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MICROBIOLOGICAL CONTAMINATION OF FOOD

MIKROBIOLOGICZNE ZANIECZYSZCZENIA ZYWNOSCI

Abstract: The aim of the study was the statistical analysis of available data of microbiological investigation
of food products. Data for the analysis were provided by the sanitary-epidemiological stations in
Swietokrzyskie voivodship in 2008-2011. The different types of food products (meat, dairy products, grains
products, fish, vegetables, fruit, water, soft drinks, vegetable fats, herbs, coffee, tea, cocoa, foodstuffs
intended for particular nutritional uses and nutritional supplements) were studied. The research material was
obtained from the products of national origin, food imported with distinguishing between the products
originating from the European Union. The presence of Listeria monocytogenes, Escherichia coli, Salmonella
spp. and Yersinia enterocolitica was analyzed. Escherichia coli and Yersinia enterocolitica were detected
sporadically. Listeria monocytogenes was detected the most frequently in confectionery products, con-
venience foods, milk and milk products, most rarely in fruits and vegetables. It has been shown that the most
frequent pathogens in food samples were Salmonella spp., also responsible for the largest number of food
poisoning in Poland. Salmonella spp. were detected primarily in domestic products. The increase of the
prevalence of those bacteria was observed during next years (2008-2011). It should be emphasized, that all of
the analyzed samples contained at least one of the studied species. Food contamination may cause an increase
of food poisoning incidents as well as others diseases caused by these pathogenic bacteria. It is important to
observe rules of hygiene during the production, preparation and consumption of food products, but this
problem is more complex.
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Introduction

The presence of microorganisms in food products may have an beneficial or adverse
effect for human health. For a long time, bacteria are used for food production, eg milk
products, bread, beer and other alcohols. Bacteria are present in almost every sold food
product. In the present study we focus on an assessment of microbial contaminants in
food. In the early seventies of the last century, food contamination has significantly
increased. The main reason was the development of industry and agriculture. It also has
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an impact on the epidemiological situation in Poland [1]. The climatic conditions in
Poland are conducive to the development of agriculture. This development is associated
with overproduction of sewage, excessive use of organic fertilizers and organic-mineral
fertilizers [2]. Food is monitored primarily in terms of heavy metal concentration, the
amount of pesticides and nitrates, the presence of antibiotics and microbial con-
tamination. Consumption of contaminated food poses a high risk of serious food
poisoning which may lead to death [3]. Food poisoning can be divided into chemical
and biological origin. Poisoning of chemical basis are usually caused by preservatives,
dyes, antibiotics and pesticides. Chemical contamination poses a threat to the entire
society, while microbiological contaminants threaten on groups of persons belonging to
young, old, pregnancy and ill (YOPI). People belonging to YOPI have to pay particular
attention to the quality of nutrition and consumed products. Poisoning of biological
origin are caused by viruses, parasites, protozoa, fungi, bacteria and bacterial toxins [4].
In Poland, food poisoning is a serious epidemiological problem especially during the
summer and early autumn. High temperatures and the touristic migration of people
makes it difficult to preserve food hygiene, storage and food production. In spite of
different etiologies, bacterial poisoning are characterized by common symptoms:
diarrhea, abdominal pain, nausea, vomiting, dizziness, increased body temperature,
weakness and dehydration [5]. The most important etiological factors include endotoxin
of Salmonella spp., Staphylococcocus sp., botulinum toxin produced by Clostridium
botulinum, less frequently Clostridium perfringens type A toxins. Bacteria classified as
opportunistic pathogens as Escherichia coli, Proteus vulgaris, Bacillus cereus and other
are also important etiological factor of food contamination [6]. Food is the optimal
environment for the growth of microorganisms. The number and species composition of
microorganisms depend on the environmental conditions that stimulate or inhibit their
growth. The basic agents include water activity, temperature, air relative humidity, pH
of environment, residual pressure, the availability of oxygen, the presence of salt
(cations and anions) [7]. Due to the specific conditions of growth of pathogenic
microorganisms, the microbiological food analysis is carried out by several methods.
The analyzes are conducted in accordance with the guidelines described in the standard
PN-ISO 4832:2007. Full screening of food needs to determine the essential etiological
factors: the number of mesophilic aerobic microorganisms grown at 30 °C (PN-EN ISO
4833:2004+Apl:2005), the number of coagulase-positive staphylococci grown in 37 °C
(PN-EN ISO 6888-1:2001+A1:2004), the number of presumptive Bacillus cereus grown
at 30 °C (PN-EN ISO 7932:2005), the presence of Listeria monocytogenes (PN-EN ISO
11290-1:1999+ A1:2005; PN-EN ISO11290-2:2000+A1:2005+A1:2006+Ap2:2007),
the number of beta-glucuronidase-positive Escherichia coli growing in 44 °C (PN-ISO
16649-2:2004), the presence of Enterobacteriacae growing at 37 °C (PN-ISO
21528-1:2005 P.4.1; PN-ISO 21528-2:2005), the number of mold and yeast cultured at
25 °C (PN-ISO 21527-1:2009; PN-ISO 21527-2:2009). Due to the widespread occur-
rence of microorganisms in food, food poisoning caused by biological factors will be
always recorded. Proper storage and ensure hygiene during the production may reduce
the risk of infection to a minimum. Control of food processing facilities should be done
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as often as possible to minimize the risk of getting contaminated food products to
consumer.

Materials and methods

The research materials were the data available from three sanitary-epidemiological
stations in Kielce, Busko-Zdroj and Sandomierz in Swietokrzyskie voivodship. The
food analysis presence of Salmonella spp., Listeria monocytogenes, Escherichia coli
and Yerenia enterocolitica. All samples were collected in accordance with the standards
in force in Poland. In all stations, analyzed samples belonged to meat products, dairy
products, grains products, fish, vegetables, fruit, water, soft drinks, vegetable fats,
herbs, coffee, tea, cocoa, foodstuffs intended for particular nutritional uses and nutri-
tional supplements. The statistical analyzes were performed by GraphPad Prism v.6.

Results and discussion

The aim of this study was the investigation of food products based on the presence of
pathogenic bacteria. Analysis of food samples was carried out by three sanitary-
-epidemiological stations in Swietokrzyskie voivodship. This allows to illustrate the
local problem of infections of food products over several years.

The available results of microbiological analysis represent prevalence of Sal/monella
spp., Listeria monocytogenes and Escherichia coli in food samples, in 2009 and 2011.
The data were made available by sanitary-epidemiological station in Busko-Zdroj in
Swietokrzyskie voivodship. Analyzing the data carefully, the number of positive
samples with bacteria Salmonella spp., and Listeria monocytogenes decreased by 27 %
and 32 % respectively. The presence of Escherichia coli in food increased by 1.45 fold
in 2011. The frequency of identified bacteria in the food was comparable or diverse
between these two years. It was depended on the type of food (Fig. 1).

Salmonella spp. was identified in almost all types of products. Exemption was water
and soft drinks. The highest number of samples (more than 50) were tested from the
groups of product such as: milk and dairy products, confectionery and vegetables.
According to data confectionery products were contaminated by Salmonella spp. in
100 % of studied samples. Salmonella spp. was found in total number of samples of
poultry, eggs and eggs products, grain and grain products, coffee, tea cocoa, deli-
catessen products and nutritional supplements. It is known that Salmonella spp. are
commonly found in chicken eggs, chicken and pork meats [8]. All product groups in
which Salmonella was found seem to be associated with these typical sources of
infection [9].

In this study, the number of pathogens detected in food in three sanitary stations in
Swietokrzyskie voivodship was analyzed. In all cases it was found, that the most
contaminated products included confectionery, milk and milk products. As mentioned
above, the most frequently identified species was Salmonella spp. The frequent
occurrence of this species in milk and milk products was also observed in other
countries. For example, Salmonella spp. was identified in 27 % of fresh cheese in
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Fig. 1. Percent of food contaminated by particular bacteria (Escherichia coli, Listeria monocytogenes,
Salmonella spp.) in Busko Zdroj (Swietokrzyskie voivodship) in 2009 and 2011 compared to total
analyzed food samples

Mexico. In the same cheese, Escherichia coli was identified in 10 % of samples [10]. In
the case of milk and milk product samples tested in Swietokrzyskie voivodship,
Salmonella spp. was detected in 82 % of analyzed products. Such a large percentage of
occurrence may result from the diversity of milk products examined in Swietokrzyskie
voivodship. Salmonella spp. was also found in 12 % of vegetables samples. It is three
times less than in the case of vegetables tested for the presence of Salmonella spp. in
Malaysia [11]. This could be due to different climatic conditions and the sanitary state
of individual countries Traditional physical process of food decontamination (Thermal
pasteurization) can eliminate most of vegetative microorganisms (eg Salmonella)
causing food-borne diseases [12]. Therefore, despite the high prevalence of Salmonella
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in a food product the risk of infection can be easily reduced by the appropriate
preparation of the food. Another pathogen detected in food is Escherichia coli. In this
study, the presence of E. coli was the most frequent detected in vegetables and fruits. It
could resulted from fecal contamination of domestic or wild animals during cultivation
or handling [13]. The results presented in this work show also that the most contamina-
ted products were animal origin (meet, milk and milk products). E. coli can adapt to
adverse environmental conditions. Data prove that Escherichia coli can growth in the
presence of Biocides which are compounds commonly used in the food system as
poultry decontaminants (eg trisodium phosphate) to reduce or eliminate both pathogenic
and spoilage micro-organisms [14]. Salmonella spp. and E. coli were the most frequent-
ly detected bacteria in a food product, what could generated a serious risk of epidemics.

We also examined the incidence of Listeria monocytogenes in food products. The
presence of L. monocytogenes was found in all product groups except water and soft
drinks, coffee, tea, cocoa. The largest amount was found in processed foods as well as
in fish. According to the literature, L. monocytogenes in relatively large quantities is
present in certain food groups, such as soft cheese, unpasteurized milk, ice cream,
various types of meat such as: fermented meats, sausages, hot dogs, turkey, ham RTE
(ready-to-eat) and seafood products, among others, smoked cold or warm salmon,
shrimp, clams, pickles, fish salads. L. monocytogenes is also found in many types of
vegetables, fruits and fruit juices [8, 15-17].

Another source of data came from Sanitary-Epidemiological Station in Kielce
operates on the whole territory of province. The results provide the overall epidemio-
logical status in Swietokrzyskie voivodship in 2010. The research material was obtained
from the products of national origin, food imported with distinguishing between the
products originating from the European Union. The data show, that the most polluted
were the products of national origin. The most frequently detected bacteria was
Salmonella spp. The presence of Salmonella spp. was detected in 1320 analyzed
samples, Escherichia coli in 277 samples, Yersinia enterocolitica in 51 samples. Based
on data from the sanitary — epidemiological station, the frequency of food poisoning
incidents caused by bacteria in 2010 was analyzed (Fig. 2). The most common food
poisoning was caused by Escherichia coli. This pathogen caused illnesses in 18 % of
cases. Yersinia enterocolitica caused poisoning in 15 % of cases and Salmonella spp. —
5 %. According to literature, the pathogenicity of Y. enterocolitica and E. coli is
characterized by a presence of virulence factors, which give a high morbidity in
humans, even in small concentration of bacteria in the body [18]. In this study, we
observed that Salmonella spp. caused infection three time less than E. coli and
Y. enterocolitica. This can be due to the fact, that emergence of infection requires high
infective dose of cells, what amounts to 10°~10% cells [18].

Similar analysis were made available from Sanitary — Epidemiological Station in
Sandomierz. The presence of microbiological indicator were studied in food products in
2008-2010. Samples were collected from all over the city. The increase of number of
poisoning caused by Listeria monocytogenes was observed in 2009 and 2010. Despite
of absence of data of mortality or poisoning caused by L. monocytogenes in
Swietokrzyskie voivodship, the high number of detected pathogens was observed in
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Fig. 2. Percent of food poisoning cases induced by bacteria detected in examined food samples in 2010 in
Swietokrzyskie voivodship

2009 (Fig. 1). In 2011, the number of cases has decreased. This phenomenon is
observed also in all over the world in recent years [19, 20]. Currently, infections caused
by Listeria monocytogenes are regarded as a serious threat, because it is characterized
by a high mortality rate 20-30 % [21]. In the EU, the proportion of patients with
listeriosis has increased by 19.1 % in 2009 in comparison to 2008. In 2009, 1,601
positive cases were recorded, this level remained also in 2010. In 2009, L. mono-
cytogenes led to 270 deaths. Meanwhile in the United States microorganism was the
cause of 2,500 cases, 2,289 hospitalizations and 449 deaths. Listeriosis is therefore one
of the deadly food-borne illness reported in the United States or countries of European
Union [8, 22, 23].

It was found, that all analyzed food samples possessed at least one of analyzed
bacterial pathogen. It should be emphasized, that the presence of pathogenic bacteria in
food is not necessary to illness after consumption. Every organism has defense
mechanisms which prevent bacterial infection. Ability to defend is individual feature of
the species it and determines the occurrence of disease [24-28].

Conclusions

The most common pathogen detected in food was Salmonella spp., also responsible
for the largest of the number of cases in Swietokrzyskie voivodship. Escherichia coli
was identified in meat, milk and dairy products, also in water and soft drinks. In 2009
and 2011, an increase of the Listeria monocytogenes positive samples detected in food
product were observed.
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MIKROBIOLOGICZNE ZANIECZYSZCZENIA ZYWNOSCI

Katedra Ochrony i Ksztalttowania Srodowiska
Uniwersytet Jana Kochanowskiego w Kielcach

Abstrakt: Celem pracy byta analiza produktéw zywnosciowych na podstawie obecnosci patogennych mikro-
organizmoéw. Dane do analizy zostaly dostarczone przez stacje sanitarno-epidemiologiczne w wojewodztwie
$wigtokrzyskim w latach 2008—-2011. Badano rézne rodzaje produktow spozywczych (migso, produkty mlecz-
ne, produkty zboza, ryby, warzywa, owoce, woda butelkowana, napoje bezalkoholowe, tluszcze roslinne,
ziota, kawa, herbata, kakao, srodki spozywcze specjalnego przeznaczenia zywieniowego oraz suplementy die-
ty). Materiat badawczy pochodzit z produktéw pochodzenia krajowego oraz z importu z rozréznieniem produ-
ktow pochodzacych z Unii Europejskiej. Analizowano obecno$¢ takich bakterii, jak: Listeria monocytogenes,
Escherichia coli, Salmonella spp. i Yersinia enterocolitica. Escherichia coli i Yersinia enterocolitica byty wy-
krywane sporadycznie. Wykazano, ze najczg¢sciej wystgpujacym patogenem w probkach zywnosciowych po-
chodzenia krajowego byty bakterie z grupy Salmonella spp., ktore sa odpowiedzialne za najwigksza liczbe za-
tru¢ pokarmowych w Polsce. Rownie czgsto wykrywano Listeria monocytogenes, szczegdlnie w produktach
cukierniczych, garmazeryjnych, mleku i produktach mlecznych, a najrzadziej w owocach i warzywach. Nie-
stety zaobserwowano wzrost czgstosci wystgpowania tych bakterii w kolejnych latach (2008-2011). Nalezy
podkresli¢, ze wszystkie analizowane probki zawieraly co najmniej jeden z badanych gatunkow. Zanieczysz-
czenie zywno$ci moze spowodowaé wzrost przypadkéw zatru¢ pokarmowych, a takze innych chordb
wywolanych przez te bakterie chorobotworcze. Wazne jest, aby przestrzega¢ zasad higieny podczas produ-
keji, przygotowania i konsumpcji produktow zywnosciowych. Problem ten jest jednak bardziej ztozony.

Stowa kluczowe: skazenie zywnosci, epidemiologia





