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TEE TERELEEEYRMESRE SAM BEEL
HEMER: W E%
HERE: B4
R BRI RE0 HOSH-BER2E0 A17TH
WEAS: RERNHE 008 H13H
SRR JADNHEE - BE 4 AREE - R
g  SEKEHR

WEHE: mgeRsARARTBERES S TAVRBITRRRAE - A
TP EEEIIAE - DB REXE L2 HER - YR MieERFIR
Bt H AT TEGE A B S 9 AT (National Food Research Institute,
NFRDIFZ MRS ETLT - AXKAEZ EEEREBOHE RSP HEEFE
Y S FEYESEIERRERI - (ERHEI HIEZZEKIRQ)
HEHARSTEREY - BT EYER IR L RAHREAR
KRR R R WG EAZR .20 - WHEZZEH
R & HFHER —EE ] (Kenji Isshik) ZITR AT R - B0 EE A
W EE BRI RSP EREYCER - BRERERE RS EE
B - ARBEYIER S » BRI B A < EE KIEEHRE H L -
WHEHEEIR ST BohPHEFERE R E EEE gl - BE0OR
&89 8448 7 I (polymerase chain reaction, PCR) (2)Micro Foss Q) HIAE &

(DOX method) (4)Menadione-Catalyzed Luminol Chemiluminescent assay ° fi&
It » H3E1EDr. Latiful Bariff9H538 T #: H A B i1 A HIH & f s R
A4 BRI EY) — — BB AZ /K (Electrolyzed acidic water) iz
Calcinated calcium : 3ff B 7E— & B F](Kenji Isshik) B TEBIT - HIE
HAEE AR " BARSEEEGE /- Ho2EEEs ), 28
SeHEREBR N - 2EBRMFEMEMPURERE - Fe T HRERE
o REGHRSEEHFTHEEE RS - BRI EFAK
(Electrolyzed acidic water) FJf& & _Lalf 4 Yyihidtata 51k - #ECHACCP
(Hazard analysis critical control point system) &t * FEFIERERZE » BRLE
AEFERA - ATHOARERRFEIRE R E18-24/ N DAY - HIERIN R4 A E S
NAERIR - EHARMFEWEFERENPEREENEE - ZN0
ELe FAVEE o P URERZEAET - WH o PRSI - It
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RREPFERBABENZ ST EYVRRZARE B

# E3

BRERIRAAEDSFHFRBAZ Y FAYRREMERB DY ~ 0l
e e EFHOME  AERRRKRZL A R RDRRE
Bk B AL B AE ILATEUR AR S48 %A (National Food Research
Institute, NFRI)# & ta BiiREa il - ARAB 222 ERAL(DAER
o P HREAMAMZ N FADRBILNTAL MARRIEHT - EAFITH 2 %
FHRIE(L) REDARDSFEMEY - RETAEMEEZIRMBBR T LA
HE B A B R RARBR AT R ABY > BRI B S E RERZI A
AAEEMERE TSR — &Y 8 (Kenji Isshiki) A2 RN R HE £
HBRMEZEE  HNRRRD P EMEMZER ~ 55 RIERAITH
mEARRHBE -

ARERUERS > RFE B AR EE KAZ BBy kb ~ 48
MEHRARZRSTHEREERLE BB mAlE - AR (DRA
4% 84 R J& (polymerase chain reaction, PCR) (2)Micro Foss :£(3):#l:5 8.8
(DOX method ) (4)Menadione-Catalyzed Luminol Chemiluminescent
assay ° it © F ¥ £ Dr. Latiful Bari ¢945 § T4248 8 A 8 AT A RdrHl & &
ToRRMEM AN E RS RWAILE Y — — s T (Electrolyzed
acidic water)& Calcinated calcium; 3B 4% — & % 3) (Kenji Isshiki)
HREMNEDT  BAFBARBEARBZ "o ARIHELEEANT
EERWERE . FRABRERAHE S ABRRLEOA R PLAT R
EoRETHIRARRAIUL REGRILRSTEEFHZASL -



B A2 B E A k(Electrolyzed acidic water) I 44 L ifi 4 &
R A5 7% 0 #5 8 HACCP(Hazard analysis critical control point system)
R4 BRRAERKE  ARSHTARMN - TRARRFHELHEE] 8-24 /1 8F
N ABEANRBHET BOFANRZLA -

EARARBECMAAAMRSFHERRDANGT I A r#ce L
g3 HAP2BRTRENEIT - E B - PIZEE A - o HRNERRE
Py B & (dw P-1level % P-2Level) Z FARE N A 36 B4R HAm bAAR T » 4K
REZ[BHEMBIBENZEZZIETE > AMANTREG —LTEH
W TFEIT RATE E it o
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BEFERBARADEZERZ — FFAT—FR)ZRETHEH
HERBTRENG SKBRANRSPENFARRBUMAEDAE MW
BAT A AR A AR HEBRBHAH 2623 - HiL > KA
E MR R BRARR T EORE > BRETRS B R AR R A
P o BARRBREEGY  —AKRIBZBARE  BRRSTHFRAMEMAR
At BFLam  BERZ B TARARBRT X EELERE - AY
GRS T ERR M AN ZHIE > LR B RBUMARAALTHRE R
REM AR ER > RIRBAAE -

ARERAAFREZEIZBGAAERSTHEREMADZ  FAMKR
BRILATAR MARSR I - ME AT N A2 £ ERIBQ) AEB AR LT EMA
W RS T AEYEEZEIRR S kR TR R AR R 2 A8
FoBRIBARAHRBARAERZIK -

~

¥

P

A

SbRALBFAEITAELIN 138 - forp xR BHEMBAE > TRALERAHKSLO
R HHEHMMA BRMKE EEILITEAARDBALSH R LT AL
RAALEARARA - BRABAERIBELRLHAREN - HERE
EHRRYERBERAZIBREBR T E - RS TEIERBEZRBARZUR
SmBARGHARBRBHAT S TRACARSTERREBMZ N
BE - ITRATHIESE S TR :

ERAEA (—): ER



EFHHBERIA D@D MEIMREEAD > P osicE B AR B
3 o T RBEF A AR AT EUE AR S 4845 R A7 (National Food
Research Institute, NFRI) » & & &% & & 3f — & & 2] (Kenji Isshiki)## -4 4% -
T X 85 T 4% R & B %% £8 (Tsukuba International House, TIH) e

A8 (=):

1. #82E8 e LBAHAE

R

& F A KA R % x (Takafumi
Kasumi) + @ ¥ {£ /4 (Kenji Tanaka)#§ 4+ + X @ & 1% (Tadahiro Nagata)i% + -
B 2f 83 T(Akihiro Hino)# 4+ + & &% T 230313 T L5 %+ & A S 58
(Toshio Ohtani) ~ & & T4 38 # i& T #5715 ¥ & & + 27 3% — BF (Seiichiro
Isobe)#d 4+ ~ A& Wy #AE B 53T b SRR BE B K F K & 3 A @ F(Kimiko Yabe)
# 4~ L K fo F (Kazutaka Yamamoto) i + & — & K )+ MR ERE &
1% 1% B #o % (Kazumi Kitta) ~ Dr. Latiful Bari ~ JI] %% % (Sasumu Kawasaki )%

+ ~ #5 % B 54 (Yasuhiro Inatsu) °
253 TR GAAL | (—EFS)) ZlMMAFIRE -
ZRA+tR (=):
LEABipsl Rt ¥R B MM AME RO H 3 — —Electrolyzed acidic

wvater B RFREL ARSI E L2 BA -
2. BRI T BAMERTE B AME A 5 Kimchi(32 B 6 )89 8 £ 4% | -

ZAAB (m):



LB B dphl R 5t ¥ o8 B A S 4 K 69 # #1434 — —Calcinated calcium £ &

a%l%.}‘—-z}ﬁg.ﬁ% °
QHMEBRA S FAMBEMSARRS P ERRE R BN FE— —Micro
Foss 7% ~ alix 8. & (DOX method) ~ Menadione-Catalyzed Luminol

Chemiluminescent assay °

EAAB (R):
.28 A SEAMEMP2HRETRE -

2.4# Electrolyzed acidic water # &% #213% BI5F7 o

ERA+~ER+—8 (X-8B): B8
LERHRALZEH -
2 TRGEAS  (—AES)) FAMATIRE -

EA+=8 (—):

L 5 R AR A SR AT FE € F % 9 A (Akemi Kai)i 4 3 31 #5834 8 &
BATEERIEAZI MY L -

2R G H B R LA R o FF &l k% L (Shigeki Yamamoto) ~ 4

YRR - RS E = F & T4 ¥ F(Yoko Kawamura)

g
=%
)i
Am
:F:
9

B+ Z2HREE —F T kA& B X F(Fumiko Kasuga)#¥ + ~ Kumiko

Sasaki 1% + -~ Tamio Maitani 1§+ o
3.4# Ochanomizu % F X% > #f ¢ 4 8 % % (Masatsune Murata)# 4+ & 2 ;¢



JE =R BR(Yasujiro morimitsu)i# 4+

ZA+=8 (=):
SREHBANS T A ARG TREAFTOREEY -

ZR+wB (=)~2A+£8 (m):
% ho B AR L & AR B 48 B 131 € (Meeting of Food Hygienic Society of

Japan) °

ZA+x8 (&R):
LEREHRAEREH -
2513 TRSBATAR (—EKE) FAMMATIRSE

EA++8 (X): &HA
HIPITE BT IOB2S p B RS DA THMLER » N5 —TRE T

EART -

NN ff.%

—~pF RGBT R BRMEMAENE ROMFI
(—)EMEmik(Electrolyzed acidic water)

HER > EBRBNPHEELERARR THEREBH L LT RR
HESHRABKROREBRAR  FRREBSHAERER - RAZE
EEFRRAAHEHERMINRRLTHFAHEFHARAS - AENL > B AR
BHfERNSHMETAKORE FRBHTTREB(DI2%EK(IE A
RAIND EHQ)ERBES > PRIARBERIE 2453) & o EB 4
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Bp AR H & (Electrolyzed acidic water) & & #& R 4 /& (Electrolyzed alkaline
water) O £ (/K)o KRR H R BF & A73F 49 Electrolyzed acidic water » pH
8 <2.7 » f4t:B R E 1 (oxidation reduction potential) > 1100 mV » 4% &
A& A (free-chlorine)#y 10~80ppm ~ 0.1% NaCl & HCI ~ HOC1 % #p @ sty ©
AFAEEILLREREUL IR AT T
A D 20H —H,O+ 1/20,+2e”
2Cl1—Cl,+2e
Cl;, + H,O—HOCI+HCl
A4& 1 2H +2e¢” —H,
FEAEEEME IOV ER% LS 19.8 A(Z238) »

4 Dr.Bari B — & ¥ 3] #42 £ 25 T %3 F - Electrolyzed acidic water
TABRBAKAEFRRGERY AUBERXFEFLENLRDOEHEKR
B 4% B 3% A O157:H7 (Escherichia coli O157:H7) ~ 7% P9 K&, i (Salmonella
Enteritidis) ~ #4%3% % M £ #7435 8 (Listeria monocytogenes) i B ik i B 18 £
i R B 89 8E /1 & 74 200 ppm = £, 7K (chlorine water) ©

B 7 Electrolyzed acidic water £ 4 2edpHl R 5 7 5% B4 4 4
AEHFREA R -ABATBERCEAABTCERARIERAB O
HEBBEME - 2HLEEENSTER LR E LS HACCP(Hazard

analysis critical control point system)# & » A AR KR FELBR LB BRE °

(=)Calcinated calcium
Calcinated calcium £ —#H &AL EABRTORER AL HALY
ARATERBE - Bari i+ R — & B A HRERTEE » 0.5% (wt/vol)
Calcinated calcium £ #EAME A # &0 9 RE T A BB IRR KR IFILE A
@ &) &t K B5 42 8 F A O157:H7 (Escherichia coli O157:H7) ~ b P K. &
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(Salmonella) ~ £ 3%3% % vk % #7 4% B (Listeria monocytogenes) » ¥k B FE A&
L itiE B ey A /1 4B 74 200 ppm Z F7K(chlorine water) ©

Acidic Alkaline
clectrolyzed 1} ﬁ electrolyzed
water water ~Chemical Reaction
\ <4 part>:
HCl 1 G oH 20H"—H,0+1120,+2e"
HOCY | 2CI1-—>Cl,+2e
T l T Cl,+H,0—~HOCI+HCI
+ CI """ froo l: p — ( Low pH conditions)
-_— L2 : or- HOCI—H*+0CI~
R ( High pH conditions)
Cc1- le Na* Separation < —part>:
Nacl | Nacl membrane ZH* +2e"—H,

Tap water ﬁ
with NaCl
Principle of electrolyzed oxidizing water

B — - 81§ #% 7k (Electrolyzed acidic water) 2 # i & 3%
(Bari, 2003)



100

Non-active

80

60
HOCI

40

Active reaction

Cl, condition rate (%)

20

Cl, profile change with pH

B — - &+ E A%k (Electrolyzed acidic water) ¥ £.78 & 2 pH 1& % B 1%
(Bari, 2003)

=~ k& THERBBGRRARRE

(—) % 48548 4% R J&(polymerase chain reaction, PCR)
)| ¥ 2 (Sasumu Kawasaki)#H+ A A E & PCR 7% » RAIARE

# &% 2(modified-atmosphere-packaged fish )¥ E #! 1 % 4% & (Clostridium
botulinum Type E)Z 4 kFH - @ KB L L RER L E PCR HATRA
&8 2% E A By 4% # (Clostridium botulinum Type E)Z #R] » H &R B &
HEMMIERS o o KEEEBS CFUR)M R ks ¥ » & 35.3~120.6
%84 B i % (recovery) ; £ %148 (8.5x10° CFU/Q)8% » 434 19.7~173.5 %#Y .
Bk o AEMRBRFE 64 EAMNERAY TR PCR FikiRF  A@
18 FEXNNERARUKIAERABZIACRLTHERRAT RIS

10



BEMz X R - 48 EMNE % F k(mouse assay) B & H B - AN ~ BEE
Ry S158 L ERIHAMBE DHEREREEM - N4 % (Sasunu
Kawasak ) +Z R TIAEARBREVAFHRARS T HEZL L |4 F
(Sasumu Kawasaki) ## 4+ 2 3% & A % 3] F # (Primers) & 7| &

r 9’-GTGAATCAGCACCTGGACTTTCAG-3’ N B

F5’-GCTGCTTGCACAGGTTTATTGA-3’ |

B 4h 0 |2 (Sasumu Kawasaki)# ++.4% PCR 3 #7/E A £V PFIK A

(Salmonella) & #x 8] < i sk )I| 4% 21 d- o Lo 85 4% 4408 70 P K, # (Salmonella)
BEAITHEMEZPCR ik ARt R 28 - TRERER > PCR
kIR BERAHA 4 RFRDTIRARRY EZRBERDE > L E
BRIXRER SR - dA#Z  PCR Fik et 145 1344 - W PCR
ERBRTEL T RZTRRSRE > RA8EEARMTIEY -

(=)Micro Foss %

AR LA Micro Foss 2+ 8] K48 2 test vial & Micro Foss reader -
AR P EY B 69 8% 4 K B4R 8 (Escherichia coli ) % K ¥y 4% # % (coliform) » 2
test vial P AR A 2 BB MIT KRR AR > #2048 K BF12 H A X test vial &
# M TE. coli medium | (B 5.4) - 3% & b ay3%3t B 4 2 Are AR R &
B P BT A IEAZ A A AR B (E. coli) % K B+ & & (coliform) - H B 12 2 4%
Rl R S AR 2R BRaR G T B EIE MR R 6Y test vial ¥ o AN4F B 3%
k ENEEZFRERAMSERZIBEGILEN - BRZBPITLEZIAE
HRAIAGRATABLS  HARARSEDRRBARGEYRFER
Bt BERABARGENNR  FTRHERDSTHRERERABIT
B A% - )45 E (Sasumu Kawasaki)# 4 % & » K E 48 A &5 Micro Foss
ARG Rt L AR

11



NicroFoss 32

= ~Micro Foss £z ER ez mME S AARL
(Kawasaki, 2003)

(Z)##E A€ (DOX method)

DOX AR E#MRERFN A M AN AREZR T AR R
AAVHEAE RAEAARBEN  AEBEALANETE - Gk AT
MARBARE S  BHERARTTEOEAE - KA A i e s
A A ST B 4 98 8% b 69 9% M (detection time, Dt)Bp 5T R 332 4 & & T 48
4 F B9 A2 45 H $t(the viable bacterial cell number) © JI| ¥4 2 (Sasumu Kawasaki)
HEEAT KEMTER  BALSTESLABRG LR se A+
TR B A tAL s B B 2 MARAT 6448 B1E - K DOX 7% 8248 4 7 7% th 5 248 B
HeE 0 BRAARBGIZAZF LM %E A 0.85 - DOX system ¢35 = 42 &
H148 3638 45 & 180(60 vials x 3) % T Rx A B8 AT 1645 -

12



The principle of DOX (Dissolved OXygen) system

Bacterial respiration
Reference electrode — Consumption of dissolved oxygen
ol — Decrease electrical current
/ Working clectrode

Counter ¢lectrode
N

Electric current (nA)
1 Control
Solution (medium) Initial bact 1
i number
LOZNLOINLONMONLON . Threshold line
Incubation tim

Initial bacterial

/ number A

& / v

1
<—Elcclrical current '0: \

10
102
The electrical current value is proportional 10!

oo Rk |

to dissolved oxygen concentration

B w + DOX (Dissolved OXygen) system % R J& & 32
(Kawasaki, 2003)

(m )Menadione-Catalyzed Luminol Chemiluminescent assay

Menadiorie—Catalyzed Luminol Chemiluminescent aSsay PO 2 Q=0)
BREXEZRANAAXEHLEAE coli) £4 % Menadione #9385 % A A K> &
Menadione $ 4= i &) H' & NAD(P)H 4k A 85 & X 3 #4 4% & NAD(P) " ~
semiquinone radicals & menadiol; % semiquinone radicals & menadiol # 34 =
Menadione 8% € 4% 8.(0,) 4% i 7E LAk 88(0, )i & 4 1B AL A (H0,) - K A5
% B 45 4 & ¥ ##9 (exponential phase) 8 % & % #(colony-forming unit, CFU)
MO AL A AR A REZ%E RIEL - #] A Menadione-Catalyzed
Luminol Chemiluminescent assay /& ik F 4B FHAE - BATCAH
2EERKCER EE 4 % /¥ # /& B (minimal inhibitory concentration,
MIC) #9#&R] £ °

13



Chemiluminescense
Reagent

menadione 0,

H,0,
menadione 0,
radicals

B # ~ Menadione-Catalyzed Luminonl Chemiluminescent assay £ 42 &

JE R 32
(Kawasaki, 2003)

Z - BABHKRERSFTEHEEH

BA—EERAHRIL  HER N RE HHAGEREEL L
B, ABRAFRRESHAER "Kimchi - A738 "Kimchi ; £E# 2
#Aif% - BAT "Kimchi, £BAGEEEMAERRE Y > S50 AM4
MEBRSH R BEERD - SNEFR TKimchi ) B H L BT R
BHRBARRA E coliOl57 ' HT > MABREHIREARLTHEEH - B
Bt 0 R SR AP T PR 4G 2 B 56(Yasuhiro Inatsu) b A 8% 4 A EREE - AR B
A¥FERD "Kimchi ) 978 4& A% - ERHR > PHPIRSH - BEREXE
RAREREHAKA AR OERERMABYMHMTNIATUHRE - RE
BRRAESERS  RASHAS B BEEARTRELA -

sesh o RRARSLAT AR F %A £ (AkemiKai) 35 > %% 8 K

14



ANEBRERHATRFATR - EHFRA LT LB R RERGBRIERE
#¥H# E coliO157 : HT & & ¥ £ 544 o

W HEBAREEARMZ T AARSHAERCENTRORHERT

SMAERERRMG

TBEARSHAESREEANT IS EH S, TN 200355 A8 14
BROAIDBABARRYRERE " PR &M, BART $ARA
ARGHERGEHERIGHRBERB  AARFAETERER
B TARFRETHORBALRBR NG - FENE+2YS
ERAMYABRENORSHAAMN - AHTALAHEMZ "RM
ERA AR e | AaaL o Blke T B X 30 & (Vibrio parahaemolyticus) %> 32
BT AHGEIt T BN ENEKE S P TDH & 4 8 XINE (Vibrio
parahaemolyticus) Z. 7 T LA Z & PCR XA HRAATEABRABAA
%42 # (Clostridium botulinum)Z FR %, |~ T AR EE F 318k
(Loop-Mediated Isothermal Amplification, LAMP)#x 8] 74 P9 K. &
(Salmonella)z A% ;"R B P EE KRR A MBI EEHERSE "
BA M F ERAA S P 2z ask A (Histanine) B £ 7 k346 o7 & AR
1%t (Clostridium perfringens)Z & st ¥ # £, T T EHA ¥ KT R
(Campylobacter)i/’:‘l%#ﬁiﬁﬂ&,ﬁi— NEERKRZILEMRE  F o BAELE
B8 - & BeTRE S — &% 8 (Kenji Isshiki) 455 L w48 > Lo
)| 4% 2 (Sasumu Kawasaki) ¥ 41 ) 488 -

ROLEGHFAZHBARARSRLEBMBEA LR - ARDBHER
BEE MR AT S B

— & & B AR SAKAMI 2 8 & H ey 4k R E %A "P.T.Pouch,~"P.T
Pouch € F3} 24 ,~ "P.T. Pouch holder stand %% 22 , ({R#4& 4 15mL x

’

15



10~ 150mL x 10~ 250mL x 10~ )& % 23838 "TN-95 0 B | (i 8 £>96%) -
PT.Pouch & —#H#%ME » BABHK -k 2l ~ AR ~ s F4
M B AT B AREZE A £ B E4AR B (Clostridium botulinum) & & £, % B
¥ #i (Clostridium perfringens)é /-8 13e % - LB AT B NG A B4 F 0%
REEEHADRTEZHARAMR KA AL GasPak Q) F F 47 a3 £
AQ)F AR HABDBAHIBANRAREAREE@DATIHER(S)
T B #3484 38 4 P.T. Pouch & ®@3iE T 5% 3 %(6)48 % H B (TME %
A -
b 4h > Applied Biosystem, AB /8] & " & & PCR (Real-time PCR ) |
B "MicroSeq® System | 75 & 4 AEp £ %] - & & PCR (Real-time PCR)
ARMREMECHRB BATTEAN GMO £ H DNA B2 EMHRE
¥ o M MicroSeq® System ; B &3\ 3] M4 H Reh— B A WMER 4
#°3% % %% #5 B¢ Applied Biosystem, AB /X 3) A B 25 64 4B T R B 2 (4
# " 16S Bacterial -DNA & D2 Fungal rDNA Seguencing kits | )& #: 8% & #}
P A .
HERNLRBBHRAESCHAATEAR - i RILEHKA &4

(Kanto Co.)/X. 32 &4 #h ik 42 B (Campylobacter) 5~ # 3% #% 3 (CCDA agar -
Karmali agar ~ Preston medium - Bolton medium) ~ #i 48 ¥ 2@ R % G B
B A T B #RA542% %, CHROMagar ¥ Microbiology 4t#4& & ¥+
ERBAMMEOH—REZHE 845K > 54 CHROMagar
Salmonella ~ CHROMagar Vibrio ~ CHROMagar Listeria % o

E-52BP2REEHRT
BAIRSGSKEMRABITTHRMAMMNRSTERBANTRYL
PLARMENEAT - UTRELRBARERLCHS PIR 2B 1%

16



FIEP24E - BAT S FEMELATAA LT L - AL ITRMEMAE
e FER O P2RERETELIRBIRER  LHITEHARESH -
%¥% B> & & Dr. Bari BN @2 TR E AT H KB %M - Dr. Bari
ATHEETREEHHES B RZF 03 (SANYO Co)ixstAR  TRENA
BMERBEES - TR ZRABAERBEHARAFNANAER - MRS
F@AREZFNINRILH TG REHRS RIREEE MR H -
SREHE P2 ERELALAORSESMARAMEETEM P MR ER T BB AT
BEHPIEZ s BN EERFTRFLAET LEZRACHREBENT R
R-P2EREANNFAETRAL(CEMETRR - EIEEM RS
BIRBB MELTRENRALEREER T B E - LEAP2ZTRENIR
A2 4otk B AT

>SS R P2 R MAMETREABE L ZIEEARE RS Bt
FOETEABBEEN BPERIAAR HERKACEATR R
BREAFTREREN  FTHEEBRL AT R QR E A L5547
B o BREAFZLELIRT c Bt ARSEAAEM AR A
BERD -
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PSP R R

|
ANO(F—EP) RIFREL
|

RlF &M E®me TTERP O EREORESH
| > BEHALRC B EEHEMR ) S8FEA
ZEH &R AT

!

i st

!

HAO(% i) APl BREB

| R34 0 i@:@ Air shower

HBAO(HE =ZEP)) #BAP2RER

(BE -AREREGRBREZZNET)

| i - WEATHRR

HAD(FwE ) A P2 RE K

J

BTRBES(ERETEIR)

P2REMRBE - BERERE)

|

B8 7R

l

BAO(FwiETrT) >

!

AT (% =EPT)

| P2 RE

BAREREE
P2ERENNFAATRAB(LIEREATRR WEXBMEHR
BHB)RHIR > MBALTRETFNZXALRAL  FTELE -
!

A O(F =)

|

ANO(F—iEFT)

J

R B4R 24k TR

CRGBEAH A P2 RMAMETRFABR B IS AEZE
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N~ BAREERAFRAGORMRRT &

At—FE2A+=—8WE— & T 3 (Kenji Isshiki) 4% B F B LR
HE o &) B LS R £ R RAR LA A B AT F 4 9 A (Akemi Kai)
+ ~ B3 B 5 bR S A FAT WL AR R R 1 £ (Shigeki Yamamoto) &
Ochanomizu University #t 8 2 % (Masatsune Murata){# -+ » # 8 B KRATR
P &R R A S Z R BFER KR EREERRH RPATRL -

A BiEHEFEREAkem Ka) L4 H AR 8 K8 ERAFDALEE K47
BB & ZH R XA BAFREBREACGELUTE _2m) > £EH T
RBBBOIFREH - FTEREBEIRE -_MBBARTREETERZE
(Shigella sonne) B 75 k(B Z R B w) R ‘e At IR EE AR B ERETE
BRAEWRBR Y 2254  c PERHAB TR i AL CEEMSBEAR
(CHROMagar O157 TAM -~ DHL agar -~ Salmonella agar acc. to ONOZ -~
Salmonella-Shigella agar) B 4 FIPCR¥ i% » sA$R S % -
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25g R outn Al IL k#ieiE (REBERE) AR
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ABSTRACT

A study was conducted to evaluate the efficacy of electrolyzed acidic water, 200-ppm chlorine water. and sterile distilled
water in Killing Escherichia coli O157:H7, Salmonella, and Listeria monocytogenes on the surfaces of spot-inoculated tomatoes.
Inoculated tomatoes were sprayed with electrolyzed acidic water, 200-ppm chlorine water. and sterile distilled water (controly
and rubbed by hand for 40 s. Populations of E. coli O157:H7, Salmonella, and L. menocyiogenes in the rinse water and in
the peptone wash solution were determined. Treatment with 200-ppm chlorine water and electrolyzed acidic water resulted in
4.87- and 7.85-log,o reductions, respectively, in Escherichia coli O157:H7 counts and 4.69- and 7.46-log,, reductions, re-
spectively, in Salmonella counts. Treatment with 200-ppm chlorine water and electrolyzed acidic water reduced the number
of L. monocytogenes by 4.76 and 7.54 log;, CFU per tomato, respectively. This study’s findings suggest that electrolyzed
acidic water could be useful in controlling pathogenic microorganisms on fresh produce.

Fresh fruits and vegetables are an essential part of the
diets of people around the world. Nutritionists emphasize
the importance of fruits and vegetables in a healthy diet.
and researchers have recommended the consumption of at
least five servings per day (/6). Possibly as a result of these
efforts, over the past decade there has been an increase in
the consumption of fresh fruits and vegetables. concurrent
with increased global distribution. which has made more
varieties of produce available year-round (3). An increased
number of microbial infections associated with the con-
sumption of fresh fruits and vegetables also have been doc-
umented in recent years. Enterohemorrhagic Escherichia
coli O157:H7, Salmonella Enteritidis. and Listeria mono-
cyiogenes are foodborne pathogens of major public health
concern worldwide. A variety of foods. including poultry.
eggs, meat. milk, fruits. and vegetables. have been impli-
cated as vehicles for one or more of these pathogens in
outbreaks of foodborne illness (2, 6, 8). Effective methods
of reducing or eliminating pathogens in food are important
for the successful implementation of hazard analysis critical
control point programs by the food industry and for the
establishment of critical control points in restaurants,
homes, and other food service units. Raw agricultural pro-
duce is washed with water in the industry: however. wash-
ing alone does not render a product completely free of path-
ogens. Although many chemicals that are generally recog-
nized as safe, including organic acids. have antimicrobial
activity against foodborne pathogens. none. when used in-
dividually at concentrations acceptable in foods, can elim-
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inate large populations of pathogens. The treatment of fruits
and vegetables with water containing sanitizers. including
chlorine. may reduce but not eliminate pathogens on the
surfaces of produce (2. 29). Hence. there is a need for, and
interest in. the development of practical and effective an-
timicrobial treatments for the inactivation of pathogenic mi-
croorganisms on foods.

Electrolyzed acidic water is the product of a new con-
cept developed in Japun. Research carried out in Japan re-
vealed that electrolysis of deionized water containing a fow
concentration of sodium chloride (0.1) in an electrolysis
chamber where anode and cathode electrodes were sepa-
rated by a diaphragm imparted strong bactericidal and vi-
rucidal properties to the water collected from the anode.
Water from the anode normally has a pH of <2.7. an ox-
idation reduction potential (ORP) of >1.100 mV. and a
free-chlorine concentration of 10 to 80 ppm (23). Electro-
lyzed acidic water has been used experimentally in Japan
by medical and dental professionals for treating wounds or
disinfecting medical equipment. The objective of this study
was to evaluate the efficacy of electrolyzed acidic water in
killing E. coli O157:H7, Salmonella Enteritidis. and L.
monocytogenes on fresh produce with a view to its potential
application to foods and food contact surfices as an anti-
microbial treatment.

MATERIALS AND METHODS

Test strains. The strains studied and their sources were as
follows. Enterohemorrhagic £. cofi O157:HT strains CR-3, MN-
28, MY-29. and DT-66 were isolated from bovine feces. Salmo-
nella Enteritidis strains SE-1. SE-3. and SE-4 (from chicken fecesy
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FIGURE 1. Principle of EO water.

and SE-2 (from bovine feces) were provided by the Laboratory
of Zoonosis, National Institute of Animal Health, Tsukuba, Japan.
Salmonella strain IFO-3313 (unknown) was obtained from the In-
stitute for Fermentation, Osaka, Japan. L. monocytogenes strains
ATCC 43256 (from Mexican-style cheese) and ATCC 49594 (de-
rived from L. monocytogenes strain Scott A) (American Type Cul-
ture Collection, Manassas, Va.) and JCM 7676 (from roast beef).
JCM 7672 (from salami sausage), and JCM 7671 (from lax ham)
(Japan Collection of Microorganisms) were used in this study.

To minimize the growth of microorganisms naturally present
on tomatoes, all test strains of E. coli O157:H7 and Salmonella
were adapted for growth in tryptic soy broth (TSB. pH 7.3: Nissui
Seiyaku, Tokyo, Japan) supplemented with nalidixic acid (50 pg/
ml). Although some gram-positive microorganisms are less af-
fected by nalidixic acid, L. monocytogenes strains were grown in
tryptose phosphate broth (pH 7.0; Difco) containing 50 pg of
nalidixic acid per ml before their use as an inoculum. Plating on
media containing nalidixic acid greatly minimized interference
with colony development by naturally occurring microorganisms,
thus facilitating the detection of the test pathogen on recovery
media.

EO water. Electrolyzed oxidizing (EO) water was generated
with a model ROX-20TA EO water generator (Hoshizaki Electric
Company Ltd., Toyoake, Aichi, Japan). The current passing
through the EO water generator and the voltage between the elec-
trodes were set at 19.8 A and 10 V, respectively. A 12% solution
of sodium chloride (Sigma Chemical Co., St. Louis, Mo.) and
deionized water from the laboratory supply line were simulta-
neously pumped into the equipment. The display indicator was
activated and observed until the machine stabilized at a reading
of 19.8 A. The EO water was collected from the appropriate outlet

in sterile containers and was used within 2 to 3 h for the microbial -

study. Samples to be used for the determination of pH, ORP. and
free-chlorine concentration were also collected at the same time.
The pH of the tested solution was measured with a pH meter (D-
22, Horiba, Kyoto. Japan). The ORP was measured with an ORP
meter (HM-60V, TOA Electronics Ltd., Tokyo, Japun). The initial
concentration of available chlorine in the test solution was quan-
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tified by spectrophotometric analysis at 530 nm with the use of
N,N-diethyl-p-phenylen-diamine (26).

The theoretical sequence of chemical reactions involved in
the production of EO water is shown in Figure 1. During elec-
trolysis, sodium chloride dissolved in deionized water in the elec-
trolysis chamber dissociates into negatively charged chloride (Ch)
and hydroxy (OH) ions and positively charged sodium (Na~) and
hydrogen (H-) ions. The chloride and hydroxy ions are adsorbed
to the anode, with each ion releasing an electron to become a
radical. The chloric and hydroxy radicals combine. forming hy-
pochlorous acid (HOCI). which separates from the anode. Two
chloric radicals can also combine to produce chlorine gas. In the
cathode section. each positively charged sodium ion receives an
electron and becomes metallic sodium. The metallic sodium com-
bines with water molecules, forming sodium hydroxide and hy-
drogen gas. A bipolar membrane separating the electrodes en-
hances the electrolysis of water to produce strong acidic and alkali
waters from the anode and cathode, respectively. Electrolyzed
acidic water at pH 2.7 contains available chlorine as a form of
hypochlorous acid (HOCI). which is more effective in disintection
than hypochlorite (C10-) (Fig. 1).

Produce evaluation. Produce selected for evaluation con-
sisted of red ripe tomatoes (90 * 20 g each) to which no oil or
wax had been applied. Tomatoes (Lycopersicum esculentum Mill.)
var. Momotaro, used in each experiment, were purchased from a
local supermarket and stored at room temperature (22 * 2°C) for
a maximum of 2 days before they were used in experiments.

Preparation of inocula. Each strain of E. coli O157:H7. Sal-
monella, and L. monocytogenes was cultured in TSB (10 ml) sup-
plemented with 50 pg of nalidixic acid per ml at 37°C. Culwres
were transferred to TSB by loop at three successive 24-h intervals
immediately before they were used as inocula. Cells of each strain
were collected by centrifugation (3,000 X g, 10 min, 20°C) and
resuspended in 5 ml of phosphate-buffered saline (PBS, pH 7.2)
solution. The inoculum was maintained at 22 * 2°C and applied
to tomatoes within 1 h of preparation.
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Procedure for inoculation. Tomatoes (22 = 2°C) were
placed stem-end-down in a biosafety cubinet. Within a 3-cm-di-
ameter circle on the top of the tomato. 100 pl of a suspension of
cells in PBS was applied with a micropipettor. with care taken to
avoid placing inoculum on the blossom scar. To prevent the in-
oculum from running off the sides of the tomatoes and to facilitate
drying, small. approximately cqual numbers of cells were applied
to 10 to 12 spots. The total numbers of E. coli O157: H7, Sal-
maonella, and L. monocytogenes cells applied to the tomatoes were
determined by surface plating the serially diluted inoculum in
0.1¢ peptone on appropriate enumeration media. Inoculated to-
matoes were stored at 22 * 2°C for 30 min before they were used
for various treatments.

Survivability study. The survivability study involved the de-
termination of numbers of pathogens that could be recovered from
inoculated tomatoes after inoculation and drying at 22 = 2°C for
30 min. E. coli O1537:H7. Salmonella, and L. monocytogenes were
evaluated separately. Three replicate trials for cach pathogen were
performed. with three or four tomatoes being used for each trial.
Thinty minutes postinoculation. each inoculated tomato in a bio-
safety cabinet was placed in a sealable Pyxon-20 (ELMEX Co.
Lud.. Tokyo. Japan) bag containing 20 m! of EO water. 200-ppm
chlorine water, or sterile distitled water and thoroughly rubbed by
hand for 20 s. Sterile distilled water (200 ml) was then added to
the bag. and the tomato was rinsed with vigorous agitation for 20
s (rinse step). The tomato was transferred to a clean bag, 20 ml
of sterile 0.1 peptone water was added. and the tomato was
thoroughly rubbed by hand for 40 s (residual wash step). Popu-
lations of E. coli O157:H7. Salmonella, and L. monocyiogenes in
rinse water and peptone wash water were determined as described
below. The tomato was removed from the bag. and the area of
skin (ca. 10 g) originally inoculated with the pathogen was excised
with a sterile scalpel. Care was taken to remove tomato tissue
(pulp) no more than 0.1 cm below the skin surface. The excised
tomato skin-pulp was then combined with 20 ml of sterile 0.1%
peptone in a new quart bag and macerated between the fingers
until the pulp was removed from the skin. The homogenate (mac-
crate) was then analyzed to determine the level (CFU/mI) of the
test pathogen. Excised tomato skin-pulp not macerated in sterile
0.1% peptone was also analyzed to determine populations of test
pathogens.

Chlorine water treatment studies. The chlorine solution
was prepared by adding sodium hypochlorite (Wako Chemical.
Japan) solution to distilled water (vol/vol). The effectiveness of
chlorine and electrolyzed acidic water in killing E. coli O157:H7,
Salmonella, and L. monocviogenes separately applied to the sur-
faces of tomatoes was determined according to the basic protocol
developed by Beuchat et al. (3).

Microbiological analysis. Single- and mixed-strain suspen-
sions of each pathogen in PBS were serially diluted in 0.1% sterile
peptone water. Duplicate 0.1-ml quantities of appropriately diluted
suspensions of E. coli O157:H7 and Salmonella were surface plat-
ed on tryptic soy agar (TSA) and TSA supplemented with 0.1%
pyruvic acid and 50 pg of nalidixic acid per ml (TSAPN). In
addition, diluted E. coli O157:H7 suspensions were surface plated
onto sorbitol MacConkey agar (Nissui) supplemented with cefix-
ime (0.05 mg/liter) and potassium tellurite (2.5 mg/liter) (CT-se-
lective supplement, Oxoid) (CT-SMAC) and CT-SMAC contain-
ing 50 pg of nalidixic acid per ml (CT-SMACN): samples con-
taining Salmonella were plated on bismuth sulfite agar (BSA: Dif-
co) and BSA supplemented with 50 pg of nalidixic acid per ml
(BSAN). Diluted suspensions (0.1 ml) of L. monocyiogenes were
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surface plated in duplicate on tryptose phosphate agar (TPA). TPA
supplemented with 0.1% pyruvic acid and 50 pg of nalidixic acid
per mi (TPAPN), and modificd Oxford medium (Oxoid) supple-
mented with 50 pg of nalidixic acid per ml (MOXN). This me-
dium contains 55.5 g of Listeria selective agar base (Oxoid CM
856, Unipath-Oxoid US) per liter of deionized water, 0.01 g of
colistin methanesuifate (Sigma) per liter, 0.02 g of ceftazadime
pentahydrate (Glaxo Group Research Ltd., Ware, Hertfordshire,
UK) per liter. 50 pg of nalidixic acid per ml, and 5.0 g of agar
(Difco) per liter. All ingredients except ceftazadime pentahydrate
and nalidixic acid were combined and sterilized by heating at
121°C for 15 min. Ceftazadime solution and nalidixic acid were
added to the molten agar before the medium was poured into petri
plates.

Inoculated enumeration media were incubated at 37°C for 24
to 28 h before presumptive colonies of each pathogen were count-
ed. At least five presumptive colonies of E. coli O157:H7 were
confirmed with the E. coli 0157 direct immunoassay test kit (Uni-
versal Health Watch, Columbia, Md.). Salmonella confirmation
was carricd out by testing reactions on triple sugar iron (Nissui)
slants. Randomly picked presumptive colonies of L. monocyto-
genes were confirmed with API Listeria diagnostic kits.

Peptone wash water and phosphate-buffered macerate of
skin-pulp from tomatoes prepared in the survivability study were
analyzed for populations of E. coli O157:H7, Salmonella, and L.
maonocytogenes. Serially diluted peptone wash water (0.1 m}) from
tomatoes inoculated with E. coli O157:H7 were surface plated in
duplicate on TSAPN and CT-SMACN, samples from tomatoes
inoculated with Salmonella were plated on TSAPN and BSAN,
and samples inoculated with L. monocytogenes were plated on
TPAPN and MOXN. Quadruplicate 0.25-ml samples of skin-pulp
homogenate were also plated on appropriate recovery media.
Plates were incubated at 37°C for 18 to 24 h before presumptive
colonies of pathogens were counted and confirmed as described
above.

Populations of E. coli O157:H7, Salmonella, and L. mono-
cytogenes in rinse water (200 ml) and peptone wash water (20
ml) after the rinsing or washing of tomatoes treated with chlorine
(200 ppm), electrolyzed acidic water, or sterile water (control)
were determined. Undiluted samples (0.25 ml in quadruplicate and
0.1 ml in duplicate) and samples (0.1 ml in duplicate) serially
diluted in sterile 0.1% peptone were surface plated on TSAPN
and CT-SMACN for the recovery of E. coli 0157:H7, on TSAPN
or BSAN for the recovery of Salmonella, and on MOXN for the
recovery of L. monocytogenes. Quantities (100 ml) of E. coli broth
(Nissui), selenite cystine broth (Nissui), and Listeria enrichment
broth (Oxoid), each supplemented with 50 pg of nalidixic acid
per ml, were then combined with the 20-ml quantities of peptone
wash solution in the bags containing the treated, rinsed, washed
tomatoes that had been inoculated with E. coli O157:H7, Salmo-
nella, and L. monocytogenes, respectively, and incubated for 24
to 26 h at 37°C. Cultures were streaked on appropriate recovery
media for presumptive colonies, and confirmation of randomly
selected colonies was carried out as described above.

Sensory evaluation. The quality of treated and untreated un-
inoculated tomatoes was evaluated by panelists (10 judges) se-
lected from the National Food Research Institute who were ex-
perienced with sensory panels. The evaluation was based on a
five-point hedonic scale (1, unacceptable; 2, limited quality for
consumption; 3, medium; 4, good; 5, very good). The sensory
characteristics of appearance, color, and taste were assessed for
raw tomatoes after 6 h of treatment at room temperature. For each
of the quality attributes. three of each treated and untreated to-
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TABLE 1. Physicochemical properties of tested solutions®

Solution pH ORP (mV) ACC (ppm)
Distilled water 7.1 £ 0.15 35570 —
AcEW 26 * 0.1 1,140 = 7.0 30.3 = 3.1
NaOCl 9.3 =02 638 = 18 198.5 + 5.8

a Value‘s are means -+ standard deviations (n = 5). ORP, oxidation
reduction potential; ACC, available chiorine concentration;
AcEW, electrolyzed acidic water; NaOCl. sodium hypochlorite.

matoes were examined and/or tested by the judges. Rejection of
a sample was based on a score of <2.5, which was the quality
criterion used for both treated and untreated tomatoes.

Statistical analyses. All trials were replicated three times.
Reported plate count data represented the mean values obtained
for three individual trials, with each of these values being obtained
from duplicate samples. Sensory evaluation tables represented
mean values * standard deviations obtained from three individual
trails. Significant differences in plate count data were established
by the least significant difference at the 5% level of significance.

RESULTS

The physicochemical properties of the tested solutions
are shown in Table 1. The mean pHs of acidic electrolyzed
water, chlorine water, and distilled water were 2.6, 9.3, and
7.1, respectively. The ORP vahues for acidic electrolyzed
water, chlorine water, and distilled water were 1,140, 638,
and 355 mV, respectively. The available chlorine concen-
trations of acidic electrolyzed water and chlorine water
were 30.3 and 198.5 ppm, respectively. No free chlorine
was detected in distilled water.

The results of studies undertaken to determine the ef-
ficacy of treatments with 200-ppm chlorine water and elec-
trolyzed acidic water in killing E. coli O157:H7 on toma-
toes are reported in Table 2. The numbers of E. coli O157:
H7 cells applied, as calculated by plating of the inoculum
on CT-SMACN and TSAPN, were 7.63 and 7.85 log,, CFU
per tomato, respectively. The pHs of water rinses from to-
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matoes treated with chlorine and electrolyzed acidic water
were 7.0 and 6.22, respectively, whereas the pHs of peptone
washes were 7.2 and 6.8, respectively. Since the water rinse
was diluted in 0.1% peptone before application to CT-
SMACN and TSAPN, the residual effects of sanitizers or
pH on E. coli O157:H7 would be minimal or nonexistent.
Note that an additional 20 s elapsed from the time the to-
mato was rubbed to the time cells were plated or diluted in
0.1% peptone. Therefore, rubbing for 40 s represented ap-
proximately 1 min of exposure to sanitizers. The number
of E. coli O157:H7 cells in rinse water represents the num-
ber removed from the control and treated tomatoes, and
thus the number available to cross-contaminate other to-
matoes or food preparation surfaces in food service or
home use situations. The number of E. coli O157:H7 cells
in peptone wash solutions represents the population re-
maining on the surfaces of control and treated tomatoes.
The number of E. coli O157:H7 cells in macerated skin-
pulp represents the population firmly attached to the skins
of control and treated tomatoes. Overall, CT-SMACN and
TSAPN were equally suitable for E. coli O157:H7 colony
development regardless of the exposure of cells to sanitiz-
ers. Washing with water (control) resuited in a reduction of
2.10 log,o CFU per tomato; further significant reductions
of 4.31 and 7.63 log;, CFU per tomato were achieved by
treatment with 200-ppm chlorine water and electrolyzed
acidic water, respectively, as detected on CT-SMACN.
However. even with these large reductions. the pathogen
was detected by enrichment of treated tomatoes.

Shown in Table 3 are the results of studies undertaken
to determine the efficacy of 200-ppm chlorine water and
electrolyzed acidic water in killing Salmonella on tomatoes.
The numbers of Salmonella cells applied. as calculated by
plating of the inoculum on BSAN and TSAPN. were 7.36
and 7.46 log;o CFU per tomato, respectively. TSAPN and
BSAN were equally suitable for colony development. re-
gardless of the exposure of cells to sanitizers. Washing with
water (control) resulted in a reduction of 2.11 log,, CFU

TABLE 2. Populations of Escherichia coli 0157:H7 recovered from treated and untreated tomatoes

Population (log CFU/tomato) recovered from:

Skin-pulp
Recovery medium Treatment Water rinse Peptone wash homogenates Reduction? Enrichment¢

CT-SMACN None ND 6.04 2.13 -0.54 9

Water 327 1.23 1.03 2.10 9

Chlorine 1.78 0.87 0.67 4.31 9

EO water <1.04 <1.0¢ <1.04 7.63 2
TSAPN None ND 5.64 2.37 -0.16

Water 3.19 2.16 0.72 1.78

Chlorine 1.69 0.73 0.56 4.87

EO water <1.04 <1.04 <1.04 7.85

“ Mean value for three replicate experiments (P < 0.05). ND, not determined.
b Populations (log CFU per tomato) recovered from rinse water, peptone wash, and macerated skin-pulp combined and then subtracted
from the population applied to the tomatoes. Populations applied to tomatoes were 7.63 and 7.85 logq CFU per tomato as detected

on CT-SMACN and TSAPN, respectively,

“ Number of tomatoes (three tomatocs per replicate) on which E. coli O157:H7 was detected by enrichment.

¢ No colonies were observed during the incubation period.
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TABLE 3. Populations of Salmoncella recovered from treated and untreated tomatoes

Population (log CFU/tomato) recovered frome:

J. Food Prot, Vol 66, No, 4

Skin-pulp
Recovery medium Treatment Water rinse Peptone wash homogenates Reduction” Enrichment”

BSAN None ND 4.95 2.79 —0.38 9

Water 2.77 1.36 112 211 9

Chlorine 1.63 0.76 0.43 4.54 9

EO water <I.¢ <1.04 <1.04 7.36 3
TSAPN None ND 5.12 223 -0.31

Water 2.96 1.57 1.03 1.90

Chlorine 1.37 0.83 0.57 4.69

EO water <104 <1.04 <1.04 7.46

“ Mean value for three replicate experiments (P = 0.05). ND, not detected.

” Populations (log CFU per tomato) recovered from rinse water. peptone wash, and macerated skin-pulp combined and then subtracted
tfrom the population applied to the tomatoes. Populations applied to tomatoes were 7.36 and 7.46 log,; CFU per tomato as detected

on BSAN und TSAPN. respectively.

© Number of tomatoes (three tomatoes per replicate) on which Salmonella was detected by enrichment.

¥ No colonies were observed during the incubation period.

per tomato: further significant reductions of 4.54 and 7.36
log;, CFU per tomato were achieved by treatment with
200-ppm chlorine water and electrolyzed acidic water. re-
spectively. as detected on BSAN. However, even with these
large reductions. the pathogen was detected by enrichment
of treated tomatoes.

Results of experiments undertaken to determine the ef-
ticacy of sanitizers in killing L. monocytogenes on the sur-
faces of tomatoes are summarized in Table 4. The numbers
of L. monocytogenes cells applied. as calculated by plating
of the inoculum on MOXN and TPAPN. were 7.54 and
7.59 log,p CFU per tomato. respectively. Overall. TPAPN
was more suitable for L. monocvtogenes colony develop-
ment than MOXN was, regardless of the treatment of in-
oculated tomatoes with sanitizers. This finding indicates
that some of the cells were injured and unable to resuscitate
in the presence of selective chemicals in MOXN. This phe-
nomenon was particularly evident when numbers of L.

monocytogenes recovered from peptone wash samples on
MOXN and TPAPN were compared. Treatment with water
resulted in a reduction of 2.14 log,o CFU per tomato; treat-
ment with 200-ppm chlorine water and electrolyzed acidic
water significantly reduced populations by 4.76 and 7.54
log,y CFU per tomato, respectively.

DISCUSSION

Test strains of pathogens from different food sources
were chosen for evaluation. The method evaluated involved
four- or five-strain mixtures of each pathogen, which is con-
sistent with currently accepted practices for use in studying
the survival and growth of pathogens in food (9, 10, 12.
28) and with Scientific Advisory Panel recommendations
(11). The use of multiple-strain inocula likewise represents
a conservative strategy, since the mixture may provide a
more representative challenge than a single strain for the
sanitization of products. Thus, data should more accurately

TABLE 4. Populations of Listeria monocytogenes recovered from treated and untreated tomaioes

Population (log CFU/tomato) recovered from¢:

Skin-pulp
Recovery medium Treatment Water rinse Peptone wash homogenates Reduction” Enrichment®

MOXN None ND 534 2.35 -0.15 9

Water 3.09 1.33 0.98 2.14 9

Chlorine 1.49 0.93 0.36 4.76 9

EO water <1.0¢ <1.0¢ <1.04 7.54 3
TPAPN None ND 5.41 253 —0.35

Water 3.23 1.49 1.12 1.75

Chlorine 1.54 1.07 0.47 4.51

EO water <L <1.04 <1.0¢ 7.59

“ Mean value for three replicate experiments (P = 0.05). ND. not detected.
# Populations (log CFU per tomato) recovered from rinse water. peptone wash. and macerated skin-pulp combined and then subtracted
from the population applied to the tomatoes. Populations applied to tomatoes were 7.54 and 7.59 log,, CFU per tomato as detected

on MOXN and TPAPN. respectively.

¢ Number of tomatoes (three tomatoes per replicate) on which L. monocviogenes was detected by enrichment.
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predict physiological sensitivities of pathogenic strains oc-
casionally present on produce and should also provide a
conservative estimate of risk to public health. All strains
examined were adapted to grow in the presence of 50 pg
of nalidixic acid per ml, one of several markers used to
evaluate the survival of bacterial pathogens in food prod-
ucts with potentially large numbers of interfering back-
ground microfiora. Antibiotic-resistant markers have been
widely used in studies to determine the fate of pathogens
in nonsterile foods, including fresh produce (22), meats (7),
and milk (25). With the use of spot inoculation, a specified
number of cells can be applied to the surface of produce,
and the decrease in the number of viable cells during drying
or under other pretreatment conditions can be more accu-
rately assessed. Spot inoculation also facilitates the appli-
cation of a large population of the test pathogen.

We used a short holding time in this experiment be-
cause a longer holding time at room temperature reduces
populations to levels appropriate for use in sanitizer effi-
cacy studies. For example, the population of E. coli O157:
H7 decreased from 6.88 to 3.85 log;o CFU per tomato with-
in 2 h at 22 = 2°C (3). Therefore, it may be difficult to
use tomatoes containing large numbers of E. coli O157:H7
cells to test the efficacy of sanitizers. The existence of a
large proportion of desiccation-stressed and injured cells
throughout the =24-h drying period would likely be dem-
onstrated as a decrease in tolerance to sanitizers, thereby
potentially giving an overestimation of lethal activity. How-
ever, Salmonella and L. monocytogenes survived in ade-
quate numbers for tests of susceptibility to the lethal activ-
ity of sanitizers.

The antagonistic effects of chlorine and low pH on
microorganisms are well documented. Although organic ac-
ids (with low pHs) and hypochlorite solutions (with free
chlorine) have been used widely in treatments for killing
foodborne bacteria in the food industry, systems involving
high ORP values (1,000 mV) have not commonly been
used. The ORP of a solution is an indicator of its ability to
oxidize or reduce, with positive and higher ORP values
being correlated with greater oxidizing strengths (15, 20,
21). An ORP of +200 to +800 mV is optimal for the
growth of aerobic microorganisms, whereas an optimum
range of 200 to 400 mV is favorable for the growth of
anaerobic microorganisms (15). Since the ORP of EO water
in this study was >1,100 mV, ORP likely played an influ-
ential role (in combination with low pH and free chlorine)
in killing microorganisms (7). It is hypothesized that the
low pH in EO water sanitizes the outer membranes of bac-
terial cells, thereby enabling hypochlorous acid to enter the
bacterial cells more efficiently (27). Moreover, Nakagawara
et al. (24) showed that the microbicidal activity of electro-
lyzed acidic water depends primarily on the chemical equi-
librium of Cl,, HOCI, and CIO-. These investigators also
showed that the microbicidal activity of electrolyzed acidic
water is quantitatively correlated with the concentration of
hypochlorous acid that exists in the solution.

There have been reports on the antimicrobial and an-
tiviral activities of electrolyzed acidic water produced by
the electrolysis of an aqueous sodium chloride solution with
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TABLE 5. Sensory evaluation of treated and untreated tomatoes
at room temperature

Score for tomatoes”

Parameter Treated with EO water Untreated
Taste 4.6 £ 025 A 4.6 025 A
Color 4.8 * 0.20 AB 4.8 x 0244
Appearance 4.5 £ 0.22 aBC 4.6 = 0.20 AB

“ Mean =* standard deviation (n = 10). Means with different let-
ters in the same row are significantly different (P < 0.05). The
values of the hedonic scale were as follows: 1, unacceptable: 2.
limited quality for consumption; 3. medium: 4, good: 5, very
good. The rejection criterion was a score of 2.5.

an instrument in which the anode and the cathode are sep-
arated by a membrane to form two compartments (/3, /7).
The application of this technique to areas other than chlo-
rine production, such as agriculture, water treatment. and
food sanitation, is new. Recently, electrolyzed acidic water
has been reported to be effective as a disinfectant for fruits
and vegetables (/4, 18, 19).

The effects of electrolyzed acidic water on the three
pathogens were evaluated at ambient temperature in the in-
terest of developing home use antibacterial treatments for
unprocessed fresh produce. Although chlorine is highly ef-
fective in killing pathogenic microorganisms in simple
aqueous systems, its antibacterial effects on microorgan-
isms on foods are minimal. especially in the presence of
organic materials that convert chlorine into inactive forms
().

No significant influence on the appearance. taste. or
color of tomatoes was observed after treatment with elec-
trolyzed acidic water (Table 5). These results, in combina-
tion with those of the efficacy studies. suggest that electro-
lyzed acidic water could be applied to control E. coli O157:
H7, Salmonella, and L. monocyvtogenes on the surfaces of
tomatoes.

The results of this study reveal that electrolyzed acidic
water is highly effective in killing E. coli O157:H7. Sul-
monella Enteritidis, and L. monocytogenes on the surfaces
of tomatoes, indicating the potential for its application for
the decontamination of fresh produce contact surfaces. An
advantage of electrolyzed acidic water is that it can be pro-
duced with tap water, with no added chemicals other than
sodium chloride. A large-scale series of experiments using
this method must be carried out to determine the reproduc-
ibility of the results obtained in the studies reported here.
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ABSTRACT

This study was conducted to evaluate the efficacy of calcinated calcium, 200 ppm chlorine water (1% active chlorine),
and sterile distilled water in killing Escherichia coli O157:H7, Salmonella, and Listeria monocytogenes on the surfaces of
spot-inoculated tomatoes. Inoculated tomatoes were sprayed with calcinated calcium, chlorinated water, or sterile distilled water
(control) and hand rubbed for 30 s. Populations of E. coli O157:H7, Salmonella, and L. monocytogenes in the rinse water and
in the residual (0.1% peptone) wash solution were determined. Treatment with 200 ppm chlorine and calcinated calcium
resulted in 3.40- and 7.85-logo reductions of E. coli O157:H7, respectively, and 2.07- and 7.36-log o reductions of Salmonella,
respectively. Treatment with 200 ppm chlorine and calcinated calcium reduced L. monocytogenes numbers by 2.27 and 7.59
log,o CFU per tomato, respectively. The findings of this study suggest that calcinated calcium could be useful in controlling

pathogenic microorganisms in fresh produce.

Fresh fruits and vegetables are essential parts of the
diets of people around the world. Nutritionists emphasize
the importance of fruits and vegetables in a healthy diet,
and researchers have recommended the consumption of at
least five servings of fruits and vegetables per day (/4).
Possibly as a result of these recommendations, over the past
decade there has been an increase in the consumption of
fresh fruits and vegetables, concurrent with increased global
distribution, which has made more varieties of produce
available year-round (5). A larger number of microbial in-
fections associated with the consumption of fresh fruits and
vegetables have also been reported in recent years. Docu-
mented illnesses have been caused by bacteria, parasites,
and viruses (2, 16) and transmitted via many types of fruits
and vegetables, including tomatoes (12, 18), lettuce, alfalfa
sprouts, parsley, scallions, and cantaloupe, as well as un-
pasteurized apple and orange juices.

Although many sanitizers have been evaluated for their
effectiveness in killing pathogenic microorganisms on dif-
ferent types of produce at a commercial level (3), fewer
options are available to consumers. Although the washing
of produce with tap water may remove some soil and other
debris, it cannot be relied upon to remove microorganisms
completely (1, 4, 6, 11) and may result in cross-contami-
nation of food preparation surfaces, utensils, and other food
items (1, 3, 4, 6). The washing of produce with chlorinated
water is the method most commonly used to remove path-
ogens from fruit and vegetable surfaces, but the efficacy of
such treatment has been reported to be inadequate for the

* Author for correspondence. Tel: +81-298-38-8067; Fax: +81-298-38-
8067; E-mail: isshiki@nfri.affrc.go.jp.
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elimination of pathogens. The treatment of raw produce
with other disinfectants is partially etfective in removing
disease-causing microorganisms from the surfaces of raw
fruits and vegetables (3). Hence, there is a need for, and
interest in, the development of effective antimicrobial treat-
ments for the inactivation of pathogenic microorganisms on
foods. The objective of this study was to evaluate the ef-
fectiveness of calcinated calcium in killing Escherichia coli
0157:H7, Salmonella Enteritidis. and Listeria monocyio-
genes in fresh produce with a view to its potential appli-
cation to foods and food contact surfaces as an antimicro-
bial treatment.

MATERIALS AND METHODS

Test strains. The strains studied were enterohemorrhagic E.
coli O157:H7 strains CR-3, MN-28, MY-29, and DT-66 (isolated
from bovine feces); Salmonella Enteritidis SE-1, SE-3. and SE-4
(isolated from chicken feces); Salmonella Enteritidis SE-2 (iso-
lated from bovine feces); and Salmonella Enteritidis IFO-3313.
Dr. Nakazawa Muneo, of the Laboratory of Zoonosis, National
Institute of Animal Health, Tsukuba, Japan, kindly provided all
of the above-mentioned strains except IFO-3313, which was ob-
tained from the Institute for Fermentation, Osaka, Japan. L. mon-
ocytogenes American Type Culture Collection (ATCC; Manassas,
Va.) 43256, ATCC 49594, Japan Collection of Microorganisms
(JCM) 7676, JCM 7672, and JCM 7671 were also used in this
study. Dr. Akiko Nakama, of the Tokyo Metropolitan Laboratory.
Japan, kindly provided all of these Lisreria cultures.

To minimize the growth on enumeration media of microor-
ganisms naturally present on tomatoes, all test strains of E. coli
O157:H7 and Salmonella were adapted to grow in tryptic soy
broth (pH 7.3; Nissiui Seiyaku, Tokyo, Japan) supplemented with
nalidixic acid (50 pg/ml). Although some gram-positive micro-
organisms are less affected by nalidixic acid, the L. monocyio-
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genes strains were grown in tryptose phosphate broth (pH 7.0;
Difco Laboratories, Detroit, Mich.) containing 50 pg of nalidixic
acid per ml before they were used as an inoculum. Plating on
media containing nalidixic acid greatly minimized the interference
of colony development by naturally occurring microorganisms,
thus facilitating the detection of the test pathogen on recovery

media.

Produce evaluation. Produce selected for evaluation con-
sisted of red ripe tomatoes (90 * 20 g each) to which no oil or
wax had been applied. Tomatoes were purchased from supermar-
kets and stored at room temperature (22 * 2°C) for a maximum
of 2 days before they were used in the experiments.

Preparation of inocula. Four- or five-strain mixtures of each
pathogen were used as inocula. Each strain of E. coli O157:H7
and Salmonella was cultured at 37°C in tryptic soy broth supple-
mented with nalidixic acid (10 ml), and L. monocytogenes strains
were cultured in tryptose phosphate broth containing 50 ug of
nalidixic acid per ml at 37°C and transferred using loop inocula
at three successive 24-h intervals immediately before they were
used as inocula. Cells of each strain were collected by~ centrifu-
gation (3,000 X g, 10 min, 20°C) and resuspended in 5 ml of
phosphate-buffered saline (PBS, pH 7.2). Equal volumes of cell
suspensions of five strains of each pathogen were combined to
give approximately equal populations of each strain. The inocu-
lum was maintained at 22 * 2°C and applied to tomatoes within
1 h of preparation.

Procedure for inoculation. Tomatoes at 22 * 2°C were
placed stem-end-down in a biosafety cabinet. Within a 3-cm-di-
ameter circle on the top of the tomato, 100 pl of a suspension of
cells in PBS was applied with a micropipetter, with care being
taken to avoid placing inoculum on the blossom scar. To prevent
the inoculum from running off the side of the tomato and to fa-
cilitate drying, small, approximately equal numbers of cells were
applied to 10 to 12 spots. The total numbers of E. coli O157:H7.
Salmonella, and L. monocytogenes inoculated onto the tomatoes
(CFU per tomato) were calculated from the populations in the
inocula (CFU/ml), which were determined by surface plating in-
oculum serially diluted in 0.1% peptone on appropriate enumer-
ation media. Inoculated tomatoes were stored at 22 * 2°C for 30
min and used for decontamination studies.

Survivability study. The survivability study involved the de-
termination of the numbers of pathogens that could be recovered
from inoculated tomatoes after inoculation and drying at 22 =
2°C for 30 min. E. coli O157:H7, Salmonella, and L. monocyto-
genes were evaluated separately. Two or three replicate trials for
each pathogen were performed, and three or four tomatoes were
used for each trial. Thirty minutes postinoculation, each inoculat-
ed tomato in a biosafety cabinet was sprayed with calcinated cal-
cium, 200 ppm chlorine water, or sterile distilled water with a
commercial 500-ml spray bottle with a nozzle held 10 to 15 cm
from the tomato’s surface. Care was taken to spray the entire sur-
face, including the stem scar area. Thirty seconds after spraying,
"each tomato was placed in a sealable Pyxon-20 (ELMEX Co. Ltd.,
Tokyo, Japan) bag and thoroughly rubbed by hand for 30 s. Sterile
distilled water (200 ml) was then added to the bag, and the tomato
was rinsed by vigorous agitation for 30 s (rinse step). The tomato
was transferred to a clean bag, 20 m of sterile 0.1% peptone water
was added, and the tomato was firmly rubbed by hand for 40 s
(residual wash step). Populations of E. coli O157:H7, Salmonella,
and L. monocytogenes in rinse water and peptone wash water were
determined as described below. The tomato was removed from
the bag, and the area of skin originally inoculated with the path-
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ogen was excised with a sterile scalpel. Care was taken to remove
tomato tissue (pulp) no more than 0.1 cm below the skin surface.
The excised tomato skin-pulp was then combined with 20 m] of
sterile 0.85% saline water (NaCl. pH 7.0) in a new quart bag and
macerated between the fingers until the pulp was removed from
the skin. The homogenate (macerate) was then analyzed for the
population (CFU/ml) of the test pathogen. Excised skin-pulp of
tomatoes not macerated in sterile 0.1% peptone was also analyzed
for populations of test pathogens.

Calcinated calcium and chlorine water treatment studies.
Calcinated calcium (HYCEA-S, Kaiho Ltd.. Tokyo. Japan) was
dissolved in distilled water at a concentration of 0.5% (wt/vol)
and filtered through double filter paper (150 mm; Advantec. 5C.
Toyo Roshi Ltd., Japan), and the clear solution was used within
1 h of preparation. The chlorine solution was. prepared by adding
sodium hypochlorite (vol/vol; Wako Chemical Co., Tokyo, Japan)
solution to distilled water. The effectiveness of calcinated calcium
and chlorine water in killing E. coli, Salmonella, and L. mono-
cytogenes separately and simultaneously applied to the surfaces
of tomatoes was determined according to the basic protocol de-
veloped by Beuchat et al. (4).

Microbiological analysis. Single- and mixed-strain suspen-
sions of each pathogen in PBS were serially diluted in 0.1% sterile
peptone water. Duplicate 0.1-ml quantities of appropriately diluted
suspensions of E. coli O157:H7 and Salmonella were surface plat-
ed on trypto soya agar (TSA) and on TSA supplemented with
0.1% pyruvic acid and 0.5 pg of nalidixic acid per ml (TSAPN).
In addition, diluted E. coli O157:H7 suspensions were surfuce
plated onto sorbitol MacConkey agar (Nissui) supplemented with
cefixime (0.05 mg/liter) and potassium tellurite (2.5 mg/liter) (CT-
selective supplement. Oxoid) (CT-SMAC) and on CT-SMAC con-
taining 0.5 pg of nalidixic acid per ml (CT-SMACN). Samples
containing Salmonella were plated on bismuth sulfite agar (BSA:
Difco) and on BSA supplemented with 0.5 pg of nalidixic acid
per ml (BSAN). Diluted suspensions of L. manocyiogenes were
surface plated (0.1 ml. in duplicate) on tryptose phosphate agar
(TPA). on TPA supplemented with 0.1% pyruvic acid and 0.5 pg
of nalidixic acid per mi (TPAPN). and on moditied Oxford me-
dium (Oxoid) supplemented with 0.5 pg of nalidixic acid per ml
(MOXN). This medium contains 55.5 g of Listeria-selective agar
base (Oxoid CM 856. Unipath-Oxoid US) per liter of deionized
water, 0.01 g of colistin methanesulfate (Sigma Chemical Co.. St.
Louis, Mo.) per liter of deionized water. 0.02 g of ceftazadime
pentahydrate (Glaxo Group Research Ltd., Ware, Hertfordshire.
UK) per liter of deionized water, 0.5 pg of nalidixic acid per ml,
and 5.0 g of agar (Difco) per liter of deionized water. All ingre-
dients except ceftazadime pentahydrate and nalidixic acid were
combined and sterilized by heating at 121°C for 15 min. Cefta-
zadime solution and nalidixic acid were added to the molten agar
before the medium was poured into petri plates.

Inoculated enumeration media were incubated at 37°C for 24
to 28 h before presumptive colonies of each pathogen were count-
ed. E. coli 0157:H7 was confirmed with the E. coli 0157 direct
immunoassay test kit (Universal Health Watch, Columbia, Md.).
Salmonella confirmation was carried out by testing reactions on
triple sugar iron (Nissui) slants. Randomly picked presumptive
colonies of L. monocytogenes were confirmed with APl Listeria
diagnostic kits.

Peptone wash water and phosphate-buffered macerate of
skin-pulp from tomatoes prepared in the survivability study were
analyzed for populations of E. coli O157:H7, Salmonella, and L.
monocytogenes. Serially diluted peptone wash water from toma-
toes inoculated with E. coli O157:H7 were surface plated (0.1 ml

34
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TABLE 1. Populations of Escherichia coli O157:H7 recovered from treated and untreated tomatoes

Population recovered”

Water rinse Peptone wash
Recovery Enrich-
medium Treatment CFU/ml CFUlomato CFU/ml CFU/tomato Reduction® ment©
CT-SMACN None ND“ ND 6.93 7.90 -0.27 9
Water 4.71 6.18 4.87 6.91 0.72 9
Chlorine 2.59 4.56 2.63 4.71 292 9
Calcinated calcium <1.0° <1.0¢ <1.0° <1.0¢ 7.63 2
TSAPN None ND ND 6.54 7.34 0.51
Water 4.36 6.65 3.97 6.03 1.82
Chlorine 2.77 4.75 247 4.45 340
Calcinated calcium <1.0° <1.0° <1.0° <1.0¢ 7.85

“ Mean value for three replicate experiments,

» Number of tomatoes (three tomatoes per rep]iéale] on which E. coli O157:H7 was detected by enrichment.
¢ Reduction (log CFU per tomato) compared with population on tomatoes not treated with water control, 200 ppm chlorine, or calcinated
calcium and not rinsed with water. Initial populations (0 h) applied to tomatoes were 7.63 log,, CFU per tomato and 7.85 log,y CFU

per tomato as detected on CT-SMACN and TSAPN. respectively.
¢ ND. not determined. .
“ No colonies were observed within the incubation period.

in duplicate) on TSAPN and CT-SMACN, samples from tomatoes
inoculated with Salmonella were plated on TSAPN and BSAN,
and samples inoculated with L. monocyrogenes were plated on
TPAPN and MOXN. Quadruplicate 0.25-ml samples of skin-pulp
homogenate were also plated on appropriate recovery media.
Plates were incubated at 37°C for 18 to 24 h before presumptive
colonies of pathogens were counted and confirmed as described
above.

Populations of E. coli O157:H7, Salmonella, and L. mono-
cytogenes in rinse water (200 ml) and peptone wash water (20
ml) were determined after the rinsing or washing of tomatoes
treated with chlorine (200 ml), tomatoes treated with calcinated
calcium, and tomatoes treated with sterile water (control). Undi-
luted samples (0.25 mi, in quadruplicate and 0.1 ml, in duplicate)
and samples (0.1 ml, in duplicate) serially diluted in sterile 0.1%
peptone were surface plated on TSAPN and CT-SMACN to re-
cover E. coli O157:H7 or on TSAPN or BSAN to recover Sal-
monella or on MOXN 1o recover L. monocyviogenes. One hundred
milliliters of E. coli broth (Nissui), selenite cystine broth (Nissui),
or Listeria enrichment broth (Oxoid) supplemented with 50 pg of
nalidixic acid per ml was then combined with the 20 ml of pep-
tone wash solution in the bag containing the treated, rinsed,
washed tomato that had been inoculated with E. coli O157:H7,
Salmonella, or L. monocytogenes, respectively, and incubated for
24 to 26 h at 37°C. Cultures were streaked on appropriate recovery
media for presumptive colonies, and confirmation of randomly
selected colonies was carried out as described above. In studies
involving the inoculation of tomatoes with E. coli O157:H7, Sal-
monella, and L. monocytogenes, rinse water and peptone wash
water diluted in 0.1% peptone were also surface plated (0.1 ml,
in duplicate) on plate count agar (Nissui) to determine populations
of aerobic mesophilic microorganisms. Plates were incubated at
30°C for 48 h before colonies were counted.

Sensory evaluation. The quality of treated and untreated un-
inoculated tomatoes was evaluated by 10 panelists selected from
the Natjonal Food Research Institute who were experienced with
sensory panels. The evaluation was based on a five-point hedonic
scale: 1, unacceptable; 2, limited quality for consumption; 3, me-
dium; 4, good; 3. very good. The sensory characteristics of ap-
pearance, color, and taste were assessed for raw tomatoes. For
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cach of the quality attributes, three treated and three untreated
tomatoes were examined and/or tested by the judges. The criterion
for rejection for both treated and untreated tomatoes was a score
of =2.5.

Statistical analyses. All trials were replicated three times.
Reported plate count data are expressed as the mean value *
standard deviation obtained from three individual trials, with each
of these values being obtained from duplicated samples. Signifi-
cant differences in plate count data were established by a least
significant difference test at the 5% level of significance.

RESULTS

The results of experiments to determine the efficacy of
spray treatments with 200 ppm chlorine and calcinated cal-
cium in killing E. coli O157:H7 on tomatoes are reported
in Table 1. The sizes of the E. coli O157:H7 populations
applied, as determined by the plating of the inoculum on
CT-SMACN and TSAPN, were 7.63 and 7.85 log;, CFU
per tomato, respectively. The pH values of water rinses
used for tomatoes treated with chlorine and calcinated cal-
cium were 7.0 and 9.18, respectively, whereas the pH val-
ues of peptone washes were 6.8 and 7.2. Since the water
rinse was diluted in 0.1% peptone before its application to
CT-SMACN and TSAPN, the residual effects of sanitizers
or pH on E. coli 0157:H7 would be minimal or nonexis-
tent. Note that an additional 20 s elapsed from the time the
tomato was rubbed to the time cells were plated or diluted
in 0.1% peptone. Therefore, 40 s of rubbing represented
approximately 1 min of exposure to the sanitizers. The
numbers of E. coli 0157:H7 cells in the rinse water are the
numbers removed from the control and treated tomatoes
and, thus, the numbers that would be available to cross-
contaminate other tomatoes or food preparation surfaces in
food service or home use situations. The numbers of E. coli
0157:H7 cells in peptone wash solutions represent the pop-
ulation remaining on the surface of control and treated to-
matoes. Overall, CT-SMACN supported colony develop-
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TABLE 2. Populations of Salmonella recovered from ireated and unireated tomatoes
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Population recovered”

‘Water rinse

Peptone wash

Recovery

medium Treatment CFU/mt CFU/tomato CFU/ml CFU/tomato Reduction”  Enrichment*
BSAN None ND¢ ND 5.78 7.97 -0.61 9
Water 4.17 6.21 3.92 6.19 1.17 9
Chlorine 332 5.36 3.25 5.29 2.07 9
Calcinated calcium <1.0¢ <1.0¢ <1.0¢ <1.0¢ 7.36 3
TSAPN None ND ND 6.54 7.34 0.12
Water 4.28 6.55 4.23 6.13 1.33
Chlorine 3.50 5.54 3.46 5.50 1.96
Calcinated calcium <1.0° <1.0¢ <1.0¢ <1.0¢ 7.46

a Mean value for three replicate experiments.

b Number of tomatoes (three tomatoes per replicate) on which Salmonella was detected by enrichment.
c Reduction (log CFU per tomato) compared with population on tomatoes not treated with water control. 200 ppm chlorine, or calcinated
calcium and not rinsed with water. Initial populations (0 h) applied to tomatoes were 7.36 log,q CFU per tomato and 7.46 log,, CFU

per tomato as detected on BSAN and TSAPN, respectively.
4 ND, not determined.
¢ No colonies were observed within the incubation period.

ment by E. coli O157:H7 better than TSAPN did, regardless
of whether cells were exposed to sanitizers. Washing with
water (control) resulted in a reduction of 0.72 log,o CFU
per tomato; further significant reductions of 2.92 and 7.63
log;o CFU per tomato were achieved by treatment with 200
ppm chlorine and calcinated calcium, respectively, as de-
tected on CT-SMACN. However, even with these large re-
ductions, the pathogen was detected with the enrichment of
treated tomatoes.

Shown in Table 2 are results from experiments to de-
termine the efficacy of 200 ppm chlorine and calcinated
calcium in killing Salmonella on tomatoes. The sizes of
Salmonella populations applied, as determined by the plat-
ing of the inoculum on BSAN and TSAPN, were 7.36 and
7.46 log;o CFU per tomato, respectively. TSAPN and
BSAN were equally suitable for supporting colony devel-

opment, regardless of whether cells were exposed to sani-
tizers. Washing with water (control) resulted in a reduction
of 1.17 log;o CFU per tomato; further significant reductions
of 2.07 and 7.36 log,o CFU per tomato were achieved by
treatment with 200 ppm chlorine and calcinated calcium.
respectively. as detected on BSAN. However. even with
these large reductions. the pathogen was detected with the
enrichment of treated tomatoes.

Results of experiments to determine the efficacy of
sanitizers in killing L. monocytogenes on the surfaces of
tomatoes are summarized in Table 3. The sizes of the L.
monocytogenes populations applied. as determined by the
plating of the inoculum on MOXN and TPAPN. were 7.54
and 7.59 log,, CFU per tomato. respectively. Overall,
TPAPN supported colony development by L. monocvioge-
nes better than MOXN did. regardless of whether inoculat-

TABLE 3. Populations of Listena-mofvcytogenes recovered from treated and untreated tomatoes

Population recovered¢

Water rinse Peptone wash
Recovery
medium Treatment CFU/ml CFU/tomato CFU/ml CFU/tomato Reduction”  Enrichment”
MOXN None ND4 ND 6.19 7.32 0.22 9
Water 5.15 7.23 4.29 6.19 1.35 9
Chlorine 315 5.08 3.05 5.18 2.36 9
Calcinated calcium <1.0¢ <1.0° <1.0¢ <1.0¢ 7.54 2
TPAPN None ND ND 6.54 7.34 0.25
Water 5.19 743 5.23 6.32 1.27
Chlorine 3.64 5.72 3.26 5.32 227
Calcinated calcium <1.0¢ <1.0¢ <1.0¢ <1.0¢ 7.59

“Mean value for three replicate experiments.

b . .
. Numbe'r of tomatoes (three tomatoes per replicate) on which L. monocytogenes was detected by enrichment.
Reldycuon (log CFU per tomato) compared with population on tomatoes not treated with water control, 200 ppm chlorine, or calcinated
calcium and not rinsed with water. Initial populations (0 h) applied to tomatoes were 7.54 log,, CFU per tomato and 7.59 log,y CFU

per tomato as detected on MOXN and TPAPN, respectively.
4 ND, not determined.

“No colonies were observed within the incubation period. 36
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ed tomatoes had been treated with sanitizers. This finding
indicates that some of the cells were injured and unable 1o
resuscitate in the presence of selective chemicals in MOXN.
This phenomenon was particularly evident when the size of
the L. monocytogenes population recovered from peptone
wash samples on MOXN was compared with the size of
the population recovered on TSAPN. Treatment with water
resulted in a reduction of 1.35 log;o CFU per tomato: treat-
ment with 200 ppm chlorine and calcinated caicium result-
ed in significant reductions of 2.36 and 7.54 log,, CFU per
tomato, respectively.

DISCUSSION

Test strains of pathogens from outbreaks of infections
associated with foods of plant or animal origin were chosen
for evaluation. The method used for the evaluation involved
four- or five-strain mixtures of each pathogen. which is con-
sistent with currently accepted practices for studying the
survival and growth of pathogens in food (8-70. 18) and
with Scientific Advisory Panel recommendations. The use
of multiple-strain inocula represents a conservative strate-
¢y, since the mixture may provide a more representative
challenge for sanitizing products than a single strain would.
Thus. data should more accurately predict the physiological
sensitivities of pathogenic strains occasionally present on
produce and should also provide a conservative estimate of
the risk to public health. All strains examined were adapted
to grow in the presence of 50 pg of nalidixic acid per ml.
one of several markers used to evaluate the survival of bac-
terial pathogens in food products with potentially high
numbers of interfering background microflora. Antibiotic-
resistant markers have been widely used in studies to de-
termine the fate of pathogens in nonsterile foods, including
fresh produce (/5), meats (7). and milk (17). With spot
inoculation, a specified number of cells can be applied on
produce surfaces, and the decrease in the numbers of viable
cells during drying or under other pretreatment conditions
can be more accurately assessed. Spot inoculation also fa-
cilitates the application of a large population of the test
pathogen.

Calcinated calcium is a natural product of oyster shells. -

To obtain calcinated calcium, oyster shells are ground and
their pearl layer alone is treated electrically with ohmic
heating (220 V, 60 to 100 A, 10 to 60 min). Then the shells
are crushed into powder (approximately 320 mesh) and
used as a nutrient supplement in food in Japan (13). In our
previous study, calcinated calcium was dissolved in dis-
tilled water at the appropriate percentages (wt/vol), auto-
claved at 121°C for 15 min, and stored as a stock solution;
however, in the present study, we omitted the autoclaving
step to make the process convenient for home or field use.
The same effectiveness was obtained with the reuse of cal-
cinated calcium. Just before calcinated calcium was used,
filtration was carried out to obtain a clear solution with an
alkaline pH (12.5 at 0.5%). If the filtered solution was kept
for a long time at room temperature, it developed sediment.
Therefore, calcinated calcium could be useful in controlling
pathogens in fresh produce if a proper filtration procedure
is developed.
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TABLE 4. Sensory evaluation of treated and untreated tomatoes
ar room temperature?

Score for samples

treated with 0.5% Score for

Parameter calcinated calcium untreated samples
Taste 42 x025a 4520254
Color 4.8 £ 0.20 aB 4.8 £ 024 A
Appearance 43 * 0.22 aBC 4.6 £ 0.20 AB

4 Values are expressed as means * standard deviations; n = 10.
Means with the same letter in the same row are not significantly
different (P = 0.05). The values of the hedonic scale were as
follows: 1, unacceptable; 2, limited quality for consumption; 3,
medium; 4, good; S, very good. The rejection criterion was a
score of =2.5.

No significant influence on the appearance, taste, or
color of tomatoes was observed after treatment with calcin-
ated calcium (Table 4). These results, in combination with
those of the efficacy studies, suggest that calcinated calcium
could be used to control E. coli O157:H7, Salmonella, and
L. monocytogenes on tomato surfaces.

In conclusion. results from survivability and sanitizer
efficacy studies indicate that the method studied is effective
in evaluating the antimicrobial activity of chemical sanitiz-
ers applied to tomatoes for the purpose of killing or re-
moving E. coli O157:H7, Salmonella, and L. monocytoge-
nes. In the efficacy study, calcinated calcium was demon-
strated to have antimicrobial activity that exceeded the an-
timicrobial activities of 200 ppm chlorine and distilled
water. A large-scale series of experiments using this method
must be carried out to determine the reproducibility of the
results obtained in the experiments reported here.
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Comparison of TagMan™ Salmonella Amplification/Detection
Kit with Standard Culture Procedure for Detection
of Salmonella in Meat Samples
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We evaluated the TagMan PCR Salmonella amplification/detection kit (PE Applied Biosys-
tems) for rapid detection of Salmonella from a variety of meat samples. This system uses the 5’
nuclease activity of Taq DNA polymerase, which digests an internal fiuorogenic probe to monitor
the amplification of the target gene. The detection sensitivity of the kit, using 2 kinds of DNA
extraction protocols, was compared with that obtained with 4 protocols of official culture
methods. A total of 98 meat samples (16 raw beef, 31 pork and 51 chicken) were tested. The
results of the TagMan PCR method and the combined results of the 4 cultural protocols showed
excellent agreement. However, no single culture protocol showed optimal recovery of Salmonella
comparable to the PCR method. These results suggest that the TagMan PCR method is a reliable
and rapid method useful for detecting Salmonella in meat products.

Key words:. TagMan; PCR; Salmonella; detection

Introduction

Food-borne salmonellosis remains a major public
health problem. Early detection of Salmonella is impor-
tant for the limitation of outbreaks. There is a need for
faster and simpler screening tests for the detection of
Salmonella in foods, food sources, and food manufactur-
ing plants. The conventional method for the detection
of Salmonella requires multiple subculture steps follow-
ed by biochemical tests. They require at least 4 days in
the case of noncontaminated products and 5 to 6 days
for contaminated samples'. In recent years several
rapid methods have been developed. These include
rapid culture methods?, various types of immunologi-
cal methods® 4 and DNA methods®. Although rapid
methods have provided an improvement over tradition-
al culture methods for Salmonella detection, their sensi-
tivity is limited, and they still require both pre-
enrichment and selective enrichment, which are time-
consuming processes. Polymerase chain reaction (PCR)
combines simplicity with a potential for high specificity
and sensitivity in detection of foodborne, pathogenic
bacteria. Accordingly, a number of PCR assays specific
for different Salmonella genes such as the invA gene®,
16S-rRNA gene”, phoP gene®, phoE gene® and fimA
gene'® have been reported. However, these PCR detec-
tion methods involve electrophoresis, which requires
skill and is labor-intensive, time-consuming and diffi-
cult to automate. Moreover, the result of electrophore-
sis is subjective and documentation of results is diffi-

cult.

TaqMan Salmonella amplification/detection kit is a
new PCR sequence detecting system that uses the 5’
nuclease assay of PCR products, employing fiuorogenic
probes'!. Recently, the TagMan PCR assav has been
described as a unique system for the detection'?'® or
quantification of food pathogens'. We reported in an
earlier study'® that this system was very specific, recog-
nizing all 68 strains of different serotypes of Salmonella
tested, and not showing cross-reactivity with any of the
non-Salmonella strains. In that study, the TagMan Sal-
monelia kit was also evaluated in a variety of naturally
contaminated meat samples compared with the conven-
tional culture method. However, only a single enrich-
ment culture and selective agar medium were evaluated
in that study. Thus, we might have underestimated the
performance of the culture method.

A more thorough evaluation study is necessary
before acceptance of this new PCR method for routine
laboratory use. Accordingly, the present study was un-
dertaken to compare the TagMan PCR method with 4
different cultural protocols, recommended as 1SO/CD
standard methods and Food Hygiene Examination
Guide methods?.

Materials and Methods

Sample preparation

Ninety-eight samples of meats (chicken, beef and
pork) were collected from 8 local stores; they comprised
16 raw beef, 31 raw pork and 51 raw chicken. These
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samples were purchased on two occasions; first, on No-
vember 1997, 54 meat samples, second. another 44 sam-
ples (the same items from the same shops) one week
after the first sampling occasion. The samples were
immediately transported in insulated coolers to the lab-
oratory for treatment and analysis on that dav.

Culture method

The culture method followed the Food Hygiene Ex-
amination Guide'. Briefly, 25 g samples were aseptical-
lv measured, and stocked into sterile stomacher bags.
These samples were added to 225 mL of sterile EEM
(Eiken Chemical, Tokyo, Japan) or Trypticase Soy
Broth (TSB; BBL., Cockeysville, MD, USA) and then
pummeled for 2 min in a stomacher 400 Lab Blender
(Seward, London, UK). Each sample mixture was in-
cubated for 18 hr at 37°C, after which 1 mL of the
mixture was transferred to 15 mL of SC broth (from
EEM) (Eiken) or Hajna tetrationate Broth (from TSB)
{Eiken). They were incubated for 20 hr at 43°C, then
one loopful of the culture from each broth was streaked
on DHL (Eiken) and MLCB (Nissui, Tokyo, Japan) agar
plates. These plates were incubated at 37°C overnight.
Three to five suspicious colonies were submitted for
biochemical screening (TSI and LIM) and seorological
confirmation using Salmonella polvvalent O, Ol anti-
sera (Denka Seiken, Tokvo, Japan). The sample in-
oculated in TSB was used not only for conventional
culture methods, but also for DNA extraction. One mL
of the TSB was transferred to a sterile Eppendorf tube
twice. These tubes were used for DNA extraction.

DNA extraction

For Salmonella DNA extraction from meat samples,
two extraction protocols, the Chelex method'® and a
method based on the lysing and nuclease-inactivating
properties of the chaotropic agent guanidine isothio-
cyanate (GuSCN)'", were used as previously describ-
ed'?. Five microliters of the solution was used as the
PCR template.

PCR assay condition

All amplification PCR reactions were performed in a
total volume of 50 xL, with an ABI PRISM 7700 Se-
quence Detector (Applied Biosystems, Forster City, CA,
USA). Thermal cycling conditions were 95°C for 5 min;
40 cycles of 95°C for 20 sec and 65°C for 1 min. The
PCR reaction employed 5 uL of template DNA; 34 L of
Salmonella Master Mix (Applied Biosystems); 11 uL of
25 mmol/L MgCl,. Negative control (NAC; No Ampli-
fication Control, NTC; No Template Control) was used
in each analysis according to the manufacturer’s in-
structions.

Fluorescence reading and data analysis

The fluorescence of the PCR products was measured
with an ABI PRISM 7700 Sequence Detector that in-
cluded a plate reader accessory. Fluorescence was read
prior to amplification (pre-read) and after thermal cy-

cling (post-read). The pre-read data were used to correct
for interference with fluorescence caused by the intro-
duced food matrix. The fluorescence intensities of the
fluorescent reporter dye (6-carboxyfluorescein; FAM;
emission wavelength 518 nm and 6-carboxy-4,7,2".7'-
tetrachlorofluorescein; TET; emission wavelength 538
nm), the fluorescent quencher dye (6-carboxytetra-
methylrhodamine; TAMRA; emission wavelength 582
nm) and reference dye (6-carboxy-X-rhodamine; ROX;
emission wavelength 602 nm; included in Salmonella
Master Mix) were determined for each tube.

Data analysis and judgement were performed with
SDS 1.6.3 Software (Applied Biosystems) according to
the manufacturer’s instructions. The data were judged
with a 99.7% confidence level from negative control
fluorescence data. In this system, an increase in the
reporter fluorescence signal (FAM) corresponds to the
amplification of target Salmonella DNA. To aveid false
negative judgement, i.e, to discriminate between failure
of the PCR reaction and the absence of Salmonella, the
kit contained PCR amplification control DNA (PAC
DNA). The detection of the reporter fluorescence (TET)
from the PCR amplification of PAC DNA, which was
amplified together with the target DNA in a reaction
tube, served as a control for the effect of potential PCR
inhibitors. Thus, the software judged either “Yes, +"
which means that Salmonella exists in this sample; “No,
—" which means that Salmonella does not exist in this
sample; or “Retest, ?” which means that this sample
needs to be reevaluated (PAC DNA signal was not ob-
tained).

Results

Table 1 summarizes the results obtained by the con-
ventional culture method and the TagMan PCR method
for the detection of Salmonellae in 98 food samples.
Overall, the combined results of the 4 cultural protocols
and the results of the TagMan PCR method showed
good agreement. A total of 37 samples were Salmonella-
positive by" the culture methods, while a total of 42
samples were Salmonella-positive by PCR. Among
them, 34 samples were Salmonella-positive by both
methods. A total of 53 samples were Salmonella-nega-
tive by the both methods. The combined results of the
culture and PCR methods revealed that a total of 45
samples were Salmonella-positive. The 45 Salmonella-
positive samples were composed of 35 raw chicken
samples, 6 raw pork samples, and 4 raw beef samples.
The rate of positive samples in each kind of meat was;
chicken 68.6% (35/51), pork 19.4% (6/31), beef 25.0%
(4/16) and total 45.9% (45/98). On the basis of these
results, the sensitivity of the TagMan PCR was 93.3%
(42/45%100), compared with a sensitivity of 82.2%
(37/45%100) for the conventional culture method.
However, when Salmonella recovery by individual en-
richment methods was compared with that by the
TagMan PCR method, the percentage of agreement was
low. For example, the percentage agreement between
the results of TSB-Hajna-DHL (Hajna tetrationate broth

40



February 200}

Comparison of TagMan™ Salmonella Kit with Standard Culture Procedure 35

Table 1. Number of Salmonelia-positive Meat Samples
for 4 Culture and 2 PCR Protocols

Meat samples

Protocol Total
Chicken Pork  Beef

No. of samples 51 31 16 98
Culture method®

EEM-SC-DHL 14 1 0 15

EEM-SC-MLCB 21 3 2 26

TSB-Hajna-DHL 10 4 3 17

TSB-Hajna-MLCB 19 4 3 26

Culture combined 30 4 3 37
PCR method®

Chelex extraction 26 5 4 35

GuSCN extraction 31 5 3 39

PCR combined 32 6 4 42
Positive by both methods 27 4 3 34
Negative by both methods 16 25 12 53
Two methods combined 35 6 4 45

2 Abbreviations: EEM and TSB, enrichment in EEM or
TSB broth, respectively; SC and Hajna; selective
enrichment in SC or Hajna broth, respectively; DHL
and MLCB; streaked on DHL or MLCB agar plate,
respectively.

b DNA was extracted from the meat samples with 2
extraction protocols as described in the text.

after TSB enrichment followed by DHL plate) and the
TagMan PCR (GuSCN extraction) was 43.6% (17/39 %
100). Similarly, the percentage agreement between the
results of EEM-SC-MLCB (SC broth after EEM enrich-
ment followed by MLCB plate), which showed the best
recovery among the cultural protocols, and the TagMan
PCR (GuSCN extraction) was 66.7% (26/39 X% 100).

Table 2 shows the recovery of Salmonella from indi-
vidual experiments (different shops, sampling occa-
sions, and protocols). Eight samples (D-2, D-7,G-2, a-4, a-
5, b-2, d-7 and d-8) which were negative by the conven-
tional method were positive by the TagMan method,
while three samples (A-5, B-9 and b-9) positive by the
former method was negative by the last. The data also
indicate the variation in distribution of Salmonella from
shop to shop and on different sampling occasions.
While the absence of Salmonella was indicated in shops
C and F, heavy contamination was noted in shops A and
B. In the two successive samplings, the Salmonelia con-
tamination did not change in the heavily contaminated
shops A and B, while the contamination rate decreased
in shops G and H and increased in shops D and E.

Discussion

The analysis of natural meat samples in the present
study revealed high recovery of Salmonella with both
the conventional and the TagMan PCR methods. How-
ever, combinations of 2 enrichment broths and 2 selec-
tive plates were necessary in culture methods to obtain
as high Salmonella recovery as that of TagMan PCR
method (Table 1). No single culture method allowed
optimal recovery and detection of Salmonella compara-
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ble to that of the PCR method. In our previous study'”,
Salmonella recovery by only a single enrichment proto-
col (Hajna tetrationate broth followed by DHL plate)
was compared with that by the TagMan PCR method.
In that study, the conventional and PCR methods
showed good agreement (90.9%). However, the number
of positive samples was limited in that study (11 posi-
tive samples). The results of present study are in agree-
ment with the results reported by Perales and
Audicana'® and Aabo et al.'®, in that even the best
combinations of enrichment and selective plating
media for isolation of Salmonelia spp. in naturally con-
taminated meats have a sensitivity of only 50-60%.
Enrichment followed by PCR in these cases has a sensi-
tivity of 99-100%"%.

At first glance, it would appear that the PCR gave
false negative results in some samples (A-5, B-9 and b-9).
However, it should be noted that the meat samples were
divided into 2 for enrichment in this study. According-
ly, both methods may fail to detect Salnonella if the
bacteria are present in low numbers and are heterogen-
eously distributed. In fact, if we look at the resuits
carefully, the PCR did not fail to detect Salmonelia in
the same enrichment broth (TSB) from which a subse-
quent selective plate demonstrated Salmonella (A-9, G-4,
H-4, a-2, a-3, a-7, a-10, b-6, d-6 and e-3).

In this study, Salmonella DNA was extracted by
either the Chelex method or the GuSCN method from
meat samples. Both of the extraction methods used are
reliable with meat samples. This is in agreement with
the results of our previous study'®. In that study, we
reported that the TagMan PCR assay could detect 120
CFU/mL (3x10°CFU/25 g) of Salmonella in pure cul-
ture, being more sensitive than other methods for Sal-
monella detection, such as ELISA?®, biosensor®", DNA-
DNA hybridization?® and immunofiuorescence assay**.
The same study also revealed that 8 hr of pre-
enrichment was required to detect a single viable cell of
Salmonella in 25 g of meat or shrimp samples by the
PCR method. We conclude. that the TagMan PCR of
DNA extracted by either of the above methods from an
overnight . culture of unselective enrichment (TSB)
would be a practical protocol for detecting Salmonella
from meat samples.

Epidemiologically, the contamination rate of raw
chicken products observed in this study (68.6%) was
higher than those observed in other studies in Tokyo
(26.6%)*", or in other countries: 43% in Ohio, USA%,
55% in Portugal®®, 36.7% in Belgium?". Also, there was
a great difference in Salmonella contamination rate
from shop to shop, depending on sampling occasion. In
the shops where meat samples were heavily con-
taminated, most meat samples were contaminated re-
gardless of the parts and/or kinds of meats. Since chick-
en carcasses and meat blocks are cut up to individual
parts in the backyard of the butcher's shops studied,
cross-contamination between meats may occur. In the
butcher’s shops studied in this study, primal cuts and
finished items are often processed by the same persons
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with the same utensils. Also, raw meats of different
animal species, including poultry and meat products,
are often displayed on the same and/or directly adja-
cent counters. The hypothesis of cross contamination
should be verified by studies of serotypes or genotypes
of Salmonella isolated. These aspects were not inves-
tigated in this study. However, this investigation revea-
led which shops were more badly managed, i.e., poorly
cleaned and disinfected. Variation in contamination
rate from shop to shop depending on sampling occasion
indicated that differences in operation of good manu-
facturing practice (GMP) depending on shops and occa-
sions would greatly affect the Salmonella contamina-
tion rate. The TagMan PCR method, which is easy to
perform and allows handling of as many as 96 samples
at one time, would be a robust tool for performing these
evaluations.

The main conclusion from this study is that the
TagMan PCR method is superior to the conventional
culture method for routine detection of Salmonella from
meat samples. The main advantage in utilization of the
method for food analysis is that it reduces both labor
and cost. Moreover, the total time needed to accomplish
the analysis would be reduced from 4 to 6 days to 24 hr.
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A rapid, quantitative PCR assay (TagMan assay) which quantifies Clostridium botulinum type E by ampli-
fying a 280-bp sequence from the botulinum neurotoxin type E (BoNT/E) gene is described. With this method,
which uses the hydrolysis of an internal fluoregenic probe and monitors in real time the increase in the
intensity of fluorescence during PCR by using the ABI Prism 7700 sequence detection system, it was possible
to perform accurate and reproducible quantification of the C. botulinum type E toxin gene. The sensitivity and
specificity of the assay were verified by using 6 strains of C. botulinum type E and 18 genera of 42 non-C.
botulinum type E strains, including strains of C. botulinum types A, B, C, D, F, and G. In both pure cultures and
modified-atmosphere-packaged fish samples (jack mackerel), the increase in amounts of C. botulinum DNA
could be monitored (the quantifiable range was 10? to 10° CFU/ml or g) much earlier than toxin could be
detected by mouse assay. The method was applied to a variety of seafood samples with a DNA extraction
protocol using guanidine isothiocyanate. Overall, an efficient recovery of C. botulinum cells was obtained from
all of the samples tested. These results suggested that quantification of BoONT/E DNA by the rapid, quantitative
PCR method was a good method for the sensitive assessment of botulinal risk in the seafood samples tested.

Botulinum neurotoxin (BoNT) produced by Clostridium bot-
ulinum is responsible for food-borne botulism, and the non-
proteolytic C. botulinum (group II) has been reported to grow
and produce toxin at temperatures as low as 3.3 to 4°C (12, 39),
although a recent report (29) indicated that toxin was pro-
duced at an even lower temperature (2°C). Accordingly, there
is a great concern over the growth and toxin production of
these organisms in low-temperature-storage food such as vac-
uum- or modified-atmosphere (MA)-packaged seafood (35) or
refrigerated processed foods of extended durability (REPFED)
(33). Currently, mouse assay is the only universally acknowl-
edged method for the detection of C. botulinum. It is highly
sensitive and specific, but costly, time-consuming, laborious,
and requires handling of laboratory animals; thus, only a lim-
ited number of samples can be analyzed at one time. If a more
rapid and convenient risk assessment could be established, the
development of new packaged food products such as
REPFED, which is at present potentially discouraged because
of concerns over C. botulinum, would be stimulated. To date,
several alternative in vitro assays have been developed (11, 47),
and among them, enzyme-linked immunosorbent assay
(ELISA) has been most widely used for food analysis (36).
However, ELISA has several deficiencies, including sensitivity,
complexity in handling, and accuracy. Recently, a novel in vitro
bioassay (47) has been developed for the detection of BONT
type B (BoNT/B) which seems to have solved these deficien-
cies. Multiple alternative methods should be developed and
cvaluated for their performance, cost, and adaptability to au-
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tomation before they are fully integrated into the food indus-
try.

Because of their high specificity and sensitivity, PCR-based
assays have advantages for rapid. accurate identification of
pathogenic bacteria. However, PCR assays with electrophore-
sis are primarily qualitative techniques and not appropriate for
accurate quantification of a target sequence. Quantitication of
target gene numbers by PCR has been attempted with most
probable number PCR (MPN PCR) (18), competitive PCR
(21, 24), and PCR-ELISA (16, 41). These methods require the
multiple handling of culture tubes (MPN PCR). an internal
standard with identical PCR efliciency which must be analyzed
during the log phase of the reaction (competitive PCR). and
post-PCR treatment (PCR-ELISA). The approach to botulinal
risk assessment would be greatly simplified and advantageous.
if quantitative PCR could be accomplished in an automated
system.

Recently 5' nuclease assays (TagMan assay) have been de-
scribed as a unique detection system for PCR products (20.
26). The 5’ nuclease assay exploits the 5'—3’ nuclease activity
of Tag DNA polymerase, which digests an internal probe la-
beled with a quencher dye and a reporter dye. The probe is
designed to hybridize to an internal region of the amplified
sequence. For the intact probe, the fluorescence from the re-
porter dye is suppressed efficiently by the quencher dye due to
its spatial proximity to the reporter. As the PCR amplification
proceeds, the 5’ nuclease activity of Tag DNA polymerase
cleaves the probe, separating the two dyes and thus resulting in
an increase in reporter fluorescence signal that can be detected
on a fluorescence spectrometer. Therefore, the increase in the
reporter dye fluorescence is a direct conscquence of target
amplification. The method has been applied to detect Listeria
monocytogenesis (2), Shiga-like toxin-producing Escherichia
coli (48), Salmonella (6, 22), and E. coli O157:H7 (31). These
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studies have mainly addressed “yes-or-no” detection rather
than the quantification of pathogens, which relics on end point
data collection with a microplate reader format (TagMan LS-
50B PCR detection system).

A truly automated, quantitative PCR of target genes in a
large number of samples has been successfully realized with a
rapid, quantitative PCR assay with the ABI PRISM 7700 se-
quence detection system (SDS) employing a 5’ nuclease assay.
This method has been shown to be rapid and sensitive for the
quantification of PCR or reverse transcription-PCR products
(7, 15). This system, a combination of a thermal cycler, laser,
and a detection-software system, allows for the quantification
of PCR products in real time as revealed by the fluorescence
increase produced by 5’ nuclease activity during the amplifi-
cation process. When the threshold cycle, C,, for each standard
is plotted on the y axis and the starting quantity for each
standard is plotted on the x axis, a standard curve can be
obtained. This standard curve can be used to quantify the
template in unknown samples. This system has been applied
for quantification of Mvcobacterium tuberculosis (9), Yersinia
pestis (19), and Salmonella (30).

In this paper, we describe a rapid, quantitative PCR assay
cmploying the ABI PRISM 7700 SDS for the estimation of C.
botulinum type E populations. The complete nucleotide se-
quences of the neurotoxin genes for type E were published
(34). allowing the design of PCR primers for detection (5, 14,
40, 42, 43). However, the reported primers.cannot be applied
to the rapid, quantitative PCR mcthod, because the method
requires designing an internal probe region that must have a
higher annealing temperature than the primers. In this study,
we have designed a new primer set and a probe suitable for the
rapid, quantitative PCR method and applied the assay to the
quantification of C. botulinum type E in MA-packaged fish.

MATERIALS AND METHODS

Bacterial strains and culture conditions. The Closridium strains and non-
Clostridium strains tested in this study are listed in Table 1. The Clostridium
cultures were grown at 30°C overnight in Gifu anaerobic medium (GAM) broth
(Nissui Pharmaceutical Co., Tokyo, Japan) anaerobically (BBL anaerobic jar;
BBL Microbiology Systems, Cockeysville, Md.). Non-Clostridium strains were
grown at 37 to 25°C overnight in Trypticase soy broth (TSB) (BBL) under
acrobic conditions, with NaCl (2.5%) added when necessary.

C. botulinum type E spore prep i Spore susp of C. botuli
were prepared as described previously (25). The spores were suspended in a
small volume of cold sterile distilled water and stored at or below 4°C. The
number of spores per milliliter was determined on a poured medium of Clos-
tridia count agar (Nissui Pharmaceutical Co, Ltd., Tokyo, Japan) consisting of
peptone (15.0 g), soy peptone (8.0 g), yeast extract (8.0 g), meat extract (7.5 g),
L-cysteine hydrochloride (0.75 g), ferric ammonium citrate (1.0 g), sodium
metabisulfite (1.0 g), and agar (30 g) dissolved in 1 liter of distilled water (final
medium pH of 7.6). Ten milliliters of the 10-fold dilutions of samples and 15 ml
of the medium (heated at 50°C) were mixed into a P. T. Pouch (Sakami Medical
Instruments, Tokyo, Japan) and sealed, preventing contamination with air bub-
bles. After incubation at 30°C for 24 h, black colonies formed by sulfite-reducing
clostridia were counted. Based on spore counts in each stock suspension, appro-
priate volumes of suspensions of the same type were mixed and diluted with
water to make the desired spore concentration with equal numbers of spores of
each strain. Spore suspensions were heat shocked (60°C, 10 min) before they
were inoculated on the fish fillets. A spore mixture of four strains was used for
both growth and toxin production experiments in fish fillets. A single strain
(Iwanai) was used in pure culture experiments in preference to a mixture of
strains to allow the growth curve to be determined more accurately, because in
a mixed suspension, growth can be dominated by the strain best able to grow
under each condition, making it difficult to obtain reproducible data on growth.
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For DNA extraction from clean spores, clean spore suspensions without veg-
ctative cells and sporangia were prepared by the enzymatic method as described
previously (1). After confirmation that vegetative cells and sporangia were com-
pletely digested, the spores were washed 10 times by centrifugation with sterile
distilled water and used for DNA extraction experiments.

Scafood samples. All of the seafood samples used in this study were purchascd
from a local retail shop. They were transported to the laboratory on ice, pro-
cessed immediately in the laboratory, and frozen at —20°C until used. Before the
experiments, three fillets were randomly selected for the initial presence of C.
botulinum type E by both mouse assay and the PCR method after enrichment in
Trypticase-peptone-glucose-yeast extract (TPGY) broth (Trypticase from BBL
Microbiology Systems Cockeysville, Md.; all others from Difco Products, Detroit,
Mich.). The absence of C. botulinum type E was confirmed.

PCR primers and fluorogenic probe. PCR primers and a fluorogenic probe
based on the nucleotide sequence data of the BoNT type E (BoNT/E) gene were
designed by using Primer Express, version 1.0 (Applied Biosystems) from the
GenBank database (34) (accession no. X62089). Selection of primers and a
probe allowed for adjustment of the melting temperatures to those optimal for
the ABI 7700 SDS. The TagMan probe consists of an oligonucleotide with a
5'-reporter dye and a downstream, 3’-quencher dye. The fluorescent reporter
dye 6-carboxy-fluorescein (FAM) is covalently linked to the 5 end of the oligo-
nucleotide. This reporter dye is quenched by 6-carboxy-tetramethyl rhodamine
(TAMRA) located at the 3' end. A 280-bp region was selected for specific
real-time PCR amplification, after the nucleotide sequences of BoNT/A, -B, -C,
-D, and -E (3, 17, 34, 44, 46) were aligned by using the Genetyx-Mac computer
program (Software Development Co., Tokyo, Japan). Information regarding the
primers and probe sequences is given in Table 2. The specificity and efficiency of
the PCR primers and probe was determined by PCR with purified DNA tem-
plates from C. borulinum type E and other bacteria strains. Chromosomal DNA
of cultures grown overnight was purified by standard methods (37). Approxi-
mately 5 ng of DNA from each strain of bacteria was amplified by using these
primers.

Rapid, quantitative PCR assays. All amplification reactions were performed in
a total volume of 50 pl. Thermal cycling was performed with a two-step PCR
protocok: 50°C for 2 min, 95°C for 10 min, and 60 cycles of 95°C for 15 s and 65°C
for 1 min. Reaction volumes (50 pl) for the PCR consisted of 5 ul of template
DNA; 5.0 mM MgCly; 5 pl of 10XTagMan buffer A; 200 nM each primer; 200
wM each dATP, dCTP, and dGTP; 400 pM dUTP; 1.25 U of AmpliTaq Gold
DNA polymerase (Applied Biosystems); 0.5 U of uracil-N-glycosidase (Amp
Erase UNG; Applied Biosystems); and 100 nM TagMan probe. Amplification
and detection were performed with the ABI PRISM 7700 sequence detector
(Applied Biosystems). The use of the seq d allows of
the fluorescent spectra of all 96 wells of the thermal cycler. During amplification,
the fluorescence intensities of the fluorescent reporter dye (FAM; emission
wavelength at 518 nm), the fluorescent quencher dye (TAMRA; emission wave-
length at 582 nm), and the reference dye (6-carboxy-X-rhodamine; ROX; emis-
sion length at 602 nm; included in TaqMan buffer A) were determined in
real time for each well. The fluorescence signal was normalized by dividing the
emission intensity of the reporter dye (FAM) by the cmission intensity of a
reference dye (ROX) to obtain a ratio defined as R, (normalized reporter) for
a given reaction tube. The ABI 7700 employs a computer algorithm to calculate
avalue termed AR, as follows: AR, = R,* = R,~, where R," is R, at any given
time during the reaction, and R,~ is the baseline R, during cycles 3 to 15. Data
for individual reactions are graphically displayed as AR, on the y axis, and the
cycle number is on the x axis. The threshold AR, is set at 10 times the standard
deviation of the mean baseline emission calculated for PCR cycles 3 to 15. A
reaction is considered positive if its AR, curve exceeds the threshold at the
completion of 60 cycles. For quantification of PCR products, a fluorescent
threshold was manually set across all samples in the experiment such that it
bisected the exponential phase of the fluorescent signal increase. The cycle
threshold (C,) was defined as the cycle number at which a sample’s AR, fluo-
rescence crossed the threshold. Data collection and i analysis
were performed with the Sequence Detection Software version 1.6.3 (Applied
Biosystems) programs on a personal computer. Target DNA content in 96
samples, including the linear standard samples, was measured simultaneously in
one assay run according to the manufacturer’s protocol. The PCR product was
verified with ethidium bromide-stained agarose gels by procedures described
elsewhere.

Standard curve and amplification efficiency. Standard curves of C, versus 10g,o
of the copy number were used to estimate the copy number of DNA targets in
unknown samples. For a comparison of PCR amplification cfficiencies among
different strains of C. bowlinum type E, slopes of the standard curve lines
constructed for each strain were calculated by performing a linear regression
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TABLE 1. Strains tested by the rapid. quantitative PCR mcthod

Species Type Strain Source* TagMan assay result

Clostridium botulinum A 62A SCNIH -
97 SCNIH -
Renkon-1 SCHU -
Hall SCHU -
Kyoto SCHU -
B 9B SCNIH -
Okra SCNIH -

QC SCHU
Karashi SCHU -
003-9 SCHU -
Karugamo SCHU -
Iwanai SCNIH +
Tenno 2 SCNIH +
5545 SCNIH +
164-1 SCNIH +
35396 SCHU +
Biwako SCHU +
F Langeland SCHU -
Yaeyama SCHU -
9H-01F SCHU -
Cardella SCHU -
4257 SCHU -
G G2734 SCHU -
G2741 SCHU -
Clostridium perfringens BBC 2401 BBC -
Clostridium sporogenes IFO 13950 IFO b
Alteromonas macleodii NCIMB 1963 NCIMB -
Bacillus cereus 1IFO 13494 IFO -
Escherichia coli IFO 3806 IFO -
Morganella morganii Fish -
Photobacterium phosphoreum ATCC 11040 ATCC -
Pseudomonas fluorescene 1AM 12022 1AM -
Pseudomonas putida Fish -
Staphylococcus aureus IFO 3761 IFO -
Salmonella enterica serovar Typhimurium IFO13245 IFO -
Vibrio parahaemolyticus IFO 12711 IFO -
Vibrio alginolyticus Kyushu University (Japan) -

Continued on following puge
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TABLE 1—Continued

Specics Type

Strain Source”

TagMan assay result

Iibrio hollisae
Klebsiella pneumoniae
Hafnia alvei

. Serratia marcescens
Proteus vulgaris

Enterobacter cloacae

JCM 1283 JICM -

Roast chicken -

Meat products -

1AM 12142 IAM -

1AM 12542 1AM -

Meat products -

Listonella anguillanun NCIMB 2286 NCIMB -
Photobacterium angustum NCIMB 1895 NCIMB -
Photobacterium damscla ATCC 33539 ATCC -
Photobacterium leiognathi NCIMB 2193 NCIMB -
Salinivibrio costicola NCIMB 701 NCIMB -

# SCNIH. G. Sakaguchi's Collection at National Institute of Health, Japan (given by S. Igimi); SCHU, G. Sakaguchi’s Collection at Hiroshima University, Hiroshima,
Japan, ATCC. Amcrican Tyvpe Culture Coliection, T Manassas, Va.; NCIMB, National Collection of Industrial Bacteria; IFO; Institute for Fermentation, Osaka, Japan;
BBC, Japanese Association of Veterinary Biologics; JCM, Japan Collection of Microorganisms, Saitama, Japan.

analysis with the computer software Microsoft Excel 98 (Microsoft, Redmond,
Wash.). From this slope, the amplification efficiency (¢) was estimated by the
formula e = 107'* — |, where s is the slope. The e value can also be defined as
X, = X, X (1 + e)", where X,, is the number of target molecules at cycle n, X,
is the initial number of target molecules, and n is the number of cycles. Thus,
when the amplification efficiency is 100%, the e value becomes 1.0.

Sequence of the amplicon region. DNA segments of about 570 bp (positions
1350 to 1920, corresponding to the nucleotide numbers downstream from the
ATG stant codon of the BoNT/E gene) including the upstream and downstream
regions of the amplicon were sequenced for various strains of C. botulinum type
E. These regions were amplified with primers BE1350F (5'-TCCTAAAGAAA
TTGACGATACAGTAAC-3") and BE1920R (5'-AAGCTCGGGTTCAAATT
CTAATA-3'). The amplified products were cloned in pCR II vector plasmids by
using the TA cloning kit (Invitrogen). These plasmids were used to transform
competent E. coli IM109 cells. The plasmid DNAs were purified by the standard
method (37). The purified plasmid DNAs were sequenced with the Thermo

Sequence 11 dye termi cycle seq ing kit (A ham Pharmacia Biotech,
Buckinghamshire, United Kingdom) according to the manufacturer’s instruc-
tions.

DNA extraction procedures. For C. botulinum DNA extraction from pure
culture and food samples, two extraction protocols, the Chelex method (45) and
a method based on the lysing and nuclease-inactivating properties of the chao-
tropic agent guanidine isothiocyanate (GuSCN) (8), were used as previously
described (22) with a slight modification. Briefly, with protocol 1 (Chelex extrac-
tion method), 1 ml of bacterial culture fluid or food slurry was placed into a
microcentrifuge tube and centrifuged for 5 min at 15,000 X g. The resulting pellet
was resuspended with 200 pl of 5% Chelex 100 (Bio-Rad Laboratories, Hercules,
Calif.) solution. After vigorous mixing, the bacterial suspension was boiled for 10
min and then placed on ice and centrifuged for 5 min at 15,000 X g to pellet the
particulate matter. Five microliters of the supernatant was used as PCR tem-
plate. With protocol 2 (GuSCN method), 1 m! of culture fluid or food slurry was
centrifuged for 5 min at 15,000 X g. After the supernatant was discarded, the

TABLE 2. Primers and fluorogenic probe specific for the amplification of the BONT/E gene

Primer or probe Sequence (5'—3") D‘znma‘t,u(l;a(l:i)(:n Lo;z:’l;;cq_l /é' i;::::,}he
Primers ,
BE1430F 5'-GTGAATCAGCACCTGGACTTTCAG-3' 66.5 1430-1453
BE1709R 5'-GCTGCTTGCACAGGTTTATTGA-3' 64.7 1709-1688
Probe N
BE1571FP 5'.R-ATGCACAGAAAGTGCCCGAAGGTGA-Q-p-3'¢ 73.6 1571-1595

“ Calculated by nearest-neighbor algorithm.

# BoNT/E gene as described in GenBank accession no. X62089. Positions correspond to the nucleotide numbers downstream from the ATG start codon of the

BoNT/E gene.
© R. 6-FAM: Q, TAMRA: p. phosphate cap.
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pellet was resuspended in 500 pl of 4 M guanidine isothiocyanate solution
(Gibco BRL, Gaithersburg, Md.) added with Tween 20 (2% [wt/vol]) (Wako
Pure Chemical Industries, Ltd., Osaka, Japan). After vigorous mixing, the bac-
terial suspension was boiled for 10 min and then placed on ice and centrifuged
for 10 min at 15,000 X g to pellet the particulate matter. A portion (400 pl) of
the supernatant was transferred to a new tube containing 400 pl of 100%
isopropanol. After vigorous mixing, the mixture was centrifuged for 10 min at
15,000 X g, the supernatant was discarded, and the pellet was rinsed with 75%
isopropanol. The pellet was then dissolved in 160 ul of distilled water by heating
for 3 min at 70°C. Prior to being used, the template DNA solution was centri-
fuged for 5 min at 15,000 X g to further remove water-insoluble impurities
according to Chen et al. (6). Five microliters of the solution was used as a PCR
template.

Recovery of BoNT/E DNA from various samples spiked with C. borulinum type
E. The ability to recover BONT/E DNA in fish fillets was evaluated by spiking fish
samples with different numbers of C. botulinum type E cells, recovering the DNA
from each spiked sample, and subjecting it to the rapid, quantitative PCR assay.
Subsamples (25 g) of jack mackerel fillet, either fresh or spoiled (after 9 days of
storage at 10°C) were combined with 75 ml of phosphate-buffered saline (PBS)
in sterile stomacher bags and pummeled for 2 min in a stomacher 400 Lab
Blender (Seward, London, United Kingdom). After stomaching, the slurries
were poured into sterile microcentrifuge tubes and immediately inoculated with
100 ul of 10-fold serial dilutions of C. borulinum type E (Iwanai) culture grown
anaerobically in GAM broth (30°C, 18 h). Subsamples inoculated with 100 pl of
sterile buffer served as a negative control. Inoculated food slurtjes were mixed
vigorously for 1 min on a gyratory shaker to assure an even distribution of cells.
For determination of inoculum populations, 1-ml 10-fold serial dilutions of the
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Growth curve of C. botulinum type E measured by the rapid, quantitative PCR
method in MA-packaged fish. Fish fillets, each 25 g, placed on sterile petri dishes
were either uninoculated or inoculated with the spore suspensions (100 wl) of C.
botudinum type E (a mixture of the four strains Iwanai, Tenno 2, 5545, and
164-1). The spore suspensions were inoculated and spread on the fish fillets with
sterile glass spreaders (2.0 X 10! spores per g of sample). Immediately after
inoculation, petri dishes containing one fillet were packed in gas-impenetrable
laminate film bags (300 by 200 mm; Mitsubishi Chemical Industry Co. Ltd.,
Japan), flushed with N, at 100% after evacuation. The O, tr ission rate of
the film was 8.7 cm3/m%24 h/atm. The details of the packaging methods and gas
analyses have been described previously (23). Packaged samples were incubated
at 10°C. Total aerobic counts, toxin levels, and BoNT/E DNA were analyzed
daily. Fillets sampled once used were not used again in the investigation. After
opening the bags, inoculated and uninoculated samples were asceptically put into
stomacher bags with 75 ml of sterile salt (0.85% NaCl) water. The suspensions
were then pummeled for 2 min in a stomacher 400 Lab Blender (Seward,
London, United Kingdom). After the necessary serial dilutions were made with
the sterile salt water, total aerobic counts were determined with a standard agar

dium (Nissui Phar ical Co., L1d., Tokyo, Japan) plate (50% artificial
seawater-tap water). The plates were incubated aerobically at 25°C for 48 h.
Extraction and quantitative analysis of BONT/E DNA were performed as de-
scribed above. To verify whether the amplification product was a target gene, the
amplified PCR product of one sample was subjected to direct sequencing as
described previously (38).

Toxin detection. The procedure to assay C. botulinum toxin in fish samples
followed the FDA protocol (13), with a slight modification. Briefly, fish samples
(25 g) were defrosted and then extracted with an equivalent volume of gelatin

hosphate buffer, pH 6.2. The mixture was centrifuged at 15,000 X g for 10 min.

phosp

undiluted, original cultures were taken for C. botuli type E ation
(CFU per milliliter) by the anaerobic pouch method as described above and
incubated at 30°C for 48 h.

Experiments with recovery of C. bondinum type E cells from a variety of
seafood samples were performed as described above, except that the spoiled
samples used were those stored at 10°C for 7 days. In these experiments, the
recavery of two concentrations (8.5 X 10* and 8.5 X 10' CFU per PCR tube) of
C. borulinum type E cells deposited into the food slurries were calculated with a
universal standard curve produced from a pure culture. Thus, when a delay in the
C, was observed in the food samples, the interpolation from the C, value resulted
in a lower cell number calculated.

Growth curve of C. botulinum type E measured by the rapid, quantitative PCR
method in pure culture. Erlenmeyer flasks containing 800 ml of anaerobic GAM
broth were inoculated with 2.9 X 10" spores of C. botulinum type E (Iwanai) and
incubated at 30°C for 24 h. The number of C. borulinum cells during growth was
determined both by culture and the rapid, quantitative PCR method. Enumer-
ation by culture was carried out on poured medium of Clostridia count agar as
described above.

Calibration of the copy numbers of BoNT/E DNA in fish samples. For quan-
tification of the copy number of BoNT/E DNA in fish samples, a calibration was
made by depositing a known amount of C. botulinum type E cells (10¢ CFU) into
1 ml of control fish sturries. This calibration was made for each sample. The fish
fillets used for this purpose were those which had not been inoculated with C.
botulinum at the beginning of storage and had been stored under the same
conditions for the same periods as the samples. For preparation of the cells for
calibration, cell culture in the exponential growth phase (107 CFU/ml) in TPGY
broth at 30°C was diluted 10-fold with PBS, and portions (1 ml) of the suspension
were transferred to 1.5-ml Eppendorf tubes. The cells in the tubes were har-
vested by centrifugation and stored at —30°C until they were used. For each

) these tubes containing the cell pellets of 108 CFU were thawed and
poured with 1 ml of control fish slurry. After vigorous mixing, the slurries were
extracted in the same way as the ples. A dard curve was produced for
every 96-well analysis. The cells used for this purpose were prepared in the same
way as the cells used for calibration, except that the thawed cell pellets of the
tube containing 10° CFU were extracted directly with extraction reagents. Four
serial dilutions of of BONT/E DNA solution (i.e., corresponding to 105, 10%, 10°,
or 10° CFU/ml) were made after the extraction. These four serial dilutions of
BoNT/E DNA were analyzed in triplicate for every 96-well analysis to make a
standard curve. After PCR amplification, the calibrated number of BoNT/E
DNA per milliliter of fish slurry, X, was determined by the formula X = X" X I/I'
where X" is the amount of BoNT/E DNA in samples given by C, values on a
standard curve (Fig. 2A), / is the known amount of C. borulinum type E cells (10¢
CFU/g) deposited into the control fish slurries in each reaction, and I' is the
recovered amount of cels in the control fish slurries determined by interpolation
from the C, values on the standard curve.

The pH of the supernatant liquid was adjusted to 6.0 to 6.2 with 1 N HCl. A
portion (0.2 ml) of a 10% trypsin solution was added to 1.8 m of the supernatant
liquid, and this mixture was incubated at 37°C for 1 h Trypsinization was done for
ail samples. A pair of mice were infected with 0.5 mi of the supernatant liquid.
All mice were observed for 96 h for symptoms of botulism.

Nucleotid q e i ber. The seq determined in this
study have been deposited in the DDBJ nucleotide sequence database under the
following accession numbers: bont/E (Iwanai), AB040123; bont/E (Tenno2),
AB040124; bont/E (Biwako), ABO4012S, bont/E (5545), AB040126; bomt/E
(35396), AB040127; and boni/E (164-1). AB040128.

RESULTS

Designing C. botulinum type E-specific primers and fluoro-
genic probe. The BoNT/E DNA is highly AT rich (GC ratio.
25%), and it is generally difficult to design PCR primers for it.
Several specific PCR primers have been reported (5, 14, 40, 42,
43). However, the annealing temperature for these primers is
low, resulting in low PCR efficicncy, and they could not be
adapted to the rapid, quantitative PCR assay. Also, we could
not find a proper region for TagMan probe design in the
internal region between the primers previously reported.
Therefore, we have decided to design our own specific primers
and a fluorogenic TagMan probe. The software primer express
(version 1.0) (ABI) was used following the recommended
guidelines for designing fluorogenic probes for rapid, quanti-
tative PCR assays. Briefly, PCR quantification needs high PCR
efficiency and specificity; thus, primers should have a high
melting temperature (T,,) (above 65°C) in the BoNT/E gene.
The PCR amplicon should not exceed 350 bp in length to
increase PCR efficiency. The fluorogenic probe should have a
T,, higher than that of the primers. Consequently, only one
region (1430 to 1709, nucleotide numbering downstream from
the ATG start codon of BoNT/E gene) was proposed as a
possible region for the primer and probe design. From eight
combinations of primers and probes recommended by the soft-
ware, which differed slightly in sequence, but were located in
the same region, we have designed two forward and reverse
primers each and one probe in the BoNT/E gene considering
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the sequence specificity for the BONT/E DNA. We tested the
PCR cfficiency with various combinations of the primers and
probes and chose the combination most efficient in PCR am-
plification (Table 2).

Specificity of PCR primers and a TagMan probe in the
detection of C. botulinum type E. The specificity of the assay
was tested against a panel of bacterial templates from 6 strains
of C. botulinum type E and 18 genera of 42 non-C. botulinum
type E strains, including strains of C. botulinum types A, B, C,
D, F, and G (Table 1). Only C. botulinum type E (strains
Iwanai, 5545, Tennno 2, 35396, Biwako, and 164-1) reacted
with the probe. These samples gave C, values of <25, which we
designated as the upper limit of positivity. All of the other
strains tested, including C. botulinum types A, B, C, D, F, and
G were essentially nonreactive to the probe (Table 1), with C,
values of >60 cycles, confirming the species-specific nature of
the assay.

PCR amplification pattern. Quantification of the PCR-am-
plified product from serial dilutions of C. bondimun type E
(Iwanai) DNA revealed sigmoid-shaped curves typical of PCR
samples (Fig. 1A). A comparison of the fluorescence intensi-
tics of the samples at any given cycle indicated that the inten-
sity was greater for samples containing higher DNA templates
than for those containing Jower DNA templates. The PCR
product concentration from samples containing 0.5 pg of
genomic DNA could be determined after 45 cycles. The num-
ber of cycles at which the fluorescence intensity rose above the
threshold levels ranged from 22 (5 ng/PCR tube) to 45 (0.5
pe/PCR tube). With 0.05 pg of genomic DNA per PCR tube,
no multiplication of fluorescence occurred. Agarose gel elec-
trophoresis of PCR products amplified from 5 ng of template
DNA per PCR tube is also shown in Fig. 1B. The gel showed
that only the toxin gene (280 bp) was being amplified regard-
less of PCR cycles.

PCR amplification efficiency of various strains of C. botuli-
num type E. Amplification efficiency was measured by compar-
ing the standard curves constructed with six strains of C. bot-
ulinum type E (Iwanai, 5545, Tenno 2, 35396, Biwako, and
164-1) by rapid, quantitative PCR. The C, of each concentra-
tion of BONT/E DNA was determined. Then, the C, versus log
DNA was plotted to produce a standard curve. The slope of
the standard curves allowed us to calculate the average ampli-
fication efficiency (Table 3). Our comparison did not reveal any
significantly different amplification kinetics among these six
strains (Table 3). These results were further confirmed by
sequencing the amplicon region of these strains. The se-
quences in the primer and probe regions were identical in all of
the strains tested (data not shown; DDBJ nucleotide sequence
database accession no. AB040123 to AB040128). Therefore, a
single standard curve generated with DNA of C. botulinum
tvpe E (Iwanai) was used for quantification for mixed popula-
tion analysis.

Recovery of BoNT/E DNA from various samples. The sen-
sitivity of the assay was evaluated with either a pure culture
(Fig. 2A), fish (jack mackerel) slurry (Fig. 2A), or a clear spore
suspension (without vegetative cells) (Fig. 2B) of C. botulinum
type E (Iwanai) by two DNA extraction methods (Chelex and
GuSCN). Recovery of BONT/E DNA from these samples was
evaluated from 10-fold serial dilutions of C. botulinum cell or
spore suspensions of pure culture or fish slurry spiked before
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FIG. 1. (A) Real-time PCR amplification plots for reactions with a
starting DNA template concentration of C. botulinum type E (Iwanai)
ranging from 50 fg to 5 ng per PCR tube. Cycle number is plotted
versus change in normalized reporter signal (AR,) defined as described
in Materials and Methods. Two replicate plots were made for each
standard sample, but the data for only one are shown here. O, 5 ng; O,
500 pg; X, 50 pg; &, 5 pg; *, 0.5 pg; O, 0.05 pg of DNA per PCR tube,
respectively. (B) Agarose gel electrophoresis of PCR products ampli-
fied from 5 ng of template DNA per PCR tube with different cycles.
Lanes: M, 100-bp DNA ladder; a, 10 cycles; b, 15 cycles; ¢, 20 cycles;
d, 25 cycles; ¢, 30 cycles; f, 35 cycles; g, 40 cycles; h, 45 cycles; i, 50
cycles; j, 55 cycles; k, 60 cycles.

DNA extraction. For pure culture, a good reverse correlation
between cell number and threshold cycle was obtained by both
extraction methods (for the GuSCN method, see Fig. 2A)
(data not shown for the Chelex method). However, with inoc-
ulated fish slurries, only the GuSCN method worked well (Fig.

TABLE 3. Amplification parameters of six different strains of C.
borulinum type E

Strain Slope* Amplification efficiency”
Iwanai —3.633 0.885
Tenno 2 —3.669 0.873
5545 -3.881 0.810
164-1 —3.869 0.813
35396 ~3.744 0.850
Biwako -3.778 0.840

“The slope of standard curve line (C, values versus log,q copy number)
constructed for each strain.

b Efficiencies of PCR amplification
described in Materials and Methods.

d from the slope by the formula
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FIG. 2. Relationship between C, values and numbers of C. botuli-
num type E (Iwanai) vegetative cells (A) or spores (B) in the rapid,
quantitative PCR assay. DNA was extracted by the GuSCN method
from vegetative cells or spores from pure culture (O), from a post
spiked fresh fish fillet slurry (A), and from a postspiked spoiled (after
9 days of storage at 10°C) fish fillet slurry (A).

2A). Extraction was equally successful from clean spores by the
GuSCN method (Fig. 2B). By the Chelex method, the presence
of food components attenuated PCR signals severely, and a
very low correlation was obtained between cell number and
fluorescence intensity (data not shown). Therefore, we decided
to use the GuSCN method in the subsequent experiments. By
the GuSCN method, the fluorescence intensity (PCR product
concentrations) in fish samples, both fresh and spoiled, and
pure cultures containing comparable bacterial loads was linear
over 5 orders of magnitude, with the R? values of the lines
being greater than 0.97 in each case (Fig. 2A). However, the y
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axis was higher in spoiled fish fillets than fresh fillets and pure
cultures (Fig. 2A).

Similar experiments performed with a variety of scafood
samples revealed linear relationships between the fluorescence
intensity and C. botulinum cell numbers, although in some
cases, the C, values were 1 to 3 cycles higher than those ob-
tained with the pure culture (data not shown). Table 4 shows
the results of the recovery of two different concentrations of C.
botulinum type E (Iwanai) cells measured by the rapid, quan-
titative PCR method from a variety of seafood samples. Over-
all, recovery was good (ranging from 19.1% to 173.5%), and
there was no serious difference in the order of the bacterial
number between the seafood samples (Table 4). However, in
some samples (spoiled samples of salmon and common mack-
erel), BONT/E DNA was not recovered unless the supernatant
after GuSCN precipitation was extracted with phenol-chloro-
form.

Comparison of growth curves with the PCR assay and cul-
ture method. To determine if the rapid, quantitative PCR
method could be used for quantifying C. botulinum type E
instead of a conventional culture method, the growth curves
constructed with the data obtained by the rapid, quantitative
PCR method (translated to cell number) and the data obtained
by the culture method were compared (Fig. 3). Similar growth
curves were obtained by both methods, indicating that the
rapid, quantitative PCR method could be used instead of the
culture method for monitoring C. bordinum growth. Although
the 10-CFU/PCR sample was the most diluted spiked sample
used for drawing the standard curve (Fig. 2B), the rapid, quan-
titative PCR method was able to detect C. botudinum type E
(Iwanai) in this experiment at as little as 0.1 CFU/PCR (C, =
48.3, translated to 4 CFU/ml of culture) in an 8-h incubation.
when the culture count obtained at the same time was 10
CFU/ml (Fig. 3). The results of similar experiments with pure
culture showed that C. botulinum type E at =1 CFUjtube could
be detected occasionally, while that at 1 to ~5 CFU/PCR (10
to ~200 CFU/mi of culture) could be detected constantly (data
not shown). The presence of C. borulimuum type E toxin was also
tested in 1-ml cultures at each sampling point. The mouse
assay required an incubation time of 18 h for toxin detection
(corresponding to a cultural count of ca. 10°). It was apparent
that the rapid, quantitative PCR method was much more scn-

TABLE 4. Quantification of C. botulinum type E cell number (per PCR tube) recovered from a variety of fresh and spoiled
(stored at 10°C for 7 days) seafood samples via rapid, quantitative PCR assay

No. of bacteria recovered (% recovery)®

Seafood sample. High inoculation (8.5 X 10°)®

Low inoculation (8.5 X 10')*

Fresh Spoiled Fresh Spoiled

Flathead 3.5 X 10° (41.2) 3.3 x 10° (38.2) 4.3 x 10" (50.0) 6.5 X 10! (76.5)
Sea bream 1.5 x 10° (173.5) 2.4 X 10* (28.5) 3.5 X 10' (41.2) 4.3 x 10 (50.0)
Salmon 3.8 X 10% (44.1) 1.6 X 10* (19.1)° 8.0 X 10' (94.1) 8.5 x 10' (100.0)°
Common mackerel 5.3 X 10* (61.8) 1.7 X 10* (19.7)° 9.0 X 10' (105.9) 7.0 X 10' (82.4)°
Shrimp 6.0 X 10° (70.6) 1.9 X 10° (22.1) 3.0 X 10' (35.3) 4.0 x 10' (47.1)
Crab 6.0 X 10* (70.6) 5.3 x 10° (61.8) 1.0 X 107 (120.6) 9.3 x 10' (108.8)

“ Determined by a universal standard curve made with a pure culture of C. botulinum type E (Iwanai) as described in the Materials and Mcethods,

> The ber of C. bondi celis (d d by the culture method) actually deposited into the food slurries.

¢ A phenol-chloroform extraction step was required for recovery.
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FIG. 3. Growth curves constructed by culture methods () and the
rapid. quantitative PCR assay (O) with a purc culture of C. botulinun
type E (Iwanai). The culture (in TSB) was incubated at 30°C. Solid
symbols denote the samples detected with BoNT by mouse assay.

sitive than the mouse assay, making it possible to monitor the
carly log growth.

Time course monitoring of C. botulinum levels in MA-pack-
aged fish, Using the rapid, quantitative PCR method, the time
course of C. botulinum type E in fish fillet (jack mackerel)
packaged with a modified gas atmosphere (N, at 1009%) was
examined (Fig. 4). Spore mixtures of four strains of C. bonudi-
num type E (Iwanai, Tenno 2, 5545, and 164-1) were inocu-
lated to jack mackerel fillets, which were then gas packaged
and stored at 10°C. The presence of C. botulinum type E was
quantificd by the rapid, quantitative PCR method. We have
calibrated the amount of BoNT/E DNA per gram of fish fillets
by depositing C. botulinum type E (Iwanai) cells into control
samples (uninoculated with C. botulinum type E) prior to DNA
extraction. By doing so, it was possible to determine the
amount of BONT/E DNA in fish samples, eliminating the ef-
fects of both DNA extraction loss and the possible PCR inhib-
itors in food samples.

Given the initial spore number of 2.0 X 10' CFU/g, C
botulinum in fish fillets revealed no fluorescence signal by 2
days of storage (Fig. 4B). The signal was first detected at 3 days
of storage (calculated as 7.9 X 10' CFU/g), and enhanced
signals were obtained thereafter (Fig. 4B). At day 7, the C.
botulinum count calculated by the rapid, quantitative PCR
method reached 1.6 X 10° CFU/g. No signal was obtained from
uninoculated fish fillets, either fresh or spoiled, throughout the
experiment (Fig. 4A), confirming that our primers and probe
for C. botulinum type E do not cross-react with the natural
background bacterial flora of fish. Also, representative PCR
products from the inoculated samples were sequenced and
confirmed to have the BoONT/E DNA sequence. The mouse
toxin assay was done at the same time. Toxin was first detected
by mouse assay on day 7 (corresponding to the 1.6 X 10° CFU
of C. botulinum per g as measured by the rapid, quantitative
PCR method), which was 5 days after the first signals were
detected by the rapid. quantitative PCR method.
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FIG. 4. Time course change in the cell number of C. botulinum type
E (a mixture of four strains: Iwanai, Tenno 2, 5545, and 164-1) esti-
mated by the rapid, quantitative PCR assay (O) and viable counts of
acrobic spoilage bacteria ([J) in MA-packaged fish fillets uninoculated
(A) or inoculated (B) with C. botulinum spore mixtures (four strains).
The packaged fillcts were incubated at 10°C for 9 days. Solid symbols
denote the samples detected with BoNT by mouse assay. ND, no
BoNT/E DNA detccted.

DISCUSSION

The ability to quantify the BoNT gene from diverse kinds of
samples by using an automated procedure could be beneficial
to food testing laboratories. The detection of the BoNT gene
by PCR has proven to be a sensitive and rapid alternative to
the mouse assay (5, 14, 40, 42, 43). However, these methods
using PCR are qualitative, not quantitative. In this report, we
have developed and evaluated a rapid, quantitative PCR (Taq-
Man; ABI 7700 system) for automatically quantifying the
BoNT/E gene. The method, based on real-time analysis of
PCR amplification (7, 15), has several advantages. (i) Unlike
PCR-ELISA and MPN PCR, it is a simple and rapid method
because it is a real-time assay in a closed tube without a need
for any post-PCR manipulations. (ii) Unlike competitive PCR,
real-time PCR makes DNA quantification much more precise
and reproducible, since it is based on C, values rather than an
end-point measurement of the amount of accumulated PCR
product. Consequently, the system allows for a large dynamic
range, and we have achieved linearity over 6 log units of input
DNA. (iii) Unlike competitive PCR, real-time PCR does not
require an internal standard, the design and validation of
which are laborious.

The present results suggest that our primers and probe could
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be used for quantification of various strains of C. botulinum
type E. The adaptation of the 5'nuclease quantitative PCR to
previously reported PCR primers (5, 14, 40, 42, 43) is not
possible due to the requirement of regions with T, at least 5°C
higher than those of the primer regions. Accordingly, we have
designed an original primer and probe region (Table 2). Beside
the primer and probe design, primer concentrations, and tem-
perature cycling profile were found to be important parameters
as reported for the TagMan PCR assay (2). Also, since the T,,
of the TagMan probe does not increase during PCR amplifi-
cation because of its inability to be extended by the Tag DNA
polymerase, we have chosen a two-step PCR to ensure the
hybridization of the TaqMan probe during extension, in which
the annealing and extension steps were combined and carried
out at 65°C. The results of the study revealed that the primers
and probe were highly specific for the C. botulinum type E
strains tested (Table 1). Moreover, PCR efficiency was almost
the same between the different strains of C. botulinum type E
tested in this study (Table 3). Sequencing the amplicon region
of these strains revealed that they were identical in the primer
and probe regions (data not shown). These results suggest that
our primers and probe could be used for quantification of
various strains of C. botulinum type E in food and environ-
mental samples, although these aspects should be studied more
carefully with additional strains of C. botulinum type E.

The most important advantage of the rapid, quantitative
PCR method is the ability to monitor the growth of C. botuli-
num type E in food where natural microbial competitors are
present. At present, laborious and time-consuming studies with
the mouse assay are necessary in challenge tests of C. botuli-
num for risk assessment of food products. The quantitative
monitoring of the growth of C. botulinum by conventional
culture methods is, if not impossible, time-consuming and er-
roneous, because isolation agar media such as egg yolk agar
would not effectively inhibit certain other members of the
genus Clostridium with similar morphologic characteristics of
colonies (13). A selective agar medium has been reported (10)
and used for monitoring C. botulinum type E in a recent study
(27) and our laboratory (B. Kimura et al., unpublished data).
However, the selectivity of the medium is still limited, and a
confirmation test for representative colonies is necessary. This
is laborious and time-consuming as well as erroneous because
of the difficulty in discriminating typical colonies. This is true
particularly when a large number of background bacteria are
present. An MPN technique coupled with PCR has been ap-
plied for monitoring C. botulinum type E in fish and the envi-
ronment (18). However, a large number of dilutions and rep-
licates is required. This makes the rapid analysis of multiple
samples difficult by this method. Also, it should be noted that
the MPN counts are a compromise, because the equation pre-
sumes an even distribution of cells among samples. With the
rapid, quantitative PCR method, a more accurate, rapid, and
automated monitoring of the copy number of BONT/E DNA in
as many as 96 samples at one time is possible. Thus, a large
number of packaged food samples (different components, lots,
and storage conditions) could be examined. Also, the data
indicated that the rapid, quantitative PCR assay is capablc of
quantifying C. botulinum type E in fish if 210° to 10 CFU/g is
present. This means that growth could be monitored much
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earlier than toxin could be detected by the mouse assay (Fig. 3
and 4).

One limitation of this method is that it is for quantifying the
BoNT/E DNA copy number, not the toxin itself. At present,
there is only a little information (32) available on the condi-
tions for toxin production by C. botulinum at the cellular level.
C. botulinum toxin is generally detected in the late exponential
phase in pure culture (4). During the preparation of this manu-
script, McGrath et al. (28) reported on the quantification of
mRNA of the BoNT/E gene of C. botulinum type E by com-
petitive reverse transcription-PCR. They have demonstrated
that gene expression was 100 times stronger in the stationary
phase than in the mid-log phase. Also, they found different
levels of gene expression in two different types of broth, indi-
cating that culture medium affects toxin production. These
results suggest that quantification of mRNA, rather than DNA,
would be more appropriate for risk assessment of C. boruli-
num. However, from a practical point of view, in food testing
laboratories, quantification of DNA is simpler to perform.
Also, there is no reason to reject the idea that an increase in
BoNT/E DNA reflects a potential risk of toxin production.
Thus, the sensitive and rapid detection of the increase of
BoNT/E DNA in food could serve as an early warning system.
Recently, a novel in vitro bioassay for direct detection of
BoNT/B, amplifying the enzymatic activity of the neurotoxin
light chain, has been described (47). This method seems more
sensitive and less expensive than the mouse assay or ELISA
method (11). An advantage of the rapid, quantitative PCR
method over the in vitro bioassay would be a much higher
sensitivity and quantitative accuracy. while an obvious disad-
vantage is that it is not a method for direct detection of BoNT.
It would be interesting to evaluate these methods all at one
time in the future. Unfortunately, however, the in vitro bioas-
say method has not been established for BONT/E yet. In prac-
tical terms, it would be most effective to use the rapid, quan-
titative PCR methods in combination with other methods for
directly detecting BoNT (11, 47) or the mouse assay (when
necessary). In such cases, samples demonstrating growth po-
tential would be tested by either of the latter assays for con-
firmation. By doing so, a much more rapid and convenient risk
assessment of C. botulinum would be realized.

When DNA was extracted either by the Chelex method or
the GuSCN method from fish samples, a linear relationship
between the initial number of template copies and C, values
was obtained only with the GuSCN method. The Chelex
method worked well with DNA isolated from pure cultures
(data not shown), but only a very low correlation could be
obtained between the initial number of template copies and C,
values when DNA was isolated from fish slurries (data not
shown). This is likely due to the inhibition of PCR amplifica-
tion by the large amounts of food components, which could not
be eliminated from the PCR tube. In our previous study (22),
the Chelex method worked well for “yes-or-no” detection of
Salmonella invA from raw meat and shrimp. In that study,
subsamples (25 g) were diluted with 225 ml (10X dilution) of
Trypticase soy broth (TSB) or Universal preenrichment broth
(UB; Difco Laboratories, Detroit, Mich.). In the present study,
subsamples (25 g) were diluted with 75 ml of phosphate buffer
in order to increase the detection sensitivity. Thus, it appears
that the Chelex method does not work well when samples are
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not diluted enough to climinate the inhibitory effect of food
components. Since the Chelex extract protocol is a one-tube
rcaction, this scems inevitable. With the GuSCN method, iso-
propanol precipitation is performed,. and the influence of the
PCR inhibitor may be less than that for the Chelex extract
protocol. A similar phenomenon was described by Chen et al.
(6). From these results, it was suggested that the GuSCN
method was more appropriate for extraction of DNA from fish
samples for quantification.

The application of the rapid, quantitative PCR method to
other foods could be limited unless the performance of PCR is
carcfully evaluated food by food. The present results showed
that the GuSCN DNA extraction method was efficient for the
quantification of BoNT/E DNA in a variety of fish samples,
although in some samples, a phenol-chloroform extraction step
was required (Table 4). However, higher C, values (1 to 3
cycles) than those ebtained with the pure culture were ob-
tained in some cases (data not shown), resulting in the varia-
tion in recovery (Table 4). The variation may be due to either
the extraction cfficiency of DNA, the inhibition of PCR am-
plification by PCR inhibitors, or a large amount of DNA from
background spoilage bacteria. Thus, a universal standard curve
cannot be used for accurate quantification of BONT/E DNA in
a variety of fish samples (based on fish species and duration of
storage). Accordingly, in this study, an accurate quantification
of BoNT/E DNA in jack mackerel samples was achieved by
calibrating the standard curve by depositing a known amount
of C. botdinum type E cclls into the fish slurry (uninoculated
with C. botulimum)) for each analysis before extraction. By do-
ing so, it was possible to determine the copy numbers of
BoNT/E DNA, climinating the effect of both the loss of DNA
during extraction and the potential PCR inhibitors (Fig. 4).
However. in practical use, it would be more convenient to
apply the universal standard curve, since the variation in re-
covery was not significant enough to make a difference in the
order of the bacterial number (Table 4). The merit of using a
universal standard curve is that it is simple and saves money,
although there are some limitations to the interpretation of the
data. The possible variations should be determined before
routine analysis of various food samples, and the most practical
and time/money-saving calibration method should be selected.

In conclusion, although DNA extraction protocols may need
to be optimized for food by food evaluation, the use of the
rapid, quantitative PCR assay could provide a rapid, quantita-
tive assay for C. botulinum type E in seafood samples. At
present, one of the most serious drawbacks of conventional
techniques in food microbiology is the difficulty of determining
the growth of a target microorganism in a complex mixture of
bacteria by plate count techniques. This method, enabling us to
elucidate how bacteria grow in the real environment, where
they are typically associated with surfaces and are in dynamic
competition with a heterogeneous microflora, could be appli-
cable to other food pathogens or certain target microbes in the
environment.
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Evaluation of MicroFoss Method in Raw-vegetable and Fruits for Quality Control

Susumu Kawasaki, Eiichi Nazuka, Yasuhiro Inatu and Kenji Isshiki

National Food Kesearch Institute, 2-1-12, Kannondai, Tsukuba, 305-8642.

The MicroFoss methods for estimating viable count of aerobic bacteria and coliforms from
various vegetables and fruits were evaluated. Total 130 of samples were tested using conventional
methods such as plate count agar and desoxycholate-agar plate count (coliform count). Each samples
were tasted using the MicroFoss total viable count (TVC) and Coliform medium. The correlation
coeflicients of standard curves were given in 0.7~0.9. And, the MicroFoss method has widely range
of quantification that it was unnccessary for scrial dilution of sample solution. The MicroFoss
method can detect the larger the initial bacteria concentration, the shorter the detection time (D). In
theologically, it was estimated to detect for 1 cell less than 18 hours by these standard curves.
Therefore. the MicroFoss method may be extremely useful for quality control in food industries. The
other side, we 1ry to detect £. coli from cultivation water of sprout by the MicroFoss E. coli medium.
In inoculation area, the MicroFoss method jointly with Durham's tubes method could detect E. coli for
1 day of cultivation water, though FDA was recommended strongly to test 3 days of cultivation water

for sprout.

1996 (O RTHHINTE AMSIF O157 : HT O KBIHifre
WO BRRC LT, fndp o s i B o T
RzH D, Ty, fMRETROEERTEOLYE
SIS L S S it ih olibNs L HI12 - T
5THO, K OMEMNLASBIERER oM RS S
TL3Y,

TP OMNRRTIE. RARERTENTEHIME - THEX
KRR AR EGE (MPN i) 2HIVT, HUdEETH S
— LML - KRSEHEE - KIGWERENES 3 C & TIT
HHATVLEY. LHL, KiEfHc k2 ARKRELEOKR
EARTERLFNELEET S, $1, WHREFE
TORSEHR 0 = —BERELBEL T B0, DL
b2HMLE, HEHETHNE 4~6 BULEOEFIEE %
HYEETEY, COLHERORANBZFOBIGIcE T
BREDMRAROPARTEL , LE+IROREAETD
CETSTELLOYBIRNTH S, FLRICRBEBRE

(Received Mar. 29, 2002 ; Accepted Aug. 16, 2002)

HBonskeLTh, bR - s LiHREC
M->TOLBIGELHY, RPFREOKABIEIC L
TORRL, TS ICARBERBEMC L 2REE
13, fhBREAREEOFRRBICIBHTELETHY
LRBAETHIH, REBBTLBELINTVETHA
S RPHREOHHNBE LR 7 LLTHLRARTS
3.

CDLHINERDL S, MEREICE VL THY IHEHR
HMEFEHSBERSN>2H 3. PR, 2150
7L — 9 —ic kB HHBEEY (3 1 OEREICT
10:~10°CFU/m! OEBBORMENTRETH S, 1,
REYF4NLODEDIET AN LRI G IREHME
POEERORMENTETH S, LrL, BEHDao
= A RMEST B d I ROBEEVELT S
W, FHOENMLIED S 308, HABRMOERE
EoRW, F£4, ATPREUET B LICLHAEROR

W TREA RSB EPIET (T305-8642 K-> < (ITHHES 2-1-12)
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713

EMEE=9) v /A FELHER L THOMBIL
STV A, BEMUAQEYERD ATP LEES I
REE N D70, EEERALVI - RBETS
75, BRSEME L RIRMICIET 2 S L3 BLL, A
SRS OMENEICHMTEARBLBOIATL
5.

COXHIHERIGEL D I ZHBEELETHIERR
POMBBEICHETE, ARREOUEHBARET, &
512 HACCP K B&- ¢ 4 BRIt LB LR+ HiE
ELTRBIEREZ v RAFLEMEL TV R b
W, 2, PHEHNBBRE VR T7LHBEETIHO
0, EROBEHEETE~YAT 3 2 HOFELERA
<, FHICETE - FYHE - Bc-vTREO
HEMHZ LY., LROESLBEL IR ZKROLD,
I 4 (B RIERER S Micro Foss 2 BA L EE
HEEROTM SO TEAL 2.

AT, —AYEREEE KIBERFED Micro Foss I
L AREREERERRETHONLER L ORBBIE
BERS, HEEROSHLAERIN TS, A8
R BB 3ERFHLET-0. &218, Ha7
LRIBOFE L 7L E L TEHEHRABE (ecal-
coliform) HfDBERIHADIEHIZOWT HRITL,
ARMNERERISLEICH Y IEIETHOLHONR
27 LBREOTMEIZ SO TR £ T - 12,
DFEREHET 5.

z 875

1. H#RERUEBRKE

HEERBE (2 Escherichia coli JCM 1648 (FR{L¥HEAT &
DAF) 2HVL. HREELE T4 3 v CGRF{EEED)
I2T35°C ISR ) v EEAHMAEBHER
(PBS) 2T I0EXMFIRL, HEBERET 5 LEI
EERcft L, ERIZAVELY L7, FREROR
SNEESCTHALL, -2 (4 7vKR-
BEY YV LIR - FoexXYeFavl S YH 2D
Yo A4FT) HSEEEERL £, A4 LKE
DEBIZOVTRTANVAEEA RS YV TED 2
HOETE+RVWTERET-7-.

2, EREICLIREE

PR e LT, Rk (RRREREREH) L3
—AEE MR UG RIS RIT L TiT o 72, /N
TESL DEEA L 72 R R EIMIC 25 g 1o/ LiUE
HETHREBLE. Chic225mi Y v EEERIEERH
BREMAGOBMR b=y #—i2ft L, o5kl

i § )

&

ml %Y R RREEEE I R OBRIEARL, MR

© BT T RVERBR O KIBET O E L 2. RTERR

59

Iz id, — ARG E T 3 B R R M (AR
), RIBEBEREICIZ7 7 v 2 — L — b EEH CGI0F
L3 2RV TIT- 1o,

3. Micro Foss R\ \V-RIE

EERIZ (2, Micro Foss model 32 (Foss t£5Y) Z{#iH]
Utz RIS & 2RRETHEERIMERICER L 7251
il %, Micro Foss B /Y4 7 L T& 5 TVC medium
(—A S EEGRITER)D'™ & Coliform medium (AA%EBF
MERWIcERFER2ML5mI Z{kL .. ShoDf
SEF/¥1 7 013 Micro Foss model 32 &2 Dfflgv 7
FY 2 TICT, FOBRBITK D4 T ARDIEHD I
Lt s BB 20 EL 228 (DU ZiE
L7z, HTE(L 585 nm DIRHIET 6 SHEISIT 7. Ml
212 35°C, 18 BERADIETRR I TIT- 7.

v 7 VLD pH 355 LT DMk 20T 2003
N O NaOH K@ik =AW T pH DML 2 175 72, pH
A= —=%2R0VT, 47 ADO5Li%E 10mI 12005 N D
NaOH KB T pH 55 6.7~6.9 (275 5 12 W I LB 12 oS
RERHL, COBERD 110 4E% 5 55 U ¥ Micro
Foss DA/ <4 7 v 12nA pH 2 hiiiMfsL.
124 v 7 VEEEMA, BB (DO FREL 2

1 NADLVBFAOKRBEJREEENIILRRD
gk

MDA A T LHFA~OWmKREAMZLT, 2170
KIRMEF#I4g (#9100 IR2) ZWEE L « — v ofngi

&, MED.W. &£ 20m! A 72, Z o SBRICEEAFL T
BOIE coli % 0.1~100CFU/ml 12725 & 9 Pl 45 #
L, COWR7KEBSD R D.W. 12 1ml 1A, MEivh 1oL
HEFZ/ER L 22, 20 53BN Lok S 272, Tkt
BIET 2100, #)RF Ly« By 7 AR LI
#13em MNP E+FICAN, 7o 7GR E 8
Wi BRSO UEEDW. 28 4% WKk
HIRRRMTF L v+ — L LICH B3KE N 7RO
Lici§ oz, ok, 1B 1ED v ZHOETFICER D.
W.EMA B ETIT-12 74 7 LHTOERIR 25C
AT 3 BMIT» 72,

5. H4 7 ULEFEREDNDORMECNER

4, TORUKBRZRY ZF LY - 5, 7EEOVNES
SR Sm AR, < Ok s
% Micro Foss @ E. coli medium (KIBERIER) ™
IKmA, 3. SR HRLEE (D) ZRw7:, &S,
E. coli medium DHERFIC ¥ — 9 L EFL WGFRIMA, #
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FAARBHEIELH W19 % 3

115 2002 % 11 fi (22)

ZAPELFEI >V T OBITE T - 72 MIERE 445C,
12 B0 EERARIFICTIT - 7o, EBICHKEE 1 m! % 9ml
D EC st (HKNIER) 1SR 44.5C T 24 B5RIER%
L, fREEOHEZLIT-1:. LitoEBR: 380, 18
BT -2,

X B ER

1. MeGEBRCHITIRRBOER

5o FEHFE - RYERVT, RBREICTREL—
#3EBIEL & Micro Foss TS M- R8s (DY) &0
HUMZI 1R L 2o —AEBEEIc ST, BRI
0.86. 'EFHFFELATOHBARE L T, v=-05264x+9.4612
(r=086) rif}onrt:, COMORHY » 7L BORE
BOMERTIUFEEVIRLE. CoREIIBVTY
Hiliz 080 LAEE B S h, S S Log+2 LIFnM
RENTRTIHEIHRLE L -1 HEEUFIIBLT
3. - 043~-087. 82~ 111 LKIZL BT v M

23, BOEMEBIEMNTEL.

—7%, KBRSV TEBuc iR & Ak e oy
TR ETH, HIMEFRNIZ0.78, SFELBDORBE
&ELT, y=-0531x+87119 (r=083) tBs>ht (¥
2, XD, RBEBHICHEVT H—BERROBA B,
F Y TARICBEVWTHERVUIFIC NS v+ M55 60
D, 4 7 AENORBEEERT 3 E@ViEM (R.=
0.70~0.99) HBShr-,

2. KAR® (fecal-coliform) ik

A7 LEFMEL RV OKIBE X IR L 72 BEDENR
EROBRER 2R L. KIBE% 10°cells Bl LR
Li-f@FofiEker, 1 BRICBLWTbEREICE 34
WATIETH » 2. & OBFIC AR IHBSRE 7.5 B5HY
LRTH -7, LL, BE3 ARV TIRAIBEL
BRELTOWRLH Y7 rizonTd, BELTLICL3H
WREMNG SN CORMBIEERRYT 5/, Micro
Foss A <1 7 LV OililkREIC ¥ — 5 L B £ EENIC

oz Ll ke () CRESEERL MABOERL:EC A, ABEEEERICSWTON
PGAL BB OTHBIREA 080 tEL, LLCIE RBERBB SRR, oI, & diz, ECEHUC THE
10
9 . . y=—0.5264x+9.4612
8 r=0.86
E 7
56
55
3
2
1
0 T
0 2 4 6 8 io 12 14 16 18
Dt (Hrs.)
K1 —AEEBMER 1 74 (TVC medium) (24 2 RIBBIEKEE R
F 1 —MEBRRCABEHERBROREETOLE
R — RN KIBEREA =
H& Y U5 HERAFK HHx Y VI 1B R
747 LAR -0.716 11.072 0.821 -0.711 9.994 " 0.893
vy —-0.739 10.141 0.784 —-0.873 10.384 0.746
Lz —0.427 8.703 0.835 ~0.525 8.984 0.883
* Ny —0.539 9.321 0.791 ~0.499 8.213 0.701
Aoy —-0.631 9.588 0.991 —0.429 8.308 0.815
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Log CFU/ml
O e NW R Y Y 0 ©

y=—0.5310x+8.7119

[=]
[
>
=2}

8

10

Dt (Hrs.)

K 2 KIGEBHUER Y1 7 (Coliform medium) 12k 3 WhtER{FakEs 1t

% 2 KBEBRSELA 19 LKIRETFD > OENESH R

HREE (CFU/MT 4g)

HIZEK
FEtEEE 45%107" 45%10" 1.3 < 10! 13 %10°
0 0/4 0/4 0/4 04 04
1 0/4 0/4 14 14 14
2 0/4 0/4 14 14 11
3 0/4 0/4 14 1 44

L7:&l A, ECHHHITORIGIIIE,TH 1. 0K
I, MERAA T -5 LEEHAEDESL L
T, ECHiti D#ERM—-FL TH S

% =®

REEEYRAEEICE, 1Y E—Fr AREEY - &
GEMEMEES - 2 T30 7 40—« SiRE
ET 7oA b A Y —EY RERRUFEENIN
FTHESN, TO—HUEALLIATLE 0k
HA NRERHENSEEL TV 35, RERERSH
EHTHYRERBICL » TRIBICHIE TE & SEET
%, &, FHLrOEBRETIE, HFELFYHFIRIIHVT
KEREIT - 12, 1996 FOKXRIRAPHEFALR, FXo
ZUDEBHABELENTEY, HFHEMHFRIc>L
TORSUFERITSVTREACBOTOEELE L
NoTO3 CO&IUFRPEWHRE V- 1 RiED
SOREMREICIE, REPSOARZBEAEMBLEEN
3720, AVTIT 4N —TO—HL bR FY -
TRHWFETRTMSEE L MbN 3,

Lo LERRIELER 2, MEWOMEYIC £ 21

O pH FREDOMENE Y T ¥ 1 L THHEITHZ =
THERFRET SO RFLTHS, Loz,
ORISR L RS R A - T D Tz
AFIRIEEMA TSRS 5. BReroeML LRt
112, Bkdh SoRBNc LR E s 2
WO D ICEREANEEICHWAZN T, DA
DEHLILERET 5 L TETEL s eya 2
EATES (K3). MEMORBBIARERTH 0
=R KD M TRITE 579, L HELN
EHNTHETH 2, MEMORBEDNC L 3 D
pH OZHLIL, RIKICTEET AEMRMZIIEEVEE
BMcE(kd s, Corfw. pHOZ(LERIBT S0
LB & MRER L ONFREHIMOMFICH D,
CDTEhEBENTETCES. O pH ORI 4
BB LT 10°CFU/ISEL 22, HLST(T S S
& 53 Shelef 5™ T &K DHIES N TV 3. Shelef 513,
s A #2 pH 153 (BCP) o&HLxE=51 »
7B ETHEBANSDBFRL XLOHEEERS 2.
¥ 72, Russell (3 515 1 8 5% b & CM #E #t (bio-
Merieux Vitek, Inc. 3%), 2% dextrose 1 CM 5% 1}
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N TN

LED
585nm

REKF
[[4 3 Micro Foss {2 & 3#4: PR OFAR

P”m/]\y OEMELEFFNIAEL, 0Fo
RS U AR A BHBE] (DU & T3,
['z',(l(: Russell o F8 %,

ARG S O—RPEIHE - KIGINEE, KMo
Rz HBOL
ML INTROLLSH,
DISH Fl Y]

BHSEWN AR ATOS, J0E iz, ST,

2O RE Wt DR &

“r4¢&t :Lb-wwLw[mA:qu
SOVT ORI AL O,

Micro Foss #8577 88i0)%E 832 2 U T2 Russell’®
PEINEIIOT, —BUEREE - KIGHRE - KIGE M
EROMFE % - TV 5, Shlofkc DEBTIR, MKk
SRS > TEBET- 2. TOEHELT,

1) Micro Foss @ &iHB 3 BEm O R EN &
pHIFREDBMAELIHERL, TOELEVTLY
1 2L A4 75 « 7 ZRRIRT 5 2 & CTHEEEHN %
T>TWaH, pHIZ XD MESRICHEMEAEFICH
NBELEAOND, HIHFH->VTpHRBHTH S
723, ERTMETHI0BRUHLBETH BT L,

2) EFFRBH - RHNO—8EE L KBERST
HLTED, ToMEY 7o -3k -TREAIZLS
RERE D 22, MTERRICEERYSH 3 rORNVLE
THBIE, HEFSNS,

4E, & 130 BIFEOFE - BBV TRREICTA

ELEEREFEIC BT 3B EME (D) &oHER%
Kebto & 5, LfETHEBIRE 0.80 AR OHERVE SN
THY, E¥FEOBARAFTROBEERRE T+H92ER
JHER D EEL SND. REREIISLTRESS S
HesEd 2 &, ICFU/mi O ¥ 7 AT 31212, —
REEROSS 1808, KNIBEHOBS 16485/
M bEZons:, ERICLIEORENRIEENINE
SMREMITSH 505 D L bAGHEELEFORK

62

% (30~300CFU/ml icks\WTHRIHEE) 2iF-&%EX

St KBS T—RABEBEREST 5103, #RTR
2HLETHDHLEC A% I5HHLMICEETE, ARK
BTOEROIGECAEMOREICFERTEIEELS
5%, i, YIRERSZTOEBVERE, YIS VE
L3BETS. Loy r+aB{teBEL LT, B
N7 4 =Ky 7RI LLARETH 1. LIBOER
&, I THEYREETHAERSE L THRESNT
LWB 4 v E— 7y RERIHEERERERIEECB T 5]
EREREEIFTH -1, Biddnci, 1 v E€—-5 vzl
SEiEE MOV TIZ 1 CFU/ml OKBEEE % 16.1 B
THIBL TV 2HENH 0, P XEOFER LASOBRE
HiilE LTiBoh T3, EHAERERERMEEICS
VWTh, ICFU/ml O—EEKERET 5 ICIERE
192 B L BB » o RDSNTEY, TOBRLEE
LTEIF LA OBREERMS ThHY, pHIEREICLBE
L& S BB REFETH 3 ICbhhbST, 1
NSERMENB o N TV, T, BELRERETS
B0, BETIRIREIC & 3 BEHIS LB THIEY
AIELTEMETSHS. DL S ICRIKEDLEBDOER
TITA B MEYBE Y 27 4 FERBORSTBICEVLT
TWTH 3.

AiRIT & 2 —RYEBEBOBRBER TR, &% 0HEBEP
+ I MFEL TO BRI L VB LOEEMNRN
B3O TFIRE NS, SEDORAY DERICEWVT, £
nENOY Yy 7 VOBESICTRBREERLILEC
A, TOEEETFICBLOBVSBED SN, - T,
SEREGOUE L - F Y BICRBREEKRT 2 48H
HrEEZONS, Livl, 2TOH Y IAE2BOVTE
L 7B, HEEMNX 080 EE0EMESRTSE
D, FOBEGELog 2LIRTRE > TVB I EM S,
CORBETEBEENLEROBRICHFHVSE I &M
ks EZ ot HBFRERIZOWT, 1 vE-%v2
ETOBEDHE L LHED T3 068~094 BELHES
nTHoy, $&@#§utnrb;®ﬁImkmiée
DE 1 (FD.

EROER, ERCLBELSRBBOEKXKICOVTH,
ERAQOLHBEIR>VWTS/POMESABEEL.. AR
IF, h4 7L+ BEY Y E Vo KBRIEFFEIC>VWT
12, MIREHS 1°CFU/mI P EEEL, BEREFRL
RUEHBEWTDT Oy PERBZIEHBTERN, F,
WL IR - F e Xy (BiAFT) REITBVTII,
BE 1P CFU/mI EEDERTHY, BRAEFTRDOS
oy FEBBIEHNTERL, JOLY, FRENCE
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WTOHBREC S ->TLESHENcH 5. INEHEY
T 3Ic1d. HFROMBHEFLE{ER (FAE, BIERH
DOfEEEEFAIC, BRICY Y T LE—ERMBWTH
REHERP L THSREST 3, MARHEEEF LIRS
PHEMBIEERET, &) L, ERETOIETEA
HEHORBREERTEILEL OIS, —BEFPK
BERIRGUETFCEAATLTEELTVWA D
EERREGROEEL (UM 0N, —AREEK
3R SR MENENFETH O, KBHERKOTE
BIzo W T b TEOE ESF I BEL B L,
Kiklzh o DEREBENSMEICITA D70, MWEE
BRLXADAL—F JRBORRIE I TR, Mg
KU ORI PHKMBOR TN ERET 260 E
Z6h5, ‘

EpH THIRMUE ELERITH L IIBE T (ex.
4 F ) WIBHMEC 1. $ pHSS LITOH v 7 o %
NATAATHEL AP, BRI B S A BRI LA
Bvoht, ok, BHOMIEPpHOY »7Aidsdh
S L NaOH 2 A1 HR (EigiciR, 15770
pH36 3t L T 190! @ 0.5N NaOH) fmi pH s L
tigk, v TINEMABZIET, HEHAEMIETE .
pH32D W v I Y2 = 21220 T RO AIBELE A
THEELTEHRMCRRBRLI-E A, ISV T HER
MAKETH » 72 (RFEFE). BCP @ pH ZHKAANL (L 6.8~
52THD, pH % 68HIZICHBT NIRRT S
LEZ SN

KIS B~ DICHERIZ >V T, 445C DB
FicbMb o ¢, BRATIICL IBMENELS. o
720, HRFEOKRBEH S &1z U i 125H0RE
IKBLT, BEANENLTHTRARENEDSHD bOI
KIGE, CHELIEI5, ORI ECEMOEE
E—H L/ Thick ) HERABEB (facal-
coliform) DBER 7 Y —= v 7V LERICN B EER S
N, BRATLEVARMCLZ 2EOF = » 7 HififEC
TABC2LT, LVEMMES5AZbDEEL SN,
A4 TLRIBEEFAEIEL, TOHKEKS S OREE
BET- 18R KNBEEEMELLY 721 HEBO
BHKE O RBTETH - 7. KEFDA® Tize+ >
IS ETKBHEIEORIZKIZ 3 BHOKERIE L L3 i
BLTLEH, Ihid bEMICABESRBTET,
KHBIEORINF = » 7 1IiENTH B EEL SN L
L, SEIOEBRRRS FTHHIEEFALTOERR
THY, KUEIERIE~OBRHE D, 3 515305
MBLETH 5.

%72, Salmonella 12D WTHEBRAIT~ 722 2 A, [k
BUSHBIN ., K42 DEBRTERERABHE L TH 2
7Y == 7EREL 79 Salmonella HitHi & 1T
LUROEREZELZ SN B, JD& D ICHEZAIIRR
2HLREEICT A LT, KIBEEI T L Salmonel-
la 2EARBEVES VA F LR WU TEX3E5ELS
N3, KIGEHTE, HFREEME LR, b
Z L0 5 BHOKIGEWHIEE L TO B HiFis
BUZEBYALO, Lhl, FEORERREFHOH
#-EROMEICLD, Tl THoniEihms
FXTEZDTREVOMEEZ SN D, Tofbofty
DR SVTIE, 1> E—- 5 v RiETIRERISOHE
Hh 2% b 4 25 SBEAREEHINC ST HE LS 7200, S4RAY 7 LS
RAESEG. RECBOTREE —aER - K%
BB - KRGEEGRER <1 7 A MISES T LS8,
L%E SUBEORRIC LD, TOMOMER
i B SRR NE T X S 0fiEED B D 2 B
ohd,

oI, MESRTHICEERIFA 1 T L8517
B, T OB SKIGE - FIERCE O S8 -
AEEATMETH O, & O RETTIAND G- ik
HEEZOEIETH S L HEALHND, TSI S 4k
3, BEGETTLLLTOME I S0,

SR MBBE LT 2 2 L 2o s e
AYLREERGESS Micro Foss 2HJUT, Efrijirss -
PNC I3 5 —REHOEL - ARSI REC IR i o0
%7 - -,

I EEHEX B Y PR 72— gt
130 BRIGEIEA L, BH(ED—AP LIS = KSR
KT THRIE L 72, [RHFIS Micro Foss WH]D—§4:i%
B RIGIEBEREM S 1 7 izt L, pH IR REO 1L
DR LIEILEERY (D) 2% 1, .

12) WERBCTROIEHE DL ED T 5 7 2{EKL
HBERDE LT, KiEOHAEEFE[BL . 2203
MHRELTH 1 7 LRREBOTRIBHEO KBS
DIGAITD2OT OB L 22,

(3) FEREVERIEE - TH O Rk Tl30in
BREFRRITETS » 72, TSR ) RIERH 2
<, 3~ I8 TR BN ER RAT SNt

@) KGOS, ¥—35 4i5& AT L Ta)
fled 127z,
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6)

8)

9)

100

13)

X s

G /LG i R (AL R AR REHER,  AnhaliveskdR
B, feshidd B, 47, 65-94 (1997).
BARA, QASETEHEEoMSRERkEE fh
T. 47, 173-180 (2000),

BARRREBER BEOEREEH MLy

W—, BEAKBERS B (1990).
Fig R BNl gk ARREEOBRENTED

B oilt — R aIFEedule LT~ L#
i, 51, 77-88 (2001),

Gilchrist,J E., J.E. Campbell. C.B. Donnelly, J.T.
Peeler and J.\L Delaney., Spiral plate method
for bacterial determination. Appl. Microbiol.,
25, 244-252 (1973).

Blackburn, C.\W. CL. Baylis, S.B. Petitt,
Evaluation of Petrifilm methods for enumera-
tion of acrobic flora and coliforms in a wide
range of foods. Leit. Appl. Microbiol., 22, 137~
110 (1996).
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Abstract: Escherichia coli ATCC 25922 produced O,™ in the presence of menadione, and O, -dependent lumi-

nol chemiluminescence intensity was proportional to colony-forming unit (CFU) in the exponential phase.

CFU was determined by using a 96-well plate at a range of 3X10° to 8 X 10’ CFU /well (0.1 ml) after a 10-
min incubation with menadione, followed by chemiluminescent assay for 5 s. After a 4-hr incubation of E.
coli (10° CFU/0.1 ml) with menadione and an antimicrobial agent inhibiting the synthesis of peptidoglycan,
protein, and DNA, the inhibitory concentration (IC) of the antimicrobial agent determined by menadione-
catalyzed luminol chemiluminescent assay was in good agreement with minimal inhibitory concentration
(MIC) of the NCCLS (National Committee for Clinical Laboratory Standard) method requiring 18 hr.
Menadione-catalyzed luminol chemiluminescent assay is expected to be useful for the rapid determination
of cell viability under the conditions of various cell growths and stresses.

Key words: Menadione, Chemiluminescence, Antibiotics, Viability

Dilution (6) and disk antimicrobial susceptibility tests
(8) require more than 18 hr to obtain results. The mini-
mal inhibitory concentration (MIC) is used to quantita-
tively measure the in vitro activity of an antimicrobial
agent against a bacterial isolate, and it is determined
by observing the lowest concentration of antimicrobial
agent that will inhibit visible growth of the bacterium
after overnight incubation.

In order to reduce the testing time, various modified
tests have been proposed. For example, the rapid mea-
surements of specific enzyme activities and ATP con-
centration in bacteria have been expected to be per-
formed with fluorogenic or chromogenic substances (4,
5) and by bioluminescent assay (1, 6), respectively.
However, the measurement of bacterial enzyme activities
are not useful in many laboratories because of the unsta-
ble methods-affected by pH, temperature, ion concen-
tration, and enzyme inhibitors,
assay of bacterial ATP is also affected by the extracellular
ATP in medium and by the treatment of cell lysis (2).

On the other hand, menadione-catalyzed luminol
chemiluminescent assay is expected to be simple and

rapid. As shown in Fig. 1, the extracellular generation of

*Address correspondence to Dr. Shiro Yamashoji, Nikken
Biomedical Laboratory, 23 Teigaien, Ohashibe, Kumiyama-cho,
Kuze-gun, Kyoto 613-0046, Japan. Fax: 078-632-5131.

The bioluminescent

active oxygen species (0.~ and H,0,) catalyzed by
exogenous menadione (redox catalyst) has been pro-
posed to depend on the cell activity to keep the intra-
cellular NAD(P)H concentration and the activity of
NAD(P)H:menadione oxidoreductase, which is sensi-
tive to the change in pH and ion concentration (10, 11).
Solid and dashed lines in Fig. 1 show the production of
O,” from the oxidation of unstable semiquinone radicals
and of H,0, from the autoxidation of menadiol after a
reduction of menadione by NAD(P)H:menadione reduc-
tase.

Recently, O,” was found to be main product in the
reaction between menadione and E. coli ATCC 25922
(solid line in Fig. 1), and the viability was related to
menadione-catalyzed luminol chemiluminescence,
depending on the generation of O,” (12). This luminol
chemiluminescent assay requires a few minutes for the
incubation of cells with menadione, then a few seconds
for the measurement of luminol chemiluminescence
intensity after an injection of luminol solution without the

Abbreviations: ATCC, American Type Culture Collection;
ATP, adenosine triphosphate; CAMHB, cation-adjusted Mueller-
Hinton broth; CFU, colony-forming unit; H:0,, hydrogen per-
oxide; LCI, luminol chemiluminescence intensity; MIC, minimal
inhibitory concentration; NAD(P), nicotinamide adenine dinu-
cleotide (phosphate); O™, superoxide anion; NCCLS, National
Committee for Clinical Laboratory Standards.
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Fig. 1. Proposed mechanism for menadione-catalyzed production of active oxygen species by viable cells.

treatment of cell lysis. Thus the menadione-catalyzed
luminol chemiluminescent assay is expected to be useful
for the rapid determination of cell viability under the con-
ditions of the various stresses.

Because E. coli ATCC 25922 is one of the quality con-
trol strains for broth microdilution MIC testing of
NCCLS, the inhibitory effect of antimicrobial agent on
menadione-catalyzed luminol chemiluminescence by
this strain was tested to study the sensitivity of mena-
dione-catalyzed luminol chemiluminescent assay to the
antimicrobial agents inhibiting the synthesis of peptido-
glycan, protein, and DNA. This paper suggests that

- menadione-catalyzed luminol chemiluminescence by E.
coli ATCC 25922 shows the rapid response to the change
in cell viability and physiology under the conditions of
various cell growth and stresses.

Materials and Methods

Organisms and growth conditions. Escherichia coli
(ATCC 25922) was cultured in Mueller-Hinton broth
containing 25 mg of Ca’* and 12.5 mg of Mg** per liter
(cation-adjusted Mueller-Hinton broth, CAMHB) at 35
C overnight. The absorbance at 600 nm of the cell sus-
pension was adjusted to 0.1 with CAMHB, and the sus-
pension was incubated at 35 C for about 2 hr. After incu-
bation, the absorbance of each cell suspension was
adjusted to the appointed absorbance at 600 nm with
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CAMHB on the basis of correlation between absorbance
and CFU of the bacterium, and the diluted cell suspen-
sion was used for the chemiluminescent assay.

Chemiluminescent assay. The above diluted cell sus-
pension (50 pl) was placed in each well in a white 96-
well microplate, and 50 pul of CAMHB containing mena-
dione (10 pg/ml) was added. When the appointed incu-
bation time was finished, luminol chemiluminescence
intensity was determined after an injection of 100 ul of
luminol-horseradish peroxidase solution containing 5
mg of luminol, 5 units of horseradish peroxidase (Type I),
and 50 mg of bovine serum albumin (Fraction V) in 50
ml of 0.5 M boric acid-Na (pH 9.5). The chemilumi-
nescence intensity after this injection was automatically
determined by using luminescencer AB-2000 (ATTO,
Tokyo).

Determination of colony-forming unit (CFU). A
series of tenfold dilutions of bacterial cell suspension was
prepared in CAMHB. A 0.1 ml portion of the dilution
was spread on a Mueller-Hinton agar (Becton Dickinson)
plate in duplicate. The colonies on each plate were
counted after 18- to 24-hr incubation at 35 C, and the
number of viable bacteria per milliliter of each original
suspension was calculated as CFU.

Determination of inhibitory conceniration (IC) by
chemiluminescent assay. Fifty microliters of cell sus-
pension containing approximately 2 X 10* CFU/ml and
menadione (10 pg/ml) were mixed with 50 ul of
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CAMHB containing an antimicrobial agent in each well
of a white 96-well microplate. Antimicrobial agents
used in this study are listed in Table 1 and are prepared
by serial twofold dilutions described in NCCLS (6).
After incubation at 35 C for 4 hr, the IC was deter-
mined as the concentration of antimicrobial agent
decreasing the luminol chemiluminescence intensity
(LCI) from less than 20% of antimicrobial agent-free
LCL

Assay of intracellular NAD(P)H concentration. The
extraction and estimation of NAD(P)H of E. coli were
performed according to the method of Lilius et al (3).

Chemicals. All reagents were analytical grade.

Results and Discussion

LClI increased after the addition of menadione to E.
coli cell suspension and reached the maximum LCI a few
minutes later. Superoxide dismutase diminished the
menadione-catalyzed luminol chemiluminescence more
effectively than catalase, indicating the generation of
O, in the interaction between menadione and E. coli
(12). The desirable concentration of menadione required
for the chemiluminescent assay was 5 pg/ml because
menadione inhibited cell growth at above 20 pg/ml and
caused poor chemiluminescence intensity at below 2
pg/mi (data not shown).
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Fig. 2. Correlationships between menadione-catalyzed LCI and
intracellular NAD(P)H concentration during growth of E. coli. The
absorbance of cell suspension was adjusted to 0.1 at 600 nm
with CAMHB and was incubated at 35 C. The total volume of cell
suspension was 50 ml, and 0.5 ml of cell suspension was used for
the determination of NAD(P)H concentration. LCI and intracel-
lular NAD(P)H concentration were determined by the methods
described in “Materials and Methods.” I, LCI; O, NADH con-
centration; O, NADPH concentration; &, NAD(P)H concentra-
tion; (J, absorbance at 600 nm.
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Figure 2 shows the relationships among menadione-
catalyzed LCI, intracellular NAD(P)H concentration,
and cell growth monitored by measuring the turbidity at
600 nm. Menadione-catalyzed LCI was not correlated
with the turbidity of E. coli cells, but with the intracel-
lular NAD(P)H concentration during cell growth, because
the peak of LCI overlapped with that of intracellular
NAD(P)H concentration in the late exponential phase.
These results suggest that menadione-catalyzed LCI
depends on intracellular NAD(P)H concentration required
for the activity of NAD(P)H:menadione reductase as
described in the previous paper (12) and that the chemi-
luminescent assay is applicable to the determination of
bacterial viability. i

When the viable cell number of E. coli was deter-
mined in the late exponential phase, CFU were propor-
tional to LCI as shown in Fig. 3. CFU from 2X 10’ to
2 X 10%well (0.1 ml) could be determined 10 min after
the incubation of E. coli and menadione (data not shown).
The detectable CFU by the chemiluminescent assay was
similar to that by the bioluminescent assay of ATP (7).
Menadione-catalyzed luminol chemiluminescent assay is
expected to be simple and rapid compared to the biolu-
minescent assay of ATP, requiring both the enzymatic
decomposition of extracellular ATP and the extraction of
intracellular ATP.

As menadione-catalyzed luminol chemiluminescence
was so strongly dependent on colony-forming units, the
application of the chemiluminescent assay to an antimi-
crobial susceptibility test was examined. Figure 4 shows
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Fig. 3. Correlation between CFU and LCI in the late exponential
phase. Growth conditions and the chemiluminescent assay are
described in “Materials and Methods.” E. coli was harvested in the
late exponential phase, and the cell density was diluted from 0 to
23X 10* CFU/ml with CAMHB, LCI was determined 10 min after
the incubation of E. coli and menadione at 35 C and was shown
as the mean of four determinations.
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Fig. 4. Dose- and time-dependent effects of amikacin on mena-
dione-catalyzed LCI. The assay conditions are the same as those
to determine IC in “‘Materials and Methods.” The viability of E.
coli cells exposed to amikacin was determined as the percentage
based on the LCI of intact cells. Each symbol shows the follow-
ing incubation time: {J, 1 hr; O, 2hr; O, 3 hr; A, 4 hr; W, 6 hr.

Table 1. MIC determinéd by menadione-catalyzed Juminol
chemiluminescent assay after 4-hr incubation

Antimicrobial MIC (ng/mi)
agent Chemiluminescent assay NCCLS

Penicillins ’

ampicillin 8 2—8

piperacillin 4 1—4
Monobactams

aztreonam 0.125 0.06—0.25
Carbapenems

imipenem 0.5 0.06—0.25
Quinolones

norfloxacin 0.06 0.03—0.12

oftoxacin 0.03 0.015—-0.12
Chloramphenicols

chloramphenicol 2 28
Aminoglycosides

kanamycin 2 1—4

amikacin 1 0.5—4

gentamicin 0.5 0.25—1
Cephems

cefazolin 1 1—4

ceftazidime 0.5 0.06—0.5

cefmetazole 1 0,25—2

cefotetan 0.25 0.06—0.25
Tetracyclines

tetracycline 0.5 05—2

minocycline 0.5 0.25—1
Others

fosfomycin 2 0.5—2

sulfamethoxazole-

trimethoprim 0.06/1.2 =0.5/9.5
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Fig. 5. Direct inhibition of menadione-catalyzed LCI by tetracy-
cline. After the cell suspension, which contained approximately
10° CFU/ml and 5 pg/ml of menadione, was incubated at 35 C for
4 hr, tetracycline was added to it. LCI was determined after 1-min
and 60-min incubations with tetracycline ({J, 1-min incubation;
<, 60 min incubation).

that amikacin reduces the LCI in time-dependent and
dose-dependent manners and that the change in antimi-
crobial action of amikacin stops at 2 jtg/ml after a 4- or
6-hr incubation time. Cefazolin, ampicillin (inhibitor of
peptidoglycan synthesis), tetracycline (inhibitor of pro-
tein synthesis), and norfloxacin (inhibitor of DNA syn-
thesis) also showed the antimicrobial action in time-
dependent and dose-dependent manners (data not shown),
and IC could be determined 4 hr after the incubation of
E. coli with menadione and an antimicrobial agent.
Table 1 shows that the MICs determined by the chemi-
luminescent assay are in good agreement with the accept-
able quality control limit ranges in NCCLS (6), because
IC of imipenem alone was greater than the limit ranges
when 18 antimicrobial agents were tested. Menadione-
catalyzed luminol chemiluminescence was sensitive to
the antimicrobial agents inhibiting the synthesis of pep-
tidoglycan, protein, and DNA (9). On the other hand, all
MIC of the antimicrobial agents listed in Table 1 was in
the acceptable quality control limit ranges of NCCLS
(data not shown) when the MIC of antimicrobial agents
was determined according to the dilution antimicrobial
susceptibility test described in NCCLS (7).
Minocycline and tetracycline inhibited menadione-
catalyzed luminol chemiluminescence immediately after
the addition of these antimicrobial agents into the mixture
of menadione and E. coli that generates enough O,".
Figure 5 shows the inhibitory effect of tetracycline on
menadione-catalyzed LCI 1 min and 60 min after the
mixing of E. coli and tetracycline. The inhibitory effect
observed after 1 min of incubation is considered to be the
direct inhibition of luminol chemiluminescence by tetra-



not shown here).. The mhxbltory effect ob'se
min of incubation was greater than after 1 min ‘and: iwas
therefore considered to depend on combination of antimi
crobial action and direct inhibition. As shown in Fig. 5,
the 50% inhibition concentration of tetracycline on LCI
was about 10 pg/ml, and that of minocycline was about
1 pg/ml (data not shown). In the case of E. coli, the IC
of tetracycline could be estimated because it was much
lower than the 50% inhibition concentration on LCL
As mentioned in “Results and Discussion,” the mena-
dione-catalyzed luminol chemiluminescent assay is

ratoryr's
1997. Methods for dllunon anumxcmblal suscepﬁblhty
for bacteria that grow aerobically, 4th ed. (M7-A4)" o
8) National Committee for Clinical Laboratory’ Standards.
1997. Performance standards for antimicrobial disk suscep- .

expected to be useful for the rapid determination of the tibility tests, 6th ed. (M2-A6).
viability of E. coli under various growth conditions. 9) Russel, A.D., and Chopra, I. 1990. Understanding antimi-
crobial action and resistance, Ellis Horwood Limited, West
) Sussex.
References 10) Yamashoji, S. 1998. Characterization of extracellular mena-
‘ . dione-catalyzed H;0, production by NIH/3T3 cells. Biochem.
1) Chapman, A,G., and Atkinson, D.E. 1977. Adenosine Mol. Biol. Int. 44: 555-563.
nucleotide concentrations and turnover rates. Their correla- 11) Yamashoji, S., Ikeda, T., and Yamasho_]l K 1991. Extracel-
tion with biological activity in bacteria and yeast. Adv. lular generation of active oxygen species catalyzed by exoge-
Microb. Physiol. 15: 253-306. nous menadione in yeast cell suspension. Biochim. Bio-
2) Kahruy, A., and Vilu, R. 1988. Use of the luciferin-luciferase phys. Acta 1059: 99-105.
assay of ATP for measuring the bacterial growth: application 12) Yamashoji, S., Manome, T., and Ikedo, M. 2001. Mena-
of Escherichia coli. Acta Biotechnol. 8: 93-98. dione-catalyzed O, production by Escherichia coli cells:
3) Lilius, E.A., Multanen, V.M., and Toivonen, V. 1979. Quan- application of rapid chemiluminescent asssay to antimicro-
titative extraction and estimation of intracellular nicotin- bial susceptibility testing. Microbiol. Immunol. 45: 334—
amide nucleotide of Escherichia coli. Anal. Biochem. 99: 340.

69



8-Deoxy-trichothecin production by Spicellum roseum isolated
from a cultivated mushroom in Japan

Kenji TANAKA, Ronald D. PLATTNER, Reiko YAMAGISHI, Masatoshi MINAMISAWA,
Masaru MANABE, Shoichi KAWASUGI, Manfred GAREIS and Gen OKADA

Reprint from MYCOTOXINS
Vol. 51, No.2

July, 2001

70

%{1{

<
P

=Y



Mycotoxins Vol. 51(2), 2001 7

8-Deoxy-trichothecin production by Spicellum roseumn isolated
from a cultivated mushroom in Japan

Kenji TANAKA * !, Ronald D. PLATTNER * 2, Reiko YAMAGISHI * !,
Masatoshi MINAMISAWA * 3, Masaru MANABE * 3, Shoichi KAWASUGI * 1,
Manfred GAREIS * 5 and Gen OKADA *

* ! National Food Research Institute
(2-1-12, Kannondai, Tsukuba, Ibaraki 305-8642, Japan)
*2NCAUR, ARS, USDA
(1815 N. University St., Peoria, IL 61604, US.A.)
* 3japa'n Grain Inspection Association
(2-17-3, Arai, Ichikawa-shi, Chiba 272-0144, Japan)
*4 Japan International Research Center for Agricultural Sciences
(Owashi, Tsukuba, Ibaraki 305-8686, Japan)
* 5 Institute for Microbiology and Toxicology, Federal Center of Meat Research
(E.-C.-Baumann-Street, 20, D-95326 Kulmbach, Germany
* 6 Japan Collection of Microorganisms, RIKEN

(2-1, Hirosawa, Wiko, Saitama 351-0198. Japan'

Summary

Ex-type culture of Spicclliom roscunt isolated from silage in France has been known to produce some tri-
chothecenes. As the causative agent of the pink mold damping-off disease. we isolated some strains of X
roscum from a cultivated mushroom Flanunulina velutipes at Nagano, Japan. To examine whether the
Japanese strains of S. roscim produce trichothecenes or not, the isolates were cultivated on rice medium and
extraction was made for mycotoxin analysis. 8-Deoxy-trichothecin was accordingly detected and confirmed
with GC/MS by means of EI and CI mode. - However, deoxynivalenol, 3-acetyldeoxynivalenol, fusarenon-X
and nivalenol were not detected in the extract, all of which are well known to be detected from scabby wheat.

Key words: 8-deoxy-trichothecin, Flammulina velutipes, mycotoxins, Spicellum roscum,
trichothecene

(Received, February 26, 2001, Revised & Accepted May 23, 2001)

Introduction
Nakamura ef al.V reported that Sporotiiix sp. was the causative agent of the pink mold damping-off dis-

ease of Flammulina velutipes (Curt. : Fr.) Sing. a cultivated mushroom in Japan. The hyphomycete was
later reidentified as Spiccluin rosewm Nicot & Roquebert based on morphology and rDNA sequence analysis
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Okada ¢f al® ).

Spieethon rosewm was first isolated from silage in France (Nicot and Roquebert® ). Other strains were
isolated from mushroom campost in USA. paper bags in India, and leather in UK (Seifert ¢f al.'). Seifert et
al. recently reported that ex-type culture of S. roscwm produced trichothecene mycotoxins: Le., 12,13-tri-
chothec-9-ene, 8-deoxy-trichothecin, trichodermol and trichodermin. The structures of some trichothec
mycotoxins were shown in Fig. 1. In this paper, we examined new isolates of S. roseumn from cultivated F.
relutipes in Japan to determine if these strains produce trichothecenes or not.

8-deoxy-trichothecin

H H H
CH: - H
e SR
A >
N
P CHy
Ry :RB Rz

R Rz R3 Rs
Deoxynivalenol 8H H OH OH
3-Acetyl-deoxynivalenol Ac H OH OH
Fusarenon-X OH OAc OH OH
Nivalenol OH OH OH OH

Fig. 1 Structures of some trichothecenes.

Materials and Methods

Some strains of S. roscum were isolated from cultivated F. velutipes at Nagano, Japan, which was infect-
ed by the pink mold damping-off disease. The isolates were deposited in Japan Collection of Microorganisms
{JCM: http//www jemeriken.gojp/). Two strains of S. roscun JCM 8964 and 8965 were used for the produc-
tivity test of trichothecenes.

Culture of S, roscum was done as follows. Thirty gram of 4 ° polished rice was weighed in conical flask
and 15 m! of water was added. It was maintained for 3 hours in room temperature and then autoclaved. For
pre-culturing, S. rosetm was inoculated by a needle at the center of potato dextrose agar (PDA) plates in 9
cm diam Petri dish. The pre-culture was kept at 25 °C for 7 days. Inoculation of S. 7oseuin to the rice medi-
um was made by adding three pieces of 8 mm diam disks cut from the pre-culture plate by a cork bowler.
The inoculated rice medium was kept at 25 °C for 14 days.

Extraction and clean-up procedures for mycotoxins were as listed in Figs. 2 and 3, respectively.

TMS derivatization of extract from S, rosciun cultures was as follows. TMS derivatizing reagent was
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Rice culture

,4—~2()ll mi af acetonitrile-water (3:1)

Homogenized with palytron

I

Shaken for 30 min

Filtered with filter puper

l

Filtrate
fd——i() ml of hexane Ppt
Shaken for 5 min }4—(2 ml of MeOH +18 ml of CHCL) + 10 m! of CHCL-MeOMH (921 x 2
| MeOH- CHCI, solution
100 ml of aqueous acetonitrile laver f
12 g of ammonium sulfate Column pucked with 2 g of N2,SO, + 10 g of Norisil + Sg of NSO,
Shaken for 3 min fe—v0 miof crici-Meon 19:1 '
Eluate
Acetonitrile layver I
{ Eviaporaed (o dryness
Shaken snd kept for 1 hr )
GC and GC/NS

Acctonitrile layver

i Fig. 3 Clean-up method of trichothecenes.
Filiered through Na:SO;4

Acelonitrile layer Na:50,
l Anhydrous acetonitrile

Acetonitrile laver

J

Evaporated w dryness

Ppt

Fig.2 Extraction of trichotheceses,

composed of 1.0 ml of N-trimethy/Isilylimidazole, 0.2 m! of trimethyIchlorosilane and 9.0 mi of ethyl acetate.
Zero point one ml of TMS derivatizing reagent was added to the extract after clean-up and kept at room teny-
perature for 15 min. Then 3.9 m! of ethy] acetate was added to this reacting solution. This solution was fil-
tered with filter disk of Ekikurodisk R 13CR with 0.2 ;2 m PTFE (Gelman Japan). The filtrate was ana-
lyzed by gas chromatography (GC) and gas chromatography-mass spectrometry (GC/MS).

The GC, Shimadzu GC-15A (Shimadzu Co., Kyoto, Japan) equipped with ECD detector, was used. The
conditions of GC were listed as follows. DB-1 megabore column (J & W Scientific, Folsom, CA, USA), 10 m
x 0.53 mm id. and 1.5 2 m in film thickness, was used. The column temperature was held at 185 °C for 50
min. It was increased by 10 °C/min to 240°C and maintained for 15 min. Injection port was 280°C. N2 gas
for column connection purge was 22 mi/min and that for cell purge was 60 ml/min. Flow rate of He gas was
15 ml/min. Detection was made by ECD.

GC/MS conditions of EI mode by Shimadzu GCMS-QP5000 were as follows. Shimadzu GC-17A was
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used as a gas chromatograph. A 30 m x 0.25 mm i.d. DB-1 column (J & W Scientific, Folsom, CA, USA)
with film thickness of 0.25,m was used. The column temperature, initial at 190 ‘C, was increased by 1.5°C
‘/min to 217 'C and then by 6.0 ‘C/min to 280°C and maintained at 280 °C for 5 min. Injection port tempera-
ture was 250 °C and interface temperature was 300 °C. Flow rate of He gas was 1.8 mi/min. Detection volt-
age was 2.50 kV.

The cleaned-up extract was trimethylsilylated and injected into GC. The TMS derivatives were also ana-
lvzed by GC/AIS, Shimadzu QP-5000 (Shimadzu Co., Japan), both in the electron ionization (EI) and chemi-
cal ionization (Cl) modes. For CI, methane gas was used as the reagent gas. ThermoQuest Finnigan Trace
GC/MS instrument was used to compare authentic 8-deoxy-trichothecin with the trichothecin in order to con-
firm the presence of 8-deoxy-trichothecin. Spectra were recorded in the EI and CI modes. For CI, both methane

and isobutane which had been used by Plattner et. al.® ) were used as reagent gases.
Results and Discussion

Deoxynivalenol (DON), 3-acetvldeoxynivalenol (3-Ac-DON), fusarenon-X (Fus. -X) and nivalenol
'NIV) are well known trichothecenes often found in scabby wheat and have some toxicity against animals
and human. These mycotoxins were analyzed using gas chromatography that showed the detection limit as
0.2 o g/g for DON, 3-Ac-DON, Fus.-X and NIV. Gas chromatogram and mass spectra obtained showed that
these trichothecenes were not, present in the culture extract ol S. roscum isolated from affected F. velutipes in
Japan. although the extraction is suitable for these trichothecenes. Therefore, we conclude that these four
mycotoxins were not produced by S. roscion JCM 8964 and JCM 8965.

One peak of trichothecenes was obtained in gas chromatogram, so trimethylsililated sample was injected
into QP-3000 type of GC/MS. In GC/MS analysis mass spectra similar to that reported for 8-deoxy-trichothecin
were obtained from the extract of S. roseum JCM 8965 by means of EI and CI mode from QP-5000 GC/MS.
The molecular weight of 8-deoxy-trichothecin is 318.

To confirm this result TMS derivatives of the S. roseum were analyzed on the TRACE GC/MS along
with authentic 8-deoxy-trichothecin®. In the chromatogram of the extract of JCM 8965, components were
observed which had identical spectra with the EI and isobutane CI spectra previously reported for the TMS
derivative of 8-deoxy-trichothecin. The larger of these two components, 70% of the total, eluted at 7.14 min,
while the latter eluted at 7.22 min. By contrast, the chromatogram of the TMS derivative of authentic 8-
deoxy-trichothecin revealed only a single component that eluted with the same retention time (7.14min).
Thus the component eluting at 7.14 min is confirmed to be 8-deoxy-trichothecin. The EI mass spectrum and
the isobutane CI spectrum are identical with the ones reported previously by Plattner et al®. From these
results, it becomes clear that S. rosewm JCM 8965 produced 8-deoxy-trichothecin. The exact structure of the
minor component in the extract of JCM 8965 has presently not been completely characterized but is presum-
ably a stereoisomer of 8-deoxy-trichothecin. The total ion chromatograms and EI mass spectra of 8-deoxy-
trichothecin and the extract of JCM 8965 are shown in Fig. 4 and Fig. 5, respectively. The total ion chro-
matograms, the single jon monitor chromatograms of 319 (M+1) and CI (isobutane) mass spectra of 8-
deoxy-trichothecin and the extract of JCM 8965 are shown in Fig. 6 and Fig. 7, respectively. In the case of S.
roscum JCM 8964, the production of 8-deoxy-trichothecin was obscure.

Though the toxicity of 8-deoxy-trichothecin has not been known yet, the toxicity test of the extract of S.
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roseiun cultures should be carried out for more complete safety on mushroom cultivation.

We thank Mr. K. Nakamura and Mr. S. Tsunoda, Nagano Vegetable and Ornamental Crops Experiment
Station, and Dr. K. Yamanaka, Mushroom Research Laboratory, Hokuto Corp. (Kyoto Mycological Institute,
at present), who gave us the valuable instruction on the pink mold damping-off disease of F. velutipes.
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Abstract

Miso (soybean paste), shoyu (soy sauce), sake (rice wine) and katsuo-bushi (dried bonito). which are
traditional Japanese fermented foods, have been consumed for a long period of time and are considered
to be the safest foods. However, fermented foods may be contaminated with mycotoxins. Fungi used
for the fermentation of miso, shoyu, and sake consist of Aspergiilus orvzae and A. sojae. Although A.
oryzae and A. sojae belong to the, 4. flavus group, which is known to produce aflatoxins. none of the
strains examined actually produced aflatoxins. Aflatoxin contamination of rice, miso. shoyu, sake and
katsuo-bushi could not be detected. Aflatoxigenic fungi do not occur in areas with a mean temperature
below 16°C. Since the mean temperature in most arcas of Japan is lower than 16°C. it appears that
food contamination with aflatoxigenic strains does not occur in most parts of Japan. Somne koji molds
are known to produce kojic acid (KA) and cyclopiazonic acid (CA). Production of KA and CA was
examined and the producing strains were eliminated from the commercial fermented foods. The fate
of KA and CA in shoyu fermentation was also examined and it became clear that the contents of KA
and CA decreased during shoyu fermentation. Contamination of katsuo-bushi with aflatoxins, sterig-
matocystin and ochratoxin A could not be detected. As mentioned previously. mycotoxin contamina-

tion, which is presently very low, should be completely eliminated in future.

Discipline: Food / Postharvest technology

Additional key words: aflatoxins, kojic acid, cyclopiazonic acid. sterigmatocystin, ochratoxin A

Aflatoxins

Miso (soybean paste), shoyu (soy sauce) and sake
(rice wine) which are traditional Japanese fermented
foods have been consumed for a long period of time, and
are considered to be the safest foods. However, the dis-
covery of aflatoxins became a cause for concern for the
producers of traditional Japanese fermented foods.
Aspergillus flavus and A. parasiticus, which are known to
produce aflatoxins, belong to the 4. flavus group. Koji
mold is considered to be composed of 4. oryzae and 4.
sojae. Koji mold involved in the first step of fermenta-
tion is also classified into this group. Aflatoxins exhibit a

strong acute toxicity and the strongest carcinogenicity
found in the natural world to animals. Koji mold first and
then the other microorganisms arc involved in the fer-
mentation process. In order to examine the production of
aflatoxins by koji mold strains practically used in the Jap-
anese fermentation companies. we collected commer-
cially used koji mold. A total of 212 strains of koji mold
were tested for their aflatoxin production. Though sub-
stances similar to aflatoxins were observed on the TLC
(thin layer chromatography) plate under UV light, it was
found that none of them produced aflatoxins. as shown in
Table | based on the analysis of the UV spectra.

Rice is a staple food in Japan and also a raw material
of traditional Japanese fermented foods. The possibility

This paper is based primarily on a presentation at the International Cooperative Research Works Symposium on Food Safety held in
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Present address:

' Tokyo Metropolitan Food Technology Rescarch Center (1-9-1 Kandasakuma-cho, Chiyoda-ku, Tokyo 101-0025, Japan)

? (1-20-2 Amanuma, Suginami-ku, Tokyo 167-0032, Japan)

*Corresponding author: fax +81-298-38-7996; c-mail kjtanaka@nfri.affrc.go.jp

Received 2 May 2001; accepted 5 July 2001,



JARQ 36 (1) 2002

Table 1. Production of aflatoxin-like substances by Koji molds used for various purposes

Production of

Strains

Production of aflatoxin-like substances

Number of
aflatoxins strains
e S -
TFormiso 0 6 (18%) 4 (12%) 23 (70%) 33
For shoyu 0 14 (29%) 7 (15%) 27 (56%) 48
For sake 0 4 (22%) 0 (0%) 14 (78%) 18
For tamari shoyu 0 3 (50%) 0 (0%) 3 (50%) 6
For shochu 0 1 (50%) 0 (0%) 1 (50%) 2
For hon-koji 0 0 (0%) 0 (0%) 1 (100%) i
Others 0 . 21 (20%) i1 (11%) 72 (69%) 104
Totul 0o R 4 212
"y 0 23 10 67 100

Aflatoxins were analyzed by TLC first. Then aflatoxin-like substances that were observed under
UV light could not be identified as atlatoxins based on UV spectra.

of contamination with aflatoxins was examined. Ninety-
cight rice samples produced in Japan in 1966 and 1967
were analyzed at a rate of 2 samples from cach prefec-
ture.  Two rice samples from Burma (Myvanmar), | rice
sample from Thailand. 3 samples from USA. 3 rice sam-
ples from the People’s Republic of China. 1 rice sample
from Taiwan. and 1 rice sample from Spain imported
between 1966 and 1967 were also analyzed. Aflatoxins
were not detected from any of these samples.

One hundred and eight commercial miso samples.
33 home-made miso samples and 28 koji (molded rice
inoculated with koji mold) samples were also analyzed.
Aflatoxins were not detected from any of these samples.
Therefore. it appears that miso is free from aflatoxin con-
tamination. The decomposition of aflatoxins in miso was
studied by spiking aflatoxins before fermentation.
.‘\hho'ugh aflatoxins By and G, were decomposed at the
primary stage of fermentation, the contents of most of
aflatoxins B>and G: did not decrease. These results indi-
cate that. in order to prevent aflatoxin contamination of
miso, it is necessary to use aflatoxin-free raw materials
and to prevent the koji mold from becoming contami-
nated with aflatoxin-producing fungi.

Aflatoxin contamination of shoyu was
cxamined”. Thirty-ninc shoyu samples were collected
from all parts of the country and analyzed. No aflatoxins
were detected from these samples. Therefore, it was con-
cluded that shoyu samples were not contaminated with
aflatoxins. )

The geographical distribution of the fungi that pro-
duce aflatoxins in soil in Southeast Asia and Japan was
also studied™. It appeared that the frequency of isolation
of atlatoxin-producing fungi in soil increased from the

also

80

subtropical zone to the tropical zone as shown in Fig. 1.
No aflatoxigenic strains were isolated from areas where
the mean temperature was lower than 16°C. Therefore, it
was concluded that in most parts of the Japanese islands
A. flavus and A. parasiticus do not occur.

Kojic acid

Kojic acid is known to be produced by A. oryzae.
Kojic acid does not display a strong toxicity, but shows a
weak mutagenicity in the Rec assay and Ames test. Pro-
duction of kojic acid by 4. or:zae strains was examined® "
and is shown in Fig. 2. Most of the strains used for the
production of sake and shoyu did not produce detectable
amounts of kojic acid. Twelve out of 17 strains used for
miso fermentation produced kojic acid. These strains
were supplied by the Japan Association of Koji-starter.
Based on these results, we informed the Japan Associa-
tion of Koji-starter that the strains with a high production
of kojic acid should not be used for koji-starter. As Saka-
guchi’s medium is considered to be suitable for the pro-
duction of kojic acid, Sakaguchi’s medium was used for
time course studies of kojic acid production by koji
molds at 30°C. The production of kojic acid which was
negligible after 2 or 3 days of incubation, increased rap-
idly during the 3 to 14-day incubation period. After 2
weeks of incubation, the amount of kojic acid in the cul-
ture medium decreased. As rice is used for koji (molded
rice) production, rice was used for the time course studies
of kojic acid production by koji molds at 30°C, The
results were almost similar to those obtained in Sakagu-
chi’s medium. However, the amount of kojic acid in the
rice culture medium did not decrease after 2 weeks. In
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Fig. 1. Detection ratio of aflatoxin-producing fungi in soil samples collected

from several countries of Southeast Asia and Japan

A Ratio of samples where 4. flavus and A. parasiticus were detected.

B: Ratio of samples where aflatoxin-producing fungi were detected.
Number: number of examined samples.

the Japanese fermented food industries, the incubation
period required for making koji to produce sake. shoyu
and miso is usually within 2 days. It was observed that
kojic acid in koji after 2 days of incubation could not be
detected or that the amount was very low, even when
strains with a high production of kojic acid were used.
We expect that kojic acid-producing strains will be elimi-
nated from the koji molds used in the Japanese fermented
food industries in the near future. The decomposition of
kojic acid during shoyu fermentation was examined.
When kojic acid was spiked during shoyu fermentation,
kojic acid could not be detected after 150 days. Pres-
ently, the usual shoyu fermentation period is about 180
days. Therefore, even if kojic acid were to be produced
during the koji-making period, it might be decomposed
during shoyu fermentation and the probability that kojic
acid remains in the final shoyu product would be very
low.

Cyclopiazonic acid

It was reported that several strains of A. orvzae pro-
duce cyclopiazonic acid (CA). Since CA is also a kind of’
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mycotoxin and shows a comparatively strong acute toxic-
itv. the production of this toxin by several Aspergillus
strains was examined". The results are shown in Table 2
Thirty-six strains of 4. or=ae. which were used in tradi-
tional Japanese fermented foods. were examined. As a

' Dothers
25 IS @ Miso
% B Shoyu
2 § ElSake
27N @ Distilled spirits
£ N\
2N
5 N
s N “
Z 0N
NI
N
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AN | R
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mg/mL culture soln.
Fig. 2. Production ability of kojic acid by, strains of Koji

molds
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Table 2. Production  of cyclopia

Aspergillus strains ™

l\\/;:::’ﬁ“\ Strains No.
Aspergillus NFRMCAQ]
orvzace NFRMCAQ2
NFRMCAO03
NFRMCA04
NFRMCAO5
NFRMCA06
NFRMCAO7
NFRMCAOS
NFRMCAQ9
NFRMCATO
NFRMCAlL
NFRMCAL
NFRMCAL3
NFRMCATY
NFRMCALS
NFRMCALG
NFRMCAL7
NFRMCAILN
NFRMCAL9
NFRMCA20
NFRMCA2I
NFRMCA22
NFRMCA23
NFRMCA24
NFRMCA23
NFRMCA26
NFRMCA27
NFRMCA28
NFRMCA29
NFRMCA30
NFRMCA3I
NFRMCA32
NFRMCA33
NFRMCA34
NFRMCA3s
[FO4278
Aspergillus MFR-S-32
sojae NFR-NO9
Aspergilius - TH-1
Havus US-F-2
Aspergillus NRRL2999
puarasiticus NRRL3145
ATCC15517
Aspergillus

niger

Cyclopiazonic  Character-

acid

zonic, acid by several

istics

Y
N\.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.

19.6 ug'e
N.D.
N.D.
N\.D.
N.D.
N\.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.

244 pgig
N.D.

5.5 pgg
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.

1.9 pe/g
N.D.
N.D.

16.0 pg/g

52pg'g
N.D.
N.D.
N.D.
N.D.

for shoyu
for shoyu
for shoyu
for shoyu

for shoyu

for shoyu
aflatoxigenic
aflatoxigenic
atlatoxigenic
aflatoxigenic
aflatoxigenic

N.D.: Not detected.
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result, the 4 strains were found to produce CA. When CA
production by . flavus and A. parasiticus was compared.
all of the 4. flavus strains produced CA while none of the
A. parasiticus strains produced CA. Four strains of A.
ervzae used for shoyu fermentation and 2 strains of A.
sojae also used for shoyu fermentation did not produce
CA. Three strains of 4. oryzae, which showed compara-
tively high levels of production of CA, were used in order
to determine the time course of production of CA using
liquid media. These experiments showed that none of the’
strains produced detectable amounts of CA until 40 h
after inoculation. Koji mold, which is used for the pro-
duction of traditional fermented foods, only proliferates
for about 40 h at most after inoculation. CA was not pro-
duced in detectable amounts until 40 h, even when strains
with a high CA production ability were inoculated to the
media. Most of the 4. oryzae strains did not produce any
detectable amount of CA. These results suggested that

- the possibility of CA contamination of Japanese fer-
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mented foods was extremely low, but that it is preferable
not to use CA-producing strains for the production of
foods. Therefore, these CA-producing strains were elim-
inated from commercial koji mold. Decomposition of
CA was also examined®. When CA was spiked in shoyu
before fermentation, about 70% of the amount of CA
decreased in the first 40-day period. This decrease was
induced mainly by yeast. especially Zvgosaccharomyces
rouxii, by decomposition or assimilation.

Katsuo-bushi

Katsuo-bushi (dried bonito) is a kind of traditional
fermented food used for the seasoning of soup base. For
the production of dried bonito, fungi belonging to the 4.
glaucus group have been used. Aspergillus strains are
inoculated to boiled, smoked and half-dried bonito. The
inoculation had been naturally performed in a special
room where Aspergillus strains had been grown over a
long period of time. Twenty-six samples of katsuo-
bushi were collected from all of the producing areas of
Japan. As most of the mold growing on katsuo-bushi
belonged to Aspergillus, the possibility of contamination
with aflatoxins, ochratoxin A and sterigmatocystin was
examined®. The results showing the biological effects of
the extracts from dried bonito are presented in Table 3.
Toxins were not detected from any of the samples exam-
ined. Most of the isolated strains from katsuo-bushi
belonged to the A. glaucus group, A. ochraceus group,
and 4. versicolor group. Twelve representative, strains
were selected and the production ability of mycotoxins
such as aflatoxins, ochratoxin A and sterigmatocystin
was examined. Eleven strains did not produce any of the
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xnyco{oxins listed above. Only one strain of 4. flavus,
which seemed to be attached to the surface of katsuo-
bushi, and was, isolated from the washing solution of
katsuo-bushi, produced aflatoxin B, at the level of 1.1
ppm on rice medium. Inoculation was also performed
using 3 mycotoxin-producing strains. These 3 strains
grew well on the katsuo-bushi at 28°C. From a sample of
katsuo-bushi inoculated with A. flavus and cultured, 10
ppm of aflatoxin B, was detected, and from one sample
inoculated with A. ochraceus and cultured, 5 ppm of och-
ratoxin A was detected.  Sterigmatocystin was not
detected from samples of katsuo-bushi inoculated and
cultured with A. versicolor. However, strains with a
stronger toxicity may produce sterigmatocystin, if they
infect katsuo-bushi. Also, if the starter of katsuo-bushi
becomes infected with mycotoxin-producing strains,
mycotoxin contamination of katsuo-bushi’ may occur.
Therefore, strains that do not produce mycotoxins were

selected and have been used for katsuo-bushi fermenta-
tion. .

As mentioned above, in the present study. several
Japanese fermented foods were found to be free from
contamination with mycotoxins such as aflatoxins, sterig-
matocystin, kojic acid and cyclopiazonic acid.

Further studies should be carried out to ensure that
other traditional Japanese fermented foods are also safe.
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Table 3. Chemical analysis of mycotoxins in katsuo-bushi (dried bonito) and biclogical test for the extracts from dried bonito

Sample Source Aflatoxins Ochratoxin ~ Sterigmato-  Chick embryo test” Brine shrimp test*'
A cystin
No. 24h 48h 24 h 48h
1 Chikura, Chiba Prefect. - Z - 215 215 T 3
2 - - - 015 013 235 325
3 - - - 2135 REN 145 N 43
4 Nishiizu. Shizuoka Prefect. - - - 014 214 148 4N
5 Gozensaki. Shizuoka Prefect. - - - 015 213 171 471
6 Yaidzu. Shizuoka Prefect. - = = 115 313 033 RN
7 - - - 015 013 23N 438
8 - - - 015 013 061 20l
9 - - - 215 313 142 242
10 - - - 2,15 2118 037 237
11 Daioh, Mie Prefect. - - - 213 213 0.39 439
12 - - - 013 113 148 348
13 Tosashimidzu, Kochi Prefect. - - - 315 3/13 1.50 350
14 - - - 015 015 1/82 282
15 - - - 0/15 0/15 3/56 456
16 - - - 0/15 0/15 1/41 2441
17 - - - 2/15 4/15 1/79 4/79
i8 Yamakawa, Kagoshima Prefect, - - - 0/15 0/15 2/39 3:39
19 - - - 2/15 3/15 2/29 5729
20 - - - 2/14 214 1736 5/36
21 Makurazaki, Kagoshima Prefect. -~ - - /15 0/15 1799 14,99
22 - - - 0/15 0/15 0/68 468
23 - - - 0/15 0713 4/61 1061
24 - - - 0/14 0/14 0/110 5110
25 - - - 0/15 0/15 0116 6116
26 Miyako Island, Okinawa Prefect. - - - 215 0/15 0/70 5/70

a): Denominator denotes the numbers of tested samples and numerator denotes the numbers of dead individuals,

—: No production of corresponding mycotoxin.
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