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Pre-treatments of Milk and their 
Effect on the Food Safety of 
Cheese

Abstract
In the manufacture of traditional cheese varieties, processing fresh 
milk that has been treated as little as possible is crucial. Preserving the 
microbiome and the activity of the original enzymes in the raw milk to 
the greatest extent possible allows these cheeses to retain their origi-
nal character. This objective conflicts with the growing demands placed 
on products in terms of food safety. The present literature search ad-
dresses the influence of the pre-treatment of cheesemaking milk on 
the food safety and quality of ripened cheeses, with particular focus on 
heat treatment, bactofugation, and microfiltration. 

Keywords: cheesemaking, food safety, milk treatment, pasteuriza-
tion, thermization, bactofugation, microfiltration

1. Introduction
Many of Europe’s traditional cheese varieties are made from raw milk. 
In France, Italy and Switzerland alone, over 600,000 tonnes of raw-milk 
cheese are produced each year, which corresponds to 10% to 40% of 
total cheese production, depending on the country [1, 2]. Among them 
are many cheeses with a protected designation of origin (PDO), whose 
production must be in accordance with the requirements of a PDO 
specification. Several PDO specifications allow the option of processing 
heat-treated milk, so that under the same label both raw-milk cheese 
and cheese from thermized or even pasteurized milk can be found. 
Examples are the French cheeses Cantal AOP [3] and Fourme d’Ambert 
AOP [4] and the Italian Taleggio DOP [5]. Only a few PDO specifications 
mandate a heat treatment of the milk. Examples are the Swiss Vacherin 
Mont d’Or AOP (thermization) [6] and the Greek Feta PDO (pasteuriza-
tion) [7].
In France, where many raw-milk cheese varieties are produced, a fun-
damental debate is underway as to whether AOP specifications should 
be revised to allow the germ-reducing treatment of raw milk [8, 9]. 
The desire for approval of such processes comes particularly from the 
industrial producers of PDO cheeses with the aim of increasing the 
food safety of the products. Artisanal producers of PDO cheeses, on 
the other hand, insist on traditional production and the sensory supe-
riority of raw-milk cheeses [10].
According to Hartmann & Maubois (2018) [11], microfiltration was tem-
porarily authorised for the production of Camembert de Normandie 
PDO in 2002 because of various L. monocytogenes outbreaks. In 
Switzerland, too, there have been discussions about the authorization 
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of certain methods of milk treatment in the production of traditional 
PDO cheeses in order to increase food safety. The main focus here is 
on the thermization of milk, and in some cases also on mechanical 
germ-reduction technologies such as bactofugation.
Food business operators are legally obliged to apply procedures based 
on the concept of Hazard Analytical Critical Control Point (HACCP) [12] 
to ensure the food safety of their products. European Regulation (EC) 
No 852/2004 [13] promotes the development of guidelines for good 
hygiene practices and the application of HACCP principles by the food 
industry. A major difficulty in developing an HACCP-based guideline for 
the production of traditional foods is often the lack of uniform produc-
tion methods for the individual products. This also applies to foodstuffs 
with a protected designation of origin. PDO specifications are primarily 
meant to conserve a cultural heritage, i.e. to maintain the identity and 
the unique character of traditional food products. They were not es-
tablished on the basis of HACCP studies or food safety considerations. 
Therefore, process parameters relevant for food safety such as milk 
storage conditions, thermization parameters and scalding temperature 
are not defined precisely. In practice, procedures complying with the 
PDO specifications but compromising on the food safety of the ripened 
cheese are found.
The aim of the present publication is to assess the methods of milk 
pre-treatment used in commercial cheese production regarding their 
contribution to the food safety of cheese, with a focus on cheese pro-
duction in Switzerland. These methods include not only pasteurization 
but also thermization, bactofugation and microfiltration.

2. The Microbiome of Raw Milk
Due to the composition of raw milk, it represents the ideal environ-
ment for the growth of a wide range of different microorganisms. The 
totality of all microorganisms present in raw milk is known as the “raw 
milk microbiome”. It is a very complex community, whose specific com-
position has a direct influence on the processability of raw milk into 
dairy products, and on its quality and safety [14, 15]. Recent studies 
identified up to 256 different species in raw milk [16, 17]. Among 
them are a number of unexpected genera and species not previously 
described in raw milk. 
Lactic acid bacteria (LAB: genera Lactococcus, Lactobacillus, 
Leuconostoc, Streptococcus, and Enterococcus) and commensal 
staphylococci dominate in the microbiome of freshly milked raw 
milk. Other microorganisms are also present (Propionibacterium spp., 
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Corynebacterium spp., Arthrobacter spp., Brevibacterium spp., Carno-
bacterium spp., Bifidobacterium spp., and yeasts), which, like LAB, are 
capable of growth in certain phases of cheese production and ripening, 
and through the fermentation of lactose, citrate, and lactic acid (as well 
as through proteolysis and lipolysis), contribute significantly to typical 
quality characteristics of cheese, such as flavour, taste, and texture. Due 
to the technological and nutritional function of these microorganisms, 
most of them are desirable in raw milk.
However, there are also a number of undesirable microorganisms in 
raw milk that can affect the quality and safety of cheese. These un-
desirable microorganisms include, in particular, spores of Clostridium 
tyrobutyricum, which cause the undesired butyric acid fermentation in 
cheese [18]. Gram-negative bacteria play a subordinate role in freshly 
milked milk, but can dominate after cold storage of the milk [19]. Many 
of these microorganisms form lipases and proteases, which may lead 
to flavour defects in mature cheese products [20]. 
Enterococci, in particular, E. faecalis and E. faecium, belong to the LAB 
group, and are found in many ready-to-eat foods [21, 22]. Enterococci 
are discussed very controversially in literature. They are important 
nosocomial pathogens [23]. Moreover, they are known for their ability 
to easily acquire and transfer antibiotic resistance genes [24]. Although 
enterococci occur in high numbers in certain types of cheese and fer-
mented sausages, they are usually not deliberately added as starter 
cultures. Some strains are, however, used as probiotics [25]. At present, 
enterococci are not considered food-borne pathogens and are there-
fore not a legal food safety criterion.
Fermented foods may contain large amounts of biogenic amines, which 
can be problematic. The amines histamine and tyramine are particular-
ly undesirable; both can trigger a broad spectrum of health disorders. 
Contents of more than 300–500 mg of histamine and tyramine in 1 kg 
of cheese are in line with cheese defects, such as pungency and un-
desired eye formation, as well as poor maturation properties [26, 27]. 
The absence of biogenic amine-forming microorganisms (Lactobacillus 
parabuchneri, Enterococci, and Enterobacteria) in raw milk is an im-
portant prerequisite for the production of high-quality cheese from 
unpasteurized milk.

3. Food Safety and Quality of Raw-milk cheese
In Switzerland, about 45% of the milk produced is processed into 
cheese. Around half of that cheese production is raw-milk cheese and 
cheese made from thermized milk (subpasteurization conditions). 
Matured semi-hard and hard cheeses are regarded as relatively safe 
foods, because most pathogenic microorganisms are continuously 
inactivated during cheese ripening. In semi-hard cheese, however, the 

inactivation rate is lower than in hard cheese. Listeria monocytogenes 
and Mycobacterium avium ssp. paratuberculosis stand out, in particu-
lar, due to inactivation rates of 0.5 log or less per month [28, 29]. Due 
to the higher water content, semi-hard cheeses are ripenng faster, and 
are usually consumed earlier. Therefore, they represent higher risk to 
human health than hard cheeses. In the United States, cheese made 
from non-pasteurized milk must be matured for at least 60 days before 
sale, in accordance with the FDA Code of Federal Regulation 21, part 
133 [30]. This so-called 60-days rule has been adopted in other coun-
tries, although maturation for 60 days may not be enough to eliminate 
or reduce pathogenic bacteria in cheese to an acceptable level [31-33].
The microbial hazards that must be addressed in the context of an 
HACCP study for semi-hard and hard cheeses include microorganisms 
that occur frequently in the microbiome of raw milk, and have a good 
survival capacity in the cheese. Or they are able to multiply during 
certain phases of the cheese production and ripening process and 
therefore may reach problematic bacterial counts, even with low initial 
contamination (Table 1). In addition, the microorganisms present in 
raw milk largely pass into the cheese during cheese manufacturing, 
and are physically enriched about tenfold.
Within the framework of the HACCP concept, microbiological end 
product controls mainly have the task of checking its functioning, and 
they are not carried out closely for semi-hard and hard cheeses. This 
lack of close monitoring makes it all the more important to inhibit the 
microbial hazards described in Table 1 through a well-controlled pro-
duction process. 

4. Milk Treatment to Improve the Food Safety of Cheese
4.1. Storage of Raw Milk
If raw milk is not subjected to a germicidal process before being pro-
cessed into cheese, the microbiological quality of the raw milk plays 
a crucial role in food safety and the sensory quality of the cheese. 
According to European Regulation (EC) No 853/2004 [40], milk for 
cheese production may be stored at temperatures >8°C with the ap-
proval of the competent authority. This holds true for Switzerland, but 
the Swiss ordinance on hygiene in milk production limits the storage 
time to 24 hours if the milk is stored >8°C.
As Figure 1 shows, the growth of Escherichia coli at temperatures above 
12°C accelerates to such an extent that unacceptable contamination of 
the processing milk may occur if the milk is stored for only 12 hours. 
Below 10°C, however, there is no significant increase in pathogenic 
germs in the milk for 24 hours. An exception is Listeria monocytogenes, 
which is still able to multiply even at 0°C (Figure 2). 
Producers of traditional cheeses do not like to store raw milk at 

Table 1: Pathogenic or toxin-forming microorganisms: Frequency in raw milk and behaviour in semi-hard cheese [28, 34-39]
Hazard Prevalence in 

raw milk
Growth in semi-hard cheese Inactivation during cheese ripening at 

10–15°C
Importance

Listeria monocytogenes 0.1–1.0% (1) On the surface of red smear cheeses Decrease in cheese <0.5 log/month High

Salmonella spp. <0.10% (1) No (no lactose fermentation) Decrease of about 1 log/month Low

Shiga toxin-producing 
Escherichia coli

0.1–1.0% (1) Strong reproduction in the first 24 hours (lactose 
fermentation)

Decrease of about 1 log/month High

Staphylococcus aureus 23–32% (2) Strong reproduction in the first 24 hours, at levels 
>10⁵ cfu/g, toxin formation possible

Decrease of about 2–3 log/month, toxins 
are not inactivated

High

Histamine-forming lactobacilli 14–25% (3) In the manufacturing process and during 
maturation

Slow deactivation after 30–60 days with 
ongoing histamine formation

High

(1) Farm bulk milk samples (N = 601) delivered to cheese factories producing raw-milk cheese. Proportion of samples with positive result in 25 g milk [38]
(2) Percentage of samples (N = 403) with more than 100 cfu/mL [34]
(3) Percentage of samples (N = 199) with more than 1 cfu/mL [39]
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temperatures below 12°C for various reasons. Cold storage leads to an 
increase in pH and dissociation of casein micelles, which has a negative 
effect on rennet coagulation and cheese yield [42]. Moreover, cold 
storage of the milk binds the milk’s own lipoprotein lipase to the fat 
globules, and initiates spontaneous lipolysis [43]. Finally, cold storage 
of the milk allows only the psychrotrophic bacteria, most of which are 
Gram-negative, to grow, while lactic acid bacteria do not multiply. This 
can also lead to off-flavor in cheese. Based on Figure 1 and experience, 
it can be said that overnight storage of milk milked in the evening at 
12–13°C does not call into question the quality and safety of cheeses 
matured for 60 days, provided that the risk of contamination with 

listeria is addressed with targeted control measures. In the production 
of smear-ripened cheeses, the regular examination for listeria of the 
brine used for cheese care represents such a control measure.
 
4.2. Heat Treatment
Heat treatment of milk is the most common method of eliminating 
unwanted microorganisms from raw cheese milk. A distinction is made 
between pasteurization and thermization. The conditions for the pas-
teurization of milk are specified precisely by law as a heat treatment 
at 72°C for at least 15 seconds, or a temperature-time combination 
with the same effect which leads to a negative phosphatase test [44, 
45]. The temperature-time combination of 63°C and 30 minutes is con-
sidered equivalent to 72°C and 15 seconds. Under these conditions, 
the bacterial count of pathogenic microorganisms, such as Coxiella 
burnetii, is reduced by ≥ 7 log [46].
Table 2 shows for different bacterial species typical decimal reduction 
times at 65°C (D-values) and the number of degrees the temperature 
has to be increased to achieve a reduction in the D-value by 1 log 
(z-values). D- and z-values vary from strain to strain. Some pathogenic 
bacteria show a significantly higher z-value than C. burnetii, which 
means that their D-value is less influenced by temperature changes. 
For example, Salmonella enterica serovar Senftenberg is considerably 
more heat resistant than other salmonella. The medium and test con-
ditions also have an influence on the values [47].
In contrast to pasteurization, thermization is not precisely defined by 
law, except that it is a heat treatment of milk below 72°C, which does 
not lead to complete inactivation of alkaline phosphatase. In general, 
however, a temperature in the range 57°C to 68°C for 10–20 seconds 
is used [51]. The primary purpose of thermization of cheese milk is to 
reduce the risk of undesired fermentation. Due to the lower heat load, 
enzymes (such as lipoprotein lipase) and thermoduric bacteria (such 
as pediococci and enterococci) are less inactivated, which affects the 
ripening and aroma development of the cheese [52-55]. 
According to the specifications for certain Swiss PDO cheeses, only 
thermization at 57°C to 68°C for 15 seconds, if at all, is permitted as 
heat treatment. However, the figures in Table 3 show that listeria 
and salmonella are only slightly inactivated at 57°C and a holding 
time of 15 seconds. Even at temperatures of 62°C and 65°C, Listeria 
monocytogenes is not sufficiently inactivated in 15 seconds (reduction 
by 0.2 log = 40% and by 0.7 log = 80%, respectively).
If the thermization of the cheese milk in the context of an HACCP study 
is regarded as one of the measures for controlling microbial hazards 

Figure 1: Propagation of Escherichia coli in milk at different 
temperatures (Simulation with Sym’previus®, [41])

Figure 2: Propagation of Listeria monocytogenes in milk at different 
temperatures (Simulation with Sym’previus®, [41]) 

Table 2: D- and z-values for heat inactivation of different 
bacterial species
Bacterial species Medium D-value 65°C

[s]
z-value

[°C]
Source

Campylobacter 
jejuni/coli

Various 
media

1.3 6.4 [47]

Coxiella burnetii Milk 156.1 4.4 [46]

Enterococcus 
faecalis

Various 
media

123.2 9.5 [47]

Escherichia coli ¹ Milk 3.4 4.3 [33]

Listeria monocyto-
genes ²

Milk 21.6 6.7 [46]

Mycobacterium 
avium ssp. 
paratuberculosis

Milk 68.5 7.1 [48]

Mycobacterium 
bovis/caprae ³

Milk 6.6 5.3 [49]

Salmonella spp. Various 
media

2.6 5.2 [47]

Staphylococcus 
aureus

Milk 15.4 9.5 [50]

Yersinia entero-
colitica

Milk and 
other 
media

5.4 6.7 [50]

¹ Average of six strains without pronounced heat resistance
² Mean values calculated using Sörqvist’s regression equations for 

experiments with capillary tubes or a slug flow heat exchanger [47]  
³ Mean values calculated using the D values at 60°C, 62°C, and 65°C of two 

strains of M. caprae and one strain of M. bovis



Milk and dairy products in human nutrition

48 Milk Science International (72) 2019 P.  45-52
ISSN 2567-9538

in a particular cheese variety, it is necessary to define acceptable 
temperature-time combinations. Such a definition can be found 
in the Swiss guideline for milk processing in alpine dairies [56]: A 
temperature-time combination of 65°C/15 seconds corresponds to 
60°C/5 minutes (calculated with a z-value of 4.3°C).

5. Bactofugation
In the early 1960s, special centrifuges known as Bactofuge units came 
on the market. Since then, they have been widely used in the cheese 
industry to remove the heat-resistant spores of Clostridium tyrobutyr-
icum from milk, which cause the undesired late blowing in cheese [18, 
57, 58]. Bactofugation (BF) made it possible to produce cheese from 
milk originating from cows fed with silage without the addition of ni-
trate, which was controversial at the time [59]. 
BF is based on the difference in density between the milk (  1.034 
g/mL) and the microorganisms. Bacterial spores, in particular, have a 
high density of 1.30–1.32 g/mL. Vegetative cells have a density of only 
1.07–1.12 g/mL, and therefore, are eliminated to a lower extent in BF 
than spores [60]. In addition to density, cell size is important. Large 
cells and cell clusters are better separated than small ones. Because 
the efficiency of the BF strongly depends on the viscosity, the milk must 
be heated. In cheese dairy practice, bactofugation is usually carried out 
at 55°C to 60°C [61]. 
Numerous studies have shown that BF of milk can eliminate 90.0% 
to 99.5% of bacterial spores, depending on the conditions, which 

corresponds to a reduction of 1–2.3 log (Table 4). Anaerobic spores 
(e.g., C. tyrobutyricum) are better separated than aerobic spores, for 
example, Bacillus spp. [60, 62, 63]. Milk from farms feeding silage is of-
ten bactofugated twice, as a single treatment may not be sufficient to 
reduce the number of clostridial spores below the damage threshold, 
that is, below 25 spores per liter, depending on the cheese variety.
Various authors have investigated the effect of BF on vegetative bac-
teria in milk. However, the findings are very inconsistent (Table 5). 
According to Te Giffel and Van der Horst [62], the total bacterial count 
of raw milk can be reduced by 86% to 92% by BF at 55°C to 65°C. This 
corresponds to a reduction of about 1 log. Faccia et al. [65] found a 
much lower reduction rate under real conditions, and large differences 
between the germ groups. Enterobacteria were reduced by 72%, en-
terococci by 7%, and aerobic mesophilic germs by 10%. The significant 
reduction of enterobacteria is consistent with the results of Kosikowski 
and Fox [66], who achieved a reduction of 95% with double-BF. This 
result corresponds to a reduction of approximately 78% per treatment. 

Table 3: Reduction of the bacterial count of Listeria monocytoge-
nes and Salmonella at different thermization conditions calcula-
ted on the basis of average D- and z-values

Conditions for  
thermization

Reduction of viable counts

Temperature
[°C]

Holding time 
[sec]

Listeria 
 monocytogenes¹

Salmonella 
spp.²

57 15 < 0.1 log 0.2 log

62 15 0.2 log 1.5 log

65 15 0.7 log 5.7 log

68 15 2.0 log > 7 log

¹ Basis for calculation: D-value at 65°C in milk: 21.6 seconds, z-value: 6.7°C 
[47]

² Basis for calculation: D-value at 65°C in various media: 2.6 s, z-value 5.2°C 
for Salmonella spp. without S. senftenberg [47]

Table 4: Efficacy of bactofugation of milk to reduce spore content

Microorganism Acceleration Temp. Volume flow rate Spore removal Source

Bacillus subtilis 9000 g 71°C 5400 L/h 98.80% [64]

Bacillus subtilis 9000 g 71°C 1800 L/h 99.20–99.80% [64]

Bacillus cereus 9000 g 71°C 5400 L/h 90.30% [64]

Bacillus cereus 9000 g 82°C 5400 L/h 97.10% [64]

C. tyrobutyricum not specified 60°C 6000 L/h 95.80% [18]

C. tyrobutyricum not specified 65°C 6000 L/h 96.40% [18]

C. tyrobutyricum not specified 65°C 4000 L/h 97.60% [18]

C. tyrobutyricum not specified 70°C 6000 L/h 97.50% [18]

Anaerobic spores not specified 48°C n.a. 97.40–98.70% [64]

Aerobic spores not specified 48°C n.a. 94.10–97.70% [64] 

Anaerobic spores not specified 50°C 48,000 L/h 99.40% [63]

Table 5: Elimination of vegetative cells of microorganisms by 
bactofugation of milk

Volume 
flow rate

[L/h]

Temperature 
[°C]

Reduction in 
viable counts

[%]

Source

Aerobic meso-
philic bacteria 25,000 55.0–65.0 86.0–92.0 [62]

Aerobic meso-
philic bacteria 30,000 55.0 10.0 [65]

Enterobacteria 30,000 55.0 72.0 [65]

Escherichia coli ¹ 2950 
(50%) 54.4 95.3

(double BF) [66]

Enterococci 30,000 55.0 7.00 [65]

Yeasts 30,000 55.0 55.0 [65]

Lactobacilli not 
specified 50.0 90.0 [69]

Lactobacilli 30,000 55.0 33.0 [65]

Mycobacterium 
avium spp. 
paratuberculosis

not 
specified 60.0 74.0–93.0 [67]

¹ Two serial bactofuges were operated with 50% of the nominal output 
(L/h). The reduction of the germ count by 95.3% after two BFs corresponds 
to a reduction of approximately 78.0% per treatment.
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The fact that enterobacteria and enterococci differ primarily in heat 
resistance (Table 2) indicates that the heat load during BF contributes 
significantly to the reduction of enterobacteria and other thermolabile 
microorganisms. The residence time of the milk in the Bactofuge unit 
lies in the range of only 5–7 seconds [67]. The transportation time from 
the milk heater to the Bactofuge unit and back must also be consid-
ered. Agroscope investigated industrially bactofugated milk (holding 
time 30 seconds at 62°C). No significant reduction in enterococci was 
observed in comparison to only thermized milk [68].
The results in Table 5 confirm Kessler’s statement [70] that pathogenic 
microorganisms cannot be reliably eliminated by BF of milk under sub-
pasteurization conditions.

6. Microfiltration
In the 1980s, microfiltration with the use of membrane separation 
processes for the elimination of microorganisms appeared on the 
market [71, 72]. The process later became known mainly through the 
Bactocatch process patented by Tetra Pak [73]. 
As a rule, ceramic membranes with a pore size of 1.4 µm are used. This 
pore size makes it possible to retain microorganisms in the so-called 
retentate without losing too much micellar casein [62]. In contrast to 
BF, microfiltration (MF) always treats skimmed milk. The cream must 
be subjected to Ultra High Temperature (UHT) treatment together with 
the retentate, to inactivate the bacterial spores. MF is usually carried 
out at 50°C, to reduce the viscosity of the milk and to counteract the 
growth of microorganisms. However, microfiltration at 6°C using tubu-
lar ceramic membrane with a nominal pore size of 1.4 μm has been 
shown to be feasible too [74, 75].
Numerous studies have shown that MF reduces germs in skim milk by 
2-4 log [76-79]. In contrast to the BF, the reduction rates of spores and 
vegetative cells are not significantly different. Trouvé et al. [76] inoc-
ulated skimmed milk with various Gram-negative and Gram-positive 
bacterial species, as well as spores of Clostridium tyrobutyricum, and 
microfiltered the milk at 50°C using a ceramic filter with a pore size of 
1.4 µm. It has been shown, that about 99.90% to 99.98% of the cells 
of all species were eliminated, which corresponds to a reduction of 
3-4 log. However, in experiments with cold microfiltration (pore size 
1.4 µm), Griep et al. found that the reduction of bacterial spores is 
species-dependent [75]. Spores of Bacillus licheniformis were reduced 
by only 2.17 ± 0.64 log while spores of Geobacillus sp. were reduced 
by >6 log.
In contrast to BF, MF of cheese milk is less common. This is not only be-
cause MF is a relatively new technology. MF also entails higher invest-
ment and operating costs [63]. Furthermore, Bio Suisse, the federation 
of Swiss organic farmers, prohibits UHT treatment of cream used to 
make organic-labeled cheese, which also makes MF more difficult to 
use.

7. Conclusions
The microbiome and indigenous enzymes of raw milk have a sig-
nificant influence on ripening and flavour development in cheese 
[10]. Indeed, many consumers attribute superior sensory quality to 
raw-milk cheeses. Most specifications for PDO cheeses require only 
minimal pre-treatment of the milk. These restrictions aim to preserve 
the original characteristics of the traditional cheeses. But this objec-
tive is in conflict with the growing requirements regarding food safety 
particularly faced by industrial cheesemakers.
Although there is still no official limit for histamine in cheese, it is now 
essential to define control measures to avoid high levels of histamine. 

Given the low effect level of histamine-forming Lactobacillus para-
buchneri, however, this is one of the challenges for manufacturers of 
raw-milk cheese. Another challenge is Shiga toxin-producing strains 
of Escherichia coli (STEC). Their prevalence in raw milk is significantly 
higher than that of Salmonella spp. as shown in Table 1 and confirmed 
by Hartung et al. [80]. STEC in semi-hard and soft cheeses from raw 
milk can often be detected by PCR but rarely isolated [81]. Given the 
low infectious dose and potentially serious consequences of infection, 
the hazard must be addressed in every HACCP study for cheese from 
unpasteurized milk. 
When the food safety of cheese is called into question, hurdle tech-
nology is often referred to. In the concept of hurdle technology, the 
interaction and combination of various processing measures leads to a 
safe foodstuff, not a single control measure (critical control point CCP) 
alone [82]. In the case of cheese made from unpasteurised milk, these 
factors are primarily animal health, milking hygiene, milk storage, milk 
treatment, scalding and acidification of the curd, as well as cheese 
ripening. The proper use of hurdle technology needs to include sound 
information on factors affecting the survival and growth of targeted 
microorganisms [83]. Unfortunately, in many PDO specifications, pro-
cess parameters relevant to food safety (e.g. milk storage conditions) 
are often not defined precisely enough. In the production of raw-milk 
cheese, milk is stored preferably at temperatures above 10°C for 
various reasons as outlined in chapter 4.1 [42, 84]. This practice is in 
line with European Regulation (EC) No 853/2004 [40] if food safety 
can be guaranteed. In order to be able to establish HACCP studies on a 
scientific basis, it is important to know all process parameters exactly. 
As shown above, it makes a big difference, whether the milk is stored 
at 10° or 15° C. The same applies to the conditions under which milk 
is thermized. For unpasteurized cheeses ripened for fewer than 60 
days, milk thermization at 65°C for at least 15 seconds, or equivalent 
temperature-time conditions, is recommended. Such thermization is 
suitable for largely controlling the pathogenic enterobacteria (STEC, 
salmonellae) as a hazard in mature cheeses. Moreover, Staphylococcus 
aureus is also reduced under these conditions to such an extent that 
toxin formation in the cheese, which requires a microorganism count of 
> 10⁵ cfu/g, is highly unlikely. The comparatively heat-resistant listeria, 
however, cannot be safely controlled by milk thermization. Therefore, 
additional specific measures are needed, such as examination of the 
smear water after cheese treatment. 
BF of milk cannot substantially reduce thermoduric microorganisms, 
with the exception of bacterial spores. Enterobacteria and other 
thermolabile germs are, however, thermally inactivated depending on 
the temperature applied for BF. Compared to thermization with the 
same temperature and residence time, BF hardly improves the food 
safety of cheese. 
MF of the milk allows nearly complete removal of all microorganisms, 
and therefore makes a significant contribution to the food safety of 
cheese. However, the milk must be skimmed before MF. The cream is 
then usually UHT treated and re-added to the microfiltered skimmed 
milk. As Beuvier et al. [85] showed, cheese made from milk processed 
in this way is sensorially close to cheese made from pasteurized milk. 
In France, debate has emerged about whether microfiltration at tem-
peratures below 40°C could be a technology for producing traditional 
raw-milk cheeses while complying with European food safety guide-
lines [86, 87]. However, the designation of a cheese made from micro-
filtered milk as raw-milk cheese is hardly consistent with the definition 
of raw milk in Regulation (EC) No 853/2004 [40]. 
There is still no method of milk treatment suitable for artisanal 
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cheese production that makes it possible to remove pathogenic 
microorganisms from the raw milk without significantly altering the 
organoleptic properties of the cheeses made from it. This makes it 
all the more important to create guidelines for good manufacturing 
practice for artisanal cheese production that are based on GHP and 
HACCP studies and that interpret scientific findings for practitioners. It 
is questionable whether the Community Guide by FACE network [88] 
is a real help to artisanal cheese dairies. The guideline leaves the inter-
pretation of legal requirements largely to the individual food business 
operator, for example the interpretation of the requirements given by 
Regulation (EC) No. 2073/2005 [89] regarding monitoring of process 
hygiene criteria and food safety criteria. 
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