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RAPD ANALYSIS OF THE GENETIC POLYMORPHISM IN EUROPEAN WHEAT
GENOTYPES

Timea Kut’ka Hlozdkova, Zdenka Gdlova, Edita Gregovd, Martin Vivodik, Zelmira Baldiova,
Dana Mihadlikova

ABSTRACT

Wheat (Triticum aestivum L.) is one of the main crops for human nutrition. The genetic variability of grown wheat has been
reduced by modern agronomic practices, which inturn prompted the importance of search for species that could be useful as
a genepool for the improving of flour quality for human consumption or for other industrial uses. Therefore, the aim of this
study was to analyze the genetic diversity among 24 European wheat genotypes based on Random Amplified
Polymorphism (RAPD) markers. A total of 29 DNA fragments were amplified with an average 4.83 polymorphic fragments
per primer. The primer producing the most polymorphic fragments was SIGMA-D-P, where 7 polymorphic amplification
products were detected. The lowest number of amplified fragments (3) was detected by using the primer OPB-08. The size
of amplified products varied between 300 bp (OPE-07) to 3000 bp (SIGMA-D-P). The diversity index (DI) of the applied
RAPD markers ranged from 0.528 (OPB-07) to 0.809 (SIGMA-D-P) with an average of 0.721. The polymorphism
information content (PIC) of the markers varied from 0.469 (OPB-07) to 0.798 (SIGMA-D-P) with an average 0.692.
Probability of identity (PI) was low ranged from 0.009 (SIGMA-D-P) to 0.165 (OPB-07) with an avarage 0.043. The
dendrogram based on hierarchical cluster analysis using UPGMA algorithm was prepared. Within the dendrogram was
separated the unique genotype Insegrain (FRA) from the rest of 23 genotypes which were further subdivided into two
subclusters. In the first subclaster were grouped 13 genotypes and the second subcluster involved 10 genotypes. The first
subcluster also included the genotype Bagou from France, in which were detected novel high — molecular — weight glutenin
subunits using SDS-PAGE. Using 6 RAPD markers only two wheat genotypes have not been distinguished. Through that
the information about genetic similarity and differences will be helpful to avoid any possibility of elite germplasm

becoming genetically uniform.

Keywords: Triticum aestivum L.; PCR; RAPD marker; genetic diversity

INTRODUCTION

Wheat (Triticum spp.) is a self-pollinating annual plant,
belonging to the family Poaceae (grasses), tribe Triticeae,
genus Triticum. According to different classifications,
number of species in the genus varies from 5 to 27. The
two main groups of commercial wheats are the durums
(Triticum durum L.) and bread wheats (Triticum aestivum
L.) with 28 and 42 chromosomes respectively (Sramkova
et al., 2009).

Bread wheat (Triticum aestivum L.) is one of the most
important and widely cultivated crops used mainly for
human consumption and support in the world.

The importance of wheat is mainly due to the fact that its
seed can be ground into flour, which form the basic
ingredients of bread and other bakery products, as well as
pastas, and thus it presents the main source of nutrients
such as proteins, carbohydrates, lipids, fibre and vitamins,
to the most of the world population. Agronomical and
nutritionally important status of wheat among the several
other cereal crops has obtained because of its large genome
size and multifaceted uses. Approximately 734.8 million
tons of wheat is produced annually on 247 million hectare
of the total cultivated land in the world and supports nearly

35% of the world’s population
(http://www.fao.org/worldfoodsituation/csdb/en/).

Enormously growing population and the changing of life
style have posed challenges to the wheat breeders to
develop newer wheat varieties with high yielding
performance, high quality seed and resistance to pests and
stress conditions. Modern agronomic practices have
reduced the genetic variability of cultivated wheats, which
has given great importance in the search for could be
useful in contributing genes for wheat improvement
(Jauhar, 1993).

Characterization of genetic diversity and genetic
relatedness is a fundamental element in crop improvement
strategies (Zhu et al., 2000). Like any other crops, the first
step of in wheat improvement is full assessment of the
local materials, including collection, evaluation and
molecular characterization of germplasm lines. Knowledge
about morphological and agronomic traits and genetic
relationships among breeding materials could be an
invaluable aid in crop improvement strategies (Abbas et
al., 2008).

A number of methods are currently used for analysis of
genetic diversity in germplasm accessions, breeding lines
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and segregating populations. These methods were based on
pedigree, morphological, agronomic performance,
biochemical and molecular (DNA-based) data
(Mohammadi and Prasanna, 2003). The diversity
patterns allow plant breeders to better understand the
evolutionary relationships among accessions and to
incorporate useful genotypes in the breeding programs
(Thompson et al., 1998).

However, diversity estimates based on pedigree analysis
have generally been found inflated and unrealistic (Fufa et
al., 2005). Genetic diversity estimates based on
morphological traits, on the other hand, suffer from the
drawback that such traits are limited in number and are
influenced by environment (Maric et al., 2004). Molecular
markers are useful tools for estimating genetic diversity as
these are not influenced by environment, are abundant and
do not require previous pedigree information. Among the
biochemical —markers, sodium dodecyl sulphate
polyacrylamide gel electrophoresis (SDS — PAGE) has
been widely used due to its simplicity and effectiveness for
estimating genetic diversity.

Among the various DNA - based markers, AFLP
(Amplified Fragment Length Polymorphism) and RFLP
(Restriction Fragment Length Polymorphism) have been
used to study genetic diversity. These markers elucidate
the phylogenetic relationships among various lines, for
their efficient use in breeding and genetic resource
management. These methods, however, involve the use of

expensive enzymes, radioactive labeling, and are
cumbersome and hence, appear unsuitable (Gajera et al.,
2010).

On the other hand, RAPD (Random Amplified

Polymorphic DNA) markers have offered a valuable
opportunity to characterize genetic variation and structure
in plant population (Ayana et al., 2000) with requiring
only small amounts of DNA sample without involving
radioactive labels, are simplier as well as faster, and
therefore they have been increasingly employed for
analysis of genetic diversity (Ebrahimi et al., 2011).

The use of RAPD molecular markers are routine methods
for quickly and efficiently estimating relationships
between lines and populations of many plant species. It is
assumed that these markers are randomly spaced
throughout the genome (Mark et al., 1999). RAPD
markers have proven to be quite efficient in detecting
genetic variations and used for diversity assessment and
for identifying germplasm in a number of plant species
such as wheat (Ahmed et al.,, 2010; Mahmood et al.,
2011; Cifci and Yagdi, 2012; Rehman et al., 2013), rye
(Petrovicova et al., 2014), flax (BeZo et al., 2005), castor
(Vivodik at al., 2015), amaranth (Stefinova et al., 2013)
or Echinacea (Kapteyn et al.,, 2002), and also these
markers have been wused for identification and
differentiation on other microbial or animal level, such as
in the yeast microbiota grown on grapes (Drozdz et al.,
2015) or in fishery food products (Bajzik et al., 2010).

The present study is focused on estimation of genetic
distance between 24 European wheat genotypes, included
the genotype with probably novel high — molecular —
weight glutenin subunits identified by SDS — PAGE
(Kutka Hlozakova et al.,, 2015) based on 6 RAPD
markers. Although the information gathered here would be

helpful in future for genomic mapping studies leading to
development of wheat cultivars with broader genetic
background to obtain improved crop productivity.

MATERIAL AND METHODOLOGY

Plant material: Twenty — four genotypes of hexaploid
wheat (Triticum aestivum L.) grain originating from five
different geographical areas (Slovakia, Czech Republic,
Hungary, Germany and France) of Europe were obtained
from the collection of genetic wheat resources of the Gene
Bank of Slovak Republic in Piestany.

Genomic DNA Isolation: DNA of 24 genotypes of wheat
was extracted from the endosperm of intact, dry and
mature single seeds using the Gene JET Plant Genomic
DNA  Purification Mini Kit (Thermo Scientific)
supplemented with 2% polyvinylpyrrolidone (PVP) in
lysis buffer.

RAPD Analysis: Amplification of RAPD fragments was
performed according to Cifci and Yagdi (2012) using
decamer arbitrary primers (Operon technologies Inc, USA;
SIGMAD, USA). Amplifications were performed in a
25 pL reaction volume containing 5 uL DNA (100 ng),
12.5 pL Master Mix (Promega), and 1 pL of 10 pmol of
primer. Amplification was performed in a programmed
thermocycler  (Biometra, Germany) with initial
denaturation at 94 °C for 3 min., 40 cycles of denaturation
at 94 °C for 30 sec., primer annealing at 38 °C for 1 min.,
extension at 72 °C for 2 min., and final extension at 72 °C
for 10 min. Amplified products were separated on 1.2%
agarose in 1 x TBE buffer. The gels were stained with
ethidium bromide, visualised under ultraviolet (UV) light
and documented using gel documentation system Grab-It
1D for Windows. The molecular weight of amplified
fragments was estimated with the help of Thermo
Scientific FastRuler Middle Range DNA Ladder (MBI,
Fermentas).

Data analysis: The RAPD bands were scored as present
(1) or absent (0), each of which was treated as an
independent character regardless of its intensity. The
binary data generated were used to estimate levels of
polymorphism by dividing the polymorphic bands by the
total number of scored bands and to prepare a dendrogram.
A dendrogram based on hierarchical cluster analysis using
the unweighted pair group method with arithmetic average
(UPGMA) with the software package SPSS professional
statistics version 17 was constructed. For the assessment of
the polymorphism in the wheat genotypes using RAPD
markers in their differentiation we used diversity index
(DI) (Weir, 1990), the probability of identity (PI)
(Paetkau et al, 1995) and polymotphic information
content (PIC) (Weber, 1990), which were calculating
according to formulas:

Diversity index (DI)
DI=1-3 p?

Probability of identity (PI)

i=n-1

PI=3p} +2 2(219,-19]-)2

J=i+l
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information content (PIC)

n n-1 n
PIC=1—(2p?)—2 S2p7p:
= = Sh

(where p; and p; are frequencies of i"™ and jth fragment of
given genotypes)

RESULTS AND DISCUSSION

Efficient and effective crop improvement program
depends on the extent of genetic diversity either existing or
created. The breeding of wheat has achieved hallmark
progress that is able to feed ever increasing population in
the world (Rehman et al., 2013). Genetic diversity is one
of the key factors for the improvement of many crop plants
including wheat (Ahmed et al., 2010). The efficiency of
genetic gain by selection can be improved if the patterns of
genetic diversity within a population of breeding lines are
known. Genetic similarity or distance estimates among
genotypes are helpful in the selection of parents to be used
in the breeding program (Van Becelaere et al., 2005).

In this work, 6 primers were screened for PCR

amplification of DNA and RAPD analysis in 24 wheat
genotypes. Table 1 shows codes and sequences of these
primers, total number of amplified fragments from 24
wheat genotypes, the diversity index, the polymorphic
information content and the probability of identity for each
primer. All the primers produced 29 DNA fragments
(Figure 1) with an average of 4.833 bands per primer.
From these six primers, primer SIGMA-D-P was the most
polymorphic, where 7 polymorphic amplification products
were detected. The lowest number of different fragments
(3) was detected in primer OPB-08. Of the 29 amplified
bands, all 29 were polymorphic, with an average of 4.83
polymorphic bands per primer. The size of amplified
products varied from 300 bp (OPE-07) to 3000 bp
(SIGMA-D-P).

To determine the level of polymorphism in the analysed
group of wheat genotypes, diversity index DI, probability
of identity PI and polymorphic information content PIC
were calculated. All three indicators were applied for all
six RAPD primers and for their calculation, the individual
frequences of fragments of each marker were used.

The diversity index (DI) of the applied RAPD markers
ranged from 0.528 (OPB-07) to 0.809 (SIGMA-D-P) with

Table 1 List of RAPD primers, total number of bands and the statistical characteristics og the used RAPD markers.

Primers Primer sequence (5'-3")  Total number of bands DI PIC PI
OPA-02 TGCCGAGCTG 5 0.761 0.736 0.016
OPA-03 AGTCAGCCAC 5 0.741 0.712 0.023
OPA-13 CAGCACCCAC 4 0.708 0.668 0.033
OPB-08 GTCCACACGG 3 0.528 0.469 0.165
OPE-07 AGATGCAGCC 5 0.779 0.768 0.014
SIGMA-D-P TGGACCGGTG 7 0.809 0.798 0.009
Total - 29 - - -
Avarage - 4.833 0.721 0.692 0.043

Note: DI — diversity index, PIC — polymorphic information content, PI — probability of identity.

5000 bp

2000 bp

850 bp

400 bp

100 bp

Figure 1 PCR amplification products of nine wheat genotypes with SIGMA-D-P primer: Lane M — Thermo Scientific
FastRuler Middle Range DNA Ladder, 1 — Banquet (CZE), 2 — Kalif (FRA), 3 — Bonpain (FRA), 4 — Verita (SVK),
5 —Hana (CZE), 6 — MV Optima (HUN), 7 — Balthasar (FRA), 8 — Bagou (FRA), 9 — Ilona (SVK).
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Figure 2 Dendrogram based on 29 RAPD fragments in 24 wheat genotypes.

an avarage of 0.721. The polymorphism information
content (PIC) of the markers varied from 0.469 (OPB-07)
to 0.798 (SIGMA-D-P) with an average 0.692. 83% of
used RAPD markers had PIC and DI values higher than
0.6 that means high polymorphism of chosen markers used
for analysis (Vivedik et al., 2015). Probability of identity
(PI) was ranged from 0.009 (SIGMA-D-P) to 0.165 (OPB-
07) with an average 0.043. Cause of that, it is necessary to
use a higher number of RAPD markers.

For the detection of genetic diversity, the dendrogram
based on hierarchical cluster analysis using UPGMA
algorithm was prepared (Figure 2). This dendrogram
separated unique genotype Insegrain (FRA, cluster 1) from
other 23 genotypes (cluster II) that were further subdivided
into 2 subclusters. In the first subcluster were grouped 13
genotypes from Slovakia (38.5%), France (30.8%), Czech
Republic (15.4%) and the same number (15.4%) from
Hungary. Genotypes Kalif and Bonpain from France could
not be distinguished because of their close genetic
similarity. This subcluster also included the genotype
Bagou from France, in which were detected novel high —
molecular — weight glutenin subunits using SDS — PAGE.
The second subcluster involved 10 genotypes from
Slovakia (30%), Czech Republic (30%), Germany (20%),
France (10%) and the same number (10%) from Hungary.

Lower polymorphism using RAPD analysis was detected
by Cifci and Yagdi (2012) who used 17 markers to
describe genetic similarity of 16 Turkish wheat genotypes.

PIC values ranged from 0.11 to 0.92 with an average 0.59.
Ahmed et al., (2010) also used 15 RAPD markers to
analyse the genetic diversity of 32 wheat breeding lines
and reached an average 4.1% polymorphism per primer.

On the other hand, high polymorphism was detected in
set of amaranth (§tef1’1n0vé et al., 2013), rye (Petrovicova
et al., 2014) or castor genotypes (Vivodik et al., 2015).
Also higher polymorphism for RAPD was detected in
Pakistan wheat landraces, where Mahmood et al., (2011)
reached an average 7.8 % polymorphism per primer using
10 RAPD markers.

CONCLUSION

The present study was aimed to determine the genetic
variation among wheat genotypes grown in Europe. Our
results showed that RAPD markers are useful for exploring
genetic diversity of raw material for developing new
varieties. The dendrogram prepared based on UPGMA
algorithm separated the unique genotype Insegrain (FRA)
from the rest of 23 genotypes which were further
subdivided into two subclusters. The first subcluster also
included the genotype Bagou from France, in which were
detected novel high — molecular — weight glutenin subunits
using SDS-PAGE. Only two wheat genotypes have not
been distinguished using these 6 RAPD markers. For
better resolution of the analysed wheat genotypes, it is
necessary to use a higher number of RAPD markers.
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Despite that, the information gathered here would be
helpful in genomic mapping studies and for the
development of wheat cultivars with wider and diverse
genetic background to obtain improved crop productivity.
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COLONIZATION OF GRAPES BERRIES BY ALTERNARIA sp.
AND THEIR ABILITY TO PRODUCE MYCOTOXINS

Dana Tancinova, Zuzana Maskovd, Lubomir Rybarik, Sofia FelSociova, Miroslava Cisarova

ABSTRACT

Our research focused on identify the Alternaria species from grapes (surface sterilized berries and non-surface sterilized
berries) of Slovak origin and characterize their toxinogenic potential in in vitro conditions. We analyzed 47 samples of grapes,
harvested in years 2011, 2012 and 2013 from various wine-growing regions. For the isolation of species, the method of direct
plating berries and surface-sterilized berries (using 1 % freshly pre-pared chlorine) on DRBC (Dichloran Rose Bengal
Chloramphenicol agar) was used. For each analysis was used 50 berries. Only undamaged berries have been used for analysis.
The cultivation was carried at 25 +1°C, for 5 to 7 days in dark. After incubation, the colonies of Alternaria were transferred
on PCA - potato-carrot agar and CYA - Czapek-yeast extract agar and cultured for 7 days at room temperature and natural
light. A total 4 species-groups of the genus Alternaria were isolated from grapes berries: Alternaria alternata (1369 isolates),
Alternaria arborescens (734 isolates), Alternaria infectoria (143 isolates), and Alternaria tenuissima (3579 isolates).
According to European Union legislation mycotoxins produced by species genus Alfernaria are not monitored in foods and
food commodities. Mycotoxins such as alternariol and alternariol monomethylether are mutagenic and genotoxic in various
in vitro systems. Selected strains were tested for production of altenuene, alternariol monomethylether and alternariol. In
neither case of A. infectoria species-group isolates was confirmed the production of tested mycotoxins in in vitro conditions
by TLC method. The ability to produce altenuene, alternariol monomethylether and alternariol in in vitro conditions was
detected in isolates of Alternaria alternata, Alternaria arborescens and Alternaria tenuissima species-groups. Isolates of
Alternaria alternata species-group (44 tested isolates) were able to produce altenuene (24 isolates), alternariol
monomethyleter (42 isolates) and alternariol (43 isolates). Only one isolate did not produce any mycotoxins. Isolates of
Alternaria arborescens species-group (38 tested isolates) were able to produce altenuene (24 isolates), alternariol
monomethyleter (33 isolates) and alternariol (36 isolates). Only two isolates did not produce any mycotoxins. Isolates of
Alternaria tenuissima species-group (87 tested isolates) were able to produce altenuene (42 isolates), alternariol
monomethyleter (41 isolates) and alternariol (73 isolates). Thirteen isolates did not produce any mycotoxins.

Keywords: Alternaria; altenuene; alternariol; alternariol monomethylether; grape

INTRODUCTION

Grapes have a complex microbial ecology including
filamentous fungi, yeasts and bacteria with different
physiological characteristics and effects upon wine
production (Barata et al., 2012). The black mould genus
Alternaria Ness is ubiquitously distributed and includes
various saprophytic, endophytic and pathogenic species.
Many of the genus Alternaria Ness commonly cause
spoilage of various food crops in the field or post-harvest
decay (Ostry, 2008; Logrieco et al., 2009). Alternaria
species are pathogenic and saprophytic fungi widely
distributed in soil. They are widespread in both humid and
semiarid regions and can infect growing plants in the field.
They are the principal contaminating fungi in wheat,
sorgum and barley. In addition to cereal crops, Alternaria
species have been reported to occur in oilseeds such as
sunflower and rapeseed, tomato, apples, citrus fruits, olives
and several other fruits and vegetables. Alternaria species
grow at low temperature; hence they are generally
associated with extensive spoilage during refrigerated
transport and storage (Ostry, 2008). Alternaria genus is the
main component of the wine grape mycobiota at harvest

time (Serra et al., 2005; Prendes et al., 2015; Tancinova
et al., 2015). The most common fungi spoiling grapes were
Alternaria, Botrytis cinerea and Cladosporium (Tournas,
et al.,, 2005). Moreover, several Alternaria species are
known to produce toxic secondary metabolites, Alternaria
mycotoxins (Rotem, 1994; Prendes et al.,, 2015).
Mycotoxins are secondary metabolites produced by
filamentous fungi that have been detected in food
commodities, including grapes and wine (Serra et al.,
2005). Alternaria species have the ability to produce a
variety of secondary metabolites, which plays important
roles in food safety (Andresen, et al., 2015). The major
Alternaria mycotoxins belong to three structural classes:
tetramic acid derivate, tenuazonic acid; the dibenzopyrone
derivates, alternariol, anternariol methylether and
altenuene; and the perylene derivates, the altertoxins
(Andersen et al., 2002). Food relevant Alternaria species
are able to produce many more metabolites (Ostry, 2008;
Logrieco et al., 2009). Alternaria toxins occurred regularly
in cereals, tomato sauces, figs, wine and sunflower seeds.
Only incidental occurrence of the Alternaria toxins was
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observed in fresh apples, fresh citrus, fresh tomatoes and
olives (Lépez et al., 2016).

Our research focused on the identify the Alternaria species
from grapes of Slovak origin and characterize their
toxinogenic potential in in vitro.

MATERIAL AND METHODOLOGY
Samples

Forty-seven samples of grapes, harvested in years 2011,
2012 and 2013 from various wine-growing regions of
Slovakia, from small and medium-sized vineyardswere
analyzed. White and red grape variety were analyzed. White
grape: Miiller Thurgau (1), Velsch Riesling (4), Griiner
Veltliner (5), Palava (1), Pinot blanc (2), Pinot gris (2),
Sauvignon (2), Tramin (1), Zala gyongye (1). Red grape:
Alibernet (1 sample), André (2 samples), Blaufrankise (8),
Cabernet Sauvignon (2), Pinot noir (2), Saint Laurent (1).
Samples (3 kg) were collected at the time of technological
ripeness. Picked grapes were stored at 4 +1 °C and analyzed
within 24 h after harvest.

Mycological analysis

For the isolation of Alternaria sp. was used the method of
direct plating berries: surface-sterilized berries and non-
sterilized berries on DRBC (Dichloran Rose Bengal
Chloramphenicol agar) Samson et al., (2002).

The endogenous mycobiota was determined by the method

of direct placing of superficially sterilized berries on agar
plates (Samson et al., 2002). More than 50 pieces of
undamaged berries from each sample were superficially
sterilized (using 1% freshly pre-pared chlorine).
Sterilization was carried out for 2 minutes. Berries were
rinsed 3 times with sterile distilled water and dried on sterile
filter paper. Exactly 50 berries from each sample were
placed on DRBC plates (agar with dichloran, rose bengal
and chloramphenicol) (Samson et al., 2002). Cultivation
lasted from 5 to 7 days in darkness at 25 +1 °C. For each
analysis was used 50 berries. Only undamaged berries have
been used for analysis. After incubation, the colonies of
Alternaria were transferred onto appropriate identification
media.
Identification of Alternaria species-groups. Grown
micromycetes were classified into the genera and then
isolated by re-inoculation on the identification nutrient
media and identified by accepted mycological keys and
publications. Isolates of the genus Alternaria were re-
inoculated on PCA - potato-carrot agar and CYA - Czapek-
yeast extract agar (Samson et al., 2002) and cultured for
7 days at room temperature and natural light.

In order to improve study of sporulation pattern we
proceeded as follows. The colonized agar (piece of approx.
size 0.5 x 1.0 cm) was cut and transferred to the agar
surface, outside the colony. The growth was observed as
early as one to two days of cultivation on the edge of the
removed part. Main used identification keys were
Andersen et al., (2001); Andersen et al., (2002);
Simmons, (1994); Simmons, (2007) and Simmons and
Roberts (1993).

Obtained results were evaluated and expressed in isolation
frequency (Fr) at the species level. The isolation frequency
(%) is defined as the percentage of samples within which
the species occurred at least once (Gautam et al., 2009).

These values were calculated according to Gonzalez et al.,
(1996) as follows:

Fr (%) =(ns/N) x 100

where ns = number of samples with a species; N = total
number of samples.

Toxinogenity analysis

Toxinogenity of selected isolates was analysed by means
of thin layer chromatography (TLC) by Samson et al.,
(2002). This method was performed with modifications
according to Labuda and Tan¢inova (2006). Testing was
focused on determination of the ability to produce
mycotoxins altenuene (ALT), alternariol (AOH) and
alternariol monomethylether (AME).

The colonies grown on yeast extract sucrose agar (YES)
(7, respectively 14 days, in darkness at 25 +1°C) were cut
into squares of approximate size 2 cm x 2 cm and placed in
an Eppendorf tube with 0.5 mL of extraction solution
(chloroform: methanol - 2:1; Reachem, SR). The content of
the tubes was stirred for 5 minutes by Vortex Genie ® 2
(MO BIO Laboratories, Inc. - Carlsbad, CA). The obtained
extracts were applied to silica gel chromatography plate
(Alugram ® SIL G, Macherey - Nagel, Germany) and plates
were put into the TEF solvent (toluene: ethyl acetate: formic
acid — 5 :4 :1; toluene - Mikrochem, SR; ethyl acetate and
formic acid - Slavus, SR). After elution and drying, the
mycotoxins identity was confirmed by visual comparison
with the standards of mycotoxins (AME, ALT and AOH
- Merck, Germany) under UV light with a wavelength of

254 nm and 366 nm.

RESULTS AND DISCUSSION

In the current study from all samples were isolated
Alternaria species (from superficially sterilized berries and
berries without sterilization, too). The cosmopolitan fungal
genus Alternaria consists of multiple saprophytic and
pathogenic species. Based on phylogenetic and
morphological studies, the genus is currently divided into
26 sections. Alternaria section Alternaria contains most of
the small-spored species with concatenated conidia,
including important plant, human and postharvest
pathogens (Woundenberg et al., 2015). A total of
4 species-groups (Table 1) of the genus Alternaria
(Alternaria section Alternaria) were isolated from grapes
berries, namely Alternaria alternata group, Alternaria
arborescens group, Alternaria infectoria group, and
Alternaria tenuissima group. Isolates, which could not be
closer specified or contaminated another species were
specified as Alternaria sp., Sporulation patterns of
Alternaria species-group are listed according to Simmons,
(2007). The typical sporulation pattern of Alternaria
alternata group (Figure 1) comprises a single suberect
conidiophore and an apical cluster of branching chains of
small conidia separated by short secondary donidiophores.
Long, well-defined primary conidiophores of Alternaria
arborescens group (Figure 2) characteristically bear a few
terminal and subterminal branches. Each conidiophore
branch bears a branching chain of conidia, giving a
relatively tall, three-dimensionally arborescent apperarance
to the suberect system.
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Table 1 Species-groups of Alternaria isolated from berries of Slovak origin determinated by using plate direct method
on DRBC agar from 47 samples.

Superficially sterilized berries Berries without sterilization

Alternaria groups Number of isolates  Isolation frequency Number of isolates Isolation frequency
(%) (%)

Alternaria alternata 662 78.7 707 78.7
Alternaria arborescens 405 34.0 329 574
Alternaria infectoria 109 31.9 34 29.78
Alternaria tenuissima 1644 93.6 1935 89.36
Alternaria sp. 144 53.2 94 46.81

Note: DRBC - Dichloran Rose Bengal Chloramphenicol agar.

Figure 1 Alternaria alternata group 7 days of incubation. A-B colonies on PDA (A — top, B — reverse), C-D colonies
on CYA (C —top, D —reverse), E-F conidia (scale bar = 10 um), H — conidium sporulation pattern (scale bar =20 pm)
Photo: Maskova.

Figure 2 Alternaria arborescens group 7 days of incubation. A-B colonies on PDA (A —top, B —reverse), C-D colonies
on CYA (C - top, D — reverse), E-F conidia (scale bar = 10 pm), H — conidium sporulation pattern (scale bar = 50 um),
Photo: Magkova.
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Table 2 Potential ability of Alternaria species groups isolates to produce mycotoxins in in vitro conditions, tested by

TLC method.
Number of tested Number of Mycotoxins
Species groups of isolates isolates without
Alternaria the production Altenuene Alternariol Alternariol
of mycotoxins monomethylether

AL alternata 44 1 24 42 43

AL arborescens 38 2 24 33 36

AL infectoria 15 15 0 0 0

Al tenuissima 87 13 42 41 73

Note: TLC - thin layer chromatography, Al — Alternaria.

Figure 3 Alternaria infectoria group 7 days of incubation. A-B colonies on PDA (A — top, B — reverse), C-D colonies
on CYA (C — top, D — reverse), E — granular look of colnies, F — conidium sporulation pattern (scale bar = 20 um),
G-I conidia (scale bar = 10, 20, 10 pm), Photo: Maskova.

Figure 4 Alternaria tenuissima group 7 days of incubation. A-B colonies on PDA (A — top, B — reverse), C-D colonies
on CYA (C —top, D — reverse), E-F — conidium sporulation pattern (scale bar = 50 pm), G — conidia (scale bar = 20

pum), Photo: Maskova.
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Conidiophores of Alternaria infectoria group (Figure 3) that
sporulate in the surface mass commonly are unbranched but
have 1 — 3 geniculate extensions and conidiogenous loci
incorporated in a total length of 50 — 100 um. Alternaria
tenuissima group (Figure 4) — produce uncrowded chains of
up to 12 conidia on branching hyphae. The intial 1 — 2 and
sometimes even 4 —5 lowest conidia of a chain usually have
only transverse septa; only one or two mature conidia in
achain have the helpfully diagnostic median,
subconstricting transverse septum that is such a striking
feature of field conidia. The occurrence of the genus
Alternaria in grape berries reported: Serra et al., (2005,
2006); Tournas et al., (2005); Ostry et al., (2007);
Polizzotto et al., (2012); Chunmei et al., (2013); Maskova
et al., (2013); Lorenzini and Zapparoli (2014);
Roseusseaux et al., (2014); Prendes et al.,, (2015);
Tanc¢inova et al., (2015) and other authors. According Bau
et al, (2005) predominant mycobiota of grape berries
belonged to Alternaria spp., Cladosporium spp. and
Aspergillus spp. These three genera were isolated from
75.6%, 22.5% and 17.3% of plated berries, respectively.
Magnoli et al., (2003) reported that Alternaria genus was
the most frequent (80% positive samples) from the surface-
disinfected berries from Argentina. Alternaria alternata
was the only species identified from this genus. Ostry et al.,
(2007); Diguta et al., (2011); Prendes et al., (2015)
recorded incidence of Alternaria alternata, also. Other
authors mentioned the occurrence of Alternaria on the grape
berries as follows: Alternaria alternata and Alternaria
tenuissima (Rousseaux et al., 2014); Alternaria alternata
and Alternaria arborescens (Lorenzini et al.,, 2014);
Alternaria arborescens species-group and Alternaria
tenuissima species-group (Polizzotto et al., 2012). Isolation
of A. infectoria species-group mentioned MaSkova et al.,
(2013), from Slovakian samples of grapes, too. In our
sample was dominant Alternaria tenuissima group (1644
isolates — berries superficially sterilized and 1935 isolates —
berries without sterilization), follow by Alternaria alternata
group (662, respectively 707 isolates), Alternaria
arborescens group (405 and 329 isolates) and Alternaria
infectoria (109 and 34 isolates).

Mycotoxins are abiotic hazards produced by certain fungi
that can grow on a variety of crops (Marin et al., 20013).
According to European Union legislation mycotoxins
produced by species genus Alternaria are not monitored in
foods and food commodities. Mycotoxins such as
alternariol and alternariol monomethylether are mutagenic
and genotoxic in various in vitro systems. In addition, it has
been suggested that in certain areas in China Alternaria
toxins in grains might be responsible for oesophageal
cancer. Hence, due to their possible harmful effects,
Alternaria toxins are of concern for public health (EFSA,
2011). According to Prendes et al., (2015), Alternaria, one
of the most mycotoxigenic genus commonly found in wine
grapes, could represent a high risk for the wine consumer’s
health. Representative isolates were selected for analysis to
produce mycotoxins in in vitro conditions randomly from
all obtained isolates. The results are presented in Table 2. A
total of 184 isolates were tested. Production of selected
secondary metabolites demonstrated the toxinogenity of
isolates and on the other hand, it also served as an auxiliary
indicator for identification (chemotaxonomy), mainly to

distinguish the Alternaria infectoria species-group from the
others (Maskova et al., 2012). Production of mycotoxins by
any of Alternaria infectoria strains still has not been
demonstrated (Andersen et al., 2002; Labuda et al., 2008;
Piovarciova et al., 2007). Conversely, Alternaria alternata
and Alternaria tenuissima are known to produce several
types of mycotoxins (Andersen et al., 2002; Piovarciova
et al., 2007), which were confirmed in our study (Table 2).
In neither case of the 15 tested isolates of Alternaria
infectoria species-group we confirmed the production of
mycotoxins ALT, AOH and AME. Although, the reputation
of "nontoxigenic" strains of the Alternaria infectoria
species-group has been undermined in recent years by
isolation unknown metabolites (Maskova et al.,, 2012).
Conversely, isolates of other tested species-groups proved
to be highly toxigenic (Table 2). Only one isolates of
Alternaria alternata species-group and two isolates of
Alternaria arborescens species-group did not produce
tested mycotoxins in in vitro conditions detectable by TLC
method. Robiglio and Lopez were tested eleven Alternaria
alternata strains, isolated from Red Delicious apples in cold
storage in Argentina, for alternariol and alternariol methyl
ether production in laboratory media and in whole fresh
fruits. Most of them were able to produce both toxins in all
media. They were detected also in mycelium free filtrates
from liquid cultures and in asymptomatic tissues from
inoculated fruit. Thus, in the evaluation of mouldy core
incidence in apples, the presence of Alternaria alternata
toxins in tissues should be considered even in the absence
of mycelia (Robiglio and Lopez, 1995).

Small-spored Alternaria, such as Alternaria alternata
group, Alternaria arboresces group, Alternaria infectoria
group and Alternaria tenuissima group are important
producers of mycotoxins, or other unknown metabolites but
they were dominant fungal consortium in grapes berries in
our samples. Considering that literature reported about the
effectiveness of Alternaria endophytes against important
grapevine pathogens, it should be interesting to elucidate
the chemical structure of Alternaria unknown metabolites
and to evaluate them as new biological method in the
control of grapevine diseases (Polizzotto et al., 2012).

CONCLUSION

From the 2350 surface-sterilized (47 samples) grape
berries have been isolated 2964 strains of genus Alternaria
and from the same number of non-sterilized berries 3099
isolates of this genus. Isolates were identified acording to
sporulation patterns to four species groups: namely
Alternaria  alternata (1369  isolates), Alternaria
arborescens (734), Alternaria infectoria (143), and
Alternaria tenuissima (3579) and 238 isolates were not
identified to species group. There were found out the ability
to produce following mycotoxis: altenuene, alternariol and
alternariol monomethylether in in vitro conditions by TLC
method of chosen strains of genus Alternaria. In another
research would be advisable to follow occurrence of these
mycotoxins in grapes, must, wine and another grape
products.

REFERENCES
Andersen, B., Kroger, E., Roberts, R. G. 2001. Chemical and
morphological segregation of Alternaria alternata, A. gaisen

Volume 10

No. 1/2016



Potravinarstvo® Scientific Journal for Food Industry

and 4. longipes. Mycological Research, vol. 105, no. 3, p. 291-
299. http://dx.doi.org/10.1017/s0953756201003446

Andersen, B., Kroger, E., Roberts, R. G. 2002. Chemical and
morphological segregation of Alternaria arborescens, A.
infectoria and A. tenuissima species-groups. Mycological
Research, vol. 106, no. 2, p. 170-182.
http://dx.doi.org/10.1017/s0953756201005263

Andersen, B., Nielsen, K. F., Fernandez Pinto, V., Patriarca,
A. 2015. Characterization of Alternaria strains from
Argentinean blueberry, tomato, walnuts and wheat.
International Journal of Food Microbiology, vol. 196, p. 1-10.
http://dx.doi.org/10.1016/j.ijfoodmicro.2014.11.029

Barata, A., Malfeito-Ferreira, M., Loureiro, V. 2012. The
microbial ecology of wine grape berries. International Journal
of Food Microbiology, vol. 153, no. 3, p. 243-259.
http://dx.doi.org/10.1016/j.ijfoodmicro.2011.11.025

Bau, M., Bragulat, M. R., Abarca, M. L., Minguez, S.,
Cabaiies, F. J. 2005. Ochratoxigenic species from Spanish wine
grapes. International Journal of Food Microbiology, vol. 98,
no. 2, p. 125-130.
http://dx.doi.org/10.1016/j.ijfoodmicro.2004.05.015

Chunmei, J., Junling, S., Qi'an, H., Yanlin, L. 2013.
Occurrence of toxin-producing fungi in intact and rotten table
and wine grapes and related influencing factors. Food Control,
vol. 31, no. 1, p- 5-13.
http://dx.doi.org/10.1016/j.foodcont.2012.09.015

Diguta, C. F., Vincent, B., Guilloux-Benatier, M., Alexandre,
H., Rousseaux, S. 2011. PCR ITS-RFLP: A useful method for
identifyting filamentous fungi isolates on grapes. Food
Microbiology, vol. 28, mno. 6, p. 1145-1154.
http://dx.doi.org/10.1016/j.fm.2011.03.006

EFSA CONTAM Panel (EFSA Panel on Contaminants in the
Food Chain), 2011. Scientific Opinion on the risks for animal
and public health related to the presence of Alternaria toxins in
feed and food. EFSA Journal 2011, vol. 9, no. 10, 97 p.
http://dx.doi.org/10.2903/j.efsa.2011.2407

Gautam, A., Sharma, S., Bhadauria, R. 2009. Detection of
toxigenic fungi and mycotoxins in medicinally important
powdered herbal drugs. The Internet Journal of Microbiology,
vol. 7, no. 2, p. 1-8. http://dx.doi.org/10.5580/104b

Gonzalez, H. H. L., Pacin, A., Resnik, S. L., Martinez, E. J.
1996. Deoxynivalenol and contaminant mycoflora in freshly
harvested Argentinean wheat in 1993. Mycopathologia, vol.
135, no. 2, p. 129-134. http://dx.doi.org/10.1007/bf00436463

Labuda, R., Tan¢inova, D. 2006. Fungi recovered from
slovakian poultry feed mixtures and their toxinogenity. Annals
of Agricultural and Environmental Medicine, vol. 13, no. 2,
193-200. PMid:17195991

Labuda, R., Piovaréiova, Z., Tan¢inova, D. 2008. Sensitivity
of the Alternaria infectoria species-group to cycloheximide.
Letters in Applied Microbiology, vol. 46, no. 6, p. 673-675.
http://dx.doi.org/10.1111/1.1472-765x.2008.02370.x

Logrieco, A., Moretti, A., Solfrizzo, M. 2009. Alternaria
toxins and plant diseases: an overview of origin, occurrence
and risks. World Mycotoxin Journal, vol. 2, no. 2, p. 129-140.
http://dx.doi.org/10.3920/wmj2009.1145

Lopez, P., Venema, D., de Rijk, T., de Kok, A., Scholten, J.
M., Mol, H. G. J., de Nijs, M. 2016. Occurrence of Alternaria
toxins in food products in the Netherlands. Food Control, vol.
60, p- 196-204.
http://dx.doi.org/10.1016/j.foodcont.2015.07.032

Lorenzini, M., Zapparoli, G. 2014. Characterization and
pathogenicity of Alternaria spp. strains associated with grape
bunch rot during post-harvest withering. International Journal

of  Food  Microbiology, vol. 186, p- 1-5.
http://dx.doi.org/10.1016/j.ijfoodmicro.2014.06.008

Magnoli, C., Violante, M., Combina, M., Palacio, G.,
Dalcero, A. 2003. Mycoflora and ochratoxin-producing strains
of Aspergillus section Nigri in wine grapes in Argentina.
Letters in Applied Microbiology, vol. 37, no. 2, p. 179-184.
http://dx.doi.org/10.1046/1.1472-765x.2003.01376.x

Marin, S., Ramos, A. J., Cano-Sancho, G., Sanchis, V. 2013.
Mycotoxins:  Occurrence, toxicology, and exposure
assessment. Food and Chemical Toxicology, vol. 60, p. 218-
237. http://dx.doi.org/10.1016/.fct.2013.07.047

Maskova, Z., Tanéinova, D., Barborakova, Z., Fel§ociova, S.,
Cisarova, M. 2012. Comparison of occurrence and
toxinogenity of Alternaria spp. isolated from samples of
conventional and new crossbred wheat of slovak origin.
Journal of Microbiology, Biotechnology and Food Sciences,
vol. 1, p. 552-562.

Maskova, Z., Tan¢inova, D., Rybarik, L., Felsociova, S.,
Kacinova, J. 2013. Colonization of grape berries by
representatives of the genus Alternaria and their occurence in
the stum. Journal of Microbiology, Biotechnology and Food
Sciences, vol. 2, p. 1754-1764.

Ostry, V., Skarkova, J., Prochazkovd, 1., Kubatova, A., Malif,
F., Ruprich, J. 2007. Mycobiota of Czech wine grapes and
occurrence of ochratoxin A and Alternaria mycotoxins in fresh
grape juice, must and wine. Czech Mycology, vol. 59, p. 241-
254.

Ostry, V. 2008. Alternaria mycotoxins: an overview of
chemical characterization, producers, toxicity, analysis and
occurrence in foodstuffs. World Mycotoxin Journal, vol. 1, no.
2, p. 175-188. http://dx.doi.org/10.3920/wm;j2008.x013

Piovar€iova, Z., Labuda, R., Tan¢inova, D. 2007. Vyskyt
Alternaria spp. na zrnach potravinarskej pSenice dopestovanej
na Slovensku v sezéne 2006. In Proceeding from workshop
MICROMYCO 2007. Ceské Budgjovice : Department of soil
biology, Czech Republic, p. 124-132.

Prendes, L. P., Merin, M. G., Andreoni, M. A., Ramirez, M.,
Morata de Ambrosini, V. I. 2015. Mycobiota and toxicogenic
Alternaria spp. strains in Malbec wine grapes from DOC San
Rafael, Mendoza, Argentina. Food Control, vol. 57, p. 122-
128. http://dx.doi.org/10.1016/j.foodcont.2015.03.041

Polizzotto, R., Andresen, B., Martini, M., Grisan, S.,
Assante, G., Musetti, R. 2012. A polyphasic approach for the
characterization of endophytic Alternaria strains isolated from
grapevines. Journal of Microbiological Methods, vol. 88, no.
1, p. 162-171. http://dx.doi.org/10.1016/j.mimet.2011.11.009

Robiglio, A. L, Lopez, S. E. 1995. Mycotoxin production by
Alternaria alternata strains isolated from Red Delicious apples
in Argentina. International Journal of Food Microbiology, vol.
24, no. 3, p. 413-417. http://dx.doi.org/10.1016/0168-
1605(94)00035-5

Rotem, J. 1994. The genus Alternaria: biology, epidemiology
and  pathogenicity. St. Paul, MN: The American
Phytopathological Society, 326 p.

Rousseaux, S., Diguta, C. F., Radoi-Matei. 2014. Non-
Botrytis grape-rotting fungi responsible for earthy and moldy
off-flavors and mycotoxins. Food Microbiology, vol. 38, p.
104-121. http://dx.doi.org/10.1016/j.fm.2013.08.013

Serra, R., Braga, A., Venancio, A. 2005. Mycotoxin-
producing and other fungi isolated from grapes for wine
production, with particular emphasis on ochratoxin A.
Research in Microbiology, vol. 156, no. 4, p. 515-521.
http://dx.doi.org/10.1016/j.resmic.2004.12.005

Serra, R., Lourengo, A., Alipio, P., Venancio, A. 2006.
Influence of the region of origin on the mycobiota of grapes

Volume 10

No. 1/2016



Potravinarstvo® Scientific Journal for Food Industry

with emphasis on Aspergillus and Penicillium species.
Mycological research, vol. 110, no. 8, p. 971-978.
http://dx.doi.org/10.1016/j.mycres.2006.05.010

Samson, R. A., Hoekstra, E. S., Frisvad, J. C., Filtenborg, O.
2002. Introduction to food- and airborne fungi. Utrecht:
Centraalbureau voor Schimmelcultures, 2002. 389 p. ISBN 90-
70351-42-0. http://dx.doi.org/10.5580/104b

Simmons, E. G. 1994. Alternaria themes and variations (106-
111). Mycotaxon, 1994, vol. 50, p. 409-427.

Simmons, E. G. 2007. Alternaria, An Identification Manual.
Utrecht : CBS Fungal Biodiversity Centre, 2007. 775 p. ISBN
978-90-70351-68-7.

Simmons, E. G., Roberts, R. G. 1993. Alternaria themes and
variations. In Mycotaxon, vol. 73, p. 109-140.

Tancinova, D., Rybarik, [’., Maskova, Z., Felsociova, S.,
Cisarova, M. 2015. Endogenal colonization of grapes berries.
Journal of Microbiology, Biotechnology and Food Sciences
vol. 4, sp. no. 1, p- 69-73.
http://dx.doi.org/10.15414/jmbfs.2015.4.special1.69-73

Tournas, V. H., Katsoudas, E. 2005. Mould and yeast flora in
fresh berries, grapes and citrus fruits. International Journal of
Food Microbiology, vol. 105, no. 1, p. 11-17.
http://dx.doi.org/10.1016/j.ijfoodmicro.2005.05.002

Woundenberg, J. H. C., Seidl, M. F., Groenewald, J. Z., de
Vries, M., Stielow, J. B., Thomma, B. P. H. J., Crous, P. W.
2015. Alternaria section Alternaria: Species, formae speciales
or pathotypes? Studies in Mycology, vol 82, p. 1-21.
http://dx.doi.org/10.1016/j.simyc0.2015.07.001

Acknowledgments:
This work was funded by KEGA 015SPU-4/2015.

Contact address:

Dana Tancinova, Slovak University of Agriculture,
Faculty of Biotechnology and Food Sciences, Department
of Microbiology, Tr. A. Hlinku 2, 949 76 Nitra, Slovakia,
E-mail: dana.tancinova@uniag.sk.

Zuzana Maskova, Slovak University of Agriculture,
Faculty of Biotechnology and Food Sciences, Department
of Microbiology, Tr. A. Hlinku 2, 949 76 Nitra, Slovakia,
E-mail: zuzana.maskova@uniak.sk.

Sona Fel3ociova, Slovak University of Agriculture,
Faculty of Biotechnology and Food Sciences, Department
of Microbiology, Tr. A. Hlinku 2, 949 76 Nitra, Slovakia,
E-mail: sona.felsociova@uniag.sk.

Lubomir Rybarik, Bab 49, 951 34 Bab, Slovakia,

E-mail: alcedo1245@gmail.com

Miroslava Cisarova, Slovak University of Agriculture,
Faculty of Biotechnology and Food Sciences, Department
of Microbiology, Tr. A. Hlinku 2, 949 76 Nitra, Slovakia,
E-mail: miroslava.cisarova@gmail.com.

Volume 10

13

No. 1/2016



Fheck\@\

OPEN (5" ACCESS

Potravinarstvo® Scientific Journal for Food Industry

Potravinarstvo, vol. 10, 2016, no. 1, p. 14-22
doi:10.5219/566

Received: 20 October 2015. Accepted: 12 January 2016.
Available online: 24 January 2016 at www.potravinarstvo.com
© 2016 Potravinarstvo. License: CC BY 3.0

ISSN 1337-0960 (online)

@ potravindrstvo

RESEARCH AND PRACTICE: QUANTIFICATION OF RAW AND HEAT-
TREATED COW MILK IN SHEEP MILK, CHEESE AND BRYNDZA BY ELISA
METHOD
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Marsalkova, Martina Fikselova, Jozef Golian

ABSTRACT
The aim of this study was to test the reliability of commercial ELISA tests (RC-bovino) within raw and heat treated cow

milk detection in sheep milk and cheese in order to obtain a high-quality, reliable and economically beneficial method
suitable for routine application in practice. These tests were subsequently used for quantification of cow milk in commercial
“Bryndza”. Raw sheep milk, cow milk and heat-treated cow milk (pasteurisation at 72 °C for 15 sec or at 85 °C for 3 sec)
were mixed in precisely defined proportions (0 — 100% cow milk in sheep milk). The milk mixtures were sampled to detect
adulteration and subsequently cheese was made. By ELISA tests was possible to determine these amounts of raw cow milk
in sheep milk: 0.5% (0.2%), 5 % (4.81%), 50% (42.08%) and 75% (56.52%). The pasteurized samples in different
combinations gave lower optical density responses than those prepared from raw milk (by approximately 60%). In context
with the above mentioned, the relationship between the real and detected amount of cow milk (%) in different production
stages (milk, cheese) using a regression analysis was examined. However, a lower reliability of the detection was indicated
by R? values, which ranged from 0.4058 (cheese) to 0.5175 (milk). In practice this means that although individual
percentage (%) of cow milk in the sample can be detected, but in the unknown sample it can not be clearly confirm whether
the cow milk was raw or heat-treated. In this context, the results can be inaccurate and may not correspond to the real
situation. Within monitoring phase of this research, 9 samples of bryndza were analysed with the results of detected cow
milk ranged from 11.56% to 14.3%. The obtained results confirm that the appropriate selection of ELISA tests can become
an important factor in the setting of analytical capabilities for the detection of milk and cheese adulteration.

Keywords: ELISA; milk; cheese; adulteration; reliability

INTRODUCTION

Consumption of fresh dairy products is the important

motive factor for their production in European Union
(Habanova et al., 2010).
The unknown mixture of milk from different species is a
common fraud in dairy sector. Milk with high economic
value is commonly adulterated with milk from species of
lower cost. This adulteration is especially important for
cheese makers, due to unknown milk mixtures produce
changes in the final sensory properties and reduce the
product quality. Sheep milk is more expensive than goat or
cow milk and tends to be adulterated with those of lower
cost (Puchades and Maquieira, 2013; Mayer et al.,
2012).

Fraudulent incorporation of nondeclared kind of milk
during technological processing is a common practice that
can cause a problem for reasons related to intolerance or
allergy, religious, ethical or cultural objections, and legal
requirements. Therefore, accurate evaluation of the milk
species used in dairy products is needed, especially for
high-grade cheeses made exclusively with sheep or goat
milk, many of which are registered by European law with
a Protected Designation of Origin (PDO) (Zeleniakova et
al., 2008).

Traditional bryndza is sharp, salty, grayish, grated and
pin-rolled, crumbly, semi-spreadable 100% sheep cheese.
There is no close equivalent in taste and texture among
sheep, cow, or goat cheeses. Most modern commercially
available bryndza is milder, bleached creamy white, and
two of its three varieties can legally contain up to 49%
cow cheese. The European Commission registered the
latter as Slovenskd bryndza on its food list of Protected
Geographical Indications on 16 July 2008 (Commission
regulation (EC) No 676/2008).

For legal reasons and for consumer protection and
confidence many analytical techniques for detecting
mixtures of milks from different species have been
developed in last decades (Zachar et al, 2011;
Zelenakova et al., 2011).

The official EU reference method which is based on the
IEF of y-caseins (Commission regulation (EC) No
273/2008) is an appropriate tool to detect cow milk in
products made from milk of other species (detection limit
<0.5%). A high number of other analytical techniques (e.g.
electrophoretic, chromatographic, immunological and
molecular biological methods) have also been used for
qualitative (and partly also quantitative) species
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authentication in dairy products (Bobkova et al., 2009;
Mayer et al., 2012; Pizzano et al., 2011; Asensio et al.,
2008; Xue et al., 2010; Costa et al., 2008; Suhaj et al.,
2010; Stanciuc and Rapeanu, 2010 etc.).

Zelenakova et al., (2009) described current situation in
adulteration of the sheep milk and sheep milk products in
Slovakia as well as in some countries in the EU. The
results were evaluated according to the requirements of the
valid legal standards. From the total number 70 samples 20
were adulterated with nondeclared cow milk.

ELISA is the most widely used form of immunoassay in
milk analysis and has advantages of high sensitivity, low
cost and fast application. It is easy to use, reliable, rapid
and readily automated (Song et al., 2011; Costa et al.,
2008).

The development of immunoenzymatic methods and their
practical use depends mainly on the selection of the
immunogenes,  experimental  animals, way = of
immunization, quality of used antiserum, or possibly used
antibodies and specificity as well as sensitivity of the
evidencing system (Yeung, 2006).

An indirect enzyme-linked immunosorbent assay
(ELISA) was developed for the detection and
quantification of bovine milk adulteration in goat’s milk.
The polyclonal antibodies have been modified by mixing
with goat’s milk for the assay purposes. The absorbance at
450 nm in indirect ELISA revealed a linear relationship
with the concentration of adulterated bovine milk at the
range of 4% — 50% (Xue et al., 2010).

Zarranz and Izco (2007) applied a protocol in order to
validate a specific ELISA test for cow milk quantification
in sheep milk, studying the main analytical properties
displayed. The method was applied to analyze sheep milk
samples collected from farms and it was found that 10%
samples were adulterated with cow milk.

The aim of the study was to test the reliability of
commercial ELISA tests for raw and heat-treated cow milk
detection in the sheep milk and cheese and subsequently to
quantify cow milk in commercial “Bryndza”.

MATERIAL AND METHODOLOGY
1. Analysis of the samples in research part of the study:
Cow and sheep milk were obtained from a local dairy
farm, refrigerated at 4 °C and tested for their quality. Both
types of milk were mixed in the various alternatives,
including heat treatment and subsequently cheese was
made. In this research 32 samples were analysed what
corresponded to 16 combinations of cow and sheep milk
mixtures. At first, the intra assay and interassay were
performed in terms of laboratory testing of results
accuracy and repeatability. The sample extracts were
pipetted into wells in duplicates.

Samples preparation:

Milk composition was performed at Lactoscan device.
The working principle is based on measuring the speed of
the wultrasound in milk. Observed parameters: Density
(kg.m™), Fat content (g/100 g), Proteins (g/100 g), Lactose
(g/100 g), Ash determined by calculation (g/100 g), Solids-
non-fat (g/100 g), Freezing point of milk (°C). Other
parameters: Calcium content (mg/100 g) by the
complexometric titration method, Clotting activity (s),

Titratable acidity of milk (°SH) by the method of Soxhlet-
Henkel and Active acidity of milk by pH meter.

Raw sheep milk, cow milk and heat-treated cow milk
(pasteurisation at 72 °C for 15 sec and at 85 °C for 3 sec)
were mixed in precisely defined proportions (0, 0.5; 5; 50;
75; 100% cow milk in sheep milk). The milk mixtures
were sampled to detect adulteration and subsequently
cheese was made. At first the cheesiness test was
performed and then 1 — 2.5 mL CaCl, per 1 liter was added
to individual samples (depending on the level of heat
treatment). The cheese production process included:
cheesing of milk, processing of cheese curd, turning of
cheese curd surface, its cutting, harping and mixing and
finally formation of cloddish cheese. Subsequently the
created clods were treated with 2% NaCl solution and left
to mature at temperatures corresponding to the
technological requirements (23, 19 and finally 8 °C). The
temperature and pH in individual clods had been measured
for 12 days. Subsequently they were processed and
analysed according to the ELISA manufacturer
instructions.

2. Analysis of the samples in monitoring and control
part of the study:

The samples of bryndza (9 samples) were obtained in the
grocery stores as well as from small sellers who product
various sheep cheese. All the samples were refrigerated in
the 30 mL boxes until the beginning of analysis.
Subsequently they were processed and analysed according
to the ELISA manufacturer instructions. The absorbance of
the samples in research and monitoring part of the study
was measured photometrically at 450 nm (STAT FAX
321/plus microwell reader - Awareness Technology, Palm
City, FL). Comparisons of trends has been calculated with
linear regression methods and visualized in graphs.

3. ELISA test characteristic:

ELISA tests RC-bovino (ZEU-INMUNOTEC, S.L,
Spain) were used in our analysis. These tests are an
enzyme immunoassay for the detection of cow milk in
sheep or goat milk and their cheese. All reagents required
for the enzyme immunoassay are contained in these test
kits. The test kits are sufficient for 48 or 96 determinations
(including standards). Detection limit is 0% cow milk.
Assay time is approximately 90 minutes. The principle of
the test is based upon the antigen-antibody reaction. The
presence of cow milk in given sample is determined by the
immunological detection of bovine IgG. The wells of the
microtiter strips are coated with a specific antibody against
bovine IgG. In the case of adulterated products, the
antibodies contained in the cow milk will bind to the
immobilized antibody. Any unbound components are
removed in a washing step. By adding an antibody
peroxidase-conjugate directed against bovine IgG, bound
antigen is detected. Any unbound conjugate is removed in
a washing step. Enzyme substrate and chromogen are
added to the wells and incubated. The bound enzyme
conjugate converts the colorless chromogen into a blue
product. The addition of the stop reagent leads to a color
change from blue to yellow. The measurement of the
absorbance is made photometrically at 450 nm.
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RESULTS AND DISCUSSION

In accordance with the ELISA instructions, within
research part of the study, laboratory analysis of 32
samples of sheep milk and cheeses, adulterated with the
addition of raw and heat-treated cow milk was performed.
Prior to the analysis of these samples, quality control of
ELISA tests was done. C.V. of results (n = 10) for inter
and intra assay was 5.8% and 4.95%. As the basis for the
evaluation, calibration curves were made by plotting % of
cow milk in standard samples in a Y-axis and absorbance
values in the X-axis. Values for the creation of calibration
curves are shown in Table 1.

polynomic regression. The R* for linear regression was
0.9973 and for polynomic regression 0.9951.

Garcia et al., (1994); Hurley et al.,, (2004 a, b);
Zarranz and Izco (2007); Asensio et al., (2008) and
many others also reported the very comparable calibration
curves used for the detection of cow, goat and sheep milk
and cheese adulteration. The degree of the variability
calibration samples expressed R* was not less than 0.9 in
all samples.

The above mentioned regression models were used in our
data processing, too. The R* values ranged from 0.9981 up
to 0.9956 for the linear regression and R? was 1 in two

Table 1 The values for the creation of calibration curve for the detection of cow milk in samples by ELISA tests.

Concentration of cow milk

Absorbance at 450 nm

Standards . o
in standards (%) Analysis of milk samples Analysis of cheese samples
1 0 0.369 0.401
2 1 0.492 0.526
3 5 0.973 1.036
4 10 1.483 1.528

The calibration curve should be linear in the range of
0 — 10% cow milk. It can then pass through the linear
regression. These calibration curves were completed with
trend lines of linear and polynomial function of the 2™
grade. Individual percentages of cow milk in the samples
were calculated using regression equations or by
interpolating the absorbance values obtained into the
calibration curve. The obtained concentration data were
the real values. They didn’t need any conversion factor.
An example of calibration curve with regression equation
for the detection of cow milk in mixed milk samples is
shown in Figure 1. Numerous producers and sellers offer
their own softwares for imunoanalysis data processing and
these are also the part of fotometric analysers (four-
parametric logistic model and spatial comparison method).

Czerwenka et al., (2010) have studied the calibration
relationships in frame of chromatographic detection of
buffallo milk adulteration by cow milk. f-Lg was the main
marker and the results pointed that no effect was obtained
in detection reliability when comparing the linear and the

datasets for the polynomial regression models.

The important prerequisite for results evaluation was an
adequate preparation of samples in which the series of
dilutions was realized. The samples showing optical
density over the valuef of highest standard were further
diluted and tested again. The percentage of cow milk was
calculated multiplying by diluting factor. The absorbancies
that either exceeded the detection limit or were under it
were not suitable for the quantitative analysis.

The lowest dilution amounts that possess the detectable
absorbancies are summarized in the Table 2. All the
absorbancies were analysed in the detection range of used
ELISA kits. The absorbance values, that exceed the
detection limit or were lower, were not possible to
quantify. Based on the results, the dilution of samples in
the range from 10° to 107 was used for the analysis
0 — 75% cow milk in sheep milk or cheese. The
quatification was possible in the range from 10°to 107
The only exceptions were the cow milk samples without

12

1y =1.354x2 + 6.4416x - 2.5346 l
i Rz =1 1
8 A

Concentration of cow milk (%)

6 /
4 e
' y =8.9437x - 3.4165
< R2 = 0.9981
]
2 ’
o .
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Absorbance

Figure 1 Calibration curve for the detection of cow milk in sheep milk.
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A
Picture 1 Visualization of ELISA test after addition of Substrate (A) and Stop solution (B).

sheep milk (14 M — 16 M and 14 CH — 16 CH). The
absorbance values of these samples were similar instead of
increased dilution what has influenced the final value of
cow milk percentage. All these samples have no exact
values in the Table 2 (!) and were not analysed further. For
some samples (<75%), similar calculated concentrations
were obtained, when two subsequently prepared decimal
dilutions (from 10°to 10™") were used for the analysis. As
an example is sample 9 CH. The absorbance 0.867 was
detected for the dilution 10° what corresponds to the
calculated concentration 3.95%. In the case of 10" dilution
a lower absorbance was detected (0.452) what corresponds
to the calculated concentration 3.98%. It was confirmed
that the samples 1 M and 1 CH did not contain cow milk.
Regarding the choice of regression analysis model it can
be said that with the increasing amount of cow milk, the
higher values were calculated using linear regression
equation. Nevertheless, producer of the used ELISA tests
recommended analyze the obtained data by linear
regression. The calculated values are reported in the
Figures 2 — 4. ELISA tests of this producer are primarily
designed to detect the adulteration of sheep and goat milk
by raw cow milk. These amounts of raw cow milk in sheep
milk it was possible to determine by ELISA tests: 0.5%
(0.2%), 5% (4.81%), 50% (42.08%) and 75% (56.52%).
The amount of cow milk up to 10% (what is the detection
range for these ELISA tests) can be analysed only by
calibration curve including regression equations, without
dilution of the samples. However, in a concentration range
between 0 — 0.5%, quantification is more sensitive to
imprecision. Therefore, it is important to prepare
appropriate reagents, standards (especially in the
concentration range from 0 to 1%) and keep a good
laboratory practice. The producer also recommended
creating a curve or curves with a specific detection range.
These curves were also used in analysis performed in
study by Zelenakova et al., (2008). They found out that
these types of curves can significantly affect the quality
and accuracy of individual measurements. The same
authors have reported that the results do not sometimes
meet the quantitative criteria, especially at higher

B

percentages. That can be caused by the saturation of the
amount of specific antigens that are fixed in the
microtitration plate and subsequently tight on the antigen
surface.

ELISA is considered to be good quality when it can
detect less than 1% foreign milk additives (Song et al.,
2011; Luis et al., 2009).

The next phase of the results analysis was focused on the
evaluation of ELISA kits reliability within detection of
different raw and heat-treated cow milk amounts in sheep
milk and cheese. The results are reported in the Figure 2.
The pasteurized samples in different combinations
(including the cheese manufacturing) gave lower optical
density responses than those prepared from raw milk. The
detected amount of cow milk was in some samples
(0.5 — 5%) under the detection range.

The main advantages are processing of a large number of
samples, creation of calibration curve and measuring of
blind samples simultaneously on one microtitration plate,
which eliminates the impact of the changing conditions
during the determination. ELISA has also disadvantages,
for example in that it detects unimpaired proteins, but the
protein hydrolysates need not react immunologically
(Hurley et al., 2006b; Taylor et al., 2009).

The caseins feature advantage in being more or less
stable under high temperature conditions. Therefore, they
can be successfully used as the main antigens in heat
treatment (pasteurization, UHT) of milk and milk
products.  Their major disadvantage is  weak
immunogenicity and higher sensitivity to protheolytic
degradation. The whey proteins are much better
immunogens and they are protheolytically degradable only
in minimal quantity. In respect of high temperatures the
whey proteins are less resistant (Lowe et al., 2004).

In context with the above mentioned, the relationship
between the real and detected amount of cow milk (%) in
different production stages (milk, cheese) using a
regression analysis was examined. Four detection trends
were setf for the analysed ranges from 0 to 75%. All of
them were characterized by the linear functions with the
appropriate regression equations.
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Table 2 Comparison of assay sensitivity by two regression models.

Detected amount of cow milk (%)

Sample - cow milk in sheep milk (M) and Absorbance at

14 CH (100% raw) !
15 CH (100% low pasteurized) ! ! !
16 CH (100% high pasteurized) ! ! ! !

cheese (CH) 450 nm Dilution Linear function Polyno.mlal
function

1 M (0% raw) 0.309 a S e
2 M (0.5% raw) 0.404 a 0.197 0.289
3 M (0.5% low pasteurized) 0.334 a S e
4 M (0.5% high pasteurized) 0.327 a i —
5 M (5% raw) 0.919 a 4.806 4.529
6 M (5% low pasteurized) 0.37 a e e
7 M (5% high pasteurized) 0.34 a — —
8 M (50% raw) 0.853 b 42.08 39.409
9 M (50% low pasteurized) 0.534 b 13.597 12.913
10 M (50% high pasteurized) 0.458 b 6.797 6.997
11 M (75% raw) 1.014 b 56.524 53.894
12 M (75% low pasteurized) 0.609 b 20.257 18.865
13 M (75% high pasteurized) 0.528 b 13.058 12.44
14 M (100% raw) ! ! ! !
15 M (100% low pasteurized) ! ! ! !
16 M (100% high pasteurized) ! ! ! !
1 CH (0% raw cow) 0.204 a e e
2 CH (0.5% raw) 0.409 a [ 0.114
3 CH (0.5% low pasteurized) 0.407 a — 0.101
4 CH (0.5% high pasteurized) 0.398 a _— —
5 CH (5% raw) 0.634 a 1.98 1.768
6 CH (5% low pasteurized) 0.411 a 0.128
7 CH (5% high pasteurized) 0.405 a — 0.088
8 CH (50% raw) 0.569 b 13.254 12.177
9 CH (50% low pasteurized) 0.867 a 3.945 3.55
10 CH (50% high pasteurized) 0.637 a 1.985 1.723
11 CH (75% raw) 0.646 b 20.023 17.866
12 CH (75% low pasteurized) 1.025 a 5.334 4.435
13 CH (75% high pasteurized) 0.648 a 2.024 1.805

!

!

!

Dilution: 10°(a); 107" (b); differences within individual dilutions (!); outside the detection range ( ).

In the Figure 3 it can be seen that individual curves are
indeed increasing character that corresponds to the
growing amount of cow milk. However, a lower reliability
of the detection was indicated by R* values, which ranged
from 0.4058 (cheese) to 0.5175 (milk). In practice this
means that although individual percentage of cow milk in
the sample can be detected (%), but in the unknown
sample it can not be clearly confirm whether the cow milk
was raw or heat-treated. In this context, the results can be
inaccurate and may not correspond to the real situation.
Creating the specific regression curves for each way of
cow milk heat treatment (Figure 4) was performed in order
to asses the relationship between the real and detected
amounts of cow milk in sheep milk. The values of
determination coefficients (R”) were higher than 0.82.
Reliable detection of the real amount of cow milk can be
performed in the praxis by both, interpolation as well as
the regression analysis. The basic limitation for the precise
detection is to know the way of cow milk heat treatment.

Similar regression curves can be provided for the detection
of cheese adulteration, too.

As the various processing of milk can negatively affect
the reliability of adulteration detection, such type of the
analysis has not been applied in the praxis yet and also
there is not recommended for the use. Therefore, the use of
these ELISA tests is not adequate for routine surveillance
of marketed cheese, especially for mixed cheeses, when
the amount of milk from different species used for cheese
making is unknown.

The detection and quantification of cow milk in the sheep
milk and cheese using the commercial ELISAs was
performed by Costa et al., (2008), too. The detected value
in cheese samples was by 10% lower than the
experimental value for QBT ELISA test and by 20 %
lower for QGT ELISA test, when more than 40% cow or
goat milk was added.
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Figure 2 Impact of cow milk heat treatment on its detection in sheep milk and cheese.
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Figure 3 Comparison of detection trends for the determination of relationship between the real and detected

percentage of cow milk in sheep milk and cheese (%).

The ELISA tests RC-bovino were subsequently used for
quantification of cow milk in 9 samples of commercial
“Bryndza”. Individual percentage of cow milk in the
samples were calculated by interpolating the absorbance
values obtained into the calibration curve and using
regression equations (y = 7.3075x — 1.9301; R*= 0.9995).
The presence of cow milk was confirmed in all analysed
samples of bryndza (Table 3). The samples 1 — 8 were
evaluated together and the sample 9 was evaluated
separately according to the composition differences as
given by manufacturers. By ELISA test there were
detected from 11.56% (sample 1) to 14.3% (sample 4) cow
milk. The coefficient of variation was 9.26% for these 8
samples. The sample 9 ,, Tatranska bryndza“ was specific
because of high portion of cow milk. The manufacturer
indicates this fact on the labeling (25% of sheep cheese).

In this sample 31.44% cow milk was detected by ELISA.
But it can be assumed, that the real addition of cow milk in
commercial samples of bryndza was higher than those
detected by ELISA. This is based on the previously
performed analyses and over mentioned results. Reliability
of the ELISA tests and their applicability in the routine
analysis was studied by many authors such as Popelka et
al., (2002); Zeleinakova et al., (2008, 2009, 2011);
Zarranz and Izco (2007); Costa et al., (2008); Stumr et
al., (2008); Brinkhof et al., (2009); Luis et al., (2009);
Taylor et al., (2009); Kardar (2010); Sleziakova and
Balekova (2010); Xue et al., (2010); Song et al., (2011)
and many others.
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Figure 4 Linear functions with the regression equations for raw and heat-treated cow milk determination in sheep milk

(%) amount of cow milk in sheep milk and cheese (%).

Table 3 Samples of the bryndza analysed by the ELISA tests.

Sample number/

Quantification of

manufacturer Label and composition of bryndza cow milk by
ELISA tests

1 Sheep cheese processed from raw milk (min 51%), water, edible salt (max 11.56%
2.5%), dry matter (min 44%), fat in dry matter (min 48%)

2 Stored sheep cheese, cow cheese, edible salt (max 3 %), water, dry matter 13.91%
(min 44%), fat in dry mater (min 48%)

3 Stored sheep cheese (min 51%), cow cheese, edible salt (max 3%), water, dry 14.24%
matter (min 44%), fat in dry matter (min 48%)

4 Stored sheep cheese (min 51%), cow cheese, edible salt (max 3%), water, dry 14.3%
matter (min 44%), fat in dry matter (min 48%)

5 Stored sheep cheese (min 51%), cow cheese, edible salt (max 2%), water, dry 11.95%
matter (min 44%), fat in dry matter (min 48%)

6 Sheep cheese processed from raw milk (min 51%), water, edible salt (max 12.57%
3%), dry matter (min 44%), fat in dry matter (min 4 %)

7 Sheep cheese processed from raw milk (min 5 %), cow cheese processed 11.63%
from pasteurized milk, water, edible salt (max 2.5 %), dry matter (min 44%),
fat in dry matter (min 48%)

8 Mixture of cow and sheep cheese processed from pasteurized milk, water, 12.08%
edible salt (max 2.5%), dry matter (min 44%), fat in dry matter (min 48%)

9 Cow cheese, sheep cheese (25%), fat (21%) 31.44%

% — weight percentage, min — minimum, max — maximum.

CONCLUSION

The analyses carried out in laboratory conditions
recently, focused on the current situation monitoring of
milk and cheese adulteration, have proved the necessity to
deal with this issue more thoroughly. Most of the ELISA
tests come from abroad (outside Slovakia). Their quality is
important for milk producers and processing companies as
well as public inspection authorities. The tests should be
highly specific, sensitive, reliable, an easy to use, easy to
laboratory equipment and of course affordable. As the tests
are certified, nobody doubts their quality. Our survey,
which we have been performing for a few years, has
shown that few milk producers know possibilities of milk
and cheese adulteration detection. This situation results in

the fact that the producers either don’t do any detection or
they use the tests provided by distributors.

The aim of the study was to test the reliability of
commercial ELISA tests for raw and heat-treated cow milk
detection in the sheep milk and cheese and subsequently to
quantify cow milk in commercial “Bryndza”. The used
ELISA kits are designed for the quantitative determination
of cow milk in sheep milk, sheep cheese, goat milk and
goat cheese. By ELISA tests was possible to determine
these amounts of raw cow milk in sheep milk: 0.5%
(0.2%), 5% (4.81%), 50% (42.08%) and 75% (56.52%).
The pasteurized samples in different combinations gave
lower optical density responses than those prepared from
raw milk. The decrease of cow milk amount by 53.53%
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and 59.34% (at 5% low and high pasteurized cow milk)
and by 62.64% and 66.56% (at 75% low and high
pasteurized cow milk) was detected. In next phase of the
research, the relationship between the real and detected
amount of cow milk (%) in different production stages
(milk, cheese) using a regression analysis was examined.
However, a lower reliability of the cow milk detection was
found and indicated by R? values, which ranged from
0.4058 (cheese) to 0.5175 (milk). In practice this means
that although individual percentage of cow milk in the
sample can be detected (%), but in the unknown sample
can't be clearly confirmed whether the cow milk was raw
or heat-treated. In this context, the results can be
inaccurate and may not correspond to the real situation. As
was noted above, one of the solutions is to set a specific
regression curves for each of the heat treatment of
analysed milk. The values of determination coefficients
were higher than 0.82, which assumes the conditions for
the reliable determination of raw or heat-treated cow milk
in sheep milk. The only limitation here is the knowledge of
cow milk heat treatment.

In total, 9 samples of bryndza were analysed in the
monitoring phase of the research with the results of
detected cow milk ranged from 11.56% to 14.3%. It can be
assumed, that the real addition of cow milk in commercial
samples of bryndza was higher than those detected by
ELISA.

In conclusion, the analysis has shown that the ELISA
tests identified the presence of cow milk, but
quantification was not exact because of irreversible
changes caused by the manufacturing process. Despite this
fact, producer recommended ELISA tests for the detection
of sheep milk and cheese adulteration by cow milk.
Despite some negatives identified in this study, ELISA
tests may find practical application, if they are used only
for the qualitative detection of cow milk in other species
milks or cheeses. Such detection is important for health,
nutritional, technological as well as for economic reasons.
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COMPOSITION AND MICROSTRUCTURE ALTERATION OF TRITICALE GRAIN
SURFACE AFTER PROCESSING BY ENZYMES OF CELLULASE COMPLEX

Elena Kuznetsova, Svetlana Motyleva, Maria Mertvischeva, Viadislav Zomitev, Jan Brindza

ABSTRACT

It is found that the pericarp tissue of grain have considerable strength and stiffness, that has an adverse effect on quality of
whole-grain bread. Thereby, there exists the need for preliminary chemical and biochemical processing of durable cell walls
before industrial use. Increasingly used in the production of bread finds an artificial hybrid of the traditional grain crops of
wheat and rye — triticale, grain which has high nutritional value. The purpose of this research was to evaluate the influence
of cellulose complex (Penicillium canescens) enzymes on composition and microstructure alteration of triticale grain
surface, for grain used in baking. Triticale grain was processed by cellulolytic enzyme preparations with different
composition (producer is Penicillium canescens). During experiment it is found that triticale grain processing by enzymes
of cellulase complex leads to an increase in the content of water-soluble pentosans by 36.3 — 39.2%. The total amount of
low molecular sugars increased by 3.8 — 10.5 %. Studies show that under the influence of enzymes the microstructure of the
triticale grain surface is changing. Microphotographs characterizing grain surface structure alteration in dynamic (every 2
hours) during 10 hours of substrate hydrolysis are shown. It is found that the depth and direction of destruction process for
non-starch polysaccharides of grain integument are determined by the composition of the enzyme complex preparation and
duration of exposure. It is found, that xylanase involved in the modification of hemicelluloses fiber having both longitudinal
and radial orientation. Hydrolysis of non-starch polysaccharides from grain shells led to increase of antioxidant activity.
Ferulic acid was identified in alcoholic extract of triticale grain after enzymatic hydrolysis under the influence of complex
preparation containing cellulase, xylanase and B-glucanase. Grain processing by independent enzymes containing in
complex preparation (xylanase and B-glucanase) shows that more significant role in polysaccharide complex composition
and grain surface microstructure alteration belongs to xylanase. Grain processing by independent of cellulolytic enzymes
may decrease the strength of pericarp tissue of grain and improved sensory characteristics of the bread.

Keywords: triticale; grain; xylanase; microstructure; antioxidant activity

INTRODUCTION

Dietary fiber in cereals is presented by non-starch
polysaccharides found in the cell walls and consisting
mainly of arabinoxylan and B-glucan (Jacobs et al., 1998;
Gebruers et al., 2008). Wheat and rye, as a universal raw
material used in baking, became the main objects in
studies of the grain pentosans properties. Currently,
however, an artificial hybrid of these grains named triticale
get wider range of application (Cauvain et al., 2007).
Total dietary fiber content of triticale grain is 13 — 16 %
depending on the sort. Triticale comprises 6.8% of
arabinoxylan, 0.7% of B-glucan and 2.1% of cellulose on
average (Izydorczyk et al., 1995; Barron et al., 2007).

Studies show that the molecular structure and the
structural organization of arabinoxylans and B-glucans of
grain (pentosans) are important determinants of their
physical properties, such as solubility in water, viscosity,
digestibility. This determines the functionality of said
polysaccharides and their physiological functions in the
gastrointestinal tract of humans (Vaikousi et al., 2004;
Lazaridou et al., 2007). Inclusion of cereals products
containing dietary fiber in diet helps reduce cholesterol

concentration, that decrease the risk of coronary heart
disease (MclIntosh et.al., 1991; Brown et al., 1999),
improve the glycemic level control for people with type 11
diabetes (Lu et al., 2004), increases intestinal peristalsis
(Cummings et al., 1992, 2009).

Arabinoxylans and pB-glucans, along with providing
benefits to human health, have the potential to improve the
quality of bakery products (Said et al., 2011). There are
two types of arabinoxylans: water extractable (about 35%
of the total) and non-extractable (Leggio et al.,, 1999).
These two fractions differ in physicochemical and
functional properties, including water-binding and
gel-forming ability (Courtin et al., 2002). Most of the
dietary fiber of rye and wheat bran is insoluble
(Grigelmo-Miguel et al., 1999; Van Craeyveld et al.,
2009). However, water-extractable arabinoxylan is more
effective compared to non-extractable in terms of quality
improvement and shelf life extension of bread by reducing
the effect of staling and starch retrogradation (Courtin et
al., 1999; Said et al., 2011).

The pericarp tissue of grain have considerable strength
and stiffness, that has an adverse effect on quality of
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whole-grain bread (Antoine et al.,, 2003). There is a
growing demand for the usage of sustainable processes of
soft biotech processing of plant cell walls, which will
replace the chemical treatment (Ulvskov et al., 2011).
Usage of a xylanase for the hydrolysis of water-insoluble
non-starch polysaccharides of the cell walls leads to
improvement in swelling, sensory performance and to
deceleration of starch retrogradation process (Gruppen et
al., 1998; Andlaver et al., 2002; Charalampopoulos et
al., 2002; Jiang et al., 2005).

The purpose of this research was to evaluate the
influence of cellulose complex (Penicillium canescens)
enzymes on composition and microstructure alteration of
triticale grain surface, for grain used in baking.

MATERIAL AND METHODOLOGY

Two sorts of triticale grain from different genetic sources
were studied. They are «Antaeus» and «Talva 100»
(Russian Federation). Dry complex enzyme preparation
comprising cellulase, B-glucanase and xylanase, as well as
preparations containing individual enzymes (producer is
Penicillium canescens, The Russian Academy of Sciences'
Skryabin Institute of Biochemistry and Physiology of
Microorganisms) were used during research. Enzymes had
the following activity: cellulase 58711 nkat/g,
xylanase 12135 nkat/g, B-glucanase 51317 nkat/g and
were given by chemical faculty of Moscow State
University (Sinitsyna et al., 2003).

Enzyme preparation in powder was mixed by a magnetic
stirrer with a citrate buffer (pH 4.5) for 0.5 hours at a
concentration of 0.6 gL’ before the analysis. This
concentration corresponds with the optimum enzyme
concentration for bread production from whole triticale
grain (Kuznetsova et al., 2010). Whole triticale grain was
incubated in enzyme preparation solution with
grain-solution ratio of 1:1.5 for 8 hours at 50 °C in

thermostat. Duration of cereal substrate hydrolysis
determined by the time during which the grain moisture
was 40% or more that is required to get the cereal mass
with ability to dispersion and allow to use grain raw
material for bakery. To save material intact enzyme
inactivation wasn’t performed after incubation.

Determination of cellulose content, ratio of amorphous
and crystalline cellulose and total amount of hemicellulose
were carried out according to procedures described by
Ermakov (1972). To detect the soluble pentosans, grain
sample was analyzed by orcinol-chloride method
(Hashimoto et al., 1987).

Concentration  determination of low  molecular
carbohydrates in the grain samples was performed by a
chromatographic method with electrochemical detection
using liquid chromatograph Agilent 1100 with
electrochemical detector ESA Coulochem III. Sugars
mixture separation carried out using an anion exchange
column with grafted amine phase followed by
electrochemical detection.

Microstructural studies were conducted using an electron
scanning microscope ZEISS EVO LS. Survey was carried
out at an acceleration voltage of 15 kV.

Complex of phenolic compounds was determined by
HPLC wusing MiLiChrome-5 device. Triticale grain
ethanolic extract was used, eluent of composition is
acetonitrile — water solution of trifluoroacetic acid (pH 2.5,
in a ratio of 15:85); elution mode is isocratic, the analysis
time is 12 — 25 min, the sample volume — 6.2 ml.
Antioxidant activity was determined by
spectrophotometric method in alcoholic extract described
by Silva et al., 2005.

RESULTS AND DISCUSSION
Table 1 shows the research results of dietary fiber content
in two sorts of triticale grain.

Table 1 Composition of non-starch polysaccharides of dry triticale grain soaked in a citrate buffer and treated with

enzyme preparations, in %.

Ratio of amorphous and

Experiment variation Cellulose crystalline cellulose Hemicellulose Soluble pentosans
Antaeus
Dry grain 2.20+0.04 2.33 £0.04 7.93 £0.04 5.46 +£0.04
Control grain 2.08 £0.05 2.24 +0.04 7.24 +0.05 5.88 +£0.06
Complex preparation 1.96 +£0.03 2.00 +0.04 6.70 +0.05 7.60 £0.03
Xylanase 1.98 £0.04 2.08 £0.03 6.96 £0.04 7.34 £0.03
- glucanase 2.04 +0.03 2.18 £0.03 7.18 £0.03 6.66 £0.05
Talva 100
Dry grain 2.14£0.04 2.60 £0.04 7.94 £0.02 5.84 +£0.03
Control grain 2.02 £0.03 2.48 £0.04 7.38 £0.02 6.15 £0.02
Complex preparation 1.85+0.02 2.21 +£0.04 6.95 +0.04 7.96 £0.03
Xylanase 1.90 +0.05 2.26 +0.03 7.12 +£0.06 7.68 +£0.03
B- glucanase 2.00 +0.03 2.34 +£0.03 7.24 +£0.02 6.74 £0.04
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As a result of grain processing by enzyme complex
concentration of water-soluble pentosans increased by 36.3
— 39.2%, depending on the sort of grain. Processing of
grain by individual enzymes like hemicellulase comprised

in complex preparation (xylanase and p-glucanase),
showed that more significant role in polysaccharide
complex composition of grain surface structures alteration
belongs to xylanase. These results are consistent with data

Table 2 Carbohydrate composition of dry ftriticale grain, soaked in citrate buffer and treated with enzyme

preparations, g.L™.

Sugar Dry grain Control grain pi(;)zlrzlt?zn Xylanase B-glucanase
Arabinose 0.00 0.01 0.03 0.02 0.02
Galactose 0.00 0.00 0.00 0.00 0.00
Glucose 0.31 0.35 0.43 0.40 0.37
Xylose 0.00 0.00 0.04 0.02 0.01
Fructose 0.26 0.24 0.22 0.23 0.24
Raffinose 0.00 0.01 0.03 0.03 0.02
Unidentifiedsugar 0.07 0.08 0.12 0.10 0.09
Cellobiose 0.00 0.00 0.00 0.00 0.00
Maltose 1.68 1.98 2.08 2.05 2.02
Total 2.32 2.67 2.95 2.85 2.77
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Figure 1 Microstructure of triticale grain surface (1 — grain soaked in buffer — control; 2 - treated by complex enzyme
preparation; 3 — by xylanase preparation; 4 — by B-glucanase preparation), an increase of x 700. Photo: S. Motyleva,

2014.
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from (Havrlentova et al., 2011), where it was found that
the level of soluble dietary fiber in wheat bran increases
under the influence of enzyme
preparations — hemicellulases, especially those containing
endoxylanase.

Since varietal differences in non-starch polysaccharides
of triticale grain shells content alteration after enzymes

100pm 0061

o R . e :
g SN
" 100pm 0061 1568 50Pa
3

-

processing (cellulase complex Penicillium canescens) is
not significant, the determination of triticale grain
carbohydrate composition by chromatographic method
was carried out for the average triticale grain sample,
composed of two represented sorts. Hydrolysis of
glycosidic linkages in polysaccharides molecules is
occurred and partially collapsed matrix carcass nodes,

0061 1668 50Pa . "«
2

Figure 2 The surface microstructure of triticale grain, soaked in a solution of a complex preparation (cellulase,
B-glucanase, xylanase) during different periods (1 — immediately after being placed in a solution; 2 — 2 hours;
3 — 4 hours; 4 — 6 hours; 5 — 8 hours; 6 — 10 hours) x 200 magnification. Photo: S. Motyleva 2014.
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wherein substances with low molecular weight and high
solubility was formed (see Table 2).

The content of arabinose (0.02 — 0.03 g.L™") and xylose
(0.01 — 0.04 gL") in grain extracts indicate occurred
biochemical processes in arabinoxylan chains. Such
processes can be caused by the presence of hydrolyzing
glycosidic linkages in the enzyme complex of
hemicellulases  preparations. Results of chemical
composition alteration of the cell walls in wheat grain
shells under the influence of xylanase reconciled with
scanning electron microscopy (Tervild-Wilo et al., 1996;
Parkkonen et al., 1997). Figure 1 shows
microphotographs of dry triticale grain surface structure,

orientation. Channels on the surface of the grain shells,
having various directions are found. This fact shows that
endoxylanases Penicillium canescens have much stronger
destructive forces for non-starch polysaccharides in outer
integument of triticale grain compared to 3-glucanase.

Figure 2 shows photographs of the surface microstructure
of triticale grain soaked in a solution of a complex
preparation for adifferent time.

Microphotographs shows triticale grain surface alteration
during hydrolysis by complex enzyme preparation in the
dynamics. First of all microfibrils having a longitudinal
orientation became bare because hemicellulose shielding
layer exposed to degradation influence. Hollows having a

soaked in citrate buffer and treated with enzyme radial orientation appear on the surface of the grain shells
preparations. after 6-8 hours of hydrolysis. It means that deeper
Xylanase have an influence on both type of processes affecting both arabinoxylan molecules and
hemicellulose fibers with longitudinal and radial cellulose matrix microfibrils.
=—&—complex enzime preparation == [-glucanase ——Xxylanase
8
: Bt
6
=3 < —54‘
< / — ~
g 4
2 =
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Figure 3 Triticale grain antioxidant activity alteration in the process of enzymatic hydrolysis by cellulase preparations.
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Figure 4 The chromatogram of triticale grain extract after enzymatic hydrolysis with a complex enzyme preparation
(cellulase, B-glucanase, xylanase) made of Penicillium canescens.
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The degradation of xylan from cell walls matrix under
the influence of endo-xylanase and f-glucanase leads to
destruction of the natural triticale grain shells structure and
to increase of the water-soluble pentosans concentration.

Determination of antioxidant activity (Figure 3) for
alcoholic extract of triticale grain treated for 8 hours by a
complex enzyme preparation, -glucanase and xylanase,
show that the percentage of DPPG free radicals inhibition
increasing with extension of hydrolysis duration.

Composition of phenolic compounds in triticale grain
extract after enzymatic hydrolysis with a complex enzyme
preparation was determined by HPLC method.
Chromatogram is shown in Figure 4.

Chromatogram of alcoholic extract allowed to identify
organic and hydroxycinnamic acids. Ferulic acid was
identified (VR = 9,6; RS = 0,533). These findings are
consistent with the results of (de Vries et al., 2000), where
stated that after the degradation of xylan chain by
endo-xylanase, the antioxidant activity of cereal substrates
increases by the release of ferulic acid.

CONCLUSION

During experiment it is found that triticale grain
processing by enzymes of cellulase complex leads to an
increase in the content of water-soluble pentosans by
36.3 — 39.2% and carbohydrates with a low molecular
weight and high solubility. Xylan degradation of the cell
walls matrix under the influence of endo-xylanase
and B-glucanase leads to the destruction of the natural
structure of triticale grain shells, that is consistent with
data on the content increase of water-soluble pentosans.
Application of cellulase complex enzymes (producer is
Penicillium canescens) for the treatment of triticale grain
increases the content of water-soluble pentosans, low
molecular carbohydrates, the antioxidant activity of raw
material that has positive implications for the future grain
usage in bread baking. Grain surface microstructure
alteration leads to modifications of non-starch
polysaccharides, that may decrease their strength and
improved sensory characteristics of the product.
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THE CONTENT OF MERCURY IN VARIOUS TYPES OF CEREALS
GROWN IN THE MODEL CONDITIONS

Lubo$ Harangozo, Miriama Kopernickd, JanneteMusilova, Pavol Trebichalsky

ABSTRACT

The consumption of cereals in Slovakia but also worldwide is increasing by every year. From 30000 to 50000 tons of
mercury circulates throught the biosphere that gets into the atmosphere degassing of the earth's crust and world oceans.
Mercury affects CNS and causes its disorders. The high doses of mercury causes a lot of different changes of personality as
well as increased agitation, memory lossorinsomnia. It can also affect other organ systems such as the kidney. The exposure
level is reflected in the concentration of mercury in blood and urine. The aim of our work was the evaluation of transfer of
mercury from sludge to edible part of chosen cereals. The objectives were achieved in simulated conditions of growing pot
experiment. We used agricultural soil from the location of Vycapy — Opatovce for the realization of the experiment. The
sludge, which was added atvarious doses, was taken from Central Spi$ area from locality of Rudnany near the village where
minedironore that contains mainly copperand mercury during last few decades was. We used three types of cereals: barley
(Hordeum sativum L.) variety PRESTIGE, spring wheat (Triticum aestivum L.) variety ISJARISSA and oat (4dvena sativa
L.) variety TATRAN. The length of growing season was 90 days. From the obtained results of two years can be concluded
that the accumulation of mercury by seed follows wheat < barley < oat. Even though that the oat is characterized by the
highest accumulation of mercuryin the seeds, the content did not exceed the maximum level sspecified by The Codex
Alimentarius of Slovak Republic. The results shows that the suitable cultivation of the cereals in localities, which are
contaminated with heavy metals, especially by mercury, that the high content of mercury in soil do not pose a risk of

accumulation of the metal into the cereal grain.
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INTRODUCTION

The cereals are probably the most important source of
food for humans and feed foranimals. Consequently, the
low level of contamination can affect the health of
consumers. Chemical contamination can occur from
growing of cereals to their processing and storage
(Alldrick, 2012).

The cereals are the most common crops that are grown on
arable land of EU. The fifty percent of cereal production in
Southern Europe consists of wheat and than barley and
maize. Other cereals as oat and rye are grown to a limited
amounth (Finch et al., 2014). The consumption of cereals
in Slovakia but also worldwide is increasing by every year.
The cereals are particularly very important for its
nutritional value. The opinion of many experts is that
cereals should constitute from 40 to 60 percent of
well - balanced diet. Cereals provide most of the calories
and proteins consumed worldwide. The current annual
world production is more than 2.5 billion tons. This out put
is either directly channeled to the food industry or used as
animal feed to provide meats, dairy, and poultry products.
Among cereals, rice, wheat, and maize yield
approximately 89% ofthe total production and constitute
the main stay of practically all cultures. The otherless
important cereals are barley, oats, sorghum, rye, triticale,

and millets. All cereals are strachy foods and contain
protein that does not meet the essential aminoacid balance
required by growing infants. They are considered a good
source of energy, most B vitamins, and dietary fiber when
consumed as whole grains (Serna Saldivar, 2016).

The cereals and cereal products are the main sources of
carbohydrates in food for humans and feed for animals.
Cereal grains are an important source of energy and
nutrients in the form of protein, fat, fiber, minerals and
vitamins (Beverly, 2014).

The cereals are as well as the most important source of
fructans in our daily diet. Nowadays are hotly discussed
and compared a lot of different cereals in the terms of
fructans structure. Their degradation during processing of
food is considered as a potential health benefit. Recent
published data suggest that they may also have a prebiotic
effect (Verspreeta et al., 2015).

The cereals and cereal bran obtained a significant
position as a functional food. They are a source of
carbohydrates (arabinoxylan, beta — glucan), phenolic
acids (ferulic acid), flavonoids (anthocyanins), oil
(y - oryzanol), vitamins, carotenoids, folates and sterols.
Their physico — chemical properties makes them a
necesssary ingredient for food fortification. The bran of
rice, wheat, oat, barley, millet, rye and corn contain a huge
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amount of  health-promoting  ingredients.  The
anti-atherogenic, anti-hypertensive and hypoglycemic
properties were verified. Further, it was found the effect
against oxidative stress. They reduce insulin resistance,
prevent the risk of obesity by inducing the feel of fullness
(Patel, 2015).

The importance of fiber as a part of a well - balanced
diet, has been known for a decades. Soluble fiber such as
B-glucan has a significant glycemic effect. The cereals,
especially barley and oat are a perfect source of these
functional components. Current research suggests that the
efficacy of the beta-glucans is also appreciable in the
immune system. They have a positive effect as prebiotics
(Koutinas et al, 2014). Recent large-scale
epidemiological studies have shown that regular
consumption of whole grain cereals can reduce the risk of
heart disease and certain cancers by 30 percent. One of the
factors that increase the functionality of foods is
theso-called in digestible resistant starch (Duchofiova and
Sturdik, 2010).

The most common toxic heavy metals include Hg, Cd
and Pb. The current state of the environment significantly
influences gene pool of plants and animals and through
food chain and population health and animals
(Cimbolakova and Novakova, 2009).

Food consumption has been identified as a major source
of contaminants income. There are a lot of elements which
have a pathological effect on the organism, and are
characterized by high toxicity. These contaminants are
mercury and arsenic too (Melo et al., 2008). Lead,
mercury and cadmium are the elements which have a
harmfule ffects on the central nervous system in the
development of the child (Kippler et al., 2012). Mercury,
as well as other trace elements, moves between different
media (i.e. atmospheric aerosol, dust, soil, plants,
sediment, in the gas phase, in aqueous solution and solids
(Charlesworth et al., 2011).

Mercury mining and its use in products continue to the
present. Consumer products containing mercury are
batteries, fluorescent lamps, and some cosmetics
(McKelvey et al., 2011; Streetsetal, 2011). Mercury and
its compounds are toxic to humans and the environment.
Mercury is found in various chemical forms and is able to
cause a wide variety of clinical effects (Bernhoft, 2012).

The toxicity of mercury and its compounds to humans,
such as a taxy, narrow vision, hearing loss and death were
firstly described in 1865 (Grandjean et al., 2010). Man
receives the highest concentrations of mercury through the
food chain and the largest sourceof food consists of animal
origin (Téth et al., 2012).

The high doses of mercury can be fatal to humans, but
even relatively low doses can have a serious effect on the
nervous system and the development. Nowadays it has
been disscused a lot about the harmful effectson the
cardiovascular, immune and reproductive systems.
Mercury also slow down microbiological activity in soil
and under the regulation of classification of ground and
surface water is one of the most hazardous substances to

health. Mercury is persistent and can change the
environment into methylmercury, the most toxic form. The
phytotoxicity of mercury depends on its form and sorption.
Elemental mercury is a potential source of highly toxic
gases. Plants possess different degrees of tolerance of
mercury (SameSova, 2012). The plants may be exposed to
either direct effect of mercury as antifungal agents,
particularly through the crop seed treatment or foliar spray
or by an accident. The exposure to mercury may occur
through soil, water and air pollution.The concentration of
mercury in above — ground parts of plants depends largely
on foliar uptake Hg" volatilisation from the soil. Wilde
dible fungiare characterized by high bioaccumulative
ability — they are able to take from substrate and then
aggregated up to several tens of its concentrationin soil
(Arvay et al., 2014; Arvay et al., 2015).

The factors that are affecting the accumulation of
mercury by plants are organic matter contentin the soil or
sediments, organic carbon content, redox potential and
total metal content. Generally, mercury up takein plants
could be related to the degree of soil pollution (Patra and
Sharma, 2000, Tomas et al., 2012, Arvay et al., 2013;
Tomas et al., 2014).

MATERIAL AND METHODOLOGY

The aim of our work was the evaluation of transfer of
mercury from sludge to edible part of chosen cereals. The
objectives were achieved in simulated conditions of
growing pot experiment. We used agricultural soil from
the location of Vycapy — Opatovce for the realization of
the experiment. The sludge, which was added at various
doses, was taken from Central Spi§ area from locality of
Rudnany near the village where was mined iron ore that
contains mainly copperand mercury during last few
decades. We used three types ofcereals: barley (Hordeum
sativum L.) variety PRESTIGE, spring wheat (Triticum
aestivum L.), variety ISJARISSA and oat (Avena sativa L.)
variety TATRAN. The length of growing season was 90
days.

Before the establishment growing pot experiment we
performed all necessary analyses in soil and sludge. We
determined soil reaction, content of nitrogen by Kjeldahl
method, phosphorus content, potassium and magnesium
contentby Mehlich 1II solution. Subsequently, we
determined the content of heavy metals in the acid mixture
HNO; and HCI (decomposition by aqua regia) by AA
Swith Varian AA240FS (Australia). For analysis of each
elelment, we used the multi-element standard
SigmaAldrich (Germany).

To every one of all tested pots was weighed 5 kg of soil
with 1 kg of silica sand, while the bottom of the container
was filled with a small drainage layer of gravel. In each
pot was applied the calculated dose of sludge.

Crop shave been harvested at full maturity time and after
drying were assessed by mercury by AAS for AMA254
(Czech Republic). Seed samples are analyzed directly
without modification.

Volume 10

No. 1/2016



Potravinarstvo® Scientific Journal for Food Industry

For statistical evaluation of obtained results was used a
statistical program STATISTICA 6.0 Cz. Wetested the
resultson the level of descriptive statistical evaluation, and
overall visual indication of the level factor, variability and
the deviation was expressed in text. For statistical
evaluation we used T-test at the level p <0.05.

RESULTS AND DISCUSSION

Soil from the locality of Vycapy — Opatovce has
analcalic soil reaction with medium level of humidity. It is
characterized by good content of phosphorus and
potassium and a high content of magnesium.The contents
of heavy metals do not exceed the limit values (Act No.
220/2004 Coll.).

Sludge from the locality of Rudilany has a strongly
alkaline soil reaction. It is characterized by a very low
content of phosphorus and potassium. Mercury content
(57.81 mg.kg™") exceeds the maximum permissible amount
by 5.78 times (Act No. 188/2003 Coll.).

Mercury content in barley seeds in D variant has

Table 1 Variants of the experiments.

increased by 7.9 times in 2013 and 14.2 times in 2014
compared to variant A (soil without addition of sludge).
Escalating amount of sludge added to the soilis
proportionally reflected in mercury content in the seeds of
barley. In 2013 the mercury content in the seeds of barley
was almost a half lower than in 2014.

Mercury contentin barley seeds in all variants exceeded
the maximum permissible amount specified by The Codex
Alimentarius of Slovak republic (CA SR).

Statically significant difference between 2013 and 2014
in mercury content in the seeds of barley was obtained in
the variant D. In other variants was not statistically
significant difference.

The highest mercury content of seeds of wheat was
obtained in the variant D in 2014 where the Hg content in
the seeds was higher by 5.7 times than in variant A. The
differences between the mercury content of variants C and
D was not as significant as in the case of barley. The
difference between the highest mercury content of seeds of
wheat in variant D in the year 2013 and 2014 had not a

variants
A soil 100%
B soil 90%, sludge 10%
C soil 80%, sludge 20%
D soil 70%, sludge 30%

Table 2 The content of microelements in the soil.

MEHLICH I (mg.kg™")

K Ca

Mg P

287.5 6948.0

392.0 587.5

Table 3 The contents of heavy metals in the soil (decomposition by aqua regia) and comparison of Act No. 220/2004

Coll. of Slovak Republic (mg.kg™).

Cd Pb Cu Zn Cr Ni
soil 0.70 18.2 18.4 55.6 17.2 30.6
Act No. 220/2004 0.70 70 60 150 70 50

Figure 1 Simulated conditions of growing pot experiment.
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Table 5 Mercury content in the seeds of wheat variety Jarissa in 2013 and 2014 (mg.kg™) and the comparison of

mercury content with Codex Alimentarius of Slovak republic (CA SR).

WHEAT
variants 2013 2014
A 0.001821 0.001395
B 0.003241 0.001866
C 0.006582 0.004729
D 0.006809 0.007966
CA SR 0.05 0.05

Table 6 Mercury contentin the seeds of oat variety Tatran in 2013 and 2014 (mg.kg™) and the comparison of mercury

content with Codex Alimentarius of SR (CA SR) .

OAT
variants 2013 2014
A 0.002971 0.002288
B 0.007252 0.003753
C 0.009468 0.010078
D 0.019722 0.040756
CA SR 0.05 0.05

high level of significance.

Mercury content in wheat seeds in all variants was not
exceeded the maximum permissible amount specified by
Codex Alimentarius of SR (CA SR) .

Regarding the differences in mercury content in wheat
seeds was not obtained statistically significant difference
beetween different years.

The largest in take of mercury was obtained in oat seeds.
Mercury contentin variant D (maximum addition of
sludge) was higher by 17.8 times than in variant A in
2014. In 2013 the mercury content in the seeds of oat was
almost a half lower than in 2014. The most significant
increase in mercury conten tin the seeds of the oat option
C and D was recorded in 2014.

Although oat is characterized by the highest
accumulation of mercury in the seeds, the content was not
exceeded the maximum permissible amounts specified by
Codex Alimentarius of SR (CA SR).

Statically significant difference between 2013 and 2014
in mercury contentin the seeds of oat was obtained in the
variants B and D.

Bajcan et al., (2010) measured mercury concentrations
in the samples taken agricultural crops grown on all uvial
soils in the region of Hont. Hg content in the grains wer in
arange of less than 0.0001 mg.kg-1 to 0.0198 1 mg.kg”,
what is significantly less mercury as maximum allowable
limit for Food (0.05 mg.kg™).

Hg content corresponds to the content in the soil, the
greater Hg content in thes oil, the higher the Hg content in
the grain cereals. The highest Hg content in the grain
weset in the grain of the barley from area MarkuSovce and
0.2006 mg.kg', what It represents four times the limit
value (Sabo, 2013).

In general, the acceptability of the soil for the plants Hg
low, tending accumulation in the roots, but the aerial parts
of the plants absorbed from the atmosphere directly Hg. To
of total Hg in plants has, according to some authors direct
deposition up to 90% share. The natural average
concentration of Hg in the plants are moved between
0.005 - 0.17 mg of Hg. kg™, with values of 1 - 3 mg Hg.kg"
"are considered phytotoxic (Toman et al., 2000).

The following figures show the comparison of the
mercury contentin the seeds of commodities in different
variants.

Figure 2 shows that the mercury content of the seeds of
each cereal in variants B, C and D increases with
increasing addition of sludge intot he soil. The smallest
storage capacity of mercury was recorded in spring wheat
variety ISTARISSA. In a variant D was 0.006809 mg.kg™
of mercury content, which represents almost a half of the
amount that has been accumulated by seeds of barley and
by 3 times smaller than accumulated amount in the case of
seeds of oat in the same variant.

Figure 3 shows a similar situation as Figure 2, thus
increasing doses of sludge into the soil affected also by
increased mercury content in the seeds of varieties of all
crops.The results obtained from the two years can
therefore say that in terms of accumulation of mercury
seeds equence is as follows wheat < barley < oat.

Increased mercury content in soil in each variant due to
the addition of sludge had a statistically significant effect
on mercury content in the seeds of all variants ata
significance level of p<0.05.

For all crops the additions of sludge into the soil have a
statistically significant effect on mercury content in
different variants ata significance level of p <0.05.
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Figure 2 Mercury content in the seeds of various cereals in all variants (mg.kg™") that were grown in the year 2013.
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Figure 3 Mercury content in the seeds of various cereals in all variants (mg.kg™") that were grown in the year 2014.

CONCLUSION

The results showed that the amount of sludge added in
specified amounts into the soil increases mercury content
in seeds of crops.

Although oat was characterized by the highest
accumulation of mercury in the seeds, the content was not
exceeded the maximum permissible amount specified by
Codex Alimentarius of SR.

From the obtained results of two years can be concluded
that the accumulation of mercury by seed follows
wheat < barley < oat.

The results showed that the suitable cultivation of the
cereals in localities, which are contaminated with heavy
metals, especially by mercury, that the high content of
mercury in soil do not pose a risk of accumulation of the
metal into the cereal grain.

Increasing number of toxic metals in soil leads to an
increased content of the emetals in crops and subsequently

in animal products. This may have adverse effects on
people who consume these products.

There are two main reasons why the contamination of the
environment with heavy metals causes concern. First, it
can reduce the productivity of plants used as human food
and animal feed. Second, it affects the quality of
agricultural products.
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HEAVY METALS DETERMINATION IN EDIBLE WILD MUSHROOMS GROWING
IN FORMER MINING AREA - SLOVAKIA: HEALTH RISK ASSESSMENT

Zuzana Zdahorcovd, Jilius Arvay, Martin Hauptvogl, Jan Tomds, Lubo$§ Harangozo

ABSTRACT

The aim of the paper is to assess a contamination level of forest substrates and aboveground parts of edible wild mushroom
(M. procera (Scop.) Singer, B. recitulatus Schaeff., C. cibarius Fr., S. grevillei (Klotzsch) Singer, A. campestris L.,
R. xerampelina (Schaeft.) Fr., L. salmonicolor R. Heim & Leclair, C. gibba (Pers. Ex Fr.) Kumm., X. chrysenteron (Bull.)
Quél.,, M. oreades (Bolton) Fr.; n = 70) by heavy metals (Cd, Cu, Pb and Zn). The studied location was a broader
surroundigs of the historical mining and metal processing area of Banskéd Bystrica. The collected mushroom samples and
underlying substrate samples were analysed using Flame Atomic Absorption Spectrofotometry and Flame Absorption
Spectrophotometry with graphite furnace. Bioaccumulation factors (BAF) for individual species and their anatomical parts
were calculated from the results obtained. In order to assess a health risk resulting from regular consumption of the
mushrooms, provisional tolerable weekly intake (PTWI) was calculated from the results of the monitored heavy metal
concentration. Limit values for the studied contaminants (Cd: 0.49 mg.kg" and Pb: 1.75 mg.kg" for an individual with an
average weight of 70 kg) are defined by FAO and WHO. Our results indicate that S. grevillei has a high bioaccumulation
ability of Cd. It was confirmed by bioaccumulation factors (BAFy = 3.47 and BAFgr = 2.30). The PTWI4 value was
exceeded by 4.11 times. A similar situation occurred in the case of Pb where the highest bioaccumulation factor
(BAFy = 0.24 and BAFgpg = 0.19) was also recorded in the samples of S. grevillei and the PTWIp, value was exceeded by
1.35 times. In general, it can be stated that a consumption of edible wild mushrooms represent a relatively small risk of

negative impact on the health of consumers.

Keywords: edible wild mushroom; heavy metal; contamination; bioaccumulation; health risk assessment; Slovakia

INTRODUCTION

Heavy metals are ubiquitous environmental components,
the origin of which is natural or anthropogenic (Jiang et
al., 2006; Feng et al, 2003). Environmental
contamination with heavy metals is increasingly coming to
the fore and it is one of the most serious problems of
modern society nowadays. Their riskiness arise from the
substantial  persistence, toxicity and ability to
bioaccumulate into environmental components and
consequently into the food chain (Burges et al., 2015;
Douay et al., 2013; Roman and Popiela, 2011). Long-
time industrialization of society and subsequent rapid
urbanization lead to an increased amount of xenobiotics
and thus also heavy metals in the urban environment
(Szolnoki et al., 2013; Luo et al., 2012) but also in non-
urban areas (Luo et al, 2014), which represents a
significant risk to the global ecosystem and the health of
human populations (Siciliano et al., 2009).

Some heavy metals (Hg, Cd, Cr, Ni, Pb), arsenic and
esential trace elements (Cu, Zn) pose a significant risk to
the quality of the environment, which influences on the
health of the human population (Alloway, 2013; Jomova
and Valko, 2011). They enter the environment via natural
activities (volcanic activity, weathering, etc.) and
anthropogenic activities (e. g. extraction and processing of

minerals, combustion of fossil fuels and waste, etc.).
(Hooda, 2010). Cadmium and lead belong to non-essential
trace elements and are classified as toxic metals that are
harmful to plants, animals and human body even at very
low concentrations. They are introduced to the body
mostly by inhalation and/or resorption and consequently
damage individual systems of the human body
(Timoracka et al., 2011; Silva et al., 2003). However,
high amounts of the heavy metals can get into the body
also by food. Zinc and copper are classified as essential
trace elements (Wuan and Okieimen, 2011; John et al.,
2010), however they can be toxic to humans in higher
concentrations (Licata et al., 2012). They participate in
the regulation of various physiological functions, including
inflammatory and oxidative processes (Mocchegiani et
al., 2012; Malavolta et al., 2010). For example, increased
concentration of copper has adverse effects on the activity
of the central nervous system and certain physiological
processes (Grandner et al.,, 2013; Cappuccio et al.,
2011).

Edible wild mushrooms represent a natural part of forest
ecosystems and play an important role in the cyclic
pathways of elements and organic matter (PetkovSek and
Pokorny, 2013). They are able, together with
micro-organisms, to biodegrade substrate and thus utilize
waste from agricultural production and/or human activities
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(Ouzouni et al., 2009). Some mushroom species are
considered as a delicacy in many countries, including
countries of Central and Eastern Europe. Fruiting bodies of
the mushrooms are popular not only for their texture and
flavor, but also for their nutritional properties (Cheung,
2013; Kala¢, 2013). They are characterized by low energy
value and high concentration of essential biologically
valuable elements, specific B-glucans and antioxidant
substances (Kalaé, 2013; Kala¢, 2009). Moreover, they
provide a valuable source of fiber, vitamins and minerals
such as thiamin, riboflavin, vitamin D, potassium,
phosphorus, iron and calcium (Wang et al, 2014;
Falandysz and Borovicka, 2013). It has been known for
long time that mushrooms are able to accumulate large
amounts of heavy metals (Zhang et al., 2008), what makes
them ideal for biomonitoring of environmental pollution —
particularly  contamination of forest ecosystems
(Radulescu et al.,, 2010). There are many factors that
influence the presence of metals in mushrooms, for
example climate, environmental conditions and
concentration of macromolecules in the cell wall of each
specific species (Ostos et al.,, 2015). Studies of the
interaction of heavy metals in the system soil/substrate —
mycelium showed that mushrooms have several fold
higher bioaccumulation capacity to uptake xenobiotics —
heavy metals from the substrate compared to higher plants
(intake from the atmosphere is negligible) (Falandysz,
2015; Saba et al., 2015; Zhu et al., 2011; Gursoy et al.,
2009).

Under natural conditions, the concentration of heavy
metals in certain species of edible mushrooms can be
higher, even if the soil contamination level is low
(Falandysz et al., 2003). The highest concentrations of
trace elements are mostly found in the hymenophore,
lower values are in the spores and the lowest values are in

the stem (Arvay et al., 2015a; Krasifiska and Falandysz,
2015; Falandysz et al., 2007; Alonso et al., 2003).

The aim of the paper is to determine the level of
transition of the studied heavy metals (Cd, Cu, Pb and Zn)
from the substrate into the aboveground parts of edible
macroscopic mushrooms collected in the broader area of
Banska Bystrica, which is characterized by historic mining
and metalworking activity (mining and processing of ore
rich in precious metals, copper, lead and associated
components: mercury, cadmium, etc.). Bioaccumulation
factors (BAF) for individual anatomical parts of
mushrooms (hymenophore - H and rest of fruit bodies -
RFB) were calculated. Due to the popularity of collecting
wild edible mushrooms in Central Europe (Arvay et al.,
2014; Kala¢, 2009), a health risk arising from their regular
consumption was investigated.

MATERIAL AND METHODOLOGY
Study area, sampling and pre-analytical procedure

For the needs of our work, 10 species of the most
commonly collected wild mushrooms, which generally
represent the most frequently collected mushrooms in
Slovakia were chosen. The samples of edible wild
mushrooms and substrate (N = 70) were collected in 2014
in the broader area of Banskd Bystrica, in the cadastral
areas of villages Lubietova, Radvan, Malachov, Selce,
Nemce, Hrochot' and Podkonice that are characteristic by
historical mining and metalworking activity. Identification
of the sampling points was made using GPS coordinates
(Figure 1). The concentration of heavy metals (Cd, Cu, Pb
and Zn) was studied in individual parts of edible wild
growing mushrooms. Studied species and their respective
sampling frequencies are inculede in Table 1.

Slovakia

20 Kilometers e

Sampling points
[] Banska Bystrica district

Figure 1 Map of the studied area with sampling points.

Volume 10

38

No. 1/2016



Potravinarstvo® Scientific Journal for Food Industry

Table 1 The heavy metals cencentration (mg.kg"' DM) in substrate.

Cd Pb Cu Zn
Species* N .
Median +SD (range)
Macrolepiota procera 1 2.43 £0.80 453 £15.7 23.3£16.0 97.8£31.0
(Scop.) Singer (0.58 —3.66) (28.5 - 88.8) (10.0 - 66.9) (58.6 — 155)
Boletus reticulatus 9 2.89 +£1.60 49.4 +12.1 19.4 +9.0 122 £66.9
Schaeff. (1.76 — 6.94) (36.6 — 76.6) (11.6 —38.5) (59.4 - 278)
Cantharellus cibarius 3 2.68 +£0.60 472 £3.15 20.3 +£8.02 112 £24.1
Fr. (2.24-3.37) (43.7-49.8) (13.0-28.9) (95.2-139)
Suillus grevillei 11 2.49 +£0.68 419 £16.2 18.1 £9.91 41.9+16.2
(Klotzsch) Singer (1.66 - 3.51) (253-75.1) (3.10-38.8) (25.3-75.1)
Agaricus campestris 3 2.74 £0.19 49.8 £25.6 31.1+17.0 155 £65.5
L. (2.53 -2.90) (34.4-179.3) (14.8 -48.7) (97.0 —226)
Russula xerampelina 3 2.44 £0.54 58.2£14.5 27.0+11.9 58.2£14.5
(Schaeft.) Fr. (1.72 - 3.40) (41.4-176.6) (11.3-48.1) (41.4-176.6)
Lactarius salmonicolor 10 2.82 £0.41 61.1+23.9 23.2+8.84 101 £24.4
R. Heim & Leclair (2.25-3.50) (42.7-113) (13.0-43.1) (70.7 - 141)
Clitocybe gibba 3 2.52+£0.13 43.5 +4.65 19.8 £11.7 108 +28.7
(Pers. Ex Fr.) Kumm. (2.34-2.66) (37.8-49.2) (11.2-36.4) (67.9-131)
Xerocomus chrysenteron 7 2.03 £0.38 39.3+£5.23 18.7 £6.49 39.3+£5.23
(Bull.) Quél. (1.37-2.38) (31.2-47.1) (8.40 — 25.8) (31.2-47.1)
Marasmius oreades 5 2.22+0.43 59.1£11.5 25.5£10.1 144 £58.9
(Bolton) Fr. (1.81-2.94) (44.1-73.6) (16.2 - 38.6) (84.9 —241)

N, number of samples; SD, standard deviation; *Index fungorum (2015)

Organic and inorganic debris was removed mechanically
by ceramic knife and the cap (hymenophore) was
separated from the rest of fruit body immediately after
collecting of the mushroom samples. Later, the samples
were sliced and dried at 45 °C to constant weight. The
dried samples were homogenized in a porcelain mortar and
then stored in polyethylene bags. After the collection of
the mushroom samples, substrate samples were taken from
the same spot to a depth of 10 cm. In the laboratory, the
substrate samples were dried to a constant weight, and
afterwards they were sieved through asieve with mesh
width of 2 mm.

One gram (1 g.) of dried mushroom samples (accuracy to
4 decimal places) were mineralized by 5 cm® of
concentrated HNO; (Merck, Germany) and the same
volume of deionized water using microwave
mineralization system in MARS X-press 5 (CEM, USA).
Afterwards, the sample was filtered through filter paper
390 Filtrak (Munktell, Germany) and filled with deionized
water to 50 cm’. The substrate samples were mineralized
the same way as the mushroom samples in the mixtures of
HNO; and HCI (Merck, Germany) in the ratio 1:1. After
the mineralization, the digest was filtered through filter
paper 390 Filtrak (Munktell, Germany) and diluted with
deionized water to a total volume of 100 cm® (Arvay et
al., 2015b; Arvay et al., 2014).

Analytical procedure
Quantitative determination of the concentration of the
studied trace elements (Cd, Cu, Pb, Zn) was carried out in

the mineralized samples by flame atomic absorption
spectrometry (F-AAS) in Varian AA 240 FS apparatus
(Varian, Australia), by method published in Arvay et al.
(2014).

Statistical analysis and risk assessment

All data on the concentration of the studied contaminants
in the samples were processed by descriptive statistical
analysis at the level of the minimum and maximum values,
median values and standard deviation in Statistica 12
software (StatSoft, USA).

Due to the popularity of the collection and subsequent
consumption of edible wild mushrooms in Slovakia
(Arvay et al., 2015a; Arvay et al., 2015b; Arvay et al.,
2014; Kala¢, 2009), tolerable weekly intake (PTWI) was
calculated, based on the data obtained on the concentration
of the studied heavy metals, for a standardized person
weighing 70 kg with a consumption of 300 g of fresh
edible wild mushrooms per day. The parameter is defined
by FAO/WHO (1993) for cadmium and lead separately.
The value for cadmium is 0.007 mgkg™ of body weight of
a consumer. The value for lead is 0.025 mg.kg"' (JECFA,
2010; WHO, 1993). The legislation does not state PTWI
values for the zinc and copper. Due to the high water
concentration (which is dependent on weather conditions),
generally accepted value of 90% was used for conversion
of the water concentration in the mushroom samples
(Kalag, 2009).

RESULTS AND DISCUSSION

Volume 10 39

No. 1/2016



Potravinarstvo® Scientific Journal for Food Industry

Table 2 The heavy metals concentration in hymenophore (mg.kg” DM) and hymenophore and rest of fruit bodies

bioaccumulation factors.

Speci Cd Pb Cu Zn
pecies Median +SD (range)
H 3.98 +6.48 6.46 £3.38 81.1 £56.4 106 £63.6
Macrolepiota procera (0.48-22.9) (2.45-13.2) (23.7-207) (42.3-247)
(Scop.) Singer BAFy 1.64 0.14 3.48 1.08
BAFgrp 1.34 0.11 2.44 0.83
H 5.08 £7.14 6.58 £3.63 57.54343 226 £157
Boletus reticulatus (0.66-21.9) (2.32-15.0) (23.6-122) (86.9-585)
Schaeft. BAFy 1.76 0.13 2.97 1.86
BAFggp 1.44 0.11 2.21 1.51
H 0.56 £0.20 4.07 £1.32 52.1 £6.57 75.3+£3.79
Cantharellus cibarius (0.39-0.78) (2.55-4.90) (47.5-59.6) (71.6-79.2)
Fr. BAFy 0.21 0.09 2.56 0.67
BAFgrs 0.07 0.06 1.80 0.52
H 8.64 £9.87 10.1 £10.0 42.2 £36.1 118 £35.2
Suillus grevillei (1.72-29.7) (1.33-30.0) (12.8-138) (71.7-174)
(Klotzsch) Singer BAFy 3.47 0.24 2.33 1.35
BAFgrs 2.30 0.19 1.69 1.09
H 1.44 £1.12 6.20 £5.08 43.14£20.6 113 £51.8
Agaricus campestris (0.69-2.72) (2.73-12.0) (21.3-62.1) (69.7-170)
L. BAFy 0.52 0.12 1.39 0.73
BAFgrp 0.41 0.09 1.25 0.51
i 2.97 £3.09 6.02 £5.11 43.8+£25.3 93.9 +40.0
Russula xerampelina BAF (0.86-10.2) (0.97-13.1) (15.1-96.5) (51.9-182)
(Schaeff.) Fr. BAFH 1.22 0.10 1.62 0.84
kB 0.83 0.07 0.97 0.57
Lactarius H 1.11 £1.01 3.17 +1.08 15.7 £7.22 184 +132
. (0.50-3.47) (1.50-5.67) (8.30-31.8) (45.6-419)
salmonicolor
R. Heim & Leclair BAFy 0.39 0.05 0.67 1.83
BAFgrs 0.34 0.04 0.46 1.16
H 5.29 £5.64 2.93 +£0.88 49.6 £12.6 131 +44.7
Clitocybe gibba (1.91-11.8) (1.93-3.62) (37.9-62.9) (83.1-171)
(Pers. Ex Fr.) Kumm. BAFq 2.10 0.07 2.50 1.21
BAFgrs 1.73 0.05 1.99 1.04
NXerocomus H 1.84 £0.78 6.77 £3.76 35.8 £15.7 177 £132
(0.67-3.22) (2.85-12.0) (17.5-63.6) (98.5-448)
chrysenteron
(Bull) Quél. BAFy 0.90 0.17 1.91 2.10
BAFgrp 0.71 0.14 1.09 1.61
H 2.45+1.14 6.93 £5.86 34.3 £36.8 99.2 £29.9
Marasmius oreades (1.08-3.86) (1.81-16.9) (4.59-96.0) (72.6-145)
(Bolton) Fr. BAFy 1.10 0.12 1.35 0.69
BAFgrp 0.95 0.08 0.92 0.61

SD, standard deviation; H, hymenophore; BAFy, bioaccumulation factor in hymenophore; BAFggs, bioaccumulation factor in rest of fruit bodies.

Heavy metals in the substrate samples

All concentrations of the studied contaminants in the
samples of substrates and edible wild mushrooms are
given per dry matter (DM). The concentrations of the
studied contaminants in the substrate represent an
important factor that influences the bioaccumulation
ability of individual species of edible wild mushrooms.
Therefore, a variable level of translocation of heavy metals
into macroscopic mushrooms can be assumed
(Chudzynski et al., 2011). The total concentration of the
contaminants in the substrate varied within wide ranges
(Table 1). The total cadmium concentration in the
substrate samples (N = 70) ranged from 0.58 to 6.94

mg.kg' DM, with the highest concentrations (6.94 mg kg™
DM) recorded in the substrate samples of B. recitulatus (N
= 9). The total concentration of lead in the substrate
samples (N= 70) ranged between 25.3 — 113 mg.kg' DM
and the highest concentration (113 mgkg' DM) was
recorded in the substrate samples of L. salmonicolor (N =
10). The copper concentration in the samples (N = 70)
ranged between 3.10 — 66.9 mgkg' DM. The highest
concentration (66.9 mgkg' DM) was recorded in the
substrate samples of M. procera (N = 11). The last studied
element was zinc, the concentration of which ranged from
25.3 — 278 mgkg"' DM in all samples, with the highest
concentrations (278 mg.kg"') recorded in the substrate
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Figure 2 Range (min. — max.) and median, upper and lower quantile values of the cadmium concentration in the caps
(mg kg DM) of individual species of edible wild mushrooms. MP, M. procera; BR, B. recitulatus; CC, C. cibarius; SG,
S. grevillei; AC, A. campestris; RX, R. xerampelina; LS, almonicolor; CG, C. gibba; XC, X. chrysenteron; MO, M.
oreades.
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Figure 3 Range (min. — max.) and median, upper and lower quantile values of the lead concentration in the caps
(mg.kg"' DM) of individual species of edible wild mushrooms. MP, M. procera; BR, B. recitulatus; CC, C. cibarius;,
SG, S. grevillei; AC, A. campestris; RX, R. xerampelina;, LS, L. salmonicolor, CG, C. gibba; XC, X. chrysenteron,

MO, M. oreades.

samples of B. recitulatus (N = 9). High variability of the
zinc concentration in the substrate indicates significant
heterogenity of the zinc concentration in the studied sites.

Heavy metals in mushroom samples

Macroscopic mushrooms are considered to be an
important bioaccumulator of xenobiotics (especially heavy
metals) (Arvay et al., 2015a; Islam et al., 2014), which
was reflected in the concentration of the contaminants in
individual anatomical parts of the studied mushroom
species. The highest concentration of cadmium was
recorded in the samples of S. grevillei, where the values in
the hymenophore ranged from 8.64 +9.87 mgkg' DM
(Figure 2). The ability of the species to bioaccumulate
cadmium is the highest among all species (BAFy = 3.47
and BAFggg = 2.30). It was confirmed by the findings of
Arvay et al., (2014). The cadmium concentration in the

hymenophore of individual species was in the following
order: S. grevillei > C. gibba > B. recitulatus > M. procera
> R. xerampelina > M. oreades > X. chrysenteron > A.
campestris > L. salmonicolor > C. cibarius.

Similarly, in the case of the lead concentration the
maximum values were recorded in the samples of S.
grevillei (10.1 £10.0 mgkg' DM, 1.33 — 30.0 mgkg
DM) (Figure 3). This species had also the highest
bioaccumulation factor BAFy; = 0.24 and BAFgpg = 0.19.
The lead concentration in the hymenophore of individual
species was in the following order: S. grevillei > M.
oreades > X. chrysenteron > B. recitulatus > M. procera >
A. campestris > R. xerampelina > C. cibarius > L.
salmonicolor > C. gibba.
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Figure 4 Range (min. — max.) and median, upper and lower quantile values of the copper concentration in the caps
(mg.kg"' DM) of individual species of edible wild mushr ooms. MP, M. procera; BR, B. recitulatus; CC, C. cibarius;
SG, S. grevillei; AC, A. campestris; RX, R. xerampelina; LS, L. salmonicolor; CG, C. gibba; XC, X. chrysenteron;

MO, M. oreades.

700

500

400

300

Zn content in mushroom caps (mg.kg"' DM)

1=

Br Cc Sg

1 L0 eprhAl:

Rx Ls Cg Xc Mo

Mushroom species

Figure 5 Range (min. — max.) and median, upper and lower quantile values of the zinc concentration in the caps
(mg.kg"' DM) of individual species of edible wild mushrooms. MP, M. procera; BR, B. recitulatus; CC, C. cibarius;
SG, S. grevillei; AC, A. campestris; RX, R. xerampelina; LS, L. salmonicolor; CG, C. gibba; XC, X. chrysenteron;

MO, M. oreades.

Although copper is considered an essential trace element
for almost all organisms, its high levels may have a
negative impact on physiological processes in the body
(Arvay et al.,, 2014; Wuana and Okieimen, 2011). The
highest copper concentration in the samples was recorded
in the hymenophore samples of A. procera (Scop.) Singer,
where the copper concentration was 81.1 +56.4 mgkg’
DM (23.7 — 207 mg.kg”' DM) (Figure 4). This species had
the highest ability to bioacumulate copper among all
species tested (BAFy = 3.48 and BAFgrg = 2.44). The
concentration of copper in individual species was in the
following order: M. procera > B. recitulatus > C. cibarius
> C. gibba > R. xerampelina > A. campestris > S. grevillei
> X. chrysenteron > M. oreades > L. salmonicolor.

Although copper is considered an essential trace element
for almost all organisms, its high levels may have a
negative impact on physiological processes in the body
(Arvay et al., 2014; Wuana and Okieimen, 2011). The
highest copper concentration in the samples was recorded
in the hymenophore samples of M. procera, where the
copper concentration was 81.1 +56.4 mgkg' DM

(23.7 — 207 mgkg"' DM) (Figure 4). This species had the
highest ability to bioacumulate copper among all species
tested (BAFy = 3.48 and BAFgrg = 2.44). The
concentration of copper in individual species was in the
following order: M. procera > B. recitulatus > C. cibarius
> C. gibba > R. xerampelina > A. campestris > S. grevillei
> X. chrysenteron > M. oreades > L. salmonicolor.

Zinc, like copper, is considered an essential trace
element. Individual mushroom species showed significant
ability to bioaccumulate zinc, with higher accumulation
values on locations with lowest zinc cencentration in
substrate. The highest zinc concentration was recorded in
the samples of B. recitulatus Schaeff., with the
concentration around 226 +157 mgkg”' DM (86.9 — 585
mgkg' DM) (Figure 5). The highest ability to
bioaccumulate zinc was recorded in the samples of X
chrysenteron (BAFy = 2.10 and BAFggg = 1.61). The zinc
concentration in the hymenophore of individual mushroom
species was in the following order: B. recitulatus > L.
salmonicolor > X. chrysenteron > C. gibba > S. grevillei >
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Figure 6 The comparison of weekly intake of cadmium with 300 g of various mushroom species per day to PTWI¢q4
limit for adult person (0.490 mg.kg'l). MP, M. procera; BR, B. recitulatus; CC, C. cibarius; SG, S. grevillei; AC, A.
campestris; RX, R. xerampelina; LS, L. salmonicolor; CG, C. gibba; XC, X. chrysenteron; MO, M. oreades.
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Figure 7 The comparison of weekly intake of lead with 300 g of various mushroom species per day to PTWIp, limit for
adult person (1.750 mg.kg™"). MP, M. procera; BR, B. recitulatus; CC, C. cibarius; SG, S. grevillei; AC, A. campestris;
RX, R. xerampelina; LS, L. salmonicolor; CG, C. gibba; XC, X. chrysenteron; MO, M. oreades.

A. campestris L. > M. procera > M. oreades > R.
xerampelina > C. cibarius.

All data on the concentration of the studied contaminants
in the substrate and individual anatomical parts of
mushrooms are shown in Tables 1 and 2.

Health risk assessment

Provisional tolerable weekly intake (PTWI) is a value set
by the FAO and WHO (JECFA, 2010) and defined as the
maximum quantity of contaminants that may a consumer
weighing 70 kg intake per one week. We assumed that the
person consumes 300 g fresh mushrooms or 30 g of dried
mushrooms per day. The legislation states the following

PTWI indices for individual heavy metals: Cd: 0.007
mg.kg"' of bodyweight (0.490 mg Cd.person™) and Pb:
0.025 mg.kg" of bodyweight (1.750 mg Pb.person™). For
the evaluation of the PTWI values of the studied
contaminants, their median concentration in the
hymenophore were used. The median values were
multiplied by the weight of 70 kg. The result was the
maximum amount of the contaminants that a consumer can
intake per week (Cd: 0.49 mg and Pb: 1.75 mg). The
PTWI¢y values were exceeded in several samples. The
highest exceedance was recorded in the samples of S.
grevillei (4.11 fold). In the case of lead, the PTWIp, values
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were exceeded only in the samples of S. grevillei
(1.35 fold). It indicates a potential risk of intoxication,
since it is often collected and consumed species,
characterized by significant bioaccumulation ability. The
comparison of the calculated PTWIcq and PTWIp, values
with the defined limit values are shown in Figures 6 and 7.

CONCLUSION

The aim of this study was to assess the contamination
level of the substrate and the aboveground part of the
edible wild mushroom species collected in the surrounding
area of Banskd Bystrica characterized by significant
mining activity in the past. Macroscopic mushrooms
represent a part of the environment that is sensitive to the
increased amount of contaminants, which is reflected by
their increased concentration in the aboveground parts of
wild mushrooms. The results showed that the health risk
resulting from the consumption of the studied mushroom
species decreases as follows: M. procera (Cd) > R.
xerampelina (Cd) > S. grevillei (Cd, Pb) > B. recitulatus
(Cd, Pb) > C. gibba (Cd) > M. oreades (Cd, Pb) > X
chrysenteron (Cd, Pb) > A. campestris (Pb) > L.
salmonicolor > C. cibarius.
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REDISTRIBUTION OF MINERAL ELEMENTS IN WHEAT GRAIN WHEN
APPLYING THE COMPLEX ENZYME PREPARATIONS BASED ON PHYTASE

Elena Kuznetsova, Ludmila Cherepnina, Svetlana Motyleva, Jan Brindza

ABSTRACT

Biogenic minerals play an important role in the whole human nutrition, but they are included in the grain of the phytates
that reduces their bioavailability. Whole wheat bread is generally considered a healthy food, but the presence of mineral
elements in it is insignificant, because of weak phytate degradation. From all sources of exogenous phytase the most
productive are microscopic fungi. To accelerate the process of transition hard mineral elements are mobilized to implement
integrated cellulolytic enzyme preparation based on the actions of phytase (producer is Penicillium canescens). Phytase
activity was assessed indirectly by the rate of release of phosphate from the substrate. It has been established that the release
rate of the phosphoric acid substrate is dependent on the composition of the drug and the enzyme complex is determined by
the presence of xylanase. The presented experimental data shows that a cellulase treatment of the grain in conjunction with
the B-glucanase or xylanase leading to an increase in phytase activity could be 1.4 — 2.3 times as compared with the
individual enzymes. As a result of concerted action of enzymes complex preparation varies topography grain, increase the
pore sizes in seed and fruit shells that facilitate the penetration of the enzyme phytase in the aleurone layer to the site of
phytin hydrolysis and leads to an increase in phytase activity. In terms of rational parameters of enzymatic hydrolysis, the
distribution of mineral elements in the anatomical parts of the grain after processing complex enzyme preparation with the
help of X-ray detector EMF miniCup system in a scanning electron microscope JEOL JSM 6390 were investigated. When
processing enzyme preparation wheat trend in the distribution of mineral elements, characteristic of grain - the proportion of
these elements in the aleurone layer decreases, and in the endosperm increases. Because dietary fiber and phytate found
together in the peripheral layers of fiber-rich grains, it is difficult to separate the effects of degradation processes nonstarch
polysaccharides and fiberphytate redistribution of polyvalent metal ions. However, studies have shown that phytase - an
effective mechanism for regulating mineral nutrient diet. Application of phytase in grain bakery technology will increase
the biological value of the product.
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INTRODUCTION

microorganisms, such as yeast in baking, with the proviso

Phytic acid is found in many plant systems. In beans and
cereal grain, it is approximately 5.1% by weight. This
compound is of vital importance for the successful
development of the seed and growth of plants. However,
phytic acid is a strong chelator and in the interaction with
the polyvalent cations and the formation of complexes
with proteins - phytate - reduces the bioavailability of
many vital mineral compounds (Cheryan, 1980;
Bergman et al., 1997). Studies in animal and human as
subjects showed that a diet high in phytic acid leads to a
deficiency of zinc, calcium, magnesium, phosphorus. This
can cause immunodeficiency and lead to cognitive and
growth disorders (Erdman, 1979). At the same time, as
anti-nutrients in the human diet, phytates can carry a
positive role in the nutrition as antioxidants and
anti-cancer drugs (Graf et al., 1987; Lott et al., 2000;
Urbano et al., 2000; Hyun-Joo et al., 2004).

Reduction of phytate content in the diet is one way to
improve nutrient absorption of mineral elements. This may
be achieved through use of cooking methods that lead to
activation of the endogenous phytase, through the action of

that the pH and other environmental conditions are
favorable, or by application of exogenous phytase
technology (Lonnerdal, 2002; Lestienne et al., 2005;
Eklund-Jonsson et. al., 2006). Wholewheat bread, usually
considered more healthy food than of high-grade flour
because different high content of dietary fiber, vitamins
(especially B and E) and biogenic minerals. However,
whole-grain bread also contains large amounts of phytate.
A reduction in the level of phytate in whole meal flour,
rye, oats and wheat after fermentation, a figure only
slightly dependent on the temperature of the process
(Garcia-Estepa et al., 1999; Buddrick et al., 2014).
When making bread from whole grain wheat in
establishing pH 5.0 during fermentation phytate level was
reduced by 64% (Tiirk et al., 1996). Phytate degradation
to the free ends of phytic acid in the production of almost
rye bread with a long fermentation time, but if the bread is
made from whole grains, minor degradation of phytate
(McKenzie-Parnell and Davies, 1986; Nielsen et al.,
2007).

From all sources of exogenous phytase, which have been
studied (plants, animals, microorganisms), the most
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productive are microscopic fungi (Wodzinski and Ullah,
1996). All commercial phytase preparations containing
enzymes of microbial origin, produced by fermentation
(Haefner et al., 2005). The main application of phytase
are found in feeding monogastric animals (Madrid et al.,
2013), but it is also used for the treatment of raw materials
destined for human nutrition. This enzyme has already
found use in breadmaking, the production of vegetable
protein isolates, the wet milling of corn, bran fractionation
(Greiner and Konietzny, 2006).

The use of phytase in the art from the bread wheat results
in a significant increase in its specific volume and
improves the texture and shape. Phytase in baking as
improver has two benefits: it improves the nutritional
status by reducing the phytate content and promotes
activation of endogenous a- amylase, which improves the
quality of the product (Haros et al., 2001).

The purpose of the presented work was to study the
redistribution of trace elements within the grain by the
enzymes of the cellulase complex and phytase (producer
Penicillium canescens).

MATERIAL AND METHODOLOGY

For the study, we took winter wheat varieties obtained in
Moscow 139 Moscow Research Institute of Agriculture
"Nemchinovka". Dry using a complex enzyme preparation
comprising cellulase, B- glucanase, xylanase, phytase, as
well as formulations containing the individual enzymes of
the complex or combination thereof (P-215, producing
Penicillium canescens, IBPM RAS). Enzymes had the
following activity: cellulase 58711nkat/g,
xylanase 12135 nkat/g, - glucanase 51317 nkat/g, phytase
205268 nkat/g and were given laboratory physical and
chemical transformation of polymers chemical faculty of
Moscow State University. MV Lomonosov (Sinitsyna et
al., 2003).

Enzyme preparations in powdered form were mixed
using a magnetic stirrer with citrate buffer (pH 4.5) for 0.5
hours at a concentration of 0.6 g.L"! in the solution before
placing grain. This concentration corresponds to the
optimum enzyme in the production of bread from whole
grain (Kuznetsova et al, 2007; 2013). Whole grain
incubated enzyme preparation in solution at the ratio of
grains: 1 : 1.5 solution for 8 hours at 50 +2 °C in an
incubator. Modes hydrolysis (t = 50 °C, pH 4.5) are
optimum for the operation of the enzymes studied.
Duration of cereal substrate hydrolysis determined by the
time during which the grain moisture is 40% or more,
which is necessary to obtain the grain mass, the ability to
undergo dispersion and allow the use of grain raw material
for the production of grain bakery. After incubation, the

Table 1 Mineral content in wheat grain.

inactivation of enzymes not performed.

Microstructural studies were conducted using an electron
scanning microscope ZEISS EVO LS. Survey was carried
out at an accelerated voltage of 15 kV.

Phytase activity was assessed indirectly by the rate of
release of  phosphate from the substrate
spectrophotometrically. To a 1 ¢cm® of fluid was poured
keyhole 1 e¢m® of 10% trichloroacetic acid solution and
2 cm’ reagent "C" (3.66 g iron sulfate (IT) was dissolved in
a solution of ammonium molybdate (2.5 g of ammonium
molybdate was dissolved in pre- 8 cm® of sulfuric acid and
adjusted to 250 cm® with distilled water ). Absorbance of
the test solution after 30 minutes of soaking at room
temperature for CK-3 for a wavelength of 750 nm in a
cuvette with a distance of 1 cm between the faces against
distilled water. Calibration curve found the mass
concentration of phosphorus using standard aqueous
solutions of known concentration of KH,PO,. Phytase
activity was calculated using the formula:

FA = ([PO4] * 106 * Rrs * Rs) / (M * 103 * t,), (1)
where Rrs - dilution of the enzyme preparation in the
reaction mixture;

Rs - pre-dilution of the enzyme preparation (before
adding to the reaction mixture);

M - molecular weight phosphate;

t, - the reaction time.

Determination of trace performed after dry digestion in
a muffle furnace at 450 °C and dissolving the ash in the
mixture of 10% hydrochloric acid and nitric acid by
atomic absorption spectrophotometry, the air-acetylene
flame device firm HITACHI 180-80 with deuterium
background corrector. For calibration using standard
solutions of elements of the company (Merck).

Analysis of the distribution of mineral elements in the
anatomical parts of grains and the relative content of
mineral elements in the washings were performed using
X-ray detector EMF miniCup system in a scanning
electron microscope JEOL JSM 6390.

RESULTS AND DISCUSSION

Cereal products provide delivery 20 — 30% minerals
(Cu, Zn, Mg, Mn, etc.) in the human diet (Gyori et al.,
1996). Table 1 shows the results of the determination of
certain mineral element nutrients in wheat.

A number of studies on the processes of distribution of
manganese and iron in plant tissues. These elements
exhibit a strong affinity for moving organic chelates and
complexes. However, when the supply of manganese in

Mineral element

Content [mg.kg” DM]

Zinc
Copper
Manganese
Iron
Cobalt

2243 +£1.23
2.13£0.13
37.50 £2.10
64.30 +4.50
0.04 +0.01
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small plants, its mobility is very limited in tissues.
Transfer of iron in plant tissues is difficult. Manganese is a
specific component of two enzymes - arginase and
phosphotransferase, moreover it increases the activity of
certain oxidases. Iron - an essential metal involved in the

transformation of the energy required for synthetic
processes in the cells. Zinc is part of multiple
enzymes - dehydrogenase, peptidases, proteinases and
fosfohydrolase. Basic functions related to zinc metabolism
of carbohydrates, protein and phosphate. Copper is part of
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Figure 1 The change in phytase activity of the substrate in the processing of wheat complex enzyme preparation.

Figure 2 Photomicrographs of the surface of wheat treated with enzymes of the cellulase complex
(1 — control without enzyme, 2 — B-glucanase-phytase, 3 — xylanase+phytase, 4 — complex enzyme preparation.

An increase of x700. Photo: S. Motyleva, 2013).
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enzymes that regulate the processes of respiration,
redistribution of carbohydrates, protein metabolism
(Kabata-Pendias and Pendias, 1989). Therefore, these
trace nutrients plays a key role in the processes of waking
up and swelling of the grain as a result of the activation of
metabolic processes need to move the movable element in
the form increases.

It is known (Betchel et al., 1981; Jacobsen et al., 1981),
that it is located in special phytates aleurone grains of the
aleurone layer and the embryo and associated biogenic
minerals in remote systems. To accelerate the process of
transition hard mineral elements are mobilized to
implement integrated cellulolytic enzyme preparation
based on the actions of phytase.

Treatment of wheat grains complex enzyme preparation
during 20 hours was observed changes in the activity of
phytase substrate. The experimental data is presented in

Figure 1.

Studies have shown that in the first 8 hours of soaking
the grain in buffer solution pH 4.5, the activity of phytase
substrate is slowly increased as the grains swell and
increased by 1.7 times compared to the control. In the
period from 8 to 12 hours of hydrolysis observed
maximum phytase activity values increase. In the next
8 hours of exposure to the substrate preparation phytase
activity in the grain did not undergo significant changes.
Phytase activity, the values presented is total value of the
substrate activity of endogenous and exogenous phytase.

Table 2 shows the values of the phytase activity of the
substrate after 8 hour treatment wheat individual enzymes
that are part of a complex enzyme preparation, and their
combination in the obligatory presence of exogenous
phytase.

From the experimental data presented shows that

Table 2 Effect of enzyme complexes to change the phytase activity of the substrate.

The composition of the enzyme complex

Phytase activity [unit activity]

Cellulase + phytase
B- glucanase + phytase
Xylanase + phytase
Cellulase + B-glucanase + phytase
Xylanase + cellulase + phytase

685 £12
880 £21
940 £22
1050 £33
1180 27

Table 3 Distribution of mineral elements in the anatomical parts of the grain after processing complex enzyme

preparation in mass%.

Morphological parts of the grain

The surface

Celllee::;cl?l Germ of the fruit  Fruit shell Seed coat Allea l;,l::_ne Endosperm Barb
shell
1 2 1 2 1 2 1 2 1 2 1 2 1 2
C+N+O  93.39 98.37 96.77 97.48 99.18 98.95 98.98 99.42 90.08 98.11 99.00 95.86 93.02 94.95
Na 0.03 - 0.01 - 0.03 0.06 0.01 - - - 0.02 0.05 0.03 -
Mg 0.10 0.19 0.12 022 0.06 0.11 0.08 0.04 2.03 - 0.05 0.08 020 0.13
Al 0.06 0.04 0.06 - 0.03  0.05 - 0.01 - - 0.01 0.01 0.33 -
P 031 054 0.15 0.13 0.06 006 004 009 395 025 002 078 030 091
S 0.16 024 0.18 021 007 0.10 0.13 0.12 0.13 0.14 0.03 093 0.06 0.51
K 055 021 0.10 0.13 0.08 0.13 021 002 271 031 009 0.12 0.03 032
Ca 0.15 006 033 034 010 020 0.18 0.10 0.05 0.19 0.01 047 049 0.61
Cr 0.01 - 0.12 0.14 0,01 0.03 0.01 0.06 - - 0.05 0.07 0.84 -
Mn 092 0.02 - 0.13 - - 0.01 0.02 0.02 023 - 0.24 - 0.32
Fe 0.89 003 004 003 002 006 001 002 0.11 0.11 - 0.38 - 0.01
Co 0.02 - 0.08 - - 0.03 0.01 - 0.03 0.04 0.03 0.13 1.19 0.26
Ni 0.02 005 0.03 024 0.01 0.01 0.06 - 0.05 - 0.07 0.09 0.14 -
Cu 1.71 — 0.12 0.12 0.10 0.06 0.15 003 007 0.16 0.10 0.19 236 045
Zn 141 006 005 020 0.03 001 0.03 - 0.01 0.24 - 0.46 - 0.28
Se 0.17 0.19 020 046 0.05 0.05 0.05 - 0.11  0.17 0.06 0.09 0.88 0.46
1 - The distribution of chemical elements in the morphological parts of wheat (control variant), mass%;
2 - Distribution of chemical elements in morphological parts of wheat treated complex enzyme preparation, mass%
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a cellulase treatment of the grain in conjunction with the
B-glucanase or xylanase leading to an increase in phytase
activity could be 1.4 — 2.3 times as compared with the
individual enzymes.

This indicates a synergistic effect on the action of
enzyme complex which is caused by the action of enzymes
on successive substrates entering into the matrix of the cell
walls, which is a complex composition of the substrate.

Figure 2 shows photomicrographs of the surface of the
wheat treated with the enzyme solution of the test drug
under the optimum conditions of hydrolysis.

Pictures were made with a scanning electron microscope
at 700x magnification.

Under the action of biocatalysts based cellulases has
changed the surface topography of grain. In control variant
the relief of the grain surface is parallel strands of cellulose
fibrils, hemicellulose polysaccharides layer overlain nature
(1). Under the action of the enzyme [-glucanase grain
surface topography changes. Denudation observed parallel
strands of cellulose microfibrils of varying thickness and

tortuosity. Probably destroy exposed top layer of
hemicellulose (2).
Xylanase enzyme action causes destruction layer

hemicelluloses tissue depth direction. Modification of the
surface structures occurs both in longitudinal and radial
direction (3). Under the action of the complex enzymes
cellulase, B-glucanase and xylanase (4) masonry surface
relief grains are formed deep enough, they are represented
by parallel strands almost devoid of cuticular crosslinks.
As a result of concerted action of enzymes complex
preparation varies topography grain, increase the pore
sizes in seed and fruit shells that facilitates the penetration
of the enzyme phytase in the aleurone layer to the site of
phytin hydrolysis and leads to an increase in phytase
activity. The article Haraldsson et al. (2004) also points
to the possibility of combining the degradation of phytate
degradation B-glucan under the joint action of phytase and
B-glucanase during malting, which is of interest for the
production of cereal products with high nutritional value.
However, according to our studies listed, phytate
degradation to a greater extent due to the presence in the
complex enzyme preparation comprising xylanase and
phytin hydrolysis, intensity is a maximum when the cereal
substrate  operates complex enzyme preparation
comprising cellulase, f-glucanase, xylanase.

To analyze the distribution of trace elements P, K, Mg,
Ca, Fe, Mn in the outer layers of the wheat grain has been
used and the X-ray structure analysis. It has been found
that the studied elements are concentrated in the aleurone
layer. In particular, P, Mg, K were concentrated in the
aleurone layer of subcellular particles and outer layers of
the wheat grain; Ca was found in abundance in the tissues
of the pericarp (Tanaka et al., 1974).

In terms of rational parameters of enzymatic hydrolysis,
investigated the distribution of mineral elements in the
anatomical parts of the grain after processing complex
enzyme preparation with the help of X-ray detector EMF
miniCup system in a scanning electron microscope JEOL
JSM 6390.

Gained data relative content of mineral nutrient elements
are presented in Table 3.

The studies showed that after soaking in solution of the
enzyme preparation on the basis of phytase migrates
within the mineral grains.

Reduces the number of elements studied in the aleurone
layer and significantly increased in the endosperm.

Under the influence of enzyme preparations
polysaccharides constituting the matrix of the cell walls
are modified, the system is broken native intermolecular
bonds between the main structural components of the
polysaccharide complex, the process of maceration and
partial  structures shells fragmentation polymers
themselves. This ensures destruction of intercellular
substance, leading to the separation of cells, solubilization
hydrolysis products. Electrostatic forces arising due to the
functional group having affinity for the metal ions at the
micelle surface terminate. The process is accompanied by
desorption of ions, molecules associated with non-starch
polysaccharides. Experimental studies of morphological
parts of wheat showed that under the action of biocatalysts
based cellulases distribution of chemical elements in the
caryopsis changed. There is a tendency in the distribution
of mineral elements, characteristic of grain - the proportion
of these elements in the aleurone layer (5) is reduced, and
in the endosperm (6) - increases. The relative content of
nutrients that are part of metalloenzymes and biologically
active compounds increased in the endosperm, where
during swelling grain intensified oxidative decomposition
processes of high- replacement compounds. The chemical
elements which have a high mobility, potassium and
sodium are moved from the central portion to the
peripheral weevil. Because dietary fiber and phytate found
together in the peripheral layers of fiber-rich grains, it is
difficult to separate the effects of degradation processes
nonstarch polysaccharides and fiber phytate redistribution
of polyvalent metal ions (Torre M. et al., 1991).

Distribution of chemical elements in the morphological
parts of the grain shows that activation occurred own
enzyme systems. This is evidenced by the increase in the
relative content of sulfur, which is part of the proteins,
enzymes and free amino acids, as well as phosphorus,
participating in all the processes of metabolism. Increase
in the relative amount of phosphorus, sulfur, potassium,
magnesium, selenium in the bud indicates the activation of
the synthesis of organic compounds necessary for the
construction of the developing plant tissues. Reduction in
the relative content of trace elements in the aleurone layer
speaks about embryonic germ awakening, intensifying the
process of synthesis and migration of enzymes in the
endosperm. The preferential increase in the endosperm
fraction trace indicates that after 8 hours of soaking wheat
germination basic feature consists in the biochemical
processes in direction towards hydrolysis. The appearance
of selenium, known for their antioxidant properties,
morphological parts of grains indicates the incorporation
of plant protection from the negative effects of oxidation
products - free radicals, peroxides and hydroperoxides.

These data confirm that in the hydrolysis of phytin
complexes decompose exogenous phytase, phytin formed
with mineral elements: calcium, magnesium, iron, copper
and zinc. These chemicals migrate into the endosperm
where the basic seed and nutrients included in the
modification process and replacement of biological

Volume 10

51

No. 1/2016



Potravinarstvo® Scientific Journal for Food Industry

polymers. These experimental data are in agreement with
the findings of previous studies that during imbibition of
wheat mineral elements (magnesium, calcium and
potassium) redistributed from the aleurone layer and
mobilized for the development of seedlings (Eastwood
and Laidman, 1971).

CONCLUSION

As a result of a complex enzyme preparation based on
phytase (producer Penicillium canescens) for the treatment
of wheat has been a change of the surface microstructure
of grain. Microstructural changes and phytase activity
indicator substrate, characterizing the rate of release of
phosphate caused enzyme complex composition of the
drug and determined the presence of xylanase enzyme.
Availability phytin phytase is associated with the degree of
degradation of the hemicellulose. It has been established
that the release rate of the phosphoric acid substrate is
dependent on the composition of the drug and the enzyme
complex is determined by the presence of xylanase. When
processing enzyme preparation wheat trend in the
distribution  of mineral elements, characteristic
of grain - the proportion of these elements in the aleurone
layer decreases, and in the endosperm - increases. These
data confirm the results of microstructural studies of
chemical analysis.

Thus, studies have shown that phytase - an effective
mechanism for regulating mineral nutrient diet.
Application of phytase in grain bakery technology will
increase the biological value of the product.
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MOLECULAR CHARACTERIZATION OF RYE CULTIVARS

Zelmira Baldzovad, Lenka Petrovi¢ovd, Zdenka Galovd, Martin Vivodik

ABSTRACT

The results of molecular analysis of 45 rye taxa (Secale cereale L.) represented by agricultural varieties originated from
Central Europe and the Union of Soviet Socialist Republics (SUN) are presented. The genetic diversity of rye cultivars by
6 SSR markers was evaluated. Six specific microsatellite primer pairs produced 58 polymorphic alleles with an average of
9.7 alleles per locus. The number of alleles ranged from 6 (SCM2) to 14 (SCM86). Genetic polymorphism was
characterized based on diversity index (DI), probability of identity (PI) and polymorphic information content (PIC). The
diversity index (DI) of SSR markers ranged from 0.5478 (SCM?2) to 0.887 (SCM86) with an average of 0.778. The lowest
value of polymorphic information content was recorded for SCM2 (0.484) and the highest value for SCM86 (0.885) of PIC
was detected in SCM86 with an average of 0.760.The dendrogram of genetic similarity was constructed, based on UPGMA
algorithm. The hierarchical cluster analysis divided rye genotypes into 4 main clusters. The first cluster of 14 genotypes
was subdivided in two subclusters (1a and 1b) where 50% of genotypes were Czechoslovak origin. The second cluster
contained four genotypes were three (75%) of them had Czech or Czechoslovak origin. In the third subcluster separated
three rye genotypes of different origin. The rest (24) of rye genotypes in the fourth cluster were divided into two
subclusters (4a and 4b) where clearly separated group of Polish (4aa) and Czech and Czechoslovak (4ab) genotypes. Two
genotypes of 4aa subcluster (Wojcieszyckie and Dankowskie Nowe) from Poland were genetically the closest. In the
dendrogram alle genotypes were differentiated and clustering partially reflects geographic origin of studied rye genotypes.
In this experiment, SSRs markers proved to be a high informative and usefull tool in genetic diversity research for the
distinguishing and characterization of close related varieties.

Keywords: Secale cereale L.; polymorphism; microsatellite; PCR; dendrogram

INTRODUCTION

Common rye (Secale cereale L.) is one of the most
important cereal crops cultivated in Eastern and Northern
Europe (Targonska et al., 2015). Rye (Secale cereale L.)
is a diploid (2n = 2x = 14) annual, cross-pollinated cereal
with an effective gametophytic self-incompatibility
system. On a global scale rye (Secale cereale L.) is a
minor crop, its production being about 5% that of wheat or
rice. However, in northern European countries with
extreme climatic and poor soil conditions, rye may occupy
up to 30% of the acreage (Altpeter and Konzun, 2007).
The main advantages of rye over other winter cereals are
its excellent tolerance to low temperatures and the ability
to realize relatively high grain yields under environmental
conditions in which other crops perform poorly. Rye is
also known to have the lowest requirements for chemical
treatments like fertilizers or pesticides, which makes it an
ecologically and economically sound crop for specific
regions (Korzun et al., 2001). Moreover, rye offers high
contents of many nutritionally favorable compounds such
as a whole suite of minerals (Zn, Fe, P), beta-glucans,
resistant starch, and bioactive compounds. Rye products
are characterized by a high level of dietary fiber
(Andersson et al., 2009) that may contribute to positive
health effects (Rosén et al., 2011).

Molecular markers can provide an effective tool for
efficcient selection of desired agronomic traits because
they are based on the plant genotypes and thus, are

independent of environmental variation. Nowadays,
several molecular markers are developed, of which simple
sequence repeats (SSRs) or microsatellites are the most
widely used types (Jenabi et al., 2011; Marsalkova et al.,
2014).

Simple sequence repeat (SSR) markers show a relatively
good transferability between closely related species (Botes
and Bitalo, 2013) and they are one of the most promising
molecular marker types to identify or differentiate
genotypes within a species (Salem et al., 2008). They
were successfully used in many plant species, e.g. triticale
(Kuleung et al., 2004; Odrouskova and Vyhnanek,
2013), wheat (Roder et al., 1995; Huang et al., 2002),
rye (Khlestkina et al., 2004), rice (Jiang et al, 2010),
maize (Ignjatovic-Micic et al, 2015), and amaranth
(Ziarovska et al., 2013).

Rye SSR markers were first developed over 10 years ago
(Saal and Wricke, 1999; Hackauf and Wehling, 2002,)
and have also been used in studies on genetic diversity
(Shang et al. 2006; Bolibok et al., 2005).

The aim of our study was to detect genetic variability
among the set of 45 rye genotypes using 6 microsatellite
markers.

MATERIAL AND METHODS

Forty five rye (Secale cereale L.) genotypes were used in
the present study. Seeds of rye were obtained from the
Gene Bank of the Slovak Republic of the Plant Production
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Research Center in Piestany and Gene Bank of the Czech
Republic of the Crop Research Institute in Prague. Fifteen
genotypes of rye came from Czechoslovakia (CSK),
another set of fifteen genotypes from Poland (PL), five
from Czech Republik (CZ), another five from Hungary
(HU) and last five genotypes from Union of Soviet
Socialist Republics (SUN). All genotypes are of winter
form.

Genomic DNA of rye cultivars was isolated from 100 mg
freshly-collected leaf tissue according to GeneJET™
protocol (Fermentas, USA). The concentration and quality
of DNA was checked up on 1.0% agarose gel coloured by
ethidium bromide and detecting by comparing to A-DNA
with known concentration.

For analysis, six microsatellite primer pairs were chosen
according to the literature (Saal - Wricke, 1999). Used
primers were localised on 6R, and 7R chromosomes
(Table 1). PCR amplification was performed in 20 pL
volume containing PCR water, 5 x Green GoTaq"” Flexi
Buffer, 100 uM dNTP Mix, 0.3 uM primers (Forward and
Reverse primer), 1.5 mM MgCl,, 04 U GoTag®
polymerase (Promega, USA). PCR reactions were
performed in a thermocykler (Bio-Rad, USA). The PCR
program consisted of these steps: an initial denaturation (1
cycle): 2 min. at 93 C, (29 cycles) denaturation: 1 min. 93
°C, annealing 2 min. with different temperature for each
primer pair and extension 2 min. at 72 C.

The PCR amplicons (5uL) were resolved by
electrophoresis on 6.0% denaturating polyacrylamide gel
stained with silver according to Bassam et al., (1991).
Final PCR amplicons were scanned in UVP PhotoDoc-t"
camera system. The size of alleles was determined by
comparing with 10 bp standard lenght marker (Invitrogen:
100 — 330 bp). Each band was treated as a single allele.

Each reproducible band was visually scored for the
presence (1) or absence (0) for all genotypes. For
determination of the genetic relationships between rye
genotypes a dendrogram was used. The dendrogram was
constructed based on principle of hierarchical cluster
analysis using UPGMA (Unweighted Pair Group Method
using arithmetic Averages) algorithm on the basis of
Jaccard’s coefficient in statistical program SPSS version
17.

Frequencies of incidence of all polymorphic alleles were
calculated and used for determination of statistical
parameters: diversity index (DI) (Weir, 1990), probability
of identity (PI) (Paetkau et al., 1995) and polymorphic
information content (PIC) (Weber, 1990).

Diversity index (DI):
DI=1-% p;
Probability of identity (PI):
i=n—-1 n
PI=%p/+ ), Z(zptp.i)z
=l j=i+l

Polymorphic information content (PIC):
n n—1 n
PIC =1—(2p3]—2 2.20!p;
i=1

i=l =i+l
RESULTS AND DISCUSSION

The development of molecular markers has opened up
numerous possibilities for their application in plant
breeding. Suitable markers for detecting polymorphisms at
individual and population levels are SSRs (Shang et al.,
2006; Bolibok et al., 2005, Akhavan et al., 2009).

Six rye specific microsatellite primer pairs produced 58
polymorphic alleles with an average of 9.7 alleles per
locus. The most polymorphic locus was SCM86 where 14
polymorphic amplification products were detected. On the
other hand the lowest polymorphic locus was SCM2 with 6
polymorphic alleles.

Jenabi et al., (2011) used fifteen wheat and rye derived
microsatellite markers to evaluate genetic variation of the
mountain rye Secale strictum in Iran and to examine the
patterns of diversity related to the varieties and geography.
They detected high levels of diversity, with an average
number of 6.1 alleles per locus (ranging up to 11) and high
level polymorphism with polymorphism rate averaging
0.624 (between populations) and 0.357 (within
populations) were observed among 125 individuals from
19 populations collected from various regions of Iran.
Gailite et al., (2013) analyzed genetic polymorphism of
a set of 9 genotypes originated from Latvia using 12 SSR
markers. The number of alleles ranged from 1 to 6 with an
average number of alleles per locus 3.4. The results from
their study indicate that while the Latvian rye collection is
small, the genetic and phenotypic diversity contained
within and between the accessions is quite high.
Targonska et al., (2015) studied genetic diversity among
367 Polish rye accessions using 22 previously published
simple sequence repeat (SSR) markers.

Table 1 List and characterization of locus specific microsatellite primers used for SSR analysis.

SSR Forward primer (5" —3") Reverse primer (5" —3") Chromosomal Anealing

marker location temperature

SCM 2 GATGACTATGACTACCAGGATGAA GGAGTGAGAAGGCCGAGAAG 6R 55°C

SCM 28 CTGGTCCTGGTCTGGTGGGTC CGCATCGGGTGTGTCGCATAC 6R 60 °C

SCM40 CGCATCGGGTGTGTCGCATAC CACATCTTGGGCCTGACACC 7R 60 °C

SCM 86 CAGATAGATGGGTGTTGTGCG CTCTTCTCGACATCCACACTCC 7R 60 °C

SCM 101 GCCAGCCGCCACCTTAATTG AGCCCAACTCTTTCGTGCATG 6R 60 °C

SCM 180 GTTTCGTCCCCGTTGCCATC ACGTGTCGCTTTCCATTGCCC 6R 60 °C
Volume 10 55 No. 1/2016
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Table 2 Characteristics of used SSR markers in this study.

SSR marker Number of alleles DI PIC PI

SCM 2 6 0.547 0.484 0.144
SCM 28 11 0.771 0.764 0.027
SCM 40 13 0.867 0.865 0.004
SCM 86 14 0.887 0.885 0.002
SCM 101 9 0.857 0.851 0.004
SCM 180 5 0.740 0.708 0.022
average 9.7 0.778 0.760 0.034

Note: DI - diversity index; PI - probability of identity; PIC - polymorphic information content.

Name of Country 0 5 10 15 20 25
cultivar of origin +--------- t-———————= to——————— +———————— o +
Wojcieszyckie PL . +

Dankowskie Nowe PL -+ Fmm————— + 4aa
Bosmo PL  --—--—- Fom e + - +
Hegro PL  —---—-—-- + | | 4a
Wibro P,  — - + +—+
Zidlochovicky Panis CSK  ——-—————————————————— o + 4ab| |
Kfmne Zito CZE ———————————————————— + —— + |
Chlumecké CSK  —————mm e Fmmm - + |
Albedo CSK ———— e + |
Ceské normalni CZE  ———-m—————m o I + |
Universalne PLL  ———mmmmmm— + fm———— + +—+ 4
Radomske CZE ——————— e —— + +—+ |
Golubka SUN ————mmmmmmeeee e + +-+ |
Pancerne PL  ——mmmm e 4 mmm———— + |1
Tetra Start SUN  ——— e + +———t |
Selgo CZE  —————— - + [ ||
Zenit CSK ————— e ———— + ===t |
Dankowskie Zlote PLL  ———mmmmmm - + o + | 4b |
Valtické CSK ———— e + +—+ |
Lovaszpatonai HUN  ———m e e o ——— + | |
Kecskemeti HUN  ————m e + +———t |
Rostockie P,  —— e o e + | I
Kier PLL  ——mmmmmm e + fmm——— + I
Voschod 1 SUN & ——— e + I
Dobfenické krmné CSK ———— e e + I
Zduno PL - —mm e + Fom + 3
Mnogokoloskaja SUN  —— e e e + I
Ratbofské CSK  ——— e e + |
Aventino CZE ————————— + [P + |
Nalzovské CSK == + et 2
Varda HUN & ————mm e e + |
Dobrovické CSK  ——mm e e e ———— + |
Motto PLL e e e + la | |
TeSovské CSK —————mmemeemmmemee— e + |
Tetra Sopronhorpacsi HUN  —-—------———————————— + o + +—+ 1
Ovari HUN & e e e + |1
Warko PL  ———-—mmmmmmmmmmem e o + |
Cerkascanka tetra SUN  ——————mmm o= + P + et
Viglasské CSK ———— e + o ——— + | 1b
Ceské CSK === me e + |
Breno CSK ——————————-—- e ettt T + +-+
Walet PL  ———————————— + o ——— +
Laznické CSK  ———— e e + [

Amilo PL  ———mmmmmmmmm e + [
Kerkovské CSK  ——— - +

Figure 1 Dendrogram of 45 rye genotypes prepared based on 6 SSR markers.
CSK - Czechoslovakia, CZ - Czech Republic, HU - Hungary, PL - Poland, SUN - Union of Soviet Socialist Republics.
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Resulting from the number and frequency of alleles,
diversity index (DI), polymorphic information content
(PIC) and probabilities of identity (PI) were calculated
(Tab. 2). The diversity index (DI) of SSR markers ranged
from 0.547 (SCM?2) to 0.887 (SCM86) with an average of
0.778. The lowest value of polymorphic information
content was recorded for SCM2 (0.484) and the highest
value for SCM86 (0.885) of PIC was detected in SCM86
with an average of 0.760. Only one marker (SCM2)
reached considerably unfavourable results of DI, PIC, PI
and number of alleles compared to average values of tested
set. Probability of identity was low ranged from 0.002
(SCM86) to 0.144 (SCM2) with an average of 0.034 that
indicates the possibility to differentiate genetically close
genotypes.

Jenabi et al., (2011) found out lower polymorphism in
their study. They calculated the within populations PIC
value for all microsatellites which ranged from 0.246 to
0.451 with an average of 0.357. Targonska et al., (2015)
detected the average PIC value for all markers used 0.57.
The highest PIC value (0.93) was obtained for SCM152,
and the lowest PIC (0.18) was determined for SCM050.

The dendrogram of genetic relationships among 45 rye
cultivars based on SSR markers is presented in Figure 1.
The hierarchical cluster analysis showed that the rye
genotypes were divided into 4 main clusters. The first
cluster was divided in two subclusters (la and 1D).
Subcluster 1a contains two genotypes of Czechoslovak and
Polish origin. In the subgroup lb were grouped 12
genotypes which were bred in Czechoslovakia (50%),
Poland (25%), Hungary (16.7%) and one coming from
Union of Soviet Socialist Republics. The second cluster
contained four genotypes were three (75%) of them had
Czech or Czechoslovak origin. In the third subcluster
separated three rye genotypes of different origin. The rest
of rye genotypes in the fourth cluster were divided into
two subclusters (4a and 4b). Subcluster 4a was further
subdivided into two subclusters, subcluster 4aa with 5
genotypes all coming from Poland and subcluster 4ab with
four genotypes of Czech or Czechoslovak origin.
Subcluster 4b of 15 genotypes included genotypes of
Polish origin (33.3), SUN origin (20%), Czech origin
(20%), Czechoslovak origin (13.3) and Hungarian origin
(13.3). Two genotypes of 4aa subcluster (Wojcieszyckie
and Dankowskie Nowe) from Poland were genetically the
closest. We can assume that they have close genetic
background (Figure 1).

Targonska et al., (2015) showed that the clustering of
rye accessions studied was more weakly correlated with
geographic origin than with the source of seeds. Akhavan
et al., (2010) in the prepared SSR based dendrogram using
UPGMA algorithm showed evident broad groupings
related to the subspecies. The populations of subsp.
cereale were mainly grouped but populations belonging to
the subsp. ancestrale were divided in to two subgroups
(groups I and III), indicating higher diversity of the latter
subspecies.

CONCLUSION

The objective of this study was to determine the genetic
variation among 45 rye varieties using SSR markers.
Values of diversity index and polymorphic information

content were higher than 0.7 in 83% of SSR markers that
means high lever of polymorphism of used markers. WE
can recommend them for further analyses. The
dendrogram was prepared based on UPGMA algorithm
using the Jaccard’s coefficient and divided in to four main
clusters. All studied genotypes separated into four clusters.
Clustering partially reflected geographic origin of studied
rye genotypes. SSR are commonly and extensively used
tools for assessment of variability in crops. These marker
systems are efficient due to their locus specificity,
reproducibility and reliability, for analysis of molecular
differentiation and for resolving taxonomic problems in
plants. Our result showed appreciably high genetic
diversity among the rye genotypes studied. This survey
showed the high genetic diversity within the European rye
genepool as an important source for crop breeders, and
indicated that there is value in sampling for useful genes
for crops improvement.
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EVALUATION OF CAROTENOIDS, POLYPHENOLS CONTENT AND
ANTIOXIDANT ACTIVITY IN THE SEA BUCKTHORN FRUIT JUICE

Andrea Mendelova, Lubomir Mendel, Peter Czako, Jan Marecek

ABSTRACT

Due to the content of biologically active substances, sea buckthorn (Hippophae rhamnoides L.) has become the object of
great interest of both, experts and the general public. It is appreciated particularly for the high content of vitamins and other
biologically active substances, not only in berries but also in leaves and bark. The aim of the study was to evaluate the
nutritional quality of sea buckthorn juice prepared from different varieties of sea buckthorn based on the content of total
carotenoids, polyphenols and antioxidant activity. In this study we used varieties Hergo, Tytti, Vitaminaja, Raisa, Askola,
Dorana, Slovan, Leikora, Bojan, Terhi and Masli¢naja. Content of different components was quantified using
spectrophotometry. The total carotenoids content expressed as p-carotene content in juice ranged from 50.63 mg.100 g
DM to 93.63 mg.100 g' DM, the highest content was in variety Askola and the lowest one in Terhi. Total polyphenols
content determined by Folin-Ciocalteu method ranged from 13.03 mg GAE. dm™ DM to 25.35 mg GAE. dm™ DM. The
highest content was identified in juice of variety Dorana and the lowest one in Raisa. The antioxidant activity quantified by
the FOMO method ranges from 45.11 g AA. dm™ DM to 108.77 g AA. dm> DM. The highest antioxidant activity was
determined in juice of Dorana and the lowest in variety Bojan.

Keywords: sea buckthorn; sea buckthorn juice; carotenoids; polyphenols; antioxidant activity

INTRODUCTION

The first remarks about sea buckthorn are several
centuries old. In traditional Chinese medicine it was used
in the years 618-907 AD against cough, to improve blood
circulation, to help with digestive problems, to relieve
pain. Leaf extract was used in Mongolia to treat colitis
(Guliyev et al., 2004). Sea buckthorn caught considerable
attention in Russia, where it has been seen as a very
important plant for its healing and regenerative effects
(Bajer, 2014). Nowadays the public interest in sea
buckthorn as a special dietary supplement is growing,
mainly for its nutritional and health-related effects (Yang
and Kallio, 2002).

Sea buckthorn is native to Asia and very large Eurasian
area at different altitudes. It is a unique plant that is
currently domesticated in different countries, in particular
China, Russia, Germany, Finland, Romania, France,
Nepal, Pakistan and India (Selvamuthukumaran et al.,
2007). Sea buckthorn belongs to the less demanding
timber species in terms of location requirements. The most
suitable for its growth is light sandy clay soil but it thrives
also in arid, semi-arid and fragile mountain areas. From
the temperature point of view, it withstands high daytime
temperatures in summer and severe winter frosts
(Letchamo et al., 2007).

Although almost all parts of the sea buckthorn plant are
used, the fruit is the most valuable product, together with
seeds. Sea buckthorn berries contain almost all water
soluble vitamins and fat soluble vitamins and many other

substances necessary for the human body. They contain
pectin, essential oils, tannins, organic acids, oils, minerals
and other substances. Significant sugars in sea buckthorn
berries are glucose, fructose and xylose. From the organic
acids there are mainly malic and quinic acids. Research
has shown that Russian berries have relatively lower
concentration of organic acids (2.1 to 3.2 g 100 mL™ juice)
than Finnish and Chinese genotypes holding the highest
concentrations of organic acids (3.5 — 9.1 g 100 mL”
juice) (Bal et al., 2011). Raffo et al., (2004) state that the
sour varieties contain predominantly malic acid
(46.6 mg.g”) and quinic acid (28.2 mg.g™"). Bal et al.,
(2011) reported that the fruits have a high proportion of
aspartic acid and glutamic acid, but it is necessary to
mention also the high content of essential amino acids,
especially lysine, valine, threonine, methionine, leucine,
izoleucine, tryptophan, phenylalanine.

Sea buckthorn is an excellent source of natural
antioxidants (Bal et al, 2011). The most important
antioxidant in sea buckthorn juice is vitamin C (Rosch et
al.,, 2003). The authors report that one berry covers the
recommended daily dose of vitamin C. The highest
concentration of vitamin C is in Chinese subspecies
H. sinensis, 2500 mg.100 g”. European subspecies of
H. rhamnoides berries contain more than 360 mg.100 g™
of vitamin C (Bal et al., 2011). Ercisli et al., (2007)
reported that there is lower content of ascorbic acid in
varieties which are not cultivated. Vitamin E in sea
buckthorn berries is found in the form o, f, 7,
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o - tocopherols (Yang and Kallio, 2002). The content of
vitamin E varies from 8.0 mg to 16 mg 100 g'1 of fruit. Is
is mainly in pulp oil (100 to 160 mg.100 g of oil) and
seed oil (105 to 120 mg.100 g') (Bajer, 2014). According
to Rosch et al., (2003), the content of vitamin E in the
seed oil corresponds to 61-113 mg.100 g and the content
in the juice oil varies from 162 to 255 mg.100 g

Carotenoids give sea buckthorn typical yellow to orange
colour. Therefore, the oil from the pulp contains more
carotenoids than seed oil. The most active representative
of carotenoids is B-carotene. In addition to B-carotene in
sea buckthorn, there are also lycopene, zeaxanthin,
B-kryptoxanthin (Yang and Kallio, 2002b).

In sea buckthorn berries there were identified 12 types of
flavonoids: quercetin, kaempferol, hesperidin, rutin, and
others. Myricetin, citrine, catechin and others are also
present. Those are secondary plant metabolites that are
beneficial for the body due to its antioxidant character
(Chen et al., 2013; Bal et al., 2011). Arimboor et al.,
(2006) reported that sea buckthorn berries and leaves
contain 9 phenolic acids: gallic acid, protocatechuic,
salicylic, p-hydroxybenzoic, vanillic, caffeic, cinnamic,
p-coumaric and ferulic.

The aim of this study was to determine the content of
total carotenoids, polyphenols and antioxidant activity of
sea buckthorn juice from selected varieties.

MATERIAL AND METHODOLOGY

The study reviewed 11  varieties of sea
buckthorn — Hergo, Tytti, Vitaminaja, Raisa, Askola,
Dorana, Slovan, Leikora, Bojan, Terhi, Masli¢naja, which
were obtained from the Central Control and Testing
Institute for Agriculture - State department of fruit variety
testing in Velké Ripflany. German varietis were
represented by Hergo, Askola, Dorana, Leikora. Russian
originating were varieties Vitaminaja and Masli¢naja,
Finnish varieties were represented by varieties Tytti, Terhi
and Raisa and Slovak by Bojan and Slovan.

Harvesting of berries for the analysis was carried out in
the second half of September, when the fruits had
characteristic deep orange colour. Due to fine surface
structure of berries and their vulnerability, the full
branches with berries were collected. The shoots were then
frozen at -18 °C and were stored in the freezer until the
analysis was run. Analyses were performed within
48 hours after harvesting. Before the analysis, we
separated berries from the shoots in frozen state by gently
shaking them off. Frozen sea buckthorn berries of different
varieties were partially thawed and then pressed to obtain
sea buckthorn juice, which was then subject to analysis.

Content of total carotenoids expressed in - carotene was
analysed at a wavelength of 455 nm by spectrophotometer
UV VIS Jenway model 6405 UV / VIS in accordance with
the methodology STN 12136 Determination of total
carotenoids content and individual carotenoid fractions.
Samples were extracted in acetone followed by capturing
carotenoids in the petroleum ether solution.

Polyphenolic substance content was determined by
spectrophotometry at a wavelength of 700 nm by
Folin — Ciocalteu method (Singleton and Reossi, 1965) and
was measured as equivalent content of gallic acid. The

method is based on reaction of the Folin - Ciocalteu
reagent with polyphenols, with leads to formation of blue
colour product. The intensity of the blue colour is
proportional to the content of the polyphenols.

The antioxidant activity was determined by the FOMO
method (Prieto et al., 1999). The principle of the method
is the reduction of Molybdenum (VI') to Molybdenum
(V") by activity of the reducing component in the
phosphorus presence. There is a green Phosphomolybdic
complex which colour intensity is measured at a
wavelength of 695 nm by spectrophotometer. The
reductive ability of compounds can be expressed as
ascorbic acid (AA) content, which is needed to achieve the
same reduction effect.

The results were processed by the statistical package
Statistica 8.0 (Statsoft, Inc., Tulsa, USA). The differences
between the samples were followed by Tukey's HSD test
and correlation dependence between evaluation indicators
by using Pearson‘s correlation coefficient.

RESULTS AND DISCUSSION

Sea buckthorn fruits are rich in carotenoids, the most
active representative is -carotene, whose average content
was mentioned by Bajer (2014) 1.8-3.9 g mg.100 g™ fruit.
In our samples the content of carotenoids in sea buckthorn
juice ranged from 5.87 mg.100 g in variety Terhi to 12.07
mg.100 g in Askola (Table 1).

After the conversion of carotenoids to 100 % dry mater,
the content of carotenoids ranged from 50.63 mg.100 g
dry matter in variety Terhi to 93.63 mg.100 g dry matter
in Askola. Carotenoid content in samples decreased in the
following order Askola > Vitaminaja > Hergo > Leikora >
Doran > Tytti > Slovan > Bojan > Raisa > Masli¢naja >
Terhi. Tukey's HSD test determined the lowest content of
carotenoids in the juice of varieties Terhi and Masli¢naja,
among which there was no statistically significant
difference. The highest content of carotenoids was in juice
of German variety Askola, which was statistically
significantly different from any other samples. High levels
of carotenoids content over 70 mg.100 g dry matter we
also found in samples of juices from German varieties
Dorana, Leikora, Hergo. From Russian varieties a high
content of carotenoids in juice was evaluated variety
Vitaminaja. Slovak varieties Slovan and Bojan were lower
in content of carotenoids.

Yang and Kallio (2002) state the total content of
carotenoids in sea buckthorn berries from 1.0 to
200.0 mg.100 g' and P-carotene content from 0.2 to
17.0 mg.100 g'. Eccleston et al., (2002) determined the
total content of carotenoids in sea buckthorn juice at the
amount of 7.3 ml mg.100 mL™" and PB-carotene formed
3.3 mg. 100 mL"'. Kuruczek et al., (2012) analyzed nine
Russian varieties of sea buckthorn and the maximum
levels of carotenoids were found in varieties Aromatnaya
(28.97 mg.l00 g' fresh weight), Arumnyj
(21.51 mg.100 g') and Botanicheskaya (14.2 mg.100 g™).
In the study of Raffo et al., (2004) in German varieties of
sea buckthorn Askola, Hergo and Leikora a presence of
major carotenoid zeaxanthin (3-15 mg.100 g'l ), B-carotene
(0.3-5 mg.100 g™ and B-cryptoxanthin
(0.5-1.9 g mg.100 g™) were found.
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Table 1 Rating of carotenoids content in sea buckthorn juice.

Total carotenoids

Total carotenoids

Varieties (mg.100 g™ (mg.100 g DM)
Terhi 5.87 50.63*
Masli¢naja 6.23 53.23°
Raisa 9.89 64,20
Bojan 8.29 64.27°
Slovan 8.56 67,92°¢
Tytti 8.98 69.64%
Dorana 8.21 71.40%
Leikora 9.66 73.76°
Hergo 10.56 77.07°
Vitaminaja 11.99 87.55¢%
Askola 12.08 93.63"

NOTE: *" means indicated by the same letter are insignificantly different at P >0.05; DM — dry matter.

In these three wvarieties increased concentrations of
carotenoids were observed while berry ripening.
Andersson (2009) in his work examines the content of
carotenoids in sea buckthorn berries. In his experiments he
used varieties Ljubitelskaja, originating in Russia and BHi
72587, BHi 72588, BHi 727102 from the Swedish
University of Agricultural Sciences Balsgard. The main
carotenoids occurring in sea buckthorn berries include
lutein, zeaxanthin, B cryptoxanthin, lycopene, y-carotene,
B-carotene. The author quantified that the total carotenoid
content ranged from 1.5 to 18.5 g mg.100 g, in variety
Ljubitelskaja it was 5.9 mg.100 g', in BHi 72587
15.1 mg.100 g, in BHi 72588 13.8 mg.100 g, in variety
BHI 727102 9.4 mg.100 g'l. Mérsel et al., (2014)
provided the total content of polyphenols and carotenoids
in sea buckthorn and orange juices. The highest content of
B-carotene (18.65 mg.100 mL") and polyphenolic
substances (156.65 mg.100 mL") were found in sea
buckthorn juice. In orange juice the content of B-carotene
was 11.68 mg.100 mL" and  polyphenols

Table 2 Rating of polyphenol content in sea buckthorn juice.

140.73 mg.100 mL™".

While evaluating the polyphenols content we identified
the lowest one expressed in mg GAE.dm” (gallic acid
equivalent) in the juice of varieties Raisa
(2.00 g GAE.dm™) and the highest in the juice of Dorana
(292 g GAE.dm™) (Table 2). After conversion of
polyphenols content into dry weight, monitored substances
were found within the values from 13.3 g GAE.dm™ dry
matter in a sample of the varieties Raisa to 25.35 g
GAE.dm™ dry matter in the juice of Dorana. Polyphenols
content in the studied samples of sea buckthorn juice
declined in the following order of Dorana > Hergo >
Leikora > Vitaminaja > Masli¢naja > Tytti > Terhi >
Slovan > Bojan > Askola > Raisa (Table 2).

Tukey's test proved statistically significant differences in
polyphenols content in the evaluated juice samples. The
difference was not statistically significant between the
juices of Slovan and Terhi. Similarly like in the
carotenoids evaluation, the high levels of polyphenols
were found in juices of German varieties Dorana, Hergo,

T eApame
Raisa 2.00 13.03*
Askola 2.05 15.88°
Bojan 2.11 16.34°
Slovan 224 17.81¢
Terhi 2.07 17.88¢
Tytti 2.36 18.31°
Masli¢naja 2.30 19.68"
Vitaminaja 2.72 19.89¢
Leikora 2.64 20.13"
Hergo 2.84 20.76'
Dorana 2.92 2535

NOTE: “" means indicated by the same letter are insignificantly different at P>0.05, DM — dry matter.
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Leikora. Variety Askola, reaching the highest levels of
carotenoids did not belong to varieties with a high content
of polyphenols. Correlation analysis proved that there is no
correlation dependence between the polyphenol and
carotenoiod contents in sea buckthorn juice.

Boncikova et al., (2012) followed the content of total
polyphenols in apple varieties Topaz, Pinova, Jonagold
and Idared. Analyzing the detected value of 496.7 mg. kg™
in a variety Idared after 842.2 mg. kg in a variety Topaz.
While determining the antioxidants in sea buckthorn juice
Eccleston et al., (2002) declare flavonoids content in the
amount of 1.182 mg.100 mL", isorhamnetin-rutinoside
formed 355 mg. 100 mL’, isorhamnetin-glucoside
142 mg. 100 mL", guercetin-glycoside and guercetin-
rutinoside 35 mg.100 mL™. Arimboor et al., (2006) dealt
with processing of the fresh sea buckthorn berries and their
chemical evaluation and indicated that the pure sea
buckthorn juice containing no oil is characteristic by a
high content of vitamin C (168.3-184.0 mg.100 g") and
polyphenols (2392-2821 mg.100 g). Raffo et al., (2004)
demonstrated the presence of flavonoids isorhamnetine
(350-660 g mg.100 g, quercetin (30-100 mg.100 g) and
kaempferol (2-5 mg.100 g') in the German varieties
Askola, Hergo and Leikora. Gutzeit et al., (2007) in their
study isolated certain flavonoids from the juice of sea

buckthorn using highspeed countercurrent liquid
chromatography. Isorhamnetin-3-O-f-D-glucoside
(95 mg), isorhamnetin -3-O-B-rutinoside (10 mg),

guercetin-3-0O-fB-D-glucoside (5 mg) were separated from
4.1 g of the crude ethyl acetate extract. Rop et al., (2014)
investigated and determined in the fruit of sea buckthorn
the total content of polyphenols, flavonoids and
antioxidant activity. The following samples were analyzed
— varieties of Czech origin — Botanicky, Buchlovicky, of
German origin — Hergo, Leikora and Russian
origin — Ljubitelna, Trofimovskij. Polyphenolic substances
content were measured spectrophotometrically by
Folin — Ciocalteu method. Total polyphenol content was
detected in the range from 8.62 g GAE. kg dry matter in
variety Buchlovicky to 14.17 g GAE. kg™ dry matter in
variety Trofimovskij. In wvariety Hergo it was
9.65 g GAE. kg' dry matter and in variety Leikora

9.74 g GAE. kg' dry matter, which are the values lower to
what we have found in our work.

In the samples of sea buckthorn juice antioxidant activity
was assessed by using the FOMO method. The antioxidant
activity of the samples was expressed in mg.dm™
equivalent of ascorbic acid (AA). The values of
antioxidant activity of sea buckthorn juice samples ranged
from 12.51 g AA.dm> in varieties Dorana to 5.82 g
AA.dm” in Bojan (Table 3).

After conversion to dry weight we identified statistically
the highest antioxidant activity in the juice of variety
Dorana (107.88 g AA.dm™ dry matter). Evaluated varieties
according to antioxidant activity formed six homogeneous
groups. Relatively high levels of antioxidant activity in
addition to variety Dorana were also found in juices of
Slovan Masli¢naja. Also varieties Leikora, Terhi and
Vitaminaja achieved higher levels of antioxidant activity.
Average values we found in the juice of varieties. Hergo
and Askola, with no statistically significant difference, and
variety Tytti. The lowest antioxidant activity we found in
the juice of varieties Raisa and Bojan.

Kuruczek et al., (2012) devoted their study to analysis
of antioxidant activity of crude extracts from sea
buckthorn berries. Analyses were performed using
spectrophotometric methods FRAP and DPPH and nine
Russian sea buckthorn varieties grown in Poland were
examined. The highest values of antioxidant activity by
DPPH method the authors found in varieties Avgustinka
(45.78%), Aromatnaya (45.37%) Arumnyj (44.08%),
Prozachnaya (39.06%) and by the FRAP method it was in
the varieties Botanicheskaya (1892 pmol.L™") Avgustinka
(819 umol.L™"), Luchistaya (676 umol.L"), Aromatnaya
(648 pmol.L™"). Rop et al, (2014) investigated the
antioxidant activity of botanical varieties Botanicky,
Buchlovicky, Hergo, Leikora, Ljubitelna, Trofimovskij.
The highest antioxidant activity using DPPH method was
found in the Russian variety Ljubitelna
(18.11 g TEAC kg"), the lowest in the Czech variety
Botanicky (11.26 g TEAC kg ). In the German variety
Hergo authors found antioxidant activity
11.58 g TEAC kg™ and in Leikora 11,50 g TEAC kg™

Table 3 Evaluation of antioxidant activity of sea buckthorn juice.

Total antioxidant activity

Total antioxidant

Varieties (g AA.dm™) activity (g AA.dm™ DM)
Bojan 5.82 45.12°
Raisa 7.01 45.53*
Tytti 7.91 61.32°
Hergo 9.04 65.98°
Askola 7.80 68.21°
Leikora 9.91 75.67°
Terhi 8.84 76.22¢
Vitaminaja 10.51 77.95¢
Masli¢naja 10.22 88.05°
Slovan 11.16 89.06°
Dorana 12.23 108.77"

NOTE: “" means indicated by the same letter are insignificantly different at P >0.05, DM — dry matter.
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Table 4 Correlation matrix between the monitored parameters, depending on the results of the Pearson’s correlation

coefficient.

Polyphenols

Antioxidant activity

carotenoids (mg.100 g DM)
polyphenols (g.dm™ DM)

0.08 -0.02
0.79**

NOTE: ** Correlations are significant at the level P <0.01; n= 33, DM — dry matter.

Yildiz et al. (2012) analyzed samples of seven genotypes
of sea buckthorn from Turkey. They assessed their
polyphenols content and antioxidant activity. The total
polyphenols content was between
213 mg GAE.100 g" and 262 mg GAE.100 g". Analyses
of antioxidant activity by DPPH method showed the high
value in the sea buckthorn genotypes, on average 94.2%
inhibition of DPPH radical. IvaniSova et al., (2015)
analyzed antioxidant activity in sea buckthorn and its
products (fruit, sea buckthorn tea, oil and juice. The
highest activity by DPPH method was observed in oil
875 mg TEAC. g'. Antioxidant activity by
phosphomolybdenum method was in the range of

111.59 mg TEAC. g to 196.4 mg TEAC. g, with higher
rates in sea buckhorn tea.

Using Pearson correlation coefficients, we watched a
relationship between assessed parameters of sea buckthorn
juice quality. We found statistically significant positive
correlation between polyphenols content and antioxidant
activity. Between the polyphenols and carotenoids
contents and carotenoids content and antioxidant activity
of sea buckthorn juice we did not find correlation
dependence (Table 4).

CONCLUSION

Sea buckthorn (Hippophae rhamnoides L.) has become a
product of interest thanks to its content of biologically
active substances. It is appreciated especially for the high
content of vitamins not only in fruit but also in its leaves or
bark which are characterized by healing effects. Sea
buckthorn fruits are unique due to the large amount of
vitamins, vitamin C, tocopherol, minerals, B-carotene,
flavonoids and organic acids. Sea buckthorn juice is rich in
vitamin C, indicating its antioxidant effects. The goal of
this research was to assess the content of total carotenoids,
polyphenols and antioxidant activity in juice of selected
sea buckthorn varieties In this work juice samples of 11
sea buckthorn varieties were evaluated — Hergo, Tytti,
Vitaminaja, Raisa and Asko Doran Slovan, Leikora,
Bojan, Terhi, Masli¢naja. The total carotenoids expressed
in B-carotene content in the evaluated sample juices ranged
from 50.63 mg.100 g dry matter in variety Terhi to
93.63 mg.100 g dry matter in Askola. The lowest content
of polyphenols we found in the juice of the variety Raisa
(13.03 g GAE.dm™ dry matter) and the highest in the
sample of Dorana (25.35 g GAE.dm™ dry matter). The
values of antioxidant activity of sea buckthorn juice
samples ranged from 45.12 g AA.dm> dry matter of the
Bojan sample to 108.77 g AA.dm-’> dry matter in the
sample of Dorana. Among evaluated varieties Dorana juice
was characterized by a high quality of content of
nutritionally important substances. It clearly reached the

highest content of polyphenolic compounds and high
antioxidant activity.
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INCIDENCE OF BACTERIA AND ANTIBACTERIAL ACTIVITY
OF SELECTED TYPES OF TEA

Jana Hutkova, Attila Kantor, Margarita Terentjeva, Jana Petrovd, Czeslaw Puchalski,
Maciej Kluz, Rafal Kordiaka, Simona Kunovda, Miroslava Kacaniova

ABSTRACT

The purpose of this study was to determine in vitro antibacterial activity of selected teas (Assam: Indian black tea
from Camellia sinensis, Pu-erh: darkpu-erh (shu) from Camellia sinensis, Sencha: Japanese green tea from Camellia
sinensis) against five species of pathogenic microorganisms. In our study, we determined the total viable count (TVC),
yeasts (Y) and Enterobacteriaceae counts (E). MALDI-TOF MS Biotyper was used for identification of colonies after
cultivation. Evaluation of the antimicrobial activity was performed by disc diffusion method, well diffusion method and
detection of minimum inhibitory concentration (MIC). For antibacterial activity against Escherichia coli CCM 2024,
Yersinia enterocolitica CCM 5671, Klebsiella pneumonie CCM 2318, Staphylococus aureus CCM 2461 and Bacillus
thurigiensis CCM19 were detected. The inhibition zones were measured in mm in disc diffusion method and well diffusion
method. The MIC of the individual extracts was measured spectrophotometrically. The high number of total viable count
was found in Pu-erh tea (2.1 log CFU.g") and lowest number was found in Assam tea (0.7 log CFU.g"). The high number
of Enterobacteriacea was found in Pu-eth tea (2.03 log CFU.g") and lowest in Assam tea
(0 log CFU.g™"). The higher number of yeasts was found in Pu-erh tea (1.83 log CFU.g") and lowest in Assam tea (0.3 log
CFU.g™"). Mass spectrometry revealed the presence of seven Gram positive bacteria Bacillus cereus, B. mycoides, B.
pumilus, Enterococcus durans, Staphylococcus epidermis, S. hominis, S. warneri, four Gram negative bacteria
Acinetobacter junii, Hafnia alvei, Klebsiella pneumoniae, Sphingomonas spp. and two yeast - Candida glabrata,
Cryptococcus albidus. The results show that certain tea extracts are particularly active against various pathogenic bacteria.
Tea extracts (Sencha, Rooibos, Mate, Assam) were found to have the strongest antibacterial activity against Staphylococcus
aureus CCM 2461.

Keywords: bacteria; antibacterial activity; MALDI TOF MS Biotyper; tea

INTRODUCTION

Tea is a popular beverage due to its inherent liquor and
flavour characteristics. Two major types of tea available in
the market are green tea and black tea. Linnaeus first
classified the tea plant as Thea sinensis and later named as
(Camellia sinensis (L) O. Kuntze). The native place of tea
plants is claimed as the area touching Nagaland, Manipur
along Assam and Burma frontier in the west, even though
China in the east touching southwardly through the hills of
Burma, Thailand and Vietnam. India is the second largest
producer of black CTC tea with a production of 1135.07
million kilograms in the year 2012. It supplies
approximately 26% of global back tea demand. Moreover,
Assam tea estates manufacture more than 50% of all
Indian black tea production. Taste of the tea liquor and
appearance of the made tea are two major characteristics
quality parameters of black tea (Dutta and Baruah,
2014).

Pu-erh black tea, which is subjected to a long-time of
secondary oxidization and fermentation (post-fermented),
is defined as a new type of tea in recent years (Liang et
al.,, 2005). Pu-erh black tea, originally produced in the

Yunnan province of China, is used as a health beverage to
prevent a variety of diseases. First parching crude green
tea leaves (Camellia sinensis var. assamica (L.) obtain
Pu-erh black tea O. Kuntze; Theaceae) and then undergoes
secondary fermentation with microorganisms such as
Aspergillus niger (postfermented). During the fermentation
process, catechins are oxidized into quinone by polyphenol
oxidase and then condensed to form bisflavanol,
theaflavin, thearubigen, and other high molecular
components (Wang et al., 2010). These are regarded as
the biologically important active components of Pu-erh
black tea which may be responsible for its acclaimed
health benefits. Examples of such health benefits include
hypocholesterolemia, anti-obesity (Fujita and
Yamagami, 2008a, 2008b), anti-atherosclerosis (Hou et
al., 2009) and anti-mutagenicity (Wang et al., 2011a,b). It
is generally believed that the popularity of Pu-erh black tea
is linked to its long history of use, especially in Asia, and
its health benefits.

Tea quality is important for its market value and is
defined by colour, freshness, strength, and aroma. To date,
approximately 600 volatiles have been described in black
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tea, with fewer numbers in oolong and green tea, due to
the lesser degree of fermentation when producing these
teas, and thereby tea quality influences a certain market
percentage. Fresh tea leaves of Camellia sinensis are
steamed immediately after plucking to produce Japanese
green tea (Sencha). Endogenous enzymes involved in
aroma formation are inactivated by the steam treatment,
producing low aroma contents. The commercial value of
Sencha is mainly evaluated by umami (taste) and fresh
green odor, whereas flowery and fruityodor is essential for
black tea or semi-fermented tea (oolong tea). The volatile
compounds in green tea, black tea and semifermented tea
have been intensively analysed (Katsuno et al., 2014).
The potent odorants of Japanese and Chinese green teas
and black tea have been investigated based on aroma
extract dilution analysis (AEDA) (Kumazawa and
Masuda, 2002; Kumazawa et al., 2006). To enrich green
tea with more aroma attributes, a selection of raw materials
(tea cultivars) can be employed. Amongst several types of
Sencha aroma-rich green teas, made from C. sinensis
cultivars, Kohshun and Shizu 7132 have a sweet odor
(Yang et al., 2009), and are becoming popular in Japan.

Despite the significant role of herbal teas in improving
nutrition and health, there have been reports of microbial
contamination and adverse effects resulting from their
consumption. These include neurological, cardiovascular
and hematological hazards (Palmer et al., 2003). Toxin-
producing microbial contaminants are often the cause of
these adverse effects. Therefore, it is important to identify
the microbial contaminants of herbal tea products as
indicators of safety and quality (Schweiggert et al., 2005).
A few reports demonstrating microbial contamination of
medicinal herbs from various parts of the world exist in the
literature. Rizzo et al., (2004) indicated that medicinal
plants in Argentina harbored toxigenic fungi such as A.
flavus, A. parasiticus and several members of the Genus
Fusarium.

In recent years, much attention has been focused on the
role of tea flavonoids in the promotion of health, especially
of catechins (IvaniSova et al. 2013; IvaniSova et al., 2015
a,b). In plants, these metabolites are involved in their
protection against several pathogens including insects,
bacteria, fungi, and viruses. In the human organism, these
polyphenols may exert health promoting properties,
mainly  antioxidant, anticancer, anti-inflammatory,
antidiabetic and antimicrobial activities (Dias et al., 2013;
Sharangi, 2009; Silva, 2012; Wheeler, 2004).

The purpose of this study was to determine in vitro the
antibacterial activity of selected teas (Assam: Indian black
tea fromCamellia sinensis, Pu-erh: dark pu-erh (shu)
fromCamellia sinensis, Sencha: Japanese green tea from
Camellia sinensis) against five species of pathogenic
microorganisms. In our study, we determined the total

viable count, number of yeasts and number
ofEnterobacteriaceae genera.

MATERIAL AND METHODOLOGY

For microbial analysis and antimicrobial activity

threeselected teas (Assam: Indian black tea fromCamellia
sinensis, Pu-erh: dark pu-erh (shu) fromCamellia sinensis,
Sencha: Japanese green tea from Camellia sinensis) were
used.

Microbiological analysis

Five grams of the tea was sampled using sterile scalpels
and forceps, immediately transferred into a sterile
stomacher bag, containing 45 mL of 0.1% peptone water
(pH 7.0), and homogenized for 60 s in a Stomacher at
room temperature. Microbiological analyses were
conducted by using standard microbiological methods.
Total viable count (TVC) were determined using Plate
Count Agar (PCA, Oxoid, UK) after incubation for 2 days
at 35°C. For Enterobacteriaceae, Violet red bile glucose
agar (VRBL, Oxoid, UK) were inoculated with sample
suspension and incubated at 37°C for 24 h. Number of
yeasts (Y) were determined using Tryptic Glucose Yeast
agar (TGYA, Oxoid, UK). Inoculated plates were
incubated for 5 days at 25°C. All plates were examined for
typical colony types and morphology characteristics
associated after the incubation.

We used MALDI-TOF Mass Spectrometer (Bruker
Daltonics, Germany) for identification of bacteria and
yeasts isolated from tea samples. After incubation of
yeasts at 25°C for 5 days, isolated colonies were picked
and suspended in 300 pL of sterile distilled water and
mixed thoroughly. 900 puL of absolute ethanol was added.
The mixture was centrifuged at 13 000 x g for 2 min. After
the supernatant was discarded, the pellet was centrifuged
again. Residual ethanol was completely removed by
pipetting and the pellet was allowed to dry at room
temperature. Subsequently 10 pL of formic acid (70%)
was added and mixed with the pellet with a sterile
toothpick. Next, 10 pL of acetonitrile (100%) was added
and mixed thoroughly. The solution was centrifuged at
maximum speed for 2 minutes again, and 1 pL of the
supernatant was spotted on a polished MALDI target plate
(Bruker Daltonics, Germany). Immediately after drying
1 uL of the matrix solution was added to each spot and
allowed to air dry. The matrix used was a saturated
solution of a-cyano-4-hydroxycinnamic acid (HCCA)
(Bruker Daltonics, Germany) dissolved in 50% acetonitrile
with 0.025% trifluoroacetic acid (TFA). The matrix
solution preparation (2.5 mg of HCCA) contains 500 pL of
acetonitrile, 475 pL of ultra-pure water and 25 pL of
trifluoroacetic acid. Next added 250 pL of this solution to
the 2.5 mg of HCCA. Samples were then processed in the
MALDI-TOF MS (Microflex LT/SH, Bruker Daltonics,
Germany) with flex Control software and results obtained
with Real-time Classification software (RTC) by used
database “Taxonomy” (Bruker Daltonics, Germany).

Antimicrobial activity

The dry materials were crushed, weighed out to 10 g and
soaked separately in 100 mL of ethanol p.a. (96%, Sigma,
Germany) during two weeks at room temperature in the
dark. Exposure to sunlight was avoided to prevent the
degradation of active components. Then, ethanolic tea
extracts were subjected to evaporation under reduced
pressure at 40 °C in order to remove the ethanol (Stuart
RE300DB rotary evaporator, Bibby scientific limited, UK,
and vacuum pump KNF N838.1.2KT.45.18, KNF,
Germany).

For antibacterial activity, bacteria Escherichia coli CCM
2024, Yersinia enterocolitica CCM 5671, Klebsiella
pneumonie CCM 2318, Staphylococus aureus CCM 2461
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and Bacillus thurigiensis CCM19 were used. Bacteria were
collected from Czech Collection of Microorganisms. The
bacterial cultures were cultivated in Muller Hinton broth
(Imuna, Slovakia) at 37 °C.

Antimicrobial activity of tea extract was determined
using a disc diffusion method and well diffusion method.
The MIC of the individual extracts was measured
spectrophotometrically. Briefly, a 100 pL of the test
bacteria were grown in 10 ml of fresh media until they
reached a count of approximately of 10° cells.mL”. An
amount of 100 pL of the microbial suspension was spread
onto Mueller Hinton agars. Each antimicrobial assay was
performed in at least triplicate.

RESULTS AND DISCUSSION

Green tea is produced from tea leaves that have not
undergone the process of fermentation. Until recently, the
world trade in tea focused almost exclusively on black tea
(Ost’adalova et al., 2014).

The number of microorganisms identified in tea is shown
in Figure 1. The highest number of total viable count was
found in Pu-erh tea (2.1 log CFU.g") and the lowest in
Assam tea (0.7 log CFU.g"). The high number of
Enterobacteriacea  was  found in  Pu-erh tea
(2.03 log CFU.g") and the lowest in Assam tea (0 log
CFU.g™"). The higher number of yeasts was found in Pu-
erh tea (1.83 log CFU.g™"), while the in Assam tea (0.3 log
CFU.g"). Mass spectrometry revealed the presence of
seven Gram positive bacteria Bacillus cereus, B. mycoides,
B.  pumilus, Enterococcus durans, Staphylococcus
epidermis, S. hominis, S. warneri, four Gram negative
bacteria Acinetobacter junii, Hafnia alvei, Klebsiella
pneumoniae, Sphingomonas spp. and two yeast Candida
glabrata, Cryptococcus albidus.

Microflora of tea was studied before. The
microorganisms identified in tea wer Staphylococcus
aureus, Staphylococcus epidermidis, Bacillus subtilis,
Pseudomonas  flourescens, Pseudomonas aeruginosa,
Klebsiella pneumoniae, Serratia marcencens, Salmonella
typhimurium and Escherichia coli, respectively. Fungal
isolates were identified as Aspergillus niger, Aspergillus
flavus, Penicillium expansum, Rhizopus stolonifer, and
Fusarium  solanii,  respectively = (Omogbal and
Ikenebomeh, 2013). This finding indicates that tea could
be contaminated with large numbers of different
microorganisms.

Mbata et al. 2005 reported that daily consumption of
green tea can kill gram positive Staphylococcus aureus and
other harmful bacteria. Also it has been reported that the
green tea contain catechin and polyphenols. These
compounds have been found to possess antibacterial and
antiviral action as well as anticarcinogenic and
antimutagenic properties. This suggests that these
compounds could be responsible for the inhibitory of
L. monocytogenes.

The crude ethanolic extract of white tea exhibited
moderate antimicrobial activity against Sigella sonnei
(11.0 mm), Pseudomonas aeroginosa (10.0 mm),
Escherichia coli (9.0 mm) and Bacillus cereus (8.0 mm) at
500 pg.disc” (Ur Rashid et al., 2013).

The antibacterial activity detected with disc diffusion
method is shown in Figure 2. The best antibacterial
activity against the tested bacteria with disc diffusion
method was found against Stapylococcus aureus for
Sencha tea (5 mm). The highest antibacterial activity
against Escherichia coli with disc diffusion method was
found for Assam tea (1 mm). The highest antibacterial
activity against Yersinia enterocolitica was found for
Assam and Pu-erh tea (2 mm). The higher antibacterial
activity against Klebsiela pneumonie was found for Assam
and Sencha tea (1 mm). The higher antibacterial activity
against Bacillus thurigiensis was found for Pu-erh tea
(2 mm).

The results of the study showed that the tea extract of
Camellia sinensis indicates the presence of potent
antibacterial activity, which confirms its use against the
pathogenic  microorganisms. The  assessment of
antimicrobial activity was based on measurement of
inhibition zones formed around the discs. Disk diffusion
method did not produce recordable results for all the three
type of tea leaves against the pathogens. Among these the
methanolic extract of fresh green tea exhibited greater
antimicrobial activity. The methanol extracts of the test
plant produced larger zones of inhibition against the
bacteria. These observations may be attributed to green tea
catechin compounds and polyphenols. These compounds
have been found to possess antibacterial action (Saikia et
al., 2000).

The microorganisms which were found to be sensitive to
fresh green tea extracts were E. coli, Enterococcus
faecalis, Staphylococcus aureus, Candida albicans and
Pseudomonas aeruginosa (Archana and Abraham,
2011).

It has been documented that green tea contains catechin
and polyphenols which are highly sensitive to the
oxidation process. The catechin and polyphenols have
been found to possess antibacterial and antiviral action as
well as anticarcinogenic and antimutagenic properties.
These compounds could be responsible for the inhibition
of pathogens. The antibacterial effects of tea polyphenols
(TPP) extracted from Korean green tea (Camellia sinensis)
against  clinical isolates of  methicillin-resistant
Staphylococcus aureus (MRSA) were evaluated in the
previous study. The earlier works by Mabe et al. (1999)
showed that tea catechins have an antibacterial effect
against H. pylori and may have a therapeutic effect against
gastric mucosal injury induced by this organism.

The antibacterial activity with well diffusion method is
shown in Figure 3. The best antibacterial activity against
tested bacteria with well diffusion method was found
against Bacillus thurigiensis for Sencha tea.

The agar-well diffusion method was used for the
concentrations of 100, 200, 300, and 400 mg.mL'l,
respectively. Results showed that the minimum inhibitory
concentration of tea alcohol extract was 400 mg.mL™" with
inhibition zone of 20 mm. The extract decreased the
bacterial viable count since it showed a visible decrease to
<5x10° CFU.mL™" after 24 hours of incubation. Black tea
extract also had the ability to completely inhibit
Pseudomonas growth on blood agar and inhibited protease
activity and adhesion (Flayyih et al. 2013).
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Figure 1 The number of microorganisms in log CFU.g" in tea samples.

NOTE: TVC - total viable count, E - Enterocacteriaceae,Y - yeasts.
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Figure 2 Antimicrobial activity of selected tea against bacteria by disc diffusion method.

NOTE: EC - Escherichia coli, YE - Yersinia enterocolitica, KP — Klebsiella pneumonie,
SA — Staphylococus aureus, BT - Bacillus thurigiensis.

In the study of Radji et al. 2013 the MIC of green tea
extract against MRSA was 400 pg.mL"', while the MIC for
MDR- P. Aeruginosa was 800 pg.mL"'. The anti-bacterial
activity of green tea extract is comparable to standard
antibiotic. The activity of 16 pg of green tea extract
against the laboratory strain of S. Aureus ATCC 25923
was comparable to that of commercially available oxacillin
(1 ng), whereas the activity of 16 ug green tea extract was
comparable to that of commercially available gentamicin
(10 pg) against the laboratory strain P. Aeruginosa ATCC
27853, even though green tea extract was slightly less
effective. Green tea extract showed good antimicrobial
activity against MRSA and MDR - P. aeruginosa,

although both of these bacteria have been resistant to
multiple classes of antibiotics.

The polyphenol contents of green tea have been reported
to inhibit the varieties of pathogenic bacterial growth such

as Helicobacter pylori, methicillin-resistant
Staphylococcus aureus, Streptococcus mutans,
Streptococcus  sobrinus, Salmonella typhi, Shigella
dysenteriae, Shigella flexneri and Vibrio cholera.

Polyphenols in green tea were also found to be effective
against human immunodeficiency virus, hepatitis, and
influenza viruses. Dental caries and periodontal diseases
are two the most prevalent plaques associated with oral
infectious diseases produced by endogenous oral flora. S.
mutans and S. sobrinus are known as the main etiological
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Figure 3 Antimicrobial activity of selected tea against bacteria in mm.

NOTE: EC - Escherichia coli, YE - Yersinia enterocolitica, KP - Klebsiella pneumonie,
S4 - Staphylococcus aureus, BT - Bacillus thurigiensis.
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Figure 4 Minimal inhibition concentration of selected tea against bacteria in pg.mL™

NOTE: EC - Escherichia coli, YE - Yersinia enterocolitica, KP - Klebsiella pneumonie,
SA - Staphylococcus aureus, BT - Bacillus thurigiensis.

agents of dental caries. These cariogenic bacteria adhere to
the tooth surface and produce a sticky glycocalyx film
composed of glucan resulting from the action of
glucosyltransferase on dietary sucrose. Accumulation of
bacteria causes dental plaque formation within which there
is continuing acid production by the bacterial plaque
(Araghizadehet al., 2013). Tea extract exhibited the
inhibitory effect also to those microorganisms.

The minimum inhibitory concentration (MIC) of the
ethanol extract is shown in Figure 4. The lowest

antibacterial activity was typical for Pu-erh against
Escherichia coli.

CONCLUSION

The mass spectrometry for identification of tea
microflora was used and altogether the presence of seven
Gram-positive and four Gram-negative bacteria species
were revealed. Tea extracts exhibited the antimicrobial
activity, thus have a potential antimicrobial activity against
microorganisms even agains the pathogens.
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THE CONTENT OF TOTAL POLYPHENOLS IN DIFFERENT VARIETIES OF
SOLANUM TUBEROSUM GROW IN SPIS AREA

Bedta Volnova, Janette Musilova, Miriam Kopernickd, Petra Kavalcova,
Lubos Harangozo, Michal Medvecky

ABSTRACT

Potatoes can be classified into groups of foods that are consumed regularly and in relatively large quantities, they are an
essential source of polyphenol compounds. Phenolic compounds are the predominant antioxidants in nutrition and their study
is currently being paid much attention. These antioxidants act synergistically; polyphenol compounds protect vitamin C and
B-carotene, which in turn helps to increase the effect of vitamin E. Potatoes are very popular vegetables in Slovakia, not only
in terms that they are easy to prepare, but also by the fact that they combine the wholesomeness of cereals and delicacy and
characteristic chemical composition of vegetables. It is important that they find their place in our diet. Nutritional value of
potatoes is determined by the content of nutrients such as protein, starch, fat, minerals, and absence of toxins, as well as by a
significant content of bioactive components from the group of polyphenols. The study was performed in order to analyse 7
Slovak potato varieties from Spis area, according to biologically active compounds: such as polyphenols. The content of total
polyphenols was determined by the method of Lachman et al., (2003). The lowest determined content of total polyphenol
(mg.kg! dry matter) in locality Spidsky Stvrtok was measured in a variety Victoria (795.05 mg.kg™! dry matter) and the highest
content of total polyphenols in locality Spissky Stvrtok was measured in variety Laura (1238.42 mg.kg™' dry matter). In the
locality Odorin was determine the lowest content of total polyphenols in variety Red Anna (974.09 mg.kg"! dry matter) and
the highest content of total polyphenols was determined in variety Laura (978.95 mg.kg™! dry matter). Between all varieties
in locality Spissky Stvrtok was confirmed the statistically significant difference in the influence of the variety in the contents
of total polyphenols (mg.kg! DM). This varietal dependence was not appear in samples taken in the locality Odorin. The total
polyphenols content of the potatoes can be influenced by other factors, for example locality. In this case, there were
statistically significant differences in the content of total polyphenols in variety Laura obtained from two different localities.

Keywords: potato; variety; total polyphenol; compound; Spi$ area

INTRODUCTION

Eatable potatoes have an important role in the production
of agricultural crops and also of produced food raw
materials. The potatoes are frequently consumed in Europe
but sometimes overlooked nutritional quality of this staple
crop. Solanum tuberosum follows only rice and wheat in
world importance as a food crop for human consumption.
Cultivated potatoes have spread from the Andes of South
America where they originated to 160 countries around the
world. Consumption of fresh potatoes has declined while
processed products have increased in popularity.
According to Franéakova, et al., (2001), potato tuber is
growing for its rhizone tubers, which is known as potatoes.
Potatoes filled in human nutrition mainly for volume
function, than eating function and protective function.
Potatoes are an important food, industrial raw materials,
feed and a major agricultural crops with high yield
potentially useful biomass. As the potato becomes a staple
in the diets of an increasing number of humans, small
differences in potato nutritional composition will have
major impacts on population health (Camire et al., 2009).
According to Lisinska (2006) the nutritive value of potato
is relatively high, because of protein content and

composition (high percentage of essential amino acids:
lysine, leucine, phenyloalanine, threonine and wvaline).
Potato is also characterised by high amounts of starch, and
lower content of sugars, minerals (K, Mg, Fe, Cu, J, P) and
vitamins of group B, folic acid, fat-soluble vitamins E, K,
and carotenoids, which may be converted into vitamin A
(Wroniak, 2006). The content of vitamins in tubers is not
high, however 200 g of potatoes covers much of the daily
requirement for these compounds, especially vitamin B6
(20 -26%), vitamin B1 (12 — 20%), niacin (10 — 20%), folic
acid (4 — 12%), and pantothenic acid (10%) (Lisinska and
Leszcezynski, 1989). According to Astley (2003) Solanum
tuberosum is an excellent source of vitamin C and other
biologically active substances, such as polyphenols and
flavonoids, which are commonly described as antioxidants.
These substances have beneficial influence on human
organism, as they protect against cardiovascular disease,
and cancer, as well as reduce blood cholesterol level. The
potato is a carbohydrate-rich, energy-providing food with
little fat. Potato protein content is fairly low but has an
excellent biological value of 90 — 100. Potatoes are
particularly high in vitamin C and are a good source of
several B vitamins and potassium. The skins provide
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Table 1 Characterictics of soil and nutrient content.

Point of pH (KCI) Cox mold P K Ca Mg
delivery % (mg,kg'l)
Matejovce 5.75 1.56 2.69 36.27 191.03 2780 193.50
Spissky Stvrtok 522 2.74 3.21 30.23 178.38 1710 180.0
Odorin 5.19 2.22 2.83 82.71 179.75 1590 161.0

substantial dietary fiber. Many compounds in potatoes
contribute to antioxidant activity and interest in cultivars
with pigmented flesh is growing. Potato tubers present in
human nutrition an important source of antioxidants.
According to Musilova et al., (2010) in the potatoes are the
greatest extent represented polyphenols
(1226 — 4405 mgkg!) and ascorbic acid (170 to
990 mg kg™!), carotenoids (4 — 4.5 mg.kg™'), a-tocopherol
(0.5 to 2.8 mgkg?!), in small amounts of selenium
(0.1 mg.kg™!) and a-lipoic acid. Polyphenols are important
sources in potatoes. They are divided into two main groups:
phenolic acids and flavonoids, which create from 1/3 to 2/3
of all antioxidants (Tapiero et al., 2002; Musilova et al.,
2013).

Polyphenols are a group of plant secondary metabolites
that are markedly represents in the diet of humans and
animals. The main factor responsible for the delayed
research on polyphenols is the variety and the complexity
of their chemical structure (D’Archivio et al., 2007;
Hegediisova et al., 2015).

Lachman et al., (2013) present that phenolic compounds
are the most commonly used group of antioxidants, most of
which is represented by the chlorogenic acid isomers, and
caffeic acid. Polyphenolic substances contained in foods of
plant origin are at present pursued plant components.
According to Suli et al., (2014) polyphenols are found in
normal foods of plant origin in varying amounts. The
content of phenolic compounds in natural materials is quite
variable, depending on each type of crop, but also of their
varieties. According to Marecek et al., (2013) in the
varietal composition, we have to take more account of
varietal differences, especially in the carbohydrates content
and in the options of processing to different products.
Polyphenol content is conditioned by genetically influenced
and agronomic soil and weather or environmental
conditions. André€ et al., (2009) classed the polyphenols into
a group of natural antioxidants. About the effect of
polyphenolic substances on human health is constantly
debated in professional and general level, with views on the
action of these agents are not completely uniform
(Lachman et al., 2013; Volnova et al., 2015). Content of
total polyphenolic compounds and anthocyanins is
dissimilar at different stages of tuber maturity; it is affected
by different environmental conditions, e.g. longer days and
lower temperatures (Reyes et al., 2004) or ecological way
of cultivation (Hamouz et al., 2005).

The aim of this research was to evaluate a set of seven
potato varieties and watched the content of total
polyphenols in different varieties of Solanum tuberosum
grow in Spis area.

MATERIAL AND METHODOLOGY
Material: For analyses we used seven potato varieties from
Spis area: Victoria, Laura (Spissky Stvrtok), Belana, Laura

(Odorin), Red Anna, Marabel, Malvina (Matejovce), which
were analysed for the content of biologically active
compounds: total polyphenols and potato varieties were
collected from Spi§ area. Each variety was removed from
four places of our area of interest.

Methods: analysis of potatoes: Total polyphenols were
determined by the method of Lachman et al., (2003) and
expressed in mg eq. gallic acid per kg dry matter. Gallic acid
is usually used as a standard unit for phenolics content
determination because a wide spectrum of phenolic
compounds. The total polyphenol content was estimated
using Folin-Ciocalteau reagent. The Folin-Ciocalteau
phenol reagent was added to a volumetric flask containing
an aliquot of extract. The content was mixed and a sodium
carbonate solution (20%) was added after 3 min. The
volume was adjusted to 50 mL by adding of distilled water.
After 2 hours, the samples were centrifuged for 10 min. and
the absorbance was measured at 765 nm of wave length
against blank. The concentration of polyphenols was
calculated from a standard curve plotted with known
concentration of gallic acid.

Analysis of soil: In each locality we determined exchange
soil reaction (pH/KCl) — was determined oxidimetry %,
with using translation method of Turin, Cox carbon content
(%) and mold (%) — were determined oxidimetry %, with
using translation method of Turin, and content of
macroelements (mg.kg™!) — we set by Mehlich II method,
analytical method for the determination of output was
atomic absorption spectrophotometer (AAS Varian AA
Spectr DUO 240FS/240Z/UltrAA). We evaluated the
indicators based on the Code of Good Agricultural Practice
(Bielek, 1996, Decree no. 338/2005 Coll.) Results were
statistically evaluated by the Analysis of Variance
(ANOVA — Multiple Range Tests, Method: 95.0 percent
LSD) wusing statistical software STATGRAPHICS
(Centurion XVII, USA) and the regression and correlation
analysis (Microsoft Excel) was used.

RESULTS AND DISCUSSION

The results of the analysis of different locations are
referred to Table 1. Soil from Matejovce area have been
weakly alkaline, with middle content of mold, very low
content of phosphorus, middle content of potassium and
good content of magnesium (193.50 mg.kg™"). The soil from
locality Odorin is alkaline, with middle content of mold,
high content of P, middle content of K and good content of
Mg and soil from Spissky Stvrtok area is alkaline too, with
middle content of mold, with good content of phosphorus,
middle content of K and good content of magnesium.
Nowadays, the great emphasis is placed on research of
polyphenols from plant extracts, as well as their biological
activity (Arnal et al., 2012; Duchnowicz et al., 2012;
Stojadinovic et al.,, 2013; Zhang et al.,, 2013). The
polyphenols are the most abundant antioxidants in the
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Table 2 Multiple Range Tests for the locality effect on the total polyphenols content (mg.kg™! DM) in potato tubers

(Spissky Stvrtok locality).

Variety Count Mean Homogenous groups
Victoria 16 795.05 £108.92 X
Belana 16 956.75 £129.54 X
Laura 16 1238.42 +£23.31 X
Method: 95,0 percent LSD.
Table 3 ANOVA Table for total polyphenol content by variety.
Source Sum of Squares Df Mean Square F-Ratio P-Value
Between groups 1.61096E6 2 805480.0 82.79 0.0000
Within groups 437810.0 45 9729.1
Total (Corr.) 2.04877E6 47

human diet (Bystricka et al., 2010). They are known to
exhibit stronger antioxidant activity than monophenols
(Troszynska et al., 2002). In our work, we watched the
locality effect on the total polyphenols content in different
varieties of potatoes. The results of analyzes of individual
samples have statistically processed (Table 2 — 7)

As we can see in Table 2, determined values of total
polyphenol content in three different varieties were in range
from 795.05 mg.kg™! DM (locality Spissky Stvrtok, Victoria
variety) to 1238.42 mgkg' DM (Spissky Stvrtok area,
Laura variety). Minimal measured values in variety Victoria
was 614.72 mgkg' DM, in variety Belana was
72272 mgkg! DM and in variety Laura was
1202.72 mg.kg! DM. Maximal measured value in variety
Victoria was 993.28 mg.kg! DM, in variety Belana was
1112.12 mgkg! DM and in variety Laura was
1268.88 mg.kg™! DM. Statistically significant differences in
total polyphenols content between individual variety is
confirmed. The differences were between varieties Victoria
—Belana and Laura, between varieties Belana — Victoria and
Laura and between variety Laura — Belana and Victoria.

Between the content of total polyphenols in varieties of
locality Odorin were only minimal differences, while the
lowest and highest TPC we have established in variety
Laura (minimum: 883.12 mgkg! DM and maximum
1037.76 mg.kg! DM, which is almost 18% difference). The
difference between the lowest and highest average value of
TPC is only 0.5%. These contents of total polyphenols in

testing varieties were determined only with minimal
difference. There were not statistically significant
differences between different varieties. The content of total
polyphenols was not different in average

Based on the results of the statistical evaluation it can be
stated that there are significant differences in potatoes of the
same variety Laura from different areas (Odorin and
Spissky Stvrtok). The TPC in variety Laura from locality
Spissky Strvtok was nearly about 27% higher as from
Odorin area. Minimal measured value was in variety Laura
883.12 mg.kg"! DM from locality Odorin, and maximum
was in variety Laura 1268.88 mg.kg! DM from locality
Spissky Stvrtok.

The average TPC of all samples middle early varieties was
in the variety Victoria 795.05 mg.kg! DM and standard
deviation was 108.92, in variety Belana was average value
of TPC 956.75 mg.kg! DM and standard deviation was
about 129.54 and in the last variety Laura from Spissky
Stvrtok was average value TPC
1238.42 mg.kg' DM and standard deviation was 23.31.
Based on these results it can be assumed correlation
between the location and the total polyphenol content in
potatoes, which is confirmed by the results of many authors
who deal with the issue Reddivari et al., (2007); Hamouz
et al., (2007). Burgos et al., (2013) as one of the key factors
indicate variety and the conditions in their processing, too.
Lachman et al., (2008) also confirm the significant effect
of locality, which have a high content of TPC and higher

Table 4 Multiple Range Tests for the effect of variety on the total polyphenols content (mg.kg™! DM) in potato tubers

(locality Odorin).
Variety Count Mean Homogenous groups
Red Anna 16 974.09 +42.44 X
Marabel 12 977.79 £31.77 X
Laura 16 978.95 £54.16 X
Method: 95,0 percent LSD
Table S ANOVA Table for total polyphenol content by variety.
Source Sum of Squares Df Mean Square F-Ratio P-Value
Between groups 203.218 2 101.609 0.05 0.9506
Within groups 82124.7 41 2003.04
Total (Corr.) 82327.9 43
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Table 6 Multiple Range Tests for the effect of variety Laura on the total polyphenols content (mg.kg™! DM) in potato tubers

(Odorin and Spissky Stvrtok localities).

C.locality Count Mean Homogenous groups
Odorin 16 978.95 X
Sp. Stvrtok 16 1238.42 X

Method: 95,0 percent LSD

Table 7 ANOVA Table for total polyphenols content by variety Laura.

Source Sum of Squares Df Mean Square F-Ratio P-Value
Between groups 538597.0 1 538597.0 309.82 0.0000
Within groups 52152.3 30 1738.41
Total (Corr.) 590750.0 31

yields of potatoes in the area, which had the lowest average
annual temperature and minimum daily temperatures.
Further the author notes, that the content of total
polyphenols can be influenced by variety. This fact is
confirmed by many other authors. According to Navarre et
al., (2011) a difference in the content of total polyphenols
may be caused, for example, genotype or varietal affiliation.
The influence of variety as an important factor influence the
polyphenol content in potato tubers is confirmed by our
results.

Pawelzik et al., (1999) and Friedman (1997) determined
a significant effect of variety on TP content, which has
already been confirmed by our results.

CONCLUSION

Polyphenols are secondary metabolites of plants with
antioxidant properties.

The potato is one of the richest sources of antioxidants in
the human diet. The main antioxidants are polyphenols
(123 — 441 mg 100 g, ascorbic acid (8 — 54 mg 100 g),
carotenoids (up to 0.4 mg 100 g') and tocopherols
(up to 0.3 mg 100 g'"). L-Tyrosine, caffeic acid, chlorogenic
acid and ferulic acid are amongst the main polyphenols,
which have about twice the level in the skin compared with
the flesh of the potato. In terms of chemical structure, it is
a diverse group of chemically related substances, which are
divided into several classes and subclasses. Technological
processes used in the food production, storage and the meals
treatment lead to changes in polyphenol content in foods.
These factors together effect the representation of
polyphenols in foods and also their utility.

Content of polyphenols is especially affected by variety,
year of cultivation, stress factors (mechanical damage of
tubers, attack of pathogens or action of light on tubers) and
by cooking treatment. In a lesser extent the effect of locality,
potassium fertilization, storage temperature, y-irradiation
and other factors could be involved, but there is only a little
demonstrable empirical evidence in the literature
references.

Polyphenolic exceed biological activity in the human
body, among others they can take active part in the removal
of free radicals, metal ion chelatation as well as affect
enzyme activity and protein availability. Although their
health beneficial properties, polyphenolic compounds are
prevalent, between others, coronary heart disease, cancer,
inflammatory diseases.

Nutritional value of potatoes is influenced by the content
of nutrients, absence of toxic substances and presence of
biologically active polyphenols, which are responsible for
antioxidant activity of this vegetable. Potato is easy to
prepare, widespread and versa, as it combines energy value
of cereals and chemical composition typical for vegetables.
It is therefore very important to include it in our everyday
diet.

In our work we deal with the research of changes to the
total polyphenols content in different varieties of potatoes.
In conclusion we can say that the lowest content of total
polyphenols we found in a variety Victoria of locality
Spissky Stvrtok and the highest content of total polyphenols
we have established in a Laura variety of locality Spissky
Stvrtok. Total polyphenols content was statistically
significant in the area Spissky Stvrtok and statistically not
significant in the area Odorin. So the effect of locality on
the content of total polyphenols in potato tubers in variety
Laura was statistically significant.
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CHARACTERIZATION OF PROTEIN FRACTIONS AND ANTIOXIDANT
ACTIVITY OF CHIA SEEDS (Salvia Hispanica L.)

Kvetoslava Ka¢marova, BlaZena Lavova, Peter Socha, Dana Urminska

ABSTRACT

Chia seed (Salvia hispanica L.) is an annual herbaceous plant categorized under Lamiaceae family. Chia seeds were
investigated as a source of proteins and natural antioxidants. It is a potential alternative source of high quality protein, fats,
carbohydrates, high dietary fibre, vitamins and mineral elements. The objective of this study was to evaluate chia seed from
protein content and antioxidant acivity and highlight the quality of this pseudocereal. A crude protein, moisture content,
content of protein fractions, total antioxidant capacity (TAC) and superoxide dismutase activity of chia seeds and food
products containing chia seeds were determined. The protein content of chia seeds ranged from 2.9% to 4.6% dry matter
from that albumins and globulins ranged from 54.6% to 62.8%. Chia is poor in a prolamines (<15%). Various chia seeds
showed differences in their SOD activity and exhibited the high antiradical activity against 2,2-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid) (ABTS). The highest antioxidant capacity was found in sample chia seeds from
Bolivia (1.46 mM TEAC.g" in the dry matter) and the lowest values of antioxidant activity was estimated in sample chia
seeds from Argentina (1.05 mM TEAC.g" in the dry matter). The highest SOD activity was determined in sample chia from
Argentina (2191.8 U.g" in the dry matter). The lowest SOD activity was found in sample chia-bio from Argentina
(754.0 U.g"" in the dry matter.). It makes them potentially suitable for use in the gluten-free diet of coeliac people and it can

be used as a potential ingredient in health food because of its high antioxidant activity.

Keywords: chia seed; protein; protein fraction; antioxidant activity

INTRODUCTION

In recent years, demand for food with multiple health
benefits has increased. There is an interest to introduce
anew food to prevent various disorders (Mohd Ali et al.,
2012).

During recent decades, it has been demonstrated
worldwide increase in allergies and intolerances to certain
foods, which is associated with nutrition, lifestyle,
economic growth and urbanization (Gilissen et al., 2014).
For example, the most common food-induced enteropathy,
caused by intolerance to cereal proteins (gluten), is coeliac
disease, also termed coeliac sprue. Large number of
coeliac patients is also lactose-intolerant. It leads to
mineral, vitamin and protein deficiencies in the diet
suitable for them (Arendt et al., 2011).

Chia seeds (Salvia hispanica L.) are one of the potential
alternative sources of high quality protein, fats,
carbohydrates, high dietary fibre, vitamins and mineral
elements. They also contain a high amout of antioxidants,
and therefore are reintroduced to diets to provide health
benefits for patients and healthy persons (Segura-Campos
et al., 2014).

Salvia hispanica L. is a plant of the Lamiaceae or
Labiatae family native of central and southern America,
and grows in arid climates. It can grow up to 1 meter tall,
has opposite arranged leaves and small flowers (Figure 1).
It produces a small white and dark seeds (Mohd Ali et al.,
2012), which are considered a pseudocereals and an
oilseeds (Figure 2) (Sandoval-Oliveros and Paredes-
Lopéz, 2012).

Due to the composition of seeds, they present a good
alternative source of proteins for humans. Chia seeds
contain a higher amount of proteins (19-23%) than other
traditionally used grains, such as wheat (14%), barley
(9.2%), oats (15.3%), corn (14%) and rice (8.5%)
(Monroy-Torres et al., 2008; Sandoval-Oliveros and
Paredes-Lopéz, 2012).

Determinant of quality proteins is digestibility. It is the
amount of protein absorbed into the body relative to the
amount that was consumed. Protein digestibility of ¢ hia
flour is 79.8%, according to Monroy-Torres et al.,
(2008), as well as cereals processed for direct consumption
(corn, wheat, oats, etc.).

Chia seeds are also rich in natural antioxidants, especially
phenolic compounds such as chlorogenic acids, caffeic
acids, kaempferol and quercetin. All of the mentioned
characteristics may reduce cardiovascular diseases,
regulate an intestinal transit or prevent of some diseases
such astype II diabetes and some types of cancer
(Sandoval-Oliveros and Paredes-Lopéz, 2012).

The main objective of the present study is to characterize
and evaluate a content of proteins, protein fractions and
antioxidant activity in Slovakia commercially available
chia seeds.

MATERIAL AND METHODOLOGY

Chia seeds (Salvia hispanica L.) were obtained from
local markets in Nitra, Slovak Republic. Three types of
chia seeds from different producers were used for analysis.
The first sample of chia seeds is originating in Bolivia, the
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Figure 1 Salvia hispanica L. plant, (Mohd Ali et al.,
2012).

Figure 2 Chia seed, (Mohd Ali et al., 2012).

second sample of chia was originating in Argentina and as
produced by ecological farming (bio). The last sample of
chia was harvested also in Argentina (conventional
farming). For analysis, we used a bio-raw apricot flapjack
(containing 4% of chia seeds) and chia spelled biscuits
(containing 3% of chia seeds). Flours and food products
for analyses were prepared by milling (BOSCH, MKM
6000).

Moisture content was determined according to the ICC
Standard Method No. 110/1 for cereals and cereal
products. Approximately 8 g of each sample of seeds were
weighed into special aluminium dishes and dried until
constant weight, using a moisture analyzer KERN DBS
60-3.

For determination of crude protein content was used 500
mg of each sample of milled chia flours and products with
chia seeds. Nitrogen content was measured by the Kjeldahl
method according to the ICC Standard Method No.
105/2 (1994). The samples were digested in a Kjeldahl
Digestion Unit type DK6 (Velp Scietifica), using cupric
sulfate and potassium sulfate as catalysts. The digested
samples were than destilled using UDK 127 Destilation
Unit (Velp Scientifica) and the destilates were titrated with
H,SO, (¢ = 0,1 M). The protein content was calculated as
nitrogen x conversion factor f (N x 6.25).

For extraction of protein fractions was used 2500 mg of
each sample of chia flours and milled food products.
Fractionation of proteins (albumin, globulins, prolamins
and glutelins) was carried out according to the Golenkov,

using modification of the method reported by Michalik
(2002). The protein content of the isolated fractions was
assessed by Kjeldahl method.

In this study the QUENCHER procedure was used to
measure the total antioxidant capacity (TAC) using ABTS"
assay (Serpen et al., 2012). All three samples of chia
seeds needed to be diluted at 1:1 (w/w) with cellulose.
ABTS was dissolved in deionized water to a concentration
of 7 mM. The radical cation of ABTS was obtained by
reaction with 2.45 mM potassium persulfate and allowing
the stock solution to stand in the dark at room temperature
for at least 12 hours (Re et al.,, 1999). The working
solution of ABTS" was prepared by diluting 10 mL of
ABTS" stock solution with approximately 800 mL of a
water/ethanol (50:50, v/v) mixture. The working solution
absorbance was 0.750 — 0.800 at 734 nm (Sargi et al.,
2013). Ten (£1.0) mg of powdered sample was weighed
into a centrifuge tube having 15 mL capacity. The reaction
was started by adding 10 mL of ABTS" working solution.
The tube was shaken rigorously for 1 minute and placed on
shaker in the dark. The mixture was shaken at 350 rpm at
room temperature on the shaker (ThermoMixer C,
Eppendorf) to facilitate the surface reaction between the
solid samples and ABTS' solution. After exactly 30
minutes for ABTS probe from the first introduction of
radical/oxidant solution onto solid samples, centrifugation
(Avanti J-25, Beckman Coulter) was performed at
9,200 x g for 2 minutes. Optically clear supernatants were
transferred into spectrophotometric cuvette and the
absorbance values were measured at 734 nm for ABTS
assay (6705 UV/VIS spectrophotometer, JENWAY). The
TAC of samples determined with ABTS assay were
calculated in mmol of Trolox equivalent antioxidant
capacity (TEAC) per g of sample using the calibration
curves (Serpen et al., 2012).

In this study the diagnostic Ransod set (RANDOX, Great
Britain) was used for the determination of superoxide
dismutase activity. The principle of the method was based
on the xanthine and xanthine oxidase that produce
superoxide radicals reacting with tetrazolium salt to red
formasan. SOD activity is determined as a degree of
inhibition of this reaction which occurs at 37 °C.
Following preparation was identical both for the prepared
yeast samples and standards from which the calibration
curve was constructed (Bfezinova Belcredi et al., 2010).

The chia seeds were homogenized in chilled 0.1 M
sodium phosphate buffer (pH 7.4) to prepare a 10%
homogenate. The homogenate was centrifuged at
10,000 x g at 4 °C for 10 minutes and the supernatant was
used for assays (Sangeetha, 2010). The sample (0.05 mL)
and the substrate (1.7 mL) were added into a cuvette and
the mixture was carefully blended. Reaction was started by
addition of xanthine oxidase (0.25 mL). The cuvette was
placed into the spectrophotometer and an absorbance of
505 nm was measured. The first absorbance was measured
after 30 seconds (A;) and the second after 3 minutes (A;).
The result was converting to SOD units/g of sample.

RESULTS AND DISCUSSION

The moisture content, the total protein content and the
proportion of the protein fractions of chia seeds and
products with chia are summarized in the Table 1.

Volume 10

No. 1/2016



Potravinarstvo® Scientific Journal for Food Industry

The moisture content of chia samples ranged from 5.8 to
6.72%. These results are within the range of 4.5% to 6.8%
reported by numerous authors (Monroy-Torres et al.
2008; Coorey et al. 2012; Sandoval-Oliveros and
Paredes-Lopéz 2012; Segura-Campos et al. 2014).

Chia seeds are characterized by a high protein content.
Studies according to Monroy-Torres et al., (2008),
Sandoval-Oliveros and Paredes-Lopéz (2012) and
Segura-Campos et al.,, (2014), describe the value of
protein content of 15 — 23%. In the present study, protein
content of all samples of chia flour was very low and
ranged from 2.9 to 4.6%. It could be caused by using
unmodified chia flours. Sandoval-Oliveros and Paredes-
Lopéz (2012) used defatted and dried flours of mucilage-
free chia seeds for the same analysis, with the result 23%
of proteins in dry solids.

After protein extaction and fractionation by solubility, all
fractions were quantified by Kjeldahl method. The
proportion obtained from chia 1 (Bolivia) was 55.8% of
crude albumins and globulins, 13.8% of prolamins, 9.5%
of glutelins, whereas 20.9% of the protein wasn't
recovered. The proportion obtained from chia 2 (bio-chia,
Argentina) was 62.8% of crude albumins and globulins,
14.2% of prolamins, 15.1% of glutelins, whereas 7.9% of
insoluble residue. In the chia 3 (Argentina), the content of
albumins was 54.6%, 12.5% were prolamins, 15.2% were
glutelins and the content of insoluble residue was 17.7%.
Albumins and globulins were the most abundant (from
55.8% to 62.8%) followed by glutelins (9.5% — 15.2%),
and prolamins (12.5 — 14.2%). The values are similar to
those reported by Sandoval-Oliveros and Paredes-Lopez
(2012), excluding the values of the insoluble residues
(7.9 — 20.9%), which were higher.

Palen¢arova and Galova (2009) investigated the
proportion of each protein fraction in selected cereals.
Compared to their results, chia seeds contained double
amount of nutritionally valuable fraction of storage
proteins, albumins and globulins, compared to the
common used cereals (wheat 25.4%, barley 27.12%, rye
41.34% and oats 20.22%). The content of the celiac active
prolamin fraction was twice lower, compared to wheat
(36.7%), barley (32.57%) and rye (28.75%). The prolamin
content in chia was also lower than that of oats (16.65%).
The glutelins content was determined lower, and content
of insoluble residues was detected higher in chia seeds to

that of above-mentioned cereals. The values of mentioned
protein fractions are also consistent with those reported by
Galova et al., (2011).

The dominance of albumin and globulin fractions was
proved in pseudocereals such as amaranth (Hricova et al.,
2011) and buckwheat (Guo and Yao, 2006). The only
difference found between amaranth (Amaranthus cruentus)
and chia was a higher proportion of glutelins and lower
proportion of prolamins in chia seeds. On the other hand,
the protein fractions of chia and buckwheat (Fagopyrum
tataricum) were very similar, except insoluble residues
that were not mentioned by authors Guo and Yao (2006).

From the results shown in Table 1 it follows that a
content of crude protein detected in chia biscuits and
apricot chia flapjack was 1.3% and 1.5%, respectively.
Both types of chia meals presented a various composition
of protein fractions. The main protein fraction
corresponded to glutelins (41.9%) and fractions of
albumins and globulins (39.3%) in spelt chia biscuits and
apricot flapjack, respectively. The food products contain
low level of prolamins, 11.9% in spelt biscuits and 17.3%
in apricot flapjack. The differences were caused by various
compositions of these meals, which represent a complex
food composed of several different nutritionally valuable
constituents. Spelt and oat, the two main components of
the products, were also different in the nutritional value,
thus in the composition of protein fractions (Socha et al.,
2010).

The values of a crude protein in products were also
different than those found for chia seed samples. From the
nutrition point of view, chia seeds are better source of
valuable proteins, compared to food products containing
insignificant amount of chia seeds.

In the present study was used TAC measurement by
QUENCHER method. The QUENCHER procedure
eliminates time-consuming extraction steps, which assists
to build a unique database and ease of comparison for the
TAC of different food types. The solvent composition of
probe radical solution had a significant influence on TAC
measured by direct QUENCHER. In this procedure, the
solvent not only acted as a reactant carrier but also a food
matrix solubilizer (Serpen et al., 2012).

Based on the results of trolox standard curve (Figure 3) it
was possible to calculate the trolox equivalent antioxidant
capacity for chia seeds.

Table 1 The total protein content and the proportion of the protein fractions of chia seeds and products containing chia.

Sample Content of Crude Protein Albumins and Glutelins (%) Insoluble
(Coutry of Origin) Chia seeds (%) (%) Globulins (%) Residue (%)

Chia (Bolivia) 100 2.9 55.8 9.5 20.9

Chia, bio (Argentina) 100 3.6 62.8 15.1 7.9

Chia (Argentina) 100 4.6 54.6 15.2 17.7

Apricot flapjack (United 4 1.5 39.3 26.2 17.2
Kingdom)

Chia spelled biscuits 3 1.3 26.9 41.9 19.3
(Slovakia)

n* - 3 3 3 3
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Figure 3 Percentage quenching of absorbance at 734
nm as a function of Trolox concentrations built by
using ABTS" working solution.
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Figure 4 Calibration curve using for calculation of
SOD activity.
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Table 2 Antioxidant capacity (ABT™) and superoxide dismutase activity of chia seeds in the dry matter.

Samples ATBS SOD Moisture
(Country of Origin) (mM TEAC.g" d.w.) (Ug'dw.) (%)
Chia (Bolivia) 1.46 1231.4 5.80
Chia, bio (Argentina) 1.13 754.0 6.72
Chia (Argentina) 1.05 2191.8 6.62
n* 3 3 3

* The number of repetitions, TEAC = trolox Equivalent Antioxidant Capacity, d.w. = dry weight.

Based on results (Table 2) it can be concluded that the
highest antioxidant capacity was found in sample chia
seeds from Bolivia (1.46 mM TEAC.g" in the dry matter)
and the lowest values of antioxidant activity was estimated
in sample chia seeds from Argentina (1.05 mM TEAC.g"
in the dry matter). As seen from the Table 2, obtained data
showed that there was a difference between TAC of tested
samples which can be caused by a different variety or
growing conditions.

Serpen et al., (2012) used the QUENCHER procedure
for the ABTS assay and they determined the antioxidant
capacity of some seeds such as wheat (17.0 mM TEAC kg’
"in the dry matter.), rice (14.9 mM TEAC kg in the dry
matter) and rye (32.7 mM TEAC.kg' in the dry matter).
These results are lower than those found for all seeds in
present study for the ABTS "assay.

Sargi et al., (2013) determined the antioxidant capacity
of chia seeds 2.56 mM TEAC.g" in the dry matter. These
results are higher than those found for seeds in present
study. Vazques-Ovando et al.,, (2009) found that
antioxidant activity in the fiber-rich fraction of chia was
488 uM TEAC.g" in the dry mater, Marineli et al., (2014)
reported for Chilean chia seeds 436 uM TEAC.g" and for
Argentina chia meals Capitani et al.,, (2012) reported
557.2 uM TEAC.g" in the dry matter.

Chia is considered a seed with high antioxidant capacity,
because is loaded with high amount of phenolic
compounds (Martinez-Cruz and Peredes-Lépez, 2014).
In this study was measured activity of superoxide
dismutase, which protects the organism against the
oxidatie damage caused by active oxygen forms
(Piterkova et al., 2005). In this study was used a standard
curve for determintion of SOD activity (Figure 4).

The highest SOD activity was determined in sample chia
from Argentina (2191.8 U.g" in the dry matter). The

lowest SOD activity was found in sample chia-bio from
Argentina (754.0 U.g” in the dry matter.). There is no
exact information about SOD activity in chia seed, so
Kolahi-Ahari (2006) determined SOD activity in different
species of kiwifruit on the level about 40 U.g" fresh
weight. Brezinova-Belcredi et al, (2010) detected
superoxide dismutase activity in grain samples of 12
varieties and lines of spring barley in the interval
62 — 147 U.g"" in the dry matter. In comparisom with these
results it can be concluded that SOD activity in chia seeds
is very high. According to the results in Table 2 it is
evident that SOD activity in chia tested samples was very
hight. Detection of hight antioxidant activity and SOD
activity in chia seeds indicate the chia seeds to be a
potential ingredient in health food products such as
nutrition bars or cookies.

CONCLUSION

Based on the current research findings, chia seed is a
good source of valuable protein fractions (albumins and
globulins) and antioxidant compounds. The content of
prolamins is low (<15%) what makes chia seeds
potentially useful in the preparation of gluten-free products
suitable for celiacs. The isolation and preparation of
selected compounds from chia seeds could be used to
produce potent natural antioxidants or ingredients with
commercial applications in pharmacy, food industry or as
a dietary suplements.

REFERENCES

Arendt, E. K., Moroni, A., Zannini, E. 2011. Medical
nutrition teraphy: use of sourdough lactic acid bacteria as a
cell factory for delivering functional biomolecules and food
ingredients in gluten free bread. Microbial Cell Factories,

Volume 10

No. 1/2016



Potravinarstvo® Scientific Journal for Food Industry

vol. 10, suppl. 1, p. 1-7. http://dx.doi.org/10.1186/1475-2859-

http://dx.doi.org/10.4103/0250-474X.62248

10-S1-S15 PMCid:PMC3231922

Bfezinova Belcredi, N., Ehrenbergerova, J., Vaculova, K.
2010. Antioxidacni aktivita enzymu superoxiddismutasy v
zrnu jeCmene jarniho. Kvasny prumysl, vol. 56, no. 3, p. 128.

Capitani, M. 1., Spotorno, V., Nolasco, S. M., Tomas, M. C.
2012. Physicochemical and functional characterization of by-
products from chia (Salvia hispanica L.) seeds of Argentina.
LWT - Food Science and Technology, vol. 45, no. 1, p. 94-
102.

Gilissen, L., Van Der Meer, 1., Smuldwers, M. 2014.
Reducing the incidence of allergy and intolerance to cereals.
Journal of Cereal Science, vol. 59, no. 3, p. 337-345.
http://dx.doi.org/10.1016/j.jcs.2014.01.005

ICC Standard Method No. 110/1. 1976. Determination of
moisture content of cereals and cereal products (Practical
Method). International Association for Cereal Science and
Technology, Vienna.

ICC Standard Method No. 105/2. 1994. Determination of
crude protein in cereals and cereal products for food and for
feed. International Association for Cereal Science and
Technology, Vienna.

Kolahi-Ahari, A. 2006. A study of superoxide dismutase
activity and superoxide production in kiwifruit. A thesis for
degree of M.Sc., Canterbury : University of Canterbury, p. 39.

Marineli, Rd. S., Moraes, E. A., lenquiste, S. A., Godoy, A.
T., Eberlin, M. N., Marostica, M. R. Jr. 2014. Chemical
characterization and antioxidant potential of Chilean chia
seeds and oil (Salvia hispanica L.). LWT — Foof Science an
Technology, vol. 59, no. 2, p. 1304-1340.

Martinez-Cruz, O., Peredes-Lopez, O. 2014. Phytochemical
profile and nutraceutical potential of chia seeds (Salvia
hispanica L.) by ultra high performance liquid
chromatography. Journal of Chromatography A, 1346, p. 43-
48. http://dx.doi.org/10.1016/j.chroma.2014.04.007
PMid:24811150

Michalik, I. 2002. Unifikovand metéda diskontinudlnej
frakcionacie bielkovinového komplexu zrna obilnin (Unified
method of discontinuous fractionation of protein complex in
grain cereals). Polnohospodarstvo, vol. 48, no. 7., p. 333-341.

Mohd Ali, N., Keong Yeap, S., Yong Ho, W., Kee Beh, B.,
Wei Tan, S., Guan Tan, S. 2012. The promising future of
Chia, Salvia hispaica L. Journal of Biomedicine and
Biotechnology, vol. 2012, no. 1, p. 1-9.

Monroy-Torres, R., Mancilla-Escobar, M. L., Gallaga-
Solorzano, J. C., Medina-Godoy, S., Santiago-Garcia, E. J.
2008. Protein digestibility of chia seed Salvia hispanica L.
Revysta Salud Publica y Nutricion, vol. 9, no. 1, p. 1-6.

Piterkova, J., Tomankova, K., Luhova, L., Petfivalsky, M.,
Pe¢, P. 2005. Oxidativni stres: Lokalizace tvorby aktivnich
forem kysliku a jejich degradace v rostlinnem organismu.
Chemické Listy, vol. 99, p. 455-466.

Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang,
M., Rice-Evans, C. 1999. Antioxidant activity applying an
improved ABTS radical cation decolorization assay. Free
Radical Biology and Medicine, vol. 26, no. 9/10, p. 1231-
1237. http://dx.doi.org/10.1016/S0891-5849(98)00315-3

Sandoval-Oliveros, M. R., Paredes-Lopéz, O. 2012.
Isolation and Characterization of Proteins from Chia Seeds
(Salvia hispanica L.). Journal of Agricultural and Food
Chemistry, vol. 61, no. 11, p. 193-201.

Sangeetha, R. 2010. Activity of superoxide dismutase and
catalase in fenugreek (Trigonella foenum-graccum) in
response to carbendazim. Indian Journal of Pharmaceutical
Sciences, vol. 72, no. 1, p- 116-118.

PMid:20582202

Sargi, S. C., Silva, B. C., Santos, H. M. C., Montanher, P.
F., Boeing, J. S., Santos-Junior, O. O., Souza, N. E.,
Visentainer, J. V. 2013. Antioxidant capacity and chemical
composition in seeds rich in omega -3: chia, flax, and perilla.
Food Science and Technology (Campinas), vol. 33, no. 3.
http://dx.doi.org/10.1590/s0101-20612013005000057

Segura-Campos, M. R., Ciau-Solis, N., Rosado-Rubio, G.,
Chel-Guerrero, L., Betancur-Ancona, D. 2014.
Physicochemical characterizations of chia (Salvia hispanica)
seed oil from Yucatan, Mexico. Agricultural Sciences, vol. 5,
no. 3, p. 220-226. http://dx.doi.org/10.4236/as.2014.53025

Serpen, A., Gokmen, V., Fogliano, V. 2012. Solvent effects
on total antioxidant capacity of foods measured by direct
QUENCHER procedure. Journal of Food Composition and

Analysis, vol. 26, no. 1-2, p- 52-57.
http://dx.doi.org/10.1016/].jfca.2012.02.005
Socha, P., Razdikovd, A., Urminska, D. 2010.

Optimalizicia stanovenia pritomnosti celiakalne aktivnych
bielkovin v cerealiach a pseudocerealiach (Optimization of
celiatic disease active proteins estimation in cereals and
pseudocereals). Potravinarstvo, vol. 4, special no., p. 497-
505. Available at:
http://www.potravinarstvo.com/dokumenty/mc_februar 2010
/pdf/5/Socha.pdf

Vazques-Ovando, A., Rosado-rubio, G., Chel-Guerrero, L.,
Betancur-Ancona, D. 2009. Physicochemical properties of
a fibrous fraction from chia (Salvia hispanica L.). LWT-Food
Science and Technology, vol. 42, no. 1, p. 168-173.

Acknowledgments:

This contribution is the result of the project
implementation: Centre of excellence for white-green
biotechnology, ITMS 26220120054, supported by the
Research & Development Operational Programme funded
by the ERDF. This work was supported by the project
KEGA 024SPU - 4/2013.

Contact address:

Kvetoslava  Kacmarova, Slovak  University  of
Agriculture, Faculty of Biotechnology and Food Sciences,
Department of Biochemistry and Biotechnology, Tr. A.
Hlinku 2, 949 76 Nitra Slovakia, E-mail:
xkacmarova@is.uniag.sk.

Blazena Lavova, Slovak University of Agriculture,
Faculty of Biotechnology and Food Sciences, Department
of Biochemistry and Biotechnology, Tr. A. Hlinku 2, 949
76 Nitra Slovakia, E-mail: blazena.lavova@uniag.sk.

Peter Socha, Slovak University of Agriculture, Faculty of
Biotechnology and Food Sciences, Department of
Biochemistry and Biotechnology and Center of
AgroBioTech, Tr. A. Hlinku 2, 949 76 Nitra Slovakia,
E-mail: peter.socha@uniag.sk.

Dana Urminska, Slovak University of Agriculture,
Faculty of Biotechnology and Food Sciences, Department
of Biochemistry and Biotechnology, Tr. A. Hlinku 2, 949
76 Nitra Slovakia and Institute of Chemistry, Slovak
Academy of Sciences, Center for White-Green
Biotechnology, Tr. A. Hlinku 2, SK-949 76 Nitra, E-mail:
dana.urminska@uniag.sk.

Volume 10

No. 1/2016


http://dx.doi.org/10.1186/1475-2859-10-S1-S15
http://dx.doi.org/10.1186/1475-2859-10-S1-S15
http://dx.doi.org/10.1016/j.jcs.2014.01.005
http://dx.doi.org/10.1016/j.chroma.2014.04.007
http://www.ncbi.nlm.nih.gov/pubmed/24811150
http://dx.doi.org/10.1016/S0891-5849%2898%2900315-3
http://dx.doi.org/10.4103/0250-474X.62248
http://www.ncbi.nlm.nih.gov/pubmed/20582202
http://dx.doi.org/10.1590/s0101-20612013005000057
http://dx.doi.org/10.4236/as.2014.53025
http://dx.doi.org/10.1016/j.jfca.2012.02.005
http://www.potravinarstvo.com/dokumenty/mc_februar_2010/pdf/5/Socha.pdf
http://www.potravinarstvo.com/dokumenty/mc_februar_2010/pdf/5/Socha.pdf

Gheck\@\

OPEN (5" ACCESS

Potravinarstvo® Scientific Journal for Food Industry

Potravinarstvo, vol. 10, 2016, no. 1, p. 83-88
doi:10.5219/554

Received: 8 October 2015. Accepted: 18 January 2016.
Available online: 24 January 2016 at www.potravinarstvo.com
© 2016 Potravinarstvo. License: CC BY 3.0

ISSN 1337-0960 (online)

@ potravindrstvo

ANTIFUNGAL ACTIVITY OF LEMON, EUCALYPTUS, THYME, OREGANO,
SAGE AND LAVENDER ESSENTIAL OILS AGAINST ASPERGILLUS NIGER
AND ASPERGILLUS TUBINGENSIS ISOLATED FROM GRAPES

Miroslava Cisarovd, Dana Tancinova, Juraj Medo

ABSTRACT

Today, it is very important to find out the protection of products of natural origin as an alternative to synthetic fungicides.
The promising alternative is the use of the essential oils (EOs). Essential oils from plants have great potential as a new
source of fungicide to control the pathogenic fungi.The main objective of this study was evaluation of the antifungal activity
of lemon (Citrus lemon L.), eucalyptus (Eucalyptus globulus LABILL.), thyme (Thymus vulgaris L.), oregano (Origanum
vulgare L.) sage (Salvia officinalis L.) and lavender (Lavandula angustifolia MILLER.) EOs against Aspergillus niger and
Aspergillus tubingensis isolated from grapes and their ability to affect the growth. It was tested by using the vapor contact
with them. At first both tested isolates were identified by using PCR method. Sequence data of 18S rRNA supported the
assignment of these isolates to the genus Aspergillus and species A. niger (ITS region: KT824061; RPB2: KT824060) and
A. tubingensis (ITS region: KT824062; RPB2: KT824059). Second, EO antifungal activity was evaluated. The effect of the
EO volatile phase was confirmed to inhibit growth of 4. niger and A tubingensis. EOs were diluted in DMSO (dimethyl
sulfoxide) final volume of 100 pL. Only 50 pL this solution was distributed on a round sterile filter paper (1 x 1 cm) by
micropipette, and the paper was placed in the center of the lid of Petri dishes. Dishes were kept in an inverted position. The
essential oils with the most significant activity were determined by method of graded concentration of oils - minimum
inhibitory doses (MIDs). The most effective tested EOs were oregano and thyme oils, which totally inhibited growth of
tested isolates for all days of incubation at 0.625 pL.cm™ (in air) with MFDs 0.125 pL.cm™ (in air). Lavender EO was less
active aginst tested strains (MIDs 0.313 pL.cm™). The results showed that the tested EOs had antifungal activity, except
lemon and eucalyptus. Sage EO was the only one which decelerated the radial growth of colony of both tested strains after
all days of cultivation in comparison with a control sets. Our study provides the support that essential oils can be used to
control plant pathogens such as 4. niger and A. tubingensis.

Keywords: Aspergillus; essential oils; antifungal activity; vapor

INTRODUCTION

Fruit deterioration is a key postharvest problem because
fungal spoilage can cause great economic losses. Grape, as
a perishable fruit, is susceptible to fungal infection,
especially from Aspergillus niger which causes a disease
called black mold, one of the major causes of rapid and
extensive deterioration of table grapes during the harvest
and the major obstacle for storage (dos Santos et al., 2012;
de Sousa et al., 2013). Aspergillus niger, the most
important member of Aspergillus subgenus Circumdati
section Nigri, is primarily a plant pathogenic fungi
responsible for deterioration of stored food material, as well
as Aspergillus tubingensis, which includes species that
morphologically resemble Aspergillus niger (Samson et
al., 2000). In addition, the genus Aspergillus and its species
are producers of several mycotoxins. 4. flavus and A.
parasiticus are the main aflatoxins-producing species, while
production of ochratoxin A is mainly associated with
Aspergillus carbonarius and A. niger or Nigri section
species, which has also been reported to produce
fumunosin, sterigmatocystin, cyclopiazonic acid and patulin
(Plascencia-Jatomea et al., 2014). Spoilage and poisoning
of food by fungi are the major problem for food industry

and consumers. Decay may increase post harvest losses up
to 50% without fungicide treatment. However, the use of
synthetic fungicides is becoming more restrictive and thus
alternative treatments need to be developed to reduce
environmental risk and satisfy the demands of consumer
groups (Phillips et al., 2012). This negative consumer
perception of chemical preservatives drives attention
towards natural alternatives (Sharma and Tripathi, 2008).
Due to an increasing risk of chemical contamination upon
the application of synthetic fungicides to preserve fresh
fruits and vegetables, essential oils are gaining increasing
attention (Farzaneh et al., 2015).

Essential oils are aromatic and volatile liquids extracted
from plants. The chemicals in essential oils are secondary
metabolites, which play an important role in plant defense
as they often possess antimicrobial properties (Hyldgaard
et al., 2012). Some of EOs have been reported to be active
in vitro against A. niger such as lemongrass (Tzortzakis
and Economakis, 2007) and Matricaria chamomilla flower
(Tolouee et al., 2010). A number of EO components have
been registered by the European Commission for use as
flavourings in food stuffs (Commission Decision of 23
January, 2002). Some EO formulations are currently used
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as food preservatives and are kept in the category “GRAS”
in view of their favourable safety profile. Being volatile in
nature, such EOs may be used as plant-based fumigants for
the stored food commodities. Hence, EOs may play a
significant role in overcoming storage losses and in
enhancing food shelf life (Prakash et al., 2015).

The objective of this study was evaluation of the
antifungal activity of 6 EOs by using vapor contact against
the fungal species of the genus Aspergillus section Nigri
isolated from grapes in Slovakia.

MATERIAL AND METHODOLOGY
Fungal isolation and identification

Two isolates of black aspergilly, Aspergillus niger KMi-
116-LR and Aspergillus tubingensis KMi-144-LR isolated
from grapes, were used. These isolates belong to the
collection of microorganisms at the Department of
Microbiology of the Slovak Agricultural University in
Nitra. They were inoculated on Czapek Yeast Autolysate
Agar (CYA) (Samson et al., 2002) dishes.

Culturing conditions and DNA extraction
Single spore fungal isolates grown on SDA (Pancreatic
Digest of Casein 5 g.L”', Peptic Digest of Meat 5 g.L”,

Glucose 40 g.L”', Agar 15 gL', BioLife, Italy, Srl) plates
(2 weeks, 26 °C, 16/8 light regime) were used for DNA
extraction. DNA was extracted using a ZR fungal/bacterial
DNA extraction kit (Zymo Research Corp. USA, CA).
Identification of isolates was based on
18S rDNA-ITS1-5.8S rDNA-ITS2-28S rDNA region (ITS).
We used also partial sequences of second largest subunit of
DNA dependent RNA polymerase II (RBP2) because ITS
region has low discrimination power among species in
Aspergillus sect. nigri. Amplification reactions were carried
out in 25 pL volumes containing: 200 mM dNTPs, 1x
dreamTaq buffer, 0.5 unit DreamTaq DNA polymerase
(Life technologies, USA), 0.5 mM of corresponding primer,
and 0.5 pL DNA. Conditions of PCR reactions were
following: initial denaturation at 95 °C for 3 min, 35 cycles
were performed consisting of denaturation at 95 °C for 30 s,
annealing at corresponding temperature for each primer set
for 45 s, and extension at 72 °C for 90 s, final step was
10 min incubation at 72 °C. PCR reactions were carried out
in a Biorad MJ mini thermal cycler (BioRad Corp., USA,
CA). Primers used for PCR and sequencing of ITS region
were ITS1 and ITS4 (White et al., 1990). Primer pair for
PCR amplifdication was partial RPB2 where RPB2-5F and
RPB2-7cR and sequencing primer was RPB-6F (Liu et al.,

Table 1 The major constituents of essential oils analyzed by Calendula company a.s.

Essential oils Compound Amount (%)
Lemon B-pinene 7.0-17
sabinene 1.0-3.0
limonene 56178
y-terpinene 6.0-12
B-caryophyllene max. 0.5
neral 03-1.5
a-terpineol max. 0.6
neryl acetate 02-09
geranial 0.5-23
geranyl acetate 0.1-0.8
Oregano carvacrol min. 50
Lavender limonene <1.0
cineole <2.5
3-octanone 0.1-25
camphor <1.2
linalool 20 —45
linalyl acetate 2546
terpinen-4-ol 0.1-6.0
lavandulyl acetate >0.2
lavandulol >0.1
a-terpineol <2.0
Thyme p-cimene 40 £3
thymol 3242
Eucalyptus a-pinene 9.0
B-pinene max. 1.5
sabinene max 0.3
a-phellandrene max. 1.5
limonene 12
1,8-cineole min. 70
camphor max. 0.1
Sage 1,8-cineole min. 5.0
thujone min. 15.0
borneole min. 5.0
Note: max. (maximum), min. (minimum).
Volume 10 84 No. 1/2016
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1999). PCR products were cleaned-up by Exol/FastAP
(Life technologies, USA) and sent to Macrogen (Korea) for
Sanger sequencing. Acquired sequences were assembled
and processed using the Seaview software (Gouy et al.,
2010). Isolates were identified by comparison with records
in genbank database wusing genbank BlastN tool.
(http://blast.ncbi.nlm.nih.gov/). Sequences of both used
isolates was deposited in genbank database under folowing
accesion numbers: A. niger isolate KMi-116-LR, ITS:
KT824061; RPB2: KT824060. A. tubigensis isolate KMi-
144-LR, ITS: KT824062; RPB2: KT824059.

Essential plant oils

The essential oils used in this study were extracts of
lemon (Citrus lemon L.), eucalyptus (Eucalyptus globulus
LABILL.), thyme (Thymus vulgaris L.), oregano
(Origanum vulgare L.) sage (Salvia officinalis L.) and
lavender (Lavandula angustifolia MILLER.), they all were
supplied by Calendula company a.s. (Nova Cubovna, 238
A, Slovakia). The gas chromatography analysis of the main
components of each essential oils were determined by
Calendula company a.s. (Table 1). Essential oils were
extracted by hydro distillation and its quality and stability
were certified by suppliers.

Antifungal activity of essential oils

The antifungal activity of selected EOs was investigated
by microatmosphere method. The test was performed in
sterile Petri dishes (@ 90 mm) containing 15 mL of CYA.
Evaluation by filter paper was made by the method adapted
from Guynot et al., (2003). First, all EOs were tested in
highest concentration (0,625 pL.cm™ of air). EOs were
diluted in DMSO (dimethyl sulfoxide) final volume of 100
pL. Only 50 pL of this solution was distributed on a round
sterile filter paper (1 x 1 cm) by micropipette, and the paper
was placed in the center of the lid of Petri dishes. Dishes
were kept in inverted position. Filter paper discs
impregnated with dimethyl sulfoxide (DMSO) were only
used as a control to confirm no solvent effect of bioactivity.
Each fungus was inoculated in the center of Petri dishes
with needle — inoculated. Dishes were tightly sealed with
parafilm and incubated for fourteen days at 25 £1 °C (three
replicates were used for each treatment). Diameters (& mm)
of the growing colonies were measured at the 3, 7%, 11"
and 14™ day with a ruler. Essential oils able to inhibit each
fungus (visible inhibition- non growth of fungus) were used
in the following test.

Minimum inhibitory doses (MIDs)

After incubation, the minimum inhibitory doses (MIDs) of
EOs with the most significant activity were recorded by the
method adapted from Kloucek et al., (2012). The essential
oils with the most significant activity were determined by
method of graded concentration of oils. EOs dissolved in
DMSO were prepared at different concentrations (0.500,
0.313, 0.188, 0.125, 0.063 uL.cm'3 of air). Cultivation was
carried out at the 25 1 °C and measured after 14 days. The
MID (expressed as microlitres of EOs per volume unit of
atmosphere above the organism growing on the agar
surface) was defined as the lowest concentration of the oil
which did not permit any visible growth after 14 days in
comparison with control sets.

Statistical analysis

All analyses were performed in triplicate and the results
were expressed as the mean of the data obtained in each
replicate. ~ Statistical analyses were performed with
descriptive statistics (mean and standard deviation) and
inferential tests (ANOVA followed by 95.0% Tukey HSD
test) to determine statistically significant differences
(p <0.05) between treatments.

RESULTS AND DISCUSSION

Contamination of grapes and grape products by
Aspergillus section Nigri is known to occur widely. The
fungal species Aspergillus niger, Aspergillus tubingensis,
and Aspergillus carbonarius are included within this
section and during their growth are able to produce
mycotoxins (Somma et al., 2012).

The objective of this study was to find the activity of the
volatile phase of lemon, oregano, lavender, eucalyptus,
thyme and sage essential oils against the fungal growth of
Aspergillus niger and Aspergillus tubingensis. First, all EOs
were tested at the higherst concentration (0,625 pL.cm™).
Both tested strains, Aspergillus niger (Figure 1) and A.
tubingensis (Figure 2) were sensitive in treatment with
oregano, lavender and thyme EOs, which completely
inhibited their growth after all days of cultivation (14 days).
Strain A. niger was not sensitive in treatment with lemon
EO, as same as A. tubingensis. Eucalyptus EO had very
similar antifungal activity against both tested strains. A.
niger showed the most significant sensibility to the sage EO
at the highest concentration (0,625 uL.cm™) after 7 days of
cultivation. 4. tubingensis seems to be more resistant in
treatment with sage EO. It was inhibited by sage EO only
after 3 days of cultivation in a comparison with control sets
and A. niger strain.
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Figure 1 Antifungal activity of tested EOs (0.625 pL.cm™)
to Aspergillus niger KMi-116-LR.
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Figure 2 Antifungal activity of tested EOs (0.625 pL.cm™)
to Aspergillus tubingensis KMi-144-LR.
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Table 2 Effect of different concentrations of lavender, oregano and thyme essential oils on radial growth inhibition

(after 14 days) of A. niger and A. tubingensis.

Conc. pL.cm™ Aspergillus niger KMi-116-LR

Aspergillus tubingensis KMi-144-LR

Essential oils Lavender Oregano Thyme Lavender Oregano Thyme
0.500 0% +0 0% +0 0" +0 0*+0 0*£0 0" +0
0.313 0* 0 0* 0 0" +0 0*+0 0" +0 0" +0
0.188 24.50° +2.29 0" +0 0% +0 7.67°+2.08 0% +0 0" £0
0.125 34.67° £8.39 0* 0 0* 0 22.67°+6.43 0" +0 0" +0
0.063 66.67°£20.82 7.33*£0.58 45.674+16.01 36.00% £8.54 6.50" +1.80 44.67° £0.76

Control 90" £0 90" £0 90" 0 907 £0 90" 0 90" +0

* Data in the column followed by different letters are significantly different in 95% Tukey HSD test.

Control

Figure 3 Antifungal activity of oregano (A) and lemon essential oils (B) against Aspergillus niger; (C) control.

Pinto et al., (2007) in their study also demonstrated similar
results of antifungal activity of sage EO against fungi, but
different results were found by Suhr and Nielsen (2003)
where sage EO showed very poor inhibitor effects. Our

results showed that all tested EOs have antifungal activity,
except lemon and eucalyptus EOs, and demonstrated
significant differences between each other (p <0.001).
Velazquez-Nuiiez et al., (2013) studied antifungal activity
of citrus essential oils. They reported the minimum
inhibitory concentration for the growth of 4. flavus by
direct addition 16.000 mg.L", while for the vapor contact
8000 mg of EO mg.L™ in air. For the both studied methods,
growth of A. flavus decreased with increasing EO
concentration. Further, studies have also documented that
eucalyptus and lemon essential oils are effective even
against fungal strains in vapor contact, e.g.: Aspergillus
niger, A. flavus, Penicillium chrysogenum and P.
verrucosum (Viuda-Martos et al., 2008), 4. clavatus, A.
niger, etc. (Su et al., 2006). Regarding to previous studies,
this study demonstrated that lemon and eucalyptus EOs
were not effective against tested strains in comparison with
other tested EOs (sage, oregano, lavender and thyme). Also
Vilela et al., (2009) reported that eucalyptus EOs and its

major compound 1,8-cineole demonstrated very poor
fungicidal activity against A. flavus and A. parasiticus in
both contact and headspace volatile exposure assays.

In this study the most effective EOs were able to inhibit
growth of tested strains all days of cultivation at the highest
concentration (0.625 pL.cm™) and were used for
determination of MIDs. Among all oils tested, thyme,
oregano and lavender oils proved to be the best inhibitor of
the black aspergilly. Results are showed in Table 2. The
best results (MIDs 0.125 pL.cm™) (p <0.05) for both,
A. niger and A. tubingensis showed oregano and thyme
EOs.

In study of Combrinck et al., (2011) thyme EO proved to
be the most effective inhibitor, totally inhibiting all of the
pathogens tested at concentrations of 1000 pL.L"' and
lower, with the exception of a resistant Penicillium strain.
Several researchers (Stevi¢ et al., 2014; Koci¢-Tanackov
et al, 2012; Zabka et al., 2014) found hight inhibitory
effect of oregano EOs against fungi, too.

In our study, 4. niger showed visible growth after 14 days
only in treatment with lavender EO with a higher MIDs
value 0.313 pL.cm”, as same as A. tubingensis (MIDs
0.313 pL.cm™) (p <0.05). Soylu et al., (2010) tested
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rosemary and lavender EOs against Botrytis cinerea, and
they also found that rosemary and lavender EOs were
inhibitory at  relatively higher concentrations
(25.6 pg.mL™). Also Daferera et al., (2003) demonstrated
that lavender, rosemary, sage, and pennyroyal essential oils
have less inhibitory activity against tested fungal species.
Although the concentrations of oils tested in this work were
not the same. But antifungal activity of tested EOs depends
on concentration of EOs, cultivation time and used method.
In a previous study conducted by Goiii et al., (2009)
behavior of clove EO was not the same in direct contact and
vapor phase. Bluma et al., (2009) demonstrated that the
vapor generated by 5000 uL.L™" of poleo oil significantly
reduced growth of Aspergillus section Flavi in the order of
78.0%, whereas the dose of 3000 pL.L" completely
inhibited fungal development in the direct contact assay
(Bluma and Etcheverry, 2008). In study of Velazquez-
Nuiiez et al., (2013) direct addition of orange peel EO had
a rapid effect on A. flavus growth, but exposure to orange
peel EO vapors was more effective, requiring lower
concentrations of EO to inhibit mold growth. They
concluded that vapor contact is an alternative when
essential oils (EO’s) and microorganisms are placed
separately in some sealed environment.

CONCLUSION

As a conclusion, volatile substances from oregano, thyme
(MIDs 0.125 pL.cm™) and lavender (MID 0.313 pL.cm™)
essential oils had a potential antifungal activity against
tested strains of black aspergilly. Results showed that the
tested EOs had antifungal activity, except lemon and
eucalyptus EOs in comparison with control sets. In spite of
the fact that sage EO showed only weak antifungal activity,
and was able only to delayed growth of 4. niger (after
7 days of cultivation) and 4. tubingensis (after 3 days)
could be used in food preservation, but further research is
needed. Our study gives support that essential oils can be
used to control plant pathogens such as A. niger and A.
tubingensis.
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ANTIOXIDANT ACTIVITY, PHENOLIC CONTENT AND COLOUR OF THE
SLOVAK CABERNET SAUVIGNON WINES

Daniel Bajcéan, Alena Vollmannova, Viadimir fimansk)?, Judita Bystricka, Pavol Trebichalsky,
Julius Arvay, Peter Czako

ABSTRACT

Antioxidants are specific substances that oxidize themselves and in this way they protect other sensitive bioactive food
components against destruction. At the same time, they restrict the activity of free radicals and change them to less active
forms. Grapes and wine are a significant source of antioxidants in human nutrition. One of the most important group
occuring in grapes and wines are polyphenols. Many of phenolic compounds have been reported to have multiple biological
activities, including cardioprotective, anti-inflammatory, anti-carcinogenic, antiviral and antibacterial properties attributed
mainly to their antioxidant and antiradical activity. Therefore, it is important to know the content of polyphenols and their
antioxidant effects in foods and beverages. Twenty-eight Cabernet Sauvignon wine samples, originated from different
Slovak vineyard regions, were analyzed using spectrophotometry for the content of total polyphenols, content of total
anthocyanins, antioxidant activity and wine colour density. Determined values of antioxidant activity in observed wines
were within the interval 69.0 — 84.2% inhibition of DPPH (average value was 78.8% inhibition of DPPH) and total
polyphenol content ranged from 1,218 to 3,444 mg gallic acid per liter (average content was 2,424 mg gallic acid.L™").
Determined total anthocyanin contents were from 68.6 to 430.7 mg.L! (average content was 220.6 mg.L™") and values of
wine colour density ranged from 0.756 to 2.782 (average value was 1.399). The statistical evaluation of the obtained results
did not confirm any linear correlations between total polyphenol content, resp. total anthocyanin content and antioxidant
activity. The correlations between total polyphenol content and total anthocyanin content, resp. the content of total
anthocyanins and wine colour density were strong. The results confirmed very strong correlations between wine colour
density and total polyphenol content, resp. antioxidant activity.
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INTRODUCTION

Phenolic compounds are the most abundant secondary
metabolites present in the plant kingdom. They possess a
common structure comprising an aromatic benzene ring
with one or more hydroxyl substituents. They represent a
large and diverse group of molecules including two main
families: the flavonoids based on common C6-C3-C6
skeleton and the non-flavonoids. In plant, they play a role
in growth, fertility and reproduction and in various defence
reactions to protect against abiotic stress like UV-light or
biotic stresses such as predator and pathogen attacks. They
also constitute basic components of pigments, essences
and flavors (Weisshaar and Jenkins 1998; Winkel-
Shirley, 2002). Recent interest, however, in food
phenolics has increased greatly because of the antioxidant
and free radical-scavenging abilities associated with some
phenolics and their potential effects on human health
(Bravo, 1998). Many of phenolic compounds (resveratrol,
quercetin, rutin, catechin, proanthocyanidins) have been
reported to have multiple biological activities, including
cardioprotective, anti-inflammatory, anti-carcinogenic,
antiviral and antibacterial properties attributed mainly to
their antioxidant and antiradical activity (Lorrain et al.,
2013).

Grapes and grape products (mainly wines and juices) are
a rich source of phenolic compounds. From the clue of
"French paradox", polyphenolics from grapes and red
wines attracted the attention of scientists to define their
chemical composition and quantity (Urpi-Sarda et al.,
2009). Globally, red wines contain more phenolic
compounds than white wines. It is caused by the
technology of winemaking, when making white wines the
grapes’ skin is removed before fermentation (Beer et al.,
2006). The total polyphenols in wine besides variety of
grapes, locality of growing, climatic conditions, are
affected also by procedure of winemaking: length of
contact of stum with grapes’s skin, mixing, temperature,
content of SO,, pH value, content of alcohol etc. (Villano
et al., 2006; Lachman and Sule 2006).

Cabernet Sauvignon (CS) is perhaps best known, most
popular and one of most cultivated blue grapevine varieties
in the world. This variety gives a lower harvest, wines are
full-bodied, higher acids and polyphenols content (tannins
and dyes) and excellent aging potential. Variety has
traditionally mixing with other blue sort to achieve overall
softer feel and a more balanced wine taste. Colder climate
of Central Europe often makes the aroma of Slovak
Cabernets with flavour of green pepper and grass
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denouncing the lack of ripeness of the grapes. Cabernet
Sauvignon is grown mainly in southwestern France, where
this variety spread around the world (northern Italy, USA,
South Africa, Australia, South America). In Slovakia, CS
grown at about 13% of the areas planted with blue
grapevine varieties and CS is the third most cultivated blue
variety after Blaufrinkisch and St. Laurent (Duréova,
2011; Sajbidorova, 2012).

The purpose of this study was to determine and evaluate
chosen antioxidant and sensory properties (the content of
total polyphenols, content of total anthocyans, antioxidant
activity and wine colour density) and their mutual
correlations in red wine samples — Cabernet Sauvignon,
originated from different Slovak vineyard areas.

MATERIAL AND METHODOLOGY
Chemicals and instruments

All analysed parameters — total polyphenol content, total
anthocyanin content, antioxidant activity and wine colour
density in wines were analyzed using UV/VIS
spectrophotometry (spectrophotometer Shimadzu UV/VIS
— 1240, Shimadzu, Japan). The chemicals used for all
analysis were: Folin-Ciocalteau reagent, monohydrate of
gallic acid p.a., anhydrous natrium carbonate p.a., citric
acid p.a., dodecahydrate of disodium hydrogen phosphate,
35% hydrochloric acid p.a., ethanol p.a., methanol p.a.,
1,1-diphenyl-1-picrylhydrazyl (DPPH) radical p.a.

Samples
Analysed, bottled, red, especially quality and dry wines

Table 1 Characteristics of analysed Cabernet Sauvignon wine samples.

Sample Producer Vineyard area Vintage Quality
LC-1 Vitis Pezinok / Hubert J.E. Sered’ Little Carpathian 2008 quality
LC-2 Bocko Vino, Senkvice Little Carpathian 2008 quality
LC-3 VPS, Pezinok Little Carpathian 2010 quality
LC-4 Vino Jano, Limbach Little Carpathian 2009 quality
LC-5 Villa Vino Raca, Bratislava Little Carpathian 2013 quality
SS-1 Vitis Pezinok / Hubert J.E. Sered’ South Slovak 2007 quality
SS-2 Villa Vino Raca, Bratislava South Slovak 2008 quality
SS-3 Vino Matysak, s.r.o., Pezinok South Slovak 2010 quality
SS-4 VINIDI, s.r.o0., Bratislava South Slovak 2008 late harvest
SS-5 Vinarske zavody Topol'¢ianky South Slovak 2010 quality
SS-6 Hubert J.E., Sered’ South Slovak 2007 quality
SS-7 Malokarpatska vinohrad. spol., Pezinok South Slovak 2009 quality
N-1 Vino Nitra, Nitra Nitra 2009 quality
N-2 Chateau Modra, Modra Nitra 2009 late harvest
N-3 Vinarske zavody Topol'’Cianky Nitra 2006 quality
N-4 Vinarske zavody TopolCianky Nitra 2009 quality
N-5 Vino Nitra, Nitra Nitra 2009 quality
N-6 Mrva a Stanko, Trnava Nitra 2011 grapes selection
ES-1 J&J Ostrozovic, Velka Ttia East Slovak 2009 quality
ES-2 PD Vinohrady, Chonkovce East Slovak 2008 late harvest
ES-3 PD Vinohrady, Chonkovce East Slovak 2007 grapes selection
ES-4 Pivnica Tibava, Tibava East Slovak 2008 quality
ES-5 Pivnica Tibava, Tibava East Slovak 2009 quality
CS-1 Agro Movino, Vel'ky Krti§ Central Slovak 2009 quality
CS-2 Agro Movino, Velky Krti§ Central Slovak 2010 quality
CS-3 Agro Movino, Velky Krti§ Central Slovak 2011 grapes selection
CS-4 Agro Movino, Velky Krti§ Central Slovak 2011 quality
CS-5 L. Korcsog, Korvinum, Rykyncice Central Slovak 2011 late harvest
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Cabernet Sauvignon (CS) and their characteristics are
mentioned in Table 1. Wine samples with origin in various
Slovak vineyard areas (VA) were purchased in retail
network, to provide that analysed samples of wine would
have the same properties as wines that are consumed by
common consumers (properties of wine affected by
various factors, such as period and conditions of storage or
distribution of wine).

Antioxidant activity determination

Antioxidant activity (AA) was assessed by method of
Brand-Williams et al, (1995) using of DPPH (1,1-
diphenyl-1-picrylhydrazyl) radical. Absorbance was read
at 515.6 nm and antioxidant effectiveness was expressed
as % inhibition of DPPH (quantitative ability of tested
compound to remove in certain period a part of DPPH
radical).

Determination of total polyphenol content

Total polyphenol content (TPC) was determined by
modified method of Singleton and Rossi (1965). 0.1 mL
of wine sample was pipetted into 50 mL volumetric flask
and diluted with 5 mL of distilled water. To diluted
mixture 2.5 mL Folin-Ciocalteau reagent was added and
after 3 minutes 7.5 mL of 20% solution of Na,CO; was
added. Then the sample was filled with distilled water to
volume 50 mL and after mixing left at the laboratory
temperature for 2 hours. By the same procedure the blank
and calibration solutions of gallic acid were prepared.
Absorbance of samples solutions was measured against
blank at 765 nm. The content of total polyphenols (TP) in
wines was calculated as amount of gallic acid equivalent
(GAE) in mg per 1 litre of wine.

Determination of total anthocyanin content

Total anthocyanin content (TAC) was assessed by
modified pH differential method of Lapernik et al.,
(2005). The principle of this method is reduction of the pH
of wine samples with hydrochloric acid to values 0.5 — 0.8
associated with the transformation of all anthocyans to red
colored flavilium cation. The content of total anthocyanins
(TA) was calculated from the difference absorbance values
of both solutions (origin and acidified) and expressed as
the amount of anthocyans in mg per 1 liter of wine.

Determination of wine colour density

Wine colour density (WCD) was assessed by method of
Sudrand (1958) as the sum of the absorbance at 420 nm
and 520 nm. The absorbance of the wine samples was
measured in 0.2 cm path lenth glass cells.

All analyses were performed as four parallels.

Statistical analysis

Statistical analysis was performed using the software
Statistica 6.0 (StatSoft, Czech Republic) and the results
were evaluated by analysis of variance ANOVA.

RESULTS AND DISCUSSION

All studied parameters — the content of total polyphenols,
the content of total anthocyanins, antioxidant activity and
wine colour density of the Slovak wines Cabernet
Sauvignon are described in Table 2.

Antioxidant activity in analysed wine samples was in
range 69.0 — 84.2% inhibition of DPPH. Average value of
AA was 78.8% inhibition of DPPH. The average value of
AA in Cabernet Sauvignon wines is a slightly lower than
we found out in the other two major Slovak red wines
Blaufrankisch — 83.3% and St. Laurent — 81.2% inhibition
of DDPH (Bajc¢an et al., 2012), but slightly higher
compared to Slovak Alibernet wine samples — 74.0%
inhibition of DPPH (Bajéan et al., 2015). Similar results
of AA reported Slezak (2007) and Spakovska et al.,
(2012), who found out AA in Slovak wines — Cabernet
Sauvignon in range from 71.6 to 90.9% inhibition of
DPPH. On the basis of value of AA an order could be as
following: wines from Little Carpathian VA > wines from
East Slovak VA > wines from Central Slovak VA > wines
from Nitra VA > wines from South Slovak VA. Gained
results did not exert statistically significant differences (at
significance level p = 0.05) between values of antioxidant
activity in wines made in various vineyard areas in
Slovakia.

Total polyphenol content in analysed wine samples was
in the range from 1,218 to 3,444 mg GAE.L"'. Average
content of TP was 2,424 mg GAE.L"'. The average content
of total polyphenols in wines - Cabernet Sauvignon is a
little higher than we found out in the other two major
Slovak varietal red wines Blaufrinkisch — 2,003 mg
GAE.L"! and St. Laurent — 2,297 mg GAE.L! (Bajéan et
al.,, 2012). On the other hand, average content of TP in
Slovak Cabernet Sauvignon wines was much lower than
we determined in Alibernet wines — 3,057 mg GAE.L"!
(Bajcan et al., 2015). The results are similar to results
reported by Slezak (2007) and Spakovska et al., (2012),
who found out the content of TP in Slovak wines —
Cabernet Sauvignon in range from 2,150 to 3,102 mg
GAE.L!. Other (foreign) scientists (Kondrashov et al.,
2009; Burin et al., 2010; Yoo et al., 2011) analyzing TPC
in CS wines reported also very similar results (1,453 —
3,589 mg GAE.L"). CIiff et al., (2007) reported much
lower average value of TPC (1,055 mg GAE.L!) in CS
wines originated in British Columbia, Canada what is
probably due to cold weather and lack of mature grapes.
According to the average value of TPC an order for wines
could be as following: wines from Central Slovak VA >
wines from South Slovak VA > wines from Nitra VA >
wines from Little Carpathian VA > wines from East
Slovak VA. Gained results exerted statistically significant
differences (at significance level p = 0.05) between TPC in
wines made in East Slovak VA and TPC in wines made in
Central Slovak VA, resp. South Slovak VA.

Total anthocyanin content in analysed wine samples was
in the range from 68.6 to 430.7 mg.L"!. Average content of
TA was 220.6 mg.L!. The average TAC in wines Cabernet
Sauvignon is significantly lower than we found out in the
other three Slovak varietal red wines
Blaufriankisch — 266.1 mg.L"!, St. Laurent — 264 mg.L’!
and Alibernet — 403 mg.L"! (Bajéan et al., 2015; Téth et
al.,, 2011). According to the average value of TAC an
order for wines could be as following: wines from Central
Slovak VA > wines from Nitra VA > wines from Little
Carpathian VA > wines from South Slovak VA > wines
from East Slovak VA. Gained results exerted statistically
significant differences between TAC in wines made in
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East Slovak VA and TAC in wines made in Central Slovak
VA, resp. Nitra VA.

Wine colour density in analysed wine samples was in
range from 0.756 to 2.782. Average value of WCD was
1.399. The average value of WCD in wines Cabernet
Sauvignon is a little higher than we found out in the other
two major Slovak varietal red wines Blaufrénkisch — 1.110
and St. Laurent — 1.224 (Téth et al., 2011). But on the
other hand, average value of WCD in Slovak Cabernet

Sauvignon wines was much lower than we determined in
Alibernet wines — 2.317 (Bajc¢an et al., 2015). This is the
first study monitoring WCD in Slovak wines Cabernet
Sauvignon, so we can’'t compare our data with other
scientists. The results are little higher to results reported by
Poiana et al., (2007), who found out WCD in Romanian
wines - Cabernet Sauvignon in range from 0.708 to 1.474
(average value — 1.200).

According to the average value of WCD an order for

Table 2 The content of total polyphenols (TPC), content of total anthocyanins (TAC), antioxidant activity (AA) and

wine colour density (WCD) in analysed wines.

Sample TPC TAC AA WCD
mg GAE.L"! Mg.L! %

LC-1 2,206 £22 82.5+2.7 82.9+2.7 1.059 £0.006
LC-2 1,926 £23 246.3 £3.7 79.1+£3.3 1.182 £0.004

LC-3 2,667 £46 246.9 +4.2 82.1£3.8 0.896 £0.011
LC-4 2,237 +117 151.1+£5.3 80.1£2.5 1.177 £0.015
LC-5 2,642 £30 282.4+2.8 79.8 £0.8 1.449 £0.012
Average LCVA 2,336 £308* 201.8 £85.8° 80.8 £1.6" 1.153 £0.237*

SS-1 2,215 +46 68.6 3.1 79.542.6 1.137 £0.021

SS-2 2,267 £46 208.2 £1.6 81.8+1.4 1.064 £0.009

SS-3 2,966 +46 292.7+2.8 77.14£2.6 1.385+0.012

SS-4 2,634 £22 2064 +£7.4 75.9 £1.7 1.608 +0.008

SS-5 2,886 £22 330.8 £7.7 76.6 £2.0 1.861 £0.008

SS-6 3,365 £22 111.8+7.4 73.543.8 1.927 £0.019

SS-7 2,118 +44 152.3£2.5 80.5 +2.5 1.053 £0.015
Average SSVA 2,636 +461° 195.8 £97.0° 77.8 £3.1° 1.434 £0.323"
N-1 1,632 £69 103.9 0.7 81.1+1.7 1.096 +0.006

N-2 2,747 +44 330.0 £2.1 76.2 £2.0 1.801 £0.014

N-3 2,513 +46 272.145.6 80.0 £3.9 1.426 +0.018

N-4 2,885 +68 293.5+3.5 69.0 £1.8 2.782 +£0.023

N-5 2,628 +23 162.6 £6.7 84.2 +4.0 1.076 £0.005

N-6 2,798 +43 363.3+£8.4 77.4£1.0 1.968 +0.021
Average NVA 2,534 +495¢ 254.2 £102.5¢ 78.0 £3.2¢ 1.691 £0.674¢

ES-1 1,270 £23 147.5 £3.8 71.2 £4.8 1.066 £0.011
ES-2 2,206 £22 84.9+£3.2 81.9+1.2 1.159 +£0.010
ES-3 2,268 +44 77.3£2.1 79.9 £1.3 1.105+0.017
ES-4 2,230 £22 120.6 £5.3 83.8+£2.0 0.888 +0.009
ES-5 1,218 £23 111.8£2.5 78.7 2.7 0.756 +0.008
Average ESVA 1,838 +451% 108.4 £30.2¢ 79.1 £5.4° 0.995 +0.173M
CS-1 2,409 £23 236.8 £3.1 79.9 £1.7 1.175 £0.004
CS-2 2,359 +46 421.2+£23.9 82.4+29 1.509 £0.016
CS-3 3,444 91 430.7 £9.5 74.4 £3.1 2.095 +0.022
CS-4 2,873 £46 341.1£5.6 78.8 £3.7 1.805 +0.023
CS-5 2,275 £31 299.8 +4.9 78.6 £1.1 1.667 £0.017
Average CSVA 2,672 +502¢ 345.9 £83.3a¢ 78.8 £3.4¢ 1.650 £0.397¢
Total average 2,424 +£537 220.6 £106.4 78.8 £3.7 1.399 +0.483

NOTE: Values of TPC, TAC, AA and WCD are expressed as arithmetic average +standard deviation.

¢ Values with the same letters denote significant differences (p <0.05) among vineyard areas.

LCVA - Little Carpathian vineyard area, SSVA — South Slovak vineyard area, NVA — Nitra vineyard area, ESVA — East
Slovak vineyard area, CSVA — Central Slovak vineyard area.
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wines could be as following: wines from Nitra VA > wines
from Central Slovak VA > wines from South Slovak VA >
wines from Little Carpathian VA > wines from East
Slovak VA. Gained results exerted statistically significant
differences (at significance level p = 0.05) between WCD
in wines made in East Slovak VA and WCD in wines
made in Central Slovak VA, and South Slovak VA.

In order to investigate the mutual relations between
analyzed parameters, the linear regressions were obtained.
The statistical evaluation of the obtained results did not
confirm any linear correlations between TPC and AA,
resp. TAC and AA (r = -0.255, resp. r = -0.279) at
significance level p <0.1. This is not in the agreement with
the study of Burin et al., (2010), Kondrashov et al.,
(2009) and Balik et al., (2008) who found out very strong
linear correlations between TPC, resp. TAC and AA in
wines and grape juices. Explanation lies in the differences
in the methodology of AA determination. The correlations
between TPC and TAC (r = 0.542), resp. TAC and WCD
(r = 0.600) were highly significant at significance level
p <0.01. Cioroi and Musat (2007) reported stronger
correlation between TPC and TAC (r = 0.739 and 0.771) in
red wines. The statistical evaluation of the obtained results
confirmed very highly significant correlations at
significance level p <0.001 between WCD and TPC, resp.
WCD and AA (r = 0.697, resp. r =- 0.714).

CONCLUSION

Slovak red wines — Cabernet Sauvignon have high
antioxidant activity (average value 78.8% inhibition of
DPPH), high content of healthy wuseful phenolic
compounds (average value of TPC 2,424 mg GAE.L"),
moderate value of TAC (average value 220.6 mg.L'!) and
good colour (average value of WCD 1.399). The results
showed statistically significant differences for 3 studied
parameters (TPC, TAC and WCD) in wines made in some
vineyard areas in Slovakia. On the basis of statistical
evaluation of our results, statistically significant
correlations were demonstrated between wine colour
density and other 3 parameters (TPC, TAC and AA), resp.
between TPC and TAC.
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DETERMINATION OF HEAVY METALS CONCENTRATION IN RAW SHEEP
MILK FROM MERCURY POLLUTED AREA

Radovan Stanovic, Julius A'rvay, Martin Hauptvogl, Jan Tomds,
Anton Kovacik, Zuzana Zahorcova, Marek Slavik

ABSTRACT

The paper focuses on determining the content of monitored contaminants (Cd, Cu, Hg, Pb and Zn) in 53 samples of raw
sheep milk collected in 2013 and 2014 on the sites Pora¢ and Matejovce nad Hornadom (middle Spi§). The area is
characterized by historical mining and metalworking activity (mining and processing of polymetallic ores rich in Hg, Cd
and Pb). Currently, the area is one of the most mercury contaminated areas in Central Europe. All statistical analyses were
carried out using the statistical software Statistica 10.0 (Statsoft, USA). Descriptive data analysis included minimum value,
maximum value, arithmetic mean and standard deviation. The results of the studied contaminant content show that the limit
value for cadmium (10 pg.kg™) was exceeded in 25 samples. In the case of lead, the limit value of 20 pg.kg” was exceeded
in 16 cases. The limit value for copper (0.4 mg.kg") was exceeded in one case. The limit value for zinc is not defined by a
legislative standard. The risk level of the studied contaminants in the samples of raw sheep milk decreases as follows:
Cd > Pb > Hg > Cu > Zn. It can be concluded that frequent and long-term consumption of the raw sheep milk originating
from the studied sites poses a health risk. The content of the contaminants in the milk and their eventual transition into dairy
products should be monitored over a longer term in more detail.

Keywords: former mercury mining area; health hazard; heavy metal; raw sheep milk; Slovakia

INTRODUCTION

Heavy metals and/or trace elements are ubiquitous
components of the environment that may be of natural
origin: volcanic activity, fires, geogenic origin (Rutter et
al., 2008), or anthropogenic origin: metal industry, mining,
heavy industry, transportation (Cui et al., 2005; Navarro
et al., 2008; Singh et al., 2005). Increasing level of
environmental contamination is directly correlated with the
level of industrialization (Tubaro and Hungerford,
2007). Metalworking industry and mining of minerals that
contain hazardous heavy metals represent a major risk of
the environmental contamination, especially of local
nature.

Consuming local food poses the greatest risk of
intoxication of the consumers by heavy metals that
consequently affects their health. Loutfy et al., (2006)
reported that consumers receive 90% of the total amount
of heavy metals by consumption of food from
contaminated areas. As a result, human exposure to toxic
metals has become a major health risk. Chronic intake of
heavy metals above their safe threshold by humans and
animals has damaging effects and can cause non-
carcinogenic hazards, such as neurologic involvement,
headache and liver disease (John and Andrew, 2011; Lai
et al., 2010).

Children are particularly sensitive to increased
concentrations of heavy metals (especially Hg, Cd and Pb)
and arsenic because their tissues and organs accumulate
high concentrations of contaminants reflecting in their

health during the process of their development and growth.
Central nervous system is especially sensitive due to its
progressive development and even small amounts of heavy
metals can cause irreversible processes resulting in mental
retardation and behavioral disorders (Ataro et al., 2008).

Milk and dairy products contain many essential nutrients
and their regular consumption is recommended, especialy
for young children (Maas et al., 2011). Sheep raw milk
has a higher content of essential vitamins and minerals
than cow’s milk and could be used to cater to consumers*
appetite for healthy and safer products (Bogdanovicova et
al., 2015). Ovine milk is the most completed natural fluid,
one of the most important basic and healthiest raw
materials, which plays important role in the dairy nutrition
of all population (Ladanin et al., 2015). However, milk
and dairy products may contain varying amounts of
different toxic contaminants, especially heavy metals
(Ataro et al., 2008). In recent years, several reports have
indicated the presence of heavy metals in milk and other
dairy products (Kazi et al., 2009; Soylak et al., 2005;
Tuzen et al., 2008). Due to the fact that milk and milk
products are very common food, it is necessary to make
great efforts to control the content of the monitored
contaminants and at the same time to monitor the quality
of individual environmental components that are the main
sources of heavy metals in the human food chain
(Caggiano et al., 2005).

The paper focuses on the evaluation of the contamination
level of raw sheep milk by heavy metals (Cd, Cu, Hg, Pb
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and Zn). The studied area was formerly characterized by
important mining and metal processing activities
(Angelovicova and FazekaSova, 2014). Currently, the
area is considered as one of the most contaminated sites by
mercury, cadmium and lead in Slovakia, but also in
Central Europe, which is significantly reflected in the
quality of the grown vegetables (Slavik et al., 2014),
edible wild mushrooms (Arvay et al., 2015; Svoboda et
al., 2006). Thus it is assumed that it will be reflected in the
quality and contamination level of the monitored raw
sheep milk, the production of which belongs to the major
and characteristic agricultural activities in the area.

MATERIAL AND METHODOLOGY
Samples collection

Samples of fresh sheep milk (N = 53) were obtained
during 2013 and 2014 from identical individuals in two
locations: Pora¢ (N = 20) and Matejovce nad Hornadom
(N = 33). Immediately after the milking, the samples were
temporarily stored in PE centrifuge bottles (50 cm’) and
frozen. Just before the analysis, the milk samples were
defrosted at room temperature, filtered, homogenized and
subsequently analytically processed.

Pre-analytical and analytical procedure

Frozen samples of the sheep milk were defrosted at room
temperature just before the analysis. Subsequently, the
samples were homogenized by shaking and 2 g were
weighed and poured into mineralization tubes. The
homogenized sheep milk samples were mineralized in a
closed system of microwave digestion using Mars X-Press
5 (CEM Corp., Matthews, NC, USA) in a mixture of 5 cm’
of HNO; (SupraPUR, Merck, Darmstadt, Germany) and 5
em®  of deionized water (0.054 pS.cm”) from
Simplicity185 (Millipore SAS, Molsheim, France).
Digestion conditions for the applied microwave system

comprised of the heat, which ran up to 150 °C for
10 minutes and was kept at the constant temperature for
10 minutes. A blank sample was carried out in the same
way. The sample was subsequently filtered through a
quantitative filter paper Filtrak 390 (Munktell & Filtrak
GmbH, Birenstein, Germany) and filled up with deionized
water to a volume of 50 cm’ (Arvay et al, 2014).

The contents of the studied contaminants were
determined by flame atomic absorption spectrometry: F-
AAS (Cu and Zn) on the SpectrAA 240 FS (Varian Inc.,
Mulgrave, VIC, Australia), electrothermal atomic
absorption spectrometry: GF-AAS (Cd and Pb) with
Zeemann background correction on the SpectrAA 240 Z
(Varian Inc., Mulgrave, VIC, Australia). Total mercury
content (THg) was determined directly in the liquid milk
samples (200 pL) by a selective mercury analyzer AMA-
254 (Altec, Praque, Czech Republic) based on CV-AAS.
Detection limit for F-AAS was 2.0, 0.6 pg.kg” for Cu and
Zn, respectively. Detection limit for GF-AAS was 10.0
ng.kg" for both Cd and Pb. Detection limit for mercury
was 1.5 ng.kg'. Certipur® (Merck, Darmstadt, Germany)
calibration solution was used for the calibration of all
instruments.

Statistical analysis and risks assessment

All statistical analyses were carried out using the
statistical software Statistica 10.0 (Statsoft, USA).
Descriptive data analysis included minimum value,
maximum value, arithmetic mean and standard deviation.
The limit of the statistical significance was set up at
p <0.05 for all descriptive statistical analyses. To evaluate
a health risk resulting from the consumption of raw sheep
milk, the obtained data on the content of the studied
contaminants were compared with limit values defined by
the Codex Alimentarius of the Slovak Republic (PK SR,
2006) and EC Regulation 1881/2006 (EC, 2006).

Table 1 Heavy metals in sheep milk samples with descriptive statistics.

Heavy metals in sheep milk samples

Median £SD
Year of Number of (range)
collection samples Hg cd Pb Cu Zn
ngkg! ngkg! ngkg! mg kg mg kg
Matejovce nad Hornadom
2013 19 0.138 £0.587 1.66 £1.86 17.3 £46.5 0.14 £0.06 3.41£1.63
(0.079-0.286)  (0.71 —9.07) (ND - 193) (0.08 — 0.26) (1.02 —8.04)
2014 14 0.220 +0.121 8.35+9.31 13.6 £28.3 0.16 £0.08 5.51 £1.07
(0.063 —0.450) (2.95-130.5) (ND —-93.6) (0.10-0.36) (4.43-7.93)
Porac¢
2013 10 0.061 +0.016 12.9 £4.33 7.85 £33.9 0.07 £0.44 5.53 +£0.99
(0.036 -0.079)  (9.19-22.2) (6.05-113) (0.02-1.47) (3.53-6.01)
2014 10 0.068 £0.025 22.2+13.3 12.5 £9.83 0.12 +£0.14 5.64 £1.28
(0.025-0.103)  (10.1 -52.9) (5.73-39.5) (0.02-0.51) (4.10-7.97)
Maximum Allowable Levels 50" 10* lggl? 0.4" --
NOTE: ND — not detected, SD — standard deviation.
*Maximum allowable levels of monitored heavy metals - Codex allimentarius of Slovakia (PKSR, 2006).
"Maximum allowable levels of monitored heavy metals - Commission regulation (EC) 1881/2006 (EC, 2006).
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Potravinarstvo® Scientific Journal for Food Industry

RESULTS AND DISCUSSION

The contents of the studied heavy metals together with
the basic statistical indicators are shown in Table 1. Due to
the fact that the sites of interest were characterized in the
past by intensive extraction and processing of mercury
(Arvay et al., 2014), mercury is considered to be the main
heavy metal in terms of quality assessment of the raw
sheep milk in this paper. Its content varied in relatively
wide intervals within the years, as well as the sites. The
highest concentration in terms of the site was recorded in
Matejovce nad Hornddom where the mean value of Hg
was 0.138 pgkg' of the raw sheep milk in 2013 and
0.220 pg.kg™" in 2014. The mean value of the Hg content in
the milk from Pora¢ was about one order of magnitude
lower: 0.061 pgkg” in 2013 and 0.068 pg.kg” in 2014.
The data are balanced also within the set, as evidenced by
the lower standard deviation (Table 1) in comparison with
the variability of the Hg values obtained from Matejovce.
Such significant differences in the content of the studied
contaminant from the sites that are about 2 km apart are
due to a significant difference in the atmospheric
distribution of emissions from the sources. This is
confirmed by other studies (Angelovicova and
FazekaSova, 2014; Svoboda et al., 2000). The mercury
content in the milk samples from the both sites did not
exceed the maximum level of 50 pug.kg™ set by the Codex
Alimentarius SR (PKSR, 2006).

The content of cadmium, which is an accompanying
element in polymetallic ores mined in the area of interest
ranged in a much wider intervals. It is evidenced by the
extremely high standard deviations (Table 1). The mean
values of Cd content were 9.12 pugkg' (2013) and 22.2
pg.kg! (2014) in the Pora¢ area and 1.66 pugkg' (2013)
and 8.35 ug kg™ (2014) in the Matejovce area. The highest
concentration of cadmium was recorded in the Porac¢ area
in 2014 (52.9 pgkg"). Large differences in the cadmium
content in the sheep milk samples can be caused by several
factors such as: seasonality, climatic conditions and
variability of feed ration (Rahimi, 2013), since the
samples were obtained during outdoor breeding and
pasturing. Hygiene standard defined by the Codex
Alimentarius sets the contaminant content at 10 ug.kg'l.
The obtained results show that the limit value was
exceeded in 6 out of 53 samples taken in Matejovce in
2014. In the Pora¢, 9 samples exceeded the limit value in
2013 and 10 in 2014. It can be stated that the cadmium
content exceeded the limit value in almost 50% of all
samples of the raw sheep milk.

The lead content in the milk samples varied at different
intervals, depending on the site. The mean Pb content was
7.85 ugkg' (2013) and 12.5 pg.kg” (2014) in the Pora¢
area. Similarly to the cadmium, the lead content varied
widely, which was reflected in the standard deviations
(Table 1). In comparison with Matejovce, where the Pb
content varied in a higher concentration: 3.17 pgkg”
(2013) and 13.6 pg.kg"' (2014), the Pora¢ area seems to be
less risky. However, the results show that both sites pose a
potential risk resulting from the sheep milk consumption,
since the limit value (20 pg.kg") set by the EC Regulation
1881/2006 (EC, 2006) was exceeded in 9 (2013) and 3
samples (2014) taken from Matejovce and in 2 samples

(2013 and 2014) taken from Pora¢. Codex Alimentarius
SR does not state a maximum allowed content of lead.

Copper and zinc are considered essential micronutrients
and their content in food is desirable in an optimal amount
(Maas et al.,, 2011). The copper content in the milk
samples varied in a relatively low concentrations
compared with zinc. The mean value of the copper content
was 0.07 mg.kg™ (2013) and 0.12 mgkg™ (2014) in the
samples from the Pora¢ site and 0.14 mg.kg'l (2013) and
0.16 mgkg' (2014) in the samples from the Matejovce
site. Codex Alimentarius SR set the maximum level of
copper to 0.40 mg.kg". The limit value was not exeeded in
any samples on the mean level. However, in the case of
individual samples, the limit was exceeded in one sample
from the Pora¢ site taken in 2013 (1.47 mg.kg'l). It can be
concluded that in terms of the copper content,
consumption of the sheep milk does not pose a health risk.
The mean values of the zinc content varied at higher
levels. In the samples taken from the Porac site, the Zn
content was 5.53 mgkg” (2013) and 5.64 mg.kg™ (2014).
The Zn content recorded in the samples taken from the
Matejovce site was 3.41 mgkg™ (2013) and 5.51 mgkg™
(2014). The content of Zn was relatively balanced as
evidenced by the relatively small standard deviations
(Table 1). Due to the fact that no legislative standard
defines limit values for Zn in milk, it is not possible to
make conclusion on the hygienic quality of the sheep milk
in terms of zinc content.

CONCLUSION

Evaluation of the contamination level of agricultural
products and food ingredients is important in terms of
maintaining an adequate health safety of human food chain
components, especially in areas that are significantly
contaminated by risk elements such as heavy metals. The
contents of the studied contaminants in the raw sheep milk
samples taken from two areas: Pord¢ and Matejovce nad
Hornadom, ranged in various levels posing different
degrees of health risk resulting from consumption of the
milk. Mercury was assumed to pose the highest health risk,
however, the hygiene standards for this element were not
exceeded. The most hazardous contaminant was cadmium.
The maximum allowed level of Cd (10 pgkg"') was
exceeded in 25 out of 53 samples. The limit value of lead
(20 pg.kg™") was exceeded in 16 cases. The copper content
exceeded the limit value (0.4 mg.kg") in one case. The
limit value for zinc is not defined by any legislation. It can
be concluded that regular consumption of the sheep milk,
in connection with intake of the studied contaminants from
other sources, may pose a health risk in the long term.
Therefore, it is necessary to monitor the contaminants in
the milk, as well as milk products in long-term and more
detail.
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BIOACCUMULATION OF CADMIUM BY SPRING BARLEY
(HORDEUM VULGAREL.) AND ITS EFFECT ON SELECTED PHYSIOLOGICAL
AND MORPHOLOGICAL PARAMETERS

Miriama Kopernicka, Jan Tomas, Tomas Toth, Cubo$§ Harangozo, Bedta Volnova

ABSTRACT

Heavy metals and other toxic elements in the environment, mainly located in soil and groundwater, have a significant effect
on plant and its productivity that has a huge attention in recent years. Accumulation of heavy metals in soil cause toxicity to
plants, and contaminate the food chain. The industrial areas, as well as developing countries have been contaminated with
high concentration of heavy metals. Main sources of contamination are mining and other industrial processes, as well as
military and or lanfills, sludge dumps or waste disposal sites. The heavy metals are very dangerous to environment and pose
serious danger to public health by entering throught the food chain or into drinking water. Phytoextraction is one way how
to remove the contaminants from soil by plants. Phytoextraction of heavy metals is a technology that has been studied for
several years. It is more ecological and cheaper way how to clean our environment.Several plant species are known becauce
they hyperaccumulate a high contents of metals from the soil. The accumulators are mainly herbaceous species, crops and
nowadays angiosperm trees with a high growth such as poplars or willows. We have focused on the determination of some
morphological (lenght and weight of roots and biomass) and physiological (contents of dry mass and number of lief
stomata) characteristics and the determination of the bioaccumulation factor and the translocation factor of cadmium by
spring barley (Hordeum vulgare L.). Imprints of leaves were evaluated using an optical microscope Axiostar Plus, Carl
Zeiss, lens CP Achromat 40x/0.65, eyepiece PI 10x / 18, Canon Ultilities Software Zoom Browser EX 4.6 and hardware
Acer Travel Mate 4600, Canon Power Shot A95. The density of stomata was evaluated on an area of 1 mm”. Samples of the
dried plants (leaves and roots) were mineralized by acid digestion using microwave digestion device MARS X - press 5.
The end of determination to obtain the cadmium content was performed by atomic absorption spectrometer Varian 240 Z
with GTA120 graphite furnace. The effect of contamination by cadmium to germination, length of leaves and number of
stomata on abaxial side of leaf was confirmed. The contaminated soil by cadmium does not pose a risk of heavy metal entry
into the feed and food chain by spring barley (Hordeum vulgare L.).

Keywords: stomata; barley; phytoextraction; cadmium; heavy metals;

INTRODUCTION

Trace metals in the aquatic environment can be traced to
both natural and anthropogenic sources. Trace metals are
classified as being light or heavy with densities less or
greater than 5 g.cm™. Natural and anthropogenic activities
usually result in gasecous emissions and wastewater
discharges into the environment. When these substances in
the emissions and effluent discharged into the environment
are in very minute amounts or in low concentrations and
are toxic to plants and animals and have short residence
time in the environment, they are described as
contaminants (Tyokumbur and Okorie, 2014).

Heavy metals are extremely persistent in the environment
because they are not biodegradable and may not be broken
down by chemical oxidation or through thermal processes.
Some metals are essential for plant growth. Very high or
low contents of some heavy metals may be inhibitory to
plant growth (Ochonogor and Atagana, 2014).

Heavy metals are inorganic chemical hazards. The most
contaminated sites are by lead (Pb), chromium (Cr),
arsenic (As), zinc (Zn), cadmium (Cd), copper (Cu),
mercury (Hg), and nickel (Ni). Soils are the major sink for
heavy metals released into the environment by. Their total
concentration in soils persists for a long time after their
introduction. Changes in their chemical forms (speciation)
and bioavailability are possible (Maslin and Maier,
2000).

Heavy metal contamination of soil may pose risk
human's health and the ecosystem through soil, the food
chain, drinking ground water, reduction in food quality
(safety and marketability) via phytotoxicity, reduction in
land wusability for agricultural production causing food
insecurity, and land tenure problems. The adequate
protection and restoration of soil ecosystems contaminated
by heavy metals require their characterization and
remediation (Wuana and Okieimen, 2011).

Cadmium (Cd*") is a highly toxic trace element whose
presence in the environment is cxaused by human
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activities. It is taken up by roots via essential metal
transporters (Cohen et al., 1998; Lasat et al., 2000;
Pence et al., 2000).

After longer exposure to heavy metal decreases growth
rate by affecting various aspects of plant physiology, as
well as decreases carbon assimilation that can lead to
wilting (Perfus - Barbeoch et al., 2002).

Plants throughout their life cycle experience various
types of environmental stresses (such as drought, salinity,
high temperature, cold, heavy metal and other similar
stresses) due to their sessile nature. Among these stresses,
salinity stress has become the limiting factor for the
productivity of agricultural crops by affecting germination,
plant vigor and finally crop yield (Munns and Tester,
2008; Zhang et al., 2011; Arif Shafi Wani, 2013).

Cadmium is toxic to many plant species even at very low
concentration. It is mainly generated from smelting
industries, abrasion of automobile tires, burning of diesel
and heating oils and from phosphate fertilizers originated
by aerobically digested sewage sludge. Concerning to its
effects on plants, Cd is accumulated in them and interacts
with  several physiological processes such as
photosynthetic, respiratoryand nitrogen metabolism,
resulting in poor growth and low biomass. Furthermore,
Cd is associated with oxidative stress and it can result in
the production of free radicals and active oxygen species
(Puertas-Mej1'a et al., 2010).

The role of oxidative stress in metal toxicity has been
assessed by measuring alterations in the redox metabolic
components of stressed plants. Over the past few years
major progress has been achieved, particularly by
comparing metal tolerant and/or metal hyperaccumulator
genotypes with their non-tolerant relatives and by using
transgenic plants that overexpress or lack specific redox
elements. These approaches provided novel insight into the
relationship between metal sensitivity and cellular redox
imbalance (Sharma, 2008). Metal ions may directly
interfere with the metabolic activities by altering the
conformation of proteins, for example enzymes,
transporters or regulator proteins, owing to their strong
affinities as ligands to sulfhydryl and carboxylic groups.
This is taken to be a major cause for metal imposed toxic
effects (Sharma, 2004). Stress factors generally applied at
higher levels may cause irreversible changes in
physiological processes as stomatal closure or slowing
down the biochemical processes. Low levels of toxic
metals such as cadmium also slow growth and affect
biochemical processes. Strength and duration of stress
exposure can also cause permanent changes. In addition to
toxic metals, changes in the membranes of plant cells are
mostly affected by water stress, changes in temperature
and by frost. Toxicity of the metals (such as cadmium),
can cause an accumulation in tissues, which consequently
affects the metabolism of plants, particularly the
photosynthetic apparatus (Lachman et al., 2015).

The mechanisms of cadmium (Cd) uptake and tolerance
in plants have been studied extensively, but a clear
understanding of what controls the translocation of Cd to
aboveground tissues is lacking. One approach to better
understanding the factors that control Cd accumulation
and distribution is to determine where Cd is bound as it

travels from the root surface to aboveground parts (Akhter
et al., 2014).

Accumulation and translocation of the environmental
pollutants as cadmium was evaluated in different parts of
plants. Although roots comprise usually only a little part of
whole plant biomass, they consistently contain 70 — 100%
of the whole plant metal burden (Lachman et al., 2004).

The effect of Cd on transpiration of water from leaves
has been studied extensively. At low concentrations, Cd
increased the permeability of the leaf cuticle and increased
transpiration in sugar beet. At high concentrations, Cd
induced stomatal closure and decreased leaf transpiration
in mustard (Brassica juncea L.), barley (Hordeum vulgare
L.), and lettuce (Lactuca sativa L.). However, the
mechanism of Cd-induced stomatal closure is still poorly
understood. Some studies reported increased production of
abscisic acid (ABA) with increased Cd-exposure and
suggested that ABA might regulate stomata closure in Cd-
stressed conditions, however, in ABA-insensitive mutants
of Arabidopsis thaliana L. Cd** affected guard cell
regulation in an ABA-independent manner by entering the
cytosol via Ca®* channels (Akhter and Macfie, 2012).

Environmental contamination by Cd in human food
typically comes from crops and contaminated water. The
effects of Cd range from shortness of breath, effects on
respiratory system, vomiting and diarrhoea, kidney
damage and renal failure, bone damage, Itai-Itai disease
(osteomalacia), to low birth weight and increase
in abortions (Stanbrough et al., 2013).

Crops grown in contaminated soil may accumulate Cd in
different plant parts, such as root, leaf, grain etc., and
consumers may develop a number of Cd-related chronic
diseases. It is recommended to keep Cd concentrations
below regulatory guidelines in vegetables, fruits, grains
and other agricultural products to avoid metal toxicity.
Because the concentration of Cd in edible plant tissues is
not always directly proportional to the concentration of Cd
in the soil, understanding the mechanisms of Cd
accumulation and translocation in plants is important to
ensuring food safety (Akhter and Macfie, 2012).

On the other hand cereals are main foods in many
countries, as human foods or as animal feeds.
Epidemiological studies indicate that the consumption of
whole - grain and whole - grain products is related to
reduction in total mortality, coronary heart disease
mortality, diabetes and cancer incidense. These beneficial
effects are attributed to the bioactive factors in cereal grain
such as non digestible carbohydrates and phytochemicals
(IvaniSova et al., 2010). Cereals and pseudocereals have a
significant role in human nutrition. They are source of
specific carbohydrates, proteins, lipids, fibre and wide
spectrum of vitamins and minerals. Cereals and
pseudocereals may also contain some antinutritional
factors, such as phytic acid, polyphenols, trypsin inhibitors
and inhibitors of a-amylase. These are responsible for
reducing of protein and carbohydrate digestibility and
decreasing accessibility of minerals due to complex
formation (Kockova and Valik, 2011).

The legislation should respect environmental protection
and public health, at national and international level
(Kabata - Pendias and Pendias, 2001).
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MATERIAL AND METHODOLOGY

The aim of our work is the evaluation of selected
morphological (lenght and weight of roots and biomass)
and physiological (contents of dry mass and number of lief
stomata) characteristics and the determination of the
bioaccumulation factor and the translocation factor of
cadmium by spring barley (Hordeum vulgare L.).

The seeds were germinated in Petri dishes on a filter
paper for 48 hours in the dark with temperature 25 °C and
80% air humidity. After 2 days 100 germinated seeds were
transferred into each container filled with 950 g of washed
silica sand. The containers were watered firstly by
Hoagland's solution (Hoagland and Arnon, 1950) and
after that on alternate days as needed with destilled water.
The water — soluble CdCl,. 2.5 H,O was added to
containers to obtain the application of 1, 5 and 25 mg.kg™.
The control treatments (0 mg.kg") had no added heavy
metal. The plants were grown with supplementary lithting
16/8 hours photoperiod and controlled temperature
20 — 25 °C. The plants were harvested after four weeks of
cultivation. They were cleaned, washed with deionized
water and separated into roots and aerial parts.

Imprints of leaves have been transferred to a glass slide
and preparations were made for further analysis.
Microreliefs we collected in the central part of the leaf on
adaxial (upper) and abaxial (lower) side. Preparations were
evaluated using an optical microscope Axiostar Plus, Carl
Zeiss, lens CP Achromat 40x/0.65, eyepiece PI 10x / 18,
Canon Utilities Software Zoom Browser EX 4.6 and
hardware Acer Travel Mate 4600, Canon Power Shot A95.
The density of stomata was evaluated on an area of 1 mm?®.

Cadmium concentrations were obtained by treating the
samples by 10 cm® of aqua regia (2.5 cm® HNO; and
7.5 ecm’ HCI) using microwave digestion unit Mars X-
press 5 (CEM Corp., USA). The mineralization was
carried out in teflon vessels. The concentrations were
measured by atomic absorption spectrometry (AAS) in a
Varian AA 240 Z (Varian, Australia) with GTA120

LSD test. We used Pearson -correlation coefficients
at significance level of p <0.05 (weak statistical
significance) and p <0.01 (very strong statistical

significance) by STATGRAPHICS Plus 5.1.

RESULTS AND DISCUSSION

In the experiment, the barley plants showed visual
symptoms of the external toxic effect of metal, such as leaf
discoloration and dehydration.

The changes in dry matter content of roots and leaves,
and the length of the leaves indicate that the plant react to
changing of environmental conditions (PirSelova et al.,
2010).

Strong statistical significance was confirmed between
contamination by cadmium with (Table 1):
germination — low negative correlation,
length of the leaves— high negative correlation,

Weak statistical significance was confirmed between
contaminanation by cadmium with (Table 2):
weight of biomass— low negative correlation.

The negative impacts of heavy metals on plants are
decreasing of seed germination, lipid content, enzyme
activity and plant growth, the inhibition of photosynthesis
or reduction of chlorophyll production (Gardea-
Torresdey et al., 2005; Akpor et al., 2014).

The adaxial (Figure 1) and abaxial (Figure 2) side
preparations of the barley leaves were evaluated using an
optical microscope. Very strong statistical significance
was between contaminanation by cadmium with (Table 3)
number of leaf stomata on abaxial side — high positive
correlation. After microwave digestion of the harvested
biomass (roots and leaves) of spring barley (Hordeum
vulgare 1..) was measured the content of Cd and the
obtained results are shown in Figure 3 and Figure 4.

The cadmium content in roots in first variant (application
1 mg.kg" of CdCl,. 2.5 H,0) was 219.39 £68.65 mg.kg,
in second variant (application 5 mgkg' of CdCl,.
2.5 H,0) was 489.38 £140.41 mg.kg™" and in third variant

graphite furnace. (application 25 mgkg' of CdClL. 2.5H,0) was
The significance of selected parametres was verified by 2064.36 £108.32 mg.kg" of dry mass.
Table 1 Cadmium effect on the germination and length of the leaves of barley.
Contamination by Cd Germination Length
(mg.kg'l) (%) of the leaves (cm)
0 94 29.40
1 91 28.60
5 88 24.90
25 84 23.90

Table 2 Cadmium effect on the dry weight of the roots and leaves of barley.

Contamination by Cd

Dry weight of the roots (g)

Dry weight of the leaves (g) Total biomass

(mg.kg™") (@)
0 0.8902 1.4850 2.3752
1 0.7232 1.4848 2.2080
5 0.4792 1.2613 1.7405
25 0.6400 1.2850 1.9250
Volume 10 102 No. 1/2016
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Figure 1 Detail of the adaxial (upper) side of spring
barley (Hordeum vulgare L.) leaf on an area of 1 mm?®.
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Figure 2 Detail of the abaxial (lower) side of spring
barley (Hordeum vulgare L.) leaf on an area of 1 mm®.
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Figure 3 The evaluation of cadmium content in the roots and leaves of barley.

2500

2000

1500

1000

500

0
0 1

Cadmium content (mg.kg™")

5 25

Contamination by Cd (mg.kg™")

Figure 4 The evaluation of cadmium content in the barley.

The content of cadmium in leaves varied over a value in
first variant 5.57 +£0.29 mgkg”, in second variant 11.68
+2.14 mgkg" and in third variant 52.93 £6.73 mg.kg"' of
dry mass.

The cadmium content in different parts of the plant
increases proportionally with an increasing application of

heavy metal. The cadmium content in the root system was
up to 40 times higher than the aboveground part of barley.
The bioaccumulation factor has been used as an effective
way to show the potencial of the plants for
phytoremediation. It is the indicator of the ability of metal
accumulation by plants. A good accumulator plant should
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Table 3 Cadmium effect on the number of leaf stomata in the central part of the barley leaf on adaxial (upper)

and abaxial (lower) side.

Contamination by Cd

Number of lief stomata per 1mm®

Number of lief stomata per 1mm®

(mg.kg’l) (adaxial side) (abaxial side)
0 59 51
1 53 58
5 59 63
25 60 67

Table 4 Bioaccumulation factor and the translocation factor of barley according to contamination by cadmium.

Contal(nnlll;xlt(lgo_?) by Cd BF of(f)l/:(; roots BF of (t‘llze)leaves TF of the barley x 100
O - - -
1 219.39 5.57 2.54
5 97.88 2.34 2.39
25 82.57 2.12 2.56
have a bioaccumulation factor lower than 100%. The CONCLUSION

translocation factor discribes in which part of plant body is
the highest accumulation of contaminant (Kherbani et al.,
2015).

The bioaccumulation factor was calculated as:
BF = Cd content in the plant/ Cd content in the soil.

The translocation factor was described as:
TF = Cd content in the leaves/ Cd content in the roots.

In our case, the maximum bioaccumulation factor of
roots was obtained with the value 97.88% to a 5 mgkg™ for
Cd.

The cadmium content in the leaves of barley was much
lower than in the rooots.Translocation factor is too small,
so spring barley is very interesting plant for
phytoextraction. The results are shown in Table 4.

In acid soils, cadmium is more mobile and less able to
return the adsorption to sediments and minerals, rocks and
sand. Adsorption of cadmium dependents on its
concentration, pH of the soil solution, soil type, duration of
exposure and the concentration of complexing ligand.
Cadmium is an element that is highly mobile in acidic soil.
The mobility increases with decreasing pH, fertilizing by
acid fertilizers and low content of organic matter in the soil
(Trebichalsky et al., 2010).

Phytoextraction of heavy metals is a technology that has
been studied for several years. It is more ecological and
cheaper way how to clean our environment.

Several plant species are known becauce they
hyperaccumulate a high contents of metals from the soil,
they are able to store particularly high amounts of heavy
metals in aboveground organs. The accumulators are
mainly herbaceous species, crops and nowadays
angiosperm trees with a high growth such as poplars or
willows. Woody species now represent attractive models
since they have a higher biomass and a more important
root system to decontaminate soils deeper than herbaceous
plants (Saladin, 2015).

Periodical monitoring of plants should be encouraged
especially crops from areas that are grown and harvested
next to the mining or industrial areas and the geochemical
anomalies. The heavy metals may enter the leaves via the
stomata.

The effect of contamination by cadmium to germination,
length of leaves and number of stomata on abaxial side of
leaf was confirmed.The contaminated soil by cadmium do
not pose a risk of heavy metal entry into the feed and food
chain by spring barley (Hordeum vulgare L.).
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MICROBIOLOGICAL QUALITY OF CHICKEN THIGHS MEAT AFTER
APPLICATION OF ESSENTIAL OILS COMBINATION, EDTA AND VACCUM
PACKING

Miroslava Kacaniovda, Margarita Terentjeva, Czeslaw Puchalski, Jana Petrovad,
Jana Hutkova, Attila Kantor, Martin Mellen,
Juraj Cuboii, Peter Ha3c¢ik, Maciej Kluz, Rafal Kordiaka, Simona Kunova

ABSTRACT

The aim of the present work to monitoring chicken the microbiological quality of vaccum packaged thighs after treatment
by ethylenediaminetetraacetate (EDTA), anise (Pimpinella anisum), spearmint (Mentha spicata var. crispa), thyme (Thymus
vulgaris L.) oregano (Origanum vulgare L.) essential oils and stored in at 4 £0.5 °C for a period of 16 days. The following
treatments of chicken thighs were used: air-packaged control samples, control vacuum-packaged samples, vacuum-
packaging with EDTA solution 1.5% w/w, control samples, vacuum-packaging after treatment with Pimpinella anisum,
Mentha spicata var. crispa essential oil at concentrations 0.2% v/w, vacuum-packaging after treatment with Thymus
vulgaris L., Origanum vulgare L. essential oil at concentration 0.2% v/w. The quality assessment of all samples was done
microbiologically and following microbiological parameters were detected: the anaerobic plate count, Enterobacteraceae
counts, lactic acid bacteria and Pseudomonas spp. counts. The number of anaerobic plate count ranged from 3.69 log
CFU.g" in all tested group on 0 day to 5.68 log CFU.g"' on 16 day in control group stored in air condition. The number of
lactic acid bacteria ranged from 2.00 log CFU.g™" in all tested group on 0 day to 4.82 log CFU.g"' on 16 day in group with
oregano, thyme essential oils combination. Enterobacteriacea counts in chicken thighs was 0.68 log CFU.g™' on 0 day to
7.58 CFU.g" on 16 day in air-packed meat samples. The Pseudomonas spp. was not found in all tested samples. Among the
antimicrobial combination treatments examined in this work, the as application of vacuum packaging, EDTA and essential
oils treatment was the most effective against the growth of Enterobactericeae, inhibitory effect on anaerobic plate count
also was observed. The results of this present study suggest the possibility of application the Pimpinella anisum, Mentha
spicata var. crispa, Thymus vulgaris L., Origanum vulgare L. essential oil of as natural food preservatives and potential
sources of antimicrobial ingredients for food industry for chicken thighs meat treatment.

Keywords: meat; microorganisms; essential oils; vaccum; EDTA

freezing. Microorganisms from the environment,

INTRODUCTION

Poultry meat is a very popular food commodity around
the world due to its low cost of production, low fat
content, high nutritional value, distinct flavor (Barbut,
2001; Patsias et al., 2008). The diverse nutrient
composition of meat makes it an ideal environment for the
growth and prolifiration of meat spoilage micro-
organisms, as well as food-borne pathogens (Zhou et al.,
2010). Therefore is essential to apply adequate
preservation technologies to extend the shelf life of
perishable meat products which is a major concern for the
meat industries (Wang et al., 2004).

Special attention in poultry meat production is paid to the
fact that live animals are hosts to a large number of
different microorganisms residing on their skin, feathers
and in the alimentary tract. During the slaughter a majority
of these microorganisms are eliminated, but subsequent
contamination is possible at any stage of the production
process including contamination from feather plucking and
evisceration equipment, washing before storage, cooling or

equipment and operators’ hands also can contribute to
contamination of meat. During the processing the changes
in the microflora of meat are reported from, in general,
Gram-positive rods (micrococci) to Gram-negative
bacteria including Enterobacteriaceae, Pseudomonas spp.,
which were isolated the most frequently. Industrial poultry
slaughterhouses have a particular technological process,
the individual stages of which are not in conformity with
modern principles of hygienic meat production and
processing. Factors, which alter the mcrobiological quality
of poultry meat can occur during the all processing steps
(Kozacinski et al., 2006).

Naturally occurring antimicrobial compounds have good
potential to be applied as food preservatives. Essential oils,
other extracts from plants, herbs, spices, some of their
constituents have shown antimicrobial activity against
different food pathogens and spoilage microorganisms
(Bakkali et al.,, 2008; Burt, 2004; Holley and Patel,
2005). Plants, plants products have been claimed to have
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health-promoting effects, which may be related to the
antioxidant activity in vivo (IvaniSova et al.,, 2013;
IvaniSova et al., 2015a, b).

Anise (Pimpinella anisum L.), which belongs to the
family Apiaceae, is an important spice, medicinal plant
used for pharmaceutics, perfumery and food industry. The
fruits as well as the essential oils are characterized by
antispasmodic, antioxidant, antimicrobial, insecticidal and
antifungal effects (Giilcin et al., 2003; Ozcan, Chalchat,
2006; Tepe et al., 2006; Tirapelli et al., 2007). Its fruits
which are called aniseed contain around 1.5-5.0% of
essential  oil  mainly composed of  volatile
phenylpropanoids like trans-anethole with around 90%
(Tabanca et al., 2005). In addition, the essential oil of the
anise fruit also contains a small proportion of estragol,
anisaldehyde, himachalene and cis-anethole (Omidbaigi et
al., 2003; Tabanca et al., 2006).

The genus Mentha of the family Lamiaceae comprises
about 19 species, 13 natural hybrids, is widely distributed
across the Europe, Africa, Asia, Australia and North
America (Kumar et al., 2011). Mentha spicata L.,
commonly known as spearmint, is a native of Africa,
temperate Asia and FEurope. It is an herbaceous,
rhizomatous, perennial plant growing up to 40x130 cm in
height. A literature review shows the antifungal effect of
M. spicata EO (essential oil) against some food-poisoning
fungi (Sokovic et al., 2009), other storage insects (Lee et
al., 2002), but reports are lacking about this EO’s ability to
counter aflatoxin production.

Antimicrobial activity of thyme or oregano essential oil
incorporated edible films have been evaluated by a number
of researchers, however, limited data exist on the
application of antimicrobial edible films incorporated with
essential oils in real food systems (Seydim and Sarikus,
2006; Chi et al., 2006; Oussalah et al., 2006; Du et al.,
2008). Among Lamiaceae species, oregano (Origanum
vulgare L.), thyme (Thymus vulgaris L.), wild thyme
(Thymus serpyllum L.) have been studied widely for their
antioxidant activity due to the high content of phenolic
compounds (Vichi et al, 2001; Zandi and Ahmadi,
2000).

The aim of this study was to investigate the effects of
anise, spearmint, thyme, oregano essential oils and
ethylenediaminetetraacetate in combination with vacuum
packaging on the microbiological properties of chicken
thighs.

MATERIAL, METHODOLOGY

Preparation of samples

To evaluate the antimicrobial activity of essential oils the
chicken thigh with skin for each experimental group was
taken. The chicken thigh fresh samples with were prepared
as follow: for air-packaging (AC, control samples) chicken
thigh fresh meat was packaged to polyethylene bags and
stored aerobically at 4 +0.5°C; for vacuum-packaged
(VPC, control samples) chicken thigh fresh meat was
packaged to polyethylene bags, stored anaerobically in
vacuum at 4 +0.5°C; for vacuum-packed samples with
EDTA solution 1.5% w/w (VPEC, control samples)
chicken thigh was treated with EDTA for
1 min, then packaged to polyethylene bags, stored
anaerobically in vacuum at 4 +0.5°C; for

vacuum-packed samples treated with Pimpinella anisum +
Mentha spicata var. crispa 0.20% v/iw (VP+PAO+MSO)
chicken thigh was treated with anise in combination with
mint oil for 1 min, packaged to polyethylene bags, stored
anaerobically in vacuum at 4 £0.5°C; for vacuum-packed
samples treated with Thymus vulgaris L. In combination
with Origanum vulgare L. 0.20 % v/w (VP+TVO+OVO)
chicken thigh was treated with essential oil for 1 min,
packaged to polyethylene bags, stored anaerobically in
vacuum at 4 +0.5°C. For sample packaging, a vacuum
packaging machine type VB-6 (RM Gastro, Czech
Republic) was wused. Each sample was packaged
immediately after treatment. EDTA solution (pH 8.0,
99.5% purity, analytical grade, Invitrogen, USA) was
prepared at final concentration of 50 mM and used in
treatment of chicken thigs samples. Anise, spearmint,
thyme and oregano essential oils (Hanus, Nitra, Slovakia)
was added to coat the surface of chicken thigh on both
sides of each sample using a micropipette. Final
concentration of 0.2% v/w of EO was used for treatment.

Microbiological analysis

An amount of 10 g (10 cm?) of the chicken thigh was
sampled using sterile scalpels, forceps and immediately
transferred into a sterile stomacher bag containing 90 mL
of 0.1% peptone water (pH 7.0) and homogenized for 60 s
in a Stomacher at room temperature. Sampling and
microbiological testing was carried out after certain time
intervals: 0, 4, 8, 12, 16 days of experiment. Chicken
thighs were stored in vacuum packaging at
4 +0.5 °C. Microbiological analyses were conducted with
accordance to standard microbiological methods.
Anaerobic plate count (APC) was determined on Plate
Count Agar (PCA, Oxoid, UK) after incubation for 48 h at
35 °C in anaerobic conditions. For Pseudomonas spp.,
0.1 mL from prepared chicken meat suspension was spread
onto the Pseudomonas Isolation agar (PIA, Oxoid, UK).
After inoculation PIA was incubated for 48 h at 25 °C. For
lactic acid bacteria enumeration, a 1.0 mL of sample was
inoculated onto Rogosa, Sharpe agar (MRS, Oxoid, UK),
Inoculated agar was incubated for 48-78 h at 37 °C in an
aerobic atmosphere supplemented with carbon dioxide
(5% CO,). For Enterobacteriaceae counts, a 1.0 mL of
sample was transferred into 10 mL of molten (45 °C)
Violet Red Bile Glucose agar (VRBL, Oxoid, UK). After
setting, a 10 mL molten medium was added to cover the
suspension. Inoculated VRBL agars were incubated at
37 °C for 24 h. All plates were examined for typical
colony appeariance and morphology characteristics
associated with each medium applied for cultivation of
microorganisms.

RESULTS, DISCUSSION

Essential oils have not only antibacterial properties, but
their application in meat can affect some meat
characteristics as well. Based on antibacterial properties of
EOs, type of affected pathogen, some essential oils are
better than others for application in meat industry.
Concentration of essential oils, which should be added to
meat in order to prevent the oxidation, proliferation of
foodborne pathogens, or to extend shelf-life by inhibition
of background microflora, is usually higher than one used
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in in vitro conditions because of interaction with meat
components (Boskovi¢ et al., 2013).

Anaerobic plate count (AC) values for the tested groups
of chicken thigh are showed in Figure 1. The initial
anaerobic plate count value of chicken thigh was
3.69 log CFU.g' on 0 day and the number of
microorganisms increases to 5.68 log CFU.g" on 16 day in
control group stored in air condition. In control group
stored in vacuum packaging the AC counts were from
3.69 log CFU.g" on 0 day to 5.12 log CFU.g" on 16 day
of experiment. In control group stored in vacuum
packaging and EDTA treated the AC ranged from
3.69 log CFU.g"' on 0 day to 4.78 log CFU.g"' on 16 day.
In the group after treatment with anise and spearmint
essential  oils  combination, AC ranged from
3.69 log CFU.g"' on 0 day to 4.56 log CFU.g"' on 16 day.
In group after treatment with thyme and oregano essential
oils combination, the AC ranged from 3.69 log CFU.g"' on
0 day to 4.45 log CFU.g" on 16 day. The lowest number
on APC on 16 days was found in the group treated with

oregano and thyme essential o0il combination
(4.45 log CFU.g™).
In study of Radha Krishnan et al, (2014),

Enterobacteriaceae, a psychrotrophic facultative anaerobic
bacterial group, formed a substantial part of the chicken
meat microbial flora and reached the final counts of 4.68,
3,76 for samples from the initial count of
3.32 logl0 CFU.g". For other samples, final counts were
obtained as 4.59, 4.41, 3.91, 4.26, 4.51, 4.01, 4.11, 3.84
logl0 CFU.g™" for, samples respectively. Radha Krishnan
et al., (2014) confirmed that the bacterial counts obtained
from spice treated samples were lower than those from the
control samples. It is important to point out, that the
samples treated with combination of different spice
extracts showed lower counts in comparison with the
samples treated with extracts of individual spices.

The results of Kac¢aniova et al., (2015) study suggest the
possibility of using the essential oil of Pimpinella anisum
L. And Mentha piperita as natural food preservatives and
potential source of antimicrobial ingredients for meat.
Among the treatments of antimicrobial combination
examined in this work, the application of vacuum
packaging, EDTA and essential oils treatment were the
most effective against the growth of lactic acid bacteria,
Enterobactericeae. Inhbitory effect on total viable count
also was observed. Based on microbiological analyses,
treatments with Pimpinella anisum L. and Mentha piperita
essential oils resulted in shelf-life extension in comparison
with the control samples. The similar results were found in
our study in group with combination of anise, spearmint
essential oils were used.

The primary objective of chilling poultry is to reduce
microbial growth to a level that will maximize both food
safety and shelf life (Popelka et al., 2014). Hovewer,
psychrotrophic nature of lactic acid bacteria enhancing
their survival and multiplying on meat and supporting the
spoilage of products. Lactic acid bacteria (LAB) values for
the tested groups of chicken thigh are showed in Figure 2.
The initial TVC wvalue of chicken thigh was
2.00 log CFU.g" on 0 day. The number of lactic acid
bacteria ranged from 2.00 log CFU.g" in all tested group
on 0 day to 4.82 log CFU.g" on 16 day in group treated
with oregano and thyme essential oils combination.

In control group stored in air condition, the number of
LAB ranged from 2.00 log CFU.g' on 0 day to
3.98 log CFU.g" on 16 day. In control group stored in
vacuum  packaging LAB counts ranged from
2.00 log CFU.g" on 0 day to 4.12 log CFU.g" on 16 day.
In control group stored in vacuum packaging after EDTA
treatment, LAB ranged from 2.00 log CFU.g" on 0 day to
4.23 log CFU.g"' on 16 day.

7
—'IM +AC
% =i—-VPC
g) VPEC
2 =>¢=VP+PAO+MSO
==VP+TVO+OVO
1
0 T T T T )
0 4 8 12 16
Day of storage

Figure 1 Changes (log CFU.g") in population of anaerobic plate count in chicken thigh stored in air (AC);
stored in vacuum (VPC); stored in vacuum packaging with EDTA (VPEC); stored in vacuum packaging after
treatment with Pimpinella anisum + Mentha spicata var. crispa 0.20% v/w combination (VP+PAO+MSO);
stored in vacuum packaging after treatment with Thymus vulgaris L. + Origanum vulgare L. 0.20 % v/w,

combination (VP+TVO+0OVO).
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Figure 2 Changes (log CFU.g") of lactic acid bacteria counts in chicken thigh stored in air (AC); stored in
vacuum (VPC); stored in vacuum packaging with EDTA (VPEC); stored in vacuum packaging after treatment
with Pimpinella anisum + Mentha spicata var. crispa 0.20% v/w combination (VP+PAO+MSO); stored in
vacuum packaging after treatment with Thymus vulgaris L. + Origanum vulgare L. 0.20 % v/w, combination

(VP+TVO+OVO).
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Figure 3 Changes (log CFU.g") in population of Enterobacteriaceae in chicken thigh stored in air (AC); stored
in vacuum (VPC); stored in vacuum packaging with EDTA (VPEC); stored in vacuum packaging after treatment
with Pimpinella anisum + Mentha spicata var. crispa 0.20% v/w combination (VP+PAO+MSO); stored in
vacuum packaging after treatment with Thymus vulgaris L. + Origanum vulgare L. 0.20 % v/w combination

(VP+TVO+OVO).

In the group after treatment with anise and spearmint
essential oils combination, number of LAB ranged from
2.00 log CFU.g"" on 0 day to 4.56 log CFU.g"' on 16 day.
In the group after treatment with oregano and thyme
essential oils combination ranged from 2.00 log CFU.g™
on 0 day to 4.82 log CFU.g™" on 16 day.

LAB behaves as facultative anaerobes and able to grow
under high concentrations of CO,. Thus they constitute a
substantial part of the natural microflora of VP meats.
LAB are recognized as the important competitors to other
spoilage related microbial groups under VP/MAP
conditions (Castellano et al., 2004; Doulgeraki et al.,
2011; Zhang et al., 2009). Particularly, Lactobacillus

spp., Carnobacterium spp., Leuconostoc spp. are
associated to the spoilage of refrigerated raw meat
(Nychas, Skandamis, 2005). More species of lactobacilli
can be found during the storage under the vacuum at 4°C
including Lb. algidus beyond Lb. sakei. The results of
Ntzimani et al. (2010) indicate that LAB was an important
part of the precooked chicken microflora, irrespective of
the packaging conditions, the antimicrobial treatment
combination. The latter observations could probably help
to explain their rapid growth between days 0, 2 of storage.
This is also in agreement with LAB growth in beef stored
under MAP at 5°C (Skandamis and Nychas, 2001).
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Enterobacteriaceae counts of the tested groups of
chicken thigh are showed in Figure 3. The initial
Enterobacteriacea genera value of chicken thigh was
0.68 log CFU.g" on 0 day. Presences of these bacteria
were found on all groups at 16 day. The number of
Enterobacteriaceae genera ranged from 0.68 log CFU.g"
in all tested groups of samples on 0 day to
7.58 log CFU.g" on 16 day in control group stored in air
condition. In control group stored in air condition the
number of Enterobacteriaceae genera ranged from
0.68 log CFU.g" on 0 day to 7.58 log CFU.g" on 16 day.
In control group stored in vacuum packaging,
Enterobacteriaceae counts ranged from 0.68 log CFU.g"
on 0 day to 7.25 log CFU.g" on 16 day. In control group
stored in vacuum packaging after EDTA treatment,
Enterobacteriaceae counts ranged from 0.68 CFU.g"' on
0 day to 7.20 log CFU.g" on 16 day. In the group of
chicken thigh treated with anise and spearmint essential
oils combination Enterobacteriaceae counts ranged from
0.68 log CFU.g" on 0 day to 6.52 log CFU.g" on 16 day.
In the group of chicken thigh treated with oregano and
thyme essential oils combination, Enterobacteriaceae
counts ranged from 0.68 log CFU.g' on 0 day to
6.12 log CFU.g" on 16 day.

Enterobacteriaceae grew under vacuum packaging
conditions at a slower rate than under aerobic packaging.
This is in agreement with the results of Chouliara et al.,
(2007), who reported that both MAP, oregano oil had
astrong effect in the reduction of Enterobacteriaceae
counts. On day 9 of storage, the use of oregano oil at its
lower concentration (0.1%), had practically no effect on
Enterobacteriaceae counts while the higher concentration
(1%) gave a reduction of more than 6 log CFU.g"'. On the
same day, the Enterobacteriaceae counts were reduced by
1.5 log CFU.g' (MAP 1), 1.8 log CFU.g" (MAP 1,
oregano oil 0.1%), more than 6 log CFU.g" (MAP 1,
oregano oil 1%), 34 log CFU.g' (MAP2),
4.3 log CFU.g"'g (MAP 2, oregano oil 0.1%), more than
6 log CFU.g"' (MAP 2, oregano oil 1%).

Growth of the FEnterobacteriaceaec was completely
inhibited after thyme essential oil treatment was applied
and final counts (ca. 4.0 log CFU.g") were reduced
(ca. 3 log cycle) significantly (p <0.05) at the end of the
storage period (day 12) in Giatrakou et al. (2010) study.
The explanation of this was the antibacterial effects of the
essential oils applied the study and this is in agreement
with the results of the present study. Thymol essential oil
treatment also produced the lower bacterial counts as
compared to the control samples during the storage that is
in agreement with our results.

Pseudomonas spp. were not isolated in the present study
from all samples grou were tested. It is now well
established that Pseudomomas spp. may form a significant
part of the spoilage microflora of chicken meat stored
under refrigeration (Jay et al., 2005).

Among the treatments used for improving the shelf-life
of products examined in the study of Pavelkova et al.,
2014, the application of EDTA, oregano oil and thymus oil
were the most effective against the growth of Gram-
negative bacteria. Inhibitory effect on total viable count
and LAB also was identified. Based on microbiological
analyses, treatments with oregano and thymus oil
combination produced a shelf-life extension of 8-9 days in

comparison to the control samples. The ability of vacuum
packaging to inhibit a growth of spoilage organisms is well
documented, but many pathogenic organisms are less
affected in this process. Therefore, the combined effect of
essential oils as oregano and thymus including vacuum
packaging on the safety of the meat could be investigated.

CONCLUSION

The results of the present study suggest the possibility of
using the essential oil of anise, spearmint, thymol, oregano
as natural food preservatives and potential source of
antimicrobial ingredients for meat. Among the
combinations of treatments, which may pose antimicrobial
activity and examined in the present work, the use of
modified storage condition as vacuum packaging,
treatment with EDTA and essential oils were the most
effective against the growth of lactic acid bacteria,
Enterobactericeae family. Also the growth of anaerobic
microorganisms were inhibited. Based on microbiological
analyses, the treatment with anise, spearmint, thyme,
oregano essential oils resulted in shelf-life extension as
compared to the control samples. The combined effect of
four essential oils, EDTA, vacuum packaging can
significantly contribute the shelf-life and safety of the
chicken thigh.
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HERBICIDAL EFFECT IN RELATION TO THE ACCUMULATION OF
MACROELEMENTS AND ITS REGULATION BY REGULATORS OF
POLYAMINE SYNTHESIS

Pavol Trebichalsky, Tomads$ Toth, Daniel Bajcan, Alena Vollmannova, Petra Kavalcova

ABSTRACT

Stress effects of triazine herbicide on cumulating of important macroelements (phosphorus, potassium, calcium and
magnesium) into the grain of barley variety Kompakt, as well as the elimination of its negative effect through the addition
of regulators of polyamine synthesis (y-aminobutyric acid and propylenediamine) were investigated in pot trial. These
morphoregulators are degrading products of polyamines and hypothetically after foliar application they should support their
biosynthesis which increased level act against stress in plants. Application of the herbicide alone in comparison to control
variant reduced the contents of all mentioned macroelements in grain of barley and also in variants, where the mixtures of
herbicide with regulators of polyamine biosynthesis were applied, also the values of contents of all macroelements (except
of magnesium) in barley grain were reduced (in comparison to this variant). It could be summarized that the presence of
regulators in mixtures with triazine herbicide in comparison to control variant had not positive effects on contents of these
biogenic elements in grain. By the comparison of variant with the applied herbicide with variants, where also regulators of
polyamine synthesis were applied, there was the most positive influence of these mixtures of morphoregulators on
statistically non-significant accumulation of phosphorus into generative organs of spring barley and in the case of positive
accumulation of magnesium into these plant tissues there was statistically significant relation only after application of
mixtures of herbicide with propylenediamine. Positive influence on accumulation of calcium was evaluated only after using

of mixtures of herbicide with propylenediamine (statistically significant relation was recorded at the dose 29.6 g.ha™).

Keywords: barley; polyamines; triazine herbicide

INTRODUCTION

Triazine herbicides are widely used against broad leaf
weeds and crops and in tree seedling nurseries. Triazines
are primarily soil applied herbicides. Further research
showed that triazine herbicides when taken up by the root
move rapidly to the top by apoplastic movement. It
concentrates first in the internal veinal areas and finally in
the margin of the leaf (Parveen et al., 2002). They are
photosynthetic inhibitors and cause chlorosis and
desiccation of green tissues. However all these effects are
observed in light and not in the dark. Atrazine is a
chloroamino triazine herbicide. It is a selective, pre-
emergence herbicide for control of many grasses and broad
leaf weeds in maize, sorghum, sugar cane and many table
crops and increases the yield of crop (Shah et al., 2000).

The great majority of herbicides act by inhibiting a
specific plant enzyme essential for metabolism, whereas
the remainder, including auxinic herbicides, act as general
inhibitors (Powles and Yu, 2010; Cabrito et al., 2011).
Polyamines are small positively charged aliphatic
molecules ubiquitous in almost all life forms. These
compounds have been implicated in a wide range of life
processes in plants including seed germination, growth,
floral initiation, floral development, pathogen defenses,
and environmental stress responses (Martin-Tanguy and
Aribaud, 1994; Walters, 2003; Palavan-Unsal, 1995).
Despite extensive studies on polyamine metabolism, the

exact role that these compounds play in plant physiology
remains unclear (Tiburcio et al., 1997). In plants,
polyamines are involved in various physiological events
such as development, senescence and stress responses.
(Gill and Tuteja, 2010; Ramakrishna and Ravishankar,
2011). Endogenous polyamines could contribute to plant
stress tolerance as part of defense mechanisms or
adaptation programs that help plant organism to cope with
the negative stress consequences (Todorova et al., 2015).

High cellular levels of polyamines correlate with plant
tolerance to a wide array of environmental stresses.
Moreover, as compared with susceptible plants, stress-
tolerant ones generally have a large capacity to enhance
polyamine biosynthesis in response to abiotic stress (Gill
and Tuteja, 2010).

Conversely, treatments with polyamine biosynthesis
inhibitors reduce stress tolerance, but this effect is reversed
by concomitant application of exogenous polyamines. The
influence of polyamines on in vitro morphogenetic
response and caffeine biosynthesis were reported in Coffea
canephora. Apart from primary metabolic functions,
external feeding of certain polyamines are known to act as
elicitors (Kumar et al., 2008).

In addition, uncommon polyamines, like
homospermidine, 1,3-diaminopropane, cadaverine and
canavalmine have been detected in a large number of
biological systems, including plants, animals, algae and
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bacteria. At the physiological pH, polyamines are found as
cations. This polycationic nature of polyamines is one of
their important properties effectuating their biological
activities. Large body of evidence suggested that plant
transformation with genes of polyamines biosynthetic
enzymes or the exogenous application of polyamines such
as putrescine, spermidine and spermine results in abiotic
stress tolerance in various plants (Valero et al., 2002).

Ali (2000) reported that exogenous application of
putrescine reduced the net accumulation of Na™ in different
organs of Atropa belladonna subjected to salinity stress.
Putrescine alleviated the adverse effect of NaCl during
germination and early seedling growth and increased the
alkaloids as well as endogenous putrescine of A.
belladonna. Lutts et al., (1996) reported that putrescine
increased the growth and the leaf tissue viability of
salttreated plants in all cvs. of Oryza sativa. They
suggested that this positive effect was associated with an
increase in ethylene biosynthesis through an increase in
ACC content and a suppression of NaCl-induced inhibition
of ACC conversion to ethylene and suggested the
involvement of putrescine in salinity tolerance in rice.
Ndayiragije and Lutts (2006) studied the possible role of
exogenous application of polyamines on Oryza sativa and
noted that addition of polyamines in nutritive solution
reduced plant growth in the absence of NaCl and did not
afford protection in the presence of NaCl. Polyamine-
treated plants exhibited a higher K'/Na" ratio in the shoots,
suggesting an improved discrimination among monovalent
cations at the root level, especially at the sites of xylem
loading. Putrescine induced a decrease in the shoot water
content in the presence of NaCl, while spermidine and
spermine had no effects on the plant water status. In
contrast to spermidine, spermine was efficiently
translocated to the shoots.

GABA is a non-protein amino acid with some functional

properties for human health such as lowing blood pressure
and regulating heart rate (Mody et al., 1994). GABA is
widely present in prokaryotic and eukaryotic organisms
(Yang et al, 2015). In recent years, GABA-enriched foods
have become popular, such as GABA-tea (Syu et al.,
2008), GABA-brown rice (Komatsuzaki et al., 2007),
GABA-soy bean sprouts (Guo et al., 2012). In plant cells,
GABA is synthesized via the o-decarboxylation of
glutamate (Glu) in an irreversible reaction which is
catalyzed by glutamate decarboxylase (GAD) (Bown et
al., 1997). This metabolic pathway is called GABA shunt.
In addition, GABA <can also be formed via
y-aminobutyraldehyde intermediate from polyamine
degradation reaction where diamine oxidase (DAO) is the
key enzyme (Wakte et al., 2011). Researches on GABA
accumulation in germinating seeds focus on GABA shunt
(Bai et al., 2009; Mae et al., 2012), but little information
is available on polyamine degradation pathway (Xing et
al, 2007). In the majority of germinating seeds, stressful
conditions such as hypoxia (Guo et al., 2011), salt stress
(Widodo et al., 2009) and drought (Kramer et al., 2010)
can strongly increase GABA content. During fava bean
germination under non-stress condition, GABA content
increased slightly (Yang et al., 2011), but it increased
significantly when germinating under hypoxia stress
(Yang et al., 2013). Under these stressful conditions, the
relationship between GABA shunt and polyamine
degradation pathway is still not clear.

MATERIAL AND METHODS

In pot experiment 6 kg of substrate (soil:sand — 4:2) was
weighed. Analyses done in soil used in experiment are
shown in Table 1. It was sown 30 plants which were
thinned into 20 pieces after post-emergence. At the phase
of early tillering plants were foliar treated (after 25 days)
in the control treatment with the water (Table 2), in other

Table 1 Agrochemical characteristics of soil (horizons 0 — 0.2m).

Soil reaction Humus content

Content of nutrients

N.n P K Mg
(pH/KCI) (%) (mg.kg™) (mg.kg™) (mg.kg™) (mg.kg™)
7.03 2.34 8.7 54.3 178.35 407.8
Table 2 Variants of the pot experiment.
VARIANT
NUMBER FOLIAR TREATMENT
1 Control:
9.0 mL water
) Triazine herbicide 0.5 Lha™:
1.0 mL water solution of triazine herbicide +8.0 mL water
3 Triazine herbicide 0.5 Lha +GABA 500 g.ha:
1.0 mL water solution of triazine herbicide +4.7 mL 20 mM solution GABA +3.3 mL water
4 Triazine herbicide 0.5 L.ha” +PDA 59.2 g.ha™:
1.0 mL water solution of triazine herbicide +3.8 mL 2 mM solution PDA +4.2 mL water
5 Triazine herbicide 0.5 1.ha” +PDA 29.6 g.ha™:

1.0 mL water solution of triazine herbicide +1.9 mL 2 mM solution PDA +6.1 mL water

NOTE: PDA — 1,3-propylenediamine, GABA — y-aminobutyric acid.
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variants with triazine herbicide alone (the active ingredient
is cyanazine with chemical formula 2-(4-chloro-6-
ethylamino-1,3,5-triazin-2-ylamino)-2-methylpropiono-
nitrile), or its mixture with y-aminobutyric acid (GABA)
with dose 500 gha', in another variant with
1,3-propylenediamine (PDA) with dose of 59.2 g.ha™, and
in last variant with the PDA in the amount of 29,6 g.ha™.
The plants were watered with constant volume in all pots.

Crops were harvested in full ripeness, 2 g of barley grain
after homogenization were mineralized in 20 mL of nitric
acid with 5 mL of perchloric acid and after filtration the
filtrate was afterwards filled to volume 50 mL. Then the
contents of potassium, calcium and magnesium were
determined by method of flame AAS with VARIAN (AAS
Varian AA  Spectr DUO  240FS/240Z/UltrAA,
manufacturer Varian Australia Pty Ltd, A.C.N. 004 559
540, Mulgrave, Australia). Phosphorus was determined by
method of Gonzales (John, 1970) — 0.5 mL of above
mentioned solution in 50 mL volumetric flask was filled
with water till mark, 1 mL of ascorbic acid was added and
4 mL of solution with extraction agent containing
sulphuric acid, ammonium molybdate and potassium
antimonyl tartrate hemihydrate. Solution was mixed and
after two hours the absorbance at 670 nm on UVmini-
1240, UV-VIS Spectrophotometer, SHIMADZU, Japan
(UV-1800), was measured against distilled water. Final
values of phosphorus content in barley grain were defined
from calibration curve of standards absorbance.

Results were evaluated by statistical program
Statgraphics 4.0 (Statpoint Technologies, Inc., Czech
republic), the data were analyzed by means of one-way
analysis of variance (ANOVA).

RESULTS AND DISCUSSION
Application of herbicide alone in comparison to control
variant (Table 3) reduced the contents of all

macroelements in barley grain (values of our tested
macroelements in barley grain percentually declined in
interval 13 — 29%) — statistically significant in the case of
phosphorus and potassium and also in variants with
applied mixtures of herbicide with regulators of polyamine
biosyntheis; the values of all macroelements contents
(except of magnesium) in grain of barley were also
reduced (in comparison to first variant.

It could be summarized that the presence of regulators in
mixtures with triazine herbicide in comparison to control
variant had not positive effects on contents of these
biogenic elements (P, K, Ca) in grain (Table 3). Evaluating
of magnesium cumulating had following summarise: the

Table 3 Contens of macroelements in grain of barley.

most positive statistically significant influence was in
variants with applied propylenediamine (PDA). By the
comparison of variant with the applied herbicide with
variants, where also regulators of polyamine synthesis
were applied, there was the most positive influence of
these mixtures of morphoregulators on statistically non-
significant accumulation of phosphorus into generative
organs of spring barley and in the case of positive
accumulation of magnesium into these plant tissues there
was statistically significant relation only after application
of mixtures of herbicide with PDA. Positive influence on
accumulation of calcium was evaluated only after using of
mixtures of herbicide with PDA (statistically significant
relation was recorded at the dose 29.6 g.ha™). Only the
uptake of potassium into barley grain was not affected
positively by regulators of polyamine synthesis when
compared to variant, where triazine herbicide was used
alone (in mentioned cases this influence was statistically
non-significant).

Cereals in Slovak republic, as well as in European Union
have important representation in structure of plant
production (Kra¢mar et al., 2014; Tomka et al., 2010).
Cereal agricultural production is limited by a wide array of
abiotic and biotic stress factors including weeds, drought,
cold, heat, salinity, imbalances in mineral nutrition, viral,
and others, often acting in combinations under field
conditions.

Since pesticide stress has not yet been extensively
examined at the grain macroelements level, no data on this
topic are currently available in the literature. Therefore,
this study provides the first data and a framework for
further investigation. Several researches have suggested
that crop selectivity to triazine herbicides or their residues
might be improved by exploiting the natural variability
that is clearly preset in plants, either by searching for
varietal differences in triazine tolerance or by altering the
genetic structure of the crop by repeated artificial selection
for genuine resistance.

Treatment of spring barley variety Kompakt with triazine
herbicide and its mixtures with regulators of polyamine
biosynthesis affected the accumulation of macroelements.
From the theoretical point of view it could be presumed
that applied amounts of regulators of polyamine synthesis
will not directly affect the content of nutrients in plant,
because they do not contain mentioned inorganic
macroelements (P, K, Ca, Mg), because they are organic
compounds. Changes in accumulation of macroelements in
spring barley grain are probably caused by influencing of
translocation of nutrients in plant, or by influencing of

Variant Content of nutrients (mg.kg") Dry matter (%)
Number P K Ca Mg

1 4672.9B 8627.7B 122.6A 1452.1A 94.10B

2 3652.6A 6316.9A 87.0A 1275.4A 94.00B

3 3926.5A 5990.5AB 80.2A 1406.7AB 93.85B

4 3674.7AB 5378.3AB 96.7AB 1481.1B 93.42A

5 3825.7B 4490.3A 106.1B 1622.3B 93.52B

NOTE: Letters in table stand for statistical significance in columns (p <0.01). Their conformity means that the values
are statistically non-significant and different letters characterize statistically significance.
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metabolism of compounds groups, or physiology of plant
and subsequent change in ability of plant to uptake
nutrients from soil solution.

Triazine herbicides affect biochemical processes in plant,
also energetic processes in cells which with their presence
in tissues are obviously inhibited. Macroelement
phosphorus is the part of structures H,PO, and HPO,* that
are the part of important compounds NADP and NADPH",
as well as phosphate fragments are in macroergic bonds.
Our experiment confirmed this fact and also there was
minimal influence of PDA and GABA on reduction of
stress induced by herbicide presence.

Function of potassium in metabolism of spring barley
plants is versatile: affects managing with water
and improves health state and grain quality. Triazine
herbicide which acts in plants destructive has great impact
also on its uptake into barley grain.

Similarly, Pakistani authors (Perveen et al., 2002) found
out that the contents of potassium, phosphorus and sodium
were in roots and in shoots of bean plants (Vigna radiate
(L.)) decreased after the application of triazine herbicide.
The authors have explained it by injuries of tissues in
plants after application of these pesticides. Potassium is
involved in the protein synthesis, cell membrane and ionic
balance, opening of stomata and other plant movements
(Hale and Orcutt, 1987).

Not only macroelements contents have decreasing
tendency after the application of triazine herbicide, but this
decrease was evaluated also by other important organic
compounds in plants. In experiment carried out by Indian
scientists (Khan et al, 2006) it was obvious that the
application of herbicide isoproturon significantly
decreased the values of protein in grain of wheat Triticum
aestivum. Also significant decline of chlorophyl content
(with bound magnesium) was also recorded (Yin et al,
2008; Nemat et al., 2008), ecven by low concentration of
isoproturon in plants.

As well as in the case of phosphorus, also the cumulating
of potassium into barley grain the morphoregulators have
not reducing effect on stress induced by triazine herbicide
presence.

The role of Ca*" as one of the nutrients and as a key ion
in maintaining the structural rigidity of the cell walls as
well as in membrane structure and function has been
known for a long time (Reddy et al., 2011; Hepler, 2005).
During the last three decades, numerous studies have
shown that Ca*" is an important messenger in eliciting
responses to diverse signals, including many biotic and
abiotic signals (McAinsh and Pittman, 2009; DeFalco et
al., 2010). It appears that plants use Ca>" as a messenger
more than any other known messengers in plants. This is
evident from the fact that nearly all signals
(developmental, hormonal, and stresses) cause changes in
cellular Ca**, primarily in the cytosol and, in some cases,
in the nucleus and other organelles.

These herbicides belong to groups of photosynthesis
inhibitors — their effectiveness lies in inhibition of
photosynthetic  electron transfer by disabling of
photochemic reaction II. level known as Hill reaction. The
most probable place of chlorophyll inhibition by
photosynthesis is 5-membered ring of chlorophyll. By the
bond of herbicide on keto-, resp. enol- form of five

5-membered ring, the chlorophyll inhibits the transfer of
electrons. Changes as consequence of destruction of
photosynthetic apparatus (inhibition of photosynthetic
electron process) in plant are induced. Main
photoreceptors of green plants are chlorophylls a + b
which contain magnesium complex of reduced porfirine.
This fact could explain our decline in magnesium that is
the part of these important organic structures. The
experiment revealed more positive influence of regulators
of polyamine biosynthesis on increase of magnesium
content in generative organs of tested cereal, because they
have more positive influence on protection of
photosynthetic structure by inhibiting of chemical bonds of
triazine herbicide formation with elements from
chlorophyll.

Recently, GABA acts an important function in plant
stress responses (Saito et al., 2008). This compound
inhibits not only the influence of herbicide on plants, but
also reduces harm pathogens. In experiment of Okada and
Matsubara (2012) where added GABA and arginine
(0.1, 1% w/v) into the Fusarium root rot (Fusarium
oxysporum f. sp. asparagi, MAFF305556, SUF1226) in
vitro suppressed further rot extension. GABA was also
patented in USA as important antistressor (Plant Health
Care Inc., 2009).

CONCLUSION

Negative influence of triazine herbicide on accumulation
of tested macroelements (P, K, Ca, Mg) into barley grain
variety Kompakt was recorded. The application of
herbicide mixtures with regulators of polyamine
biosynthesis in comparison to control variant did not
improve this accumulation (except of macroelement
magnesium content). In our experiment there was more
positive influence of used PDA and GABA in combination
with triazine herbicide only in comparison to variant,
where the herbicide alone was applied and in the case of
statistically non-significant accumulation of phosphorus,
statistically significant relation of macroelements uptake
into barley grain was evaluated, in the case of magnesium
accumulation into barley grain with mixtures of herbicide
with PDA and calcium only at the dose of this
morphoregulator 29.6 g.ha™'. The uptake of potassium into
barley grain was not positively affected by regulators of
polyamine synthesis in comparison to variant where
triazine herbicide was used alone.
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YEAST DIVERSITY IN NEW, STILL FERMENTING WINE “"FEDERWEISSER"

Attila Kantor, Jana Petrova, Jana Hutkova, Miroslava Kacaniova

ABSTRACT

The aim of this study was to isolate and identify yeasts in different new wine “federweisser” samples. We collected the
samples at the end of the August 2015 and in the middle of the September 2015. Used 15 new wine samples in this study (5
white and 10 red) were from the local Slovak winemakers. Irsai Oliver (3), Moravian Muscat (2), Agria/Turan (1),
Dornfelder (3), Blue Frankish (3), Pinot Noir (1) and Saint Laurent (2). Three cultivation media were used for detection of
yeasts in “federweisser” samples. Malt extract agar base (MEA), Wort agar (WA) and Wild yeast medium (WYM) were
used for the cultivation of yeasts. Cultivation was performed by spread plate method. Ethanol/formic acid extraction
procedure was used for preparation of samples. MALDI-TOF Mass Spectrometer (Microflex LT/SH) (Bruker Daltonics,
Germany) was used for the identification of yeasts. We identified seven different strains of Saccharomyces cerevisiae (23;
70%), two strains of Kloeckera apiculata [teleomorph Hanseniaspora uvarum) (7; 21%), and one strain of Pichia kluyveri
(1; 3%), Pichia occidentalis [anamorph Candida sorbosa] (1; 3%) and Metschnikowia pulcherrima (1; 3%) in 15 new wine
“federweisser” samples. Saccharomyces cerevisiae was dominant species in each new wine sample, and formed creamy
convex colonies with circular edge. Metschnikowia pulcherrima formed convex to pulvinate, circular white-pink colored
colonies, Kloeckera apiculata formed flat, circular smooth colonies with turquoise center with gray edge, Pichia
occidentalis formed irregular pulvinate light-cream colored colonies, and Pichia kluyveri formed turquoise, convex,

undulate and smooth colonies on Malt extract agar base with bromocresol green.

Keywords: new wine; yeasts; Saccharomyces cerevisiae; MALDI-TOF MS

INTRODUCTION

Federweisser wine is grape must which is just
undergoing the process of fermentation. Grape must is the
juice of the wine grapes which is gained after the pressing
of grapes. After corresponding treatment and storing, the
must would become wine after finishing the process of
fermentation. Because of this, Federweisser is not
specially produced as some kind of drink but as an early
product of wine production. The fermentation causes the
splitting of the fructose of the grapes in alcohol and carbon
dioxide. Because of the yeasts and bacteria in the must, the
fermentation goes on very quickly. That is why
Federweisser is drinkable only a couple of days. But the
cool storage can lengthen the process of fermentation. In
the refrigerator, Federweisser can be kept about 10 days.
The grape must is considered "Federweisser" wine as soon
as the alcohol concentration is about 4 to 6%. At the
beginning, it tastes quite sweet. During the process of
fermentation, the sweetness subsides. Due to the
concentration of carbon dioxide, Federweisser tastes very
prickly and tangy. Because of the high carbon dioxide
concentration, a corking or air tight closure of the
Federweisser is not possible. Especially in the past, this
caused a transportation problem. Federweisser could only
be offered regionally and was limited. Grape must is
inoculated with a pure culture of yeasts (S. cerevisiae),
usually 10-20 g.100 L™ of must. Federweisser is very good
for cold or warm drinking (Malik et al., 2012).

Yeasts are found throughout nature. However, they do

not occur randomly, but are found in specific habitats
where different species form communities (Lachance and
Starmer, 1998). Within the winemaking environment
(habitat), the vineyard (grape surfaces) and cellar
(equipment surfaces and must) can be considered
specialized niches where the wine related yeasts can form
communities (Polsinelli et al.,, 1996). The yeast species
found in different niches associated with grape growth
(vineyards) and wine production (wineries, grape must,
fermentation and wine) can be arbitrarily divided into two
groups, i.e. the Saccharomyces group and the non-
Saccharomyces group. The Saccharomyces group with its
primary representative, Saccharomyces cerevisiae, is
present on grape skins in low numbers (Rankine, 1972;
Torok et al., 1996, Konig et al., 2009), and on winery
equipment and in fermenting must in greater numbers
(Fugelsang et al., 2007). Non-Saccharomyces yeast are
part of the natural microbiota present on grapes, and
harvesting and winemaking equipment, and are present at
least during the early stages of fermentation (Fleet and
Heard, 1993; Renouf et al., 2005, 2007). While generally
incapable of completing alcoholic fermentation, their
application in co-inoculation or sequential inoculation with
S. cerevisiae is increasingly popular (Ciani et al., 2006;
Ciani and Maccarelli, 1998; Comitini et al., 2011; Jolly
et al.,, 2006; Soden et al., 2000), particularly for their
effects on wine composition, flavour and aroma (Benito et
al.,, 2011; Ciani et al.,, 2006; Comitini et al., 2011;
Cordero Otero et al.,, 2003; Di Maio et al., 2012;
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Domizio et al., 2011; Garcia et al., 2002; Jolly et al.,
2006, 2014; Magyar and Toth, 2011; Morata et al.,
2012; Soden et al., 2000; Toro and Vazquez, 2002).

The fermentation of grape must is a complex
microbiological process that involves interactions between
yeasts, bacteria, and filamentous fungi (Fleet, 2007;
Fugelsang and Edwards, 2007). Yeasts, which play a
central role in the winemaking process, are unicellular
fungi that reproduce by budding (Ribéreau-Gayon et al.,
2006). More than 100 yeast species have been isolated
from grapes, must and wine (Konig et al., 2009). The
predominant species on the grape is Kloeckera apiculata,
which may represent more than 50% of the flora obtained
from the fruit (Fugelsang and Edwards, 2007). Other
species of obligate aerobic or weakly fermentative yeasts
with very limited alcohol tolerance may also be found in
lesser proportions. These belong to the genera Candida,
Cryptococcus, Debaryomyces, Issatchenkia,
Kluyveromyces, Metschnikowia, Pichia, and Rhodotorula
(Fleet and Heard, 1993; Ribéreau-Gayon et al., 2006).
The growth of these species, known collectively as non-
Saccharomyces yeasts (or wild yeasts), is limited to the
first 2 or 3 days of fermentation, after which they die as a
result of ethanol toxicity. As these yeasts disappear, highly
fermentative strains of the species Saccharomyces
cerevisiae and Saccharomyces bayanus begin to multiply
until they become solely responsible for alcoholic
fermentation. The yeasts present in the must during the
first few hours after filling the tanks belong to the same
genera as those found on the grapes, predominantly
Kloeckera (Hanseniaspora). In these spontaneous
vinification conditions, Saccharomyces yeasts begin to
develop after around 20h and are present alongside the
grape-derived yeast flora. After 3 or 4™ day of
fermentation, Saccharomyces yeasts predominate and are
ultimately responsible for alcoholic fermentation
(Ribéreau-Gayon et al., 2006). This change in the yeast
population is linked to the increasing presence of ethanol,
the anaerobic conditions, and the use of sulfites during
harvesting and in the must, the concentration of sugar, and
the greater tolerance of high temperatures shown by S.
cerevisiae compared with other yeasts (Fleet and Heard,
1993; Fleet, 2007). S. cerevisiae comprises numerous
strains  with  varying Dbiotechnological properties
(Ribéreau-Gayon et al., 2006).

The aim of this study was to isolate and identify yeasts in
different Slovak new wine “federweisser” samples.

MATERIAL AND METHODOLOGY

Federweisser samples, Spread plate method and
Cultivation media

Samples of new wine “federweisser” were collected at
the end of the August 2015 and in the middle of the
September 2015 from local Slovak winemakers. Samples
(apx.100 mL) were collected into 200 mL sterile plastic
bottles with screw caps, and immediately stored at 8 1 °C
in refrigerator. Bottle caps have been released, because the
carbon dioxide (CO,) was still produced by yeasts.
Collected and stored samples (No. 15) were diluted with
sterile physiological saline (0.85%), and dilution 10 and
10” were used for next analysis. 100 pL each dilution
(10, 10”°) was placed on the surface of solidified agar

media. The spread plate method was used for isolation of
yeasts in federweisser samples. Samples were obtained
from white (5) and red new wines (10). Irsai Oliver (3),
Moravian Muscat (2), Agria/Turan (1), Dornfelder (3),
Blue Frankish (3), Pinot Noir (1) and Saint Laurent (2).
Three cultivation media were used for detection of yeasts
in federweisser samples. Malt extract agar base (MEA)
(BioMark ™", India); Wort agar (HiMedia®, India) and Wild
Yeast medium (HiMedia®, India). MEA has been enriched
with glucose (CentralChem®, Slovakia) (50 g.L™), yeast
extract (Conda, Spain) (3 g.L") and acid base indicator
bromocresol green (Sigma-Aldrich®, USA) (0.020 g.L™)
(pH 3.8-5.4 yellow to blue). Yeasts were cultivated on
Petri dishes at 25 °C for 5 days in aerobic conditions.

Identification of yeasts

We used MALDI-TOF Mass Spectrometer (Bruker
Daltonics, Germany) for identification of yeasts isolated
from federweisser samples. After incubation of yeasts at
25 °C for 5 days, isolated colonies were picked and
suspended in 300 pL of sterile distilled water and mixed
thoroughly. 900 pL of absolute ethanol was added. The
mixture was centrifuged at 13 000 x g for 2 min. After the
supernatant was discarded, the pellet was centrifuged
again. Residual ethanol was completely removed by
pipetting and the pellet was allowed to dry at room
temperature. Subsequently 10 uL of formic acid (70%)
was added and mixed with the pellet with a sterile
toothpick. Next, 10 puL of acetonitrile (100%) was added
and mixed thoroughly. The solution was centrifuged at
maximum speed for 2 minutes again, and 1 pL of the
supernatant was spotted on a polished MALDI target plate
(Bruker Daltonics, Germany). Immediately after drying
1 pL of the matrix solution was added to each spot and
allowed to air dry. The matrix used was a saturated
solution of a-cyano-4-hydroxycinnamic acid (HCCA)
(Bruker Daltonics, Germany) dissolved in 50% acetonitrile
with 0.025% trifluoroacetic acid (TFA). The matrix
solution preparation (2.5 mg of HCCA) contains 500 uL of
acetonitrile, 475 uL of ultra-pure water and 25 pL of
trifluoroacetic acid. Next added 250 pL of this solution to
the 2.5 mg of HCCA. Samples were then processed in the
MALDI-TOF MS (Microflex LT/SH, Bruker Daltonics,
Germany) with flex Control software and results obtained
with Real-time Classification software (RTC) by used
database “Taxonomy” (Bruker Daltonics, Germany).

RESULTS AND DISCUSSION

After cultivation time, we obtained results from number
of CFU (colony forming unit) in 100 uL of new wine
sample of each wused decimal dilutions. For better
interpretation of results logarithmic conversion was
applied on numerical results. Natural logarithm (Log.) was
used in Microsoft® Office Excel program by function LN.
The highest number of yeasts cultivated on malt extract
agar (MEA) was found in sample number thirteen Pinot
Noir 6.43 log CFU.100 pL™" and the lowest number of
yeasts cultivated on MEA was present in the third sample
Moravian Muscat 4.62 log CFU.100 pL™". The highest
number of yeasts cultivated on Wort agar (WA) was found
also in  sample  number 13 Pinot  Noir
6.39 log CFU.100 puL", but the lowest number of yeasts
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Table 1 Number of yeasts in federweisser samples in log CFU.100 uL™.

Cultivation media MEA WA WYM
No. Variety 107 10~ 107 107 10 107
1. Agria/Turan 6.12 5.29 6.34 5.74 6.04 5.39
2. Irsai Oliver 6.07 5.35 6.27 5.69 6.00 4.75
3. Moravian Muscat 591 4.62 6.07 5.57 6.03 5.08
4. Irsai Oliver 6.32 5.89 6.18 5.38 5.74 5.51
5. Blue Frankish 6.30 ND 6.20 ND 5.63 ND
6. Irsai Oliver 6.27 5.81 6.28 5.54 6.29 6.05
7. Blue Frankish 6.31 ND 6.25 ND 6.33 ND
8. Moravian Muscat 6.38 5.98 6.30 5.78 5.70 5.24
9. Blue Frankish 6.37 6.06 6.03 5.75 5.82 5.61
10. Dornfelder 6.39 6.09 6.28 5.76 5.66 5.12
11. Saint Laurent 5.98 5.07 6.18 5.77 4.25 2.89
12. Dornfelder 6.23 5.86 6.24 5.75 5.56 4.57
13. Pinot Noir 6.43 6.14 6.39 6.18 ND ND
14. Saint Laurent 6.51 6.19 6.29 5.77 5.11 4.72
15. Dornfelder 6.01 5.84 5.92 5.65 5.25 4.20

NOTE: MEA: Malt extract agar, WA: Wort agar, WYM: Wild yeast medium, ND: not detected.

cultivated on WA was present in the fourth sample Irsai
Oliver 5.38 log CFU.100 uL™". The highest number of
yeasts cultivated on Wild yeast medium (WYM) was
found in sample number seven Blue Frankish
6.33 log CFU.100 uL™" and the lowest number of yeasts
cultivated on WYM was present in the fifteenth sample

Table 2 Yeast species in new wine "federweisser" samples.

Dornfelder 4.20 log CFU.100 pL”. Table 1 contains
results from microbiology of new wines obtained by
spread plate method with used specific decimal dilutions
10* and 107°. Yeasts were countable at these two used
dilutions. In this study we identified seven different strains

of Saccharomyces cerevisiae (23), two

strains

No. Variety

Species identified by MALDI-TOF MS

1. Turan/Agria

2. Irsai Oliver
3. Moravian Muscat
4. Irsai Oliver

5. Blue Frankish

6. Irsai Oliver

7. Blue Frankish

8. Moravian Muscat

9. Blue Frankish

10. Dornfelder
11. Saint Laurent
12. Dornfelder
13. Pinot Noir
14. Saint Laurent
15. Dornfelder

Saccharomyces cerevisiae WS LLH
Saccharomyces cerevisiae 991400574
Kloeckera apiculata DSM 70788
Saccharomyces cerevisiae WS LLH
Saccharomyces cerevisiae DSM 1334
Saccharomyces cerevisiae DSM 3798
Saccharomyces cerevisiae WS LLH
Kloeckera apiculata DSM 2768
Saccharomyces cerevisiae DSM 70868
Saccharomyces cerevisiae DSM 1334
Metschnikowia pulcherrima CBS 610NT
Pichia kluyveri MY890_09

Kloeckera apiculata DSM 2768
Saccharomyces cerevisiae WS LLH
Kloeckera apiculata DSM 2768
Pichia occidentalis CBS 1910
Saccharomyces cerevisiae WS LLH
Saccharomyces cerevisiae DSM 1334
Kloeckera apiculata DSM 70788
Saccharomyces cerevisiae DSM 1334
Saccharomyces cerevisiae WS LLH
Saccharomyces cerevisiae WS LLH
Kloeckera apiculata DSM 2768
Saccharomyces cerevisiae CBS 1171
Kloeckera apiculata DSM 2768
Saccharomyces cerevisiae CBS 1171
Saccharomyces cerevisiae DSM 1334
Saccharomyces cerevisiae DSM 1334
Saccharomyces cerevisiae DTY3
Saccharomyces cerevisiae DSM 1334
Saccharomyces cerevisiae DSM 70868
Saccharomyces cerevisiae CBS 1171
Saccharomyces cerevisiae DSM 70868
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Kloeckera apiculata (7), and one strain of Pichia kluyveri
(1), Pichia occidentalis (1) and Metschnikowia
pulcherrima (1) in fifteen federweisser samples. Pichia
kluyveri was identified in Blue Frankish sample number
five and Pichia occidentalis (anamorph Candida sorbosa)
in sample number six (Irsai Oliver). We also identified one
strain of Metschnikowia pulcherrima in sample number
five (Blue Frankish).

The most common species in new wine samples was
Saccharomyces cerevisiae and we identified seven
different strains namely: DSM 1334, DSM 3798, DSM
70868, DTY3, CBS 1171, WS LLH and strain 991400574.
Second most common species in new wine samples was
Kloeckera apiculata (Hanseniaspora uvarum).
K. apiculata was found in 7 new wine samples, two
different strains (DSM 2768 and DSM 70788). Seven
different strains of Saccharomyces cerevisiae was found in
15 new wine samples, what can be seen in Table 2.

S. cerevisiae is the most important yeast for wine
production and is responsible for the metabolism of grape
sugar to alcohol and CO,. For these reasons S. cerevisiae is
often simply referred to as “the wine yeast” (Fleet, 1993;
Pretorius et al.,, 1999; Swiegers and Pretorius, 2005).
From all of identified yeasts, Saccharomyces cerevisiae
was the dominant species, and we identified this species in
all 15 new wine samples (70%). Grapes contain different
species of yeast belongs to non-Saccharomyces yeasts
such as Kloeckera (dominant genera), Metschnikowia,
Candida, Pichia, Rhodorotula, Aureobasidium etc.
Saccharomyces yeasts are not present in grape surface, or
present in very low levels (less than 50 CFU.mL™)
(Prakitchaiwattana et al., 2004; Combina et al., 2005;
Raspor et al., 2006; Konig et al., 2009).

When alcoholic fermentation starts non-Saccharomyces
yeast population decrease. After the start of alcoholic
fermentation when the ethanol concentration reaches
5 to 6% these yeast will be die (Fugelsang et al., 2007).
As fermentation progresses, the levels of these yeasts

decrease, while that of Saccharomyces increases (Fleet
and Heard 1993). By the end of fermentation,
Saccharomyces is the majority of the yeasts found, and
often the only yeast isolated. New, still fermenting wine
contains 4 to 6% ethanol and mostly contains only
Saccharomyces cerevisiae, which is always predominant
in new wines. But yeasts as Kloeckera, Metschnikowia,
Candida, Pichia etc. can be identified in new wine
samples in low populations. Some winemakers use
commercial pure cultures and the others prefer to
encourage the growth of some non-Saccharomyces yeasts
early in alcoholic fermentation but eventually inoculate
with Saccharomyces (Fugelsang et al., 2007).

We identified except S. cerevisiae also Kloeckera
apiculata in 7 new wine samples (21%) in lower
population. Very interesting was that we isolated and
identified only 3 another species of yeasts: Metschnikowia
pulcherrima (3%), Pichia kluyveri (3%) and Pichia
occidentalis (3%). In study Kantor et al., (2015)
bromocresol green was used as a supplement also in Malt
extract agar base (MEA) from BioMark ~ (India). But in
that study, cultivation media was not supplemented with
yeast extract and glucose, only bromocresol green was
added. After sterilization by autoclaving, that medium had
a dark blue color. However in this study we supplemented
Malt extract agar base (BioMark , India) with yeast
extract and glucose, and after sterilization by autoclaving
had medium olive-green color. Malt extract agar base
(BioMark ", India) contains only malt extract (30 g.L™),
mycological peptone (5 gL') and agar (15 gL™).
Supplementation was desired in this case with glucose,
yeast extract and bromocresol green. Yeasts grow very
well in this modified medium, and bromocresol green is
very helpful in differentiating of yeasts. Figure 1 shows the
different colony morphology of 4 yeast species grown on
MEA in sample number 5 (Blue Frankish). As you can see,
the number of Saccharomyces cerevisiae was the highest,
then Kloeckera apiculata and after that Pichia kluyveri and
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only one colony on this petri dish belonged to
Metschnikowia pulcherrima. M. pulcherrima produced
maroon colored pigment called pulcherrimin, which was
visible from the bottom of the petri dish. Metschnikowia
pulcherrima formed convex to pulvinate, circular white-
pink colonies. Kloeckera apiculata formed flat, circular
smooth colonies with turquoise center with gray edge.
Pichia kluyveri formed turquoise, convex, undulate and
smooth colonies and Pichia occidentalis formed irregular
pulvinate light-cream colonies.

CONCLUSION

In this study we isolated and identified yeast species in
15 Slovak new wine “Federweisser” samples. We
identified the yeast isolates by MALDI-TOF mass
spectrometry biotyper (Bruker Daltonics, Germany). The
most dominant species was Saccharomyces cerevisiae
which was isolated from all 15 new wine samples, which
was a very good result. By mass spectrometry we
identified 7 different strains of S. cerevisiae. The second
most common species was Kloeckera apiculata
(Hanseniaspora uvarum) found in 7 new wine samples
(2 strains). We also identified other non-Saccharomyces
yeasts such as Metschnikowia pulcherrima (1 strain),
Pichia occidentalis (1 strain) and Pichia kluyveri
(1 strain).
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RISK OF CONTAMINATION OF WILD BERRIES FROM UPPER
ORAVA REGION BY CADMIUM

Stanislav Zupka, Alena Vollmannova, Lubo$ Harangozo, Marek Slavik, Michal Medvecky

ABSTRACT

The upper Orava region is located at the North Slovakia, near of potential sources of environmental contamination due by
mining of coal, zinc and lead ores. The aim of the study was to evaluate the risk of consumption of wild forest fruit from
Upper Orava region from the aspect of cadmium content. Ten sampling points were found by random search. From these
points samples of soil, leaves and fruits of wild berries (9 samples of blueberries Vaccinium Myrtillus and 1 sample of
strawberries Fragaria Vesca) were collected. In soil samples the active soil reaction (pH/H,0) ranged from 3.53 (strong
acidity) to 4.56 (extremly strong acidity), and the determined percentage of humus ranged from 1.66 (low humic soil) to
4.90 (high humic soil). In two soil samples the total content of cadmium determinated in soil extracts by aqua regia
exceeded limit 0.70 mg.kg™ given by the legislation in tne Slovak Republic. In three soil samples the determined content of
cadmium mobile forms determined in soil extracts by NH;NO; exceeded the limit 0.10 mg.kg™. The content of Cd
determined in leaves as well as in fruits was evaluated according to Food Codex of the Slovak Republic. Only in one
sample of leaf samples the limit 1.00 mg.kg" was exceeded. The other leaf samples are safely when used as an ingredient in
tea mixtures. On the other hand even in 7 fruit samples the limit 0.05 mg.kg" was exceeded. This fruit can pose a risk for
the human organism when is directly consumed as well as may negatively affect the human health when is used as raw

materials in the food industry.

Keywords: Upper Orava; heavy metals; cadmium; soil; wild berries; leaves

INTRODUCTION

The upper Orava region is located on the North Slovakia,
surrounded by Orava reservoir, near South Poland border
(under 20 km).

In South Poland, close to the Silesia-Cracow region,
seven of twenty-seven ecological hazardous areas of
Poland are located. Mining of coal, zinc and lead ores
cause a great additional threat to the natural environment
and the human population. A considerable set of data is
available on the air pollution in the city of Cracow and the
whole area of Katowice voivodship (Godzik, 1993).

These two towns are from the investigated area 120 km
respectively 140 km far. So, the air pollution caused by
long-distance transfer from these industrial centres can be
a potencial source of contamination by heavy metals in the
environment of the Upper Orava region.

Heavy metal pollution is released into the environment by
various anthropogenic activities, such as industrial
manufacturing processes, domestic refuse and waste
materials (Guala et al., 2010). Soils contaminated with
heavy metals cause many environmental and human health
problems calling for an effective technological solution.
Many sites around the world remain contaminated because
it is expensive to clean them up by available technologies.

Anthropogenic pollution caused by heavy metals entering
into the plant is subsequently passed into the food chain
with the consequence in hazards to human health
(Krizova, 2009).

Cadmium, a by-product of zinc production, is one of the
most toxic elements to which man can be exposed at work
or in the environment. Once absorbed, Cd is efficiently
retained in the human body, in which it accumulates
throughout life. Cd is primarily toxic to the kidney, but it
can also cause prostate and renal cancer as well as the bone
demineralization (Bernard, 2008).

In Slovakia there are many areas with natural resources of
some forest fruit, such as raspberries, blueberries,
blackberries, lingonberries, etc. These fruits contain
vitamins, minerals and polyphenolics compounds which
are resistant against unsuitable climatic conditions and
they can adapt to more severe soil-climatic conditions.
Upper Orava region belongs to the Slovakian areas with an
occurrence of wild forest berries. Forest fruit such as
blueberries, forest strawberries, raspberries, cranberries
etc. are often collected by people for their flavor, color and
bioactive components which have a positive effect to the
human health (Nile and Park 2014). According to
Hikkinen et al., (1999) small forest fruits, both wild or
bred, are traditional part of Finnish consumers, with
significant content of biological active non-nutrients, but
also of essential nutritive components. The essential
elements (K, Ca, P, Mg, Al, B, Cu, Fe, Na, Mn and Zn) are
important components of highbush blueberries, while
suitable fact for human organism is low content of Na
(Bushway et al.,, 2006). Prior et al., (1998) consider
blueberries as one of the richest sources of antioxidant
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phytonutrients, while composition and content of phenolic
compounds in blueberries have changed in relation to
variety, period, as well as to locality of growing
(Giovanelli and Burati, 2009).

The aim of the study was to evaluate the risk of
consumption of wild forest fruit from Upper Orava region
from the aspect of Cd content.

MATERIAL AND METHODOLOGY

The experiment was realized in region Upper Orava, in
cadasters of villages: Malé Borovce, Habovka, Zabiedovo,
Brezova, Vitanova and area near Orava reservoir
(Figure 1). Samples were collected in June 2014. The
exact coordinates of sampling sites are presented in
Table 1. The average annual temperature is 6 °C
(12.5 °C during vegetation) and the average annual rainfall
is 800 — 900 mm (550 mm during vegetation).

Samples of soil, fruits (9 samples of blueberries
(Vaccinium Myrtillus) and 1 sample of wild strawberries
(Fragaria vesca)) and leaves (can be used as a tea mixture)
were taken from individual sampling points. The soil
samples were taken from the upper horizon.

The active soil reaction pH/H,O was determined
electrometrically (691 pH Meter, Metrohm, Swiss), and
content of oxidizable carbon (Cox, %) was determined
using volumetric method according to Tjurin (H,SOy:
Merck, Germany, K,Cr,0;: Merck, Germany;
(NH,4),Fe(S0O,4),*6H,0: Merck, Germany) while a content
of humus (Hum., %) was calculated from Cox content.

Pseudototal content of cadmium including all the form
besides residual metal fraction was assessed in soil extract
by aqua regia (HCl: CentralChem, Slovakia, HNO;:
Merck, Germany) and content of mobile forms in soil
extract by NH,NO; (¢ = 1 mol.dm>, Merck, Germany)).
Used analytical method was flame AAS (AAS Varian AA
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Spectr DUO 240 FS/240Z/UltrAA, Varian, Australia).

The determined values were compared with limits given
by European Commission Regulation no. 1881/2006 as
well as Slovak decree no. 220/2004 of coll.

Homogenized berry samples (4 g) were mineralized in a
closed system of microwave digestion using Mars X-Press
5 (CEM Corp., USA) in a mixture of 5 mL HNO;
(Suprapur, Merc, Germany) and 5 mL deionized water
(0.054 pS.cm™) from Simplicity 185 (Millipore, UK).
Metal determinations were performed in a Varian AA240Z
(Varian, Australia) atomic absorption spectrometer with
Zeeman background correction. The graphite furnace
technique was used for the Cd determination. The obtained
results were expressed as mg kg™ FM. Gained results were
evaluated according to hygienic limit for Cd content in
fruit given by the Food Codex of the Slovak Republic.
Each analysis was done in 4 repetitions.

Statistical processing of the results was carried out using
software Statgraphics Centurion XVLI. One-way analysis
of variance (oo = 0.05) was used. Mean comparisons
between investigated parameters were done by the LSD
test.

RESULTS AND DISCUSSION

Soil samples:

In soil samples the active soil reaction (pH/H,0O) ranged
from 3.53 (strong acidity) to 4.56 (extremly strong
acidity), data are available in Table 1. Romkens et al.
(1998) and Barancikova (1998) reported that Cd and Zn
solution concentrations were higher in forest soils and
were strongly increased below pH 5.5 even despite the low
total metal content. Kawabata et al.,, (2011) presented
similar pH values to our results in soil used for blueberry
production. On the other hand, Malinikova et al., (2013)
presented higher pH values of forest soil (5.28-7.67). The
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% of humus in soil samples was in range 1.66 (low humic
soil) to 4.90 (high humic soil), data are available in
Table 1. Fanrong (2011) reported a positive correlation
between organic mater content and bioavailability of
heavy metals in soil. The total cadmium content in soil
samples (determinated in soil extracts by aqua regia) was
in the range 0.12 — 1.45 mgkg' (Table 1). In two soil
samples (Samples no. 1 and 3) the total content of
cadmium exceeded the limit value 0.70 mg.kg™ given by
European Commission Regulation no. 1881/2006 as
well as Slovak decree no. 220/2004 of coll. (1.45 and
0.73 mg.kg ™ respectively). Several studies focused on the
monitoring of the environmental contamination of the soils
in Slovakia were published. Musilova et al., (2015),
Viléek et al., (2012), Tomas et al., (2009) determined the
total Cd content in soil samples in intervals
065 — 673 mgkg', 036 — 1226 mgkg’,
0.34 — 0.40 mgkg"' respectively. Taraskevi¢ius et al.,
(2013) presented values of the Cd contents in soil extracts
of aqua regia in some European soils in range
0.07 — 12.8 mg.kg". In Table 1 also values of content of
mobile cadmium forms determined in soil extracts by
NH4NO; are presented. The values were compared to the
limit value 0.10 mg.kg™ given by European Commission
Regulation no. 1881/2006 as well as Slovak decree no.
220/2004 of coll. In Sample no. 1 (0.15 mgkg™"), Sample
no. 2 (0.10 mg.kg™) and Sample no. 8 (0.13 mg.kg™) the
determined content of cadmium mobile forms exceeded
the limit. Musilova et al. (2015), Vilcek et al. (2012),

Tomas et al. (2009) also determined contents of cadmium
mobile forms in soils of Slovakia. They determined values
in range 0.029 — 0.236 mgkg”, 0.02 — 0.78 mgkg’,
0.5 —0.7 mg kg™ respectively, similar to our results.

Leaf samples:

The determined Cd content in leaves of investigated
forest fruit (Table 2) was compared to hygienic limit
1.00 mg.kg" for Cd content in tea mixtures given by the
Food Codex of the Slovak Republic. Only in Sample
no. 6 (2.02 mg.kg"' DM) the limit was exceeded, all other
leaf samples have the determined Cd content under the
hygienic limit. Despite that finding our results indicate a
significantly higher degree of Cd accumulation in leaves
than in fruits.

Fruit samples:

On the other hand even in 8 fruit samples the limit
0.05 mg kg™ given for small berries by the Food Codex of
the Slovak Republic was exceeded (Table 2), whereas in
1 Sample (no. 2) the Cd content was lower than the
detection limit. Von Hoffen et al., (2014) determined Cd
content of blackberries in range 0.004 — 0.18 mg.kg" FM.
On the other hand, Reimann et al., (2001) presented
significantly lower values (0.009 mg.kg™) of Cd content in
blueberries compared to our results. According to
Wieczorek et al., (2010) the concentration of Cd in wild
berries, ranged from 6 to 49 pg.kg” fresh weight.

Cadmium (Cd) is a toxic heavy metal that can
accumulate in the human body and the environment for

Table 1. Analysis of soil samples from Upper Orava region, July 2014.

GPS Active soil Cox % of humus Total Cd content  Content of mobile
No. Sample coordinates reaction [%] in soil in soil samples forms of Cd in soil
' [pH H20] samples [%] [mg.kg'1 DM] samples
[mg.kg"' DM]
Average SD Average SD

1 Blueberries N 49° 14.186"" 3.53 2.84 4.90 1.45 +0.01 0.15 +0.02
E 19°31.819”

2 Blueberries N 49° 14.791" 4.11 1.79 3.09 0.37 +0.01 0.10 +0.01
E 19°31.826"

3 Blueberries N 49° 17.265"" 4.48 1.54 2.66 0.73 +0.01 0.08 +0.00
E 19°33.997""

4 Blueberries N 49°16.613"" 4.56 2.53 4.36 0.34 +0.01 0.03 +0.01
E 19°36.374""

5  Blueberries N 49°18.442"" 423 1.56 2.69 0.27 +0.02 0.05 +0.01
E 19°36.637"

6  Blueberries N 49°19.607"" 4.31 1.39 2.39 0.25 +0.01 0.05 +0.01
E 19°40.058""

7  Blueberries N 49°19.957" 4.35 1.47 2.54 0.14 +0.01 0.06 +0.02
E 19°39.881""

8  Blueberries N 49°19.053" 3.89 2.26 3.90 0.57 +0.02 0.13 +0.02
E 19°44.552""

9  Blueberries N 49°19.412" 4.44 0.97 1.66 0.12 +0.01 0.07 +0.01
E 19°44.520"”"

10  Strawberries N 49°24.775" 4.00 1.61 2.78 0.17 +0.01 0.09 +0.01
E 19°37.613"

Limit value * 0.70 0.10

NOTE: * limit given by European Commission Regulation no. 1881/2006 as well as Slovak decree no. 220/2004 of coll.
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Table 2. Cd contents in samples collected in Upper Orava region (fruits and leaves) and transfer factors (soil-fruit and

soil-leaves), July 2014.

No. Sample Cd content in fruit Cd content in leaves samples Transfer Transfer
samples [mg.kg”" FM] [mg.kg' DM] factors soil - factors soil -
fruit leaves
Average SD Average SD
1 Blueberries 0.09 e +0.01 0.60 cd +0.01 1.70 0.25
2 Blueberries UDL** - 0.89% +0.02 - 0.11
3 Blueberries 0.05¢ +0.01 0.57 be +0.01 1.73 0.14
4 Blueberries 0.08 e +0.00 092e +0.01 0.30 0.03
5 Blueberries 0.05¢ +0.01 0.52a +0.01 0.92 0.09
6 Blueberries 0.07 d +0.01 2.02 f +0.06 0.78 0.03
7 Blueberries 0.04b +0.01 0.61d +0.03 1.54 0.09
8 Blueberries 0.05 be +0.01 0.56 b +0.01 2.82 0.23
9 Blueberries 0.05¢ +0.01 0.60d +0.02 1.53 0.12
10 Strawberries 0.07 +0.00 0.97 +0.01 1.35 0.09
P-value 0.0000 0.0000
F-ratio 42.19 1413.93
it 0.05 1.00

NOTE: Average values marked with the same letter are not significantly different (p < 0.05)

* limit value given by Food Codex of Slovakia.
** Cd content under detection limit.

lengthy periods (Zhang et al., 2014) and due its exposure
the toxic effects in a variety of structures such as kidneys,
liver and central nervous system including proteinuria,
glucosuria, and aminoaciduria with final renal dysfunction
are confirmed (Xu et al., 2013).

The high concentration of heavy metals in soils is usually
reflected by higher concentrations of metals in plants, and
consequently in animal and human bodies (Buszewski et
al., 2000).

The transfer of soil pollutants into the plants causes many
physiological disorders. The degree of heavy metal
mobility, activity and bioavailability and consequently
plant uptake is influenced by many factors such soil
reaction, temperature, redox potential, cation exchange
capacity of solid phase, competition with other metal ions,
ligation by anions, composition and quantity of the soil
solution (Wopereis et al., 1988).

To characterize quantitatively the transfer of an element
from soil to plant, the soil-plant Partition Coefficient or
Transfer Factor (TF) or Concentration Ratio or Biological
Accumulation Coefficient (BAC) that expresses the ratio
of contaminant concentration in plant parts to
concentration in dry soil is used (Chojnacka et al., 2005).
In Table 2 the calculated values of TF are presented.
Generally, the transfer factors calculated for soil-leaves
transfer were low. This may be because only the
accumulation of metals in the leaves were studied more
metals could have accumulated in the root (Olayinka et al.
2011). The transfer factors calculated for soil-fruit transfer
were higher. The higher the value of the TF, the more
mobile/available the metal is (Olayinka et al., 2011).

CONCLUSION

In two soil samples from the Upper Orava region the total
content of cadmium exceeded limit 0.70 mgkg" and in
three soil samples the determined content of cadmium
mobile forms exceeded the limit 0.10 mg.kg", which can
be put into context with extremely strong soil reaction.
This factor increases the release of mobile forms in the soil
environment. Wild berries such as blueberries (Vaccinium
Mpyrtillus) and wild strawberries (Fragaria Vesca) have a
positive effect to the human health because of their content
of bioactive and chemoprotective components as well as
an antioxidant activity. On the other hand it is necessary to
monitor content of cadmium or other heavy metals in this
fruit which is affected by soil-ecological conditions. Heavy
metals become toxic for the human organism, when they
entering into the food chain. Eating wild berries from the
region of Upper Orava may present a potential risk for the
human health. Our results indicate a significantly higher
degree of Cd accumulation in leaves than in fruits, even
though the limit for tea mixture was exceeded only in one
sample.

It is necessary to monitor the soil content of hazardous
elements in territory of Upper Orava as well as their
transfer into plants and the food chain because of food
safety.
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THE EXTENSION OF SHELF-LIFE OF CHICKEN MEAT AFTER APPLICATION
OF CARAWAY AND ANISE ESSENTIAL OILS AND VACUUM PACKAGING

Maciej Kluz, Margarita Terentjeva, Czeslaw Puchalski, Jana Hutkova, Attila Kantor,
Jana Petrova, Martin Mellen, Juraj Cubori,
Peter Hascik, Rafal Kordiaka, Simona Kunova, Miroslava Kacdniova

ABSTRACT

The effect of caraway (CEO) and anise (AEO) essential oils as well as vacuum packaging (VP) in extending of the shelf
life of fresh chicken breast meat stored at 4 °C was investigated. CEO and AEO were used at concentrations 0.2% v/w
with and without VP. Microbiological properties of chicken breast meat were monitored over a 16 day period. The
microbiological parameters as the anaerobic plate count (AC), Enterobacteraceae, lactic acid bacteria and Pseudomonas
spp. counts were detected. The anaerobic plate counts ranged from 2.77 log CFU.g" in all tested group on 0 day to
5.45 log CFU.g" on 16 day in control group stored in air condition. The number of lactic acid bacteria ranged from
3.20 log CFU.g" in all tested group on 0 day to 4.75 log CFU.g" on 16 day in control group stored in air condition.
Enterobacteriaceae counts ranged from 0.00 to 4.25 log CFU.g" on 16 day in control group stored in air condition. The
number of Pseudomonas spp. ranged from 0.00 log CFU.g" in all tested group on 0 day to 2.65 log CFU.g" on 16 day in
control group stored in air condition. Statistically significant differences (p <0.001) were found among tested group in all
tested microorganisms. Among the antimicrobial combination treatments were examined in the study, the as application of
vacuum packaging, EDTA, and essential oils were the most effective against the growth of lactic acid bacteria and
Enterobactericeae and to a less extent on anaerobic plate count. The results of this present study suggest the possibility of
using the essential oil of caraway and anise as natural food preservatives and potential source of antimicrobial ingredients

for chicken breast meat.

Keywords: bacteria; caraway and anise essential oils; vacuum; EDTA; chicken breast

INTRODUCTION

Special attention in poultry meat production is paid to the
fact that live animals are hosts of a large number of
different microorganisms residing on their skin, feathers or
in the alimentary tract. Majority of these microorganisms
are climinated during the slaughter, but subsequent
contamination is possible at any stage of the production
process. Contamination may occur from feather plucking
and evisceration equipment, washing prior to storage as
cooling, or during the freezing. Microorganisms from the
environment, equipment and operators’ hands can
contaminate meat. During the slaughter, the changes in
composition of microflora occur from, in general, Gram-
positive rods and micrococci to, most frequently, Gram-
negative  bacteria, including  Enterobacteriaceae,
Pseudomonas spp. Industrial poultry slaughterhouses have
a particular technological process, the individual stages of
which are not in conformity with modern principles of
hygienic meat production and processing so there are
various possibilities for contamination of chicken meat
(Kozacinski et al., 2006). Poultry meat is a highly
perishable food commodity providing an almost perfect
medium for microbial growth including both spoilage and
pathogenic microorganisms (Jay et al., 2005) therefore the

microbial contamination during the poultry meat
processing is very crucial.

Meat production is one of the major activities in Europe.
The main type of meat produced is pork (48.7%) followed
by poultry (23.6%) and bovine (23.3%). Meat and meat
products present an ideal substrate supporting the growth
of several spoilage and pathogenic bacteria. Moreover,
meat and poultry products have frequently been found to
be contaminated with pathogens (Mor-Mur and Yuste,
2010). The pathogens ability to grow at refrigerator
temperatures helps the organism to evolve from a low
initial to an infective dose level during the storage of
refrigerated foods, including those originally harbouring
the pathogen and those, post-heat treatment, contaminated
(Ray, 2001).

It is well known that packaging makes food more
convenient and gives the food greater safety assurance
from microorganisms, biological and chemical changes so
that the packaged foods may have a longer shelf life. As a
result, packaging has become an indispensable element in
the food manufacturing process. In order to meet the huge
demand of the food industry, there has been a remarkable
growth in the development of food packaging in the past
decades (Tsigarida and Nychas, 2001).
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Aromatic plants and herbal products have been used
worldwide as natural additives for medicinal purposes
because they have been accepted by consumers. Various
biological activitive compounds sharing antioxidative,
anticoccidial, immunostimulating or  antimicrobial
properties have been identified in these plants (IvaniSova
et al., 2013; IvaniSova et al., 2015 a,b).

Carum carvi, which is also known as caraway, is one of
the oldest spices cultivated in Europe. Nowadays, it is
cultivated from northern temperate to tropical climates,
including countries such as Jamaica, India, Canada, the
United States of America and Australia. In India, this spice
is known as Kashmiri jeera. The dried ripe fruits
(schizocarp) of C. carvi L. family Apiaceae (Umbelliferae)
are extensively being used in folk medicine as a
carminative, found to be effective against spasmodic
gastrointestinal complaints, irritable stomach, indigestion,
lack of appetite and dyspepsia in adults, and in relieving
flatulent colic of infants. The volatile oils from C. carvi
have also been used as an anti ulcerogenic, antitumor,
antiproliferative and antihyperglycemic agent. The seeds
of C. carvi have been used in alternative medicine as a
laxative, in colic treatment, and as a mouth freshener
(Thippeswamy et al., 2013).

Anise (Pimpinella anisum L.) a member of the Apiaceae
family, is an annual aromatic plant, native to Iran, India,
Turkey and many other warm region in the world. Anise
seed possesses eugenol trans-anethole, methylchavicol,
anisaldehyde, estragole, coumarins, scopoletin,
umbelliferone, estrols, terpene hydrocarbons, polyenes,
and polyacetylenes. Most of the plant parts such as fruits,
seeds, and essential oil contain compounds with proven
antiparasitic and digestion stimulating, antifungal and
antipyretic, antioxidant, antimicrobial, anthelmintic and
hypocholesterolemic properties (Yazdi et al., 2014).

The present study was undertaken to determine the effect
of vacuum packaging combined with caraway or anise
essential oil tratment on microbiological properties of
chicken breast meat stored at 4 °C.

MATERIAL AND METHODOLOGY

Preparation of samples

Chicken breast samples (totally 30) for microbiological
analysis were used in this study.

To evaluate the antimicrobial activity of essential oils the
chicken breast with skin of each experimental group was
taken. The chicken breast fresh samples were prepared as
follow: for air-packaging (AC, control samples) chicken
breast fresh meat was packaged to polyethylene bags and
stored aerobically at 4 °C; for vacuum-packaged (VC,
control samples) chicken breast fresh meat was packaged
to polyethylene bags and stored anaerobically in vacuum at
4 °C; for vacuum-packed samples with EDTA solution
1.5% w/w (VPEC, control samples) chicken breast fresh
meat was treated with EDTA for 1 min and packaged to
polyethylene bags and stored anaerobically in vacuum at
4 °C; for vacuum-packed samples with Carvum carvi
0.20% v/w (VP+CEO) chicken breast fresh meat was
treated with caraway oil for 1 min and packaged to
polyethylene bags and stored anaerobically in vacuum at
4 °C; for vacuum-packed samples with Pimpinella anisum
L. 0.20% v/w, (VP+AEQ) chicken breast fresh meat was

treated with anise oil for 1 min and packaged to
polyethylene bags and stored anaerobically in vacuum at
4 °C. For sample packaging a vacuum packaging machine
type VB-6 (RM Gastro, Czech Republic) was used and
each sample were packed immediately after treatment.
EDTA solution (pH 8.0, 99.5% purity, analytical grade,
Invitrogen, USA) was prepared at final concentration of
50 mM Caraway and anise essential oils (Calendula, Nova
Luboviia, Slovakia) was added to coat chicken breast
surface (both sides) of each sample using a micropipette.

Microbiological analysis

An amount of 10 g (10 cm®) of the chicken breast was
sampled using sterile scalpels and forceps, immediately
transferred into a sterile stomacher bag, containing 90 mL
of 0.1% peptone water (pH 7.0), and homogenized for 60 s
in a stomacher at room temperature. Sampling was carried
out on 0, 4, 8 12 and 16 days of experiment.
Microbiological analyses were conducted by using
standard microbiological methods. Anaerobic plate count
(AC) was determined using Plate Count Agar (PCA,
Oxoid, UK) after incubation for 48 h at 35 °C under
anaerobically condition. For Pseudomonas spp., 0.1 mL
from serial dilutions of chicken homogenates was spread
onto the surface of Pseudomonas Isolation agar (PIA,
Oxoid, UK). Pseudomonas spp. enumerated after
incubation for 48 h at 25 °C. For lactic acid bacteria,
Rogosa and Sharpe agar (MRS, Oxoid, UK) was
inoculated with a 1.0 mL of sample suspension. Inoculated
plates were incubated for 48-78 h at 37 °C in an aerobic
atmosphere supplemented with carbon dioxide (5% CO,).
For Enterobacteriaceae, a 1.0 mL of sample was
transferred into 10 mL of molten
(45 °C) Violet Red Bile Glucose agar (VRBL, Oxoid,
UK). Inoculated plates were incubated at 37 °C for 24 h.
All plates were examined for typical colony types and
morphology characteristics associated with each medium
applied for incubation. Enumeration of all tested groups of
bacteria was performed in triplicate.

Figures were created Microsoft” EXCEL 2013. Data for
the mean from each replication was calculated and all data
were log transformed. Statistical analysis were done with
STATGRAPHICS 5 software (UMEX GmbH Dresden,
Germany). Confectionary Student’s Tukey HSD test was
calculated for differences in numbers of bacteria and
samples were accepted as significantly different at
p <0.001.

RESULTS AND DISCUSSION

Food contamination by microorganisms and their
development and, hence, the food decontamination
possibilities represent a serious problem. Chemical agents
to prevent microbial growth and various additives that are
used in food industries are considered to be potentially
harmful to human health. In seeking of possible
alternatives, the antimicrobial compounds of natural origin
sharing antibacterial activities originated from plants
currently are studied intensively worldwide.

Spices are aromatic plants that are widely used in the
food industry and culinary food preparation for flavouring.
However, their essential oils and extracts can contribute to
control of the growth of harmful microorganisms. It is
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necessary the spice to be effective enough to ensure that
the product is safe and also have acceptable sensory
characteristics (Dimi¢ et al., 2012). The primary objective
of chilling poultry safety enssurance is to reduce microbial
growth to a level that will improve both food safety and
shelf life (Popelka et al., 2014). The anaerobic plate count
ranged from 2.77 log CFU.g"" in all tested group on 0 day
to 5.45 log CFU.g" on 16 day in control group stored in
air condition. In control group stored vacuum packaged
AC ranged from 2.77 log CFU.g' on 0 day to
5.25 log CFU.g" on 16 day. In control group stored
vacuum packaged after EDTA treatment, AC ranged from
2.77 log CFU.g"" on 0 day to 5.21 log CFU.g"' on 16 day.
After treatment with caraway essential oil, AC ranged
from 2.77 log CFU.g" on 0 day to 4.20 log CFU.g" on
16 day and after treatment with anise essential oil ranged
from 2.77 log CFU.g" on 0 day to 4.15 log CFU.g" on
16 day. Statistically significant differences (p <0.001) of
anaerobic plate count were found among all tested group at
all tested days except AC and VP+CEO, VC and
VP+CEO, VC and VP+AEO, VP+CEO and VP+AEO on
4™ day; VC and VPEC on 8" and 16" day; VP+CEO and
VP+AEO on 16™ day. Anaerobic plate count (AC) values
for the tested groups of chicken breast are showed
in Figure 1.

Many herbs and spices have been recognized for their
preservative or medicinal properties for millennia.
Essential oils present in plant matter have been attributed
as principal sources of compounds exhibiting antimicrobial
activity, which has been illustrated against bacteria and
fungi. The understanding of antimicrobial mechanisms of
action of EO has led to increased interest to the specific
compounds responsible for this activity, specifically those
phenolic in nature (Davidson et al., 2013).

The initial LAB value of chicken breast was
3.20 log CFU.g" on 0 day. In AC samples the LAB counts
ranged from 3.20 log CFU.g" to 4.75 log CFU.g" on
16 day. In control group VC samples LAB count ranged
from 3.20 log CFU.g" on 0 day to 4.52 log CFU.g" on
16 day. In VPEC samples LAB ranged from
3.20 log CFU.g"' on 0 day to 4.38 log CFU.g"' on 16 day.
In VP+CEO samples the counts of LAC ranged from
3.20 log CFU.g" on 0 day to 3.05 log CFU.g" on 16 day
and in VP+AEO ranged from 3.20 log CFU.g" on 0 day to
3.00 log CFU.g"' on 16 day. Lactic acid bacteria (LAB)
values for the tested groups of chicken breast are showed
in Figure 2. Statistically significant differences (p <0.001)
of lactic acid bacteria numbers were found among all
tested group at all tested days except VP+CEO and
VP+AEO on 16" day.

Lactic acid bacteria are found to be more resistant to the
cytotoxic effects of essential oils. Rodriguez et al., (2009)
suggest that a fact that LAB are present and grow on
phenol containing plants, and therefore have adapted in
order to successfully colonize such antagonistic substrates
like one of the reason of LAB resistance to phenolics is
because. Degradation capabilities of phenolic compounds
by LAB have also been described, although the number of
studies is still limited.

The use of spices and spice blends in many food products
that already contain high levels of similar seasonings has
also been examined. Ideally, reengineering of food
formulations that contain high levels of spices such as
oregano or thyme seasonings could take advantage of the
already present sources of essential oils. Unfortunately,
some work has shown that spices stimulate the growth and
acid production of LAB (Shelef, 1983).
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Figure 1 Changes (log CFU.g") in population of anaerobic plate count in chicken breast stored in air (AC); stored in
vacuum (VC); stored vacuum packaged with EDTA (VPEC); stored under vacuum packaged with Carvum carvi 0.20%
v/w (VP+CEO); stored vacuum packaged with Pimpinella anisum L. 0.20% v/w (VP+AEO).
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Figure 2 Changes (log CFU.g") of lactic acid bacteria in chicken breast stored in air (AC); stored in vacuum (VC);
stored vacuum packaged with EDTA (VPEC); stored vacuum packaged with Carvum carvi 0.20% v/w (VP+CEO);
stored vacuum packaged with Pimpinella anisum L. 0.20% v/w (VP+AEO).
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Figure 3 Changes (log CFU.g"") in Enterobacteriaceae counts in chicken breast stored in air (AC); stored in vacuum
(VC); stored vacuum packaged with EDTA (VPEC); stored vacuum packaged with Carvum carvi 0.20% v/w
(VP+CEOQ); stored vacuum packaged with Pimpinella anisum L. 0.20% v/w (VP+AEO).

The chemical composition and physical characteristics of
meat makes it a suitable environment for bacterial growth,
which includes bacteria such as LAB, Pseudomonas, and
foodborne pathogens. LAB spoilage in meats is a relevant
problem as they are facultative anaerobes that can grow
and continue to spoil foods under chilled conditions
(Fratianni et al., 2010; Pyrgotou et al., 2010).

Fratianni et al. (2010) treated fresh strips of chicken
breast meat with an agar slurry solution containing 0.5%
thyme and balm essential oils for 15 min. Samples were

stored for 21 days at 4 °C. Thyme was incredibly effective
to control the LAB growth for the period of 16 days;
21-day counts were only 0.8x10° CFU.mL", which was
consistent throughout the entire 3 weeks of experiment.
The antibacterial effect of balm oil was much less evident
until the day 21, with balm oil closely matching the
untreated control up until that point. Sa/monella on the
treated chicken was very sensitive to balm oil, while thyme
oil very effectively reduced the growth of E. coli.
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Figure 4 Pseudomonas count (log CFU.g") in chicken breast stored in air (AC); stored in vacuum (VC); stored in
vacuum packaging with EDTA (VPEC); stored vacuum packaged with Carvum carvi 0.20% v/w (VP+CEO); stored
vacuum packaged with Pimpinella anisum L. 0.20% v/w (VP+AEO).

Enterobacteriaceae counts ranged from 0.0 log CFU.g"
in all tested group on 0 day to 4.25 log CFU.g" on 16 day
in AC group. In VP group Enterobacteriaceae counts
ranged from 0.00 log CFU.g"' on 0 day to 3.78 log CFU.g"
on 16 day. In VPEC group Enterobacteriaceae counts
ranged from 0.00 log CFU.g™" on 0 day to 2.45 log CFU.g"
on 16 day. In the group with caraway essential oil
treatment  Enterobacteriaceae counts ranged from
0.00 log CFU.g" on 0 day to 2.35 log CFU.g" on 16 day
and in group treated with anise essential oil from
0.00 log CFU.g"' on 0 day to 2.22 log CFU.g"' on 16 day.
Statistically significant differences (p <0.001) of
Enterobacteriaceae genera number were found among all
tested group at all tested days except VPEC and VP+CEO,
VPEC and VP+CEO, VP+CEO and VP+AEO on 4" day;
AC and VC, VPEC and VP+CEO, VPEC and VP+CEO,
VP+CEO and VP+AEO on 8"; VPEC and VP+CEO on
12™ day. Enterobacteriaceae genera values for the tested
groups of chicken breast are showed in Figure 3.

Generally, the Gram-positive bacteria were more
sensitive to essential oils or antibacterial compounds than
Gram-negative bacteria, which is in agreement with
previous reports (Dorman and Deans, 2000; Burt, 2004;
Shan et al., 2007). This resistance could be ascribed to the
structure of the cellular walls of Gram-negative bacteria,
mainly with regard to the presence of lipoproteins and
lipopolysaccharides that form a barrier to restrict entry of
hydrophobic compounds (Cox and Markham, 2007).

Pseudomonas spp. counts ranged from 0.00 log CFU.g
in all tested group on 0 day to 2.65 log CFU.g" on 16 day
in AC group. In VC group Pseudomonas spp. ranged from
0.00 log CFU.g"' on 0 day to 2.56 log CFU.g"' on 16 day.
In another tested groups on 16 day Pseudomonas spp. were
not found. Statistically significant differences (p <0.001)
of anaerobic plate count were found among all tested
group at all tested days except AC and VC on 4% 8" 12
day; VPEC and VP+CEO, VPEC and VP+CEO on 8",

12", 16™ day; VP+CEO and VP+AEO on 4™, 8" 12", 16"
day. Pseudomonas spp. values for the tested groups of
chicken breast are showed in Figure 4.

Numerous studies documented the inhibitory effects of
some essential oils and extracts of spices, plants, or their
major active constituents on the bacteria - Escherichia
coli, Aeromonas spp., Enterococcus faecalis, Salmonella
enterica Typhimurium, Staphylococcus aureus, Shigella
spp., Bacillus spp., Listeria monocytogenes, Micrococcus
spp., Yersinia enterocolitica, Pseudomonas aeruginosa,
Proteus vulgaris, Streptococcus spp., Lactobacillus spp.,
Enterobacter spp. with Gram-positive bacteria as generally
more sensitive than Gram-negative bacteria (Amensour et
al., 2010; Bagamboula et al., 2003; Baidar et al., 2004;
Celiktas et al., 2007 ,Faleiro et al., 2003; Moreira et al.,
2005; Skocibu$i¢ et al., 2006; Sokmen et al., 2004;
Veldhuizen et al., 2007; Viuda-Martos et al., 2008).

CONCLUSION

Caraway and anise essential oils exhibited good
antimicrobial properties against anaerobic bacteria, lactic
acid bacteria and Enterobacteriacea at 0.2% concentration.
Essential oils and their components may provide a solution
for the growing demand of natural preservation methods
that require minimal processing of meat. Even more
exciting is the fact that these essential oils are already
approved for use in foods, meaning that once the issues of
application and concentration are resolved and food
producers can almost immediately begin using essential
oils in their food formulations. Future work must comprise
studies that determine which essential oils are most
appropriate for preservation, what concentrations and
delivery methods are most appropriate and effective, and
what foods or packaging methods are most ideal for
reformulation or reengineering to take advantage of the
antimicrobial activity of essential oils.
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COMPARABLE EFFICIENCY OF DIFFERENT EXTRACTION PROTOCOLS
FOR WHEAT AND RYE PROLAMINS

Peter Socha, Marian Tomka, Kvetoslava Kaémarova, BlaZena Lavovd, Eva IvaniSova,
Barbara Mickowska, Dana Urminskad

ABSTRACT

The identification and quantification of cereal storage proteins is of interest of many researchers. Their structural or functional
properties are usually affected by the way how they are extracted. The efficiency of extraction process depends on the cereal
source and working conditions. Here, we described various commonly used extraction protocols differing in the extraction
conditions (pre-extraction of albumins/globulins, sequential extraction of individual protein fractions or
co-extraction of gluten proteins, heating or non-heating, reducing or non-reducing conditions). The total protein content of all
fractions extracted from commercially available wheat and rye flours was measured by the Bradford method.
Tris-Tricine SDS-PAGE was used to determine the molecular weights of wheat gliadins, rye secalins and high-molecular
weight glutelins which are the main triggering factors causing celiac disease. Moreover, we were able to distinguish individual
subunits (a/B-, y-, ®-gliadins and 40k-y-, 75k-y-, @-secalins) of wheat/rye prolamins. Generally, modified extraction protocols
against classical Osborne procedure were more effective and yields higher protein content in all protein fractions. Bradford
measurement led into underestimation of results in three extraction procedures, while all protein fractions were clearly
identified on SDS-PAGE gels. Co-extraction of gluten proteins resulted in appearance of both,
low-molecular weight fractions (wheat gliadins and rye secalins) as well as high-molecular weight glutelins which means that
is not necessary to extract gluten proteins separately. The two of three extraction protocols showed high technical
reproducibility with coefficient of variation less than 20%. Carefully optimized extraction protocol can be advantageous for

further analyses of cereal prolamins.

Keywords: extraction; prolamins; wheat; rye

INTRODUCTION

Cereal baked products are predominantly manufactured
from wheat or rye flours. Storage non-enzymatically active
proteins (prolamins), namely gliadins in wheat and secalins
in rye, together with glutelin polymers represent the main
triggering factor of celiac disease (van den Broeck et al.,
2011). Celiac disease is an inflammatory disorder that
mainly affects the small intestine with typical
gastrointestinal or extraintestinal symptoms (Kaukinen et
al.,, 2014). So far, the only therapy for celiac disease is
lifelong gluten-free diet avoiding any products from wheat,
rye, barley, their crossbred varieties and possibly oats
(Zingone et al., 2010). Majority of patients following strict
gluten-free diet continue to suffer from symptoms, therefore
to avoid contamination of gluten-free products by gluten
and tighten labeling of such products is a priority.

According to the mobility in polyacrylamide gels, wheat
gliadins are subdivided into o/Bf-, y- and -subunits
(Wieser, 2007) while rye secalins comprise from y- and
®-subunits (Shewry, 2004). Wheat o/p- and y-gliadins as
well as rye 40k-y-secalins belong to the group of monomeric
polypeptides with low molecular weight of approx.
28-45 kDa. Wheat w-gliadins, rye 75k-y-secalins and rye

wo-secalins  have  molecular weight of approx.
50-80 kDa (van Eckert et al., 2010). Glutelin polymers of
wheat are generally subdivided into low-molecular weight
glutenin subunits (LMW-GS) and high-molecular weight
glutenin subunits (HMW-GS) (van den Broeck et al.,
2009), and glutelins of rye are represented by the HMW
secalins (Wieser, Koehler, 2008). These proteins have
elevated content of two amino acids, glutamine (35% in
wheat) and proline (15% in wheat), which makes them
highly resistant to degradation by gastrointestinal
proteolytic enzymes (Gregorini et al., 2009). Therefore,
analysis of structural or functional properties of wheat/rye
prolamins requires an appropriately optimized extraction
protocol.

Generally, based on different solubility, cereal proteins
can be classified into water/salt-soluble albumins and
globulins, alcohol-soluble prolamins, and high-molecular
weight glutelins soluble in diluted acid/base solutions
(Osborne, 1924; Mamone et al., 2011). Various extraction
protocols usually consisted initially of removing albumins
and globulins (Kruger et al., 1988) or exploited co-
extraction of gluten proteins (wheat gliadins and glutenins)
without pre-extraction of salt soluble proteins (van den
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Broeck et al., 2009). The differences among prolamin
extraction methods involved various temperature conditions
as well. Extractability of prolamins is almost unaffected by
heating up to 75-80 °C (Wieser, 1998) which is the major
problem of heat-processed foods. One way how to increase
the extractability of prolamins is using a reducing agent to
the extractant. However, reducing conditions are more
suitable for low-molecular weight o/B- and y-gliadins in
wheat bearing 3-4 intramolecular disulphide bonds
comparing to cysteine-free o-gliadins (Wieser, 1998).

Here, we investigated various extraction protocols of
wheat/rye flour proteins involving different sequential
extraction steps (pre-extraction of albumins and globulins,
co-extraction of gluten proteins, sequential extraction of
gliadins/secalins and glutelins) as well as different
conditions (heating and non-heating, reducing and
non-reducing).

MATERIAL AND METHODOLOGY

Biological Material

Commercially available wheat and rye flours were
obtained from mill house Vitaflora (Kolarovo, Slovakia).
Gliadin standard was purchased from Sigma-Aldrich
(St. Louis, USA).

All extraction protocols were optimized for milligram
quantities in Eppendorf tubes and extractions were
performed in technical duplicates.

Extraction of cereal proteins according to Osborne (1924)
Cereal proteins were extracted using 1.5 ml of solvent per
50 mg flour by continuous mixing (Roller Mixer SRTI9D,
Stuart, Staffordshire, UK) at 60 rpm for 1 hour at room
temperature. Albumin and globulin fractions were extracted
with 0.5 M NaCl, the salt was then removed by distilled
water, and finally, prolamins were extracted with 70% (v/v)
aqueous ethanol. After each step, supernatant was
centrifuged at 9000 x g for 15 min at room temperature.

Extraction of cereal proteins according to Osborne (1924)
and further modified by Weiss et al. (1993)

To obtain salt soluble protein extract, flours (375 mg) were
firstly extracted with 1.5 ml 50 mM Tris-HCI1 (pH 8.8)
containing 1.5% (w/v) polyvinylpolypyrrolidone for 1 hour
at 4 °C with vortexing at 15-min intervals. Centrifugation
was carried out at 20,000 x g for 20 min at 4 °C. The
extraction step for salt soluble proteins was repeated at the
same conditions. Supernatants were pooled and referred to
as “albumin/globulin” fraction. To remove buffers, pellet
was re-suspended and washed in distilled water. Alcohol
soluble proteins were extracted twice with 1.5 mL of 75%
(v/v) aqueous ethanol by continuous mixing (Roller Mixer
SRTID, Stuart, Staffordshire, UK) at 60 rpm for 2 hours at
room temperature. After centrifugation at 20,000 x g for 20
min at 4 °C, both supernatants referred to as “prolamin”
fraction were pooled. The rest of ethanol was removed by
re-suspending the pellet in distilled water. Finally, the
“glutelin” extract was obtained by addition of 1.5 mL of
SDS-DTT buffer (50 mM Tris-HCI, pH 8.8, 1% SDS 0.5%
DTT) and extracted for 1 hour at room temperature with
vortexing at 15-min intervals, followed by centrifugation at
20000 x g for 20 min at 4 °C.

Extraction of cereal proteins according to van den Broeck
etal (2009)

The two-step gluten extraction procedure was carried out
at protein sample/extraction buffer ratio 1:10 (w/v).
Pre-extraction of wheat gliadins and rye secalins was
performed with 50% aqueous iso-propanol (v/v) by
continuous mixing (Roller Mixer SRT9D, Stuart,
Staffordshire, UK) at 60 rpm for 30 min at room
temperature, followed by centrifugation at 10,000 x g for 10
min at room temperature. The residual pellet was extracted
twice with 50% aqueous iso-propanol, 50 mM Tris-HCl,
pH 7.5 containing 1% (w/v) DTT (ratio 1:10) for 30 min at
60 °C with vortexing every 5-10 min, followed by
centrifugation at 10,000 x g for 10 min at room temperature.
After each step, samples were properly
re-suspended by mixing and sonicated for 10 min in an
ultrasonic bath (Sonorex Digitec, Bandelin, Berlin, DE).
Supernatants were pooled and referred to as “two-step
gluten extract”.

Measurement of total protein content

All protein fractions from each extraction protocol were
divided into few aliquots (300 pL) and precipitated with
5 volumes of ice-cold 1 M ammonium acetate in methanol
incubated at -30 °C overnight. The next day precipitate was
centrifuged at 5,000 x g for 10 min at 4 °C, washed
2-times with ice-cold 1 M ammonium acetate in methanol,
and pellet was dried using vacuum concentrator
(Concentrator Plus, Eppendorf, Hamburg, DE). One aliquot
was reconstituted in 100 pL of solubilisation buffer
(8 M Urea, 50 mM DTT) and used to determine the protein
concentration using Bradford Solution for Protein
Determination (Applichem, Darmstadt, DE) according to
manufacturer’s instructions with BSA as a standard. Protein
quantification was performed in technical duplicate (n = 2)
using BioDrop DUO spectrophotometer (Biochrom Ltd,
Cambridge, UK).

SDS-PAGE analysis

The second aliquot after ammonium acetate precipitation
was reconstituted in 100 pL of buffer for electrophoresis
(125 mM Tris-HCIL, pH 6.8, 4% SDS, 20% glycerol) and
analyzed by Tris-Tricine SDS-PAGE under reducing
conditions according to the Schéigger-von Jagow method
(Schigger and von Jagow, 1987). Proteins (10 pg/lane)
were separated using BioRad MiniProtean Tetra Cell
system (Bio-Rad Laboratories, Hercules, USA), followed
by silver staining (Blum et al., 1987). Gels were scanned
using a Bio-Rad GS-800 Densitometer (Bio-Rad
Laboratories, Hercules, USA) and saved as TIFF format.

RESULTS AND DISCUSSION

The aim of our work was to assess the efficiency of various
extraction protocols focusing on wheat and rye flour
prolamins. Both flours are routinely used in Slovak bakery
industry. Many extraction protocols have recently been
developed (Singh et al., 1991; Weiss et al., 1993; DuPont
et al.,, 2005; van den Broeck et al., 2009) for cereal
proteins, mainly wheat gliadins.
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Figure 1 SDS-PAGE analysis of wheat (WF) and rye (RF) flour protein fractions followed by silver staining using different
extraction protocols (a) Osborne, 1924; (b) Osborne, 1924 further modified by Weiss et al., 1993 and (c) van den Broeck
et al., 2009. Gliadin standard (GS) was used as a control. Abbreviations in parenthesis refer to the protein fractions of
wheat and rye flour as well as gliadin standard after each step of extraction: Alb+Glo — albumins and globulins; Glia —
gliadins; Sec — secalins; Glu — glutelins; Gluten — gluten extract; M — marker.

However, pilot study of Osborne (1924) based on
different solubility of proteins is most widely used
extraction protocol. Generally, albumin and globulin
fractions are soluble in water/salt solutions, prolamins are
soluble in alcohols and high-molecular weight glutelins are
soluble in diluted acid/base solutions. According to
Osborne (1924) procedure the average protein content
(n=2) of wheat gliadins was only 0.03 mg.mL"" (£0.01) and
rye secalins 0.03 mg.mL™ (+£0.00) after removal of salt
soluble albumins/globulins (Figure 2). To evaluate the
efficiency of gliadin/secalin extraction we assigned gliadin
standard as a control sample for measurement. Ethanol
extraction of gliadin standard resulted in average protein
content (n = 2) of 2.89 mg.mL™ (£0.01) suggesting
incomplete extraction of wheat/rye prolamins from flours.

SDS-PAGE analysis revealed that Osborne procedure was
successful in extraction of prolamins (Figure 1a) indicating
few strong bands of approx. 30-45 kDa (a/p- and y-gliadins)
and 66.2 kDa (75k-y-secalins) in wheat and rye flours,
respectively. Electrophoretic profile of gliadin standard is
poorly visible (Figure 1a), most likely due to the incomplete
solubility in SDS-PAGE buffer. The average protein
content (n=2) of albumins/globulins was 0.06 mg.mL’
(£0.02) and 0.18 mg.mL™ (£0.00) in wheat and rye flours,
respectively. The obtained results suggested that Bradford
determination underestimates real amount of protein
content comparing to SDS-PAGE analysis. Contrasted
differences between Bradford measurement and
electrophoretic profiling could also be assigned to very low
technical reproducibility (e.g. 23% error between wheat
gliadins duplicates in Bradford measurement).

The Osborne procedure was further modified (Weiss et
al., 1993) by separated extraction of low-molecular weight
subunits (gliadins in wheat, secalins in rye) and
high-molecular weight glutelins, as well as by the addition
of reducing agent at non-heated conditions. The average
protein content (n = 2) after two sequential extraction steps
was 1.76 mg.mL™ (£0.01) and 0.13 mg.mL" (£0.01) of
wheat gliadins and rye secalins, respectively.

Albumins/globulins were also sequentially extracted; after
pooling the average protein content (n = 2) was
1.08 mg.mL™" (£0.06) in wheat and 0.76 mg.mL"™" (+0.02) in
rye flours. These results indicated that salt soluble
albumins/globulins in rye flour are more abundant
comparing to secalins (Figure 2). Glutelins were most
represented in both, wheat and rye flours (Figure 2) with
average protein content (n=2) of 2.32 mg.mL" (£0.07) and
0.87 mg.mL™" (£0.04), respectively.

However, SDS-PAGE analysis revealed that glutelins
extracted at reducing conditions have similar molecular
weights (Figure 1b) but with less intensity of o/B- and
v-gliadins (35-40 kDa) as well as 40k-y-secalins (one band
of approx. 37 kDa). These results are in agreement with
general statement that glutelins are high-molecular weight
subunits (van den Broeck et al, 2009) and are
co-extracted together with monomeric gliadins and secalins.
After glutelin extraction using reducing agent, rye
75k-y-secalins (two bands of approx. 66.2 kDa) represented
dominant fraction (Figure 1b) with highest protein content,
0.87 mg.mL" (£0.04). The same conclusions were also
achieved in a study of Gellrich et al., (2003). While the
average protein content (n = 2) of gliadin standard was very
high, 8.03 mgmL’ (£0.37) in gliadin extract and
2.44 mgmL" (£0.01) in glutelin extract, electrophoretic
profile indicated its impaired solubility in SDS-PAGE
buffer (Figure 1b).

The last protocol used in our study (van den Broeck et al.,
2009) differs from previous in simultaneous two-step co-
extraction of gluten proteins (gliadins/secalins and
glutelins) under reducing conditions at higher temperature
(60 °C) and without removal of albumins/globulins. The
average protein content (n = 2) in wheat gluten extract was
markedly lower, 0.77 mg.mL™" (£0.01), comparing to Weiss
et al., (1993) modification protocol (Figure 2), probably due
to the underestimation of results using Bradford
measurement. In case of rye gluten extract, the average
protein content (n = 2) was 0.50 mg.mL™" (£0.08).
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Figure 2 Protein concentration (mg.mL™") of wheat (WF) and rye (RF) flour protein fractions using Bradford solution for
protein determination in three different extraction protocols. Gliadin standard (GS) was used as a control. Abbreviations
in parenthesis refer to the protein fractions of wheat and rye flour as well as gliadin standard after each step of extraction:
Alb+Glo — albumins and globulins; Glia — gliadins; Sec — secalins; Glu — glutelins; Gluten — gluten extract. Data presented
is averages + standard deviation (n = 2). All error bars are included.

SDS-PAGE analysis revealed typical bands of approx.
30-45 kDa (o/p- and y-gliadins) and 37 kDa
(40k-y-secalins) in wheat and rye flours, respectively
(Figure 1c). Moreover, 75k-y-secalins (two bands of
approx. 66.2 kDa) were also detected (Figure lc) in rye
gluten extract. The average protein content (n = 2) of gliadin
standard in gluten extract was 3.46 mg.mL™ (£0.20).
Similarly, to previous protocols, separation of gliadin
standard on polyacrylamide gel was insufficient due to the
incomplete solubility in SDS-PAGE buffer (Figure 1c¢).

Precisely optimized extraction protocol is a critical step to
analyze cereal proteins many of which causing allergies or
food intolerances. In our study we aimed to compare
different extraction protocols for wheat/rye prolamins as a
main triggering factor in celiac disease. Generally, wheat
contain higher amount of prolamins than rye which was
proved by e.g. fractionation of protein complex
(Mickowska et al., 2012). Both, wheat and rye prolamins
has highest content of two amino acids, glutamine and
proline (Mickowska et al., 2012) suggesting their poor
digestibility by gastric enzymes. As a result, Glu- and
Pro-rich peptides containing T-cell stimulating epitopes are
occurred that can cause celiac disease. Ancient varieties of
wheat and rye could also be harmful (Ciclitira et al., 2005;
Hybenova et al., 2013) as they are genetically similar with
amino acid composition comparable to modern varieties.
However recent studies (van den Broeck et al.,, 2010)
revealed that e.g. presence of the Glia-a9 epitope was lower
in the wheat landraces.

In our study we aimed to analyze prolamin extract from
commercially available wheat and rye flours. According to

Bradford method, the total protein content was slightly
lower comparing to other studies (van den Broeck et al.,
2009). The differences could be attributed by using the
different wheat varieties. Moreover, wheat/rye flours used
here were milled during different conditions (procedure not
described) which probably resulted in a loss of proteins, for
instance, wheat w-gliadin fractions with molecular weight
of 50-80 kDa were almost unable to detect in SDS-PAGE
gels. Contrary, van den Broeck et al., (2009) described that
o-gliadins/D-type LMW-GS fractions were abundantly
presented in all wheat varieties. In summary, the efficiency
of extraction protocol depends not only on the cereal protein
source, but also on working conditions and analytical
method of their identification/quantification.

CONCLUSION

Various extraction protocols with different working
conditions examined here were generally efficient in
extraction of wheat/rye flour prolamins. Although, the pilot
Osborne procedure yields in lower protein content using
Bradford measurement comparing to SDS-PAGE analysis,
it is still considered as an effective method due to its rapid
and simple nature. Up to date, several modifications of
extraction conditions are under investigation using multiple
extraction steps or reducing agents. These protocols are
usually time consuming, however, carefully optimized
conditions can reduce not only time but also can increase
the protein content in extracts. In some cases, the huge
amount of starting material is required for analysis.
Therefore, in our study we optimized all extraction
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protocols for milligram quantities using Eppendorf tubes.
Except the Osborne procedure, the two protocols used here
showed high technical reproducibility according to
Bradford with coefficient of variation less than 20%.
Assuming above mention facts, van den Broeck protocol is
a good choice for simultaneous co-extraction of gluten
proteins from wheat/rye flours.
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EVALUATION OF PRIMARY AND SECONDARY METABOLITES IN SELECTED
VARIETIES OF POTATOES

Jan Marecek, Eva IvaniSova, Helena Francdakova, Janette Musilovad,
Tomas Krajcéovic¢, Andrea Mendelova

ABSTRACT

The aim of study was to determine primary and secondary metabolites in selected varieties of potatoes. Potatoes (Solanum
tuberosum L.) are good source of bioactive compounds, mainly phenols as one of the most important components. The
chemical composition with reducing sugar, starch, ascorbic acid, total polyphenol and flavonoid content were analysed in
five potato varieties (Agria, Marabel, Red Anna, Picasso, Princess). Values of dry matter content ranged from 20.34 to
23.64%. In terms of tubers storage, its content above 20% is required. The highest level of starch was detected in variety
Princess (16.82%). The lowest reducing sugar content was recorded by variety Marabel (0.08%). Similarly, low values
reached varieties Princess (0.12%), Agria (0.14) and Red Anna (0.16%). These would be appropriate to use for food
processing and for production of fried potato chips or fries. Variety Red Anna reached the highest amount of vitamin C
(73.72 mgkg"). The lower levels of this vitamin showed tubers of varieties Picasso (35.02 mg.kg™) and Princess
(36.89 mg kg™). The antioxidant activity was measured with radical scavenging assays using 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical as well as phosphomolybdenic assay. Potato varieties contained high levels of total polyphenols
(0.474 — 1.550 mg GAE per dry weight) and flavonoids (1.407 — 15.933 pg QE per dry weight). The consumption of
potatoes can provide nutritional value along with antioxidant potential that can be helpful for proper functioning of the body
physiological systems. Statistical evaluation by the single factor analysis of variance detected high significant impact of
variety on the content of all the analytical parameters in evaluated varieties of potato tubers.

Keywords: starch; reducing sugars; antioxidant activity; polyphenols; flavonoids

towards the center of the tuber
(Friedman, 1997). Chlorogenic acid and caffeic acid are
two of the most prominent phenolic acids reported in

INTRODUCTION
Potato (Solanum tuberosum L.) is the fifth most
important crop worldwide after sugar cane, maize, wheat

and rice with production of >364 million tons in 2012
(FAO, 2014). Potato spread to Europe from the America
in the late 1500s (Camire et al., 2009) and immediately
became very important for human nutrition in the
"Old Word" as well. Nowadays, potatoes are cultivated in
more than 160 countries with more than 4000 cultivars
(Hils and Pieterse, 2007). Potatoes are rich in
carbohydrate and provide significant quantities of proteins,
minerals (iron) and vitamins (B complex and vitamin C),
dietary fiber, and antioxidants which vary with variety,
storage conditions, growing season, soil type, and pre-
harvest nutrition (Singh and Kaur, 2009). Nowadays,
potatoes have received substantial interest as a valuable
source of antioxidants because they contain a variety of
secondary metabolites including phenols and are
consumed in relatively high amounts (Wegener and
Jansen, 2013). Phenols have been associated with certain
health benefits such as inhibition of cholesterol
accumulation in blood, reduction of the risk of coronary
heart disease, prevention of some types of cancer, and
retardation of macular degeneration among others (Kita et
al.,, 2013). In potatoes, most of the phenols are present
between their cortex and peel, while their content reduces

potato followed by protocatechuic acid, ¢-cinnamic acid, p-
coumaric acid, ferulic acid, vanillic acid, gallic acid,
syringic acid, and salicylic acid (Reddivari et al., 2007).

Antioxidant activity and total phenolics are different
between potato cultivars. Bioactive composition of potato
compared to other vegetables is low but since potato form
a substantial part of our daily diet, it is therefore important
to screen and identify those genotypes which are high in
antioxidants (Kaur and Aggarwal, 2014).

The aim of this study was to evaluate primary (reducing
sugar content, starch content), secondary metabolites
(polyphenols, flavonoids, ascorbic acid content) and
antioxidant activity in selected varieties of potatoes.

MATERIAL AND METHODOLOGY

Plant material

Potatoes were grown on a field nursery at the Department
of Environmental Protection and Organic Farming
(DEPOF) in Spisska Bela (Slovakia). The used genotypes
of potatoes were: Agria, Marabel, Red Anna, Picasso and
Princess. This list includes one of the most cultivated
varieties in Slovak Republic. Samples with peel were
before the measurement crushed to mash, lyophilized
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(IISHIN Freeze Dryer, IISHIN lab. Co. Ltd.) and then
stored at 4°C in refrigerator. These varieties from the crop
year of 2014 were assessed 4 weeks after the harvest.
Storage of tubers was carried out in cooling box at 6 °C
and under relative humidity 85%. Material samples were
weighed on Mettler Toledo Analytical Balances.

Chemicals

All chemicals used were of analytical grade and were
purchased from Reachem (Slovakia) and Sigma Aldrich
(USA).

Sample preparation

0.5 g of milling fractions was extracted with 20 mL of
80% ethanol for 20 hours. After centrifugation at 4000 g
(Rotofix 32 A, Hettich, Germany) for 20 min, the
supernatant was used for measurement (antioxidant
activity, polyphenols, flavonoids).

Dry matter content

Dry matter content of potato varieties was measured in
samples of around 10 g by pre-drying at 65 °C for 3 hours
and by drying at 105 °C for 3 hours to the constant weight
(WTB Binder drying oven). Weight of the dried sample
was converted to the initial fresh mass.

Starch content

10 g of sample was hydrolysed in a boiling water bath at
100 °C using 100 mL of 1.422% hydrochloric acid. Each
solution was then treated and cleaned with 2 mL of 15%
potassium ferrocyanide and 2 mL of 30% zinc sulphate
solution. Optical activity of filtrate sample was measured
on P3001RS Automatic Digital Polarimeter (°Sx1.775),
(A. KRUSS Optronic GmbH, Germany).

Reducing sugar content

Determination of reducing sugars was performed by
Schoorl method using Fehling’s solutions 1 and II. There
was used around 5 g of weighed sample. Titration of
sample was done with sodium thiosulfate solution.
Reducing sugar content was determined by the
consumption difference between the blank titer and
average sample titer (Schoorl table).

Ascorbic acid content

Vitamin C was extracted from homogenized samples by
the metaphosphoric acid solution. Dehydro-L-ascorbic
acid was reduced to L-ascorbic acid. The total vitamin C
content was determined by HPLC method with UV
detection at 265 nm (Agilent 1220, Agilent Technologies,
USA). Dosing of samples was realized on Agilent
Autosampler (Agilent Technologies, USA) by injection.

Radical scavenging activity

Radical scavenging activity of samples was measured
using  2,2-diphenyl-1-picrylhydrazyl (DPPH) (Yen
and Chen, 1995). The extracts (0.5 mL) were mixed with
2 mL of DPPH solution (0.025 g DPPH in 100 mL
ethanol). Absorbance of the sample extract was determined
using the spectrophotometer Jenway (6405 UV/Vis,
Jenway, Staffordshire, England) at 515 nm. Trolox (6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic  acid)
(10-50 mg.L™"; R? = 0.983) was used as the standard and
the results were expressed in mg.g”' Trolox equivalents.

Reducing power

Reducing power of samples was determined by the
phosphomolybdenum method of Prieto et al., (1999) with
slight modifications. The mixture of sample extract
(1 mL), monopotassium phosphate (2.8 mL, 0.1 M),
sulfuric acid (6 mL, 1 M), ammonium heptamolybdate
(0.4mL, 0.1 M) and distilled water (0.8 mL) was
incubated at 90 °C for 120 min, then rapidly cooled and
detected by monitoring absorbance at 700 nm using the
spectrophotometer Jenway (6405 UV/Vis, Jenway,
Staffordshire, England). Trolox (10-1000 mg.L™;
R’=0.998) was used as the standard and the results were
expressed in mg.g” Trolox equivalents.

Total polyphenol content

Total polyphenol content of potato extracts was measured
by the method of Singleton and Rossi, (1965) using Folin-
Ciocalteu reagent. 0.2 mL of each sample extract was
mixed with 0.2 mL of the Folin-Ciocalteu reagent, 2 mL of
20% (w/v) sodium carbonate and centrifugated at 10000 g
(Neofuge VS — 100 BN, China) for 10 min. After 30 min.
in darkness the absorbance at 700 nm was measured using
the spectrophotometer Jenway (6405 UV/Vis, Jenway,
Staffordshire, England). Gallic acid (5-250 mg.L™;
R*=0.999) was used as the standard and the results were
expressed in mg.g™' gallic acid equivalents.

Total flavonoid content

Total flavonoids were determined using the modified
method of (Quettier — Deleu et al., 2000). 2 mL of sample
extract was mixed with 0.4 mL of 5% (w/v) ethanolic
solution of aluminium chloride. After 30 min. in darkness
the absorbance at 415 nm was measured using the
spectrophotometer Jenway (6405 UV/Vis, Jenway,
Staffordshire, England). Quercetin (0.5-20 mg.L™;
R’=0.999) was used as the standard and the results were
expressed in pg.g”' quercetin equivalents.

Statistical analysis

Statistical software SAS 9.2 and Enterprise Guide 3.0
was used for the statistical evaluation. On the other hand,
single factor analysis of variance was used to assess the
impact of variety on dry matter, starch, reducing sugar,
vitamin C, polyphenol and flavonoid content. Statistical
significance was measured with Tukey’s test (p <0.5).

RESULTS AND DISCUSSION

Dry matter content

Dry matter content of potato tubers ranges in Slovak
climate conditions from 20 to 25%. Its higher content is in
terms of storage a stabilizing factor. However, it may have
negative effect on potato taste properties. It usually also
correlates with the starch content. Our evaluated cultivars
reached values of dry matter content from 20.34% to 23.64
(Table 2) while the highest amount showed variety
Princess that is therefore suitable for long-term storage.
Dry matter content is affected by the climate conditions,
fertilization and variety (Poberezny and Wszelaczynska,
2011).

Starch content

Starch content is highest in tubers after harvest. During
the storage, its content gradually decreases because of
degradation to simple sugars and it is also consumed
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during breathing of tubers. Its values in assessed cultivars
were in the range from 14.13 to 16.82% (Table 2). These
values can be rated in growing conditions of Central
European region as appropriate or greater. Higher starch
content is suitable for the production of potato chips.
During the heat treatment, starch starts to gelatinize and
tubers may rupture (Simkova et al., 2013).

Reducing sugar content

Reducing sugars are an important factor in food
processing of potato tubers for fried chips. To help prevent
the Maillard reaction accompanied by undesirable sensoric
symptoms, low reducing sugar content is appropriate. Ideal
are values up to 0.20%. This requirement was, except for
Picasso (0.25%), fulfilled by all of the varieties (Table 2).
These can be used for the production of potato chips.
Lower storage temperatures support an increase in the
content of reducing sugars (de Quadros et al., 2010)
which must be therefore monitored during the storage.

Ascorbic acid content

Vitamin C is nutritional ingredient that characterizes
potatoes as an important crop with antioxidant activity
(Kiilen et al., 2013). The highest content is in the fresh
tubers, whilst heat treatment reduces its amount. Among
the assessed cultivars the highest content showed tubers of
variety Red Anna (Table 2) with purple skin
(73.72 mg.kg"). Conversely, variety Picasso reached its
lowest value (35.02 mgkg™"). The amount of vitamin C
decreases due to storage conditions.

Antioxidant activity

The antioxidant potential of potato cultivars was
determined on the basis of scavenging activity of the stable
free radicals DPPH and reducing ability by
phosphomolybdenum assay (Figure 1 and Figure 2). Agria,
Red Anna and Princess cultivars contained highest
antioxidant activity — 1.556; 1.316 and 1.028 mg TEAC
per 100 g dry matter for DPPH and phospomolybdenum
method (19.071; 23.450 and 23.428 mg TEAC per 100 g’
dry matter) respectively. Among the tested potatoes
Marabel and Picasso cultivars showed lower antioxidant
potential. Red Anna belongs to the cultivars with red peel;
Agria, Marabel, Picasso and Princess are potatoes with
brown peel. Extract prepared from red peel potatoes have
stronger antioxidant activity than brown peel, probably due
to the strong effect of anthocyanins. Previously, it was
expounded that the antioxidant activity of ethanolic and
aqueous potato extract has activity 62.3% and 62.5%,
respectively (Kaur and Kapoor, 2002). Karadeniz et al.,
(2005) reported similar activity (70%) of the potato
extracts 70% for same sample weight. Ezekiel et al.,
(2013) reported that potatoes showed 94% scavenging
activity towards hydroxyl radicals, and almost complete
inhibition of superoxide radicals. Antioxidant activity of
potatoes is mainly caused by their chlorogenic,
protocatechuic and caffeic acid content. Chlorogenic acid
from potatoes has been found to be an effective inhibitor
of lipid oxidation (Al-Shaikan et al., 1995). Numerous
investigations reported that potato has applicable amount
of antioxidant that possess significant inhibition ability
(Karadeniz et al, 2005). Genotype and growth
conditions, such as water availability, light quality and
temperature, affect the synthesis and accumulation of

antioxidants in potatoes. Peeling the potato considerably
reduced its antioxidant activity. According to Ezekiel et
al., (2013) potatoes contain relatively low amount of total
phenolic acids, but they have high antioxidant activity
compared to other fruits and vegetables.

Total polyphenol content

The results of the Folin—Ciocalteu assay are shown in
Table 1. Among the evaluated cultivars Agria and Red
Anna had the highest gallic acid equivalent (1.550 mg.g™';
0.977 mg.g™), followed by Princess and Marabel cultivars
(0.675 mg.g" and 0.524 mg.g™"). In Picasso variety was
observed the lowest value of total polyphenol content —
0.474 mg.g'. The variations of polyphenol content
between varieties may result from genotypes and harvest
locations that influence the accumulation of phenolic
compounds by synthesizing different quantities and/or
types of phenolics (Lachman et al., 2009). Earlier,
Karadeniz et al., (2005) reported that the polyphenol
content of potato is 32.44 +6.07 mg GAE.100 g
Previously, Al-Saikhan et al. (1995) also published that
potato contains 11.41 —27.47 mg GAE.100 g total
polyphenol content. Generally, it is considered that edible
part of potato accounts 40% of the total polyphenol
content (Chu et al, 2002), while amount of conjugated
polyphenols in potato is 57.9+13.4% (Vinson et al., 1998).

Polyphenols are distributed mostly between the cortex
and peel tissues of the potato. Potato peel contains about
ten times as much polyphenols as potato flesh. About 50%
of the phenolic compounds may be found in peel and
adjoining tissues while the rest decreases in concentration
from the outside towards the centre of the potato tuber.
Chlorogenic acid constitutes up to 90% of the total
polyphenolic content of potatoes (Friedman 1997). Other
phenolic acids include protocatechuic, sinapic, coumaric
and vanillic acids. Other polyphenolic compounds present
in potatoes include anthocyanins, flavanones (naringenin
and eriodictyol), flavan-3-ols (catechin and epicatechin)
and flavonols (kaempferol and sometimes quercetin
glycosides) (Lewis, 1999). Many of these compounds are
present in fairly low concentrations. The phenols can be
recovered from the skin portion, which is discarded as
waste during potato processing and can be used for value
addition in different food products (Navarre et al., 2009;
Bondikova et al., 2012; Musilova et al., 2015).

Total flavonoid content

Flavonoid content of evaluated potatoes (Table 1) ranged
from 1.417 to 15.933 ng/g QE. Red Anna variety contains
the highest flavonoid content, due to the presence of
anthocyanins in the peel. Anthocyanins are a sub-group
within the flavonoids and present in substantial amounts in
pigmented flesh potatoes. Anthocyanin levels between 5.5
and 35 mg/100 g fresh weight in potatoes have been
reported (Brown, 2008). Red peel and purple or red-
fleshed cultivars has twice of the flavonoid concentration
of white-fleshed cultivars and their concentrations are
considerably higher in skin. In potatoes was reported
presence of these flavonoids: catechin, epicatechin,
erodictyol, kaempeferol, naringenin and rutin. The potato
flavonols content is not significantly high, but these can be
considered as a valuable source of these compounds
because of their high consumption (Tudela et al., 2002).

Volume 10

No. 1/2016



Potravinarstvo® Scientific Journal for Food Industry

Table 1 Total polyphenol and flavonoid content in selected varieties of potatoes.

Sample Total polyphenols content (mg GAE.g™") Total flavonoids content (ug QE.g™)
Agria 1.550 +0.08 14.709 £1.91
Marabel 0.524 +0.05 6.301 +£0.71
Red Anna 0.977 £0.01 15.933 £1.47
Picasso 0.474 £0.04 1.417 £0.27
Princess 0.675 +0.03 3.547 £0.95

NOTE: GAE (gallic acid equivalent); QE (quercetin equivalent); + (standard deviation of the mean).

Table 2 Components contained in potato tubers.

Sample Dry matter content Starch content Reducing sugar Vitamin_IC
(%) (%) content (%) (mg.kg™)

Agria 22.49 +0.20 16.12 £0.14 0.14 +0.02 56.32 £1.15

Marabel 21.92 +0.11 15.72 £0.25 0.08 £0.01 49.60 +£0.84

Red Anna 20.34 +0.06 14.31 +£0.03 0.16 £0.01 73.72 £2.59

Picasso 20.98 +£0.26 14.79 +£0.28 0.25 +0.01 35.02 £1.33

Princess 23.64 £0.19 16.82 £0.16 0.12 +0.01 36.89 +£0.89

NOTE: =+ (standard deviation of the mean).

Table 3 Single factor analysis of variance for selected parameters of potato tubers (Tukey test), Major effect: variety.

Sample Degrees of Sum of Mean F-tes.t Significance

Freedom Squares Squares (F-ratio) (p-value)
Dry matter 4 19.96473333 4.99118333 52.95 0.0001""
Starch 4 13.29029333 3.07257333 27.79 0.0001""
Reducing sugar 4 0.04710667 0.01177667 28.49 0.0001"""
Vitamin C 4 3995.890067 748.972517 110.87 0.0001"""
Total polyphenols 4 1469.900440 367.475110 279.13 0.0001""
Total flavonoids 4 0.32515160 0.08128790 89.15 0.0001"""
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0.6
0.4
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N
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Marabel Red Anna

DPPH method

Picasso Princess

Figure 1 Antioxidant activity of potatoes determined by DPPH method (TEAC — Trolox equivalent antioxidant

capacity).
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Figure 2 Antioxidant activity of potatoes determined phosphomolybdenum method (TEAC — Trolox equivalent

antioxidant capacity).

It can be stated, that the amounts of flavonoids are not
proportional to total polyphenol content in evaluated
samples. Each potato cultivar contained different levels of
these bioactive compounds, which is in general agreement
with results of other authors, because the content of
phenolic compounds depends on potato cultivar, weather,
soil and agrotechnical conditions (Hamouz et al., 1999;
Gumul et al., 2011). The results of statistical evaluation
are listed in Table 3. Statistical evaluation using the single
factor analysis (ANOVA, SAS 9.2) confirmed highly
statistically significant influence on the content of all the
analyzed compounds.

CONCLUSION

From the data in this study, it can be concluded that
potatoes are rich sources of primary and secondary
metabolites. The variety Red Anna and Agria showed
higher  biological activity (antioxidant activity,
polyphenols and flavonoids) in comparison with other
varieties. The content of dry matter and starch measured in
evaluated tubers predetermines these cultivars for
long-term storage. Low values of reducing sugar content in
varieties Agria, Marabel, Princess and Red Anna is desired
parameter for the production of potato chips. Potato tubers
are in addition a valuable source of vitamin C (variety Red
Anna). Phytochemicals in potatoes can be used for
development of functional foods or nutraceuticals.
Considering the large quantities in which potatoes are
consumed throughout the world, they could be a very good
vehicle for addressing some health related problems.

There was statistically high significant impact of variety
on dry matter, starch, reducing sugar, vitamin C,
polyphenol and flavonoid content. The results confirmed a
significant influence of varietal characteristics on
examined components of potato tuber cultivars. Above
results are an original compact research focused on
technological parameters, biologically active compounds
and antioxidant activity of selected potato varieties grown

in Slovakia. The results provide innovative findings in the
area of potato quality research.
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LUNASIN DETECTION IN COLOURED WHEAT GENOTYPE

Milan Chiiapek, DuSan Siman, Zdenka Gdlova

ABSTRACT

Lunasin is a biologically active protein, composed of 43 amino acid residues. There has been proven many health-promoting
effects of lunasin peptide. The most important health benefits include: anti-hypertension, antioxidant activity, cancer
prevention or therapy. It was also demonstrated anti-inflammation, hypocholesterolemic activity, anti-obesity and
immunomodulation. The focus of our research is to summarize the discovery, characterization and biological activities of
lunasin, which will provide a reference for the future development and utilization of lunasin, and a basis for exploring the
underlying mechanisms of these health-beneficial functions. Lunasin was first isolated in 1987 at Niigata University School
of Medicine in Japan, during the screening of protease inhibitors from soybean seeds. It was subsequently found in other
beans, grains and herbal plants, including wheat, barley, rye, triticale. Concentration of lunasin is ranging from 0.013 to 70.5
mg protein lunasin/g of protein. Big step forward in the understanding of the lunasine operating mechanism in the fight against
cancer has arisen after study on cloning of the soybean lunasin gene and subsequent transfection into mammalian cells which
led to the discovery that the lunasin gene can disrupt mitosis and induce chromosome breakage, ultimately leading to cell
apoptosis. The main goal of our work was to evaluate collection of wheat with unusual grain colour for presence of lunasin
gene. DNA was extracted by commercial kit and lunasin gene was detected by PCR reaction. Our results showed presence of
lunasin gene detected by 3 combinations of 2 sets of primer pair and indicated lunasin peptide presence in cereal grains. These

findings are necessary to confirmed by proteome analysis.

Keywords: cancer; coloured wheat; gene detection; lunasin; PCR

INTRODUCTION

Civilization diseases are one of the most worldwide
problems of mankind. Cancer is the largest and the most
widespread illness. Surgical treatment was the most
effective, in past, but there are a lot of less invasive methods
of cancer healing, in presence. New substances originated
from plants or animals, which show chemopreventive
effects, are shown by ongoing studies (Hernandez-
Ledesma et al., 2009).

Carcinogenesis is a process which consists of combination
of multiple heritable and environmental factors.
Epidemiological studies shown, that cancer appearance and
mortality significantly varied across the world. Cancer
remains the main cause of mortality in western world. These
parts of world where is diet centered on plant foods tending
to have a lower rate of cancer, but prevalence of cancer is
rising rapidly in one generation after their emigration to the
western countries. This indicates that genetic factors are not
the primary factors that cause cancer and modification of
nutritional habits and lifestyle, as well as, consumption of
foods containing bioactive components can offer a
significant protection against carcinogenesis (Hernandes-
Ledesma et al. 2009).

Lunasin is one of these substances, which produce not only
a lot of positive effects on human organism, but also
anticancer activity. Lunasin is biological active peptid,
which consist of 43 amino acids. There has been confirmed,

that lunasin protected cells against chemical transformation
induced by chemical carcinogens and virus and ras
oncogenes. Mechanism of lunasin action is based on
balance influence between acetylation and deacetylation of
histones. This mechanism may cause cell death, because in
this case lunasin acts as a tumour suppressor which is tightly
bounded on deacetylated histones in cell nucleus and have
ability to influence cancer cells apoptotically and cytotoxic
(Chang et al., 2014).

In vitro studies, animal treatment and epidemiologic
researches showed that soy consumption is in connection
with decreasing of some cancer types (Hernandez-
Ledesma et al., 2009).

Hsieh et al., (2010) reported, that the first animal model
confirmed preventive properties against chemical
carcinogen-induced skin cancer in mice. Lunasin also play
role as an active cancer preventive agent in treatment of
human breast cancer. Lunasin in combination with aspirin
arrest the cell cycle in the S- and G-phases, respectively,
acting synergistically to induce apoptosis which was
achieved by modulating the expression of genes encoding
G1 and S-phase regulatory proteins.

Lunasin is a soybean derived peptide with a MW of 5.5
kDa and contains 9 aspartic acid residues on C domains, cell
adhesion motifs consit of 3 amino acids residues (arginin —
glycine — aspartic acid) and predicted helix with structural
homology to a conserved region of chromatin binding

Volume 10

No. 1/2016



Potravinarstvo® Scientific Journal for Food Industry

proteins. Lunasin is not fully digested in gastrointestinal
system, but is absorbed intact, reaching target tissues. The
biological activity of lunasin depends on cultivar,
environmental factors and processing conditions, which in
turn affected its concentration (Wang et al., 2008).

Lunasin has been discovered in most of soybean varieties
and its concentration ranged from 4.4 to 70.5 mg lunasin in
one gram of protein (Hernindes-Ledesma et al., 2009).

Jeong et al., (2007) detected lunasin in wheat using mass
spectrometry. They determined 14 amino acids fragment
(KQLQGVNLTPCEKH) with m/z 656, 8640 Da. This
fragment corresponded to 12-25 amino acids fragment of
soy albumin subunits, which was identified as a lunasin
peptide.

The main goal of our research was to detected lunasin gene
in collection of coloured wheat grain.

MATERIAL AND METHODOLOGY

There was analysed collection of 8 genotypes of wheat
grain (Table 1) with unusual grain colour.

DNA isolation was performed from wheat grain by
commercial kit GeneJET TM (Fermentas). Isolation
protocol was modified for isolation DNA not only from
fresh tissue, but also from grain. Modification contains
supplementation of Lysis buffer A with 2% (w/v)
polyvinylpyrrolidone. Wheat grains of each cultivar (up to
100 mg) were grinded in liquid nitrogen using a mortar and
pestle. Then were grounded plant tissue powder transferred
into the tubes with the prealiquoted Lysis buffer A (with
PVP). The rest of extraction steps were held according
standard procedure with usage of Lysis buffer B, RNase A.
Purificatrion of extracted DNA were realized in spin
column tubes with utilization of Plant g-DNA binding

Table 1 List of analysed genotypes.

solution which anchored extracted DNA on spin column
membrane. Wash buffer I and Wash buffer II purified
anchored DNA. Elution of DNA from membrane to solution
was realized by Elution buffer. The quantity and quality of
puried DNA were measured by nanophotometer and
visualisated by 1.5% horizontal agarose electorphoresis.

GoTaq® Green Master Mix from Promega Company was
used for Polymerase chain reaction (PCR) DNA
amplification. GoTaq® Green Master Mix is a premixed
ready-to-use solution containing bacterially derived Taq
DNA polymerase, dNTPs, MgCl, and reaction buffers at
optimal concentrations for efficient amplification of DNA
templates by PCR. PCR amplification protocol of DNA
fragments were realized using primer pairs (Table 2) and
their combination (Table 3) according to Dinelli et al.,
(2014). 25 pL of reaction mix was prepared on ice and
contained 12.5 pL of GoTaq® Green Master Mix, 2.5 pL of
10 uM upstream primer, 2.5 pL of 10 pM downstream
primer, 2.5 uL of nuclease-free water and 5 pL of
0.025 ng.uL”' DNA template. Standard PCR procedure
consists of 2 min initial denaturation step at 95 °C for
activation of reaction mix. Product amplification contained
3 subsequent steps. 20 s denaturation of DNA at 95 °C,
30 s anelation of primers at 54 °C and 30 s polymerization
of DNA fragmets at 72 °C. These 3 steps repeat 50 times.
The last step of PCR procedure is 5 min final extension at
72 °C. Quality of amplyfied product were confirmed by
1.5% horizontal agarose electrophoresis.

DNA fragments were separated in 8% vertical
polyacrylamide gel electrophoresis for 360 min at 500V in
Hoeffer SE 660 electrophoretic system and visualised by
silver staining.

Name Species Originated Colour
1 Barevnd 25 — modra Triticum aestivum L. CZ Blue
2 Trojzrnka Triticum aestivum L. CZ Red
3 Mnohokvietkova Triticum aestivum L.  CHINA Red
4 Tr.Etiopicum Jakubz Triticum aestivum L.  Ethiopia Purple
5 Tr. Etiopicum araratica-Cervena Triticum aestivum L.  Ethiopia Purple
6 UC 66094 Triticum aestivum L.  USA Blue
7 Koniny-¢ervena Triticum aestivum L. CZ Red
8 Modré zrno Triticum aestivum L. CZ Blue
Table 2 Nukleotid sequences of used primers.
Name Primer type Sequence
Lunl forward AAATGGCANCACCAGNA
revers CGTCATCATCATNATCGTNA
Lun2 forward GATANCTGCCNCAAGCA
revers TCTTNTCCATNATGTGCTTCTC
Table 3 Primer pairs combinations.
Number Primer pair combination
1 Lunl F x Lunl R
2 Lunl F x Lun2 R
3 Lun2 F x Lunl R
4 Lun2 F x Lun2 R
Volume 10 153 No. 1/2016
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Electrophoretic separation and visualisation of DNA
fragments were performed according Bassam et al., (1991).

Visualised DNA fragments were captured by UVP digital
imagine system and detected by Doc-IT LS software from
UVP Jena, Germany.

RESULTS AND DISCUSSION

Lunasin is a novel, cancer-preventive peptide whose
efficacy against chemical carcinogens and oncogenes has
been demonstrated in mammalian cells and in a skin cancer
mouse model. Isolated and characterized in soy, lunsin
peptide is also documented in barley, wheat, tritikale, rye
and oat (Lumen et al., 2005).

The characterisation of cDNAs encoding lunasin shows
that it corresponds to the small subunit of the soybean 2S
albumin. The biological activity of lunasin has led to
searches for related peptides in other plant species,
including reported isolation from Solanum, amaranthus
seeds, Brazil nut, sunflower and cereal seeds.

The identity of the peptides in wheat was confirmed by
partial sequences which match exactly to the soybean
sequence over stretches of 14 amino acids (Mitchell et al.,
2013).

We therefore decided to search for lunasin gene sequence
aroud colour wheat genotype by utilization of 2 sets of
primers developed by Dinelli et al., (2014).

Our results show that utilization of primer pair Lunl
forward and Lunl revers showed presence of 121 bp length
DNA fragment. This primers pair combination seems to be
suitable for lunasin gene detection, because we were able to
detect lunasin gene in all of genotypes (Figure 1 and
Figure 2).

Primer pair combination Lunl forward and Lun2 revers
not provide any fragment with desirable length 85 bp Using
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Figure 1 Lunasin gene detection with primer pair
combination FIR1 — 121 bp.
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of this primer pair combination is contradictory and has to
be tested in future.

Primer pair combination Lun2 forward and Lunl revers
was used for detection of DNA fragment with length 103
bp. There were obtained presence of desired DNA fragment
in each genotype of evaluated wheat collection (Figure 3
and 4).

Application of primer pair combination Lun2 forward and
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Figure 3 Lunasin gene detection with prirﬁer pair
combination F2R1 — 103 bp.
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Figure 6 Barevna 25 — F2R2.
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Lun2 revers provide detection of lunasin gene fragment
with length 67 bp. This primer pair combination was
suitable for detection of lunasin gene fragment in all
genotype (Figure 5 and Figure 6).

We focused on confirmation of Dinelli et al., (2014)
results in our research. Dinelli et al., (2014) monitored, that
although there was positive presence of lunasin peptide in
wheat proteome analysis, no gene coding this peptide was
detected. However, Jeong et al., (2009) and Maldonado-
Cervantes et al., (2010) observed lunasin peptide in
proteome analysis and postulated also presence of gene
coding this peptide.

Our results showed presence of gene coding lunasin
peptide, but are in controversy with Dinelli et al., (2014)
results. These lunasin gene detection findings require
analysis of wheat proteome for detection of lunasin peptide
to confirm expression of monitored DNA fragment.

Nakurte et al., (2012) and Mitchell et al., (2013)
observed presence of lunasin peptide in cereals and their
results indicated importance of mass spectrometry in cereal
proteome analysis to confirm lunasin gene detection.

Presence of lunasin in triticale (X Triticosecale Wittmack)
confirmed by Nakurte et al., (2012) indicated, that triticale
is the most lunasin-rich cereal. The greatest lunasin content
was 6.46 mg.g”' in the grain of triticale genotype 0002-26.
In comparison, the highest lunasin content in rye variety
Dankovske Diament was 1.5 mg.g”' of grain and the highest
lunasin content in the winter wheat variety Fredis was
0.23 mg.g”" of grain. They conclude that triticale can play
significant role as functional food, with great potential for
the use of triticale products in human and animal diets.

Results of Nakurte et al., (2012), which detected lunasin
peptide in wheat and triticale corresponds to our observation
about presence of lunasin gene in colour wheat genotype.

Jeong et al, (2009) focused their research on
identification of lunasin peptide in rye (Secale cereale L.)
cultivars. Lunasin was present in 15 out of 21 cultivars of
analyzed rye cultivars. Lunasin present in rye crude protein
preparation was stable to pepsin and pancreatin in in vitro
digestion. They concluded that lunasin in rye is bioavailable
and that consumption of rye may play an important role of
cancer prevention in rye consuming population. Wheat is
close relative to rye and therefore is possibility of wheat
utilization in cancer prevention. Our results indicate
presence of lunasin gene in wheat. Although lunasin peptide
presence in wheat is contradictory, observation obtained by
Nakurte et al., (2012) and Jeong et al., (2007) are in
agreement with our observations.

Lunasin peptide detection in oat genotypes (4vena sativa
L.) was performed by Nakurte et al., (2013). Lunasin was
detected using LC-MS/MS analysis. They observed
genotype-related fluctuations in the lunasin content. The
highest lunasin level was 0.197 mg.g”' of grain. There was
also no correlation between lunasin and protein content, but
genotype-dependent variations of the lunasin content was
demonstrated during different years. Therefore, is very
important to study influence of farming system, crop
management and climate conditions on lunasin content in
cereals as well as clarifying if consumption of lunasin-
containing foods plays as important role in cancer and
cardiovascular disease prevention.

Jeong et al., (2010) also elucidated role of cereals in
cancer prevention. They reported the prevalence;
bioavailability and bioactivity of lunasin from barley.

The liver and kidney of rats were fed with lunasin-
enriched barley and inhibits the activities of histone acetyl
transferases.

These findins and our results indicated that lunasin is
prevalent in cereals and is bioavailable and bioactive.
Consuption of cereals could play an important role of cancer
prevention in cereal-consuming populations.

Recombinant production of the therapeutic peptide lunasin
was widely studied by Kyle at al., (2012). They used a
pET28 vector to express cellulose binding domain (CBD)-
lunasin fusion with a hexahistidine tag and Tobacco Etch
Virus protease site, to allow protease-mediated release of
native lunasin. The use of CBD as a fusion partner gave high
protein yields by autoinduction, with lunasin release by
TEV protease cleavage. This approach could provide a
potentially valuable route for production of this therapeutic
peptide.

CONCLUSION

Utilization of 2 sets of primer pair in 4 combinations
showed suitability of F1IR1, F2R1 and F2R2 primer pair
combination for detection of lunasin gene. Identification of
lunasin gene may be used for chromosome site
identification and genetic manipulation with promotor to
enhance gene activity and production of desirable level of
peptide.
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EFFECT OF THE ADDITION OF HYDROCOLLOIDS
ON THE RHEOLOGICAL AND BAKING PROPERTIES OF THE PRODUCTS
WITH ADDED SPELT FLOUR (TRITICUM SPELTAL.)

Tatiana Bojnianskd, Jana Smitalovd, Alena Vollmannovd

ABSTRACT

The paper presents the results of the evaluation of the effect of additives on the rheological properties of composite flour
made of wheat flour in the amount of 70% and spelt flour at 30%. As additives guar gum (0.5% by weight of flour) and
xanthan gum (0.16% by weight of flour) were used. Properties of produced control dough and doughs with hydrocolloids
were evaluated by means of rheological appliances by Farinograph, Extenzograph, Amylograph and Rheofermentometer.
Based on the observed results it can be concluded that the addition of xanthan gum has a positive effect on increasing of
farinographic water absorption capacity, extension of dough development time and dough stability and generally positively
affected farinographic properties. The addition of guar gum has improved especially extensographic properties as
extensographic energy and extensographic resistance. Based on amylographic evaluation of control doughs and doughs with
additives it can be stated that in the dough with guar gum the amylographic maximum has slightly increased. Hydrocolloid
guar gum contributed to an increased retention capacity of dough observed. Based on our measurements we can indicate
that addition of guar and xanthan gum contributed to an increased rheological quality of doughs prepared with addition of
flour from spelt wheat. With reference to the baking experiment it was found that the use of hydrocolloids has a positive
effect on the improvement of the baking properties, in particular larger volume, specific volume, and the volume yield of
the dough with the addition of guar and xanthan gum compared to the control. Our results showed that aditives significantly
influenced rheological qualities of dough and a baking quality of products. These findings thus allow optimizing the recipe

in order to increase the technological quality of leavened bakery products.

Keywords: hydrocolloids; guar gum; xanthan gum; rheological properties; frozen dough

INTRODUCTION

Spelt wheat (Triticum spelta L.), family (Poaceae) is like
common wheat (Triticum aestivum L.) classified as
hexaploid wheat with 42 chromosomes and a six-rowed
ear. Contrary to the common wheat spelt wheat has the
husk that protects the grain against pests, insects and
microbial contamination (Krko$kova et al.,, 2011;
Filipéev et al., 2014). Spelt wheat can be described as old
European cultural wheat that is currently grown in Western
Europe, in Austria, Germany, Belgium, Switzerland and
northern Spain. Its popularity is increasing due to the
lower cultivation demands, and it is also suitable to be
grown in foothill areas with poor soil and excess rainfall. It
is used in various forms - such as grains, also for
production of pasta, crackers, bread and beer (Bojiianska
et al., 2002).

The dry matter of common wheat grain is composed of
saccharides in an amount of about 70%, with the most
important part of the saccharides being starch at
60% — 65%, which consists of amylose (26% — 28%) and
amylopectin  (72% — 74%). The proportion of
oligosaccharides of the total saccharides content is about
2% to 3%. The amount of total dietary fibre in grains
varies from 9% to 12%, of which about 2% are made up of

soluble fibre and the rest being insoluble fibre (Feillet,
2000; Pruska-Kedzior et al., 2008; Escarnost et al.,
2012).

The seed of spelt wheat contains about 15% of protein
and the albumin portion is 13% of the total protein content,
3% is of globulins, 40% of prolamins, and 45% glutelins
(Krkoskova et al., 2005; Pruska-Kedzior et al., 2008). It
was found that the digestibility of spelt proteins is better in
comparison to wheat protein, but the difference is minimal
(Ranhotra et al., 1995). The amount of essential amino
acids of the total amino acids in common wheat and spelt
wheat differs only marginally, and this difference is not
statistically significant suggesting a very similar protein
quality (Grela, 1996; Abdel-Aal et Hucl, 2002).
Bojiianska et al. (2002) indicated that the amount of
gluten varies in the range from 30% to 52%.

The grain of spelt wheat contains approximately 3% of
fat, predominantly located in the embryo, aleurone, and at
the lesser degree in endosperm (about 1.5% of the total
lipids) (Delcour et Hoseney, 2010). Fatty acids are
represented mainly by linoleic acid (60%) and palmitic
acid (17%), and these are lower amounts compared to their
content in common wheat. Another major fatty acid is
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oleic acid (18% in spelt wheat which is 6% more than in
common wheat) (Escarnot et al., 2012).

Spelt wheat is similarly to the common wheat a source of
B group vitamins with approximately 1.5% concentrated
mainly in germ. Ranhort et al., (1995) found out
comparable amounts of thiamine and riboflavin in the
grains of spelt wheat and common wheat. According to
findings by Bojnanska et al.,, (2002) the amount of
minerals varies between 1.8% and 2.3% depending on the
variety and the year. The similar results reported also
Ranhort et al., (1995) and Ruibal-Mendiet et al., (2005).

Based on these findings it can be concluded that spelt
wheat is therefore technologically and nutritionally
suitable raw material for the use in bakery products
affecting also their sensory characteristics.

Hydrocolloids are high molecular and hydrophilic
biopolymers performing several functions in the food
industry. The most significant features are their ability to
control the rheological properties and texture of food. In
the baking industry they are added in particular to stabilize
emulsions, suspensions and foams and to improve the
processing properties. Among other properties they have
the ability to inhibit starch retrogradation, retain moisture,
improve the overall structure, and slow down aging of
products. They can be used as a substitute for fat and eggs
(Arozarena et al., 2001; Collar et al., 1999; Garcia -
Ochoa et al., 2000; Piihoda et al., 2003; Kohajdova et
al., 2008 a, b; Magala et al., 2011; Rodge et al., 2012;
éedivy et al., 2013; Eduardo et al. 2014; Qiu et al.,
2015). An important positive feature is that the use of
hydrocolloids even in small quantities (less than 1% by
weight of flour), has a significant impact on enhanced
ability of dough to bind water, increase the volume of
products, slow retrogradation of starch and thus extend the
shelf life of bakery products (Collar et al., 1999; Khan et
al., 2007; Skara et al., 2013).

Guar gum is defined as the ground endosperm of the
seeds of natural strains of the guar plant, Cyamopsis
tetragonolobus (L.) Taub. (family Leguminosae) and it
consists of hydrocolloidal polysaccharides of high
molecular weight composed of galactopyranose and
mannopyranose combined through glycosidic linkages,
which may be described chemically as galactomannan (FC
SR, Decree 1). The plant grows mostly in India and
Pakistan, but since 1950 it has also been grown in Texas
and Arkansas as a commercial = commodity
(Achayuthakan et Suphantharika, 2008). Kohajdova et
al., (2008a) reported that bread with addition of guar gum
had after baking better baking properties, such as a higher
volume and improved sensory quality, particularly more
attractive appearance and aroma, softer crumb and firmer
crust.

Xanthan gum is an exocellular polysaccharide of
microbial origin that is produced by aerobic fermentation
of sugar by the bacterium Xanthomonas campestris. China
is its largest producer in the world (Hojerova et al., 2005;
Achayuthakan et Suphantharika, 2008; FC SR Decree
2; Tao et al.,, 2012). The main chain of xanthan gum is
formed by B-D- (1,4) glucose units and the side chains are
composed by residues of D-glucuronic acid and two
mannose moieties D (VeliSek, 2002). Xanthan gum has an
impact on strengthening links between flour proteins and
thereby firming the dough structure. Baked products with a

xanthan gum have larger volume, and optimum shape in
comparison to products without this additive. During
dough preparation xanthan gum binds to the starch and by
that slows down its retrogradation, which is to be said by
experts one of the main reasons of products staling (Collar
et al., 1999; Arozarena et al., 2001; Rosell et al., 2001;
Gimeno et al., 2004; Ashwini et al., 2009).

MATERIAL AND METHODOLOGY

In the study, the effect of the addition of hydrocolloids of
xanthan and guar gum to composite flour from spelt wheat
on the rheological properties of dough was addressed. The
results were compared with objective baking properties of
baked products.

To prepare control loaves wheat flour T 650 was used.
The second group of loaves was made from composite
flour, based on wheat flour T 650 in an amount of 70%
(Mlyn Pohronsky Ruskov a.s., Hlavnad 76, 935 62
Pohronsky Ruskov, Slovakia) with an addition of spelt
wholemeal flour at 30% (company J. Vince s.r.0., 925 91
Kralova nad Véhom 320, Slovak Republic). According to
recipe fresh compressed yeast was used (Trencianske
drozdie, Old Herold Hefe, s.r.o., Bratislavska 36, 911 05
Trencin, SR). In wheat and composite flour, the moisture
was determined (%) (ICC Standards No. 110/1 (1976)),
as well as content of crude protein (%) (ICC Standard
No. 105/2, (1994)) and content of ash (%) (ICC Standard
No. 104/1 (1990)). Rheological measurements of prepared
composite flour and wheat flour were made by means of
Farinograph-E, Brabender OhG, Duisburg, Germany
(ICC Standrd 115/1 (1992), AACC Method 54-21
(1995)). Based on these measurements following
characteristics were determined: farinographic flour water
absorption capacity (%), dough development time (min),
dough stability (min), farinographic quality number. By
means of Extensograph-E, Brabender OhG, Duisburg,
Germany (ICC - Standard 114/1 (1992), AACC Method
54-10 (1995)) extensographic energy (cm?),
extensographic tensibility (mm) and extensographic
maximum (EU) were determined. By means of
Amylographe-E, Brabender OhG, Duisburg, Germany
(ICC-Standard 126/1, AACC Method 22-10 (1995)) the
initial gelatinization temperature (°C), the maximum
gelatinization temperature (°C) and the amylographic
maximum (AU) were determined.

The recipe of dough, which was tested in
rheofermentometer consisted of 250 g of composite flour,
fresh yeast in an amount of 2.8%, which was dispersed in
water and added to flour during dough preparation in
farinograph. After the first minute salt was added in an
amount of 2%, and mixing continued for six minutes. The
volume of added water depended on flour water absorption
capacity to produce dough of optimal consistency. 315 g of
dough was then inserted into Rheofermentometer Rheo F4
(Tripette & Renaud Chopine, Villeneuve-la-Garenne,
France) (AACC Method 89-01.01) in order to determine
during a three-hour test total volume (cm®), volume of CO,
lost (cm?), retention volume (cm®), retention coefficient R
(%) (ratio of the volume that was detained in the dough to
the total volume of produced CO,).

Experimental loaves were prepared from a mixture of
flour (350 g of wheat and 150 g of soy flour), sucrose (5
g), salt (9 g), yeast (20 g) and water addition based on
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farinographic water absorption capacity. Bread experiment
was carried out without the use of enzyme-active
substances and other improvement agents. The
development of dough took place in a laboratory mixer
Diosna SP 12. After that the dough was elaborated and
formed into loaves that stayed yeasted in a yeasting room
for 20 minutes at temperature of 30 °C and were baked in
an oven Miwe Condo at 240 °C with steaming (baking
time 20 min). The baked loaves were evaluated by
objective methods and the volume of products (cm’), a
specific volume of products (cm’.100g™), volume yield
(cm’.100g™" flour), cambering (the ratio between height
and width) were determined.

RESULTS AND DISCUSSION

The function of hydrocolloids lies in their ability to
modify dough and improve its rheological properties, thus
contribute to the maintenance of its quality (Yaseen et al.,
2010). Another important function of the gums is their
ability to enhance the absorption of water in the baked
products (Mandala et al., 2008) resulting in effecting the
rheological properties of the dough and the extended shelf
life of the products as they prevent migration of water
during the staling of bread (Fanta et al., 1996; Collar et
al., 1999, Kohajdova et al., 2009).

Table 1 shows the effect of the addition of guar and
xanthan gum on farinograph characteristics of composite
flour. The addition of 0.5% of guar gum reduced
farinograph water absorption capacity and development of
dough compared to samples without this additive. Rodge
et al., (2012) found that the addition of guar gum worked
on shortening the time of dough development and
extending dough stability. The application of 0.16% of
xanthan gum we have implemented within our
experiments did not significantly affect the water
absorption capacity of the mixture, but contributed to the
prolongation of the dough development. We have found
that the addition of guar and xanthan gum had a positive
effect on the stability of the dough extension and on the
farinographic quality number, which was significantly
higher (by 30) than in the control sample. The fact that the
xanthan gum in the recipe contributes to increase of
farinographic water absorption capacity, extension of
dough development and its stability was also confirmed by
Rosell et al., (2001) and Davari-Ketilateh et al., (2013).

Time of dough development depends on the amount and
quality of gluten, granularity of flour and the level of
grinding and is determined primarily by the process of
gluten hydration (Dodok et Szemes, 1998). Strong flour is
according Muchova (2007) defined as one that will during
processing bind large amount of water, will reach optimum
rheological properties slowly and retains them for a long
time.

The results presented in Figure 1, which expresses
amylographic evaluation of samples, show that the
addition of guar gum and xanthan gum in all observed
samples caused a slight decrease in the initial
gelatinization temperature in comparison to a control
sample without the gums. Hydrocolloids according to
Mandala (2012) impact the acceleration of gelatinization
and slow down the retrogradation and our results are
consistent with these findings. We also noted that the
addition of xanthan gum did not affect the maximum
temperature of gelatinization.

The optimum value of amylographic maximum should
vary in wheat flours between 300 AU and 650 AU, which
is a sign of optimum amylase activity and products from
these flours are identified as technologically very good
(Dodok et Szemes, 1998; Sedivy et al., 2013). Very high
curve values of amylographic maximum above 800 AU
predict flours with low amylase activity, and thus we can
assume that the products from them would have very dry
crumb with potential cracks and bland taste.

The results presented in Figure 2 describing
extensographic parameters of composite flour with the
addition of spelt flour and hydrocolloids show that with
increasing time of maturing the value of extensographic
energy has increased. Optimal values according to Sedivy
et al., (2013) are between 90 cm” and 300 cm®. After thirty
minutes of maturing the highest value of extensographic
energy was in the sample with guar gum at 94 cm’, then
the sample with xanthan gum at 84 cm” and lowest in the
control sample without hydrocolloids at 80 cm’. After
thirty minutes of maturing the highest value of
extensographic energy was in the sample with guar gum at
94 ¢cm?, then the sample with xanthan gum at 84 cm” and
lowest in the control sample without hydrocolloids at 80
cm’. Based on our findings it can be concluded that the
best value of extensographic energy was in samples with
guar gum.

Table 1 Farinographic parameters of composite flour (70% T 650 and 30% spelt wheat flour with addition of

hydrocolloids).
farinographic dough dough stability farinographic
Flour flour water development min quality
sample absorption time min number
capacity %
70%T650 + 30% T. spelt fl
° o - speltHout 62.0 5.3 7.7 101
control
70%T650 + 30% T. spelt flour +0,5%
’ o SPERHOHT LT 51.0 3.8 9.6 131
guar gum
0, 0, o
70%T650 + 30% T. spelt flour +0,16% 62.1 72 10.6 131
xanthan gum
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Figure 1 Amylographic parameters of composite flour with addition of spelt wheat and hydrocolloids.
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Picture 3 Reofermentometric parameters of composite flour with addition:
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Higher value of extensographic resistance is a sign of
strong gluten of good quality, which is mechanically
resistant during manipulation with dough (PFihoda et al.,
2003). We found that with increasing time of maturing the
dough resistance and extensographic maximum have
increased which can be considered a positive result.

A comparison of the effect of hydrocolloids on
extensographic maximum and dough resistance shows that
guar gum had a significant impact on increasing of these
values and it predicts products with a good volume.

For leavened bakery products the high elongation of
dough is not desirable (Dodok et Szemes, 1998). Optimal
values for wheat flour are according to Sedivy et al.,
(2013) from 120 mm to 200 mm (+8 mm). With increasing
of dough maturing time there was a slight decrease of
elongation spotted in a control sample as well as in dough
sample with the addition of hydrocolloids. In dough from
composite flour with the addition of guar gum after fifteen
and thirty minutes of maturing the elongation has
increased in comparison to control.
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Table 2 Results of bakery experiment with composite flour of 70% T 650 and 30% flour from spelt wheat with addition

of hydrocolloids.

70% T650+30%
T. spelt flour

70% T650+30%
T. spelt flour

70% T650+30%
T. spelt flour

control +0,5% guar gum +0,16% xanthan gum

Loaf volume cm’ 200.0 2125 2125
Specific loaf volume (cm’.100g) 226.7 240.0 242.5
Volume recovery

3 320.0 340.0 340.0
(cm’.100g flour)
Recovery of product (%) 141.1 141.5 140.4
Baking loss % 14.6 13.8 14.6

Similar results describing that the addition of guar gum
influenced the increasing of elongation were published by
Ribotta et al., (2004). Addition of hydrocolloids increased
dough resistance during manipulation, which is from
technological view point of significant importance.

Reofermentometric evaluation, the results of which are
presented in Figure 3 showed that the addition of guar and
xanthan gum does not significantly affect dough retention
capacity. It can be regarded as positive that in dough with
the addition of xanthan gum the breaking point occurred
about nine minutes later, and in dough with guar gum even
12 minutes later than in the control dough without
additives. Similar results in which the guar gum
demonstrated itself as an additive delaying the time at
which a break point occurs, and which increases retention
were also found in the previous research with doughs
made from flour of common wheat.

Results of experimental baking presented in Table 2
show that guar and xanthan gum positively influenced the
total volume of products, the volume yield and specific
volume compared with products without hydrocolloids.
Similar results regarding the positive impact of
hydrocolloids on baking properties were published by
Kohajdova et al., (2008a). Table 2 also shows that the
addition of hydrocolloids did not influence the baking
yield and baking loss during baking, since they were in all
variants at a comparable level.

CONCLUSION

Summarizing and comparing the results of rheological
evaluation of composite flour with the addition of spelt
flour showed that the addition of guar gum extended
dough stability time and increased dough farinograph
number of quality compared to the control.

Significant ~ improvement of  the  farinograph
characteristics was observed in dough with the addition of
xanthan gum, and this finding is very positive. Addition of
guar gum in an amount of 0.5% positively influenced and
improved extensographic properties of composite flour.
Guar gum contributed to the increase of amylographic
maximum, but in this case it can be considered as negative
because an excessive increase of this value predicts
reduced sensory quality of baked products.

The use of xanthan gum, in contrast to guar gum
optimised amylographic properties, and thus an excellent
quality of the crumb can be predicted. Evaluation of

composite flours in reofermentometer showed that using of
guar gum may slightly increase dough retention capacity,
which is technologically positive finding, because
maintaining of fermentation gas is a key factor to ensure
sufficient volume of bakery products. Based on the
evaluation of baking experiment it can be concluded that
the loaves containing added guar and xanthan gum
achieved compared to a sample without additives better
indicators of bakery quality, which was reflected mainly
by higher volume, specific volume and volume yield.
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EFFECT OF DIFFERENT PHYTOGENIC ADDITIVES ON OXIDATION
STABILITY OF CHICKEN MEAT

Marek Bobko, Peter HaScik, Martin Mellen, Alica Bobkova, Jana Tkacova, Peter Czako, Adriana
Pavelkova, Lenka Trembecka

ABSTRACT

The aim of the study was to evaluate the oxidative stability (TBARS method) of breast and thigh muscle after application of
feed mixtures enriched by phytogenic additives. The experiment started with 150 pieces one-day-old chicks of Cobb 500
hybrid combination. They were divided into one control (C) and two experimental groups (1% EG and 2™ EG). Each group
included 50 chicks. In experimental groups, feed additives were applied as followed: 100 mg.kg™ Agolin Poultry (in the 1*
EG) and 500 mg.kg™" Agolin Tannin Plus (in the 2™ EG). Experimental broiler chickens were fed during 42 days by ad
libitum. Chicken meat samples of breast and thigh muscle were analysed in the 1% day, 1%, 2™, 3™, 4™ 5™ and 6™ month of
storage in frozen storage at -18 °C. We recorded positive influence on chicken meat oxidative stability in all experimental
groups with application of phytogenic feed additives. Obtained results showed that applied phytogenic additives had
positive influence on oxidative stability of breast and thigh muscles. At the end of frozen storage (in 6™ month), we found
higher malondialdehyde (MDA) values and lower oxidative stability (p <0.05) of breast muscle in control group
(0.167 mg.kg™") compared to experimental groups (from 0.150 mg.kg™ in 1. EG to 0.155 mg.kg" in 2. EG). In the thigh
muscle, we found similar tendency of oxidative changes as in the breast muscle. At the end of frozen storage (in the 6™
month), MDA average values of thigh muscle were higher (» <0.05) in control group (0.181 mgkg") compared to
experimental groups (1. EG 0.164 mg kg™ and 2. EG 0.169 mg.kg™). Significant differences (p <0.05) between the control
and experimental groups were found from the 5™ month of storage in thigh and breast muscle. Obtained results indicate
positive influence of phytogenic additives applied in chicken nutrition, namely on stabilization of fatty substance to

degradation processes.

Keywords: phytogenic additives; chicken meat; oxidative stability

INTRODUCTION

Phytogenic feed additives (PFA) are commonly defined
as plant-derived compounds incorporated into diets to
improve the productivity of livestock through amelioration
of feed properties, promotion of the animal’s production
performance, and improving quality of food derived from
those animals. Although this definition is driven by
purpose of use, other terms are commonly used to classify
the vast variety of phytogenic compounds, mainly with
respect to origin and processing, such asherbs (flowering,
nonwoody, and nonpersistent plants), spices (herbs with
intensive smell or taste commonly added to human food),
essential oils (volatile lipophilic compounds derived by
cold expression or by steam or alcohol distillation), or
oleoresins (extract derived by nonaqueous solvents).
Within phytogenic feed additives, the content of active
substance in products may vary widely, depending on the
plant part used (e.g. seeds, leaf, root, or bark), harvesting
season, and geographical origin. The technique for
processing (e.g. cold expression, steam distillation,
extraction with nonaqueous solvents, etc.) modifies the
active substances and associated compounds within the
final product (Windisch et al., 2008; Jacela et al., 2010).
This is class of feed additives is at present used to a great
extent as alternatives to the antibiotic growth promoters in
poultry and swine nutrition (Wati et al., 2015).

Aromatic plants, also known as herbs and spices, have
been used in the Middle East since approximately 5000
BC for their preservative and medical properties, in
addition to enhancing the aroma and flavour of foods
(Chang, 2000). Their use continues undiminished today
and according to the World Health Organization (WHO)
nearly 80% of the planet population, especially in
developing countries still depends on plant produced
medicines for their healthcare (Grubik-Fakim, 2006).
Currently, there is an increasing interest in using herbs and
spices in animal nutrition, in order to replace the use of
antibiotics and ionophore anticoccidials, especially after
the ban of antibiotics feed additives within the European
Union countries in 2006 and discussions to restrict their
use outside Europe (Greathead, 2003; Windisch et al.,
2008; Hashemi and Davoodi, 2010; Yitbarek, 2015).

The nutritional properties of poultry meat are highly
valued; it is a meat with low fat content and less saturated
fatty acid than the most ruminant tissues (Starcevi¢ et al.,
2015). At average broilers have from 3.5 to 5.0% of fatty
tissuses. Poultry fat contain higher amount of
polyunsatured fatty acids than fatty tissues other
slaughtered animals. Exactly, polyunsatured fatty acids
are the most sensible fractions to oxidation processes.
Lipid oxidation oxidation in meat is one of the reasons for
quality degradation during storage. This process is
associated with the presence of free radicals that lead to
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the production of aldehydes responsible for the
development on rancid flavours and changes in the colour
of meat (Fasseas et al., 2007). The rate of oxidation
increases in result of the following: (1) high intake of
oxidized lipids and prooxidants; (2) deterioration of
sensitive polyunsaturated fatty acids (polyunsatured fatty
acids); and (3) low intake of antioxidative nutrients. In
muscle foods, oxidative reactions continue postmortem
and are a leading cause of quality deterioration during
processing and storage. With a relatively high proportion
of PUFA, poultry meat is more susceptible to oxidative
processes, specifically lipid oxidation, than beef or pork
(Smet et al., 2008). Lipid oxidation is a major cause of
meat quality deterioration which lowers the functional,
sensory and nutritive values of meat and neat products;
and therefore, consumer’s acceptability (Bou et al., 2004).
Oxidative stability of poultry meat is influenced not only
by bird genotype but also feeding, rearing practices and the
degree of muscle tissue damages during preslaughter, e.g.
physical damage, early post-mortem conditions, pH and
carcass temperature (Morissey et al., 1998; Zamora and
Hildago, 2001). These factors could by manipulated by
supplementing the animal diet with phytogenic compounds
such as different essential oils and polyphenols to improve
animal productivity and the quality of food derived from
those animals (Lee et al., 2003; Jang et al., 2004; Okuda,
2005).

Phytogenic feed additives are often applied into the feed
mixtures, because they improve the taste and odour of feed
and subsequently, body weight gain and feed intake are
increased and feed conversion is improved, too
(Angelovicova et al., 2010). Phytogenic feed additives
enhance productivity through the improvement of
digestibility, nutrient absorption and elimination of
pathogens residents in the animal gut (Athanasiadou et
al., 2007). Digestive stimulation by phytogenic additives is
achieved through stimulation of salvia secretion, liver,
pancreas and intestine enzymes activities, intestine
function and morphohistology and metabolism (Peri¢ et
al,, 2010). Antioxidant effects of plant extracts may be
used to slow or prevent the fat oxidation in food products
(Rababah et al., 2004). Application of oils and plant
extracts in poultry nutrition is important for health state of
animals and animal performance as well as for oxidative
stability of produced meat (Franki¢ et al., 2009).
Antioxidant activity of plants and their extracts is directly
correlated with phenols content (Chrpova et al., 2010).
Several studies about phytogenic additives in poultry
nutrition were published, mainly about application of
aromatic herbs like a cloves (Isabel and Santos, 2009), a
rosemary (Sperﬁ:’nkové et al., 2007), a cinnamon (Ciftci et
al., 2010), an anise (Al-Kassie, 2008), an oregano (Fikova
et al., 2009) and a salvia (Hernandez et al., 2004).

The aim of the experiment was to determine the oxidative
stability in the most valuable parts of chicken carcasses
(Cobb 500 hybrid combination) during the frozen storage
(6 months) after application of phytogenic feed additives
Agolin Poultry, Agolin Tannin Plus, in their diet.

MATERIAL AND METHODOLOGY
Animals and diets

The experiment was undertaken in poultry test station
Zamostie Company. The experiment started with 150
pieces of one-day-old hybrid chicks Cobb 500, which were
divided into 3 groups (n = 50): control (C) and 2
experimental groups (1% EG and 2™ EG).

Experimental broiler chickens were fed during 42 days
by ad libitum system with feed mixtures: BR1 starter feed
mixture (until the 10" day of age), BR2 growth feed
mixture (from 11" to 20™ day of age), BR3 growth feed
mixture (from 21% to 35" day of age) and BR4 final feed
mixture (from 36" to 42™ day of age). Feed mixtures were
produced with coccidiostats in powder form.

Nutritional value (Table 1) of feed mixture was the same
in each group during the whole experiment. However, the
diet of broiler chickens in experimental groups were
supplemented by feed additives on base of acids and plant
essential oils: Agolin Poultry at a dose of 100 mgkg"
(1" EG); Agolin Tannin Plus at a dose of 500 mgkg”
(2" EG).

Sample analysis

At the end of feeding (day 42™) from each group were
selected 10 pieces of chicken for slaughter analysis.
Slaughtering and cutting of chickens were undertaken in
the Department of animal products evaluation and
processing. To determine changes in lipid degradation
(determination of thiobarbiturates numbers, TBA) the
samples of chickens were boned and thigh and breast
muscle packed into polyethylene bags and stored for 6
months at -18 °C.

TBARS analysis

TBA value expressed in number of malondialdehyde
(MDA) was measured in the process of first storage day of
1%, 2nd 314t 5t and 6" months. TBA number was
determined according to Marcinéak et al., (2006).
Absorbance of samples was measured at a wavelength of
532 nm on UV-VIS spectrophotometer T80 (PG Limeted
Instruments, UK). Results were calculated as the amount
of MDA in 1 kg of sample.

RESULTS AND DISCUSSION

The lipids in poultry exhibit a higher degree of
unsaturation compared with red meat, because of a
relatively high content of phospholipids. The degree of
unsaturation of phospholipids in subcellular membranes is
an important factor in the determination of oxidative
stability of meats. The oxidative potential increases as the
degree of unsaturation of lipids in meat increases (Coetzee
and Hoffman, 2001). The oxidation of lipids is influenced
by the addition of antioxidant substances. The practical
application of antioxidants can be difficult from the point
of view of hygiene and technology. It is much better when
natural antioxidants are incorporated in feed mixes (KuSev
et al., 1996).
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Table 1 Composition of the diets.

Starter Grower 1 Grower 11 Finisher
Ingredients (%) 1" to 10™ 11" to 20" (21° to 35" (36™ to 42™
day of age) day of age) day of age) day of age)
Maize 46.33 48.50 50.05 50.91
Wheat 14.00 15.00 15.00 15.00
Soybean meal (45% CP") 30.00 26.60 28.00 26.70
Fish meal (72% CP") 2.50 2.00 - -
Dried blood 2.00 2.00 - -
Soybean oil 1.00 1.80 2.80 3.00
Monocalcium phosphate 1.60 1.25 1.30 1.48
Calcium carbonate 1.37 1.55 1.50 1.56
Fodder salt 0.20 0.30 0.35 0.35
Lysine 0.27 0.15 0.15 0.16
Methionine 0.27 0.18 0.17 0.20
Threonine 0.09 0.10 0.08 0.07
Vitamin premix 0.05 0.04 0.04 0.03
Micromineral premix 0.04 0.04 0.04 0.04
Enzyme phytase 0.015 0.015 0.015 0.015
Wheat meal 0.215 0.12 0.10 0.135
Maxiban (Narasin+Nicarbasin) 0.05 - - -
Sacox (salinomycin sodium) - 0.055 0.055 -
Analysed composition (g.kg™)
Crude protein 220.00 207.00 197.00 188.00
Fibre 20.00 24.00 28.00 29.00
Lysine 14.00 12.50 12.50 11.50
Methionine 6.00 5.20 5.20 5.00
Ca 9.00 8.50 8.50 8.50
P (non-phytate) 4.20 4.00 4.00 4.00
Na 1.60 1.60 1.60 1.60
"MEx (MJ kg™ 12.30 12.75 13.15 13.15

Legend: 'CP — Crude protein, “MEy — Metabolizable energy.

Table 2 Effect of frozen storage (-18 °C) on the concentration of MDA (mg.kg™) in breast muscle (mean +SD).

Time of Group

storage Control 1.EG 2.EG

Day — 1 0.108 £0.009" 0.101 £0.010° 0.098 £0.008"
Month — 1 0.119 £0.009" 0.117 +0.0009* 0.117 £0.009°
Month — 2 0.127 £0.009* 0.124 £0.010° 0.126 £0.009°
Month -3 0.137 £0.015° 0.131 £0.006" 0.131 £0.008*
Month — 4 0.143 £0.006" 0.139 £0.012% 0.137 +0.010°
Month -5 0.155 £0.006" 0.144 £0.006® 0.147 +0.013°
Month - 6 0.167 £0.010° 0.150 +0.018° 0.155 +0.011°

The results of the oxidation stability determined in breast
muscle of chickens COBB 500 during 6 months storage
at -18 °C are shown in Table 2. Immediately after
slaughtering and processing of poultry samples we
recorded low values of MDA. Obtained results indicate
that addition of antioxidants had effect on reducing of
oxidation processes in meat. Process of production of meat
products (cutting, grinding, and mixing) causes
degradation of muscle membrane system and has a strong
influence on oxidation of intracellular fat, primarly
phospolipids (Bystricky and Dic¢akova, 1998). During
freeze storage of the breast muscles (6 months) were
detected increased content of MDA in comparison to the

first day of storage. During whole period of freeze storage
were higher values of MDA determined in control group
compare to experimental groups. The higher average MDA
value determined in breast muscles of broiler chicken
hybrid combination COBB 500 was in samples of control
group (0.167 mg.kg™") compared to experimental groups
E2 (0.155 mgkg") and E1 (0.150 mg.kg") after 6-month
of freezing storage. Significantly higher values of MDA
were determined in control group compare to experimental
group from fifth month to the end of storage. Reached
results oxidation stability breast muscle during freeze
storage are in accordance with Ahadi et al., (2010);
Marcincak et al., (2010).
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Table 3 Effect of frozen storage (-18 °C) on the concentration of MDA (mg.kg™) in thigh muscle (mean +SD).

Group
1.LEG

2.EG

Time of

storage Control

Day -1 0.129 £0.013°
Month -1 0.132 +0.009*
Month -2 0.139 £0.004*
Month -3 0.148 £0.011?
Month — 4 0.160 £0.012?
Month -5 0.171 £0.011%
Month - 6 0.181 £0.021*

0.125 £0.011%
0.129 £0.005"
0.135 £0.005"
0.143 £0.011°
0.151 +£0.012%
0.159 +£0.014®
0.164 £0.013°

0.120 £0.008*
0.128 +0.009*
0.136 £0.010°
0.146 £0.015°
0.156 £0.015°
0.163 £0.008°
0.169 £0.009"

Trend of thigh muscle oxidation stability of chicken
hybrid combination COBB 500 was during 6 months of
freeze storage similar than in breast muscle. The results of
the oxidation stability determined in thigh muscle of
chickens COBB 500 during 6 months storage at -18 °C are
shown in Table 3. The higher average MDA value
determined in thigh muscles was in samples of control
group (0.181 mgkg") compared to experimental groups
El (0.164 mgkg") and E2 (0.169 mg.kg") after 6-month
of frozen storage. Significantly higher values of MDA
were determined in control group compare to experimental
groups from fifth month to the end of storage. Higher
amount of MDA in thigh muscle compare to breast muscle
is due to by higher amount of fat occurred in thigh muscle
Botsoglou et al., (2002).

Reached results of oxidation stability determined in
chicken meat of hybrid combination COBB 500 after
phytogenic additives addition in their diet are in
accordance with Imik et al., (2010) and Rahimi et al.,
(2011). The possibilities of wusing alternative feed
supplements containing various antioxidant active
substances for poultry which increase the oxidation
stability of the meat during its period of freeze storage are
showen in works of SkFivan et al., (2010); Karaalp and
Genc (2013).

Botsoglou et al.,, (2007) reported that a higher
concentration of antioxidants in poultry meat has the effect
of reducing lipid oxidation, i.e. there is a reduction in
MDA values during chilling and refrigeration storage,
which was confirmed by our findings. Also Samouru et
al., (2007) and Ramos Avila et al., (2013) state that the
degradation pathways of fatty substances play one of the
main causes of foods deterioration and unpleasant odours.
This factor is also responsible for the loss of flavour,
texture, appearance, nutritional value of food, increases the
drop losses, pigment, polyunsaturated fatty acids, fat-
soluble vitamins, reduces the quality of meat intended for
human consumption and ultimately reduces its stability,
shelf life and safety.

CONCLUSION

Results achieved in the experiment show that the addition
of different phytogenic feed additives (Agolin Poultry and
Agolin Tannin Plus) in feed mixture for broiler chickens
had a significantly (p <0.05) positive impact on the
reduction of oxidative processes in the breast and thigh
muscles during 6 months freeze storage at -18°C.
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IDENTIFICATION OF DIFFERENCES IN CHEMICAL COMPOSITION AMONG
WHOLE STICK AND SLICED NITRAN SALAMIS TROUGH PRINCIPAL
COMPONENT ANALYSIS

Tomds Fekete, Marek Snirc, Lubomir Belej, Jozef Golian, Peter Zajdc, Jozef Capla

ABSTRACT

The subject of this work was to examine differences in chemical composition of sliced and whole stick Nitran salamis,
purchased from various manufacturers. Nitran salamis are traditional dry fermented meat products of Slovak origin. Taking
into account variations in raw materials, production process and potential adulteration, differences in chemical composition
within one brand of salami from different manufacturers might be expected. Ten salamis were determined for basic
chemical composition attributes and Principal Component Analysis was applied on data matrix to identify anomalous ones.
It has been shown that six attributes, namely: protein without collagen of total protein, total protein, total meat, total fat,
collagen of total protein and NaCl, were the most important for salamis as first two Principal Components together
explained 70.16% of variance among them. Nitran D was found to be the most anomalous salami, as had the lowest value of
protein without collagen of total protein (14.14% +0.26%), total protein (17.42% +0.44%), total meat (120.29% +0.98%)
and the highest one of total fat (50.85% +0.95%), collagen of total protein (18.83% %0.50%) and NaCl (9.55% £1.93%),
when compared to its whole stick variant Nitran C and other samples. In addition to collagen of total protein content, Nitran
D together with Nitran A, F and H did not satisfied the legislatively determined criterion, which is <16%. This suggested
that extra connective tissues were added to intermediate products, which resulted in high variability and inferior quality of
final products. It is a common practice in the meat industry to increase the protein content or water binding properties of

meat products.

Keywords: PCA; Nitran salami; quality; protein; collagen

INTRODUCTION

Salamis are dry fermented meat products that are popular
across most of European countries (Fabbri and Cevoli,
2015). Such countries or their geographic regions produce
characteristic salamis trough traditional manufacturing
processes. In brief, meat (pork and beef) and fat are
minced and mixed with salt, curing agents (nitrate and
nitrite), spices, herbs, sugar, starter cultures and other
additives such as non-meat proteins (Fongaro et al., 2015;
Cevoli et al., 2014). The mixture is stuffed into natural or
artificial casing and then subjected to fermentation and
drying (ripening) stage (Fongaro et al., 2015). During
these phases, physical, chemical and microbiological
transformations take place in salami (Jerkovié¢ et al.,
2010; Martin-Sanchéz et al., 2011), gradually giving a
product with characteristic colour, flavour, taste and
texture (Papavergou et al., 2012). The degree of changes
and the final quality of salami depend on product
formulation, the variations in raw meat used, the starter
culture and processing conditions (Marino et al., 2015;
Van Schalkwyk et al., 2011, Zajac et al., 2015).

After ripening, when the desired characteristics are
reached, the product can leave the ripening room and is
ready to be placed in market (Fongaro et al., 2015).
However, the physical and biochemical activities inside
the salamis are not stopped at this phase and proceed at a
rate depending on several factors, mainly temperature. In

particular, further water lost can be avoided by using of
modified packaging atmosphere (Tabanelli et al., 2013).
Taking into account variations in raw materials, production
process and potential adulteration, differences in chemical
composition within one brand of salami from different
manufacturers might be expected.

The subject of study was to identify the differences in
chemical composition of traditional Slovak Nitran salamis
in relation to the manufacturer and variant (i.e. either
whole sticks or slices packaged in modified atmosphere)
using Principal Component Analysis (PCA).

The PCA is multivariate statistical method used for the
identification of the most important directions of
variability in a multivariate data matrix and presenting the
results graphically. This technique has already been used
by Bianchi et al., (2007) who discriminated between the
two kinds of Italian salamis according to profile of volatile
compounds. Herranz et al., (2008) applied the PCA on
the fatty acid profile in order to separate Milano-type
salamis into different groups. Van Schalkwyk et al.,
(2011) performed PCA on chemical composition of
salamis from game meat, in order to examine differences
and consumer acceptability. Corral et al., (2013) used this
technique to examine the relationship among reduction of
salt content and textural parameters, chemical composition
and physical properties of Italian salamis.
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MATERIAL AND METHODOLOGY
Samples

Ten Nitran salamis from five different manufacturers
were purchased from local supermarkets in Nitra,
Slovakia. From each manufacturer, Nitran salami was
purchased as whole stick and slices packaged in modified
atmosphere. Salamis were labelled and assigned by codes
according to variant (W = whole stick, S = slices) and
manufacturer (number 1 — 5) (Table 1).

Chemical analysis

Analysis of chemical composition was accomplished at
Department of Food Hygiene and Safety, SUA, Nitra,
Slovakia. Determined attributes were as follows: the
content of water (W), ash (A) and NaCl according to ISO
1442:1997, 1SO 937:1998 and ISO 1841-1:1996,
respectively; content total fat (TF) by acid hydrolysis and
ether extraction according to AOAC 991.36; content of
total protein (TP) by Kjeldahl method according to AOAC
2011.11 (content of nitrogen multiplied by factor 6.25) and
content of hydroxyproline (H) according to ISO
3496:1994. The content of collagen (C) was calculated by
multiplying of H with factor 8. The TP was used to
calculate the protein without collagen as percentage of
total protein (P-CTP), the collagen as percentage of total
protein (CTP). Apparent total meat content (TM) was
calculated according to McLean (1999). Each
determination was performed in triplicate and results
represent mean values with standard deviations (SDs).

Statistical analysis

The means and SDs of numeric data were computed
using Microsoft Office Excel 2010. The PCA analysis was
then performed on mean values of numeric data for 9

Table 1 Codes for salamis.

Salamilabel Variant Manufacturer
Nitran A \\% 1
Nitran B S 1
Nitran C \\% 2
Nitran D S 2
Nitran E \\% 3
Nitran F S 3
Nitran G \\% 4
Nitran H S 4
Nitran I \\% 5
Nitran J S 5

attributes (without H) using the TANAGRA 1.4.50
software. In order to enchance the interpretation of
principal components (PCs), both the CTR coefficients
(contributions of points to dimensions) and the correlation
coefficients among attributes were calculated within the
PCA.

RESULTS AND DISCUSSION

Table 2 summarises the means and SDs of the
measurements.

The correlation coefficients among attributes are shown
in Table 3. There existed several strong correlations
among some attributes. Besides the positive and moderate
correlation with P-CTP, TM and A, TP correlated with 3
attributes (NaCl, CTP and TF) negatively and 2 attributes
(C and W) slightly. The weak correlation among TP-
related attributes and W was expected, as salamis are
basically dried and should have low content of water after
drying and ripening stage (Corral et al., (2013).

Table 2 Means and standard deviations of measurements for salamis attributes.

Sample 1\&? A(%) W(%) TF%) H®%) C®%) TP%) © ((,C/;P ((3021)’ T™ (%)
Nitran A 3.99 5.32 35.06 36.62 0.52 4.16 23.19 19.03 17.94 148.12
+1.19 +0.04 +0.55 +1.33 +0.08 +0.97 +0.18 +0.21 +0.44 +2.49
Nitran B 3.44 4.39 31.33 43.12 0.37 2.96 20.84 17.88 14.20 142.31
+0.75 +0.18 +0.91 +1.13 +0.05 +0.17 +0.10 +0.97 +0.97 +1.78
Nitran C 1.19 5.02 31.82 39.29 0.31 2.48 23.10 20.62 10.74 149.05
+0.58 +0.27 +1.07 +0.82 +0.02 +0.22 +0.58 +0.58 +0.82 +1.85
Nitran D 9.55 4.68 28.09 50.85 0.41 3.28 17.42 14.14 18.83 120.29
+1.93 +0.05 +0.51 +0.95 +0.12 +0.41 +0.44 +0.26 +0.50 +0.98
Nitran E 3.30 4.88 34.87 38.19 0.44 3.52 24.94 21.40 14.13 159.51
+1.33 +0.17 +0.16 +0.42 +0.10 +0.24 +0.15 +0.74 +1.21 +1.59
Nitran F 3.61 4.40 35.44 36.46 0.48 3.84 22.12 18.28 17.36 141.13
+1.80 +0.11 +1.27 +0.74 +0.06 +0.45 +0.62 +0.23 +1.32 +0.71
Nitran G 1.25 4.89 33.82 39.52 0.41 3.28 21.75 18.47 15.08 131.26
+0.36 +0.20 +0.46 +0.60 +0.22 +0.22 +0.34 +0.34 +0.71 +0.57
Nitran H 3.85 4.70 22.80 49.79 0.51 4.08 24.62 20.54 16.57 162.01
+1.17 +0.30 +1.50 +0.31 +0.03 +0.70 +0.83 +0.63 +0.94 +1.14
Nitran I 3.65 4.58 33.37 39.44 0.38 3.04 20.81 17.77 14.61 133.00
+1.05 +0.09 +0.46 +1.04 +0.02 +0.56 +0.70 +0.50 +1.24 +1.82
Nitran J 4.42 5.45 23.29 47.95 0.44 3.48 22.25 18.77 15.64 144.50
+0.86 +0.13 +0.38 +0.42 +0.05 +0.28 +0.51 +0.22 +0.35 +0.66
Volume 10 171 No. 1/2016



Potravinarstvo® Scientific Journal for Food Industry

Table 3 Correlation coefficients among attributes of chemical composition of Nitran salamis.

P-CTP TP NaCl ™ CTP TF C W A
P-CTP 1.00
TP 0.97 1.00
NacCl -0.75 -0.65 1.00
™ 0.90 0.93 -0.46 1.00
CTP -0.57 -0.35 0.71 -0.31 1.00
TF -0.39 -0.35 0.62 -0.14 0.31 1.00
C 0.12 0.36 0.22 0.34 0.75 0.04 1.00
W 0.07 0.04 -0.35 -0.14 -0.14 -0.91 -0.11 1.00
A 0.29 0.32 -0.11 0.23 -0.05 0.02 0.16 -0.22 1.00

Table 4 Results from the PCA analysis for the first
five PCs.

Proportion of ~ Cumulative

Principal Eigen . .
variance variance
component  value e (%) explained (%)
I 402 4491 4491
2 227 2525 70.16
3 1.55 17.24 87.40
4 0.84 9.36 96.76
5 0.24 275 99.51

The results of the PCA analysis are presented in Table 4.
Four PCs were extracted that accounted for 96.76% of the
total variation. The first 3 of these PCs explain together
87.40% of total variation. In other words, these PCs are the
most important, because 87.40% of total variance for
Nitran salamis, in the 9 considered attributes, can be
condensed into three new attributes (PCs). The eigen value
of PC correspond with its importance.

For example, when Bianchi et al., (2007) performed the
PCA on the class of aldehydes, the first two PCs
accounting for the 68.00% of the variance, allowed to
group the salamis according to their kind. Herranz et al.,
(2008) analysed nutritional indices in Milano salamis
using 4 attributes and found that first two PCs for salamis
explained 76.50% of the total variation. Van Schalkwyk
et al., (2011) found the first two PCs analysing variables
of sensory, microbiological, textural and physicochemical,
from matured game salamis explained 86.74% of the total
variability of those measurements. In Italian salamis,
Corral et al, (2013) reported that 57.87% of total

variation is explained by the first two PCs with
measurements using number of parameters including fat,
protein and water content.

Table 5 shows that all attributes of salamis had similar
proportion (correlation value) in the 1* PC except for C, W
and A. After P-CTP, the most important attributes for the
1 PC were TP, TM, TF, CTP and NaCl. So, the 1% PC is
mainly defined by these attributes, while the 2™ one is
mainly described by C, TF, TM and W. The 3" PC the best
describes differences in TF, CTP, W and C among the
samples. The 4™ PC is predominantly defined by A, as that
had little importance in the previous PCs. Ultimately, the
last 5™ PC explains the smallest proportional variance
among attributes.

Figure 1, Figure 2 and Figure 3 display the correlation
scatterplot of attributes on first four PCs. The attributes are
interpreted according to the correlations among each other
(Table 3) and each PC (Table 5). Thus, attributes close to
each other are positively correlated, attributes separated
180° are negatively correlated, whereas if they are
separated by 90° they are independent.

The Figure 1 displays that P-CTP is the most positively
correlated with TP and TM. On the other hand, this
attribute group is negatively correlated with TF, CTP and
NaCl, which are, by contrary, positively correlated to each
other. The 2™ PC is the best characterized by C and W
because they are placed farthest from its origin. The 3™ PC
shows that TF is in the highest negative correlation with C
(Figure 2). The Figure 3 indicates the independence of A
from other attributes.

The most valuable asset of the CTR coefficients (Table
6) to the PCA consists in their utility, when finding the
samples that contributed to the particular PC markedly is

Table 5 Correlation coefficients in the eigen vectors (loadings) for the five first PCs, with percent and total percent

contributions to explained variance.

Attribute PC1 PC2 PC3 PC4 PC5
D % (tot%) p % (tot%) p % (tot%) p % (tot%) p % (tot.%)
P-CTP 0.96 93(93) 022 5(98) 007 1(99) -0.07 1(99) 0.04  0(99)
TP 091 83(83) 038 15(98) -0.09 1(99) -0.08 1(100) 0.01 0(100)
NaCl 086 74(74) 030  9(84) -0.08 1(84) -0.01 0(84) 039 16(100)
™ 079 63(63) 050 26(89) 0.02 0(89) -024 6(95) 0.19  4(99)
CTP 0.64  41(41) 046  22(63) -0.60 37(99) 001 0(99) -0.07 1(100)
TF 058 34(34) 056 32(66) 054 30(9) -0.15 3(99) -0.02  0(99)
C 001  0(0) 071 52(52) -0.68 46(98) -0.05 0(98) -0.12 2(100)
W 028 8(8) -0.70 50(58) -0.61 38(9) 0.08 1(97) 0.5  3(99)
A 026 7(7) 041 18(24) 0.3  2(26) 0.85 73(100) 0.04 0(100)
Variation explained  4.04  45(45) 227 25(70) 1.55 17(87) 0.84  9(97) 024  3(100)
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Table 6 CTR coefficients of samples to each PC.

Salami CTR to PC1 CTR to PC2 CTR to PC3 CTR to PC4 CTR to PC5
Nitran A 1.37 4.02 29.53 22.63 1.27
Nitran B 0.54 6.57 3.34 14.07 0.00
Nitran C 13.68 9.97 23.87 2.54 3.60
Nitran D 66.15 0.05 0.37 0.24 10.97
Nitran E 15.51 0.23 1.84 0.89 33.41
Nitran F 0.02 1.93 25.84 9.15 2.34
Nitran G 0.23 6.90 0.28 4.65 41.04
Nitran H 1.40 41.73 1.85 25.59 4.84
Nitran I 0.78 12.16 0.01 0.45 0.23
Nitran J 0.33 16.45 13.06 19.78 2.31

needed, i.e. to uncover the anomalous parameters of the
samples in which they differ in each other (Table 5).
According to the CTR coefficients for 1* PC it can be
noted that variance in P-CTP, TP, TM, TF, CTP and NaCl
is mainly given by opposition between Nitran D
(CTR = 66.15) and remaining samples of Nitran salamis
(CTR <16.00) (Table 6). Numeric data confirm this, as
Nitran D had the lowest content of P-CTP, TP and TM

| /cTp A ™,
bt
w
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TP
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Figure 3 Correlation scatterplot — PC1 vs. PC4.

(14.14%, 17.42% and 120.29%, respectively) and the
highest one of TF, CTP and NaCl (50.85%, 18.83% and
9.55%, respectively).

Collagen content is used as an index of the quality for
fermented and dried meat products (da Silva et al., 2015).
However, the total content is limited by regulatory
agencies (Sentandreu and Sentandreu, 2014). According
to Decree of the Ministry of Agriculture of the Slovak
Republic and the Ministry of Health of the Slovak
Republic no. 1895/2004-100 establishing a chapter of
the Food Codex of the Slovak Republic regulating meat
products (2005), fermented and dried meat products have
to contain maximally 16% CTP. Thus, the values above
this limit indicate extra addition of collagen or its
hydrolysates, which is a common practice in the meat
industry to increase the protein content or water binding
properties of meat products (Sentandreu and
Sentandreu, 2014). Nitran D was not the most in
accordance with this criterion among the salamis
(CTP = 18.83%). On the contrary, Nitran E, C and H
belonged to group of the TP-rich salamis, when compared
to Nitran D, though Nitran H did not satisfy CTP content.

The positions of labels on the loading plot also
correspond with this observation (Figure 4). Nitran E, C, H
and A are clustered together on the right side of the
scatterpplot, because of similarities in attributes explained
by 1% PC. However, Nitran D, due to its unlikeness, is
separated from other salamis, on the left opposite side of
the scatterplot.

The CTR coefficients indicated that Nitran H, J, I and C
also marcantly contributed to variance in C, TF, TM and
W, described by 2™ PC. Nitran H and A were those with
the highest amount of C (4.08% and 4.16%, respectively),
whereas Nitran C contained the lowest one (2.48%). But in
turn, Nitran H and J had the lowest content of W (22.80%
and 23.29%, respectively) and the highest one of TF
(49.79% and 47.95%, respectively). Salami is one of the
meat products that contain high fat content, usually up to
30% (Pramualkijja et al., 2015).

The CTR values for 3™ PC showed that Nitran A was the
poorest in TF (36.62%), but on the other hand the richest
in C and CTP (4.16% and 17.94%, respectively) (Figure
5).

Nitran H, A, J and B contributed to variance in A, which
was explained by 4™ PC. Nitran H and B belonged to the
group of low content of A, while Nitran A and J belonged
to that one with the highest one (5.32% and 5.45%,
respectively) (Figure 6).
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CONCLUSION

It can be concluded that the PCA has shown how
chemical attributes of salamis are grouped in the
independent sets. In both the 1% and the 2™ PCs, the
P-CTP, TP, TM, TF, CTP and NaCl attributes had the
highest loadings. In other words, these attributes explained
the large part of observed variation in chemical
composition among Nitran salamis, which make these
attributes as a main predictor of salamis quality. The most

distinct differences in these attributes were observed
within a pair of Nitran salamis from manufacturer 2
(Nitran C and D). The sliced variant (Nitran D) had the
lowest value of TP-associated attributes and the highest
ones of TF, CTP and NaCl, even within all the salamis.
Besides Nitran D, Nitran A, F and H also did not satisfy
CTP content specified in the Decree of MASR and MHSR
no. 1895/2004-100, which might indicate extra addition of
connective tissue. The CTP content of Nitran B, C, E, G, I
and J was in accordance with the decree, whereas Nitran C
was that sample with the lowest one (10.74%). Some
differences in other attributes were also observed within
and among the all couples of salamis, which confirmed the
uniqueness of each one. These differences were notable,
but not so relevant compared to those described by 1* PC.
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EVALUATION OF THE NUTRITIONAL QUALITY OF VEAL
SUPPLEMENTED WITH ORGANIC SELENIUM AND ITS EFFECT
ON SELENIUM STATUS OF PEOPLE

Klara Vavrisinovad, Jana Mrazova, Ondiej Bucko, Petra Lendrtova, Jana Moravcikova

ABSTRACT

In the first stage of our research we found out a higher content of selenium in the meat of calves of experimental group
(with added the organic form of selenium to the feed mixture) compared to control group (fed without organic form of
selenium). In the second stage of our research we focused on monitoring the impact of selenium enriched veal meat and on
selenium concentration in blood serum and the selected biochemical parameters of lipid spectrum of the experimental group
of volunteers. Ten people who were participating in the research were at the age range between 29 — 56 years. All the
volunteers consumed veal meat enriched with organic selenium for 4 weeks. Before starting the experiment we took venous
blood of the volunteers and this blood was considered as a control sample of selenium in blood serum of the experimental
group. Selenium concentration in blood serum of the examined group was determined by an average of 58.31 £5.36 ug.L"!
and none of them reached the optimal level of selenium. Consequently, we carried out the additional blood sampling after
2 and 4 weeks of the consumption of veal meat. There was registered a slight increasing of selenium status, whereas after
the finishing the consumption, we determined the average selenium concentration in blood serum of the experimental group
60.73 +4.05 pg.L"'. The evaluation of lipid profile of the experimental group showed (after input blood sampling) higher
values of total cholesterol level and lower levels of HDL cholesterol. This fact shows the higher risk of starting the
cardiovascular diseases. Reported research results didn’t show statistically significant changes of blood lipid spectrum of
the experimental group. We concluded that the consumption of supplemented veal meat can positively affect the level of

selenium in our body and thereby increase it can increase the protective effect against the influence of free radicals.

Keywords: organic selenium; supplementation of veal; veal quality; selenium status; lipid profile of poeple

INTRODUCTION

The importance of selenium was proved in 1957, when
the presence of selenium was found in so-called factor 3
which is the prevention against necrosis in the liver of the
rats. In 1976 many experiments showed obvious necessity
of selenium for people, in spite of that, it was pointed on
its negative effects in the 1940s of last century. Nowadays,
an interest about selenium and its role and significance in
food considerably increased because many researches
point out the importance of this element for the health of
people. In the past, we only knew its toxic effect on the
organism but present studies focus on, that a lack of
selenium can cause cardiovascular diseases and also
oncogenous diseases (Hegedus et al., 2007). Selenium
belongs to the important antioxidants which improve
defensive power of the organism and these antioxidants
also protect some elements of food, mainly vitamins and
food fats against unwilling oxidation. It is important
essential mineral element which is important for the health
of people and animals. The selenium together with the
vitamin E positive influence on the technological
characteristics (properties) of meat because of its
antioxidants features (Pavlata et al.,, 2002). In food of
animal origin the concentration of selenium is given by the
nourishment of the animal or its content in feedstuff
(Lyons et al.,, 2007). According to several publications,
the use of organic selenium in animal nutrition and

consumption the products of these animals are accessible
source of selenium in the human diet (Fisinin et al., 2009).
Mainly at red meat in this regard refers Wiliams (2007),
however probably its concentration is of the heavily
influenced by nutrition. Marounek et al., (2006) in the
experiment found out differences in the content of
selenium in veal. In group experimental group (with
selenium yeast) was content Se higher compared to the
control group. In the different parts of world there are also
different intake of selenium in people and animals. It is
also regarded according to the selenium status, it means
saturation of the organism by this microelement and its
combinations. Selenium status depends on different factors
such as absorption, food intake, excretion according to
biological accessibility (Ermidou-Pollete et al., 2005).
The concentrations of selenium in blood plasma/serum of
people in the European countries are in the scale between
60 — 111 pg.L™". Selenium status in Slovak population is in
the low limits of this scale (Combs, 2001). Thomson
(2004) confirmed starting concentration of selenium in
blood serum for protective effect against the influence of
free radicals 100 - 200 pg.L"'. Selenium has a strong
antioxidant activity and participates in the system of
conversion of aggressive oxidant products, transforms
intracellular free radicals into less reactive or neutral
elements (Elasal et al., 2014). Increased intake of
selenium decreases the risk of starting the cancer and
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softens the progress of other pathological processes
causing oxidative stress and an irritation (Luka¢, 2007).
Sufficient supplementation with selenium of the animals is
important not only because of good health state and utility
of the animals, but it can be increased in human population
by higher content of selenium in the products. The features
of organic form of selenium allow an effective transfer in
foodweb. It is used in the world practise in modern
approach of the production of so-called functional articles
of food. The animal products can belong to this category
and they are enriched by organic selenium (Lagin et al.,
2009).

The aim of work was evaluation physical and chemical
patrameters of veal enriched of organic selenium and its
effect on selenium status of people.

MATERIAL AND METHODOLOGY

Two groups of calves (10 +10 heads) to 150 kg of the
body weight (at the same time, the same age and rearing
condition) were reared for the purposes of the experiment.
The difference between the groups was in the feeding after
weaning to the end of experiment. The organic form of
selenium was added to the feed mixture in the
experimental group (selenium content per 1 kg of mixture
was: E8 form 1.12 mg and 3b8.10 form 0.8 mg). The
control group was fed without organic form of selenium.

There was analysed an effect of supplementation of veal
meat on selenium status and we also examined chosen
biochemical parameters of lipid spectrum of the
consumers. In the experiment was selected group of
people. People who participated in the research were
represented by 5 women and 5 men at the age scale
between 29 — 56 years, with the average age of the
experimental group which was 46.3 +8.34 years. The
experimental group consisted of the healthy volunteers,
without any healthy problems and pathologic changes in
basic biochemical parameters in blood. All the members of
the experimental group didn’t use supplements before
starting the clinical study, and not also during the
realization of the research.

Referring to our experiment which was focused on
monitoring the impact of supplementation of selenium to
the feeding mixture for the calves, we gain meat from the
MLT in the experimental groups of the animals. Meat
which was enriched by selenium was canned in 1% salt
brine in the airtight cans and sterilised them in the
thermostatic pot.

Meat was sterilised for 3 hours and the temperature was
100 °C. The consumption of veal meat was done three
times a week during 28 days individually. The amount of
meat was 130 g.

The biochemical examination of blood tests before

starting the consumption was carried out. The 1% blood
sampling was determined total cholesterol level, a level of
HDL-cholesterol, LDL-cholesterol level, triglycerides and
concentration of selenium in blood of the experimental
group of the volunteers. We did the 2™ (repeated) blood
taking after two weeks of consumption of supplemented
veal meat and the last (the 3™) blood taking was done
immediately after finishing the consumption. The samples
of blood serum were stored in the fridge on the
temperature 80 °C after their separation and consequently
after de-freezing them we specified (estimated)
biochemical parameters of blood serum of the
experimental group.
Biochemical parameters of blood were defined by the
estimation analyser (estimation device) Biolis 24i premium
(Tokyo Boeki Medisys, Japan). Total cholesterol,
triglycerides were determined by calorimetric method fy
Randox CHOD-PAP and HDL cholesterol level, LDL
cholesterol level were defined by direct method clearance
fy Randox.

The atomic absorptive spectrometer made by the
company Perkin-Elmer 4100ZL (Norwalk, CT, USA) was
used for defining the concentration of selenium. This
spectrometer has cross heating electrothermic atomizer
(THGA, Part No.B050-4033). And this spectrometer was
also used in connection with automatic feeder machine
with the samples AS-70. We wused corrector of
Zemanovsky for the correction of the background. EDL
(System 2) for Se (Perkin-Elmer) was used as a source of
radiation, which was working in 260 mA. The wave length
was 196.0 nm and width of the gap (crack) was 2.0 nm.

We evaluated gained data from the experiments by
adequate  biostatistical methods using applicative
programmes. Statistical data processing was realised by
algorithms which were found in the applications SAS in 9
and also by statistical functions in MS Excel. Data
processing was also done by one factor analysis of
dispersion using ANOVA.

RESULTS AND DISCUSSION

The Table 1 showes the higher content of selenium in the
meat of calves of experimental group compared to control
group. There was not found significant differences in the
chemical composition between groups. Ing the meat of the
control group was higher decrease in pH levels at 24 hours
after slaughter. Marounek et al., (2006) in the experiment
found out higher Se content also in the control of the
experimental group (with the addition selenium yeast) and
also in the control group, compared with our results.

By the determined significant differences in selenium

Table 1 The physical and chemical patrameters and selenium content of m. longissimus thoracis et lumborum (MLT).

Control group

Experimental group

Parameters % +SD ~ <SD Significance
Se content (mg.kg™) 0.064 +0.003 0.101 +0.006 +++

Protein content (g.100g™) 22.510 £0.467 22.880 +0.798 -

IMF content (g.100g™") 1.703 +£0.358 1.893 +0.148 -

Water content (g.100g™) 74.707 £0.682 74.420 £0.349 -

pH; 6.313 £0.152 6.377 £0.037 -

pHy, 6.033 +0.029 6.173 £0.065 +
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content between the control and the experimental group we
can perform the second stage of the experiment. The veal
from the experimental group was used in the second stage.

The impact of supplementation of veal meat with organic
selenium on the concentration of selenium in blood of
the experimental group

In the second stage of our research was focused on
monitoring of veal meat enriched with organic selenium
and its influence on the concentration of selenium in blood
serum in the experimental group and we also examined
chosen biochemical parameters of lipid spectrum of
consumers.

The volunteers in the nutritional protocols where they
wrote what kind of food they ate during the whole day.
The nutritional software Alimenta version 4.3e was used to
intake of selenium from food of the volunteers (the
experimental group) during the days when they didn’t eat
veal meat enriched by selenium. Average daily taking of
selenium in the group of ten people we registered an
amount 131.34 pg.day™. The selenium intake of veal meat
supplemented was 10 pg.100g™”. According to The World
Health Organization taking selenium per day moves
between 50 to 200 pg.day” (Rayman, 2012).

The first blood sampling in the experimental group
before starting our research and we noticed that average
concentration of selenium was 58.31 +£5.36 pug.L", and we
can say that none of the volunteers had an optimal level of
the concentration of selenium in blood. The second blood
sampling we did after two weeks of consumption of
supplemented veal meat with organic selenium and we
marked slight increasing of selenium in blood serum in

average 59.99 +4.16 pug.L™'. The last blood taking was
done after finishing the consumption of veal meat enriched
by selenium. It was after four weeks and was also noticed
increasing of the concentration of selenium in blood in
average 60.73 +4.05 pgL”'. The results didn’t show
evidentiary changes in concentration of selenium in blood
serum of the experimental group. The results were made
after short time of consuming of veal meat with selenium
content. The particular concentrations of selenium in blood
are shown in the figure 1 and table 2.

According to determined concentrations of selenium in
blood is probably that the interval of the concentrations in
monitored group, which is 49.6 — 67.8 uglL’, is
comparable with the results of the last study which was
done in Slovakia by Mad’ari¢ and Karabova (1998).

They determined concentrations of selenium in blood
plasma of 1056 chosen people who were examined and
they were from different parts of Slovakia. This
concentration was in the range 46 — 77 ug.L"'. Another
similar research was done in Czech Republic by Stfitecka
et al. (2009). In this study was experimental group of 386
healthy people and the concentration of selenium in their
blood was in the range 52.9 — 73.43 ug.L™". This study also
approved slight deficiency of selenium concentration
similarly than it was shown in our experiment. Low levels
of selenium in blood which were shown in above
mentioned studies are connected with low saturation of
selenium in soil.

The influence of supplementation of veal meat enriched

61
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60 -
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59 1 58.31
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Concentration of seleniumin pg.L ™"
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1. sample

with organic selenium on lipid profile of the
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60.73
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2.sample 3. sample

Figure 1 Comparing the concentration of selenium in blood serum of the experimental group during the realisation

of the research.

Table 2 Selenium concentration in human blood serum.

1.sample pg.L"

2. sample pg.L"

3. sample pg.L"’

Sex x S min-max x S min-max x S min-max
Men 61.28 3.72 58.8—-67.8 62.30 2.75 58.8-65.4 60.88 391 56.7 - 66.9
Women 55.34 5.37 49.6 —62.2 57.68 4.25 54.5-63.4 60.58 4.64 55.4-65.5
Total 58.31 5.36 49.6 —67.8 59.99 4.16 54.5-65.4 60.73 4.05 55.4—-66.9
significance p > 0.05.
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Figure 2 Comparing the concentration of lipids in blood of the experimental group.

Table 3 The lipid profile in human blood serum.

PARAMETERS 1. SAMPLE 2. SAMPLE 3. SAMPLE
X +SD X +SD X +SD
Total cholesterol (mmol.L™") 5.80 +£1.34 5.98 £1.28 5.99 +£1.53
LDL cholesterol (mmol.L™") 3.70 £1.02 3.84 £1.05 3.87 £1.18
HDL cholesterol (mmol.L™") 1.27 £0.29 1.29 +0.26 1.39 +0.34
Triacylglycerols (mmol.L™") 1.86 £0.69 1.91 £0.48 1.60 +0.56

significance p >0.05.

In evaluation of lipid profile of the volunteers we
recorded increased values of total cholesterol which were
seen in entry blood taking and these values were in
average 5.80 +1.34 mmol.L"" and was found out low levels
of HDL cholesterol in average 1.27 £0.29 mmol.L" which
in 30% of the volunteers points on higher risk of
cardiovascular diseases. Ferencik et al., (2002) states that
the following parameters belong to the most important
effects of supplementation of selenium: they are -
decreasing of the risk of starting arteriosclerosis and
cardiovascular diseases, stimulation of immune system,
preventive effect against inflammatory diseases,
decreasing of virulence of some viruses.

Opposite of results of Ferencik et al., (2002) we didn't
found out a positive effect on concentration of total
cholesterol in blood in the experimental group during the
experiment, we can say that after short time of the
consumption of veal meat enriched with organic selenium
we found out that metabolism of lipids was better whereby
the concentration of HDL cholesterol increased and the
level of triglycerides slightly decreased. The results of our
research didn’t show statistically significant changes in
lipid spectrum of the volunteers in the experimental group.
The average values of the parameters of lipid profile are
shown in the Figure 2 and Table 3.

The impact of selenium on lipid profile was examined on
the experimental group of the animals. It was shown that
the supplementation of selenium decreased the value of
total cholesterol and also LDL cholesterol level and
increased the value of HDL cholesterol level whereas the
lack of selenium had an opposite effect.

It was found that an inactivation of synthesis of
selenoproteins of the mice causes increasing concentration
of cholesterol in plasma, increasing an amount of
apolipoprotein E, improves gene expression for
biosynthesis of cholesterol and decreases gene expression
which is responsible for metabolism and transport of
cholesterol. Relevancy of these studies connected with
people is a questionable. It is supposed that the association
between selenium status and the risk of starting the
cardiovascular diseases depends on selenium status of
monitored population (Rayman, 2011).

CONCLUSION

According to our results was concluded that the
application of organic selenium to feed mixture in the
fattening process of the calves has the significance for
effective transfer / transmission of essential microelement
selenium to the foodweb. Integration of veal meat enriched
with selenium to food of people leads to the increasing of
selenium status of consumers and it can also lead to the
protection of the cells of immune system against the
damage during oxidative stress.
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INFLUENCE OF HARVEST DAY ON CHANGES IN MECHANICAL PROPERTIES
OF GRAPE BERRIES

Sdrka Nedomovi, Vojtéch Kumbar, Pavel PavlouSek, Roman Pytel, Jaroslav Zacal,
Jaroslav Buchar

ABSTRACT

Changes in the composition, physical and mechanical properties occur in grape berries during the ripening process, but the
heterogeneity of the grapes harvested at different ripening stages affects the reliability of the results obtained. The
characterization of the mechanical properties of grape berries seems to be an important parameter for understanding grape
ripening. In this work, these changes were studied in seven grapevine varieties (Riesling, Blaufrédnkisch, Pinot Noir,
Cerason, Malverina, Laurot, and Hibernal) harvested during six consecutive weeks. Mechanical behaviour was measured
using compression and puncture tests using of TIRATEST 27025 testing machine. Skin mechanical properties were
evaluated using a puncture test carried out on the equatorial side. The dependence of these properties on the chemical
composition has been evaluated. These parameters of force/time curves were studied by puncture test: the berry skin break
force, the needle displacement at the skin break and the berry skin break energy. The crushing force, the plate displacement
at the crushing strength and the berry crushing energy were studied from force/time curves by compression test. Results of
the puncture test shows that there the skin break strength and the acidity content are monotonic functions of the time.
A comparison of different varieties from the point of the value of the crushing force was obtained by vertical and
transversal loading. The crushing force is monotonically decreasing function of the harvesting time like the break force
evaluated at the puncture test. The correlation between the skin break strength and the sugar content is significant namely
for the varieties: Hibernal, Riesling, Malverina, and Cerason.

Keywords: grapes; acidity; sugars; texture; rupture

INTRODUCTION

Wine grapes undergo numerous physiological and
biochemical changes during ripening inducing colour and
texture changes (Ribereau-Gayon et al., 2006; Coombe
and McCarthy, 2000; Letaief et al., 2013; Le Moigne,
2008). During ripening, changes in the composition and
structure of the cell wall as well as in the structure of the
tissue, may determine the mechanical resistance and the
texture of the fruit (Abbott, 2004; Brummell et al., 2004;
Hertog et al., 2004; Brummell et al., 2006; Deytieux-
Belleau et al., 2008; Rolle et al., 2011). Grapes with low
level of mechanical properties and damaged may be
contaminated by fungi (e.g. Penicillium expansum)
(Tancinova et al., 2016). From this point of view the
characterization of the mechanical properties of grape
berries seems to be an important parameter for
understanding grape ripening (Doumouya et al., 2014;
Carbajal-Ida et al., 2016; Fava et al., 2011). Previous
studies applied the puncture test to characterize and
compare the crunch texture of different table grapes (Sato
et al., 1997; Sato and Yamada, 2003) and to follow the
ripening process of white wine grapes such as Chardonnay
and Riesling (Lee and Bourne, 1980). These last authors
showed that the mechanical properties of grape skin
evolved during ripening and were significantly correlated
with the °Brix for most grapes. Further work showed

differences in mechanical properties of red wine grape
varieties at a chosen harvest maturity level (Letaief et al.,
2008) and differences in grape skin hardness (Rio Segade
et al.,, 2008). However, there is no published work
addressing the assessment of a mechanical method
designed to monitor wine grapes ripening.

Preliminary research on the grape texture change showed
that compression measurements were able to recognize
veraison (a marker stage of berry development) earlier
than a visual identification performed in the field, which is
of particular importance for white grapes for which the
colour change is slight (Robin et al., 1997; Grotte et al.,
2001). Bernstein and Lustig (1985) measured grape
firmness and showed the relationship between turgor
pressure and firmness. Zouid et al., (2013) show that the
instrumental texture analysis can be very useful for to
study the impact of the grapes heterogeneity according to
sugar level on the physical and mechanical properties of
Cabernet Franc grapes and to select the best instrumental
parameters of the whole berries or of the skin linked with
anthocyanins extractability. The next information on the
instrumental texture analysis is presented by Rolle et al.,
(2012).

The aim of this study was to define the best conditions to
describe grape texture during ripening in order to obtain
additional parameters that could be of benefit to ascertain
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the quality of ripening grape berries, in addition to the
physiological parameters commonly used such as the
acidity and sugar content.

MATERIAL AND METHODOLOGY

All grapevine varieties under study were grown in the
experimental vineyard of the aforementioned faculty. This
vineyard is situated in the vineyard site called “V
Mendeleu” (In Mendeleum) in the wine village Lednice
(region South Moravia, Czech Republic). The spacing of
plants was 2.2 x 1.0 m and the plants were trained using
Guyot pruning with 10 eyes per vine. This vineyard was
established in 1993 and all varieties were grafted on the
rootstock 5C.

Within the framework of this study altogether 3 cultivars
of Vitis vinifera L. — Riesling, Blaufrdnkisch and Pinot
Noir were evaluated together with 4 interspecific varieties:
Cerason, Malverina, Laurot, and Hibernal. These varieties
are maintained and evaluated within the framework of a
collection of genetic resources of grapevine. Berries were
sampled using the method described by Iland et al.,
(2004).

Berries were randomly picked once per week, during the
maturation period (from September to October in 2015).
For compression test has been chosen six different dates:
September 4 (week 1), September 13 (week 2), September
22 (week 3), September 30 (week 4), October 7 (week 5),
and October 13 (week 6). For puncture test has been
chosen the same dates without September 4 (week 1).

Each day of the harvest the following parameters were
evaluated total acids in grapes. Total acid was calculated
as all acids determined by HPLC method and expressed as
tartaric acid. Total sugar was the sum of glucose and
fructose (Katalinic et al., 2013). The detail description of
this method of analysis is described in Pavlousek and
Kumsta (2011) briefly.

Mechanical behaviour was measured using compression
and puncture tests. These tests were performed using of
TIRATEST 27025 (TIRA Maschinenbau GmbH,
Germany) testing machine. Skin mechanical properties
were evaluated using a puncture test carried out on the
equatorial side. Tests were performed with a cylindrical
needle probe of 0.56 mm in diameter at speed test of 10
mm-s”. Force/time curves were analyzed and three

parameters were studied: the berry skin break force Fy; in
Newton, the needle displacement py;, [mm]at the skin break
and the berry skin break energy Wy [J = N'-mm], see Eq.
(1). These tests have been conduced on the lateral side of
the berry, positioned on the base of the texture analyser
(Brummell et al., 2004).

Wk = fopSk Fgy dp. (1)

Whole berry mechanical properties were assessed using a
compression test. Berries were compressed both in the
equatorial position (perpendicular to berry height L, [mm])
and vertically along of the berry symmetry axis. The
compression velocity was also 10 mm-s™. The following
mechanical parameters have been measured: crushing
force F, [N], the plate displacement at the crushing
strength p. [mm] and the berry crushing energy W, [J =
N-mm], see Eq. (2). The crushing force is the compression
force that is necessary to cause the skin break when the
first grape juice is coming out (Brummell et al., 2004).

W, = [7°F, dp. @)

The results obtained were statistically analysed using the
statistical toolbox of software MATLAB version
7.12.0.635 (R2011a) (The MathWorks, MA, USA).
Evaluated were the means and standard deviations using
ANOVA with subsequent Tukey’s test at significance
levels of p <0.05.

RESULTS AND DISCUSSION

In the Figure 1 an example of the experimental record
force F' vs displacement p is shown. The same qualitative
features exhibited all experimental records. The force
increases up to some maximum value corresponding to the
skin break force F;. The force is non-linear function of the
displacement. This is slightly different result than that
obtained e.g. by Maury et al., (2009) and/or Rio Segade
et al., (2011). In these papers the considered dependence
was linear.

The berry skin break force F; for different wine varieties
is displayed in the Figure 2. This force decreases with the
time of the harvesting. It means this force exhibits a good
correlation with the content of total acids, see Figure 3.
This dependence is different for the different wine
varieties. It means the value of this force cannot be used
for the identification of single varieties.

o
©

o

FORCE F (N)

o
N

o
o

0 L \
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15 2
DISPLACEMENT p (mm)

25

Figure 1 Example of the experimental record break force — displacement during the puncture test.
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The dependence of the break force Fy on the sugar
content can be considered as a linear. The best correlation,
i.e. higher than 0.85 have been observed for the following
varieties: Hibernal, Riesling, Malverina, and Cerason. For
the remaining grapevines the correlation coefficient was
between 0.73 and 0.82. Nearly no correlation has been
found between displacement at the skin break py and the
total sugars content. Very good correlation has been also
found between the berry skin break energy W and total
content both of sugars and acids. Development of this
energy during the harvest period is displayed in the Figure
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In the Figure 5 an example of the experimental record of
the force F.— displacement during the compression test is
displayed. The qualitative features of this record are the
same like in the case of the puncture test, see Figure 1.
This conclusion is valid for both transversal and vertical
tests and for all winegrape varieties.

The average values of the crushing force F, for different
wine varieties are displayed in the Figure 6.

This force F, decreases with the time of the harvesting.
Qualitatively the same dependence exhibits crushing force
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Figure 2 Skin break force evaluated from the puncture test.
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Figure 3 Content of total acids in grapes of tested varieties.
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Figure 4 Berry skin break energy at the different days of the harvest.
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Figure 5 Example of the experimental record of the wine berry compression.
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Figure 6 Average values of the crushing force during harvesting period — transversal compression.

obtained at the vertical loading. The differences between
values of these force is described in the Table 1. In this
Table 1 corresponds to the situation when the crushing
force obtained during the transversal compression is higher
than that obtained at the vertical compression. Zero
corresponds to the opposite case.

It is evident that the crushing force corresponding to
Pinot Noir, Blaufrinkisch varieties evaluated at the lateral
compression is higher than that evaluated at the vertical
compression. The crushing force of remaining varieties
does not exhibit this tendency. The crushing force is
monotonically decreasing function of the harvesting time
like the break force evaluated at the puncture test. If we
perform a comparison of different varieties from the point
of the wvalue of the crushing force we obtain an
arrangement given in the Table 2.

The minimum value of the crushing force exhibits Pinot

Noir grapevine variety. The order of remaining varieties is
different at different days of the harvesting. The
arrangement made according to the crushing force
evaluated at the lateral compression is different from that
given in the Table 2, see Table 3.

The same arrangement according to the values of the
break force evaluated at the puncture test is given in the
Table 4.

The results are different from those obtained at the
compression test. Qualitatively the same conclusions can
be deduced from the values of the absorbed energy and
from the values of the displacements at the crushing force.
One can see that the critical values of the forces which
describe the strength of the berry skin (puncture test) and
the whole berry (compression test) gives a different order
of grapevine varieties at different days of harvesting.

As it has been mentioned in the introduction, grape

Table 1 Comparison of crushing force for transversal and vertical compression.

Week Hibernal Riesling Malverina Laurot Cerason Pinot Noir Blaufréinkisch

1™ 1 0 0 0 0 1 1

2 1 0 0 0 0 1 1

31 1 0 0 0 1 1 1

4" 1 1 1 0 1 1 1

st 1 0 1 1 1 1 1

6" 0 1 0 1 1 1 1
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Table 2 Order of grapevine varieties at the single data of their harvesting — vertical loading.

1™ week 2" week 3" week 4™ week 5™ week 6" week
September 4 September 13 September 22 September 30 October 7 October 13
Riesling Riesling Riesling Riesling Riesling Riesling
Malverina Malverina Laurot Laurot Cerason Hibernal
Laurot Laurot Malverina Malverina Malverina Laurot
Cerason Cerason Pinot Noir Pinot Noir Laurot Cerason
Blaufréinkisch Blaufrinkisch Blaufréinkisch Blaufrinkisch Pinot Noir Malverina
Hibernal Pinot Noir Cerason Cerason Blaufrinkisch Pinot Noir
Pinot Noir Hibernal Hibernal Hibernal Hibernal Blaufréinkisch
Table 3 Order of grapevine varieties at the single data of their harvesting — transversal loading.
1™ week 2" week 3" week 4™ week 5" week 6" week
September 4 September 13 September 22 September 30 October 7 October 13
Pinot Noir Pinot Noir Pinot Noir Riesling Blaufrinkisch Pinot Noir
Blaufrinkisch Blaufrdnkisch Cerason Cerason Riesling Riesling
Laurot Riesling Riesling Pinot Noir Laurot Laurot
Malverina Hibernal Blaufrinkisch Malverina Cerason Cerason
Cerason Malverina Hibernal Blaufrinkisch Pinot Noir Blaufréinkisch
Hibernal Laurot Malverina Hibernal Malverina Malverina
Riesling Cerason Laurot Laurot Hibernal Hibernal
Table 4 Order of grapevine varieties at the single data of their harvesting — puncture test.
2" week 3" week 4™ week 5" week 6" week
September 13 September 22 September 30 October 7 October 13
Malverina Malverina Malverina Malverina Pinot Noir
Riesling Riesling Laurot Laurot Malverina
Laurot Laurot Pinot Noir Pinot Noir Laurot
Pinot Noir Pinot Noir Riesling Riesling Riesling
Blaufrinkisch Blaufrinkisch Cerason Cerason Cerason
Cerason Cerason Blaufrdnkisch Blaufrdnkisch Hibernal
Hibernal Hibernal Hibernal Hibernal Blaufrinkisch
maturity is associated with changes in the composition and CONCLUSION

structure of the cell wall of skin and pulp as well as in the
structure of the tissue. Therefore, the test conducted on
whole berry, which assess the parameters such as crushing
strength etc., is actually the best test to monitoring the
ripeness, although the values of parameters measured can
be affected by rainfalls (Malheiro et al., 2011; Bonada et
al. 2015). In this type of test, pulp and skin data are
aggregate. On the contrary, by puncture test conduced with
thin rounded probe only skin characteristics can be
defined. Actually, the break skin force Fy could be
considered an important parameter to be monitored for the
assessment of the anthocyanins extractability. It means
both tests must be used for the evaluation of the berry
softening during the maturation.

A detail study of the mechanical characteristics of seven
winegrape varieties during ripening has been performed.
Results of the puncture test shows that there the skin break
strength and the acidity content are monotonic functions of
the time. The correlation between the skin break strength
and the sugar content is significant namely for the
varieties: Hibernal, Riesling, Malverina, and Cerason. The
correlation for the remaining varieties is weaker. Very
similar results are valid for the parameters of the
compression test. Results of these tests are dependent on
the loading orientation. The effect of this parameter is
different at different stage of the ripening. Generally the
results obtained in this work approved some previous
hypothesis that mechanical texture parameters were able to
show differences between grapes having different ripening
level. In order to support results performed up to now it is
necessary to perform some additional experiments with
different values of compression velocities and with
different diameters of the cylindrical needle probe.
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MicroRNA (miRNA) IN FOOD RESOURCES AND MEDICINAL PLANT

Katarina Raind, Milan Be3o, Lucia Hlavaékova, Jana Ziarovskd, Maridn Miko, Jan Gaso,
Miroslav Habdn

ABSTRACT

MicroRNAs (miRNAs) are a class of 19 — 24 nucleotide long non-coding RNAs derived from hairpin precursors,
regulating various biological, metabolic and developmental processes at the post-transcriptional level. Many of the known
miRNAs are evolutionary conserved across diverse plant species and function in the regulatory control of fundamentally
important biological processes. It is known that exogenous plant miRNAs specifically target approximately 30% of protein-
coding genes in mammals. The research was focused to analyze the occurrence of selected families of miRNAs (miR156,
miR168 and miR171) in less used species but nutritionally important plant food resources (flax and medlar) and medicinal
plant (milk thistle). The analyses were done by two individual approaches, by (a) miRNA-based molecular markers - as a
novel type of functional markers and (b) qualitative Real-Time PCR. The expression pattern of selected miRNAs was
analyzed depending on various plant tissues and developmental stages. Results have confirmed the significance and
reliability of novel type of markers based on miRNA molecules as well as the species-specific and tissues-specific
expression patterns of plants miRNAs. Significant polymorphism profile of miR156b was detected in various flax tissues of
genotypes varying in the content of alpha-linolenic acid. Conclusions indicate that the variable behavior of the miRNA
molecules, depending on various factors, may reflect the variability of the gene expression regulation of the human
genome. The exploitation of the background of miRNA functioning within different species and plant tissues will help us
to understand the molecular machinery as well as the regulatory mechanisms involved in the expression of miRNAs in

plants and consequently in human genome.

Keywords: miRNA; human nutrition; functional food; medicinal plant

INTRODUCTION

Recent findings show that genetic material in plant foods
may survive digestion, circulate through our bodies and
modulate our gene expression (Hirschi, 2012). Exogenous
plant microRNAs that are primarily acquired orally,
through food intake, are present in the sera and tissue of
various animals (Zhang et al, 2012). Microvesicles
(MVs) may encapsulate these miRNAs, because these
small vesicles are shed from almost all cell types. Stable
microRNAs in mammalian serum and plasma are actively
secreted from tissues and cells and can serve as a novel
class of biomarkers for diseases, and act as signaling
molecules in intercellular communication (Zhang et al.,
2012). MicroRNAs (miRNAs) are small RNAs that can
regulate target mRNAs by binding to their 3’-UTRs
(Singh et al., 2008), leading to either translation delay or
mRNA degradation (Erson-Bensan, 2014). A single
miRNA can regulate many mRNA targets, and several
miRNAs can regulate a single mRNA. All miRNAs have
similar secondary hairpin structures, many of these are
evolutionary conserved (Zhang et al., 2006). The high
conservation of miRNA sequences provides an opportunity
to develop a novel type of molecular markers (Fu et al.,
2013; Yadav et al.,, 2014; Mondal and Ganie 2014;
Ganie, Mondal, 2015).

miRNAs have been implicated in a number of diseases,
and both miRNA inhibition and activation show great
promise in the treatment of various types of cancer, and
viral and metabolic diseases (Singh et al., 2008).

Plants miRNAs play important roles in plant
development and physiology, as well as tolerance to
abiotic and biotic stresses (Taylor et al., 2014).
Expression of miRNAs in plants involves transcription
from MIRNA loci by RNA polymerase II, multi-step
processing of the primary transcripts, pri-miRNAs by the
Dicer-like complex in plants and Drosha and Dicer in
animals into precursors, pre-miRNAs with a characteristic
hairpin structure (Xie et al., 2010; Zhang et al., 2006).
Then, pre-miRNA is further cleaved to a miRNA duplex
(miRNA: miRNA*), a short double-stranded RNA
(dsRNA) and a mature miRNA. Finally, mature miRNAs
are predominantly incorporated in the in the RNA-induced
silencing complex (RICS) (Bartel, 2004).

The findings of Zhang et al., (2012) have demonstrated
that exogenous plant miRNAs in food can regulate the
expression of target genes in mammals. miR156a and
miR168a are abundant in rice and the miR168a is one of
the most highly enriched exogenous plant miRNAs in the
sera of Chinese subjects. Functional studies demonstrated
that MIR168a could decrease low-density lipoprotein
(LDL) removal from mouse plasma.
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Lukasik and Zielenkiewicz (2014) by in silico approach
identified in mammalian breast milk exosomes the highest
abundance levels yielded the ath-miR166a (ath,
Arabidopsis thaliana), while in the porcine breast milk
exosomes, the zma-miR168a, zma-miR156a (zma, Zea
mays) and ath- miR166a.

Several miRNA families have multiple members within
the same plant species. For instance, miR395 has 18
members in rice. Although they are conserved as mature
miRNA sequences, the other parts of miRNA precursor
differ widely, suggesting that the different members of the
same miRNA family may evolve at different rates within
the same plant species (Zhang et al., 2006).

As the link between metabolism and major disease
processes becomes more well-defined, the identification of
key molecular targets is leading to new therapeutic
strategies (Palmer et al., 2014). Dietary interventions have
been used to change metabolism and to potentially alter
disecase progression. Since microRNAs may fine tune
many molecular processes, it is reasonable to assume that
dietary alterations that induce miRNA changes will
modulate these pathways. Many microRNA families have
already been associated with various nutrient
interventions. MiRNA represent a link between nutrient
intake, obesity and insulin resistance, and disease (Ali et
al., 2011).

Within our research we are focused on the exploitation of
microRNA as molecular markers of plant genome
characterization and mapping their activity in different
plant species of nutritional and pharmaceutical importance
(Linum  usitatissimum, Messpilus germanica, Silybum
marianum, Hedera helix and Ginkgo biloba,), plant organs
and tissues (flower buds, flowers, bolls, leaves, seeds) and
developmental stages (flowers development, flowering,
seed development). The abundance of mature miRNAs,
which is linked to the expression of MIRNA genes, varies

greatly among different miRNAs, tissue types or
developmental stages, indicating the spatially and
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Figure 1 PCR amplification profiles generated with
lus-miR168-F/miR-R markers across tissues of buds (a),
flower petals (b), bolls (c), leaves (d) of flax genotypes.
Legend: M- 10 bp DNA Ladder, genotypes: 1- Amon,
2- Libra, 3- Raciol.

temporally regulated expression patterns of plant miRNAs
(Xie et al., 2010).

Understanding the function of miRNAs in the complex
molecular network regulating the development and
function of various cells and tissues will increases our
knowledge about the potential role of miRNAs and their
involvement in gene regulation (Singh et al., 2008).

MATERIAL AND METHODOLOGY

Based on the type of plant biological material was the
total genomic DNA extracted either commercial isolation
kit or different isolation protocols (Saghai-Maroof et al.,
1984; Padmalantha and Prasad, 2006). The extracted
DNA was quantified by the Implen NanoPhotometer®,
and diluted to 70 ng.ul’. The primers for the miRNA-
based markers were designed according to the mature
miRNAs sequences, which are part of the miRNA
precursors (pre-miRNA), originating from the miRNA
database (http://www.mirbase.org/). The single forward
primers and the wuniversal miRNA reverse primer
(Kulcheski et al., 2010; Chen et al, 2005) were
combined to perform a marker assays. The effectiveness
and species transferability of used primers was confirmed
in previous studies (Hlavackova et al., 2015; RaZna et
al., 2015).

miRNA-marker assay

Polymorphism analyzes were applied for three flax
genotypes of different alpha-linolenic acid content,
genotype Amon (less than 3%), Raciol (30%) and Libra
(more than 57%), 5 genotypes of milk thistle of various
origins, 6 genotypes of medlar and one genotype of ivy.

The modification of miRNA-based markers assay was
perfomed based on methodologies Fu et al., (2013) and
Yadav et al., (2014). PCR amplifications were perfomed
in a 20-pul reaction mixture containing 70 ng of genomic
DNA, 10 pmol.dm™ of each primer, 2 units of DreamTaq
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Figure 2 PCR amplification profiles generated with gm-
miR156b-F/miR-R markers across tissues of buds (a),
flower petals (b), bolls (c), leaves (d) of flax genotypes.
Legend: M- 10 bp DNA Ladder, genotypes: 1- Amon, 2-
Libra, 3- Raciol.
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Figure 3 PCR amplification profiles generated with
markers gm-miR156b/gm-miR171la of Mespilus
germanica genotypes. Legend: M - 10 bp DNA Ladder,
genotypes: 1 - Sz. Rozsa, 2 - Holandska Velkoploda, 3
-GR1,4-GR2,5-GR3,6 - GR4.

DNA polymerase, 0.8 mmol.dm™ dNTPs (Bioline) and 1 x
DreamTaq Buffer (KCl, (NH4),SO4, 20 mmol.dm™
MgCl,). The PCR amplification programme used the
‘touchdown’ method as follows: initial denaturation at
94 °C for 5 min; 5 cycles of 30 s at 94 °C, 45 s at 64 °C
(with a 1 °C decrease in annealing temperature per cycle),
and 60 s at 72 °C; 30 cycles of 30 s at 94 °C, 45 s at 60 °C,
and 60 s at 72 °C; and the final extension at 72 °C for
10 min. The samples were subsequently stored at 8 °C.

The PCR products were separated using 15% TBE-
PAGE gels, running in 1 x TBE Running Buffer at
aconstant power 90 V, 25 mA for 120 min. The
polyacrylamide gels were stained with the GelRed™
Nucleic Acid Gel stain and were visualized in the G-Box
Syngene electrophoresis documentation system. For the
recording of loci number and unique identification of
fragments, the gels were analyzed by the GeneTools
software (Syngene).
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Ladder 1 2 3 4 5 1 2 3 4 5
330 bp ... gm-miR156b/lus-miR168 330 bp s gm-miR156b/gm-miR171
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Figure 4 PCR amplification profiles generated with
combination of markers: a) gm-miR156b/lus-miR168,
b) gm-miR156b/gm-miR171a and ¢) gm-miR171a/lus-
miR 168 of Silybum marianum samples.

Legend: M - 10 bp DNA Ladder, genotypes: 1 - Silyb
I, 2 - Silyb 2, 3 - Mirel, 4 - Silma, 5 - sample of
unknown origin.

miRNA expression analysis by qRT-PCR

The methodology of qRT-PCR analysis of miRNA was
done based on Barvkar et al., (2013) and Neutelings et
al., (2012) approach. For qRT-PCR analysis were used
three genotypes of flax differing content of alpha-linolenic
acid (Amon, raciol, Libra). From the 10-days old in vitro
seedlings was isolated miRNA by PureLink miRNA
Isolation Kit (Life Technologies). Consequently was
miRNA diluted in 10 mM Tris-HCI, pH 7.0 in ratio 1:1
and quantified by NanoPhotometr (Implen). By means of
the kit NCode™ miRNA First-Strand cDNA Synthesis and
gRT-PCR (Invitrogen) was done miRNA polyadenylation
and cDNA synthesis. QRT-PCR reactions were performed
by SYBR® GreenER qPCR SuperMix Universal
(Invitrogen) based on manufacturer instructions. cDNA
was diluted in ratio 1:10. Two types of miRNA, gm-
miR156b and lus-miR168 were analyzed. As a reference
gene UBE2 (Ubiquitin-conjugating enzymes E2) was
selected (Barvkar et al., 2013).

The conditions of qRT-PCR were as followed: 2 min
incubation at 50 °C, 95 °C 10 min, 40 cycles of 95 °C
15 sec, 57 °C 60 sec and 95 °C 10 sec. Fluorescence
reading of the PCR product took place after the analysis
phase of the amplification and melting points were read for
30 seconds and the temperature rise of 0.5 °C. Analyzes
were performed by CFX96 Real-Time detection system.
Reactions were done in triplicates.

On the basis of the average value of threshold cycle of
miRNA and reference gene UBE2 value 2°" (Shi and
Chiang, 2005) was calculated.

miR156b
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Figure 5 Comparison of gm-miR156b expression
based on values of threshold cycle (Cy) in flax
genotypes of different alpha-linolenic acid content.
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Figure 6 Comparison of lus-miR168 expression based
on values of threshold cycle (Cr) in flax genotypes of
different alpha-linolenic acid content.

Volume 10

190

No. 1/2016



Potravinarstvo® Scientific Journal for Food Industry

RESULTS AND DISCUSSION

The aim of our research was mapping the abundance,
polymorphism and activity of several conservative
(miR156, miR168 and miR171) miRNAs in plants
genome.

One of the extensively reviewed miRNA networks in
plants includes the conservative miR156 family, which
consists of 10 miRNAs (miR156a-j), and miRNA156a-f
have identical nucleotide sequences (miRBase) (Bari et
al,, 2013). miR156 family members are predicted to be
associated with the mRNAs of genes encoding the DNa-
binding proteins - squamosa promoter binding protein
(SBP), transcription factor in monocot and dicots and F-
box protein sequences (Barvkar et al., 2013; Xie et al.,
2010). SBS transcription factors regulated many
developmental processes of plants. miR156 regulates
processes at post-germinative stages, which is important
for the transition to autotrophic growth, it regulates
transition phase from the juvenile to adult stage
(Nonogaki, 2010) and also play a critical role in
reproductive phases such as shoot maturation (Shikata et
al., 2009). The study of Kulcheski et al., (2010) provided
evidence that the expression stability of miR156b was the
highest across the soybean tissue and applied stress
conditions.

One of the target sequences of miR168 family are
sequences of cytochromeP450 which is involved in a wide
range of biosynthetic reactions, including fatty acid
biosynthesis. The miR168 is also considered as the
biomarker of plant stress response (Bej and Basak 2014).

Target sequences of the miR171a are represented by
HAMs genes (Bari et al., 2013) which belong to the
GRAS transcription factor family. These genes play
crucial roles in diverse fundamental processes of plant
growth and development (Huang et al., 2015).

Of the following figures (Figure 1, 2, 3 and 4) it is
observed that molecular markers based on microRNA
represent polymorphic and significant type of molecular
markers. It is more apparent that the expression profile of
miR156b, miR168 and miR171a is species specific and
even tissue specific as confirmed by several studies
(Barvkar et al., 2013; Neutelings et al., 2012). Tissue-
specific expression of miRNA (Figure 1 and 2) also points
to the different levels of miRNA activity in various stages
of development of the plant organism. The same miRNA
can be found in different abundance among tissue types or
developmental stages, indicating the spatially and
temporally regulated expression patterns of plants
miRNAs (Jones-Rhoades et al., 2006; Xie et al., 2010).
From this point of view is quite significant polymorphism
profile of miR156b in various flax tissues of genotypes
varying in the content of alpha-linolenic acid (ALA). It can
be observed visible difference among individual genotypes
in regard to miRNA profile. Interesting is distinguished
pattern of intermediate type of flax genotype Amon (less
than 3% content of ALA) and other two oily genotypes
with higher ALA content (Raciol 30%, Libra more than
57%). Detected polymorphism by miRNA-based
molecular markers may indicate sequence changes in the
miRNA loci, which consequently may change the
regulation pattern of targeted genes (Htwe et al., 2015; Fu
et al., 2013).

Considering the indirect correlation between the

abundance of miRNAs and the expression level of their
target sequences (Barvkar et al., 2013; Neutelings et al.,
2012) we can assume the spatially and temporally
machinery of metabolic processes regulation as well as the
expression patterns of plant miRNAs.
The effectiveness and reliability of miRNA molecular
markers has been confirmed for medlar genotypes (Figure
3). Medlar as a source of new valuable compounds and
their pharmacological properties, has gained a value in
human consumption and commercial importance in recent
years (Rop et al., 2011). By the combination of miRNAs
markers, miR156b and miR171a, was possible to
distinguish almost all six genetic resources collected on the
territory of Slovak Republic. This confirms the status that
miRNA-based molecular markers comprise a novel
functional molecular marker (Yadav et al., 2014; Fu et
al,, 2013). miR171 potentially targets a beta-1,3
glycanase-like transcript. The corresponding enzyme is
implicated in developmental as well as biotic and abiotic
stress processes (Roy Choudhury et al., 2010).

Silybum marianum (L.) Gaertn. or milk thistle is
a medicinal plant of unique pharmaceutical properties. It is
the most cultivated medicinal plant in Slovakia. In the
years 2014-2015 it exceeded the growing area of 1000
hectares (Haban et al., 2015).

Although monomorphic but miRNA-type specific
microRNA profile can be observed in milk thistle
genotypes of different origine (Silyb 1- Malanta, Slovak
Republic, Silyb 2 - Sumperk, Czech Republic, Mirel -
Brno, Czech Republic, Silma — Poland and sample of
unknown origin) in two miRNA markers combination
(Figure 4, a and b). The fingerprint profile amplified by
primer pairs combinations ranged from 4 (gm-
miR156b/gm-miR171a) to 7 (gm-miR156b/lus-miR168)
miRNA loci per genotype. The another marker
combination (Figure 4, c¢) has provided polymorphic
miRNA loci pattern, even genotype specific. In
comparison with previous two species, namely the flax
genotypes, it can be stated that the abundance of analyzed
types of miRNAs in milk thistle genome is not so
significant although the studied miRNAs families
represent conservative types of miRNA families. It seems
that for the mapping of this genome will be required the
application of species-specific miRNAs.

It is apparent that the research of food resources includes
various approaches based on application of different types
of molecular markers or molecular analyses (Balazova et
al., 2016; Galova et al., 2015; Ziarovska et al., 2015).
Results based on gRT-PCR and evaluation of 2°T value
suggest significant difference in miR156b activity of
Amon genotype (low content of ALA) in comparison to
other two genotypes with medium and high content of
alpha-linolenic acid (Figure 5). Within the miR168
expression analysis was the difference recorded between
genotype Libra (high content of ALA) and other two
genotypes Amon and Raciol (Figure 6).

The most of miRNA families, including miR156 and
miR 168, are characterized by negative correlation between
miRNA expression and expression of their target
sequences. It means, that if the expression of a specific
miRNA increased, the activity of target sequences
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regulated by this miRNA will be suppressed and vice
versa.

The miR168 expression profile, from the above point of
view, can indicate two possible explanations. As we
mentioned before, most of the miRNA families have
several target sequences, not excluding these two types of
miRNAs. Significantly higher expression of miR168 in
Libra genotype (57% ALA) points out downregulation of
the target sequences, one of which is the cytochrome P450
involved in a wide range of biosynthetic reactions. It
seems that the genome of this genotype mediates the
production of miRNA168 increasingly over other
genotypes. . It should be recalled that for the analysis were
used 10-days old seedling in vitro. There is another
explanation connected to reaction of the flax genome to
stress factor presented by cultivation under in vitro
conditions. miR168 as a stress biomarker molecule may
indicate greater sensitivity of genotypes with high content
of fatty acid to abiotic stress.

From the Figures 2d and Figure 5 can be observed
similar pattern of miRNA expression in leaves tissues.
miRNA loci profile generated by miR156b-F/miR-R
markers and expression profile generated by qRT-PCR
seems to show different behavior of miR156 in genotype
Amon in comparison to oily genotypes Libra and Raciol.
The answer might be found in the character of the major
group of target sequences of miR156, what does mean the
SBS transcription factors. It seems that in oily genotypes
(Libra and Raciol) are, due to downregulation of miR156,
its target sequences more active than in intermediate
genotype (Amon), which may be associated with a plant
structure of oily genotypes or indirectly with higher
metabolism of fatty acids in those two genotypes. These
results are confirmed by the research of Nonogaki (2010).
As the consequence of a decrease expression in miRNA
levels is the increased accumulation of some of SPS
transcripts (and proteins) which are necessary for the
juvenile to adult transition in Arabidopsis seedlings.

The aim of the research was to highlight the broad
spectrum of miRNA molecules behavior in various food
resources, functional foods and medicinal plant. As was
observed, different plants miRNAs accumulate at different
levels depending on developmental stage or the plant
tissues. It can be presumed that their regulation pattern of
gene expression in human genome may be influenced also
by several aspects of human metabolism and health
conditions.

CONCLUSION

The aim of the research was to highlight the broad
spectrum of regulatory impact activities of miRNA
molecules in different plant species of nutritional and
pharmaceutical uses. As has been recorded, the
polymorphism and expression of analyzed gm-miR156,
lus-miR168 and gm-miR171a is not only species- but also
tissue- and developmentally-specific. It points out the fact
that, depending on the type of food of plant origin (species,
state of maturity, bio products or traditional agriculture),
miRNA molecules can regulate the expression of genes of
the human genome in many ways.
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EFFECTS OF CROSS-LINKING MODIFICATION WITH PHOSPHORYL
CHLORIDE (POCL.;) ON PYSIOCHEMICAL PROPERTIES OF BARLEY STARCH

Zahra Malekpour, Mohammad Hojjatoleslamy, Hooman Molavi, Javad Keramat, Amirpouya
Ghandehari Yazdi, Mohammad Ali Shariati

ABSTRACT

Chemical methods are one of the comon method in starch modification. This study aimed at investigating of cross-link
affection of phosphoryl chloride with two different levels 0.5 and 1g.kg” in order to enhance funciotnal proeprties and
physiochemical changes on extracted starch from barley variety Bahman which cultivates in Chahr-Mahal Bakhtiari
Province of Iran. Obtained results indicated that cross-linking leads to reduce sweeling power of strach granuls compred to
natural starch and the amount of reduciton increase via the substitituin level. Powerfull cross-linkingnetween starch chains
casue more resistance of granules to seweeling which is increased by means of cross-linking dgree. Additioally,
investigationresults from synersis revealed that releasing water percentage in cross-linked starches increase in comparison
to natural starches and this amount depends onthe amount of cross-link surface with a significantly difference in (o <0.05).
Gelatinization temperature in both levels negligibly increased by modification where in low level of cross-linking was
more. Furthermoe evaluating gelation temperatures of both natural and cross-linked modified starches showed that addition
of phosphate groups in starch and creating extra coovalent bonds make granues more compressed reulting in slight increase
of To, Tp, Tcin barley starch. Icreasing of temperature observed more in less concentration of cross-links. Evaluation of
viscosity changes also revealed that this modification depending on increasing the amount of Phosphoryl Chloride led to
increasing peak temperature, diminish peak and setback viscosity. Result also exhibited that in morphological level, cross-
link causes to incidence changes in particles’ diameter size. The comparison of diameter average and frequency between
natural starch and cross-links starch exhibited that in cross-linkd treatment with 0.5% phosphoryl chloride, increase in
frequency of granules with diameter of 6 — 10um and >20 um obersced. While frequency of granules with diamater size of

2 — 6 um and 10 — 20 um has been reduced to 0 which create bigger granules.

Keywords: Barley; starch; modification; cross-linking; physiochemical properties

INTRODUCTION

Barley belongs to Poaceae and Hordeum species (Sullivan
et al, 2013) uses more in malting, feeding animals,
production of starch and ethanol as well (Myllidrinen et
al., 1998). Starch is composed of two main constituents
including amylose and amylopectin (72 — 87%). Starch is
used as thickener, stabilizer, and gelling agent in food
industries (Dubois et al., 2001), but due to some
restricting factors such as low thermal and cutting
resistance (Singh and Singh, 2005) high tendency to
staling and high synersis (Yosif et al., 2012) its application
has limited in industries; however application can widen
through modification (Singh and Singh, 2005). First time,
starch modification operated in year 1800 (Kaur, Singh
and Singh, 2006). Several targets define for development
of functional properties such as strengthening the bonds,
increase of thermal resistance, and increase of water
binding capacity, emulsion stability and economic benefits
(Light, 1989). Cross-linking or intertwined starch is one of
the conventional chemical modifications (Zhao et al.,
2012). Cross-linking factors include Sodium triphosphate
(STM), Epihydrochlorine (EPI), phosphoril chloride
(POCI3), and mixture of adipic acid, anhydride acetic and
vinyl chloride (Singh et al., 2007; Zhao et al., 2012). In
this method, reaction factors react with starch hydroxyl

groups (Miyazaki et al., 2006) which enhance through
covalent or hydrogen bond inter and among granule
molecules (Singh et al., 2007; Ackar et al., 2010). Cross-
linked starch strengthens versus heat, acid and cutting in
comparison with natural starch (Hung and Morita, 2005;
Polnaya et al., 2013; Raina et al., 2007; Xiao et al,
2012). The target of this study is to investigate barley
starch properties. Base on Jun et al., (2003) barley and
corn starches use to microencapsulation of volatile
compounds of flavor in meat industry (Abbas et al.,
2010).

MATERIALS AND METHODS

In present study, starch has extracted from barley
Bahman variety which cultivated in Lordegan region,
Chaharmahale Bakhtiari province of Iran. Initially 100 g of
barley flour weighed with balance model Mark Sartoris
AC 120 s, Germany and 0.0001 accuracy, mixed with 500
mL sodium hydroxide solution (0.005 — 0.025 M) and
stirred at 25 °C for 30 min. Obtained mixture centrifuged
with 1400 g (centrifuge Tehtnika, model 322-A, Slovenia),
then sedimentation filter through a screen with mesh size
270 (50 um). Permeated suspension neutralized with
chloridric acid 1 M and recentrifuged, and over layer of
starch separated with spatula remained sedimentation
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dissolved in the water again and dissolving continues to
reach the minimum amount of creamy layer on it (3 times).
Final sedimentation dried in oven (model Mark Memmert
UNB-400, Germany) at 40 °C for 24 hr (Lim et al., 1992).

PRODUCTION OF CROSSLINKED STARCH

Regarding production of cross-linked starch, Kaur et al.,
(2012) method used. In this method, 15 g of starch
weighed with balance model Marksaritus AC 1208,
Germany AND 0.0001 accuracy, then mixed with 24ml
water and 0.3 g sodium sulfate added to it, pH of obtained
mixture(pH meter model Mark metrum 827, Switzerland
used to measured pH) adjusted by sodium hydroxide
solution (0.5M) at 25 °C. Phosphoryl chloride (0.5 and 1 g
per starch kilo) added by micro-syringe and immediately
container sealed. pH adjusted by chloridric acid (0.1 M) on
5.5 after 1hr. sedimentation washed by distilled water and
filtered by vacuum filter and finally dried in oven
Markmemmert model UNB-400, Germany) at 40 °C
(Kaur et al., 2012).

DETERMINATION OF SWEELING POWER

Lich et al., (1959) method used to determine swelling
power. Initially, 0.1 g sample base on dried weight
weighed in lidded test tube and 10 mL water added to it.
Tubes placed and shook in water bath (Mark hak model
SWB-20, Germany and equipped with shaker with
constant race) at 95 °C for 30 min, then cooled to ambient
temperature and centrifuged in 2500 x g for 10 min.
Supernatant accurately removed and tube containing
sedimentation reweighed. Regarding equation 1 swelling
power measured (Leach et al., 1959).

Equation (1):

SP — Sweeling percent
SP = final weight—weight of empty pipe

x 100

starch weight

DETERMINATION OF SYNERSIS PERCENT
To determine synersis percent, Gioti et al., (2006) method
was used. Starch suspension 5% w/w prepared and 30 min
mixed in water bath (model Markmemert w3 B10), heated
at 90 — 95 °C, and then quickly cooled to ambient
temperature in cooling bath. Starch paste placed at 4 °C for
24 hr, centrifuged at 2700 x g for 15 min and measured
released water reported as synersis percent (Jyothi,
Moorthy and Rajasekharan, 2006).

INVESTIGATION OF VISCOSITY CHANGES

To determine viscosity changes, Initially, a 8% w/w
suspension of starch prepared in pH = 5, then viscosity
changes measured by viscometer model Brookfield DV III,
America in temperature range 40 — 93 °C, keeping at
93 °C and then reduces it from 93 °C to 40 °C (Das et al.,
2010). Determination of substitution degree of cross-link

Substitution degree defines as the number of hydroxyl
group in each anhydrous glucose having the ability of
derivation with replacing groups (Yosif et al., 2012). To
investigate of this factor in cross-link starch, measures
based on Ackar et al., (2010) method, viscosity data and
equation 2 (Hung and Morita, 2005).

Equation (2):

DS — Degree of substitution
DS = viscosity peak of natural starch—viscosity peak of modified starch

x 100

viscosity peak of natural starch

INVESTIGATION OF THERMAL
PROPERTIES

To investigate thermal properties of barley starch Bello-
Perez et al., (2010) method used. Differential scanning
calorimeter used to conduct thermal parameters of starch.
In this method, 2 mg starch base on dry weight weighed in
aluminum container and 7 mL deionized water added to it,
then container sealed, and placed in ambient temperature
in order to uniformly distribution of water and
homogenization of sample . Sample placed in DSC model
F3-200 and heated with race of 10 °C.min” from
20 °C — 120 °C, and automatically present data including
Onset (To), peak (Tp ), conclusive (Tc) and AH (Bello-
Perez, et al., 2010).

INVESTIGATION OF MORPHOLOGICAL
PROPERTIES

Electronic microscope model Markzayef used take
images and Blupers et al., (2010) method with a few
changes. Samples fix on a conductive stick and cover with
a gold layer (Bello-Perez, et al., 2010). Image proplus
software used to analyze images.

Statistical analysis

Complete random design and Duncan test using software
SPSS ver. 21th used to conduct statistical analysis of data
(o0 <0.05).

RESULTS AND DISCUSSION

DEGREE OF CROSS LINKING

Table 1 shows that increase of cross linking, cross-
linking degree increased. Obtained results were in
agreement with Xiao et al., (2012). on investigation of
different concentration of epi hydrochlorine on rice starch
where cross linking degree increased within increase of
epihydrochlorine concentration (16) Co et al.,, (2010).
Reported that an increase 0 — 10% of cross-linking
concentration on corn starch cross-linking degree
increased (Koo et al., 2010).

SWELL POWER

Comparison of obtained results of swelling power of
control and modified samples have summarized in Table 2
revealed a significant difference. Creation of cross-links
reduces swelling power of granules with respect to natural
starch and this reduction increase by the amount of
substitution level. These results were in agreement with
Kim and Yoo (2010) about using POCI3 on sweet potato
and Majzoobi et al., (2012) in investigation of wheat
starch phosphorlization. It is thought that reduction of
swelling power attributed to creation of intermolecular
bridges by remained phosphorus after cross linking
reaction (Majzoobi et al., 2012).

Cross-linking develops hydrogen bonds among granules
and restricts swelling during gelatinization (Kim et al.,
2010) due to high concentration of cross-linking degree in
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Table 1 degree of cross-linking related to control starch and modfied starches.

Treatment Degree of cross-link percent (%)
Control 0

Cross-linked starch (0.5%) 32.30

Cross-linked starch (1%) 46.15

Table 2 the average of sweeling power related to related to control starch and modfied starches.

Control

Cross-linked starch (0.5%)

Cross-linked starch (1%)

1421°+0.66 10.05% £ 2.02

7.27*+0.27

Table 3 the amount of synersis in control and cross-linked starches.

Control

Cross-linked starch (0.5%)

Cross-linked starch (1%)

65.10% £2.90 74.80° +2.34

78.94° +6.92

Table 4 viscosity measurement of control and cross-linked starch.

. . . . . . . Pasting peak Temp
Starch type Setback viscosity ~ Breaking viscosity = Peak viscosity Temp. (°C)  (°C)
Control starch 5.4 0.96 2.6 63.60 69.55
Cross-linked starch
(0.5%) 0.16 1.72 1.76 65.38 72.55
Cross-linked starch
(1%) 0.08 1.36 1.4 66.98 76.2
Table 5 Affection of modification amount of thermal properties of barley starch.
Treatment To Tp Tc Te- Ty H{J/g)A
Control starch 59.8 65.4 73.2 13.4 -0.3412
Cross-linked 61.8 66.4 73.8 12 -0.2822
starch (0.5%)
Cross-linked 60.7 65.9 73.4 12.7 -0.2403
starch (1%)

VISCOSITY

presence of more concentrations of cross-linking factor
(Kaur et al., 2012).

Choi and Ker (2004) believe that cross-linked starch
granules have more resistance to time and temperature of
heating. Strong links between starch chains leads to
increase of granules’ resistance to swelling ie. by
increasing cross-linking degree, resistance increases (Yosif
et al., 2012).

AFFECTION OF CROSS-LINKING ON
SYNERSIS PERCENT

Comparison of data average in Table 3 shows a
significant difference between the amount of released
water in natural starch and modified starch. The amount of
released water in intertwined starch has increased in
comparison with natural starch, furthermore increased by
increasing of cross-link factor. These results are in
agreement with Mirmoghtadaei et al.,, (2009) on oat
starch.

Table 4 depicts that heating in 40 — 93°C causes to
increase of viscosity gradually. When starch heats in high
amount of eater, granules swell, some parts of it dissolves
and in form of suspension distributed in surrounded
medium (continuous phase) and maximum of viscosity
occurs in this point. Continuously, due to dispersion of
starch molecule when temperature is constant at 93 °C
viscosity decreased, then in temperature reduction from
93 °C to 43 °Conce again viscosity increases. It is thought
that arrangement of amylose linear chains (those formerly
dissolved as a result of heating and keeping in constant
temperature) causes to create lots of cross-links within gel
forming process (Bello-Perez et al., 2010).

Investigation of obtained results exhibited that viscosity
peak in cross-linked starch has reduced while temperature
of viscosity peak increased. It is thought that increase of
strong intermolecular bonds due to cross-linking process
which results in swelling and decrease of viscosity peak.
Besides by increasing of the cross-linking surface,
viscosity peak showed more reduction and Peak
temperature more increase.
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DSC {mWimg)
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Figure 1 Thermal analysis curve of control starch.

THERMAL PROPERTIES

Analysis of obtained results of Table 5 including analysis
of thermal curve related to natural barley starch (Figure 1),
curves related to thermal analysis of cross-linked starch
with 0.5% (Figure 2) and Figure 3 which shows cross-
linked starch with 1% revealed that onset temperature
(TO), peak temperature (Tp) and conclusive temperature
(Tc) were 59.8 °C, 65.4 °C and 73.2 °C respectively.
Obtained temperature were in the range measured by
Gujeral et al., (2013) where the range of onset, peak and
conclusive temperatures were 59.08 62 °C,

DSC /{(mWi/mg)
T exo

06

0.4

63.56 — 68.3 °C and 68.56 — 74.71 °C investigated
respectively (Gujral et al., 2013). Investigation of natural
starch and cross-linked starch in present study suggested
that this modification has increased negligibly To, Tp, and
Tc of barley starch. These results were in agreement with
Majzoobi et al., (2012) on wheat starch. Phosphates
groups bond with starch molecules through covalent bonds
and thus starch granules become more compressed,
consequently followed by less molecule motivation and
therefore gelatinization occurs in higher temperatures
(Carmona-Garecia et al., 2009).

40.0

60.0

80.
Temperature (*C

100.0 120.0

Figure 2 Thermal analysis curve of cross-linked starch (0.5%).

DSC /(mWimg)
T exo

-0.35

-0.4

-0.5

-0.55

-0.6

-0.65

20.0 40.0

.0
Temperature /°C

80.0 100.0 120.0

Figure 3 Thermal analysis curve of cross-linked starch (1%).
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Figure 4 images of electronic microscope: a) control starch b) cross-linked starch (0.5%) c) cross-linked starch (1%)
with zoom of 1.5 KX.
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Figure 5 Investigations of abundant percent of granules’ thickness in control and cross-linked starches.

Kim and Yoo (2010) found that in sweet potato, cross-
linking with POCL3 creates no change in onset and
conclusive temperatures. As an appropriate parameter of
being crystal, gelatinization enthalpy point at damaging to
molecule discipline due to breaking of hydrogen bonds
(Alvani et al., 2011) after gelatinization. Low enthalpy
introduces low stability of crystal structure (Sing et al.,
2006).

MORPHOLOGICAL PROEPRTIES

Comparison average of diameter and frequency
(Figure 5) between image processing of natural starch and
cross-linked starch (Figure 4) suggested that in crossed-
link starch with 0.5% phosphoryl chloride, more granules
with diameter of 20 um and 6 — 10 um observed.

While frequency of granules with diameter of 2 — 6 pm
and 10 — 20 um diminished. It is thought that aggregation
of smaller granules and creation of larger granules is the
reason of disappear of some size of granules. In cross-
linked starch with 1% phosphoryl chloride, more reduction
in granules with diameter of 20 um observed, in addition
that frequency of granules with 6 — 20 pm increased.

CONCLUSION

Starch modification creates novel properties in starch.
Cross linking causes to increase of synersis and reduce of
swelling so that has direct proportional with cross-linking
factor (chloride phosphoryl). In comparison with control,
Gelatinization temperature of modified starch increased.
However no proportional trend observed through increase
of cross linking. Furthermore the viscosity of cross-linked
starch decreases with respect to control.

Starch modification creates novel properties in starch.
Cross linking causes to increase of synersis and reduce of
swelling so that has direct proportional with cross-linking
factor (chloride phosphoryl). In comparison with control,
Gelatinization temperature of modified starch increased.
However no proportional trend observed through increase
of cross linking. Furthermore the viscosity of cross-linked
starch decreases with respect to control.
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POSSIBILITIES OF MICROSCOPIC DETECTION OF ISOLATED PORCINE
PROTEINS IN MODEL MEAT PRODUCTS

Michaela Petrasova, Eliska Zichova, Matej Pospiech, Bohuslava Tremlova, Zdeifika Javiirkova

ABSTRACT

In recent years, various protein additives intended for manufacture of meat products have increasing importance in the food
industry. These ingredients include both, plant-origin as well as animal-origin proteins. Among animal proteins, blood
plasma, milk protein or collagen are used most commonly. Collagen is obtained from pork, beef, and poultry or fish skin.
Collagen does not contain all the essential amino acids, thus it is not a full protein in terms of essential amino acids supply
for one’s organism. However, it is rather rich in amino acids of glycine, hydroxyproline and proline which are almost
absent in other proteins and their synthesis is very energy intensive. Collagen, which is added to the soft and small meat
products in the form of isolated porcine protein, significantly affects the organoleptic properties of these products. This
work focused on detection of isolated porcine protein in model meat products where detection of isolated porcine protein
was verified by histological staining and light microscopy. Seven model meat products from poultry meat and 7 model
meat products from beef and pork in the ratio of 1:1, which contained 2.5% concentration of various commercially
produced isolated porcine proteins, were examined. These model meat products were histologically processed by means of
cryosections and stained with hematoxylin-eosin staining, toluidine blue staining and Calleja. For the validation phase,
Calleja was utilized. To determine the sensitivity and specificity, five model meat products containing the addition of
isolated porcine protein and five model meat products free of it were used. The sensitivity was determined for isolated
porcine protein at 1.00 and specificity was determined at 1.00. The detection limit of the method was at the level of 0.001%
addition. Repeatability of the method was carried out using products with addition as well as without addition of isolated
porcine protein and detection was repeated 10 times. Repeatability in both, positive and negative samples, for isolated
porcine protein was determined at 100%. The results show that the histological processing of cryosections stained using
Calleja is suitable for detecting isolated porcine protein in meat products.

Keywords: meat; collagen; isolated protein; light microscopy

INTRODUCTION

In recent years, development of a variety of functional
ingredients for the most possible efficient optimization of
the quality and texture of meat products is increasing in the
meat industry. Functional raw-materials of animal origin
include different animal derivatives of meat, skin and
blood, as well as milk and egg products (collagen, gelatin,
whey protein, casein, albumin, dehydrated beef protein,
and other protein isolates) (Petracci et al., 2013). Proteins
play an important role in the functional and sensory
properties in meat products. Vegetable proteins often give
the product an atypical flavor, reduce the meaty taste, and
many are representatives of allergens. Therefore, animal
protein isolates as functional ingredients in meat industry
are rising again (Khiari et al., 2014). The basic reasons to
use protein additives include: increasing nutritional value
of meat products, improving technological properties of
processed raw materials, improving sensory characteristics
of finished products, and last but not least, there are also
economic reasons (Lat et al, 1984). In their study,
Prabhu (2004) reports that isolated porcine protein

containing 85% protein and 12% fat obtained from fresh
pork trimmings by a technology at low temperature is able
to attach as much water as up to four times its weight.

The nutritional value of proteins is then judged mainly
according to the amino acids contained, in particular by the
essential amino acids contained. Nutritional value of
animal proteins is high, while value of plant proteins is
considerably lower because they lack some essential
amino acid (AAs) (lysine or sulfur-free AAs).
Proteinaceous ingredients are produced with a protein
content of 50 — 90% (Straka and Malota, 2006). The
most natural alternative to meat proteins are therefore
animal proteins which are widely used in meat production.
For some types of meat products, addition of animal
proteins is necessary, e.g. gelatin applied in cooked meat
products and specialties. The most common protein