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PERSPECTIVES ON THE ROLE OF THE PROBIOTICS IN THE HUMAN NUTRITION

J. GOLIAN – M. PAVELKA
Department of Nutrition, Slovak University of Agriculture in Nitra, Tr. A. Hlinku 2, 949 01 Nitra

Summary

One of the most topical areas of human nutrition is the role of the gut in health and disease. Probiotics involve the use of live
micro-organisms in food; prebiotics are carbohydrates selectively metabolized by desirable moieties of the indigenous flora;
synbiotics combine the two approaches. Dietary intervention of the human gut microbiot is feasible and has been proven as
efficacious in volunteer trials. The health bonuses of such approaches offer the potential to manage many gut disorders
prophylactically.
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Probiotics

Probiotics are live microbial food supplements which have a beneficial effect on the intestinal balance of the host animal
(Fuller, 1989). Much recent effort has concentrated on identifying probiotics bacteria and characterising  their beneficial
credentials. It is generally considered that probiotics must process certain properties, they must survive passage through the
upper regions of the gastrointestinal tract and persist in the colon, there must be no adverse response to the bacteria, their
components or metabolic end products, they should be antagonistic to mutagenic or pathogenic organisms in the gut and
must be genetically stable, for successful introduction of the probiotic concept into the food market, chosen micro-organisms
must be amenable to industrial processes and remain viable in the final food products (Ziemer, Gibson, 1998; Collins, Gibson
1999).

The health benefits associated with probiotics ingestion are listed in Table 1. Care must be taken when considering
many of the suggested health-promoting capabilities, since much of the supportive scientific data have been generated from
studies in vitro or small-scale human volunteer trials (Ziemer, Gibson, 1998). There is a clear need only for large-scale
human volunteer studies to support such claims but also for fundamental research into the mechanisms by with probiotics
affect human health. In this respect, the correlation of probiotic activities, such as anti-pathogenicity, with specific health
outcomes in vivo will allow rational choice of probiotic strain and targeting of subpopulations at particular risk of
gastrointestinal complaints. Thus, directed probiotic application may be achieved, enabling specific health claims to be
investigated in clear by defined clinical trials. 

Table 1 Probiotic bacteria and their reported health benefits in clinical studies (Lee - Salminen, 1995, Ziemer - Gibson, 1998)

Reported effects Probiotic species 
Modulation of immune system Lactobacillus acidophilus, L. casei, L.plantarum, L.delbrueckii, L.rhamnosus
Balancing of gut microbiota L.acidophilus, L.casei, Bifidobacterium bifidum
Reduced faecal enzyme activities L.acidophilus, L.casei, L.gasseri, L.delbruecki
Antitumor L.acidophilus, L.casei, L.gasseri, L.delbruecki, L.plantarum, B.infatis.

B.adolescentis, B.bifidum, B.longum
Prevention of  traveller’s diarrhoea Saccharomyces spp., mixture of L. acidophilus, B.bifidum, Streptococcus

tehrmophilus, L. bulgaricus
Prevention of rotavirus diarrhoea L. rhamnosus, B. bifidum
Prevention of C. difficile diarrhoea L. rhamnosus, S. spp.
Prevention of other diarrhoea L. acidophilus, L. rhamnosus, B. bifidum

Probiotics and the immune system

Some of the most convincing research on the efficacy of probiotics comes, from the area of food intolerance and allergy: this
includes in particular, intolerance to cow’s milk protein and lactose and the ability of probiotics to aid digestion of these
components     (Sanders,  1993). Members of the gut microbiota, occupying a juxtomucosal niche in the intestine, have been
shown to modulate specific immune responses in gut-associated lymphoid tissue. Sudo et al. (1997). Demonstrated that the
gut microflora contributes towards generation of  T-helper cells which induce oral tolerance, and this has led to the possibility
of using probiotic strains as therapeutic agents in hypersensitive disorders. Lactobacilli and bifidobacteria have a natural
association with the gut mucosa and are able to promote normalization of the increased intestinal permeability that occurs
during exposure to food allergens (Isolauri et al. 1999). In addition probiotic strains are capable of reducing the production of
interleukin (IL)- 4 during casein fermentation, excess production of IL-4 being one of the key features  of a topic patients and
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responsible for initial sensitisation                (Sütas et al. 1996). Human studies have recently been conducted on the ability
of probiotics to prevent development of an immunological memory capable of producing an abnormal response to cow’s milk
at an early age (Majamaa and Isolauri, 1997). Table 2 outlines how probiotics are able to modulate allergic inflammation.

.
Table 2 Modulation of the immune system by probiotic micro-organisms (Isolauri et al. 1999)

• Altering the immunogenecity of allergens via proteolytic activity
• Normalising the composition of the intestinal microbiota
• Reducing the secretion of inflammatory mediators in the gut
• Reversing increased intestinal permeability
• Reversing enhanced absorption of macromolecules
• Enhancing the mucosal immunoglobulin A response to enteral antigens
• Modifying the systemic changes related to allergic inflammation
• Alleviating the clinical symptoms of food allergy

Probiotics and antitumour properties

Lyophilised cultures of probiotic strains, Bifidobacterian longum in particular have been shown to suppress the development
of aberrant crypt foci in rats given azorymethane-induced colon cancer (Rafter 1995, Reddy 1998). However, most animal
studies have been carried out with specifically breed strains of rodents and the question of whether these results can be
extrapolated to humans is still unclear. Of the human feeding studies that have been carried out, treatment groups tend to be
small and of short duration. Although these studies do show a reduction in faecal enzymes that may be associated with the
formation of carcinogens, it is still unclear whether these would affect long-term cancer rates. Report published to date are
not consistent in finding reductions in the same enzymes (Hyatsa and Hayatsu, 1993).            

Probiotics and diarrhoea 

Ingestion of probiotic strains as prophylactic agents against diarrhoea is based on the ecological principle of competitive
exclusion. Effectiveness depends on the strain of bacteria, its suitability to an individual and the ability to displace pathogens
(O´Sullivan and Kullen, 1998).
Such probiotics have potential for the  prevention and treatment of gastrointestinal infections, one specific example being the
application of Bifidobacterium bifidum and Streptococcus thermaphilus in the case of infant viral diarrhoea (Saavedra et al.
1994).
Future studies need to provide dose-response data and details on the etiological agents causing diarrhoea in different
destinations. A recent review (Buddington and Weiher, 1999) has suggested the use of probiotics in combination with oval
rehydration therapy and antibiotics, to prevent antibiotic – associated diarrhoea.
Scientific approach to establishing the functional benefits of probiotic bacteria
Despite much research into the health benefits of probiotics, progress has been hampered by a variety of factors. Individual
studies provide insight into a specific probiotic strain, however, as bacteria have a very heterogeneous nature and differ
according to genera, species and strain, it is difficult to make general conclusions about probiotics as whole. In addition, the
variety of health benefits of probiotics means that, at present a diversity of end points is being studied in clinical trials. It is,
therefore, problematic to reach a scientific consensus on the effect of probiotics on health outcome (Sanders, 1998), in each
area of potential health benefits here is a need for current research to focus on well-controlled human trials.
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THE CALCULATION OF  THE LETHAL EFFECT OF HEAT STERILISATION OF CANNED FOODS AND OPTIMIZATION
OF NUTRIENT RETENTION

Igor MRÁZ
LikoSpol a.s.  Bratislava, e-mail : mraz@likospol.sk

Summary

The modern sterilisation process aims to destroy microbiological life and to inactivate enzymes in the product with the least
possible effect on the sensory properties and nutritive value of the product. The process must comply with the requirements
on food safety, what is provided by control of lethal effect of the thermal sterilization expressed with F-value. From the view
point of human nutrition, it is appropriate that the process conditions secure the maximum nutrient retention. For optimization
of this process, C-value parameter is used for the evaluation of the effect of heat on the nutrients. This paper submitts the
calculation of  the lethal effect of heat sterilisation of canned foods with use of F-value  and optimization of nutrient retention
with use C-value.    

Introduction

The treatment and preservation of foodstuffs has already been one of the main activities of the human society. Thermal
processing of food is the most prominent way of preserving food and of making it edible. The primary object of the thermal
processing of canned foods is to destroy living microorganisms capable of causing deterioration of the food or endangering
the health of the consumer. It is important to heat the food in such a way that it is satisfactorily preserved and still retains its
expected taste, aroma and appearance, together with its functional properties. Moreover, the biological value of the food
product must be taken care of, so that as much as possible of its nutritional properties will remain when the food product
reaches the consumer [2,10].

Process evaluation

Theoretical principle of the thermal process assessment is based on the thermoinactivation kinetics of decisive
microorganism ( Fig. 1). Then, the efficiency of the thermal preservation process (F-value for canned product) is determined
from the experimentally found time-temperature profiles (Fig.2)
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Fig.1  Therma l  dea th  t ime (TDT)  curves  for  m ic ro f lo ra  in  low-ac id  foods  [1]           
  1 -  normally resistant spores of bacilli and clostridia 
  2 -  very resistant spores (of  thermophilic sporulates)  
  3 -  Clostridium botulinum A,B at pH < 5,0 
  3’ -  Clostridium botulinum A,B at pH  5 - 5,5 
  3’’- Clostridium botulinum A,B at pH  5,6 - 7

4 -  pea peroxidases 
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The conditions of thermal sterilization depend, above all, on composition and properties of the product, type of sterilizing
equipment, heat penetration into the food as well as on initial concentration of microorganisms, their heat resistance and
conditions of storage of the product after the sterilization process. On the basis of the given factors, sterilizing regimes are
given individually  for  each  type  of  the  product  and  size of  the  package.  Sterilizing conditions comprises on the data,
assigning the combination of sterilising temperature and time, as well as pressure data ( at pressure sterilization) for single
phases of the total process of heating-up, holding and cooling down. Sterilization must provide the achievement of required
minimal sterilization effect in the whole batch (charge) or in the whole produced volume [7].
In the formulation of heat sterilisation for canned foods, the most difficult problem is to evaluate the lethal effect of the period
during which the temperature of the can contents is rising to its maximum; especially where the heat-penetration rate is slow
the temperature continues to rise during all or most of the process time [2]. 

Fig. 2   Specified data for the scheduled process (heat penetration curve)[7]
   ______  retort,   ___  .  ___  product,    T- temperature in oC,      t - process time[min] 

         
The main procedure used for estimating the lethal effect of the process is measurement of the temperature at the point of
greatest temperature lag within the can and integration of the lethal effects at this point by graphical or mathematical
procedures [1,3,5,9].
The scheduled process is prepared with close attention to the actual conditions in the retorts. In order to define the heat-
penetration curve completely it is necessary, however, to start thermocouple readings at the commencement of the process.
It is important to note that for some packs quality considerations call for a process in which the margin of safety is small, and
in such cases a change in the initial temperature of the can contents, or the cooling rate, may render the process ineffective.
The classical methods developed by Ball [5] may be used for calculating processes for any size of can or retort temperature
provided the thermal death-times and rates of heat penetration approximate to straight lines when plotted on semilog paper.
Most of the reference data to be found in the literature is on this basis [1,3,5,7] . Ball defined the TDT-curve by reference to
the coordinates of an arbitrarily chosen point (termed F) and the slope of the line (z-value). The hypothetical curve passing
through 1 minute at Tr = 121,1oC (for low-acid foods) is used for process calculations and gives the times and temperatures
corresponding to F = 1. The times at any temperatures other than 121,1 oC are designated Fi and are related to each other in
a manner dependent upo the slope of the curve (z-value) [2]:

The reciprocal of Fi is the lethal rate expressed as the number of F units per minute corresponding to the temperature T (oC).

Optimization of a thermal process

For commercial sterilization, optimization of a thermal process is based on the fact, that the rate of destruction of nutrients is
less dependent on the temperature than the rate of destruction of microbial spores. To be able to evaluate the influence on

z
TFi

−
= − 1.121log 1
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quality of different sterilisation conditions, it is necessary to calculate the combined influence of time and temperature on
rheological, chemical and sensory properties. 
The changes in food composition during the heat treatment are expressed by so called C-value (cook value). This value
characterises the product cooking degree and enables to compare the changes caused by denaturation of nutrients in the
given product at certain thermal intervention[8]. The method  comes from the presupposition that the considered changes in
nutrients caused by denaturation take place according to the kinetics of the first order reaction. It appears, that the
dependance of nutrients denaturation rate on temperature  can be expressed in the same way for microorganisms and
enzymes - by the D and z values,  i.e. the slope of the straight lines for denaturation of these components is in the linear
dependance on denaturation of food with the thermal intervention. The higher is the zc value, the more resistant is the given
food component against the influence of thermal energy.
 Leonard et al. proposed a cook value (C-value) which is calculated in analogue to the sterilisation value (F-value) as follows
:

dttTC
t

Zc∫
−

=
0 10

100)(

The definition is given including a formula comprising an expression z-value zc  (oC), being a value of straight line for
denaturation of food nutrients and expressing a temperature interval necessary for running of this straight line through only
one logarithmic cycle. In general is mostly used a zc-value equal 33 oC as an approximation for chemical changes. In fact,
very few experimental measurements of C- and zc-values for different foods have been reported in the literature
[2,3,4,6,7,8].  
When the thermosterilisation process from the point of maximal retention of nutrients shall be optimized, it is necessary to
find the minimum C-values for the given F-value.. The presupposition takes in consideration that  when  C-value is minimal
for F = const., then also ratio C/F is minimal. But the margin of sterilization temperature is valid, because C-value  should be
minimal only at very high temperatures with  subsequent achievement of F-value. The most suitable is to look for the optimal
temperature  and time for F- and C- values, that are afore known. F-value is determined according to the character of the
product.  Minimum C-value is determined on the basis of z-value for the selected components [7,9].
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GROWING OF AMARANTH AND ITS IMPORTANCE IN MAN NOURISHMENT

Jiří PETERKA - Bohumila VOŽENÍLKOVÁ - Jan MOUDRÝ
University of South Bohemia, Studentská 13, 370 01 České Budějovice, Czech Republic

Summary

Amaranthus belongs to pseudo-cereals and was grown by ancient Mayas (Moudrý, et. al.,1999) for whom it was a sacred
plant. Amaranthus is an annual dicotyledonous plant. Plants have a
bulky pile root with a firm often 2 m high stem (depending on genotype)and rich panicle of varied color. It belongs to plants
with C 4 cycle, i.e.plants with high demands on temperature. Growth of plants is slow in the beginning of season and
therefore very sensitive to weeds. Convenient front-crop are rape, leguminous plants, cereals (except rye). Soil preparation
in spring season has to be good with respect to very small seeds. Seeds are sown at dose of 1.5-2.0 kg/ha in depth max. to
1.5 cm and row distance of 20-35 cm. Convenient period of sowing under our conditions is usually at soil temperature above
12 C in the middle of May. Weed control is possible to do by harrowing. In case of bad climatic conditions (crust or wet soil)
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there is a danger of infection by parasitic fungi of the genus Fusarium, Pythium, Rhizoctonia and Aphanomyces which attack
roots, stems and cause so called falling of plants. Beetles (foliage consumption), aphids(deformation of leaves and stems)
and corn borer (damage on stems) are usual pests of amaranth. Harvesting time is influenced by tere date of sowing, variety
and climatic conditions at harvest period. Average yield varies around 1 t/ha. Storage humidity is 12%. Harvest range losses
between 8.0-44.0%. (Peterka et al., 2000).

Genus Amaranthus (L.) represents 60 species among which some (A. cruentus., A. hybridus., A. dubius, A.tricolor., A.
caudatus etc.) can be grown and used as vegetables. Plants can reach height of 1.0-1.6 m and they are harvested 3-5 times
per season. The color of leaves and stems varies between light green to dark green with various spots on leaves and colorful
violet. Seeds are dark red to black and 0.8-1.5 mm in size. Vegetable varieties of amaranth are characterized by high content
of proteins in plants (1.2-1.4 g of lyzin per 100 g). High content of minerals is also important, particularly: 800 mg of Mg per
100 g, 900 mg of K per 100 g, 650 mg of Ca per 100 g, 500 mg of P per 100 g, 120 mg of Fe per 100 g, 60 mg of Zn per 100
g.
Also the content of vitamin C is interesting: 700 mg per 100 g, B 2 (riboflavín) 2,1 mg per 100 g. 
From the viewpoint of utilization it is necessary to mention amaranth flour with its high contents of essential amino-acids
(lyzin, leucin) and absence of gluten. The flour seems to be a suitable component for mixtures with vheat or rice. Amaranth
products are suitable for individuals suffering from"celiakie", food allergy, or for babies (up to 1 year of age) for production
of formulas replacing breast-feeding. Am flour also helps aterosclerosis prevention as well as the prevention of heart
problems, lower limbs problems, angina pectoris, heart attach, brain stroke or diabetes and obezity. Due to the high contents
of fibre and starch it cures and prevents constipation, diarrhea or intestinal inflamations. Amaranth oil contains unsaturated
fatty acids (linol) which reduce the levels of cholesterol. The oil can be used cold as an ingredient for food products as
margarine or salad dressing. With regard to high nutritional value of the seeds (18% proteins, 5-6% fat, more than 7% fibrous
matter and other mineral substances) there are many interesting possibilities how to utilize the crop outside food industry.

Key words: amaranthus, Fusaria, yield
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THE INFLUENCE OF GROWING SYSTEMS ON UTILITY VALUE OF PISUM SATIVUM L.

Tatiana BOJŇANSKÁ. – Helena FRANČÁKOVÁ
Department of Storage and Processing of Plant Products, Slovak Agricultural University in Nitra

Summary

As far as the utility value of Pisum sativum L. is concerned, the evaluated indicators were within the norm STN 46 1300-2:
The seeds of food peas and indicators which give a more complex characterisation of seed peas from a technological and
nutritive point of view. Pisum sativum – i.e. the cultivar Olivin - was grown by means of an integrated and ecological growing
system and with two different ways of soil cultivation (conventional, economical). The results of the four year research period
(1994-1997) indicated that the year of growing has the most significant influence on the content of important seed
components (proteins, lipids, ash, calcium, potassium, phosphor, starch, saccharides and fibre). From the important
indicators for the technological quality of Pisum Sativum, only the granularity and the cooking ability were statistically not
significantly influenced by the year of growing. Neither the growing system (integrated, ecological) nor the way of soil
cultivation significantly influenced the important indicators for the pea seed quality. Only the contents of the total and non-
reduced saccharides were influenced by the system of growing (higher portions were found with the integrated growing
systems). 

Key words : Pisum sativum, quality of pea, integrated, ecological system of growing

Introduction

Legumes are plants with seeds, which are rich in proteins and saccharides. Thanks to that they have a high biological value
and they are used in human and animal nutrition. Legumes have a good growing value thanks to their specific ability to
improve the soil fertility. 
In spite of all these qualities the total harvested area of legumes has continuously been decreasing. The cause for this is
probably decreasing legumes prices, smaller yields and increasing production costs. In 1999 the consumption of edible
legumes reached 2 kg per inhabitant in Slovakia in comparison with the recommended range of 2,1 – 3,2 kg per inhabitant,
so it is on a low level of a recommended dose.
The research task of the departments of the Agronomic Faculty of the University of Agriculture in Nitra was to evaluate the
technological and nutritive quality of the pea, which is the most spread legume grown in Slovakia with a relatively simple
production technology, low demands on harvest works, with hybrids of a good quality and possibilities of exporting to foreign
markets.
We evaluated the quality of peas, which are grown for seeds by means of an integrated as well as an ecological system.
These systems belong to productive methods, which increase the production quality and which are compatible with the
requirements from the point of view of protection of the environment. (Lacko-Bartosova et al., 1996). Integrated agriculture
according to Vereijhen (cit. in Lacko-Bartosova et al., 1996); can be characterized as a system relying mainly on growing and
biological inputs and chemicals are integrated supplements of the system. Ecological agriculture means such a way of using
the soil, in our case such a plants production, in which the specific sowing methods, green fertilizers, fertilizing by means of
organic manure, mechanic and biological methods of plants protection are used. The aim of the production is to produce
products of a specific quality with a minimal negative influence of agriculture on the environment (Jilkova, 1994, Potravinový
kódex, 1999).

Material and methods

The research task of the departments of the Agronomic Faculty of the Slovak Agricultural University Nitra was to evaluate the
technological and nutritive quality of the pea hybrid Olivin. The pea was grown for seeds by means of an integrated system
of growing: in the integrated system the nutrition of the crop was provided by industrial fertilizers in accordance with a
balanced method. Manure was applied to sugar beat and maize. (clover – maize for grain – maize for silage – summer wheat
– sugar beat – spring barley – pea – summer wheat).
In the ecological system manure was used as a fertilizer for maize for silage. The necessary amount of nitrogen for the plants
was provided by 37,5% of vetch in seeds (chick pea + clover – clover – summer wheat – maize for silage – rape – pea –
maize for silage – summer wheat). 
In both systems one variant without fertilizing and two variants of cultivating soil were used. The conventional way of
ploughing 0,24m deep as well as a minimum ploughing depth of 0,12 – 0,15 m were used. 
From the point of view of the utility value of the pea, we observed indicators according to the Slovak Technical Norms
461300 – 2 – Seeds of edible pea such as: smell, humidity, adulterants and impurity, cooking ability, the presence of pests.
Further features, which characterize peas for seeds in a complex way from a technological and nutritive point of view are:
granularity, the content of N – substances, starch, saccharides, oil, fibre and the ash content.
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Results and discussion

The results obtained during a four-year-evaluation period (1994 – 1997) were compiled statistically by analysis of dispersion
and evaluated. We found out the decisive influence of the year of growing on the content of proteins, oil, ash, calcium,
potassium, starch, total, reduced and non reduced saccharides and fibre. We found a decisive influence of the year of
growing on the content of phosphorus. From the important indicators of the technological quality of peas, only the granularity
and cooking ability were statistically not considerably influenced by the years of growing. The decisiveness of other factors
such as the system of growing and cultivating of soil was much less significant. We only found the influence of the system of
growing on the content of the total and non-reduced saccharides. The influence of the cultivating of soil on the observed
indicators was not decisive. 
In table 1 you will find values of the quality traits (the average of a four-year evaluated period 1994 – 1997). There are only
insignificant differences between the ways of soil cultivating. The evaluated values were more significantly influenced by the
system of growing. There are differences e.g. in the fibre content of 26%. As far as saccharides is concerned, the differences
are statistically decisive. In the integrated system of growing the content of proteins, ash, phosphorus, potassium,
magnesium, saccharides and fibre was higher than in the ecological system of growing. In the ecological system of growing
on the other hand, the granularity, cooking ability, the content of lipids and starch was higher than in the integrated system of
growing. 
The content of proteins as basic building components of an organism and starch as the main source of energy are very
important indicators of the nutritive quality of peas. We found out big differences in these contents according to the year of
growing. The content of proteins varied in a scale between 19,14% and 23,9%. The significant influence of the year of
growing, the location and the weather conditions on the variable content of proteins in pea seeds has been supported by
many authors (Nekljudov et al., 1970, Zlámal, 1976, Slaměna, 1985). 

Table 1 Values of quality traits (everage 1994-1997)

Quality traits System of growing Cultivating of soil
Integrated Ecological Control Minimum Conventional

Graining 86,23 89,73 88,16 87,87 88,21
Cooking ability 83,07 85,47 84,16 84,7 83,76
Crude protein 21,47 21,19 21,02 21,03 21,32
Oil 1,05 1,14 1,11 1,11 1,09
Ash 4,37 4,09 4,09 4,33 4,04
Ca 0,13 0,13 0,145 0,13 0,139
P 0,673 0,623 0,607 0,617 0,652
K 1,314 1,289 1,264 1,282 1,296
Mg 0,177 0,162 0,161 0,168 0,163
Starch 54,28 55,5 54,67 54,93 54,71
Saccharides total 6,45 6,05 6,12 6,18 6,23
S.reduced 1,39 1,23 1,27 1,32 1,27
S.non-reduced 5,05 4,81 4,85 4,86 4,95
Fibre 5,19 4,12 4,8 4,46 4,95

The content of starch varied from 49,6% up to 60,4%. The reciprocal negative correlation between starch and proteins has
been confirmed. In the year with the highest content of proteins the content of starch was the lowest and vice versa. The
amount of these two important components (starch plus proteins) was the highest in the ecological system of growing. The
pea grown in the ecological system was the most suitable from a nutritive point of view although we could take into account
the negative correlation between the content of proteins and their nutritive value (Slaměna et al., 1994). The evaluated hybrid
Olivin belongs to the peas with a relatively high nutritive value what has been confirmed by EAII 80 and by experiments with
rats (Chrenková et al., 1996).
The cooking ability, which is a very important feature of peas from a gastronomic point of view, should be as high as possible
(the Slovak Technical Norm requires a cooking ability of minimum 90%). The cooking ability of different evaluated samples
varied from 75% to 93%. None of the systems of cultivating soil or systems of growing increased the cooking ability with
more than 90%. There is no decisive correlation between the cooking ability and some of the evaluated indicators (the
content of starch, proteins, oil, etc.) So the cooking ability is mainly genetically influenced. 
The content of adulterants and impurity varied in different samples from 0,3% to 17,6%. The lowest content of 1,84% from
the year 1994 meets the STN for seeds of edible peas for direct consumption and industrial use as well. In the following
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years the content of adulterants and impurity did not meet the requirements of STN for seeds of edible peas, so further
cleaning would be necessary.
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 AN UNCONVENTIONAL CROP – AMARANT (AMARANTHUS)

ŽAJOVÁ, A. - KOŠŤÁL, L. - VEREŠČÁK, M.
Department of Botany, Slovak Agricultural University in Nitra, Tr. A. Hlinku 2, 949 76 Nitra 

Summary

There are about 250 species included in the genus Amaranthus L. Twenty species of this genus are recorded in Slovakia.
The most important are: Amaranthus cruentus, Amaranthus hypochondriacus and Amaranthus caudatus. At present for seed
production different hybrids are cultivated. They have favourable nutritive value for man with about 15 – 16% content of
proteins (but do not content gluten proteins „prolamines“ and „glutelines“). The content of fat reach 7 – 8% and of starch
about 62%. They content also mineral substances and vitamins (Holubova, 1992). Genotypes with huge biomass werw
obtained by interspecies hybridization. They are used as fodder, energetic raw material and green vegetable.

Keywords: Amaranthus L., Láskavec, vegetable, nutritive value, amarant

Introduction

The human nutrition is mainly provided by only a few sort of crops at present time. A number of common crops such as
wheat, maize, rice, potatoes, legumes etc. must be completed with additional, less known crops which are able to improve
quality of human nutrition. An amarant (Amaranthus L.) surely belongs to this category.

Materials and methods

In order to realize introduced goals we have explored botanical and morphological attributes of some cultivated species. It
was obtained from the Department of plant production experimental plots.
For our trials and experimentation we selected as an experimental material followed species of the genus Amaranthus L.: A.
caudatus, A. hypochondiacus, A. cruentus, A. hybridus subsp. chlorostachys. Some of them are presented on tables below. 

Results and discussion

Amarant is one of the eldest grain crop ever known. The most significant species are: Amaranthus caudatus L., A. cruentus
L., A. hybridus L. subsp. chlorostachys (Willd.), A. hypochondriacus L. etc.(Dostál, Červenka, 1991; Žajová, 1998).
Amarant is classified among pseudocereals for its content of saccharides is similar to that of common cereals however, with
a higher digestibility. As for content of proteins it actually remains behind legumes but has a higher protein quality than for
example, soya and even so a milk. It can be used as vegetable for its high content of important vitamins and minerals. Thus
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are utilize young leaves for preparing fresh salads, porridge, vitamins and albumes extracts and also, to get various
pharmaceuticals and pigments within a food industry using.
The seeds are used for preparing a soup, pulp, pancakes and also are added into bread and another cookies and pasta. As
a forage a stem together with a leaves are utilized.
A biomass is effective in technical using.
High adaptability to growing conditions and owning a C – 4 photosynthesis type put amarant atop the outstanding fields of
human nutrition. Having 260 – 300 transpiration coeficient amarant belongs to crops which are highly resistent to dry
conditions. It likes soils with pH ranges from 5,5 to 7,3 and tolerates a higher content of conpounds of alcalics elements in
soil solution (Zima et al., 1997).
A cultured species of amarant are significant by favourable nutrition value, e. g. its seeds contein 7 – 8% in average of fat
and about 15 – 16% of proteins included all essential aminoacids. At the same time it does not contain so called „gluten
proteins“ (prolamine and gluteline) and that is a reason of using Amarant in non – gluten diet.
Table 1 represents chemical composition of amarant seeds compared with another grain crops (entries are expressed in
grams per each 100 g of mass – seeds): It seems from represented table the Amarant is worthy nutritional plant having low
appreciation by our growers, however.

Table 1 Chemical composition of amarant seeds compared with another grain crops (entries are expressed in grams per
each 100 g of mass – seeds)

Composition Amaranthus Rice Maize Wheat
Sacharides 62,0 79,4 76,0 71,0

Proteins 16,0 7,6 7,8 13,3
Fats 7,5 0,3 2,6 2,0

Ca(mg) 250,0 24,0 6,0 47,4
Mg(mg) 310,0 120,0 90,0 110,0
Fe (mg) 15,0 0,8 1,8 3,4
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EFFECT OF AMARANTH GENOTYPES ON  SEED PRODUCTION AND WEIGHT OF SEEDS

Miroslav HABÁN – Jana FECKOVÁ – Jozef HÚSKA – Ladislav ILLÉŠ
Slovak University of Agriculture, Department of Plant Production, Nitra, Slovak Republic e-mail: Miroslav.Haban@uniag.sk

Summary

The alochtonous species of Amaranth and it’s hybrids have perspective  possibilities of utilization in Slovakia, too. In this
contribution we aimed our attention at evaluation of effect of Amaranth genotypes on their seed production and weight of a
thousand seeds (WTS). Studied genotypes of Amaranth were grown in years 1999 and 2000 in the Active field collection on
the Research – Experimental Base  of Faculty of agronomy SUA Nitra – Dolná Malanta and in the Botanical garden SUA.
The smallest WTS was found at the genotype suitable for fytomass production and for the forage purposes (A. edulis cv.
‘Elbrus’ – 0.30 – 0.32g). The highest WTS was found at genotype suitable for production of seeds and for the food use (A.
hypochondriacus – 0.63 – 0.70g). The average yield of 2 years  (1999 and 2000) varied from 326,7  kg. ha-1  to 2492,0 kg.ha-

1. There was found a high variability in WTS, in the seed production per plant and by canopy in dependence on the grown
genotype.

Key words:  Amaranth, genotype, WTS, seed production, variability

Introduction

Present and perspective ways of utilization of Amaranth: 1. pseudocereals, 2. energetic and technical crop, 3. forage, 4.
source of natural pigments for colourings production, 5. source of proteins, oil, starch and diet fibre, 6. vegetable, 7.
decorative plant, 8. plant with healing features (HABÁN – ILLÉŠ, 2001) determine the selection of suitable genetic sources
for growing conditions of Europe. 
Genetic diversity of Amaranths is determined by high intra-specific and inter-specific variability. Increased number of inter-
specific hybrids with a high vitality indicate that unity in flowering biology should be a way of new hybrids formation
(HERNÁNDEZ B. – LEÓN, 1994).  HEGI (1979) characterizes in detail 47 autochtonous and alochtonous species of
Amaranthus L. genus in conditions of Central Europe. Utilization of new areas for Amaranth cultivation causes genetic
erosion of individual species. From this reason it is necessary to collect and preserve genetic sources from the main
production areas, but from the native localities of it`s occurrence, too. Genetic sources of Amaranth introduced to Slovakia
were studied by JAMRIŠKA (1990), HABÁNOVÁ (1997), ČERNÁ et al. (1998)  and DEBRE – KOLENOVÁ (1999),

Figure 1: Amaranth species – basic genotypes
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Material and methods

Observed Amaranth genetic sources were represented by 10 genotypes of field collection (120 genotypes) and were
presented by alochtonous species and their hybrids: Amaranthus caudatus L. (Z 52-0011, Z 52-0017), A. cruentus L. cv.
‘Lider’ (Z 52-0005), A. edulis SPEG. cv. ‘Elbrus’ (Z 52-0007), A. hypochondriacus L. cv. ‘Golden’ (Z 52-0003) a (Z 52-0004, Z
52-0030, Z 52-0031), A. hybrid K-343 (Z 52-0033), A. hybrid K-23 (52-0060).
Investigated genotypes of Amaranth were grown in 1999 and 2000 in the active field collection on the Research–
Experimental Base AF SPU Nitra – Dolná Malanta and in the Botanical Garden of SUA. Cultivation localities are situated in a
warm macro-area and a very dry sub-area of Slovakia, in the above sea level 145 – 180 m. The soil type: brown soil, the soil
group: medium heavy soil, the structure of the soil: sandy-loam to loam, the soil reaction– 5,7-6,5 pHKCl. The canopy
structure was 0,375m x 0,20m, i.e. 133 333 plants per hectare. Evaluated features were: the weight of a thousand seeds –
WTS (g), the production of seeds per plant (g) and the seeds production by canopy (kg.ha-1).

Results

By comparison of found WTS values it is possible to state, that values of WTS were higher in the year 1999 (tab.1), when the
average values varied from 0,32g (Z 52-0007) to 0,75g (Z 52-0030). In the year 2000 the average WTS values range from
0,30(Z 52-0007) to 0,70g (Z 52- 0003).

Table 1Weight of a thousand seeds (WTS) reached by individual genotypes of Amaranth
 

WTS [g]
Source Genotype 1999 2000 x (1999-2000) Significance

Z 52-0003 A. hypochondriacus ´Golden´ 0,70 0,70 0,70 f
Z 52-0004 A. hypochondriacus 0,64 0,58 0,61 c
Z 52-0005 A. cruentus ´Lider´ 0,73 0,65 0,69 e
Z 52-0007 A. edulis ´Elbrus´ 0,32 0,30 0,31 a
Z 52-0011 A. caudatus 0,63 0,42 0,53 b, c
Z 52-0017 A. caudatus albiflorus 0,60 0,59 0,60 c, d
Z 52-0030 A. hypochondriacus 0,75 0,63 0,69 e
Z 52-0031 A. hypochondriacus 0,69 0,66 0,67 e
Z 52-0033 A. hybrid K 343 0,70 0,63 0,66 d, e
Z 52-0060 A. hybrid K 23 0,50 0,45 0,47 b

Legend: Homogeneity of the levels – genotypes marked the same letter are not significant in     the tested features
Testing of contrasts WTS and genotypes                                             Hd 0,01 = 0,071
Testing of contrasts WTS and the year of cultivation                          Hd 0,01 = 0,022
Limit difference - statistically significant difference at the significant level 0,99

Using analysis of variance (Tuckey testing) we found statistically significant differences in WTS between individual
genotypes, but also between years of cultivation. The smallest WTS were at genotype suitable for production of fytomass
and for forage purposes (Z 52-0005 A. edulis cv. ‘Elbrus’ – 0,30-0,32g). The highest WTS were at genotypes suitable for
seed production and for food aims (Z 52-0003 A. hypochondriacus – 0,70g and Z 52-0030 A. hypochondriacus – 0,63 –
0,75g).
The highest production of seeds per plant was found at genotype A. hypochondriacus (Z 52-0030) – 23,70 g/plant in 1999.
The smallest production was at A. hypochondriacus (Z 52-0004) – 2,28 g/plant in 1999. These results are similar to the
average seed production indicated by a hectare yield, it range from 304,0 kg.ha-1 (Z 52-0004; y. 1999) to 3 160,0 kg. ha-1 (Z
52-0030; y. 1999). At the contrast testing of the reached seed yields statistically significant difference was founded. The
average yield of two cultivation years 1999 and 2000 was reached from 326,7 kg.ha-1 (A. hypochondriacus, Z 52-0004) to 2
492,0 kg.ha-1 (A. hypochondriacus, Z 52-0030). For these two genotypes high variability and diversity in seed production
were confirmed in dependence of genetic source origin.

Discussion

WTS as an important feature limiting the yield size was observed by HABÁN – ILLÉŠ (2001) and they state values from 0,25
to 1,00g. Higher WTS is characteristic for A. hypochondriacus L. Found information correspondents with values (0,6 – 1,1g)
stated by JAMRIŠKA (1990). The difference in WTS between individual genotypes found by us connects also with the way of
economical utilization. Genotypes cultivated for seed production and seed processing reach higher WTS values (0,6-0,75g).
Smaller WTS values (0,30-0,59g) are typical for genotypes cultivated for fytomass production, for decoration purposes etc.
Influence of the cultivation year was found also 
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Table 2 The production of seeds  by genotypes of Amaranth

Production of seeds
1999 2000Source Genotype

per plant
(g.plant-1)

by canopy
(kg.ha-1)

per plant
(g.plant-1)

by canopy
(kg.ha-1)

Z 52-0003 A. hypochondriacus ´Golden´ 6,00 799,9 5,32 709,3
Z 52-0004 A. hypochondriacus 2,28 304,0 2,62 349,3
Z 52-0005 A. cruentus ´Lider´ 3,76 501,3 4,24 565,3
Z 52-0007 A. edulis ´Elbrus´ 10,68 1 423,9 6,92 922,6
Z 52-0011 A. caudatus 15,78 2 104,0 6,02 802,7

Z 52-0017 A. caudatus albiflorus 11,20 1 423,9 11,82 1 576,0
Z 52-0030 A. hypochondriacus 23,70 3 160,0 13,86 1 824,0
Z 52-0031 A. hypochondriacus 19,84 2 645,3 12,32 1 642,7
Z 52-0033 A. hybrid K 343 17,16 2 287,9 16,26 2 167,9
Z 52-0060 A. hybrid K 23 7,88 1 050,7 6,92 922,7

Legend:
Testing of contrasts yield per plant (canopy) and genotypes               Hd 0,01 = 7,669 [302,16]
Testing of contrasts yield per plant (canopy) and a cultivation year    Hd 0,01 = 2,383 [285,94]
Limit difference - statistically significant difference at the significant level 0,99

during vegetation period. Extraordinary warm months in 2000 can be considered as one of the factors decreases WTS, yield
per plant and per all canopy, too.  The highest yield of seeds per plant 23,70 g/plant was observed at genotype A.
hypochondriacus. The similar results were observed also in the years 1994, 1995 (HABÁNOVÁ – HABÁN, 1996), who state
the yields of A. caudatus (5,49 – 21,26 g/plant), A. cruentus (4,46 – 18,6 g/plant) and A. hypochondriacus (5,49 – 21, 26
g/plant). Big differences in production of seeds per plant and also by canopy (800,0 – 3830 kg.ha-1) were influenced also by
graded terms of sowing. Variability in the size of yields by alochtonous species of Amaranth was confirmed also in another
localities in the Slovakia (JAMRIŠKA – MIKLE, 1996), in Czech Republic (MOUDRÝ et al., 2000) and also in the Hungary
(LAZANYI et al., 1990).
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QUALITATIVE FEATURES OF THE STORED APPLES BASED ON THE RESULTS OF  SENSORIAL ANALYSIS

Andrea MINAROVSKÁ
Department of the Storage and Crop Processing, Slovak Agricultural University, A. Hlinku 2, 94976 Nitra

Summary

We concentrated our work to the evaluating of quality one of the most important fruit variants – apples. Beside the biological
and hygienic quality that actually affects the whole quality of fruit to which a consumer attributes the highest importance.
the next crop during the storage. We have to sag that by compiling the results of measurements  and evaluations scientific
sensorial analysis which in the matter of objectivity puts stress on the selection of suitable evaluating methods, the selection
of appropriate evaluators and even puts stress on the own duration of  on evaluation and it is able to notify clearly and
exactly a different suitability of individual variants for

Key words:  aplles, quality, storage, sensorial analysis

Introduction

Fruit and vegetable belong to a group of agricultural products whose qualitative features can be evaluated by physical,
chemical, biological and sensorial analyses in the original, storage and sensorial analyses in the original, storage and
processed forms. There has been a rapid increase of an interest in an evaluating the sensorial quality in last few years.
A sensorial analysis which deals with stating the organoleptic features of food mostly by human senses is an important part
of a science about food, independently objective, if it operate in conditions providing optimal and reproducible results.

Material and methods

We aimed an attention in our research to noticing the qualitatives qualities of apples by using methods sensorial analysis.
There was observed a dynamism of changes in analysed features during the storage of samples in model storage with
modified atmosphere. There were the following climatic conditions in a storage – the temperature 0°C, relative humidity 95
%, N2 96 %, CO2 3 %, O2 1 % . There were classified six autumn an winter varietes of apples like: Denar, Prima, Golden
Delicious, Idared, Champion and Melodie.
The apples were stored for seven months in a storage with modified atmosphere. There were also relaized checkings of
a quality of the apples that happened in a regular 7-week intervals. A sensorial quality was classified by an evaluating exam
with a scale. To classify the apples there was used a descriptor for classifying the apples which watches a sensorial quality
of apples in 12   features – the balance of fruits, the wholeness of fruits, the shape of fruit and their weight, freshness, the
basic and the covering colour of a peel, the peel texture, the colour of a flesh, the taste and the smell.

Results and discussion

The best sensorial quality had Prima variety before storage. This variety was marked by high evaluations its exterior, textural,
gustatory and smelling features. The firmness of a flesh, the smell and the storage Prima variant had a firm flesh but
insubstantial while the winter variants had only firm flesh. Smell and taste of a sample were more intensive than they were in
Idared and Golden Delicious variants at the beginning of the storage. There occured intensified differencies were caused by
the fact ripeness that the winter varietes were riping to their consumptional and were inceasing their sensorial quality, and
the autumn ones were loosing their optimal consumptional, ripeness so they were overrinping and the quality perceived by
the senses was falling. A sample Golden delicious had the best sensorila quality which improved its qualitative qualities in
the features like the solidity of a flesh, the juiciness and the taste in the second classification.
Differencies in a sensorial quality observed among the samples were mostly noticable in the fruid and the fourth evaluation.
Variants like Golden Delicious and Idared had the best sensorial quality in this period. The quality of the apples was at the
median level 7-8 in the important descriptors of texture, smell and taste. Prima variant had the lowest sensorial quality at the
end of the storage. This variant got very low evaluation in features like the colour of a flesh and its furning to brown colour,
the firmness of a flesh and the taste. Even Denar variant had a very low evaluation in the feature concerning the firmness of
a flesh in these variants was defined as a very little resistant towards making a flesh sore and vitreous flesh.
A sensorial quality of the apples was falling during the storage in features such as the wholeness of fruts, the freshness of
fruits, the colour of  a flesh and its furning to brown colour, the firmness of a flesh, the juiciness, the smell and the taste.
Winter variants Idared, Golden Delicious an Champion reached in the freshness of fruits, the colour of a flesh and its turning
to brown, the firmness of a flesh, the juiciness, the smell and the taste very low or sometimes middle variability.
Autumn variants had the more significant differencies in a quality of these features at the beginning and at the end of the
storage. The apples reached the middle and mostly high level of variability in the observed features.
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Sensory quality apples during preservation (according to median)
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EVALUATION OF SELECTED QUALITATIVE PARAMETERS IN SEVERAL VARIETIES OF CONSUMABLE POTATOES

Ján MAREČEK
Department of Storage and Processing of Plant Products, Slovak University of Agriculture in Nitra, Jan.Marecek@uniag.sk

Summary

In this work we assessed the technological and nutritional quality of potato tubers of the selected varieties of consumable
potatoes. In particular, we focused on the influence of the storage conditions on the dynamics of changes of individual
parameters. The presented results show that the storage conditions as well as the after-harvest treatment have to be
carefully selected and optimized depending on the future utilization of the tubers. Based on our data, we can recommend the
variety Agria for industrial processing and varieties Santé and Impala for direct kitchen use.

Key words: consumable potatoes, potato quality, potato storage

Introduction

Chemical composition is the main factor influencing the consumable value of potatoes. The nutritional value is determined by
the total content of nutritionally important substances and their usability in food. 
Potatoes, in the form of main dishes, are one of the main foodstuffs of plant origin. Their energetic contribution is lower.
Judging by their alimentary properties, potatoes are close to vegetables. By covering 25-43 % of all vitamin C intake, they
are an important source of this vitamin in human diet. In addition, potatoes contain significant amounts of K and Mg, which
favorably affect muscle and heart function.  
Because of the high content of minerals, especially potassium, potatoes belong to alkaline foodstuffs and contribute to
counterbalancing meals of an acidic nature. 
Vitamin C is the most important vitamin in potatoes. It helps to remove toxic substances from an organism produced by the
biological metabolism and is an important factor in bone development. Unfortunately, this vitamin is rather unstable and is
quickly destroyed during potato treatment.
The nitrogen-containing compounds of potatoes rank among the most valuable of all plant products. Their average content in
a fresh potato tuber is 2 % (1% for proteins). Potato proteins, with a substantial lysine content, are one of the two most
valuable plant proteins consumed in our country. 
Starch forms a substantial part of the dry weight of potato tubers, between 12 % to 23 % in fresh material. It is composed of
amylose an amylopectin in a ratio of 2:8. It constitutes almost 90 % of the total energy content in the dry weight and 70 % of
the total dry weight. Its amount is genetically determined, depending on a given variety.
In potato tubers, sugars are presented in the form of sucrose, glucose and fructose. The average sugar content is 0.46 - 1.72
% of the total tuber weight, but can be increased to 5 % and more under in appropriate storage conditions.   

Materials and methods

In the experiment we analyzed parameters of nutritional and technological quality of tubers of consumable potatoes - vitamin
C content, content of nitrates, dry matter and starch and content of simple and reducing sugars. The potato tubers were
stored in a store with regulated atmosphere at the temperature of 5°C and humidity 85 %. All samples were subjected to
chemical analysis of individual parameters. The following potato varieties were evaluated: Agria, Impala, Picasso, Raja and
Santé.

Results and discussion

Vitamin C content, which is important from a medical point of view, usually varies in a range of 9-25 mg per 100 g of fresh
tuber weight. In the evaluated varieties, the vitamin C values were in the range of 18.3-24.5 mg per 100 g of fresh tuber
matter.
At the beginning of the storage period, the highest levels of vitamin C (above 23 mg per 100 g of the fresh weight) were
observed in varieties Santé (23.4 mg per 100 g of the fresh weight), Agria (23.8 mg per 100 g of fresh weight) and Raja (24.5
mg per 100 g of the fresh weight) in 1997. 
The amount of vitamin C gradually declined during storage. At the end of the storage period the vitamin C levels range
between 12.1 and 21.7 mg per 100 g of the fresh weight. The smallest drop was observed in the variety Agria (23.8-23.3-
21.7 mg per 100 g of the fresh weight). On the other hand, the variety Picasso exhibited the highest vitamin loss: 18.3-16.6-
12.1 mg per 100 g of the fresh weight).
In 1998, the levels of vitamin C appeared slightly lower (20.6-11.35 mg per 100 g of the fresh weight). The smallest amount
was observed in the variety Santé.
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The maximal allowed nitrate levels for potatoes intended for storage are 250 mg of NaNO3 per kg of the fresh tuber weight.
The levels observed at the beginning of the storage period in 1997 were in a range of 122 to 181 mg.kg-1. The highest levels
were observed in the varieties Agria (181-204-165 mg.kg-1) and Raja (151-218-183 mg.kg-1). The nitrate content is rather an
unstable parameter of quality, being strongly influenced by the usage of fertilizers and ambient conditions. In 1998 the nitrate
levels exhibit little variance, which decline during storage. 
The varieties Raja and Santé exhibited the highest levels of starch at the beginning of the storage period with 18.9 % and
18.10 %, respectively. The lowest levels, on the other hand, were found in Agria (13.66 %) and Impala (13.93 %). In the final
stage of the storage period the starch levels dropped substantially, which was mirrored by an increase in the levels of sugars
- its metabolites. The sharpest decline was observed in the variety Picasso (17.75-11.18-8.52 %) and, on the contrary, Agria
exhibited the most stable starch content  (13.66-14.73-11.54 %). The 1998 harvest was characterized by rather stable starch
levels during the storage period in all varieties.
Observed levels of simple sugars in the examined varieties at the beginning of storage lay in a range of 0.75-0.98 %. The
highest levels during the whole course of storage were observed in the variety Picasso (0.80-1.10-1.12 %), the lowest in
Agria (0.50-0.50-0.79 %).
The 1998 sugar values were comparable in all varieties, only in the case of Impala and Picasso they exceeded 1 % during
storage.
Reducing sugars (glucose and fructose) are an important parameter influencing the potential usage of the tubers for making
potato chips, in which case their total amount should not exceed 0.25 % of their fresh weight. At the beginning of storage the
level of the reducing sugars ranged up to 0.5 %, but only in the varieties Raja and Picasso their amount did not exceed
0.25 % recommended for fried products (Raja 0.21 %, Picasso 0.25 %). However, during the storage period the amount of
the reducing sugars rose due to the starch bio-conversion.
In 1998 the varieties Agria and Santé exhibited the lowest reducing sugars levels.
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OCCURRENCE OF CADMIUM AND LEAD IN DAIRY PRODUCTS IN THE SLOVAK REPUBLIC

PAVELKA, M. - GOLIAN, J.
Department of Nutrition, Slovak University of Agriculture in Nitra, Tr. A. Hlinka 2, 949 01 Nitra, e-mail: Jozef.Golian@uniag.sk

Summary

We analysed 96 samples of dairy products (52 of yoghurts and 44 of cheese) on the content of cadmium and lead. An
average values contents of cadmium and lead in yoghurts from import were 0,00246 mg/kg, respectively 0,03377 mg/kg and
in domestic yoghurts 0,00192 mg/kg, respectively 0,04735. In cheese from import were the mean contents of cadmium and
lead 0,00345 mg/kg, respectively 0,04782 and in cheese from domestic production 0,00236 mg/kg, respectively 0,05005
mg/kg. 

Key words: cadmium, lead, dairy products, cheese, yoghurts

Introduction

Metals and other elements in the food are of interest because of their potential for effects on human health some have no
known beneficial biological function and exposures may be harmful to health (Ysart et al. 2000)
For example, organic mercury compounds are neurotoxins, exposure to lead can be harmful to neuropsychological
development, and cadmium can affect renal function. While some elements, such as copper, chromium, selenium and zinc
are essential to health, they may be toxic at high levels of exposure (Ministry of Agriculture, Fisheries and Food, 1998a,b).
For safety of health in each populations is important a work regard on protect of food chain before contamination by heavy
metals. It has been estimated, that contamination of food chain is 20 % due to own agronomic activity and 80 % is from
pollution of foreign source, especially industrial activity. These facts have been conducted by to increase interests about
monitoring of health harmless manufacturing food from view contents toxic, and too dangerous metals.
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The intake of cadmium by organism can be effected too interaction with other elements. Those ions is knows important
representation and concentration, which from aspect adsorption act competitive. Cadmium occurs in majority food, though in
very low concentrations. Excessive quantity of cadmium is has been considered danger for his accumulated ability in  target
an organs, which can it, create different factional disturbances and health problems. The majority of food contains cadmium
within 1 - 100 mg/kg.
Some our foods have been not definite limit on the contents of cadmium and are arrangement to categories others foods,
which often effect problems at their appraisal from view level of contamination. The content of metals is under limit in base
raw material do no achieve always, that consequential product will be suitable standard from view content of metal. Thence
monitoring of natural distribution of the metal is necessary for estimate their true limits in the products.   
According to Mehennaousi et al. (1999) was described, transfer of cadmium from milk to cream and curd. Before cadmium
administration, the cadmium levels in milk were about 0,4 mg/l in ewes.  Throughout cadmium administration the cadmium
levels in milk were 3,3±1,4 mg/l in ewes and 2,5 ± 1 mg/l in milk. During cadmium administration, 86% of cadmium in ewe
milk was dispersed in the skimmed milk and 17% in the cream. Most of milk cadmium was associated with casein fractions.
The valuation of per cent abundance individual the groups of foreign substances in year 1999 on weekly means to organism
considering to allowance weekly means myself behind the most risk group consider heavy metals and especially cadmium.
The maximum values weekly means they were calculated for cadmium 7 g/kg live weight (Krížová, Šalgovičová and
Světliková, 2000).

Material and methods

We analysed 52 samples of yoghurts and 44 samples of the cheese on the content of cadmium and lead. From 52 samples
of yoghurts, were 28 from domestic producers and 28 from importers of the abroad, and from 44 samples of cheese were 22
of samples from domestic production and 22 of samples from import. The samples were accidentally removal from
commercial markets. The analyse of samples were made in the accredited laboratory system by compressive mineralization
in combination with system AAS.

Results and discussion

The collection 96 of analysed samples, from those were 52 of the yoghurts and 44 of the cheese, we are statistically
evaluated. Main variation-statistical characteristics of the cadmium observed samples are reported in table 1, and for lead in
table 2. From table 1 followed, that mean value the contents of cadmium at products from import was higher, than at
domestic dairy products. The mean value at cheese from import and domestic production were 0,00345 mg/kg, respectively
0,00236 mg/kg, while the mean value at yoghurts 0,00246 mg/kg, respectively 0,00192 mg/kg. The mean values of lead at
cheese from import and domestic production were 0,04782 mg/kg, respectively 0,05005 mg/kg and at yoghurts 0,03377
mg/kg, respectively 0,04735 mg/kg. Any sample no exceeded maximum residue limit (MRL) 0,03 mg/kg for cadmium and 0,2
mg/kg for lead, which are valid by Food codex in the Slovak Republic.

Table 1 Main variation-statistical characteristics of cadmium in yoghurts and cheese

Yoghurt Cheese
Characteristic Import products n=26 Domestic products n=26 Import products n=22 Domestic products

n=22
−
x (mg/kg) 0,00246 0,00192 0,00345 0,00236

s 0,00179 0,00093 0,00263 0,00122
sx 0,00035 0,00018 0,00056 0,00026
v % 72,88 48,61 76,18 51,48

Table 2 Main variation-statistical characteristics of  lead in yoghurt and cheese

Yoghurt Cheese
Characteristic Import products n=26 Domestic products n=26 Import products n=22 Domestic products

n=22
−
x (mg/kg) 0,03377 0,04735 0,04782 0,05005

s 0,01712 0,02264 0,03312 0,02541
sx 0,00336 0,00444 0,00706 0,00542
v % 50,71 47,82 69,25 50,77
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The variability coefficient of cadmium was higher in the products from import, in intervals from 48,61% to 72,88 % at yoghurts
and from 51,48% to 76,18 % at cheese. The higher variability of dairy product from import is given too thereby, that products
derived from 6 different countries. While variability coefficient for lead was from 47,82% to 50,71% at yoghurts and from
50,77% to 69,25% at cheese. 
At evaluated of differences among contents of cadmium in yoghurts from import and from domestic production by T-test were
found, that differences between averages are statistically significant. It involve, that between contents of cadmium in
yoghurts from import and from domestic production are statistically significant differences (T0,01 = 2,831+).
On the other hand differences in contents of cadmium in the cheese from import and from domestic production weren't
statistically significant (T0,01 = 2,787+). From presented of results showed, that contents of cadmium in the cheese from import
approached to values of cadmium, which occurred in domestic cheese.
It was found significant differences between contents of lead at yoghurt from import and of domestic production at used of  T-
test (T0,01= 2,0623+). The values of correlation coefficients weren’t statistically significant.
To similar results arrived too Husain et al. (1996) and Wilplinger et al. (1995), which  found important differences between
followed dairy products.
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MONITORING OF HEAVY METALS IN FRUITS AND VEGETABLES WITHIN THE NETWORK OF SHOPS AND LOCAL
MARKETS 

Anna HRUŠKOVIČOVÁ
Department of Chemistry, Slovak Agricultural University in Nitra, Tr. A. Hlinku, 94976 Nitra, Slovakia

Summary

There were investigated the contens of lead, zinc, copper, nickel, chromium and cadmium in the samples of apples, pears,
carot and parsley. These contents where compared with the content limits of heavy metals. On the basis of the results which
indicates exceeding of permissible limits of heavy metals contents in analysed commodities, there is a need to devote
a considerable attention to hygienic convenience of these foods for health consumption of these items by human
population.There were not determined over-limit contens of zinc and copper in samples of apples, pears, carrot and parsley.
The highest overstepping of permisible amounts of lead and nickel was analysed in parsley (60 % of samples). The similar
situation was with chromium and cadmium, when 30 % of parsley samples showed exceeded concentrations.The best
results were achieved with pears, which exceeded limit content only with nickel (28,57 % of total number of samples) and all
other element concentrations were below the limit values.

Key words: heavy metals, vegetables, fruits, content limits, contamination, the highest permissible contents
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Introduction

Consuption of health foods is an inevitable precondition for health of human population. Food chain can be contamined with
heavy metals by agricultural production or by pollution from other sources, mainly from industrial production. Soil
contamination with heavy metals can be caused also by activity of metallurgical factories, for instance in Orava and Spiš
region (5). The samples of apples, pears, carrot and parsley which are commonly available for consumers in network of
shops as well as the samples coming from producers were analysed for content of lead, zinc, copper nickel, chromium and
cadmium. To find out the state of contamination of investgated agricultural products was the prime objective of this work.

Material and methods

The samples of fruits and vegetables were gained by incidental shopping within the network of shops and local markets as
well as directly from the large-scale producers. Mineralization of taken samples was performed by wet method with HNO3.
Heavy metals content was determined by means of PEY UNICAMPS-9 device by AAS method.

Results and discussion

The contens of heavy metals in apples, pears, carrot and parsley are stated in tables 1-4.
The highest permissible content of lead in fruits and vegetables (0,7 mg.kg-1 of fresh matter) was exceed by as much as 60
% of samples of parsley, 22,72 % of carrot samples and 17,50 % of samples of apples. There were not found out an
exceeding of content limit with pear samples.
The highest permissible content for nickel represents 0,5 mg.kg-1 of fresh matter of fruit or vegetables. This limit content was
overstepped by 60 % of parsley samples and 28,57 %, 10,00 % and 9,09 % of samples of pears, apples and carrot,
respectively.
As far as the chromium content is concerned, its highest permissible content in fruit and vegetables can be maximally 0,5
mg.kg-1 of fresh matter. Within investigated samples, 30 % of parsley ones, 15 % of apples and 13,64 % of carrot samples
showed excessive content of this element.
For cadmium the limit represents 0,1 mg.kg-1 of fresh matter. This limit value was exceeded by 30 %, 27,72 % and 20 %
samples of parsley, carrot and apples, respectively.
It is interesting that the samples of pears did not excees the limits neither with chromium  or cadmium.
The highest permissible limits for zinc (10 mg.kg-1 of fresh matter) and copper (10 mg.kg-1 of fresh matter) were not
exceeded in any of analysed commodities.
The theme of heavy metals in food products is delt with many authors including (1), (2), (3), (4), (7). Šalgovičová et al. (8)
found that 14,7 % of analysed samples of plant material had excessive content of heavy metals.
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Table 1Contents of heavy metals in apples (mg.kg-1 of fresh matter)

Num. Shop/Market Dry
matter

%

Pb Zn Cu Ni Cr Cd

1. Jablká letné 13,30 2,47 0,97 0,53 0,32 0,24 0,13
2. Jablká letné 14,75 2,87 1,02 0,32 0,08 0,24 0,11
3. Jablká letné 14,07 0,27 0,00 0,97 0,28 0,38 0,00
4. Agrokomplex 15,20 0,59 0,98 1,22 0,38 0,67 0,03
5. Tržnica 14,30 0,93 0,87 1,01 0,42 0,20 0,03
6. OZ Výstavná 18,15 0,18 0,29 1,55 0,28 0,08 0,00
7. Tržnica 13,62 0 0,04 0,30 0,13 0,09 0,03
8. OZ Výstavná 14,02 0,18 1,92 0,79 0,09 0,45 0,28
9. OZ Výstavná 15,27 0,37 1,56 0,56 0,26 0,29 0,02
10. Tržnica 15,90 0,73 2,83 1,74 0,38 0,30 0,04
11. OZ Výstavná 14,52 0,44 1,58 0,71 0,41 0,41 0,05
12. PD Dolná Krupa 13,95 0,04 1,31 0,73 0,39 0,70 0,04
13. GD Potraviny Výstavná 17,87 0,00 0,98 0,42 0,35 0,14 0,04
14. GD Tržnica 15,85 0,12 1,07 0,66 0,42 0,15 0,04
15. Melorous Pukanec 17,55 0,23 0,89 0,66 0,36 0,35 0,02
16. OZ Progres 15,62 0,18 0,67 0,25 0,29 0,23 0,03
17. GD Čermáň 18,10 0,12 0,70 0,37 0,51 0,13 0,03
18. OZ Mostná 14,17 1,22 0,38 0,81 0,15 0,45 0,04
19. Pukanec 16,25 0,36 1,94 0,51 0,50 0,09 0,06
20. IVP Tržnica 13,67 0,50 1,30 0,45 0,47 0,05 0,03
21. OZ Farská GD 15,10 0,92 2,14 1,16 0,81 0,13 0,13
22. OZ Farská 14,65 0,89 1,91 0,69 0,68 0,08 0,11
23. D.Z. Helehaven 16,40 0,10 1,15 0,98 0,40 0,00 0,08
24. D.Z. Redhavev 12,40 0,06 1,24 0,64 0,47 0,09 0,03
25. D.Z. priesvitné letné 14,00 0,03 1,60 0,81 0,22 0,25 0,27
26. D.Z. Šampión 17,30 0,00 2,07 0,98 0,30 0,58 0,33
27. Dv. n/Žitavou Gala 19,07 0,12 0,71 0,55 0,34 0,38 0,04
28. Dv. n/Žitavou Jonatan 14,47 0,56 0,03 0,30 0,03 0,30 0,11
29. Dv. n/Žitavou GD 18,16 0,59 0,00 0,29 0,00 0,26 0,09
30. Dv. n/Žitavou Glostel 16,92 0,38 0,00 0,14 0,00 0,28 0,02
31. Dv. n/Žitavou Starkinen 17,47 0,53 0,68 0,28 0,05 0,24 0,06
32. Topoľníky 16,60 0,26 0,05 0,30 0,01 0,24 0,03
33. Topoľníky 17,35 0,00 0,00 0,44 0,15 0,39 0,07
34. DZ Golden delicius 15,35 0,14 0,57 0,11 0,08 0,28 0,06
35. D.Z. Spartan 17,47 0,11 0,15 0,35 0,15 0,09 0,07
36. D.Z. Jonathan 16,57 0,01 0,19 0,38 0,18 0,25 0,04
37. DZ Idared 15,50 0,07 3,74 0,65 0,03 0,20 0,07
38. DZ Glostel 20,32 0,08 3,43 0,55 0,03 0,08 0,03
39. DZ Melorose 15,60 0,17 0,61 0,56 0,00 0,36 0,06
40. DZ Lord Lamborne 23,67 0,19 0,14 0,56 0,01 0,36 0,06
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Table 2 Contents of heavy metals in pears (mg.kg-1 of fresh matter)

Num. Shop Dry
matter

%

Pb Zn Cu Ni Cr Cd

1. Čermáň 17,67 0,16 1,25 1,08 0,47 0,28 0,05
2. Čermáň 19,30 0,28 0,88 0,55 0,13 0,18 0,04
3. Čermáň 19,02 0,15 1,24 0,78 0,50 0,33 0,04
4. Čermáň 14,97 0,26 1,18 0,71 0,55 0,29 0,04
5. Tesco 23,22 0,28 1,81 0,78 0,26 0,21 0,04
6. Topoľníky konferencia 17,07 0,24 1,24 0,80 0,36 0,25 0,04
7. Topoľníky konferencia 16,25 0,23 0,67 0,73 0,04 0,32 0,04

Table 3 Contents of heavy metals in carrot (mg.kg-1 of fresh matter)

Num. Shop / Market Dry
matter

%

Pb Zn Cu Ni Cr Cd

1. Nitra potr. Výstavná 17,60 2,47 3,06 2,09 0,34 0,18 0,18
2. Nitra OD Progres 11,72 0,30 0,98 0,37 0,37 0,37 0,20
3. Tržnica 13,77 0,27 1,77 1,46 0,12 0,52 0,03
4. Tržnica 10,00 0,86 0,34 0,98 0,33 0,58 0,04
5. Tesco 11,02 1,02 3,00 1,46 0,12 0,17 0,01
6. Progres 12,37 0,00 2,51 1,15 0,15 0,06 0,02
7. OZ Štefániková 10,97 0,19 1,58 0,37 0,00 0,09 0,01
8. Tesco 12,60 0,38 2,13 1,43 0,43 0,12 0,02
9. Potr. Úspech 13,65 0,62 3,52 0,76 0,19 0,52 0,03
10. Výstavná 14,80 0,82 3,33 1,25 0,49 0,49 0,10
11. Tržnica 14,40 0,14 2,55 0,69 0,31 0,28 0,05
12. Progres 11,90 0,05 3,30 2,80 0,87 0,18 0,04
13. Pukanec 13,30 0,30 2,54 0,58 0,26 0,47 0,02
14. Progres 11,10 0,06 2,88 0,79 0,25 0,07 0,05
15. Pukanec 13,92 0,47 3,99 0,89 0,62 0,19 0,08
16. Progres 11,02 0,91 2,36 0,95 0,39 0,07 0,05
17. DZ Delícia 12,87 0,00 2,85 1,15 0,24 0,00 0,54
18. DZ Nantes 13,55 0,08 2,40 0,84 0,28 0,12 0,65
19. DZ Olympia 14,67 0,01 1,80 0,84 0,11 0,37 0,07
20. DZ Rubína 14,35 0,04 2,16 1,07 0,21 0,36 0,08
21. DZ Kardamet1 16,65 0,15 5,46 1,14 0,37 0,46 0,08
22. DZ KarnavitF1 12,37 0,20 0,38 0,76 0,08 0,20 0,08
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Table 4 Contents of heavy metals in parsley  (mg.kg-1 of fresf matter)

Num. Shop/Market Dry
matter

%

Pb Zn Cu Ni Cr Cd

1. Progres 17,91 3,27 5,87 1,52 0,53 0,36 0,18
2. Nitra Chrenová 25,05 0,56 4,45 2,25 0,35 0,77 0,04
3. Tržnica 17,65 0,97 0,21 2,26 1,19 0,81 0,06
4. Tesco 24,32 0,92 5,88 3,76 0,61 0,37 0,01
5. Štefániková 18,12 0,04 4,90 2,38 0,31 0,12 0,03
6. Tesco 24,65 1,06 4,61 2,45 0,40 0,37 0,04
7. Potraviny Úspech 18,42 0,89 5,76 2,45 0,16 0,43 0,15
8. Tesco 23,60 0,18 5,88 2,76 0,63 0,22 0,05
9. DZ Olomoucky 22,68 0,18 4,15 2,14 0,61 0,71 0,70
10. DZ Hanácky 23,72 0,96 3,36 1,28 0,75 0,22 0,07

Table 5 Total content of heavy metals

Num Material A Pb Zn Cu Ni Cr Cd
B % B % B % B % B % B %

1. Apples 40 7 17,50 0 0 0 0 4 10,00 6 15,00 8 20,00
2. Pears 7 0 0,00 0 0 0 0 2 28,57 0 0,00 0 0
3. Carrot 22 5 22,72 0 0 0 0 2 9,09 3 13,64 5 27,72
4. Parsley 10 6 60,00 0 0 0 0 6 60,00 3 30,00 3 30,00

A – total number of analysed samples
B – number of samples which exceeded the highest permissible content
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