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Estimation of Bacteria in Spoiled Cooked Rice

IRISAWA Tomohiro*$, TSUJII Yosimasa*, OKA Daiki*,
NOGUCHI Haruko*, UCHINO Masataka® and TAKANO Katsumi*

*  Department of Applied Biology and Chemistry, Faculty of Applied Bio-Science, Tokyo University of Agriculture,

1-1-1 Sakuragaoka, Setagaya-ku, Tokyo

156-8502

Spoilage of cooked rice occurred as a result of heat insulation. The cooked rice had an off-flavor
that was caused by spoilage. This phenomenon is thought to be caused by microorganisms. Therefore,
in this study, we attempted to isolate the contaminating microorganisms from cooked rice and identify
them by using polymerase chain reaction (PCR) and PCR-denaturing gradient gel electrophoresis
(DGGE). No microorganisms were detected in normal cooked rice; however, microorganisms were
detected at 4.6 X10° cfu/g in rice spoiled by 72h of heat insulation. The isolates were able to grow at
60~65C on the cooked rice, and they produced an off-flavor. Based on phylogenetic analysis, the
isolates were identified as members of the genus Geobacillus, and were closely related to Geobacillus
thermoleovorans. Contaminating microorganisms in the cooked rice were identified by PCR using
bacterial universal primers and G. thermoleovorans was only detected using PCR-DGGE. These results
suggest that G. thermoleovorans was the contaminating microorganism in the spoiled cooked rice and

produced the off-flavor.

(Received Feb. 17, 2014 ; Accepted Jul. 16, 2014)

Key words : cooked rice, thermal insulation, spoilage, thermophilic, Geobacillus
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IR, BETIRESKBSEIERE LoTwb, B
FREBHTL1950E T BIG L, ZDHBI960FEITIZPRIRFE
REARESN, REEZBLEBZL2FHELE, K1 H
RIMDO—ARBEDBRIKEH L o720 ORI
0, RFHFEM,L, BOLWREEZHETESLLHI
ol :

LaL, SESEEoH LI X ) BB OB T E
ol KH, FHIH) BRESLCEMSHEREEINS L
WKhoT&ke REBLUZOMLERDFERDERS
ER & LT, Bacillus& & R Clostridium/ /& M & (2 B3
LHMENL L, HTHB. cereus’z EETFIZES T A
HIZOWTOREIWFICL W, ThETIRFYHDOL
I REREERS L EOMTETICET 5 B2
BEHINTE, T TREFTOREHFIZBNTH S
DI BREMPECDERZ #2756, BAEDHER
L BHREErNEVWEEZ Shi,

INETIRERERICELLZEHIIOVWTRTS?
PHREL TS, TAKMEFLTHCTKREL, 2D
%, 60CICCTIRIEEZ T 5 & 5 EHED S ME OBIEIH
BI3hi, 3612, ZHE5 & FHREME
B. stearothermophilus (31 1& 1 4> 3 ¥ 1 Geobacillus
stearothemophilus) T¥H 5 LFERIT TV 5,

DEoBEDIS D BRIRESFZ CORBFICELLHER
EOWTHHEICLA2DTH L LA SN, #2T,
ARFFE TR RIS TORIEHIZER U 72 R 2 AR5
BE LS TAEMENTFELHVT, MBEOHESZHLH
952 EME LTHIREEZITo 72

HH s LUERTE

1. SLEURARES - BUEK S LOURE - RS
[ U3 OS5 % MERME W TIREREBR 2 17w,
FIRIEP BB E U 5 52 (Spoilage rice cooker,
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SR) & EMAHEL VRIS (Normal rice cooker,
NR) oMz Rk L7z, KB L ORIEISKERER I
WENTWAHEERSE L ORESEZHEH L, 3B
e ULCTEBLUREI A Y REH LA, &8, K& L
PO EBZEORFUIE LTI, AR ITVEEICHEE
Bl L Z2MEHE L (F—7RIBE),
2. REBEICKIEHREL

HRK R (SRBLUNR) & #pka AV CTEFEK
WL, REEHEL ORHE L L, DIEE4EREICKREE
R L TRIBT2HE S £ TORBRFOEBELZME L 720
PREL U 720K ER0.5 g (A AEKL. s N 2, 40124
L7, WHE, AREEKCTERAENZT7. 2
OFHEZEWIZHEEL, 60CT3 HBNELA, Hu
¥ LT, 0.6% gellan gum&AGSEH (1.0£ 122
%1.0g MgS0,, 2.0 g yeast extract, 10g polypeptone
% R 1%, NaOHIZ TpH7.02 §A %, 121C154 1, =+
— NI L—TRE) Bz, ¥EER, WBLan=
—HEHEZ I, T2, IR E ORI O W TR
wENORRE LB, 8, TRIC3IFEL, #hsh
DG OB & |72,
3. ZHEEMEORESFROEE

FRIE24F T L IRERE B S UHNFE R S - BB 2
DORFE TERERMEORFEUERER LT &
B, HERY B IJITREBNEO D B, KL, NE
(W - EH), /Sy ¥ v 20K, KEXAORERM6
P BERL72. 7, BWERBICTEABRAER 2K
Wosze ZNAEGSHEMEHICEBL, 50CICT3HM
REAE L7z, BrRICEHICE YA SN, AFIERS
nzb oz BEEE L7,
4. ZHEREME OS5

BHARITREBFSRE D, MEOSHL ERESBE
BIZTEREMR T SREAWVTREZRICHFEL, #HEH
(0, 24, 48, 72BFR]) IR MM L /oo Hrd oL 28
SRR ICEUTITo/, B EICHBL 2o
Z—EHHE L, 0.6% gellan gumE BGSKE# (GSGH:
) ZHCTHEBSBEEZIT 5720 DBELZBEWHRIZOWT
7 A gt UBEMEIC CRRBIS 217 o /2o DHERMRIE
10% 277 v a — VIERIZERER, —80TCIZ TR L7
5. 16S rRNASGFEEEFIICE D RRHER

S BRI BR20R I DV T16S rRNAE (R FIE &SI
DRI 21T o 720 S BERMRS &5 ODNAHH X Zny
LOFENM o TiT o720 ZRIZTFOBBICHWT

54 < — LWIEEML, ¥—r v AERB X ORI
IRISAWA & D FENZHE - 720
6. PCR-DGGE%IC & 2 FHIFE RHE DK H

ERER B oW THEEIC L 2B I20 2 TDNA
LRVTOBRBZITo 70 9, LiE2. &EBRICHR
KEiZ: (SRBLUNR) ERBREZHCTEERHZAT
o, KM TESZZ ORME &L, URBEEIKREE
T 720 REUIRIET20GH £ THRINZ Lo FREL7Z
ML 0g LTl OméDftiARZ M, & SHEHEL, 4T
WCCIEEEIRFE L7z, COLBWESBL, 0.1g D
BEE LN T A — XL & B IZBugCrasher
(TAITEC) TR TR L 7o DHRIZ, 72/ — 0
-7 uuARVAKRICTCDNAMBZ 7o 72, —BHE%
HHRELTCTable LICR LA 7S94 v —ty FEHWT
PCRIZICCHH & 17T o 72 RIG #2504 (5.0u¢ 5%
PrimeSTAR® buffer, 2.0#¢ dNTP Mixture, 0.5u¢ each
primer, 0.254¢ TaKaRa PrimeSTAR®, 1.0x¢ $8IDNA,
15.754¢ dH.0) # B v T, PCRIX J& (94T for 5
min, 94C for 1min*, 63T for 1min, 72°C for 1min,
go to *35times, 72°C for Smin, 4 T forever) % 1T o
Too TH U — RAERIKENC & D WIEAHERR S L /2PCRE
W % RS B IR VB A IKE) (Denaturing Gradient
Gel Electrophoresis: DGGE) # & f##f L 7z, DCode
universal mutation detection system (Bio-Rad) % H
v, TZYNT I NRES 0%, EHRREARIEI5%
P H50%E A EHITRE Lz (100 4Kk 7 MR
% L 40%formamide # & ¥r) . ELIKENIF40V, 305, 60T
DT MBI IZ60V, 12,58 H, 60C D&M TAIKE %
fTo70 BRIKEIH, 727 UNT7 I FFIVIESYBR®
Green I nucleic acid gel stain (Lonza) & 4 T304
MOt %17 - 770 Hefsts, Molecular Imager FX Pro
(Bio-Rad) X DM L7z RS NN FEY Y H
L, PCRICEZFHWIEZITo 7z E612, PCREWZH
WC, 1~-5ERAMOFETY 7V AR %1707
7. EFNERICK ZAGEROBIHREER

A7) a—F %y IMEREL VITRIBERKEK20g %
L, 10%spore/gll7ed X H WA BERBROF M % Hfd
L7z ZH%E60, 70, 75, 8OCICCTHRIEL, BEEEZ,
D12FEM B T2 % E TREZ0.5g F L7 &
WLk EHCCLER 2. EABOFEICTEESRT
VW, B Lo —HE2HE L. B, REIEE
L2FRIEARTERT 2 7V THE L7,

Table1 PCR primers used in this study
Primer Sequence (5" to 3') Target microorganisms Reference
U968GC CGCCCGCCGCGCCCLCGLGLCLETCCCGLCaeeeceeaecea Bacteria 8
CCAACGCGAAGAACCTTAC
R-1401 CGGTGTGTACAAGACCC Bacteria 8
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1. FEEEEICE3EHBEEL

PRI X 2 W B OB E/LZFig. LITR L7z
NRTIE, fRIRZ 72REMARE L CD REBUIRBBRALUT
(<€1.0x10Y) THolzo —FH, SRTIZOBEZETHE
133. 6 x 10%colony form unite (cfu)/gTdH V), 24BFH#H
121316 x 10°cfu/ g & RIBBH AR D #1005 12 Z L Tw
7o EHIEEEZMET A LICL Y EBEEML, 72
BRI IE4. 6 X 10%Cfu/ g o E WMLz 72, HIE
DHAERET LIz 25, LB, PhEEs L MERBE
DEEIEXFNF N3 3x10°cfu/g, 1.3%10cfu/gdB & T
3.3xX10%cfu/g TH o720 RODEREBNEE D o700 L
BHTHo7-Z &hd, EROERL 2 2 MBI HFRME
THATREIRE SN, THAHEDE L ALSRH
DAk, MBEOFEIHERINIZZ END, EHICHS
LTV AIRENBWVEEZ Nz,
2. ZHEEMEOERFSEMOET

PRREEOERITRVELELLZ LS, KEBND
W ORI CERIE R T AFRF L T 5 W] itk
FHREN, F2T, REFFONBORERY RErz 1T
o 72o RIBRFICIXI6P TR 112 F A SME A RH S iz,
F 7z, BEHEIC D 16DFT 104 H 4 S MW S iz,
FICHED Sy X R 2 ORRM % &5 b B HEICRIE S
N7ze TS OEAIZRIERFICKER GRS L /2K 55
FIZBI VLTS THo /2. BEOHFTIIINS
OHMREERET LI LIEFELVWEEZ SN, KK
100CUETHE EIFAZ & BIRIFTRTOMEIZFT
BLTLE) ZE2H D, WAMFRARIES LT
BT ENEZ LN, WEMFERTHNL, HFPREK
ROBTIIEET, IKIRTAHZEHFTRETHL, O F
D, REBORBFICERPEFL, FEMBE~LEL
T57:0, ERMEVRLAELEEEZ LN,

(a)

7
6 % NR ESR
w D
S 4
®
o O
)
=2
1
0 N.D. N.D. N.D. N.D.
0 24 48 72
Time (hour)
Fig. 1

3. ZEREEMHEO R

ERPHEE S NI RS SHMBEOSBEZ KA D L5
ricauv=z—dEREIh Zodh o REER”
(0, 24, 48, 7T2IEM) T LIS HREVE L, FH20BWAkIC
DWTHIRTHEL, REEZTo72. &4 MRMZ S
WWTEgL LA, &BKRIZZ T ABREERCHER
ERR LTV, 202 5EROBERE ISGFEED
FRERMETHEZ LRI,
4. 165 rRNABIRTFRERSICE D RGN

DEER R D 16S rRNA BIZF D ¥ — 7 T ¥ AFHT &
NRONAEREESNEZ AT EBEAEICL YRR
B2 ER L7 (Fig.2)o 3XTOSBERBEIIRFENIC
Geobacillus BB T AL BHOPIC otz T2, &
BL 512 2 v» T EMBL/GenBank/DDBK®D 7 — # X — &
KWTCHRAMEB®REZ UL 2 5, Geobacillus
thermoleovorans® £ 99%L, L O M F ¥ % R L 7%
Geobacillus B E (X Bacillus B b BDEE N —E T
HY, —HMICETTLEEERT. LAL, BREICX
STRIFLEEREFALABICRBINLGIEND B, G.
thermoleovorans b 77 LEHICRBEINL I LD AT
EDo, HIARO LD ICHBRKRET T ABHLHESR
TAERE—H U720 Geobacillus BANEI T B3R % B
BT A, HEUMMERTHY, BEREEIIBVYT7I Y b
BT —HWEMINTVEY, Z OB ILFROM 2
BRI ERDL, LMV FRETESIIREITE 2V,
ZD:0, BiREEmPHRE L MERTE T 5B 2
EENLEELIATW S,
5. PCR-DGGE:IC & 2 ZHERME DMK H

— R = RT3 754 <w—%y MZTPCRZ{T>
ok 2B, WMIEHER SN (Fig.3)e TOPCREW%
DGGEIZfit L, W&EEZE=F ) V7 L ZOHRE, #
im0 R B iTME I SN dh o7z LA L, RiE
AR E IR A LNy FREEMER SR, chbny—

(b) -

Log CFU/ g
<o — [\V] W N ()] (o] -~

upper part middle part lower part

Comparison of the number of cells during heat insulating (a) and distribution

of contaminated bacteria in the cooked rice (b)

NR; normal rice cooker, SR; spoilage rice cooker.

*N.D. : Not Determined
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77 Geobacillus thermantarcticus DSM 95727 (FR749957)
Geobacillus thermoglucosidasius DSM 25427 (FN428685)
Geobacillus caldoxylolyticus DSM 120417 (AF067651)
Geobacillus toebii DSM 14590" (FN428690)
97 Geobacillus galactosidasius DSM 187517 (AM408559)
0.01 93 Geobacillus thermolevorans DSM 53667 (226932)
= Isolated strain No 1 - 20
Geobacillus uzenensis DSM13551" (AF276304)
9% 84 'Geobacillus jurassicus DSM 157267 (FN428697)
Geobacillus lituanicus DSM 153257 (AY044055)
Geobacillus kaustophilus DSM 72637 (X60618)
Geobacillus vulcani DSM 131747 (AJ293805)
illus thermoc latus DSM 7307 (AY608935)
Geobacillus stearothermophilus DSM 227 (FN428694)
Geobacillus subterraneus subsp. aromaticivorans DSM 23066" (HE613733)
L Geobacillus thermodenitrificans subsp. thermodenitrificans DSM 465" (FN538993)
73 Geobacillus thermodenitrificans subsp. calidus DSM 226297 (EU477773)
Geobacillus subterraneus subsp. subterraneus DSM 135527 (AF276306)
Geobacillus debilis DSM 16016" (FN428699)
Anoxybacillus tepidamans DSM 163257 (FN428691)
Aeribacillus pallidus DSM 36707 (226930)
Brevibacillus brevis NBRC 126227 (AB271756)
Fig. 2 Phylogenetic relationship of the isolates and closely related species based on 16S
rRNA gene
The tree was constructed by neighbour-joining method. Brevibacillus brevis NBRC 12622T was used
as an outgroup. Bootstrap percentages above 70% are given at branching points. Bar indicates 1.
0% sequence divergence.
(@) (b) 8
Bacteria
M 1 2 3 4 1 2 3 4
(bp)
="}
S5
)}
[y
O
o0
N
1,000
500 — i D
AN o i d 1
0
0 12 24 36 48 60 72

Fig.3 Detection of contaminated microorganisms by
PCR (a) and PCR-DDGE (b) method

Lane M, 100bp ladder ; 1, Oh heating insulating; 2, 24h
heating insulating; 3, 48h heating insulating; 4, 72h heating
insulating. DGGE profile of PCR products of the cooked rice
samples obtain with the bacterial universal primer set (U968
GC and R-1401). Labelled bands with letters a to d were

identified to the following species: a, Oryza sativa; b, c, d,

Geobacillus thermoleovorans

SIVABMBL YT — I R=2 LDOF— % & OMEME:
MBEZAT o 72k F, TXCG. thermoleovorans & 99% L),
FOMEEER L7z, ORISR B IZB W T
LHBICBMLIRARELZDDOTH o2, T ORI
SHEOERE LT HLDOTH o7z, B, HERER
WZOWTHIEHPCREEICTHRIE SN oz (F— 5 k5
W) CORERLY, G rthermoleovorans DAY DB A3
ZHACEE LR IEE IR & EF 2 b7z,
6. EFIVEBRRICE ZRBEERDOHRER
SBERARDSIKERZR N & W] LRI T TR ER S 5

Time (hour)
Fig.4 Reproducibility of cooked rice deterioration by
the model test

The spore of the used strain were inoculated to cooked rice
and incubated at 60, 70, 75 and 80TC.

MEETIVEREICCTHERE L7z 2R & 72 5 M E A
ERARE LTHRBENTERE LTS Z 21EE 212,
SEERMRD R Z R T 5 Z & b ARER TR RAA
IDBERZRMLAZIEZ ) A, X DIKRERETOERUITE
WIRIRTOFTENSTE 5 L HIBr L, Fhz it &8
BB L7, ZoOME, RIRIEE0C L70C TERED
HWMAERD b7z (Fig.4)o & HITRED S DK R
BOSHERR SN, KEREF CTOEM L FMROBR MRS N
720 BacillusBMEIET v 7 v 2 &H 3 A EMTHEET
HZEICEVEKRAREZRERITILNH B, 40
DOHEKRBR S FARICHESHE L TV D EHEEIND,
—77, 75C &80T TR DI KD & DHEKIE
BOONLEDoT2. DY, GHREEIAT 5 FNILR
MMEFIZHESF L, WS 5 2 EAVR SN
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ALY, WEEFRLERT2HFHREMETH
5G. thermoleovorans RO EMICE G L TnwizZ &
EHLPICLI TRETKRFEZRLDETHT YT~
PETIMTAEMOBERE, PR 30~37CHhL) TR
FieEEEZRT, BacillusBHWICL 5D O0%
ENTWn5E, KEFEREFOERICHSTHMEE LTS
N E TIZB. stearothermophilusH H & & LT\ 5 3G
thermoleovorans D EPNI Z NAND T E 1 b,

R~ DRAREZHLNIZT 57201, ThET
Geobacillus BRIR O MEREFROH 5L ELOEL LT,
BRBOAXRZ EPOHHLRAALY, FHECEELSE
otz (F—FRKEB) . AFEICL Y, Geobacilluslg
ML B RBOEMEFNICHETL2MRZHEE LT
&lzo INHOMANEGH, BEREFRIIBITZME TGS
HBOMFIEILTOND Z LR B L2V,

N

KEEF DRI TR ERIBT 5 & € 0BE TR
POERENTLERSEL, CORERIHEICLSD
DEEZz, ERRERMEORET RAAiz. BEEIZTR
HHREz oML 25, KEHORERETH560C
THBEICAT T HHHAMEOME L L7 TN 51316
S rRNA#E = F 12 20 { RHEFEHN &£ EMBL/GenBank/
DDB]®D 57— % R— 2 & AW HEERES» L5 56
thermoleovorans TdH 5 L E Z b7z, 3 HIZPCR-DGGE
HBERAWTERLUZZRES SBIET LRV TOME OB
WET o7, ZORRER, BEE L FARRIZGeobacillus EHE
Bl a iz, DEo#RLY, RESFOMRIRREL
WORKLREBEIHFAUFRERIXMERE T 56
thermoleovorans WEA L, EREFIERITL L HIZG
thermoleovorans LR T % FRIRFIEHFNICERTET 5 =
EICEDEBDERL, BHPRLIEEZ DN

#H OB AWMRERTTAIIHY THITEN, I
Ok, BHRRK GURRERZDHEWRZRE
YISRALER) 213 Lo, BRO 4 IEHE L LT
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