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Abstract: Bacillus cereus is widely distributed in the environment, and its ability to encode enterotoxins and diarrhea toxins generally

leads to food poisoning and serious disease following accidental ingestion by humans, generating widespread concern. In recent years, the

efficacy of applying non-pathogenic B. cereus to animal feed additives has been investigated; however, few reports have examined the probiotic

function of the bacteria. This paper describes the probiotic functions of B. cereus, mainly its antibacterial, anti-inflammatory, and

growth-promoting effects, and its potential application in animal feed, and discusses the prospects for future research and possible development

directions.
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Fig.1 Bacillus cereus regulates the mechanism of inflammation
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Table 1 Commercial Bacillus cereus preparations

7= en AR E A% R mabeE AE Lk
& 44 @ Marion Merrell Dow PYCYN o hgi gz .
N REA4 4 @
Bactisubtil A = Hoechst I 5 2 7=, R H"’;‘T‘éflt%gé égjf?“m [67,68]
J& Ak Aventis Pharma 4 FHI< %) “
Biosubtyl A #id) Biophar 23] A OB IO A% 10°~10"4 [69]
Biovicerin A &% Geyer Medicamentos S. A/ 3] WA OB IOT: FEH 10°4
Esporafeed Plus R FH LT Norel 23] AL F0ATH CECT 953: #27F 1094~ )
4
. I RS i 2x108~5510° $44% 3 AT ]
NG
Paciflflor C10 B A K Intervet International B.V /23] ATCC 14893, FLkA| FBUET H 45504
A 24 5 Mekophar, . g
A 5N R p%./a,\ 6_1n7 N 4 dr
Subtyl Pharmacevtical L1~ BANIREAM 100~107 N A 504FE [67,69]
N R, &F RAE 3 7047 B (NCIMB-40112/
Toyocerin e BT H /4 Asahi Vet S.A.24) CNCM-1012) &A% K 110" CFU/g, [70]

MR AR E IR

Fa B RAY. BRERASIRA

3 HWERE

R, TR A I E AL KT
s BEERFARRARWRED, FRSCUAEIERAN, T
RN RIS HIFT TS AR, RS
AP 94 A T 2 D) L FH L A — N G )
HOT L R 2 AT R 2 2R DHRE T A 22 B
SRAEA, A E T AT R U R A
BRI AT M BEsh A KO E
(I R IR R BENE T AN IR R IR S . H T4
AR Z 0 TR W AR BO0 VE A A 25 AT B 72 16T I8
15 BOERIE PURSET A BRI B
ZFAUAT K 2 D BERT FUANEEER N, (HA CATIITTT
SERREARSUA RS2 A A R A
TR ST o

SERT I T EoR RS A AT I P S e E
FAFIUR, AL TR T E0R AR ZF AT R I R R
A, TN 1 AR PRI 2 AT R 2 A e
AR O PERE 27 AT 1 2 2E D RERIE FL T I
RET: o, B DB RE R IBRIEAE 2 A 28
Rt — PR REE kR R R, BAE A 2k
B 25, aZEWEMEMIRSE, WRAPURETETEY
W AR 4 5 LA ST DHRERIFE LA 5= $1
ROVEIRIIN, RS JOEEH 200, KB
IR, A/ EoA R AR R I = N 2 iR . 24
HIGHIREEA 2 AT T 0 2 A DI RERT FU e, DRLAR DA
FEN GOSN 2 FAL AR B R 27 A1 2 A2 DO RE AT

Ko AT ZIORA.
A ik

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

Setlow P. Spores of Bacillus subtilis: their resistance to and
killing by radiation, heat and chemicals [J]. J Appl Microbiol,
2006, 101(3): 514-525.

W77 BT A, A5 1 S/ VB S 5 S A 2 AT B )
R BRI A [J]. TR 5 241815, 2020,26(2): 145-146.

JSLZAS, P RER, R R R R — S 2 AT B
BEFHF ST [I] IR TR B 2244 £,2020,26(1): 77-79.

W KR KRR, T 7 A B i J LA 2 A T v
I AT I) B 22 AT A 254, 2021,12(7):2876-2880.
KT B, 81, A BB K T ) it P A 2 A 1 20
B E K B TR AE[I] B DR, 2019,40(22):144
-150.

Ramarao N, Sanchis V. The pore-forming haemolysins of
bacillus cereus: a review [J]. Toxins (Basel), 2013, 5(6):
1119-1139.

Nallarajah J, Mujahieth M 1. Bacillus cereus subacute native
valve infective endocarditis and its multiple complications [J].
Case Reports in Cardiology, 2020, 2020: 1-4.

Akamatsu R, Suzuki M, Okinaka K, et al. Novel sequence
type in Bacillus cereus strains associated with nosocomial
infections and bacteremia, Japan [J]. Emerging Infectious
Diseases, 2019, 25(5): 883-890.

Coburn P S, Miller F C, LaGrow A L, et al. TLR4 modulates

inflammatory gene targets in the retina during Bacillus cereus

345



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.4

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

346

endophthalmitis [J]. BMC Ophthalmology, 2018, 18(1): 96.
Rishi E, Rishi P, Sengupta S, et al. Acute postoperative
Bacillus cereus endophthalmitis mimicking toxic anterior
segment syndrome [J]. 2013, 120(1):
181-185.

KIRE T4 2 AT, 55 SR 500 2018 R4 [H )y rh g
FFRATRAE A [3]. A fr il T2 K, 2022,34(1):147-
153.

Ramfez V, Martnez J, Bustillos Cristales M D R, et al.

Ophthalmology,

Bacillus cereus MH778713 elicits tomato plant protection
against Fusarium oxysporum [J]. Journal of Applied
Microbiology, 2021, 1(132): 470-482.

R P T IR 5 S AT B IX-01 AR
FRAAR S i AR PRI T 0] & o S5 R Y, 2022:1-10.

WARIE, X2 25T, 55 A% 8 R T T vh 2l A 2R AT TR R 20
i ST 4 5E 9] P IR, 2011, 12:107-110.

SR, X155, 2 B 57 S 2 AT R T Ve T3] HOA
B A BE 2022,52(3):34-36.

Huang D, Chen Y, Chen H, et al. Supplementation of Bacillus
sp. DU-106 alleviates antibiotic-associated diarrhea in
association with the regulation of intestinal microbiota in
mice [J]. Probiotics and Antimicrobial Proteins, 2022, 14(2):
372-383.

WREEAL, S HESR, o 22 0. — MR i AR 2 AR 1R 1K 7 2 S 34K
PR E [J]. 7 A A, 2011,36(12):14-17.

Hill C, Guarner F, Reid G et al. Expert consensus document.
The international scientific association for probiotics and
prebiotics consensus statement on the scope and appropriate
use of the term probiotic [J]. Nat Rev Gastroenterol Hepatol,
2014, 11(8): 506-514.

Lai Y, Chen S, Luo P, et al. Dietary supplementation of
Bacillus sp. DU106 activates innate immunity and regulates
intestinal microbiota in mice [J]. Journal of Functional Foods,
2020, 75: 104247.

Li P, Tian W, Jiang Z, et al. Genomic characterization and
probiotic potency of Bacillus sp. DU-106, a highly effective
producer of L-lactic acid isolated from fermented yogurt [J].
Frontiers in Microbiology, 2018, 9: 2216.

AR BRI AR, 554 R AR BN 6 MRESU B ] /R

Scharek-Tedin L, Pieper R, Vahjen W, et al. Bacillus cereus
var. Toyoi modulates the immune reaction and reduces the
occurrence of diarrhea in piglets challenged with Salmonella
typhimurium DT104 [J]. Journal of Animal Science, 2013,
91(12): 5696-5704.

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[39]

Thakur N, Nath A K, Chauhan A, et al. Purification,
characterization, and antifungal activity of Bacillus cereus
strain NK91 chitinase from rhizospheric soil samples of
Himachal Pradesh, India [J]. Biotechnology and Applied
Biochemistry, 2021.

BREFAL S LLHE, 2R 7R, S AN TR 2 R e AR B AR A R
P P LSS 72 [J]. 2B BT B A R, 2022,6:115-119.

KA, 2 B i, B 2R AR 2 AT B A R U DT AT
FLIE R[] AT AR L AL 2#,2016,57(12):1960-1967.

BN P T R 2 AU BRI e S SIE IR
AL[D]HHB: P K2, 2014,

75 VR E A 2 AT B vh A R T ) i A )
4B [D] MG 0 5K 25%,2021.

Feliatra F, Batubara U M, Nurulita Y, et al. The potentials of
secondary metabolites from Bacillus cereus SN7 and
Vagococcus fluvialis CT21 against fish pathogenic bacteria
[J]. Microbial Pathogenesis, 2021, 158: 105062.

Hu Z, Zhang W, Liang W, et al. Bacillus cereus LS2 from
Apostichopus  japonicus antagonizes Vibrio splendidus
growth [J]. Aquaculture, 2021, 531: 735983.

TR ST, VR, S5 PR kb SR A 2F #1414 (Bacillus
cereus) EMIEST NN (Litopenaeus vannamei)Z4E 1
T 1 e F e A= MDA R S M [J] L sk 2, 2017,
38(4):87-95.
Atanaskovi¢-Markovié¢ M, Velickovié T ¢,
Gavrovi¢-Jankulovi¢ M, et al. Immediate allergic reactions to
cephalosporins and penicillins and their cross-reactivity in
children [J]. Pediatric Allergy and Immunology, 2005, 16(4):
341-347.

Gu X, Zhang J, Li J, et al. Effects of Bacillus cereus PAS38
on immune-related differentially expressed genes of spleen in
broilers [J]. Probiotics and Antimicrobial Proteins, 2020,
12(2): 425-438.

Miao W A, My A, MI A, et al. Effects of probiotics Bacillus
cereus NY5 and Alcaligenes faecalis Y311 used as water
additives on the microbiota and immune enzyme activities in
three mucosal tissues in Nile tilapia Oreochromis niloticus
reared in outdoor tanks [J]. Aquaculture Reports, 2020, 17(C):
100309.

Wang M, Liu G, Lu M, et al. Effect of Bacillus cereus as a
water or feed additive on the gut microbiota and
immunological parameters of Nile tilapia [J]. Aquaculture
Research, 2017, 48(6): 3163-3173.

Xue J, Shen K, Hu Y, et al. Effects of dietary Bacillus cereus,
B. subtilis,

Paracoccus marcusii, and Lactobacillus



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.4

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

plantarum supplementation on the growth, immune response,
antioxidant capacity, and intestinal health of juvenile grass
carp (Ctenopharyngodon idellus) [J]. Aquaculture Reports,
2020, 17: 100387.

Li Y, Ye J, Lv L, et al. Pretreatment with Bacillus cereus
preserves against D-galactosamine-induced liver injury in a
rat model [J]. Frontiers in Microbiology, 2019, 10: 1751.
2o IS e, RO A R ST T T R A TE
FHEIR L FLPENGE S Sprague-Dawley K 5 stk 535
[CV/ 5+ it 4 T 5 Afl S FAE 5 K 2 . oy [EIVT 25 25 M,
2019.

Sheng K, Xu Y, Kong X, et al. Probiotic Bacillus cereus
alleviates dextran sulfate sodium-induced colitis in mice
through improvement of the intestinal barrier function,
anti-inflammation, and gut microbiota modulation [J].
Journal of Agricultural and Food Chemistry, 2021, 69(49):
14810-14823.

TR, G AN, ARE AL, 55 FURR S AT TR R B () L
ZHZHEXT DSS 5 T AY/INR A 2 1 BSGEAE ) SURI). &
AhRl#,2022,9:120-127.

Feng Y, Wang L, Khan A, et al. Fermented wheat bran by
xylanase-producing Bacillus cereus boosts the intestinal
microflora of broiler chickens [J]. Poultry Science, 2020,
99(1): 263-271.

Gang Yang K S R 'Y, Wenjing Chen L D V K, Peng. Probiotic
(Bacillus cereus) enhanced growth of Pengze crucian carp by
modulating the antioxidant defense response and exerting
beneficial impacts on inflammatory response via Nrf2
activation [J]. Aquaculture, 2020, 529.

A 2, BTG, R IR 2R AT BR T RIR I 5 R
IR AW EE[J]. o 71 EE 22T 9, 2012,10(9):103.

Yang G, Tian X, Dong S, et al. Effects of dietary Bacillus
cereus G19, B. cereus BC-01, and Paracoccus marcusii
DB11 supplementation on the growth, immune response, and
expression of immune-related genes in coelomocytes and
intestine of the sea cucumber (Apostichopus japonicus
Selenka) [J]. Fish & Shellfish Immunology, 2015, 45(2):
800-807.

Ugwuodo C J, Nwagu T N T, Ugwu T T, et al. Enhancement
of the anti-inflammatory effect of bromelain by its
immobilization on probiotic spore of Bacillus cereus [J].
Probiotics and Antimicrobial Proteins, 2021, 13(3): 847-861.
Lins Rodigues M, Damasceno D Z, Gomes R L M, et al.
Probiotic effects (Bacillus cereus and Bacillus subtilis) on
growth and physiological parameters of silver catfish

[46]

[47]

(48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

(58]

(Rhamdia quelen) [J]. Aquaculture Nutrition, 2021, 27(2):
454-467.

WRERER, 20T A28, S5 SRR P AT T YBL X R3S
A RNERE B NG ST B A i 2 2\
FsEM ). ol A2 i 2, 2022,43(1):97-105.
Muthukrishnan S, Hoong M C, Chen W W, et al. Efficacy of
Bacillus cereus strain BP-MBRG/1b and prebiotic
fructooligosaccharides dietary supplementation on growth
performance and disease resistance of Macrobrachium
rosenbergii (De Mann) towards Aeromonas hydrophila
AH-1IN [J]. Aquaculture Research, 2021, 52(4): 1657-1665.
Kong Q, Liu T, Xiao H. Editorial: effects of probiotics and
prebiotics on gut pathogens and toxins [J]. Frontiers in
Microbiology, 2022, 13: 856779-856779.

Hong H A, Duc L H, Cutting S M. The use of bacterial spore
formers as probiotics: Table 1 [J]. FEMS Microbiology
Reviews, 2005, 29(4): 813-835.
Wang Y, Zhang J, Wang

characterization of the Bacillus cereus BC7 strain, which is

Y, et al. Isolation and

capable of zearalenone removal and intestinal flora
modulation in mice [J]. Toxicon, 2018, 155: 9-20.

Yang G Tian X, Dong S. Bacillus cereus and rhubarb
regulate the intestinal microbiota of sea cucumber
(Apostichopus japonicus Selenka): species-species interaction,
network, and stability [J]. Aquaculture, 2019, 512: 734284.
Alam S, Masood S, Zaneb H, et al. Effect of Bacillus cereus
and phytase on the expression of musculoskeletal strength
and gut health in Japanese quail (Coturnix japonica) [J]. The
Journal of Poultry Science, 2020, 57(3): 200-204.

JAE RS AL S5 MR A AT B A NF-«B {5 S il
LAA) 11 s e R A s 4 B 1A% AR R[] S B
274 £,2021,37(6):735-739.

Singh P, Banik R M, Shah P. Amino acid sequence
determination, in silico tertiary structure prediction and
anticancer activity assessment of I-glutaminase from Bacillus
cereus [J]. Network Modeling Analysis in Health Informatics
and Bioinformatics, 2016, 5(1): 2-9.

A S REZFHOA B DMA23 X K SR IE RS 40 5-HT 430k
KT I AR R FE[D] & B AR, 2018.

MR o, 108 W, 46 UL G R BB i U M) 2 AR AT
FUIEFE[J]. HP kR 5h,2022,47(2):205-210.

PG, R R, R K BT, S BRI T AR PRt 1 XU S )
WF 7Tk R [J]. BRYE,2021,48(6):10-15.

Zhao C, Yan X, Yang S, et al. Screening of Bacillus strains

from Luzhou-flavor liquor making for high-yield ethyl

347



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.4

[59]

[60]

[61]

[62]

[63]

[64]

[65]

348

hexanoate and low-yield propanol [J]. Lwt Food Science &
Technology, 2017, 77: 60-66.

Pk B XS AR, VEE SCNG, A5 3 A TP 1 7 o 2 AT TR 0 20
S AU 00 A 3] U & i RH,2017,33(4):89-95.

WA 8 B AL, W e, A5 A2 L — 4 Sk G b 2 O 1
93 T %5 58 R R TR R 23 BT [9]. A b Tl A&H47,2012,33(9):
69-74.

FE A O, PAR o A MR ST T S R R BRI
RIERCRAR T[] AP A, 2021,3:53-59.

Nwagu T N, Ugwuodo C J, Onwosi C O, et al. Evaluation of
the probiotic attributes of Bacillus strains isolated from
traditional fermented African locust bean seeds (Parkia
biglobosa), “daddawa” [J]. Annals of Microbiology, 2020,
70(1): 2-15.

4T3 (Soteyome  Thanapop). 73 &5 -4 iy A 2 A AT 76
(R ER B L FE[D].) A R B T K%, 2016.

PR, X PH o A0S, 55 R 2 FOAT 1 XZ30-2 A TRAN B
h 5 R e 22 AN [9] A& W RHY, 2022,38(1):36
-43.

TR 2, 2 S5, — R SR YRR 2 PR T o

[66]

[67]

[68]

[69]

[70]

FUE TR HE R 10 Te P ik I D e 4 5 [J]. MR 272
1#,2021,36(1):44-50.

PRSI AU e A 24 FOUAT T O 8 R PO UL A S P Tt I il
C(PI-PLC) [ SR RIE . Alifk I N F [D]. Jo 85 YL e K2,
2020.

Hoa N T, Baccigalupi L, Huxham A, et al. Characterization of
Bacillus species used for oral bacteriotherapy and
bacterioprophylaxis of gastrointestinal disorders [J]. Appl
Environ Microbiol, 2000, 66(12): 5241-5247.

Sorokulova I. A comparative study of the biological
properties of biosporin and other commercial Bacillus-based
preparations [J]. Mikrobiolohichnyi zhurnal (Kiev, Ukraine:
1993), 1997, 59(6): 43-49.

Le H Duc, Hong H A, Barbosa T M, et al. Characterization of
Bacillus probiotics available for human use [J]. Applied and
Environmental Microbiology, 2004, 70(4): 2161-2171.
Jadamus A, Vahjen W, Simon O. Growth behaviour of a
spore forming probiotic strain in the gastrointestinal tract of
broiler chicken and piglets [J]. Archives of Animal Nutrition,
2001, 54(1): 1-17.



