
7026

J. Dairy Sci. 100:7026–7034
https://doi.org/10.3168/jds.2017-12978
© American Dairy Science Association®, 2017.

ABSTRACT

pH is one of the most important parameters to man-
age bacterial replication in foodstuffs. In this study, 
the ability of 2 Bacillus cereus strains, 1 clinical hu-
man isolate (GPe2) and 1 isolate from a dairy product 
(D43), were investigated for in vitro growth at different 
pH values (from 3.5 to 7.5) at 2 temperatures (15 and 
37°C), showing their ability to grow from 5.5 to 7.5 
and from 5.0 to 7.5, respectively. The ability of spores 
of these 2 microorganisms to germinate in different ty-
pologies of dairy products (unflavored yogurt, Taleggio 
cheese, mascarpone cheese, and raw and pasteurized 
milk) was also investigated by inoculating the spores 
and maintaining the products at 15°C. No growth was 
observed in yogurt, likely due to the combined effect 
of low pH (<5) and the presence of natural microflora. 
An inhibitory action of the natural microflora on the 
growth of B. cereus was also hypothesized for Taleggio 
cheese and raw milk, as these substrates were charac-
terized by a high natural lactic acid bacteria population 
and permissive pH values (5.8/6.8 in Taleggio cheese, 
>7 in raw milk). In pasteurized milk and mascarpone 
cheese, where pH was not restrictive for B. cereus 
growth and where no significant natural microflora was 
present, growth occurred rapidly up to loads close to 7 
log cfu/g.
Key words: pH, milk, cheese

INTRODUCTION

The Bacillus cereus group includes 8 species of ubiq-
uitous gram-positive spore-forming bacteria, very simi-
lar from a genetic point of view but characterized by 
extremely specialized behaviors. This group includes B. 
cereus sensu stricto, which is frequently associated with 
severe food poisoning episodes because of its ability to 
produce toxins such as cereulide, cytotoxin K, hemoly-
sin BL, and nonhemolytic enterotoxin. A total of 453 
foodborne outbreaks were reported in the period 2007 

to 2014 in the European Union with B. cereus identified 
as the causative agent, with more than 6,600 human 
cases and a hospitalization rate of 5.3% (Kotiranta et 
al., 2000; EFSA, 2016).

Foods that may represent a risk for B. cereus in-
clude ready-to-eat products based on rice or pasta, 
dairy products, flavorings, pastry, and vegetables, and 
those included in the subcategory called refrigerated 
processed foods of extended durability (Wijnands et 
al., 2006).

Milk, as produced from healthy cows, could be con-
sidered free of bacteria, but farm and dairy environ-
ments may be a source of contamination especially 
during milking and cheese production. In particular, 
B. cereus was previously recognized as responsible for 
raw milk spoilage (Bartoszewicz et al., 2008); moreover, 
a concise risk assessment on B. cereus in the Neth-
erlands predicted that almost 7% of pasteurized milk 
was characterized by loads of this pathogen above 5 log 
cfu∙mL−1 (Notermans et al., 1997). Although vegetative 
cells of B. cereus are not able to survive to pasteuriza-
tion, spores are resistant to heat treatments, highlight-
ing the possibility of their persistence in pasteurized 
milk. Bacillus cereus was also found in several dairy 
products, with different prevalence from 2 to 52%, de-
pending on the typology (Wong et al., 1988; Svensson 
et al., 2006; Spanu et al., 2016).

It is well known that pH is one of the most important 
parameters used to manage bacterial replication and 
today low pH foods are widely produced and consumed 
as they guarantee bacterial stability. Dairy products are 
characterized by various substrate acidity levels that 
may differently affect the growth of B. cereus, whose 
presence results from the contamination of milk or a 
postprocess contamination. Recently, the combined ef-
fect of anaerobiosis, low pH, and cold temperatures on 
the growth ability of 2 B. cereus strains was assessed, 
highlighting that at 10°C growth of psychrotrophic 
strains occurred at pH ≥5.7 in anaerobiosis, whereas 
aerobic growth occurred when pH was >5.4 (Guérin et 
al., 2016).

Also, the ability of B. cereus to cause food poisoning 
(e.g., diarrheal syndrome) is strictly related to its abil-
ity to resist to low pH, as the production of enterotoxins 
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is a consequence of the survival of B. cereus spores and 
vegetative cells ingested with food through the stomach 
reaching the small intestine alive.

The aim of the present study was the assessment of 
growth ability of 2 strains of B. cereus (one isolated 
from a human infection and one from a dairy product) 
in broths at different pH (from 3.5 to 7.5). Moreover, 
the ability of these 2 strains to grow in various dairy 
products characterized by different pH and substrate 
conditions was also evaluated.

MATERIALS AND METHODS

Bacterial Strains and Characterization of the Isolates

In the present study, 2 B. cereus strains were used. 
The first strain was a human clinical isolate (GPe2), 
previously characterized for the ability to grow within 
the thermal range from 15 to 37°C and for virulence 
characteristics (Celandroni et al., 2016; Tirloni et al., 
2017). The second strain (D43), previously isolated 
from a dairy product (Taleggio cheese) was identified 
by matrix-assisted laser desorption/ionization time-
of-flight (MALDI-TOF) MS as previously described 
(Celandroni et al., 2016).

The D43 strain was characterized to identify its 
thermal range of growth. The strain stock was kept 
frozen at −80°C in Microbank Cryogenic vials (Pro-Lab 
Diagnostics UK, Merseyside, UK) until a loop of bacte-
rial culture was transferred into nutrient broth tubes 
(70122, Sigma, St. Louis, MO) and incubated at 37°C 
for 24 h. Cells were harvested in exponential growth 
phase, defined as a relative change in optical density 
(OD) of 0.05 to 0.2 at 540 nm (6320D spectrophotom-
eter, Jenway, Staffordshire, UK). Cell concentration 
of the suspension was calculated by counting under a 
phase-contrast microscopy (BA 310, Motic, Barcelona, 
Spain) and was diluted in sterile saline water (0.85% 
NaCl), to obtain a concentration of 2 log cfu∙mL−1. 
Afterward, 0.1 mL of the suspension were plated in 
duplicate onto Nutrient Agar (Sigma 70148), and incu-
bated at different temperatures (5, 7, 10, 15, 20, 37, 41, 
45, 50, and 55°C) and checked twice per day for colony 
formation for up to 15 d.

Determination of Growth Ability of B. cereus Strains 
in Broth at Different pH Values

The 2 strain suspensions were prepared from the 
frozen stocks as described in the Bacterial Strains and 
Characterization of the Isolates section; then, they were 
counted and diluted to reach a starting concentration 
of 2 log cfu∙mL−1. Aliquots of 0.1 mL of each strain 
suspension were inoculated into 10-mL tubes contain-

ing nutrient broth at different pH (3.5, 4.0, 4.5, 5.0, 
5.5, 6.0, 6.5, 7.0, and 7.5) obtained adjusting the initial 
value (7.5 ± 0.2) with HCl. At the time of inocula-
tion (T0), OD was measured and the tubes were then 
incubated at 2 different temperatures (15 and 37°C) 
in duplicate. At fixed times [24, 48, 72, 96, 120 (T5), 
144, 168, and 192 h from inoculation], OD was newly 
measured. Blank (not inoculated) broth series were also 
prepared for each pH value and incubated at the 2 stor-
age temperatures.

Growth Potential of B. cereus GPe2 and D43  
in Dairy Products

Harvesting of Dormant Spores. Spores of the 2 
B. cereus strains were produced separately on fortified 
nutrient agar (Senesi et al., 1991) added with sporula-
tion salts: NaCl (5.0 mg∙mL−1), CaCl2, (0.1 mg∙mL−1), 
and MgSO4∙7H2O (2.0 mg∙mL-l). Roux bottles with 150 
mL of the above medium were inoculated with 2.0 mL of 
bacterial suspension (~108 cfu∙mL−1 in sterile distilled 
water). After incubation at 37°C for 20 d, spores were 
scraped from the surface of the medium with a sterile 
stirrer and washed 5 times by centrifugation (10,640 × g 
for 10 min/2°C) with ice-cold sterile distilled water. To 
remove residual vegetative cells, each spore suspension 
was heated at 80°C for 10 min in a water bath. Then, 
the 2 suspensions were quickly cooled in ice, rewashed 
with ice-cold sterile distilled water, and conserved at 
2°C until inoculation that was within 3 d.

Challenge Tests with Inoculated Dairy Prod-
ucts. For challenge tests with GPe2 and D43 strains, 
5 typologies of dairy products were considered: raw 
and pasteurized milk, mascarpone cheese (an Italian 
cream cheese coagulated by the addition of food grade 
organic acids), unflavored yogurt, and Taleggio cheese 
(a Protected Designation of Origin semisoft, washed-
rind, smear-ripened Italian cheese).

Spore suspensions, obtained as described in the 
Harvesting of Dormant Spores section, were diluted in 
sterile saline to reach a final concentration of about 5 
log cfu∙mL−1 for each of the 2 B. cereus strains. These 
suspensions were immediately used for the inocula-
tion of aliquots of each of the 5 products in duplicate: 
briefly, spore suspension was spread onto the surface of 
Taleggio cheese in 5 spots and immediately was homo-
geneously distributed using a spatula; for yogurt, milk, 
and mascarpone, because of their nonsolid matrix, the 
spore suspension was distributed using a spatula.

To minimize changes in product characteristics, the 
inoculum volume did not exceed 1% of the final weight. 
Blank samples, inoculated with the same volume of 
sterile saline solution were also prepared. The inocu-
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lated and blank samples were then incubated at 15°C. 
Temperature was constantly recorded by Escort iLog 
data loggers (Escort Data Logging System Ltd., Aesch 
Bei Birmensdorf, Switzerland).

Samplings were performed at the moment of inocula-
tion and after 1, 2, 3, and 5 d of storage in duplicate. For 
raw milk inoculated samples, analyses were performed 
at 1, 2, and 4 d of storage. Just after the inoculation, 
water activity (aw) of each product was measured (Hy-
grolab, Rotronic, Milan, Italy); at each sampling time, 
pH was measured (334-B, Amel Instrument, Milan, 
Italy), and microbiological analyses were performed. 
From each inoculated sample, 10 g of product was di-
luted 10-fold in chilled sterile diluent solution (0.85% 
NaCl and 0.1% peptone) and homogenized for 60 s in a 
Stomacher 400 (Seward Medical, London, UK). Then, 
appropriate 10-fold dilutions of the homogenates were 
made in chilled saline. Bacillus cereus was enumerated 
according to the ISO 7932:2004 (ISO, 2004) method, 
by spreading onto mannitol egg yolk polymyxin agar 
and incubating at 30°C for 48 h. For the enumeration 
of spores, homogenates were pasteurized at 80°C for 
10 min before plating; then, plates were incubated at 
30°C for 48 h. Blank samples were analyzed at the 
same sampling times and lactic acid bacteria (LAB; 
ISO 15214:1998; ISO, 1998), lactococci (onto M17 agar 
incubated at 37°C for 48 h), and B. cereus (mannitol 
egg yolk polymyxin agar) were enumerated.

Statistical Analysis

The data obtained from the B. cereus counts in milk 
and dairy products (expressed as Δlog cfu/g between 
the sampling time and T0) were submitted to 2-way 
univariate ANOVA (SAS, version 9.4, SAS Institute 
Inc., Cary, NC) to reveal an eventual difference in the 
behavior of the 2 strains. Threshold values for statisti-
cal significance were set at P < 0.05 and P < 0.01.

RESULTS AND DISCUSSION

B. cereus D43 Characterization

The growth ability of D43 strain was assessed in solid 
culture medium. No growth was detected at tempera-
tures below 15°C, or above 42°C, whereas evident colo-
nies were observed in the range between 15 and 37°C at 
variable times (from 24 h at 37°C to 20 d at 15°C). As 
reported by Guinebretière et al. (2008), B. cereus are 
characterized by a wide range of growth thermal abili-
ties, with some strains also able to grow at refrigera-
tion temperatures. The D43 strains grow in a specific 
mesophilic thermal range, but temperatures near the 

lower edge of the range can easily occur during cheese 
ripening and storage. The observed thermal range was 
the same as assessed for the GPe2 strain. This result 
gave the possibility to better evaluate the data obtained 
from further parallel trials with the 2 strains that come 
from different sources (dairy product or human clinical 
isolate). The importance of using a strain previously 
isolated from a similar matrix in experimental trials 
is well described for different pathogenic bacteria, and 
the positive effect of preadaptation on microbial sur-
vival and growth has already been observed (Leyer and 
Johnson, 1992; Shen et al., 2008; ANSES, 2014).

Growth Ability in Broth at Different pH

The ability of the 2 B. cereus strains considered to 
grow at different pH was tested at 2 temperatures (15 
and 37°C); the results, expressed as increases in OD, 
are presented in Table 1. At 15°C B. cereus GPe2 grew 
from pH 5.5 starting from d 5; a rapid growth was 
revealed between pH 6 and 7.5 starting from d 4 (at pH 
6.5, a slight increase was observed from d 3). The same 
strain maintained at 37°C showed a fast growth im-
mediately after the first day of storage at pH between 
5.5 and 7.5, whereas OD increased at pH 5 after 3 d. 
At 15°C B. cereus D43 was shown to grow quickly, as 
for GPe2, from d 4 at pH between 6.5 and 7.5; also at 
pH 6, growth occurred (more slowly) since d 4. The 
D43 strain at 37°C showed a very fast increase in OD 
from the first day of storage at pH between 5.5 and 7.5, 
whereas at pH 5 the increase was observed from the 
second day.

Summarizing the results obtained, both B. cereus 
strains grew very fast at 37°C, the optimal growth 
temperature for bacilli, covering a range of pH (from 
5 to 7.5) that likely occurs in dairy products. Also, if 
the temperature applied in this trial was not indicative 
for the production and storage of dairy products, it 
allowed us to define the maximum growth range of the 
2 different strains, which was revealed to be the same. 
The temperature applied in the other trial (15°C) was 
the minimum growth temperature for both the strains, 
but this value can be likely reached also during the 
production, ripening, and storage phases (especially 
during the warm season). The growth ability of the 2 
strains was partially affected by the lower temperature, 
as growth was detected in a pH range between 5.5 and 
7.5 and between 6.0 and 7.5 for GPe2 and D43 strains, 
respectively. This reduction in pH growth range should 
be carefully considered, as several dairy products are 
characterized by pH values near the lower growth limit. 
The wider range observed for D43 strain could be a hint 
of the adaptation of this strain, isolated from a dairy 
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product (pH of Taleggio cheese is generally around 5 
to 5.5), to the acidic environment. Carlin et al. (2013) 
evaluated the growth rates of several strains covering 
the 7 main phylogenetic groups of Bacillus cereus sensu 
lato (as defined by Guinebretière et al., 2008), high-
lighting a range of minimum pH of growth between 4.59 
and 4.96, depending on the group. The ability to grow 
at pH lower than 4.6 has previously been described 
(Claus and Berkeley, 1986; Raevuori and Genigeorgis, 
1975), although the chapter about B. cereus published 
by the International Commission for the Microbiologi-
cal Specifications for Foods indicated a pH equal to 5.0 
as the limit for this microorganism (ICMSF, 2005), 
according to the results obtained in our experiments.

Bacillus cereus Growth Ability in Dairy Products

Bacillus cereus is frequently isolated from raw milk, 
and because of its ability to resist pasteurization treat-
ments, it is of particular concern in the dairy industry, 
as the presence of diarrheal syndrome-causing strains 
in milk is well known (Granum et al., 1993; in’t Veld 
et al., 2001). Moreover, their capacity to cause food 
spoilage and disease through the production of various 
toxins is well known (Stenfors Arnesen et al., 2008).

Different categories of dairy products were selected 
to evaluate the potential growth ability of the 2 B. 
cereus strains: an unstructured fermented products 
with very low pH (yogurt, pH close to 4), neutral pH 

Table 1. Growth of Bacillus cereus GPe2 and D43 in nutrient broth at 2 different temperatures (15 and 37°C) 
recorded daily from 24 h postinoculation (T1) to 192 h (T8) as difference in optical density (OD)1

Strain and temperature  pH T1 T2 T3 T4 T5 T6 T7 T8  

GPe2 at 15°C

3.5 — — — — — — — —
4 — — — — — — — —
4.5 — — — — — — — —
5 — — — — — — — —
5.5 — — — — + ++ ++ +++
6 — — — ++ +++ +++ +++ +++
6.5 — — + ++ ++ ++ ++ ++
7 — — — +++ +++ +++ +++ +++
7.5 — — — +++ +++ +++ ++ ++

GPe2 at 37°C
3.5 — — — — — — — —
4 — — — — — — — —
4.5 — — — — — — — —
5 — — ++ +++ +++ +++ +++ +++
5.5 + +++ +++ +++ +++ +++ +++ +++
6 ++ +++ +++ +++ +++ +++ +++ +++
6.5 ++ +++ +++ +++ +++ +++ +++ +++
7 +++ +++ +++ +++ +++ +++ +++ +++
7.5 +++ +++ +++ +++ +++ +++ +++ +++

D43 at 15°C
3.5 — — — — — — — —
4 — — — — — — — —
4.5 — — — — — — — —
5 — — — — — — — —
5.5 — — — — — — — —
6 — — — + ++ + + +
6.5 — — — +++ +++ ++ ++ +++
7 — — — +++ +++ ++ ++ +++
7.5 — — — +++ +++ ++ ++ ++

D43 at 37°C
3.5 — — — — — — — —
4 — — — — — — — —
4.5 — — — — — — — —
5 — + +++ ++ +++ +++ +++ +++
5.5 + +++ +++ +++ +++ +++ +++ +++
6 +++ +++ +++ +++ +++ +++ +++ +++
6.5 +++ +++ +++ +++ +++ +++ +++ +++
7 +++ +++ +++ +++ +++ +++ +++ +++
7.5 +++ +++ +++ +++ +++ +++ +++ +++  

1+: increase <0.2 OD if compared with the equivalent blank sample. ++: increase between 0.2 and 0.5 OD if 
compared with the equivalent blank sample. +++: increase >0.5 OD if compared with the equivalent blank 
sample.
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products without structure (raw and pasteurized milk, 
pH around 6.7/6.9), and weakly acid pH structured 
products with and without natural microflora (Taleg-
gio cheese and mascarpone cheese, pH ~6). In all the 
blank samples analyzed, B. cereus was always below the 
detection limit of 2 log cfu/g.

Considering unflavored yogurt, very low pH values 
were detected (between 3.85 and 4.08 in the 2 series of 
samples) with a slight acidification in the last sampling 
time, but with no clear trends during the whole storage 
period. Such low values did not allow the growth of 
both B. cereus strains inoculated, resulting in stable 
bacterial concentrations (increase in both the strains 
<0.5 log cfu/g from the day of inoculation until after 5 
d of storage) without statistical differences between the 
strains (Figure 1). The aw measured at T0 was 0.981, 
therefore not limiting bacterial growth. The total num-
bers of vegetative cells and spores were very similar to 
those of the spores alone (at T5, D43 total = 3.88 ± 
0.13 log cfu/g vs. spores = 3.85 ± 0.00; GPe2 total = 
4.43 ± 0.491 vs. spores = 3.90 ± 0.01 log cfu/g); thus, 
the colonies could be considered spores that did not 
find ideal conditions for germination during the period 
considered. During the experimental period, LAB and 
lactococci were always above 6 log cfu/g singularly 
and above 7 log cfu/g in combination, as required by 
the UNI 10358 rule for the definition of yogurt (Uni 
Ente Italiano di Normazione, 1993). The role of these 
microorganisms is crucial in determining the absence 
of B. cereus growth, which can be attributed to the 
mixed effect exerted by the bacterial competition and 
pH lowering due to lactic acid production. As expected, 
yogurt is not an optimal substrate for B. cereus growth, 
as already demonstrated for other pathogens (Tirloni 
et al., 2015); its presence in the product with small 
prevalence rates was already proven (~1% according 
to Hassan et al., 2010), but if the concentration does 
not exceed 4 log cfu/g, no risk should be considered for 
consumers thanks to this inability to replicate. Bacillus 
cereus was demonstrated to be able to cause disease 
with loads between 4 and 8 log cfu/g of food; never-
theless, this range may be even wider, due to possible 
differences in toxin production and specific growth rate 
among specific strains.

In Taleggio cheese, pH values were variable but al-
ways permissive, between 5.8 and 6.8 without any par-
ticular trend in both of the series during the trial. The 
aw measured (T0 = 0.960) was not a preventive factor. 
However, also in this substrate, no B. cereus GPe2 and 
D43 growth was detected, with a significantly higher 
decrease in GPe2 compared with D43 (P = 0.049; 
D43: T0 = 3.48 ± 0.00, T5 = 3.29 ± 0.83 log cfu/g; 
GPe2: T0 = 3.75 ± 0.17, T5 = 3.40 ± 0.64 log cfu/g); 
this could be probably due to the action of the natu-

ral microflora present, mainly composed by LAB. In 
fact, rapid growth of LAB in this matrix was observed, 
reaching 7.5 ± 0.2 log cfu/g after 5 d of storage at 
15°C; thus, a role in competition for nutrients could be 
hypothesized. Although substrate acidity in association 
with the presence of LAB is probably the main factor 
for the preservation of lactic acid-fermented foods like 
yogurt and starter culture dairy products like Taleggio 
cheese, the nature of this inhibition should be further 
studied as several other factors may also be important, 
such as the production of bacteriocins, diacetyl, carbon 
dioxide, hydrogen peroxide, and ethanol (Holzapfel et 
al., 1995; Tirloni et al., 2014). Inhibition of B. cereus 
by LAB has been already reported in milk medium, in 
Gouda cheese and in Brie (Wong and Chen, 1988; Little 
and Knøchel, 1994; Rukure and Bester, 2001).

In mascarpone cheese, the absence of hurdles such 
as a low pH (range from 5.87 to 6.27), a low aw (T0 = 
0.967), or the presence of natural microflora inhibiting 
pathogen growth allowed the rapid germination of B. 
cereus spores and a very fast increase in the counts at 
15°C. After 5 d of storage, B. cereus GPe2 and D43 
reached loads equal to 7.59 and 7.71 log cfu/g, respec-
tively (an increase equal to 5.05 and 4.89 log cfu/g, 
respectively) without significant differences among the 
2 B. cereus strains (Figure 2). These counts should be 
carefully considered, especially if mascarpone cheese, 
as habitually occurs, is used as a component of dessert 
(e.g., tiramisu). Typically, these preparations can be 
maintained for more than 1 d in the cooled shelves 
of restaurants where the internal temperature could 
increase above optimal temperatures, especially during 
the warm season.

Considering raw and pasteurized milk, noteworthy 
differences were found in B. cereus growth comparing 
the 2 substrates for both the inoculated series (Figure 
3). In pasteurized milk, growth of D43 and GPe2 oc-
curred since the first day of storage, reaching the loads 
of 6.56 ± 0.48 and 6.79 ± 0.02 log cfu/g, respectively, 
after 5 d, without significant differences between the 
two, although D43 showed an earlier active increase in 
bacterial concentration.

In raw milk inoculated with D43 and GPe2 series, no 
growth was detected. In particular, growth suppression 
was evident with most of the samples (2 GPe2 and 
1 D43 inoculated samples) being below the detection 
limit of 2 log cfu/g after 5 d. The decrease of bacterial 
concentration, even if not significantly different among 
the 2 strains, was faster in Gpe2.

The difference between raw an pasteurized milk could 
be due to the presence, in raw milk, of limiting fac-
tors (e.g., acidity of substrates with pH that decrease 
from 6.84 to 4.56 at the end of the trial, high levels 
of natural microflora) that cannot exert any action in 
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pasteurized milk. The role of natural microbial popula-
tion seems to be critical, as the milk microflora could 
couple a competitive exclusion with the modification 
(acidification) of the environment. It has been stated 
that cheese microbiota, whose community composition 
is in continuous evolution, may play a key role in B. ce-
reus inhibition (Irlinger and Mounier, 2009); our results 
on raw milk are in agreement with those reported by 
Necidová et al. (2014) that found a suppression of B. ce-
reus growth and toxin production in cow raw milk. The 
growth inhibition operated by the presence of high bac-
terial concentrations in a substrate is mentioned as the 
Jameson effect, after Jameson (1962), which described 

the complete inhibition of Escherichia coli when the 
maximum population density of another microorgan-
ism was reached. Many other studies reported the same 
conclusion in broth and dairy products, describing the 
nutrient limitation as a consequence of the growth of 
the dominant microflora, which consumed all the mol-
ecules that are also required by other species (Mellefont 
et al., 2008; Østergaard et al., 2014). In the raw milk 
samples analyzed in this study, the inhibitory effect was 
likely due to LAB that reached a high level (~6 log cfu/
mL) after 5 d of storage. The mechanism of action of 
LAB against B. cereus strains is not completely clear, 
due to the extreme variability of microbiota of dairy 

Figure 1. Mean counts of Bacillus cereus GPe2 and D43 and their spores inoculated in Taleggio cheese and unflavored yogurt stored at 15°C 
for up to 5 d (sampling times at T0 d of inoculation, T1 after 24 h, T2 after 48 h, T3 after 72 h, and T5 after 120 h of storage). The pH values 
are also reported for each sampling time (refers to right axis). Error bars indicate SD.
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products and their highly heterogeneous composition 
that gives the opportunity for the concurrent occupa-
tion by specialized strains of different ecological niches 
(Irlinger and Mounier, 2009).

The role of the temperature seems to be not critical 
for the growth of the 2 strains in the products; as a 
matter of fact, also if the test was performed at the 
minimum temperature allowing B. cereus growth in 
broth, the characteristics of the substrate resulted in 
total absence of germination/growth (acidic and com-
petitive environment) or in a fast growth (neutral and 
microflora-free environment).

Finally, the comparison of the 2 B. cereus strains 
used for the trials, isolated from different sources (hu-
man or dairy) did not reveal a significant difference in 
growth ability in the tested milk and dairy products 
samples, although in some cases D43 showed a better 
resistance, allowing to hypothesize its major ability to 
survive and growth when possible in dairy substrates.

A specificity in the viability and growth of differ-
ent B. cereus strains has already been demonstrated 
(Guinebretière et al., 2008; Shen et al., 2008; Tirloni 
et al., 2017); our findings could be explained in differ-
ent ways. First, the environmental conditions of the 

Figure 2. Mean counts of Bacillus cereus GPe2 and D43 and their spores inoculated in raw and pasteurized milk stored at 15°C for up to 4 
d (sampling times at T0 d of inoculation, T1 after 24 h, and T4 after 96 h of storage). The pH values are also reported for each sampling time 
(refers to right axis).
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substrates tested could be not near the growth bound-
ary of these strains, so resulting in complete inhibition 
(yogurt and Taleggio cheese) or absence of significant 
limiting factors (pasteurized milk and mascarpone 
cheese). Then, the thermal range of growth of the 2 
isolates was assessed to be the same, so the influence 
of the temperature used for the trials should exert the 
same metabolic effect on them.

CONCLUSIONS

Generally, dairy products are extremely susceptible 
to B. cereus contamination because of the natural pres-
ence of the bacterium in the environment, thus enabling 
the contamination of raw matter, and postpasteuriza-
tion or postproduction contamination. Nevertheless, 
many environmental conditions (such as pH, aw, and 
natural/added microflora) can affect the growth of this 
microorganism during storage. In the foodstuffs consid-
ered in our study, pH and the presence of dense LAB 
microflora were crucial in products such as unflavored 
yogurt, Taleggio cheese, and raw milk for inhibiting 
germination of B. cereus spores and subsequent growth 
of vegetative cells. In pasteurized milk and mascarpone 
cheese, where pH was permissive for growth and a 
very limited microflora was present due to the heat 
treatments during production, rapid growth of the 
bacterium occurred, reaching levels of concern. Thus, 

especially for these types of products, correct hygienic 
procedures should be constantly applied during the 
production process to reduce the risk of contamination 
by ubiquitous, resistant, and potentially pathogenic B. 
cereus strains.
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