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Introduction

Cheese is a fresh product or a product of dif-
ferent stages of maturity, which is obtained by sep-
arating whey after coagulation of milk (cow, sheep, 
goat, buffalo and/or their mixtures), cream, whey, 
or a combination of these raw materials or by us-
ing other technological solutions to achieve milk co-
agulation. Cheese can also be seen as a way to con-
serve raw milk, because the technological process of 
cheese production usually results in a reduction of 
pathogenic microorganisms (Serbia, 2010a; Zhao, 
2013).

According to the data published by the Serbi-
an Bureau of Statistics, a total of 1,475,000,000 L 
of cow and sheep milk were produced in Serbia in 
2018 (Serbia, 2019). Data published by authors from 
the Faculty of Agriculture in Novi Sad (Vlahović et 
al., 2018) revealed that 54% of the total amount of 
raw milk produced was delivered to dairies, while 
about 18.6% was processed into cheese. Cheese 

production can be performed in households, i.e., 
small artisan processing, or in industrial conditions 
in which large quantities of milk are processed dai-
ly. In this paper, we use the term  farmhouse cheese 
to denote a product produced according to tradition-
al methods by cheese producers in households from 
milk derived from their own cows. This type of pro-
duction, which implies a direct link between produc-
ers and consumers, is known as a short food sup-
ply chain (Malak-Rawlikowska et al., 2019) and was 
considered in our study. In our case, this chain is fur-
ther referred to as the “short cheese supply chain”, 
since in Serbia, almost 15% of total cheese produced 
is made in households and is sold at green markets. 
Contrary to this, long food supply chains are very 
complex, with observed changes of food quality and 
safety throughout the entire supply chain, until food 
is finally consumed (Yu et al., 2013).

Each year, according to the World Health Or-
ganization (WHO, 2019), about 600 million peo-
ple become ill with food-borne and water-borne 
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diseases, resulting in about 420,000 deaths. More 
than 320,000 food-borne illnesses are registered 
in the EU each year. According to data from 2018, 
a total of 5,146 food- and water-borne outbreaks 
were registered caused by zoonotic agents, among 
which campylobacteriosis was the most common 
food-borne disease in the EU, followed by salmonel-
losis, from which most of the cases were caused by 
eggs and egg products, 2.2% cases were caused by 
cheeses, Shiga-toxin producing E. coli-induced dis-
eases and yersiniosis (EFSA, 2019). It was also de-
termined that 2,549 cases of listeriosis were detect-
ed in in the EU, of which 15.6% ended fatally, which 
is why listeriosis is considered to be one of the most 
severe food-borne diseases (EFSA, 2019). Accord-
ing to data reported by the Public Health Institute 
of Serbia, the most commonly diagnosed food-borne 
diseases in Serbia were salmonellosis, campylobac-
teriosis, stomach flu (norovirus) and staphylococ-
cal poisoning (Serbia, 2018). There are no published 
and available data of food-borne diseases caused by 
farmhouse cheeses sold at the green markets in the 
Serbia.

The term “hazard” means a biological, chem-
ical or physical agent or a food condition that has 
a potential to cause an adverse health effect, while 
the term “risk” is the likelihood the hazard will oc-
cur, as well as the seriousness of any possible health 
consequences. Food-related hazards can be divid-
ed into three main groups, microbiological, chemi-
cal and physical (Shirani et al., 2015). In the food 
supply chain, different hazards can be identified at 
each stage from primary production to the consum-
er (Shirani et al., 2015; Motarjemi and Lelieveld, 
2013). Risk can be assessed using different meth-
ods and tools, including Hazard Analysis and Criti-
cal Control Points (HACCP), Failure Mode and Ef-
fect Analysis (FMEA), Preliminary Hazard Analysis 
(PHA), Risk Ranking, etc. (ICH, 2005).

FMEA is a systematic approach that improves 
production lines and is used to define, identify, elim-
inate or reduce potential failures in each step of the 
process, before they enter the next stage (Scipioni 
et al., 2002; Kurt and Ӧzilgen, 2013). It is an en-
gineering tool (Djekic at al., 2018), which consists 
of several successive steps, organised by dividing 
the manufacturing process into phases and calculat-
ing the risk priority number (RPN) for each poten-
tial failure at all stages of production (Scipioni et al., 
2002; Ӧzilgen at al., 2013). This methodology was 
developed in 1949 by the United States Army, and 
nowadays, it has been implemented in different are-
as including the food industry (Scipioni et al., 2002). 

FMEA is a “bottom up” quantitative evaluation of 
the risks, by which the risk is assessed as the prod-
uct of multiplication of values determined for sever-
ity (S), detection (D) and frequency of occurrence 
(O) of possible failures. Establishing a critical value 
for the RPN determines the need for appropriate cor-
rective action. After corrective measures have been 
applied, the values for O and D have to be re-evalu-
ated, while the value of S remains unchanged (Dje-
kic at al., 2018; Arvanitoyanis et al., 2007).The as-
sessment of the severity (S) of a failure is a measure 
of the impact that a failure can have on the health 
of the consumer, the required quality of the prod-
uct and/or legislation. Assessment of occurrence (O) 
determines the frequency of occurrence of a given 
failure, while detection (D) is a measure of the pos-
sibility of easier or more difficult detection of a giv-
en failure (Kurt and Özilgen, 2013). In this paper, 
FMEA methodology was used to determine the bio-
logical, chemical and physical failures that may oc-
cur during the farmhouse production of white brined 
cheese (short cheese supply chain) in Serbia.

Materials and methods

Cheese supply chain

To apply FMEA methodology, a flow diagram 
was made for the production of white brined cheese 
production in farmhouse conditions and green mar-
ket sale (short cheese supply chain, Figure 1). This 
was done according to Popovic-Vranjes (2015) and 
the authors’ personal experience.

FMEA analysis

After the flow diagram was prepared, the po-
tential failure modes were identified for each step, 
and the possible effects and causes of each failure 
mode were also identified. Afterwards, the risk lev-
el of each failure mode was assessed, and corrective 
actions to reduce and eliminate the potential failures 
were suggested. Finally, the risk level of the correct-
ed design was recalculated.

To assess biological, chemical and physical 
failures, the values for occurrence (O), severity (S) 
and detection (D) in the manner shown in Table 1 
were determined, according to Djekic et al. (2018). 
For each potential failure, the RPN was calculated 
using estimated values for O, S and D. A numeri-
cal ranking for values of O, S and D was established 
taking into consideration available literature data, 
epidemiological studies and our own expertise and 
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knowledge. All co-authors of this study, as experts 
in the field, participated in ranking the risks, using 
the Delphi method to stimulate and synthesize the 
opinions of experts and achieve consensus (Heiko, 
2012). There were no holdouts and consensus for 
each type of risk analysed was achieved. Also, all 
participants confirmed that all important food safe-
ty hazards had been included in each activity with-
in cheese supply chains. Depending on the likeli-
hood of occurrence, each failure was assigned with 
an O value in the range from 1 to 5. The highest O 
value represented the greatest probability the failure 
would occur. The possibility to detect the failure be-
fore it occurs and the seriousness of the failure were 
also ranked from 1 to 5, where the values increase as 
it becomes more difficult to detect the failure before 
occurring, or as the potential damage caused by the 
failure increases.

The calculation of RPN was based on the work 
of Kurt et al. (2013), and it included multiplication 
of the values of O, S and D. The maximum value 
for RPN that could be obtained was set at 125. A 
RNP value of 6 has been accepted as the critical lim-
it, above which corrective measures need to be taken 
(5% of the maximum value with a statistical signif-
icance of 95%). The RPNs after the corrective ac-
tions were also recalculated.

Results and Discussion

White brined cheese refers to a large group 
of cheeses characterised by the name of the geo-
graphic area where they are produced. Although 
this group accounts for a large number of cheeses 
and, hence, great variety in their specific properties, 
their common characteristic is that they are matured 
in brine under anaerobic conditions. The most pop-
ular cheeses that belong to this group in Serbia in-
clude Sjenica Cheese, Zlatarski Cheese, Svrljiški 
Cheese, Serbian white cheese etc., while Greek Feta 
Cheese, Cypriot Haloumi, Egyptian Domiati, etc. 
are white cheeses known worldwide. Traditional-
ly, these cheeses are made from cow, sheep or goat 
milk, or their mixtures. In the farmhouse produc-
tion of white cheeses, raw milk is often used, giv-
ing the product specific sensory characteristics, due 
to the presence of indigenous microbiota (Popo-
vic-Vranjes, 2015; Radulovic et al., 2011; Terzic-Vi-
dojevic et al., 2006).

In this paper, Serbian white brined cheese, tra-
ditionally produced in Pomoravlje, is described as 
an example of farmhouse cheese and a general flow 
diagram showing its production steps is presented 
in Figure 1. This cheese is usually made from raw 
cow milk, which is heated to the required tempera-
ture (in summer 18–20°C, in winter 25–30°C), and 
at this temperature, rennet is added to the milk. Af-
ter coagulation, which lasts for 4–6 h, the cheese 
curd is left in a strainer and hung to drain; this is 
followed by pressing the cheese curd with a board 
and a stone (the pressure should be 1–2 kg/1 kg of 
cheese curd). Drainage and pressing usually takes 
up to 24 hours. The drained cheese curd is cut 
into slices, sprinkled with dry salt and arranged in 
wooden buckets or plastic cans. Ripening is done 
under load and usually lasts for 2–3 weeks (Popo-
vic-Vranjes, 2015). The characteristics of farmhouse 
white brined cheeses depend on the microbiological 
composition of raw milk, as the types of indigenous 
non-starter lactic acid bacteria (LAB) present in 
milk depend on the ecological characteristics of the 

Table 1.  Severity (S), occurrence (O) and detection 
(D) rating scale used for FEMA analysis (according 

to Djekic et al., 2019)

SEVERITY (S)

Estimation Consequence
1 no consequences

2 minimal consequences

3 Low

4 High
5 Severe

OCCURRENCE (O)

Estimation Probability
1 very unlikely

2 Unlikely

3 Possible

4 great probability
5 Certainly

DETECTION (D)

Estimation Control potential
1 easy to detect

2 a great opportunity for detecting

3 little chance of detecting

4 difficult to detect
5 very difficult to detect
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climate in which the cheese is produced (Terzic-Vi-
dojevic et al., 2007; Radulovic et al., 2011; Popo-
vic-Vranjes, 2015).

FMEA analysis in the short cheese supply chain

The identified failures in cheese production 
and distribution chains, the calculated RPN values, 
corrective measures that can be applied, as well as 
the recalculated values for RPNs are presented in 
Table 2.

Assessment of biological failures in the short 
cheese supply chain

Very high values for RPN were determined for 
biological failures in the short cheese supply chain 
(Table 2). The highest values were determined for 
the milking step (total RPN for different biologi-
cal failures=175), followed by cheese ripening step 
(RPN=132) and transportation of cheese by person-
al vehicle (RPN=110). The presence of pathogenic 
microorganisms in raw milk might indicate the ani-
mals’ impaired health condition, but also inadequate 
hygienic milking conditions. Dairy products play a 
significant role in the occurrence of food-borne dis-
ease outbreaks, because raw milk can contain path-
ogens that might remain in the dairy products and 
consequently lead to food-borne diseases. Due to 
its composition (water content, neutral pH, nutri-
ent content), milk is a suitable medium for micro-
bial multiplication. The most commonly isolated 
pathogens from raw milk include Staphylococcus 
aureus, Streptococcus spp., Listeria monocytogenes, 
Campylobacter jejuni, Escherichia coli, etc. Special 
attention towards the legislation was given to the in-
fectious diseases, brucellosis and tuberculosis (Ol-
iver et al., 2005, Kurt et al., 2013, Le et al., 2014, 
Serbia, 2011). Some of these microbiological haz-
ards can be controlled at the primary production 
level (e.g. tuberculosis, brucellosis), while Listeria 
monocytogenes is much more widespread in the en-
vironment and the introduction of this bacterium 
into dairies can result in product contamination, bi-
ofilm formation, etc. (Oliver et al.,2005; Kurt et al., 
2013; Le et al., 2014; Shirani et al., 2015). Legis-
lation foresees the conditions that raw milk should 
meet in terms of total number of microorganisms and 
somatic cell counts (Serbia, 2010a; Serbia, 2011; 
Serbia, 2017b; Serbia, 2017c; Serbia, 2019). Ap-
plication of good breeding practice and good veter-
inary practice, utilisation of animal feed from veri-
fied suppliers, education of owners and breeders of 
animals, who are often also the cheese producers in 

farmhouse production conditions, and application 
of legally determined norms could be used as cor-
rective actions to control some biological failures in 
this cheese chain. By applying the proposed correc-
tive measures, the recalculated RPNs values were 
reduced (Table 2).

Farmhouse cheese production, from the aspect 
of using raw milk that has not undergone any ther-
mal treatment (Figure 1), carries the risk of caus-
ing food-borne diseases (Mauropoulos et al., 1999; 
 Oliver et al., 2005). However, the controlled process-
es of coagulation and ripening of cheeses, due to the 
action of naturally occurring LAB, can still result in 
a product that is recognized as safe. Namely, LAB 
activity leads to a decrease in pH, and in conjunc-
tion with other factors such as storage temperature, 
salt concentration and water activity (aw), might be 
limiting to the survival and multiplication of patho-
genic microorganisms. In addition to this, LAB also 
produce antimicrobial substances such as bacterioc-
ins, hydrogen peroxide, fatty acids, diacetyl, bacteri -
o  cin -like molecules, etc. (Mauropoulos et al., 1999; 
Bintsis et al., 2002; Terzic-Vidojevic et al., 2006; 
 Veskovic-Moracanin et al., 2007; Bulajic et al., 2017). 

Figure 1.  Short supply chain for farmhouse white 
brined cheese (according to Dozet et al., 2004; 

Popovic – Vranjes, 2015)
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 Table 2.  FMEA analysis for farmhouse white brined cheese (short supply chain)

Production, 
processing 
and 
marketing 
phase

Failure /cause O1 S2 D3 RPN4 Corrective actions O S D RPN

Register of identification of potential biological failures and proposed corrective actions

Milking

Contamination with pathogenic microor-
ganisms (E. coli O157:H7, Salmonella spp., 
Mb. tuberculosis, Listeria monocytogenes, 
Staphylococcus aureus, etc.) due to milking

3 5 5 75

Cheese production must be done in regis-
tered households 
Cheese production in the household can 
only be done from milk produced in that 
household (Serbia, 2017c)
Milking animals must be covered by the pro-
gram of measures and that the conditions for 
the production of raw milk and milk should 
meet the legal requirements  (Serbia, 2011a)

2 5 5 50

Contamination with pathogenic microor-
ganisms in milk equipment due to:

 ▪ usage of contaminated water for 
washing dishes (i.e. buckets)

 ▪ faulty washing / milk trapping 
 ▪ poor storage conditions of washed 
equipment

2 5 5 50

Water quality should be periodically con-
trolled Disinfection of containers must be 
done
Washing the equipment must be complete
The storage room for milk-contacted equip-
ment must be kept clean and protected from 
pests 

1 5 5 25

Contamination with pathogenic microor-
ganisms due to impaired health of the per-
son handling raw milk

2 3 5 30

Intermittent sanitary inspections must be done
Education of farmers / persons handling raw 
milk is recommended
Maintaining personal hygiene is essential
People with signs of illness are not allowed 
to work with food

1 3 5 15

Psychrotrophic microorganisms present in 
raw milk (spoilage microorganisms) and 
their possible outgrowth during cooling 

2 2 5 20 Adequate temperature 1 2 5 10

Addition of 
coagulants

Contamination with pathogenic microor-
ganisms due to impaired health of the food 
handler / cheese producer

2 3 5 30

Intermittent sanitary inspections must be done
Education of cheese producers is recom-
mended
Maintaining personal hygiene is essential
People with signs of illness are not allowed 
to work with food

1 3 5 15

Coagulation
Coagulation vats - inadequate washing / 
residues of milk and gel from previous pro-
ductions

2 3 5 30
Utensils have to be washed and rinsed af-
ter each usage
Using of potable water is recommended 

1 3 5 15

Curd 
treatment 

Microbiological contamination of cutting 
equipment (knife, cutting wires)
Microbiological contamination due to man-
ual manipulation

2 3 5 30

Regular cleaning of cutting equipment must 
be done 
Intermittent sanitary inspections must be done
Education of cheese producers is recom-
mended
Maintaining personal hygiene is essential
People with signs of illness are not allowed 
to work with food

1 3 5 15

Microbiological contamination due to un-
hygienic utensils used (strainer, spoon and 
cloths) 

2 3 5 30

Adequate cleaning and disinfection of 
strainer and spoon 
A new cheese cloth is recommended to be 
used each time

1 3 5 15

Mold development due to:
 ▪ inadequate hygiene of the pressing table
 ▪ wooden pressing circles
 ▪ load stone

3 2 4 24

Regular cleaning and disinfection must be 
done 
Hygiene of wooden circles and stone using 
other materials instead of wood must be done

1 2 4 12
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Production, 
processing 
and 
marketing 
phase

Failure /cause O1 S2 D3 RPN4 Corrective actions O S D RPN

Ripening

Mold development 4 2 4 32

Cheese must be cleaned during ripening
Stone and circle must be cleaned with brush-
es and potable water 
Mold growth inhibitors may be used

2 2 4 16

Microbial contamination of water for mak-
ing brine solution 2 5 5 50

Visual inspection of brine must be done
Potable water is recommended to be used 

1 5 5 25

Growth of pathogens and spoilage microor-
ganisms due to inadequate pre-requisite for 
cheese ripening room (temperature, room 
hygiene, room humidity, air flow)

2 5 5 50

The ripening of cheese must take place un-
der controlled conditions
The ripening room must be tide and clean 
The temperature in the maturation room 
should be below 18°C

1 5 5 25

Storage
Growth of pathogens and spoilage microor-
ganisms during ripening (depends on room 
temperature, ripening time and hygienic 
conditions)

2 5 3 30

For cheeses with a long ripening period 
10–15°C
For cheeses with a shorter ripening period 
0–4°C

1 5 3 15

Transportation 

Microbial contamination due to poor vehi-
cle hygiene 2 2 5 20 Regular maintenance of vehicle hygiene 

must be done  1 2 5 10

Microbial contamination due to inappropri-
ate temperature in the vehicle and / or inap-
propriate transport time

2 4 5 40

Cold chain must be maintained   
Transport / handheld refrigerator / thermo 
bag may be used
Transport time should be maximal 2 hours 
(Serbia, 2017c)

1 4 5 20

Microbial contamination due to the simul-
taneous transportation of different types of 
food

2 5 5 50 Physical separation of different types of 
food must be done 1 5 5 25

Direct sale 
(open market)

Microbial contamination due to the usage 
of water which is not adequate quality (un-
controlled wells, spring water)

2 5 5 50 Using of potable water is recommended 1 5 5 25

Microbial contamination due to cheese seller 
(wounds on the hands, diseases) 2 3 5 30

Intermittent sanitary inspections must be 
done
Education of cheese producers is recom-
mended
Maintaining personal hygiene is essential
People with signs of illness are not allowed 
to work with food

1 3 5 15

Microbial contamination due to:
 ▪ poor hygiene maintenance of refriger-
ator units

 ▪ exposure  of the product in open con-
tainers

 ▪ customers touching cheese products to 
taste

 ▪ simultaneously exposal of several dif-
ferent types of products (meat, eggs, 
poultry)

 ▪ returning unsold cheese from the mar-
ket

 ▪ poor hygiene of utensils (knives, 
spoons, dishes, cloths)

2 4 5 40

The refrigerator units must be regularly 
cleaned 
Using of containers with lids,  using of foil 
or cloths is recommended Disposable acces-
sories for food tasting (toothpicks, plastic 
clip, cardboard coasters) may be used
Exposure to different types of food is al-
lowed, but care must be taken to avoid 
cross-contamination 
Cold chain must be maintained   
Using of protective clothes / foils is recom-
mended
Washing unclean dishes, replacing of worn-
out dishes must be done

1 4 5 20

166



Meat Technology 61 (2020) 2, 161–173

Production, 
processing 
and 
marketing 
phase

Failure /cause O1 S2 D3 RPN4 Corrective actions O S D RPN

Register of identification of potential chemical failures and proposed corrective actions

Milking

The presence of residues of veterinary med-
icine drugs (antibiotics, hormones, growth 
stimulants) due to non-compliance with the 
prescribed withdrawal period

3 3 5 45
Veterinary medicines should be given only 
according to the instructions of the veteri-
narian 

1 3 5 15

The presence of aflatoxins in raw milk due 
to poor agricultural practices (animal feed) 3 3 5 45

Good agricultural practice must be per-
formed
Animal nutrition should be done by com-
mercial feed from verified suppliers (au-
thorized animal feed sales)

2 3 5 30

The presence of chemical contaminants 
(pesticides, dioxins, organophosphates, 
etc.) in raw milk due to poor agricultural 
practices (animal feed)

2 3 5 30

Good agricultural practice must be performed
Animal nutrition should be done by com-
mercial feed from verified suppliers (au-
thorized animal feed sales)

1 3 5 15

The presence of detergents and disinfect-
ants in raw milk collection equipment due 
to improper washing and rinsing

2 2 5 20
Using of approved agents for washing and 
disinfection according to the manufacturer’s 
instructions, good rinsing must be done

1 2 5 10

Coagulation

Chemical contamination due to storage of 
cleaning and disinfecting agents 2 4 5 40

Regular cleaning and disinfection must be 
done 
Hygiene products should be stored separate-
ly from food 

1 4 5 20

Residues of cleaning and disinfecting 
agents on the utensils used for milk coag-
ulation

2 2 5 20

Utensils must be washed and rinsed after 
each production 
Detergent must be allowed for the use in the 
food industry
Usage of detergents and disinfectants ac-
cording to the manufacturer

1 2 5 10

Curd 
treatment 

The presence of mycotoxins (following 
mold development) due to:

 ▪ inadequate hygiene of the pressing table
 ▪ wooden pressing circles
 ▪ load stone

2 3 5 30

Regular cleaning and disinfection of the 
room must be done 
Wood and stone hygiene 
The usage of other materials instead of 
wood or stone is recommended 

1 3 5 15

Salting The presence of heavy metals (Hg, Pb, As, 
Cd) in salt 2 3 5 30 Salt must be obtained from the reliable sup-

pliers 1 3 5 15

Ripening

The presence of mycotoxins due to mold 
development during ripening 2 3 5 30

Cheese must be cleaned during ripening
Stone and circle cleaning must be done  
Mold growth inhibitors may be used

1 3 5 15

Chemical contamination of the water used 
to make brine with heavy metals and / or 
residues of the chlorine

2 3 5 30 Water quality testing must be done regularly
Potable water is recommended to be used 1 3 5 15

Direct sale 
(open market)

Residues of detergents for dishwashing 2 3 5 30

Approved detergents and disinfectants must 
be used 
Good rinsing after washing must be done 
Disinfectants must be used according to the 
manufacturer’s instruction

1 3 5 15

Chemical contamination due to utensils 
(dishes, knives, etc.) 2 2 5 20

Materials that are allowed in the food indus-
try must be used
Equipment that can be easily maintained 
and where necessary disinfected (e.g. stain-
less steel) must be used

1 2 5 10

Chemical contamination due to inadequate 
material used to cover the bowl (wood, rust-
ed lids, newspapers, rags)

2 2 5 20 Plastic lids or / and  foil may be used 1 2 5 10
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During coagulation and whey drainage, pH should 
decrease to a value of 4.6 or lower. Syneresis and salt 
addition decreases the aw, which slows the growth of 
pathogenic microorganisms, and affects the cheese 
structure, enzymatic activity, etc. (Pacheco et al., 
2010; Bulajic et al., 2017). In household production, 

the key moment is the visual inspection of whey, 
when the appearance of clear, light green whey with 
a pleasant taste and smell indicates the milk has co-
agulated well (Popovic-Vranjes, 2015). If changes 
in whey colour, a sour taste of curd or unpleasant 
smell occur, the production must be stopped and all 

Production, 
processing 
and 
marketing 
phase

Failure /cause O1 S2 D3 RPN4 Corrective actions O S D RPN

Register of identification of potential physical failures and proposed corrective actions

Milking

The presence of foreign bodies originating 
from damaged equipment (pieces of metal, 
strand wire, cloth parts, etc. )

2 4 2 16

Equipment made of adequate materials must 
be used
Damaged utensils must be replaced
Raw milk filtration must be done

1 4 2 8

The presence of straw / litter, hairs, mud, 
insects, rodent faces, etc. due to poor hy-
giene and breeding practices and / or ma-
chine milk due to the fall of suction cups 
on the ground

2 3 2 12

Good hygiene and breeding practices must 
be applied
Protection of raw milk from pest  must be 
done 
Filtration of raw milk must be done

1 3 2 6

The presence of foreign bodies originating 
from a person handling raw milk (buttons, 
jewelry, etc. )

2 4 1 8
Good hygiene and manufacturing practice 
Education of farmers / persons handling raw 
milk is recommended

1 4 1 4

Coagulation
The presence of foreign bodies such as in-
sects, larvae, glass, metal parts, hair) in 
utensils 

2 3 2 12

Manipulation of glass materials must be 
avoided
Protection of utensil  from insects and other 
pests must be done
Personal hygiene is required

1 3 2 6

Curd 
treatment 

The presence of foreign bodies originating 
from the person who cuts curd into slices 
(hair, buttons, jewelry)

2 4 1 8 Personal hygiene must be regular 1 4 1 4

Salting The presence of foreign bodies in salt 2 3 1 6 Salt must be obtained from registered stores 1 3 1 3

Transport 
The presence of foreign bodies (glass, metal 
parts, hair, dust, insects, insect larvae, etc.) 
due to poor vehicle hygiene

2 3 2 12

Regular maintenance of vehicle hygiene 
must be done
Transport in closed containers is recom-
mended 
Regular cleaning and disinfection must be 
done

1 3 2 6

Direct sale 
(open market)

Physical contamination due to cheese expo-
sure in open dishes 2 3 1 6

It is recommended that the cheese is sold at 
open markets in sealed containers, as well as 
during the sale remains covered with plas-
tic foil

1 3 1 3

Contamination due to the presence of met-
al particles originating from damaged dish-
es or other equipment (e.g. knives)

2 5 2 20

Cheese in which the presence of metallic 
particles has been determined must be re-
moved and destroyed
Damaged and broken equipment must be re-
placed

1 5 2 10

Physical contamination due to touching the 
product by the customers or sellers  (hair) 2 2 2 8 Disposable accessories should be used 

(toothpicks, plastic clip, cardboard coasters) 1 2 2 4

Physical contamination due to accidental 
breakage of glass bottles or glasses 2 4 1 8

Cheese in which the presence of glass has 
been established should be destroyed and re-
moved
Handling with glass near food should be 
avoided

1 4 1 4

1O – occurrence, 2S – severity, 3D – detection, 4RPN – risk priority number

168



Meat Technology 61 (2020) 2, 161–173

obtained curd and whey must be discarded (Serbia, 
2019; Olofson, 2010).

In farmhouse cheese production, most of the 
steps involve manual manipulations, such as milk-
ing, rennet addition, gel cutting, salting and stack-
ing in buckets (Figure 1). In addition, during cheese 
sale at the green markets, manual manipulation is in-
evitable. Therefore, it is clear that the cheese pro-
ducers’ personal hygiene is very important. Legisla-
tion in Serbia determines the conditions that persons 
involved in food production must meet in terms of 
maintaining personal hygiene and wearing of appro-
priate and clean protective clothing. Food handlers 
must not suffer from food-borne diseases, must not 
have infected wounds, skin infections and injuries or 
diarrhoea, and food handlers are obligated to report 
illnesses or symptoms. For persons who perform ac-
tivities involving direct contact with food, the leg-
islator mandates health examinations twice a year. 
Hand hygiene of persons handling food must be 
maintained, which is achieved by installing a suffi-
cient number of hand washing stations with hot and 
cold water, hand washing agents and suitable disin-
fectants (Serbia, 2010a; Serbia, 2011; Kurt et al., 
2013; Serbia, 2017).

In farmhouse cheese production, it is essen-
tial the production steps of coagulation, gel cut-
ting, whey drainage, salting and stacking in buckets 
take place in clean environments. Identical hygien-
ic conditions must be met in both industrial produc-
tion and distribution in retail chains. In farmhouse 
cheese production, the washing step is usually per-
formed manually, while in industrial facilities, auto-
matic cleaning in place (CIP) technology is applied. 
The utensils should be washed as soon as possible 
after the production of cheese, but the washing step 
must not be performed during the production pro-
cess. In order to preserve the desirable microbiota 
in farmhouse conditions, mechanical cleaning and 
washing of surfaces is recommended, but not the 
use of disinfectants. In such conditions, special at-
tention should be paid to the mechanical cleaning 
of cheese making equipment, the appropriate water 
temperature and detergent concentration, as well as 
the washing time (Olofson, 2010).

Untimely and inadequate washing of equip-
ment used in household cheese production can result 
in microbiological contamination, due to retention of 
milk and gel that remain from previous production. 
We rated this failure as RPN=30. This failure could 
also be seen through the possibility of biofilm forma-
tion. Namely, the occurrence of biofilms on materials 
used for the food production (stainless steel, plastic, 

glass, etc.) and from which kitchen equipment used 
in households is also made, is described in the liter-
ature (Olofson, 2010; Giaouris et al., 2012; Moretro 
et al., 2004; Katic, 1995). The possibility of this phe-
nomenon in farmhouse cheese production should not 
be neglected. Although special attention is paid to 
pathogenic microorganisms such as Salmonella spp., 
Listeria monocytogenes and Staphylococcus aureus, 
the occurrence of LAB biofilms has also been de-
scribed, in which pathogens have been identified.

According to Serbian legislation (Serbia, 
2017), the mandatory data the small producer must 
state on the food label are name and address of the 
manufacturer, production date, product name, shelf 
life, storage conditions and household registration 
number. The shelf life of farmhouse white cheeses, 
and therefore their quality and safety parameters, is 
dependent on many different factors, including com-
position, degree of maturity, storage conditions etc. 
According to Popovic-Vranjes (2015), white brined 
cheeses matured for 2–3 weeks might be stored for 
months. However, when the maturation period is 
shorter in order to produce fresh cheeses, the sub-
sequent shelf life is also shorter. The production of 
these cheeses is based on the tradition and experi-
ence that generations of housewives have gained. 
Passing the experience from generation to genera-
tion has contributed to the preservation of this tradi-
tional production. According to the Serbian legisla-
tion (Serbia, 2010b), cheeses can be divided into the 
following categories: extra hard cheeses with a rip-
ening period that must not be shorter than 6 months, 
hard cheeses that must ripen for at least 5 weeks, 
semi-hard cheeses that ripen for at least 2 weeks and 
soft cheeses that ripen for at least 7 days. Depending 
on the length of the ripening period, the shelf life of 
these cheeses also changes, as a longer ripening pe-
riod is associated with a longer shelf life due to mi-
crobiological and biochemical changes that charac-
terise the ripening period and by which the desired 
sensory and textural characteristics are achieved. 
Fresh cheeses are characterised by low dry matter 
content with a consequently high aw, and low fat and 
protein contents but a high lactose content, which 
makes them perishable foods (they can remain un-
spoiled for only a few days). On the contrary, in rip-
ened cheeses, dry matter, fat and protein contents 
are higher, but lactose and water contents are lower, 
which prolong their shelf life (Pacheco et al., 2010). 
Questions remain as to how long the shelf life is of 
farmhouse-produced cheeses that are sold at green 
markets in Serbia, and how should the small produc-
ers determine the shelf life of their cheeses.
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Assessment of chemical failures in the short 
cheese supply chain

Chemical failures can be identified at all stag-
es of farmhouse cheese production and distribu-
tion. The main chemical risks we associated with 
raw milk were the presence of aflatoxins and anti-
biotic residues, as a consequence of poor breeding 
practices and veterinary malpractice, respectively. 
The highest RPNs were determined for the presence 
of antibiotic residues and aflatoxin contamination 
in raw milk. In farmhouse conditions, RPN values 
were rated as 45, 45 and 30 for antibiotic residue, 
aflatoxin and chemical contamination, respective-
ly. The occurrence of pharmacologically active sub-
stances in food of animal origin is most often caused 
by the use of veterinary drugs used in the treatment 
of dairy animals. Residues of veterinary medici-
nal products are classified in group B of chemicals 
that can be found in food (according to Annex I of 
Council Directive 96/23/EC), where environmen-
tal contaminants are also present. Here, the greatest 
importance is given to antibiotics, which are rela-
tively stable at pasteurisation temperatures, but also 
at low temperatures. The influence of antibiotics in 
cheese production can be divided into two areas: 1) 
influence on consumer health (hypersensitivity reac-
tions, development of antibiotic resistance in path-
ogenic microorganisms, changes in digestive tract 
microbiota) and; 2) influence on cheese production 
(inhibition of LAB, delay in achievement of the ap-
propriate pH, as well as altered sensory characteris-
tics and possible growth of pathogenic microorgan-
isms due to inadequate LAB activity) (Marth et al., 
1959; Albright et al., 1961; Kurt et al., 2013, Kat-
ic & Bulajic, 2018). Farmhouse cheeses are made 
of milk that is produced in that household (Serbia, 
2017). The presence of antibiotics in milk can be 
prevented by applying good breeding practices, reg-
ular health checks of dairy animals according to leg-
islation (Serbia, 2005) and by educating the breeder, 
who is also the cheese producer, to respect the pre-
scribed withdrawal period.

Mycotoxins are secondary metabolites of fun-
gi that reach the milk via contaminated animal feed. 
In dairy farming, the highest importance is attached 
to aflatoxin M1. Aflatoxin M1 is excreted by cows 
into raw milk, is resistant to heat treatment and due 
to its binding to casein micelles in cheese, it oc-
curs in higher concentrations in cheese than in the 
milk from which the cheese is produced. Usual-
ly the concentration increase (from milk to cheese) 
ranges from 3-fold in soft cheeses to 5-fold in hard 

cheeses. Cheese is considered to be the most impor-
tant source of aflatoxin M1 among all dairy products 
(Ardic et al., 2009; Skrbic et al., 2014; Kos et al., 
2014; Polovinski-Horvatovic et al., 2009; Tomasevic 
et al., 2015; Miocinovic et al., 2016). At this point, 
the control of aflatoxin M1 in farmhouse cheese 
production is questionable, because no controls of 
aflatoxin in raw milk are performed at the house-
hold level. Aflatoxin M1 in milk originates from an-
imal feed. Therefore, application of good agricultur-
al practice, with special attention to the conditions 
of storage of animal feed, and good breeding prac-
tices are considered as suitable corrective measures.

Chemical contamination resulting from non-
-compliance with hygiene standards (presence of res-
idues of detergents and disinfectants, inappropriate 
materials from which equipment is made, etc.) can be 
prevented by educating individual producers, by ap-
plying good manufacturing practices and using per-
mitted means of hygiene and disinfection at all stag-
es of production and trade (Table 2). Also, water used 
on food production farms must meet the requirements 
for potable water, regardless of whether it is used 
from the public supply system of consumers or from 
their own wells (Serbia, 2010a; Serbia, 2017).

Assessment of physical failures in the short cheese 
supply chain

An artefact is defined as any unwanted object 
in food that originates from the food itself (intrin-
sic such as bones in meat products, fruit seeds, etc.) 
or originates from other sources (extrinsic such as 
glass, plastic, metal parts). The presence of artefacts 
in food can cause serious consequences (oral cavity 
injuries, suffocation, damage to the digestive tract, 
internal bleeding and even death). The most com-
mon injuries recorded as a result of ingestion of ar-
tefacts were caused by sharp metal objects (parts 
of equipment, wires, etc.), but such dangers can be 
caused by other types of artefacts such as jewellery, 
artificial nails, pieces of wood, etc. (Trafialek et al., 
2016). Metal artefacts can be present in cheese due 
to contamination of raw milk because of poor milk-
ing hygiene or can occur during the different pro-
duction steps as presented in Table 2.

The RPN value calculated for the identified 
physical failures (116) was significantly lower than 
those obtained for chemical and biological failures 
(390 and 741, respectively). The short cheese sup-
ply chain consists of a series of manual processes 
from production to sale, which can result in the oc-
currence of artefacts in the product (from hair that 
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can lead to consumers’ nausea, to metal parts that 
can lead to injuries). The application of appropri-
ate hygienic conditions during the production, trans-
port and trade of cheese at the markets as well as 
the education of individual producers are considered 
as appropriate corrective measures. The highest val-
ue for physical defects was determined for the pres-
ence of metal foreign bodies originating from dam-
aged equipment during sale at the green markets 
(RPN=20). Destroying suspect products and replac-
ing damaged equipment are considered good correc-
tive measures to reduce the RPN to 10.

Conclusion

In this paper, FMEA methodology was used 
to quantitatively determine the risks that can be ob-
served in different phases of white brined cheese 
production and trade in a short supply chain (farm-
house-produced cheese which is sold at green mar-
kets). Our results indicate the greatest risks in the 
short cheese supply chain can be attributed to bi-
ological and chemical failures, due to any failures 

being unlikely to be detected by cheese producers 
and having severe consequences. The proposed cor-
rective measures include different pre-requisite pro-
grams. Even the application of these measures will 
not result in great risk reduction, as the severity and 
detection will remain the same. Small cheese pro-
ducers on their own initiative rarely send cheese for 
the external analysis, as this is most often done by 
competent authority during regular controls. There-
fore, the biological and chemical failures are usually 
not detected at all in farmhouse cheese production. 
To increase detection and consequently to decrease 
the risk, some rapid hygiene monitoring techniques 
such as ATP (detection of adenosine triphosphate by 
bioluminescence) and protein kits might be used. 
They are designed to provide rapid results and to be 
used by unskilled personnel, such as cheese produc-
ers, to assess the effectiveness of their cleaning pro-
cedures. This might be supported and organised by 
government institutions. At the same time, this con-
clusion cannot be applied to physical defects be-
cause they are visible and, therefore, easier to detect, 
which is indicated by the relatively low RPN values 
for these faults calculated in this study.

Primena FMEA analize u ocenjivanju kratkog lanca 
snabdevanja sirom

Biljana Aleksić, Ilija Đekić, Jelena Miočinović, Nurgin Memiši, Nada Šmigić

A p s t r a k t: Cilj ovog rada bio je da se primeni kvantitativna FMEA metodologija (engl. Failure Mode Effect Analysis) u oce-
njivanju potencijalnih bioloških, hemijskih i fizičkih nedostataka koji se javljaju tokom proizvodnje i distribucije belog sira u salamuri 
proizvedenog na gazdinstvima (kratak lanac snabdevanja) u Republici Srbiji. U tu svrhu utvrđene su vrednosti za učestalost pojavlji-
vanja potencijalnih nedostataka (O), ozbiljnost posledica koje izazivaju (S) i mogućnost detekcije (D). Množenjem utvrđenih vrednosti 
izračunate su RPN (engl. risk priority numbers) vrednosti za svaki potencijalni nedostatak. U kratkom lancu snabdevanja utvrđene 
su visoke vrednosti za RPN za biološke nedostatke. Najviše vrednosti izračunate su za fazu muže muznih životinja, dok su nešto niže 
vrednosti izračunate za fazu zrenja sireva i transport ličnim vozilom do pijaca. Hemijski nedostaci za koje je izračunata najvša RPN 
vrednost odnose se na kontaminaciju sirovog mleka aflatoksinom i reziduama veterinarskih lekova. Naši rezultati ukazuju da biološke i 
hemijske opasnosti predstavljaju najznačajnije rizike u kratkom lancu iz razloga što je za njihovu detekciju neophodno izvršiti analize, 
a posledice koje izazivaju po zdravlje potrošača mogu da budu veoma ozbiljne. Predložene korektivne mere zasnivaju se na primeni 
odgovarajućih preduslovnih programa. Ipak i primenom predloženih korektivnih mera ne može se postići značajnije smanjenje rizika 
za pojavljivanje odgovarajućih opasnosti, iz razloga što je za detekciju i dalje neophodno primeniti iste postu pke, ozbiljnost posledica 
koje predstavljaju po zdravlje potrošača ostaje ista, pa su vrednosti za D i O nepromenjene. Kako su fizičke opasnosti lako vidljive i 
samim tim lakše za otkrivanje, najniže RPN vrednosti utvrđene su za fizičke nedostatke.

Ključne reči: kratak lanac snabdevanja sirom, proizvodnja sira na gazdinstvima, FMEA analiza, rizik
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