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Rice is often associated with Bacillus cereus (B. cereus) food poisoning. This review aims to explore the
food poisoning activity, antimicrobial resistance, and control measures of B. cereus in rice from 1974
to October 2023. We searched for eligible studies from the PubMed database based on explicit criteria
following the PRISMA checklist. A total of 117 articles were collected, and the final analysis included
29 studies. Quality appraisal was performed using AMSTAR 2, SANRA 2, and Critical Appraisal Tool
standards. B. cereus can grow and multiply in food to cause emetic vomiting or diarrheal syndrome. The
primary etiology of B. cereus contamination is improper food handling and storage temperature during
the cooking, cooling, and reheating stages of rice. The alarming rise of antimicrobial resistance in B.
cereus to beta-lactam antibiotics necessitates alternatives from natural antimicrobial preservatives such
as carvacrol, chitosan, or trans-cinnamaldehyde to prevent microbial infestation and toxin production.
Implementing food safety strategies tailored to specific food settings, such as restaurants and factory-
manufactured ready-to-eat rice, is critical for preventing food contamination by B. cereus. Given the
heat-resistant spores and intoxication properties of B. cereus, it is important to develop effective
interventions and hygienic protocols from farm to fork.
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INTRODUCTION

Rice (Oryza sativa) is a staple food for more than half of the world’s
population. Rice production and consumption are among the highest
in Asian populations, where 50% of them are from China and India
(Muthayya et al., 2014). Rice can be processed in different ways
(cooking, steaming, parboiling, instant, or ground) into fried rice,
rice flour, pasta, or cookies. In general, starchy foods such as rice are
common vehicles for B. cereus food poisoning (Albaridi, 2022). B.
cereus is the main causative agent of “fried rice syndrome” because
once cooked rice is left at room temperature for a few hours, the
humidity of the substrate reaches water activity levels suitable for
contamination by this foodborne pathogen, causing food poisoning
if consumed (Leong et al., 2023).

Every year, unsafe food causes 600 million cases of foodborne
illness and 420,000 deaths (WHO, 2015; Lee & Yoon, 2021; Dattani
et al., 2023). B. cereus food poisoning has been reported in many
countries, including China (Ming et al., 2021; Li et al., 2023),
Singapore (Rusnan et al., 2020), France (Glasset et al., 2016),
Australia (Thirkell et al., 2019), and Malaysia (Leong et al., 2023).
Changes in eating habits, feeding large populations, complex
compounds and long-term storage, increased international food
exchanges, and inadequate hygiene practices are major risk
factors for foodborne contamination (Rahnama et al., 2023). The
occurrence of B. cereus food poisoning incidents offers a complex
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and diverse dilemma that requires a thorough and all-encompassing
examination.

B. cereus is a Gram-positive, aerobic-to-facultative, motile, and
spore-forming bacterium that grows at a broad pH range of 4.5 to
9.5, a minimum water activity (a,,) for growth of 0.93, a wide range of
temperatures from 4°Cto 48°C, and a concentration of NaCl as high
as 7% (Rodrigo et al., 2021). It is distinguished by large rod-shaped
cells capable of forming heat-resistant endospores and producing
a variety of toxins to cause two of the most typical gastrointestinal
illnesses: emetic (vomiting) syndrome and diarrheal syndrome
(Ash et al., 1991; Jovanovic et al., 2021; Darwish et al., 2022). B.
cereus can colonize the gastrointestinal tracts of both susceptible
humans and animals as opportunistic infections such as bacteremia,
endophthalmitis, and serious systemic infections (Callegan et al.,
2006; Jessberger et al., 2020).

Antimicrobial resistance is a major 215t century global health
challenge. It is estimated to kill 10 million people by the year 2050
(O’Neill, 2014; Murray et al., 2022). B. cereus produces beta-
lactamase enzymes which is typically resistant to penicillin (Hill
et al., 1980; Tooke et al., 2019), and has acquired resistance to
other commonly used antibiotics such as ciprofloxacin, cloxacillin,
erythromycin, tetracycline, and streptomycin (Luna et al., 2007).
Due to its abundant growth in a wide range of ecological settings
and endospore formation, B. cereus exhibits a great degree of
resilience to unfavorable conditions, including starvation, extreme
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heat, ionizing radiation, mechanical abrasion, chemical solvents,
detergents, desiccation, pH extremes, and hydrolytic enzymes
(Nicholson et al., 2000). Their ability to form biofilm enables bacterial
cells to adhere to stainless steel surfaces and even resistant spores
are protected from high-heat food processing methods such as
drying, pasteurization, etc. (Chemat et al., 2017; Pereira & Sant’Ana,
2018), making it extremely hard to eliminate B. cereus contamination
in food (Kotiranta et al., 2000; Samapundo et al., 2011; Smith et al.,
2004).

As the risk of B. cereus in rice is a serious food safety issue, this
review aims to investigate the food poisoning activity of B. cereus
linked torice, its current antimicrobial resistance, as well as different
control measures for B. cereus in different food settings.

METHODS

Databases and search strategy

We conducted a comprehensive literature search according to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 guidelines (Page et al., 2021). A comprehensive
search was conducted using PubMed between 1974 and October
2023, which focused on the five key concepts including temperature,
rice, food poisoning, antimicrobial resistance, and control measures.
PubMed Search Builders were created using the Boolean scheme
(Table 1). We pooled all keywords using the Boolean term “OR” and
combined their corresponding search builders that we obtained
from PubMed using MeSH terms. We applied restrictions to MeSH-
major topics, by using the Boolean operator “AND” in all concepts
and keywords that were merged to create the final search strategy
(Table 2). All articles were collected using the software Endnote.
Two independent researchers reviewed the articles separately to
minimize possible errors.

Table 1. Bibliographic search strategy

Inclusion and exclusion criteria

The literature search was conducted to identify relevant studies
that examine the food poisoning characteristics and mechanisms,
microbial enzyme activities under heat treatment, the standpoint
of microbiological risk assessment, antimicrobial resistance, and
control measures of B. cereus. We excluded studies in languages
other than English due to an absence of translational resources.
Studies in unpublished literature, irrelevant, non-full-text, case-
report, editorials, and non-English reports were excluded.

Screening and quality appraisal

After obtaining the relevant articles from the database, we further
screened the articles based on the title, abstract, and full-text
articles. We then assessed all short-listed articles for quality and risk
of bias using Scale for the Assessment of Narrative Review Articles
2 (SANRA 2) (Baethge et al., 2019), Assessing the Methodological
Quality of Systematic Reviews (AMSTAR 2) (Pizarro et al., 2020), and
the Critical Appraisal Tool (Public Health Agency of Canada, 2014),
depending on the study type. Each assessment tool had its own
criteria with different levels of acceptance scoring.

RESULTS

The flowchart illustrates our search strategy and selection process
for the final studies (Figure 1). A total of 117 studies were extracted
from the database. No duplicate cases were identified before the
screening process. We removed 63 articles based on their titles
and abstracts. Subsequently, we retrieved 54 articles to assess the
full text for relevancy and screened 35 articles for eligibility. Finally,
the data included 29 articles for in-depth analysis of quality. Two
researchers conducted the data extraction and appraised the studies

Concept Keywords

PubMed search builder

Inherent behavior
of Bacillus cereus

Bacillus cereus, sporulation, temperature,
storage temperature,
reheating temperature, germination

Bacillus cereus/sporulation [MeSH Terms]) OR (Bacillus cereus/temperature
[MeSH Terms])) OR (Bacillus cereus/storage temperature [MeSH Terms])) OR
(Bacillus cereus/reheating temperature [MeSH Terms])) OR (Bacillus cereus/
germination [MeSH Terms])

Food source of
Bacillus cereus

Bacillus cereus, food, rice

(Bacillus cereus/food [MeSH Terms]) OR (Bacillus cereus/rice [MeSH Terms]))

Bacterial food
poisoning

Bacillus cereus, food poisoning, infection,
toxicoinfection, emetic, diarrheal, syndrome

(Bacillus cereus/food poisoning [MeSH Terms]) OR (Bacillus cereus/infection
[MeSH Terms])) OR (Bacillus cereus/toxicoinfection [MeSH Terms])) OR (Bacillus
cereus/emetic [MeSH Terms])) OR (Bacillus cereus/diarrheal [MeSH Terms])) OR
(Bacillus cereus/syndrome [MeSH Terms])

Antimicrobial
resistance and
control measure

Bacillus cereus, antimicrobial resistance,
analysis, drug effects, prevention and
control, therapy

(Antimicrobial resistance/analysis [MeSH Terms]) OR (Antimicrobial resistance/
drug effects [MeSH Terms])) OR (Antimicrobial resistance/prevention and
control [MeSH Terms])) OR (Antimicrobial resistance/therapy [MeSH Terms]))
OR (Antimicrobial resistance/Bacillus cereus [MeSH Terms])

Table 2. MeSH strategy and corresponding filters

Full MeSH strategy

Number of articles

(Bacillus cereus/temperature[MeSH Terms]) OR (Bacillus cereus/storage temperature[MeSH Terms])) OR
(Bacillus cereus/reheating temperature[MeSH Terms])) AND (Bacillus cereus/rice[MeSH Terms])) AND
((Bacillus cereus/food poisoning[MeSH Terms]) OR (Bacillus cereus/toxic[MeSH Terms])) OR (Bacillus

117 articles are obtained after applying filters
(filters: articles published in the English language
and published in free full text)

cereus/ toxicinfection[MeSH Terms])) OR (Bacillus cereus/emetic[MeSH Terms])) OR (Bacillus cereus/
diarrheal[MeSH Terms])) OR (Bacillus cereus/syndrome[MeSH Terms]))) AND ((Antimicrobial resistance/
analysis[MeSH Terms]) OR (Antimicrobial resistance/drug effects[MeSH Terms])) OR (Antimicrobial
resistance/prevention and control[MeSH Terms])) OR (Antimicrobial resistance/therapy[MeSH Terms]))

OR (Antimicrobial resistance/Bacillus cereus[MeSH Terms])
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Identification

Screening

Eligibility

Included

Records identified through
PubMed (n=117)

Records after duplicates
removed (n=117)

Reports assessed for eligibility
(n=35)

Records excluded (n= 82)

| * Aftertitle (n=28)
| e After abstract (n=35)

e Irrelevancy (n=19)

Records excluded based on
inclusion and exclusion
criteria (n=6)

Final studies included (n= 29)
e Systematic review (n=1)

e Narrative review (n=9)

e Analytic study (n=19)

Figures 1. Flow diagram of the literature search and selection of

eligible studies.

Table 3. Quality assessment of systematic review using AMSTAR 2

independently. Any disagreement was subject to consensus within
the group and writing committee.

We evaluated one systematic review article (Mengistu et al.,
2022) using AMSTAR 2 criteria with a passing score of 60% as our
cut-off for acceptance (Table 3). We used SANRA 2 criteria to assess
the nine narrative review articles with a passing score of 70% were
utilized as the cut-off for acceptance (Table 4). A total of 19 analytic
articles were assessed by the Critical Appraisal Tool (Table 5).
After quality assessment, we summarized these articles, including
their titles, author and year, study design, relevancy, and conclusion
(Table 6).

DISCUSSION

B. cereus food poisonings were reported in different studies on a
wide range of food types, including cooked meat, processed meat
products, vegetables, rice, cereals, starchy food, dairy products,
ready-to-eat foods, and confections (Rahnama et al., 2023). Among
all food types, rice and rice products are the main vehicles for B.
cereus food poisoning (Rodrigo et al., 2021; Leong et al., 2023;
Rahnama et al., 2023). Rice is one of the most widely consumed
cereals, feeding more than 3.5 billion people worldwide, particularly
in Asia, Latin America, and parts of Africa (Albaridi, 2022). Since
these regions are considered warmer climates and their room
temperature may reach 37°C, inadequate preparation and improper
storage temperature of rice, e.g., keeping cooked rice leftovers at
room temperature can be very risky for B. cereus food poisoning
(Memish et al., 2014; Albaridi, 2022).

AMSTAR 2 criteria

(Mengistu et al.,

2022)
1. Did the research questions and inclusion criteria for the review include the components of PICO? Yes
2. Was an “a priori” design implemented? No
3. Did the review authors explain their selection of the study designs for inclusion in the review? Yes
4.  Did the review authors use a comprehensive literature search strategy? Yes
5. Did the review authors perform study selection in duplicate? Yes
6. Did the review authors perform data extraction in duplicate? Yes
7.  Did the review authors provide a list of excluded studies and justify the exclusions? Yes
8.  Did the review authors describe the studies included in adequate detail? No
9. Did the review authors use a satisfactory technique for assessing the risk of bias in individual studies that were Yes
included in the review?
10. Did the review authors report on the sources of funding for the studies included in the review? Yes
11. If a meta-analysis was performed, did the authors use appropriate methods to statistically combine results? Yes
12. If a meta-analysis was performed, did the review authors assess the potential impact of risk of bias in individual studies No
on the results of the meta-analysis or other evidence synthesis?
13. Did the review authors account for risk of bias in individual studies when interpreting/discussing the results of the review? No
14. Did the review authors provide a satisfactory explanation for and discussion of any heterogeneity observed in the Yes
results of the review?
15. If they performed quantitative synthesis, did the review authors carry out an adequate investigation of publication bias No
(small study bias) and discuss its impact on the results of the review?
16. Did the review authors report any potential sources of conflict of interest, including any funding they received for Yes

conducting the review?

Total score (out of 16)

Overall methodological quality

11 (68.8%)*
Moderate

Yes= 1 point; No= 0 point.
*60% or above cut-off as the threshold for acceptance.
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Table 4. Quality assessment of narrative reviews using SANRA2

Justification of Statement of Description N Appropriate
) . . K . Scientific R Total score
importance for aims/formulation of literature Referencing X presentation
. X reasoning (out of 12)*
readership of questions search of data
(Bottone, 2010) 2 2 2 1 2 2 11 (91.7%)
(Dietrich et al., 2021) 1 1 1 2 2 2 9 (75.0%)
(Jessberger et al., 2020) 2 2 2 1 2 2 11 (91.7%)
(Jovanovic et al., 2021) 2 2 1 2 2 2 10 (83.3%)
(Rodrigo et al., 2021) 2 2 2 2 1 2 11 (91.7%)
(Smelt et al., 2002) 2 1 2 1 2 2 10 (83.3%)
(Ceuppens et al., 2011) 2 2 1 2 1 2 10 (83.3%)
(Lotte et al., 2022) 1 2 1 2 2 2 10 (83.3%)
(Stenfors Arnesen et al., 2008) 2 1 2 2 1 2 10 (83.3%)

SANRA2 scoring of 0= low standard; 1= moderate standard; 2= high standard.

*70% or above cut-off as the threshold for acceptance.

Due to the inherent characteristic of B. cereus, the heat-resistant
spores can facilitate their survival capability if rice is stored within
the temperature-dangerous zones (between 10°C and 60°C) during
cooking, cooling, and reheating for several hours, allowing B.
cereus to reach >10° cells/g (Rodrigo et al., 2021; Albaridi, 2022;
Darwish et al., 2022; Griffiths & Schraft, 2017; Owusu et al., 2023).
As a result, B. cereus can contaminate the rice to cause foodborne
intoxications and toxicoinfections in a susceptible host (Jovanovic
et al., 2021; Darwish et al., 2022). Foodborne intoxications are
diseases caused by the ingestion of preformed toxins in food by
microorganisms, whereas foodborne toxicoinfections are another
type of food poisoning caused by the ingestion of large numbers of
pathogenic bacteria capable of releasing toxins in the gastrointestinal
tracts (Darwish et al., 2022). Emetic (vomiting) syndrome and
diarrheal syndrome are the two most encountered in B. cereus
foodborne-related ilinesses, depending on the context in which it
grows (Griffiths & Schraft, 2017; Darwish et al., 2022).

The emetic form of B. cereus is a type of foodborne intoxication.
Its acute attack is characterized by nausea and vomiting with
the absence of diarrhea within 1 to 4 hours post-ingestion of
contaminated foods when the bacteria reach 10° to 108 CFU/g
(Ehling-Schulz et al., 2004; Stenfors Arnesen et al., 2008). Starchy
foods with improper refrigeration, such as fried rice, pasta, and
noodles have the most frequent implications. Cereulide is an
emetic toxin produced by B. cereus when the pH, water activity,
and temperature are optimal. This toxin is highly hydrophobic, so
it must either bind to target cells or dissolve in foodborne vehicles
to cause food poisoning (Agata et al., 1994; Rouzeau-Szynalski
et al., 2020). Cerulide-induced emetic syndrome is usually self-
limiting and has a short duration. However, it can damage the
mitochondrial transmembrane potential and ionic cell equilibrium
by crossing the blood-brain barrier and causing cell death, which
can have an immediate effect on the central nervous system (Bauer
et al., 2018). The second form of B. cereus diarrheal syndrome is
a slow-onset foodborne toxicoinfection frequently associated with
processed meat, vegetables, soup, and fish (Jessberger et al., 2020).
It is caused by the consumption of foods containing potentially
dangerous levels of B. cereus where 10° to 108 cells multiply and
produce various heat-labile enterotoxins in the small intestine
(Granum & Lund, 1997). These enterotoxins include cytotoxin K
(cytK), non-haemolytic enterotoxin (NHE), and hemolysin BL (HBL)
(Granum & Lund, 1997; Moravek et al., 2006). When the bacteria
reach incubation after 8 to 16 hours, the infected host responds
with major abdominal pain and watery diarrhea (Stenfors Arnesen
et al., 2008).
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Antimicrobial resistance of B. cereus in rice can have far-
reaching consequences for public health, especially when it comes
to the consumption of rice and starchy foods (Rodrigo et al., 2021).
The resistance of B. cereus to antimicrobial drugs can complicate
the choice of treatment and increase the risk of severe infections.
Through horizontal gene transfer between the environment and
plant- or human-associated bacteria, drug-resistant B. cereus strains
can transfer their resistance genes to other pathogens (Larsson &
Flach, 2022). This may increase the possibility of treatment failures
and the emergence of multidrug-resistant bacteria by facilitating
the spread of antibiotic resistance through the food chain. The
presence of transposon and plasmid, two mobile genetic elements
in B. cereus, facilitates the uptake and transfer of resistance genes
from the environment, leading to novel resistance phenomena
characterized by increased multidrug resistance (Fiedler et al.,
2019). Bacillus cereus group strains are known to be typically
resistant to beta-lactam antibiotics as a result of the production of
beta-lactamase enzymes. B. cereus can produce a variety of beta-
lactamases that confer ampicillin resistance by degrading the beta-
lactam ring structure of ampicillin and penicillin and rendering them
inactive (Hall & Barlow, 2004). This was confirmed in many studies
that a significant amount of B. cereus (>90%) resistant to ampicillin
and penicillin (Owusu-Kwarteng et al., 2017; Tatsinkou Fossi et al.,
2017; Yu et al., 2019; Navaneethan & Effarizah, 2021). On the other
hand, studies have demonstrated that B. cereus is susceptible to
antibiotics such as fluoroquinolones, aminoglycosides, imipenem,
vancomycin, and chloramphenicol (Farida et al., 2018; Mei et
al., 2021; Rajalingam et al., 2022). Understanding the antibiotic
resistance profile of B. cereus is crucial to guiding appropriate
therapeutic approaches and implementing effective control
measures to combat this pathogen. Antibiotic overuse and misuse
in agriculture can lead to the emergence of multidrug-resistant
B. cereus via antibiotic-treated animal manure or contaminated
irrigation water, and wastewater and sewage treatment plants are
reservoirs for antibiotic-resistance genes and multidrug-resistant
bacteria (Beattie et al., 2020; Chinivasagam et al., 2021; Samreen
et al., 2021). If untreated wastewater is released improperly,
resistant B. cereus has the potential to contaminate lakes, rivers,
and other drinking water supplies and may infect nearby habitats
and ecosystems (Hiller et al., 2019).

Foodborne infections, particularly those caused by bacteria,
fungus, and their accompanying toxins, are a major concern for
the food industry today. Several strategies can be used to prevent
and control B. cereus contamination and rice-associated foodborne
illnesses, depending on where the rice is produced and served.
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Rice relies heavily on temperature during cooking, storage, and
reheating to avoid B. cereus contamination. Rice should be cooked
at 105°C to kill B. cereus spores (Rodrigo et al., 2021). Rice-based
meals should be frozen or refrigerated at temperatures below
4 °C to treat B. cereus (Choma et al., 2000; Valero et al., 2000).
Home, fast-food restaurants, local diners, and buffets or catering
businesses that serve fresh hot rice should follow stringent food
handling practices, such as storing raw and cooked rice separately
to avoid cross-contamination (Hasnan & Mohd Ramli, 2020; Owusu
et al., 2023). Another form of rice such as ready-to-eat rice refers
to pre-packaged cooked rice that is typically consumed without
further cooking. Manufacturers play an important role in protecting
public health because ready-to-eat rice is distributed globally and
serves the majority of customers (Milstien & Kaddar, 2010). Due to
the hydrophobic properties of B. cereus, cleaning the machinery or
equipment where rice circulates in the industry is the first barrier
to preventing cell attachment on surfaces such as polymers, glass,
and stainless steel (Catania et al., 2023). Foods may become
contaminated when they are passed through pipes, surfaces, or
belts of machinery or equipment during processing due to B. cereus
spores’ capacity to form biofilms and their adhesive characteristics.
Other than the chilling method, sodium hypochlorite (NaClO) and
hydrogen peroxide (H,0,) are recommended to sensitize the surface
of machinery or equipment for 20 to 30 minutes at 30°C to 40°C for
spore elimination or significant bacterial cell reduction (DeQueiroz
& Day, 2008; Friedline et al., 2015).

The use of natural antibacterial agents for moderate food
preservation, such as plant extracts, herbs, and spices, helps to
prevent microbial infestation and toxin production in food products
during postharvest storage. Carvacrol has been identified as a
bactericidal agent and B. cereus growth inhibitor. It can be found in
the essential oils of oregano and thyme (Azimzadeh et al., 2023).
B. cereus growth was suppressed at concentrations of 0.15 mg/g
carvacrol or higher, with inhibition varying with inoculum size
(Ultee et al., 2000). Carvacrol weakens the membrane integrity
of B. cereus vegetative cells by allowing protons and potassium
ions to pass through, causing the membrane potential to dissipate
and the internal pH to fall. Consequently, ATP synthesis is slowed,
resulting in cell death (El-Saber Batiha et al., 2021). Chitosan,
another naturally occurring, non-toxic biopolymer, is produced by
deacetylating chitin, which is a fundamental component of insect
and crustacean exoskeletons (Rinaudo, 2006; Mellegird et al., 2011).
Chitosan is a legal food component in Europe, Japan, Korea, and the
United States, where it has been used as a natural antioxidant and
food preservative to preserve food from rotting (Abd El-Hack et al.,
2020). Chitosan causes cell membrane rupture by interacting with
the negatively charged surface of B. cereus (Fernandes et al., 2009;
Qietal., 2023). Thus, using insect chitosan as an antibacterial against
B. cereus in ready-to-eat meals containing precooked rice and its
derivatives may be helpful (Valdez et al., 2022). Additionally, trans-
cinnamaldehyde (TC) can be utilized to limit the growth of B. cereus
(Cetin-Karaca & Newman, 2018). TC is a phytochemical derived
from cinnamon that the FDA (21 CFR 182.60) has approved for use
in food, and it is generally recognized as safe (GRAS) antimicrobial
(FDA, 2015).

CONCLUSION

This review extensively examined foodborne illness, antibiotic
resistance patterns, and strategies for managing B. cereus
contamination inrice. Rice contamination by B. cereus can be greatly
reduced by employing stringent cultivation procedures, such as using
proper irrigation techniques, keeping the growing area clean, and
avoiding the use of contaminated water or animal waste. Proper
temperature storage and handling techniques for rice are critical
to eliminating any potential contamination of B. cereus cells or
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spores. Improving wastewater treatment techniques can play a
major role in preventing foodborne pathogens from transferring
antibiotic resistance higher up the food chain. Wastewater treatment
plants can reduce the number of antibiotics present in wastewater
by installing cutting-edge treatment technologies that efficiently
remove antibiotics from wastewater. Implementing antibiotic-
restriction regulations in agriculture, particularly rice production, can
help to lessen the selective pressure that favors the development
of antimicrobial resistance in foodborne pathogens across the
food chain. This could include advocating for alternative disease
management strategies such as crop rotation, the use of biological
control agents, and better irrigation practices.
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