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Abstract

Contamination levels of aerobic colony counts, coliforms and pathogenic bacteria were tested in fried rice dishes to
monitor quality for risk management. The prevalence of Bacillus cereus in dishes from 8 Chinese-style restaurants and 2
institutional foodservices was 10%, and the bacteria's contamination levels was 3.47 log CFU/g. Echerichia coli,
Saphylococcus aureus, and Salmonella were not detected in any of the 10 samples. However, for their aerobic colony
counts and numbers of isolated coliforms, the samples were 30% and 70% over the microbial criteria, respectively, for
ready-to-eat foods presented in the Korean Food Code. This suggests that fried rice dishes, athough cooked with oil at
high temperature, require special care. For the prediction of the growth curve of B. cereus spp. in the fried rice samples,
an experiment design of 3 storage temperatures (7°C, 35°C, 57°C) x 5 storagetimes (O h, 2 h, 4 h, 6 h, 24 h) was applied.
The sample exposed to 35°C showed no B. cereus spp. at 0 h; however, there was a tendency of slow growth (1.0 log
CFU/qg) after 4 hours of storage and then faster growth at 6 h (3.7 log CFU/g) and 12 h (4.7 log CFU/g), showing a growth
rate of 0.56 log CFU/g/hr. These resultsindicate that fried rice, despite being heat-treated, can become heavily contami-
nated with B. cereus spp. when held over 2 hours at room temperature. However, the samples stored at 7°C and 57°C
over 24 hours were not contaminated with B. cereus. Based on these results, management guidelines for controlling B.
cereus are suggested.
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#A3E ANEUY 1 mLS 102~10*7kA 108 THA)
B lS v, 39 1 mLe A HAEHA N &
3 Fo) 50CE A3 EFIujA|(Plate Count Agar,
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HH o]:z;L ;o:‘a-d s}s ;l—: lﬂr.:o:/m ;}gﬂ& /\-]H:lo]_o:] B
E3H R (nutrient agar, D|fco MI, USA)oll &3t 30T
oA 24X THAl wljFet & JE colonyE A1E]SHY]
APl 50CHB(bioMerieux, Marcy I'Etoile, France)ES AH&-
3t S ZARIA 2E Hlo|El= APILAB plus
software V3.3.3(bioMerieux, Marcy I'Etoile, France)® &
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4) tHER(E co/ HHEEM U =0l

A& 25 g& 225 mL EC broth(Difco, M, USA)oﬂ L
o] stomacher(Easymix)E AHg-3ll #23}st & 35T A
24X S WAt S wlYgY 1 mLS eosin me
thylene blue agar(EMB, Difco, MI, USA)oll HZE3le] 35T
24412t ettt vk & EMB agaroll A A9 54
4 FEs e e dgste] BE3HulA] (nutrient
agar, Difco, MI, USA)oll =gk & 357 2443t w3}
Atk vk & s colonyE A€lsle] APl 20E(bio-
Merieux)E AH83ste HF &<lsk3tt

Sampling

Sample 25 g + phosphate-buffered dilution water 225 mL
(1:10 dilution)

v

Decimal dilution from 107 to 107

I

Inoculation with 0.2 mL dilution solution
onto 5 MYP plates

v

Incubation for 24 hours at 30T

v

Enumeration colonies presenting a pink color
with a white area

4

API 50CHB test from presumptive colony
in MYP plates

Isolation

Identification

Fig. 1. Enumeration and isolation of B. cereus from fried rice
dishes.
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Gompertz's function :
Y= No+C*EXP{-EXP((2.718* SGR/C)* (LT-X) + 1)}

o : log initial number of cells
C: difference between initia and final cell numbers
LT: lag time
SGR: maximum specific growth rate
X: time
Y: log cdl

4. 2280l B cereusEME 25t

B. cereus #]2~3 T2 #H £d
2004 Nichols GL 5 1999; McElroy DM & 2000; Bryan
FL & 1981)% oH Feire] B. cereus 93l #HEE 9
37 1%0 A Al Sk T

DLEHE JIE 4
T (Leke R &

- Ho|2lEF R ok At
Al 71%e 5 log CFU/g ©]&to|tHKFDA 2008). %=
% Aol s E = IEkAlTE 4 log
] THE3$ ==, 4 log CFU/g 1”4 5 log
F87153% 5, 5 log CFU/g ©14A &
ki Eﬁ FEo = FAITHGilbert 5 2000).

2 AT 107 Alse] dihild 2P EE Table 19
AAE Bie} ko] 2.78~6.39 log CFU/g =&t G,
H, | A5 ditid 2¥E+ 217 511 log CFU/g,
6.39 log CFU/g, 544 log CFU/go.Z 2]F-37 9] dukA
T 71F 23432 5 log CFU/gS =331t webA

A7 Aol 37t G el AAe
Hel A4 Fe] Wibdl 71EAE 2HSAT. 7
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2) CHEF=(Coliforms)
AEFFAANE SAHA - YA EFF A i
710l BAEY UA Fth F=E AAEHE deElTe
A FHF O Z Enterobacteriaceae, total E. coli, total Listeria
spp.% A3t} Enterobacteriaceae= 2417185 A
A AFEFo=E /\}Q—H‘}iﬁ NS tialste] ARS-
51"’ A=d I ol ATl FEEs rlAAEY
I3l uhHo) Enterobacterlaceae~ frol9e Ia
NAEE g0 & 7] W-roldr ZHHHHLJ 71
2 log CFU/g ©l&td w "H53E 5<%, 2 log CFU/g ©]/¢
3 log CFU/g H]THA] —r%7}~ﬂ =, 3 log CFU/g ©]
I BUEAEE £EO 2 {AITHGilbert 5 2000).
Solberg 5(1990) A FF o2 AT 4al
S et #4—% 20 CFU/g ©lsh, 20 CFUlg °l’ 1
CFU/g 19+ 4871538 423 100 CFU/g ©]4he BY
Eratiiin —’F—zroi A A8 AT
£ AFoM= Solberg 5(1990)9] thiAHTe] 7ES
Agste] @rlstank. 71 23 107] A& F C F AR
o A ti+to] 10 CFU/g mIRFo|Rlar, YW= 87 Al
Zo|AE 1.70~4.15 log CFUlg 202 AZEHYoR
2 A AE 100 T 7h ABA tiRAT 7ES

fSrE
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&»}ﬂ A Oi UehttH(Table 1). ol9} Ze A= =
& ewe sldxess Reuel 413y F 879
WA, B AR Has 5 o8 2
todos dymEe Aqudel el WaTE »
of .

Table 1. Contamination levels of ACC, Coliforms and B. cereus, and quditative analysis results of E. coli, Salmonella and S

aureus(log CFU/Q)

i . E. coli Salmonella S aureus B. cereus
Sample ACC Coliforms g : - -
Enrichment APl test Enrichment APl test Enrichment APl test Presumptive APl test
A MD? 295 +9 - + - + - - -
B 3.74 2.00 - - - - + - - -
C 457 - - - - - + - - -
D MD 2.23 - - - - + - - -
E 3.99 2.95 + - + - + - - -
F 2.78 - + - + - + - 148 -
G 511 4.15 + - + - + - 347 347
H 6.39 2.89 + - - - + - 3.30 -
I 544 2.08 + - - - + - - -
J 4.36 170 - - - - + - - -

Y ACC: aerobic colony count,  MD: missing data, ¥ +: presumptively positive,

ok

VA B 2 2|3k} 8] 4] A 259 A 15 (2009)

9. not detected a 10™ diluted sample
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3) tHETHE. coli)

AZIA mEH SXAAFHAEZ . AMHAZ A=
thgto] AEE o= FATHKFDA 2008). = 544
o4Fe] tidtel 71¥& 20 CRU/g olstd o w5t
Tt, 20 CFU/g ©]+ 100 CFU/g PI%HA $87Vs3 5
¥, 100 CFU/g oldA EUE22e FEo2 14T
(Gilbert 5 2000).

Table 13 Zo], thiA+o] BALE A3 HA et
ANg T o7 ARAdA tidTo g oiEe F=teo] A
R o)A BEHEQ A, o] APl 20E testS AAFF A
I} AXEE= Sarratia ficariaZ, FA]S+ Klebsiela oxytoca
2, GAlE+= Raodltdla ornithinolyticaZ Q1% o A(Table
2), Fe ARCA TS de HEHA &S Ao

= Uepit,

31

Table 2. ldentification of pathogenic organism in fried rice
dishes with API test

Pa[hoqenm Sample APl test
organism APl name % ID |T Index
A |Saratia ficaria 97.3 0.97
E Klebsdla oxytoca 94.7 0.57
E.coli Raoultella ornithinolytica 50 0.34
G Raoultella ornithinolytica 57.8 05
Serratia odoriferal 418 05
A |Saratia odoriferal 99.9 05
Salmonella
G |Pantoea spp.3 97.8 0.78
A Saphylococcus lentus 96.0 0.39
Saphylococcus xylosus 39 0.27
Saphylococcus capitis 61.5 0.54
B Kocuria variangrosea 27.8 0.34
Saphylococcus epidermidis 6.5 0.29
Saphylococcus hominis 34 0.39
C |Micrococcus spp. 97.2 0.06
Saphylococcus hyicus 70.9 0.19
Saphylococcus chromogenes | 14.6 0.07
E |Saphylococcus hominis 8.6 0.27
S aureus Saphylococcus aureus 22 0.0
Saphylococcus smulans 12 0.0
F |Micrococcus spp. 99.9 0.54
Kocuria variang/rosea 77.1 04
I Micrococcus spp. 21.2 0.26
Saphylococcus capitis 15 0.26
Saphylococcus capitis 61.5 0.54
3 Kocuria variangrosea 27.8 0.34
Saphylococcus epidermidi 6.5 0.29
Saphylococcus hominis 34 0.39
B.subtilis'amyloliquefaciens 489 0.47
B.cereus G Bcereusl 345 0.28
Brevibacillus laterosporus 8.6 0.25
B.mycoides 6.1 0.19

S 9 g Bl s gk wyEY 7= 4% 49

4) ARlak Saimonella)

SElvet S AE - AldHe A Fel gk %mé
g} 7] 3/dolojok sHH(KFDA 2008), ¥=2 7]+
25 g A=BoA A HEEHA gotof zf}E‘r(anert %
2000). el Amdet A A3 Table 1), A
AXNTO 40%2 A, E, F G AlgoA] Arudglgog
A== Feo] MdeuAlelA #AZE(T oA ES
AE3t] APl 20E tets HAIS 23} AASE Saratia
odoriferal®, GAlE+& Pantoea spp.3% HAZF2 HYch
webA] ERIAE Ay FeARdA Ardete A
ZHA &2 ASFE et

5) SMEC MIAT(S aureus)

2008'd° MAH AFFHel = 44454
Aol 2 Fel g FMEEHST 71Ee 404 1 g
3 100 CFU/g °lst= 7= JATHKFDA 2008). 10712
BE ABA S awreus® 2J4lE= FEto] AdeiuA o
A FEEQ O AP Staph test AT} AAEE= S lentus,
B9} JANE+ S capitis, C2F FAIS+ Micrococcus spp. =,
EAE+ S hyicusZ, IA S+ Kocuria variangrosea= &
A=A wehA, F3eAs Szl A
HAEHA AT

6) HHAA MIHIRA(B cereus)

_?_aurg}g] 5/\4/,\=—}_z‘lydﬁ /\])\-]ﬁqg]z\lﬁoﬂ ;Ht‘s]-B cereus

7]1%e 3 log CFU/g ©]3}lo]tHKFDA 2008) g=e] =
MA o)A E F 2AHF2] 7](Gilbert 5 200002 3 log
CFU/g W|¥H W22 %, 3 log CFU/g ©1%d 4 log
CFU/g W9k 587153 4%, 4 log CFU/g ©1’4 5 log
CFU/g WS ERFS22& 4%, 5 log CFU/g ©]/d<
AR P HUE AT 5
3},

B AFelA 1070 Fe AE T F G H ARA
B. cereus®= FAE = o] 242 148 log CRU/g, 347
log CFU/g, 3.30 log CFU/g T2 #EEUNoH, o4
& APl 50CHB test® AAIgH A7 GAIRAARE B.
cereus (34.5%ID), B. subtilisamyloliquefaciens(48.9%ID) =
1 HAT HIF FRlEo] WA ysAT, A Al
717 ALHeolgte HE ARt ReHo g rhste
Hd=2 A

APl testo] e ZEelEgstaat s mlAdEe A
3lala EAS dlolguolxd e EFTEY st
2 543 52 MdS ol&sto] Hla Alxlel v 5
A A3} “acceptable identification”©o] EI=H E25A
AHRZ AT F Atk ID %E A sk A
=o] dlolgo]=o] T #F Foll dvht TWheAlE
YeRl 1, T-indexs &89 #52] 7FE 83 A

e JH=E 8

m{o
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Table 3. Non-compliance rate based on the guidelines for microbiological quality (%)

Califorms

~ ——Micobid  ACC

E. coli

Salmonella S aureus B. cereus

Guideline

Acceptable Level Acceptable level Acceptable level: Acceptable level: Acceptable level Acceptable level
< 51log CFU/g < 2 log CFU/g negative in 25 g negative in 25 g

< 2log CFU/g < 3 log CFU/g

Non-compliance rate(%)” 30 70

0 0 0 10

Y Microbia guidelines were applied with Korean Food Code(KFDA 2008) except coliforms applied with Sorberg et a(1999)

s}ehx 5ol ey ZHIAE &4 FrhBiomerieux
2007).

B. cereust THE 2E# 2 $AoA 2AE FAS)

I ZA7IRE AES 5 7] Wil ok A(Hed T
2004), 7R AT A A (MPF: minimally processed
fresh vegetable)(Valero M & 2007)°ll 22| #3Z3Hch Ni-
chols GL 5(1999)2 “2hiol|4] Bacillus spp.”} 3 log CFU/g
Ol”_i AZEE =T ©] F B. cereuss 23%%3, 41%
= B. subtilise] Atk B3k vl Qo) =3 T Al o
U Foe] 6%t 9= 714 3 log CFUIgE =%
ot B skt

olde] AdEE Tl AlFolA A= F= A= 10

/N = 10%7} B. ceareusdl] £ G%E Ao E HolH, ThE 1
A T2 AESHA LAAT AAGE ] A FA] o

T2 AA A5 70%, YHHAMTFL 3007} TIEAE
e Aoz " HKTable 3). o3 Axp= =<l
ThasH| 2301 31, =X 9 Ve S E
Z 24018 WA OE B. cereus LEAUHE XA
AT A B. cereus AEE0] 15%R 1, 3] SAH
Fo| A% 407 F 37 75%2] B. cereus A& By
THLee YJ & 2003)= A9 ARSIt WHA, Aol
A== A, OlﬁHEV‘ opjAH E F9| B. cereus A=
€S 3%E K13 AFE JtiGadaga TH 5 2008).
Granum} Lund(1997)L B. cereus’} 48T olslollA 4]
Al FAskE olfrE A8 HBAA & mES I
AT B. cereus?] EA= wolE|o] HIAFAZ AH

-

2

ot 1o B

observed growth curve "

LogCFU/g
(o)}

0 6 12 18 24
Time(h)

S 4 7] wWEelgty A A3 vR A

< dxgE AA
e d%ﬂﬂ BAA T Dol WAo] =
A7} WolwE 9y, % i AHEEE =)
217] ‘;‘ FAYU BAHEE AR s oy
o] doju} UukA|FH Ui To] HEE AoE AlRH
o I¥EE, E25e] kg Aaks fdl FaAlAde
A4, ZBFARY] 94, vl Aol 2P Folv)
LT,

RuA i
it
of
o
ox

=
ruZ
W
Nt

2, E%”*°I XYM H 220 TE 0ld=E SATE
MEAZtn 220 2 YRR SAFM
+5H& 7°C, 35T, 57CellA 0AIZE, 2413, 4X%E, 6

1)
B
7k 12A17L, 24X RAER[S w] LWkAFe] =24
S
87

A
F= Fig. 20 ARG Fawtre] 27 #0Ah)=
3.87 log CFU/gO]}.}\_L_ yarewel 7CadA AASHS
uf A7 & 4x3ko]l At ARl 4.98 log CFU/g, 64
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Fig. 3. Observed and fitted growth curve of B. cereus spp. from fried rice stored at 7°C, 35C and 57C.
Y Growth curve at 7°C and 57°C were not created because of no detection of B. cereus from samples
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