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Michal BOSIAK', Radoslav ZIDEK, Jozef GOLIAN,
Branislav SISKA and Jaroslav ZIAK

COMPARISON OF SUITABILITY
OF TWO COMMERCIALLY USED METHODS ELISA
AND PCR FOR DETECTION
OF DEFATTED SOYBEAN POWDER

POROWNANIE MOZLIWOSCI ZASTOSOWANIA
METODY ELISA T PCR
DO DETEKCJI ODTLUSZCZONEJ MAKI SOJOWEJ

Abstract: The aim of this study was to compare the suitability of two methods enzyme-linked immunosorbent
assay (ELISA) and polymerase chain reaction (PCR) used for detection of defatted soybean powder. We have
analysed 20 artificially contaminated samples prepared by simple dilution with wheat flour. Sample one was
prepared as a combination of 1 g of defatted soybean powder with 1 g of wheat flour. Sample has been
homogenized by vortexing. Next sample was prepared as combination of one gram of previous sample and 1 g
of wheat flour. According to this methodology all twenty samples were prepared. Detection of defatted
soybean powder in artificially contaminated samples has been performed using both methods. We detected
significant differences between both used methods. We were able to detect presence of defatted soybean
powder in artificially contaminated samples with using of both methods. Wheat flour contamination by
defatted soybean powder was detected at least in sample 13 (0.012 %/122 mg - kg) by PCR method.
Defatted soybean powder was not detected in samples 14 up to 20.

Samples from 1 to 10 have not been quantified because absorbance values ranged above detection limit.
Samples from 11 to 20 were quantified, but only measured values of sample 16, 17 and 18 were in the
guaranteed quantification range provided by ELISA kit manual. We have detected defatted soybean powder
contamination in samples 19 and 20 but absorbance values were highly similar to absorbance of the control
sample.

Keywords: defatted soybean powder, PCR, ELISA, detection limit, contamination

Allergic reactions to foods are an important medical problem throughout the
industrialized world. The occurrence of food allergy appears to be strongly influenced
by genetics. In addition, genetic susceptibility alone does not explain the prevalence of
food allergy satisfactorily, leaving ample room to consider the importance of environ-
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mental influences (external, maternal and gastrointestinal environment) and interactions
between the host and the environment [1]. Food allergy is an inadequate immune
response to some foods containing a food allergen or allergens. Food allergens are the
most common water soluble glycoproteins, mostly with acid pH and molecular weight
from 10 to 70 kDa [2]. Allergic reaction involves two actions of the immune system.
Immune system produces immunoglobulin E (IgE), a type of protein that works against
a specific antigen. This protein is called a food-specific antibody, and it circulates
through the blood. The food-specific IgE then attaches to mast cells, the cells are found
in all body tissues. They are more often found in areas that are typical sites of allergic
reactions. Those sites include nose, throat, lungs, skin and gastrointestinal tract. Clinical
allergic people are suffering from a number of the symptoms in the range from allergic
coryza, asthma, atopic dermatitis to life threatening anaphylactic shock [3, 4]. An
allergic reaction to food can take place within a few minutes to an hour. The process of
eating and digesting food affects the timing and the location of manifestation of the
symptoms [5]. In adults, the following foods that most often cause allergic reactions
include: shellfish, peanuts, tree nuts, fish, hen’s egg. The most common foods that cause
problems in children are: hen’s egg, cow’s milk and peanuts. Tree nuts and peanuts are
the leading causes of deadly food allergy reactions [6]. Over 90 % of IgE-mediated food
allergies in childhood are caused by eight foods: cow’s milk, hen’s egg, soy, peanuts,
tree nuts (and seeds), wheat, fish and shellfish [7]. Food allergy is characterized by
acute reactions, such as the oral allergy syndrome, urticaria, angioedema, vomiting,
diarrhoea, dyspnoea, allergic asthma, bronchospasm, dermatitis, edema, eczema, rhinitis
and even anaphylactic shock [8]. Anaphylaxis is a serious, rapid-onset, allergic reaction
that may cause death. Severe anaphylaxis is characterized by life-threatening upper
airway obstruction, bronchospasm and/or hypotension [9]. Delayed reactions such
as flare up of eczema may occur, but are less frequently reported [10, 11].

Food manufacturers have to declare all food allergens on the labels of their products.
Any ingredient used in production of a foodstuff and still present in the finished
product, even if in altered form, shall be indicated on the label with a clear reference to
the name of this ingredient [12]. Soybean is recognized as one of the major food
allergens (14 food allergens), which can be present in food and therefore must be
labeled according to the European Directives [13—16]. Moreover, if the origin of the
soybean is genetically modified, labeling of this fact is also required according to the
European Regulations [17, 18]. In case of allergic reaction to some food that contained
specific food allergen and it was not declared on the label is recognized in a consumer’s
organism, manufacturer will responsible for mayhem.

Many tests for the detection of soy proteins in foods have been described in
literature. Efficiency of the detection method depends mostly on food product type and
detection tool. Six methods were compared using eight food products by Pedersen et al.
[19]. The sandwich ELISA aimed at native soy proteins had the lowest detection limit,
but in limited number of products. PCR methods are useful for all products with
different detection limit. Advantage of PCR methods is simultaneous detection of GM
(genetically modified) products and sensitivity for highly processed food [20]. In spite
of DNA resistance to food processing, damage within the DNA fragments is believed to
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be caused by the exposure to heat or pressure, enzymatic degradation by nucleases,
water activity and pH values [21-23]. Nowadays, enzyme-linked immunosorbent assay
(ELISA) is also able to detect presence of soy proteins in denatured and heated soy
protein isolate samples [24] or in processed food [25].

Material and methods

Detection of defatted soybean powder frequently used for commercial food produc-
tion has been performed using two methodologies. PCR method has been used for its
DNA resistance to food processing and ELISA method for targeting to soy protein and
quantification potential. Both methods were used for analysis of artificially con-
taminated samples (Table 1) prepared by simple dilution by wheat flour. Sample one
was prepared as a combination of 1 g of defatted soybean powder with 1 g of wheat
flour. Sample has been homogenized by vortexing. Next sample was prepared as
combination of 1 g of previous sample and 1 g of wheat flour. According to this
methodology were prepared all twenty samples.

PCR method

Genomic DNA was extracted from each admixed sample by using a NucleoSpin®
Food purification kit (Macherey-Nagel, Switzerland). Extracted DNA was quantified at
A = 260 nm by NanoPhotometer ™ (Implen GmbH, Germany) and diluted with the
appropriate volume of distilled water to a final concentration of 25 ng - cm®, samples
have been stored in —20 °C until needed. Primers have been designed according to Hurst
et al [26]. Primers LE1(SGAAGCAACCAAACATGATCCTC3 )andLE2(5'ATGGAT
CTGATAGAATTGACGTTA3') amplify a 407 bp portion of the lectin gene of Glycine
max.

The reaction mixture for PCR was prepared in a PCR reaction tube. The reaction
volume of 50 mm?® of genomic DNA, 0.25 mM dNTP, 1.8 mM MgCl,, 1 uM of the 5’
and 3' primers, and 1 unit of GoTaq® Hot Start Polymerase (Promega, Medison USA),
all topped up with distilled water. The reaction was buffered with Green Go Taq® Flexi
Buffer (Promega, Medison USA) and amplified in a thermal cycler (PTC-150
MiniCyclerTM, MJ Research, Watertown USA). The PCR step-cycle condition was as
follows: pre-incubation at 94 °C for 2 min, 40 cycles consisting of denaturation at 94 °C
for 45 s, annealing at 61 °C for 45 s, and extension at 72 °C for 1.5 min, followed by
a final extension at 72 °C for 10 min. After PCR amplification, agarose gel electro-
phoresis of the PCR product was carried out using 1 % agarose gel. Fragments were
visualized using ethidium bromide and separated by 150 V for 40 min.

ELISA method

The tested samples were prepared according to the accepted sampling techniques
(Neogen’s® Food Allergen Handbook). The extraction solution was prepared according
to the procedural notes. It was preheated to 60 °C by immersing the bottle containing
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the extraction solution into the water bath allowing reaching 60 °C. The samples (1 g)
were transferred into the 50 cm’ plastic tubes. An extraction additive (0.2 g) was added
to the samples. The extraction solution was poured (25 cm’/60 °C) into the sample
plastic tubes. The plastic tubes with samples were capped and the extraction by shaking
in water bath at 60 °C for 15 minutes was performed. After extraction, the plastic tubes
were removed from the bath and materials were settled for 5 minutes before the next
step. The extracts were filtered by pouring at least 5 cm’ through a filter and the filtrates
as the samples were collected. The clear supernatants were used as the samples. The
extracts were cooled to room temperature before beginning analyses.

Twenty red-marked mixing wells for samples and five red-marked wells for controls
were removed and placed in the well holder. An equal number of antibody-coated wells
were removed and the strip was placed in the well holder. Each control and sample
extract was transferred (150 mm?) to the red-marked mixing wells using a new pipette
tip for each. Controls and sample extracts (100 mm®) were transferred using the
12-channel pipettor to the antibody-coated wells. The wells were mixed in the well
holder for 20 seconds. The microwells were incubated for 10 minutes at room
temperature (18-30 °C). The contents of the wells were emptied into a sink. Each
antibody well was washed with a wash bottle filled with the wash buffer solution and
dumped out. This procedure was repeated 5 times, then the wells were turned upside
down and tapped out on the paper towel until the removing washing solution. Conjugate
from the blue-labelled bottle (100 mm®) was using the 12 channel pipettor transferred
into all the wells and mixed in the well holder for 20 seconds. The microwells were
incubated for 10 minutes at room temperature (18-30 °C). All the wells were washed
with the wash buffer solution as described previously. Conjugate from the green-
-labelled bottle (100 mm®) was using the 12 channel pipettor transferred into all the
wells and mixed in the well holder for 20 seconds. The microwells were incubated for
10 minutes at room temperature (18-30 °C). Red Stop solution from the red-labelled
bottle (100 mm?) was using the 12 channel pipettor transferred into all the wells and
mixed in the well holder for 20 seconds. The bottoms of the microwells were wiped and
read in a microwell reader with A = 650 nm filter. The results were interpreted using
STAT FAX 321/plus microwell reader (Awareness Technology, Palm City, FL).

Results and discussion

Both methods were able to detect soybean contamination. To assess the sensitivity of
both methods, we tested the mixed wheat flour samples containing diverse contamina-
tion (Table 1) of the defatted soybean powder. 50 ng of the genomic DNA extracted
from the mixed samples was amplified in the PCR reaction. Used primers were able to
amplify one discrete 407 bp long band. Results shown in Figure 1 demonstrate that the
wheat flour contaminated by defatted soybean powder can be detected at least at the
level of 0.012 %. Soy DNA was not detected from sample 14 to sample 20,
contamination between 61 mg - kg' and 1 mg - kg ' of defatted soybean powder.
Results in Figure 1 show the intensity decreasing of PCR product. Sample 13 (122
mg - kg™ of defatted soybean powder) has the lowest intensity but it is still detectible.
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Table 1

Artificial contamination by defatted soybean powder

Soya contamination ELISA
PCR
sample (%] [mg - kg'] [mg - kg']
1 50 — +
2 25 — +
3 12.5 — +
4 6.25 — +
5 3.125 - + Out of detection
6 1.5625 — + range
7 0.7813 o * Out of guarante-
8 0.3906 — + ed quantification
9 0.1953 — + ranee
10 0.0977 — +
11 0.0488 488.3 + 756.9
12 0.0244 244.1 + 251.3
13 0.0122 122.1 + 86.3
14 0.0061 61.0 — 43.1
15 0.0031 30.5 — 30.1
16 0.0015 15.3 — 15.3
17 0.0008 7.6 — 4.9
18 0.0004 3.8 — 3.2
19 0.0002 1.9 — 0.9
20 0.0001 1.0 — 0.6

Observed detection limit is lower than 1 % described by Meyer et al [27] using similar
primers based on soya lectin Lel gene. Our results are similar to Gryson et al [28] who
declare the detection limit for defatted as well as for the full-fat soybean flour samples
low as 0.2 % of the soy ingredient on total flour weight basis. Products without
processing were tested for detection limit of soybean contamination by Yamakawa et al
[29]. Designed primers based on repetitive sequence SIRE1 were able to decrease the
detection limit of wheat flour contaminated by soybean flour in a product without
processing to level about 0.001 %.

Artificially contaminated samples were tested by ELISA kit. One gram of sample
was analysed and calorimetrically quantified. We were not able to detect clear detection
limit as by PCR method because of negative control absorbance. According to
quantification range provided by ELISA kit manual, we can clearly quantify con-
tamination between 2.5 ppm [mg - kg '] and 25 ppm [mg - kg '] of soybean protein.
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M M
e " —
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lanel: sample 14 [61 mg - kg ']; lane2: sample 13 [122.1 mg - kg ']; lane3:
sample 12 [244.1 mg - kg ']; lane4: sample 11 [488.3 mg - kg ']; lane5:
sample 10 [977 mg - kg ']; lane M: 100-bp ladder size standard

Fig. 1. Detection limit of PCR method

Declared quantification range is higher than the limit of quantification 1 ppm
[mg - kg '] defined by Koppelman et al [25]. They have detected soy in following test
materials: native soybean meal, soy protein isolate, soy protein concentrate, and
textured soy flakes with using sandwich and inhibition ELISA. Competition ELISA
format resulted in a sensitive test with a detection limit of 0.02 ug/cm3, corresponding
to 0.4 ng/g (0.4 ppm) in food samples. Obtained results based on ELISA method are
presented in Table 1 in independent column. Samples 1 to 10 contaminated by
subsistent percentage of defatted soybean powder have not been quantified because
absorbance values ranged above detection limit. Samples from 11 to 20 were quantified,
but only measured values of sample 16, 17 and 18 can be considered as accurate. The
lowest detection limit of our samples is still higher than detection limit of 0.05 ppm
(sandwich ELISA) determined by Pedersen et al [19], and the highest detection limit of
our samples is also higher than detection limit of 21 ppm (competitive ELISA) using
eight food products with a declared content of soy. We were able to detect soy
contamination in samples 19 and 20 but absorbance values were highly similar to
absorbance of negative control. Confrontation of ELISA quantification with artificial
contamination shows similar contamination data.

Conclusions

We were able to detect presence of defatted soybean powder in artificially
contaminated samples with using of both analytical methods. Wheat flour con-
tamination by defatted soybean powder was detected at least in sample 13 (0.012 %/122
mg - kg ') by PCR method. Defatted soybean powder was not detected in samples 14 up
to 20.

Samples from 1 to 10 have not been quantified because absorbance values ranged
above detection limit. Samples from 11 to 20 were quantified, but only measured values
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of sample 16, 17 and 18 were in the guaranteed quantification range provided by ELISA
kit manual. We have detected defatted soybean powder contamination in samples 19
and 20 but absorbance values were highly similar to absorbance of negative control.

According to presented results, we can confirm the high accuracy of selected ELISA
kit for detection of soy protein in defatted soybean powder. We are able to quantify
detection limit of PCR methods for detection of defatted soybean powder in wheat flour
to level above 122 mg - kg .
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POROWNANIE MOZLIWOSCI ZASTOSOWANIA METODY ELISA I PCR
DO DETEKCJI ODTLUSZCZONEJ MAKI SOJOWEJ

Abstrakt: Celem badan bylo porownanie mozliwosci zastosowania metod ELISA i PCR do detekcji
odtluszczonej maki sojowej. Przeanalizowano 20 sztucznie zanieczyszczonych probek maki pszennej. Probka
pierwsza zostala przygotowana poprzez zmieszanie 1 g odtluszczonej maki sojowej z 1 g maki pszenne;j.
Probka ta zostata zhomogenizowana przez wirowanie. Nastgpng probke przygotowano przez zmieszanie 1 g
probki pierwszej z 1 g maki pszennej. W ten sposob przygotowano 20 probek o zmniejszajacej si¢ zwartosci
maki sojowej. Obydwie metody, tj. ELISA, jak i PCR, umozliwialy stwierdzenie zanieczyszczenia maka
sojowa. Odnotowalismy statystycznie istotne réznice migdzy wynikami uzyskanymi przy stosowaniu tych
dwoch metod badawczych. Metoda PCR pozwalata na wykrycie odttuszczonej maki sojowej do probki 13
(0,012 %/122 mg - kg"). Uzywajac tej metody, nie mozna byto wykry¢ maki sojowej w probkach od 14 do
20. Zawartos¢ maki sojowej w probkach 1 do 10 byta zbyt duza i przekraczata zakres oznaczalnosci metody
ELISA. Mozliwe byto wykonanie oznaczen w probkach od 11 do 20, jednak wytacznie wyniki z probek 16,
17 1 18 zawieraly optymalna ilos¢ maki sojowej do oznaczen metoda ELISA. WykryliSmy réwniez make
sojowa w probkach 19 i 20, jednak wartosci absorbancji byly bardzo zblizone do absorbancji w probkach
kontrolnych.

Stowa kluczowe: odttuszczona maka sojowa, PCR, ELISA, zakres wykrywalnosci, zanieczyszczenie
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Abstract: The high density of the metals in the soil, due to its toxic influence to the microflora, plants as well
as to the pedofauna (mesofauna), can negatively affect the functioning of the soil subsystem. In order to
evaluate the toxicity of the metals to mesofauna of the soil 3 areas were chosen where the diversity, the
number and the content of Cd, Pb, Ni, Cu, Fe and Zn in the soil were detected. The humidity, temperature and
pH of the soil were also analyzed. The chosen areas were situated in 3 different city parks in Krakow. The
significant differences of the Cd, Pb, Ni, Cu, Fe and Zn content as well as in the density and diversity of the
mesofauna were noted. It was detected that cadmium is toxic to the mesofauna. The nickel and the zinc have
the similar effects.

Keywords: pedofauna, mesofauna, diversity, abundance, heavy metals

The anthropogenic processes such as: different branches of industry, transport, public
utilities, fertilization and the use of pesticides are the main cause of the growth of toxic
impact of many metals on environment. The heavy metals deriving from these processes
disperse in the environment and pollute air, water, soil and organisms [1, 2].

The high density of the metals in the soil, due to its toxic influence to the microflora,
plants as well as to the pedofauna (mesofauna), can negatively affect the functioning of
the soil subsystem.

The high content of some heavy metals in the soil can influence negatively the soil
subsystem due to its toxic impact on the microflora, plants and pedofauna.
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The aim of the research was to evaluate the content of Cd, Pb, Ni, Cu, Fe and Zn and
the density and diversity of soil mesofauna in the chosen localities in the parks.

Material and methods

In order to evaluate the toxicity of some metals to soil mesofauna and the density and
diversity of the mesofauna 3 localities on which the soil samples were taken in 2007
were chosen. The diversity and density of the mesofauna were detected. The humidity,
temperature, soil pH, and Cd, Pb, Ni, Cu, Fe and Zn content were also subjected to the
analysis. The methods of taking of the samples, their number, the methods of catching
the pedofauna and the way of the evaluation of the content of the metals are presented
in the separated article [3]. The selected areas were situated in 3 different city parks in
Krakow:

— locality I — Park in Mogila around 300 m distant from the traffic lane,

— locality II — Planty (the green zone) at Gertrudy street near the busy street,

— locality IIT — Bednarski Park in Podgorze around 200 m distant from the main road.

Results

The soil in the selected localities of the city park had the neutral pH — from 6.75 to
6.9 (Table 1). The small differences in the humidity and the soil temperature were
detected (Table 1).

Table 1
Comparison of selected parameters of the soils in the selected localities in Krakow
Selected parameters Locality I Locality II Locality III
Dampness of the soil [%] 12.3 17.18 13
pH value of the soil 6.9 6.75 6.78
Temperature of air in the area [°C] 19.5 26.1 18.6
Temperature of the soil [°C] 12.4 17.5 11.9

* Locality I — Park in Mogila around 300 m distant from the traffic lane; Locality I — Planty (the green zone)
at Gertrudy street near the busy street; Locality III — Bednarski Park in Podgorze around 200 m distant from
the main road.

The significant differences of the Cd, Pb, Ni, Fe and Zn contents as well as in the
density and the diversity of the mesofauna were noted. The acceptable content of the
metals in the soil containing anthropogenic pollutions according to Kabata-Pendias et al
[4] are 70 mg Pb, 150 mg Zn and 1 mg Cd/kg. In the soil of the localities analyzed the
instance of exceeding of the acceptable content of the metals was detected only in
relation to lead (locality II) and cadmium (Table 2).
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Table 2
Contents of heavy metals [mg/kg] in the soils of the selected localities in Krakow
Locality I Locality IT Locality I1I
Metal
[mg/kg]

Cd 1.896 1.893 2.784

Pb 49.623 100.835 69.207

Ni 10.119 21.155 20.544

Cu 11.01 38.189 17.038

Fe 1074.122 774.836 544.58

Zn 7.173 13.637 9.475

* See Table 1.

The content of Cd in the soil in the localities I and II are almost equal (1.896 1 1.893
mg/kg accordingly), whereas in the soil in the III locality the highest (almost 3 times
higher than the acceptable content mentioned above) Cd content and at the same time
the lowest density and the diversity of the mesofauna were noted (Tables 2, 3).

Table 3
Comparison of mesofauna in the soils of the selected localities in Krakow
Selected parameters Locality I! Locality II Locality IIT
Abundance of pedofauna
[sp.no.per m?] 4280 920 510
Diversity
[number of taxonomic groups] 18 15 10
Index of domination Acarina 38.1 Collembola  35.9 Acarina 44.1
in the taxonomic groups [%] Collembola  30.6 Acarina 21.8 Collembola 13.7
Thysanoptera 9.7 Lumbricidae 11.4 Chilopoda 13.7

* See Table 1.

In the soil of Mogilski Grove, as the results concerning the mesofauna reflect, the
lowest concentration of Pb, Ni, Cu and Zn was detected. The highest density and the
diversity of the mesofauna were detected in above-mentioned locality (Tables 2, 3). In
the same locality the biggest number of iron in the soil were noted that is connected
with its nearest location from the main source of emission of the Fe-metallurgic
complex in Nowa Huta. However, this content of Fe has no significant impact on the
mesofauna analyzed. In the soil in the locality II (near the busy road) more than 2 times
bigger concentration of Pb, Ni, Zn and 3 times bigger in case of Cu in comparison with
the Mogilski Grove were determined. The density of the mesofauna was 4 time smaller
in the locality II than in the locality I (Tables 2, 3).
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Conclusions

1. As the research data show, cadmium is toxic in relation to the mesofauna that is
connected with the fact that the smallest density and the diversity were determined in
the soil with the biggest Cd content.

2. The results from the locality situated near the busy road confirm the negative
influence of the high concentration of Pb, Ni and Zn in relation to the pedofauna
(mesofauna). The biggest density and the diversity of the fauna analyzed were found in
the locality in which the smallest content of the Pb and Cd, Ni, Cu and Zn was noted.

3. The research did not show the important influence of the Fe concentration
determined for the mesofauna. The statistic of the probability correlation between the
content of each metal and the density of the mesofauna indicates the growth, but in case
of each metal analyzed p > 0.05.
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ODDZIALYWANIE METALI CIEZKICH ZANIECZYSZCZAJACYCH GLEBE
NA PEDOFAUNE WYBRANYCH PARKOW W KRAKOWIE

Instytut Biologii, Zaktad Ekologii, Badan Lowieckich i Ekoturystyki, Zaktad Zoologii,
Uniwersytet Pedagogiczny w Krakowie

Abstrakt: Zwigkszona zawarto$¢ metali w glebie moze niekorzystnie oddzialtywaé¢ na funkcjonowanie
podsystemu glebowego poprzez toksyczny wplyw na mikroflorg, rosliny, a takze pedofaung i funkcjonowanie
podsystemu glebowego. W celu oceny toksycznosci metali dla mezofauny glebowej wyznaczono 3 stan-
owiska badawcze, na ktorych zbadano jej zréznicowanie, zaggszczenie, a takze zawartos¢ Cd, Pb, Ni, Cu, Fe
i Zn w glebie. Zbadano réwniez wilgotnos¢, temperature oraz pH gleby. Odnotowano réznice w zawartosci
metali cigzkich oraz w zaggszczeniu i zréznicowaniu mezofauny. Stwierdzono takze toksyczny wplyw kadmu
na mezofaung. Nikiel i cynk ma wplyw na mezofaun¢ podobny jak kadm.

Stowa kluczowe: pedofauna, mezofauna, zaggszczenie, réznorodnosé, metale cigzkie
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Abstract: The aim of the study was to provide a current assessment of the Slovakian adults self-reported
dietary, and identify and analyze differences between females and males in anthropometries, food habits,
preferences and eating attitude. Data are from a cross-sectional survey of 1 400 adults (700 males and 700
females) from different regions of Slovakia. Participants reported their usual consumption of meat and milk
and their products, fruits and vegetables, legumes, sweets, and drinks. The study found that 34.05 % of
participants (38.14 % females, and 30.0 % males) had a normal weight, while in 21.86 % of males and
15.72 % of females (p < 0.01) prevailed light obesity. Participants reported their usual weekly consumption
(number of serves) of foods of vegetable and animal origin. The study found that 62.29 % of females were
met the weekly consumption of dairy products three times and more (p < 0.001). Males (59.14 %) preferred
consumption of pork meat at least once a week and beef (87.14 %). Consumption of poultry was law, with
83.86 % of all participants, having poultry meat at least once a week, 4.21 % eating rabbit meat and 20.43 %
having fish (at least once a week). Fresh fruit (p < 0.01) as well as vegetable (p < 0.001) consumed at least
three times a week more females than males (62 % and 42 % of females, respectively; p < 0.01). Age and
gender difference occurred for more measures, and there were some socio-economic status differences. On the
basis of the results of this study, it appears that a significant proportion of the Slovakian adults fall short of
current, national dietary and physical activity recommendations for adults. Continual monitoring of these
behaviours is essential to help inform research and policy and identify where future efforts should be directed.

Keywords: nutritional habits, food preferences, eating patterns, anthropometries, primary prevention, Slovak
inhabitants

The value of the long-term programme of improving public health status in the
Slovak Republic “Health for All in the 21st Century” lies in the fact that it represents
a model of complex health prevention and health care and its improvement, which was
developed according to current needs of medical fields including national health policy.
The Report on Public Health Status in the Slovak Republic suggests a positive outcome
of implementation of preventive programmes aimed at health promotion, although no
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significant changes were noted in the structure of mortality stratified according to death
causes. Five most common causes of death, like cardiovascular diseases, cancer,
external causes (accidents, intoxications, homicides, suicides etc.), respiratory diseases
and diseases of digestive system resulted in 95 % of all deaths. Cardiovascular diseases
and cancer account quantitatively for the most important causes of death. Trends in
mortality changes in the Slovak Republic are similar, to some degree, to those in the
European Union.

A trend of mortality due to cardiovascular diseases in the whole Slovak population is
sluggish. The incidence of heart attack is decreasing for all age categories, especially in
males at productive age. The highest mortality due to cardiovascular diseases in
both sexes at the age of 65 years and older was noted in southern and south-castern
regions of the Slovak Republic. This also applies to cerebrovascular diseases, ischemic
heart disease, and heart attack. A trend of age-specific mortality due to chronic heart
diseases did not almost change in the whole population in the last three decades [1].

The occurrence of non-infectious diseases depends in high range from lifestyle and
nutrition belongs also to these risk factors which can be influenced. To decrease the
influenced factors in whole population should result in decreasing of morbidity and
mortality of these non-infectious diseases [2]. Poor eating habits or exercise regimens
and lifestyle choices could lead to chronic disease later in life [3]. Monitoring and
evaluation of nutritional habits is very important step to form an opinion on healthy
status of population, identification of deficiency in human nutrition and following
intervention with the aim of the primary prevention of civilization diseases with the
respect of principles in the right human nutrition, mainly in the current national dietary
and physical activity recommendations for adults.

The aim of the study was to provide a current assessment of Slovakian adults
self-reported dietary, and identify and analyze differences between females and males in
anthropometries, food habits, preferences and eating patterns.

Material and methods

Approval to conduct the study was obtained from all appropriate ethics committees
as well as participants. Following an established protocols, members of the research
team administered the anonymous pencil-and-paper questionnaire to groups of up to
100, 200, 300, and maximum 400 adults on the given the region of Slovakia under their
free-time under exam conditions. To ensure that disproportionate sampling did not bias
the prevalence estimates, data were weighted by age, gender, and physical activity.

Nutritional habits, food repertoire and anthropometric measurements were assessed
in 1400 randomly selected Slovak inhabitants, aged from 25 to 75 years, from different
regions of Slovakia. Participants’ age was recorded at last birthday. The study recruited
700 females and 700 males (the age of 345 females and 350 males was less than 50
years and 355 females and 350 males were at least 50 years).

With the aim, overweight and obesity prevalence examined by body mass index
(BMI) was evaluated in all participants [4].
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Waist-to-hip ratio (WHR) was calculated by dividing waist circumference (measured
I inch ie 2.54 cm above the umbilicus) by hip circumference (measured at the
maximum girth over the buttocks). According to waist-to-hip ratio was in the obese
participants: the gynoid (in the case of WHR less than 0.85 by females and less than
1 by males) and android (in the case of WHR at least 0.85 by females and at least 1 cm
by males) health risk detected [5].

Waist circumference (measured in cm) was used to make a survey of risk of
metabolic complications of obesity: adequate risk at the waist circumference less than
80 cm and less than 94 cm by females and by males, respectively; increased risk at the
80 cm and more by females and 94 cm and more by males; very high risk at the
minimum 88 cm by females and minimum 102 cm by males [4].

The questionnaire and food frequency questionnaire, which were used to analyze of
the nutritional habits of subjects, were composed at the Department of Human Nutrition
in Nitra. The data were collected during the year 2007. Evaluation of ingested food was
given according to the energy intake of 150—160 kJ (35/38 kcal) per kg a day [6-9].

The statistical evaluation and differences between females and males were analyzed
using Statgraphics software. Differences between males and females were evaluated by
using t-test and chi-quadratic test.

Results and discussion

A total of 1 400 adults agreed to participate in this study from different regions of
Slovakia. Data from all participants aged between 25 and 75 years were analyzed.
A summary of the demographic profile of the sample is shown in Tables 1 and 2.

Table 1
Demographic profile of the sample (n = 1400)
Age group Female Male All
[years] n (%] n [%] n [%]
To 50 345 49.29 350 50.00 695 49.64
50 and more 355 50.71 350 50.00 705 50.36
All 700 100.00 700 100.00 1400 100.00
Table 2
Demographic profile of the sample
Age group Female Male All
[years] n [%] n [%] n [%]
25-35 143 20.43 142 20.29 285 20.36
36-45 144 20.57 144 20.57 288 20.57
46-55 143 20.43 143 20.43 286 20.43
56-65 138 19.71 134 19.14 272 19.43
66-75 132 18.86 137 19.57 269 19.21
All 700 100.00 700 100.00 1400 100.00
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Table 3 and Table 4 show a summary data of the antropomethric parameters of the
participants, both males and females.

As shown in Table 3 and Table 4 the normal weight was observed in 34.07 % of
respondents (38.14 % of females and 30 % of males). The overweight was higher with
males contrary to females (21.86 % of males vs 15.72 % of females), (p < 0.01), where
in both sexes prevailed light obesity. According to BMI, obesity prevailed in males
(21.86 %) rather than with females (53.29 %).

The proportion of obesity was observed rather in the age group of 50 years and more,
both males and females. The waist-hip circumference ratio (WHR) has been used to
assess distribution of adipose tissue.

The WHR has been reported to be strongly associated with visceral fat, although
waist circumference alone may be a better predictor of visceral fat deposition than
WHR [2, 10, 11]. The significance of level of visceral (omental and mesenteric) adipose
tissue is its reported relationship to higher risk for chronic disease. In response to the
evidence supporting waist circumference as a predictor of morbidity and mortality from
chronic disease. WHO has published a waist circumference scale to classify overweight
and obesity [12]. According to this, in about 52.09 % of participants the gynoid obesity
was observed (44 % in the age of less than 50, and 16.94 % in the group of females in
the age of 50 and more). In males, the android obesity was higher at the age less under
50 years than over (p < 0.001).

As presented in Table 5, males met the recommended weekly requirement of
consumed type of meat. Males were more likely than females to consume pork meat
(p < 0.001) and beef (p < 0.01), and poultry, however, there was not significant age
differences.

Table 5

Quantity of consumed meat [g], fish [g] and eggs [pieces] a week (average + SD)

Consumption
Meat
Females Males

Pork 180.88 £ 176.44 234.01 £260.07
Beef 70.38 £98.75 95.45+£176.84
Poultry 223.69 £ 167.68 235.32 £265.64
Fish 62.93 £81.53 64.42 £108.27
Another meat (lamb...) 2.87 £ 28.00 4.10 £ 29.74
Game 6.16 £27.00 6.27+21.91
Eggs 2.78+3.42 3.24+3.74

It was reported eating only 62.93 g of fish (females) and 64.42 g (18.29 % males) at
least once per week. The proportion of participants consuming the recommended
amount of meat decreases with age. Fish never consumed 7.21 % of participants. It was
observed that fish consumption rapidly decreased within the last six years, and it is
prevailed in females rather than males [2].
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The consumed meat amount was evaluated according to the basket of foods [8],
which was arranged for one week and supply daily intake of 10 800-11 340 kJ
(2400-2700 kcal), or 150150 kJ (35/38 kcal) per kg body weight a day, respectively.
According to this, it was observed higher intake of pork meat and poultry, namely in
males, and full insufficient intake of fish, which is associated also with low intake of
unsaturated fatty acids.

As shown in Table 6, females reported eating dairy products at least three times in
week (p < 0.001). Females were more likely than males to consume yogurts, both
low-fat and creamy. Males reported consuming low-fat curd and curd classic, in the
amount of 3.43 g and 46.52 g per week, respectively. The similar consumption was
observed also in other types of fermented liquid milk products, such as kefir,
acidophilus milk, etc. Around 15 % of respondents do not consume fermented milk
products at all. Milk was relatively popular in all age categories, but consumption of
cheese was lowest among individuals aged 65 years and older. It seems, that a high
price of the cheese products may play a significant role.

Table 6

Quantity of consumed dairy products [g] a week (average + sd)

Dairy products

Female

Male

Yogurt low-fat

Yogurt creamy

Curd low-fat

Curd

Kefir, acidophilous milk
Cream

Cheese low-fat

Cheese

Processed cheese low-fat
Processed cheese
Cottage cheese

Others

174.22 £268.30
164.63 £278.13
30.43 £90.25
45.40 +£102.82
149.50 +277.23
82.34 +131.38
62.47+£129.12
139.19 £208.50
89.75 £ 156.46
159.35£233.28
28.21£93.71
13.62 £63.13

124.22 £227.22
153.29 £322.32
3343 +£11291
46.52 £ 112.35
151.42 £ 278.83
77.86 £167.43
5095+ 113.84
137.18 £211.18
63.47 £135.80
186.30 £ 265.70
29.74 £95.32
13.90 £ 67.88

It is generally known, that milk and milk products are rich in bone minerals, which
are normally found in the skeleton and gives an outline of the normal physiology and
metabolism of bone. The adult skeleton contains about 1 kg of calcium and is in
equilibrium with the plasma calcium at a concentration of about 2.25-2.60 mmol/dm®.
A large number of factors control calcium balance. The mount of calcium within the
skeleton changes with age, according to size and composition, increasing during growth
and declining with the bone loss of later years [13].

As Table 7 and 8 indicate, any of adults did not meet the recommended daily
requirement of four or more serves of vegetable (p < 0.001) and fresh fruits (p < 0.01).
Only 56.28 % of respondents wee more likely to consume at least one (maximum four)
serves per week, however, there was no significant age difference. The same percentage
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of both females and males reported eating one to four weekly serves of fruit. Females
were more likely than males to achieve this. The proportion of adults consuming the
recommended amount of fruits and vegetables decreased with age [13].

Table 7
Quantity of consumed fruit [g] a week (average = SD)
Fruit Female Male
Apple 523.09 + 545.67 487.57 £ 470.57
Peer 49.10 + 126.90 61.28 +183.53
Citrus fruit 273.22 £412.02 255.61 £359.29
Banana 173.19 £238.24 172.99 £ 251.76

65.95+£292.98 39.79 £107.70
43.64 £126.23 29.73 £ 113.62
58.99+£195.72 33.53£81.41

Grape 66.81 £290.47 57.99 £157.41
31.53 £100.46

Plum, apricot, peach
Cherry, sour cherry, Cornelian cherry

Strawberry, raspberry, ribese, gooseberry

Bilberries, cranberries, pineapple 30.06 + 86.81

Table 8

Quantity of consumed vegetables [g] a week (average £ SD)

Vegetables Female Male

Potato 374.41 £361.44 454.46 +409.85
Tomato 252.37+£301.67 225.32 £286.91
Paprika 169.03 +244.74 169.63 £234.52
Cucumber 143.79 £ 181.87 141.33 £ 188.57
Cabbage 105.25 + 146.36 105.86 £ 154.33
Carrot 209.46 +249.57 185.23 £241.20
Onion, garlic, leek, chive 242,72 £272.11 222.20 +£24291
Broccoli, cauliflower 60.16 = 74.74 4795+ 11791
Cole, spinach, lettuce 50.06 £ 67.51 40.57 £ 86.03

Radish, mangold , kohlrabi, parsley 88.87£174.58 7391 £118.35
Others 3.82+29.37 3.18 £30.13

Fresh fruit (p < 0.01) as well as vegetable (p < 0.001) consumed at least three times a
week more women than men (62 % and 42 % of females versus 54.71 % and 30.14 %
of males respectively; p < 0.01).

As presented in Table 9, consumption of legumes is absolutey insufficient in both
groups of participants.

Around 32 % of participants reported consuming legumes at least ones a week. When
combined, only 20 % of participants usually consumed three serves of legumes per
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month. There were not observed any significant differences between males and females.
Consumption of legumes was generally low and increases with age. Consumption of
potatoes was also lower in all age categories, while that of pastes was too high. The
weekly consumption of sweet and sweetened beverages was excessively high.

Table 9

Quantity of consumed legumes [g] a week (average £ SD)

Legumes Female Male
Bean 64.88 £73.26 62.93 £71.86
Pea 55.53+£96.71 50.42 £57.15
Lentil 60.22 £103.35 55.00 £ 73.47
Soya 22.30 = 80.54 18.83 £ 63.84
Garbanzo and others 3.68 £ 14.68 6.28 £44.03

Age and gender difference occurred for more measures, and there were some
socio-economic status differences. Insufficient consumption of fruit, vegetable and
legumes may lead into depression not only some vitamins but also dictary fiber. Lack of
dietary fiber can be associated with other chronic diseases, such as breast cancer, colon
cancer, etc it seems that population of Slovakia will need to improve their knowledge
about healthy lifestyle [11]. With regard to prevention of obesity and diabetes mellitus
type 2 is consumption of food with lower glycemic index preferable [16].

In the study were evaluated several eating aspects, which showing different
inadequacies in nutrition and possible risks (including low consumption of fish etc.).
Rational diet is very necessary to fully support human health and primary to prevent
nutrition associated civilization diseases [15]. Lifestyle refers to subject’s behavior
resting upon the interaction of environmental conditions, personal characteristics, social
factors and economic factors. A healthy lifestyle serves as one of the priorities of the
programme of NATIONAL HEALTH PROMOTION PROGRAMME aiming at public
education in health issues. By combining health education and effective health
promotion strategy, one can achieve improvement in public health. Public health
awareness: The most recent survey of public health awareness and behavior in the
Slovak Republic suggested that 78 % of men and 72 % women regarded their health
status as good, and that women suffered from long-term diseases more than men. The
most prevailing conditions in elderly men and women include cardiovascular diseases
followed by cancer, while allergy predominates in a younger population. Sixty percent
of respondents believe that their life expectancy can be modified by the way they live
and care about their health. Ninety percent of respondents from all age categories
reported indolence as the main cause of their unhealthy lifestyle.

Conclusion

On the basis of the results of this study, it appears that a significant proportion of the
Slovakian adults fall short of current, national dietary and physical activity recom-
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mendations for adults. Continual monitoring of these behaviours is essential to help
inform research and policy and identify where future efforts should be directed.
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ZAGROZENIA W NAWYKACH ZYWIENIOWYCH
LUDNOSCI SLOWACJI

Abstrakt: Celem pracy bylo zbadanie diety dorostych Stowakow, okreslenie réznic w pomiarach antropo-
metrycznych, nawykach i preferencjach zywieniowych wystgpujacych migdzy kobietami i me¢zczyznami.
Uzyskane dane pochodza z badan przekrojowych, ktérymi objeto 1400 dorostych osob (700 mezczyzn i 700
kobiet) zamieszkujacych w réznych rejonach Stowacji. Uczestnicy badan byli pytani o ilo§¢ spozywanego
migsa, mleka i produktow mlecznych, owocow i warzyw, roslin straczkowych oraz stodyczy i napojow.
Badania wykazaly, ze prawidlowa masa ciata wystgpowala u 34,05 % oséb (38,14 % kobiet i 30,0 %
mezezyzn). U 21,86 % mezezyzn 1 15,72 % kobiet (p < 0,01) wystgpowala lekka otylos¢. Uczestnicy badan
podali ilo$¢ spozywanych produktow zwierzgcych i roslinnych w ciagu jednego tygodnia (liczba dan).
Badania wykazaly, ze 62,29 % kobiet spozywa produkty nabialowe trzy lub wigcej razy w tygodniu
(p < 0.001). Mezczyzni (59,14 %) spozywali wieprzowing i wotowing (87.14 %) jeden lub wigcej razy
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w tygodniu. Sposrod uczestnikoéw badan 83,86 % o0sob spozywato drob, 4,21 % migso krolikow i 20,43 %
migso ryb co najmniej raz w tygodniu. Swieze owoce (p < 0.01) i warzywa (p < 0.001) byly konsumowane co
najmniej 3 razy w tygodniu — czgsciej przez kobiety niz przez mezczyzn (62 % kobiet i 42 % mezczyzn;
p < 0.01). Roéznice zwiazane z plcig i wiekiem wystapity rowniez w przypadku innych badanych cech.
Roéznice te czgsto byly zwiazane ze statusem spoteczno-ekonomicznym. Przeprowadzone badania wykazaty,
ze znaczna czg¢$¢ dorostych Stowakoéw zaniedbuje prawidlowa dietg i aktywnos¢ fizyczna. Ciaglty monitoring
tych zachowan jest niezbedny dla ksztattowania polityki oraz rozpoznania kierunkéw przysztych dziatan.

Slowa kluczowe: nawyki zywieniowe, preferencje zywieniowe, modele zywienia, antropometria, profi-
laktyka, mieszkancy Stowacji
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Abstract: The aim of the study was to collect and analyse information on dietary patterns, to find out and
assess anthropometric measurements and evaluate differences between age groups among with 204
schoolchildren (110 girls and 94 boys), aged 9 to 14 years, from Slovak city Nitra (average age 11.40 £ 1.62
years). Data were compared between two age groups: schoolchildren aged 9 to 11 years (52.45 % of pupils)
and 12 to 14 years (47.55 % of pupils). Body fat content was in the younger group 29.28 = 7.19 %
(11.91 + 5.10 kg) and in the older age group 22.04 + 6.55 % (11.84 + 5.15 kg). 18.69 % of younger and
30.93 % of older children do not eat breakfast regularly (p < 0.05) and even 14.02 % of younger group and
23.71 % of older group do not eat breakfast at all. The most frequently eaten meat by those children is poultry;
just small share of participants (14.95 % and 16.49 %) is consumed fish almost every week. Less than once
a week or never drink milk 17.75 % of younger and 14.44 % of older children. Markedly negative founding is
fairly deficient (less than once a week) of fruit intake in 5.61 % and 10.31 % of children; as well as vegetable
consumption in 14.02 % and 21.65 %; further, legumes consumption (less than twice a month) in 27.10 % and
36.08 % of children.

Keywords: dietary patterns, food preferences, anthropometries, schoolchildren, Slovak Republic

A school-age child begins to make food choices independently, with more peer
influence and less parental supervision. It is a period of few apparent feeding problems.
Appetite and food intake will naturally increase with the added activities of school and
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play. Adolescents who are misinformed about their nutritional needs and who make
independent food choice are at risk for developing nutritional deficiencies [1].

Material and methods

The aim of the study was to collect and analyse information on dietary patterns, to
find out and assess anthropometric measurements and evaluate differences between age
groups among with 204 schoolchildren (110 girls and 94 boys), aged 9 to 14 years
(Table 1), from Slovak city Nitra (average age 11.40 £+ 1.62 years). The questionnaire
used in the study was designed by Babinska et al [2] and adapted at the Department of
Human Nutrition in Nitra. It was used to analyze the dietary patterns of subjects.
Children’s parents completed a questionnaire about food habits. The data were collected
in May and in June 2008. Participants’ age was recorded at last birthday. An overweight
and an obesity prevalence examined by body mass index (BMI) were evaluated in
randomly selected group of pupils. Height and weight were measured and body mass
index was calculated [kg - m2].

Table 1
Age composition of analyzed set (n = 360)

Age n [%] n [%]

9 years 33 16.18
10 years 38 18.63 107 52.45
11 years 36 17.65
12 years 23 11.27
13 years 58 28.43 97 47.55
14 years 16 7.84

Sum 204 100.00 204 100.00

Based on the data on height and weight we evaluated a Quetelet index — body mass
index (BMI), according to following formula: BMI = mass [kg] - height [m] >

Waist and hip circumference was measured [cm]. Anthropometric parameters and
information on dietary patterns were compared between two age groups: 107 school-
children aged 9 to 11 years (52.45 % of scholars) and 97 children aged 12 to 14 years
(47.55 % of scholars). The younger group compounded of 57 girls (53.27 %) and 50
boys (46.73 %), and older group compounded of 53 girls (54.64 %) and 44 boys
(45.36 %). Statistical analysis was performed using Statgraphics Centurion software.
The statistical significance of differences was tested by X2 test.

Obtained information on nutrition habits of children from Nitra were compared with
study on nutrition habits of 1000 children (476 boys and 524 girls) aged 6 to 16 years
(average age was 10.8 + 3.1 years), from whole Slovakia (ten districts — Banska
Bystrica, Bardejov, Cadca, Komarno, Levice, Nove Zamky, Nitra, Presov, Stara
Lubovna, Ziar nad Hronom) [2, 3].
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Results and discussion

Body fat content was in the younger group 29.28 + 7.19 % (11.91 £ 5.10 kg) and in
the older group 22.04 + 6.55 % (11.84 + 5.15 kg). Body fat content in girls group was
25.70 £ 6.75 % and in boys group was 25.99 + 8.86 %, what is above upper limit of
recommended range (16 to 22 % for girls and 14 to 20 % for boys, aged 7 to 17 years)
in both cases [4]. Most of the children (71.82 % girls and 71.28 % boys) had body fat
content above upper limit of mentioned ranges (Table 2). Last years we can see obesity
increase also in children, which in consideration of its high prevalence and numerous
complications it becomes increasingly serious health problem of childs age in developed
countries including Slovakia [5, 6]. Another anthropometric features of children are
mentioned in Table 3.

Table 2
Body fat [%]
Girls (n=110 Boys (n =94) Sum (n =204)
Body fat o Body fat o o
%] n [%] %] n [%] n [%]
<16.0 7 6.36 <14.0 8 8.51 15 7.35
16.0-19.0 12 10.91 14.0-17.0 9 9.57 21 10.29
19.1-22.0 12 10.91 17.1-20.0 10 10.64 22 10.78
>22.0 79 71.82 >20.0 67 71.28 146 71.57
Table 3
Characterization of analyzed set (X £ s)
9-11 years 1214 years Sum
Parameter (n=107) (n="97) (n=204)
Age [years] 10.02 £ 0.80 12.92 £0.63 11.40 £ 1.62
Weight [kg] 40.18 +11.33 52.31£10.38 45.95+12.45
Height [cm] 146.03 £ 10.53 162.33 £8.78 153.78 £ 12.69
Body fat [%] 29.28+7.19 22.04+6.55 25.83+7.77
Body fat [kg] 11.91+5.10 11.84£5.15 11.88+5.11
Waist circumference [cm] 64.87+9.13 70.24 + 8.52 67.42+9.22
Hip circumference [cm] 80.94 + 9.06 88.75 £8.25 84.66 £ 9.50

Epidemiological research refers to connections between irregular alimentation and

increasing risk of obesity. Irregular food intake has also negative influence to a mental
activity, which has effect to a prosperity and behavior of child at school [7]. In major
part of the examinated children (83.82 %) the lunch has represented the biggest portion
of food, but 13.73 % move the major portion of food to suppertime (Table 4). The lunch
as the biggest portion of food is more typical for younger than older group (p < 0.05).
The children have consumed meal on average nearly 5 times a day (4.70 £ 0.80 times
girls and 4.66 £ 0.85 times boys per day).
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Table 4
Which portion of meal is the biggest?
9-11 years 1214 years Sum
Meal (n=107) (n=97) (n=204)
n [*] n [*] [*]
Breakfast 2 1.87 3 3.09 2.45
Lunch 95 88.79 76 78.35 171 83.82
Supper 10 9.35 18 18.56 13.73

We noticed by evaluating of main meals, that a regular consumption of breakfast was
determined in 67.29 % of younger schoolchildren and in 45.36 % of older children
(p < 0.05) (Table 5). Important detection is, that 18.69 % of younger and 30.93 % of
older children did not eat breakfast regularly (p < 0.05), and even 14.02 % of younger
group and 23.71 % of older group did not eat breakfast at all, eventually they drank only
a tea. Breakfast can be an important meal for adults and children alike. The school lunch
program was establish to provide a third of the recommended dietary allowance.
Home-prepared lunches allow for increased variety [1].

Table 5
Consumption of main meals and its regularity
9-11 years 12-14 years Sum
Consumption (n=107) n=97) (n=204)
n [%] n [%] n [%]
Breakfast
Mostly regularly 72 67.29 44 45.36 116 56.86
Mostly irregularly 20 18.69 30 30.93 50 24.51
Do not have breakfast at all or only tea 15 14.02 23 23.71 38 18.63
Lunch

Regularly complete lunch in canteen 81 75.70 52 53.61 133 65.20
Regularly complete lunch at home 20 18.69 39 40.21 59 28.92
Irregularly at home or in canteen 6 5.61 6 6.19 12 5.88
Regularly fast food from snack bar*

instead of lunch 0 0.00 0 0.00 0 0.00

Supper

Daily hot supper or nearly daily 61 57.01 50 51.55 111 54.41
Mostly cold supper 41 38.32 37 38.14 78 38.24
Irregular supper 4.67 10 10.31 15 7.35
Do not have supper at all 0 0.00 0 0.00 0 0.00

* Hot-dog, hamburger, baguette...

In comparison with study of children from whole Slovakia [2, 3] we detected
insignificant lower portion of children, which regularly consumed breakfast (56.86 % in
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comparison with 61.7 % of children from whole Slovakia, p > 0.05) and on the contrary
slightly more portion of children, which irregularly consumed breakfast (24.51 % versus
21.1 % children from ten districts of Slovakia, p > 0.05), and did not have breakfast at
all (18.63 % versus 17.2 %; p > 0.05).

The 18.69 % and 40.21 % of children (p < 0.01) have consumed regularly complete
lunch at home; 75.70 % and 53.61 % of children from individual age groups in school
canteen (p < 0.01). Regularly lunch have consumed 94.12 % of examined children, ie
less than in the study from whole Slovakia (95.2 %; p = 0.05). In the study from whole
Slovakia 0.4 % children had lunch in snack bar, but we did not determine any case.

Regularly supper have consumed 95.33 % and 89.69 % of children of younger and
older age group. Mostly cold supper have eaten 38.32 % and 38.14 % of children. More
children from Nitra have consumed supper regularly (92.65 %) in comparison with
children from whole Slovakia (90.7 %) (p > 0.05). Irregular consumption of supper was
determined mostly in older group from Nitra (p > 0.05). In the study from ten districts
of Slovakia was irregular supper more typical for girls.

We noticed by evaluating of snacks, that the most children (52.34 % younger and
43.30 % older children) have consumed for snack fruit or dairy products sporadically
(versus 43 % in study from whole Slovakia), regularly have consumed this foodstuff
40.69 % (versus 45.1 % in study from whole Slovakia; p > 0,05) (Table 6).

Table 6
Consumption of snacks and its regularity
9-11 years 12—14 years Sum
Consumption (n=107) (n=97) (n=204)
n [%] n [%] n [%]
Morning snack
Regularly fruit, vegetable or dairy products 46 42.99 37 38.14 83 40.69
Irregularly fruit, vegetable or dairy products 56 52.34 42 43.30 98 48.04
Regularly sweets or fastfood from snack bar* 3 2.80 16 16.49 19 9.31
Do not have snack at all 2 1.87 2 2.06 4 1.96
Afternoon snack
Regularly fruit, vegetable or dairy products 38 35.51 28 28.87 66 32.35
Irregularly fruit, vegetable or dairy products 54 50.47 46 47.42 100 49.02
Regularly sweets or fastfood from snack bar* 9 8.41 12 12.37 21 10.29
Do not have snack at all 6 5.61 11 11.34 17 8.33
Second supper
Regularly fruit, vegetable or dairy products 43 40.19 26 26.80 69 33.82
Do not have second supper at all 54 50.47 45 46.39 99 48.53
Regularly bread, cheese, sweets or nuts 10 9.35 26 26.80 36 17.65

* Hot-dog, hamburger, baguette...

Only 1.96 % children did not have snack at all, which is surprising and positive result
(similar result 1.8 % was determined in study Babinska et al [2]). For afternoon snack
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fruit, vegetable or dairy products have regularly consumed 35.51 % and 28.87 % (p =
0.05), while sporadically have eaten at afternoon snack time 50.47 % and 47.42 % of
children according to age.

Babinska et al [2] quotes, that 91.7 % children usually have afternoon snack, thereof
40.3 % (versus 32.35 % Nitra’s schoolchildren) (p < 0.05) regularly and 47.6 % (versus
49.02 % pupils from Nitra) irregularly have consumed fruit, vegetable or dairy products.

Second supper has not eaten 50.47 % of younger and 46.39 % of older children.
Fruit, vegetable or milk products have regularly eaten 40.19 % pupils from younger and
26.8 % from older group (p < 0.05) for second supper. According to Babinska et al [2],
mostly younger children have consumed regularly fruit, vegetable or dairy products for
second supper, likewise in our experimental set.

The most frequently eaten meat by those children is poultry; just small share of
participants (14.95 % and 16.49 %) is consumed fish almost every week.

The meat has not been eaten at all by 3.43 % examined children (Table 7), what are
about 1.93 % more children than in whole Slovakia study (p > 0.05). Preferred type of
meat has been poultry, which have consumed up to 88.73 % pupils from Nitra and
92.8 % from whole Slovakia (p < 0.05). Then follows a pork, which is usually eaten by
63.73 % of pupils (versus up to 81.6 % pupils from whole Slovakia) (p <0.001). A beef
is not eaten by 62.25 % of children from Nitra and 49.4 % from whole Slovakia
(p < 0.001).

Table 7
Consumption of meat
9-11 years 1214 years Sum
Meat (n=107) n=97) (n=204)
n [%] n [%] n [%]
Poultry 97 90.65 84 86.60 181 88.73
Pork 70 65.42 60 61.86 130 63.73
Beef 45 42.06 32 32.99 77 37.75
Do not eat 2 1.87 5 5.15 7 3.43

Weekly average intake of poultry meat has been 2.48 + 1.02 times in younger and
2.26 £ 0.91 times in older group from Nitra (versus 1.8 times weekly in children from
ten districts of Slovakia). Pork was consumed 1.65 + 0.85 times in younger and
1.74 £ 0.90 times in older children weekly (versus 1.8 times in study from whole
Slovakia) and beef was consumed 1.62 + 0.91 times in younger and 1.34 + 1.04 times in
older group monthly (versus 2 times monthly in whole Slovakia study).

At least one time a week 15.69 % of pupils from Nitra have consumed fish, within
the whole Slovakia it was 13.7 % (p = 0.05) of such pupils (Table 8). Fish meat have
included one to three times monthly into menu 41.67 % respondents (in comparison
with 54.9 % children from whole Slovakia). Most of the examined children from Nitra
have consumed fish even less than once a month (42.65 % from Nitra versus 31.2 %
from whole Slovakia; p < 0,01).
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Table 8
Fish consumption
9-11 years 12—14 years Sum
Frequency (n=107) (n=97) (n=204)
n [%] n [%] n [%]
Every week 16 14.95 16 16.49 32 15.69
1 to 3 times per month 46 42.99 39 40.21 85 41.67
Less than once per month 45 42.06 42 43.30 87 42.65

In a milk consummation monitoring was found, that daily drink milk 60.75 % and
64.95 % of children in quantity 0.31 + 0.18 and 0.40 + 0.31 dm’ in younger and older
group. Daily the milk have drunk 62.75 % of all children and 7.35 % have not drunk the
milk at all (Table 9). Something more children from older group have drunk it more
than younger pupils (p > 0.05). Less than once a week or never drink the milk 17.75 %
of younger and 14.44 % of older children. In the milk consumption at least once a week
(83.83 % versus 71.5 %; p < 0.001) we have noticed statistically significant difference
between children from Nitra and whole Slovakia, but not in daily consumption of the

milk (62.75 % versus 62.6 %; p > 0.05).

Table 9
Consumption of milk, dairy products and cheese
9-11 years 1214 years Sum
Consumption (n=107) (n=97) (n=204)
n [%] n [%] n [%]

Milk consumption
Daily 65 60.75 63 64.95 128 62.75
1 to 6 times per week 23 21.50 20 20.62 43 21.08
Less than once per week 12 11.21 6 6.19 18 8.82
Do not drink at all 7 6.54 8 8.25 15 7.35

Dairy products consumption

Daily 55 51.40 49 50.52 104 50.98
1 to 6 times per week 47 43.93 41 42.27 88 43.14
Less than once per week 5 4.67 7 7.22 12 5.88

Cheese consumption
Daily 30 28.04 27 27.84 57 27.94
1 to 6 times per week 59 55.14 50 1.55 109 53.43
Less than once per week 14 13.08 15 15.46 29 14.22
Do not eat at all 4 3.74 5 5.15 9 441

Dairy products (besides cheese) have consumed daily by around half of the children
from both groups (51.40 % and 50.52 %; p > 0.05); and cheese has consumed more than
quarter of children (28.04 % a 27.84 %). Daily dairy products have consumed almost
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same part of children from Nitra and whole Slovakia (50.98 % versus 49.2 %; p > 0.05).
Children from Nitra have eaten daily 1.31 + 0.61 pieces (in younger group)
and 1.73 + 0.81 pieces (in older group) of dairy products. In daily consumption of
cheese was not significant differences between younger and older group, but between
children from Nitra and whole Slovakia are differences (p > 0.05). Cheese was daily
included into the menu by 27.94 % and 22.7 % of children from these experimental sets
(Nitra and whole Slovakia).

Markedly negative founding is fairly deficient (less than once a week) of fruit intake
in 5.61 % and 10.31 % of children; as well as vegetable consumption in 14.02 % and
21.65 %; further, legumes consumption (less than twice a month) in 27.10 % and
36.08 % of children (Table 10). At least once a day have consumed fruit and vegetable
statistically insignificantly more younger than older pupils, but statistically significantly
more children from whole Slovakia than from Nitra in case of fruit, and more children
from Nitra in case of vegetable consumption (p < 0.001). Daily 65.5 % of children from
whole Slovakia have included fruit into diet and vegetable 25.9 %. Alarmingly,
insufficient intake of legumes (less than twice a month) was sharply noticed in older
pupils and in case of children from Nitra (31.7 % versus 26.0 %), but differences
between groups, divided according to gender and region, were not statistically
significant (p = 0.05). Consumed amount of fruit and vegetable was not evaluated.

Table 10
Fruit, vegetable and legumes consumption
9-11 years 12—14 years Sum
Consumption (n=107) (n=97) (n=204)
n [%] n [%] n [%]
Fruit consumption

Minimally once per day 61 57.01 54 55.67 115 56.37
Minimally once per week 40 37.38 33 34.02 73 35.78
Less than once per week 6 5.61 10 10.31 16 7.84

Vegetable consumption
Minimally once per day 50 46.73 42 43.30 92 45.10
Minimally once per week 42 39.25 34 35.05 76 37.25
Less than once per week 15 14.02 21 21.65 36 17.65

Legumes consumption
Minimally 2 times per week 23 21.50 23 23.71 46 22.55
Almost every week 55 51.40 39 40.21 94 46.08
Less than 2 times per month 29 27.10 35 36.08 64 31.37

Sweets eat daily more than half of children from both groups (58.88 % and 62.89 %)
(Table 11). Insufficient daily intake of sweets in our and compared experimental sets
concerned 60.78 % of children from Nitra and 55.2 % children from whole Slovakia.
Significant differences between Nitra and whole Slovakia sets, as well as between
younger and older pupils within Nitra set was not determined (p > 0.05).
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Table 11
Sweets and drinks consumption
9-11 years 12—14 years Sum
Consumption (n=107) (n=97) (n=204)
n [%] n [%] n [%]
Sweets consumption
Almost never 1 0.93 0 0.00 1 0.49
3 times per month and less 4 3.74 2 2.06 6 2.94
Minimally once per week 39 36.45 34 35.05 73 35.78
Daily 63 58.88 61 62.89 124 60.78
Drinks consumption
Perhaps 5 glasses 89 83.18 89 91.75 178 87.25
Less than 3 glasses 10 9.35 3 3.09 13 6.37
During a day forget to drink;
at an evening fill up 8 7.48 5 5.15 13 6.37

Incorrect fresh schedule (daily water intake less than 3 glasses or unequal splitting of
drinks during the day) has got 16.83 % of younger and 8.24 % of older children.
Similarly, in both groups we have not noticed significant differences in incorrect fresh
schedule defined by daily intake less than 3 glasses or unequal splitting of drinks during
the day and its evening refilling. This way is characterized fresh schedule in 12.74 %
children from Nitra and in 13.1 % children from whole Slovakia.

In the study is analyzed also intake of particular foodstuffs as for example honey
with children or biofoodstuffs in family. Honey is consumed often by 15.20 % of pupils
and never by 19.61 % children. Allergic to honey is 2.45 % children. Biofoodstuff is
never consumed in 49.02 % children’s families; thereof 21.57 % do not know them at
all, and occasionally are biofoodstuff consumed in 11.27 % children’s families.
According to Kretter [8] biofoodstuffs represent a new quality level in the supply of
foodstuffs. Their consumption in Slovakia is however minimal. The causes are price,
information and habit barrier.

According to observation and evaluation of nutrition habits of children from Nitra we
positively evaluate the poultry preference, which was observed in our experimental set,
as well as in the set from whole Slovakia. Selection of meat with lower content of fat is
important step to reduction of saturated fatty acids and also fats in total [3].

In the experimental set is very low intake of fishes and legumes, even more children
than in set from ten districts. According to actual recommendations for children with
this age, the optimal intake of fishes is twice a week. We positively evaluate daily
intake of fruit and vegetable in more children from Nitra’s district in comparison with
set of children from whole Slovakia.

From monitoring of frequency and preference of poultry meat and the fishes
consumption in 298 high scholars [9] we figured out, that poultry meat consumed the
most children, 2 to 3 times a week (46.98 % pupils) and once a week 33.89 %. Between
girls and boys were significant differences in preference of poultry meat (more girls
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have preferred it — 81.18 % girls and 68.75 % boys). Most of the older pupils included
the fishes into their diet only several times a year (34.40 % boys and 28.57 % girls).

Comparison of our results and results from Babinska et al [2, 3] with previous
epidemiologic studies of children nutrition manners in Slovakia at the end of nineties
years [10, 11] referred to ongoing irregular breakfast intake.

Bederova [12] declares, about evaluation of nutrition schedule of children and
adolescents (from elementary and high schools), that in meat intake dominated the pork
and permanent insufficient was the fish consumption.

In general, regular nutrition schedule and regular distribution of meals during a day
are considered as optimal for mental performance of a person [7, 13].

Conclusion

Results from our study provide information about actual problems in children
nutrition in Nitra, as well as comparison of nutrition habits of children from Nitra with
children from different districts of Slovakia. Overall, we can positively evaluate
preference of poultry meat in the experimental set of scholars from Nitra, and also daily
consumption of fruit and vegetable in major part of set. The most important observed
deficiencies are: the breakfast skipping and insufficient intake of fishes and legumes.
These factors can negatively influence nutritive value of food and consequently health
and nutritive conditions of child body and its mental performance.

An aim of dietary counseling is oriented to prevention of nutrition-related diseases,
which should be provided by pediatricians, and it should also include recommendations
for regular dietary patterns.
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NAWYKI W ZYWIENIU I PARAMETRY ANTROPOMETRYCZNE
U SLOWACKICH DZIECI

Abstrakt: Celem pracy bylo zebranie oraz analiza danych dotyczacych nawykéw zywieniowych, wybor
pomiaréw antropometrycznych oraz ocena réznic wystgpujacych miedzy dzie¢mi z réznych grup wiekowych.
W badaniach wzigto udziat 204 osoby (110 dziewczat i 94 chlopcow) w wieku szkolnym ($rednia wieku
11,40 £ 1,62 lat) mieszkajacych w stowackim miescie Nitra. Dzieci zostaty przyporzadkowane do 2 grup
wiekowych, mianowicie 9-11 lat (52,45 %) i 12-14 lat (47,55 %). Zawarto$¢ tkanki tluszczowej w grupie
miodszych dzieci wynosita 29,28 + 7,19 % (11,91 £ 5,10 kg), a w grupie dzieci starszych 22,04 £ 6,55 %
(11,84 £ 5,15 kg). Sposrod badanych dzieci 18,69 % mtodszych i 30,93 % starszych oséb nie spozywa
regularnie $niadan (p < 0,05). Wérod dzieci mtodszych 14,02 %, a wsrod dzieci starszych 23,71 % oséb
w ogole nie spozywa $niadan. Gléwnym rodzajem migsa spozywanego przez badana grupe dzieci jest migso
drobiowe. Tylko 14,95 do 16,49 % dzieci jada ryby raz w tygodniu. Sposrod mtodszych dzieci 17,75 %,
a sposrod starszych dzieci 14,44 % pije rzadziej niz raz w tygodniu lub w ogoéle nie pije mleka. Owoce
jedzone sa rzadziej niz raz w tygodniu przez 5,61 do 10,31 % dzieci. Warzywa jedzone sa rzadziej niz raz
w tygodniu przez 14,02 % dzieci mtodszych i 21,65 % dzieci starszych. Rosliny straczkowe sg spozywane
rzadziej niz 2 razy w miesigcu przez 27,10 do 36,08 % dzieci.

Stowa kluczowe: zwyczaje zywieniowe, preferencje zywieniowe, antropometria, dzieci szkolne, Republika
Stowacka
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Abstract: An aim of this work was to characterize microbial properties, a nutritional composition and an
antioxidant activity of Brassica napus subsp. napus L. bee pollen sample, which can be possibly used in
human nutrition. A plate diluting method was applied for quantitative cfu (colony forming units) counts
determination. The mean number of mesophilic aerobic sporulating microorganisms ranged 3.78-4.56
log cfu - g”', the number of mesophilc anaerobes sporulating microorganisms ranged 2.54-4.63 log cfu - g ',
the number of coliforms bacteria 0-3.74 log cfu - g 'and the cells number of Escherichia coli 0-3.71
log cfu - g'. The mean number of microscopic fungi ranged from 2.48 to 4.20 log cfu - g”'. The antioxidant
activity of bee pollen ranged from 1.25 to 1.93 I/l (in case of the freeze-dried and frozen bee pollen,
respectively). The highest total flavonoids content (128.33 mg - kg ') was occurred in the frozen pollen. The
highest value of the flavonoid kaempferol achieved in the dried bee pollen, whereas the freeze-dried form
contains the most of other three flavonoids (quercetin, luteolin, apigenin). The sum of proteins (average
251.13 + 33.06 g - kg'") decreased in the order: freeze-dried > dried > frozen bee pollen. The freeze-dried
form of pollen was characterized with the highest value of the calcium concentration, and the frozen treatment
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with the lowest content (2040 mg - kg ' versus 1800 mg - kg'). The zinc was presented in amount
36.97 + 4.15 mg - kg'. The most of the zinc was contained in the freeze-dried pollen.

Keywords: Brassica napus subsp. napus L. bee pollen, microbiological quality, bacteria, microscopic fungi,
antioxidative properties, nutritional composition

Honeybee-collected pollen is recognized as a well balanced food [1]. Bee pollen, ie
a floral pollen collected by a honey bee for its protein content, has been used as
a nutrient rich health food for many centuries [2], and its benefits have been widely
lauded [3-6]. The German Federal Board of Health has recently officially recognized
pollen as a medicine [4]. More specifically, the ingestion of bee pollen by rats has been
shown to decrease the level of the lipid oxidation products, malondialdehyde and
conjugated dienes, in the erythrocytes [7], thus suggesting the antioxidant role for bee
pollen. The same workers also demonstrated the immunostimulation activity on primary
and secondary levels of IgM and IgE in rabbits fed on bee pollen-containing diet for
1 month [8]. But there are no official international pollen standards, yet. The pollen is
collected by special pollen traps. Fresh, bee collected pollen contains about 20-30 g
water per 100 g. This high humidity is an ideal culture medium for microorganisms like
bacteria and yeast. For prevention of spoilage and for preservation of a maximum
quality the pollen has to be harvested daily and immediately placed in a freezer [9].

The aim of this work was to characterize the microbial properties, the nutritional
composition and the antioxidant activity of Brassica napus subsp. napus L. bee pollen
sample, which can be possibly used in human nutrition.

Material and methods
A. Bee pollen samples preparation

Samples of bee-collected pollen (Brassica napus subsp. napus L.) were obtained
from beekeepers, which respected qualitative criteria for gathering, drying and storing
as proposed by Bogdanov [9]. The samples were collected during the spring season
2007 from different regions of western Slovakia. The fresh bee pollen was stored at
-18 °C, 20 % moisture, approximately six months until analysed. The pollen samples
were dried (9-11 % moisture) approximately 8 hours at maximum temperature 35 °C.
The moisture was tested by thermogravimetric analyzer WPS 50SX/1 by RADWAG.
The lyophilized samples of bee pollen were dried in the table laboratory lyophilizator
LYOVAC GT 2 by Amsco/Finn-Aqua, 80 hours without heating, until 2 % moisture.
The drying process was realized without heating so the nutritive compounds of the
pollen were not changed.

B. Microbiological analysis

Determination of colony forming units (cfu) counts in pollen samples. The plate
diluting method was applied for quantitative cfu counts determination of respective
groups of microorganisms in 1 g of Brassica napus subsp. napus L. bee pollen sample.
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The gelatinous nutritive substrate in Petri dishes was inoculated with 1 cm’® of the
pollen samples by flushing on a surface, in three replications. The basic dilution (107"
was prepared as follows: 5 g of the pollen content was added to the test tube containing
45 cm’® of distilled water.

Media and culture conditions. The composition of nutritive substrates, for the total
mesophilic sporulating anaerobes and the aerobes bacteria, the coliforms bacteria, and
Escherichia coli, was according to the directions for use declared by the producer
(Biomark laboratories). The total mesophilic sporulating anaerobes bacteria were grown
on Meat Peptone agar (anaerobiosis), at 37 °C during 72 hours. The total mesophilic
sporulating aerobes bacteria were grown in Meat Peptone agar (aerobiosis), at 37 °C
during 72 hours. The coliforms bacteria were grown on Mac Conkey agar (acrobiosis),
at 37 °C during 24 hours. Escherichia coli were grown on Violet red bile agar
(aerobiosis), at 37 °C during 24 hours. The composition of these nutritive substrates was
according to the directions for use declared by the producer (Biomark laboratories). The
bacteria were determined according to Holt et al [10].

Isolation and morphological characterization of fungi. For determination of the
fungi colony-forming units (cfu) 5 g of the sample was soaked in 45 em® sterile
tap-water, containing 0.02 % Tween 80 and then 30 min shaken. The dilutions (from
107" to 107 ) in sterile tap-water with 0.02 % Tween 80 were prepared and 1 cm’
aliquots were inoculated on each of three plates of Czapek-Dox agar with streptomycin
(to inhibit the bacterial growth). Petri dishes were inoculated using the spread-plate
technique and incubated at 25 °C. The total fungi cfu - g counts in the samples were
determined after 5 days of incubation.

Malt agar and Czapek-Dox agar were used to isolate and identify individual genera
and species. After isolation, or in some cases monosporic isolation, individual species
were identified on the basis of their macro- and micromorphology in accordance with
other scientific reports [11-13].

C. Antioxidant activity

The antioxidative properties were evaluated using the voltammetric procedure based
on the protective effect of antioxidants against the oxidative DNA damage. The method
was employed using a disposable DNA biosensor fabricated as a screen-printed
electrode chemically modified by calf thymus double stranded (ds) DNA.

Preparation of the DNA biosensor: the working carbon electrode (SPE with 25
mm? geometric surface area) of the three-electrode screen-printed assembly (including
also silver/silver chloride reference electrode and carbon counter-electrode, FACH,
PreSov, Slovakia) was chemically modified in the laboratory by covering it with 5 mm?®
of the DNA stock solution and leaving it to dry overnight.

Use of the DNA-Based Biosensor: the procedure reported previously [14] was
exploited. Briefly, the new DNA sensor (DNA/SPE) was pretreated by immersion into
10 mmol/dm’ phosphate buffer, pH 7.0, for 15 min and rinsed with water. Then, the
[Co(phen)3]3+ marker was accumulated from 5 cm® of its 5 x 10~ mol/dm> solution in
0.010 mol/dm’ phosphate buffer under stirring for 120 s at an open circuit. The
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differential pulse voltammogram (DPV) was recorded immediately from +0.4 to —0.5 V
at the pulse amplitude of 100 mV and the scan rate of 25 mV/s using a computerised
voltammetric analyser ECA pol, model 110 (Istran, Bratislava, Slovakia), fitted with the
DNA/SPE assembly. With the software used, the current was measured with 2 mV scan
step at this scan rate. The marker DPV peak current (I)) at —0.130 V was evaluated
against the base-line using the standard software and was corrected by the subtraction of
the mean marker DPV peak current measured at the unmodified SPE (n = 10) under
identical conditions. Subsequently, the DNA/SPE was regenerated by the removal of the
accumulated [Co(phen)3]3+ ions from the DNA layer treating the sensor in the solution
of a high ionic strength (0.100 mol/dm’ phosphate buffer pH 7.0) under stirring during
120 s. The negligible marker peak current was checked by the DPV record in blank. The
peak current I, was obtained in triplicates.

The DNA damage and the antioxidative effects of the plant extracts were detected
after 5 min incubation of the sensor in the cleavage mixture (2 x 10™* mol/dm® FeSO,,
4 x 10* mol/dm® EDTA, 9 x 10 mol/dm® H,0,, in 0.010 mol/dm’ phosphate buffer
solution with 10 % methanol without or with the addition of the plant extract under the
application of the electrode potential of —0.5 V in aerobic conditions at room
temperature). The marker peak current I was obtained in triplicates using the marker
accumulation/measurement/sensor regeneration scheme as described above and employ-
ing the same DNA/SPE for the given composition of the cleavage mixture. The average
signals I, and I were calculated from the second and the third measurements. To
compensate for the differences in the properties of the individual strips of the
DNA-biosensor, the normalised (relative) signal value I/, was obtained which
represents the survived portion of the original DNA.

D. Total flavonoids and selected flavonoids analysis

HPLC determination of flavonoids. The chromatographic separation were perform-
ed on a Purospher Star RP-18e (Merck) column (250 x 4 mm L[.D., 5 um), protected by
a Merck Purospher Star (4 x 4 mm, 5 pum) guard column. The HPLC system consisted
of Shimadzu LC 10ADvp series pumping system, SPD 10AV/VP UV/VIS detector set
at 360 nmand C-R6A chromatography data station software. Two solvents were used
with constant flow rate 1 cm’/min.

The injection volume was 20 mm”. Solvent A consisted 0.05 % of TFA/methanol
(95:5, V/V), solvent B included methanol/0.05 % TFA (95:5, V/V). For the elution
program, the following proportions of solvents B were used: 0—15 min, 40 % B; 15-30
min, 40-55 % B; 30-35 min, 55-70 % B. The ethanolic extracts were injected under
this conditions as well as the mixture of authentic samples of quercetin, luteolin,
kaempferol and apigenin.

The correlation between antioxidant activity and content of flavonoids was analysed
using SAS 9.1.3 software.
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E. Minerals and proteins analysis

Minerals — calcium, zinc and total proteins were determined by standard methods in
the accredited analytic laboratories — BEL/NOVAMANN International Ltd. Nove
Zamky and EL Ltd. Spisska Nova Ves. The samples of pollen were homogenized, and
then they were further processed according to determined chemical compounds.

Zinc concentration was determined using electrothermal atomizer atomic absorp-
tion spectrometry (ETA-AAS). Determination of calcium in tested pollen samples
was realized by the inductively coupled plasma-atomic emission spectrophotometry
(ICP-AES) method.

For quantitative determination of proteins content in analysed pollen samples was
used Kjeldahl method.

Results and discussion

Microbiological analysis

The mean number of mesophilic aerobic sporulating microorganisms ranged 3.78—
~4.56 log cfu - g, the number of mesophilc anaerobes sporulating microorganisms
ranged 2.54-4.63 log cfu - g ', the number of coliforms bacteria 0-3.74 log cfu - g ' and
the cells number of Escherichia coli 0-3.71 log cfu - g'. The mean number of
microscopic fungi ranged from 2.48 to 4.20 log cfu - g’1 (Fig. 1). Five species of
microscopic fungi were isolated from Brassica napus subsp. napus L. bee pollen. The
most frequently microscopic fungi species were Alternaria alternata and Cladosporium
cladosporoides (Fig. 2).

From the ecological point of view should be mentioned, that microscopical fungi of
genus Cladosporium and Alternaria, which were mostly isolated from examined
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Fig. 1. The number of microorganisms in Brassica napus subsp. napus L. bee pollen [log cfu - g']:
MF — microscopic fungi, MAESM — mesophilc anaerobes sporulating microorganisms, MASM —
mesophilc aerobes sporulating microorganisms, CB — coliforms bacteria, EC — Escherichia coli
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Fig. 2. The prevalence of microscopic fungi in B. napus subsp. napus L. bee pollen samples [%]

samples, very often saprophyte on sweet products and honeydew. When these
microscopics fungi have suitable surroundings, they can multiply on these substrates as
much as possible, and then they cover them with sensorial visible black sediment
coatings [15].

The freshly collected bee pollen contains approximately 20 % of water, and this is
the reason why it can get mouldy. How big attention beekeeper gave to storage of bee
pollen, it is possible to find out from laboratory analysis. We expect that microscopic
fungi of genus Penicillium, Aspergillus, Mucor, Rhizopus and other can participate on
mouldy bee pollen. Therefore, amount of these microscopic fungi in degraded bee
pollen will be substantial higher. Dry bee pollen contains just a little water what averts
expansion of unwelcomed microscopic fungi.

Antioxidant activity, total flavonoids and selected flavonoids analysis

The antioxidant activity of the bee pollen samples ranged from 1.25 to 1.93 /], (in
case of freeze-dried and frozen bee pollen, respectively) (Table 1).

Table 1

The antioxidant activity of bee pollen compounds (I/1y)

Pollen Antioxidant activity (I/y)
Frozen 1.93 +0.02
Dried 1.83£0.02
Freeze-dried 1.25+£0.02

The dietary antioxidants, flavonoids and other components have been investigated
extensively [16—18], and it has been demonstrated that each constituent of floral pollen
possesses its own distinct flavonoid/phenolic HPLC profile [16, 18]. On the basis of the
findings by Campos et al [19], it is concluded that the free radical scavenging
effectiveness of a bee pollen is determined by its constituent pollens, and that the free
radical scavenging effectiveness of a bee pollen values for the constituent pollens are
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consistent (always the same) for each pollen species. Differences in the nature and
levels of the flavonoids and other phenolics would suggest that the effectiveness of
various floral pollens (and therefore of the bee pollen mixes) as antioxidants/free radical
scavengers may vary widely [19]. The free radical scavenging effectiveness values are in
large part determined by the free radical scavenging activity of the flavonoid/phenolic
constituents, although other constituents, perhaps proteins can contribute up to half the
activity. This activity can decrease significantly on storage (ageing), and it is therefore
proposed that the freshness of bee pollen may be determined from its free radical
scavenging capacity relative to that of fresh bee pollen with the same floral pollen mix.

The highest total flavonoids content (128.33 mg - kg ') was occurred in the frozen
pollen. The highest value of the flavonoid kaempferol achieved in the dried bee pollen,
whereas the freeze-dried form contains the most of other three flavonoids (quercetin,
luteolin, apigenin) (Table 2).

Table 2

The content of flavonoids in pollen [mg - kg™']

Flavonoids Pollen

[mg - kg'] Frozen Dried Freeze-dried
Quercetin 7.67£0.03 11.52 £ 0.04 16.89 +0.02
Luteolin 33.60 £ 0.52 37.59 £0.09 40.15+0.14
Kaempferol 57.13 £0.82 61.16 £0.39 57.08 £0.61
Apigenin 29.76 £ 1.33 17.70 £ 0.47 32.09 £0.69
Flavonoids 128.33 £2.05 115.33 £3.86 121.33 £3.30

There were observed the statistically significant strong dependence between anti-
oxidant activity and individual flavonoids, namely quercetin, (p < 0.001), luteolin (p <
< 0.01), but not between kaempferol, apigenin, and total flavonoids (Table 3).

Table 3
Correlation matrix for antioxidant activity and flavonoids content
AA Flavonoid: Quercetin Luteolin Kaempferol Apigenin
(DNA biosenzor) onoids uerce uteo empfero pige
AA (DNA | p=0.05 p <0.001 p<0.01 p=0.05 p=0.05
biosenzor) NS r=-0.95499 |r=-0.86507 |NS NS
. p=>0.05 p=>0.05 p=0.05 p=0.05
Flavonoids 1 NS NS NS NS
. p<000l |p=0.05 p>0.05
Quercetin ! r=0.96886 |NS NS
. p=0.05 p=0.05
Lutcolin ! r=095397 |NS
p<0.001
Kaempferol 1 r=-0.97444
Apigenin 1

AA — antioxidant activity.
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Minerals and proteins analysis

The sum of proteins (average 251.13 + 33.06 g - kg™') decreased in the order:
freeze-dried > dried > frozen bee pollen. Somerville and Nicol [20] investigated the
crude protein levels in pollen pellets. Pollens collected from species of the same genus
demonstrated similar protein profiles.

The freeze-dried form of pollen was characterized with the highest value of calcium
concentration, and the frozen treatment with the lowest content (2040 mg - kg’1 versus
1800 mg - kg’l). The zinc was presented in amount 36.97 £ 4.15 mg - kg’l. The most of
zinc was contained in the freeze-dried pollen.

In the study by Szczesna [21] calcium content of Brassicaceae honey bee-collected
pollen ranged from 542 to 1080 mg - kg’l dry matter (d.m.) (average 782 £ 23 mg - kg’]
d.m.), content of Artemisia ranged from 798 to 827 mg - kg' d.m. (812 + 21 mg - kg’
d.m.), content of multifloral pollen ranged from 648 to 796 mg - kg™’ d.m. (718 + 63
mg - kg”' d.m.). The zinc content of Brassicaceae honey bee-collected pollen ranged
from 31.9 to 39.9 mg - kg”' d.m. (average 35.7 + 3.6 mg - kg ' d.m.), the content of
Artemisia ranged from 25.6 to 31.2 mg - kg ' d.m. (28.4 + 4.0 mg - kg'' d.m.), the
content of multifloral pollen ranged from 34.1 to 53.6 mg - kg ' d.m. (41.5 + 7.6
mg - kg”' d.m.). The differences in the contents of individual elements as reported by
different authors can be explained by differences in geographic and botanical origin of
the pollen samples tested. The high concentration of the tested elements, especially in
the pollen of Brassicaceae family, makes that variety of pollen an important potential
source of macro- and micronutrients. In comparison with recommended dietary intakes
of elements, the obtained contents of bee pollen point to a high nutritive value of the
product, which can be recommended as a natural source of macro- and micronutrients
[22]. The product can be successfully used as different dietary formulas and supple-
ments in order to enrich our food rations with valuable nutrients performing important
functions in the human body.

Conclusions

According to microbiological analyses the bee pollen is the ideal cultural medium for
microorganisms like bacteria and yeast. The drying (moisture 10-11 %), freezing (—18
to —20 °C) and lyophilization were not enough efficient ways to preserve hygienic
quality of bee pollen. It is important to look for the treatment which will protect bee
pollen from another microorganisms spreading, and it allows decreasing of number
microorganisms as much as possible.

There have to be other studies to determine the quality parameters of bee pollen with
different botanical origin. Microbial properties, nutritional composition and antioxidant
activity of bee pollen were largely investigated, but enormous botanical diversity in
pollen pellets causes that there are still many gaps to be solve to standardize quality of
bee pollen as food supplement or medicine.
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SKEAD MIKROFLORY, SKEADNIKI ODZYWCZE I AKTYWNOSC ANTYOKSYDACYJNA
W PYLKU PSZCZELIM POCHODZACYM Z Brassica napus subsp. napus L.
UZYWANYM W ZYWIENIU LUDZI

Abstrakt: Celem pracy byta charakterystyka mikroflory, sktadnikéw odzywczych i aktywnosci antyoksy-
dacyjnej w pytku pszczelim wyprodukowanym z Brassica napus subsp. napus L. Oznaczono wskaznik cfu
(jednostki tworzenia kolonii). Srednia liczebnosé mezofilowych aerobowych sporulujacych mikroorganizméw
wynosita 3,78-4,56 log cfu - g, Liczebnos¢ mezofilowych anaerobowych sporulujacych mikroorganizméw
wynosita 2.54-4.63 log cfu - g'. Liczebnos¢ bakterii coli wynosita 0-3,74 log cfu - g'. Srednia liczebnosé
grzybow wynosita 2.48 do 4.20 log cfu - g'. Aktywnosé antyoksydacyjna w pytku pszczelim wynosita
1,25-1,93 I/l (odpowiednio dla pytku liofilizowanego oraz pylku zamrazanego). Najwigksza catkowita
zawarto$¢ flawonoidow (128,33 mg - kg'') wystepowata w pylku zamrazanym. Najwicksza zawartosé
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flawonoidu kemferolu wystgpowata w suszonym pytku pszczelim, natomiast pytek liofilizowany zawierat
najwigksze ilo$ci pozostatych flawonoidow (kwercetyny, luteoliny, apigeniny). Sumaryczna zawartos¢ biatka
(Srednia 251,13 + 33,06 g - kg'') zmniejszata sie w kolejnosci: pylek liofilizowany > suszony > zamrazany.
Liofilizowana posta¢ pytku charakteryzowata si¢ najwigksza zawartoécia wapnia (2040 mg - kg '), natomiast
najmniejsza zawartos¢ wapnia stwierdzono w pytku zamrazanym (1800 mg - kg'). Zawarto$¢ cynku
w badanym pytku wynosita 36,97 + 4,15 mg - kg '. Najwiecej cynku znajdowato si¢ pytku liofilizowanym.

Slowa kluczowe: Brassica napus subsp. napus L., pylek pszczeli, mikrobiologiczna jakos¢, bakterie,
mikroflora grzybowa, wlasciwosci antyoksydacyjne, sktadniki odzywcze
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ANALYSES OF BACTERIAL AEROSOL
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IN BOCHNIA AND SZCZAWNICA

BADANIA AEROZOLU BAKTERYJNEGO
WYSTEPUJACEGO W OSRODKACH SANATORYJNYCH
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Abstract: The main aim of the research was evaluation of the bacterial aerosol occurring in sanatorium
chambers in the Health Resort of Salt Mine in Bochnia and in the sanatorium rooms of Przedsigbiorstwo
Uzdrowisko Szczawnica S.A., with the definition of its particle fractions, depending on the sizes of
aerodynamical diameters into: over 7.0 um, 7.0-4.7 um, 4.7-3.3 pum, 3.3-2.1 pm, 2.1-1.1 pm, and 1.1-0.65
pm. Microbiological research of the air was carried out during spring 2008 in healing chambers of the Health
Resort of Salt Mine in Bochnia and in the sanatorium rooms of the “Health Resort Enterprise Szczawnica”.
The measurements were performed using 6-step Graseby-Anderson impactor from the respiratory zone (oral
and nasal cavity location) of people in the state of so-called “original sterility”, which is before introduction of
the bathers and personnel into the sanatorium chambers and rooms but also during the presence of patients
and during treatment operations. As a result of the analyses, significant differences were found in the amount
of aerosol in various examination points. On the basis of the gained results it may be concluded, that the
highest concentration of bacterial aerosol in the Health Resort of Salt Mine in Bochnia ocurred in Wazyn
Chamber (in the part of the gym and the bedroom), whereas in the “Health Resort Enterprise Szczawnica” —
inside the mineral baths room and in the corridor leading to the bathers’ rooms in the Inhalatorium building.
Significantly lower level of the bacterial aerosol was observed during the patients’ stay in relation to the
period between the stays (the lack of patients).

Keywords: bacterial aerosol, sanatorium, air

The degree of air pollution plays an important role in health conditions of an
environment. This becomes more and more live issue, because constantly progressing
environment degradation is among others the factor which causes permanent growth of
bacterial and mycological contamination of atmospheric air [1, 2].
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According to the reports, acromicroflora of closed rooms is responsible for the
respiratory system problems as well as for other health issues among children, and is
considered as a direct infectious agent in hospitals [2, 3].

In relation to this, specific healing environmental conditions, which occur in
underground subterraneotherapy chambers and in overground health resorts, presently
become very significant. This is why in recent years a new tendency is observed for
applying in therapeutics subterraneotherapy, which has become an efficient method for
dealing with harmful influence of pollutants on the Earth surface on the human
organism [1, 4].

According to the above-mentioned facts, the present research, aimes at proving if
important differences occur in the size of aerosol particles between the environment of
the subterraneotherapy chambers in Salt Mine in Bochnia and in chambers of
overground health resort of “Health Resort Enterprise Szczawnica”.

Material and methods

The analyses concerning the occurrence of different particles of biological aerosol
were carried out in spring 2008 in the air temperature above 14 °C. As an overground
sanatorium, “Health Resort Enterprise Szczawnica” was appointed. It is located in one
of the oldest and the most beautiful Polish health resorts — Szczawnica. The town —
completely without industry, and located nearby three National Parks — has an
exceptional healing microclimate and clean, allergen-free air. Presently, as a part of
“Health Resort Enterprise Szczawnica” Sanatorium “Papiernik” and “Inhalatorium”,
Nature Treatment Institute, Spa Clinic and Pump Room operate. This resort is
specialized in treatment of respiratory ways diseases, including allergic diseases of
respiratory system, asthma and activity system issues.

The research concerning the occurrence of bioaerosol was carried out also in
underground healing chambers in Salt Mine in Bochnia. This resort specializes itself
also in respiratory ways diseases, including lingering nose and throat inflammations,
voice apparatus diseases, allergies of respiratory system and asthma. In this case
specific microclimate and saline aerosol floating in the air of healing chambers are the
healing factors.

The measurements of bacterial aerosol were performed in two measuring sessions. In
each tested resort, 6 examination points were chosen, in which samples were taken. The
bioaerosol was analyzed inside the sanatorium rooms and healing chambers, during the
presence of the personnel and bathers, and also in the state of so-called “original
microbiological cleanliness”, which was during the days off-work, when no healing
operations were performed. Moreover, bioaerosol samples were taken in the external
environment in the surroundings of the resort buildings.

The air samples were taken by means of 6-step Anderson impactor (model 10-710,
Anderson Instruments, Atlanta, Ga, USA), which during the analyses was placed 1-1.5
m over the floor, in order to take the bioaerosol from the human respiratory zone.
During the measuring sessions, the measurements of the air temperature and relative
humidity were performed at the same time. Microbiological analyses included evalua-
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tion of the general number of bacteria on the Trypticase Soy Agar Medium (Trypticase
Soy Agar, TSA, Emapol, Gdansk, Poland) with 5 % addition of defibrinated sheep
blood. Conditions of air samples incubation were as following: 1 day in 37 °C, 3 days in
22 °C, and then 3 days in 4 °C. Concentration of the tested aerosol was expressed as an
amount of colony forming units on the microbiological medium, present in 1 m’ of
taken air [cfu/m3].

Results and discussion

The results of measurements of the bacterial aerosol occurring in the air outside and
in the rooms and chambers of the two health resorts are shown in Figures 1, 2. While
comparing the gained results, it may be concluded, that in the chosen examination
points in the area of the underground sanatorium Health Resort of Salt Mine in Bochnia,
the measured amounts of bacteria concentration, during the presence of bathers in the
healing chambers, are within the ranges from 189 cfu/m’® to 11688 cfu/m’. In the state
of so-called “original microbiological cleanliness”, which is the time when people are
absent — from 63 cfu/m’ to 2997 cfu/m’. In relation to the measurements of the bacterial
aerosol in the examination points, located in the underground sanatorium chambers, it
was shown, that mean value of bacteria concentration in the air in Wazyn Chamber in
the part designed for the gym, was much higher than the mean concentrations found in
the other places in the mine. Basing on the results analysis, it is clearly seen, that
generally the highest concentration of bacteria in the tested air was in Wazyn Chamber
(in the gym and bedroom) and on the ramp between levels IV and VI (points B3, B4
and B2, respectively). However, the lowest concentration of this bioaerosol was found
in the air of the gangway leading the air from the shaft Trynitatis, which constitutes the
“inside background” and was significantly lower than the results gained from the
measurements for the “outside background” (points B6 and B7, respectively). More-
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Fig. 1. Bacterial aerosol in the external environment and in the area of the underground sanatorium — “Health
Resort of Salt Mine in Bochnia”
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Fig. 2. Bacterial aerosol in the external environment and inside the sanatorium rooms in the overground
health resort — “Health Resort Enterprise Szczawnica”

over, the concentration values of bioaerosol in healing chambers were found to be
higher than the values measured for the “inside background”.

The observed trend is coherent with the present state of knowledge of the origin of
the tested bacterial aerosol, in which people are considered as the biggest and constantly
active source of its emission in the interiors. The above specified concentrations of
bacteria occurring in the healing chambers in Salt Mine in Bochnia are also the result of
constant air circulation, which occurs between the earth surface and each levels in the
Mine. The appearance of microflora in the chambers is also influenced by the horizontal
air flows, temperature, and the lack of sun rays and the dampness from brines [5, 6].

In relation to the total concentration of bacterial aerosol in sanatorium chambers of
the overground health resort “Health Resort Enterprise Szczawnica”, the tested
bioaerosol values during the presence of patients and therapeutic procedures were found
to be within the range between 127 cfu/m® and 3258 cfu/m’. It is also noticeable, that
the concentration of bacteria in the air inside the tested rooms in the day off-work was
lower and was from 261 cfu/m’ to 1901 cfu/m’. The highest concentration of the tested
bacterial aerosol was in the room in the Nature Treatment Institute, in which mineral
baths are performed and in the corridor leading to the rooms of bathers in the
Inhalatorium building — “inside background” (points S1 and S6, respectively). However,
the lowest bioaerosol value was found in the chamber inhalations room and in the room,
in which whirl massage of limbs was performed (points S4 and S2, respectively). The
results, shown in the graph 2 indicate, that the mean values of bacteria concentration in
the air inside the mineral baths room and in the corridor of the Inhalatorium building,
were significantly higher than in the other measuring points. The comparison of the
measurement results for the “inside background” and “outside background” shows, that
the concentration of bacterial aerosol in the outside environment was significantly lower
than the values of “the background” measured inside the tested sanatorium chambers.
On the other hand, the concentration values of the tested bioaerosol measured in chosen
rooms were lower than the values measured for the “outside background”.
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It is known from the literature, that in normal conditions in rooms, in which people
stay, bacterial concentrations are higher than in the outside environment, and generally
they do not transgress the range of 10000 cfu/m’. The degree of air pollution in closed
rooms depends on the size of rooms, furnishings, amount of people who use the room,
location and outdoor air properties. The range of impact of the external meteorological
factors and the penetration speed of these influences inside the room depends on the
way of air exchange, character of rooms and on their isolation from the surroundings
[7-9].

On the basis of the results of the measurements of the bacterial acrosol concentration,
it may be noticed that generally higher concentrations of bacteria occurred in the air
during the presence of bathers in the underground sanatorium chambers than in rooms
of the overground health resort. It should be noticed, that in this period the maximum
bacterial aerosol concentration in Salt Mine in Bochnia, which was 11688 cfu/m?
(Fig. 1), was over three times higher than the maximum concentration of the tested
bioaerosol — 3258 cfu/m?, found in the sanatorium rooms of “Health Resort Enterprise
Szczawnica” However, concerning the measured values of bacterial aerosol con-
centrations for the “inside background”, in both health resorts, the mean amount of
bacteria in the tested “background” air inside the rooms in the overground sanatorium
was found to be significantly higher than the mean amount of bacteria found in the
“background” air of the underground sanatorium chambers. The analysis of the gained
results reveals clearly the low level of bacteriological contamination in the state
of so-called “original microbiological cleanliness”, which is before the introduction of
the bathers into the sanatorium rooms or chambers. Such result may be explained by
better environmental conditions. The above observations emphasize the value of
underground treatment, in which avoiding the superinfection of the patients is essential.
The presence of small biological environmental contamination is considered to be one
of the most important factors of pulmonological subterraneotherapy, because it allows
the temporary isolation of the patient from the harmful influence of the external
environment [1].

The usage of 6-step Anderson impactor in the research has allowed to collect data
about fractional (grain size) distribution of the bacterial aerosol in the tested rooms.
Tables 1 and 2 show grain size distribution of the air microflora found in the external
environment, in the air of the sanatorium rooms and in the underground healing
chambers. The analysis of fractional distribution occurring in the rooms of the
overground sanatorium as well as in the underground healing chambers indicates the
presence of bacteria mainly in the range of diameters from 1.1 to 4.7 um. The gained
result shows, that bacterial microorganisms were present there mainly as single cells
(bacteria 1.1-3.3 um) and small bacterial or dust-bacteria aggregates (2.1-4.7 um). The
share of large microorganisms’ aggregates in the bioaerosol composition (>3.3 pm) was
lower than their smaller forms. Such distribution of the particles’ aerodynamic
diameters indicates the additional emission from the reservoir, which is human
organism (the increased emission during breathing and exfoliation of the epidermis
during the bathers and personnel presence in the sanatorium rooms or chambers) [6].
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Analyzing the grain size distribution for the “outside background”, chosen for the
underground as well as for the overground health resort, it may be stated, that in the
external environment bacteria were most often present as dust-bacteria aggregates.
Other researchers gained similar results, for example Lis et al [9], who found, that the
most particles of the bacterial aerosol in the external environment have the diameter
larger than 5 pum. This is probably due to the dust pollutants, emitted in cities to the
atmosphere from the low emission sources [9, 10].

Conclusions

1. The research has shown, that concerning microbiological cleanliness, the state of
the air in the tested overground sanatorium rooms and in the underground subterraneo-
therapy chambers is good.

2. It was found, that the environment in the underground healing chambers, as well
as in the rooms of the overground sanatorium is bacteriologically less contaminated in
the state of so-called “initial microbiological cleanliness”, which is before entering the
bathers.

3. The research shows the purposefulness of using the environment of Wazyn
Chamber in Salt Mine in Bochnia in the subterraneotherapy treatment.

4. Data gained in the research shows that the tested health resort in Szczawnica has
profitable biological factors which determine its role in allergic diseases treatment.

Acknowledgement

The research financed by the science resources in 2007-2008 as the research project N N305 2552 33.

References

[1] Dolezal M., Dolezal M. and Zutawa G.: Mikroflora komér podziemnych stacji badawczej subterraneo-
terapii w Wieliczce. Biozanieczyszczenia w Budynkach a Zdrowie. Zesz. Nauk. AWF w Krakowie 1983,
35, 55-65.

[2] Di Georgio C., Krempff A., Guiraud H., Binder C. and Tiretf G.D.: Atmospheric pollution by airborne
microorganisms in the city of Marseilles. Atmos. Environ. 1996, 30(1), 155-160.

[3] Goérny R.L.: Biologiczne czynniki szkodliwe: normy, zalecenia i propozycje wartosci dopuszczalnych.
Podstawy i Metody Oceny Srodowiska Pracy 2004, 3(41), 17-39.

[4] Rozporzadzenie Ministra Zdrowia z dnia 13 kwietnia 2006 r. w sprawie zakresu badan niezbednych do
ustalenia wlasciwosci leczniczych naturalnych surowcow leczniczych, wiasciwoscei leczniczych klimatu,
kryterium ich oceny oraz wzoru $wiadectwa potwierdzajacego te wiasciwosci.

[5] Skrzynska J.: Mikrobiologiczne badanie powietrza w podziemiach kopalni Wieliczki. Przegl. Lekarski
1948, 4(2), 1-11.

[6] Wlazto A., Gérny R.L., Ztotowska R., Lawniczek A., Ludzien-Izbinska B., Harkawy A.S. and Janczyk
E.: Narazenie pracownikow na wybrane szkodliwe czynniki biologiczne w bibliotekach wojewddztwa
Slgskiego. Med. Pracy 2008, 59(2), 159-170.

[7] Cianciata M., Smyk B., Bukowski Z. and Kuklinski P.: Ksztaftowanie si¢ zespotéw mikroflory w po-
wietrzu osrodkow alergologicznych w Szczawnicy i w Krakowie. Balneol. Polska 1968, 13(2-4),
265-273.

[8] Kotowski J. and Gajewski M.: Raport z badan mikrobiologicznych powietrza w Komorze Wazyn
Kopalnia Soli “Bochnia”. Instytut Medycyny Uzdrowiskowej, Warszawa 1988.



Analyses of Bacterial Aerosol Occurring in Health Resorts... 63

[9] Lis D., Pastuszka J.S. and Uflig K.: Mikrobiologiczna jakos¢ powietrza w pomieszczeniach admini-
stracyjno-biurowych wysypiska odpadoéw komunalnych na przykiadzie Miejskiego Zakiadu Skiadowania
Odpadéw w Sosnowcu. Ochr. Powiet. Probl. Odpad. 1999, 33(5), 199-202.

[10] Goérny R.L. and Dutkiewicz J.: Bacterial and fungal aerosols In indor environment In Central and
Eastern European countries. Ann. Agric. Environ. Med. 2002, 9(1), 17-23.

BADANIA AEROZOLU BAKTERYJNEGO WYSTEPUJACEGO
W OSRODKACH SANATORYJNYCH W BOCHNI I SZCZAWNICY

Katedra Mikrobiologii
Uniwersytet Rolniczy im. Hugona Kolfataja w Krakowie

Abstrakt: Zasadniczym celem pracy bylo okreslenie charakterystyki aerozolu bakteryjnego wystgpujacego
w komorach sanatoryjnych Uzdrowiska Kopalnia Soli Bochnia oraz w pomieszczeniach sanatoryjnych Przed-
sigbiorstwa Uzdrowisko Szczawnica, z jego rozktadem na poszczegélne frakcje czastek w zaleznosci od
$rednic aerodynamicznych: powyzej 7,0 um, 7,0-4,7 um, 4,7-3,3 um, 3,3-2,1 um, 2,1-1,1 pm i 1,1-0,65 um.
Badania mikrobiologiczne powietrza przeprowadzone zostaly w okresie wiosny 2008 r. w komorach
leczniczych Uzdrowiska Kopalni Soli w Bochni oraz w pomieszczeniach sanatoryjnych Przedsigbiorstwa
,,Uzdrowisko Szczawnica” S.A. Pomiary zostaly przeprowadzone za pomoca szesciostopniowego impaktora
Graseby-Andersena ze strefy oddechowej (polozenie jamy ustnej i nosowej) czlowieka w stanie tzw.
pierwotnej jatowosci, tj. przed wprowadzeniem kuracjuszy i personelu do komor oraz pomieszczen
sanatoryjnych, a takze w czasie trwania turnusu i wykonywania zabiegdw leczniczych. W wyniku
przeprowadzonych analiz wykazano znaczne rdéznice w ilosci wystgpujacego aerozolu bakteryjnego na
roéznych stanowiskach pomiarowych. Na podstawie otrzymanych wynikéw mozna stwierdzi¢, ze najwigksze
stezenie aerozolu bakteryjnego w Uzdrowisku Kopalni Soli w Bochni wystgpowato w Komorze Wazyn
(w czesei hali sportowej oraz sypialnej), natomiast w Przedsigbiorstwie ,,Uzdrowisko Szczawnica” wewnatrz
pomieszczenia, w ktorym sa przeprowadzane zabiegi kapieli mineralnej i na korytarzu prowadzacym do pokoi
kuracjuszy w budynku Inhalatorium. Zaobserwowano wyraznie wyzszy poziom wystgpujacego aerozolu
bakteryjnego w trakcie trwania turnuséw leczniczych i wykonywania zabiegéw w poréwnaniu z okresem
migdzyturnusowym (brak kuracjuszy).

Slowa kluczowe: aerozol bakteryjny, sanatorium, powietrze
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Abstract: The aim of the study was to investigate the concentration of chosen trace elements, activity of
catalase (CAT) and glutathione content (GSH) in human milk. The study subjects were recruited from among
the lactating women from Malopolska province in Poland. Milk was taken from 23 mothers classified into
three groups of age (20-25, 26-31 and 32-37 years) and two groups of lactation period (colostrums; 1-3 days;
and transitional milk, over 4th day). CAT and GSH values were determined by the spectrophotometric
method. Cu, Zn, Mg, Fe and Cd concentrations were determined by atomic absorption spectrophotometry
(AAS). The results indicate no significant differences between activity of catalase taking into account the age
of mothers and the day of lactation. Similarly glutathione level showed insignificant differences between
studied groups. Our results indicate that human milk of women from Malopolska province, Poland, may
contain significant amount of cadmium. We found statistically significant correlation between some metals in
milk from women in different age and period of lactation. It concerned: Fe vs Cd and Cd vs Cu correlation.
The result of our study indicate that the activity of antioxidant enzymes did not change during the course of
lactation and in relation to mother’s age.

Keywords: catalase, glutathione, breast milk, trace elements, heavy metals

Human milk is considered as optimal food for newborn infants during the first
months of life in relation with its nutritional and protective characteristics. Properties of
breast milk change during the course of lactation. Breast milk has three different stages:
colostrum, transitional milk, and mature milk. Colostrum is the first stage of breast milk
which lasts for several days after the birth. It is rich in proteins, fat-soluble vitamins,
minerals, and immunoglobulin. The protein concentration is much higher in colostrum
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than in mature milk but much of it has the form of secretory immunoglobulin A (IgA).
The immunoglobulin is probably not absorbed by the gut and therefore it is not
nutritionally available. Although, it is thought to have a protective function against
infections [1]. Transitional milk occurs after colostrum, lasts for approximately two
weeks and has high level of fat, lactose, water-soluble vitamins, and contains more
calories than colostrum. Mature milk is the final milk that is produced. It contains about
90 % of water, which is necessary to maintain hydration. The other 10 % is comprised
of carbohydrates, proteins, and fats which are necessary for both growth and energy.

Breast milk is also a source of antioxidants. They have specific properties to
neutralize free radicals which can damage cellular structures like DNA, proteins,
carbohydrate and cause lipid peroxidation. Vitamins, proteins and enzymes are involved
in the antioxidant protection [2]. One of the most active antioxidant enzyme is catalase
(CAT, E.C.1.11.1.6). Catalase is a hemoprotein composed of four identical subunits
which contains haem-bound iron in its activate site. The heme group is responsible for
enzymatic activity of the enzyme. The presence of CAT is documented in human and
cow milk [3, 4]. It plays very important role in the decomposition of hydrogen peroxide
into molecular oxygen and water to prevent accumulation of toxic peroxides in the cell.
Milk from mothers of preterm and full term infants has equal resistance to oxidative
stress. Catalase activity in human milk increases with time [5].

Protective mechanisms against oxidation involves also tripeptyde glutathione.
Glutathione (y-glutamylocysteinyloglicyn) is a non-enzymatic antioxidant which ex-
hibits reductive properties conditioned by the thiol group. Breast milk becomes an
important source of dietary (GSH) since infant’s GSH synthetic capacity may not be
well developed [6]. Glutathione and its precursors are present in the colostrum.
Additionally, GSH takes part in detoxification processes of metals like Cu, Ag, Cr in
organism and form stable complexes with them [2].

Breast milk includes nutritional and trace elements, on the other hand there is
documented that xenobiotics like cadmium and lead are also present [7]. A plentiful
supply of breast milk from a mother eating an adequate diet should provide all the
neonate’s requirements of minerals and trace elements because they have a high level of
bioavailability so even low concentration can be well utilized [1]. We investigated
concentration of some trace elements (Fe, Cu), nutritional elements (Mg, Zn) and
pollutant Cd. Zinc and copper are present in several enzymes and proteins and interact
in various tissues. Metallothionein is considered to regulate the transportation of zinc
and copper [7]. Zinc and copper have been found to be bound partially to the same
proteins, eg lactalbumin in colostrum and transitional milk [8]. Zinc is present mainly in
association with the low-molecular-weight components and proteins may contribute to
its high bioavailability [9]. The bioavailability of some elements can have an influence
on other elements level, for example high zinc/copper ratio can cause a decrease in the
absorption of copper from diet and vice versa [10]. Moreover, the stage of lactation is
a very significant factor which can cause changes in trace elements’ level what is well
documented for copper, iron and zinc. Iron concentration in milk is not dependent on
maternal iron status, similarly zinc level [10—13]. Milk can also contain heavy metals
like cadmium.
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During lactation, Cd is transported from maternal plasma to mammary gland and
secreted into breast milk [7].

The aim of the study was to investigate the concentration of nutritional and trace
elements, and also activity of catalase (CAT) and glutathione content (GSH) in human
milk in relation with mother’s age and period of lactation.

Materials and methods

The study subjects were recruited from among the lactating women from Malopolska
province in Poland who had given birth to a mature baby at the Czerwiakowski Hospital
in Krakow. Women had been informed about the aim of the study and gave their
permission for collecting milk. All women were in good health condition. We classified
mothers taking into account two factors: age and stage of lactation. According to the
various age of the women they were segregated into three groups: 20-25, 26-31 and
32-37 years. In addition women were segregated into two groups of different stage of
lactation. First group consisted of women in early stage of lactation (1 to 3 days —
colostrum). The women from the second group had lactation for more than 4 days
(transitional milk).

Milk samples were collected into 5 cm’ sterile polypropylene containers by manual
expression, always in the morning hours between 9 am and 11 am.

Enzymatic analyses were performed immediately after the samples collection.
Catalase activity was measured using method described by Bartosz (1995). Fresh milk
was centrifuged at 12.000 g (10 min) and then was skimmed by vacuum suction.
Briefly, 0.1 cm® of the supernatant was mixed with 0.9 cm’® potassium — phosphate
buffer (pH = 7.0) and 0.5 cm® solution of 54 mmol H,0, in this buffer. Then we
recorded a decrease in the absorbance at A = 240 nm during 1 minute. We assumed that
one unit of catalase decomposed 1 pumol H,0O, during one minute. We also measured
total protein level using Lowry method.

Glutathione was measured by Ellman’s method (1959). The volume of 500 mm® of
each sample was mixed with 500 mm® TCA and 500 mm® EDTA to get rid of proteins.
Then the samples were incubated in a fridge temperature for 10 minutes. Next samples
were centrifuged at 6300 g for 5 minutes. The volume of 200 mm® of supernatant was
mixed with 2.3 cm® H,0, 100 mm® EDTA, 300 mm® TRIS and 100 mm® DTND. Blank
assay was prepared by mixing 2.3 cm® H,0, 200 mm® EDTA, 300 mm® TRIS, 100 mm?
DTND and 100 mm® TCA. The absorbance was measured spectrophotometrically
towards blank assay at A = 412 nm. Glutathione content was expressed in milimol per
liter of human milk.

For metals determination aliquots of milk (2 cm3) were placed in a separate
mineralization tubes and mixed with 2 cm® of concentrated HNOj; and heated at 120 °C
for 240 minutes in a thermostat-controlled digestion block. After cooling the samples
were filled to the volume of 5 cm® with demineralized water. Trace elements: iron,
copper; nutritional elements: magnesium, zinc and xenobiotics: cadmium were measur-
ed by atomic absorption spectrofotometry (AAS). The concentration of the elements
were expressed in miligrams per 1 dm® of milk.
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Statistical analysis of catalase activity and glutathione content was performed using
one-way ANOVA. Correlation coefficients, between six elements (Cd, Fe, Zn, Cu, Mg),
catalase and glutathione were calculated by Spearman’s correlation test.

Results and discussion

Milk samples were classified into three groups of age (2025, 26-31, 32-37) and two
groups of stage of lactation (1-3 days colostrum, over 4 days transitional milk).
Average concentration, mean and standard error of nutritional and trace elements in
relation with age are listed in Table 1. The same characteristics in relation with stage of
lactation are listed in Table 2.

Table 1
Elements concentration in breast milk in relation with maternal age.
Values expressed in mg/dm’®, Cd in pg/dm’
20-25 age 26-31 age 32-37 age

mean min.—max S.E. mean min.—max S.E. mean min.—max S.E.
Mg 26.00 | 16.31-37.92 | 3.67 41.28 | 33.79-53.32 | 2.78 44.10 | 30.58-56.02 | 6.71
Zn 4.60 | 3.04-7.77 0.74 3.83 1.43-7.35 0.99 5.62 1.40-8.30 1.56
Cu 0.31 0.23-0.49 0.04 0.41 0.17-0.60 0.07 0.44 | 0.17-0.97 0.14
Fe 3.15 1.01-8.93 1.33 1.16 | 0.66-2.93 0.44 12.37 1.57-26.94 | 5.58

Cd 0.06 | 0.04-0.07 0.01 0.06 | 0.05-0.07 0 0.06 | 0.05-0.06 0

Table 2
Comparison of elements concentration between colostrum and transitional breast milk.
Values expressed in mg/dm’, Cd in pg/dm’
Colostrum Transitional milk

mean min.—max S.E. mean min.—max S.E.

Mg 33.68 21.08-55.23 5.33 45.96 29.02-66.67 6.06

Zn 5.59 3.04-8.30 0.80 3.99 1.43-7.77 1.19

Cu 0.33 0.17-0.49 0.04 0.39 0.17-0.60 0.07

Fe 1.42 0.37-2.93 0.43 0.94 0.66-1.57 0.17

Cd 0.06 0.05-0.07 0.00 0.06 0.04-0.07 0.00

The concentrations of all tested elements were not statistically significant in relation
with mothers age, however our results show differences in mean concentrations of the
metals. We have found higher mean concentrations of Zn and Cu in older women
(32-37) than in younger ones (20-25). This data is in accordance with those presented
in earlier studies [14, 15]. In other studies Fe level of 12.37 mg/dm3 was higher in older
women (age of 32-37) than in younger ones. The obtained results for iron, copper and
zinc in colostrum are similar to those published by Costa et al [16]. Well known
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decrease in milk zinc level during lactation [10, 12, 17, 18], is confirmed by our study.
The decline of that element can be explained by the fact that trace elements are bound
by proteins in milk and play role as cofactors of enzymes. Thus the observed changes
may result from the changes in women metabolism, nutrition and decreasing zinc
requirements of the growing infants. Regarding the changes of elemental concentrations
during breast feeding, also Fe and Cu showed decreasing tendency. Copper level found
in our study is somewhat higher than copper level reported by other authors, but the
compared values are in similar range. Almeida et al reported [17] that there is
dependence between Zn and Cu concentration in serum and in colostrum. While copper
level is high in the mother’s blood and low in colostrum, contrary Zn level is the highest
in colostrum because of its essential function for development of the infant [19]. The
presence of iron and copper is important for the bacteriostatic properties of human milk.
Newborn infants require large amounts of these minerals, but they intake low volume of
milk, so colostrum contains high concentration of copper and iron [11, 12]. Mean
magnesium level tend to increase with age (26.00—44.10 mg/dm3). Such a tendency may
be confirmed by Lipsman et al [20]. This fact can be caused by differences in bone
mineralization between young and adolescent pregnant women [21]. Magnesium
concentration in milk increased during the course of lactation, the same tendency is
shown by Karra et al [22]. However, Dorea [23] indicates that factors like stage of
lactation, maternal metabolic condition, dietary habits and magnesium intake do not
have influence on Mg concentration in milk. We have also found that toxic element Cd
was present in tested milk, the presence of cadmium in breast milk is well documented
by other research. The cadmium concentrations estimated in our studies were lower than
concentrations of range 0.07-1.23 ug/de, indicated by Honda et al [7, 10]. Low
cadmium concentrations suggest that there might be some maternal homeostatic
processes preventing the transfer of cadmium into milk [17]. All the more that we have
not found increase in the concentration of cadmium in relation with mother’s age.
Moreover we have not observed any changes in cadmium content in milk during the
course of lactation. Similar observation were also made by Rossipal et al [10].

No significant correlations were found between the studied elements except for Cd vs
Cu and Cd vs Fe (Table 3).

Table 3

Spearman correlation coefficients between nutritional elements
and cadmium

Trace elements

Cu Fe
Cd 0.880* —0.509*
*p <0.05

The interactions between Cd and Cu in kidneys and liver are well known [23]. On the
other hand, Honda et al [7] did not show such relations in milk. Our research point to
the strong positive correlation Cd vs Cu (r = 0.880). Such a trend is probably a result of
protective function of Cu.
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Human breast milk is an essential source of Fe for newborn infants. It is important
constituent of hemoglobin and negative correlation between Cd vs Fe (r = —0.509),
suggest that cadmium has toxic influence on iron uptake and transportation. Antagonism
between cadmium and iron is generally attributed to the divalent metal transporter
(DMT1) in digestive tract. It is established that the presence of cadmium decreases iron
uptake by DMT-1 transporter [25]. We did not find any significant differences in
activity of catalase between women in different age and stage of lactation (p = 0.05).
Similarly glutathione content did not show significant fluctuations. Moreover there was
no correlation between enzymes (p = 0.05).

The highest mean activity of CAT occurred in milk from mothers in the age of
26-31. We have also observed higher activity of CAT in transitional milk in
comparison with colostrum. This results do not confirm clearly generally accepted
increase of catalase activity in relation to time progress [5].

Table 4
Catalase activity and glutathione concentration in different groups of age,
CAT [U/mg of protein], GSH [mmol/dm’]
CAT GSH
mean min.—max S.E. mean min.—max S.E.
1 group 0.12 0.07-0.14 0.01 0.433 0.31-0.65 0.063
1I group 0.23 0.05-0.70 0.06 0.297 0.11-0.51 0.054
111 group 0.14 0.05-0.37 0.06 0.209 0.06-0.51 0.062
Table 5
Catalase activity and glutathione concentration in colostrums and transitional milk,
CAT [U/mg of protein], GSH [mmol/dm’]
GSH CAT
mean min.—max S.E. mean min.—max S.E.
Colostrum 0.30 0.06-0.65 0.05 0.14 0.05-0.37 0.03
Transitional milk 0.29 0.11-0.47 0.06 0.20 0.05-0.70 0.06

We observed the highest mean content of GSH in the youngest women (20-25) and
the lowest mean content was detected in the oldest women (31-37). Our values are in
the range of data showed by other authors. Some data suggest that the content of GSH
decreases over 1 month of lactation. Our study indicate only a slightly decreasing trend
between colostrum and transitional milk [6]. GSH plays an important role in
detoxification of hydrogen peroxide, other peroxides and free radicals take part in the
detoxification of a variety of xenobiotics [26]. Thus it seems that the presence of GHS
in human milk reflects the antioxidative status of the mothers’ organisms and plays role
in the protection of infants against reactive oxygen species.
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Conclusion

Breast milk composition is dependant on various factors including the age of
lactating woman and the stage of lactation. Catalase and glutathione in milk play very
important role in antioxidant defence of the infants in early stage of their life. We can
observe some tendencies in changing levels of elements, decreasing tendency with
course of lactation for Zn, Fe and increasing for Mg and Cu. Additionally, there are
significant positive correlations between Cd vs Cu and negative Cd vs Fe. This suggest
that Cd has strong influence on other elements. Cadmium concentration did not change
during lactation, what suggest that there are some homeostatic mechanisms in mother’s
organism which prevent newborn against toxicity of Cd.
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STATUS ANTYOKSYDACYJNY ORAZ ZAWARTOSC METALI
W MLEKU LUDZKIM U KOBIET W ROZNYM WIEKU I OKRESIE LAKTACJI

Zaktad Zoologii Krggowcow i Biologii Czlowieka Instytutu Biologii
Uniwersytet Pedagogiczny im. Komisji Edukacji Narodowej w Krakowie

Abstrakt: Celem badan bylo okreslenie koncentracji metali cigzkich, a takze zawartosci enzymow antyoksy-
dacyjnych: katalazy (CAT) i zredukowanego glutationu (GSH) w mleku ludzkim. Kobiety biorace udziat
w eksperymencie byly rekrutowane sposrod matek w roznych okresach laktacji, pochodzacych z terenu
wojewddztwa matopolskiego. Probki mleka zostaty pobrane od 23 zdrowych kobiet z klas wiekowych: 20-25,
26-31, 32-37 lat. Dodatkowo zostat dokonany podzial na grupy ze wzgledu na okres laktacji, pierwsza: 1-3
dzien laktacji — siara, druga: powyzej 4 dnia — mleko przejsciowe. Aktywnos$¢ katalazy byla mierzona
spektrofotometrycznie wedtug metody Bartosza (1995), natomiast poziom glutationu oznaczano spektrofoto-
metrycznie przy uzyciu metody Ellmana (1965). Koncentracj¢ pierwiastkow, takich jak: Zn, Mg, Cu, Fe oraz
Cd oznaczano za pomoca spektrofotometrii absorpcyjnej (AAS). Aktywno$¢ katalazy, a takze poziom
glutationu zredukowanego nie wykazaty statystycznie istotnych réznic pomigdzy grupami wiekowymi oraz
okresem laktacji. Wyniki naszych badan pokazuja, ze mleko kobiet z regionu Malopolski zawiera pewne
ilosci kadmu. Dodatkowo zostaly wykazane statystycznie istotne korelacje pomigdzy zawartoscig metali
w probkach mleka od kobiet w réznym wieku i okresie karmienia, dotyczylo to zwiazku pomigdzy: Fe i Cd
oraz Cd i Cu. Pomigdzy pozostalymi badanymi pierwiastki nie zaobserwowano statystycznie istotnych
korelacji.

Stowa kluczowe: katalaza, glutation; mleko ludzkie, mikroelementy, metale cigzkie
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Abstract: For many years sanatorium therapeutics has been very popular in Poland as well as abroad.
Detailed pulmonological research showed the appropriateness of such treatment in respiratory diseases.
According to this, specific environmental conditions, which occur in the underground subterraneotherapy
chambers and rooms of overground sanatoriums become more and more important. The main aim of the
research was to define and divide the particles of biological aerosol into fractions (depending on their
aerodynamical diameters) into: over 7.0 pm, 7.0-4.7 pm, 4.7-3.3 pum, 3.3-2.1 um, 2.1-1.1 pm and 1.1-0.65
pm which occur in the underground subterraneotherapy chambers in Salt Mine in Bochnia and in overground
sanatorium chambers in “Health Resort Szczawnica”. The microbiological analyses of the air were carried out
during the winter and spring of 2008, in 2 underground sanatorium chambers in Bochnia and in sanatorium
chambers in Szczawnica. The measurements were carried out by means of the six-step Graseby-Anderson
impactor from the human’s respiratory zone (oral and nasal cavity position) in the state of so called “original
sterility” which is before introducing sick people and the personnel into the chambers and during the period of
visitors stay. As a result of the analyses, significant differences between the amount of fungal aerosol in
different places of chambers were showed. It has been ascertained that the biological aerosol occurred in
subterraneotherapy chambers in definitely higher concentrations during the treatment activity than during the
period of the break between the turns. The highest concentrations of fungi in Salt Mine in Bochnia ascertain in
Koldras Chamber and gymnasium in Wazyn Chamber; in Szczawnica the highest concentration was in the
pump room.

Keywords: health resorts, fungi, air, salt mine

The degree of air pollution has great influence on human organism. Dust and gas
pollutants play the main role in atmospheric air contamination, but the recent research
has shown, that microbiological contamination is equally, and sometimes even more
important [1-7].
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The occurring air contamination is the reason why immunological barrier in humans
weakens, which results in potentially pathogenic and sometimes even saprophytic
microorganisms becoming the cause of diseases. The degree of microbiological
contamination of air in closed rooms, especially these, in which people of
weak immunological barrier and ill people dwell becomes particularly important
[8-10].

The above-mentioned phenomena influence the popularity of health resorts as well in
Poland as abroad. The detailed pulmonological research shows the purposefulness of
undertaking such cures in treatment of different types of respiratory ways diseases. In
order to enable the effective therapy, specific environmental conditions, which occur in
the underground subterraneotherapy chambers and in overground health resorts, become
essential [5, 10—13].

The main aim of the research was to characterize the fungal aerosol occurring in
sanatorium chambers in Salt Mine in Bochnia and in rooms of overground health resort
in Szczawnica, regarding the part of overground sanatorium in Szczawnica, taking the
share of respirable fraction into consideration.

Materials and methods

The research concerning the occurrence of fungal bioaerosol was carried out in
the underground subterraneotherapy chambers in Salt Mine in Bochnia and in
sanatorium rooms in Health Resort Szczawnica. The first one, as well as the second
sanatorium specializes itself in treatment of respiratory ways diseases, including
lingering nose and throat inflammations, voice apparatus diseases, allergic diseases of
respiratory ways and asthma. The healing factors are: the specific microclimate in both
of the health resorts and saline aerosol floating in all underground chambers in Salt
Mine in Bochnia [5, 11].

The measurements were carried out during the periods of presence of bathers, but the
part of the measurements was performed in so called state of “primary cleanliness”,
which is before entering of bathers and personnel into the sanatorium chambers (marked
in the Tables as BK) and during the presence of bathers and performing therapeutic
operations (marked as ZK).

Table 1 compares measuring points, in which measurements were carried out in
underground and in overground sanatorium.

The air samples were taken using six-step Graseby-Anderson impactor, which was
placed in the tested room on the height of 1.0—1.5 m over the floor to take the sample of
bioaerosol from the respiratory zone (oral and nasal cavity position) of people. The
microbiological analyses included evaluation of the general amount of fungi on the
MEA medium (Malt Extract Agar, OXOID, Basingstoke, Great Britain).

The samples were incubated in thermostats in 30 °C for 4 days. The method was
compatible with the Polish Standard PN-89/Z-04111/03 [14].
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Table 1

The description of measuring points

No. Meagurmg Point description
points
Salt Mine in Bochnia
1 Bl The Koldras Chamber
2 B2 The ramp between levels IV and VI
3 B3 The Wazyn Chamber — the gym
4 B4 The Wazyn Chamber — the bedroom
5 BS The gangway behind the Wazyn Chamber (in the Sutoris shaft direction)
6 B6 Inside control (background — IC) — the gangway leading the air to the levels IV and VI
of mine from the Trinitatis shaft
7 B7 Outside control (background — OC) — in the open air, next to the Trinitatis shaft
Sanatorium chambers in Szczawnica Health Resort
8 S1 Nature Treatment Institute building — inside the room of mineral baths
9 S2 Nature Treatment Institute building — inside the room of the whirl massage of limbs
10 S3 Pump Room building — inside
11 S4 Inhalatorium building — inside the room of chamber inhalations
12 S5 Inhalatorium building — inside the room of individual inhalations
13 S6 Inside control (background — IC) Inhalatorium building — in the corridor leading
to the rooms of the sanatorium bathers
14 S7 Outside control (background — OC) — in the open air, nearby the building of the
Management of Przedsigbiorstwo “Uzdrowisko Szczawnica” SA

Legend: IC — inside control; OC — outside control.

The concentration of the tested acrosol was expressed as an amount of spores or
mycelium hyphae fragments able to develop in the form of the colony — as colony
forming units (cfu) present in one cubic meter [m’] of the taken air.

Results and discussion

Fungal aerosol gets into the rooms mainly from the outside environment (soil, water,
plants etc.), during the whole year its migration intensity varies, but in winter it is the
lowest. In winter the soil is frozen and covered with snow — such conditions do not
promote the natural emission of these microorganisms from soil. As a result, the
concentration of fungal aerosol in the outer environment is usually lower than in flats.
Penetration of fungal aerosols into interiors is the main reason for biological
contamination of the interior environments [2, 4, 12].

The results, gained from the measurements of the fungal aerosol performed in two
different types of sanatoriums — on as well as under the Earth surface, are presented in
the Tables 2 and 3. In the tested sanatorium chambers in Salt Mine in Bochnia, the
fungal aerosol occurred in values from 7 to 614 cfu in 1 m®, whereas in the sanatorium
rooms in Szczawnica — from 0 to 706 cfu in 1 m® (Tables 2 and 3). The fungal aerosol



76

Jacek Grzyb and Krzysztof Fraczek

concentration in the external environment (outside background level) was from 282 to
3010 cfu in 1 m® and from 14 to 290 cfu in 1 m’, respectively.

Table 2

The number of airborne fungi in the underground chambers in Salt Mine in Bochnia

in winter and spring 2008

Winter 2008 Spring 2008
Examination [number of colony forming units (cfu) in 1 m® of the air]
point Patients absent — PA | Patients present — PP | Patients absent — PA | Patients present — PP
(17.02.08) (16.01.08) (27.04.08) (20.05.08)
B1 7 56 77 565
B2 70 197 91 134
B3 99 133 105 566
B4 70 155 49 7
BS 35 126 56 614
B6-1IC 21 148 63 120
B7-0C 282 346 311 3010

Legend: the same

as for the Table 1.

The fungal aerosol concentration in sanatorium chambers in Bochnia was definitely
lower (even 400 times lower) than in the external environment, and it was irrespective of
the presence or absence of the bathers (Table 2). The situation was more complex in
Szczawnica — during the two winter measurement sessions the amount of fungi in the
sanatorium rooms was higher than in the examination point which was the outside
background. Similar relationship was found during the spring measurements with present
bathers. Different results were found during the spring measurements without the bathers,
when the amounts in the sanatorium were a few times higher than outside (Table 3).

Table 3

The number of airborne fungi in rooms of overground sanatorium health resort Szczawnica

in winter and spring 2008

Winter 2008 Spring 2008
Examination [number of colony forming units (cfu) in 1 m® of the air]
point Patients absent — PA | Patients present — PP | Patients absent — PA | Patients present — PP
(23.01.08) (03.02.08) (13.04.08) (14.04.08)
S1 154 233 120 63
S2 368 367 91 28
S3 310 165 71 706
S4 0 240 28 21
S5 14 452 28 21
S6—-1C 63 1575 35 226
S7-0C 56 92 290 14

Legend: the same

as for the Table 1.




Occurrence of Fungal Aerosol in Overground and Underground Health Resorts 77

In the sanatorium chambers in Salt Mine in Bochnia, there was found visibly
inhibiting influence of the specific environment saturated with sodium chloride on the
fungal spores. The air is pumped into the mine by the Trinitatis shaft, next to which the
examination point — outside background (B7) is located. The air then flows to the B6
point, covering the distance of about 1000 m. In this part the fungal spores’
concentration decreases even 25 times. Then, the amount of fungi spores increases
along the way of the flowing air. This is undoubtedly caused by the dust collected on
the floor of the chambers and corridors, which then is floating in the air. The influence
of the bathers’ presence on the amount of fungal spores in the air is ambiguous — in
winter no changes in the abundance were observed, whereas in spring the amount of
fungi in the chambers was a few times higher than in the inside control point.

On the basis of the results concerning the amount of fungal aerosol, it may be also
concluded, that its highest values occurred in the underground sanatorium in Bochnia in
Wazyn Chamber — in the gym (from 99 to 566 cfu in 1 m®) and in the gangway which
leads the air from the Wazyn Chamber (from 35 to 614 cfu in 1 m®). The smallest
amounts of the bioaerosol (7 cfu in 1 m®) were found in the state of so called “original
sterility”, which is before entering the bathers into the sanatorium chambers in Koldras
Chamber and in the bedroom part of the Wazyn Chamber — during the bathers’ presence
(also 7 cfu in 1 m?).

In the sanatorium rooms in Szczawnica, the highest amounts of fungi were found in
the outside control point (Inhalatorium building — the corridor — from 35 to 1575 cfu in
1 m®) and inside the Pump Room building — from 71 to 706 cfu in 1 m>. The smallest
amounts of the tested bioaerosol (7 cfu in 1 m3) were found in the Inhalatorium
building, in the room of chamber inhalations (0 cfu in 1 m® — without the bathers and 21
cfu in 1 m® — with the bathers).

The comparison of the gained results with literature data is difficult because of the
minute amount of the available publications as well as the differences in methods.

In normal conditions, the fungal aerosol concentration in rooms, in which people are
present, is within the range of 10 to 1.000 cfu in 1 m® [15, 16], but according to the
other microbiological analyses, the proposed highest admissible fungal aerosol con-
centration in flats and offices is defined as 500 cfu in 1 m* [17] or only in offices as 200
cfu in 1 m® [18].

It should be emphasized, that although many bathers were present in the sanatorium
rooms in both of the health resorts, who moreover were intensively moving, the
concentrations of fungal acrosol are generally lower than in the habitable rooms.

The analysis of the grain size distribution shows, that the share of the respirable
fraction of the fungal aerosol in the saantorium chambers in the salt Mine in Bochnia in
the period between turns is significantly higher and is from 62.5 to 100 % (average
88.5 %) than during the treatment turn, when it ranges between 0 and 96.6 % (average
73.7 %) (Table 3). This means, that the concentration of the respirable fraction of the
fungal aerosol does not depend on the amount of the patients who are present in the
healing rooms. Average concentration of the fungal bioaerosol in sanatorium chambers
in Bochnia amounts 81 % and is very close to the amount given by Pastuszka [4]. In the
sanatorium rooms in Szczawnica, the share of the respirable fraction of the fungal
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aerosol is related to the presence of the patients. When they are present, this fraction is
on average 92.9 %, and when they are absent, it decreases to 79.5 % (Table 4).

Table 4

The proportion of respirable fraction of general number of fungi in the chambers
in Salt Mine in Bochnia in winter and in spring 2008

Winter 2008 Spring 2008
Examination [%]
int
pom Patients absent — PA | Patients present — PP | Patients absent — PA | Patients present — PP
(17.02.08) (16.01.08) (27.04.08) (20.05.08)
B1 100.0 87.5 100.0 82.7
B2 80.0 85.8 100.0 89.6
B3 100.0 73.7 66.7 52.5
B4 90.0 91.0 85.7 0.0
B5 100.0 77.8 62.5 96.6
B6-1IC 66.7 100.0 88.9 82.5
B7-0C 70.2 91.9 54.3 67.6
Legend: the same as for the Table 1.
Table 5

The proportion of respirable fraction of general number of airborne fungi
in the chambers in Szczawnica Health Resort Mine in winter and in spring 2008

Winter 2008 Spring 2008
Examination [%]
pornt Patients absent — PA | Patients present — PP | Patients absent — PA | Patients present — PP
(17.02.08) (16.01.08) (27.04.08) (20.05.08)
S1 72.7 97.0 94.2 88.9
S2 76.9 88.6 100.0 100.0
S3 86.5 95.8 90.1 98.0
S4 0.0 94.2 75.0 100.0
S5 100.0 100.0 100.0 66.7
S6—1C 88.9 97.8 100.0 90.7
S7-0C 100.0 92.4 100.0 50.0

Legend: the same as for the Table 1.

According to the same author, for the external environment, the share of the
respirable fraction is usually 60 % in winter. In the research to the present paper, for the
external environment in winter, higher share of the respirable fraction was found, and it
was 71 % for Bochnia, and 85.6 % for Szczawnica, respectively.

Information about the concentration and distribution of the microflora particle sizes
in the air in the chosen examination points allows to define their abilities to potentially
influence the human organism [5, 16].
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Conclusions

1. The fungal aerosol concentrations in winter and in spring in sanatorium chambers
in Bochnia were definitely lower than in the outside environment, and it was with the
presence of the bathers as well as without them. In Szczawnica health resort, similar
results were gained only during the absence of the patients.

2. Specific conditions in the sanatorium chambers in Salt Mine in Bochnia cause the
decrease of the amount of fungal bioaerosol.

3. The proportional share of the respirable fraction of the fungal bioacrosol in the
underground sanatorium was independent of the tourists’ presence, but the opposite
relation was found in the overground health resort.

4. The ascertained amounts of the fungal bioaerosol in each case fulfill the criteria of
the Polish Standard, however they transgress the values suggested by the other authors
several times.
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BADANIA AEROZOLU GRZYBOWEGO
W SANATORIUM NADZIEMNYM 1 PODZIEMNYM

Katedra Mikrobiologii
Uniwersytet Rolniczy w Krakowie

Abstrakt: Lecznictwo sanatoryjne zaréwno w Polsce, jak i za granica jest bardzo rozpowszechnione. Jak
wynika z wielu badan szczegdlnie w schorzeniach drég oddechowych takie leczenie przynosi bardzo dobre
efekty. Na te efekty w znaczacy sposob wplywa specyficzny mikroklimat panujacy zaréwno w podziemnych
komorach subterraneoterapii, jak i w pomieszczeniach sanatoriéw naziemnych. Zasadniczym celem wykony-
wanych badan bylo oznaczenie i rozdziat czastek aerozolu biologicznego na frakcje (w zaleznosci od ich
$rednic aerodynamicznych: powyzej 7,0 um; 7,0-4,7 um; 4,7-3,3 um, 3,3-2,1 um; 2,1-1,1 um i 1,1-0,65 pm)
wystepujacego w komorach leczniczych w Kopalni Soli w Bochni oraz w pomieszczeniach sanatoryjnych
Przedsigbiorstwa ,,Uzdrowisko Szczawnica”. Badania mikrobiologiczne powietrza zostaly przeprowadzone
w okresie zimy i wiosny 2008 r. w dwoch podziemnych komorach sanatoryjnych w Bochni oraz
w pomieszczeniach sanatoryjnych w Szczawnicy. Pomiary zostaly wykonane za pomoca szesciostopniowego
aeroskopu Graseby-Andersena ze strefy oddechowej (tj. na wysokosci jamy ustnej i nosowej) cztowieka
w stanie tzw. ,,pierwotnej jatowosci”, tj. przed wprowadzeniem chorych i personelu do pomieszczen sanato-
ryjnych oraz w czasie przebywania tam kuracjuszy. W wyniku przeprowadzonych analiz ilosciowych
stwierdzono znaczne zréznicowanie aerozolu grzybowego na réznych stanowiskach pomiarowych. W czasie
turnuséw sanatoryjnych liczebnosci grzybow byty znaczaco wigksze w stosunku do tych, ktére wystgpowaty
podczas nieobecnosci kuracjuszy — zaréwno w sanatorium nadziemnym, jak i podziemnym. Najwigksze
stezenia grzybow w Kopalni Soli w Bochni zanotowano w Komorze Kotdrasa oraz na boisku sportowym
w Komorze Wazyn; z kolei w sanatorium w Szczawnicy najwigksze st¢zenia bioaerozolu grzybowego
stwierdzono w pijalni wod mineralnych.

Stowa kluczowe: uzdrowiska, grzyby, powietrze, kopalnia soli
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Abstract: The aim of our experiment was monitoring of the microbiological quality of the Anas platyrhyn-
chos and the Fulica atra meat after the slaughter and seven days of maturing process. We followed total count
of microorganisms, number of coliforms bacteria and number of mesophilic anaerobic sporulating microor-
ganisms. The evaluation of microorganisms was done by Codex Alimentarius SR. We noticed that the count
of coliform bacteria was negative after slaughter in both experimental groups. The count of mesophilic an-
aerobic sporulating bacteria in the meat of the wild ducks ranged from 1.78-2.12 log cfu - g ™' and in the meat
of the fulicas was found from 4.98 to 5.95 log cfu - g”'. From the statistical point of view it was a high signifi-
cant difference (p < 0.001). The total count of microorganisms in the meat of the wild ducks was zero. In the
meat of the fulicas ranged from 5.18 to 6.25 log cfu - g™'. The statistical differences between the meat samples
from the wild ducks and the fulicas were significant (p < 0.001). The count of coliforms in the mature meat of
wild ducks varied from 1.12—1.73 log cfu - g”'. The statistical differences between the meat samples from the
wild ducks and the fulicas were not significant (p > 0.05). The count of mesophilic anaerobic sporulating mi-
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of the fulicas ranged from 5.00 to 6.00 log cfu - g The significant differences between the meat samples of
the wild ducks and the fulicas were determined (p < 0.001). The total count of microorganisms in the mature
meat samples of the wild ducks ranged from 1.18-2.24 log cfu - g ', ie on average 1.99 log cfu - g"'. Higher
values were detected in the mature meat samples of the fulicas. The values varied from 5.24-6.30 log cfu - g ',
ie on average 5.69 log cfu - g '. The comparison of meat samples of both experimental animals showed high
significant differences (p < 0.001).
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Hoofed game is nowadays a basic part in production and consumption of game. The
high percentage creates feather game, too [1].

Game is an economically significant product. It plays an eminent role like a comple-
ment of menu. Feather game, with production of 257 Mg, creates 10% from market pro-
duction of game [2, 3].

Although the meat production is one of the main indicator, according to Hascik et al
[3, 4] it is necessary to pursue the nutrition quality of the meat, adherence to the sanitary
code and the microbiological requirements. They are coupled with eventual contamina-
tion and consecutive devaluation of the meat.

The maturing processes are running in the muscles up to point of time after death of
game until the supplies of glycogen and energically valued phosphates are available.
The production of enzymes and products of proteins metabolism induce specifically
taste of game meat. Game meat ,,the red meat” must be matured few days (5 or 7) in
cold conditions, in order to get required tenderness and rich taste [5]. It is necessary to
avoid microbial contamination.

The meat is an ideal nutrient medium for microorganisms. It has a high content of
water, nitrogenous and mineral compounds, growing factors and pH which is ideal for
microorganisms. The meat as a food of animal origin, is exposed to negative surround-
ing factors. These factors are responsible for surviving and propagation of microorgan-
isms [6, 7].

Contamination of the meat is subjected to these factors: the illnesses of the animals
(microorganisms penetrate into the muscles and apparatus), the delay of the eviscera-
tion, inexpert examination of the carcass and breach of sanitation [8].

Steinhauserova et al [9] mention, that the spectrum of microorganisms on the surface
of the meat is very extensive. The most frequently Gram-negative bacteria are: Acineto-
bacter, Aeromonas, Alcaligenes, Enterobacter, Citrobacter, Moraxella, Pseudomonas,
Escherichia, Serratia, Psychrobacter, Shewanella and Yersinia. From the Gram-
positive bacteria are present: Bacillus, Brochotrix, Carnobacterium, Micrococcus, Mi-
crobacterium and Lactobacillus.

Material and methods

As a biological material were used Fulica atra (fulica) and Anas platyrhynchos (wild
duck) of the both sexes. In the autumn was made the catching of feather game by the
nets. Among 30 pieces of fulicas and 30 pieces of wild ducks were chosen randomly 15
pieces of female and 15 pieces of male subjects. They were transported immediately on
the Department of Animal Products Evaluation and Processing SPU Nitra, where they
were slaughtered. For the quantitative microbial analysis (total count of micro-
organisms, number of coliform bacteria and count of mesophilic anaerobic sporulating
microorganisms) of the meat was taken the thigh and breast muscle, 45 minutes after
slaughter, ie before chilling of the meat and after 7 days of maturing process. It was cut
(with sterile scalpel) 17 samples of particular muscle. The sections was 5 cm? in depth
of 5 mm. The samples were preserved at 4 °C. The various pieces from each animal
were homogenisated on meat-mincer (size of slots was 3 mm). The homogenisate in
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amount of 10 g was added into the sterile flask with 90 cm® of saline solution. The
flasks were shaked for 30 min on the beater. The particular steps of isolation are pre-

sented in Table 1.

Table 1

Isolated species of microorganisms of the Fulica atra and the Anas platyrhynchos meat
and their fundamental identification signs

Cultivated Nutritive Temp ;ratgre T11'ne . Colour
. . of cultivation of cultivation
microorganisms substrate °C] [h] of colony
Coliform bacteria VRB agar (8) 37 2448 Reddish purple
MASM Nutrient agar 25 38-72 Light amber
Total microorganisms count GTY agar (9) 30 48-72 Yellow

VRB — Violet red bile agar; MASM — mesophilic anaerobic sporulating microorganisms; GTY — Glucose
tryptone yeast agar.

The basic statistical characteristic (arithmetical average, standard deviation, min.,
max and variation index) was evaluated by statistical program SAS. Differences among
various groups in the experiment were tested by the t-test and the Schefe test.

Results and discussion

At the evisceration and the carcase splitting it is not possible to avoid microbial con-
tamination. A mixture of bacteria, fungi and yeast, which are in contact with game, has
various effects on quality of the meat as foodstuff. They can activate positive also nega-
tive processes in the meat by Winkelmayer et al [5].

In the meat microorganisms are attendant which are responsible for the alimentary
diseases. Microorganisms affect by their metabolism quality of the meat especially sen-
sorial characteristic. Microorganisms participate in metabolism of proteins and lipids
and products of metabolism result in unpleasant smell and taste of the meat. Other nega-
tive marks are production of visual colonies and mould films on the surface of the meat
or changes of the meat pigmentation. The consummation of the bad meat can cause en-
teric diseases [10].

In our experiment had been monitoring the same groups of microorganisms in the
meat of the fulicas and the wild ducks after the slaughter (Table 2) and after the 7 days
of maturing process (Table 3).

The count of coliform bacteria was negative after slaughter in the both experimental
groups. Kacaniova et al [11, 12] confirmed the suitable quality of the fulica and the wild
duck meat on the count of coliforms, that is in accordance with the Codex Alimentarius
SR [13]. The standard for the count of coliform bacteria is 5 log cfu - g .

The count of mesophilic anaerobic sporulating bacteria in the meat of the wild ducks
ranged from 1.78-2.12 log cfu - g ' and in the meat of the fulicas it was from 4.98 to
5.95 log cfu - g '. From the statistical point of view there was a high significant differ-
ence (p < 0.001). The attained results correspond with assignments of Kacaniova et al
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[12]. They observed the increased count of mesophilic anaerobic sporulating bacteria in
the meat of the wild ducks, as well. According to the Codex Alimentarius SR [13] we
can conclude that the microbial quality of the wild duck meat accommodated to the
norm and the microbial quality of the fulica meat was inconvenient. The norm for meso-
philic anaerobic sporulating microorganisms is 2 log cfu - g_1 according to the Codex
Alimentarius SR [13].

Table 2
Representation of individual microorganisms groups of Anas platyrchynos
and Fulica atra meat in log cfu - g''
Groups Basic of statistical Animal brand
of microorganisms characteristics Anas platyrhynchos Fulica atra

X 0.00 0.00

min. 0.00 0.00

Coliform bacteria max 0.00 0.00
Sx 0.00 0.00

v % 0.00 0.00

X 1.99 5.39

Mesophilic anaerobic min. 178 4.98
sporulating max 2.14 5.95
microorganisms s 0.12 0.32
v % 5.97 5.84

X 0.00 5.62

min. 0.00 5.18

Ef? :;alliccrc(’)l(l)r;;anisms max 0.00 6.25
Sx 0.00 0.42

v % 0.00 7.53

X — average; sy — standard deviation; v % — coefficient of variation.

The total count of microorganisms in the meat of the wild ducks was zero. In the
meat of fulicas ranged from 5.18 to 6.25 log cfu - g”'. On the base of average results we
can conclude that the total count of microorganisms is conformable with the Codex Ali-
mentarius SR [13]. The norm for the total count of microorganisms is 5.69 log cfu - g .
But we must stress that 30 % samples of the fulica meat had excess values.

The increasing count of microorganisms noticed Kacaniova et al [11] at the samples
of the wild duck meat (0.00-6.37 log cfu - g’l), but in other experiments [12] are the to-
tal counts of microorganisms the same as in our experiment, ie zero. The statistical dif-
ferences between the meat samples from the wild ducks and the fulicas were significant
(p < 0.001).

In the past storage of game meat was usually at 0 to 4 °C. The base of the 7 days ma-
turing process is to supply the mature meat for consumer. Profoundness autolysis occurs
right after the 7 days maturing process [14]. Then we had observed microbial contami-
nation of the wild duck and the fulica meat at the end of maturation.
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Table 3
Representation of individual microorganisms groups of Anas platyrchynos
and Fulica atra meat in log cfu - g ' after 7 days of maturing
Groups Basic of statistical charac- Animal brand
of microorganisms teristics Anas platyrhynchos Fulica atra
X 1.27 2.03
min. 1.12 0.00
Coliform bacteria max 1.73 3.43
Sx 0.17 1.45
v % 13.63 71.38
X 2.08 5.43
- ) min. 1.95 5.00
el it
Sx 0.11 0.31
v % 5.43 5.62
X 1.99 5.74
Total min. 1.18 5.24
o? :Eiccr(c))ltl)rrl;anisms max 2.24 6.30
Sx 0.30 0.39
v % 15.19 6.86

X — average; sy — standard deviation; v % — coefficient of variation.

All samples of the wild duck and the fulica meat were contaminated by the coliform
bacteria, it comes to this, that in the term of faecal contamination the muscles of game
were not clean. The count of coliforms in the mature meat of the wild ducks was in the
rate of 1.12-1.73 log cfu - g, In the mature meat of the fulicas was from 0.00 to 3.43
log cfu - g’l. The other attributes were measured by Kacaniova et al [11, 14]. The count
of coliforms was zero in the meat of wild ducks as well as in the meat of fulicas. These
results had confirmed the suitable microbial quality of feather game according to the
Codex Alimentarius SR. The Codex Alimentarius [13] determinated 5 log cfu - g™ as
the maximum of the count of coliforms. Our results correspond with the norm listed in
the Codex Alimentarius SR. The statistical differences between the meat samples from
the wild ducks and the fulicas were not significant (p > 0.05).

The count of mesophilic anaerobic sporulating microorganisms in the wild duck ma-
ture meat samples was within range of 1.95-2.24 log cfu - g’l and in the mature meat of
fulicas it was from 5.00 to 6.00 log cfu - g’l. The average values were inconvenient ac-
cording to the Codex Alimentarius SR [13]. The norm for mesophilic anaerobic sporu-
lating bacteria is 2 log cfu - g '. The significant differences between the meat samples
from the wild ducks and the fulicas were significant (p < 0.001).

The total count of microorganisms in the mature meat samples of the wild ducks was
in the rate of 1.18-2.24 log cfu - g, ie on the average 1.99 log cfu - g '. These values
are suitable with the norm in the Codex Alimentarius SR [13]. The higher values were
detected in the mature meat samples of the fulicas. The values were within rate of
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5.24-6.30 log cfu - g_l, on average 5.69 log cfu - g_l. The comparison of the meat sam-
ples of both experimental animals showed high significant differences (p < 0.001).

The statistical significant differences (p < 0.001) were found among the count of co-
liforms and the total count of microorganisms in the meat of the wild ducks immedi-
ately after the slaughter and after the 7 days maturing process. In the counts of meso-
philic anaerobic sporulating microorganisms after the slaughter and after the 7 days
maturing process were not found statistical significant differences (p > 0.05).

The similar tendency of the statistical significant differences (p < 0.001) showed val-
ues between the counts of coliforms in samples of the fulica meat after the slaughter and
maturation. In the counts of mesophilic anaerobic sporulating microorganisms and in
the total counts of microorganisms after the slaughter and the maturing process were not
found statistical significant differences (p > 0.05).

Conclusion

The zero values of the counts of coliform bacteria in the meat of the wild ducks and
the fulicas after the slaughter as well as values 1.27 log cfu - g' (the wild duck mature
meat) and 2.30 log cfu - g ' (the fulica mature meat) give the good premise to consum-
mation of this meat. The count of mesophilic anaerobic sporulating microorganisms in
the meat of the wild ducks had allowed values according to the Codex Alimentarius SR.
After the 7 days of maturing process the value of mesophilic anaerobic sporulating
microorganisms count increased about 0.08 log cfu - g”' above the norm. In the fresh
and the mature meat of the fulicas were observed the high values of the mesophilic
anaerobic sporulating microorganisms counts, where the value of the count of meso-
philic anaerobic sporulating microorganisms were about 2.69 higher than it is allowed.
After maturation the value of the count of mesophilic anaerobic sporulating micro-
organisms was about 2.69 higher than is allowed by the Codex Alimentarius SR. The
total count of microorganisms in the meat samples of the wild ducks after the slaughter
was zero and the values increased after maturation on 1.99 log cfu - g ', which is in
accordance with the Codex Alimentarius SR. In the meat samples of fulicas after the
slaughter was 5.62 log cfu - g, ie close to maximum of the allowed norm. The total
count of microorganisms in the mature meat samples of the fulicas was about 2.13 %
higher than in the fresh meat. This value falls outside the Codex Alimentarius norms.

On the base of our experiments we can conclude that the maturing process of game
meat is not relevant problem in term of negative influence of the meat quality, but in
many cases the microbial quality is better than in the fresh meat.
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MIKROBIOLOGICZNA JAKOSC MIESA Anas platyrhynchos 1 Fulica atra

Abstrakt: Celem badan byl monitoring mikrobiologicznej jakosci migsa z Anas platyrhynchos i Fulica atra
bezposrednio po uboju oraz po 7 dniach dojrzewania. Oznaczono catkowitg liczebnos¢ mikroorganizmow,
liczebnos¢ bakterii Coli oraz liczebno$¢ mezofilowych anaerobowych mikroorganizméw sporulujacych. Nie
stwierdzono obecnosci bakterii Coli bezposrednio po uboju. Liczebnos¢ mezofilowych anaerobowych
mikroorganizméw sporulujacych w migsie Anas platyrhynchos wynosita 1,78-2,12 log cfu - g . Liczebno$¢
tych organizméw w miesie Fulica atra wynosita 4,98-5,95 log cfu - g'. Réznice miedzy badanym migsem
byly statystycznie istotne (p < 0,001). Calkowita liczebnos¢ mikroorganizméw w migsie Fulica atra wynosita
5,18 do 6,25 log cfu - g'. Parametr ten wykazal wartos¢ zerowa w miesie Anas platyrhynchos. Roznice
migdzy badanym migsem pod wzgledem catkowitej zawartosci mikroorganizmow byty statystycznie istotne
(p < 0,001). Liczebnos¢ bakterii Coli w dojrzatym migsie Anas platyrhynchos wynosita 1,12-1,73 log
cfu - g'. Roznice miedzy migsem Anas platyrhynchos i Fulica atra pod wzgledem tego parametru nie byly
istotne statystycznie (p < 0,05). Liczebnos¢ mezofilowych anaerobowych mikroorganizméw sporulujacych
w dojrzatym miesie Anas platyrhynchos wynosita 1,95-2,24 log cfu - g, a w dojrzalym miesie Fulica atra
5,00-6,00 log cfu - g'. Réznice te byly statystycznie istotne (p < 0,001). Calkowita liczebnosé mikroorganiz-
méw w probkach dojrzalego migsa Anas platyrhynchos wynosita 1,18-2,24 log cfu - g (Srednio 1,99 log
cfu - g'). Wieksza liczebnosé mikroorganizméw stwierdzono w dojrzalym miesie Fulica atra, gdzie mieécita
si¢ ona w granicach 5,24-6,30 log cfu - g (srednio 5,69 log cfu - g'). Poréwnanie dojrzalego migsa obu
gatunkéw pod wzgledem tego parametru wykazato statystycznie istotne réznice (p < 0,001).

Stowa kluczowe: mikroorganizmy, Fulica atra, Anas platyrhynchos, migso, dojrzewanie
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Abstract: The aim of this work was observation of microbial community of bee pollen of poppy (Papaver
somniferum), rape (Brassica napus) and sunflower (Helianthus annus) which were treated under freezing, UV
light and then stored for 6 weeks. From among microbiological parameters were tested counts and
representation of microscopic fungi, total counts of microorganisms, counts of mesophilic aerobic and
anaerobic sporulating microorganisms, count of coliforms bacteria and count of cells of Escherichia coli.
Counts of microscopic fungi in the pollen treated with UV light ranged from 1.86 log cfu - g™ in the rape
pollen after the 5™ week of storage to 3.94 log cfu - g™ in the sunflower pollen after the 1% week of storage.
Counts of mesophilic anaerobic sporulating microorganisms ranged from 2.54 log cfu - g after the 6™ week
of storage in the poppy pollen to 4.27 log cfu - g in the sunflower pollen after the first week. Mesophilic
aerobic sporulating microorganisms varied from 2.43 log cfu - g in poppy pollen after the 6" week of UV
light treatment to 3.60 log cfu - g™ inrape pollen after the first week. Counts of coliforms bacteria ranged from
0 log cfu - g ' since the 4™ week in sunflower pollen and since 4™ week in rape pollen to 3.33 log cfu - g™ in
sunflower pollen after the 1% week of UV light treatment. Counts of microscopic fungi in the pollen treated by
freezing ranged from 2.13 log cfu - g ' after the 5™ week of storage in the pollen of rape to 4.05 log cfu - g™ in
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the pollen of sunflower after the first week. Counts of mesophilic anaerobic sporulating microorganisms
varied from 2.13 log cfu - g ™' after the 5™ week in the pollen of rape to 4.65 log cfu - g™' after the first week in
the pollen of sunflower. Mesophilic aerobic sporulating microorganisms were found from 2.60 log cfu - g
after the 6™ week of freezing of poppy pollen to 4.02 log cfu - g after the first week of freezing in the pollen
of sunflower. Counts of coliforms bacteria ranged from 0 log cfu - g™' after the 3™ week in the rape pollen to
3.21 log cfu - g after first week of freezing in the poppy pollen. Alternaria sp., Cladosporium sp. and
Penicillium sp. were the most frequent species among microbiological fungi during whole time of
observation. We can conclude that counts of microorganisms during 6 weeks storage treated with UV light
and freezing decreased in all kinds of pollen.

Keywords: bee pollen, poppy, rape, sunflower, microorganisms, storage

The quantity and quality of pollen collected by honeybees affect reproduction, brood
rearing and longevity, thus ultimately the productivity of the colony [1]. Apart from
small quantities in nectar, honeybees obtain all the proteins, lipids, minerals and
vitamins they need for brood rearing and adult growth and development from pollen [2].
The proportions of these nutrients can vary widely among pollens of different plant
species [3], but few complete analyses are available for the chemical composition of
pollens. Pollen analyses are generally carried out on bee-collected pollens because of
the ease of collection. Bees do not consume fresh pollen. During collection and storage
the pollen composition is changed through the addition of mainly nectar, but also
glandular secretions [4]. Together with a specific bacterial flora associated with stored
pollen, this increases the digestibility and nutritive value of pollen for honeybees.

Honeybee collected pollen, a traditional product of beekeeping, is used as an
ingredient in diet cooking and is thought to be a source of physiologically active
elements. Commercial production of biologically active food supplements based on
honeybee pollen has recently been growing. With physiological value of pollen having
been studied well enough, scientists have limited access to publications on hygienic
aspects of pollen which would involve microbiological analysis. This article describes
microbiological quality of pollen as a food substance in respect of the set sanitary
standards.

Materials and methods

Bee-collected pollen of common poppy (Papaver somniferum L.), rape (Brassica
napus) and sunflower (Helianthus annuus) was studied. Eighteen samples of bee-col-
lected pollen were gathered from beekeepers, during a last spring season (year 2007).
There were respected qualitative criteria for gathering, drying and storage of bee pollen
according to criteria proposed by Bogdanov [5]:

a) Bee pollen was obtained from selected beekeepers. Health and hygiene conditions
of bee families were controlled before a season starts.

b) The pollen was collected by special pollen traps.

c) Pollen was harvested daily and in the shortest time placed to a freezer (—18 to
—20 °C) for prevention of spoilage and for preservation of a maximum quality.

d) Purification of frozen bee pollen pellets from different impurities was done most
efficiently by air with special constructed purifier.
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e) The frozen and purified bee pollen was dried as the gentlest way as possible to
keep high nutritional value of pollen. Firstly, pollen was defrosted 2—3 hours in room
conditions. Time of drying in a drying-oven was 6—8 hours. The maximum temperature
was 35-40 °C. The pollen was dried until humidity was 10-11 %.

f) Dried pollen was stored under cool conditions (around 8 °C), in sterilized
containers.

g) During all stages of manipulation with bee pollen were kept as sterilized
conditions as possible to avoid contamination.

Determination of colony forming units (cfu) counts in pollen samples

Plate diluting method was applied for quantitative cfu counts determination of
respective groups of microorganisms in 1 g of pollen sample. Gelatinous nutritive
substrate in Petri dishes was inoculated with 1 cm® of pollen samples by flushing on
surface, in three replications. Basic dilution (107") was prepared as follows: 5 g of
pollen content was added to the test tube containing 45 cm® of distilled water.

Media and culture conditions

The composition of nutritive substrates, for total mesophilic sporulating anaerobic
and aerobic microorganisms, coliform bacteria, and Escherichia coli, was according to
the directions for use declared by the producer (Biomark laboratories). Total mesophilic
sporulating anaerobic microorganisms were grown in Meat Peptone agar (anaerobiosis),
at 37 °C during 72 hours. Total mesophilic sporulating aerobic microorganisms were
grown in Meat Peptone agar (aerobiosis), at 37 °C during 72 hours. Coliform bacteria
were grown in Mac Conkey agar (aerobiosis), at 37 °C during 24 hours. Escherichia
coli were grown in Violet red bile agar (aerobiosis), at 37 °C during 24 hours. The
composition of these nutritive substrates was according to the directions for use
declared by the producer (Biomark laboratories). Bacteria were determined according to
Holt et al [6].

Isolation and morphological characterization of fungi

For determination of fungi colony-forming units (cfu) 5 g of sample was soaked in
45 cm’ sterile tap-water containing 0.02 % Tween 80 and then 30 min shaken. Dilutions
(from 107" to 107°) in sterile tap-water with 0.02 % Tween 80 were prepared and 1 cm’
aliquots were inoculated on each of three plates of Czapek-Dox agar with streptomycin
(to inhibit the bacterial growth). Petri dishes were inoculated using the spread-plate
technique and incubated at 25 °C. Total fungi cfu - g_1 counts in samples were
determined after 5 days of incubation.

Malt agar and Czapek-Dox agar were used to isolate and identify individual genera
and species. After isolation, or in some cases monosporic isolation, individual species
were identified on the basis of their macro- and micromorphology in accordance with
other scientific reports [7-9].
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Results and discussion

Changes in microbiological properties of bee pollen by application of gamma
irradiation and ozone treatment were tested by York et al [10]. Gamma irradiation at
7.5 kGy reduced the total microbial loads below detection levels (>10% cfu - g™'), but
after ozone treatment of up to 18 ppm for 8 h the total acrobic bacteria were found in
concentrations of more than 10° cfu - g .

Our results in Table 1 show microbial community of bee pollen of poppy (Papaver
somniferum), rape (Brassica napus) and sunflower (Helianthus annus) treated under
freezing, UV light and submitted to storage for 6 weeks. The results of microbiological
quality of bee pollen during storage after six weeks and UV light treatment show,
growing number of all microbial groups in the second week. This numbers after next
weeks are gradually reduced. The same results of microbiological quality of bee pollen
after six weeks with freezing treatment were achieved.

Table 1
The number of microorganisms in bee pollen [log cfu - g''] during its storage
UV light Freezing
Sample
MF ‘ MAESM ‘ MASM ‘ CB MF ‘ MAESM ‘ MASM ‘ CB
1™ week
Poppy 3.56 3.32 3.43 3.28 3.67 3.93 3.56 3.23
Rape 2.76 2.87 3.60 3.27 2.69 3.01 3.37 0.57
Sunflower 3.94 4.27 3.58 3.33 4.65 4.56 4.62 3.21
2 week
Poppy 3.38 3.83 3.74 2.10 3.61 3.47 3.67 0.90
Rape 3.10 2.93 3.25 0.57 2.53 2.82 3.18 0.67
Sunflower 3.44 3.90 0.56 1.23 3.41 4.13 3.40 2.61
3" week
Poppy 2.90 3.44 3.52 2.77 3.48 3.09 3.49 0.77
Rape 2.41 2.58 3.30 0.57 2.39 2.68 3.12 0.00
Sunflower 3.23 3.81 3.48 0.49 3.28 4.01 3.35 1.61
4™ week
Poppy 3.07 3.21 3.24 2.57 3.35 3.25 3.13 0.67
Rape 2.12 2.37 3.16 0.00 2.16 2.47 3.01 0.00
Sunflower 3.09 3.61 3.39 0.00 3.16 3.996 3.28 1.39
5™ week
Poppy 2.90 3.10 2.54 1.79 3.29 3.03 3.28 0.57
Rape 1.86 233 2.99 0.00 2.13 2.13 2.86 0.00
Sunflower 2.90 3.54 3.25 0.00 3.05 3.63 3.33 1.33
6" week
Poppy 2.25 2.54 243 1.97 2.52 2.41 2.60 1.00
Rape 2.82 2.60 3.16 0.00 2.45 2.63 3.01 0.00
Sunflower 3.06 3.63 3.29 0.00 3.10 3.68 3.28 1.39

MEF — microscopic fungi, MAESM — mesophilic anaerobic sporulating microorganisms, MASM — mesophilic
aerobic sporulating microorganisms, CB — coliform bacteria.
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Kacaniova et al [11] published similar results in pollen microbiology. It is very
important to continue similar research of pollen, because standards in this area are
deficient.

These findings match the data obtained by the researches in China in the number of
aerobic bacteria identified in pollen, which were 10°-107 cfu - g_1 [12]. The level of
pollen contamination with moulds generally exceeded the values determined by
researchers in fresh pollen in Spain [13] and in French pollen [14].

Nowadays huge attention is focused on microscopic fungi, because it was discovered
that some of them are able to produce toxic metabolites, called mycotoxins, which can
threat health of consumer of contaminated food [15]. In our research microscopic fungi
found in bee pollen samples correspond to the genus Alternaria sp., Cladosporium sp.
and Penicillium sp. as the most abundant (100 %, 1000 % and 78 %, respectively). The
rest was represented by Fusarium sp. (56 %), Mucor sp. (56 %) and Trichoderma sp.
(33 %).
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Fig. 1. Prevalence of microscopic fungi in bee pollen samples during its storage (%)

If microorganisms are responsible for fermentation and the accompanying chemical
changes of pollen stored in comb cells by honey bees, the moulds may be a component
of the required microbial complement. They could contribute antibiotics, organic acids
and enzymes, products for which they are utilized industrially. These compounds may
limit the growth of deleterious microorganisms and provide enzymes for utilization of
nutrients [16].

The high water content in bee pollen is an ideal cultural medium for microorganisms
as bacteria and yeast [5]. The results confirmed that the bee pollen samples contain
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higher diversity of different genus of microscopic fungi than the samples of flower
pollen.

Conclusion

Based on our findings, presence of moulds of up to 10* ¢fu - g™ seems to be normal,
which is a permissible level in Europe. In this connection studies of microflora content
in relatively good quality pollen are required for the estimation of its risks for human
health. From the hygienic point of view the microbiological safety is the main quality
criterium. It is important to control the microbiological quality of pollen, especially the
absence of pathogenic germs and yeasts. In our studies of microbiological quality we
documented positive influence of UV radiation and freezing to bee pollen during its
storage.
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ZMIANY FLORY BAKTERYJNEJ PYLKU PSZCZELEGO
ZAMRAZANEGO 1 EKSPONOWANEGO NA PROMIENIOWANIE UV
W CZASIE PRZECHOWYWANIA

Abstrakt: Celem pracy byla obserwacja mikroorganizméw pytku pszczelego pochodzacego z Papaver
somniferum, Brassica napus 1 Helianthus annus, ktory naswietlono UV, zamrozono i przechowywano przez 6
tygodni. Sposréd parametrow mikrobiologicznych oznaczono liczebno$¢ i sklad gatunkowy grzybow,
catkowitg liczebnos¢ mikroorganizmdw, liczebnos¢ mezofilnych aerobowych i anaerobowych sporulujacych
mikroorganizmoéw, liczebnos¢ bakterii coli oraz liczebno$¢ Escherichia coli. Liczebno$¢ grzybow w pytku
Brassica napus na$wietlanym UV wynosita od 1.86 log cfu - g po 5 tygodniach przechowywania do 3.94 log
cfu - g w pytku Helianthus annus po 1 tygodniu przechowywania. Liczebnosé¢ mezofilowych anaerobowych
sporulujacych mikroorganizméw wynosita od 2.54 log cfu - g w pylku z Papaver somniferum po 6
tygodniach przechowywania do 4.27 log cfu - g™ w pytku Helianthus annus przechowywanym przez tydzien.
Liczebno$é aerobowych sporulujacych mikroorganizmow wynosita od 2.43 log cfu - ¢! w pytku Papaver
somniferum przechowywanym przez 6 tygodni w obecnosci UV do 3.60 log cfu - g ' w pytku Brassica napus
po pierwszym tygodniu przechowywania. Liczebno$¢ bakterii coli w pytku Helianthus annus i Brassica napus
wynosita od 0 w 4 tygodniu przechowywania do 3.33 log cfu - g w pytku Helianthus annus po 1 tygodniu
naswietlania UV. Liczebno$¢ grzybéw wynosita od 2.13 log cfu - g w zamrazanym przez 5 tygodni pytku
Brassica napus do 4.05 log cfu - g w pytku Helianthus annus zamrozonym przez tydzien. Liczebnosé
mezofilnych anaerobowych sporulujacych mikroorganizméw wynosita od 2.13 log cfu - g w zamrazanym
przez 5 tygodni pylku Brassica napus do 4.65 log cfu - g w pylku Helianthus annus zamrozonym przez
tydzien. Liczebno$¢ mezofilowych aerobowych sporulujacych mikroorganizméw wynosita od 2.60 log
cfu - g w pytku Papaver somniferum zamrozonym przez 6 tygodni do 4.02 log cfu - g ' w pylku Helianthus
annus zamrozonym przez tydzien. Liczebnos¢ bakterii coli wynosita od 0 w pytku Brassica napus
zamrozonym przez 3 tygodnie do 3.21 log cfu - g ' w pytku Papaver somniferum zamrozonym przez tydzien.
Sposréd grzybow najczesciej wystepowaty Alternaria sp., Cladosporium sp. 1 Penicillium sp. Zamrazanie
potaczone z ekspozycja na promieniowanie UV powodowato spadek liczebnosci mikroorganizméow we
wszystkich rodzajach pytku po 6 tygodniach przechowywania.

Stowa kluczowe: pylek pszczeli, mak polny, rzepak, stonecznik, mikroorganizmy, przechowywanie
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Introduction

A bee gathered pollen is regarded as valuable special food and is used also in an
apitherapy [1, 2]. Bee-collected pollen (“bee pollen™) is promoted as a health food with
a wide range of nutritional and therapeutic properties [3]. This beehive product also has
several useful pharmacological properties, such as antibiotic, antineoplastic, antidiarrhoe-
atic and as an antioxidant agent [4]. Also bee-pollen, as well as other apicultural
products, has gained increased attention for its therapeutic properties, such as anti-
bacterial [5, 6], antifungal [5], anti-caryogenic [7] and immunomodulatory [8] effects.

The antioxidant activity of honeybee-collected pollen has been recognized as a free
radical scavenger and as a lipid peroxidation inhibitor [4, 9]. This activity has been
associated with the phenolic pollen content [4]. Usually, honeybee-collected pollen is a
mixture of pollen pellets from different botanical origins. Each one is an important
source of flavonol glycosides [10], and in some species, of hydroxycinnamic acids [4].
These compounds are found in a species-specific profile [4], which suggests that
honeybee-collected pollen from different areas or seasons could have different
antioxidant activities. In spite of the relevance of honey-bee collected pollen as an
antioxidant substance, there is not enough systematic information about the antioxidant
activity levels associated to the flavonol content and profile of honeybee-collected
pollen from different botanical origins [11]. Bee-collected pollen is an apicultural
product, which is composed of nutritionally valuable substances and contains con-
siderable amounts of polyphenol substrates, which may act as potent antioxidants. It
was concluded, that pollen and propolis extracts inhibit respiratory burst within cancer
cell lines, probably by their antioxidant potentials [12]. The bioactive properties of
apicultural pollen extracts can be increased using a solvent suitable for its extraction,
improving the activity of free radicals sequestration (antirust activity) [13]. Appropriate
extracts of pollen can be used as functional food or alimentary supplement. They had
the amount of phenolic composites and their capacity of sequestered free radicals which
are responsible for carcinogenesis [14]. Pollen grains have specific characteristics
according to the floral species or cultivation methods, but the quality depends on the
collection process, cleanness, drying and storage applied by beckeepers with the
objective to increase the product shelf-life.

The aim of our study was to measure the total flavonoids content, as well as,
individually the content of quercetin, luteolin, kaempferol, apigenin in Papaver
somniferum L. bee pollen. Then, to analyse the reduction power of bee pollen (dried,
frozen, freeze-dried), and also to determine the antibacterial activity of bee pollen
extracts, obtained with different concentrations of ethanol. The heavy metals con-
centrations were analysed in bee gathered (in case of all three treatments) and flower
pollen samples of Papaver somniferum L.

Material and methods

Samples preparation

Samples of bee-collected pollen were obtained from beekeepers, which respected
qualitative criteria for gathering, drying and storing as proposed by Bogdanov [2]. The
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samples were collected during the spring season 2007 from different regions of western
Slovakia. The flower pollen samples were obtained in the year 2007. A poppy is a
self-pollinated plant species and anthers are opened inside of a flower bud before it
opens. For this reason the pollen was collected from plants of different genotypes
closely before flowering. The samples of flower pollen were stored in dry place at room
temperature until analysed. The fresh bee pollen was stored at —18 °C, 20 % moisture,
approximately six months until analysed. The dried pollen samples were dried (9-11 %
humidity) approximately 8 hours at maximum temperature 35 °C. The moisture was
tested by thermogravimetric analyzer WPS 50SX/1 by RADWAG. The lyophilized
samples of bee pollen were dried in the table laboratory lyophilizator LYOVAC GT 2
by Amsco/Finn-Aqua, 80 hours without heating, until 2 % moisture. The drying process
was realized without heating so the nutritive compounds of the pollen were not
changed.

Total flavonoids and selected flavonoids analysis

HPLC determination of flavonoids. Chromatographic separation were performed
on a Purospher Star RP-18e (Merck) column (250 x 4 mm 1.D., 5 um), protected by
a Merck Purospher Star (4 x 4 mm, 5 um) guard column. The HPLC system consisted
of Shimadzu LC 10ADvp series pumping system, SPD 10AV/VP UV/VIS detector set
at 360 nmand C-R6A chromatography data station software. Two solvents were used
with constant flow rate 1 cm®/min.

The injection volume was 20 mm?®. Solvent A consisted 0.05 % of TFA/methanol
(95:5, V/V), solvent B included methanol/0.05 % TFA (95:5, V/V). For the elution
program, the following proportions of solvents B were used: 0—15 min, 40 % B; 15-30
min, 40-55 % B; 30-35 min 55-70 % B. The ethanolic extracts were injected under this
conditions as well as a mixture of authentic samples of quercetin, luteolin, kaempferol
and apigenin.

The correlation between content of flavonoids and antioxidant activity (expressed as
RP4A) was analysed using SAS 9.1.3 software.

Reduction power. The reduction power of pollen compounds was evaluated
spectrophotometrically by the modified method Prieto [15]. This method is established
on reduction of Mo(VI) to Mo(V) with an effect of reduction parts in the presence of
phosphorus under formation of green phosphomolybdenum complex. Solution absorb-
ance of reducing sample was measured at A = 705 nm (UV-1601, Shimadzu, Tokyo
Japan) toward blank experiment (distilled water). The reduction power of compounds
(RP4,) expressed as quantity of ascorbic acid necessary to achieve the same effect in
ug - cm ° was calculated using the equation: RP s = (A7gs ym— 0.0011) / 0.00236.

Microbiological analysis

Preparation of bee pollen ethanolic extracts (BPEE). The bee pollen samples (2 g)
were milled, homogenized and extracted individually using 15 cm® of the ethanol
solution as the extraction solvent in different concentrations (BPEE 50, BPEE 70, and
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BPEE 90 %) at temperature of 70 °C for 30 min with constant agitation. The
supernatant was separated and the solid residue was re-extracted. Then, the ethanol
extracts of pollen were combined and stored at 5 °C for further analysis. All samples
were extracted in duplicate [16].

Antimicrobial activity of bee pollen ethanolic extracts (BPEE). The disk diffusion
assay described in detail by Bauer et al [17] was used in this study, with some
modifications. The stock of bacterial cultures (Staphylococcus sp., family Entero-
bacteriaceae) and fungal (Penicillium citrininum, P. crustosum, P. expansum, P. brevi-
compactum and P. chrysogenium) were grown in the nutrient agar at 26-27 °C for 24 h
and the Malt agar at 25 °C for 48 h in a shaker. The aliquots of 40 mm® of bee pollen
ethanolic extract were applied in a paper disk and placed in plates containing the
nutrient agar that was previously inoculated with active cultures of these micro-
organisms with sterile swabs. Antimicrobial activity was assessed by measuring the
diameter of the inhibition zone around each disk after 24 hours of inoculation at 37 °C.
The control (40 mm® of 96 % ethanol) used in all the plates and extracts analysed in
duplicate. Chloramphenicol (40 mm®) was used as the positive control for bacteria.

Heavy metals analysis

Heavy metals in flower and bee pollen were analysed by standard methods in the
accredited analytic laboratory BEL/NOVAMANN International Ltd. Nové Zamky. The
samples of pollen were homogenized, and then they were further processed according to
determined chemical compounds.

An Advanced Mercury Analyzer (AMA 254) was assessed for determination of
mercury in analysed samples of pollen. The method is based on sample catalytic
combustion, preconcentration by gold amalgamation, thermal desorption, and atomic
absorption spectrometry.

In the case of cadmium and lead determination was used electrothermal atomic
absorption spectrometry (ETA-AAS).

Results and discussion

Total flavonoids and selected flavonoids analysis

The reduction power of bee pollen compounds was 3592.56 + 105.29 ng - cm™. In
the present submission we have compared analysed results of dried, frozen and
freeze-dried bee pollen. The highest value achieved the freeze-dried pollen (Table 1).

An antioxidant ability of pollen seems to be due to phenolic compounds [18]. High
levels of phenolic constituents are often accompanied by a high antioxidative capacity
of pollen; however, according to the reports of Campos et al [3] and Campos et al [19],
no direct correlation between flavonoids and a radical-scavenging activity was found.
A gradual decrease of RSA in pollen stored for 4 years was not accompanied by
a parallel reduction of flavonoids [3] and some pollen with high levels of phenolics did
not present significant antiradical activity [19]. Pollen, containing more than 6 % of
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water will ferment upon storage. Storage for one year or longer will reduce the free
radical scavenging capacity of pollen [3].

Table 1

The reduction power (RPxs) of bee pollen compounds [ug - cm™]

Pollen

RPsx [ug - Cm73]

Frozen
Dried

Freeze-dried

3452.67 £ 4.64
3653.67 £4.64
3671.33 £3.40

Comparison of flavonoids content (averaged 262.33 + 4.42 mg - kg') refers on
higher values in the frozen bee pollen than in the dried and freeze-dried forms (Table 2).
In the freeze-dried pollen was the highest content of two flavonoids (quercetin and
apigenin), but in the case of the other two analysed flavonoids (luteolin and kaempferol)
their content was the highest in the dried bee pollen. For any from four investigated
flavonoids the highest content was not determined in the frozen bee pollen. Sum of
particular four selected flavonoids decreased in the order: dried > freeze-dried > frozen
bee pollen.

Table 2

The content of flavonoids in bee pollen [mg - kg ']

Flavonoids Pollen

[mg - kg™'] frozen dried freeze-dried
Quercetin 2.05+£0.14 3.99+£0.06 5.19+£0.10
Luteolin 1105.80 £ 0.57 1390.67 £ 0.35 1340.58 £ 0.59
Kaempferol 12.96 +0.75 22.40£0.77 23.61 £0.45
Apigenin 4.60 £ 0.46 6.56 £0.29 15.65 £0.67
Total flavonoids 266.00 £ 3.74 258.67 £ 1.70 262.33 £2.87

In investigations by Leja et al [20] great variability regarding content of total
phenols, phenylpropanoids, flavonols and antioxidant capacity in 12 examined pollens
was found. In some of them (P. tanacetifolia and S. alba) a very high antioxidant
activity, expressed as a radical-scavenging activity, inhibition of a lipid peroxidation
and a hydroxyl radical scavenging activity, corresponded to high levels of total phenols,
phenylpropanoids and flavonols. A variability of total antioxidant activity in investigat-
ed species seems to correspond to their phenylpropanoid contents, being manifested by
the significant positive correlation coefficient [20].

There were observed the statistically significant strong dependence between anti-
oxidant activity and individual flavonoids, namely quercetin, luteolin, kaempferol
(p < 0.001), and apigenin (p < 0.05), but not between total flavonoids (Table 3).
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Table 3
Correlation matrix for antioxidant activity and content of flavonoids
AA . . . L
Flavonoids Quercetin Luteolin Kaempferol Apigenin
(RPAn)
AA (RPan) 1 P>0.05 P <0.001 P<0.001 P <0.001 P<0.05
NS r=0.94759 r=0.97081 r=0.99064 r=0.68926
Flavonoids 1 P>0.05 P <0.05 P>0.05 P>0.05
NS =-0.67444 |NS NS
Quercetin | P<0.01 P <0.001 P<0.01
r=10.84820 r=0.94193 r=0.87972
Luteolin | P <0.001 P>0.05
r=10.95397 NS
Kaempferol 1 P <0.05
r=0.70517
Apigenin 1

AA - antioxidant activity.

Microbiological analysis

The antimicrobial activity of P. somniferum L. bee pollen extracts was analysed
according to the disk diffusion assay, and the results are shown in Table 4. The obtained
results characterize P. somniferum L. bee pollen ethanolic extract samples as the
product with the broad antimicrobial effect. The strongest antibacterial effect was
shown by P. somniferum L. bee pollen ethanolic extract of 90 % concentration against
Staphylococcus sp. and family Enterobacteriaceae. The strongest antifungal effect was
shown by P. somniferum L. bee pollen ethanolic extract samples of 90 % concentration
against Penicillium citrininum and Penicillium crustosum strains. The least antifungal
effect was shown by P. somniferum L. bee pollen ethanolic extract samples of 50 %
concentration against to Penicillium chyrysogenium strains. Chloramphenicol the
antibiotic was used for comparison, showing different ways of action to each
microorganism. The control proved that the ethanol used in the extractions did not have
inhibiting action.

Table 4

Antimicrobial activity [mm] of Papaver somniferum L. bee pollen ethanolic extracts (BPEE)

BPEE Enterobac- | Staphylococ- | Penicillum | Penicillium | Penicillium|  Penicillium Penicillium
teriaceae cus sp. citrininum | crustosum | expansum | brevicompactum | chrysogenium
50 % 6.0 5.0 4.0 4.5 4.0 2.0 0.0
70 % 6.5 5.5 4.0 6.0 3.5 3.0 0.0
90 % 7.0 6.0 5.0 9.0 1.5 1.0 0.0
Control 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A 9.0 11.0 6.0 4.0 5.0 0.0 5.0
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Pollen ethanolic extracts in Carpes et al. [16] study of all pollen at 60 % showed the
same inhibition degree against Bacillus subtilis, Pseudomonas aeruginosa, Klebsiella
sp., Bacillus cereus and Staphylococcus aureus bacteria. In Carpes et al [16] study
Bacillus subtilis bacteria were inhibited for Parana pollen in a pollen ethanolic extracts
at 40 %, 50 %, 60 % and 70 % and for Alagoas pollen in PEE at 50 %, 70 % and 90 %.
In this study, the pollen ethanolic extracts of Parana pollen at 90 % showed the biggest
clear zones around each disk (7.0 mm) against Klebsiella sp. Nevertheless, Klebsiella
was also inhibited by the pollen from Alagoas in extracts of 60 and 70 %. The Alagoas
extract pollen at 70 %, contained the highest antibacterial activity. Pseudomonas
aeruginosa bacteria were inhibited by 80 % and 90 %, and Staphylococcus aureus
bacteria were inhibited by extracts of pollen at 50 %, 60 %, 70 % and 80 % of ethanol
solution.

Heavy metals analysis

From the heavy metals in flower and bee pollen the lead level was 0.64 mg - kg™ and
less than 0.1 mg - kg ', respectively (Table 5). Consecutively, the contents of mercury
were 0.019 mg - kg for the flower pollen and ranging from 0.004 to 0.005 mg - kg™ for
frozen, freeze-dried and dried bee pollen. The cadmium concentration in the flower
pollen was 0.12 mg - kg and in the bee pollen ranged from 0.22 to 0.26 mg - kg '. The
content of cadmium was lower in the flower pollen than in the bee pollen, but other
heavy metals like the lead and mercury had higher levels in the flower pollen.

Table 5

The content of heavy metals in flower and bee pollen [mg - kg ']

H[?l ;y rl:lg}{a]ls F(l;;\;rz%(z)l%n Bee pollen (year 2007)
Dried <0.1
Lead (Pb) 0.64 Frozen <0.1
Freeze-dried <0.1
Dried 0.005
Mercury (Hg) 0.019 Frozen 0.004
Freeze-dried 0.004
Dried 0.25
Cadmium (Cd) 0.12 Frozen 0.22
Freeze-dried 0.26

Chlebo and Cermakova [20] investigated; that a bee pollen contamination can comes
from two sources — by industrial emissions and agricultural pesticides. They determined
following content of risk chemical elements in 16 samples of bee pollen, from 4 high
industrialized regions of Slovakia (Stredny SpiS, Ruzomberok, Hornd Nitra, and
Bratislava): a lead (Pb) 1.70 mg - kg™' (year 1990) and 0.38 mg - kg ™' (year 1999),
a mercury (Hg) 0.018 mg - kg ' (year 1990) and 0.003 mg - kg ' (year 1999),
a cadmium (Cd) 0.180 mg - kg ' (year 1990) and 0.043 mg - kg ' (year 1999). In
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comparison with our results the level of cadmium was higher in bee pollen samples, and
the level of mercury was slightly higher in flower and bee pollen samples (Table 5).

Conclusions

Further studies of the antimicrobial and the antioxidant properties and the antioxidant
components of bee pollen from different botanical origins are required. There is also
important problem with the heavy metals content in bee pollen, which has to be closely
investigated; in consequence that bee pollen is regarded as valuable food supplement.
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ZAWARTOSC METALI CIEZKICH ORAZ AKTYWNOSC ANTYOKSYDACYJNA
I ANTYBAKTERYJNA PYLKU Papaver somniferum L.

Abstrakt: Celem pracy bylo zmierzenie calkowitej zawartosci flawonoidow oraz kwercetyny, luteoliny,
kemferolu i apigeniny w pytku pszczelim pochodzacym z Papaver somniferum. Nastgpnie zbadano sitg
redukcyjna pytku pszczelego (suszonego, mrozonego, suszonego i mrozonego) oraz aktywnosé anty-
bakteryjna ekstraktow pytku pszczelego uzyskanych przy uzyciu etanolu o réznych st¢zeniach. Zawartosé
metali cigzkich zbadano w pytku zebranym przez pszczoty oraz w probkach pytku pobranych z kwiatow. Sita
redukcyjna pytku pszczelego wynosita 3592,56 £105,29 ug - cm . Najwicksza site redukcyjna miat pyltek
suszony i zamrozony. Najwigksza zawartos¢ flawonoidéw stwierdzono ($rednio 262 + 4.42 mg - kg')
w zamrozonym pytku pszczelim. W pytku, ktéry byl jednoczesnie wysuszony i zamrozony, wystgpowata
najwigksza ilo$¢ kwercetyny i apigeniny. Pozostate flawonoidy (luteolina i kemferol) wystgpowaty w naj-
wickszej ilosci w suszonym pytku pszczelim. Uzyskane rezultaty wskazuja na bardzo szerokie dziatanie
antybakteryjne etanolowych ekstraktow pytku pszczelego z Papaver somniferum. Zawarto$¢ otowiu w pytku
pszezelim oraz probkach zebranych bezposrednio z kwiatéw wynosita odpowiednio 0,64 mg - kg™ i mniej niz
0,1 mg - kg''. Zawarto$¢ rteci wynosita 0,019 mg - kg w pytku zebranym bezposrednio z kwiatow.
Natomiast w pytku pszczelim mrozonym, suszonym oraz suszonym i mrozonym zawarto$¢ rteci wynosita od
0,004 do 0,005 mg - kg'. Zawartosé¢ kadmu w pylku zebranym z kwiatéw wynosita 0,12 mg - kg, a w pytku
pszezelim od 0,22 do 0,26 mg - kg .

Stowa kluczowe: pylek pszczeli z Papaver somniferum L., pytek kwiatowy, flawonoidy, sity redukcyjne,
aktywnos¢ antybakteryjna, aktywnos$¢ antygrzybiczna, metale cigzkie, zanieczyszczenia
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Abstract: The present study was carried out to investigate possible effects of lead (Pb), silver (Ag) and
molybdenum (Mo) administrations on porcine ovarian granulosa cells in relation to progesterone (P,) release.
Ovarian granulosa cells were incubated with/without lead acetate, silver nitrate and ammonium molybdate for
18 hours: 1.0 mg/em®; 0.5 mg/cm®; 0.33 mg/em’; 0.17 mg/em®; 0.09 mg/cm® and the control group without
metal addition. The release of progesterone by granulosa cells was assessed by RIA. The release of steroid
hormone P, was significantly (p < 0.05) inhibited after Pb administration at the dose 1.0 mg/cm®. Secretion of
P, by granulosa cells was decreased by Ag addition at the doses 0.5 mg/cm?; 0.33 mg/em’; 0.17 mg/em® and
0.09 mg/cm’. Significant (p < 0.05) increase of P, release after Mo addition was found. Data obtained from
these in vitro studies indicate new knowledge that release of steroid hormone progesterone by porcine
granulosa cells is associated with doses and variety of chemical treatments (Pb, Ag, Mo). Obtained data
indicate the interference of these endocrine disruptors in the pathways of steroidogenesis of porcine ovarian
granulosa cells.

Keywords: lead, silver, molybdenum, progesterone, steroidogenesis, granulosa cells

Environmental pollution is one of the major issues of today’s world [1]. Heavy
metals have been used by humans for thousands of years. Although several adverse
health effects of heavy metals have been known for a long time, exposure to heavy
metals continues [2].

Lead is a ubiquitous environmental and industrial pollutant [3—6] found in air, water,
brass plumbing fixtures, soil [7, 8], and some foods, vegetables and rice [7]. An
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accumulation of Pb in granulosa cells of the rat ovaries [9], sheep ovaries [10], the liver
and kidney of brown hares was reported [11]. Lead can induce ovarian changes in sheep
[10] and ovarian granulosa cell toxicities [9].

The primary use of silver (Ag) is in industrial applications, including use as
conductors, switches, and contacts; plating applications; silver brazing or soldering; and
miscellaneous uses such as mirrors, batteries, and catalysts. The second most important
use is the production of coins, jewellery, and tableware [12]. Silver salts are also used as
disinfectants. Recently, production of silver nanoparticles has been used in various
nanotechnologies [13] and suggested as antibacterial agent [14]. The highest con-
centrations of Ag are usually found in the liver and spleen, and to some extent, in
muscles, skin, and brain after ingestion. Water-soluble Ag compounds such as silver
nitrate have a local corrosive effect. Repeated exposure in animals causes growth
retardation and degenerative changes in the liver. The metal Ag preferentially
accumulated in the kidney of scallop, with much lower concentrations in the other
organs [15].

Molybdenum (Mo) is an essential trace element [16]. It is of considerable industrial
importance, especially in the production of strong, high quality steels for making heavy
machines and industrial hardware [17]. Mo is found in all foods and beverages [18],
usually at low levels of less than 1 mg/kg. Animal offal and nuts appear to be the only
foodstuffs that contain its relatively high levels. In certain conditions, such as when
soil is either naturally rich in Mo or has been contaminated by industrial activity, certain
food crops and other plants may accumulate unusually high levels of the metal. High
levels of Mo have also been detected in plants grown on soil which has been treated
with sewage sludge and certain fertilisers [17]. Mo is an essential component of several
enzymes [19, 20], including xanthine oxidase and xanthine dehydrogenase [20].
It fulfils important cell functions [21]. Polyoxomolybdates as discrete molybdenum-
-oxide cluster anions have been investigated in the course of study of their medical
applications [22]. Potential anticancer cytostatic and cytotoxic effects of piroxicam
complexes with MoOz2+ on human promyelocytic leukemia HL-60 cells have been
investigated [23]. Polyoxomolybdates provide promising, novel anti-tumor agents,
especially for cancers that are difficult to treat [24]. The effects of tetrathiomolybdate
analogue (ATN-224) on endothelial and tumor cell growth were evaluated in cell
culture experiments in vitro. ATN-224 inhibits superoxide dismutase 1 (SODI1) in
tumor and endothelial cells [25].

Progesterone (P,) is an ovarian steroid [26, 27] produced by porcine ovarian
granulosa cells [28, 29] and corpus luteum of pigs [30]. It is essential for normal ovarian
cycle [26, 27], sexual maturation [31], breast development and embryo development
[26, 27]. It is among the intraovarian signals that contribute to regulation of ovarian
follicular development and remodeling [30].

The general objective of this in vitro study was to examine the secretory activity of
porcine ovarian granulosa cells after lead, silver and molybdenum administrations. The
study also aimed at examining release of progesterone by porcine ovarian granulosa
cells after metal additions.
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Material and methods

Preparation, culture and processing of granulosa cells from ovaries

Slovakian White gilts at the ages of 100-120 days were kept under standard
conditions at the Experimental Station of the Animal Production Research Centre Nitra.
Conditions of their care, manipulations and use corresponded to the instruction of EC
no. 178/2002 and related EC documents, and they were approved by local ethics
commission. Porcine ovaries at the early and mid-follicular phase of the estrous cycle
were obtained from healthy gilts without visible reproductive abnormalities. Ovaries
were transported to the laboratory at 4 °C and washed in sterile physiological solution.
Follicular fluid was aspirated from 3—-5 mm follicles. Granulosa cells were isolated by
centrifugation for 10 min at 200xg followed by washing in sterile DMEM/F12 1:1
medium (BioWhittaker™, Verviers, Belgium) and resuspended in the same medium
supplemented with 10 % fetal calf serum (BioWhittaker™) and 1 % antibiotic-
-antimycotic solution (Sigma, St. Louis, Mo, USA) at a final concentration of 10°
cells/cm® (determined by haemocytometer). Portions of the cell suspension were
dispensed to 24-welled culture plates (Nunc™, Roskilde, Denmark, 1 cm® per well) for
radioimmunoanalysis (RIA). The plate wells were incubated at 37.5 °C and 5 % CO,
in humidified air until a 75 % confluent monolayer was formed (5-7 days). At
this point, the medium (1 cm® per well) was renewed and ovarian granulosa cells were
incubated with the same supplements (10 % fetal calf serum, 1 % antibiotic-antimycotic
solution) and with or without chemical substances: lead acetate Pb(CH;COO), - 3H,0,
silver nitrate AgNO; and ammonium molybdate (NH,)s - Mo,;0,, - 4H,0. The
concentrations were diluted as described in Table 1. Further culture was performed for
18 h, and then the culture media from plate wells were aspirated and kept at —20 °C for
further assay.

Table 1

Lead, silver and molybdenum concentrations used in the study

Concentrations of
Grou Pb(fﬁéc)o%k; %Hzgaggg 05 | Medium Dilutio Pb(CH;COO0), - 3H,0,
P Ve T [cm’] rate AgNOs, (NH,)s - M0, - 4H,0
[mg/cm’] 3
[mg/cm’]
Control 0 1 0:1 0
Max 1 0 1:0 1.0
A 0.5 0.5 1:1 0.5
B 0.33 0.67 1:2 0.33
C 0.17 0.83 1:5 0.17
D 0.09 0.91 1:10 0.09

Maximum used dose: 1.0 mg Pb(CH;COO), - 3H,0/cm’® = 0.546 mg Pb/cm®; Maximum used dose: 1.0 mg
AgNO;/cm3 = 0.6349 mg Ag/cm3; Maximum used dose: 1.0 mg (NHy)s - M070y4 - 4H,0/cm’® = 0.0776 mg
Mo/cm’.



110 Adriana Kolesarova et al

Immunoassay

Concentrations of P, were determined in 25-100 mm® incubation medium by RIA.
This substance was assayed using RIA kits (Immunotech SAS, Marseille Cedex,
France) according to the manufacturer’s instructions [3, 31, 32]. All RIA were validated
for use in samples of culture medium. RIA assay sensitivity for P, was 0.05 ng/cm®.
Inter- and intra-assay coefficients of variation did not exceed 9.0 % and 5.8 %,
respectively.

Statistical analysis

Each experimental group was represented by four culture wells of cultured granulosa
cells. Assay of substance in incubation medium was performed in duplicate. The data
presented are means of values obtained in three separate experiments performed on
separate days using separate pools of ovaries from 10-12 animals. Significant
differences between the control and experimental groups were evaluated by paired t-test
using statistical software Sigma Plot 11.0 (Jandel, Corte Madera, USA). The data are
expressed as means = SEM. Differences were compared for statistical significance at
the level p < 0.05.

Results

Release of progesterone by porcine ovarian granulosa cells

The reduction of the monolayer of granulosa cells after Pb addition was found by
light microscopy (Fig. 1). The release of P, by porcine ovarian granulosa cells was
23.37 + 1.28 ng/ecm’ in the control group. Release of steroid hormone P, by granulosa

Fig. 1. Effect of lead on monolayer of ovarian granulosa cells. A — Control represents culture medium
without lead addition. B — Group Max received lead acetate at 1.0 mg/cm’. Light microscopy
(Magnification 45x)
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cells in the group Max (6.95 = 0.84 ng/cm3 ) was significantly (p < 0.05) inhibited after
Pb administration. Groups A (21.07 + 3.23 ng/em’), B (27.72 + 3.33 ng/em’), C
(28.03 £ 3.02 ng/cm3) and D (25.98 = 0.94 ng/cm3) showed no significant (p > 0.05)
differences in comparison with control group (Fig. 2). The lowest amount of P, was
released by ovarian cells in the experimental group Max with the highest Pb
administration used in this study.

35

30

25 1

20

Release of progesterone [ng/cm?3]

Control D (e} B A Max

Fig. 2. Effect of lead on progesterone release by porcine ovarian granulosa cells. Control represents culture
medium without lead addition. Group Max received lead acetate at 1.0 mg/cm?; group A 0.5 mg/cm?;
group B 0.33 mg/ecm®; group C 0.17 mg/em®; and group D 0.09 mg/cm’. Values are means + SEM.
* Significant differences in comparison with control p < 0.05 were evaluated by paired t-test. RIA

The reduction of the monolayer of granulosa cells after Ag addition by light
microscopy (Fig. 3) was found, too. The release of P, by ovarian granulosa cells was
24.72 + 1.56 ng/em’ in the control group (Fig. 4). Release of P, by granulosa cells of

Fig. 3. Effect of silver on monolayer of ovarian granulosa cells. C — Control represents culture medium
without silver addition. D — Group Max received silver nitrate at 1.0 mg/cm’. Light microscopy
(Magnification 45x)
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Fig. 4. Effect of silver on progesterone release by porcine ovarian granulosa cells. Control represents culture
medium without silver addition. Group Max received silver nitrate at 1.0 mg/cm3; group A 0.5
mg/cm’®; group B 0.33 mg/em’; group C 0.17 mg/cm®; and group D 0.09 mg/cm®. Values are
means + SEM. * Significant differences in comparison to control p < 0.05 were evaluated by paired
t-test. RIA

experimental groups A (12.47 + 3.60 ng/cm®), B (12.33 + 2.02 ng/cm®), C (10.61 + 0.93
ng/cm’) and D (11.89 + 1.00 ng/cm®) showed significant (p < 0.05) inhibition compared
with the control group (Fig. 4). Similar release of P, was found in control and Max
groups (23.37 + 1.52 ng/em’).

The reduction of the monolayer of granulosa cells after Mo addition was found with
light microscopy (Fig. 5). The release of P, by porcine ovarian granulosa cells was
17.01 £ 2.53 ng/em’ in the control group. P, release by granulosa cells of experimental
groups A (21.59 + 1.38 ng/em®), B (22.29 + 2.85 ng/cm’), C (20.93 + 0.99 ng/cm’) and
D (16.61 + 1.60 ng/cm’) showed no significant (p > 0.05) differences in comparison

Fig. 5. Effect of molybdenum on monolayer of ovarian granulosa cells. E — Control represents culture
medium without molybdenum. F — Group Max received ammonium molybdate at 1.0 mg/cm”’. Light
microscopy (Magnification 45x)
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Fig. 6. Effect of molybdenum addition on progesterone release by porcine ovarian granulosa cells. Control
represents culture medium without molybdenum addition. Group Max received ammonium
molybdate at 1.0 mg/cm®, group A 0.5 mg/ecm’, group B 0.33 mg/cm’, group C 0.17 mg/cm’, group D
0.09 mg/cm’. Values are means + SEM. *Significant differences in comparison with control p < 0.05
were evaluated by paired t-test. RIA

with control group (Fig 6). Significant (p < 0.05) increase comparing with the control
group was found in group Max (26.33 + 1.23 ng/em’).

Discussion

Our reports confirm previous data about influence of heavy metals on cellular
processes [3, 4, 11, 33]. Neurodevelopmental toxins, such as heavy metals, interrupt
growth factor signalling [34]. The effect of metals on organisms can range from acute
mortality to chronic effects such as reductions in growth and reproductive output [35].
The levels of elements in follicular fluid (FF) of patients and evaluate the relationship
between the concentration of elements in FF, follicular volume, and blood was
determined by Silberstein [36].

Lead is the most extensively studied reproductive and developmental toxicant [3, 4,
11]. An accumulation of Pb in granulosa cells of the rat ovaries [9], sheep ovaries [10],
chicken granulosa cells [4], human ovarian granulosa cells [37] and porcine granulosa
cells [3, 5] was reported. Our observations represent the demonstration of Pb influence
on secretory activity of porcine ovarian granulosa. In our study isolated ovarian
granulosa cells were able to survive in culture and the release hormones P, In our
experiments steroid hormone progesterone was released by porcine ovarian granulosa
cells. Our observations confirm previous reports on the production of progesterone by
porcine ovarian granulosa cells [4, 28, 31]. Pb can cause a reduction in luteinizing
hormone (LH) and follicle-stimulating hormone (FSH) binding, which significantly
alters steroid production in vifro and exerts a direct influence on granulosa cell function
[38]. In our study P, release by granulosa cells was inhibited after Pb addition at the
highest dose 1.00 mg/cm3. The Pb concentrations (0.5-0.046 mg/cm3) used in the
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present study did not induce the release of P, by porcine ovarian granulosa cells [3]. On
the contrary, the P, release by ovarian granulosa cells of pregnant gilts was significantly
stimulated by Pb addition at doses of 0.25 mg/cm3 and 0.063 mg/cm3 [3]. Similarly, the
P, release by granulosa cells of pregnant gilts was significantly stimulated by Hg
addition at the doses of 0.25 mg/cm® and 0.083 mg/cm®. P, release by ovarian cells of
pregnant gilts was not influenced by FSH (1.0 ng/cm®) + Pb (0.083 mg/cm’) + Hg
(0.083 mg/cm’) but it was inhibited by the FSH (10 ng/cm®) + Pb (0.25 mg/cm®) + Hg
(0.25 mg/cm3) administrations. Further observations suggest possible involvement of
the heavy metals Pb and Hg, and pituitary hormone FSH, in the regulation of P, release
by porcine ovarian granulosa cells of pregnant gilts. Progesterone release by chicken
granulosa cells was stimulated after 0.33 mg/cm3 lead addition [4]. In another report,
lead seemed not to exert a specific effect on the steroidogenesis in cultured human
granulosa cells, but lead application in vitro at 1.600 uM (331.5 mg/dm®) resulted in a
significant decrease in progesterone production. The lead levels measured in the ovarian
follicular fluid seemed not to pose a hazard with respect to progesterone secretion by
the ovary [37]. The highest production of P, by porcine ovarian granulosa cells, in the
case cadmium treatment, was found in the group with addition of 10 ng/cm3 cadmium
chloride (CdCl,), and when the dose of cadmium was increased to 20 ng/cm3 CdCl, its
production decreased [29]. Cadmium-induced alterations in the production of pro-
gesterone by the human granulosa cells were determined after exposure to con-
centrations of 8, 16, 32 and 64 uM CdCl, for 2, 4, 8, 24 and 48 h [37]. Data obtained
from in vitro study indicate that the hormonal release by porcine ovarian granulosa cells
is associated with the dose of the metals administration, animal species, and also
depends on pregnancy of animals.

The increased use of nano-sized metallic materials is likely to result in the release of
these particles into the environment [39]. Silver is not toxic to humans and is not known
to cause cancer, reproductive or neurological damage or other chronic adverse effects.
Microorganisms could develop resistance to antibacterial silver because an organism
would have to undergo simultaneous mutations in every one of its critical functions
within a single generation to avoid the effects of silver [40]. This study was conducted
to test the effect of Ag on secretory activity of porcine ovarian granulosa cells. In our
experiments steroid hormone progesterone was released by porcine ovarian granulosa
cells after experimental Ag administration. The release of steroid hormone P, by
granulosa cells was inhibited by Ag addition at the doses 0.5 mg/cm®, 0.33 mg/em®,
0.17 mg/cm® and 0.09 mg/cm’. Similar release of P, was found in control and group
with the highest experimental Ag (1.00 mg/cmS) administration. In other report the
progesterone-AAG (a,-acid glycoprotein, orosomucoid) interaction was inhibited by
Hg’" > Ag" > Cu’ > Fe*" [41]. The in vitro steroid binding process was found to be
sensitive to the presence of certain metal ions. The cations seemed to interfere directly
with SH groups at the progesterone binding site. The most potent inhibitor of the
binding was Hg(Il) (50 % decrease in binding in the presence of 8 pmol - dm™)
followed by Cu(Il) (10 umol - dm™), Ag(I) (13 pmol - dm™), Zn(Il) (17 pmol - dm™)
and Fe(Il) (2.5 mmol - dm’3) [42]. The role of Ag in control of porcine ovarian
granulosa cells functions related to P, is not known yet. The results of our investigation
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show that Ag, when given at the highest dose, did not affect P, output by porcine
ovarian granulosa cells, but Ag at lower doses decreased release of P, by granulosa
cells. This chemical element can be suppressor of ovarian steroidogenesis and potential
risk factor for reproductive functions regulated by steroid hormones.

Exposure to a number of metals can affect neuroendocrine and thyroid signalling,
which can result in adverse effects on development, behaviour, metabolism, reproduc-
tion, and other functions [43]. The testes are more sensitive to Mo exposure to the
female reproductive organs [44]. Our studies are first contribution about the effect of
Mo on the ovarian chicken granulosa cells [4] and porcine ovarian granulosa cells.
Progesterone release by porcine ovarian granulosa cells was stimulated by the addition
of Mo at the dose 1.0 mg/cm3. Our previous study [4] shows that progesterone release
by chicken granulosa cells was stimulated by Mo doses 0.17 mg/cm3 and 0.33 mg/cm3.
The effect of an induced Cu deficiency on the fertility of South Africa Mutton Merino
ewes (Ovis aries) was investigated. The incidence of estrus of adult ewes suffering from
an induced Cu deficiency by supplementing molybdenum (Mo — 38 mg Mo/kg feed)
and sulphur (S — 0.34 %) to their diet was compared with that of a control group (Mo —
1.3 mg/kg; S — 0.22 %). No significant differences in plasma progesterone con-
centrations were recorded during the estrus cycles. It is suggested that Mo and S
induced Cu deficiency inhibits gonadothropin releasing hormone (GnRH) release or the
production of FSH and/or LH to such an extent that cyclicity in the ewe is suppressed
[45]. Meador et al [46] show that Mo, membrane-permeable form of the Ca’" -
chelating agent EGTA, or protease inhibitors substantially increases detectable rat
uterine progesterone receptors. Thiomolybdate depressed estradiol production in a
dose-dependent manner at doses >1 pg/cm3 and prevented the characteristic clumped
appearance of granulosa cells in this serum-free system. Although the supplementation
of copper alone had no effect at physiological doses, the use of the equimolar copper
and thiomolybdate media ameliorated the effect of tetrathiomolybdates on both estradiol
production and cellular morphology [47]. In our present study the effect of Mo addition
on the progesterone release by granulosa cells was examined. The report shows a direct
influence of Mo on granulosa cells functions (steroidogenesis).

Data obtained from these in vitro studies bring new knowledge that release of steroid
hormone progesterone by porcine granulosa cells is associated with doses and variety of
chemical treatments (Pb, Ag, Mo). Obtained data indicate the interference of these endo-
crine disruptors in the pathways of steroidogenesis of porcine ovarian granulosa cells.
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WPLYW OLOWIU, SREBRA I MOLIBDENU NA STEROIDOGENEZE IN VITRO
W KOMORKACH ZIARNISTYCH JAJNIKOW SWINI

Abstrakt: Zbadano wptyw otowiu (Pb), srebra (Ag) i molibdenu na wydzielanie progesteronu (P4) przez
komorki ziarniste jajnikow §wini. Komorki ziarniste inkubowano w obecnosci octanu otowiu, azotanu srebra
i molibdenianu amonu przez 18 godzin: 1.0 mg/cm®; 0.5 mg/ecm?; 0.33 mg/cm®; 0.17 mg/cm®; 0.09 mg/cm’.
Zatozono réwniez grupe kontrolna komorek ziarnistych, ktére nie byly eksponowane na jony metali.
Wydzielanie progesteronu przez komorki ziarniste zostalo zbadane metoda RIA. Wydzielanie sterydu P4 przez
komorki ziarniste zostalo zahamowane w sposob statystycznie istotny (p < 0.05) przez otéw podany w dawce
1 mg/em®. Wydzielenie P, zmniejszylo si¢ w obecnosci Ag w stezeniach 0.5 mg/cm®; 0.33 mg/cm’; 0.17
mg/cm’® i 0.09 mg/em’. Stwierdzono statystycznie istotny wzrost wydzielania P4 po podaniu Mo (p < 0.05).
Wyniki uzyskane w przedstawionym eksperymencie prowadzonym in vitro wykazuja, ze wydzielanie
progesteronu przez komorki ziarniste jajnikow $wini moze by¢ modyfikowane przez rézne czynniki
chemiczne (Pb, Ag, Mo) stosowane w zréznicowanych dawkach. Odnotowane zjawisko jest prawdopodobnie
zwigzane z zaburzeniem niektorych szlakow steroidogenezy zachodzacej w komorkach ziarnistych jajnikéw
$wini.

Stowa kluczowe: otow, srebro, molibden, progesteron, steroidogeneza, komérki ziarniste
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ZMIANY OKSYDACYJNE W TLUSZCZU MLEKA PROSZKOWANEGO
PRZECHOWYWANEGO W ROZNYCH WARUNKACH

Abstract: Oxidative changes of milk fat in whole dry milk during 50 days of storage under various conditions
were examined. Whole dry milk with 26.47 % of fat and insolubility index 1.27 was taken as a sample. Whole
dry milk was manufactured by roller drying in YOG s. r. o. Bojkvice. Whole dry milk was stored in
desiccators at temperature 37 °C in thermoregulator under various water activities (0.23 and 0.82). Water
activity was made by 100 cm® of saturated salt solution. Water activity 0.23 was made by saturated solution of
potassium acetate and water activity 0.82 was made by saturated solution of potassium bromide. The milk
powder was stored for 50 days. The sample with water activity 0.82 became dark brown during storage thanks
to products of Maillard reaction. The oxidative changes were examined as a content of hydroperoxides,
TBARS (thiobarbituric reactive substances), peroxide value, neutralization number, content of conjugated
dienes and fatty acids composition. The content of hydroperoxides, TBARS and fatty acids, especially
unsaturated fatty acids (oleic acid and linoleic acid) decreased during storage. Neutralization number and
peroxide value increased during storage. All chemical parametrer were significantly changed during 50 days
of storage under various water activities.

Keywords: oxidative changes, milk fat, storage conditions, water activity, TBARS, hydroperoxides

Dairy products are an important group in human nutrition. They are consumed as
such or are used in preparation of many food items to provide specific functional
properties [1]. Proteins, carbohydrates and lipids in foods or food ingredients undergo
inevitable chemical changes during storage, due to interactions amongst themselves [2].
The Maillard reaction between amino acids residues and carbohydrates, and oxidative
changes of amino acid residues by lipid peroxides are typical examples concerning
proteins changes [3]. Water activity (A,,) is considered to be a principal factor
governing these reactions [4]. Milk lipids may undergo chemical and physical changes
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during technological processing such as autooxidation, oxidation and formation of trans
fatty acids [5]. Fat oxidation leads to production of low molecular weight substances
such as aldehydes, ketones and lactones which can influence the properties of dairy
products in inadvisable way for example odour, flavor and color [6]. High content of fat
in whole dried milk is one of the major factors which participate in oxidized flavor,
other factors are technology of drying, storage conditions above all storage temperature
and water activity.

In the present paper, the effect of A,, on the chemical changes in milk fat of whole
roller dried milk stored at temperature 37 °C was desribed. The oxidative changes were
examined as a content of hydroperoxides, TBARS (thiobarbituric reactive substances),
peroxide value, neutralization number, content of conjugated dienes and fatty acids
composition in dried milk stored under two A,, (0.23 and 0.82).

Materials and methods

Whole roller dried milk was manufactured from pasteurized cow milk with fat
content around 3.5 %. Whole dried milk with 26.47 % of fat, insolubility index 1.85,
WPNI 3.66 and raw protein 27.31 % was used as a sample. Fat content was made after
cold extraction according to Davidek [7], Whey protein nitrogen index (WPNI)
according to Niro method No. A 21a and insolubility index according to CSN ISO 57
0105 [8]. Saturated solutions of following salts were placed in desiccators to adjust the
A, parameter [9, 10]: potassium acetate for A, = 0.23 and potassium bromide for
Ay, = 0.82. Twenty grams of whole milk powder were put in Petri dish (® 15 cm) and
the dish was placed in the desiccators and then stored in incubators at a temperature
37 °C. Twenty grams of whole milk powder were packed in polyethylene sachet and
then stored as a control sample in refrigerator at 6 + 2 °C. All samples were analyzed
under same conditions and were measured three times and compared with control.

Thiobarbiruc acid reactive substances (TBARS)

TBARS were measured by method of King [10] and results are expressed as an
absorbance at A = 450 nm, as measured on a Libra S6 spectrophotometer (Biochrom,
Cambridge, England). As a first step 2 grams of whole milk powder were reconstituted
in 20 cm® of distilled water at 30 °C and then the method of King [10] was used. Then
1 cm?® of trichloracetic acid with a concentration 1 g - cm™ (Lachema, Brno) and 2 cm’
of ethanol were added to 20 cm® reconstituted milk. After 5 minutes the mixture was
filtrated through Filtrak 389. Next, | cm® of TBA solution (Sigma Aldrich, Inc., St
Louis, MO, USA), with a concentration of 1.4 g of 2-thiobarbituric acid (TBA) in
ethanol to 100 cm3, was added to 4 cm?® of clear filtrate. Filtrate with TBA solution was
placed in 60 °C water bath for 60 minutes and after cooling the absorbance at A = 450
nm was measured. The water modification was made with 2 c¢m® of TBA, with
a concentration of 0.05 M were added to 4 cm® of clear filtrate which was prepared
same as for ethanol modification. Filtrate with TBA solution was placed in 100 °C water
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bath for 15 minutes and after cooling the absorbance at A = 450 nm was measured.
Distilled water was used as a blank sample.

Hydroperoxides

Hydroperoxides were measured by method of Ostdal [9] and expressed as an
absorbance at A = 500 nm, as measured on a Libra S6 spectrophotometer (Biochrom,
Cambridge, England). 1 gram of whole milk powder was reconstituted in 10 cm® of
distilled water and after reconstitution the method of Ostdal [9] was applied. 2 cm® of
reconstituted milk were mixed with 2 cm® of methanol and 4 cm® of chloroform.
Mixture was shaken 30 second and then centrifuged at 1500 xg for 10 minutes using
HERMLE Z 300 K (Labortechnik, Wehinaen, Germany). 1 cm® of lower chloroform
phase was taken and mixed with 1 cm® iron(II) thiocyanate solution. Iron(II) thiocyanate
solution was prepared by mixing 250 mm?® of solution I with 250 mm® of solution II and
adding approximately 25 cm?® of solution III to yield 25 cm® [solution I was prepared by
mixing 0.8 % barium chloride dihydrate (Lachema, Brno) with 1 % FeSO, - 7H,O
(Lachema, Brno); the solution was filtered and the filtrate was used for the final
solution; solution II was 30 % ammonium thiocyanate (Lachema, Brno); solution 111
was mixture of chloroform and methanol 1:1]. The reaction between chloroform and
iron(II) thiocyanate solution run 5 minutes at room temperature and then the absorbance
at A = 500 nm was measured. Distilled water was used as a blank sample.

Extraction of fat by solution of chloroform and methanol

Extraction of fat from the sample was made by the mixture of chloroform and
methanol (2:1). The sample was first homogenized with seventeenfold volume of
chloroform and methanol for 3 minutes. Suspension was filtered through glass frit S;
after homogenization. Filtrate was washed by twenty percent of distilled water and
water phase was separated. Chloroform phase was washed by mixture of chloroform,
methanol and water (3:48:47). Lower chloroform phase was taken to the flask and the
phase was evaporated at temperature 37 °C.

Neutralization number

10.0000 grams of fat were dissolved in 50 cm® of a mixture of ethanol and ether
(1:1). Then the mixture of ethanol, ether and oil was titrated by KOH (0.1 mol/dm3) to
turns colour to red [15].

_a-5611
q

k

a ... 0.1 mol/dm® KOH [cm’],
q ... weight of fat [g].



122 Eva Okénkova et al

Peroxide value

5.0000 grams of fat were dissolved in 50 cm® of mixture of acetic acid and
chloroform (3:2). After dissolving 2 mm® of KI were added. This mixture reacted for 60
seconds and then 100 cm? of distilled water and 2 mm® of amyloid solution were added.
This system was titrated by Na,S,0; (0.01 mol/dm®) till discolouration. The blank
sample, which did not contained fat, was made under the same conditions [15].

10- (b—
o _10-(b-a)
q

b ... 0.01 mol/dm’® Na,S,0; [em’],
a ... 0.01 mol/dm® Na,S,0; for blank sample [cm’],
q ... weight of fat [g].

Preparation of fatty acid methyl esters for gas chromatography
analysis (GC-MS)

Methyl esters were prepared as described by Davidek [7]. Fat sample extracting from
the sample was boiled with 0.5 N methanol solution of NaOH according to Table 1 for
10 minutes in the atmosphere of nitrogen. Then aliquot amount of 12—15 % methanol
solution of BF; (amount according Table 1) was added and the solution was boiled for 2
minutes. Next, 5 cm® of heptane was added and the boiling was other 1 minute. 2 cm? of
saturated solution of NaCl was added after boiling. Solution was decanted to separator
funnel and 15 cm® of heptane and 40 cm’ of saturated solution of NaCl were added.
Lower heptane layer was removed and water solution of saturated NaCl was washed by
other 15 cm® of heptane. Both heptane phases were united and dried by anhydrous
Na,SO,. Fatty acid methyl esters were determined by gas chromatorgaphy with mass
spectroscopy.

Table 1

Conditions for fatty acid methyl esters preparation

Weight of fat Amount of NaOH Amount of BF;
[mg] [em’] [em’]
100-250 4 5
250-500 6 7
500-750 8 9
750-1000 10 12

Conjugated dienes

0.0250 grams of fat were dissolved in ethanol for UV in 25 cm® volumetric flask.
Then the absorbance of UV light was measured with UV spectrometr as UV spectrum
of dissolved fat.
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Results and discussion

Oxidative changes of milk fat during storage under various conditions were
examined. Whole roller dried milk was used as a sample. Storage was at temperature
37 °C and two valued of water activity (0.23 and 0.82). The sample turned dark brown
during storage under water activity 0.82 thanks to products of Maillard reaction. The
oxidative changes were examined as a content of hydroperoxides, TBARS, peroxide
value, neutralization number, content of conjugated dienes and fatty acids composition.
Gained results were compared with other similar studies. Initial chemical parameters
can be seen from Table 3 and was measured immediately after manufacturing of
sample.

Table 2

Initial content of fatty acids in sample without storage

Fatty acid Content [%]
Caproic acid (C6:0) 1.170 £ 0.125
Caprylic acid (C8:0) 0.900 £ 0.206
Capric acid (C10:0) 2.380 £ 0.266
Lautic acid (C12:0) 3.310 £ 0.308
Myristic acid (C14:0) 12.570 + 0.885
Palmitic acid (C16:0) 40330+ 1.113
Stearic acid (C18:0) 12.390 + 0.494
Oleic acid (C18:1) 25.540 +£0.771
Linoleic acid (C18:2) 1.950 +0.142

Table 3

Initial values of monitored parameters in sample without storage

Chemical parameters Value
Hydroperoxides 0.131 £0.155
TBARS (ethanol solution) 0.398 £0.012
TBARS (water solution) 0.343 + 0.006
Peroxide value [ugO,/g] 1.580 + 0.004
Neutralization number [mg KOH/g] 0.390 £ 0.0067
Conjugated dienes (absorbance) 0.681 £0.173

Hydroperoxides and peroxide value

The influence of water activity on stability of dried milk was main point of many
studies of Ostadal [9], Celestino [14] and Hedegaard [13] and but the higher focus was
devoted to protein composition of milk. Oxidative stability of dried milk under two
different water activities is written in this paper.
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As can be seen from Table 4 and 5, the content of hydroperoxides was rapidly
increased in desiccators with A, = 0.23. In sample stored in desicator with A, = 0.82
has there were not detected any hydroperoxide probably because of the disintegration of
present hydroperoxide to another oxidative products. Presented results show that under
A,, = 0.82 the creation and disintegration of hydroperoxides is rapidly quick and,
therefore, the content of hydroperoxides is immeasurable after 16 days of storage.

Table 4
Chemical parameters of sample after 16 days of storage*

Chemical parameters Control A, 0.23 A, 0.82
Hydroperoxides 0.101 £ 0.035* 0.02 +0.007° no reaction®
TBARS (ethanol solution) 0.576 + 0.004* 0.244 +0.005° 0.282 + 0.004°
TBARS (water solution) 0.349 + 0.002° 0.355 +0.002° 0.296 + 0.005°
Peroxide value [png0,/g] 3.014 +0.004° 20.950 + 0.004° 19.160 + 0.005°
Neutralization number [mg KOH/g] 1.134 £ 0.001* 3.180 + 0.035" 3.280 £ 0.007°
Conjugated dienes (absorbance) 0.723 +0.007° 0.924 +0.001° 0.728 +0.018°

* Chemical parameters are presented by mean + standard deviation. Mean values having the same superscript
letter in each line are not significantly different (p > 0.05).

Table 5
Chemical parameters of sample after 50 days of storage*

Chemical parameters Control A,, 0.23 A, 0.82
Hydroperoxides 0.055+0.017* 0.135+0.001° no reaction
TBARS (ethanol solution) 0.613 +0.008" 0.208 +0.001° 0.247 £ 0.008°
TBARS (water solution) 0.437 +£0.007° 0.320+0.015° 0.359 + 0.002°
Peroxide value [ng0,/g] 6.650 +0.012° 49.550 £0.016° 34.360 + 0.005¢
Neutralization number [mg KOH/g] 3.765 £ 0.002* 6.620 £ 0.008" 6.220 £ 0.001°
Conjugated dienes (absorbance) 1.001 +0.016 0.669 + 0.003° 0.567 + 0.009°

* Chemical parameters are presented by mean + standard deviation. Mean values having the same superscript
letter in each line are not significantly different (p > 0.05).

Content of hydroperoxides and peroxide value are in good correlation in spite of the
fact that the method of detection of hydroperoxides cannot detect hydroperoxides under
Ay, = 0.82. This fact can be due to restricted possibilities of used method for detection
of hydroperoxides according to Ostdal [9]. Determination of peroxide value is straight
reaction between fat and reactionary chemicals and this can caused better detection of
lower concentration of hydropexides than reaction according to Ostdal [9].

The results obtained for hydroperoxides content in this study correlate with available
literature, eg with Celestino [14] and Hedegaard [13]. Celestino [14] and Hedegaard
[13] examined only the influence of storage time but our paper includes the influence of
water activity too. Celestino [14] used spray-dried whole milk as a sample. They found
the rapid increasing tendency of hydroperoxides content during storage. While the
creation of hydroperoxides has close contexture with ways of drying, subsequent fat
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changes are influenced by storage time and storage conditions. Hadegaard [13] founded
the same development of hydroperoxides content as is reported in this paper. Their
paper indicated as a major factor influencing hydroperoxide content storage time. In
general, storage time can be considered as a major factor influencing the formation of
primary oxidative products. In studies of Celestino [14] and Hedegaard [13] was used
spray dried whole milk as a sample while in this paper was used roller dried whole milk.
Changes of hydroperoxides content under water activity are clearer and quicker than
those that proceed during storage without the influence of higher water activity. Content
of hydroperoxides established as peroxide value and expressed as absorbance was used
for comparison with hydroperoxide value. Peroxide value is shown as a better method
for the detection of lower hydroperoxides concentration as can be seen from presented
data. These data showed significant (p > 0.05) changes of fat under various A,;.

TBARS

Thiobarbituric acid reactive substances (TBARS) were measured according to King
[10] and were expressed as absorbance at A = 450 nm. Water and ethanol modifications
were used for comparing the better detection of TBARS. Measuring of absorbance at
A =450 nm was used because Patton and Kurts [11] and Jenings [12] found the more
intensively absorbing yellow pigment at A = 450 nm for dairy products.

The content of TBARS in milk powders stored under different A,, was significantly
lower than control as can be seen from Table 4 and 5. This difference may be caused by
fact that A,, has the influence only on the rise of primary oxidative product. The
difference in TBARS content between A,, 0.23 and 0.82 are significant (p > 0.05) in
spite of not very different values of absorbance. Though, TBARS detected under A, =
= (.82 has higher value of absorbance than those under A,, = 0.23. This fact confirmed
increasing oxidative changes of lipid in milk powder stored under higher water activity.
The same results as for ethanol solution were found for water solution too.

Absorbance value of water solution is higher than ethanol because of different
reaction conditions which are used for creation of yellow pigment. Reaction tem-
perature 100 °C used for water modification can lead to higher absorbance value close
to same content of TBARS.

Fatty acids composition and neutralization number

Fatty acids composition is in closed accordance with neutralization number.
Neutralization number is an indicator of hydrolysis of triacylglycerols of milk powder
fat. Increasing value of neutralization number is an indicator of triacylglycerols decline.
Triacylglycerols hydrolysis is influenced by water activity as can be seen from Table 4
and 5. Moreover, there was found difference between two-tested A,,. The neutralization
number of milk powder stored under both A, was twice higher as control.

Content of fatty acids is changed with water activity as can be seen from Table 6.
Content of oleic acid (C18:1) and linolenic acid (C18:2) dropped during storage and this
changes are closed with increasing values of TBARS, hydroperoxides and decrease of
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linolenic acid is oscillated with formation of conjugated dienes. Content of other fatty
acids is increased because of triacylglycerols hydrolysis. Slight significant changes of
fatty acids were found in comparison with control and milk powder stored under various

A,, as can be seen from Table 6.

Content of fatty acids after 50 days of storage [%]*

Table 6

Fatty acid

Control

A, 0.23

A, 0.82

Caproic acid (C6:0)
Caprylic acid (C8:0)
Capric acid (C10:0)
Lauric acid (C12:0)
Myristic acid (C14:0)
Palmitic acid (C16:0)
Stearic acid (C18:0)
Oleic acid (C18:1)
Linoleic acid (C18:2)

1.591£0.114°
1.246 + 0.144"
3.277+0.276"
4.606 £ 0.323°
15.198 £0.741°
46.967 + 0.590"
15.639 £ 0.479°
16.922 + 0.834"
0+0"

1.628 +0.142°
1.279 +0.245°
3.125+0.324°
3.758 +0.417°
14.837 + 1.246*
51.077 +2.048°
13.039 + 0.542°
15.010 + 0.854°
0+0°

1.370 +£0.120°
1.109 +0.227
2.817+0.229°
4232 +0.185°
15.338 + 0.668"
47.300 £ 0.700°
9.847 + 0.460°
17.991 + 0.623°
0+0°

* Fatty acids are presented by mean + standard deviation. Mean values having the same superscript letter in
each line are not significantly different (p > 0.05).

Conjugated dienes

Conjugated dienes are formed immediately after peroxides. Conjugated dienes are
formed from unsaturated fatty acids especially from linolenic acid (C18:2). Conjugated
dienes absorb ultraviolet radiation strongly at A = 233 nm. Thus oxidation is following
by dissolving the lipid in a suitable organic solvent (ethanol for UV spectroscopy in our
case) and measuring the change in its absorbance with UV-visible spectrophotometer.

Milk powder stored under higher Aw has higher content of conjugated dienes than
control after 16 days of storage while conjugated dienes detect after 50 days of storage
are lower for milk powder stored under higher A,,. These differences are due to the fact
that conjugated dienes are later broken down into secondary products, which do not
strongly absorb UV-visible light and this leads to a decrease in absorbance. Higher
water activity accelerated the oxidative processes and this fact leads to differences
between control and samples stored under A,,. Oxidative changes of milk powder stored
under standard condition in refrigerator are slower and conjugated dienes in control
sample are increased during time of our experiment.

Conclusions

Our research indicates that water activity has influence on oxidative changes of
whole milk powder. Whole dried milk is ideal substrate for oxidative changes because
of its high fat content. Changes of milk fat stability during storage under various water
activities were measured. The oxidative changes were examined as a content of
hydroperoxides, TBARS, peroxide value, neutralization number, content of conjugated
dienes and fatty acids composition. The content of hydroperoxides, TBARS and fatty
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acids especially unsaturated fatty acids (oleic acid and linoleic acid) had decreased
during storage. Neutralization number and peroxide value had increased during storage.
Significant changes of all monitored chemical parameters were found during 50 days of
storage under various water activities.

Research about oxidative changes of milk powder stored under various temperature
and water activities is in progress.
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ZMIANY OKSYDACYJNE W TLUSZCZU MLEKA PROSZKOWANEGO
PRZECHOWYWANEGO W ROZNYCH WARUNKACH

Abstrakt: Badano zmiany oksydacyjne powstajace w tluszczu mleka suszonego przechowywanego przez 50
dni w réznych warunkach. Probki przygotowano z mleka o wskazniku nierozpuszczalnosci 1.27 i zawartosci
thuszczu 26,47 %. Badane mleko zostalo wyprodukowane w zaktadach YOG Bojkovice. Mleko przecho-
wywano w eksykatorze w temperaturze 37 °C. Aktywno$¢ wody na poziomie 0,23 uzyskano dzigki
zastosowaniu nasyconego roztworu octanu potasu, natomiast aktywnos¢ wody na poziomie 0,82 uzyskano,
stosujac nasycony roztwor bromku potasu. Proszek mleczny byt przechowywany przez 50 dni. Probki mleka
przechowywane przy aktywnosci wody 0,82 przybraly kolor ciemnobrazowy w wyniku reakcji Maillarda.
Zmiany oksydacyjne zostaty zmierzone jako zawarto$¢ wodoronadtlenkéw, TBARS, zawarto$¢ nadtlenkow,
liczba zobojetnienia, zawarto$¢ dienow sprzezonych oraz sktad kwasow tluszczowych. Zawarto$¢ wodoro-
nadtlenkow, TBARS, kwaséw thuszczowych, a w szczegolnosci nienasyconych kwasow ttuszczowych (kwas
oleinowy, kwas linolowy) ulegly zmniejszeniu w czasie przechowywania. Wartosci liczby zobojetnienia
i zawartosci nadtlenkéw wzrosty w czasie przechowywania. Wszystkie parametry chemiczne ulegly
znacznym zmianom w czasie 50 dni przechowywania przy zréznicowanej aktywnosci wody.

Stowa kluczowe: zmiany oksydacyjne, ttuszcz mleka, warunki przechowywania, aktywno$¢ wody, TBARS,
wodoronadtlenki
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Abstract: Present work aimed at investigating the degree of spring wheat infection by fungal pathogens in the
immediate vicinity of the landfill. The field experiment was conducted in 2006 and 2007 in Tarnow. During
vegetation period leaf and ear infection with phytopathogenic fungi was assessed on a 9-degree scale. Both in
2006 and 2007 spring wheat was most strongly attacked by Erysiphe graminis on plots located in zone I on
the southern, eastern and northern side of the landfill. Leaves and ears infestation by Sepforia nodorum was
lowest on plots located in zone II on the western side of the landfill. Index of Puccinia recondita infection was
low. Cultivation of spring wheat close to active sector favours stronger plant infection by Erysiphe graminis
and Septoria nodorum.

Keywords: municipal landfill site, fungal diseases, spring wheat

As municipal landfill sites affect their natural environment [1] they pose an important
economic and social problem. Moreover, the areas adjoining landfills are exposed to
microbiological or chemical pollution, which leads to degradation of conditions of
agricultural production. Dispersal of gaseous, dust and microbial pollutants in the
atmosphere may pose a hazard not only to plants and animals but also to human life and
health [2, 3].

Agricultural activity is often conducted in the vicinity of municipal landfill sites.
Landfill sites may disturb the balance in the environment eg through change of habitat
conditions, which is visible as a sudden increase in population of pests. Fungal disease
development depends on many abiotic factors such as climatic conditions and
agrotechnical factors [4, 5]. Also other factors, such as industrial or traffic pollution
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may influence plants infection by phytopathogenic fungi [6, 7]. Municipal landfill sites
also emit numerous pollutants which may directly affect plant pathogenic organisms but
this effect has not been fully investigated yet. Phytopathogenic fungi developing on
wheat inhibit its growth and as a result decrease the yield and worsen seed quality [4].

The present research aimed to investigate the occurrence of spring wheat infection by
fungal pathogens in the area immediately adjoining a municipal landfill site.

Material and methods

The field experiment was conducted in 2006 and 2007 in Tarnow. The solid waste
landfill site in Tarnow, around which the studies were carried out, is located in the
northern city quarter. Observations were conducted on experimental plots located in the
immediate vicinity of the landfill. The experimental points were set up on each side of
the landfill in two zones: below 250 m and 250-500 m from its boundaries. Labelling of
experimental plots is presented in Table 1. Spring wheat was cultivated on 20 m’ plot.
Spring wheat, Zura c.v. was seeded in 2006 in the second decade of April and in 2007
in the third decade of March. Tillage was carried out according to the rules of
agrotechnics on all plots.

Table 1

Soil sampling sites in the vicinity of the municipal landfill
site in Tarnow

Localization of points with respect to landfill site
Point

Direction Zone [m]
WI West below 250
WII West 250-500
NI North below 250
NII North 250-500
EI East below 250
EII East 250-500
S1 South below 250
S1I South 250-500

Wind distribution in the area of Tarnow city is as follows: north winds — 6 %,
north-east winds — 7.1 %, east winds — 16.7 %, south-east winds — 4.8 %, south winds —
14.8 %, south-west winds — 7.4 %, west winds — 22.6 %, north-west winds — 8.8 % and
calm air — 11.8 %. Measurements of emission and composition of biogas were
conducted in places where plants where cultivated. The measurements were carried out
using al device for measuring landfill gas composition — Polytector II G 750(Germany).
The contents of biogas components in the air surrounding the landfill are presented in
Table 2. The lowest methane concentrations occurred in zone II on the eastern, northern
and western side of the landfill.
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Table 2

Mean value of biogas components in the air surrounding the municipal landfill site in Tarnow
(from April 2006 to October 2007)

Measuring point
Indicator Unit
S1 S1I EI Ell NI NI WI WII
Methane (CH,) ppm 0.9 0.4 0.7 0.5 0.5 0.0 0.0 0.0
Hydrogen sulfide H,S ppm Not registered
Carbon dioxide (CO,) % 0.04 0.04 0.03 0.04 0.04 0.04 0.04 0.04
Oxygen (0,) % 20.9 20.9 20.9 20.9 20.9 20.9 20.9 20.9

Leaf and ear infection with Erysiphe graminis, Puccinia recondita f. sp. Tritici and
Septoria nodorum were assessed on a 9-degree scale: 9 — 0-5 %, 8 — 6-15 %,
7 —16-25 %, 6 — 2640 %, 5 — 41-60 %, 4 — 61-75 %, 3 — 76-85 %, 2 — 86-95 %,
1 — 96-100 % damages [8]. The results were verified statistically using Statistica
programme. Three factor ANOVA was conducted, Newman-Keuls critical intervals
were computed and the value of the final step was used for means differentiation at
significance level p < 0.05.

Results and discussion

The obtained results revealed that at earing maturity spring wheat leaves were more
strongly attacked by Erysiphe graminis in zone 1 than in zone II (Table 3). The
decreased plant infection by Erysiphe graminis was found on plots located on the
western side of the landfill. At grain milk maturity plants infestation by Erysiphe
graminis was the highest on plots located in the I zone on the eastern and southern site
of landfill.

Table 3
Mean index of spring wheat infection by Erysiphe graminis
Index of leaves infection [9 °] at earring maturity
Year (c)
Dir?:)ﬁo“ 2006 2007 Mean 2006-2007
Zone (b)
Mean
1 1I 1 II 1 1I
South 8.48 8.70 8.14 8.41 8.31 8.56 8.43
East 8.44 8.69 7.94 8.38 8.19 8.54 8.36
North 8.43 8.56 8.02 8.50 8.23 8.53 8.38
West 8.60 8.64 8.36 8.55 8.48 8.60 8.54
Mean 8.57 8.29 8.30 8.55
LSD, - ¢0s;a—0.094,b—0.050, ¢ — 0.050, a x b x ¢ — 0.257
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Table 3 contd.
Index of leaves infection [9 °] at grain milk maturity
Year (c)
Dirz’:)ﬁo“ 2006 2007 Mean 20062007
Zone (b)
Mean
1 1I 1 1T 1 1I

South 8.65 8.84 8.42 8.74 8.54 8.79 8.66
East 8.62 8.82 8.49 8.80 8.56 8.81 8.68
North 8.56 8.84 8.56 8.78 8.56 8.81 8.69
West 8.88 8.85 8.74 8.71 8.81 8.78 8.80
Mean 8.76 8.66 8.62 8.80

LSD;<¢0s;a—0.061,b—-0.032, ¢c—0.032,ax b xc—0.167

Plants infestation by Puccinia recondite was similar on all plots, irrespective of their
location with respect to the landfill (Table 4).

Table 4
Mean index of spring wheat infection by Puccinia recondita f. sp. tritici
Index of leaves infection [9 °]
Year (c)
Dirz’:)ﬁ"n 2006 2007 Mean 2006-2007
Zone (b)
Mean
I I I 11 I I
South 8.77 8.92 8.46 8.93 8.62 8.93 8.77
East 8.49 8.66 8.43 8.72 8.46 8.69 8.58
North 8.54 8.73 8.49 8.51 8.52 8.62 8.57
West 8.93 8.92 8.9 8.73 8.92 8.83 8.87
Mean 8.75 8.65 8.63 8.77
LSD, < g.0s5; no significant difference

Spring wheat leaves were more strongly attacked by Septoria nodorum than ears
(Table 5). Among compared plots the highest plant leaves infestation was observed
in zone I on eastern and northern site of landfill. The plots on these sites were
placed closest to the active sector. Obviously lower plants infestation by phyto-
pathogenic fungi was observed on plots situated at a long distance from the active
landfill sector.
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Table 5
Mean index of leaves and ears of spring wheat infection by Septoria nodorum
Index of leaves infection [9 °]
Year (c)
b ir(e:)ﬁo“ 2006 2007 Mean 20062007
Zone (b)
Mean
I I I I I I
South 8.14 8.46 8.10 8.33 8.12 8.40 8.26
East 8.05 8.04 7.75 7.89 7.90 7.97 7.93
North 8.36 8.41 7.72 8.40 8.04 8.41 8.22
West 8.43 8.44 8.27 8.36 8.35 8.40 8.38
Mean 8.29 8.10 8.10 8.29
LSD; <g0s;a—0.085,b—0.045,c—0.045,a x b x ¢ — 0.234
Index of ears infection [9 °]
Year (c)
Dirf:)“o“ 2006 2007 Mean 2006-2007
Zone (b)
Mean
1 1I 1 I 1 1I
South 8.25 8.57 8.29 8.45 8.27 8.51 8.39
East 8.28 8.31 8.17 8.30 8.23 8.31 8.27
North 8.18 8.17 8.12 8.24 8.15 8.21 8.18
West 8.54 8.60 8.23 8.55 8.39 8.58 8.48
Mean 8.36 8.29 8.26 8.40
LSD;<g0s;2a—0.077,b—-0.041, ¢ —0.041,a x b xc—0.211

The gaseous (methane) and microbiological pollutants originates on municipal waste
landfill sites and moves to the adjoining terrains with air currents. The plots situated on
the eastern and northern side of the landfill in zone I are most exposed to the emission
from the landfill. The highest methane concentrations were registered on these plots. It
is connected with east wind prevailing in this area. Other authors also found that
pollution may negatively affect plant healthiness [6, 7]. According to Stompor-Chrzan
[6] ears of winter wheat were attacked more intensively by Septoria nodorum when
cultivars were grown near the Nitrogen Plant. On the other hand, Erysiphe graminis
infection was more intensive on control plantation. The obtained results evidence that
pollutants originating from municipal landfill site may have stimulating effect on the
course of some fungal disease development on spring wheat.
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Conclusions

Spring wheat leaves and ears infections by phytopathogenic fungi depended on the
localization of plots with respect to the landfill. Plants growing in the immediate
vicinity of the active landfill sector were most strongly attacked by Erysiphe graminis
and Septoria nodorum.
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WPLYW SKEADOWISKA ODPADOW KOMUNALNYCH W TARNOWIE
NA ZDROWOTNOSC PSZENICY JAREJ
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Abstrakt: Celem pracy bylo zbadanie stopnia porazenia pszenicy jarej przez patogeny grzybowe w strefie
bezposrednio przylegajacej do sktadowiska odpadéw komunalnych. Badania przeprowadzono w 2006 i 2007
roku w Tarnowie. W okresie wegetacji prowadzono obserwacje wystgpowania objawdéw chorobowych
powodowanych przez patogeny grzybowe. Stopief porazenia ro$lin oceniano w skali 9°. Zaréwno w 2006, jak
12007 r. najsilniej porazone przez maczniaka ro$liny pszenicy jarej obserwowano na poletkach znajdujacych
si¢ w I strefie po potudniowej, wschodniej i péinocnej stronie sktadowiska. Objawy porazenia lisci i plew
rodlin przez septorioz¢ obserwowano w najmniejszym nasileniu na poletkach po zachodniej stronie w II
strefie. Stopien porazenia lisci przez rdzg¢ brunatng byt niewielki. Uprawa pszenicy jarej w poblizu czynnego
sektora skaldowska sprzyjala silniejszemu porazeniu ro$lin przez maczniaka i septoriozg.

Stowa kluczowe: skladowisko odpadéow komunalnych, choroby grzybowe, pszenica jara
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ENDOGENOUS CONTAMINATION OF WHEAT
BY SPECIES OF GENERA Aspergillus AND Penicillium

ENDOGENNE ZANIECZYSZCZENIA PSZENICY
PRZEZ GATUNKI RODZAJU Aspergillus 1 Penicillium

Abstract: The aim of this study was to analyse the endogenous mycobiota of superficially sterilised wheat
grains with the focus on Aspergillus (including two teleomorphs) and Penicillium genera. The Slovak wheat
samples (7riticum aestivum L.) were harvested in the season 2006. The total of 6 wheat samples grown under
conditions of the conventional and 12 of the ecological farming system were investigated for the presence of
microscopical fungi. A total of 17 genera were recovered as members of the endogenous mycobiota on Di-
chloran Rose Bengal Chloramphenicol agar (DRBC) and Dichloran Yeast Extract 18 % Glycerol agar
(DYSG). On DRBC were detected Aspergillus and Penicillium species only from the ecological agriculture,
namely 4. candidus, A. flavus, A. niger, Emericella nidulans, Eurotium amstelodami, E. chevalieri, Eurotium
sp., Penicillium aurantiogriseum, P. chrysogenum, P. corylophilum, P. crustosum, P. griseofulvum, P. viridi-
catum and Penicillium sp. On DYSG were detected Eurotium species (E. amstelodami, E. chevalieri, E. re-
pens, E. rubrum) and Penicillium species (P. griseofulvum, P. hordei) both from ecological and conventional
agriculture. From the ecological wheat was isolated a wider spectrum of fungi on DYSG in comparison with
the conventional agriculture, namely A. flavus, A. ochraceus, A. sydowii, Emericella nidulans, E. amstelo-
dami, E. chevalieri, E. repens, E. rubrum, Eurotium sp. P. aurantiogriseum, P. crustosum, P. solitum and
Penicillium sp. The isolates of potentially toxigenic species of Aspergillus, Emericella and Penicillium were
tested for their ability to produce particular toxic metabolites, ie mycotoxins in vitro by means of a thin layer
chromatography (TLC). All the tested isolates were obtained from the samples of ecological agriculture. Out
of 18 screened isolates 11 produced at least one mycotoxin and a production was vague in 2 isolates. One iso-
late (out of one) produced sterigmatocystin, 6 (out of 11) cyclopiazonic acid (production was vague in 2 iso-
lates), and patulin 3 (out of 3). Conversely, none of potentially aflatoxinogenic isolates (Aspergillus flavus)
tested in this study produced aflatoxins. Two isolates were tested for the production of ochratoxin A, Aspergil-
lus niger did not produce ochratoxin A and in A. ochraceus production was unclear.

Keywords: fungi, Aspergillus, Penicillium, Triticum aestivum L., wheat
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Mould growth in grain normally occurs both in the field and in the storage. Mould
growth can spoil the nutritional aspects of the grain and can also result in the production
of secondary metabolites that are highly toxic to animals and humans. 4Aspergillus and
Penicillium species belong to the group of the storage fungi [1]. The members of the
genus Aspergillus are common contaminants of diverse substrates [2]. The most
important possible consequence of their presence in foods and feeds is mycotoxin
contamination [3]. Several potentially toxigenic species have been reported to be
dominant on cereal grains at low water activities: 4. candidus, A. flavus, A. niger,
A. versicolor, A. penicillioides and Eurotium spp. (Lacey et al. 1991; Sauer et al. 1992,
[4]). The most important mycotoxins, potentially produced by food-borne aspergilli, are
aflatoxins, ochratoxin A, sterigmatocystin, cyclopiazonic acid and patulin [5, 6]. Out of
genus Penicillium, dominant fungi in wheat kernels are: P. aurantiogriseum, P. hordei,
P. verrucosum, P. cyclopium, P. polonicum [7]. According to Pitt and Leistner (1991,
[1]) Penicillium species can produce 27 different mycotoxins, with three being the most
important: ochratoxin, patulin, and citrinin. Ochratoxin A is a potent nephrotoxin,
teratogen, and carcinogen. The main, if not the only producer of OTA in European
cereals is P. verrucosum [8]. Patulin produces adverse neurological and gastrointestinal
effects and is produced eg by P. expansum, P. griseofulvum (Damoglou, Campbell,
1986, [1]). Finaly, citrinin is a nephrotoxin and is produced mainly by P. citrinum,
P. expansum, and P. verrucosum [9].

The aim of this study was to investigate endogenous microscopic filamentous fungal
contamination of wheat grains grown under conditions of the so-called conventional and
ecological agriculture in Slovakia in year 2006 with the focus on genera Aspergillus and
Penicillium. The ability of isolates of potentially toxigenic species to produce the most
important mycotoxins was determined by the means of thin layer chromatography.

Materials and methods

The total of 18 samples of wheat grains (Triticum aestivum L.) grown under
conditions of the so-called conventional (6 samples) and the so-called ecological (12
samples) agriculture and harvested in year 2006 in Slovakia was mycologicaly
investigated for the endogenous presence of Aspergillus and Penicillium species. For
this purpose, direct plating method was used. Out of each sample, the amount of 200
morphologically indefectible grains was superficially sterilised and plated on DRBC
(Dichloran Rose Bengal Chloramphenicol agar; Merck, Germany; 100 grains) and
DYSG (Dichloran Yeast Extract 18 % Glycerol agar [8]; 100 grains). The superficial
sterilisation was achieved by poring grains into 0.4 % solution of chloramine for 2
minutes; grains were consequently 3 times rinsed in sterile distilled water and dried on
sterile filter paper. The members of genera Aspergillus and Penicillium including their
perfects were consequently isolated on diagnostic media of CYA (Czapek Yeast Extract
agar [10]), MEA (Malt Extract agar [10]), CY20S (Czapek Yeast Extract agar with
20 % Sucrose [10]) and CYA, MEA, CREA (Creatine-Sucrose agar [11]), YES (Yeast
Extract agar [2]; 1000 cm® of distilled water), respectively. In all cases, cultivation
proceeded for 5-7 days in the dark at 25 + 1 °C. To determine particular species,
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diagnostic literature was used as follows: Pitt [12], Klich [10], Samson et al [2] and
Kubatova [13] for aspergilli and Ramirez [14], Pitt et Hocking [9], Samson et al [2],
Samson et Frisvad [15] for penicillia. The ability of selected isolates of potentially
toxigenic species to produce relevant mycotoxins in vifro conditions was screened by
the means of thin layer chromatography (TLC) according to Samson et al [16] modified
by Labuda et Tancinova [17]. The cultivation for screening of extracellular metabolites
(griseofulvin, patulin, aflatoxin B;, ochratoxin A) was carried out on YES and for
intracellular (sterigmatocystin, cyclopiazonic acid, penitrem A, roquefortin C) on CYA;
the conditions of cultivation as described above. In each tested isolate, 3 pieces of
mycelium together with the cultivation medium of area of approximately 5 x 5 mm
were cut from colonies and extracted in 1000 cm® of chloroform-methanol (2:1, v/v) on
vortex for 2 minutes. 20 mm?® of liquid phase of extracts along with standards (Sigma,
Germany) were applied on TLC plate (Marchey-Nagel, Germany) and consequently
developed in solvent system toluene:ethylacetate:formic acid (5:4:1, v/v/v). The
visualisation of extrolites was carried out as follows: cyclopiazonic acid directly in
daylight after spraying with the Ehrlich reagent (violet-tailed spot); patulin by spraying
with 0.5 % methylbenzothiazolone hydrochloride (MBTH, Merck, Germany) in
methanol, heated at 130 °C for 8 min and then detectable as a yellow-orange spot;
penitrem A after spraying with 20 % AICl; in 60 % ethanol, heated at 130 °C for 8 min
and then detectable as a dark green to black spot on daylight; roquefortin C after
spraying with Ce(SOy), - 4 H,O visible as orange spot. Directly under UV light
(A = 365 nm) were visualised following mycotoxins: sterigmatocystin (reddish spot),
ochratoxin A (bluish-green), griseofulvin (blue).

Results and discussion

Table 1 shows the results from investigation of the endogenous contamination of
wheat grains. From 6 samples of wheat grains grown in the so-called conventional
agriculture, no member of genus Aspergillus and its perfects was isolated on DRBC and
on DYSG were recovered 23 isolates of 4 species of genus Eurotium, what represented
3.83 % infestation from the total of 600 investigated kernels. E. amstelodami with total
number of 17 isolates appeared to be the most encountered species. However, all the
isolates were recovered from a single sample of wheat. From 12 samples obtained from
the so-called ecological farming system were isolated 19 isolates of 8 species of 3
genera Aspergillus, Eurotium and Emericella on DRBC. That represented 0.42 %,
0.08 % and 1.1 % infested kernels, respectively out of 1185 investigated. On DYSG
were detected 46 isolates of 9 species of the same three genera, what represented
0.58 %, 0.17 % and 3.08 % infested grains, respectively out of 1200 tested. In the case
of samples from ecological agriculture, the most encountered species on DRBC was
Eurotium chevalieri and E. amstelodami on DYSG. These species are xerophilic and
they can be considered as members of typical mycobiota of wheat grains [2, 5, 7].
Genera Eurotium and Emericella are perfect microscopic filamentous fungi, which have
their imperfects in the genus Aspergillus [2]. From the list of isolated, all the species
except one (4. sydowii) are known to produce at least one toxic product in their
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Table 1

The endogenous contamination of wheat grains by species of genera Aspergillus
(and relevant teleomorphs) and Penicillium on DRBC and DYSG

DRBC' DYSG’
Conventional far- | Ecological far- | Conventional far- | Ecological far-
Species and genera ming system ming system ming system ming system
Number of isola- | Number of isola- | Number of isola- | Number of isola-

tes tes tes tes
Aspergillus candidus 1
Aspergillus flavus 2 5
Aspergillus niger 2
Aspergillus ochraceus 1
Aspergilus sydowii 1
Aspergillus 0 5 0 7
Emericella nidulans 1 2
Emericella 0 1 0 2
Eurotium amstelodami 5 17 20
Eurotium chevalieri 6 1 8
Eurotium repens 1 1 3
Eurotium rubrum 4 2
Eurotium sp. 1 4
Eurotium 0 13 23 37
Penicillium aurantiogriseum 12 11
Penicillium chrysogenum 2
Penicillium corylophilum 2
Penicillium crustosum 1 3
Penicillium griseofulvum 3 1
Penicillium hordei 2
Penicillium viridicatum 4
Penicillium solitum 1
Penicillium sp. 5 5
Penicillium 0 29 3 19
Number of tested wheat grains 600 1185 600 1200

DRBC' — Dichloran Rose Bengal Chloramphenicol agar; DYSG* — Dichloran Yeast Extract 18 % Glyc-
erol agar; > only from one sample of wheat.

secondary metabolism. All of the identified species except one (Emericella nidulands)
are common on grains of cereals including wheat [2, 18]. According to several studies
the species of the genus Penicillium belong to the dominant cereals microbiota [19-21].
Penicillium spp. isolates were not detected in any of the 6 wheat samples from
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conventional agriculture on DRBC and on DYSG were found only two species:
P. griseofulvum and P. hordei, what presented 0.5 % ratio from 600 kernels. They are
terverticillate species from subgenus Penicillium and their primary occurrence is in
cereals. According to Pitt et Hocking [9] many species in Section Penicillium appear to
have their primary natural habit on cereal grains. Taxa in Penicillium subg. Penicillium
are very important in foods and feedstuffs, too because of their widespread occurrence
and their ability to produce several potent mycotoxins (Frisvad, 1986, [22]; Mantle,
1987, [22]). From 12 ecological wheat samples 7 Penicillium species, namely
Penicillium aurantiogriseum, P. chrysogenum, P. corylophilum, P. crustosum, P. gri-
seofulvum, P. viridicatum and Penicillium sp. were isolated on DRBC agar. The highest
number of these isolates was diagnosed to the species P. aurantiogriseum (12), likewise
on DYSG (11), where were recovered 4 Penicillium species: P. aurantiogriseum,
P. crustosum, P. solitum and Penicillium sp. Out of 1185 tested wheat kernels
Penicillium spp. isolates presented 2.4 % infestation found on DRBC and 1.6 % on
DYSG agar.

Toxin-producing micromycetes are widespread in nature, and when occurring in
grains they often reduce both the yield and the quality of grains [23]. Table 2 shows re-
sults from screening of selected isolates for in vitro production of mycotoxins by means
of TLC. The most important mycotoxins in general are aflatoxins [5]. The main causal
agent of their presence in cereals is Aspergillus flavus (Cotty et al 1994, Cotty 1997,
[3]). Beside B aflatoxins, 4. flavus is also a potential producer of another mycotoxin,

Table 2
In vitro production of mycotoxins by endogenous aspergilli and penicillia isolated
from wheat grains tested by means of thin layer chromatography
. Number of te- Detected Evaluation
Species disolat toxi
sted 1solates oxX1in + + _
) s 7 Af B, 7
spergillus flavus

7 CPA 2 2 3
Aspergillus niger 2 OA 2
Aspergillus ochraceus 1 OA 1
Emericella nidulans 1 SC 1

4 PA 4
Penicillium crustosum

4 ROC 4

3 CPA 3

3 GRI 3
Penicillium griseofulvum

3 P 3

3 ROC 3

Af By — aflatoxin B;; CPA — cyclopiazonic acid; GRI — griseofulvin; OA — ochratoxin A; P — patulin;
PA — penitrem A; ROC — roquefortin C; SC — sterigamtocystin; + production of mycotoxin confirmed;
+ production of mycotoxin is not clear; — no production of mycotoxin.
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cyclopiazonic acid [2, 18, etc.]. In this study, all of the 7 isolates of this species were
tested for the production of both of these mycotoxins by means of TLC. None of iso-
lates showed potential to produce aflatoxin B;. That is in an agreement with previous re-
sults of authors, who were dealing with commodities of Slovak origin, where none of
the screened isolates of 4. flavus was a producer of aflatoxins [21, 24-26]. All these re-
sults are in understanding with the authoritative publication of Frisvad et al [18], ac-
cording to which aflatoxin producing isolates of A. flavus are typical for tropics and
subtropics. The production of cyclopiazonic acid was found in 2 isolates, 3 isolates did
not show the production of CPA and the production by 2 isolates was unclear. Produc-
tion of another mycotoxin, which is important in cereals, nephrotoxic and carcinogenic
ochratoxin A (JECFA, 2001, [18]), was tested in 2 isolates of A. niger with negative re-
sults and in single isolate of A. ochraceus with vague result. Single isolate of Emericella
nidulans showed itself to be a producer of sterigmatocystin (Table 2). Terverticillate
penicillia are very efficient mycotoxin producers [22], what was confirmed also with
our results. Four isolates of P. crustosum produced penitrem A and neurotoxin roquefo-
trin C and 3 tested isolates of P. griseofulvum produced cyclopiazonic acid, griseoful-
vin, patulin and roquefortin C.

Conclusion

During the investigation of endogenous presence of members of genera Aspergillus
and Penicillium in wheat grains of Slovak origin grown in the so-called conventional
and ecological farming system in year 2006 in general higher infestation was found in
samples from ecological agriculture. In samples from conventional agriculture follow-
ing species were detected: Eurotium amstelodami, E. chevalieri, E. repens, E. rubrum,
Penicillium griseofulvum, P. hordei. Higher diversity of both Aspergillus and Penicil-
lium species was observed in ecological samples: Aspergillus candidus, A. flavus, A. ni-
ger, A. ochraceus, A. sydowii, Emericella nidulans, Eurotium amstelodami, E. cheva-
lieri, E. repens, E. rubrum, Eurotium sp., Penicillium aurantiogriseum, P. chrysogenum,
P. corylophilum, P. crustosum, P. griseofulvum, P. viridicatum, P. solitum and Penicil-
lium sp. Out of 18 isolates screened for in vitro production of mycotoxins 11 produced
at least one mycotoxin and production was vague in 2 isolates. One isolate (out of one)
produced sterigmatocystin, 6 (out of 11) cyclopiazonic acid (production was vague in 2
isolates), and 3 patulin (out of 3). Conversely, none of potentially aflatoxinogenic iso-
lates (Aspergillus flavus) tested in this study produced aflatoxins. Two isolates were
tested for production of ochratoxin A, Aspergillus niger did not produce ochratoxin A
and in A. ochraceus was production unclear.
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ENDOGENNE ZANIECZYSZCZENIA PSZENICY PRZEZ GATUNKI
RODZAJU Aspergillus 1 Penicillium

Abstrakt: Celem badan bylo rozpoznanie endogennych grzybow ze szczegdlnym uwzglednieniem rodzajow
Aspergillus 1 Penicillium na ziarnach pszenicy poddanych powierzchownej sterylizacji. Probki pszenicy (7riti-
cum aestivum L.) pochodzity ze zbiorow z 2006 r. ze Stowacji. Sze$¢ probek pszenicy pochodzito z upraw
konwencjonalnej, a dwanascie probek z upraw ekologicznych. Rozpoznano 17 rodzajow endogennych
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grzybéw wyhodowanych na DRBC (Dichloran Rose Bengal Chloramphenicol agar) i DYSG (Dichloran
Yeast Extract 18 % Glycerol agar). Gatunki z Aspergillus i Penicillium, tj.: A. candidus, A. flavus, A. niger,
Emericella nidulans, Eurotium amstelodami, E. chevalieri, Eurotium sp., Penicillium aurantiogriseum,
P. chrysogenum, P. corylophilum, P. crustosum, P. griseofulvum, P. viridicatum i Penicillium sp. wykryte na
DRBC pochodzily wytacznie z upraw ekologicznych. Na DYSG stwierdzono gatunki z rodzaju Eurotium
(E. amstelodami, E. chevalieri, E. repens, E. rubrum) oraz z rodzaju Penicillium (P. griseofulvum, P. hordei).
Znajdowaly si¢ one na ziarnach z obu typéw badanych upraw. Wigcej gatunkow grzybow wyizolowano
DYSG z ziarna pochodzacego z upraw ekologicznych niz z ziarna pochodzacego z upraw konwencjonalnych.
Byty to: A. flavus, A. ochraceus, A. sydowii, Emericella nidulans, E. amstelodami, E. chevalieri, E. repens,
E. rubrum, Eurotium sp. P. aurantiogriseum, P. crustosum, P. solitum i Penicillium sp. Wyizolowane gatunki
z rodzajow Aspergillus, Emericella i Penicillium zbadano in vitro pod katem produkcji toksycznych me-
tabolitow, tj. mykotoksyn metoda chromatografii cienkowarstwowej (TLC). Wszystkie badane probki po-
chodzity z upraw ekologicznych. Sposrod 18 probek wyizolowanych grzybow w 11 stwierdzono obecnos¢
przynajmniej jednej mykotoksyny. W 2 probkach wyizolowanych grzybow obecnos¢ mykotoksyny byta
watpliwa, w jednej stwierdzono obecnos¢ sterigmatocystyny, w 6 (sposrod 11) odnotowano obecnos¢ kwasu
cyklopiazonowego (obecno$¢ w dwoch probkach byta watpliwa), a w 3 probkach obecna byta patulina.
W zadnej z wyizolowanych probek grzybow nie stwierdzono obecnosci aflatoksyn. Dwie probki wyizolo-
wanych grzybow zostaly poddane testom na obecno$¢ ochratoksyny A. Aspergillus niger nie produkowat
ochratoksyny A, natomiast w probkach A. ochraceus obecno$¢ ochratoksyny A byla watpliwa.

Stowa kluczowe: grzyby, Aspergillus, Penicillium, Triticum aestivum L., pszenica
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RISK ELEMENTS’ INPUT INTO THE FOOD CHAIN
IN OLD LOADED LOCALITIES

METALE CIEZKIE W ROSLINACH UPRAWNYCH
UPRAWIANYCH W POBLIZU DAWNYCH ZRODEL ZANIECZYSZCZEN

Abstract: The aim of this work is to evaluate the potential influence of three various sources on soil hygiene
and plant production in their vicinity. In the soil of the first observed area in the vicinity of the former Nickel
Smelter in Sered, the contents of Cd, Ni, Cu and Co were higher than the background values. Agricultural
production grown in this area does not pose any risk to human organism with the exception of Cd in barley
grain grown in one locality. The soil of the second observed area in the vicinity of Iron Ore Mines in Rudnany
in loaded area of Middle Spis, can be evaluated as highly contaminated with As, Cu and Hg. Potatoes are at
the highest risk in this area, but determined contents of risky metals in cereals are also higher than the
legislative limits of the Food Codex (FC) of the Slovak Republic. In the third observed locality, Zahorska
Lowland, in the vicinity of 5 municipal landfills, the determined total Cu, Cd and Ni soil contents were higher
than the background values and the metal contents in grain of cereals were higher than the legislative limits.
The results suggest that the old loaded localities present potential danger of risky elements input into the
human food chain.

Keywords: old loaded areas, soil contamination, risky elements, human food chain

The old loaded localities present potential danger of risky elements input into the
human food chain. The old mines, scrapheaps, landfills, industrial and municipal waste
are important sources of environmental contamination. The aim of this study is to
evaluate the potential influence of three various sources on soil hygiene and plant
production in their vicinity. In the past these localities were intensively contaminated by
metallic emissions from metallurgical factories as a dominant source of environmental
contamination.

The first locality in the wider vicinity of the former Nickel Smelter in Sered is
situated in the region of Lower-Povazie, one of the 8 loaded regions in the Slovak
Republic [1]. The Nickel Smelter Sered began its activity in 1964. It was oriented at
electrolytic nickel and cobalt production, using special steel and nickel salts produced
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mainly for the chemical industry. The Albanian iron-nickel ore was the basic raw
material for this production. The nickel production appeared to be inefficient because of
low quality and high cost of Albanian ore treatment [2]. The nickel production ended in
February 1993 and the cobalt production ended in June 1993 [3]. During its activity, the
Nickel Smelter produced waste which was cummulated in the form of leached scrap
(mineral residuum of nickel ore in nickel and cobalt production) in the neighbourhood
of the factory. The scrapheap is to be found in Sered and Dolna Streda territory on the
right riverbank of the Vah. It has triangular configuration, its extent is about 32
hectares. According to the calculations, the scrapheap’s cubature is 3 950 000 m’, the
weight equals 84 million Mg, the height is estimated to be 20 m. The weight of NH, -N
in the scrapheap measures aroud 1 848 000 kg. [4]. The black colouring of the leach
scrap caused waste overheating, especially in the summer. Because of the second
dusting this waste is the source of potential risky input of heavy metals into the soil near
the factory. The environmental risk includes the potential contamination of the
underground water in the alluvial gravel of the river Vah. The ash from the heating of
the Nickel Smelter is another source of environmental contamination. The waste dump
is situated in the territory Dolna Streda in the area of approximately 26 hectares. Both
dumps can be the potential sources of underground water contamination by the
enhanced ammonium and sulphate ion content.
The leach scrap composition is presented in Tables 1 and 2 [5].

Table 1

Chemical composition [%] of the Albanian leach scrap

Feol Fe?* Fe** Fémetl Sio, ALO; Ca0O MgO Cr,0; NiO
45.89 17.60 | 26.29 1.32 15.03 4.80 3.54 221 1.06 0.17

Table 2

Mineralogical composition [%] of the Albanian leach scrap

Magnetite Quartz Waustite Calcite Ferrochromiumpicotite

54.09 13.15 8.02 6.32 5.51

Currently, the experiments with biological recultivation of scrapheap are realised. To
prevent dusting of scrap with wind water is applied on the surface of the dumping site.
Wetting of the black mud surface lowered the dusting, however, it is not sufficient for
the elimination of emission transportation by wind. Gradual recultivation has been
developed on the hills of the dump or in the vicinity of this area with the aim to hide the
view on the dump and to prevent dust dispersion, waste spreading, hill fixing and
erosion processes. The aim of the recultivation is to utilize the recultivated area for
agricultural purposes and afforestation. Agricultural utilization requires the elimination
of dump impact on crops, ie the safety of surface waste layers and cover, degassing,
dewatering of the dump and the leachate from the dump. Currently, there is about 1/3 of
dump covered with grass and weeds, the attempts to recultivate the whole area have not
been very successful.
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The second locality where the survey was conducted was the wider vicinity of Iron
Ore Mines in Rudnany. In the past, this enterprise belonged to one of the main sources
of emission contamination of the environment in loaded area of Middle Spis. The first
record about the copper ore deposit in the mentioned locality comes from 1332. The
year 1874 made a breakthrough in the mining period. Mining for iron siderite ores had
begun after mining for copper and silver ores. Precise records about ore mining have
existed in Rudnany since 1899. In that year, the mining activities represented
114.7 - 10° g. The great progress of mining in Rudnany was recorded at the end of the
18" century and in the first decade of the 19™ century, when copper and silver ore minig
were in their maximum. As the consequence of the world economic crisis in 1932—-1933
the mining was stopped. After the liberation of Slovakia and especially after 1948, there
was a big boom of mining and Iron Ore Mines Rudnany became the biggest ore
enterprise in the former Czechoslovak Republic and the biggest exporter of mercury.
Maximal ore mining of 968.5 - 10° g was achieved in 1978. Gradually, the reserves of
siderite, chalcopyrite, tetraedrite with the mixture of mercury, silver and antimony had
been running out. After 1989, all mining activities declined. In 1992, mining of siderite
ore was finished as the consequence of this social phenomenon.

Waste presents a complex of ecological, economic and also social problems. Waste
disposal takes place in all stages of production and consumption cycle. At present new
possibilities of waste utilization beside classical disposal in various areas of economy
are studied [6]. Out of the total volumes of generated waste in the Slovak Republic,
43 % of waste was disposed, which in absolute numbers means 6 185 272 Mg of waste.
Dominance of landfill waste is a historical rule, with a 91 % share of total waste
disposal. As of December 31, 2006, there were 160 landfills operating in Slovakia [7].

In the third observed locality, Zahorska Lowland, the influence of the 5 former or
present landfills on soil and plant heavy metal contents in their vicinity is estimated.
The landfill Mokry Haj began its activity in 1992 with the assumed closure in 2013.
Biela Jama arose in 1975 as the material hole. Despite its recultivation in the 1990s, at
present this place is utilized as municipal landfill. The landfills in Skalicke hory and
Hrudy were built in the 1970s. The first of them was utilized for dangerous industrial
waste, the second for municipal waste. After recultivation of landfill Hrudy agricultural
plants are grown in this area. The landfill in the vicinity of the machinery factory in
Skalica was localized aside the sewage tank. Currently this area is utilized for
agricultural production.

Materials and methods

The observation of risky elements in soils and in cultivated crops were realized on
plots in the cadasters of the villages: Zavar, Krizovany, Vickovce, Hoste, Mala Maca
and Velka Maca, in the distance of 5 to 9 km in the northern and north-western part and
in cadasters of villages Velka Maca, Sintava and Vinohrady nad Vahom in the distance
of 2 km south-west, 2.8 km east and 3.5 km north-east of former emission source of the
Nickel Smelter Sered.

In the Middle Spis region, the soil samples and cultivated agricultural products were
taken in cadaster of Markusovce in the distance of 10-12.5 km north-west, Matejovce —
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7.6 km north, Chrast nad Hronom — 10 km north-east and Pora¢ — 6 km east of former
emission source in Rudnany.

In the third observed locality, Zahorska Lowland, the soil samples and cultivated
crops in 5 observed areas were taken.

The soil samples from the surface soil layer were taken from the experimental sites
with pedological probe. Samples of soil ground of fine soil I. (average 2 mm) were
analysed and from this fine soil the representative sample was taken and sieved through
the sieve with an average of 0.2 mm (fine soil II). The total content of risky elements
was determined using the AAS method in soil extract gained after total decomposition
of soil using the wet way with the mixture of acids HF + HNO; + HCIO;,.

The plant material was taken in full ripeness from the same localities as the soil. The
samples of plant material were dried and homogenized before the analysis. The content
of risky metals in plant material was determined using the AAS method after its
previous mineralization using the dry way.

Results

Table 3 presents the values of selected heavy metals soil contents in the surveyed
localities in wider vicinity of the former emission source, the Nickel Smelter Sered. As
regards the risky metal contents, these soils can be considered as relatively “clean”, in
spite of moderately enhanced contents of Cd, Cu, Ni and Co. There was no content
value indicating analytical proof of soil contamination. The Cd content was in the range
from 1.6 to 2.5-fold of background value in all observed plots. The Ni content exceeded
the background value in all plots with the exception of the locality of Vinohrady nad
Vahom, while it was enhanced from 1.1 to 1.4-fold. The copper content was increased
in the localities with the exception of cadasters of Zavar and Velka Maca (1.03 to
1.93-fold of background value). The enhanced soil content of Co was observed in
villages Zavar, Hoste, Velka Maca and Sintava (1.06 to 1.22-fold of background value).

Table 3
Total content of heavy metals [mg - kg '] in soil samples in the vicinity
of emission source Nickel Smelter Sered
LOIf;‘)hty Cr cd Cu Fe Mn Pb Zn Ni Co
1 68.4 2.00* 46.4% 24900 664.8 43.2 86.0 40.0* 18.8
2 67.2 1.88* 46.4%* 22440 790.0 344 102.4 38.8%* 18.4
3 62.0 1.40* 28.4 24128 662.0 48.4 88.8 41.2% 22.8%
4 71.2 1,90* 43.0* 27720 556.0 33.2 86.0 49.2% 20.0*
5 70.4 1.68* 37.2% 25880 636.4 36.4 91.6 41.2% 19.2
6 66.0 1.28* 26.8 25088 687.2 51.2 86.0 44.0* 21.6*
7 34.0 1.92%* 25.2 24640 775.6 35.6 85.2 42.8* 21.2%
8 31.2 1.32% 44 4% 22440 1062.0 33.6 63.2 38.4* 24.4*
9 22.4 1.40* 69.6* 19880 743.2 324 63.6 304 17.6

* Exceeded the background soil content of the element.
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All determined values were deeply below the hygienic limit, which in the case of
enhancing means soil contamination.

The situation in the wider vicinity of the second surveyed site of the former emission
source was diametrically different (Table 4).

Table 4

Total content of heavy metals in soil samples in the vicinity of emission source (ES) Rudnany

Lolflil‘“y Cr cd Cu Fe Mn Pb Zn Hg As
10 260 | 025 | 90.00% | 2168 | 35215 | 12.65 | 17.55 |20.64%**  25.00
1 150 | 024 | 7327% | 2348 | 32430 | 1215 | 12.85 |38.00%%*| 43.40%*
12 240 | 026 | 2930 | 2447 | 33920 | 1410 | 835 |19.06¥** 15.00
13 140 | 045 | 1140 | 1014 | 29460 | 1630 | 14.80 | 1.50% | 12.00
14 170 | 035 | 1685 | 1499 | 298.60 | 1585 | 875 | 3.16** | 22.60
15 190 | 023 | 1375 | 1886 | 31525 | 12.35 | 1025 | 3.00%* | 23.70
16 230 | 038 | 1465 | 1776 | 288.10 | 14.65 | 1270 | 2.00%* | 18.40
17 340 | 025 | 1930 | 2875 | 573.10 | 1455 | 17.00 | 1.50% | 12.00
18 320 | 024 | 1430 | 2949 | 421.80 | 14.60 | 19.60 | 0.18 9.50
19 180 | 062 | 2895 | 1392 | 91850 | 2575 | 27.05 | 9.30%* | 27.00
20 270 | 044 |114.65%%| 3442 | 986.80 | 1620 | 2570 |39.10%%* | 32.00%*
21 230 | 019 | 930 | 1890 | 249.60 | 1470 | 1025 | 0.40% | 12.00

* Exceeded the background soil content of the element; ** Analytical proof of soil contamination by a certain
element; *** Need of soil sanation with regard to the extremely high soil content of the element.

The enormly high content of Hg was found in cadaster of Markusovce in the locality
Olsanske Pole, which was even exceeding the hygienic limit determining the sanation of
the soil (1.9 to 3.8-fold). Similarly the extremely high content of Hg was determined in
cadaster of Porac village, where the 3.2-fold higher exceeding of this limit value was
determined. The contamination of soil by mercury was obvious also in other observed
localities: Pod Horky, Zemkovske (Markusovce) and Na Strani (Matejovce), while the
exceeding of limit value indicates analytical proof of soil contamination, and it was
exceeded 4.65-fold.

Similarly, the soil contamination was proved in case of arsenic in cadasters of
Markusovce village (locality Olsanske Pole), where the limit value was exceeded
1.45-fold and Porac (locality Pasienky) with 1.06-fold of limit. In Porac, the soil
contamination by copper was evident (1.15-fold of limit).

The determined content of risky elements in soil samples of the observed localities in
Zahorska Lowland are deeply below background values with the exception of Cd
content in all localities, Cu content in Hrudy and Skalica and Ni content in Hrudy,
Mokry Haj, Skalicke Hory and Skalica (Table 5). The problem of enhanced Cd content
in soil is evident in many localities of the Slovak Republic and the potential risk of its
input into the food stuffs of plant origin is high [7-9]. As far as other risky metal
contents are concerned, the soils in the observed locality can be considered as relatively
“clean”.
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Table 5
Total content of heavy metals [mg - kg '] in soil samples in the vicinity of landfills
in Zahorska Lowland
LOIfIf“y Cr cd Cu Fe Mn Pb Zn Ni Co
22 17.6 0.97* 11.3 6843 220.5 20.3 19.7 16.7 9.5
23 73.6 1.01* 42.7% 26592 486.5 332 70.0 51.1% 18.5
24 55.4 0.80* 32.1 21328 755.9 32.1 53.6 38.0* 16.9
25 78.3 1.16* 35.9 29437 529.3 30.3 79.3 54.0%* 18.7
26 63.5 0.95% 41.7% 21019 527.9 54.8 66.4 35.9* 15.3

* Exceeded the background soil content of the element.

The total content includes all forms of heavy metals in soil. The human health risk is
determined by the bioavailable forms of the element and by the plant species and crop
grown on the metal loaded soil.

The values of determined contents of risky elements in crops cultivated in the
surveyed localities are presented in Tables 6—8. The content of risky metals in
overground biomass (straw) was evaluated according to the valid legislation for forage,
the content of metals in edible parts (grain) of crops and in foodstuffs of plant origin
was evaluated according to the Food Codex of the Slovak Republic (FC SR).

Despite the relatively “clean” soils, the agricultural production grown in the
investigated localities in wider vicinity of former emission source of Nickel Smelter
Sered presents a potential human organism risk from the point of Cd content in barley
grain grown in Vlckovce (1.25-fold exceeding of hygienic limit) and Pb in all the crop
samples used for human nutrition (Table 6). The overground biomass from the point of
its utilization as forage showed the enhanced content of Cr (1.54-fold) in wheat and Co
(1.3-fold) in sunflower from Velka Maca in comparison with defined hygienic limits.

The situation in the second observed locality is entirely different. The cereals are
characterised by a high content of metals: grain of barley from Markusovce Cd and As
(the content on the level of the limit value), Hg 1.8 to 2-fold and Pb even 2.65-fold of
hygienic limit; grain of rye from Markusovce Hg 1.6-fold and grain of wheat from
Chrast Cd 1.5-fold and Hg 3-fold of the maximum acceptable amount for foodstuffs
(Table 7). From the crops grown in wider vicinity of former emission source Iron Ore
Mines Rudnany, potatoes cultivated in Markusovce (Olsanske Pole) are the most risky.
The determined contents of Cd, Cu, Pb, Zn and Hg were 1.4-fold, 3.1-fold, 1.7-fold,
1.43-fold and 6-fold, respectively, higher than hygienic limits defined in the Food
Codex of the Slovak Republic. The Hg content was higher also in the overground
biomasss of barley from Markusovce, where it reached even 4-fold and in grassland in
Porac, where the 2-fold of hygienic limit defined for forage was found.

In Table 8 the results of determined heavy metal contents in crops grown in the
vicinity of landfills in Zahorska Lowland are presented. The contents of risky heavy
metals in overground biomass of grown crops were deeply under the hygienic limits
given by the legislation for forage. From all the tested crops the Pb content in grain in
the observed localities was higher than the hygienic limit given by the Food Codex of
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the Slovak Republic. The grain of barley from the locality Mokry Haj contained an
enhanced content of Cd and the same crop from the locality Biela Jama contained
enhanced content of Cu in comparison with the hygienic limits. The negative influence
of waste deposition in the observed landfills can be the potential cause of enhanced
heavy metal contents in agricultural plants cultivated near the landfills.

The heavy metal mobility in soil depends on the soil reaction, the content of organic
matter, the soil sorption capacity and it can be affected by the change of these factors
[10]. The transfer of risky elements from the soil into the agricultural plants is
influenced by soil properties as well as by plant species or variety [11, 12].

Conclusion

The results suggest that the investigated soils in the area of the former Nickel Smelter
and in the area of the former or present landfills in Zahorska Lowland can be considered
as “clean” from the point of heavy metal contents. In these areas, only weakly enhanced
soil contents of some risky elements in relationship to their background values were
found. Despite this fact, a high Pb content in the grown crops was confirmed. In this
respect, lead can be considered as the most risky heavy metal with possible negative
influence on human health.

Our results also suggest causal connection between the enhanced content of risky
heavy metals, especially Hg, in soils and crops grown in the vicinity of former emission
source in Rudnany and the former metallurgical activity in this area. Residual metal
load of soil and possible contamination of the food chain in the area of Middle Spis
presents a serious potential risk to human health. Therefore, it is important to control the
waste treatment, to strictly follow the legislative directives and to monitor the risky
matters input into the environment with the aim to inhibit the non-controlled pollution
of the environment and to ensure food safety.
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METALE CIEZKIE W ROSLINACH UPRAWNYCH UPRAWIANYCH
W POBLIZU DAWNYCH ZRODEL ZANIECZYSZCZEN

Abstrakt: Celem pracy bylo zbadanie wplywu trzech réznych zrédet zanieczyszczen na jakos¢ gleby oraz
produkcj¢ roslinng. Zaobserwowana zostata zwigkszona zawartos¢ Cd, Ni Cu i Co w glebie w okolicy bytej
huty niklu. Uprawy rolne na tym terenie nie stanowia jednak zagrozenia dla zdrowia ludzi z powodu
stosunkowo matej zawarto$ci metali cigzkich. Wyjatek stanowilo ziarno jeczmienia zawierajace wysoki
poziom kadmu. Na drugim badanym stanowisku — Kopalnia Rudy Zelaza Rudnany, Srodkowy Spisz —
stwierdzono duza zawartos¢ As, Cu i Hg w glebie. Najwigksza ilo$¢ metali na tym terenie kumulowaly
ziemniaki. Ponadto w ziarnach zbdz przekroczone zostaly obowigzujace w Republice Stowackiej normy
zawartosci metali cigzkich. Ostatni z badanych terenéw to Nizina Zahorska. Na obszarze tym zbadano
zawarto$¢ metali w glebie pol poltozonych w poblizu pigciu sktadowisk $mieci. Uzyskane wyniki wskazaty
zwigkszona zawartos¢ Cu, Cd 1 Ni w glebie oraz przekroczone limity dla zawartosci tych metali w ziarnie
zbo6z. Przeprowadzone badania wykazaty, ze dawna emisja metali cigzkich do $rodowiska nadal stanowi
zrédlo zanieczyszczenia Zywnosci.

Stowa kluczowe: nicaktywne zrodla zanieczyszczen, zanieczyszczenie gleby, czynniki ryzyka, zywnosé
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“QUALITY ASSURANCE AND QUALITY CONTROL
IN THE ANALYTICAL CHEMICAL LABORATORY.
A PRACTICAL APPROACH”

TAYLOR & FRANCIS,

BOCA RATON, LONDON, NEW YORK 2009, 233 SS,
ISBN 978-1-4200-8270-8

Na poczatku 2009 roku nakladem Wydawnictwa CRC Press Taylor & Francis Group
w Analytical Chemistry Series ukazata si¢ bardzo warto§ciowa monografia “Quality
Assurance and Quality Control in the Analytical Chemical Laboratory. A Practical Ap-
proach”. Ksiazka ta jest bardzo wazna pozycja, wypelnia on na analitycznym rynku wy-
dawniczym istotna luke. Jest napisana w jezyku angielskim, co ma duze znaczenie dla
szerokiego grona pracownikéw nauk Scistych, poniewaz uzywa obecnie obowigzujaca
terminologi¢ angielska, w ktorym to jezyku jest publikowana zdecydowana wigkszos¢
prac naukowych z zakresu chemii analityczne;j.

Katedra Chemii Analitycznej Politechniki Gdanskiej, kierowana od wielu lat przez
Prof. zw. dr hab. inz. Jacka Namie$nika, ma wazne osiagni¢gcia w zakresie badan
dotyczacych oceny i kontroli jakosci wynikéw pomiarow analitycznych. Niedawno zo-
stala wydana przez Wydawnictwa Naukowo-Techniczne w Warszawie na ten temat
ksigzka zespotu pod kierunkiem Profesora, ktdra okazata si¢ bestsellerem. W katalogu
Wydawnictwa jest ona okreslana jako jedna z paru hitéw wydawniczych. I istotnie ta
ksiazka jest niezbgdna kazdemu polskiemu chemikowi analitykowi i nie tylko anality-
kowi, poniewaz dobra znajomosci chemii analitycznej jest niezbedna praktycznie rzecz
biorac, kazdemu kto zajmuje si¢ badaniami doswiadczalnymi w obszarze nauk przyrod-
niczych, niekoniecznie bgdacemu chemikiem z wyksztalcenia.

Natomiast celem omawianej ksigzki byto, zgodnie z jej tytutem, dostarczenie prakty-
cznych informacji dotyczacych zapewnienia odpowiedniej jakoS$ci oraz kontroli analiz
chemicznych. W pierwszym rozdziale ksiazki przedstawiono rozklady zmiennych loso-
wych, miary i testy statystyczne wraz z literatura. Po tym wprowadzeniu podstawowych
pojec statystyki, kolejne rozdziaty opisuja jakos¢ wynikéw analitycznych, spojnosé po-
miarowa, niepewnos¢, materialy odniesienia, badania mie¢dzylaboratoryjne i metody
walidacji. Kazdy z rozdzialow po wprowadzeniu definicji i podstawowych wiadomosci
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teoretycznych zawiera ¢wiczenia praktyczne wraz z literatura. Jest to bardzo uzyteczna
czes¢ ksigzki, umozliwiajaca petng aplikacje przedstawionej wczesniej wiedzy, konczy
si¢ ona zatacznikiem z 15 tablicami rozktadéw statystycznych. Sledzenie tych zapisow
ulatwia na jego wstegpie spis akronimow. Bardzo cenna strona tej ksiazki jest rozbu-
dowany skorowidz. Nowoscig jest ptyta CD utatwiajaca tatwy dostgp do niej wigkszej
liczbie 0s6b w kazdych warunkach przy wykorzystaniu komputera. Praca Piotra Konie-
czki i Jacka Namiesnika charakteryzuje si¢ prosta prezentacjq tresci w sposob latwy
edukacyjnie. Materiaty graficzne (rysunki i tabele) zostaly dobrze dobrane, co utatwia
szybkie przyswajanie nielatwego, a precyzyjnego problemu oceny jakosci wynikow
analitycznych.

Z uwagi na wysoki poziom naukowo-edukacyjny ksiazki w petni ja rekomenduje¢
wszystkim pracownikom nauki, doktorantom i studentom kierunkéw przyrodniczych na
wszystkich uczelniach w kraju i za granica. Charakteryzuje si¢ ona interdyscypli-
narnos$cia stosowania i to w bardzo szerokim zakresie praktyki. Recenzowana monogra-
fia nie tylko wprowadza czytelnika w bardzo specyficzny nurt jakosci analityki, ale
W wyczerpujacy sposob zaznajamia z daleko posunigta ocena jakosci wynikéw anality-
cznych w réznych laboratoriach. Ksigzka i jej pierwsze wydanie szybko znajdzie na-
bywcow i zapewne wkrotce zostanie wyczerpane.

Prof. zw. dr hab. Jerzy Siepak,
Uniwersytet im. Adama Mickiewicza, Poznan



Varia






Invitation for ECOpole 10 Conference

CHEMICAL SUBSTANCES IN ENVIRONMENT

We have the honour to invite you to take part in the 19th annual Central European
Conference ECOpole *10, which will be held in 13-16 X 2010 (Thursday—Saturday) on
Wilhelms Hill at Uroczysko in Piechowice, the Sudety Mts., Lower Silesia, PL.

The Conference Programme includes oral presentations and posters and will be
divided into five sections:

The Conference Programme includes oral presentations and posters and will be
divided into five sections — SI-SV:

— SI Chemical Pollution of Natural Environment and its Monitoring

— SII Environment Friendly Production and Use of Energy
SII Risk, Crisis and Security Management
SIV Forum of Young Scientists and Environmental Education in Chemistry
— SV Impact of Environment Pollution on Food and Human Health

The Conference language is English.

Contributions to the Conference will be published as:

— abstracts on the CD-ROM (0.5 page of A4 paper sheet format)

— extended Abstracts (4—6 pages) in the semi-annual journal Proceedings of ECOpole

— full papers will be published in successive issues of the Ecological Chemistry and
Engineering/Chemia i Inzynieria Ekologiczna (Ecol. Chem. Eng.) ser. A or S.

Additional information one could find on the Conference website:
ecopole.uni.opole.pl

The deadline for sending the Abstracts is 15.07.2010 and for the Extended Abstracts:
1.10.2010. The actualised list (and the Abstracts) of the Conference contributions acce-
pted for presentation by the Scientific Board, one can find (starting from 15.07.2010) on
the Conference website.

The papers must be prepared according to the Guide for Authors on Submission of
Manuscripts to the Journals.

The Conference fee is 300 € (covering hotel, meals and transportation during the
Conference). It could be reduced (to 170 €) for young people actively participating in
the Forum of Young Scientists. But the colleague has to deliver earlier the Extended
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Abstract (4-6 pages) of his/her contribution (deadline is on 15.08.2010), and a recom-
mendation of his/her Professor.

At the Reception Desk each participant will obtain a CD-ROM with abstracts of the
Conference contributions as well as Conference Programme (the Programme will be
also published on this site).

Further information is available from:

Prof. dr hab. Maria Wactawek

Chairperson of the Organising Committee

of ECOpole 10 Conference

University of Opole

email: Maria.Waclawek@o02.pl

and mrajfur@o02.pl

phone +48 77 455 91 49 and +48 77 401 60 42
fax +48 77 401 60 51



Zapraszamy
do udzialu w Srodkowoeuropejskiej Konferencji
ECOpole ’10
w dniach 13-16 X 2010

SUBSTANCJE CHEMICZNE
W SRODOWISKU PRZYRODNICZYM

Bedzie to dziewigtnasta z rzgdu konferencja poswigcona badaniom podstawowym
oraz dziataniom praktycznym dotyczaca réznych aspektow ochrony srodowiska przy-
rodniczego. Odbedzie si¢ ona w osrodku ,,Uroczysko” na Wzgorzu Wilhelma w Pie-
chowicach, koto Szklarskiej Poreby. Doroczne konferencje ECOpole maja charakter
miedzynarodowy i1 za takie sa uznane przez Ministerstwo Nauki i Szkolnictwa
Wyzszego.

Obrady konferencji ECOpole *10 beda zgrupowane w pigeiu sekcjach:

— SI Chemiczne substancje w $rodowisku przyrodniczym oraz ich monitoring

— SII Odnawialne zrodta energii i jej oszczedne pozyskiwanie oraz uzytkowanie
SIII Zarzadzanie $rodowiskiem w warunkach kryzysowych
— SIV Forum Mtodych (FM) i Edukacja prosrodowiskowa
— SV Wplyw zanieczyszczen srodowiska oraz zywnosci na zdrowie ludzi.

Materiaty konferencyjne beda opublikowane w postaci:
— abstraktow (0,5 strony formatu A4) na CD-ROM-ie;
— rozszerzonych streszczen o objgtosci 4-6 stron w potroczniku Proceedings of
ECOpole;

— artykutow: w abstraktowanych czasopismach: Ecological Chemistry and Engineer-
ing/Chemia i Inzynieria Ekologiczna (Ecol. Chem. Eng.) ser. A 1 S oraz niektorych
w potroczniku Chemia — Dydaktyka — Ekologia — Metrologia.

Termin nadsylania angielskiego i polskiego streszczenia o objetosci 0,5-1,0
strony (wersja cyfrowa + wydruk) planowanych wystapien uplywa w dniu 15 lipca
2010 r. Lista prac zakwalifikowanych przez Rade Naukowa Konferencji do prezentacji
bedzie sukcesywnie publikowana od 15 lipca 2010 r. na stronie webowej

ecopole.uni.opole.pl

Aby praca (dotyczy to takze streszczenia, ktore powinno mie¢ tytut w jezyku polskim
i angielskim, stowa kluczowe w obydwu jezykach) przedstawiona w czasie konferencji
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mogta by¢ opublikowana, jej tekst winien by¢ przygotowany zgodnie z wymagania-
mi stawianymi artykutom drukowanym w czasopismach Ecological Chemistry and En-
gineering ser. A oraz S, ktore jest dostepne w wielu bibliotekach naukowych w Polsce
i za granica. Sg one takie same dla prac drukowanych w potroczniku Chemia — Dy-
daktyka — Ekologia — Metrologia. Zalecenia te sa rdwniez umieszczone na stronie we-
bowej konferencji.

Koszt uczestnictwa w calej konferencji wynosi 1000 zt i pokrywa opfate za udzial,
koszt noclegdéw 1 wyzywienia oraz rocznej prenumeraty Ecol. Chem. Eng. (razem blisko
2000 ss.) tacznie z materialtami Konferencji. Jest mozliwos¢ udziatu tylko w jednym
wybranym przez siebie dniu, wowczas optata wyniesie 650 zt i bedzie upowazniata do
uzyskania wszystkich materiatéw konferencyjnych, jednego noclegu i trzech positkow
($niadanie, obiad, kolacja), natomiast osoby zainteresowane udzialem w dwdch dniach,
tj. w pierwszym i drugim lub drugim i trzecim, winny wnie$¢ optate w wysokosci 800
zt. Opftata dla magistrantow i doktorantéw oraz miodych doktorow bioracych aktywny
udziat w Forum Mtodych moze by¢ zmniejszone do 600 zl, przy zachowaniu takich sa-
mych $wiadczen. Osoby te winny dodatkowo dostarczy¢: rozszerzone streszczenia (4—6
stron) swoich wystapien (do 15.08.2010 r.). Jest takze wymagana opinia opiekuna na-
ukowego. Sprawy te beda rozpatrywane indywidualnie przez Rad¢ Naukowa oraz Ko-
mitet Organizacyjny Konferencji. Cztonkowie Towarzystwa Chemii i Inzynierii Ekolo-
gicznej (z optaconymi na biezaco skladkami) maja prawo do obnizonej optaty
konferencyjnej o 25 zt. Optaty wnoszone po 15 wrzesnia 2010 r. sg wigksze o 10% od
kwot podanych powyzej. Wszystkie wptaty powinny by¢ dokonane na konto w Banku
Slaskim:

BSK O/Opole Nr 65 1050 1504 1000 0005 0044 3825

i mie¢ dopisek ECOpole *10 oraz nazwisko uczestnika konferencji.

Po konferencji zostana wydane 4—6-stronicowe rozszerzone streszczenia wystapien
w potroczniku Proceedings of ECOpole. Artykuly te winny by¢ przestane do 1 paz-
dziernika 2010 r. Wszystkie nadsytane prace podlegaja zwyklej procedurze recen-
zyjnej. Wszystkie streszczenia oraz program Konferencji zostang wydane na CD-ROM-ie,
ktéry otrzyma kazdy z uczestnikdw podczas rejestracji. Program bedzie takze umiesz-
czony na stroniec webowej Konferencji.

Prof. dr hab. Maria Wactawek
Przewodniczaca Komitetu Organizacyjnego
Konferencji ECOpole ’10

Wszelkie uwagi i zapytania mozna kierowaé na adres:
Maria. Waclawek@o02.pl

lub mrajfur@o2.pl

tel. 77 401 60 42 1 77 455 91 49

fax 77 401 60 51



GUIDE FOR AUTHORS
ON SUBMISSION OF MANUSCRIPTS

A digital version of the Manuscript addressed —

Professor Witold Waclawek
Editorial Office of monthly Ecological Chemistry and Engineering
(Ecol. Chem. Eng.)
Uniwersytet Opolski
ul. Oleska 48, 45-951 Opole, Poland
Tel. +48 77 452 71 34, fax +48 77 455 91 49,
Email — waclawek@uni.opole.pl

should be sent by email to the Editorial Office Secretariat — mrajfur@o2.pl

The Editor assumes, that an author submitting a paper for publication has been autho-
rised to do that. It is understood the paper submitted to be original and unpublished
work, and is not being considered for publication by another journal. After printing, the
copyright of the paper is transferred to Towarzystwo Chemii i Inzynierii Ekologicznej
(Society for Ecological Chemistry and Engineering). In preparation of the manuscript
please follow the general outline of papers published in the most recent issues of Ecol.
Chem. Eng., a sample copy can be sent, if requested.

Papers submitted are supposed to be written in English language and should include
a summary and keywords, if possible also in Polish language. If not then the Polish
summary and keywords will be provided by the Editorial Office. All authors are re-
quested to inform of their current addresses, phone and fax numbers and their email
addresses.

It is urged to follow the units recommended by the Systéme Internationale d’Unites
(SI). Graph axis labels and table captions must include the quantity units. The use of the
following commonly applied expressions is recommended: mass — m/kg, time — t/s or
t/min, current intensity — I/A; thermodynamic temperature — T/K, Celsius scale tempera-
ture — t/°C or 6/°C (if both time and Celsius scale units need to be used, the symbol
0/°C for temperature is to be taken) etc.

Symbols recommended by the International Union of Pure and Applied Chemistry
(Pure and Appl. Chem., 1979, 51, 1-41) are to be followed.

Graphics (drawings, plots) should also be supplied in the form of digital vector —
type files, e.g. Corel-Draw, Grapher for Windows or at least in a bitmap format
(TIF, PCK, BMP). In the case of any query please feel free to contact with the Editorial
Office.
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Footnotes, tables and graphs should be prepared as separate files.

References cited chronologically should follow the examples given below:

[1] Kowalski J. and Malinowski A.: Polish J. Chem. 1990, 40(3), 2080-2085.

[2] Nowak S: Chemia nieorganiczna, WNT, Warszawa 1990.

[3] Bruns I., Sutter K., Neumann D. and Krauss G.-J.: Glutathione accumulation —
a specific response of mosses to heavy metal stress, [in:] Sulfur Nutrition and Sulfur
Assimilation in Higher Plants, P. Haupt (ed.), Bern, Switzerland 2000, 389-391.

Journal titles should preferably follow the Chem. Abst. Service recommended abbre-
viations.

Receipt of a paper submitted for publication will be acknowledged by email. If no
acknowledgement has been received, please check it with the Editorial Office by email,
fax, letter or phone.



ZALECENIA DOTYCZACE PRZYGOTOWANIA
MANUSKRYPTOW

Praca przeznaczona do druku w miesigczniku Ecological Chemistry and Engineering
A/Chemia i Inzynieria Ekologiczna A powinna by¢ przestana na adres Redakcji:

Profesor Witold Wactawek
Redakcja Ecological Chemistry and Engineering
Uniwersytet Opolski
ul. Oleska 48, 45-951 Opole
tel. 077 401 60 42, fax 077 455 91 49
email: waclawek@uni.opole.pl

w postaci cyfrowej w formacie Microsoft Word (ver. 7.0 dla Windows) emailem
(mrajfur@o2.pl) Iub na dyskietce.

Redakcja przyjmuje, ze przesytajac artykut do druku autor w ten sposdb oswiadcza,
ze jest upowazniony do tego oraz zapewnia, ze artykul ten jest oryginalny i nie byt
wczesniej drukowany gdzie indziej i nie jest wystany do druku gdzie indziej oraz, ze po
jego wydrukowaniu copyright do tego artykulu uzyskuje Towarzystwo Chemii i Inzy-
nierii Ekologiczne;.

W przygotowaniu manuskryptu nalezy przede wszystkim wzorowa¢ si¢ na postaci
najnowszych artykuléw opublikowanych w Ecological Chemistry and Engineering, na
przyktad zamieszczanych na stronie webowej Towarzystwa: http://tchie.uni.opole.pl/
tchie/index.php?option=content&pcontent=1&task=view&id=49&Itemid=76

Prace przesytane do publikacji winny by¢ napisane w jezyku angielskim oraz zaopa-
trzone w streszczenia oraz stowa kluczowe w jezyku angielskim oraz polskim.

Zalecamy, azeby artykut zawieral adresy i emaile oraz numery telefondéw i faksow
wszystkich autoré6w danej pracy, szczegdlnie gtownego autora, ktérego nazwisko wy-
rézniamy gwiazdka.

Usilnie prosimy o stosowanie uktadu jednostek SI. Zwracamy uwagg, ze osie wykre-
sow oraz gtowki tabel powinny bezwzglednie zawieraé jednostki stosownej wielkoscei.
Polecamy symbolik¢ zalecang przez PTChem (Symbole i terminologia wielkosci i jed-
nostek stosowanych w chemii fizycznej, Ossolineum, Wroctaw 1989; Pure Appl. Chem.
1979, 51, 1-41). Materiat graficzny (rysunki, wykresy), obok wersji na papierze, powi-
nien réowniez by¢ dostarczony w postaci cyfrowych plikow wektorowych, np. za po-
mocg programu: CorelDraw wersja 3.0-8.0, Grafer dla Windows lub przynajmniej bito-
we (TIF, PCX, BMP). W przypadku trudnos$ci z wypehieniem tego warunku Redakcja
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zapewnia odptatne wykonanie materiatu graficznego na podstawie dostarczonego szki-
cu, blizsze informacje mozna uzyska¢ telefonicznie 077 401 60 42.

Przypisy 1 tabele podobnie jak rysunki zapisujemy jako osobne pliki.

Literatur¢ prosimy zamieszcza¢ wg ponizszych przykltadow:

[1] Kowalski J. and Malinowski A.: Polish J. Chem. 1990, 40, 2080-2085.

[2] Nowak S.: Chemia nieorganiczna, WNT, Warszawa 1990.

[3] Bruns I., Sutter K., Neumann D. and Krauss G.-J.: Glutathione accumulation —
a specific response of mosses to heavy metal stress, [in:] Sulfur Nutrition and Sulfur
Assimilation in Higher Plants, P. Haupt (ed.), Bern, Switzerland 2000, 389-391.

Tytuly czasopism nalezy skracaé¢ zgodnie z zasadami przyjetymi przez amerykanska
Chemical Abstracts Service. Autor moze, jezeli uwaza to za wskazane, podawaé tez
tytut cytowanych artykutdow z czasopism, ktory bedzie sktadany kursywa oraz numer
zeszytu danego woluminu (w nawiasie, po numerze woluminu).

Redakcja potwierdza emailem otrzymanie artykutu do druku. W przypadku braku
potwierdzenia prosimy o interwencj¢: emailem, faksem, listem lub telefonicznie.
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