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Isolation and Identification of Path‘ogenic Bacteria from Spinach

Hye-Jung Kim, Young-Hoon Kim', Dong-Sun Lee and Hyun-Dong Paik*
Division of Life Sciences, Kyungnam University
'Gyeongsangnam-do Provincial Government Institute of Health and Environment

Raw and washed spinaches were tested to evaluate the incidences of Aeromonas hydrophila, Escherichia coli
0157:H7, Plesiomonas. shigelloides, Pseudomonas aeruginosa, Salmonella spp., Shigella spp., Yersinia enterocolitica,
Bacillus cereus, Campylobacter jejuni, Clostridium perfringens, Listeria monocytogenes, and Staphylococcus aureus.
Four pathogenic bacteria were isolated from spinach samples, and identified by morphological and biochemical
methods, including API and ATB identification systems. Isolates from MacConkey, Cereus Selective, Clostridium
Perfringens, and Baird-Parker agar media were in 99.9, 99.8, 99.9, and 97.8% agreements with A. hydrophila,
B. cereus, C. perfringens, and S. aureus at the species level, respectively. SET-RPLA revealed, among the five
strains of S. aureus isolates, two produced type A enterotoxin. All five strains of B. cereus isolates produced

enterotoxin as revealed with CRET-RPLA.

Key words: spinach, pathogenic microorganism, identification, enterotoxin, RPLA
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W, Clostridium botulium, Clostridium perfringens, Bacillus
cereus T3 7 TAYYHE HEE BIlA AMEEA &
7] wiiel] 21Fe] kAol Yol HA UTBO. gk FA
2 & 2% 3 Fo mAEY 23k 990] 2 ¢ U=
o] oA Aeromonas hydrophila, Listeria monocytogenes,
Yersinia enterocolitica &3 7+2 AgMo] A HoHo,
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225mLE 7}3Fed 10,000 pmol A 282 F9F 72 3K (model
AM-10, Nihonseiki Kaisha, Tokyo, Japan)sle] Zejo =2 AR
Atk Salmonella= Selenite F broth(Difco, USA)$} Rap-
paport-Vassiliadis R10 broth(Difco)E AFg-3ta] 35°CollA] 24
A7 Fatu 3] Hektoen Enteric agar (Difco)t SS agar
(Difco) AMHui=|d] EMdwste] 35°Ce| A 24~48A17F Wl
SHAT). Shigella spp.$} Yersinia enterocolitica= BAM®™S] v
Holl we} AN, A hydrophila®t Plesiomonas shigel-
liodes™ alkaline peptone water(pH 8.6, Difco)E A& 3}
30°Col|l A 2417k F=#¥3ld MacConkey agar(Difco, USA)
of dMmaate] 30°ClA 24A17F wiASITY. Escherichia
coli O157:H7+= Noboviocing 713+ modified EC medium
o HFsk 35°Ce}t 43°Coll A 2417 vl ¥3te] MacConkey
Sorbitol agar®} Fluorocult E. coli O157:H7 agar(Merck,
Germany)ol|A] X =23sle] 350C A 24A] 7} wl ksl o),

B. cereus, Campylobacter jejuni 2 L. monocytogenest
BAMD®] W oz AT, Clostridium perfringens= *
T2 258 FAoE Hsle] Add &9 25mLE 7))
o] #4233 & Cooked meat medium(Difco, USA) A3}
o] 35°CoA 24717+ SFu)FEt. ¢ H7b Clostridium
Perfringens agar(heart infusion 5g, casein peptone 10g, pro-
teose peptone 10g, sodium chloride 5g, lactose 10g, phenol
red 50mg, agar 20 g, distilled water 1000 mL, final pH 7.6)
o g4 =gt 100% d4Z X33 BBL anaerobic jar
(Difco, USAPIX 35°C, 24~48A17F w319t . Staphylococcus
aureus= 8.5% sodium chlorideE #7}3+ Tryptic Soy broth
(Difco, USAYE AH&-8te] 35°CAA 2447 Saul 43l egg
yolk 718 Mamnitol Salt agar(Difco, USA)2} EY Tellurite
Enrichment& 3 7}¢+ Baird-Parker agar(Difco, USA)| X%
@sto] 35°Cell A 24~48A17F i k).

HaldMe 54

A. hydrophilax> MacConkey Agarol*] lactose &4, oxi-
dase Y9 HFZA HFS Al KIA slant agar(Difco)
S} MIL medium(Difco)ol] HE3te] 30°ColA 2477F vl %a}
3L, 2HENE A HE A FF = AP ID32E kit
(bioMerieux, France)& ©]-&-3t] TA3ATH

B. cereust= Cereus Selective agar(Merck, Germany)oi] 4]
mannitobS F&5HA] ZL lecithinaseZ A8 HE A 1
A e A & aEANE AN A2 2k o
2 P e EelE #F2 APl S0CHB(bioMerieux)$h
API 20E kit(bioMerixe)S ©] 83t ZA35ich

C. perfringens== mannitol2 Ea3}3L lecithin® Hallsh=
AR 32 ke Adsle] 3714 vEks A8, catalase
MY, IEEAE AAlste] Hd¥ A FERe APT 20A kit
(bioMerieux)E ©|-83l E431% o}

S. aureust mannitolS F3N3}IL lecithing E3ish= AH
Al e M98l clumping factor, coagulase, catalase A]
& ok, 1IN L HAste] A¥HA A API Staph
kit(bioMerieux)E ©]-8-3t] ¥4 3t}

EE B8 455 AP kit ATB automated identification
system(bioMerieux)& ARS-3}] Bergey’s Manual of System-
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B. cereus®] enterotoxin A 5= reversed passive latex
agglutination test kit(CRET-RPLA, Denka Seiken, Tokyo,
Japan)S ARR3le] B91819 2, S. aureust= SET-RPLA(Denka
Seiken)E AME-3IR o A Z8|ALe] AlAdTHAY ulg} entero-
toxins #2151t} Enterotoxin® £ 317] A8l B. cereus
= Brain Heart Infusion broth(BHI, Difco) Wj&]o) 32°Ce)|A
6~ 7t Z1EHl| % (rotary shaker, 110 rev/min, Dongil Scientific
Instrument MFG, Co., Korea)Slal, S. aureusc 37°ColA 24
AlZF Qe kate] 3,000 ppmoll Al 208-7F D41 22 (model
MICRO 17R; Hanil Science Industrial Co., Ltd., Korea)d}ed
Aede F3H enterotoxin A/s ARl ARSI

= o
2 A Ee] 25710 HFelr] uEed AAZ we W
Aldo] AH= ofaldlA B2 WHHE ZE AT, ug
A B AFdie AEFF} cook-chill AFS] RAESE #F
AE HrEtz, g Aoz Ao A4FES doF £ 9
= cook-chill HF| g &S5 st AL R
7] $15led Q7 AFA A AFR diE] 455 ¢
A9 ¥EXE AR
A. hydrophilar= AIgE AlgX M B, 95 Al
XN BHA @9kor, o]AL A F AREE A s}
oA HE AR Al B8 #5v 2% 4 ¢
FO.Z lactose o4, sucrose WA, glucoseE £33t 2ka}
gass A3}, oxidase W44, lysine?} ornithine decarboxy-
lase 73, arginine dihydrolase®} NO, A4 FHFOZ ATP
systemO| A A. hydrophila2] Fo 3] 99.9% AEHAS B
tH(Table 1). A. hydrophilee 1% S/ U4 HAdTLE
2, e, AT B, 29E BolA BEYEHJL, of=
AL, B2, FllF, 45 AHT oo} 42 F
A AEFo2HE A
ZEAE A= B cereust< Y7 AFR S AT A
FAlolA B AU B #5e o2y Y ZAFEATFS
= mannitol =4, lecithinase WA S = Simmon’s citrate
74, NO, A4, glucose, fructose, mannose, starchE 33}
3l lysine¥} ornithine decarboxylase -4J, arginine dihydro-
lase YAOZE ATP systemolX B. cereusZoll thall 99.8% A
FA4L Bth(Table 2). Bacillus cereuss AMAZ o= A
o d] BXFo 7] dEd F8F 2F=FlH, cook-
chill okl & FoflA] AujAQ Z7|HFOE HIEYTH®,
Fang &2 155719} 35 A|ENA B. cereus’t QV-BHE F
Frot F7F ESFEANA BESl 4 26%, 38%°lEL B
3R, 2070 oA B cereusE 3.4% I, F,
25, Komjacol Al ZH2b 5.1%, 9.5%, 2.4% H&]= Yoo,
Choma 5®& cook-chill 7F23 2% okl Fd9 20%0)
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Table 1. Characteristics of Aeromonas hydrophila isolated from washed spinach using MacConkey agar

Characteristics Results Characteristics Results
Gram stain D B-Glucuronidase -
Shape Rod Malonate -
Gas from glucose + Indole -
Motility + N-Acetyl-B-glucosaminidase -
Hydrogen sulfide - B-Galactosidase -
Ornithine decarboxylase - Glucose +
Arginine dihydrolase + Saccharose +
Lysin decarboxylase - L-Arabinose +
Urease - D-Arabitol -
L-Arabitol - o-Glucosidase -
Galacturonate - o-Galactosidase -
5-Ketogluconate - Trehalose +
Lipase + Rhamnose -
Phenol red + Inositol -
B-Glucosidase + Celiobiose +
Mannitol + Sorbitol -
Maltose + o-Maltosidase +
Adonitol - L-Aspartic acid arylamidase -
Palatinose -

U_; negative, ?+: positive.

2] B. cereuss FE|stion 10°C 20°ColA] A4 cook-
chill AFANME B, cereus7t Al F23IA 2L 4°ColA A
2t AE2 AEHA @tk BTt Valero 5P
A2 B. cereus7t 5°COlA S23thal BTl webA
cook-chill A|ZEolA B, cereus?] F25 JA37] 8=
3°C o|ste] ¥ AFOE B cereusdl 9% AFE AME
AW 4 e AR ATETh

C. perfringens= 98 ANFA THE AlFH A EElF]
om ol FFEL O P THreE XAE A4
mannitol E313L lecithinaseZ AA3FATE 28]3L catalase
LA 5714 ZAA w859 2™, lactose, mannose,
saccharose, maltose, trehalose® ¥-331H, C. perfringens %
of 3l 99.9%2] AeAS HIATtHTable 3). C. perfringens=
EY, = &5, /ERY 22 AE, 29 FEe AR T
o da] X glon, doll A EAE FA3II H
o 22 2RoA FS- wE £ FH3e B uE
of Avle] Hosls AlFe] ZA A BAAG Wzto] C
perfringens®l 2|3 AFEe] Fa3t YUe|th®, Gillespie 5
L ready-to-eat AEFNA C. perfringenss PESRTUL B3
BFRoH® Juneja T C. perfringenss %3 cook-chill
AFoNA 15A17F o)) Wzte] C. perfringens®] F24& 9
A gt B s,

E. coli OI5TH7= &9 Ao EAste 425 E coli
O157:H7:t0] U1 AF= A1) oF 6%7} oFajgt AH=
of os HAEE Foz IHH Yo, Soriano FE]
AFA e} o] B Aelrs BElEHA] Rt

L. monocytogeness= §7¢ 2xoA F2T 4= glom B,
3, AE Sl BelEe fF okafelA FLEA £
Ay L monocytogeness VE Z 7HE okalldlA Fyl g st
=

A EHHR AT Ammugaswamy 52 B73Foll A

4%9] ¥&E BRI, TUEdA 20%9] BlER st
Ao B AFoise 2 EA BU%r

Salmonella= 717 QI3 H1EE 4F5 o F¢ shy
2 ol EME oklle} Mo Salmonella spp.& &
gty 2Foloe Heo dEY Ye obfelA 7.5%
Balslgopy. 28y B A3 AE Sirano 503 7o) ¥
B AN FAT AFXCAM B HA &8t

A 8l AEol Az, M, 71, 714 Fo e
olgt 23} 999 THeAI®0] AUE S aureuse WE AFA
o} FME ANFANs BHHAT E2E S aweusw
mannitole %3138+ lecithinase® AAlshs 2% FA
92 catalase, coagulase, hemolysin B! lactose ¥4, xylose
240z ATB systemol A S. aureus Fol sl 97.8% 3%
A& HYTHTable 4). Fang 5902 3207118 okafolAl S
aureusE 28.1% E-BIFHUL Siriano 5X UFE AFFolA
25% EesgeS Bagh v slrh

Y, enterocolitica’s &, N, B3l7], % 374 Tl FWH
el ExEo] 9Jom, Nortje 50L& Folzg]7lelx] A
AHYE A8e7 M AEANM Y enterocoliticas TH £
Zatgdoy B Ao e Siriano 9] Ea1eh o] e
HA] kdth 1 9je] 2FEe] AIF)] Shigella spp., P
shigelloides, P. aeruginosa & A=aXo|x E2]¥=] a4t

A. hydrophila= 37325 A BAE & dom, AF 7
2 #7) AE FEol EAT F A7) WE] cook-chill A
Zo] 221999 7540l UTHO. Cook-chill AFANA Aero-
monas®) Z20l 98 455 3°C olsjllA 28Y olakE A
#aka, AFs] dell Age kg st &Y 5 Uk

2 A72 23 AEY A hydrophila, B. cereus, C. per-
fringens 2 S. aureus®t 7S WA FESY A= A
A P2 = AL YFE AT HHdo] EX)

T

i
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Table 2. Characteristics of Bacillus cereus isolated from raw spinach using Cereus Selective agar

Characteristics Results Characteristics Results
Gram stain +P Cellobiose +
Shape rod Maltose +
Spore formation + Lactose -
Cell diameter>1.0 um + Melibiose -
Sporangium swollen 2 Saccharose -
Spore shape ellipsoidal Trehalose -
Spore position central Inulin +
Catalase + Melezitose -
Anaerobic growth + Raffinose -
Egg-yolk lecithinase + Starch +
Glycerol + Glycogen +
Erythritol - Xylitol -
D-Arabinose - Gentiobiose -
L-Arabinose D-Turanose -
Ribose + D-Lyxose -
D-Xylose - D-Tagatose -
L-Xylose - D-Fucose -
Adonitol - L-Fucose -
B-Methyl-D-xyloside - D-Arabitol -
Galactose - L-Arabitol -
D-Glucose + Gluconate -
D-Fructose + 2-Keto gluconate -
D-Mannose + 5-Keto gluconate -
L-Sorbose ) Qﬂho—nitro-phenyl-galacto- )

side
Rhamnose - Arginine +
Dulcitol - Lysine -
Inositol - Ornithine : -
Mannitol - Simmon's citrate -
Sorbitol - Hydrogen sulfate -
o-Methyl-D-mannoside - Urea -
o-Methyl-D-glucoside - Tryptophane -
N-Acetyl glucosamine + Indole -
Amygdalin + Voges-Proskauer -
Arbutin + Kohn's gelatin +
Esculin + NO, production +
Salicin +
U4 positive, -: negative.
b ARbHQl A P or ¢As] AAE e glod Zo|A 27FE enterotoxin AZ ABAIAL YA 3@FE
Ak 2 enterotoxin® AAJBIA| @kkoH, 58] EeIFolAE entero-

A g3 HAEAFE AASFAY FaAE F
Y C. botulium, C. perfringens, B. cereus 53 73& X
PAAL GAHE A AIEEHA B7] o AEF <t
23 el H AT, mEpA AlFR] YEE 3= cook-
chill A|ZEA E& FAsl= B cereus$} C. perfringensS]
Z28 dsly] Y e 98 AEATANA 43T 7
= e, 2EF, dilg A F)ol AFEHk 3,
cook-chill W<l /A, &3 W2, 5°C o8t W A,
nisin®} 72 AP BEA Y Hrt o) Teks Ate) =4
F A5 ded Zlo Aidn.

By

Enterotoxin 244
A8 A|FR 9 AR AlEX A Y S aureus STF

toxin B, C, D7} A29A 4Ut). Y& AIFHAN EHT
B. cereus 545 25 enterotoxinS AAISIATE S. aureus
enterotoxin A(SEA)E TS Ed uja) 7p¢ i A4
HE ZAolth Fang 52 32070 okxleA E&ld S
aureus 38754 17357} enterotoxin A, B, C, D& A4
81931, B. cereuss 745 3 1TF7F AAM 248 AA
gtk RusET®, Beattie 5 A4 B. cereus®] 91%
7} cytotoxin® 7374332 BCET-RPLAS} ELISA immunoas-
sayol Al 22t 5199} 85%7F H4E ALtk A& &k
ot Bgh b uen,




AR ZRE YU EEl 358 101

Table 3. Characteristics of Clostridium perfringens isolated from raw spinach using Clostridium Perfringens agar

Characteristics Results Characteristics Results
Gram stain +b Xylose =
Shape Rod Arabinose -
Spore formation + Gelatin +
Catalase - Esculin -
Tryptophane - Glycerol -
Urease - Cellobiose -
Glucose + Mannose +
Mannitol - Melexitose -
Lactose + Raffinose -
Saccharose + Sorbitol -
Maltose + Rhamnose -
Salicin - Trehalose +
Aerobic growth + Egg-yolk lecithinase +
Anaerobic growth -

U+: positive, ¥-: negative.
Table 4. Characteristics of Staphylococcus aureus isolated from raw spinach using Baird-Parker agar
Characteristics Results Characteristics Results
Gram stain + Acid(aerobically) from
Shape irregular clusters D-Glucose +
Colony pigment (carotenoid) + D-Fructose +
Egg-yolk Lecithinase + D-Mannose +
Catalase + Maltose +
Aerobic growth + Lactose +
Anaerobic grotwth + D-Trehalose +
Growth on NaCl agar D-Mannitol +
10%(wiv) + Xylitol -
15%(wiv) + D-Mellibiose -
Growth at Raffinose -
15°C + Xylose -
45°C + Sucrose +
Cytochrome C (oxidase test) 2 Potassium nitrate +
Coagulase + -Naphthyl-acid phosphate +
Hemolysis + Sodium pyruvate +
Clumping factor + o-Methyl-D-glucoside
Deoxyribonuclease + N-Acetyl-glucosamine +
Urease + Arginine +

U+: positive, -: negative.
2 9

Cook-chill A#-2] WEZ AREshe AlFRI AT A=
A el Aeromonas hydrophila, Escherichia coli O157:H7,
Plesiomonas  shigelloides, Pseudomonas aeruginosa, Salmo-
nella spp., Shigella spp., Yersinia enterocolitica, Bacillus
cereus, Campylococcus spp., Clostridium perfringens, Liste-
ria monocytogenes, Staphylococcus aureus 5 12579 W
HARS ER RS Helsnh o5 AFNRE 459
HAAAES 23t APT ks ATB A48 54718 IF
@ Weis 9 AR el ©Js) SASIT MacConkey
agarold HE1E 7S 0% 94 TR glucosed ©]-&-3)
o] gass AAd3HH, lactose 24, sucrose ¥4, lysine WAL

. ATP systemoll Al A. hydrophila &) ™3] 99.9%% &
A8 BTh Cereus Selective agardl|A] B2l o 1Y %
A b, A HAFOZ catalase 94, mannitol 243, lec-
ithinase 9¥A, Simmon’s citrate <73, NO, 4 %4, argin-
ine FATLE ATB systemol A B. cereus Zoll thall 99.8%
o] AH5AS Btk Clostidium Perfringens agarollA] H-2l€
48 I3 A 7hF, G7HeRE ZAE B4, mannitol
kA lecithinase WA F ATB system®I A C. peifringens
Zo el 99.9% EAE WS Th Baird-Parker agaro|A]
B8 g3 2% 9FAY P92 = mannitol, lecithinase, lac-
tose, clumping factor, coagulase % hemolysin %%, xylose
L1072 ATB system®lA S. aureus 9 thal 97.8%2] 7
AL BAv}. Salmonella spp., E. coli O157:H7, Y. entero-
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colitica® ¥3ret ThE WHAGA T EEER] it AF
AN &t S. aureus SFF T 245 SETRPLA kitol
A enterotoxin type AE AU L 37F= enterotoxing
AR STl B. cereus 5dFE CRET-RPLA kit =

% enterotoxine A 53T

INEE

B ATE FARIN AR FPLAEHATARY A

- 3
A QRolw, d7H] Ao =YY,

o
rot

—_

. Bailey, J.D. Sous vide: past, present and future, pp. 243-261. In:
Principles of Modified-Atmosphere and Sous Vide Product Pack-
aging. Farber, ] M. and Dodds, K.J. (eds.). Technomic Publishing,
Lancaster, UK (1998)

2. Light, N. and Walker, A. An overview of cook-chill catering, pp.
3-22. In: Cook-chill Catering: Technology and Management.
Light, N. and Walker, A. (eds.) Elsevier Applied Science, New
York, USA (1990)

3.Creed, P.G. and Reeve, W. Principles and applications of sous
vide processed foods, pp. 57-88. In: Sous Vide and Cook-Chill
Processing for the Food Industry. Ghazala, S. (ed.), Aspen Pub-
lishers, Gaithersburg, USA (1998)

4. Kim, G.-T., Koo, K.-M., Paik, H.-D., Lyu, E.-S. and Lee, D.-S.
Processing and storage of spinach products using cook-chill and
sous vide methods. J. Korean Soc. Food Sci. Nutr. 30: 1095-1101
(2001)

5.Creed, PG. Sensory and nutritional aspects of sous vide pro-
cessed foods, pp. 190-205. In: Sous Vide and Cook-Chill Process-
ing for the Food Industry. Ghazala, S. (ed.), Aspen Publishers,
Gaithersburg, USA (1998)

6. Caterine, J.M. and Elizabeth, A.S. Microbiological safety aspects
of cook-chill foods, pp. 311-336. In: Sous Vide and Cook-Chill
Processing for the Food Industry. Ghazala, S. (ed.) Aspen Pub-
lishers, Gaithersburg, USA (1998)

7. George, 1.J., Robert, IM. and Ruth, B. FDA's Bacteriological
Analytical Manual (2001)

. Brenner, DJ., Farmer, J.J., Frederiksen, W. and Shewan, J.M.
Vibrionaceae and other Gram-negative facultatively anaerobic
rods, pp. 408-548. In: Bergey's Manual of Systematic Bacteriol-
ogy. Krieg, N.R. and Holt J.G. (eds.) Williams & Wilkins, Balti-
more, USA (1984)

9. Claus, D., Moore, L.VH., Norris, J.R. and Willis, T. Endospore
forming bacteria, pp. 1104-1207. In: Bergey's Manual of System-
atic Bacteriology. Krieg, N.R. and Holt J.G. (eds.) Williams &
Wilkins, Baltimore, USA (1984)

10. Kloos, WE., Kocur, M., Murray, R.G.E., Pulverer, G. and Schlei-
fer, K.H. Micrococci and allies, pp. 408-548. In: Bergey's Manual
of Systematic Bacteriology. Krieg, N.R. and Holt J.G. (eds.) Will-
iams & Wilkins, Baltimore, USA (1984)

11. Gillian, A.F., Christopher, T. and David, O. The microbiological
safety of minimally processed vegetables. Int. J. Food Sci. Tech-
nol. 34: 1-22 (1999)

12. Callister, SM. and Agger, W.A. Enumeration and characterization
of Aeromonas hydrophila and Aeromonas caviae isolated from
grocery store produce. Appl. Environ. Microbiol. 53: 249-253
(1987)

13. Berrang, ML.E., Brackett, R.E. and Beuchat, L.R. Growth of Aero-

monas hydrophila on fresh vegetables stored under a controlled

(o)

14.

15.

16.

17.

18.

19.

20.

2

23.

24,

25.

26.

27.

28.

29.

30.

3

L.

—

F2A 238135 R] A 35 A A 13 (2003)

atmosphere. Appl. Environ. Microbiol. 55: 2167-2171 (1989)
Marchetti, R., Casadei, M.A. and Guerzoni, M.E. Microbial popu-
lation dynamics in ready-to-use vegetable salads. Italian J. Food
Sci. 4: 97-108 (1992)

Hudson J.A. and Lacy, K.M. Incidence of motile aeromonas in
New Zealand retail foods. J. Food Prot. 54: 696-699 (1991)
Knochel, S. and Jeppesen, C. Distribution and characteristics of
Aeromonas in food and drinking water in Denmark. Int. J. Food
Micobiol. 10: 317-322 (1990)

Garcia-Gimeno, R.M., Sandchez-Pozo, M.D., Amaro-Lopez, M.A.
and Zurera-Cosano, G. Behavior of Aeromonas hydrophila in veg-
etable salads stored under modified atmosphere at 4 and 15°C.
Food Microbiol. 13: 369-374 (1996)

Carlin, F., Guinebretiere, M.H., Choma, C., Pasqualini, R., Bra-
connier, A. and Nguyen-the, C. Spore-forming bacteria in com-
mercial cooked, pasteurised and chilled vegetable purees. Food
Microbiol. 17: 153-165 (2000)

Fang, TJ., Chen, C.Y. and Chen, H.H.L. Inhibition of Staphylo-
coccus aureus and Bacillus cereus on a vegetarian food treated
with nisin combined with either potassium sorbate or sodium
benzoate. J. Food Safety 17: 69-87 (1997) ‘
Fang, TJ., Chen, C.Y. and Kuo, W.Y. Microbiological quality and
incidence of Staphylococcus aureus and Bacillus cereus in vege-
tarian food products. Food Microbiol. 16: 385-391 (1999)

Choma, C., Guinebretiere, M.H., Carlin, F,, Schmitt, P., Velge, P.,
Granum, PE. and Nguyen-The, C. Prevalence characterization
and growth of Bacillus cereus in commercial cooked chilled
foods containing vegetables. J. Appl. Microbiol. 88: 617-625
(2000)

. Valero, M., Leontidis, S., Fernandez, P.S., Martinez, A. and Salm-

eron, M.C. Growth of Bacillus cereus in natural and acidified
carrot substrates over the temperature range 5-30°C. Food Micro-
biol. 17: 605-612 (2000)

Juneja, VK., Whiting, R.C.M. and Synder, O.P. Predictive model
for growth of Clostridium perfringens at temperatures applicable
to cooling of cooked meat. Food Microbiol. 16: 335-349 (1999)
Gillespie, 1., Little, C. and Mitchell, R. Microbiological examina-
tion of cold ready-to-eat sliced meats from catering estabilish-
ments in the United Kingdom. J. Appl. Microbiol. 88: 467-474
(2000)

Juneja, VK., Synder, O.P, and Cygnarowiez-Provost, M. Influ-
ence of cooling rate on outgrowth of Clostridium perfringens
spores in cooked ground beef. J. Food Prot. 57: 1063-1067
(1994)

Soriano, J. M., Rico, H., Molto, J.C. and Manes, J. Incidence of
microbial flora in lettuce, meat and spanish potato omelette from
restaurants. Food Microbiol. 18: 159-163 (2001)

De Simon, M., Tarrago, C. and Ferrer, M.D. Incidence of Listeria
monocytogenes in fresh foods in Barcelona (Spain). Int. J. Food
Microbiol. 16: 153-156 (1992)

Steinbruegge, E.G., Maxcy, R.B. and Liewen, M.B. Fate of L.
monocytogenes on ready to serve lettuce. J. Food Prot. 51: 596-
599 (1988)

Arumugaswamy, R.K., Rusul Rahamat Ali, G. and Nadzriah Bte
Abd. Hamid, S. Prevalence of Listeria monocytogenes in foods in
Malaysia. Int. J. Food Microbiol. 23: 117-121 (1994)

Nortje, G.L., Vorster, S.M., Greebe, R.P. and Steyn, PL. Occur-
rence of Bacillus cereus and Yersinia enterocolitica in South Afri-
can retail meats. Food Microbiol. 16: 213-217 (1999)

. Beattie, S.H. and Williams, A.G. Detection of toxigenic strains

Bacillus cereus and other Bacillus spp. with an improved cytotox-
icity assay. Lett. Appl. Microbiol. 28: 221-225 (1999)

(200241 8Y 239 A4 20034 29 3d A=)



