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Abstract: The purpose of this study was to investigate the growth kinetics of Bacillus cereus in different milk products and
its impact on milk quality. Fifty dairy products (including 25 raw milk from factory pre-treatment tanks and 25 commercial
milk packaged in boxes) were collected, and suspected strains were isolated using Mannitol-Egg-Yolk-Polymyxin Agar
(MYP). Morphological observation, protein toxin crystallization experiment, Vitek-2 biochemical identification, and 16S
rRNA sequencing were used to isolate and identify B. cereus. Further, one strain with the fastest growth rate was selected as
the experimental object, and the strain was inoculated into three different milk products (pure milk, lactose-decomposed
milk, and grain milk) at initial concentrations of 10', 10% and 10° CFU/mL. The growth kinetics of B. cereus in three dif-
ferent products were studied at two temperatures (25 °C and 35 °C), and a Logistic equation was used to fit the growth
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model. The pH and sensory changes of the three milk products were simultaneously monitored. The results showed that the

three strains (B1, B2, and B3) of B. cereus originated from raw milk were isolated and identified and they were not detected

in commercial milk products. By measuring the growth curve, B1 strain with a faster growth rate was selected as the experi-

mental object to study its effects on three different milk products. The results showed that temperature and initial inocula-

tion concentration had a more significant impact on the growth of B. cereus. At 35 °C and high initial inoculation concentra-

tion, B. cereus in dairy products entered the logarithmic and stable phases earlier than at 25 °C, with a shorter lag period.

Among the three types of products, lactose-decomposed milk was more conducive to the growth of B. cereus. The fitting

degree of the Logistic model was R*>0.9857. It was found that the pH of milk changed significantly as the bacterial concen-

tration increased. Different dairy products had their own characteristics in terms of sensory degradation. Among them, the

odor deterioration of lactose-decomposed milk was the most significant. This study provides a scientific basis for the early

warning and safety control of B. cereus contamination in dairy products.
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Table 1 Samples collection information

BT SRAEA] RS AR FES 2R
15 2022.04.22 T AL FRE kL
25 2022.04.22 [inp ez JERLFL
35 2022.04.22 HAb BRI kL
4% 2022.04.22 HTAb BRI L
55 2022.04.22 HiAb R kL
65 2022.04.22 AL B SRk
ta=3 2022.04.22 HALFREE SRRkl
85 2022.06.08 HALFREE SRRk
95 2022.06.08 AL FREE SRRk
10% 2022.06.08 AL FREE SRRk
115 2022.06.08 AL FREE JERLEL
125 2022.06.08 Hir A FRE JEBLEL
135 2022.06.08 HirAh FE SRk
145 2022.06.08 AL B E SRk
15% 2022.08.03 AL FE SRk
16% 2022.08.03 AL FREE SRR
175 2022.08.03 AL FRE JEREEL
18% 2022.08.03 Tl AR HE SR
19% 2022.08.03 T AR HE JERHEL

205 2022.08.03 T AR HE JERHEL
215 2022.08.03 T AL BEHE JERHEL
25 2022.08.03 AL BEHE R
235 2022.08.03 T AR HE R
245 2022.08.03 AL R HE R
25% 2022.08.03 AL HHE R
265 2022.05.25 YRR R 7L
275 2022.05.25 bEE=GiNH] [LLEEN
28% 2022.05.25 b et [ALEEN
29% 2022.05.25 b et [ALEEN
305 2022.05.25 a5 LR [LEEN
315 2022.05.25 a5 LR [LEEN
325 2022.05.25 Y55 LT [LEEN
335 2022.05.25 YR [ALEEN
345 2022.05.25 55 LR [HLEEN
355 2022.05.25 beEGN] [HLEEN
36% 2022.05.25 TN BT [HLEEN
375 2022.05.25 K MERR T [HLEEN
385 2022.05.25 K MR T [HLEEN
395 2022.05.25 KR T Fsn L
405 2022.05.25 KR T FshEL
415 2022.05.25 KR T FshEL
925 2022.05.25 KR T FshEL
43% 2022.05.25 KR T Fsh L
44 2022.05.25 A T KT L
45% 2022.05.25 AT T KT R
46 2022.05.25 AT T KT [GLCEN
47 2022.05.25 AT T KT [GLCEN
485 2022.05.25 A T KT e
495 2022.05.25 AT T KT LG
505 2022.05.25 A3 T KT [ELTEN
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T2y . A kn 2B ) v AR ZE AT B A A il 2
SE o TESEEGPEREAYEE 0~72 h BUREIN & 40 BB,
ARSI E 3 AT A Logistic J7 #2678 541
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1.2.8 SWEHHPN AR AN KB T PE MO, B
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mL B, #1145 3x(10°, 10>, 10') CFU/mL 5 YL k¢
ah, BT 1.2.4 #ATR S, 25, 35 C EOCIRIF -
22 AR M HBFOIEAERO ik, XiG gy i T —
JEINHZUIRAS | MR . BRI BB IR E PR . VRS

%22 REINITSY

Table 2 Sensory evaluation scores

N(t) =

By=| PSR Wik(En
HEAUSTUNI, T, TCor 2 31~40

MUK AR, A R R R (1 REESS, TR 16~30
B BRE, A A, ARSI SR E 0~15

77 b AR A DA, TS sl A 21~30

Ak 7 AR, B R A 11~20
T it AU B MR, A TR IR BSR4 5 0~10

RS, AR, RIEFILAMG 21~30

Rz R 2E, BUERSINTR 11~20
RIS, B ARG AR, TG 0~10
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W% 22 1R 7 P Tl 2 BEL 5 REZK M- 525 mT A1) FH #1R)
K. D-AEBE . N-ZBE-D- 48002 . INERREL . D-#%

SR B HRTE M
P k25 R (B1, B2 fll B3)
Fig.1 Morphology of three isolated strains on MYP medium
and Gram staining microscopy results (B1, B2, and B3)
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A A

LR ARSI AT | TS0 . HORA S8
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Table 3 Biochemical identification of three isolates
IS I H 28K 4k IS IR H 2K ERES
BXYL S-ARBET R - LeuA TR Wi +
BGAL BEFLE G - AlaA TR 5 Wi +
APPA TR - AR - 2 R 05 e i + GLYG T +
ELLM ELLMAN - MTE o +
dMNE D-H &k - PLE G2 -
BMAN B-H SR - AGLU o- IR -
INU ) - PSCNa JE W EIAk -
OLD PRk R =2 - POLYB R ZHHREBIZ -
LysA L R i - PheA RN TR T e ity
PyrA ML JOERE D Tt TyrA i 5 T +
CDEX 2N i INO WmsE -
Mdx FIE-D-ABEH - GlyA LT -
PHC MR B - IRHA L-FR2=hk -
dGLU D-H %5k dTAG D-¥5 0 -
ESC Rk NaCl 6.5% 6.5% A bamA: K +
AspA L- KA R e - ProA I 2 R i i -
AGAL o= R T - BNAG N-Z5t-B-D- i 2 Wl 2 ity +
dGAL D-F bk - MdG LA A R 1k -
AMAN o- T R M T - dMAN D-H #E -
NAG N-Z,Bt-D-iaif e BGLU BRI -
PVATE [N dTRE D-1f 3k +
dRIB D-1% 4k KAN RIRE R Z -
TTZ ZHIH KBy -

TE: + R — .
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B2 R 2R AT RHROAR A S
Fig.2 Results for B. cereus rhizoid growth experiment

TE: 7230 0 HORZFAEAT I B, B2, B3 20331 o 0 it 9 — ¢

R AT IR T LR KOS

ETRREAT T

Bl
!'.‘

K3 AR R
Fig.3 Protein toxin crystallization experiment
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Fig.4 Phylogenetic tree of 16S rRNA for three isolated strains
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2.3 HEMZFEATE Bl ERMIRE M =FAKR 4P
e N5 S

T E R B FL B W AEAAIRBELE 25 °C Ao,
TEH ZEEIR R A RE] 35 ¢ &L, H i F Rk
FLo B ELAA DA R T2 A I SR B R 2R AT, 22
KGR 7 5 7t 2L A 2T 1 5 1 22 IR
FARTE, T SCE BEHL 25 °C M 35 C 1E 55 im
SRR ZEHEAT R U A 10°, 107, 10" CFU/mL 1E
SHARTHATS AR BE , TR RS FAS A 2 HUAT RS
Gy SEBRIE L T o

WEREZEAAT B B1 A i A= 5 v g A= Kl 2
B 6 A Ffizs: 25 °C F, 10°, 102, 10" CFU/mL 55
BT 9. 11, 13 h #EAXTHEUN, 13, 18, 20 h isFaEib;
35 °C FW45)T 8.9, 11 h #1 12, 14, 18 h # AAHH
REBE: . X EEZREH, 25 °C SREFHHEYC T 35 °C, 35 C
T, MBI B Rk S35 b 25 °C 42
FiiZ7 4 h #1 6 ho

SRR ZEAT B B1 FEEF AL Wb i A ith 2 an
[ 6 B fi7n: 25 °C T, 10%, 102, 10" CFU/mL B 5y
T 8.9, 10 h i AXTEI, 18, 14, 16 h i5FE 1
35 °C FMS350T 6. 8. 9h F1 8. 10, 12 h P AAER
BB, XTELFRHA, 25 C REHIE K, 35 °C XU



478 17

Wiaima , 2 AR SR AUAT B TE = AOR RIS i P B AR Sl e RS TR L) b e B AR AR - 239 -

>

T EEOSEUE (1g(CFU-mL ™))
S = N W A W N 0 0

20 30 40 50 60 70 80
i1l (h)

o)

TRVA OB (1g(CFU-mL™))

S = N W kA L NN
L N B N S |

0 10 20 30 40 50 60 70 80
IFTR] ()

a

FTEBOTHUE (1g(CFU-mL ™))

S = N W kA U NN

0 10 20 30 40 50 60 70 80
] (h)
K6 25°C 35 C NI IR BI 7E4E4-W3(A) | #71L
A5 (B) MR- 3 (C) i A= Kt 2k
Fig.6 Growth curves of B. cereus B1 in pure milk (A), lactose-
decomposed milk (B) and grain milk (C) at 25 °C and 35 °C
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Table 4 Growth kinetics model equation and fit of B. cereus Bl

PR HREE(C) WIARIEAE 2 LA VR (CFU/mL ) A RKAA L AR
10-100 y=7.1978+(1.1929-7.1978)/[1+(x/13.8132)15.6296] 0.9997

25 100~1000 y=7.2336+(2.8102-7.2336)/[1+(x/12.0715)12.1038] 0.9994

- 1000~10000 y=7.2256+(3.8167-7.2256)/[1+(x/9.6202)7.5885] 0.9993
10~100 y=7.3413+(1.9181-7.3413)/[1+(x/11.4453)8.8364] 0.997

35 100~1000 y=7.3105+(2.7023-7.3105)/[1+(x/8.8971) 11.3715] 0.9989

1000~10000 y=7.4009+(3.7702-7.4009)/[1+(x/7.2534) 12.1759] 0.9993

10~100 y=7.4012+(1.7672—7.4012)/[1+(x/10.8805)9.0652] 0.9897

25 100~1000 y=7.3425+(2.7649-7.3425) /[ 1+(x/9.0801)9.1756] 0.9943

" 1000~10000 y=7.3461+(3.6314-7.3461)/[1+(x/6.5288)7.8917] 0.9956
HUARY 10~100 y=7.3631+(1.6429-7.3631)/[1+(x/8.3205)7.2844] 0.9997
35 100~1000 y=7.4256+(2.6167-7.4256)/[1+(x/7.4798)5.3059] 0.9865

1000~10000 y=7.3201+(3.5480~7.3201)/[1+(x/4.8264) 11.5486] 0.9934

10~100 y=7.3744+(1.5744~7.3744)/[1+(x/16.0868) 6.7643] 0.9993

25 100~1000 y=7.4122+(2.8088-7.4122) /[ 1+(x/13.0904)8.8140] 0.9997

1000~10000 y=7.3800+(3.7948-7.3800)/[1+(x/12.1737)10.4471] 0.9944
AR 10100 y=7.2901+(1.6594-7.2901)/[1+(x/11.6924)5.2307] 0.9857
35 100~1000 y=7.3723+(2.5380~7.3723)/[1+(x/9.1851)9.4216] 0.9993

1000~10000 y=7.3641+(3.7412-7.3641)/[1+(x/7.6309)9.9539] 0.9988

1 yIE W RO 19 Bg (CFU/mL), xfCZmt ] (h) .
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Fig.7 Changes of pH due to the growth of B. cereus Bl in pure
milk (A), lactose-decomposed milk (B) and grain milk (C)
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Fig.8 Sensory scores of tissue morphology, odor and color of B. cereus B1 in pure milk (A, B, C), lactose-hydrolyzed milk (D, E, F)

and grain-containing milk (G, H, I), and images of morphological and color changes in three dairy products (J, K, L) at 25 °C and 35 °C
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