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Bacillus cereus

" History ‘ . .

Bacillus cereus was first isolated and described in 1887 (Frankland and Frankland), Definite proof
that this organism could cause foodborne illness came with the publications of Hauge (1950, 1955)
who described four outbreaks, all involving vanilla sauce, These outbreaks, and those described
by others over thé ensuing 20 years, were characterized by watery diarrhoea occurring 8-16 h after
ingestion of the food vehicle. These outbreaks are summarized in reviews by Goepfert ef af. (1972),

and Kramer and Gilbert (1989), , .
In 1971 an outbreak characterized by nausea and vomiting 1-5 h after ingestion of cooked rice

was reported (PHLS, 1972). This report was met with scepticism but, as subsequent investigations .

were to document, certain strains of B. cereus are able to cause a ‘staphylococcal-type’ illness.

. It would now appear that this form of B. cereus food poisoning is more common than the type
described originally by Hauge (Johnson, 1984), '

Other species of Bacillus, including B. subtilis and B, licheniformis, have also been associated

with foodborne disease, but definitive evidence is lacking to identify these organisms as foodborne

- pathogens. B, subtilis and B, licheniformis will not be addressed in thig chapter, but information

about them can be found in several review articles {Gilbert et af., 1981; Kramer ef al., 1982;

Kramer and Gilbert, 1989; Shinagawa, 1590).

Taxonomy

The taxonomy of the bacill could best be described as chaotic until the classic reports of
Smith et al. (1946, 1952), which divided them into three groups based on spore and sporangium
morphology. Group I bacilli (which includes B. cereus) are defined as having a sporangium that

is not swollen by the spore, Within the group, subdivision of the species may be made on the.

basis of cell diameter. The large-celled species (including B. cereus) have cell diameters = 0.9 um,
The other large-celled Group I bacilli are B. megaterium, B. anthracis, B. mycoides and
B. thuringiensis. Means of differentiation is shown in Table A and is described below.

Symptoms

B. cereus food poisoning occurs after the ingestion of foods in which the organism has grown
and formed its toxin(s). There are two types of intoxication. The first is characterized by diarrhoea
occurring 8-24 h after the ingestion of large numbers of cells or toxin, The major symptom is
diarrhoea, which is normally not severe, complete recovery typically occurring within 24 h, Large
numbers of B. cereus organisms may be found in the faeces if samples are examined I-2 days
after ingestion of the food. The organisms are voided from the body quickly upon recovery.
- The second type of intoxication is characterized by emesis occurring within a short period of
time (1-6 h} after ingestion of the toxin. Again, the illness is relatively mild and I'€COVEry occurs
within 12-24 h, Neither form of illness should be considered life-threatening to 2 normal healthy

individual. '

Pathogenicity

Many strains of B. cereus elaborate a variety of extracellular metabolites, including toxins
or virulence factors identified on the basis of their behaviour in animal models and their
epidemiological association with diseases. These metabolites are produced mainly during the
exponential phase of growih, and include a diarrhoeal enterotoxin (Spira and Goepfert, 1975:
Turnbull et a/,, 1979; Thompson ef a/., 1984; Xramer and Gilbert, 1989), an emetic factor (Melling
and Capel, 1978; Turnbull ef a/., 1979; Kramer and Gilbert, 1989), a primary haemolysin
(haemolysin I) (Turnbull ef af., 1979), a secondary haemolysin (haemolysin II) (Kramer and

Gilbert, '1989), phospholipase C (Kramer and Gilbert, 1989) and an enferotoxin deseribed by -

Ezepchuk and Fluer (1973; Gorina er al., 1975). The primary toxic metabolites of B, cereus have
been described in a review by Kramer and Gilbert (1989).

-3-
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The two forms of illness are principally caused by two significantly different moieties: the
diarrhoeagenic toxin and the emetic toxin, The diarrhoeagenic factor (Thompson ef al., 1984;
Kramer-and Gilbert, 1989} is a protein with a molecular weight of about 38,000~-46,000 and a
pl of 5.1-5.6. The toxin is produced by actively growing cells and is inactivated by trypsin and
pronase, as well as by exposure to 56°C for 30 min. The toxin is antigenic and can cause vascular
permeability alterations in rabbit skin and dermonecrotic lesions in guined pigs (Glatz et al., 1974),
The vascular permeability (VP) test correlates well with fluid-inducing activity in ligated ileal loops
and is substantially easier to perform than the test for fluid-inducing activity in screening isolates
for diarrhoeagenic activity, Interpretation of the zones of bluing and necrosis is the major problem
with the VP assay (Thompson f a/., 1984). The toxin is also foxic to Vero cells and a high correla-
tion has been observed between its toxic effects on Vero cells and a positive ligated ileal-loop assay
(Thompson et af., 1984), The toxin has been shown to have activity in the adenyl cyclase-cyclic
AMP system, ) o :

‘The mechanism of pathogenicity of the-B. cereus diarrhoeagenic form of illness has not been
clearly_ elucidated. Studies by Spira and Goepfert (1972) revealed that B. cereus cultures
introduced- directly into ilea did not elicit diarrhoea, and that fluid accumulation was associated .
with an increase in bacterial numbers within ileal Ioops, whereas cell numbers decreased for sirains
that were negalive in this model. However, ileal loop-positive strains grown in broth before
introduction into ileal loops failed to elicit a response following growth in vive. It was concluded

" that the increase in cell numbers was 2 consequence rather than a cause of fluid accumulation;

that intraluminal multiplication was not involved in fluid accumulation; and that B. cereus-
induced diarrhoea was probably the result of an intoxication rather than infection.

Conversely, Thompson ef af, (1984) determined through monkey feeding studies that diarrhoeal
tokin is apparently degraded in the gastrointestinal tract. They observed that buffering systems
(bicarbonate buffer followed by BHI) used in previous monkey feeding studies (Goepfert, 1974)
caused diarrhoea in the absence of bacterial metabolism. The authors were not able to elicit
diarrhoea using large amounts of crude or partially purified material in the absence of neutralizing
buffer. They suggested that humans develop diarrhoea caused by B. cereus from toxin produced
in the intestine after the ingestion of large numbers of bacterial cells. The relatively long incuba-
tion period (8~16 h) observed before the onset of diarrhoea substantiates this,

In contrast, the emetic toxin is a small peptide (mol, wt, < 5000) that is not antigenic, but
is extraordinarily resistant to heat (126°C for 90 min), extremes in pH (2-11) and enzymatic
digestion, i.e. refractory to both trypsin and pepsin (Melling and Capel, 1978). This toxin is
produced well into the stationary phase of growth, and its association with sporulation is uncertain
at this time. More rapid progress towards understanding the biology and pharmacology of the
toxin is hampered by the present lack of a convenient assay method other than monkey feeding,

Detection and enumeration

B. cereus food poisoning can presently be identified only by the isolation and enumeration of
B. cereus, preferably in both the implicated food and the faeces or vomitus of the victims. Toxin
analysis procedures are not yet widely available. Almost all procedures for the isolation and
enumeration of B, cereus involve direct agar plating techniques. Many different plating media
have been developed, based on the principle of providing conditions permitting the organism to
exhibit haemolysis production, lecithinase activity, fermentation properties or morphological

- features characteristic of the species. Selective agents are usually incorporated to inhibit com-

petitive microorganisms and facilitate enumeration,

Primary selective plating media generally use polymyxin B as the selective agent and rely
on the expression of lecithinase on the egg yolk incorporated into the agar. The media most
commonly used are mannitol-egg yolk-polymyxin agar (MYP) (Mossel et al., 1967) or polymyxin-
pyruvate-egg yolk mannitol-bromothymtol blue agar (PEMBA) (Holbrook and Anderson, 1980),
Dilutions of samples plated on MYP are incubated for 20-24 h at 30-32°C, and colonies typical
of B. cereus, which have a dry, flat, ‘ground-glass’ appearance that may be translucent to creamy-
white with a viclet-red background surrounded by a readily visible zone of egg yolk precipitate, .
are counted, PEMBA exploits the mannitol-negative, lecithin-hydrolysing nature of B, cereus,

:After 18 h growth on PEMBA at 37°C, B. cereus forms flat, crenate to slightly rhizoid colonies

that are turquoise to peacock-blue and have a ‘ground-glass’ surface appearance, Most strains have
egg yolk precipitation reactions that form a zone up to 5 mm wide around each colony. Three
OF more presumptive colonies of B, cerews are transferred to nutrient agar and confirmed by



R

22 - Bacf!!us cereus

morphological and biochemical tests. Plating on blood agar is used primarily in the examination

. of faecal samples; on this medium characteristic bacillus-type colonies are surrounded by 2 zone
¢ of complete haemolysis.

Identification

Very few organisms produce similar reactions on egg yolk - polymyzin-containing media to those
elicited by B. cereus, hence differentiation from non-Bacillus species is rarely required. Specific
identification of B. cereus requires only differentiation from B. mycoides {on the basis of colonial

morphology), B. thuringiensis (B. cereus lacks a parasporal insect-toxic crystal), and B. anthracis -

(B. cereus is motile). Various biochemical tests can be used, but these are not as rapid or effective
as the colonial and microscopic examinations already mentioned. Biochemical tests used for
confirmation include the anaerobic production of acid from ghicose, nitrate to nitrite reduction,
acetylmethyl carbinol production, L-tyrosine decomposition, haemolysis, growth in the presence
of 0.001% lysozyme, rhizoid growth, motility, susceptibility to gamma-phage (B, cereus negative,
B. anthraciy positive) and lack of fermentation of mannitol, arabinose or xylose after 5 days’
incubation at 36°C (Lancette and Harmon, 1980; Kramer and Gilbert, 1989),.

_Serotyping of B. cereus strains from food-related outbreaks is important to achieving an
understanding of the epidemiological aspects of outbreaks. A serotyping scheme for differen-
tiating B. cereus strains on the basis of their flagellar antigens has been developed (Taylor and
Gilbert, 1975; Gilbert and Parry, 1977; Kramer ef al., 1982). Twenty-three serotypes have been
identified, but some are more frequently involved in outbreaks than others (Shinagawa, 1990).
Although some strains remain untypable using existing antisera, about 70% of the strains
that have been associated with emetic-type outbreaks are of serotype 1. In contrast, there is no
consistent serotype pattern among the diarrhoeagenic types (Gilbert and Parry, 1977).

Biotyping using a combination of biochemical properties, including Voges-Proskauer reaction,
nitrate reduction, citrate utilization, urea decomposition, starch hydrolysis and fermentation of

sucrose and salicin, has also been a useful epidemiological tool (Kozasa ef al., 1977), Biotyping

has not been standardized for routine use, hence its application is dependent on previously
established individual criteria. , :

Alternative methods

A Bacillus identification kit is available from Analytab Products, Inc. (API) (Plainview, New
York, USA) that can rapidly confirm isolates of B, cereus from selective agars. Oxoid (Unipath
Lid, Basingstoke, Hampshire, UK} developed the BCET-RPLA kit that was designed to detect
the presence of B. cereus diarrhoeal toxin by reverse passive latex agglutination. This kit was
subsequently determined to lack specificity for B. cereus diarrhoeal toxin and yield false-positive

results. '

Distribution in nature: importance in foods

B. cereus is widely distributed in naturé. It is readily isolated from soil, dust, cereal crops, vegeta-
tion, animal hair, fresh water and sediments (Kramer and Gilbert, 1989). Consequently, it is not
surprising to find the organism in or on virtually every raw agricultural commodity, although is
presence and incidence in/on fish is not well established. _ C

A survey by Nygren (1962) of the incidence of B. cereus in food materials revealed that 52%
of 1546 food ingredients, 44% of 1911 cream and dessert dishes and 52% of 431 meat and
vegetable products were contaminated, illustrating its widespread distribution. The organism is
also a frequent contaminant of milk and dairy products, between 9 and 48% of such products,
including UHT-treated (48%) milk, being contaminated with 3. cereus, '

The ability to form spores ensures survival through all stages of food processing short of
retorting and the organism is present in most raw materials used in food manufacture, Under
normal circumstances, B, cereus is found in food at concentrations < 10°/g and mostly < 10%/.
In such numbers, the organisms may be considered innocuous since the minimum level required
to cause illness has beén estimated to be > 10°/g (Hobbs and Gilbert, 1974), _

Every well-documented report of B. cereus intoxication has described lime/temperature abuse
that has enabled relatively low (innocuous) levels of B, cereus in foods greatly to increase. In most
incidents studied, the food vehicle has been a cereal or has contained cereal or spice ingredients.

-~hHw
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Surveys have revealed 46-100% raw rice and 10-53% spices to be contaminated with B, cereus
(Kramer and Gilbert, 1989). Cereal products frequently undergo processing, which greatly reduces
the vegetative cell flora. They are also cooked before serving, which leaves a residual flora of
spores. In the absence of competitive microorganisms, B, cereus is able to proliferate readily if
the cooked product is held within the growth range of the organism. Therefore, primary control
of this type of intoxication consists in prevention of time and temperature abuse, particuarly in
cooked products, :

Any microorganism present in food and capable of causing illness must a priorf be considered
important. The number of incidents of B, cereus poisoning is increasing if considered globally,
However, it must be remembered that it is only in the past 10-15 years that sufficient attention
has been paid to this organism when investigating outbreaks of foodborne illness. Given the
relative paucity of information available compared with that for more established foodborne
illnesses, such as botulism, salmonellosis and staphylococcal intoxication, caution in attributing
illness to B. cereus on finding elevated numbers of the organism in foods is advised. More
knowledge is required about the growth of B. cereus with toxin production in foods and specific
methods for detecting the toxin in food must be developed before true estimates of this foodborne
illness can be made. Furthermore, the mild nature and short duration of the symptoms that
characterize both forms of intoxication from B. cereus compared with the severity of other food-
borne infections and intoxications relegate this organism to a status of lesser importance,

Growth and survival characteristics

Strains of B. cereus vary widely in their growth and survival characteristics (Table B). Some strains
are psychro-trophic, being able to grow at 4-5°C but not at 30-35°C, whereas other strains are
mesophilic and can grow between 15°C and 50 or 55°C. The optimal temperature for growth
ranges from 30 to 40°C (Tuble 1a). Similarly, the minimal pH for growth varies among strains
and also depends on the acidulant; in general, growth does not occur at pH 4.8 in media acidulated
with HCI, or at pH 5.6 in media acidulated with lactic acid {(Table 3a).

The effect of water activity on the growth of food poisoning strains is not well documented.
Present data indicate that B. cereus will not grow at a, 0.92-0.93 with NaCl as the humectant;
however, the organism can grow at a, 0.93 but not at a, 0.92 in media containing glycerol as
the humectant {(Tuble 2). Although research is generally lacking on the effect of preservatives on
B. cereus, 0.26% sorbic acid at pH 5.5 and 0.39% potassium sorbate at pH 6.6 are inhibitory
of growth (Table 5b).

Destruction of the spores of B. cereus has been of concern to the food industry, and has received
considerable aitention, In general, the heat resistance of 3, cereus spores is similar to that of most
Jmesophilic spore-forming bacteria (7able Ic). However, there is considerable strain variability,
the spores of a few strains having D-values at an equivalent temperature 15 to 20 times greater
than spores of the most heat-sensitive strains. In addition, spores of B. cereus have no unusval
resistance to irradiation (Table ), or disinfectants compared with other spore-forming bacteria
(Table 7). : .

The interactive effect of pH and water activity (NaCl concentrations) on the death of B, cereus
has been studied by Raevuori and Genigeorgis (1975). Death- is greatly influenced by both
parameters; however, rates of death are relatively slow in substrates containing NaCl in brine

- concentrations <5% and having a pH of 6.1 or 7.5 (Table 8).

Data on the effect of many factors, such as pH and water activity, on growth are remarkably
Scanty. Research is needed in these areas to provide a more complete understanding of factors
influencing B. cereus control in food environments. '
© Studies of the fate of B, cereusin bread-making have revealed that the addition of 0.2% calcjum
propionate to bread dough delayed germination of the organism and subsequent growth suffi-
ciently to render the risk of food poisoning due to the presence of B. cereus in bread negligible
(Kaur, 1985). -

Toxin characleristics and production

Methods for detecting B, cereus enterotoxins are neither highly specific nor quantitative. Hence,
many. of the data on these toxins are questionable. It has been reported that diarrhoeal toxin can
be produced in grotnd beef and lasagna within 24 days at 4°C and within 12 days at 7°C; however,
these studies will have to be confirmed using improved methods for detection. The optimal
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temperature range for emetic foxin production in rice culture is 25-30°C {Melling and Capel,
1978), '

- The emetic toxin is heat stable and can withstand normal cooking procedures, Data are few,
but the toxin has been reported to be thermostable at 126°C for 90 min (Turnbull et af., 1979).
In contrast, the diarrhoeal toxin ic heat sensitive, and is inactivated by treatment at 56°C for

5 min.

Control

Foods are commonly contaminated with B. cereus owing to the organism’s widespread distribution
in the environment. Their presence in smail numbers (2 few hundred cells per gram) is usually
not a problem since ingestion of these low populations will not cause illness. Prevention of illness
therefore requires the control of spore germination and the prevention of growth of vegetative
cells in cooked, ready-to-eat foods.

Properly cooked foods, eaten hot soon after cooking, are safe. Most cooking procedures,
including steaming under pressure, frying, grilling and roasting, will generally kill vegetative cells
and, probably, spores. Cooking at temperatures of 100°C or below will allow the survival of
some spores. Spore germination can be reduced greatly by low temperature, pH or a,. The
emetic toxin is not destroyed by cooking.

Cell multiplication during inadequate cooling of cooked cereal-based or protein-containing
foods is a major concern. Conditions that favour B, cereus growth in foods include cooking
procedures that activate spores followed by slow cooling and storage of large amounts of foods
at temperatures between 10° and 50°C. Food to be stored shouid be cooled rapidly to a
temperature that prevents the growth of B. cereus. Food to be held in a warm state should be
maintained above 60°C, : ' |

;rable_A Taxonomit position of Bacillus cereus (aerobic, facultatively anaerobic, rod-shaped spore-formers,
catalase-positive) . :

Group |

Group Il

Group il

Sporangia not swolten -
by spore '
Small-celled bacilll,

Sporangia swollen,
oval spores

Large-celled bacilli,

Sporangta swollen,
- round spores.

>0.8 um cell diameler,
vacuolated on glucose~
nutrien_t agar

. <0.8 pm cell diameter,
non-vacuolated on
- glucose-nutrient agar

' Strictly aerobic:

Facultatively anaerobic:

s B, sublifis
* B, licheniformis * B, megaierium * B cereus
* B, pumilus * B, anthracis

¢ B. coagufans
* B, firmus
* B, lenlus

s B, thuringlensls
* B. mycoides

Rhlzoid growth:
* B. mycoides

Parasporal crystal:
* B. thuringiensis

Nen-motite:
* B, anthracis

Motile;
* B. cereus

Table B Limits for growth

Minimum Optimum Maximurh
Temperature (°C) 4 30-40 55
pH 5.0 6.0-7.0 8.8
- Water activity . 093 - -

Growth limite for organisms under ideal conditions
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Table 1a Temperature 1-55°C{

Substrafe - : : Temp. Growth Growth Growth pH No. of  Ref.

_ (*C}). {h/genj {log/d) {descriptive) strains
- 10% fryptose®P 30 0.31 - ~ 7.0 1 1
2% soy floursd © 80 0.31 - - 7.0 1 1
2% peanut flour®® 30 0.34 - - 7.0 1 1
5% field pea flourab 30 0.32 - - 70 1
Red lentils {soaking)® 22 6.6* - - - 7.0 1 2
Red fentils {cooked)® 22 17 - - 70 1 2
Red lentlls {soaking)® 37 2.8* - - 7.0 1 2
Red lentils (cooked)® a7 1.4 - - 7.0 1 2
Black-eye beans (soaking)® 37 3.6* - = 7.0 1 2
Kidney beans [cooked)? 22 1.7¢ - - 7.0 1 2
Rice + 10% beef exiract 15 3.3* - - 7.0 4 3
Rice + 10% beef extract 25 0.66* - - 7.0 4 3
Rice + 10% beef extract 30 0.33* - - 7.0 4 3
Rice + 10% beef extract 35 0.25* - - 7.0 - 4 3
Rice 4+ 10% beef extract 45 .0,91* - - 7.0 4 3
. Rice +- 10% beef exiract 55 NG - - 7.0 4 3
TSB 10 NG ) - - 7.0 4 3
TSB . _ 15 2.1-3.2 - - 7.0 4 3
188 25 0.74-0.98 - - 7.0 4 - 3
TSB 30 0.48-0.76 - - 7.0 4 3
TSB 35 0.43-0.65 ~ - 7.0 4 3
TSB 40 0.30-0.52 - - 7.0 4 3
~.JsB 45 05831 - ~ 7.0 4 3
TSB 50 NG (2 strains) - - 7.0 4 3
. 2.4-3.6 (2 strains) .
TSB . B5 NG (I strain} - - 7.0 4 "3
5.5-7.2 (3 strains)
Reconstituted milk a 3.6* - - - - 1 4
Reconstituted milk 30 0,85 - - - 1 4
Infant formula B 3.6* - - - 1 4
Infant formula . 30 1.00* - - - 1 4
Rice . ' 23 0.48 - - - 1 L]
Rice ' 43 068 - - o= 5
Liver sausage" : 8 12.4* - - 5§9-6.1 1 &
Yeast extract phosphate B8 - .- NG after 7.0 1 . T
broth plus glucose® ) 4 months
Yeas! extract phosphate 12 - - Turbidity 7.0 1 7
broth plus glucose® 4-5d
Yeast extract phosphate 30 - - Turbidity 7.0 1 7
broth plus glucose® 18-20h i
S Skim milk 40 0.5* - - 8.6 Strain No. 7 8
Ground beef® 1 - =1 log/>14 d Death - 5 9
Ground beef? 4.5 - -1log/>7d Dealh - 5 9
Ground beef? 7 - -11log/>5d Death - 5 9
Ground beef? 12.5 ‘ - ~1log/>2d Death - 5 g
© Mik ’ 30 0.44* - - 6 - 10
Pumpkin pie 4 - - - NG/ND/84 h - 1 "
Pumpkin pie . 25 0.86* - - - 1 11
Pumpkin pie a5 - - NG/ND/84 h - 1 11
Boiled rice 22 0.43-0.84 - - - a 12
Reconstituted dry mik 20 1.33* - - - - 13
Reconstituted dry milk 30 . 0.55* - - - ~ 13
BHi 4 1% glucose 30 0.48* - - 6.8 4 14
BHI + 1% starch 30 0.55-0.80* - - 6.8 4 14
! Does not include psychrotrophis strains BHI, Brain Heart Infusion
* Approximate growth rates from published data NG/ND, no growth, no death
“ Additional ingredients include: {g/} 10 glucose, " _ NG, no growth within 1 day
3.0 K,HPO,, 1.0 KH,PO, ' TSB, trypticase soy broth
b Vegetative cells .
© Initial inoculum 1.3 x 16% CEU/mI
1. Beuchat et al, {1080 8. Mikolajcik ef al. (1973)
2. Blakey and Pries! (1980) : 8. Goepfert and Kim {1975)
3. Johnson et al. (1983) : 10. Wong et af, (1988)
4. Helmy ef a/. (1984) 11. Wyait and Guy {1981)
5. Morita and Woodburn {1977) 12. Parry and Gilbert {1380)
6. Asplund et al. {1988) 13. Rodriguez and Barrett (1986)
7. Mol (1957} 14, Garcia-Arribas and Xramer (1890)
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Table 1b Temperature (toxin produclion) 4-30°C

Substrate Temp.  Toxin type Time fo Conc, a8y, pPH  Other Inoc, . No. of Ref. -
(°C) formation + level  sirains i
(CFU/mi) ;
BHI 25 Diarhoeal* |, -  =2ngml - -~ Agitation - 7 :
' (200 rpfn) : i
Skim milk 21 Diarrhoeal® - 16-85ng/ml -  ~ Static g 3 1 -
BHI+glucose 30  Tissue culture® 5-7h - ~ 8.0 Static 10* 45 2 !
toxicity . : i
Skim mitk 30 Tissue culture® Th . - - 6.6 Stalic 104 60 2 :
loxicity : :
BHI+glucose 15 Tissve cuttre® 68-82h . ~ . - 8.0 Agtation  10° 1 2
toxicily {200 rpm} .
Skim mitk 15 Tissue cullure® BB8-92h - ~ 6.6 Agitation  10° 2 2 :
: toxicity (200 rpm) i
BHI+glucose B Tissue culture® 67 h - = B.0 Agitaton  10° 1 2. '
toxlcity {200 rpm)
Skim milk 8 Tissue culture® 67-9Bh - - - 8.6 Agitation  10* 1 2 !
toxicity {200 rpm) -
Whipped cream B Tissue cullure® 72-96h - ~ 7.4 - 10° 1 2
toxicity .
Pasteurized 30 Tissue cuiture® 8 h - - - - 104 Bdac 3
milk toxicity
Pasteurized 30 Tissue culiure® Bh - - 7.0 - 104 Bdac A4
mitk+ PO, : toxiclty
buffer, pH 7.0 ‘ .
BHI 30 Tissue culture® 18h ~- - - - 10! 1 3
' toxiciy :
BHI/milk 4 Diarrhoeal* 24d >4 nglg 1.0 5.8 - 10 . - a4
BHI/milk 4 Diarrhoeal* 12d >4 nglg 1.0 58 - 10! - 4
BHY/milk 17 Diarrhoeal* 2d >4 nglg 1.0 6.8 - 10! - 4
Minced meat 4  Diarrhoeal* 24d >4 nglg 0.7 6.2 - 10! 4
Minced meat 7  Diarrhoeal* 124 >4 nglg 0,97 6.2 - 10! - 4
Minced meat 17  Diarrhoeal* 2d >4ng/g  0.87 6.2 - 10! - 4
Lasagne 4 Diarhoeal®  24d >4ng/g 085 58  -— 10! - 4
Lasagne 7 Diarchoeal*  11d >4ngly  0.95 58 - 10! - 4
Lasapgne 17  Diarrhoeat* . 24d >4 nglg 0.85 58 - 10! NS 4
Rice meal 4 Diarhoeal* 24d >4 nglg 0.97 6.3 - 10! NS 4 ¢
Rice meal 7  Diarrhoeal* 11d >4 ng/g 0.97 6.3 - 10! NS 4
Rice meal 17 Diarrhoeal* 2d >4 ngfg 0.97 6.3 - 10! NS 4
BHI 7 Diarthpeal* 11d >4 nplg - - - ca 10° 3 4
BH! + glucose 30 VPR 6h - —~ 6.8 Agitaton  10° 4 5
] (200 rpm)
BHI + starch 30 VPR 6h - ~ 6.8 Agitation  10° 4 5
’ {200 rpm]
BHI + Tris — HCI 30 VPR 8~15h - - 8.8 Agitation 10° 4 5
{200 rpm)
BHI4 piperazine 30 VPR 8h - - 5.0 Agitation ' 10° 4 5
—-Hcl ) (200 rpm)

* A reverse passive lalex agglutinalion assay with dublous specificity was used; results are questionable
? Tissue culture, Hela, Vero, and human embryonic lung cells
Tissue cullure, Chinese Hamster Ovary cells
VPR, vascular permeability reaction activity
NS, not stated

. Griffiths {1200}

Christiansson ef al. {1989)

Wong «f al, (1988)

ven Netten ef al, (1990}
Garcia-Arribas and Iramer (1290}
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Table 1c Temperature 85-129.4°C

Medium pH Temp. D z a, (humectant]  Strain Replicates Method of Recovery Ref.,
(°C) {min) (°C) heat/cooi® method
0.25 M phosphate 7.0 a5 33.8 9.7 - T [5] RTN—-0"C TSA CC 1
G.25 M phosphate 7.0 85 106 13.9 - 1 & RT/1-0°C TSA CC 1
0.25 M phosphate 7.0 85 34.4 6.9 - 1 & RT1—-0°"C TSA CC 1
0.06 M phosphate 7.0 95 2.6 10.0 - 1 - - NA CC 2
0.06 M phosphate 7.0 85 21.7 10.4 - 1 - - NA CC 2
infant formula 6.3 95 T 2.7 8.1 - 1 - - NA CC 2
{milk-based]) .
Infant formula 6.3 895 15.3 8.7 - 1 — - NA CC 2
(milic-based) .
Water - 85 36 8.3 - 1 1 RT/1—0°C BA CC 3
Water - a5 36 6.7 - 1 1 RT/N-0°C BA CC 3
Rice broth 7.0 100 6.3 -~ " 1 - BT/40°C cC 4
-Rice broth 7.0 100 -4.,2 - - 1 —_ RT/40°C CC 4
2 Milik ) - 95 1.8 9.4 - — - 5
Bread - 95 2.9 - - 1 — RT/27.5°C MYP CC 5 by
Bread - 25 36.2 - - 1 - RT/27.5°C MYP CC 6 E)
- Milk - . 85 3.0 - - B. ceraus - RT DNA-EY CC 7 2.
var, albolactls : =
Milk: 95 19.1 - - - - RT DNA-EY GG 7 =
0.05 M phosphate 7.0 25 2.8 - >0.995 (sorbitol} T - AT/A—-0°C NA CC 8 ]
buffer . A S
7.0 95 3.4 — 0.99 (sorbital) T - RT/1—Q°C NA CC 8 §
7.0 25 3.4 — 0.96 (sorbitol) T —_ RT/I—-0°C NA CC 8
7.0 a5 2.1 - >0.895 (glycerol) T - RT/1-—-0°C NA CC 8
7.0 95. 2.4 — 0.99 (glycerol) T - RTH—-0°C NA CC 8
. 7.0 a5 2.4 - - 0.91 (glycerolj T - RT/1-0°C NA CC B
7.0 95 2.9 - >0.995 (NaCl} T - RT/—0°C NA CC 8
7.0 95 3.0 - 0.99 (NaCD T - RT/I—-0°C NA CC 8
7.0 85 2.9 - 0.98 {NaCl) T — RT/I—-0°C NA CC 8
0.057 M phosphate 7.0 115.6 0.13-- 7.9-9.9 - - 2 37.8°C/ DTA CC k2]
buffer 11.3 -0°C
70 121.1 0.03- 7.9-9.8 - - 2 37.8°C/ DTA CC 9
2.35 ' -0°C .
7.0 126.7. 0.30 7.9 - —_ 2 37.8°C/ DTA CGC 9
: . -0°C
7.0 129.4 0.24 [ - - 2 37.8°C/ DTA CC g
i—-0°C
Distilled water - 100 5.5 8.7 ., - 1 5 AT/i—0°C AA med CC 10
Distilled water - 1186 0.13 9.7 - 1 5 RT/I—-0°C AA med CC 10

(continued)
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Tabie 1¢ ‘femperature 85-129.4°C (continued)

Medium - pH  Temp. D z a, {(humectant}  Strain Aeplicates Method of Recovery Ref.
' (°C) {min) (%)) ' heat/cooi® method
Eh Phosphate buffer 7.0 85 220 . - - 1 - RT/I-0°C TGEA CC 11
\ Phosphate buffar 7.0 90 A | - - 1 - RTA=-0°C TGEA CC 11
- Phosphate buffer 7.0 a5 ‘ 13 - . - 1 - RT/[—0°C TGEA CC 11
- Phosphate buffer 7.0 100 8 - - 1 - RT/i-0°C TGEA CC 11
Soybean oil - 112 46.5 - - 1 - RT/1-0°C TGEA CC 11
. Soybean oil - 121 30 - - 1 - RT/-0°C TGEA CC LR
Olive oil — 121 17.5 - - 1 - RT/I-0°C TGEA CC 11
Triolein — 112 14 . — — 1 — RT/I-0°C TGEA CC 11
. Triolein — 121 10 - - 1 - RT/I-0°C TGEA CC 11
Liquid paraffin - 12 21 - - 1 - RT/-0°C TGEA CC 11
Liquid parafiin - 121 8 - - 1 - RT/i-0°C TGEA CC 1t
Pumpkin pie — 100 . 40 - —_ 1 — RT/I-0°C KG CC 12
Pumpkin pie — 108 10.5 - - 1 — RTA-0°C - KG CC R 12 .
Pumpkin pie - 124 7 - - 1 - RT/I-0°C KG CC 12
Distilled water — 95 1.5-9.5 — - 15 - AT/—0°C BA CG 13
Distilled water - a5 24.0-38.2 — - 10 - RT/—-0°C BA CC i3
Distiled water - a5 16.2—-19.7 - - 2 - AT/~-0°C BA CC 13

2 RT, spores heated from or cecled to ambient temperature; -0°C, vessel of heated spores cocled in ice water; other temperatures, temperatures
used to ¢cool heated spores . .

T. B. cereus strain T — not known to be associated with jilness
TSA, tryptone soya agar '

CC, colony counts

NA, nutrient agar

BA, blood agar

MYP, mannitol eggyolk polymyxin agar

DNA-EY, (Difco} Nutrient Agar + 1% NaCl + 0.5 ml 10%
DTA, dextrose tryptone agar :

AA, antibiotic assay :

TGEA, tryptone giucose extract agar

K@, eggyolk polymyxin medium of Kim and Goepfert {1971)

1. Johnson et al. {1 982)

2. Rajkowsky and Mikolajcik {1987)
3. Gilbert ef af. (1974)

4. Chung and Sun (1988)

5. Bhehata and Coliing {(1s72)

6

7

8

sodium citrate + 0.5—1 mi Oxoid egg yolk emulsion

- Kaur (1986) .
- Stadhouders et ar. (1 980}
. Jekobsen and Murreil (1277}
9. Bradshaw et af. {(1975)
10. Briggs (1966}
11. Meolin and Snygg (1967)
12. Wyatt and Guy {1981}
13. Parry and Gilbert {1980}

8¢
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Table 2 Water activity

Medium . Strain a, Humectant Growth - Temp. {°C} pH Ref.
TGE broth NCTCEGOSZ 0.96 NaCl Growth at 24 h 30 7 1
TGE broth NCTC260.':1a 0.85 NaCi Growth at 72 h 30 7 1
TGE broth I\lCTC':.’_GD.’Sa 0.26 KCt Growth at-24 h - B30 7 1
TGE broth NCT026033 0.95 Kci Growth at 72 h 30 7 1
TGE broth NCTC2603n 0.7 Fructose Growth at 24 h 30 7 1
TGE broth NCTCESOSB 0.95 Glucose Growth at 24 h 30 7 1
TGE breth NCTCZBD:?,a 0.94 Sorbitol Growth at 24 h 30 7 1
TGE broth NGTCES(‘J:Ba 0.94 Erythritol Growth at 24 h 30 7 1
TGE broth NCTCZSOSB 0.94 ~ Glyceral Growth at 24 h 30 7 1
TGE broth NCT02603a 0,93 Glycero! Growth at 72 h 30 7 1
TGE broth NCTC?.BOBB 0.95 DMSO Growth at 24 h 30 7 1
TGE broth NCTC2603 0.94 © DMSO | Growth at 72 h T30 7 1
Bl?: ’I:;rotll‘i ) C3 and 5B 0.92 Glycergl * No growth at 28 d . 30 - 2.
: sireng .
EI}?: ,&mtth ) C3 and 5B 0.92-0.93 NaCl No growth at 28 d 30 - 2
streng . '
Pc;’t:;zte:;:erac; - 0.92 NaCl No growth 37 - 3
a -
glucose broth ’
 B. cereus var, mycoides
TGE, tryplone glucose exiract
DMSO, dimethyl sulphoxide
1. Jakobsen et al. {1972)
2, Marshall et af, (1971)
3. Measures {1975)
Table 3a pH and growth
Substrate pH Lag (h) Growth Acidulant Temp, No. of Ref.
(h/gen) (buffer) {°C}) strains T
2% tryptone 5.0 - 1.20 HCI 30 1 1
2% tryptone 6.0 - 0.38 HCI. 30 1 1
2% tryptone 8.0 - 0.40 HCI 30 1 1
2% soy flour 5.0 - NG HC} . 30 1 1
2% soy flour 6.0 - 0.39 HCl 30 1 1
g;y: soy gour 7.0 - 0.38 HCI/NaOH 30 1 1
4 soy flour 8.0 - 0.37 NaQH 30
2% peanut flour 5.0 - 0.54 " Hol 30 : '1I
2% peanut flour 6.0 - 0.31 HCI - 30 1 1
2% peanut flour 8.0 - 0.38 NaOH 30 1 1
TSB 4.8 - © NG HCI 30 1 2
TSB 5.0 - 1.73 HCI 30 1 2
5B 5.2 - 0.39* HCl 30 1 2
TSB 6.4 - 0.28* . HCI - 30 1 2
TSB 5.6 - NG 0.1 M lactate a0 1 2
TSB 5.8 - 0.69* 0.1 M laclate - 30 1 2
TSB 6.4 - 0,39+ 0.1 M lactate 30 1 2
TSB 8.0 - NG - 0.1 M formate 30 1 2
TSB 6.1 - 3.5 0.1 M formate 30 1 2
. TSB 6.4 - 0.58* 0.1 M formate 30 1 2
TSB 6.1 - NG 0.1 M acetate -. 30 1 2
TSB 6.2 - 3.5+ 0.1 M acetale ao 1 2
TS8 6.3 - 3.5* 0.1 M acetate 30 1 2
TSB 6.4 - 1.16* 0.1 M acetate 30 1 2
Sk_lm milk 5.6 - 0.75* ‘Lactic acid 30 1 3
Skim m!]k 6.0 - 0.5* Lactic acid 30 1 3
Skim milk 6.5 - 0.44* Lactic acid 30 1 3
“BHE 50 - . 0.80-2.1* Piperazine/MCI 30 4 4
BHI 8.8 6-8 1.5-2.1* | Tris/HCI 30 4 4

¥ Approximate growth rates from pubiished data
Vegetative cells
NG, no growth

1. Beuchat ef al {1980)

2. Wong and Chen (1988)

3, Mikolajcik sf al. {1973)

4, Garcia-Arribas and Kramer (1290)
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Table 3b pH and survival

* Substrate pH Acid Temp. D-value Death ~ No. of Ref.
(fC} B (1)) (lcg/2h) - sirains
TSE 4.3 HCI 30 3.3 - 1 1
TSB 6.1 0.1 M acefale 30 11.0¢ - 1 1
TSB ' 59 0.1 M formate 30 5.8* - 1 1
TSB 5.8 0.1 M formale - 30 3.8* - 1 1
TSB 5.4 0.1 M lactate 30 1.16* - 1 1
Skim milk 5.0 Lactic acid 30 - 2.7/2h 1 1

* Esfimated from original data
1. Wong and Chen (1988}

Table 4 Irradiation

Medium/ Temp. during  Radiation D-value Decrease- Shoulder Gas No, of strains  Ref. i

substrate irradiation (®C}) type (kGy) (log/time) {kGy) phase {id)
Pplyvinyl chioride  RT - uv® -  2-3 E/30s* - Ar 1'(B10) 1
High density RT uve - 2-3 Ef30s* - Ar 1 (B10) 1
polyethylene ) . :

Parchment paper RT w® - 2-3E/30s" - Alr 1 (B10) 1
Distilled water - 20-23 Co-60 -~ 18 - 2.0 Air 1 {NCTC 5893} - 2
Mozzare!lg . '

©  cheese 78 Co-60 3.6 - ) - Arr 1 3
loe cregm® . <78 Co-60 41  ca. 2.0 - Air 1 3
Yoghurt " -78B Co-60 4.0 . ca. 1.5 - Ar 1 3

* Approximate death rates from published data
® Dose, 30W LV lamp for 308
Inoculum 307 sporesfg

1. Patil et al. {1988)
2, Briggs (19686)
2. Hashisaka et af, {1980}

Table 5a Presarvatives and toxin production ’ ‘ . ) 4
Medium Fleagent Temp. Toxin type Time o pH Inoc. level*” Ref.
- (°C) formation {CFU/ml)y )
8H! None ’ 7 Diarrhoeal * i2d 7.0 3x 10’ 1 *‘
BHI 0.27% . 7 Diarthoeal * ND/20 d 6.0 3x10! 1 - :
lactic acid - :

BH! 0.16% 7 Diarthosal* . ND/20d 6.0 3x10! 1 :
lactic acid - S ‘ . 8

BHI 0.10% 7 Diarrhosal * ND/20 d 8.0 3x10" 1 i
sorbic acid 4

=

* A reversed passive lalex agglutinafion assay of dubious specificity was used: results are guestionable 3
** Psychrotrophic sirains ' K
ND, no death ' E
1. van Netten ef &, (1990} 3
&
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Table 5b Presawétives

Type " Cone, Subsirate pH Temp. Growth Death No. of  Ref.

{mg/kg) : (*C) Thigen) {loghime)  straing
Sorbic acid 0 Rice filling 6.6 23 2.8¢ - 1 1
Sorbic acid " 1000 Rice filling NI 23 7.7° : - 1 i
Sorbic acid 2600 Rice filing NI 23 NG - 1 1
Sorbic acid 3800 Rice filling <58 23 "NG - 1 i
Pot, sorbate 1100 Rice filling 6.6 23 5.2* - 1 1
Pot. sorbate 3800 Rice fifling 6.6 23 NG - 1 1
BHA 0 Nutrient broth 6.8 32 0.50* - 1 2
BHA 25 Nutrient broth 6.8 a2 0.62* — i 2
BHA 50 Nutrient broth 6.8 a2 - 1.0* - 1 2
BHA 75 Nutrient broth 6.8 32 NG/8 h ND/8 h 1 2
BHA 100 Nutrient broth 6.8 32 NG/8 h ND/8 h 1 2
BHA o Cooked rice - 32 0.64* ND/8 h i 2
BHA 5§00 Cooked rice - 32 1.33* ND/8 h 1 2
BHA 1000 Cooked rice - az NG/24 h* NDA d 1 2
BHA 5000 Cocked rice - a2 NG/24 h* ND/1 d 1 2
BHA 10000 Cooked rice - az - D1 d 1 2
BHA 0 Strained chicken - 32 0.51* - 1 2
BHA : 1000 Sirained chicken - 32 0.69* - 1 2
BHA 5000 Stralned chicken C - 32 - D/i2d 1 2
* Approximate growth or death rates from published data
BHA, butylated hydroxyanisole
NG, no growth within 8 days
NI, not indicated
ND, not detected
D, death
1. Raevuori (1976)
2. Shelef and Liang (1982)
Table 6 Gases
Medium Strain Gas Pressure Growth . pH , Temp. Ref,

[genh) (°C)

Glucose-peptone—YE 1 Alr® 0.0 atm 0.46 6.0 30 1
Glucose-peptone—YE 1 CO, 0.5 atm 0.37 6.0 30 1
Glucose-peptone~YE 1 CO, 1.0 atm 0.28 6.0 30 1
Glucose-peptone-YE 1 CO, 2.0 atm 0.13 6.0 20 1
Glucose-peptone-YE 1 CO, 3.0 atm 0.0 8.0 30 1

? Approx. 0.003 atm 002
. YE, yeast extract

1. Enfors and Molin {1980)

i
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Teble 7 Disinfectants

Bacillus cereus

Medium/ Strain Reagent Conc. Decrease Temp.
substrate (mg/kg) {iog/time) (°Q
-Polyvinyl chloride 1 H,0, 300,000 3 E/2 min 60 1
Polyvinyl chipride 1 Hz05 200,000 1.5 E/2 min* 60 1
Polyvinyl chloride 1 HaOs 100,000 0.5 E/2 min 60 1
High density 1 Ho05 300,000 - 3 E/2 min 60 1
polyethylene
High density i Hz05 200,000 1 E/2 min 60 1
Polyethylene
High density 1 HyO, 100,000 0.5 E/2 min* - 60
polyethylene .
Parchment paper 1 H,0, 300,000 3 E/2 min - 60
Parchment paper 1 H.05 200,000 1.8 E/2 min* - 60
Parchment paper 1  H,0, 100,000 0.5 E/2 min* - 60
Polyvinyl chloride 1 NaOCl 300 2-3 E/4 min* - 60
High density 1 NaOC! 300 2-3 E/4 min* - 60
polyethylene ‘
Parchment paper 1 NaQC! 300 2-3 E/4 min* - 60
Polyvinyl chioride 1 Formaldehyde 80,000 1.8 E/3 min* - NI
High density 1 " Formaldehyde 80,000 1.8 E/3 min* - NI
polyethylene .
‘High density i Formaldehyde 80,000 1.8 E/3 min* NI
polyethylene :
Deionized water 1 {sporesjy  Ozone 2.29 >6 E/5 min - 28 2
Distiled water 1 (spores)  ipdophor 100 1 E/6 min 2. 21 k]
PO, buffer® 1 {spores)  Sodium dichloro- 50 1 E/1.5 min 6. 21 3
: isocyanurate -
PO, buffer® 1 (spores]  Sodium dichioroiso- 100 1 E/5.5 min 80 .21 3
cyanurate .
PO, buffer® 1 (spores)  Dichiprodimethyl 50 1 E/4.§ min 6.5 21 3
' hydantoin ‘
PO, buffer® 1 {spores}  Dichlorodimethyl 100 1 E/34 min 8.0 21 3
. hydantoin
Distilled water 1 (spores}  iodophor 50 1 E/S min 6.5 21 3
PO, buffer® 1 {spores}  Dibromodimethyl 50 1 E/13.5 min 6.5 21 3
hydantoin
Distilled water 1 {spores}  Phenol £0,000 1 E/70 min - 37 4
Wood 1 (spores)  Formaldehyde 50,000 3 E/45 min - - 5
Wood 1 {spores}  Formaldehyde 100,000 3 E/30 min - - 5
Wood i (spores})  Formaldehyde 200,000 3 EN5 min - - 5
Wood 1 {spores) Peratetic acid 320 3 Ef>120 min - - 5
Wood 1 {spores} ~ Peracetic acid 1250 3 E/30 min - - 5
POy buffer® 1 (spores)  NaOCl 50 1 /1.6 min 6.5 21 3
PO, butfer? 1 {spores)  NaOCl 100 1 Ef2.5 min 8.0 21 3
'PO, buffer® 1 (spores)  NaOC! 150 1E017 min 52 25 6
PO, buf'Fer,J 1 {spores)  NaOCI 150 1 E/0.40 min 7.0 25 &
PO, buffer 1 (spores)  NaOCI 150 1 EA.2 min 8.0 25 6
PO, bufier® 1 (spores)  NaOCI 25 1 Ef1.0 min 52 75 6
PO, bufier 1 (spores}  NaCCl 75 1 E/D.08 min 5.2 75 6
. POy butfer 1 (spores)  NaOCl 100 1 Ef0.06 min 52 75 6
PO, bhuffer 1 (spores}  NaOCi 150 1 E/0.38 min’ 7.0 25 6
PO, buffer 1.(spores)]  NaQOCl 150 1 E/0.25 min 7.0 50 6
PO, butfer® 1 (spores)  NaOCI 150 1 E/0.08 min 7.0 75 6

* Approxnmale death rates from published data
KH2P04 KgHPO, —KaPOy4 (0.5% solutions)
20,5 M KHoPO,—0.5 M NapHPO,

Ni, not indicated

PAPWN

Palil et al. (1588)
Broadwater et al. (1973}
Cousins and Allan {1967)
Briggs (1960}
Stockinger et al. (1989)
. Wang et al. {(1873)

15~




Tabie 8 - Interactions

Bacillus cereus

33

Substrate/ % NaCl pH 8y Temp., Death No, of Ref.
medium {°C) ‘{log/“l ody* - strains

Rice 0 5.0 1.0 30 1.03.2 2 1
Rice 7.5 6.8 0.865 - 30 >5.3->6.5 2 1
Rice 7.9 5.2 0.980 30 >5.3->6.5 2 1
Meat 0.0 4.4, 1.0 30 4.4-5.8 2 1
Meat 5.6 4.4 0.975 30 >5.4->8.0 2 1
Meat 10,1 4.4 0.835 30 5.4->6.0 2 1
Meat 4.1 6.1 0.880 .30 0.0-0.1 2 1
Meat 9.6 6.1 0.940 30 >5.4~>8.0 2 1
Meat 4.6 7.9 0.980 30 1.1-1.8 2 1
Meat 8.8 7.9 0.850 30 >5.4~>6.0 2 1
BHI 0 4.6 - 30 4,9-8.0* 5 1
BHI 2.5 4.6 - 30 6,9-8.0** .8 1
BHi 5.0 4.8 - 30 6.8-8.0** 5 1
BHI 10.0 4.6 - 30 7.1->8.0"* 5 1
‘BHI 2,5 6.1 - 30 0.3-1.0** 5 1
BHI 5.0 6.1 - 30 2.0~-B.0** 5 1
EHI 10.0 6.1 - 30 7.0~>8.0" 5 1
BHI 25 7.6 - 30 0-1,04~ 5 1
BHI 5.0 7.5 - 30 2.0-7.2** 5 1
BHI 10.0 7.5 - 30 7.5->8.0** 5 1
BHI 0 8.8 - 30 0.5-1.2** 5 1
BHI 2.5 8.8 - 30 1.2->8.0*" 5 1
BHI 5.0 8.8 - 30 6.5->8.0* 5 1
BHI 7.5 8.8 - 30 >8.0** 5 1

* logyg decrease In numbers over 10 days
* * Approx. death rate from published data
BHI, Brain Heart Infusion bro_th

1. Raevuor and Genigeorgls (1975}
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