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Abstract

Bacillus cereus is among the most hazardous bacteria that could reduce the shelf life of
pasteurized milk and could threaten consumers’ health. These bacteria groups are known
for their heat resistance and their ability to produce two types of toxins, diarrheic and
emetic. This study aimed to enumerate the B. cereus in raw cow’s milk collected from
three companies in the Tlemcen region, then modeled, based on a probabilistic approach,
their evolution throughout the process, split into six steps, until the point of sale. At first,
the analysis of 242 samples on MYP medium, shows a high prevalence between 92% and
98% of B. cereus with variable concentrations among the three companies. Throughout
the storage of milk at refrigeration temperatures (2°C, 4°C and 5°C), no growth of B.
cereus was estimated. Otherwise, the pasteurization process reduces the contamination
level depending on pasteurization temperature as for company A, the mean concentration
decreases from 1.53 log CFU/mL to 1.07 log CFU/mL. In this study, the distribution step
at ambient temperature changes significantly the B. cereus concentration to reach a critical
concentration during July and August. In conclusion, the quality of raw cow milk must be
controlled before reception on the farm and the cold chain must be maintained throughout
all process points until consumption.

1. Introduction

For many years, the Algerian people have been the
main consumers of milk in Africa and the Maghreb
2016). In
Interprofessional Milk Office (ONIL) indicated that

(Meribai et al.,

almost all vegetative bacteria, but it has no (or little)
effect on the spores-forming bacteria, especially B.
cereus groups according to their heat resistance
characteristics (Wong et al., 1988; Lin et al., 1998;
Banyké et al., 2009; Stoeckel et al., 2016).
Unfortunately, B. cereus is inevitable in cow milk or

fact, the National

Algerian daily consumption of milk is estimated at 3.8
million liters (Kardjadj and Luka, 2016), which
corresponds with a consumption ratio above 115 L/year/
citizen. It is lower than the average world consumption
noted at 150 L/year/citizen. Otherwise, during the entire
holy month of Ramadan, Algerian milk consumption
increases by 30% (Kardjadj and Luka, 2016). The 40%
of milk needs are covered by imported powdered milk
(Baazize-Ammi et al., 2019). To reduce the import fees
and ensure self-sufficiency with high-quality milk, the
Algerian state improves continuously cow milk
production that is consumed as pasteurized milk. In
Algeria, pasteurized milk constituted 60% of consumed
cow milk consumed in 2014. Pasteurized milk
production increases every year (Baazize-Ammi et al.,
2019). The pasteurization (heating) process can remove
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dairy products because of their ubiquity in the soil, on
grass in dairy cattle feed and dung (Barkley and Delaney,
1980; Crielly et al., 1994; Hassan and Nabbut, 1996).
Also, other authors affirmed this hypothesis that it seems
an inevitable low-grade contaminant of pasteurized milk
products (Coghill and Juffs, 1979; Johnston and Bruce,
1982; Ahmed et al., 1993; Larsen and Jergensen, 1997;
Te Giffel et al., 1997, Zwietering et al., 1997;
Magnusson et al., 2007; Zhou et al., 2008; Choudhary et
al., 2011; Fei et al., 2019; Ohkubo et al., 2019).
Otherwise, they could grow in pasteurized milk without
necessarily causing a modification to the organoleptic
properties which explains possible consumption without
suspicion on the part of the consumer (Christiansson,
1992). Several researchers reported the growth ability of
B. cereus in milk at different temperatures (Carlin ef al.,
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2013; Luu-Thi et al., 2014; Baranyi et al., 2017).

Indeed, the B. cereus is associated with emetic and
diarrheic syndromes (Carlin et al., 2013). Unfortunately,
in Algeria, the B. cereus is not researched in raw and
pasteurized milk according to JORAD N°39 (2017).
Thus, this study takes into account the likely presence of
B. cereus in cow raw milk, their physiological
characteristics (heat resistance and growth ability),
process criteria (temperature and time) including
pasteurization and storage steps, and the B. cereus
present in the collected raw cow milk. Can they survive
during the pasteurization step? Could there be growth in
milk? Can they reach a critical concentration at the point
of sale? Thus, this study aims to evaluate the initial
contamination of raw cow milk collected from three
dairy companies in the Tlemcen region, estimate the
level of B. cereus at each step of processing until the
point of sale, and estimate the level of contamination in a
single milk packet at the point of sale.

2. Materials and methods

2.1 Characteristics and description of the selected milk-
processing plant

The three selected pasteurized processing milk plants
(A, B and C) are located in Tlemcen province which is a
coastal region (North-West of Algeria). It is
characterized by a dry and cold semi-arid Mediterranean
climate with ambient temperature depending on the
months and seasons. These temperatures were used as
input to model the growth of B. cereus during the
process from raw milk reception to point of sale. The
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studied processing milk plants were selected for their use
of cow milk as raw material, high capacity to produce
pasteurized milk in the studied regions, and their various
experience in milk production from 1979, 2001 and 2018
for companies A, B and C, respectively. Otherwise,
despite the large commercialization of this milk market
to others near the province. This study was carried out
only on milk distributed in the production city. The
consumer’s quality perception was not taken into
account.

2.2 Methodology for Bacillus cereus modeling
throughout the milk processing chain
The “Modular Risk Process Model” (MRPM)

presented by Nauta (2001) was followed. It consists of
dividing the processing chain into six steps according to
the criterion process effect on the behavior of B. cereus
(cells/mL) (Table 1). The first step represented the initial
distribution of B. cereus in the raw milk. The process
criteria were collected from the company register,
observation and/or interviews that were held with
handlers and/or quality managers. The main process
criteria were temperature and time. Each temperature/
time is considered as a scenario. The input data of each
step is summarized in Table 1.

2.3 Assessment of initial concentration of Bacillus cereus
in collected cow milk

This study was based on initial contamination (cells/
mL) of B. cereus in the raw milk collected by each
pasteurized milk processing plant. At first, the
contamination frequency (%) and concentration (cells/

Table 1. Time (min) and temperature (°C) for each step during milk processing until point of sale.

Temperature (°C)

Modules Steps No. Companies Time

Mean

Min Median Max 5% 95%  Distribution

H, Cow milk 1 all 0

Ambient temperature®*

RiskUniform
(18h;30h)

541 3 5

10 3 10

RiskPert

Gi (Oh:3h:12h)

Storage in tank 2

6.67

4.08 6.63 9.91 4.88 9.16 Duniform

RiskPert
(Oh;3h;12h)

5.73 5 5

13 5 13

20s

80

S Pasteurization 3 20's

83 Fixed value

25s

85

24 h

5.41 3 5

11.5 4 10 Duniform

RiskUniform

G,  Storageintank 4 (1h;12h)

Uniform(4;6.5)

RiskUniform
(1h;12h)

Uniform(5.5;6.5)

24h
RiskPert
(Oh;12h;24h)
RiskUniform
(Oh;18h)

Storage in

Gs fridge

Qlw | Q| ® |»QE» Q|| >

4 Fixed value

RiskPert
(Oh;3h;6h)

)
=

Gy Distribution 6

Ambient temperature depending on the month Fixed value
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mL) of B. cereus were evaluated in the samples of the
raw milk collected from the tank in the first module Hy
and steps considered as t = 0.

2.4 Raw milk sampling

The sampling was carried out from a milk tank of
each one of three production units (A, B and C), during
the 5 months from the 1* January to 30™ May 2020. A
total of 242 milk samples were taken when the raw milk
was mixed with all collected, from different farms, and
stored in different tanks. The sample was taken using
sterile collection containers (20 mL) and then transported
to the laboratory at 4°C in an ice cooler for
microbiological analysis.

2.5 Samples preparation

The samples were prepared as described by NF EN
ISO 7932. It consists of diluting 1 mL of each sample
with 9 mL of Tryptone Salt Water (TSE) (BioMérieux,
UK Ltd.). Then a serial dilution was prepared from the
first previous solution.

2.6 Detection and enumeration of Bacillus cereus

The detection and enumeration of B. cereus was
carried out according to the NF EN ISO 7932. From each
decimal dilution, a volume of 100 pL was poured on
Mannitol Egg Yolk Polymyxin Agar. Then the cultures
were incubated at 30°C for 48 h. Bacillus cereus growth
on MYP medium contained polymyxin with pink
colonies (unable to ferment mannitol), surrounded by a
precipitate  (lecithinase-producing  colonies) and
hemolysis positive (clear halo) on blood Agar. The
contamination frequency (fiontaminaion) Was deduced

according to Equation 1.
feontamination (%) = (Cs/uas) x 100 (1)

Where cs : Number of contaminated samples and
uas: Number of analyzed samples.

N(CFU /mL)=""C /(v x(n, +n,x0.1)xd) ()

The B. cereus enumeration in the analyzed samples
was determined by the classical formula (equation 2).

Where N (CFU/mL): yhe B. cereus concentrations in
each analyzed sample, >C (CFU/mL): sum of the
colonies counted in the Petri dish, V (mL): volume of the
inoculum’s, n;. number of retained Petri dish counted at
the first dilution, n,. number of retained Petri dish
counted at the second dilution and d: dilution factor
corresponding to the first dilution.

The distribution of B. cereus in the milk processing
tanks was modeled by Equation 3. The output of this
distribution is represented by the concentration and its
probability.

https://doi.org/10.26656/1r.2017.8(5).590
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Cink = RiskBeta(a, B) x RiskDuniform(N;:N) x 3)
RiskUniform(0;1)

Where Ciyc (CFU/mL): the B. cereus distribution in
the collected raw cow milk at each tank, a: number of
contaminated samples ‘“cs” + 1, B: number of
uncontaminated samples “ucs” + 1, Nj: N (CFU/mL):
B. cereus concentration counted by equation 2 with N1 is
the concentration of the first contaminated sample noted
number 1 to in the last contaminated sample (cs
correspond to the number of contaminated sample) and
RiskUniform(0;1): in the absence of data on toxigenic B.
cereus, it was assumed that toxigenic B. cereus could
represent any percentage (P) (varying from 0 to 100%).

2.7 Estimation of Bacillus cereus growth parameters

The growth parameters, lag time (Aroc) and growth
rate (Urec), were estimated at each temperature scenario
recorded for each growth module (step 2, 4, 5 and 6)
during this study. The equations 4 and 5 of Valik et al.
(2018) were used to estimate the growth parameters (Aroc
and prec). According to Equation 4, the proc was linked
only to the cardinal temperature T,,;,. The 62 values of
Tmin Were collected from literature as reported in Table 2
as reported elsewhere (Carlin ef al., 2013; Luu-Thi ef al.,
2014; Baranyi et al., 2017). The T, was modeled by
RiskDuniform, e. g. RiskDuniform(T,,;, number 1 to Ty,
number 62). They are between 0.1°C and 20°C. While,
according to equation 5, the lag phase (Arec) is dependent
on storage temperature (Tsorage)-

Racine(prec)= (0.0259 X (Tyorage-Tanin)-0.1032) )
Arec = (-45.667 + 1035.3/Torage) (5)

Where prec: Growth rate for the storage tested
temperature (hfl), Arec: Lag time specific (h), Tgorage:
Storage temperature in MPP for each step, and T
cardinal minimum temperature for growth, that was
collected from literature; T.;, was derived from the
model as RiskDuniform(First T, Tiin number 62).

Evidently, the bacterial growth was defined between
Tmin and Tpax. Thus, no theoretical growth will be
estimated out |T i, Timax[, that does mean that the prec is
null when the T is < or > than T, and Ty, respectively.
Consequently, the Arec assumed indefinite in these
temperature range out to | Tpin, Tmax[- In this case, the Arec
was derived in the model as high values never reach, e.
g. 9 log (h). The conditional instructions were used as:

o for proc: if(T < Tiin; 0;Af(T = Thax;0; equation 4);

o for Apoc: If(T < Tiins9 1og;(if(T > Thinax;9 log; equation
5); the negative values were transformed to zero with
conditional instruction e. g. if(Aro-c<=0;0; Aroc).

For the Tax, 62 values were taken into account that
occur between 37°C and 55,48°C (Table 2).

© 2024 The Authors. Published by Rynnye Lyan Resources
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2.8 Estimation of the Bacillus cereus concentration at
each process step

The growth parameters (Arec and prec) previously
estimated were used to estimate the B. cereus
concentration (log CFU/mL) during storage time (tsorage:
min) for each temperature (°C) scenario according to the
equation 6. The tyorage depends on each MPP.

Cstep = Cprev. step CXp (l»lT"C't>l< )\'T"C) (6)

Where Cgep: concentration (log CFU/mL) of B.
cereus after each time (h), Cprey. step: concentration (log
CFU/mL) of B. cereus in the previous step, [itoc and Are
c: Growth rate (h™) and lag time (h) respectively at each
tested temperature.

The growth is realized when the tested time is more
than the lag time (h). This condition was derived in the
model as: if t < Aroc; Dprev. siep; €quation 6. The storage
times were collected from each company based on
observation and recorded temperature in archives.

2.9 Estimation of heat resistance parameters of Bacillus
cereus during pasteurization

The heat resistance parameters (Droc and zroc) of B.
cereus at pasteurized temperature were estimated based
on literature parameters for 7 strains. A total of 28 and 7
values of Dreoc and zr-c were respectively collected from
the literature.

According to the collected values, the Dpasieurization

was estimated at the pasteurization temperature
(Tpasteurization - °C) according to equation 7.
log D Pasteurization = log D Tmean (T pasteurization - Tmean ) / ZT (7)

Where T The mean temperature (°C) of tested
temperatures for each strain collected from literature,
Drmean: Decimal reduction time (min) at mean
temperature (Tpean), Zrec: The temperature required to
obtain a tenfold reduction of D-value according to B.
cereus.

Guermoudi et al. / Food Research 8 (5) (2024) 310 - 318

The reduction number (Npasieurisation) Was calculated
according to Equation 8.

n ®)

pasteurisation _(tpasteurisation / D pasteurization )

Where tpasieurization: Pasteurization time (min) for each
unit, Dyageurisation: Decimal reduction time (min) at the
pasteurization temperature. The estimate values were
derived in the model as RiskDuniform(D;;D;) with D, as
the first value and D as the last value because there are 7
strains.

2.9 Estimation of survival Bacillus cereus concentrations
after pasteurization

The concentration (cells/'mL) of B. cereus was
predicted after pasteurization using equation 9.

= i | g risatior
Cpﬁsrsurisﬁrw:z - PGlSSG?l{.Cpmv.srﬂp x 107 "pasteu l.SﬂtI.l:l"I.) (9)

Where  Cpasteurisation:  B. cereus  concentration
(CFU/10000 mL) at the tested step, Cprevsiep: B. cereus
concentration ((CFU/10000 mL) at the previous step,
Npasteurisation: NUumber of decimal reduction (Equation 8).
The “n” wvalues were derived into model as
RiskDuniform(n;:n,).

2.10 Simulation

The Monte Carlo simulation of all variables was
established using @risk software (v 5, Palisade
Corporation, NY, USA). The Monte Carlo simulation
was performed on 10* iterations based on Latin
Hypercube sampling.

The one-way analysis of variance (ANOVA) was
applied and a probability level P<0.05 was used in
testing the statistical significance of output between three
studied companies, using MS Excel.

3. Results and discussion

Table 2. Cardinal temperature, heat resistance parameters of Bacillus cereus collected from literature.

Parameters Min  Mean Max Median 99"  Companies

Tinin (°C) 0.1 7.94 20 4 12.9 All
Tinax (°C) 37 4539 5548 4096 484
Trnean (°C) 92 10242 123.2 97 123.2
Diean (°C) 0.0002 1.53 3.38 1.17 3.38
Z values (°C) 7.76 2421 455 9.75 45.5

Dyasteurisation (Min) 0 4.78 5.62 0.87 5.62 A

0.004  4.39 5.24 0.8 5.24 B

0.002  4.11 4,98 0.75 4.98 C

n 0 4.77 32.6 0.0449 32.6 A

0 11.31 7753  0.05 77.53 B

0 25.16 172.68 0.07 172 C

https://doi.org/10.26656/1r.2017.8(5).590
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3.1 Frequency and enumeration of Bacillus cereus as
initial concentration

Among the 242 samples analyzed from the 3
companies, the contamination frequency of Bacillus
cereus was between 92% and 98%. The high prevalence
(98%) was reported for company B, while the lowest
(92%) was for company C. No significant difference was
reported between the companies studied (P>0.05). These
contamination frequencies were higher than reported by
Tirloni ef al. (2022) at 2% to 65.3, Larsen and Jorgensen
(1997) at 56% and Te Giffel et al. (1997) at 74%,
respectively. As for the results of B. cereus
concentrations in the samples analyzed, that was
modeled by the discrete Uniform Distribution, to give
the same probability of occurrence of B. cereus in a
sample (equiprobability of occurrence) depending on the
company. These concentrations were compiled with the
beta distribution of prevalence. In this step, the
probability of toxigenic bacteria was taken into account
(equation 3). Thus, the estimated concentration becomes
lower than counted in the sample. The Monte Carlo
simulation results are reported in Table 3. They showed
variability in contamination between the companies
studied. In fact, the milk stored in a tank before
pasteurization at company A was the most contaminated
milk of the three. Company A showed a high median
value of 1.39 log CFU/mL with a maximum of 4.99 log
CFU/mL. As for other companies B and C, maximum
concentration was reported respectively at 4.48 log CFU/
mL and 4.38 log CFU/mL, otherwise, the median
concentrations were assessed at 1.41 and 1.35 CFU/mL
for companies B and C, respectively. This variability of
B. cereus concentration was also reported by Te Giffel et
al. (1997) and Tirloni et al. 2022). These authors
reported a concentration of up to 5 log CFU/mL. The
Monte Carlo simulation showed that a critical
concentration was never reached in this condition for the

314

studied companies.

The ANOVA comparison of the median (50™) and
99™ showed a significant difference between company A
and two other companies, while no significant difference
between companies B and C, with any critical
concentration, was reported for companies B and C.
These concentrations were likely to increase during the
process depending on the criterion process, especially
during milk storage. Also, they could decrease during the
pasteurization process.

3.2 Temperature and time data during growth module

Four growth modules from reception to distribution
in process steps noted 2, 4, 5 and 6. The reception (step
1) of raw milk was ensured by the company at ambient
temperature for all companies. This step represents the t
= 0. Then, the collected raw milk was kept in tanks at
4°C temperature for all companies studied. In reality,
these temperatures were not fixed and they were higher
than 4°C, especially during hot months such as the
summer season especially when the cow milk was
transported at an ambient temperature and the buildings
were not thermally insulated. The temperature recorded
was taken from the refrigerated tank for all companies.

After pasteurization (step 3), the milk was stored
again in the storage tanks awaiting packaging which was
done by packaging machines and then stored directly in
the fridges at low temperature depending on the amount
intended for the market and on the month. The
temperature of each storage and waiting step was
previously presented in Table 1, The storage
temperatures were modeled by Duniform as
RisDuniform(T;;T;) with the T, as the first considered
temperature and the T; as the last considered
temperature. Otherwise, the milk distribution was carried

Table 3. B. cereus concentration (log CFU/mL) throughout all steps of milk processing.

, , Values log CFU/mL
Module Steps No. Companies Variable (min) ean Max & Min  median  99%
. A ”, /7 153 499 0 139 431
H, fe‘jc”gpfgglll‘ | B Initial time // 148 448 0 141 371
C I 141 438 0 135 3.6l
, A 57.86
G, Stotﬁf no, B MinimumApc 3397 No growth
C 60.79
1076 4836 0 0733 3.989
1 Pasteurization 3 D pasteurisation Table 2 0.96 4.39 0 0.7 33
095 429 0 067 33l
. A 4435
G, Storagein 4 B MinimumArc  113.64 No growth
C 113.61
G, St‘f’rr%gg‘;m 5 all  Minimum Apee 21321 No growth
Gy Distribution 6 Table 4
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out at ambient temperature depending on the month.

The storage time of milk throughout the storage
tanks at different steps (before and/or after
pasteurization) depends on the collected and produced
quantity according to the month of the year. In fact, the
quantity of milk collected was higher than the quantity
sold, particularly for January and February, which means
the milk was kept for a longer time than other months.
The storage time was modeled by different distributions
according to each step as shown in Table 1.

3.3 Bacillus cereus growth parameters estimation at
different steps

The growth parameters were estimated throughout
all steps of the growth module. The estimation of lag
phase (Arec) and prec was based on the literature data of
Tmin- The growth was defined between T, and Tp,.x. The
Monte Carlo simulation showed a high lag phase ((Arec :
h) higher than the storage time for the three companies
(A, B and C) (Table 3). In fact, the minimum (33.97 h)
of a minimum Aroc for the three companies studied (A:
57.86 h, B: 33.97 h and C >57.86 h) was higher than the
maximum storage time at the steps (2, 4 and 5)., Thus, no
B. cereus growth was estimated for three companies in
these times regardless of the temperature of step 2, 4 and
5. Thus, in this case, the proc that was estimated does not
allow for remarkable growth during storage time.
Otherwise, the growth parameters allow the B. cereus
growth to be reported during distribution and sold at an
ambient temperature. The minimum lag phase was
between 0 and 54 h. Theoretically, there is a growth in
this step depending on prec.

Many authors reported no growth of B. cereus at low
temperatures at 4°C (Saleh-Lakha et al., 2017), at 7°C
after 4 to 7 days (Saleh-Lakha et al., 2017). Others
showed no growth at refrigerated temperatures (Crielly
et al., 1994). Also, Larsen and Jorgensen (1999) detected
a low growth at 7°C during the first days, after 5 days at
the same temperature, the B. cereus concentration started
to increase significantly. In fact, only a few strains of B.
cereus will be able to grow below 6°C (Rodriquez and
Barret, 1986; Myllykangas, 1995). The same effect of
low temperature was reported by Notermans ef al.
(1997).

3.4 Estimation of the Bacillus cereus heat resistance
parameters

The literature values of heat resistance parameters of
seven strains of B. cereus were collected as shown in
Table 3. The decimal reduction time (Drec) of the mean
collected temperature and heat sensitivity zrec was
estimated at [0,0002 min: 3.38 min] and [3.75°C:45.5°C]

https://doi.org/10.26656/1r.2017.8(5).590
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respectively. Thus, the Dpaseurisation Were estimated at
pasteurized temperature for each company. Table 3
summarises the pasteurized temperature and its
Dpasteurisation- 1he lowest mean and median Dpasteurisation
values are 4.11 log (min) and 0.75 log (min)
respectively, for company C, while the highest mean and
median values were reported for company A
respectively, at 4.77 log (min) and 0.87 log (min). These
values depend on pasteurization temperature, the high
pasteurization temperature was recorded for company C,
while the lowest for the companies A. The ANOVA
analysis showed a significant difference between the
median value of Dyasteurisation-

e

Then, the decimal reduction “n” was calculated for
each company. They depend on Dpgicurisation and time of
exposure at the pasteurization temperature. The high “n”
could be calculated for the company that used a high
pasteurization temperature for a longer time. This case
was observed for company C. In fact, the simulation
showed that company C was characterized by high D
values at the highest temperature (85°C) during a long
time (25 s). Thus, the results were reported in Table 3.
They showed an efficacity process for company A, then
B and finally C. The median values were at 0.0449, 0.05
and 0.07 for the company A, B and C, respectively. The
99™ percentile was estimated at 32.6, 77.53 and 172.68
for companies A, B and C, respectively. The ANOVA
analysis of the last values showed a significant difference
between the three companies (P<0.05).

3.5 Modeling of Bacillus cereus concentration

The overall results are reported in Table 2. The B.
cereus concentrations were modeled throughout all steps.
At the end of each step, the B. cereus concentrations
were estimated and then used as initial concentrations for
the following steps. Throughout all storage steps, no
growth was estimated during storage steps (2, 4 and 5)
according to the highest lag time (>storage time). Thus,
no change was reported for the B. cereus concentration
in the collected milk in the first step. These
concentrations decreased during pasteurization for all
companies to median/maximum concentration of
2.46/5.02 log CFU/mL, 2.47/4.50 log CFU/mL and
2.45/4.73 log CFU/mL for the companies A, B and C,
respectively. Despite the heterogeneity of pasteurized
temperature for the companies studied, the results
showed a decrease in concentration for the 3 dairies with
2.958 log CFU/mL to 1.916 log CFU/mL in Unit B, and
from 2.813 log CFU/mL to 1.885 in Unit C but there was
no change in Unit A 2.152 log CFU/mL. No significant
difference was reported among the three studied
companies (P>0.05).

As no growth was estimated during steps 2, 4 and 5

© 2024 The Authors. Published by Rynnye Lyan Resources
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regardless of any storage time, at these steps, the
concentrations were modeled at the sum of time of all
steps because the temperature was the same for all steps
and it was impractical to retake account of the lag phase
at the beginning of each step. The bacteria begin the
growth at zero time and continue the growth when the
temperature is the same at the end of the process. The
sum of storage time for both steps 4 and 5 is reported in
Table 1. For example, company A has a maximum sum
of 36 h, the sum was lowest than lag phase with a
minimum of 113 h for the most favorable step 4 (the
storage temperature was higher than step 5). The
pasteurized milk was distributed without any critical
concentration of B. cereus for all companies. Otherwise,
during distribution at ambient temperature, the B. cereus
concentration increased to achieve a critical
concentration for all companies during July and August
(Table 4). As shown in Table 4, company A has a high
number (July: 0.04% and August: 0.17) of tanks with
critical concentrations of B. cereus. For companies B and
C, the number of critical tanks was at 0.0016 and
0.00037, respectively during July. A significant increase
was estimated (0.17% and 0.15%) for companies B and
C during August due to the high mean median
temperature of 27.95°C and 36.66°C, respectively. In the
literature, the highest ratio was reported as 14% of
cartons can exceed the 4 log CFU/mL in pasteurized
milk consumed in the Slovak Republic (Acai et al.,
2014). Also, in the Netherlands, the pasteurized milk
consumed in 11% of private households could
approximately contain more than 5 log CFU/mL of B.
cereus.

Despite not applying the HACCP system, the final
concentration of B. cereus at the end of the process was
lower than 5 log but they affected the level of these
bacteria after growth during the distribution of
pasteurized milk. At the end of this work, the final
concentration depended on the initial contamination of
raw milk and pasteurization efficiency depending on
time and temperature and on the distribution conditions
(ambient temperature). Thus, the application of the
HACCP system could reduce the contamination level
with the pasteurization parameter’s review. Also, is
mandatory to distribute the pasteurized milk at a
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temperature that exceeds 4°C and must be transported in
refrigerated vehicles. To show the effect of these factors
without considering the initial contamination, Monte
Carlo simulation of the estimation model for all
companies with a change of (1) pasteurization
temperature at 85°C during 25 s and (2) distribution of
pasteurized milk at cold temperatures (RiskPert(5°C;
7°C; 18°C) as suggested by Ziane et al. (2019). The
results showed a considerable reduction of B. cereus at
the end of pasteurized milk with a maximum
concentration of 4.91 log CFU/mL for company A, 4.37
log CFU/mL for company B and 4.30 log CFU/mL for
company C. As a conclusion, the microbiological quality
of raw cow milk could be controlled by monitoring of
traceability and handling in the farm through mandatory
refrigerated transportation.
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