AN LS E
TA—AZANHBAD, BASLIY —A, WL—ORRERZ 74 VT LR
THETALOLH D,
0 @ﬁh/iﬂ@@LI&hkbfﬁ FOEESHEINEMBER
Wi 20~24CUTIBEENAETENT, BN 2 BE¥EE.
E‘n/@ﬁﬁhibﬁﬂﬁﬁéﬁbf%'7ﬁﬁuWhﬁ%mme
BIEBEB TR S,

25
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EA ToEERR

o NUOEEREIX, BV, BFAV, BOMON FRASVERRL
TNV R/NEBEREE LT, AR 16 FiTi 1,242,951 + - Tho'e,

O FIEIZBITAHEAMBEREIX, 76,879 M ThY, NUOEEREDH
B%BMEEMBER LD THS,
(A AR AR B RN T3, 2005)

TSR B UM BRI

o) im15&@Mﬁ%ﬁﬁwﬁ#mim%ﬁﬁn/éﬂ@ﬁxiﬁm,Em#ﬁ
4,064 . BHER 15,400 b THY, 55 277 #FCD#'&E{*%J:L’C 4 R E
coli BBEIZ L BER Thotz,

BEFEDY AI <RI A MCOWTOER

O <HrEE>
RBBHEFTBNTIE, MG ERSEAR BEEIRNA) OREEEL
L, BEFROKEREL LTOE. coli BiEERHTNS (12 48 £8F) .
A —Z P ERERTAHEANVERRED L ) REEARIZ OV T, —BEE
BOBMREIER Sz,

4. ERNOEBE S ARG UM EMEOBRERE

BERA—7 —4 10 bIREEZZ T mE AR 18 P, BEEREE
IZESWTIT b 73 Tik 6 @b RIBEEEN, 1 2D Ecoli BHREX
N7, MPN BHEICESWTITRbNRE TR I8 EETH O REEEEN,
2 BH B KIBEA R Sz, EFERIT 4.3X103~7.1X108/g THoT,
FHBONER, A—R b, AUOBETRTHAVGIIFS, BIRHE LT
AnbhaZni, b—Xv R=F NG F— FTALEFL—2 MBI
WAAOEEIC L Y KBEEIIRH S, KBEIIRH IS eh o,

oD 1 tHle oW T, AABHAERCHESNIBEERELY L 10 BREOERWVE
EEFANTHEER LA, MR 4 BET4EE, HEISEEP4E
2D E. coli P Ehi, RIBERITE 29 BT 27 oz
THEETH- T,

BET FURETVF o b IOV THE, FHEL B2Rebic, BELE
BEIZ W THWT LR TH 7,

RO A BUNEIZCRT K U 3Rk 1A, BlG A —h —4 HIZ XA SRR OH
EREORR T, E.coli, BEAT FURE, FAERTIX, BRICHERHS
ARV AN _

5 AU A L RO EEOBRER B 5 TRIES

ERAOTHPHEE LR, A TR RKIBEEDY 6 XMicBW\WT, 8 BED
Hafht 6 BENLOBHARE EN TV, KERERE 3 XRiTB\T, 3 FBHE
DT 2 FBES L OBRERREINTNS,

NE. FAETH, 4 TRICBWT, 9 BEORED 6 BE» S KBREBEOR
HASHEINTEY, 2 XMRIZBWT, 9 BEoRED 1 BE» O KFEMNKR
HEahTna,

ANERTRE, 7 CENCIWT, 19 BEORATR 11 fBEN b KEEFH OB A
HEINTEY., 5 XENCRBWT, 13 BEORAET 4 BEM S KBEIMIRE X
T3,

A L FIREI SRR TN TR 2B TV ARSI B LTk, KIBEEER 9
THRICIBW T, 20 BEOBEET 15 FE LRHBHE S, KBE 4 30
ZRWT, 6BEOHRER ABETREPRESL TS,

26
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® M, KENZBWTHRE 3,350 RIEQ/IEMERE LERER, EH0NED
RBEE M1, T 12.8%(3.4—89.3%) DiE R CRIFEFENLBO bt &
DEENRSH S (Richter et al, 1993) .

6. WA DBER ROBARLYE

o AEEMLLUTHE. EEZHELTCWADIE, TAU D, hE, &ETHS,
TAVITHERB LU vx— GRER. BBLIVIXHBE) L LT, X
JSEIEEA <100 MPN., XIEE23<10 MPN, $LEXxZB8BRHEINRNI &,
B EA<50,000 cfu/g, BEBT FIEREN<IOMPN L WHHKTH B,
HETRAERERA A ¥ ¥ M R(EEGETARINIELE) & LT, RIBEH
D3<240 cfulg, REEHH ShRno b, BEHEH<300,000 cfu/g, BERT
FOERED 0.01 g Pl EhianZ &, $AERTR 25 g PITRBENAR
WZkEipaoaTng,

BECIRARLE FE, BEAREERATIENSEL L LT, KBE BEsh
RNk M AI<3,000,000 cfulg ThHB,

® {ED 7= To&EH(resh dough) D - EEIZE L Tk, ¥ FFBEKRBEIOW
T, m=10, M=100, n=5, ¢=2 EWOHEKEEFLTHD, X=2—BEER
KBEEICOWT n=1 T<10cfulg L WO RIEEHE LTS,

o EBOHME - BEITE LTI, A1 UEXBE<100 cfu/g J:b\')?ﬁﬁ-ﬁ*ﬁ
LTU 3B,

& WREBOSAVEORK - BMEBE LTI, RAA R, FALTU R, FT0F,
AN ATKIBE 2 S ORERRERTFET AN, A AT, BERRTOBER
PUAEMICIIAREREOBRBIER SRV EDEEFEERD B, .

7. BRELFEES~ORBMONEN L ERBNEE

BRI R EECHAZR AR, afhReERECLY, BE~OEE
REAATHIBEEPEENEBNEE INIBEREEZRE, RREL2ZERIET
HZEMEEFETFHASKEL SNATWD, 4E. MAREELICEL, ERhOMHE
BEDORIFABEZERTSZ k#@%?%é&hﬁéﬂf%@ EEFBE ICNRE
BOBRBEECRE LNEF SN, EREES LOMBERETHY .. BEESBRITR
BAEEDORE LISV TRHT 3, HREEORE LIZ L AEEZBIC OV TR
EEEERTERLINEND S,

ER R ESE

BEAEOHRBEROFIZ, kB, IEHEEERE L, RN MATESLER
BHEANVEMD L D REMRIZOWTIE, ZORY TEZRY, | LEMTAILIZEL
T, U AT BT 2058,

8. BEHK

BERB R AR EE PR ) = (2005) : EEEEEE

ICMSF, 1996: Microorganisms in Foods 5, Blackie Academic & Professional
Richter et 2/ (1993): Microbiological quahty of flours. Cereal Foods World 38(5),
367-369, .
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1. BHES ’

B REEECBT AR HARORBEETIE, AMEELRREV-OHERRBRMEERE
R AIERETFETAEERLE LT, KBEECKBE (£ co) #HRAL. ZhoiEy
ﬁﬁﬁﬁéﬁ%%ﬁ%*ﬁtﬂéntw:k%-ﬁ%bfbjzso L L, IBFEORREROEZEL
B UK A S OEMCH, BECHESREOPTANLENTWS35IE (FEERTN
B - FREERIRNEE) RUMAEDHES RETSERL IO TRV E ORI LE
hTws,

FAER, ZOLIRRAEREE X T, HITOREEMOFEDFEEO RE LICHES R
BEEETMrEREEEESCEET A D IHNELMEDFERNT — ¥ FNEL, MR
FRDELDHBLEFRARHET S,

2. FHik

1) 28R - - 5l
EHEEREM, 57 £ a L— N EXEEHL, BGLB 55, EC 551, EMB ZR3EH,
SRS A3 kg, HWEREEH, Joehiba) 7 bR, BRE D o ERRAETR
Yy —l, FAERy b, RRESNy b RUOHE, ZAT7 7R3, SARHEEH,
R, 2 bvo—K BBRE, F—7 28 BRRELT. A7) A byS— (&)
w47 RERy b Fo7 BEK, NAFRT oA Ty PRITTTRPX
v, PHHRERK '

2) B3R .
BT w7 AIFY—, Abvoh—, 58, ono—hvrF— FAJa—
B— F4—TT Y P ERAE, BREER AT
I =N F R, BDSTEER

3) EEMAOTELR X UREBFE
<A, KBEE. Ecoli >
SBl 25g R hw o F—RIZIMA YR 225mL 0V VEEER LML, ThER
BURIE L Lic, 28 - RSO REEE, AEARORATRIC XY, L8,
KIBERE . F coi DREB LU, RRAEERERSNCL D, E coli (MPN), K
AR (BGLB MPN#) OREET- 7.
<EET FURETLFRFFIL>
Sk} 250 2R b v A —ITIIA D ERY 25mL OHBEER (A FRT vkA*
vy hRF 7T O bRy I ORERR 50mL & 1L ICHRT3) 2z, ¥EL
BB L Ui, BEISEORBELKZNE 1 BERE L, FERERER Tk,
BICHWEAB OB LSBEE T, EBEAEE SR, PHRBET 75 00 8 28
BT, '
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B AR O BT LR S

s ABER PN CTEE E.coll E.coli(373%) IO

E-TE X .
THE | aRs BHRE il (Fydalb-b (MPN/100g) (MPN/100g} | CREBSREE) | (S=/ (FRH)
T ETE) @ 1 |53 x10" 3 R 2300 | <300 [ BEHE T Kng~g)
2 | 86 x10” 3 [EXE 9,300 <300 [EiE3 EHET ng/g)
3 [ 58 x10°3 (£35S 9,300 <300 B4 RS (Kng.~g)
4 | 43 %1073 [5ES 9,300 <300 [E3ES 3 (g g)
5 | 87 x10" 3 Btk 24,000 <300 [EE T ((ngg)
[ 54 x10" 3 = 24,000 <300 et EHEY (King/g)
7 | 68 %10 3 B 4,300 <300 i EHHEE (KIng g)
'8 | 50 x10" 3 BB 4,300 <300 Btk EHET Kng g
9 | 64 x10" 3 [hES 920 <300 pEtt BHET Kings )
10 | 58 x10" 3 (13 2,100 <300 [E4Ed #BHET Kng g
@ 1 | 89 x10” 7 Bt 15,000 <300 BBt #wHEET Kingg)
2 |78 x100 7 Rk 2,300 <300 [E3E #wHET (Ing g)
3 [ 39 xta" 7 Bt 4,300 <300 (3 B HF (Una )
4 | 45 xi0" 7 Bt 2,300 <300 BErE BHET (ng g)
5 | 47 x10" 7 BBt 2,300 <300 [=3E3 BHET ngs2)
6 | 6.1 %100 7 | B 2,300 <300 R BHET (Ung g
7 135 xi0" 7 Bt 4,300 <300 atE BHEY (neg)
8 | 81 xi0" 7 Bt 9,300 <300 K&t REET (ng g)
9 | 58 x10" 7 IatE 9,300 <300 (353 BT (ngg)
10 [ 687 x10" 7 (BT 4,300 <300 [F353 B (ng )
NER ® 1 1.1 x10" 4 BBt 820 <300 363 BT (Kneg)
2 | 14 %10 & FEfE 2,300 <300 [E353 BHEF (KIng 8}
3 113 x10” & BBfE 920 <300 Bt BHET Kng )
4 1.2 x10" 4 FE4E 740 <300 [E1E3 BmHEd Kngsg)
5 14 x10" 4 [1E 2.300 <300 fatd BHET ng )
3 1.2 x10" 4 e 360 <300 [E3E BT King/g)
7 |92 x10" 3 B <300 £300 (B #HiHEd King/g)
8 | 14 x10" 4 [YES 920 <300 . B HHET (KIng/g)
g 1.6 %10~ 4 B 360 <300 BErE BT (Unesg)
io | 82 xi0" 3 [aed <300 <300 pte BHET (ng g)
@ 1 | 84 x10" 3 At 4,300 <300 Bt BEET (<ne g)
2 177 x10" 3 i 2,300 <300 353 9 (<ng 7g)
3 [14 x100 4 [E3E 4300 |. <300 EtE B (<ing/g)
4 1.2 x10" 4 [E3ES 2,300 <300 [EXER R (e g)
5 13 x10" 4 &1 2,300 <300 [EE R (King/g)
6 | 83 x10" 3 EfE 4,300 <300 IEfE BHEF (ng g)
7 998 x107 3 5 4,300 <300 [E3E3 BEEY ((Ing/g)
8 | 75 x10° 3 35 24,000 <300 Bt BEET (KIng )
9 96 x10" 3 353 9,300 <300 k3 BHEET King/g)
10 | 1.2 x10" 4 £33 2,300 <800 [E3EA w3 (King~g)
4 ® 1 80 x10" 3 S 24,000 <800 [E3EA #BHEHE9 (<Ingg)
7 | €3.0 x10" 3 =35 920 <300 =i ST (<Ing/8)
3 | 40 xi0" 3 =3k 2.300 <300 [E3E BHEY ng g)
4 ] €30 %10” 3 =3 2,300 <300 [£1E3 RHET Kng g}
5 [ €30 x10” 3 [E3E3 9,300 <300 353 BHET King/g)
6 | 53 x10" 3 fEfE <300 <300 [E4E RHHT ((Ing/g)
7 | <3.0 x10” 3 33 920 <300 [E3ES RHHF (ng~g)
8 | 6.9 %10 3 BBt 2,300 <300 =R BHET Kng/g)
g | 32 x10" 3 £33 4,300 <300 (= EHEE (Ane/g)
10 | 87 xi0" 3 B 24,000 <300 - EE3 BRETKing g
A—2k ® 1 |29 x10”9 et <300 <300 3K BHET King g)
2 | 29 xi0” 9 33 4300 <300 i BHEET (ng/g)
3 20 x10° 9 =353 <300 <300 =33 BHEET (KIng8)
4 3.8 %107 9 (£33 <300 <300 i BHET (ng g}
5 [ 1.7 %107 9 BEfE <300 <300 53 5 (g g}
6 | 83 %1079 EE <300 <300 [EXES BEET (dng g)
7 [ 32 xi0° 8 =i <300 <800 it BHET (<1ng/g)
8 | 38 x10° 8 [E35 <800 <300 [E3E3 BHE T ((rg g)
9 42 X10° 8 [E3ES <300 <300 foft BT (Klng8)
10 | 53 %10 9 e <300 <300 £33 BHET Kng/g)
@ 1 47 x10" 9 £33 <300 <300 [E3E3 e (Kingg)
2 [ 23 x10” 9 [E3Ed <300 €300 £33 BHET King/=)
3 [ 34 x107 9 (£35S £300 <300 e #wHET (ng g)
4 [ 87 %107 9 Ef <300 <300 i BHEET (Kng g}
5 | 86 x10° 8 353 <300 <300 3k BHEF (ne g)
6 | 37 x10" 8 PERE <300 <300 [E1E3 #BHET (ng~g)
7 | 26 _x10" 8 [E353 <300 <300 [ FHEY (Une )
8 1 39 x10° 8§ [E3E £300 <300 BERE [BHEET (King &)
g | 71 x10" 9 =363 <300 <300 [EAES BHEd (ngs8)
10 | 66 x10" 9 [E3ES <300 <300 =t BHEE (King~g)
H EZET 1 |53 x1007 [ B 4,300 <300 (e BHET (na/g)
2 | 54 x10" 7 (4 360 <300 BEtE BHET ({Ing )
3 1.8 x10" 7 B 920 <300 33 BHET (King’g)
4 |66 x10° 7 [E3E3 <300 <300 [E3ES HmHET (Ing g)
5 [ 55 %10 7 IS 920 <300 =t BHET Kng &)
6 | 47 x10" 7 EE <300 <300 e BEET (ng &)
7 | 38 x10" 7 fetd <300 <300 =i B (KIng )
8 40 x10° 7 BETE <300 <300 =33 BHET (ng~/g)
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WA MR CEOREHC BT E#RE SRR

LI e RBAER KiREE E.coli E.coli(333%) IFAREV
THE | BRE o [ES| EEE | Sl To| - PN/100 | (MPN/100g) | (RIERSIEED | (S=sHRE)
g | 21 x10”~ 7 Bt <300 {300 EtE #BEET (Kng~g)
6 [ 12 x107 8 e 360 <300 (£ REET (ng g)
INEE @ 1 [ <30 x10" 3 1Bt 2,300 <300 [EYR BH#T (dng )
2 [ <30 xi0" 3 [E3E3 2,300 <300 ¥ BHEET Kng )
3 | <30 x10" 3 FEE 360 <300 [EXEd BHET Kng )
4 1430 x10" 3 (X3 820 <300 [£153 BHE#T ({ng g)
5 ] <30 x10" 3 [E1E3 <300 <300 [EE3 B4 (King~ )
6 | <30 x10" 3 EIE3 920 <300 [EEE BHEF (ngg)
7 1430 x10” 3 e 920 <300 [&tE BT (<ing~g)
8 | <30 x10" 3 P 920 <300 [ETES e HE9 (Ing.~g)
9 <30 x10” 3 (53 2.300 <300 st BHET ne g)
10 | <30 x10” 3 [t 360 <300 B BHET KIng g
SuERE | ® i | 45 xi0 3 BEtE 2.300 <300 Bt BHET (Ineg)
2 <30 xi0~ 3 [E3E3 - 2,300 £300 (=3 BEHEY ({Ing g)
3 ] <30 x10" 3 &R 2,300 <300 [E153 RHET ({lneg)
4 <30 x{0" 3 ERtE 2.300 <300 TS R (King~g)
5 | 656 x10° 3 B 920 <300 I=tE B9 (<ing.~g)
6 | 33 x10" 3 [ 920 <300 [E3E3 3 (King g}
7 ] <80 x10° 3 [£353 2,300 <300 33 BHET (KIng )
8 | 48 x10" 3 15 2,300 <200 [=t% HBHET King g
g | <30 x10" 3 EH 920 £300 pEHE #BHET (ngsg)
10 ] <30 x10" 3 [ 353 2,300 <300 B BHET (ng )
A=Ak a 1 76 x10° 9 I {300 . <300 f2tE HWHET (ngg)
2 | 63 x10" 9 = <300 <300 BEfE BHEET (ng )
3 7.3 x10" 9 =i <300 <300 L HHEEI (dneg/g)
4 75 x10" 9 =Y <300 <300 =353 BHET King/g)
5 | 76 x10" 9 B £300 <300 g #BEET King”g)
6 | 69 x10" 9 £33 <300 <300 [EYE3 BHEE King g)
7 6.6 X10" 9 fatE <300 | - <300 =353 BT (neg)
8 56 x10" 9 [EXES <300 <300 (it EBHET KIng g)
5 | 62 x10" 9 [E3EA <300 <300 (&t BHET (Klng g)
10 | 83 x10 9 [E3E3 {300 <300 [ErE B ET ({Ing g}
F = @ i {83 xi0" 7 Bt 24,000 920 [E3ES BHET KIng g}
2 {18 xi0" 8 (T 9,300 4,300 [EhE R ET (Cng g}
3 {13 x10"8 ISE 46,000 9,300 [k B King/g)
4 | 82 xi0" 7 Bt 46.000 4,300 it R E (<Ing.~g)
5 182 %10° 7 [AES 110.000 920 [E% BT (ng~g)
6 11 x10" 8 Bt 110.000 24,000 [ H 4 ({Ing~g)
7 [ 35 x10” 7 E=tE 9,300 15,000 Btk BHHET (Kng/g)
8 | 11 _x10" 8 [ERES 24.000 9,300 bEE BHET Kng~2)
9 | 11 x10" 8- Bt 24.000 4,300 e BHEE ((Ing g)
10 | 64 x10" 7 BB 24,000 1.500 St BHET KIng g)
hEH @ 1 129 x10° 6 [ETES 380 <300 BEtE BHEET (Ing 2
2 <30 x10" 3 R 920 <300 [E3E3 =
3 ] <30 x10” 3 [E1% 360 <300 i —
4 1.2 x10" 8§ [Ef 2.300 <300 [E3E -
5 | 26 x10" 6 (53 2,300 <300 fEtE =
6 | 30 x10" 7 fEtd 920 <300 £35S —
7 | <30 x10" 3 B 920 <300 353 —
8 | <30 x1i0" 3 =i <300 <300 It —
9 5.1 X103 B 2,300 <300 =383 -
10| <20 %10 3 [t 2,300 <300 it -
1—2k . @ 1 2.8 x10" 9 B <300 <300 BElE BT (<ng g)
2 32 x10" 9 = <300 <300 =i BHET (ng /g
3 | 25 x10" 9 [EYES <300 {300 [ wEHY (neg)
4 1.9 x10" 9 (=S <300 <300 33 wHES King~g)
5 | 15 xig" 9 =i <300 £300 s #HET (g~ g)
6 | 20 x10" 9 E <300 <300 [EE3 #HET King g}
7 111 10" 9 B <300 <300 BT (ng g
8 | 98 x10" 8 =35 <300 <300 (=% BHEET ng g
] 25 %107 9 =13 <300 <300 paiE BHET King )
10 1.1 %107 9 B <300 <300 e BHET (Kng gl
Fi % 1§ <30 x10° 3 53 920 <300 ftE -
2 | <30 x10" 3 BEfE <300 <300 EIFd -
3 | <380 x10" 3 =t 920 <300 [=1Ed -
4 | <30 x10" 3 2 360 <300 Pt —
5 | <30 xi0" 3 e 360 <300 35 -
6 <30 x10" 3 5tk 360 <300 FEE —
7 1430 x10" 3 Bt 360 <300 ETE —
8 1430 10" 3 5% 2,300 <300 [(EE -
9 1430 x19" 3 IEtE 360 <300 [ —
10 1 <3.0 x10" 3 Bt <300 <300 [EYFA =
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E. coli ¥tk
( T, BN EOREEE) (34412 5 28 BELEERE 370 8) 1 LOHREY

O HmiREdh

1 WA gL, NI LA G5maek, SRS, SRR, A
Wy &S, »TEIRUOTHICERLS, UTZ0EIZBWTR L, ) RUY)
DE T XS S LERANMEE»E 2R, UTIOBEZBVWTRAL, ) &
HESHEBLDTH- T, FHRBECANLGNLbDIZRS, LT IOHEILE
TR, ) DR

(1) WMBIEFREES WEAERDO >HEEL, ML LEEmE g S
CHELDTHOT, BEETAERINBEEZE L2V EEINTNEHDE N,
UTFZOEZBWNTRE, )i, MEE (EEE PSR 1g 122 100, 000 AT
T, Hv0, RBEEARETRITFERLRY, ZOBEOMER(EEE) D
LR CRIGERABIAL, kOB &5 5,

1. BEOEDRUFE OFH R : :
HELUI-EEREAEORTETNANI—NVBRTILSE, BELEZGEREZHN
THE L, ZOREDE EE2BETY LB EESIC 25 P EENICHBERETY
FAP-CE D, WD CREEATUK 226m1 2N TR 5, £ 100l %
BEE2Y FERAWTRERECAIZE Y, BEY CEREHEAIRK 90ml 2012
TEEML, ZhEEREET 5,
A% (EEE) OFIEIZE LTI, 1 FEIRIZ 30~300 DEEN X LSNBE S I
) CBEEATRK TRERREBREAR L b o2k L, KIEEHEOR
BICEI LTI, REBRRERE T 5. |

(%)

(3) MEBEBRAEHERTH-T, BESEIEFHTMASNEZLDLUADS
DI, WES CEEE) MHE 12120 3,000, 000 LT T, 2>, E coli 252k

Tﬁﬁhi&%&w0_® A OMEE (EHEE) OBIEERE. coli OFRERTE
X, ROEBY LT 5,
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1. BREORIEURE O
(D1 ITEELCTITS, ZOBESITBWT, B coli MEERITHE L TiX, =EHE
BEREET 5,

(R%)

3. E.coli ORBRIE \
A E Inl PO3IEDOECII-BE (B1 RROWDEEOEDOLERME
D1 ABEH NPEOESBROBI DI ICHRETHIHDOEN), )ITEEL,
AR ZFANT44.5° (BT 0.2° ORBERD D, )T 24 BRRT (514 2 B/
D KRERBDD, UTZOHIBWTHLE, )EB&T5, £0OB, VAREER
R EENT, HERBBEL L, TAREZRDR2WVE DN, HERREME
LT 5, |
WERBRABEDOBEIE, HYiZECIIoMELD 1A&ELE- M B - BHEE
Wh<HRL, 35 (ETL0 ORBERBDD, UTZORIZBWTRLE, )T
24 IFFfEIE3EE U7ct%, B coli OERIMETE (BERINEE DR VWEETY, EINE
HOWCHEPLAEE 2D D) 2HAE LT, IS A 3 VIEOBEROERARIC
FThENBHET D (ERNEFICED U EE2HHE LRIEE1E, SEENLY
Bl TbDORICENENZEIET D, ).
AHET A 3 o BB IL 35° T 48 BRI (Ri1% 3 BRI OB R®H B, ), BRE
EiL35° TR L, AT/ 3 I3 BB ICBWC T AREF R L
BEIT, ThefEdTasERpmc>WTEKRL, 75 RUEFINEE R
WG % B coli BHEL T3,
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Escherichia coli, originally known as Bacterium coli commune, was identified in 1885 by the
German pediatrician, Theodor Escherich (14, 29). E. coli is widely distributed in the intestine of
humans and warm-blooded animals and is the predominant facultative anaerobe in the bowel
and part of the essential intestinal flora that maintains the physiology of the healthy host (9, 29).
E. coli is a member of the family Enterobacferiaceae (15), which includes many genera,
including known pathogens such as Salmonella, Shigella, and Yersinia. Although most strains of
E. coli are not regarded as pathogens, they can be opportunistic pathogens that cause
infections in'immunocompromised hosts. There are also pathogenic strains of E. cofi that when
ingested, causes gastrointestinal illness in healthy humans (see Chap. 4A).

In 1892, Shardinger proposed the use of E. coli as an indicator of fecal contamination. This was
based on the premise that E. colfi is abundant in human and animal feces and not usually found
in other niches. Furthermore, since E. coli could be easily detected by its ability to ferment
glucose (later changed to lactose), it was easier to isolate than known gastrointestinal
pathogens. Hence, the presence of E. coli in food or water became accepted as indicative of
recent fecal contamination and the possible presence of frank pathogens. Although the concept
of using E. coli as an indirect indicator of health risk was sound, it was complicated in practice,
due to the presence of other enteric bacteria like Citrobacter, Klebsiella and Enferobacter that
can also ferment lactose and are similar to E. coli in phenotypic characteristics, so that they are
not easily distinguished. As a result, the term "coliform™ was coined to describe this group of
enteric bacteria. Coliform is not a taxonomic classification but rather a working definition used to
describe a group of Gram-negative, facultative anaerobic rod-shaped bacteria that ferments
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lactose to produce acid and gas within 48 h at 35°C. in 1914, the U.S. Public Health Service
adopted the enumeration of coliforms as a more convenient standard of sanitary significance.

Although coliforms were easy to detect, their association with fecal contamination was
questionable because some coliforms are found naturally in environmental samples (6). This led
to the introduction of the fecal coliforms as an indicator of contamination. Fecal coliform, first
defined based on the works of Eijkman (12) is a subset.of total coliforms that grows and
ferments lactose at elevated incubation temperature, hence also referred to as thermotolerant
coliforms. Fecal coliform analyses are done at 45.5°C for food testing, except for water, shellfish
and shellfish harvest water analyses, which use 44.5°C (1, 3, 30). The fecal coliform group
consists mostly of E. coli but some other enterics such as Klebsiella can also ferment lactose at
these temperatures and therefore, be considered as fecal coliforms. The inclusion of Klebsiella
spp in the working definition of fecal coliforms diminished the correlation of this group with fecal
contamination. As a result, E. coli has reemerged as an indicator, partly facilitated by the
introduction of newer methods that can rapidly identify £. cofi. '

Currently, all 3 groups are used as indicators but in different applications. Detection of coliforms
is used as an indicator of sanitary quality of water or as a general indicator of sanitary condition
in the food-processing environment. Fecal coliforms remain the standard indicator of choice for
shellfish and shelifish harvest waters; and E. colj is used to indicate recent fecal contamination
or unsanitary processing. Almost all the methods used to detect E. cofj, total coliforms or fecal
coliforms are enumeration methods that are based on lactose fermentation (4). The Most
Probable Number (MPN) method is a statistical, multi-step assay consisting of presumptive,
confirmed and completed phases. In the assay, serial dilutions of a sample are inocufated into
broth media. Analysts score the number of gas positive (fermentation of lactose) tubes, from
which the other 2 phases of the assay are performed and then uses the combinations of positive
results to consult a statistical tables (Appendix 2), to estimate the number of organisms present.
Typically only the first 2 phases are performed in coliform and fecat coliform analysis, while all 3
phases are done for E. coli. The 3-tube MPN test is used for testing most foods. The 5-tube
MPN is used for water, shellfish and shellfish harvest water testing and there is also a 10-tube
MPN method that is used to test bottled water or samples that are not expected to be highly
contaminated (3).

There is also a solid medium plating method for coliforms that uses Violet Red Bile Agar, which
contains neutral red pH indicator, so that lactose fermentation results in formation of pink
colonies. There are also membrane filtration tests for coliform and fecal coliform that measure
aldehyde formation due to fermentation of lactose. This chapter also includes variations of
above tests that use fluorogenic substrates to detect E. coli (18), special tests for shelifish
analysis, a brief consideration of bottled water testing and a method for testing large volumes of
citrus juices for presence of E. coli in conjunction with the Juice HACCP rule,

|. Conventional Method for coliforms, fecal coliforms and E. coli

A. Equipment and materials

1. Covered water bath, with circulating system to maintain temperature of 45.5 + 0.2°C.
Water level should be above the medium in immersed tubes.

2. Immersion-type thermometer, 1-55°C, about 55 cm long, with 0.1°C subdivisions,
certified by National Institute of Standards and Technology (NIST), or equivalent

3. Incubator, 35 £ 1.0°C

4. Batance with capacity of >2 kg and sensitivity of 0.1 g
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Blender and blender jar (see Chapter 1)
Sterile graduated pipets, 1.0 and 10.0 mL

Sterile utensils for sample handling (see Chapter 1)

® N o o

Dilution bottles made of borosilicate glass, with polyethylene screw caps equipped
with Teflon liners. Commercially prepared dilution bottles containing sterile
Butterfield's phosphate buffer can also be used.

9 Quepec colony counter, or equivalent, with magnifying lens
10. Longwave UV light [~365 nm], not to exceed 6 W.
11. pH meter
B. Media and Reagents

Brilliant green lactose bile (BGLB) broth, 2% (M25)

Lauryl tryptose (LST) broth (M76)

EC broth (M49)

Levine's eosin-methylene blue (L-EMB) agar (M80)

Tryptone (tryptophane) broth (M164)

MR-VP broth (M104)

Koser's cifrate broth (M72)

Plate count agar (PCA) (standard methods) (M)

Butterfield's phosphate-buffered water (R11) or equivalent diluent (except for shellfish)

Kovacs' reagent (R38)

Voges-Proskauer (VP) reagents (R89)

Gram stain reagents (R32)

Methyl red indicator (R44)

Violet red bile agar (VRBA) (M174)

VRBA-MUG agar (M175)

EC-MUG medium (M50)

Lauryl tryptose MUG (LST-MUG) broth (M77)

Peptone Diluent, 0.1% (R56) -

C. MPN - Presumptive test for coliforms, fecal coliforms and E. coli

Weigh 50 g food into sterile high-speed blender jar. (see Chapter 1 and current FDA
compliance programs for instructions on sample size and compositing) Frozen samples
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can be softened by storing it for <18 h at 2-5°C, but do not thaw. Add 450 mL of
‘Butterfield's phosphate-buffered water and blend for 2 min. If <50 g of sample are
available, weigh portion that is equivalent to half of the sample and add sufficient volume
of sterile diluent to make a 1:10 dilution. The total volume in the blender jar should
- completely cover the blades. '

Prepare decimal ditutions with sterile Butterfield's phosphate diluent. Number of dilutions to
be prepared depends on anticipated coliform density. Shake all suspensions 25 times in
30 cm arc or vortex mix for 7 s. Do not use pipets fo deliver <10% of their {otal volume.
Transfer 1 mL portions fo 3 LST tubes for each dilution for at least 3 consecutive dilutions.
Hold pipet at angle so that its lower edge rests against the tube. Let pipet drain 2-3 s. Not
more than 15 min should elapse from time the sample is blended until all dilutions are
inoculated in appropriate media.

NOTE: Use 5-tube MPN for analysis of shellfish and shellfish harvest waters.

Incubate LST tubes at 35°C. Examine tubes and record reactions at 24 £ 2 h for gas, i.e.,
displacement of medium in fermentation vial or effervescence when tubes are gently
agitated. Re-incubate gas-negative tubes for an additional 24 h and examine and record
reactions again at 48 £ 2 h. Perform confirmed test on all presumptive positive (gas) tubes.

D. MPN - Confirmed test for coliforms

From each gassing LST tube, transier a loopful of suspension to a tube of BGLB broth,

avoiding pellicle if present. Incubate BGLB tubes at 35°C and examine for gas production

at 48 = 2 h. Calculate most probable number (MPN) (see Appendix 2) of coliforms based
~ on proporticn of confirmed gassing LST tubes for 3 consecutive dilutions.

E. MPN - Confirmed test for fecal coliforms and E. coli

From each gassing LST tube from the Presumptive test, transfer a loopful of each

" suspension to a tube of EC broth (a sterile wooden applicator stick may also be used for
these transfers). Incubate EC tubes 24 £ 2 h at 45,5 °C and examine for gas production. If
negative, reincubate and examine again at 48 + 2 h. Use results of this test to calculate
fecal coliform MPN. To continue with E. coli analysis, proceed to Section F below. The EC
broth MPN method may be used for seawater and shelifish since it conforms to
recommended procedures (1). (Caution: see Note below).

NOTE: Fecal coliform analyses are done at 45.5& 0.2°C for all foods, except for water
testing and in shellfish and shellfish harvest water analysis, which uses an incubation
temperature of 44.5+ 0.2°C.

F. MPN - Completed test for E. coli.

To perform the Completed test for E. cofi, gently agitate each gassing EC tube and streak
for isolation, a loopful to a L-EMB agar plate and incubate for 18-24 h at 35°C. Examine
plates for suspicious E. coli colonies, i.e., dark centered and flat, with or without metallic
sheen. Transfer up to 5 suspicious colonies from each L-EMB piate to PCA slants incubate
for 18-24 h at 35°C and use for further testing.

NOTE: |dentification of any 1 of the 5 colonies as E. coli is sufficient to regard that EC tube
as positive; hence, not all 5 isolates may need to be tested.

Perform Gram stain. All cultures appearing as Gram-negative, short rods should be iested
for the IMVIC reactions below and also re-inoculated back into LST to confirm gas
production.
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Indole production. Inoculate tube of tryptone broth and incubate 24 + 2 h at 35°C. Test for
indole by adding 0.2-0.3 mL of Kovacs' reagent. Appearance of distinct red color in upper
layer is positive test.

Voges-Proskauer (VP)-reactive compounds. Inoculate tube of MR-VP broth and incubate
48 + 2 h at 35°C. Transfer 1 mL to 13 x 100 mm tube. Add 0.6 mL x-naphthol solution and
0.2 mL 40% KOH, and shake. Add a few crystals of creatine. Shake and let stand 2 h. Test
is positive if eosin pink color develops.

Methyl red-reactive compounds. After VP test, incubate MR-VP tube additional 48 £ 2 h at
35°C. Add 5 drops of methyl red solution to each tube. Distinct red color is positive test.
Yellow is negative reaction.

Citrate. Lightly inoculate tube of Koser's citrate broth; avoid detectable turbidity. Incubate
for 96 h at 35°C. Development of distinct turbidity is positive reaction.

Gas from lactose. Inoculate a tube of LST and incubate 48 + 2 h at 35°C. Gas production
(displacement of medium from inner vial) or effervescence after gentle agitation is positive
reaction.

Interpretation: All cultures that (a) ferment lactose with gas production within 48 h at
35°C, (b) appear as Gram-negative nonsporeforming rods and (c) give IMVIC patterns of
++- {biotype 1) or -+~ (biotype 2) are considered to be E. coli. Calculate MPN (see
Appendix 2) of E. coli based on proportion of EC tubes in 3 successive dilutions that
contain E. coli.

NOTE: Alternativély, instead of performing the [IMVIC test, use API20E or the automated
VITEK biochemical assay to identify the organism as E. coli. Use growth from the PCA
slants and perform these assays as described by the manufacturer.

G. Solid medium method - Coliforms

Prepare and autoclave violet red bile agar (VRBA) according to manufacturer's
instructions. Cool to 48°C before use. Prepare, homogenize, and decimally dilute sample
as described in section |. C above so that isolated colonies will be obtained when plated.
Transfer two 1 mL aliquots of each dilution to petri dishes, and use either of the following.
two pour plating methods, depending on whether injured or stressed cells are suspected to
be present (1).

Pour 10 mL VRBA tempered to 48°C into plates, swirl plates to mix, and let solidify. To
prevent surface growth and spreading of colonies, overlay with 5 mL VRBA, and let
solidify. If resuscitation is necessary, pour a basal layer of 8-10 mL of tryptic soy agar
tempered to 48°C. Swirl plates to mix, and incubate at room temperature for 2 0.5 h.
Then overlay with 8-10 mL of melted, cooled VRBA and let solidify.

Invert solidified plates and incubate 18-24 h at 35°C. Incubate dairy products at 32°C (2).
Examine plates under magnifying lens and with illumination. Count purple-red colonies that
are 0.5 mm or larger in diameter and surrounded by zone of precipitated bile acids. Plates
should have 25-250 colonies. To confirm that the colonies are coliforms, pick at least 10
representative colonies and transfer each to a tube of BGLB broth. Incubate tubes at
35°C. Examine at 24 and 48 h for gas production.

NOTE: If gas-positive BGLB tube shows a pellicle, perform Gram stain to ensure that gas
production was not due to Gram-positive, lactose-fermenting bacilli.

Determine the number of coliforms per gram by multiplying the number of suspect colonies



Enumeration of Escherichia coli and the Coliform Bacteria P 5 2 http:/fwww.cfsan. fda. gov/~ebam/bam-4. htmi

by percent confirmed in BGLB by dilution factor.

Alternatively, E. coli colonies can be distinguished among the coliform colonies on VRBA
by adding 100 ug of 4-methyl-umbeliiferyl-8-D-glucuronide (MUG) per mL in the VRBA
overlay. After incubation, observe for bluish fluorescence around colonies under longwave
UV light. (see LST-MUG section Il for theory and applicability.)

H. Membrane Filtration (MF) Method - coliforms: see Section lll. Botfled Water.
NOTE: Food homogenates will easily clog filters, hence MF are most suitable for analysis
of water samples; however, MF may be used in the analysis of liquid foods that do not
contain high levels of particulate matter.

ll. LST-MUG Method for Detecting E. coli in Chilled or Frozen Foods
Exclusive of Bivalve Molluscan Shellfish

The LST-MUG assay is based on the enzymatic activity of B-glucuronidase (GUD), which
cleaves the substrate 4-methylumbelliferyt B-D-glucuronide (MUG), to release
4-methylumbelliferone (MU). When exposed to longwave (365 nm) UV light, MU exhibits a
bluish fluorescence that is easily visualized in the medium or around the colonies. Over 85% of
E. coli produces GUD, including anaerogenic (non-gas-producing) strains. One exception is
enterohemorrhagic E. coli (EHEC) of serotype O157:H7, which is consistently GUD negative
(11, 17). The lack of GUD phenotype in O157:H7 is often used to differentiate this serotype from
other E. coli, although GUD positive variants of O157:H7 do exist (24, 26). The production of
GUD by other members of the family Enterobacteriaceae is rare, except for some shigellae (44
-58%}) and salmonellae (20-29%) (18, 27). However, the inadvertent detection of these
pathogens by GUD-based assays is not considered a drawback from a public health
perspective. Expression of GUD activity is affected by catabolite repression (8) so on occasion,
some E. coli are GUD-negative, even though they carry the uidA gene (gusA) that encodes for
the enzyme (19). In most analyses however, about 96% of E. coli isolates tested are
GUD-positive without the need for enzyme induction (27).

MUG can be incorporated into almost any medium for use in detecting E. cofi. But some media
such as EMB, which contain fluorescent components, are not suitable, as they will mask the
fluorescence of MU. When MUG is incorporated into LST medium, coliforms can be enumerated
on the basis of gas production from lactose and E. cofi are presumptively identified by
fluorescence in the medium under longwave UV light, thus it is capable of providing a
presumptive identification of E. coli within 24 h (18, 28). The LST-MUG method described below
has been adopted as Official Final Action by the AOAC for testing for E. cofi in chilled or frozen
foods, exclusive of shelifish (28). For information on MUG assay contact Dr. Peter Feng, FDA,
CFSAN, College Park, MD, 20740; 301-436-1650; pfeng@cfsan.fda.gov.

CAUTION: To observe for fluorescence, examine inoculated LST-MUG. tubes under longwave
(365 nm) UV light in the dark. A 6-watt hand-held UV lamp is adequate and safe. When using a
more powerful UV source, such as a 15-watt fluorescent lamp, wear protective glasses or
goggles. Also, prior to use in MUG assays, examine all glass tubes for auto fluorescence.
Cerium oxide, which is sometimes added to glass as a quality control measure, will fluoresce
under UV light and interfere with the MUG test (25). The use of positive and negative control
strains for MUG reaction is essential.

1. Equipment and material: see section |.A above and in addition,
New, disposable borosilicate glass tubes (100 x 16 mm)
New, disposable borosilicate glass Durham vials (50 x 9 mm) for gas collection.
Longwave UV lamp, 6-watt or equivalent

2. Media and reagents: see section |.B above
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3. Presumptive LST-MUG test for E. coli.

Prepare food samples and perform the MPN Presumptive test as described in section I.C.
above, except use LST-MUG tubes instead of LST. Be sure to inoculate one tube of LST-MUG
with a known GUD-positive E. coli isolate as positive control (ATCC 25822). In addition,
inoculate another tube with a cuiture of Enterobacter aerogenes (ATCC 13048) as negative
control, to facilitate differentiation of sample tubes that show only growth from those showing
both growth and fluocrescence. Incubate tubes for 24 to 48 + 2 h at 35°C. Examine each tube for
growth (turbidity, gas) then examine tubes in the dark under longwave UV lamp (365 nm). A
bluish fluorescence is a positive presumptive test for E. coli. Studies by Moberg et al. (28) show
that a 24 h fluorescence reading is an accurate predictor of E. cof/f and can identify 83-95% of
the E. coli-positive tubes. After 48 h of incubation, 96-100% of E. cofi-positive tubes can be
identified (28). Perform a confirmed test on all presumptive positive tubes by streaking a loopful
of suspension from each fluorescing tube to L-EMB agar and incubate 24 + 2 h at 35°C. Follow
protocols outlined in |. F, above, for Completed test for £. cofi. Calculate MPN of E. coli based
on combination of confirmed fluorescing tubes in 3 successive dilutions.

lll. Examination of Bottled Water

Consumption of bottled water is increasing rapidly worldwide. In the U.S. alone, over 3.6 billion
gallons of bottled water were consumed in 1998 (International Bottled Water Association,
Alexandria, VA). Unlike potable water, which is regulated by the U.S. EPA, bottled water is
legally classified as food in the U.S. and regulated by the FDA (Federal Register. 1995. 21 CFR
Part 103 et al. beverages: bottled water; final rule. 60(218) 57076-57130). FDA defines bottled
water as "water that is intended for human consumption and that is sealed in bottles or other
containers with no added ingredients except that it may contain safe and suitable antimicrobial
agents" and, within limitations, some added fluoride. Bottled water may be used as a beverage
by itself or as an ingredient in other beverages. These regulations do not apply to soft drinks or
similar beverages. In addition to "boitled water" or "drinking water”, in 21 CFR Part 103 FDA also
defines various types of bottled water that meet certain criteria. These identities include "artesian
or artesian well water", "ground water", mineral water", "purified or demineralized water",
"sparkling bottled water”, "spring water" and "well water". Additionally "sterile water" is defined as
water that meets the requirements under the "Sterility Test" in the United States Pharmacopsia.

Coliform organisms are not necessarily pathogens and are rarely found in bottied water,
however, they serve as an indicator of insanitation or possible contamination. Surveys have
shown that coliforms are useful indicators of bottled water quality, but some countries also
monitor additional microbial populations as indicators of bottie water quality (10, 33). Under the
current bottled water quality standard, FDA has established a microbiological quality requirement
that is based on coliform detection levels. These levels may be obtained by membrane filtration
(MF) or by 10-tube MPN analysis of ten 10-mL analytical units. For information on bottied water
methods contact Dr. Peter Feng, FDA, CFSAN, College Park, MD, 20740; 301-436-1650;.
pfeng@cisan.fda.gov.

1. Equipment and Materials.
a. Incubator at 35° £ 0.5°C.

b. Membrane filiration units (filter base and funnels): glass, plastic, or stainless steel;
wrapped in foil or paper and sterilized.

c. Uliraviolet sterilization chamber for sterilizing filter base and funnels (optional).

d. Filter manifold or vacuum flask to hold filter funnels.
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e. Vacuum source (line vacuum, electric vacuum pump or water aspirator).

f. Membrane filters; sterile, white, gridded, 47 mm diameter, 0.45 ym pore size (or
equivalent, as specified by the manufacturer) for enumeration of bacteria.

g. Petri dishes, sterile, plastic, 50 x 12 mm, with tight fitting lids.

h. Forceps designed to transfer membranes without damage.
2. Culture media.

a. Lauryl sulfate tryptose (LST) broth (M-76).

b. Brilliant green lactose bile broth (BGLB) (M-25).

c. M-Endo medium or LES Endo Agar (for formulation see Standard Method for
Examination of Water and Wastewater, 1998, 20th ed, p. S-568 (3).

3. Ten tube MPN coliform test - Presumptive and Confirmed procedures.
For routine examination of bottled water, take 100 mL of sample and inoculate 10 tubes of
2X LST (10 mL of medium) with 10 mL of undiluted sample each. Incubate tubes at 35°C.
Examine tubes at 24 % 2 h for growth and gas formation as evidenced by displacement of
medium in fermentation vial or effervescence when tubes are gently agitated. If negative at
24 h, reincubate tubes for an additional 24 h and examine again for gas. Perform a
confirmed test on all presumptive positive (gassing) tubes as follows: gently agitate each
positive LST tube and, using a 3.0 - 3.5 mm sterile loop, transfer one or more loopfuls of
suspension to a tube of BGLB broth. Sterile wooden applicator sticks may also be used for
transfer by inserting it at least 2.5 cm into the broth culture. Incubate BGLB tubes for 48 £ 2
h at 35°C. Examine for gas production and record. Caiculate MPN using 10 tube MPN
Table (9221.111), p. 9-562, Standard Methods for the Examination of Water and Wastewater

(3).

4. Membrane filter method for coliforms.

Filter 100 mL. of test sample and transfer the filter to M-Endo medium or LES Endo Agar

~ and incubate at 35 °C for 22-24 h. Count colonies that are pink to dark red with a green
metallic surface sheen. The sheen may vary from pinpoint to complete coverage of the
colony. Use of a low power, dissecting-type microscope to examine filters is
recommended.
Confirmation - If there are 5 to 10 sheen colonies on the filter, confirm all by inoculating
growth from each sheen colony into tubes of LST and incubate at 35 °C for 48 h. If the
number of sheen colonies exceeds 10, randomly select and confirm 10 colonies that are
representative of all sheen colonies. Any gas positive LST tubes should be sub cultured to
BGLB and incubated at 35°C for 48 hr. Gas production in BGLB within 48 h is a confirmed
coliform test. Report results as number of coliform colonies per 100 mL.

NOTE: Standard Method, 1998, 20th ed, p. 9-60 (3), allows for simultaneous inoculation of
LST and BGLB during verification. However, BGLB is somewhat inhibitory so the method
described above, where samples are sub cultured from LST into BGLB is regarded as a
more sensitive verification assay and therefore, recommended.

IV. Examination of Shellfish and Shellfish Meats

The official FDA procedure for bactériological analysis of domestic and imported bivalve
molluscan shellfish is fully and properly described in the APHA's Recommended Procedures the

Examination of Sea Water and Shellfish, 4" ed. 1970 (1). The methods, including the
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conventional 5-tube MPN for coliform, fecal coliform and standard total plate count for bacteria
(see Chapter 3), are described below for examining shell stock, fresh-shucked meats,
fresh-shucked frozen shellfish, and shellfish frozen on the half shell. These procedures do not
apply to the examination of crustaceans (crabs, lobsters, and shrimp) or to processed shellfish
meats such as breaded, shucked, pre-cooked, and heat-processed products. Also, many
methods that are used for testing for environmental water or for shellfish harvest waters will not
be covered here. Environmental water analyses are done by the U.S. EPA (3) and the quality of
shellfish harvest waters are mainly the responsibilities of each State's Shellfish Contro!
Authorities (20).

1, Sample Preparation

Using 10-12 shellfish, obtain 200 g of shellfish liqguor and meat. Blend 2 min, with 200 mL
sterile phosphate buffered dilution water or 0.5% peptone water to yield a 1:2 dilution of
sample. Analysis of the ground sample must begin within 2 min after blending. Make serial
dilutions in 0.5% sterile peptone water or sterile phosphate buffered dilution water.

2. MPN - Presumptive and Confirmed Test for Coliform

Use Lactose Broth (M74) or Lauryl Tryptose Broth (M786), at single strength in 10 mi
volumes. Inoculate as follows: '

a. Toeach of 5 tubes, add 2 mL of the blended homogenate (equivalent to 1 g of
shellfish). -

b. To each of & tubes, add 2 mL of 1:10 dilution of homogenate (0.1 g shellfish).
c. To each of 5 tubes, add 2 mL of 1:100 dilution of homogenate (0.01 g shellfish}.
d. To each of 5 tubes, add 2 mL of 1:1000 dilution of homogenate (0.001 g shellfish).

Further dilutions may be necessary to avoid indeterminate resulis. Incubate tubes at 35°C
then follow instructions in section 1.C and perform Confirmed test as in 1.D above, under
"Conventional Method for Coliforms, fecal coliforms and £. coff". Calculate MPN as
described in section 1.D above, except that shellfish analysis specifies that the coliform
density be expressed as MPN per 100 g of sample rather than per g.

3. MPN - Presumptive and Confirmed Test for Fecal Coliforms in Shellfish

Perform presumptive test as described in section 2 above. To confirm positive tubes,
transfer one loopful from gas positive LST tubes to EC broth and incubate in a covered
circulating waterbath at 44.5°+0.2°C for 24 + 2 hr. Gas production in EC is a positive
confirmed test for fecal coliforms. Calculate the MPN for fecal coliforms as described
above for coliform. ‘

4, MPN - EC-MUG Method for Determining E. coli in Shellfish Meats

The MUG assay for B-glucuronidase (GUD) described above for detecting E. cofi in chilled
and frozen food can also be used for testing for E. coli in shellfish meats; but with slight
modifications. This is due to the fact that foods, such as shellfish meats contain natural
GUD activity (32). As a result, oyster homogenate inoculated directly into LST-MUG tubes
in the Presumptive phase of the MPN test can cause false positive fluorescence reactions.
Hence, in the analysis of E. coli in shellfish meats, the MUG reagent is added to the EC
medium and used in the confirmatory phase of the assay. The EC-MUG tubes, incubated
at 44.5°C, can be used in the confirmatory phase of a conventional 5-tube MPN assay to
determine fecal coliform levels in shellfish meats, then by examining tubes for fluorescence
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under longwave UV, an E. cofi MPN can also be readily obtained (32).

See section 1.A and 1.B above for materials and reagents required. Use commercially
prepared dehydrated EC-MUG, or prepare medium by adding MUG to EC broth (0.05 g/L)
(M8&0). Several sources of MUG compound are suitable: Marcor Development Corp.,
Hackensack, NJ; Biosynth International, Skokie, IL; Sigma Chemical Co., St. Louis, MO
and Hach Chemical, Loveland, CO. Dispense 5 mL into new disposable borosilicate glass
tubes (100 x 16 mm) containing, new disposable borosilicate glass Durham vials (60 x 9
mm) for gas collection. Sterilize EC-MUG broth tubes at 121°C for 15 min; store up to 1
week at room temperature or up to a month under refrigeration. '

Perform the 5-tube MPN Presumptive and Confirmed Test for Fecal Coliforms in Shellfish
as described above in Section 3, except use EC-MUG tubes instead of EC for the
confirmed test. Determination of fluorescence in EC-MUG broth requires the use of 3
control tubes, one inoculated with E. coli as positive controf; one with K. prieumoniae as
negative control; and an uninoculated tube as EC-MUG medium batch control. Inoculate
the positive and negative controls at the time when Confirmed test is being performed and
incubate all tubes at 44.5°C 1 0.2°C for 24 h.

Read fluorescence as described above under LST-MUG assay. Note that some (<10%) E.
cofi are anaerogenic (gas-negative), but should be MUG-positive. Include all fluorescence
positive tubes in the £. coli MPN calculations. Determine E. coli MPN from tables using
combination of fluorescence positive tubes at each dilution.

V. Analysis for E. coli in citrus juices

Analysis for E. coli has been implemented to identify potentially contaminated juices or for
verifying the effectiveness of HACCP during processing of unpasteurized juices (21 CFR Part
120, Vol. 66, No. 13, January 19, 2001). The standard method commonly used for testing for £.
coli is the MPN however, it does not seem adequate for juice testing because of the acidity (pH
3.6 10 4.3) of juices, which can interfere with the test, plus it only allows for testing 3.33 mL of
sample. Unlike most E. cofi methods, which are enumeration assays, the foliowing method is a
simple Presence/Absence test that can examine 10-mL volume of juices (34, 35). This assay,
desighated as modified ColiComplete (CC) Method, is a modification of AOAC Official Method
992.30, which uses MUG for detection of E. coli (see Section on LST-MUG Method for details).

1. Equipment and materials

o Covered water bath, with circulating system to maintain temperature of 44.5 + 0.2°C.
Water level should be above the medium in immersed tubes.

o Incubator, 35 £ 0.5°C
o Longwave UV light [~365 nm], not to exceed 6 W.
2. Media and reagents:

Universal Preenrichment Broth (UPEB) (M188) or can be purchased from Difco
Laboratories, Detroit, Ml

EC medium (M48) §
ColiComplete (CC) discs - Biocontrol, Bellevue, WA

3. Sample preparation, enrichment and analysis



Enumeration of Escherichia coli and the Coliform Bacteria

http:/Asrww. cfsan fda. govi~ebam/bam-4. hitmf
Page 57

Perform assay in duplicate. Aseptically, inoculate 10-mL portion of juice into 90 mL of
UPEB and incubate at 35°C for 24 h. After enrichment, mix and transfer 1-mL from each
UPEB enrichment broth into 9 mL of EC broth containing a CC disc. Incubate EC/CC broth
tubes at 44.5°C in a circulating water bath for 24 h. Include a tube inoculated with a MUG
(+) E. coli strain as positive control and another with K. pneumoniae as negative control.
Examine tubes in the dark and under long wave UV light. The presence of blue
fluorescence in either tube is indicative that E. coli is present in the sample. Note: The CC
discs also contain X-gal, which when cleaved by B-galactosidase will yield blue color on or
around the disc. This reaction is analogous to measuring acid/gas production from
fermentation of lactose hence, the presence of blue color is indicative of coliforms.

VL. Other Methods for Enumerating Coliforms and E. coli

For information and reference purposes there is a Table in Appendix I, which contains a partial
listing of commercially-available assays, many of which uses fluorogenic reagents like MUG or
other chromogenic substrates for presumptive detection and identification of coliform and E. coli
in foods. Many of these tests, such as the Petrifilm dry rehydratable film, the hydrophobic grid
membrane filter/MUG (HGMF/MUG) method (13), ColiComplete disc (16), etc, have been
evaluated by collaborative studies and adopted as official first or final action by the AOAC. There
are also many modifications of the membrane filiration assays that have been developed for
testing for coliform, fecal coliform and E. coli and some of these may be useful in testing foods
such as miltk and beverages, but they are used mostly for water, environmental waters, and
shellfish harvest waters analysis (
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