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A B S T R A C T   

Background: Quantitative microbiological risk assessment (QMRA) is the most complex stage of risk analysis, an 
important management tool that considers the entire food production chain. Through safety limits, health au-
thorities and producers are concerned with achieving the minimum risk to consumer health. Dairy products are a 
class of foods very susceptible to microbial contamination, and need an extensive database of studies in this 
regard. 
Scope and approach: This review aims to provide an understanding of the structure of QMRA and its application in 
dairy products, taking into account the processing chains of dairy products and the influence of study factors in 
different regions. The limitations and factors of complexity in the construction of the QMRA models in milk and 
cheese pasteurized or not, are also presented. 
Key findings and conclusion: Considerable differences were found in consumption habits between populations in 
different regions, significantly affecting the risk associated with infection or disease. Transport and retail con-
ditions of the products also show a strong influence on the final risk, as well as the hygiene conditions of the milk 
used as raw material. Studies of this type are scarce, especially in dairy products, requiring further development 
of QMRA models. Risk assessment is a promising tool for verifying the effectiveness of using new processing 
technologies, based on the search for the lowest possible risk associated with food.   

1. Introduction 

Laboratory analysis are low-value instruments in the context of 
quality management processes, as they only consider the final product. 
Good Manufacturing Practices (GMP) and Hazard Analysis and Critical 
Control Point (HACCP) aim at the production process, acting as a pre-
ventive measure. The risk analysis covers the entire food production 
chain, generating information for the protection of public health, and 
thus, having a strategic management characteristic at the regional level, 
since it considers the particularities of populations. Thus, the risk 
analysis represents a change in the way of managing food safety. The 
most used and developed type of risk assessment is the one that ad-
dresses the production chain, where the factors during the processing 
and consumption stages are most influential in the risk (Sant’ana and 

Franco, 2010). 
Risk analysis, by definition, is structured by three components: Risk 

assessment, which is associated with a hazard with an adverse effect on 
human health; risk management, which addresses the implementation 
of control measures that will be effective in reducing risk to the desired 
level of protection; and risk communication, where information about 
risks and related factors is exchanged by stakeholders in the study of the 
problem (Collineau et al., 2020; Dogan et al., 2020). Risk analysis can 
address chemical or microbiological hazards. 

The microbiological risk assessment is the most complex stage, 
which requires several skills. It can offer qualitative data generated by 
descriptive data (such as high, medium or low probability of contami-
nation) or quantitative data, based on values on the prevalence and 
enumeration of pathogens and mathematical equations generated by 
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predictive models. (Dogan et al., 2020; Campagnollo et al., 2018). 
Thus, this review aims to offer basic notions of understanding the 

quantitative microbiological risk assessment (QMRA) and its application 
in dairy products, taking into account process specificities and the in-
fluence of study factors from different geographical locations. 

2. Quantitative microbiological risk assessment in food 

QMRA is a scientifically based process that consists of four steps. The 
identification of the microbiological hazard is the moment when the 
pathogen-food combination that will be the target of the study is chosen, 
and thus this step marks the specificity of each risk assessment study. 
The hazard characterization stage addresses the involvement of the 
pathogen as a disease-causing agent in the consumers of the food in 
question, with epidemiological information being raised about the 
combination established in the hazard identification stage. The exposure 
assessment stage consists of using predictive models that describe the 
microorganism’s behavioral responses, as well as the possibility of 
recontamination at specific points in the processing. In addition, dose- 
response parameters are used to estimate the relationship between the 
concentration of ingested pathogen and the frequency and severity of 
effects caused to the consumer. Finally, the risk characterization stage 

involves the integration of the results, providing an estimate, in proba-
bility, of the occurrence of the defined problem and its magnitude 
(Collineau et al., 2020; Kundu et al., 2018; Sant’ana & Franco, 2010). 

The complexity of the model is proportional to the number of pro-
cessing steps and the number of parameters that affect the pathogen’s 
behavior. For the construction of the risk analysis model, modules from 
raw material to consumption are defined, and input data are determined 
based on statistical distributions and predictive models. The Monte 
Carlo simulation is the most used tool in risk assessment, where the 
estimation of a point is replaced by a probabilistic distribution, reflect-
ing the reality more faithfully due to the most frequent selection of the 
most probable values. The more iterations are performed in the simu-
lation, the greater the coverage of the statistical distribution field, and 
consequently, the more reliable the results are. Another important point 
regarding risk analysis is the sensitivity analysis, where it is possible to 
visualize the influence of the parameters on the estimated risk, which is, 
which processing or consumption factors have more influence on the 
probability of contamination or disease (Tan et al., 2019; Dogan et al., 
2020; Sant’ana & Franco, 2010). 

In each process step, the microorganism may have its concentration 
altered by growth, increase by addition, decrease, redistribution, food 
partitioning, food evaporation or cross contamination (Pouillot et al., 
2015). In a study that evaluated the impact of infant caregivers as a 
source of contamination in powdered infant formula, a high probability 
of cross contamination was revealed. Thus, it is strongly recommended 
to incorporate scenarios addressing cross-contamination in QMRA, 
including models for transferring microorganisms to surfaces and 
equipment and vice versa (Cho et al., 2019). 

The output of QMRA can be in concentration of microorganism in the 
product or portion of consumption, or probability of disease in a given 
population (Membré & Boué, 2018). Fig. 1 represents QMRA within the 
risk assessment, as well as the main data necessary for the construction 
of the model. The Appropriate Level of Protection (ALOP) is a value 
established by health authorities that defines the tolerable limit for cases 
of illness or contamination. Thus, if the ALOP is greater than the output 
obtained in the microbiological risk assessment, there must be actions to 
reduce the risk. The FSO (Food Safety Objective) represents the 
maximum concentration of danger in the food at the time of consump-
tion, thus contributing to the reach of ALOP and providing a basis for 
discussing control measures (Pujol et al., 2013). 

Performance Objective (PO) is represented as the maximum con-
centration of hazard in the food at a certain stage in the processing 
chain, contributing to reach an acceptable FSO value. If the consumer 
before consumption will treat the food, the PO may be less rigid than the 
FSO. Thus, it must be defined with a certain conservatism to consider the 
possible microbial development during the storage of the final product. 
FSO and PO are not directly controllable, for this, the values of Perfor-
mance Criteria (PC), Process Criteria (PrC) and Product Criteria (PdC) 
are manipulated. The performance criteria indicate the effects that must 
be achieved through the application of control measures to achieve a 
certain PO, while the process criteria are the parameters to ensure that 

Fig. 1. Representation of quantitative risk analysis as part of the risk assess-
ment and main data necessary for structuring the model (Adapted from San-
t’ana and Franco (2010) and Collineau et al. (2020)). 

Fig. 2. ALOP and safety objective concepts applied to the pasteurized milk production process.  
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the performance criteria are reached, such as temperature or processing 
time. An example of PdC is the product’s pH (Pujol et al., 2013; Sant’ana 
& Franco, 2010). Fig. 2 illustrates these concepts applied to a pasteur-
ized milk production process. 

It is important to note that the risk assessment proves that no food is 
risk free, that is, there is no zero risk for food. Still, it shows that each 
stage of the production chain has its role in the safety of the final 
product. It provides risk managers with the scientific information 
necessary to understand the nature and magnitude of the risk addressed, 
thus enabling them to plan control and prevention actions. Risk 
assessment can also be performed to assess the equivalence of techno-
logical processes for inactivating a pathogen, proving the effectiveness 
of new processes (Jeong et al., 2019; Tan et al., 2019). 

Four types of mathematical equations are used in QMRA: Probability 
functions, equations of physical gradient phenomena (such as temper-
ature profile in an equipment), predictive microbiology equations and 
dose-response models. The input values can be fixed, which are the 
operational inputs and can be adjusted in order to minimize the risk, or 

variables, which in this case are a range of values with their respective 
probabilities of occurrence (Membré & Boué, 2018). 

Probabilistic models have been replacing deterministic models 
(where points are estimated), considering the uncertainty and vari-
ability of biological processes. It is important to point out the concept of 
variability, which represents real and identifiable differences between 
individuals in a target population of QMRA, such as the variability of 
thermal resistance of a specific sporulated microorganism between 
different strains. The parameter uncertainty, on the other hand, repre-
sents the lack of knowledge about the input values, while the model 
uncertainty refers to the approximation by a mathematical function to 
describe a real phenomenon (Membré & Boué, 2018; Pujol et al., 2013). 
In QMRA, some assumptions are necessary, such as the number of people 
exposed to specific hazards. Implicit assumptions are estimated based on 
prior knowledge, always with a risk of related deviations (Flage & 
Askeland, 2020). 

Microorganisms of interest in the area of food have specific partic-
ularities when applied in QMRA studies, such as Salmonella spp., where 

Table 1 
QMRA studies published in recent years related to dairy products.  

Product Microorganism Location Reference Main results 

Raw milk S. aureus China Ding et al., 2016 Probability of production of enterotoxin in processed milk close to zero. In 
boiled milk, generation of up to 4.23 ng/day/person, with a 7.6% probability of 
exceeding the tolerable limit. Most influential steps are storage temperature at 
the plant and boiling temperature. 

Raw milk Campylobacter spp. Italy Giacometti, Bonilauri, 
Amatiste, et al. (2015) 

If there is no boiling of milk before consumption, counts ranged from 0.8 to 
0.46 CFU/mL. Risk of infection 2.5 times higher for children under five years of 
age. Factors that most influence risk are the percentages of children consuming 
and consumers who do not boil milk. 

Raw milk Salmonella spp. and 
L. monocytogenes 

Italy Giacometti, Bonilauri, 
Albonetti, et al. (2015) 

No cases of listeriosis. Up to 980 thousand cases of salmonellosis in the worst 
case scenario. 

Raw milk S. aureus Italy Crotta, Rizzi, et al. (2016) 25% probability of presence of the sea gene, 86% for expression and 1.9 × 10− 5 

of toxin occurring above the tolerable limit in the base scenario. When the 
presence of the gene is increased and when the worst storage conditions occur, 
risk increases 52% and more than a hundred times, respectively. 

Raw milk STEC South 
Africa 

Ntuli et al. (2018) Risks of 1.0 × 10− 4 and 9.0 × 10− 5 for raw milk and pasteurized milk sold by the 
producer, respectively. For children, risk is 15 times greater. Most influential 
factors are boiling time and temperature. 

Raw Milk Salmonella spp. and 
S. aureus 

Ethiopia Waldeabezgi et al. (2019) Annual likely risk of illness of 24 and 48% for S. aureus sold by the producer and 
in points of sale, respectively, and 6 and 11% for Salmonella spp. on the same 
routes. 

Pasteurized milk 
associated to 
wastewater reuse 

L. monocytogenes USA Dogan et al. (2020) The number of cases of listeriosis estimated in the scenario using wastewater 
remained practically the same as in the scenario using potable water. 

Pasteurized milk Mycobacterium avium Italy Serraino et al. (2014) Probabilities between 0.55 and 0.98% were obtained for milk with a 
concentration greater than zero, while for a concentration greater than 100 
CFU/mL, the probability was between 0.04 and 0.11%. 

Raw milk soft cheese STEC  Perrin et al. (2014) The risk of disease was estimated at 4.2 × 10− 6/25 g of cheese, where 20% of 
the batches would exceed the suggested ALOP. Scenarios considering pre- 
harvest interventions reduced risk by 76–98%, while the exclusion of farms 
with worse handling conditions reduced the risk by 87%. 

Raw milk cheese and 
Pasteurized milk cheese 

L. monocytogenes Ireland Tiwari et al. (2015) Estimated risks of 7 × 10− 8 and 7 × 10− 10 for raw and pasteurized cheeses, 
respectively. When addressing a high-risk population, the values are 9 × 10− 4 

and 8 × 10− 6. In a scenario with a high concentration of initial pathogen, a 40% 
greater risk was observed, while inadequate storage conditions increased the 
risk by 39 and 64% for raw and pasteurized cheese, respectively. The most 
influential stages were consumption habits and storage temperature. 

Semi-soft sheep milk 
cheese 

L. monocytogenes Italy Condoleo et al., 2016 Risk of 8 × 10− 12 and 3.6 × 10− 10 for the general and vulnerable population, 
respectively. 1.3% of the portions would have a count above 10 CFU/mL. In a 
scenario with a herd animal with mastitis, a risk seven times greater was 
obtained, and compared to a scenario considering only environmental 
contamination, risk 85 times greater. 

Fresh soft and semi-hard 
cheese 

L. monocytogenes Brazil Campagnollo et al. (2018) In fresh cheese, a risk of 6000 and 190 times greater than in semi-hard cheese 
was obtained for the general and vulnerable population, respectively. The risk 
in semi-hard cheese decreases with the longer ripening time. The addition of 
lactic acid bacteria reduced the risk in all scenarios. 

Natural and processed 
cheese 

S. aureus Korea Lee et al. (2015) 7 × 10− 10 and 2 × 10− 9 disease risk for natural and processed cheese, 
respectively. The most influential factor was the frequency of consumption. 

Natural and processed 
cheese 

Clostridium spp. Korea Lee et al. (2016) No growth observed during the processing chain, very low risks, in the order of 
10− 14. 

Milk chocolate Salmonella spp. Brazil Campagnollo et al. (2020) Fewer estimated cases of salmonellosis when the initial concentration is lower 
and the roasting temperature is higher. Grain fermentation and milk chocolate 
composition had a greater influence on risk.  
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their nature of risk of infection in humans depends on factors of the cell 
and the host, as well as their complex environmental interaction. Vari-
ations in pathogenicity and adaptation to the host mainly influence the 
dose-response model (Chen et al., 2020). 

Predictive microbiology equations play a fundamental role in risk 
analysis, and have their value when analyzed individually. Based on 
mathematical models obtained from experimental data, it is possible to 
predict the growth or inactivation of a given microorganism under given 
conditions (temperature, pH, water activity) in a specific food. As an 
example, Lobacz et al. (2019) generated data of inactivation kinetics of 
Salmonella spp. on the surface of ripened raw milk cheese at different 
temperatures, providing data for the construction of QMRA and 
emphasizing that contamination by Salmonella in raw milk can generate 
residual risk in the cheese produced. Thus, it is possible to estimate the 
product’s shelf life or determine the best processing technology to 
ensure the best product safety and quality (Cruz et al., 2018; Portela 
et al., 2019). 

3. Application of QMRA in dairy products 

Table 1 shows the QMRA studies developed in dairy products in 
recent years, as well as the main results obtained. In some countries, 
mainly in Italy, raw milk is sold through vending machines, and this 
practice is increasingly popular in countries like New Zealand. This type 
of consumption develops due to the desire for less processed foods by 
consumers, in addition to being cheaper than pasteurized milk. In an 
Italian study, the risk of campylobacteriosis in raw milk from these 
machines was evaluated, which may contain milk from only one farm 
per machine and have a warning for boiling the milk before consump-
tion. The producers that supply the machines have specific regulations, 
with microbiological and chemical criteria, and according to national 
laws, each region of the country must carry out periodic sampling of this 
type of product (Giacometti, Bonilauri, Amatiste, et al., 2015). 

Two outbreaks of campylobacteriosis have already been recorded in 
Italy, and a prevalence of Campylobacterspp. in raw milk from vending 
machines is estimated to be up to 1.5%. In the study, 36 scenarios were 
evaluated; two related to the time-temperature conditions in the ma-
chine, two related to D-values, three related to the percentage of con-
sumers who boil raw milk before consumption, three related to the 
percentage of consumers with less than five years old, among others. The 
main source of uncertainty in this study is due to the initial concentra-
tion of the pathogen in milk, as national law requires absence and so the 
analyzes are not quantified. According to the results shown in Table 1, 
the importance of considering consumption habits in QMRA is evi-
denced (Giacometti, Bonilauri, Amatiste, et al., 2015). 

In another study addressing milk from vending machines, the risks of 
infection with Salmonella spp. and Listeria monocytogenes were evalu-
ated, with the same scenarios. The result was the absence of cases of 
listeriosis and a great variation of cases of salmonellosis according to the 
scenarios, reaching an estimated 980 thousand cases in the worst con-
ditions evaluated (consumers do not boil milk before consumption, 
worse storage conditions in machines and the most harmful dose- 
response model) (Giacometti, Bonilauri, Albonetti, et al., 2015). 

S. aureus is one of the pathogens of most concern with regard to milk 
quality, reaching prevalence levels of 25% in the USA and up to 80% in 
China, with a 26% probability that the count is greater than 5 log CFU/ 
ml. As a limiting factor for QMRA studies addressing S. aureus, there is 
no dose-response model available related to ingestion of staphylococcal 
enterotoxin (Ding et al., 2016). 

Ding et al., 2016 performed QMRA in order to quantify the risk of 
disease by S. aureus and its toxin in raw milk in China. From the analysis 
of Chinese data, a prevalence of 800 detectable samples was obtained, 
out of more than 3200 samples. It was also considered the possibility of 
samples having a non-detectable pathogen concentration, with this 
number being quantified from a mathematical relationship between the 
true microbial density in the batch and the proportion of raw milk with 

undetectable load. In this work, due to the particularities of consump-
tion in the region, a module for heat treatment and storage by the 
consumer was included, since raw milk is sold, considering the time and 
temperature of domestic boiling. In the probability distributions of 
storage time and temperature, extreme maximum values were consid-
ered, as the authors consider it that storage and hygiene practices are not 
satisfactory in the region to guarantee product quality. To estimate the 
production of toxin, which occurs from a concentration of S. aureus of 5 
log CFU/mL, a mathematical relationship as a function of temperature 
was used (Ding et al., 2016). 

In a study that evaluated the risk of staphylococcal enterotoxin dis-
ease also in raw milk from vending machines, two main aspects were 
considered: differences in pathogenicity between strains and consumer 
behavior at home. These aspects improve the ability to capture the 
complexity of real food safety scenarios. The structure of QMRA differs 
from other studies due to the existence of a module dedicated to the 
production of the toxin. Input data such as the probability of the 
occurrence of each genotype and the existence of the sea gene (staphy-
lococcal enterotoxin A gene) in each one, probability of a given geno-
type and general probability of S. aureus being sea+, probability of gene 
expression and effective production of SEA (staphylococcal enterotoxin 
A). To assess consumer behavior, information such as time and tem-
perature of household consumption and storage position inside re-
frigerators were addressed. Even though milk is an excellent culture 
medium for microorganisms, considerable toxin production is rare, 
linked mainly to very unfavorable storage conditions. It is necessary to 
be cautious when extending this data to other dairy products, as SEA are 
thermostable, and this must be taken into account in the risk analysis of 
products with long shelf life, such as powdered milk (Crotta, Rizzi, et al., 
2016). 

Based on the sensitivity analyzes performed in QMRA on raw milk, 
temperature and storage time are commonly identified as the main 
factors influencing the product’s safety risk. However, in these studies, 
an implicit assumption is that milk will always be consumed, even if 
stored in extremely unfavorable conditions, in which case there may be 
deterioration of the product, which will be discarded by the consumer. 
Thus, the models do not formally consider extreme unfavorable sce-
narios, where the product may not be consumed. It is estimated that 12% 
of the servings would not be consumed in these cases (Crotta, Paterlini, 
et al., 2016). 

In a work in South Africa, QMRA was performed to assess the risk of 
hemolytic uremic syndrome (HUS) caused by Shiga toxin-producing 
Escherichia coli (STEC) by raw milk, a comorbidity that is dependent 
on the susceptibility of the host and the ingested dose, being more 
vulnerable the elderly, immunocompromised and children. However, 
some strains of STEC (such as O104 and O157) can affect healthy adults, 
with the consumption of about 50 cells. In South Africa, there is a high 
prevalence of STEC in milk, with rates of 11 and 7.3% being reported for 
raw and pasteurized milk sold directly by the producer (PDMB), 
respectively, portraying a regional problem with the presence of several 
non-O157 strains in the region. It is noteworthy that STEC can be un-
detectable in the samples, but present viability, causing underestimation 
(Ntuli et al., 2018). 

Waldeabezgi et al. (2019) performed QMRA for risk assessment 
related to the presence of Salmonella spp. and S. aureus in raw milk in 
Ethiopia, a country where most stages of the milk processing chain are 
carried out informally, with unsatisfactory hygiene conditions and 
inadequate storage. In this study, it was considered selling directly by 
the producer or via informal points of sale and consumption habits, 
without addressing transport and storage conditions. The prevalence of 
S. aureus was determined to be 28 and 55% in the routes by the pro-
ducers and in the points of sale, respectively, and in 11 and 13% for 
Salmonella spp. under the same conditions. It has been reported that 65% 
of consumers boil milk before consumption, and 35% do not do or 
consume it in the form of fermented milk. 

Pujol et al. (2013) approached QMRA in the context of ultra-high 
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temperature (UHT) processing, with the objective of implementing 
process configurations in a scientific way, developing a uniform com-
mon structure of the production line and allowing cost-benefit analysis 
through the data obtained, with the conclusion of the probability not to 
reach the condition of commercial sterility. Analyzing the UHT milk 
processing chain, it is possible to mention the steps of receiving in-
gredients and packaging, UHT treatment of the product, sterilization of 
the packaging (in a non-sterile area), filling and sealing (sterile area) and 
storage until consumption. In the UHT treatment, the reduction of mi-
croorganisms by the thermal process is taken into account, while in the 
packaging sterilization line data is required according to the nature of 
the treatment applied, which can be thermal, radiation (UV, pulsed 
light, IV) or chemist (Pujol et al., 2013). 

From the filling stage onwards, microbial growth can occur. 
Considering the nature of the process, a low initial contamination level 
is expected, and the model should take into account the variability in 
individual cell growth. Still, it is necessary to identify vectors involved in 
recontamination, determining the level, condition and frequency of 
exposure to contamination. The transfer coefficient from the contami-
nated source to the intermediate phase (floor, equipment, air, surfaces) 
and from the intermediate phase to the product must be taken into ac-
count. For the UHT process, it is extremely important to consider 
recontamination by air as an intermediate phase, since the sterile 
product after heat treatment can be exposed to air in the filling phase. In 
addition, the possibility of biofilm recontamination must be evaluated 
(Pujol et al., 2013). 

The dairy industry produces a large amount of wastewater, which 
can be used to clean the plant. However, as treated raw milk is 
contaminated, wastewater can also be contaminated. A study aimed to 
perform QMRA to discover the risk of infection by L. monocytogenes and 
consequent listeriosis, when wastewater recovered from the pasteurized 
milk processing line is used to clean the same line, in addition to 
establishing a critical contamination limit that allows wastewater to be 
able to be safely reused. The study was carried out based on several 
transfer coefficients between wastewater, milk and surfaces of the pro-
duction line, in addition to cleaning efficiency parameters and tradi-
tional predictive and dose-response data (Dogan et al., 2020). 

For this, a clean scenario was evaluated, where potable water would 
be used to clean the line (which portrays the reality, since this is the 
industry standard procedure), a raw wastewater scenario, where the 
wastewater would be used without any treatment prior to introduction 
into the line, and several other scenarios with different loads of 
contamination from wastewater and evaluation of consumer groups 
(general, pregnant and elderly) of the pasteurized milk produced. The 
number of cases of listeriosis estimated in the base scenario remained 
practically the same as in the clean scenario, indicating that treated 
wastewater can be a sustainable alternative to drinking water in clean-
ing the production line. It is important to note that the milk flora is 
diverse, and as this study addressed only one of the pathogens, there 
may be risks associated with other microorganisms not considered 
(Dogan et al., 2020). 

The pasteurization process applied to milk to control foodborne 
pathogens is not sufficient to control high levels of contamination, and if 
done improperly, it is not effective even against low concentrations of 
pathogen. In addition, post-pasteurization contamination must be 
considered (Ding et al., 2016). 

QMRA study carried out by Serraino et al. (2014) addressed the risks 
related to the presence of Mycobacterium avium subsp. Paratuberculosis 
(MAP) in pasteurized milk, which mostly represents a zoonotic risk, but 
it is also suggested that it may be related to Crohn’s disease in humans, 
mainly by exposure to the microorganism via contaminated milk and 
dairy products. MAP is often found in raw milk and can survive milder 
types of pasteurization, and is found in retail in its viable form. The 
study evaluated three pasteurized milk industrial plants in Italy, with 
different production capacities, using samples of raw milk and milk 
filters. For this, MAP concentrations and eventual multiplication in bulk 

tanks, milk trucks, silos in processing plants and after pasteurization 
were observed, estimating the proportion of liters of pasteurized milk 
with MAP concentration greater than zero (Serraino et al., 2014). 

A Brazilian study sought to determine the risk associated with the 
occurrence of salmonellosis related to the consumption of milk choco-
late. The insertion of another module was necessary for the analysis of 
cocoa processing, prior to the processing of the milk chocolate itself. The 
cocoa processing module covered the stages of fermentation, drying and 
roasting of the seeds, as well as the eventual cross-contamination after 
roasting, which is a stage where microbial inactivation occurs. In the 
milk chocolate processing module, contamination from milk powder, 
product formulation and the conching step, which inactivates due to the 
average temperature of 60 ◦C, were considered (Campagnollo et al., 
2020). 

In a study that evaluated the risk of STEC in raw milk soft cheese, five 
main types of STEC in Europe were considered. Different cheese pro-
cessing technologies can influence the probability of contamination and 
survival of STEC, which survives mainly in processing soft and semi-soft 
cheeses. The prevalence of STEC in the feces of the herd was evaluated, 
directly related to the contamination of milk in the bulk tanks, and 
predictive parameters of several strains of STEC in the milk were 
determined at each processing stage. Growth was considered in the 
storage, maturation, coagulation and moulding stages, and inactivation 
was considered in the drying and ripening stages. Afterwards, parame-
ters related to the consumption module were evaluated (Perrin et al., 
2014). 

Tiwari et al. (2015) carried out a study in order to predict contam-
ination by L. monocytogenes from the farm environment (feces, silage, 
soil, food) and cross contamination by processing and storage, in cheese 
produced with raw and pasteurized milk. An eventual route of direct 
transmission based on animal contact with subclinical mastitis was 
disregarded, since the literature considers the association of this path-
ogen to this problem very rare. Thus, indirect routes of contamination by 
grass/silage, fecal origin and water/soil were considered, with proba-
bility distributions being made for each estimated route associated with 
the prevalence data. To assess cross contamination during cheese pro-
duction, a potential transfer model was considered, addressing the mi-
crobial load in the cheese, the surfaces of the equipment and the 
surrounding environment (Tiwari et al., 2015). 

In a work to assess the risk of listeriosis in semi-soft cheese produced 
with raw sheep’s milk in Italy, aspects related to the prevalence of 
mastitis in dairy animals were mostly evaluated. From data of preva-
lence by similarity with cow’s milk, scenarios were developed with 
random herd, herd with a single case of mastitis, herd without mastitis 
and herd with mastitis outbreak. In the cheese production module, the 
loss of about 4% of the pathogen concentration in whey was considered 
in the coagulation stage. From a predictive study, a small reduction in 
the concentration of L. monocytogenes was observed during maturation, 
however, considering scientific data and knowledge of favorable con-
ditions, the authors opted for the conservatism of keeping the concen-
tration of the pathogen constant during maturation. Cross 
contamination in the retail module was neglected, as this type of cheese 
popular in Southern Europe is usually consumed without rind. A prev-
alence of 2.2% of pathogen in milk was determined, with an average 
concentration of − 0.25 log CFU/mL (Condoleo, 2016). 

Campagnollo et al. (2018) performed QMRA to check the risk of 
listeriosis from semi-hard and fresh soft cheeses, where the reported 
pathogen prevalence is 1.4–6% and 3–45%, respectively. Due to the 
nature of the product, fresh cheeses are much more susceptible to mi-
crobial contamination, due to characteristics such as higher pH and 
water activity, lower salt concentration and refrigerated storage condi-
tions. In the risk assessment of semi-hard cheese, raw milk was used as 
raw material with L monocytogenes concentration between 2.4 and 6 
log CFU/mL and the possibility of growth or decline during ripening, 
evaluating periods of 4, 22 and 60 days in this step. For fresh cheese, 
pasteurized milk with an initial pathogen concentration between 2.4 
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and 4 log CFU/mL and microbial growth during refrigerated storage was 
considered. 

In this study, the percentage of cell loss by whey in the coagulation 
stage was also considered, in addition to taking into account a rela-
tionship between milk and type of cheese, thus obtaining a concentra-
tion of L. monocytogenes per kilo of cheese produced. In the ripening 
module of semi-hard cheese, the pathogen’s behavior was verified 
experimentally, considering a possible inactivation in the presence of 
lactic acid bacteria (LAB) or growth in the absence of these. In the fresh 
cheese refrigeration module, transport time and temperature, time spent 
in retail and domestic habits were considered, estimating the growth of 
the pathogen by predictive model in all these stages. In the consumption 
module, a dose-response model was considered, evaluating the proba-
bility of a cell causing listeriosis (Campagnollo et al., 2018). 

In a preliminary study assessing the risk associated with the presence 
of staphylococcal enterotoxin in Minas Frescal cheese, one of the most 
popular types of cheese in Brazil, Nunes and Caldas (2016) used prev-
alence data in the literature and estimated the risk based on domestic 
storage and consumption, not considering the production process and 
the raw material. Thus, for this type of cheese a more complete study is 
needed with regard to covering the entire production chain (Nunes & 
Caldas, 2016). 

Lee et al. (2015) performed QMRA to determine the risk associated 
with S. aureus in processed cheese (Cheddar, Mozzarella and Gouda 
slices) and natural cheese (Brie and Camembert) in Korea, which has 
zero tolerance for this pathogen in cheese. Prevalence data from the 
literature and temperature data associated with predictive models were 
used throughout the production chain until the time of consumption, in 
addition to a dose-response model related to skin diseases, as there is no 
model available for S. aureus related to ingestion toxinfection. Absence 
of significant growth until consumption was reported due to the good 
cold chain in Korea, highlighting the geographic specificity of the 
QMRA. Simulating a temperature at the point of sale of 15 ◦C, there 
would be significant growth. 

Assessing the risk of Clostridium spp., a genus closely associated with 
processed cheeses, in the same types of cheese and with the same risk 
assessment model structure as in the previous study, no growth was 
observed during processing until consumption, exhibiting extremely low 
risks for both types of cheese, in the order of 10− 14 (Lee et al., 2016). 

Fig. 3 summarizes the main factors to be considered in the con-
struction of QMRA model for milk and cheese, pasteurized or not. 

4. Perspectives 

The outputs generated in QMRA can be used by regulatory agencies, 

health agencies and the industry, with the aim of working on food se-
curity and establishing safe limits within the scope of international food 
management. Still, the analysis of aspects related to the dairy production 
chain and verification of the importance of certain stages in influencing 
the associated risk help the expansion of this type of study, where those 
related to dairy products are limited, requiring expansion to other 
products, like yogurt, fermented drinks and ice cream. Still, comparative 
assessment with emerging technologies is interesting, thus verifying its 
technological potential combined with food safety parameters. 
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quantitative microbiological risk assessment techniques to an aseptic-UHT process in 
the food industry. International Journal of Food Microbiology, 162, 283–296. 

Sant’ana, A., & Franco, B. (2010). Revisão: Avaliação quantitativa de risco 
microbiológico em alimentos: Conceitos, sistemática e aplicações. Brazilian Journal 
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