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Abstract: To characterize the contamination status of Bacillus cereus in commercially available prefabricated foods, its
presence and the biochemical identification of isolated strains were investigated according to China’s national food and safety
standard (GB 4789.14-2014). The toxigenic profiles and multi-locus sequence typing (MLST) of isolated strains were detected via
PCR. Results showed that B. cereus was widely present in 97 samples of prefabricated foods obtained from Foshan City, China,
with an overall detection rate of 36.08%. The detection rate was highest in frozen food products (54.17%). Among the positive
samples, 97.14% were detected with viable counts >3 log CFU/g, and those of 40.00% were >5 log CFU/g, indicating a high food
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safety risk. All 35 representative isolated strains carried the feature (gyrB) and enterotoxin genes (hbID, nhe, entF'M, cytK), and the

cereulide synthetase gene (ces4) was detected in one strain. The MLST results showed that the isolated strains could be classified

into 18 sequence types (STs), with ST177 and ST2056 being predominant and ST-205 representing the main clonal complex. Seven

strains were identified as new STs, most of which were isolated from frozen prefabricated foods. In conclusion, the distribution and

contamination levels of B. cereus in frozen prefabricated foods are relatively high. The isolated strains carried multiple virulence

genes and exhibited ST type diversity, highlighting the need for monitoring and preventing B. cereus contamination in prefabricated foods.
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AT ; DNA /MESh$HEIK7 . SYBR Green qPCR Mix
I B 25 2 RAEWIHR 2 7] s DNA Ladder DSTM2000-+
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riral) WET R CERERA AR AR il (O
Fraf) e H E 2B SR A A .

1.2 FENH LA
TL-08X A 4T T W B i 2%, 11757 KA 28 A R
N s XSP-8CA/310 JifG FE H T W itss, Lils#4L




MK EBBHT

Modern Food Science and Technology

2026, Vol.42, No.3
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HEH AR A A DYY-6C HLIKAL, JbEiN—4EYRH
BIRATH

1.3 SRk

13.1 %A

2023 4F, FRAEBEHLRAE N, 7EA L FE X ) 3
AN B AR A G R AR T & RE R 97
iy, FEMEAEEAS dRRma), HPadsio
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134 FAARANE

W Wt FE 2F AT B R AR EE AR B LB A, BT
37 CARBEIRIRG 4597 14~16 ho HL 0.75 mL
T 1.5 mL B0 F, 8 000xg &0 1 min K15 14,
AR A5 3 R 2 DNA /)y &l B2 470 A A 5 B P ot o0 |
PR AT FE R 241 DNA (4. DU DNA J B
BB, R SYBR Green %% %€ f PCR 25t 43 & B ik
AT E R IED gyrB K i3y B E . FER 91 514
HAL AN G HEREFBR A RAFHATER (£ D.
K ) gPCR S JBifA 22 A: DNA MR 1 uL, LiF514
(3 pmol-L™") 1 pL, F i 51 # 1 pL, BeyoFast ™
SYBR Green qPCR Mix 10 pL, #84i/K 6 uL ; qPCR
SRR : 50 CHEALFE 5 min ; 95 ‘CTHAEME 2 min, 1
AMEHR; 95 ‘CAME 158, 60 “CiBK 30's, 72 ‘CHEMH 305,
45 MIEHR: JEMREL: 95 °C 155, 60 C 155, 95 °C 1550
RHE gPCR 4 G 45 3, LLIE 3 B {E (Cycle Threshold,
CT) 7£ 10~35 3 [l N AE J9 ) Wi b 1, <<30 ) %€ J9 FH
P, >35 H5E NHMESE R, CT fE 45 B AE 30~35 Yl 1)
=@ 1.5% (m/V) BERERER R F ko — B I000E .
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Table 1 Primers of genes and the related fragment length

AR 34 LAR FHEFBAT) (5~3") KEKEbp 3Rk
gyrB-F GCCCTGGTATGTATATTGGATCTAC
gyrB 246 [20]
gyrB-R GGTCATAATAACTTCTACAGCAGGA
cesA-F CGTAGTGGCAATTTCGCAT
cesA 197 [21]
cesA-R GATTACGTTCGATTATTTGAAG
hblD-F CCCCGAAGGACTAAAGAAAGC
hbID 128 AHF,
hbID-R CCCCCTCTGAGCCTAAATTGAT
nhe-F AGCGGCTCTTCGTATTCA
nhe 78 [22]
nhe-R GCCTCTGCTTCAGTTTGT
entFM-F ATTGCAGGTTTAGCAGCAGCTT
entFM 85 [22]
entFM-R GCGCTTCATTTGAAACTTGTGC
cytK-F GCGCTGATAAACAGATTGCCGT
cytK 105 [22]
cytK-R TAGCGCCAGGGATTGGGTAGTT
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Table 2 Primers of housekeeping genes and the related fragment length

L VIR B2 FAZHBSFF (5'~3") HEKRE bp  514ERR
glpF-F GCGTTTGTGCTGGTGTAAGT
glpF 372
glpF-R CTGCAATCGGAAGGAAGAAG
gmk-F ATTTAAGTGAGGAAGGGTAGG
gmk 504
gmk-R GCAATGTTCACCAACCACAA
ilvD-F CGGGGCAAACATTAAGAGAA
ilvD 393
ilvD-R GGTTCTGGTCGTTTCCATTC
pta-F GCAGAGCGTTTAGCAAAAGAA
pta 414 [16]
pta-R TGCAATGCGAGTTGCTTCTA
pur-F CTGCTGCGAAAAATCACAAA
pur 348
pur-R CTCACGATTCGCTGCAATAA
pycA-F GCGTTAGGTGGAAACGAAAG
pycA 363
pycA-R CGCGTCCAAGTTTATGGAAT
tpi-F GCCCAGTAGCACTTAGCGAC
tpi 435
tpi-R CCGAAACCGTCAAGAATGAT

135 2 BEHS1EE55 5% (MLST)

A2 B K= (K1 41 DNA 9 REAR, AR 45 i 1 28 F AT B
& FIERT S (R 2) HFrBEEKBENER
FER AT PCR ¥4 . PCR [ MR REFG: DNA 1
W2 uL, EWESI% (10 pmol L) 1.2 pL, FiE5I 4
(10 pmol-L™") 1.2 pL, BeyoFusion ™ PCR Master Mix
15 uL, #2lisK 11 pL; PCR M FEF: 92 CHiA M
3min, 1 MEH; 92 CAM:30s, 55 CiBK30s, 68
CHEM 30 s, 35 MEFF; 68 CILEAH 10 min, 1 7E
W PHEEHIGE, BS uL § 88t AT ikl &
B B 38 = A AT XU . AR SSRGS, BB
U 0 F AR 7 51 45 R F A% % PubMLST Chitp://
pubMLST.org/beereus/), 3k 13 &5 fir £ B /5 51 9 5
(allele number), F-HANE FKIE 770 PFE -3 0 L
& % PubMLST, ZR7F AR ST 8o 3755 A7 5 DK 4 £
Jo ST BRURZ BHHEE, SFAGHFH9'5 (D). FIH
phyloviz-2.0 A E 73 B AR I R G K B
1.3.6  $iFENHT

¥ 2 M7 R ) Excel 2019 #0441 JE 2 1) 5%
Origin 2018 % # F1 Morpheus 7 £& £ I 4+ (https://

software.broadinstitute.org/morpheus/) .

2 ZER5THE

2.1 TR R & P R AT B97 ORI
FER AR B 97 4 T & &b b, RE 2 AT
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(1) BH PR Aty B 35t SRR E N 36.08%
(R 3), 5O AMRIE R 5052 F s
AL Hod, A VRS TI E h  RE 2 AT B
K R i (54.17%), HUCHRZE (36.67%) FIK
MK (31.82%), Gkl (18.75%). I4E, FhlE
ity PP RE 28 R R B VS G OB 90 K 22 SR T B4 KT
fh, WK THARSERY, 6 2 PP AT o6 K TR A
[ 53 A7 e A 122y UV TE 860 47 IV £ i RS
IEREZE AR B R 2R 35%), ek il it R
e (50%), HUCRBAHIE (34%). Lin 2% I
29 20.5% MIAE Y & wh ks tH e B 2 #0AF B9 . Rahnama
20 2 3o SCHR VA 7 R IR B 2R AT 1 (0 R AR R Y
N 23.7%, HABWSEE G 41.5%. Guo &k
B 598 473 3 R £ i RS A 2 AT A HH 2R 40 32.3%,
HmLEaERmar (65.7%) KT (45.9%) %5
Rt 2R . MR, AHIF T R A 2 AT R TS
B EE P EA RS YK T 2K, Wi
DHIER R EM, BHRNERTRZHTA
FIIHIX | fr SR DL A7 IR R 5 .

FE 35 4 BH R i, IR 2 A TR AR A
KF A 2.3 % 6.6 log CFU/g, “F¥J{H A 4.6 log CFU/g
(£ 3). Hr, 40.00% (14/35) [FFHPERE L5 4K
*F->5 log CFU/g, C. i E R GB 31607-2021 FiL7E
PEZEAF I 2 SRR FibE e et o aE
it R 2 FFF 1 £ B 7E <3 log CFU/g. 3~5 log CFU/g
H1'5log CFU/g HlE Ny “Wim "I FHE” K& “AEH%”
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EAMAY A E T RO bR o R
FEZF R 1 & B I PR e B A%, RS E /D
F 3 log CFU/g A “%4", FERWITEH, 97.14%
(34/35) (17 BH P FF & 0 085 1 28 AT B 35 G K1 i
3log CFU/g, [tk AAFERC ™ 5 1B b 224 AU
CLA T 038 5 5K A MPN 2 06 0 R 2 10T 1 110 B 5
AKPRHAT IS . Guo S5 EREFE 25 LR B B A R I
A 0.3% FIRE RS YK F KT 1100 MPN/g, Yu ZE0%
LT 10% ¥ B M FE 5 47K F K+ 1 100 MPN/g, 3
BHIMAENKBOK RS APFFCRH TP
HyF 0t WA 2F FRAT B TS G K AT I B, ORI
1) 8 A 25 F KT B 95 G /K~ (>3 log CFU/g) 11 = 2L
HOELLE A% 2K (50.00%, 12/24). A2 (36.67%,
11/30) MUKTH K (22.73%, 5/22) frfhrb, 5 Wb
FE 2 AT B 70 X = 28 Toii] & b R i B B
2 RG YKo AR B R R B G T A )
M AR IR BT, W] e 2 R W RE 28 AR R 0 AR A K
RGP KT OB E A (cereal) BRI
(starch) i Jo ) 4 1M1 J, 2 0 RF 2F FRLRT B v s 1
LA S 2R, TR R BRI OK T, 3 AR
THRZHEY R HEFEHED. AERESEAR, H
U A SF AT B 175 G SR IR Bk 7R T I R R 3h )
(2 A5y e, TG R S TN PAE R, T
SN S TR AR N 02 DA R BRBE 1) EAIR B B ke
PANE L I8 i S i A 0 T A5 2 5 e i A o)
I TS GRS, A VR 25 O A Y A
TR VR i, DRI HEM, A 2 R A T ] R TR IS T

TE AR R SR & T A e AR
22 BHFFAMEBEWKRNEMEZTSER

AAEREG AR A 2F AT R 1 2 B S T, H
A TV 28 kK o 7 T R 2 A T 1 1 40 2 R E Y
rp I I U 35 4 0 R 2 AT 1 O
Y AT E) 118 PRIEFE 2R FRAT B BEAL B IR, b DA TR
o B 45 Bk, RSB 42 Bk, KT 4r
BOH 22 Bk, BRSETEH 6 bk, HEIh R 3
BB 1. R4 GB 4789.14-2014, B FE 2 fl 4T B 7E
DY 357 e 7 A= b s s AR 6 v 4 R R i SR A SR 6 PR
SR Y. ARG P, R RS IR
FAPENT, FRAEE ATCC14579 39556 UL EARE. 118 Bk
SEMEMR R A S g BT R, ARSI, KiE
X BB EHAK S HHE 43 Fk. 37 Bk 22 Bk, 4
PRAN 2 BRAF & IR SR AT AR AL e (D,
R 2F R T A AR AR — 2 Rk, SR
108 TRAF A A S e RRAE, )58 i B 2 AT 18
23 S BEHEkEH L E T

AHFFE NS BIFRIT ) 108 AR EEFEZEfUAF R, R
8 PR R A KT 70 /I A7 8 A 2 R 187 S M A i
fifiide th 1 MR SRR, ST 35 Bk, AR¥E CT E LK
LUk 4 R HIWT, 35 Bk B T AR I 45 7 i K B R @B
(100.00%) o FH T~ 12 5 [R] 38 5 1A 9 e ik 25 DR A 1 e
FEZFAF IR I S5, DRk — 0 0 e BT et 1) 35 #k
FE P T AR 2 AT 1

% 3 T A am AT RS RIRR

Table 3 Contamination status of Bacillus cereus in fabricated foods

HMHFRATR ST

ey R TR
A g w2,

log CFU<3 3<log FU<4 4<log FU<5 log CFU>5

R KL wME
/(log CFU/g) /(log CFU/g)

11/30

ME 30 ol 030 4/30 2/30 5/30 6.6 33
. 13/24
ok £
AL 24 (1, U2 1/24 7/24 4/24 6.2 23
xmx 2 2 0/22 0/22 2/22 5/22 5.9 42
(31.82) ' ‘
wxx 16 0 0/16 2/16 1/16 0/16 4.6 33
(18.75) ' '
rwx s 1P 0/9 0/9 1/9 0/9 42 42
” (20.00) ' '
s 35/97
it 91 Gooey 197 7197 13/97 14/97 6.6 23

355




HRERRHX

Modern Food Science and Technology

2026, Vol.42, No.3

TCC 14579

ot S SE DS DS DS DS o ot e e et et et e e e e et el e ANQQ
<>">"UUUUUUUUUUUUUUUUUUUUUUUUUUUUUU

RS

............................
|||||||||
(o No Not Nl

W

......................
-----
— e

45 iR

Kt

B S A

B BEFATESEERNELEESR

Fig.1 Biochemical identification results of B. cereus isolates
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Fig.2 Distribution of virulence genes in B. cereus isolates

35 R BER IR IR R AT E R BN, AR
Pk 15 485 5 17 35 2 FE [ nhe. hbID. entFM 5 cytK (f&
H 2 100.00%), A 1 HR B H K (C28-6) #5747 HK
7 2 A L N cesd (R H K 2.86%), %55 NEL
WX RYER R, % R AR TR T PR T & (1 2D I
R, EVE A SCHIE FUN E R  E RE 2 TR B 0 S R PR gk
TSI M, AN 43 2 1 T I B AR B LD

Yu SR BB PR R 2F AR T 4 B R I B B R
DRI H 2635 KT 80%, M A 3% MWK & A ces HE[H.
Yu 2R R B R 40 B 3RS I R 2R TR R AL 4%
Kty ces FeRl. Guo 251 M Id vk £ b o 40 B ) B R
nhe 555 hbID JE IR (14577 225 100% M1 75%, AUH
7% BRI ces TR . 4 B3 MG L 23 B i Ak
H nhe R F entFM 52 R4 7 2235 1] 100%, 1 AR A
t ces F2[Fl. AW FCIRAG HAHAGE R, Ui B 7 B Rk
DRI 7E 85 A5 2 R AT T P 7 ke A7 7, 1T P I 2 3% 25 R U A
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XD TR, AHIEFE 0K Y B AR C28-6 SRR T
KR, m%ﬂgni%%%ﬁlﬁg%fém*ﬁ%%@
d RS U, X AT RE S T SO B A 2 ST

ETEEARESTHERHER.
24 A BERNMLST 4 A o #r

o] £ b R AT R ST B A 45 R s,
IS MR EEMREAN 18 4 ST 8, EZFEME (E 3D,
o, 7 BRERRFVONET ST B, KZRFETHIHK
il (4/7), 493~ ST3308. ST3309. ST3310-.
ST3311. ST3312. ST3313 I ST3314. 7F 35 #k 7 &
E Ak, ST177 (5/35) 1 ST2056 (5/35) AL # ST
B, &R 14.29%. RIS HTR 35 B R &
44T E AR (Clone Complex, CC) Al 17 4~ B4k
(Bl 4>, Hrh, PLwpE= A4 ST-205 4 F (10 #,
28.57%), HIRAZ ST-142 FifEE &K (7 Fk, 20.00%)
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ST-8 v fE &4k (1 8k, 2.86%), FH & 17tk ANH
— B, BB 48.57%. TEHTRILM 74> ST A,
WA ST3314 #3F ST-142 TR E &1k, HAK AH$
#ﬁio

AR T 45 AL, Carroll 25 P4 i X6} B AR 1 A
FRIG B 7= it 43 B9 R R SR AT W AT T, R
BRI ST177 BERR 73 50l 2 AA 5] 1 X 1) 4= PR A ol
it 3 B Sk s Zhang 255 R 2F 7 AT B 9 MLST
WA I, ST-205 be b 5 A A v B 1 A 2 AR T
V2 I8 Nakayama %555t i 5 25 B T X AT o (i e A0 2
HOFF B REAT 43 BB 7T, R B 7 2 S MU 52 ST-
205 T ME R AR Yu ST b [ B A R PO R 2
FoFF 1R 1 73 BRI St B, ST-205 F1 ST-142 e fE R
SRS E S AL, R ST177 5 ST-205 45 5l A
FEZEFORF B 1O A %5 ST BURL 35 o b B &4k IR 4h,
BHEFCRY, 51 R I8 1 5 1 0 R 2 AT
WA AE S ST26 B kA ™. ACHIF 70 & BRI S iX
TR Pk C28-6 (4 WX I 2 3% & i iy 28 [l cesd)
ST2224 A4, J&T ST-205 wibE & &k, HEBWIAFF

B 5.
6
st 5 5

w« 4 2 4

F 3t 3

= 2

" o2r
b 111111111
) Dt b b Do D DS DD D
SO PV D09 5 AP WD) XD X XV 82 N
O K T P R R 5
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Fig.3 ST distribution of isolated strains
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Fig.4 Minimum spanning tree and genetic diversity of B. cereus

from fabricated foods
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