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1. Introduction

1.1. Current status in the European Union

The total number of pigs in Europe is 147.2 mil-
lion. The volume of pig meat production increased 
by 1.3% in Europe from 2015 to 2016, and annual 
production of pig meat was 23.4 million tons. This 
growth trend is due to several reasons: lower food 
prices, higher number of reproduction sows and in-
creased volume of pork exports to China (Eurostat, 
2017). Consumption of pork per capita per annum 
in the European Union (EU) is 40.9 kg and growing 
(AHDB, 2015)

Consumer choices are certainly different de-
pending on culture, place of residence and social op-
portunities. A basic rule for ethical food consump-
tion is that the consumer knows what they are eating 
or purchasing. Therefore, product must carry a clear 
declaration where description of product ingredi-
ents, the information about manufacturer, the prod-
uct processing method and the suitable storage con-
ditions are stated (among other things) according 

to the EU regulation (EU, 2011). Labels must be 
also clear and appropriate for the type of food, in 
accordance with the usual mode of food use, pro-
vide instructions for preparing the food and take ac-
count local customs. However, many declarations 
in the meat market show major and/or minor devia-
tions from the prescribed rules. For such issues, food 
business operators (FBOs) are directly responsible, 
as are the competent authorities (EU, 2002). In addi-
tion, the consumers also take over their level of re-
sponsibility regarding food safety and it is beneficial 
to provide the proper training to consumers, so that 
they are able to understand and apply all information 
given on label, in particular, regarding the intended 
use of the food product and food preparation in the 
kitchen (Henderikx, 2017).

1.2. Epidemiology of pork meat-associated 
illnesses in the EU

In 2016, campylobacteriosis was the most 
commonly reported zoonosis in the EU, accounting 
for almost 70% of reported cases. Other bacterial 
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diseases reported to a lesser extent were: salmonel-
losis, yersiniosis, verotoxin-producing Escherichia 
coli (VTEC) infections, and listeriosis. The most 
important biological hazards that affect human 
health associated with pork meat/meat products are 
Salmonella spp., Yersinia enterocolitica, Trichinella 
spp. and Toxoplasma gondii (Figure 1) (EFSA, 
2017).

Salmonella: About 2,600 serovars of Salmo-
nella spp. have been described so far. The five most 
important serovars that caused alimentary disorders 
in humans are S. Enteritidis, S. Typhimurium, mono-
phasic S. Typhimurium, S. Infantis and S. Derby. The 
serovars that are the most common causes of hu-
man diseases associated with pork meat include: S. 
Typhimurium, and S. Derby. Within the EU, 25,049 
units of fresh pig meat were examined microbio-
logically in 2016, of which 2.38% were positive for 
Salmonella spp.; 8,641 samples of meat prepared for 
use in the form of chopped meat were tested, with 
detected Salmonella prevalence of 1.93%. In 2016, 
there were 94,530 confirmed cases of salmonellosis 
reported in the EU, with an incidence of 20.4 per 
100,000 inhabitants (EFSA, 2017).

Yersinia. Twenty-six EU member states report-
ed 6,861 confirmed cases of yersiniosis in 2016, with 
1.82 reported cases per 100,000 inhabitants (EFSA, 
2107). According to reports, Yersinia enterocolitica 

is the most reported Yersinia species in all countries, 
accounting for 99.1% of yersiniosis in the EU. A 
slightly higher yersiniosis incidence was reported in 
the period from May to August (EFSA, 2107).

Listeria. Based on the severity of zoonosis, lis-
teriosis is one of the top-ranked as it can be associ-
ated with the fatal outcome. L. monocytogenes is a 
significant public health pathogen, because it is of-
ten found in foods. During 2016, 2,536 cases of lis-
teriosis were reported and confirmed in the EU, i.e. 
0.47 cases per 100 000 inhabitants. The mortality 
rate among cases was 16.2%, and it often occurred 
in people older than 64 years old, while the especial-
ly sensitive population are those older than 84 years. 
During 2016, in a survey carried out in the EU re-
garding different food categories, L. monocytogenes 
was detected in pig meat products (not including fer-
mented sausage) in 3.1% of samples (EFSA, 2017).

Trichinella. In 2016, 101 cases of trichinello-
sis in humans, i.e., 0.02 cases per 100,000 inhabit-
ants, were reported and confirmed in the EU, which 
was a decrease of 26.5% compared to the previous 
year. This is the lowest number of cases and the low-
est rate of trichinellosis since implementation of 
EU-level reporting (EFSA, 2017).

Toxoplasma. One of the most recognized hu-
man and animal parasites is T. gondii, which has 
a global presence. Ingestion of viable cysts via 

Figure 1.  The incidence of food borne diseases caused by the main biological hazards associated with pork 
meat/meat products (EFSA, 2017)
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consumption of insufficiently thermally processed 
meat is considered one of the dominant ways hu-
man are infected with this parasite. During 2016, 
47 cases of congenital toxoplasmosis were report-
ed and confirmed in 19 EU Member States (MSs), 
with rate of 1.57 cases per 100,000 new-borns. 
It is not possible to estimate the prevalence of 
non-congenital toxoplasmosis, because only three 
MSs have an active control system for this disease 
(EFSA, 2017).

1.3. Antimicrobial resistance (AMR) 

Excessive veterinary use of antimicrobi-
al agents in animal species for food production, as 
well as the use in human population, contributes to 
the spread of AMR. Major zoonotic pathogens such 
as Salmonella spp. and Campylobacter, includ-
ing those with AMR, can spread to humans by food 
and water consumption or by direct contact with an-
imals. Several Salmonella spp. serotypes of public 
health significance were showed a high resistance 
rate to sulfisoxazole, tetracycline, ampicillin, oflox-
acin, isolated from retail pork meat (Zhang et al., 
2018). Commensal bacteria (E. coli, Enterococcus 
spp.) can also develop genetic resistance to antimi-
crobials, which can facilitate transmission of AMR 
to pathogenic bacteria that can cause diseases in hu-
mans and animals. The seriousness of this problem 
is the fact that more than 25,000 people die each 
year in the EU from diseases caused by antibiotic re-
sistant bacteria. The use of antibiotics in food pro-
duction systems has to be reduced, and compensated 
for by improvement of animal health through pre-
ventive measures and good hygiene and manage-
ment practices (Nulty et al., 2016).

1.4. Microbiological criteria for pork carcasses/
meat products

To date, the best approach to ensure the food 
safety is a preventive, integrated approach, by man-
aging all processes in food production, from prima-
ry production to the consumer. The main respon-
sibility regarding food safety is related to Food 
Business Operators (FBOs), who define and imple-
ment appropriate measures for good hygienic and 
manufacturing practice, as well as other procedures 
based on Hazard Analysis and Critical Control Point 
(HACCP) principles, in order to achieve the food 
safety objectives (FSO) defined in food regulations. 
The numbers of aerobic bacteria (aerobic colony 
count/ACC) and Enterobacteriaceae (EC) and the 
presence/absence of Salmonella spp. are the process 

hygiene criteria defined for pig carcasses, after 
dressing-before chilling. ACC and E. coli counts are 
the process hygiene criteria for minced pork and pig 
meat preparations, at the end of the manufacturing 
process. The presence/absence of Salmonella spp. 
is also a food safety criterion, defining the counts/
limits for L. monocytogenes during the shelf-life of 
minced meat or meat preparations intended to be 
eaten cooked (EU, 2005). There are also food safety 
criteria for L. monocytogenes in ready-to-eat (RTE) 
foods, which include cooked sausages, canned 
meats, and raw, dry fermented sausages. Therefore, 
pork meat/processed pork meat product placed on 
the market must, throughout its shelf-life, comply 
with food safety criteria that are clearly defined by 
the EU Regulation 2073/2005 (Table 1).

2. Overview of biological hazards in the 
pork meat chain and risk ranking

Hazards are defined as the biological, chemical 
or physical agents that can lead to illness or injury of 
consumers if adequate control measures are not in 
place. Biological hazards are organisms or agents of 
biological origin whose presence can make the prod-
uct inappropriate or dangerous for consumption. 
Biological hazards include microorganisms (bacte-
ria, viruses, fungi), parasites and prions. It is gen-
erally accepted that biological hazards are the ma-
jor risk for meat consumers, especially due to their 
short term effects (Lawley et al., 2008).

2.1. Farm

The farm is the first link in the pig meat pro-
duction chain. At the farm, biosecurity measures 
should be implemented and the principles of animal 
welfare should be fulfilled. Biosecurity measures 
should be part of a general strategy, developed in a 
close and continuous cooperation between the own-
er, employees and animal health expert. This coop-
eration should enable everyone in the team to be in-
formed of relevant health questions at local, national 
and international levels.

Farm animals can be the primary source of 
human infection, directly through consumption of 
raw products or insufficiently thermally processed 
food derived from infected animals, or indirectly by 
spreading pathogens to plant products through ferti-
lisers originating from infected animals. Therefore, 
it is very important to have knowledge of pathways 
of infection from the farm to final food products.

108



Meat Technology 60 (2019) 2, 106–120

Table 1.  Food safety criteria and process hygiene criteria for minced meat, meat preparations and 
ready-to-eat (EU, 2005; Serbia, 2011)

Food category Microorgan-isms Sampling 
plan

Limits Analytical 
reference 
method

Stage where 
the criterion is 
applied

Action in case of 
unsatisfactory 
resultsn c m M

Process hygiene criteria

Carcasses of pigs Aerobic colony 
count

4,0*
(3,3)**

log CFU/cm2

5,0*
(4,3)**

log CFU/cm2 

ISO 4833 Carcasses after 
dressing but 
before chilling

Improvements in 
slaughter hygiene 
and review of 
process controls

Enterobacter-
-iaceae

2,0*
(1,3) **

log CFU/cm2 

3,0*
(2,3) **

log CFU/cm2 

ISO 21528–2

Salmonella 50 5 Absence in the area tested per 
carcase

EN/ISO 6579 Improvements 
in slaughter 
hygiene and 
review of process 
controls, origin 
of animals and of 
the biosecurity 
measures in the 
farms of origin

Minced meat Aerobic colony 
count

5 2 5×105 5×106 ISO 4833 End of the 
manufacturing 
process

Improvements in 
production hygiene 
and improvements 
in selection and/
or origin of raw 
materials

E. coli 5 2 50 CFU/g 500 CFU/g ISO 16649–1

Meat preparations E. colii 5 2 500 CFU/g 5 000 CFU/g ISO 16649–1

Food safety criteria

Food category Microorg-anisms Sampling 
plan

Limits Analytical 
reference method

Stage where the criterion applied

n c m M

Minced meat and 
meat preparations 
intended to be eaten 
raw

Salmonella 5 0 Absence in 25 g EN/ISO 6579

Products placed on the market during 
their shelf-lifeMinced meat and 

meat preparations 
made from other 
species than poultry 
intended to be eaten 
cooked

Salmonella 5 0 Absence in 10 g EN/ISO 6579

Ready-to-eat foods 
able to support 
the growth of L. 
monocytogenes, 
other than those 
intended for infants 
and for special 
medical purposs

L.monocyt-ogenes 5 0 100 CFU/g EN/ISO 11290–2

Absence in 25 g EN/ISO 11290–1 Before the food has left the 
immediate control of the FBOs, who 
has produced it

Legend: * Destructive method of swabbing; **Non-destructive method of swabbing; n = number of units comprising the sample; 
c = number of sample units giving values between m and M
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Pigs are sensitive to a wide spectrum of Salmo-
nella spp., and young animals are more sensi-
tive than older ones. Livestock can often be infect-
ed without any evident clinical symptoms of disease. 
Salmonellosis in pigs with clinical manifestations was 
often caused by S. Choleraesuis in the past, but with 
monitoring and control measures, the occurrence of 
this serotype on farms has been significantly reduced. 
S. Typhimurium is mostly transmitted among animals 
on the farm, while other serotypes mostly originate 
from food or the environment. (EFSA, 2017).

Among domestic animals, pigs are consid-
ered as the main reservoir of Y. enterocolitica, and 
they are asymptomatic carriers of this bacterium. 
Regarding control of food and animals, only a low 
number of EU member states reported data for 2016, 
which disables wider conclusions about its prev-
alence (EFSA, 2017). The prevalence of Y. entero-
colitica on some farms in the EU is ranging from 
4%–93%; some regional variations were also detect-
ed, which indicates the possibility of Yersinia con-
trol in pigs (Fredriksson-Ahomaa et al., 2000).

Livestock production, including pig farming 
in developed countries, is continuing to go through 
significant structural changes, including a signifi-
cant reduction in the number of farms and a corre-
sponding increase in capacity in closed systems, due 
to better efficiency and economic policy. However, 
at the same time, the number of smaller farms for 
growing pigs in the open is increasing. In farms with 
the open holding systems there is an increased risk 
of infection from T. gondii (Gamble et al., 1999; 
García-Bocanegra et al., 2010). Indeed, the trend 
of breeding pigs in the open could have caused in-
creases in pig seroprevalence for T. gondii. Also, in 
poorly managed systems, where pigs are bred in less 
controlled conditions, seroprevalence in pigs was as 
high as 68% (Gamble et al., 1999). It was suggest-
ed that low or negligible seroprevalence of T. gondii 
at farm level can be used as an indicator of good hy-
gienic practice (van Knapen et al., 1995).

Consumers, especially residents of Europe 
and North America, often prefer organic meat from 
breeding systems that also recognise the animal wel-
fare requirements. The consumer impression is that 
food produced by these principles can be automati-
cally considered a safe food; however, according to 
the scientific research the situation is quite different. 
For example, keeping pigs in the open implies expo-
sure of domestic pigs to increased risk of Trichinella 
spiralis, Trichinella britovi and Trichinella pseud-
intermedius infections originated from wildlife res-
ervoirs (Burke et al., 2008).

2.2. Slaughterhouse

At slaughter, pathways of microbiological con-
tamination are numerous and they can be catego-
rised as internal or external. Meat originating from 
healthy, rested animals is normally sterile, but in 
stressed pigs, bacteraemia (bacteria in the blood-
stream) can occur more easily (an internal contami-
nation pathway). The external pathways of contam-
inating carcasses or pig meat can be direct, usually 
from skin of slaughtered animals, or indirect, e.g., 
skin-knife/equipment-meat.

Since the important source of Salmonella spp. 
in the meat production chain are the animals them-
selves, the prevalence of these bacteria on farm 
must be closely monitored (Korsak et al., 2003). 
Obviously, the Salmonella spp. prevalence in fresh 
meat is directly related to its prevalence in the ani-
mals, although the prevalence of this pathogen on/in 
pork meat in stages also depends on the further tech-
nological processing that meat undergoes as food.

Inadequate hygiene conditions and lack of san-
itation procedures during transport of animals can 
contribute to the presence of bacteria on pig carcass-
es. Inadequately washed, dirty pigs originating from 
farms with poor hygiene contributes, can also in-
crease the overall prevalence of microbes (e.g. ACC), 
including pathogens on/in pork meat. EC are also 
very widespread in the environment, and they are 
also an integral part of the gastrointestinal microbi-
ota of humans and animals. One of the most impor-
tant places for contamination of pork skin with EC is 
the stunning box, which each pig touches. The tech-
nology of pig skin removal after slaughter also carries 
a high risk of contaminating carcasses/meat with EC 
(Aslam et al., 2003). In addition, there is a high risk of 
meat contamination with gastrointestinal tract content 
during pig evisceration. Evisceration is the process-
ing step that most contributes to bacterial contamina-
tion on carcass surfaces, because afterwards, there is 
no primary treatment that could reduce the number 
of bacteria. Inadequate procedures during technologi-
cal operations at slaughter line (e.g. failure of workers 
to comply with work procedures, inadequate equip-
ment, dirty work clothing, inadequate sanitation dur-
ing work, not preventing cross-contamination) can 
lead to contamination of pig carcasses (Raseta et al., 
2015). Cross-contamination at slaughter line is also a 
recognized issue from the perspective of meat safe-
ty, as confirmed by the increased prevalence of S. en-
terica from farm to slaughterhouse (De Busser et al., 
2011; Karabasil et al., 2012). Although the contami-
nation/infection of pigs with Salmonella spp. can hap-
pen at any point from the farm to the slaughterhouse, 
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it should be emphasised that the slaughterhouse has 
an important role in this process. The surfaces in 
the lairage and in the stunning box are almost al-
ways contaminated with Salmonella and they can be 
sources of cross contamination, ultimately increasing 
Salmonella prevalences on carcasses at slaughter line 
(Nulty et al., 2016).

2.3. Meat processing

Meat products include products obtained by pro-
cessing meat or further processing of such products, 
so that observation of a cross-sectional area indicates 
the product no longer has the characteristics of fresh 
meat. Depending on production methods, meat prod-
ucts can be classified into those produced without heat 
treatment and those produced with heat treatment. For 
example, fermented sausages are meat products pro-
duced without heat treatment, while pasteurised meat 
products are produced with heat treatment.

2.3.1. Fermented sausages

Fermented sausages are not heat treated, so af-
ter meat and fat tissue chopping and mixing, addition 
of ingredients (additives and spices), filling the mix-
ture into casings, they are preserved by fermentation 
and drying, with or without smoking. The shelf-life 
of fermented sausages is determined by their low 
pH and water activities (aw), and therefore, they 
can be stored at higher (i.e., not chill) temperatures. 
Antimicrobial factors of importance for the safety 
and shelf-life of fermented sausages are: low aw of 
0.80–0.90, salt content of 2.4–2.8%, pH of 5,3–6,0 
(Teodorović et al., 2015). As such, fermented sau-
sage can be stored at a temperature of up to 5°C.

For the production of fermented sausages, the 
meat of older animals is more suitable (older fattened 
pigs, sows excluded), because it contains more dry 
matter and more myoglobin pigment than young ani-
mals. pH has a very important role in the selection of 
pork cuts for fermented sausages, with recommended 
pH < 6.0. It is easier for meat with the lower pH val-
ues to release water, to dry easier, and which allows 
effective salt penetration. Much attention is given to 
selection of fat tissue, the most suitable of which is 
subcutaneous tissue of the neck and back (loin).

Starters are microbial cultures used to pro-
mote and conduct the fermentation of meat prod-
ucts. Bacteria, particularly lactic acid bacteria and 
coagulase-negative staphylococci, as well as yeasts 
and molds, may be used as starters (Laranjo et al., 
2019). These are selected microorganisms that par-
ticipate in the ripening of fermented sausages, and 

they are responsible for typical sensory properties 
of the final products. In fermented sausages, start-
er cultures ferment sugars to produce lactic acid and 
also have an important function in sausage matura-
tion, including their protective role, e.g. micrococ-
ci produce the enzyme catalase, lactic acid bacte-
ria produce antimicrobial substances. Catalase helps 
prevent oxidation because it decomposes hydro-
gen peroxide to water and molecular oxygen. Lactic 
acid bacteria produce organic acids, ethanol, hydro-
gen peroxide, carbon dioxide and bacteriocins, all of 
which can act antimicrobially (Laranjo et al., 2019).

Fermented dry sausages are mainly considered 
as a generally safe products from the microbiolog-
ical aspect and their safety relies on these multiple 
antimicrobial properties, the so-called `hurdle con-
cept`, e.g. pH, aw, redox potential (Leistner, 1994). 
During the past decade in the EU countries, epide-
miological research showed the occurrence of dis-
ease outbreaks that were associated with the con-
sumption of fermented sausages. The main bacterial 
hazards associated with this type of pork product 
are Salmonella spp., E. Coli and L. monocytogenes 
(Toldra, 2010). During production of dry fermented 
sausages, high initial contamination of raw meat or 
possibly contaminated sausage ingredients, as well 
as inadequate processing conditions and/or contam-
ination after processing, can cause a risk of salmo-
nellosis (Gieraltowsky et al., 2013). On the other 
hand, L. monocytogenes is of less concern if process 
hygiene is maintained at high levels during sausage 
production. Although contamination with this path-
ogen can occur in any phase of the sausage produc-
tion process, it is more frequent in the latter stag-
es of fermentation/ripening (Thevenot et al., 2005). 
Ensuring process hygiene during production is a key 
element for controlling this pathogen in food.

2.3.2. Pasteurised meat products

Pasteurised, heat-treated products include cooked 
sausages. Cooked sausages include numerous prod-
ucts that differ in diameter and fineness of their emul-
sified filling. Since they have a high pH (6.0–6.5) and 
aw (0.95–0.98), their shelf-life depends on appropri-
ate heat treatment and storage temperature. Common to 
all cooked sausages is the meat emulsion that forms the 
basis of their stuffing, and which is filled into casings, 
their heat treatment at pasteurisation temperature, with or 
without smoke, or at boiling or sterilisation temperatures. 
Cooked sausages are most often processed by hanging in 
a controllable chamber containing steam at 75–85ºC so 
that the core product temperature reaches at least 70ºC 
for 20 minutes (Teodorović et al., 2015). These products 
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are stored at < 4ºC because this heat treatment cannot de-
stroy all microorganisms, but only the vegetative forms 
of mesophilic and psychrophilic microorganisms.

2.3.3. Canned meats
Canned meats, like cooked sausages, usual-

ly have high pH 6,0–6,5 and aw 0,96–0,98 and their 
shelf-life also depends on appropriate heat treat-
ment (commercial sterilization), hermeticity and stor-
age temperatures. For canned meat production, meat 
with higher pH values is needed (Teodorović et al., 
2015). While the use of warm meat would be ideal, 
a chilled meat is most commonly used in industrial 

production settings. Salting and chilling of meat are 
effective steps to reduce the number of aerobic bac-
teria, including Salmonella spp., but are less effective 
for E. coli (Sukumaran et al., 2018). Results in inves-
tigation Gabriel and Nakano (2009) about resistance 
among E. coli, L. monocytogenes and S. Enteritidis, 
it has been established that the L. monocytogenes is 
generally less susceptible to inactivation, and is even 
able to grow in the conditions found in many meat 
products, with the rate depending on different envi-
ronmental factors (e.g., temperature, aw). Temperature 
proved to be the most effective environmental factor 
for the growth and death of L. monocytogenes.

Table 2.  Preliminary qualitative biohazard prioritisation in the pig meat chain (EFSA, 2012)

Severity of consequences

Preliminary 
qualitative 
evaluation of 
the risk level: 
probability 
of occurrence 
against severity of 
consequences
High severity of 
consequences: 
human cases 
>10/100000, case 
fatality <0.1%

Medium severity 
of consequences: 
human cases 
1–10/100000, case 
fatality <0.1%

Low severity of consequences:

Human cases<1/100000,
case fatality >0.1

Human cases 
<1/100000, case fatality 

<0.1%

Pr
ob

ab
ili

ty
 o

f o
cc

ur
re

nc
e

High 
probability:
Prevalence 
on chilled 
carcasses >5%

High risk: 
Salmonella

   

Medium 
probability:
Prevalence 
on chilled 
carcasses 
0.1–5%

Medium risk: 
Campylobacter

Medium 
risk: Yersinia 
enterocolitica

Medium risk: L. 
monocytogenes, 
VTEC

Low risk: Toxoplasma

Low 
probability:
Prevalence 
on chilled 
carcasses 
<0.1%

  Low risk:
Cl. Botulinum

Low risk:
Sarcocystis suihominis, 
T. solium cysticercus, 
Trichinella, Cl. difficile, 
Cl. perfringens, 
Mycobacterium, S. 
aureus, HEV
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2.4. Distribution/retail of meat and meat products

Food safety is an imperative in international 
trade, so World Trade Organization (WTO) member 
states apply clearly defined sanitary and phytosani-
tary measures (SPS Agreement), based on appropri-
ate risk assessment, to ensure that food safety and 
quality will not be compromised (WTO, 1995).

Phases of the meat distribution chain that are 
important in terms of transmission of pathogens in-
clude: 1) transport and storage between process-
ing and wholesale or retail markets, 2) food han-
dling and storage at retail, 3) transport from retail 
to home, as well as 4) handling and storage of food 
at home.

Special attention is given to the storage of 
foods. During storage, optimal conditions are pro-
vided to ensure a method of protection against air 
particle contamination, weather, animals (e.g., in-
sects, birds) and sunlight, and maintaining hygien-
ic conditions. Application of HACCP principles 
and good distribution practices should ensure con-
servation of food at the prescribed storage tempera-
ture (e.g. < 7°C for fresh meats, while recommended 
temperature for thermally processed meat products 
should be < 4°C) (EU, 2004; FDA, 2018). The stor-
age room should be designed to ensure efficient 
cleaning and maintenance and prevent microbial, 
chemical and physical cross-contamination.

Fresh meat is highly perishable and has a 
short shelf-life, which means the time available for 
product distribution is also short (Nastasijevic et 
al, 2017). If fresh meat and meat products are not 
kept in adequate, controlled temperatures, they can 
be good environments for the growth of pathogen-
ic and other bacteria. The complexity of a global 
meat supply, in one country, between countries or 
between continents, requires cold chain solutions 
since product is acceptable to consumers only if it 
has the appropriate level of freshness and safety. 
Participants in the cold chain must cooperate, and 
they must have in mind the practices of previous 
and future participants. Therefore, the cold chain 
process must be documented. Although the impor-
tance of monitoring the correct cold chain temper-
atures is well known, this segment in the integrated 
meat supply chain is still a challenge. From recent-
ly, several tools impacting the cold chain have be-
come recognized: biopreservation, ionising radia-
tion, high hydrostatic pressure, active packaging, 
and wireless sensors connected to database software 
(Nastasijevic et al., 2017).

In the retail and consumer phases, the follow-
ing risk factors can occur: inadequate storage, poor 

personal hygiene, contaminated equipment, and 
chemical residues. As for the consumer phase, other 
main risk factors include: inadequate cooking, and 
food from undocumented sources (FSIS, 2004).

2.5. Ranking and prioritisation of biological 
hazards in the pork meat chain

The prioritisation of biological hazards is made 
by taking into consideration public health data. For 
risk ranking biological hazards, i.e., prioritising them 
as of high, medium or low importance, the following 
data were used by European Food Safety Authority 
(EFSA, 2012): (i) Human incidence (EFSA/ECDC, 
2011), (ii) Number of cases with fatal outcomes, (iii) 
Prevalence on pig carcasses (EFSA, 2009).

A qualitative risk assessment of biological haz-
ards in the pig chain was conducted using chilled car-
cass’ prevalence data, incidence and seriousness of 
the disease in humans and the attribution of hazards 
originating from pigs, in the EU. Based on this es-
timation, Salmonella spp. is considered as the main 
biological hazard originated from pigs, Y. enteroco-
litica, L. monocytogenes, VTEC and T. gondii are 
considered as medium risk hazards, while Trichinella 
spp. is of low risk (Table 2) (EFSA, 2012).

3. Control measures for biological hazards in 
the pork meat chain

Control measures are any actions or activi-
ties that are used to prevent or eliminate food safe-
ty hazards (Codex Alimentarius, 2005). The purpose 
of control measures is the production of food which 
is safe and suitable for human consumption. FBOs 
must be achieved by the implementation of the risk 
based meat safety assurance system (GHP/HACCP).

3.1. Control measures on farm

On-farm biosecurity measures include all 
measures and systems that prevent, eliminate or re-
duce biohazards. Effective on-farm biosecurity con-
tributes to better animal health, higher productivi-
ty and profitability, food safety and environmental 
protection. Such measures also contribute to the 
better reputation of animal production in the coun-
try and affect international traffic of animals and 
products of animal origin (Figure 2) (Stanković and 
Hristov, 2010), On-farm risk factors are unique for 
each farm, and, thus, each biosecurity plan should 
be farm-specific.
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3.2. Control measures in slaughterhouse

The competent authority or delegated inspec-
tion authority is obliged to check the Food Business 
Operator`s (FBO) documentation and the applied 
self-control plans, including the set up microbio-
logical criteria. The number or presence/absence of 
microorganisms on selected carcass surface sites of 
slaughtered pigs (Figure 3) is determined according 
to the standard methods (ISO, 2015). Time and fre-
quency of sampling are regulated according to the: 
hygienic practice and technology for each slaughter-
house, design of risk-based process control or har-
monised monitoring programmes, production vol-
ume, as well as epidemiological status of the area 
from which the animals originate.

The carcass sites from which samples are tak-
en must be described in the self-control plan, which 

is defined by the FBO. Since the purpose is to exam-
ine those carcass sites where the probability of con-
tamination is the greatest, standard sampling sites on 
pig carcasses are recommended, as shown in Figure 
3 (ISO, 2015).

If Food Business Operator (FBO) decides to 
sample different carcass sites than those in Figure 3, 
they are required to validate their sampling method, 
i.e., to confirm that it achieves at least the same effect 
in monitoring carcass contamination that is achieved 
by using the recommended system. Importantly, the 
defined carcass sites are sampled over time in order 
to monitor trends of the results obtained. EU regula-
tion (EU, 2005) requires that FBOs analyse test re-
sult trends to enable appropriate measures to be tak-
en without delay in the case of unsatisfactory trends. 
This is in order to limit or prevent the occurrence of 

Figure 2.  Overview of generic biosecurity measures on pig farm

- the origin and health 
status of pigs entering and 
leaving the farm 
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microbiological hazards. Slaughterhouses must con-
duct self-control checks every week, and the day of 
sampling must be changed every week, to ensure 
coverage of every day of the week. In case that results 
were satisfactory within the six consequtive weeks in 
a row (ACC, EC), FBOs can reduce sampling at once 
per two weeks/fortnightly (Serbia, 2011).

Samples are taken from the suitable sites on car-
cass surfaces by destructive or non-destructive sam-
pling methods, after carcasses are washed, but before 
chilling. Destructive methods disturb the integrity of 
carcasses, by cutting and removing tissue samples 
from the depth of meat. Non-destructive methods in-
volve swabbing carcass surfaces without disturbing 
the integrity of carcasses. Destructive methods give 
more precise results and show a higher level of car-
cass contamination than non-destructive methods. 
However, the destructive methods have negative con-
sequences on carcass values, so the use of these tech-
niques is limited. Certainly, non-destructive methods 
are more practical and economical in field conditions 
and are the most common sampling methods to moni-
tor hygiene of pig carcass production processes.

The microbiological criteria for the hy-
giene of the production process for pig carcass-
es are: the aerobic colony count (EN ISO 4833), 
Enterobacteriaceae count (EN ISO 25528–2) and 
the presence/absence of Salmonella spp (EN ISO 
6579) (Table 1). To obtain the aerobic colony count 
and number of Enterobacteriaceae, laboratory test 
results are shown as the number of colony forming 
units per cm (CFU/cm²) for each collective sample 
taken from one carcass. The daily average logarith-
mic value is obtained by calculating the logarithm 
(log10) of each individual laboratory test result/per 

Figure 3.  Suitable sites for taking samples from pig 
carcasses (ISO, 2015). Sites are: 1) Pelvic channel 
internal, 2) Pelvic channel external, 3) Abdominal, 

4) Xiphoid external, 5) U Xiphoid internal, 
6) Pillar of diaphragm, 7) Submaxillary external, 

8) Submaxillary internal, 9) Forefoot external 
aspect, 10) Forefoot internal aspect

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 …

Figure 4.  Sampling on the principle of a moving window (Serbia, 2011)
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carcass site, and then calculating the average of these 
logarithmic values. The limit values for pig carcass-
es are shown in Table 1. In the case of unacceptable 
test results, improvement of slaughter hygiene and a 
review of process control must be undertaken.

The criterion for Salmonella spp. on pig car-
casses is defined in the food safety criteria, as well as 
in the criteria for process hygiene (EU, 2005; Table 
1). To determine the presence/absence of Salmonella 
spp. on slaughtered pig carcasses, a non-destructive 
method of sampling with abrasive sponges is nor-
mally used. The sampling area must cover at least 
400 cm², and five samples are taken from the pre-de-
termined sampling sites. The serial trend results of 
Salmonella spp. presence/absence determination on 
pig carcasses are calculated from 50 samples col-
lected over 10 consecutive samplings. This means 
the number of samples that contained Salmonella 
spp. is calculated after 10 consecutive weeks from 
the five samples taken each week (Table 1). The sec-
ond series include samples taken from 2nd to the 11th 
week, the third from the 3rd to the 12th week, etc. 
Estimation of the trend of the successive sampling 
is based on the rolling window principle (Figure 4).

Corrective measures in the case of unacceptable 
trend results encompass the improvement of slaugh-
ter hygiene and the review of process control, as well 
as the origin of the pigs, including the improvement 
of biosecurity measures on farm of origin.

3.3. Control measures for pasteurised and 
fermented pork meat products

Food safety criteria are applied to meat and meat 
products (food) placed on the market and are applica-
ble throughout the food’s shelf-life (EU, 2005). When 
defining the microbiological criteria that are applied 
to a particular type of meat product, the way in which 
the product is consumed is taken into consideration, 
but it is also important to consider the specific (vul-
nerable) groups of consumers for whom it is intend-
ed, and the fate of the defined hazard in the food, e.g. 
YOPI (young, old, pregnant, immunocompromised).

Ready-to-eat (RTE) meat products do not require 
further thermal or other processing that would elim-
inate or reduce to an acceptable level the number of 
microorganisms defined as potential hazards in the 
product. However, RTE meat products that could sup-
port the growth of L. monocytogenes could pose a risk 
to human health. In such cases, the FBO must conduct 
a product shelf-life study, to determine the compliance 
with the microbiological criteria for L. monocytogenes 
during the product shelf-life (EU, 2005).

In the EU, to select the appropriate food safety 
criterion for L. monocytogenes in ready-to-eat meats, 
the food category must first be determined. RTE foods 
are classified into two categories based on the growth 
of L. monocytogenes in the food: a) RTE food that 
supports growth of L. monocytogenes; b) RTE food 
that does not support growth of L. monocytogenes 
(EU, 2005). To define the category b), it is considered 
that food should have any of the three following prop-
erties which means that such product does not support 
the growth of L. monocytogenes: 1) pH < 4.4 or aw ≤ 
0.92; 2) pH < 5.0 or aw ≤ 0.94; 3) shelf-life < 5 days.

In case of food that supports growth of L. 
monocytogenes (category a), FBO should validate 
the production process for respective products apply-
ing `double` criterion: (i) confirmation of L. mono-
cytogenes absence in the product, in five 25g sam-
ples, before the food has left the immediate control 
of the FBOs, and (ii) confirmation that numbers of 
L. monocytogenes in the product will not exceed 100 
CFU/g throughout the product shelf-life, where the 
L. monocytogenes criterion of fewer than 100 CFU/g 
in each of five samples of product is applied. In these 
foods, the FBO can determine temporary limit values 
to use during processing, which must be low enough 
to guarantee the number of L. monocytogenes will not 
exceed 100 CFU/g throughout the product shelf-life.

In the EU, criteria for Salmonella spp. in pork 
meat products and pig carcasses are applied (i.e. 
food safety and process hygiene criteria, respective-
ly). For pork meat products, the FBO must conduct 
a sampling plan in accordance with the food safety 
criteria for: a) minced meat and meat preparations 
made from other species than poultry intended to 
be eaten cooked, and; b) meat products intended to 
be eaten raw, excluding products where the manu-
facturing process or the composition of the product 
will eliminate the Salmonella risk. Salmonella spp. 
must not be found in five samples, each being 25g 
of product and the criteria are applied to the prod-
ucts throughout their shelf-life (Table 1). Process 
hygiene criterion regarding Salmonella for pig car-
casses is described in Table 1 and Figure 4. The re-
sults of the test show the microbiological validity of 
the examined series and can be used to demonstrate 
the effectiveness of the HACCP system or good hy-
gienic practice of the process (EU, 2005).

In cases where the results of the test are unsatis-
factory, the FBO is obliged to take corrective meas-
ures: pull-back or recall of food, identify and remove 
the causes, check that the process is under control 
again, reassess defined and applicable risk preven-
tion and other available risk management measures.
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3.4. Control measures in the distribution/retail 
chain

To maintain food safety, it is important that the 
cold chain is interrupted after pig slaughter and pro-
cessing, and throughout all stages of the processing/
distribution/retail chain (Nastasijevic et al., 2017). 
Meat and meat products must be distributed to retail-
ers by vehicles dedicated for that purpose, and which 
must comply with the above conditions. After de-
livery, meat and meat products are stored at an ade-
quate chill temperature and in an appropriate man-
ner that prevents cross-contamination with foodborne 
pathogens. At the consumer level, the general hy-
giene principles recommended by the World Health 
Organization (WHO) which should be applied are five 
keys for safer foods: maintain personal hygiene (hand 
hygiene), separate raw food from thermally processed 
food, cook food thoroughly (>70°C), store food at safe 
temperatures (below 5°C or above 60°C), use pota-
ble water for food preparation and use safe materials 
for food preparation (WHO, 2006). Continuing edu-
cation for FBOs and consumers is necessary, as well. 
In Serbia, following the official introduction of the 
new legislation that required HACCP implementation 
(Serbia, 2005; 2009), the process hygiene in food es-
tablishments was significantly improved compared to 
the hygiene levels in the period prior to HACCP im-
plementation (Tomasevic et al, 2016).

4. Risk mitigation strategy for biological 
hazards in the pork meat chain

Salmonella spp., Y. enterocolitica, T. gondii, 
and Trichinella spp. are recognised as the most im-
portant biological hazards originated from pork 
meat that can affect human health (EFSA, 2012). To 
obtain adequate level of safety of pork meat prod-
ucts and reduce foodborne outbreaks originated 
from pork meat/products, the pork meat production 
chain must comply with some well-described prin-
ciples. Those principles are related to the integrat-
ed control along the whole meat production chain 
in the context of Longitudinally Integrated Safety 
Assurance (LISA concept), which include synergis-
tic implementation of control measures in the farm–
to–distribution continuum (Nastasijevic et al, 2016).

Farm. On-farm biosecurity measures include all 
measures and systems on-farm that prevent, eliminate 
or reduce biohazards. Biosecurity measures must be 
implemented on pig farms, as their effective use con-
tributes to better animal health, higher productivity and 
profitability, food safety and environmental protection.

Slaughterhouse. Adequate conditions must be 
allowed during loading, transporting and unload-
ing pigs from farm to slaughterhouse. Pigs should 
be washed, clean and originate from farms where 
suitable biosecurity measures are applied, as there 
may be cross-contamination in the slaughterhouse, 
which is a significant problem from the aspect of 
food safety. The lairage surfaces and the stunning 
box are regularly contaminated with Salmonella spp. 
and can be sources of cross-contamination of ani-
mals, as well as the carcasses on the pig slaughter 
line. Enterobacteriaceae, as part of the gastrointes-
tinal tract, are very widespread in the environment, 
and importantly, often contaminate the stunning box. 
Therefore, the principles of good hygiene (GHP) and 
good manufacturing practice (GMP) must be applied. 
The production process hygiene is determined using 
microbiological criteria for pig carcasses (Table 1): 
the aerobic colony count, Enterobacteriaceae count 
and presence/absence of Salmonella spp.

Meat processing. Products obtained by meat 
processing, and which no longer have the character-
istics of fresh meat, must be produced using good 
hygienic/manufacturing practices. Initial contam-
ination of raw materials with pathogenic bacteria 
must be limited, while processing conditions must 
be adequate and/or contamination after processing 
must be prevented, in order not to impair the product 
safety. Criteria are clearly defined for pork meat and 
meat products by determining the growth or pres-
ence/absence of pathogenic bacteria in products dur-
ing their shelf-life (Table 1).

Distribution. To maintain meat and meat product 
safety from slaughterhouse to the consumer, the conti-
nuity of the cold chain should be maintained to encom-
pass the consumer phase (Codex Alimentarius, 2005). 
In addition to adequate temperature, good distribution 
practices must be implemented and cross-contamina-
tion of pig meat with biohazards be prevented.

5. Conclusion

As world trade increases and the population 
grows up, food safety is more important than ever, 
and states must comply with clearly defined condi-
tions for food production. Pork meat production in-
creased by 1.3% in Europe in 2016, and annual pro-
duction was 23.4 million tons. Significant numbers 
of foodborne illnesses have been associated with this 
large production volume of pork meat. The biohaz-
ards, Salmonella spp., Y. enterocolitica, T. gondii, and 
Trichinella spp. are recognised as the most important 
hazards that can affect human health and can originate 
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from pigs/pork meat. Integrated monitoring and con-
trol of biohazards, along the pork meat chain, includ-
ing associated AMR, commensal and zoonotic bacte-
ria in humans, animals and food are necessary as an 
important source of information for improving food 
safety and consumer protection. Infection and con-
tamination pathways of pork meat are different, but 
biohazards can reach the food in each step from farm 
until consumption. Pigs can be the primary source of 
infection of humans, directly via raw pork or insuf-
ficiently thermally processed meat products from in-
fected pigs or contaminated meat, or indirectly via 
spread of biohazards on plants via fertilisers that orig-
inate from infected pigs. On-farm biosecurity meas-
ures contribute to improved animal health, increased 
production and profitability, food safety and environ-
mental protection. Microbiological contamination of 
pork meat can have a source and/or occur at multiple 
stages along the meat chain, which are generally di-
vided into internal (distress on-farm/in transportation/
lairage which may lead to increased faecal shedding 
of major zoonotic food borne pathogens) and exter-
nal factors (dirtiness/cleanliness of incoming animals, 
meat handlers, tools, equipment, air). The following 
microbiological indicators are used to assess slaugh-
ter process hygiene for pig carcasses: aerobic colony 
counts (ACC) — indicate the level of general hygiene, 
Enterobacteriaceae counts (EC) — indicate the faecal 

contamination and presence/absence of Salmonella 
spp. — indicate the occurrence of pathogen on farm. 
In the EU, FBOs are required to analyse process hy-
giene trends; when a trend is unsatisfactory, appro-
priate corrective measures must be applied without 
delay to prevent the unacceptable occurrence of mi-
crobiological hazards. EU legislation requires slaugh-
terhouses to perform self-controls every week, with 
sampling days changing constantly to ensure cover-
age of all days in the week. Food safety management 
must be based on a good production/hygienic practic-
es and effective risk-based food safety management 
system (HACCP), which requires the FBO to recog-
nise, control and/or eliminate relevant hazards that 
could compromise product safety in proactive man-
ner. The main purpose of laboratory examination of fi-
nal products is to provide the validation whether food 
safety management systems operates effectively. The 
distribution chain requires that meat products should 
be protected from the contamination, so dedicated 
vehicles must be properly cleaned, washed and dis-
infected. For temperature-sensitive meat/meat prod-
ucts, a vigorous cold chain must be maintained from 
the producer to the consumer. Interruption of one or 
more components in the distribution chain may pro-
voke consequent damage of the meat/meat products 
and, therefore, affect the consumers’ health, as well as 
excessive economic damage due to food recalls.

Integrisani pristup upravljanju biološkim opasnostima 
u lancu proizvodnje svinjskog mesa i proizvoda od 
svinjskog mesa u kontinuumu farma-klanica-prerada 
mesa-distribucija

Nikola Betić, Ivana Branković Lazić, Ivan Nastasijević

A p s t r a k t: Obim proizvodnje svinjskog mesa ima trend rasta na teritoriji EU, uz trend rasta proizvodnje pristune su i bio-
loške opasnosti koje utiču na bezbednost hrane. Samonella spp, Yersinia enterocolitica, VTEC, Toxoplasma gondii, Trichinella spp.i 
L. monocytogenes su prepoznati kao najvažniji biološki agensi koji utiču na zdravlje ljudi, poreklom od svinjskog mesa i proizvoda 
odsvinjskog mesa. Neophodan je integrisani monitoring i kontrola bioloških opasnosti, kao i kontrola antimikrobne rezistencije (AMR) 
komensalnih i zoonotskih bakterija kod ljudi, životinja i hrane kao važan izvor informacija za poboljšanje bezbednosti hrane i zaštite 
potrošača. Putevi infekcije i kontaminacije svinjskog mesa su različiti i mogu se desiti u svim procesima proizvodnje od famre do 
finalnog proizvoda. Bezbednost hrane bi trebalo bazirati na dobroj proizvodjačkoj/higijenskoj praksi i HACCP sistemu, koji od su-
bjekta u poslovanju hranom zahteva da prepozna opasnost koja može da utiče na bezbednost hrane, da opasnost kontroliše i eliminiše. 
Integrisani sistem u proizvodnji svinjskog mesa i proizvoda od svinjskog mesa mora da se bazira na identifikaciji i sledljivosti u konti-
nuumu farma-klanica-prerada-distribucija.

Ključne reči: biološke opasnosti, lanac bezbednosti hrane, proizvodnja svinjskog mesa, integrisani pristup.
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