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Abstract. As pork and pork products represent an important part of the diet, the issue of pork
safety and quality has become more prominent. Food safety concerns are shaping consumers’
attitudes toward safe food. The farm and meat sectors aim at producing healthy animals in a
protected environment, which is a key point for food/meat safety. The most common biological
hazards in the pork production chain are Salmonella spp., Yersinia enterocolitica, Trichinella
spp. and Toxoplasma gondii. These hazards are not detectable by conventional meat inspection,
and measures rely on prevention or reduction of contamination along the production chain.

1. Introduction

The continuous growth of the world population has led to an increasing trend in food production, which
is evident in the meat sector as well. World meat production in 2021 is forecast to expand by 2.2% (pig
meat: 4.2%), to 346 million tonnes (pig meat: 114.4 million tonnes), primarily due to meat production
in China — especially pig meat, with expansions in other parts of the world as well (e.g. Brazil, United
States and the European Union) [1]. Meat production in Serbia reflects the primary production — the
most commonly slaughtered animals are pigs and the most common type of produced and consumed
meat is pork [2]. During 2019, compared to the previous year, in general, there was an increase in
livestock units by 0.8%, while meat production, according to the reports on livestock slaughter in
slaughterhouses, decreased by 0.1% [3]. As pork and pork products represent an important part of the
diet, especially in some regions in Serbia, in the last decades, the issue of pork safety and quality has
become more prominent.

2. Pork, key hazards and safety

Food safety is the foundation of consumer confidence, and therefore, food safety concern is shaping
consumers’ attitude toward safe food [4]. As from 2009, legislation on the hygiene of foodstuffs, general
and specific rules on food hygiene that are mostly in line with the EU “hygiene package” [5-8], become
mandatory in Serbia, and food business operators now take full responsibility for the safety of the
products they place on the market [9, 10]. There are changes in primary and meat sector systems with
the One Health approach, aiming at producing healthy animals in a protected environment and with the
emphasis on animal welfare issues [11]. Different farm and husbandry systems (large, medium, small,
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backyard) are connected with specific hazards, biological and/or chemical, which are transmitted to the
next step in the meat production chain [12], and the next step in the production chain could be the source
of contamination as well.

In developed parts of the world, classical zoonoses, such as tuberculosis, trichinellosis and/or
cysticercosis, have become much less frequent and less important due to the appropriate preventive
measures and control systems focused on them [13]. Nowadays, emerging biological hazards such as
Salmonella and/or Yersinia, carried by the animals without symptoms, are an additional burden on the
farm and meat sector, requiring risk-based control measures and mitigation options. In the EU, the
primary sector and healthy animals are the key points for food safety, and there are recommended risk-
based meat inspections [11]. Mandatory palpation and incision of slaughtered pigs should be avoided to
minimise cross-contamination of meat if pigs originate from well-established, integrated farm systems.
Depending on the information provided in the food chain information, if there is a need, the official
veterinarian decides on additional post-mortem inspection. Food chain information should enable a
forwards and backwards flow of information on health hazards between different food sectors [11, 14].
In Serbia, reporting procedures for food chain information that contains accurate data from the primary
sector could be improved if an easy-to follow guide for farmers was prepared and distributed.

The most common biological hazards connected to pork as a source and vector are Salmonella spp.,
Yersinia enterocolitica, Trichinella spp., and Toxoplasma gondii. These hazards are not detectable by
conventional meat inspection, and control measures rely on prevention or reduction of faecal and other
contamination, from farm, transport, slaughterhouse environment to carcass and meat during
slaughtering operations [15, 16]. The measures are assured by implementing good manufacturing
practise, good hygienic practice and hazard analysis and critical control points in all phases of meat
production [15, 16]. Meat inspection should be focused to prevent and mitigate those biological hazards,
with the primary production sector having a key role in managing these risks [17, 18].

Salmonella is a well-known pathogen and contaminant in the pig/pork production chain. After
poultry and eggs, pigs/pork are an important source and vector in human salmonellosis. In the EU, the
most commonly reported zoonoses in humans were campylobacteriosis and salmonellosis, respectively
[19]. Salmonellosis is the most prevalent intestinal disease in Serbia (in total, 1260 cases in 2019) and
was registered almost twice as often as campylobacteriosis [20]. The incidence of salmonellosis in
Serbia was 18.14 per 100,000 inhabitants, and there has been a mild decrease in the incidence in the last
decade. Salmonella can enter the food chain in any stage of production, from the farm, transport, lairage,
slaughterhouse, distribution, market, consumer, etc. [18, 21, 22]. For effective control and mitigation,
the entire food chain should be involved and have an integrated approach [18]. As reported in one study
[23], Salmonella was isolated from 23.5% of swab samples (pig carcass) after stunning, and this
suggested the possibility that many pigs had become contaminated during transport, in lairage, on the
slaughter line etc. In this study, the most frequently isolated serotypes were S. Derby, S. Infantis and S.
Typhimurium. Although the occurrence of Sa/monella on pig carcasses after processing is different from
country to country, a significantly lower number of carcasses were positive for Salmonella after
processing (e.g. scalding, chilling etc.), indicating the importance of using good hygiene and
manufacturing practices on the slaughter line [23, 24].

According to an EU report, human yersiniosis is the fourth most common foodborne zoonosis,
usually transmitted by raw or undercooked food, mainly pork, and water [19]. Domestic pigs are the
most important sources of Y. enterocolitica, with a higher prevalence in conventional intensive farming
in fattening pigs and which could have a seasonal occurrence [13, 25, 26]. Pathogen prevalence is better
controlled in farming systems with high biosecurity levels [13]. During 2019, only 14 cases of human
yersiniosis were registered in Serbia, with an incidence rate of 0.2 per 100,000 inhabitants, which was
a decrease in the incidence rate compared to the previous year, when it was 0.28; the most prevalent
pathogenic serotype is BT 4/0:3 [20, 27]. This serotype is the one most often isolated from pig tonsils
on the slaughterhouse [27].

Trichinella infection has been never documented in pigs raised under high containment levels, and
the risk of infection is mainly related to the lack of compliance with rules on the treatment of animal
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waste [28]. Pigs raised outdoors are at risk of contact with potentially Trichinella-infected wildlife [29].
The Balkan region and Serbia have long records of human trichinellosis, and pork and pork products are
the main sources of infection. According to official data, human trichinellosis in Serbia has decreased
in the last decade [20]. The decrease of human trichinellosis in Serbia evidences the veterinary and
public health sectors’ efforts in the improvement of animal and human health through the legal
framework for detection, surveillance, prevention, control and reporting of zoonoses, and the
professional capacity of the competent authorities to implement and enforce standards and regulations
for the control of Trichinella infections in animals and humans [30]. According to EU legislation, pigs
raised under controlled housing conditions do not need to be tested for Trichinella any more [15]. In
Serbia, there is a variety of farming systems, from controlled housing conditions to backyard farms
(including pigs raised outdoors). Well-established and controlled farm systems could achieve
Trichinella-free status.

T. gondii infection in pigs is an issue mainly in small scale farming and backyard farms [31]. Still,
there is a risk to public health even if there is only a very low prevalence of parasites on large farms — a
single, slaughter-weight pig produces a lot of portions of meat [32]. In 2019, 73 cases of human
toxoplasmosis were reported in Serbia, with an incidence rate of 1.05 per 100,000 inhabitants, and in
the last decade, there was a slight upward trend in the incidence of human toxoplasmosis [20]. According
to available data, seroprevalence in pigs varies greatly, and depends on country and region [31].
Conventional meat inspection cannot detect 7. gondii-infected pigs, and additional serological testing
can only detect animals that could have been exposed to the parasite. Direct methods for 7. gondii
detection, like molecular tests and bioassays, are expensive and infeasible for daily use.

3. Conclusion

There are various obstacles to improving food safety. Developed countries, with high income and well-
informed consumers, have constant pressures from the general public and media in the context of food
safety and quality issues as well. In mid-income countries, like Serbia, there are many challenges, but
consumer awareness and willingness to pay for safer food is increasing, while consumers’ trust in the
food they buy is a premise for the food business operators who do invest in food safety to maintain
consumer confidence. The food sector is a sector with risks, so food/meat safety must be risk-based to
eliminate or reduce food safety risks, with longitudinal and integrated approaches along the food chain,
and continuous improvement. The goal is that “food will not cause harm to the consumer when it is
prepared and/or eaten according to its intended use” [33].
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