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Food contamination is one of the major problems in food distribution. Microorgan-
isms and their metabolites are the most common food contaminants. This review 
consolidates the reported food contamination cases in the Republic of Serbia. My-
cotoxins were stated as the most common contaminants in various foods. Among 
them mycotoxins like zearalenone, aflatoxins, fumonisins, and deoxynivalenol were 
the most frequently detected. Also, the contamination caused by the presence of 
various microorganisms like L. monocytogenes, E. coli, Salmonella spp. and S. au-
reus was reported in high frequency. The microbial contamination was usually de-
tected in meat and dairy products. Although heavy metals were detected in some 
products, in most cases  their concentrations were in accordance with the legislation. 
A higher level of Pb and Hg was stated only in a few samples of tea, milk and fish. 
The constant analysis, control and prevention are needed at all levels of the produc-
tion in order to compile the safety requirements and international legislation.  
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Introduction 
    
The importance of food is crucial, so its safety represents 

an unconditional request made by both consumers and na-
tional and international legislation [1].

According to the Food safety law of the Republic of Ser-
bia, food is considered unsafe for consumption if it contains 
[2]:

-   Plant protection products, biocides, contaminants, their 
metabolites or reactive products in the amount higher than 
the maximum allowed concentration or if their use is not ap-
proved;

-      Substances with the pharmacological effect i.e. their 
metabolites which are not allowed for animals used in the 
food industry;

-      Substances with pharmacological effect or their me-
tabolites in treated animals if the prescribed waiting period 
was not complied.

Also, food is not appropriate for the consumption if it is 
unacceptable for the intended use due to the contamination 
induced by an external factor, as well as putrefaction, dete-
rioration or decay [2].

Foodstuffs can be contaminated in a variety of ways, pri-
marily by the presence of microorganisms. In addition to the 
risk of the presence of microorganisms themselves, a great 
danger is their metabolites which can be highly toxic and 
harmful to the customer’s health. Among them, mycotox-
ins are the most important hazard since they represent the 
increasing threat from the aspects of health and economy. 
Besides microbial contamination, food can be contaminated 
by heavy metals, pesticides and other hazards which can 

deteriorate the quality and the nutritive value of the food. Be-
cause of the fact that there is almost no food without harm-
ful substances, a permanent risk analysis, identification and 
determination of the maximum allowed concentration in food 
is required [1].

Food safety is one of the most important issues since the 
concentrations of toxic substances in the environment are 
permanently increasing. The industrial use and other tech-
nological processes lead to the increase of the presence of 
heavy metals and other harmful matters in the atmosphere, 
water and soil [3].

To the authors’ knowledge, there is little literature data 
about the collection and analysis of the reported cases of 
food contamination on the territory of the Republic of Serbia. 
For that cause, this paper reviews the cases of food contami-
nation on the territory of the Republic of Serbia reported only 
in scientific papers in the past thirteen years. 

Bacterial contamination
Foodstuff prepared mostly from natural components is 

a perfect habitat for the growth of various groups of micro-
organisms, so microbial contamination represents one of 
the most common types of food contamination.The growth 
and metabolites of some contaminant microorganisms and 
food borne pathogens can cause food spoilage and/or have 
harmful effects on human health.

The most common bacteria involved in food contami-
nation are Salmonella spp., Campylobacter spp., Listeria 
monocytogenes, Escherichia coli, Staphylococcus aureus, 
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Clostridium botulinum, Clostridium perfrigens, and Bacillus 
cereus [4-7].

Staphylococcus spp.
The great risk of contamination of food induced by 

staphylococci is related to the production of enterotoxins. 
The ability to produce toxins depends on the staphylococci 
strain and the type of the food product. The constitution of 
the food matrix can favour or suppress the growth of a par-
ticular enterotoxigenic type of staphylococci [8].

About 20 types of staphylococcal enterotoxins have 
been investigated so far. The most common producer of 
enterotoxins is St. aureus. This species can get into food 
from the surroundings, hands of the producers or from the 
animal itself. It usually contaminates meat, milk or dairy 
products since the conditions that prevailed in these foods 
are suitable for the growth of St. aureus [9]. The infections 
caused by St. aureus represent a growing medical problem 
as they became very frequent and strains are often resi-
stant to antimicrobial drugs [10]. 

St.aureus is a Gramm positive bacterium with the opti-
mal temperature range 30-37 °C. Also, it is resistant to low 
temperatures, but it can be destroyed by pasteurisation[11]. 
Due to the production of carotenoids, the colonies have a 
golden colour. As many other staphylococci, these bacte-
ria are resistant to penicillin, but they can also be resistant 
to tetracycline, streptomycin, erythromycin and gentamicin 
[12]. 

The pathogenic effect of St. aureus relies on the pro-
duction of the large number of enzymes and toxins, so the 
intoxications are mostly caused by the consumption of food 
with the presence of enterotoxins [10]. Because of a high 
risk of contamination and intoxication, there is a need for 
permanent control and monitoring of the presence of St. 
aureus in food.

In one investigation conducted in Serbia (Table 1) 25 
samples of dairy products and 10 samples of fresh meat 
were investigated for the presence of staphylococci and 
staphylococcal enterotoxins. The results were positive for 
the presence of St. aureus in 2 of 5 samples of cheese 
and ice cream and 3 of 10 samples of meat, while staphy-
lococcal enterotoxins were observed only in ice cream [9]. 
The analyses of 5 types of fish which are most common 
on the Serbian market have shown that all the analysed 
samples were negative for the presence of this bacterium 
[13]. On the other hand, among 60 samples of cheeses, 
coagulase positive staphylococci were identified in 50% of 
the samples. Additionally, the frequency of the isolation of 
staphylococci was higher in the samples collected during 
the summer period (70%) compared to the samples col-
lected in the winter period (30%)[14].

Listeria monocytogenes
L. monocytogenes is a pathogenic bacterium which can 

cause listeriosis, a disease with a small percent of occur-
rence but a large mortality rate. In the Republic of Serbia, 
the legislative about the presence of Listeria spp. in food 
products was defined in 2010. There are reports about lis-

teriosis epidemic in the USA and Switzerland caused by 
the consummation of contaminated milk and dairy products 
[15,16]

L. monocytogenes is a Gram-positive, rod-shaped as-
porogenic bacterium [15]. The optimal temperature is in the 
range from 20-25 °C, but it can grow in the temperature 
range from 1-45 °C [17]. Since this species can grow at 
low pH values, high concentrations of NaCl and low tem-
peratures, permanent monitoring of the production process, 
packaging and storage is required in order to prevent the 
contamination [15,18].

Raw materials of animal and plant origin represent one 
of the possible sources of contamination of minimally pro-
cessed food. In recent years, more attention has been paid 
to the post-process contamination caused by the contact 
of the food products and contaminated surfaces of the pro-
duction facilities. In the form of biofilm made on the surfac-
es, this bacteria can survive for months or even years [19].

The analysis of 100 samples of cow`s milk collected 
from the dairies from South Serbia have shown that there 
were no samples contaminated with L. monocytogenes 
(Table 1), while 3% of the samples were contaminated with 
L. innocua [17]. In another study [20] from 29 samples of 
fresh chicken, pork and beef meat collected from the mar-
kets in Novi Sad, 83% of the samples were positive for Lis-
teria spp. The highest frequency of isolation was observed 
in pork samples (90%) while the frequencies of isolation for 
chicken and beef samples were 80% and 78%, respective-
ly. Among Listeria species, L. monocytogenes was most 
dominant with 30% of the isolates from pork and chicken 
meat and 22% of isolates from beef meat [20].

The representatives of the Listeria spp. were also identi-
fied in 12% of 470 samples of fresh, frozen, salted, smoked 
and thermally processed fish and seafood. In this investiga-
tion, L. monocytogenes was present in 2% of the samples 
[21].

Escherichia coli
E. coli is a Gram-negative rod shaped bacteria from the 

family Enterobacteriaceae [22]. E. coli is frequently isolated 
bacterium from human and animal intestine. Some E. coli 
serotypes can be pathogenic since they can produce ente-
rotoxin (LT), verotoxin (VT), haemolysin (HLy) and cytotoxic 
necrotizing factor (CNF) [23, 24]. According to Rhoades et 
al. [25] the predominant serogroups which can cause vero-
cytotoxigenic associated illness are O45, O26, O91, O103, 
O111, O121, O145 and O157. Infections in humans in the 
bottom line can lead to a haemolytic uremic syndrome and 
thrombocytopenic purpura [22]. The first report about the 
infection caused by E. coli O157 on the territory of the Re-
public of Serbia was recorded in 2002 [26]. At that time, this 
infection was already dominant in developed countries like 
the USA, Canada, the UK, Australia, Belgium, Germany 
and Japan [27]. 

According to the research conducted on the farms and 
individual households on the territory of Serbia, verocyto-
toxigenic E. coli was observed in 431 of 2660 samples of 
animal`s faeces (Table 1) [22]. Also, the investigation of the 

6(2) (2017) 84-95



 86      

Advanced technologies

samples of cheeses collected from the open markets in 
Pančevo, Belgrade and Subotica showed that 69% were 
positive for the presence of E. coli while none of them was 
verocytotoxigenic [28]. The analyses of 910 samples of 
ewe`s milk showed that 21% of the samples were positive 
for the presence of E.coli [29].

Salmonella spp.
Salmonella spp. also belongs to the family Enterobacte-

riaceae. The genus includes over 2,570 serotypes and all 
species are pathogenic to humans [30]. Among them, the 
main problem is probably the presence of Salmonella typh-
imurium and Salmonella paratyphimurium which can cause 
systemic fevers that can be fatal without therapy [25]. Be-

sides these serotypes, Salmonella enterica subsp. enterica 
serotype Enteritidis (S. enteritidis), S. infantis and S. hadar 
can cause salmonelosis in humans [31]. Salmonella spp. 
are capable of growth in the temperature range from 7 -49.5 

°C, but can also survive a long period under chilled or frozen 
storage [25]. It is usually associated with eggs, meat and 
meat products. The investigation of Kalaba  [30] showed 
that the presence of Salmonella spp. in 234 samples of the 
frozen chicken neck skin was almost 9%. On the other hand, 
Salmonella spp.  was not isolated from the fish meat sam-
ples [13]. The analysis of 300 samples of meat from the pro-
ducers in Serbia indicated the presence of Salmonella in 25 
samples, mostly in minced meat (Table 1) [32].

6(2) (2017) 84-95

Bacillus cereus
B. cereus is the Gram-positive, spore-forming bacte-

rium which can be isolated from soil, dust and plants [33]. 
B. cereus spores are resistant to high temperature, the low 
presence of water, gastric acid and other physical stresses. 
Additionally, B. cereus can form two types of toxins (ther-
mostable and thermolabil toxin) which can cause severe 
problems in human health [34]. It is an opportunistic human 

pathogen often found in foods like dairy products, spices, 
vegetables. The analysis of 200 samples of goat milk did 
not indicate the presence of B. cereus [35]. The same re-
sults were reported for the starter dough used for the pro-
duction of Pirot`s bread [36].

Mycotoxin contamination
Moulds can be frequently found as food contaminants. 

Table 1. Cases of contamination caused by microorganisms reported in the Republic 
of Serbia
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Species belonging to genera Aspergillus, Penicillium and 
Eurotium are called storage moulds because they can grow 
with a water activity value lower than 0.85. They are often 
isolated from spices, dried fruit, vegetables, sunflower seed 
and similar products. Fusarium and Alternaria species are 
field moulds and they require higher moisture content and 
lower temperature, so they can be found on cereals. In the 
last 50 years, a lot of attention has been paid to the pres-
ence of moulds in food because of their ability to produce 
harmful mycotoxins. Mycotoxins are synthesised from a 
great number of biochemically simpler intermediates of pri-
mary metabolism with the involvement of different enzymes 
[37]. 

Mycotoxins are toxic products of secondary metabolism 
of filamentous fungi [38]. After the production, they diffuse 
into the substrate so it is not possible to remove them by a 
simple removal of the moulds from the surface of the sub-
strate. These organic compounds can have very different 
structures, while the size is in the range from 200 to 700 Da. 
They are lipid soluble so they can accumulate in lipid parts 
of the plants and animals [39]. The production of mycotox-
ins can start in the infected plant in the field and continue 
after the harvest, or can be initiated during the storage of 
the products [40]. They can accumulate in the muscles or 
liver of the animals after the consummation of contaminat-
ed plants so they can reach the human body through the 
food of plant or animal origin [37, 39]

The consequences of the presence of mycotoxins in 
food can be manifested through animal death, yield de-
crease, reduced reproductivity, changes in the sensory 
characteristics of the food and finally, through different in-
toxications and liver disorders in humans [37, 39]. Some 
mycotoxins can be related to certain types of cancer [41].

Among about 400 different mycotoxins which have 
been described so far, the most important are aflatoxin, 
ochratoxin A, citrinin, ergot alkaloids, fumonisins, patulin, 
trichothecenes, and zearalenone [39, 42, 43]. The main 
strategy for preventing the occurrence of mycotoxins in 
food is the inhibition of the moulds mycotoxin producers. 
Also, different hygienic measures and fast and specific 
methods for determination of the mould growth are needed 
in order to prevent the contamination of food [44].

Aflatoxins
Aflatoxins are the most investigated mycotoxins be-

cause of their high toxic and cancerogenic effect. Aflatoxins 
are very harmful to humans since they can induce cancer 
and liver damage or children`s physical and psychical dis-
orders [39]. They are produced by the species Aspergillus 
flavus, A. bombycus, A. parasiticus, A. nomius, A. ochra-
ceoroseus, A. tamarrii, A. pseudotamarii, A. parviscleroti-
genus and A. rambellii [45-47].  These species can grow 
on a variety of substrates as oilseeds, cereals and cereal 
products, stone fruits, tropical fruits and spices. They are 
usually found in the products with high moisture content or 
during the storage at high temperatures. The most impor-
tant aflatoxins are aflatoxin B1, B2, G1, G2, M1 and M2 [48]. 
Aflatoxin B1 can be characterized as the most toxic since 
it is a mutagen, and has a teratogenic and cancerogenic 

effect. It can be classified as the first category of the hu-
man cancerogenic materials [49]. After the consummation 
of aflatoxin-contaminated feeds, aflatoxin B1 is being meta-
bolically transformed into a hydroxylated form aflatoxin M1 
[42]. This form can be detected in milk after the ingestion 
of feed contaminated with aflatoxin B1 [50]. Compared to 
aflatoxin B1, aflatoxin M1 has approximately a ten times 
lower cancerogenic effect [49]. The maximum allowed con-
centration of aflatoxin M1 in milk in the Republic of Serbia 
at the moment is 0.250 μg/kg, while in the past this value 
was 0.5 μg/kg.

In one investigation [51], 65 different commercial sam-
ples of milk including 34 samples of pasteurised and 31 
samples of long-term milk were collected from local mar-
kets. The results showed that 18 samples of milk (7 sam-
ples of pasteurised milk and 11 samples of long-term milk) 
were positive for the presence of aflatoxin M1 (Table 3). 
Concentrations of aflatoxins were lower than the maximum 
value regulated by the Serbian law and EU legislative.

Similar research [52] included 23 samples of fresh 
farm milk and 67 samples of the processed milk from lo-
cal markets. The samples of fresh cows’, ewes’ and goats’ 
milk were collected from small individual farms. Among 
them, 7 samples were contaminated with aflatoxin M1 in 
concentrations higher than defined by EU legislative but 
in accordance with the limit value regulated by the former 
Serbian low. On the other hand, 18 samples of commercial 
milk were contaminated in the concentrations lower than 
marginal values defined by the Regulation on the quantities 
of pesticide, metals, metalloids and other toxic substances, 
drugs, anabolic and other substances that could be found 
in foods in Serbia [2]. 

The analysis of the samples of baby food, rye, oat and 
maize collected from the Serbian market showed nega-
tive results [53]. On the other hand, the samples of barley, 
soybean and mixed cereals were positive for the presence 
of aflatoxin, although in accordance with the maximum al-
lowed concentrations. According to the legislation, this con-
centration is 5 μg/kg [2].

Ochratoxin A
Ochratoxin A is the most important secondary metabo-

lite of the moulds belonging to the genera Aspergillus (A. 
niger, A. ochraceus, A. carbonarius, A. westerdijikiae, A. 
steynii) and Penicillium (P. verrucosum and P. nordicum) 
[43, 54]. P. verrucosum, P. nordicum and A. ochraceus 
can produce ochratoxin A when they grow on the surface 
of sausages, ham and other meat products. A. niger can 
produce ochratoxin A in wine and grape. According to the 
International Agency for Research of Cancer (IARC) this 
mycotoxin belongs to the group 2B of possible carcinogens. 
Also, it may have teratogenic, neurotoxic, genotoxic, immu-
notoxic and nefrotoxic effects [55].

Ochratoxin A was detected in 20.2% of the samples of 
melted cheese collected from Serbian markets and 60% 
of the samples of healthy food: corn, wheat, oats, rice and 
dry grapes (Table 3) [56]. The concentration of ochratoxin 
in food products defined by the legislation is 10 μg/kg [2].
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Fusariotoxins
Fusariotoxins are the product of the metabolism of 

moulds Fusarium spp. Among 61 species belonging to this 
genus, 35 species can produce 137 different mycotoxins. 
Trichotecens are most frequent and represent 58% of pro-
duced mycotoxins. Three most significant producers are F. 
sporotrichioides which produce T-2 toxin and deoxinivale-
non, F. graminearum produces zearalenone and deoksini-
valenon and F. verticillioides produce fumonisins [37].

Fumonisins
Fumonisins represent a group of 15 mycotoxins with 

three very harmful for humans and animals: fumonisin 
B1, B2 and B3 [57]. The above mentioned fumonisins are 
most common while fumonisin B1 is usually present in the 
highest concentration [40]. Fumonisin is constituted of two 

hydrophilic chains connected with ester bonds to one ali-
phatic chain with 20 C atoms. It is usually produced by F. 
vertialliaides, F. moniliforme and F. proliferatium [40, 49, 58] 
and in smaller percent by A. niger [59].

Toxicity of fumonisin is in the ability to disturb the synthe-
sis of sphingolipids which are the main component of the 
cell membrane. This can induce different disorders in the 
cell function. As the result, gullet cancer or nervous system 
damage can occur, so the IARC classified them as poten-
tial carcinogens [60].

A research performed in Serbia [57] included 203 sam-
ples of maize, 180 samples of winter wheat and 120 sam-
ples of winter barley. Fumonisin B1 was detected in 144 
samples of maize, 109 samples of wheat and 41 samples 
of barley which represents 72, 61 and 34% of the samples, 
respectively (Table 2).

Table 2. Overview of the food contamination caused by mycotoxins in the Republic of Serbia
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Table 2 (continued)

Also, 85.4% of wheat samples collected in Serbia dur-
ing 2010. was positive for fumonisin B1 [61]. To compare, 
in neighbouring Croatia the frequency of isolation of Fusar-
ium spp. was 5-69% for wheat, 25-100% for maize, 4-17% 
for soybean and 3-17% for pea samples [62]. Additionally, 
the most dominant species were F. graminearum on wheat 
(27%), F. verticillioides on maize (83%), F. sporotrichioides 
on soybean (34%) and F. proliferatum on pea (29%).

Patulin
Patulin is a secondary metabolite of some species of 

Penicillium and Aspergillus genera [48]. Some of them are 
P. expansum, P. griseofulvum [63], A. clavatus, A. gigan-
teus and A. terreus [64]. 

Patulin can be found in fruits and vegetables, mostly 
apples, pears, strawberries, mango, apricots, grapes, ba-
nanas and tomatoes. The presence of this toxin in the pro-
duct is a consequence of the use of rotten fruits in the pro-
duction process. This is a main mycotoxin in fruits and the 
maximum allowed concentration in most countries, includ-
ing the Republic of Serbia, is 50 mg/kg [65]. It is classified 
as the third group of carcinogens. Patulin can be produced 
in the temperature range 0 °C do 25 °C and pH range 3.2-
3.8. Also, it is stable on the temperature of pasteurisation, 

so it can often be isolated from apple juice. According to 
some researches, the concentration of patulin can be re-
duced by the use of centrifugation, benthonic filtration and 
the enzymatic treatment [48]. 

Deoxynivalenol (DON)
Deoxynivalenol (DON) belongs to the trichothecenes 

family of mycotoxins. It is a polar organic compound of 
the type B trichothecenes [66].  It is usually produced by 
Fusarium culmorum and Fusarium graminearum [67].The 
contamination of economically important cereals repre-
sents a great problem in Europe, Asia and America since it 
occurs in the field more frequently than in the warehouse 
[68]. Since this mycotoxin is stable during the production 
process, it can often be found in processed food. The maxi-
mum allowed daily intake of DON is 1 mg/kg body weight 
[69].

A few studies claimed that the presence of DON in food 
can cause serious health issues, especially anorexia and 
vomiting [68]. DON is less toxic than other trichothecenes, 
for example T-2, but in higher concentrations it can cause 
shock and eventually death. A prolonged intake of small 
quantities of DON leads to weight loss, anorexia and loss 
of appetite [70].
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The research conducted in Vojvodina in the period from 
2004-2006 indicated that the frequency of contamination of 
maize with DON was in the range of 40-50% while only 3% 
of the samples exceeded the maximum allowed concentra-
tion of 1 μg/g [64]. Similar results were obtained for wheat 
and sunflower seed, while the frequency of contamination 
of soybean was lower than 10% [71]. 

T-2 toxin
Toxin T-2 belongs to trichothecenes and it is produced 

by Fusarium spp. It is responsible for the inhibition of the 
synthesis of proteins and DNA synthetase in eukaryotic 
cells [72]. T-2 is usually present in the cereals like oats, bar-
ley and wheat [73]. The investigation [61] of wheat grains 
collected from seven localities in Serbia showed that 90.2% 
of the samples were positive for the presence of T-2 toxin.

Zearalenone
Zearalenone (ZEA or toxin F-2) is nonsteroidal estro-

genic mycotoxin which is produced by different species of 
genus Fusarium: F. graminearum, F. culmorum, F. cerealis, 
F. equiseti, F. crookwellense and F. semitectum [74]. It can 
usually be found as the contaminant of the wheat or maize 
[74, 75]. After the ingestion, ZEA can bond to estrogens re-
ceptors and induce morphological and functional changes 
in the reproductive system [75]. The concentration of zea-
ralenon in grain samples allowed by Serbian low is 1 μg/
kg [2].

The investigation of the contamination of wheat in three 
regions of southern Serbia: Srem, Bačka and Banat have 
shown that the highest number of the samples contaminat-
ed with ZEA, DON and fumonisin was in the area of Srem 
(Table 2) [76]. In the same research, 7 samples had the 
concentrations of ZEA higher than the maximum allowed 
value in EU.

Heavy metals and pesticides contamination
Heavy metals are one of the greatest risks in food 

safety. Mercury (Hg), lead (Pb), cadmium (Cd), iron (Fe), 
zinc (Zn), arsenic (As) and copper (Cu) are the most 
common contaminants. They get into plants through the 
contaminated environment, soil, water and air [78].

Pb and Cd concentrations in milk are very important 
from the aspect of the food safety because of a high risk 
for the human health. The heavy metal concentration in 
cow`s milk and blood can be considered as a bio-indi-
cator of the contamination of the environment. On the 
other hand, low concentrations of Pb and Cd in milk are 
not the proof of the low concentration in soil because the 
absorption of heavy metals by plants depends on the pH 
value of the soil. Plants can intake heavy metals from 
acidic soils easier [79].

Lead can incorporate into the body, especially through 
the the respiratory and digestive tract. The main way of 
contamination is through the consumption of contami-
nated food and water [80]. Lead poisoning affects the 
function of the brain and nervous system, reduces the 
level of intelligence, observation and memory. In some 

cases lead poisoning can cause death [1].
Mercury in food usually originates from the use of 

pesticides. It can also be used in cosmetics to reduce 
the growth of bacteria or can be made as a product 
of burning coal [1]. Mercury is toxic as an elementary 
form or in all its compounds. Its toxicity depends on the 
chemical form and the most toxic are organic mercury 
compounds [81]. The symptoms of poisoning occur in 
digestive organs, and then in the nervous system. The 
intake of pectin and alginate can reduce the absorption 
of mercury.

Cadmium belongs to a group of toxic heavy metals. 
Most foods contain traces of Cd, but higher amounts can 
be found in shellfish, mushrooms, and some plants (co-
coa, rice). Cadmium is deposited in the liver, kidneys and 
bones, with a half-life in the body of 20 years. Higher 
concentrations of Cd can cause bone disorders - osteo-
porosis, spontaneous fractures, severe pain in bones, 
partly because of the renal dysfunction caused by Cd 
and partly due to the effects of Cd on Ca metabolism 
(increased elimination of Ca), vitamin D metabolism dis-
orders and disruption of collagen synthesis in bone cells 
[82].

Arsenic accumulates in the body, especially in hair, 
skin and some internal organs. Arsenic poisoning caus-
es hair loss, dermatitis and problems with digestive or-
gans, then fatigue, headache, confusion, psychological 
problems and certain changes in liver and kidneys [1].

Toxic matters are present in our environment and 
the industrial use of metals and certain technological 
processes lead to the increase of the concentrations of 
heavy metal and other harmful substances in the water, 
air and soil [3]. Also the environment can be contami-
nated with pesticides used in agriculture for the suppres-
sion of pests, weeds and plant diseases. These harmful 
substances can contaminate food and get transferred 
into the human organism where they induce acute and 
chronic health problems [83, 84]. 

The use of organochlorine pesticides for the suppres-
sion of pests and plant diseases is widely spread. The 
most important representatives are DDT (dichlorodi-
phenyltrichloroethane), HCH (hexachlorocyclohexane), 
endosulfan, aldrin, chlordine, dieldrin, heptachlor, mirex, 
HCB (hexachlorobenzene) and toxafen.  Organochlo-
rine pesticides belong to organic compounds which are 
very stable with the halftime of decomposition from a 
few months up to a few years or even few decades. For 
example, it is estimated that 4-30 years are needed for 
the degradation of DDT in soil, while other organochlo-
rine pesticides can remain stable in soil for a long period 
of time. These pesticides are liposoluble compounds 
which accumulate in milk, blood and animal fat tissues. 
The use of contaminated food can induce them into the 
human organism where they can cause poisoning. Be-
cause of the high mortality rate caused by DDT and HCH 
poisoning, their use is forbidden or restricted in many 
countries [83]. 

In the investigation of different fish species from the 
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Danube (asp, bream, barbel, carp, sturgeon, and pike) 
the concentration of organochlorine pesticides in the 
samples of asp and barbell was higher than allowed. 
Mercury was detected above the maximum value only in 
the fillets of asp (Table 3) [85].

Jankovic et al. [86] tested 651 sample, among them 
350 samples of marine fish (hake, mackerel, sardines, 
grouper, sea bream and salmon), 34 samples of fresh-
water fish (carp and trout) and 267 samples of canned 
fish (tuna, pilchard) (Table 3). The mercury content in 
marine fish ranged from 0.005 to 0.208 μg/g (mean val-
ue 0.040 μg/g); in freshwater fish from 0.005 to 0.099 
μg/g (mean value 0.020 μg/g), while in the conserved 
fish products the mercury content ranged from 0.005 to 
0.642 μg/g (mean value 0.064 μg/g). The level of mer-
cury in all samples was below the maximum allowed 
values determined by relevant EU legislation, as well as 
national regulations [86].

The analyses of the milk samples from three dairy 
farms located close to major roads and from two farms 
located in rural areas of Serbia for the presence of Zn, 
Cu, Fe, Cd and Pb showed that their concentrations 
were in compliance with the legislation in 4 of 5 samples 
(Table 3) [79]. 

The research conducted during 2011-2012 [82] in-
cluded a total number of 10720 food samples: 2299 sam-
ples of fruits and fruit products, 2202 samples of vegeta-
bles and vegetable products, 1407 samples of cereals 
and cereal products, 1722 samples of meat and meat 
products, 1629 samples of fish and fish products, 929 
samples of milk and dairy products, 63 samples of eggs 
and egg products and 469 samples of coffee, cocoa and 
tea. All analysed samples contained cadmium below the 
maximum allowed level of 0.5 mg/kg specified by nation-
al regulations (Table 3). 

Table 3.Presence of heavy metals in food samples in the Republic of Serbia

The paper of Milinković et al. [3] reported the content 
of heavy metals (As, Pb, Cd and Hg) and harmful sub-
stances (nitrate and nitrite) in the Idared apple varieties, 
at various locations in the area of Čačak. Depending on 
the locality, the As content in the fruit was in the range 
0.0035 mg/kg to 0.0071 mg/kg, Pb was in the range 
0.0035 mg/kg to 0.0807 mg/kg, Cd than 0.0028 mg/kg to 
0.0059 mg/kg and Hg from 0.0058 mg/kg to 0.0076 mg/

kg. The content of nitrate and nitrite in all samples was 
less than 3 mg/kg. The content of heavy metals, as well 
as the content of nitrates and nitrites was much lower 
than that defined in the legislation [3].

The concentrations of As, Hg and Pb analysed in the 
spices from the Serbian market (oregano, basil, parsley 
and celery) (Table 3) were within the allowed values of 
1 mg/kg for As and 2mg/kg for Pb [87].
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In similar research, 8 tea samples including Camellia 
sinensis L., black and green tea, Mentha piperita and 
Matricaria chamomilla were analysed for the presence 
of Cu, Zn, Mn, Ni and Pb (Table 3). Among all investi-
gated samples only in the samples of Mentha piperita 
the content of Pb was higher than maximum allowed 2 
mg/kg [88].

Also, the analysis of wild poppy, oregano, primrose, 
Rtanj tea and marigold for the presence of heavy metals 
indicated that Ni, Pb, Cd were not detected, while the 
concentrations of Fe, Zn, Cu, Mn were in compliance 
with legislation [89].

Histamine
Histamine belongs to the group of biogenic amines 

and it is produced by microbial decarboxylation of the 
amino acid histidine [90]. It can often be found in fer-
mented food, meat products, cheese and fish products 
[91-93]. In fresh fish, histamine can be found due to the 
presence of Gram-negative intestinal bacteria, while 
in wine, cheese or dry sausages it is produced by the 
Gram-positive bacteria [91,94]. High concentrations of 
histamine consumed with food can cause poisoning or 
allergic reactions, so the determination of its concentra-
tion in food is very important [93]. 

The analysis of the histamine content in 4 different 
groups of packed Atlantic mackerel from the fish mar-
ket in Serbia [93] showed the presence of histamine in 
all samples, but below the level of 200 mg/kg which is 
defined by the legislation [2]. During the storage, the 
histamine level increased in all samples and the highest 
values were observed in vacuum packed fish [93]. Simi-
larly, Smajlović et al. have analyzed the samples of vari-
ous types of frozen fish and canned fish available at the 
markets in Bosnia and Herzegovina and stated that the 
concentrations of histamine were lower than 100 mg/kg 
[95].  The analysis of dry fermented sausages indicated 
that histamine was not detected during the fermentation 
of the Petrovac sausages [91]. On the other hand, dur-
ing the fermentation of cabbage, different concentrations 
of histamine were stated but all of them were below the 
allowed value [92].

Conclusion

According to the available literature data, the most 
common cases of contamination in Serbia include the 
presence of mycotoxins. Additionally, the presence of 
contaminating microorganisms cannot be negligible. 
This paper emphasizes the fact that it is necessary to 
establish a permanent and functional system of monitor-
ing of hazardous substances in foods and raw materials 
at different stages of the food production. The analysis, 
control and preventive measures should be established 
at all levels of the production in accordance with the 
safety requirements and international legislation. 
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PREGLED PRISUSTVA NEKIH KONTAMINANATA HRANE NA TERITORIJI 
REPUBLIKE SRBIJE

Bojana Danilović, Velibor Potić, Sandra Stamenković, Dragiša Savić

Tehnološki fakultet, Univerzitet u Nišu, Leskovac, Srbija

Kontaminacija hrane predstavlja jedan od vodećih problema u proizvodnji i dis-
tribuciji hrane. Mikroorganizmi i njihovi metaboliti predstavljaju najčešće kontami-
nante. U ovom radu prikazani su slučajevi kontaminacije hrane na teritoriji Repub-
like Srbije. Utvrđeno je da se mikotoksini najčešće mogu naći kao kontaminanti 
hrane. Među njima najzastupljeniji su zearalenon, aflatoksini, fumonizin i deok-
sinivalenol.Takođe, velika je zastupljenost kontaminacije mikroorganizmima i to 
najčešće, bakterijama L. monocytogenes, E. coli, Salmonella spp. i S. aureus. 
Mikrobna kontaminacija je naročito izražena u mlečnim i proizvodima od mesa. 
Prisustvo teških metala je detektovano u velikom broju proizvoda ali, u većini 
slučajeva, ispod dozvoljenih granica. Veće koncentracije olova i žive utvrđene su 
samo u pojedinim uzorcima čajeva, mleka i ribe. Kako bi se ispunili zahtevi za 
sigurnošću hrane i internacionalne zakonske regulative, neophodna je stalna ana-
liza, kontrola i prevencija kontaminacije u svim fazama proizvodnje i distribucije 
hrane.

Ključne reči: kontaminacija hrane, mik-
roorganizmi, mikotoksini, teški metali
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