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INTRODUCTION

Journal of Agriculture and Plant Sciences (JAPS)is a successor of the national
journal Yearbook of Faculty of Agriculture of Goce Delcev University. Starting from
2001, with the first edition of the Yearbook of the JNU Institute of Southern Crops (Vol. 1-5),
since 2006 with the editions of the Yearbooks of Faculty of Agriculture (Vol. 6-14), we
continue with our publishing activity through publication of the Journal of Agriculture and
Plant Sciences, Vol. 15 (JAPS) as an international journal.

Science is the primary factor for the constructive development of each area of a modern
society. The involvement of science in agriculture is one of our leading priorities. By doing
this we promote the production of healthy food, we contribute to the development of the
processing industry for agricultural products, we influence the management of our natural
resources, and therefore, we influence directly in the development of the rural and urban
environment. Journal of Agriculture and Plant Sciences (JAPS) is a semi-annual journal
devoted to the advancement and dissemination of scientific knowledge concerning all basic

and allied sciences to Agriculture.

Journal of Agriculture and Plant Sciences (JAPS) publishes original research papers,
review articles, short communications, professional and technical papers and book reviews
in broader research area of agriculture and plant sciences: plant and animal production,
plant genetics and breeding, plant protection, field crops, horticulture, viticulture, plant and
animal biotechnology, animal husbandry, animal genetics and breeding, food control,
oenology, soil science, environmental protection, landscape architecture, agribusiness,

agricultural technology and other reach fields in agriculture and plant sciences.

Linking the scientific research with the modern agricultural production methods is a
challenge for our team, and our orientation is affirmation of modern agriculture, based on

concrete scientific research, professional applications and educational programmes.

Editorial Board, Editor in chief,
December, 2017 Prof. Liljana Koleva Gudeva, PhD
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Original scientific paper

MULTIGENE CHARACTERIZATION OF ‘CANDIDATUS PHYTOPLASMA SOLANI’ IN PEPPER AND
TOMATO PLANTS IN THE REPUBLIC OF MACEDONIA

Emilija Arsov’, Galina Ivanova', Sasa Mitrev’
'Department for Plant and Environmental Protection, Faculty of Agriculture, Goce Delcev University,
Krste Misirkov, 10-A, 2000 Stip, Republic of Macedonia
emilija.arsov@ugd.edu.mk; givanoval@gmail.com (M.Sc. student); sasa.mitrev@ugd.edu.mk

Abstract

‘Candidatus Phytoplasma solani’ is a phytoplasma distributed worldwide, associated in the Euro-
Mediterranean area with various diseases in most spreader and cultivated plants including grapevine, maize,
potato, pepper, celery and tobacco.

Molecular multigene characterization was performed for the first time on phytoplasma strains collected
from the Eastern part of Macedonia from symptomatic and asymptomatic pepper and tomato plants, during
the summer period of the 2015/16 season. PCR amplification on specific tuf, vmp1 and stamp genes showed
that the phytoplasma strains identified belong to subgroup 16SrXIl-A, since their restriction patterns were
indistinguishable from one another and from the patterns characteristic of the STOL (16SrXII-A) reference

strain.

For samples positive for the tuf gene, it was possible to identify the Hpall RFLP profiles associated with

tuf type b genes.

This is the first field observation and molecular laboratory testing for the presence of stolbur phytoplasma

in pepper and tomato in the Republic of Macedonia.

Key words: pepper, tomato, stolbur phytoplasma, multilocus genetic analysis

INTRODUCTION

Phytoplasmas are obligate, phloem-
limited phytopathogens. They are pleomorphic
prokaryotes without cell walls. Phytoplasmas are
transmitted to plants in the process of feeding
of their vectors, sap-sucking hemipteran insects,
mainly leafhoppers, planthoppers, and psyllids
(Bertaccini et al., 2014).

Since the identification of phytoplasmas by
standard microbiological methods in routinely
grown laboratory cultures was not possible until
recently, they are classified in a system of groups
and subgroups based on DNA fingerprints (RFLP
patterns) of 16S rRNA genes (16S rDNA) (Lee et
al., 1998). Based on 16S rRNA gene sequence
identity and biological properties, group 16SrXIl
encompasses several species, including STOL
- 'Candidatus Phytoplasma solani’ in subgroup

16SrXI-A,  and  ‘Candidatus  Phytoplasma
australiense’, ‘Candidatus Phytoplasma
japonicum’ and ‘Candidatus Phytoplasma

fragariae’ within subgroup 16SrXII-B. 16SrXII-A

phytoplasma strains are associated with stolbur
disease in numerous cultivated and wild plants,
hence they are commonly known as stolbur
phytoplasmas (Bertaccini et al., 2014).

Bois noir phytoplasma was shown to be
transmitted by the planthopper Hyalesthes
obsoletus, which normally feeds on herbaceous
weeds, and occasionally also on grapevines
(Berger et al. 2009).

In  Macedonia, agriculture uses well-
established traditions in the production of
vegetables, more specifically various pepper
cultivars (Gudeva et al, 2007; Mitrev and
Spasov, 1999). Till now, only grapevines, the
most spreader cultivars in the Tikves region, are
known as host plants for stolbur phytoplasma in
Macedonia (Kostadinovska et al., 2014a, 2014b;
Mitrev et al., 2008, 2012).

Strumica and Kocani are the best-
developed regions in Eastern Macedonia for
the cultivation of different varieties of pepper
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(Capsicum annuum L. and tomato (Solanum
lycopersicum L.) in the open field and most often
under greenhouse or glasshouse conditions.
Great agrobiological diversity, of 129 domestic
and 2205 imported varieties of Capsicum
spp. (Gudeva and Trajkova, 2008), has been
documented in the country; throughout the last
30 years, most of them have been successfully
introduced for fresh consumption as well as for

industrial processing.

The aim of this study was to check
the distribution of this disease in Eastern
Macedonia, in Strumica and in Kochani as the
main pepper cultivation regions, and to identify
and characterize the disease with modern
and reliable molecular methods, including
multilocus genetic analysis of the 16S rRNA
gene.

MATERIAL AND METHODS
Collection of stolbur-symptomatic pepper and tomato plants

During our field surveys carried out from
the beginning of August till the end of October
2015/16, pepper and tomato leaf samples
were collected from 24 symptomatic and
asymptomatic plants from 11 localities in Eastern
Macedonia, in Strumica and Kocani regions (Figs.
1 and 2). Of all samples analysed, four sweet red
pepper plants from Burievo (Strumica region,
latitude 41° 25’ 24" N, longitude 22° 45’ 54" E)
and one C. annuum L. var. cerasiforme (Mill.) Irish

plant from Cesinovo (Kocani region, latitude 41°
52'18" N, longitude 22° 17’ 24" E) were identified
and characterized for stolbur disease with the
molecular methods described below.

Tomato plants were collected randomly
without symptoms or with atypical symptoms,
because we had difficulty finding tomato plants
in the open field, as most tomato production in
Macedonia is in controlled conditions (green- or
glasshouses).

Figure 1. (a) Pepper field in the Strumica locality; (b) symptoms of stolbur phytoplasmas on a whole
Capsicum annuum var. cerasiforme plant.



MULTIGENE CHARACTERIZATION OF ‘CANDIDATUS PHYTOPLASMA SOLANI'IN
PEPPER AND TOMATO PLANTS IN THE REPUBLIC OF MACEDONIA

Table 1 shows the number of plants
collected from the field with the presence of

visual symptoms, and included characteristics
of location, region and plant host.

Table 1. Field observation during the summer period 2015/16.

Number Strain Location Region Plant host Symptoms*
1 1-5/15 Strumica Burievo Pepper plant +++
2 8/16 Strumica Prosenikovo Healthy pepper plant -
3 9/16 Strumica Piperovo Healthy tomato plant —
4 10-13/16 Strumica Dobrejci Pepper plant +?
5 14-18/16 Kocani Cesinovo Sweet pepper plant ++
6 25-30/16 Kocani Ciflik Pepper plant ok
7 37-43/16 Kocani Gorni Podlog Pepper plant ++++

*Plants were chosen randomly, and symptoms were not clear phytoplasma symptoms: — negative; +? symptoms not
clear; ++ good symptoms; +++ very good symptoms; ++++ obvious phytoplasma symptoms.

Total DNA extraction

Leaf veins, separated from laminas by a
sterile razor, and all parts of the tomato and
pepper plants were stored at —80 °C. Total nucleic
acids were extracted from 0.5 g of frozen plant
tissues by a cetyltrimethylammonium bromide

(CTAB) extraction procedure (Angelini et al., 2001).
The concentration of total DNA was measured
with a NanoDrop spectrophotometer (Jenova
Nano Spectrophotometer).

Molecular identification of stolbur phytoplasmas

‘Ca. P. solani’ strains from symptomatic and
asymptomatic pepper and tomato plants were
employed for further molecular characterization
carried out on the tuf (encoding translation
elongation factor Tu), vmp1 (encoding a putative
membrane protein) and stamp genes (encoding
an antigenic membrane protein).

The tuf gene was amplified in a nested PCR
procedure using primer pairs tufif/r/ tufAYf/r
(Langer and Maixner, 2004), and amplicons were
subjected to RFLP analysis with Hpall enzyme.

The nested PCR products of the vmp1 gene
were obtained with StolH10F1/R1 (Cimerman
et al., 2006) and TYPH10F/R (Fialova et al., 2009)
primers.

Nested PCR for the stamp gene was done
with StampF/RO0 followed by StampF1/R1 primers
(Fabre et al., 2011).

PCR and RFLP reaction conditions were as
previously described (Lee et al., 1998; Quaglino
et al,, 2009). PCRs were performed by using Tag
polymerase (Promega) in an automated thermal
cycler (MasterCycler Gradient, Eppendorf).
PCR and enzymatic digestion products were
electrophoresed through 1% and 3% agarose
gel, respectively, in TBE buffer, stained with
ethidium bromide and visualized under a UV
transilluminator.

Characterization of stolbur phytoplasmas through multilocus genetic analysis

Molecular characterization of phytoplasma
strains was performed by nested PCR/RFLP-

based assays of two phytoplasma genomic
portions, including tuf, vmp1 and stamp genes.
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RESULTS AND DISCUSSION
Symptomology of the pepper and tomato plants

During our field surveys carried out from
the beginning of August to the end of October
2015/ 16, leaf samples were collected from 24
symptomatic/asymptomatic pepperand tomato
plants from 11 localities in Eastern Macedonia.
Among all plants analysed for stolbur disease,
four sweet red pepper plantsand one C. annuum
var. cerasiforme were proven to be stolbur-
positive with the molecular methods used in

this study. In pepper plants, typical symptoms
assessed in the leaves in the course of disease
progress were yellowing, stunting and wilting.
The fruits were smaller and without taste. The
anthers and the filaments of the flowers were
distorted and grown into one whole entity (Fig.
2). The roots of symptomatic plants were dry
and/or not well developed (Fig 3.).

Figure 2. Pepper plants with distorted anthers and filaments of the flowers,
and grown into one whole entity.

Figure 3. The roots of symptomatic plants were dry and/or not well developed.



MULTIGENE CHARACTERIZATION OF ‘CANDIDATUS PHYTOPLASMA SOLANI'IN
PEPPER AND TOMATO PLANTS IN THE REPUBLIC OF MACEDONIA

Molecular identification of stolbur phytoplasmas

Due to variations in typical symptoms of
stolbur phytoplasmas in the field, PCR-based
amplification of 16S rRNA genes was performed
to prove that some of the samples examined
were affected by stolbur phytoplasmas. PCR
amplification of specific tuf, vmpl and stamp
genes showed that the phytoplasma strains
identified belong to subgroup 16SrXII-A, since
their restriction patterns were indistinguishable
from one another and from the patterns
characteristic of the STOL (16SrXII-A) reference

M 1 2 3 4 5

950 bp

el (a) |

6 7 8 910 1112131415 16 1 2 4 5

strain (tuf profiles are presented and stamp
profiles are not presented in this study) (Fig. 4).

For the tuf gene, it was possible to identify
Hpall RFLP profiles associated with tuf type a
(two strains) and tuf type b (16 strains), formerly
named VK-l and VK-l (Langer and Maixner,
2004). Our samples were positive for tuf type b,
VK-II (Fig. 4a and b).

Also, only PCR amplification was done to
confirm vmp1 and stamp gene-positive profiles
(Fig. 5).

16 ®x174

Figure 4. (a) PCR pattern of specific tuf gene for stolbur phytoplasma, including tomato and pepper plants:
M - 1 kb DNA ladder marker; (1-7) pepper, Strumica, Burievo; (8) healthy pepper plant as negative control;
(9) healthy tomato plant as negative control; (10-13) pepper, Strumica, Dobrejci; (14-16) pepper, Kocani,
Cesinovo; (b) RFLP profiles from Hpall digestions of positive fTufAY/fTufAY PCR products (tuf gene) using 3%
agarose gel: ®x174 — marker. b) RFLP profiles from Hpall digestions of positive fTufAY/rTufAY PCR products
(tuf gene) using 3% agarose gel: ®x174 — marker.

Figure 5. PCR pattern of specific vmp1 gene (1570 bp) and stamp gene (550 bp) for stolbur phytoplasma,
including only positive pepper plants: M — 1 kb DNA ladder marker; (1-4) pepper, Strumica, Burievo; (-)
healthy pepper plant as negative control.
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CONCLUDING REMARKS

Stolbur disease is an old and well-known
disease, mainly in Europe but in other continents
as well. Symptoms in pepper vary depending
on the pepper variety, geographical region and
cultivation conditions. Although it has been
noticed in Macedonia multiple times in the last
40 years, it has not been laboratory-tested and
proven until this present study for pepper and
tomato.

The  present  molecular  multigene
characterization is the first detection of stolbur
phytoplasmas on garden crops (pepper and
tomato) and corresponded to stolbur phytoplasma
(16SrXII-A), the same one that we've already had in
the vineyards (tuf type b).

Four of the 24 pepper and tomato plants
analysed were molecularly identified and
characterized with stolbur symptoms. Only
samples collected from peppers showed positive
PCR/RFLP profiles. In this study, we did not find
tomato plants with positive profiles, so future field
observations and laboratory analysis are required.

Therefore, it can be concluded that incidence
of the disease is still sporadic in Eastern Macedonia,
and crop damage is not yet substantial.
Nevertheless, it is very important to emphasize
the presence of stolbur disease in pepper plants in
the country, and to keep the alarm turned on for
eventual future local or countrywide outbreaks.
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MYNTUTEHETCKA KAPAKTEPU3ALIMJA HA CANDIDATUS PHYTOPLASMA SOLANI KAJ
MUMNEPKA 1 AOMAT BO PEMYBJINKA MAKEALOHUJA

Emunwmja ApcoB’, FanuHa VBaHoBa', Cawa Mutpes’
'Kameopa 3a 3awumuma Ha pacmeHujama u xusomHama cpeduHd, 3emjodesicku pakysimem,
YHusep3zumem ,loue Jenues” - Limun
emilija.arsov@ugd.edu.mk; givanoval@gmail.com (MmaeucmpaHd/cmydeHm); sasa.mitrev@ugd.edu.mk

Pesnme

Candidatus phytoplasmasolani e putonnasma gucTprbymnpaHa BO CBETCKU paMKU BO €BPOMeAUTEPAHCKaTa
0611acT NoBp3aHa CO pPa3HU 6oONecTV Kaj HajpacnpoCTpaHeTUTE U KyNTUBUPAHW PAacTeHMja, BKIYUYBajKu mm
BMHOBATa /1033, NYeHKaTa, KOMNUPOT, MUnepKaTa, LeiepoT N TYTYHOT.

Bo oBa ncTpaxyBame MonieKynapHaTa MynTUreHa Kapaktepusalyja 3a npBnaT 6elle r3BefeHa Ha COeBM
Ha ¢puTonnasMumTe CObpPaHN BO UCTOYHUNOT Aen Ha Penybnuka MakefoHuja off CMMNTOMATCKY 11 aCMMITOMATCKI
pacTeHuvja of nunep 1 JOMaTX BO TEKOT Ha JIETHMOT nepuof Bo ce3oHaTta 2015/2016. PCR amnnudrkaumjaTa
Ha cneunduyeH reH 3a Tpute cneunduyHy reHn tuf, vmpl n stamp nokaxka feka naeHTUdrKyBaHUTe CoeBu
Ha ¢uTonnasmata n npunaraat Ha nogrpynata 16SrXIl-A, 6uaejku HMBHWTE OrpaHMUyBauky LLIEeMU He ce
pasnuKyBaaT efjHa of Apyra v of WabsioHMTe KOV Ce KapaKTepUCTUUHU 3a pedepeHTHMOT Bug Ha STOL C
¢duTonnasmara (16SrXIl-A).

3a No3nTVBHY NPYMEPOLM Ha reHoT tuf 6ea HanpaBeHW TUNM3aLUmnja U naeHTUduUKaumja Ha Hpall RFLP
npodunute NOBP3aHMN CO reHnTe of TUNoT tuf - type b.

OBa e NpBO MOJIeKyNlapHO NabopaToprCKo TeCcTMpahe 3a NPUCYCTBO Ha CTONOYp ¢utonnasma Kaj nunep
1 gomat Bo Penybnuka MakefoHuja.

KnyuHu 360poBu: nunep, domam, cmosnbyp ¢humonsiazma, MysamusioKyCcHd 2eHemcKa aHaau3a.
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Abstract

Atmospheric dust emissions can be a threat for the environmental and human health. Long-term
emission occurs in this area due to the Pb-Zn hydrothermal exploitation (Sasa and Zletovo mines) and copper
ore exploitation and flotation (Bu¢im mine), in the area of Bregalnica river basin. The present study proposes
a combined model based on: bioindication with moss species (Hypnum cupressiforme and Homolothecium
lutescens), and universal kriging mapping for determination of arsenic distribution. For that purpose, 149
moss samples were collected from the area, and both moss species were used interchangeably. At the same
sampling points, soil samples from the surface layer were also collected. Mass spectrometry with inductively
coupled plasma (ICP-MS) was used for determination of total arsenic content in moss and soil samples. Prior
to analysis, the samples were totally digested with the application of microwave system for samples digestion
for moss samples and open wet digestion was used for total dissolution of soil samples. Spatial distribution
maps were constructed for determination and localizing of narrower areas with higher contents of arsenic.
The content of arsenic in moss tissue (regarding air-born dust) ranges from 0.05 mg/kg to 4.28 mg/kg, while
distribution of arsenic in soil samples ranges from 3 to 261 mg/kg. Dominant lithogenic occurrence of arsenic
was correlated with areas of Neogene pyroclastites (volcanism).

Key words: moss, biomonitors, air pollution, ICP-MS

INTRODUCTION

Atmospheric pollution represents distributed in nature and can be concentrated

solutions or suspensions of minute amounts
of harmful compounds in the air (Valero, 2014).
The degree and the extent of environmental
changes over the last decades has given a
new urgency and relevance for detection and
understanding of environmental changes, due
to human activities, which have altered global
biogeochemical cycling of heavy metals and
other pollutants (Greenwood and Earnshaw,
2005; Acton, 2013). Arsenic is one of the most
prevalent toxic elements in the environment.
The toxicity, mobility, and fate of arsenic in the
environmentare determined by acomplexseries
of controls dependent on mineralogy, chemical
speciation, and biological processes (Alloway,
1990). As a chemical element, arsenic is widely

in many different ways. In the Earth’s crust,
arsenic is concentrated by magmatic and
hydrothermal processes and has been used
as a “pathfinder” for metallic ore deposits,
particularly gold, tin, copper, and tungsten
(Alloway, 1990; Greenwood and Earnshaw,
2005; Keller et al., 2015). Monitoring toxic air
pollutants is needed for understanding their
spatial and temporal distribution and ultimately
to minimize their harmful effects. In addition,
to direct physical and chemical methods of air
pollution monitoring, bioindication has also
been used to evaluate air pollution risk (Aboal
et al., 2010; Ares et al., 2012; Valero, 2014).
Mosses have been frequently used to
monitor time-integrated bulk deposition of



Biljana Balabanova, Trajée Stafilov, Robert Sajn, Claudiu Tanaselia

metals/semimetals as a combination of wet,
cloud,and drydeposition, thuseliminating some
of the complications of precipitation analysis
due to the heterogeneity of precipitation
(Harmens et al., 2004, 2008, 2010, 2015). Moss
data provides a better geographical coverage
than measured deposition data and reveals
more about actual atmospheric pollution
at a local level (http:/icpvegetation.ceh.
ac.uk/). Latest data reported from Harmens et
al. (2015) and Barandovski et al. (2015) indicates
on the significant enrichments of some toxic
elements.

The investigated area is characterized
by several significant pollution sources of
potentially toxic metals and other chemical
elements in the environment: the copper mine
and flotation “Bucim” near the town of Radovis,
the lead and zinc mines “Sasa” near the town
of Makedonska Kamenica and “Zletovo” near
the town of Probistip (Serafimovski et al., 2004;
Alderton et al., 2005; Rogan et al., 2006; Dolenec
et al., 2007; Rogan et al., 2008; Rogan-Smuc
et al,, 2009; Serafimovski et al., 2011a, 2011b;
Vrhovnik et al., 2013; Alderton et al, 2014;
Serafimovski and Tasev, 2015; Vrhovnik et al.,

2016; Stafilov and Sajn, 2016). The excavation
of the copper minerals is carried out from an
open ore pit, while in the lead-zinc mines the
exploitation is underground, and the ore tailings
are stored outdoors.

The focus of this research is on the uses
of the two moss species Hypnum cupressiforme
(Hedw.) and Homalotecium lutescens (Hedw.)
Schimp. for monitoring atmospheric deposition
of arsenic in mine environs. Sharing the
same common name “fern moss” with other
monitoring mosses, these species similarly
have extensive branching allowing for a large
exposed surface area for ion exchange. These
features make Hypnum cupressiforme and
Homalotecium lutescens likely candidates for
use as a biomonitors. The primary objective of
this study was to evaluate the suitability of two
moss species as a bioindicator of arsenic on a
regional landscape scale in potentially polluted
area. Mosses as pollution bioindicators only
give an overview of the areas where we found
the presence of higher content of arsenic in
atmospheric dust, but not a real measurement
of the content in the ambient air.

MATERIAL AND METHODS
Moss/soil sampling protocol

Samples of the pleurocarpous moss
species Homalotecium lutescens and Hypnum
cupressiforme were collected in the investigated
area. Researchers while setting up large-scale
survey often face the problem that the location
of the predicted sampling spot becomes
subordinate to the presence/absence of the
selected species (Fernandez et al., 2015). This
problem can be overcome by using more than
one moss species within the same survey;
however, it is clear that the concentrations
of elements may vary considerably between
speciesthusprecludingcomparisonoftheresults
obtained (Boquete et al. 2013). Interspecies
comparison has been made by Balabanova et
al. (2017b) improving the insignificant variation

for arsenic accumulation between both moss
species. Depending on the conditions and the
accessibility of the locations the species which
are available and typical for the region were
collected. Random samples (in the very close
vicinity of the pollution source) and samples
according to sampling network (5 x 5 km) were
collected from total of 149 sample locations, as
presented in Figure 1. Detailed description of
the collection of samples (according officially
accepted techniques) is given by Fernandez et
al. (2015). At each location for moss sampling,
topsoil (0-5 cm) samples were collected also
according to the standard protocol given by
Salminen et al. (2005).
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Scale (km)
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Figure 1. Moss/soil sampling network

Sample preparation protocol and spectroscopy analysis

Total digestion of moss samples was
performed with application of microwave
digestion system (CEM, model Mars). Precisely
measured mass (0.5000 g) of moss samples
was introduced into Teflon microwave vessels,
than 5 mL concentrated HNO, (trace pure), and
2 mL H,0, (30%, m/V) were added. The Teflon
vessels were carefully closed and the microwave
digestion method was applied. Digestion
method was performed in to two steps for
total digestion of moss tissue as previously
given by Balabanova et al. (2010). After the
digestion method was finished, digests were
quantitatively transferred into 25 mL volumetric
flaks.

For digestion of soil samples, open wet
digestion with mixture of acids was applied.
Precisely measured mass of soil sample (0.5

g) was placed in Teflon vessels and 5 mL
concentrated nitric acid, HNO, was added, until
the brown vapours came out from the vessels.
Nitric acid is very suitable oxidant for digestion
of environmental samples. For total digestion
of inorganic components, 5-10 mL hydrofluoric
acid was added. When the digest became clear
solution, 2 mL of HCIO, was added. Perchloric
acid was used for total digestion of organic
matter. After 15 minutes cooling the vessels, 2
mL of HCl and 5 mL of H,O were added for total
dissolve of metal ions. Finally the vessels were
cooled and digests quantitatively transferred to
50 mL volumetric flaks.

In this way the digested moss and soil
samples were prepared for determining the
contents of the different elements using mass
spectrometry.



Biljana Balabanova, Trajée Stafilov, Robert Sajn, Claudiu Tanaselia

Mass spectroscopy analysis

SCIEX Perkin Elmer Elan DRC Il (Canada)
inductively coupled plasma mass spectrometer
(with quadrupole as single detector) was used
for measurement of the arsenic concentration
in digested samples. Optimization was first
performed using the normal mode, and then
using the collision cell mode. Before the
parameters of the collision cell were optimized,
the cell was flushed with collision gases (5 mL/
min) for at least 1 hour. Two certified reference
materials M2 and M3 (Steinnes et al,, 1997) and

spiked intra-laboratory sample were analyzed
at a combined frequency of 20% of the samples.
The recoveries for arsenic content in all control
samples were obtained as: 85.6%, 109%,
respectively. The detection limits (DL) were
calculated using the following equation: DL =
(3%obl/S), where obl is the standard deviation
of the background and S the sensitivity. The
quantum mode for arsenic was found for 7>As
isotope and the calculated DL was 0.0013 mg/

kg.

Data processing

Theobtainedvaluesforthearseniccontents
in moss and soil samples were statistically
processed using basic descriptive statistics. Data
processing was performed using the statistical
software Stat Soft (Version 11) (StatSoft, Inc.,,
Tulsa, OK, USA). Using field observations,
analytical and measurement data matrix was
created. For each observation, the following
variables were extracted: sample identification
number, location, geographic coordinates,
sample type. Since many statistical techniques
are sensitive to non-normally distributed data,
the Box-Cox transformation was performed.

The Box-Cox transformation improves the
feature better, especially for the skewness and
normality of the data sets (Box and Cox, 1964).
Line and bar/colon plots were constructed for
better visibility of data distribution according
to defined zones. The universal method kriging
with linear variogram interpolation was applied
for the construction of spatial distribution
map for arsenic deposition/distribution in the
investigated area. Seven classes of the following
percentile values were selected: 0-10, 10-25,
25-40, 40-60, 60-75, 75-90 and 90-100.

RESULTS AND DISCUSSION

The basic statistics of analysed moss and
soil samples (surface soil layer) for arsenic
content is presented in Table 1. The distribution
of arsenic in the analyzed samples ranges from
0.05 mg/kg to 4.28 mg/kg. Compared to data
available from Barandovski et al. (2015) from the
survey for the whole territory of the Republic of
Macedonia, indicates significant enrichments
(EF=2.25, regarding maximum values). The
median value for the whole territory of the
Republic of Macedonia (0.48 mg/kg) did not
show significant variation from the same value
from the present investigation (0.49 mg/kg).
The minimum arsenic content was obtained
for sample collected in the area with dominant
occurrence of Paleogene flysh where the
topsoil layer contains 17.3 mg/kg of arsenic. In
order to monitor the lithogenic affect from the
natural distribution of arsenic in soil, data for
arsenic content in moss tissue were compared

with the data for arsenic content in topsoil
layer. The distribution of arsenic in surface soil
samples ranges in 3.02-261 mg/kg (Tab. 1). Four
sampling spots, where the soil samples were
enriched with arsenic content (104, 105, 121
and 261 mg/kg) were not characterized with
higher content of arsenic in moss samples (0.35,
1.15, 1.29 and 0.15 mg/kg, respectively). This
encourages the fact that soil dusting does not
significantly affect the air-introduced particle
distribution in the investigated area. In order
to reveal a significant enrichment of arsenic,
maximum value was compared with maximum
values from moss survey in other countries,
such as Albania, Croatia, Bulgaria and Norway
(Qarri et al., 2013; Spiri¢ et al., 2013; Harmens et
al, 2013; Steinnes et al., 2011). The calculated
enrichments factors, regarding the maximum
value for arsenic content in moss, are given as
follow: 1.49, 4.28, 0.42 and 0.88, respectively.
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Table 1. Descriptive statistics for elements content values in moss samples, N=149 (given in mg/kg)

Sample Min P, P, Pan Md Pm P P9_Q Max
Moss 0.050 0.25 0.33 0.42 0.49 0.57 0.75 1.03 428
Topsoil 3.02 6.62 9.80 134 16.9 20.8 28.7 53.9 261
X X(BCQ) S Sx cv A E A (BC) E (BC)
Moss 0.70 0.48 0.71 0.058 100 3.06 11.5 -0.02 0.46
Topsoil 26 17 26 2.1 100 3.91 23.6 0.001 0.27
Min — minimum; P, - 10 percentile; P, - 25 percentile; P, - 40 percentile; Md — median; P, - 75 percentile; P, — 90

percentile; Max — maximum; X — mean; S —standard deviation; CV - coefficient of variation; A — skewness; E - kurtosis; BC-
Box/Cox transformed data.

The data for arsenic content in moss
samples additionally were processed according
to different lithological units in the investigated
area. Data were also processed and analyzed
according to the generalized geological map
given by Balabanova et al. (2016). Several
lithological units were identified as dominant
in the investigated area: Quaternary sediments,
Neogene sediment and pyroclastite, Paleogene
flysch, Pleozoic schist, Rifeous schist, Proterosoic
schist, gneisse and granite. Mainly, arsenic do
not participate significantly in the composition
of the Earth’s crust, although several minerals
containing as its major constituents (Alderton et
al., 2014). Dumurdzanov et al. (2004) explained
that natural enrichment of arsenic may occur
in areas where the Neogene vulcanite’s are
dominant geological units. The calculated
median values of Box-Cox transformed data,
according to the lithological units are given as
follow: in area with dominance of Quaternary
sediments - 0.73 mg/kg, for Neogene sediments
the median value was 0.43 mg/kg and for
Neogene pyroclastites was obtained the
maximum value regarding the lithological
units - 0.95 mg/kg. In the area with dominant
occurrence of Paleogene flysch the median
value was 0.49 mg/kg, which was very similar
with arsenic distribution in areas with dominant
occurrence of Pleozoic schist (0.44 mg/kg),
Rifeous schist (0.55 mg/kg), Proterozoic schist

(0.51 mg/kg) and Proterozoic granite (0.46 mg/
kg). Lower median value was obtained for moss
samples collected from area with dominant
occurrence of Proterozoic gneisse (0.34 mg/
kg). For better visualization of data distribution
according to different lithological units bar plot
was constructed (Fig. 2). Ohnuki et al., (2002)
introducesdatathatsuggeststrongly correlation
of As with Fe, Siand Cain mine areas. Weathering
of the rocks containing As probably generates
the powder rock containing As and other
elements (Alderton et al., 2014). They found that
As accompanies Fe in the spatial distributions
in moss; small particulates containing As and
Fe are associated with the lower plants in a
similar manner to the trapped silicate minerals
(Ohnuki et al., 2002). However, in the area where
the anthropogenic introducing of arsenic is not
significantly enriched, this element can shows
different distribution pathways correlated
with the dust weathering. From the summary
data available from Balabanova et al. (2017a)
the distribution of arsenic in air-distributed
dust, is strongly correlated with distribution
of Co, Ge and V. The long-time deposition
monitoring using attic dust, suggest very stable
geochemical occurrence of arsenic in areas with
polymethalic enrichments (Balabanova et al.,
2010, 2011; Balabanova et al. 2016; Angelovska
etal., 2016; Balabanova et al., 2017a; 2017b).
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Figure 2. Arsenic distribution according to different lithological units in the investigated area

The constructed kriging map visualizes
the areal distribution of arsenic in the
Bregalnica River basin (Figs. 3 and 4). Arsenic
deposition is with predominant occurrence
on Neogene pyroclastites (Fig. 3). According
to the generalized geology map (Balabanova
et al 2017a), Kratovo-Zletovo region is the
unique district in the region located along the
continental margin and is closely related to the
Tertiary volcanoes and hydrothermal activities
in this area. Pb-Zn mine Zletovo is located in the
area with dominantly presence of the Neogene
volcanism appears sequentially and in several
phases forming sub-volcanic areas. According
to Dumurdzanov et al. (2004) the pyroclastites
are most frequently found in the Kratovo-
Zletovo volcanic area, where the dacites and
andesites are the oldest formations. These
polyphasal Neogene deformations through the
insignificant movements associated with the
volcanic activities had direct influence on the
gradual formation of the reefs and the formation
of deposits in the Zletovo area. Spatial patterns
are extended in eastern direction, due to the
most common winds from western direction
with frequency of 199%o and speed of 2.7 m/s
(Lazarevski, 1993). This kind of geochemical
fingerprinting occurs along the whole course of

the Bregalnica river. Accordingly, the resulting
areal distribution map used to support with
high certainty the assessment for poly-metallic
enrichments as ascribed to urbanization,
including vehicular emissions and incinerators
and industry. This area is characterised with
poly-metallic ~ enrichments  (Ag-Bi-Cd-Cu-
In-Mn-Pb-Sb-Te-W-Zn) for long-time air-
dust deposition (Balabanova et al., 2017a).
Furthermore, there is a strong interconnection
between the anthropogenic and lithogenic
fingerprinting. Arsenic distribution in topsoil
layer of soil is strongly emphasised in the
same area (Fig. 4). Basically, the element
geochemistry intermediate between
atmospheric emissions and lithogenic wind-
blow dusting. Therefore, arsenic distribution
can be used as proposed mechanism for
possible tracking of anthropogenic poly-
metallic enrichments in areas with dominant
occurrence of old volcanism (Figs. 3 and 4). In
the area where dominant lithological units
relays on Paleogene volcanic sedimentary rocks
(the area of Pb-Zn hydrothermal exploitation,
Sasa mine) atmospheric emissions are
significantly intensified (wind-blow dusting)
compared to lithogenic enrichments in top-
soil. Spatial attention also should be given for
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the area so called Vladimirovo-Berovo, where
arsenic contents in moss samples reaches more
than 1 mg/kg (Fig. 3). AlImost twenty years ago,
Arsovski (1997) drew attention to poly-metallic
enrichment in this area so called Vladimirovo-
Berovo, during the tectonic investigation. The
present investigation also interpolates this area
as metallic’'s/metalloids enriched zone, with
emphasis on the anthropogenic elements. This
area is characterized by dominant occurrence
of Neogene clastites, and this natural anomaly

Moss

correlated with arsenic distribution continues
along the whole course of the river Bregalnica.
Enriched atmospheric depositions of arsenic
also were found in the area of hydrothermal
exploitation of cooper ore (Cu-mine“Bucim”near
the town of Radovis). This area was monitored
in 2010, and authors reveal the occurrence of
poly-metallic association Al-As-Cd-Cu-Fe-Pb-
Zn as dominant anthropogenic marker for air-
pollution (Balabanova et al., 2010).

Scale (km)
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025 033 042 057 075 10

Figure 3. Areal distribution of arsenic in moss samples
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Figure 4. Areal distribution of arsenic in top-soil samples

CONCLUDING REMARKS

The presentinvestigation points to strongly
correlation of the lithogenic and anthropogenic
atmospheric distribution of arsenic in the area
of Bregalnica River basin. Both of the terrestrial
moss species, Hypnum cupressiforme and
Homolothecium lutescens were improved as
a sensitive bio-indicative model for enriched
arsenic deposition in air. This environmental
media contain a mixture of material derived
from in situ weathering of parent material and
atmospheric input dominated by continental
dust. The anthropogenic activities carried
out in the areas of poly-metallic hydro-
thermal exploitation (Sasa, Zletovo and Bucim

mines) lead to increased content of arsenic.
Atmospheric distribution of arsenic reaches
to the maximum value of 4.28 mg/kg. Mainly,
intensified atmospheric deposition of arsenic
occurs in area with dominant occurrence
of Neogene pyroclasites and clastites and
Paleogene flysch. This indicates that arsenic
distribution can be strongly correlated to the
poly-metallic enrichments, which are due to
hydro-thermal exploitation. The both moss
species (H. cupressiforme and H. lutescens) were
introduced as dominant bioindicator markers in
the investigated area.
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Pesume

ATmMocdhepcKkmTe emnCcM Ha MpalivHa BO OfpefeHn YC/IOBU MpeTcTaByBaaT 3akaHa 3a »KMBOTHaTa
cpefvHa 1 3apasjeTo Ha nyreTo. Bo obnacta Ha cnmBOT Ha pekata bperanHuua e yTBpfeHa AONropoyHa
eMncunja Ha aTMochepcKa nNpallnHa, KojallTo ce AOMKN Ha XMApoTepMasiHaTta ekcnnoataumja Ha Pb-Zn pyga
(pyoHuuuTte Caca v 371emoeo), Kako 1 ekcnnoaTtaumja n dnotaumja Ha 6bakapHaTa pyaa (pyaHuk bydum). Oa
NCTpaXyBatbe NpefsioxyBa npriMeHa Ha KOMOVHMpaH mogen 6asupaH Ha 6UONHANKALMX CO BUAOBU Ha MOB
(Hypnum cupressiforme n Homolothecium lutescens) n kpueuHz Manvpare 3a ofpefyBatbe Ha AUCTpUbyLMjaTa
Ha apceH. 3a Taa uen 6ea cobpaHu 149 npmmepoLm Ha MOB Off UCMUTyBaHaTa obnact. VM gBata BMaa Ha MoB bea
cobrpaHn Hanm3MeHYHO. Ha nokaummte Kafe WTO ce cobupaa NpUmMepoLn Ha MOB, UCTO Taka, bea cobpaHu
1 NpumepoLM of Noysa of NOBPLUIMHCKNOT cN10j. MaceHa cnekTpomeTpuja co MHAYKTUBHO CperHaTta nnasma
(MCN-MC) Gelwe KopucTeHa 3a oApedyBake Ha BKyMnHaTa COAPKMHA Ha apceH BO NMPUMepoLuUTe Ha MOB U
nousa. lMpeg aa buaat aHanM3mpaHu, NpumepounTe 6ea LIeIOCHO Pa3foXeHr CO MPUMEHa Ha MUKpPoOpaHoB
cucTeM 3a pasfioXKyBarbe Ha npumepouu (3a nprmMepoLMTe MOB), AOAEKa 3a NpUMepoLmMTe Ha noysa belle
npUMeHeT MeTOAOT Ha OTBOPEHa AurecTnja Co CMella of KMCenuHU (MOKPO pasfioxyBame). Kaptu Ha
NpocTopHa AncTprbyurja 6ea KOHCTPYUpPaHN 3apagmn ofpellyBarbe 1 NIOKanM3npare Ha NoTecHUTe obnacTtu
CO MOBMCOKa coAaprKMHa Ha apceH. CogpKmnHaTa Ha apCceH BO MOBHOTO TKMBO (BO OAHOC Ha npalivHaTta BO
BO31yxoT) ce ABvxu of 0,05 mg/kg o 4,28 mg/kg, nopeka anctpmbyLmjata Ha apceH BO NpumepouuTe Ha
nousaTta ce ABWXK of 3 fo 261 mg/kg. JlutoreHata gucTprbyumja Ha apceH 3HayajHO e NoBp3aHa 3a 0bnacTn
CO AOMUHAHTHO MOjaByBake Ha HEOreHCKN NUPOKNACTUTK (ByfIKaHM3am).

KnyuHu 360poBu: mos, buomoHumopu, 3azadysaree Ha 8030yxom, CM-MC
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Abstract

According to their chemical structure capsaicinoids are phenethylamine group of alkaloids and they are
produced exclusively in the secondary metabolism of genus Capsicum, fam. Solanaceae. Pepper (Capsicum
annuum L.) is economically one of the most important vegetable crop in the Republic of Macedonia. There
is no methodical and long-term research in organic production of vegetables in the Republic of Macedonia
until today. Still, largely speaking, there are current debates about the advantage of organic production as
compared to conventional one in terms of morphology of products and especially their quality characteristics.

The aim of this paper is comparative analysis of capsaicin content in fruit extracts from (Capsicum annuum
L.) produced in organic and conventional cultivation systems. Pepper genotypes Strumicka Kapija, Strumicka
Vezena, Piran, Zupska Rana, Duga Bela and Kurtovska Kapija were subject of this study. Methanol (= 99.9%)
was used as capsaicin solvent for extraction of capsaicin from dried pepper fruit material. The determination
of capsaicin content was performed by chromatographic analyses with High Pressure Liquid Chromatography

(HPLC).

Organically grown pepper fruits were characterized with higher capsaicin content than the conventional
one. The genotype Strumicka Vezena was characterized with the highest capsaicin content in the both

cultivation systems.

Key words: Capsicum annuum L., pepper, capsaicin, organic cultivation system, conventional cultivation

system

INTRODUCTION

Peppers are grown because of their fruits
which are used in human nutrition all year
round as fresh, roasted, marinated for different
dishes and salads, pickled, preserved, paste,
juices and powder paprika spice. Since fruits
contain capsaicin, it is used in pharmaceutical
industry (Jankuloski, 1997; Bosland et al., 2012).

Organic agricultural production is an
integral part of the sustainable agricultural
development and it is well established in
practice in the past years in Republic of
Macedonia. Although the organic production is
practiced on only 1% of total arable land in the
country, there is a growing trend of practicing
organic production which gives an expectation
that organic agriculture production might be a
leader in future development for the rest of the

sustainable agriculture systems (National Plan
for organic production, 2013-2030). As part of
the sustainable agriculture, organic agriculture
utilizes methods and practices which enhance
soil fertility and in the same time minimize
harmful impact on soil, water, air and health of
farmers and consumers.

From the available literature, there is
no methodical and long-term research in
organic production of vegetables in Republic
of Macedonia until today. Still, largely
speaking, there are current debates about the
advantage of organic production as compared
to conventional one in terms of morphology
of products and especially their quality
characteristics.

This is a report about the first comparative
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research in Republic of Macedonia on peppers
(Capsicum annuum L.) grown in organic and
conventional production systems.

The aim of this research is a comparative
analysis of capsaicin content in extracts
from fruits of six different pepper genotypes
(Capsicum annuum L.) grown in organic and
conventional system.

The capsaicin (8-Methyl-N-vanillyl-trans-6-
nonenamide), a major metabolite in Capsicum
species, is the most common representative of
broad family of capsaicinoids. It is a strong and
stable crystal alkaloid which does not change
the characteristics on temperature, thus it
keeps the original strength in long-terms when
heated or frozen. It is produced mainly in the
placenta of Capsicum fruits. Different content
of capsaicinoids in pepper fruits gives diversity
of their flavour, from sweet to very hot (De Witt,
1999;Tod and Catt, 2002; De, 2004; Maksimova et
al, 2014). The capsaicin owns high antioxidative

activity which gives high recommendation
for pepper consumption in everyday nutrition
(Maksimova et al. 2013; Maksimova et al. 2014).
The clinical trials have shown that the biological
potential of capsaicin is due to its structure
of alkaloid with different inhibitory effects:
analgesic and redactor of pain (Bernstein, 1991;
Tominaga, 1998; Cheng et al., 1999; Holt, 1999;
Bunk, 2000; Ying-Yue et al.,, 2001; Kost'alova,
2002); antimicrobial (Kurita, 2002); antibacterial
(Kalia et al., 2012; Sinha et al,, 2011; Ubulom
et al, 2012); anticancer (Mori et al, 2006);
cancerogenic (Dasgupta et al., 1998; Archer &
Jones, 2002); anesthetic (Bernstein, 1991; De
Witt, 1999; Cheng et al., 1999), cytostatic (Surh,
2002; Zhang et al., 2003). Even more, capsaicin
can be used as biopesticide against the green
peach aphid (Myzus persicae Sulz.) in organic
production of different crops (Maksimova et al.,
2013).

MATERIAL AND METHODS
Experiment site and design

The experiment was conducted on open
field at Kamnik Bio Organic in Skopje during
three successive years. The fields of Kamnik Bio
Organic are certified for organic production
since 2011.

Six different pepper genotypes were used
as plant material in this study: Strumicka Kapija,
Strumicka Vezena, Piran, Zupska Rana, Duga
Bela and Kurtovska Kapija. All genotypes were
sweet peppers, except Strumicka Vezena which
is hot pepper.

The experiment was set up in completely
randomized design in three replicates for
both organic and conventional system. The
experimental conventional and organic plots
were in the near vacancy. Each genotype was
represented with 45 plants in total for both
production systems. During the vegetation
period, conventional and organic production
practices were accordingly applied. The
described experimental design was applied
during the three experimental years.

Plant material

Fruits from six genotypes of pepper
(Capsicum annuum L.) grown under organic
and conventional practices were used for
determination of capsaicin content. For each
extraction sample of five pepper fruits was
used from each genotype, organically and
conventionally grown respectively.  Fruits
from genotypes Strumicka Kapija, Kurtovska
Kapija and Strumicka Vezena were collected

in botanical maturity (deep red color of fruits),
while fruits from genotypes Piran, Zupska Rana
and Duga Bela were collected in horticultural
maturity (greenish to yellow color of the
fruits). The phenological phenophases of fruit
collection was chosen according to pepper
genotype characteristics and their utilization
for human consumption.
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Extraction method

The fruit pericarp with placenta was dried
on 40°C until constant weight in laboratory
oven with proper ventilation system.

Aplanttissueextractorwithsemipermeable
bags for extraction was used in the extraction
procedure. Pure methanol with High Pressure
Liquid Chromatography (HPLC) grade (= 99.9%)

was used as solvent; 2 g of dry pepper tissue was
extracted with 5 ml pure methanol with HPLC
grade. The extraction has been performed at
room temperature, for 24 hours minutes in dark
conditions. The extract was filtrated through
0.45 um filter before injection in High Pressure
Liquid Chromatography (HPLC) instrument.

Instruments for capsaicin content determination

Determination of capsaicin content was
performed on Varian Pro Star HPLC system
(pump model 230, autosampler model 410, PDA
detector model 330 and column thermostat
model 500). The separation of capsaicin from
the other extracted components was performed

with C18 column: Perkin Elmer C-18 150x4.6, 5
um. The mobile phase was methanol : water
= 60:40 (v/v) with isocratic flow of 1.3 ml/min.
Determination was performed on wavelength
of 222 nm, injected volume 10 ul for total
analysis time of 20 min.

Preparation of standard dilutions of capsaicin

Standard stock solution of capsaicin
with concentration of 650 mg/l was prepared
in methanol with HPLC grade (= 99.9%).
Standards with concentrations 1.3 mg/l; 3.25
mg/l; 6.5 mg/1;13.0 mg/l; 16.25 mg/l; 50 mg/l;
100 mg/l; 200 mg/l and 300 mg/I capsaicin in
methanol were prepared from the standard

stock solution. For determination of the limit
of detection (LOD) and limit of quantification
(LOQ), we used calibration in low concentration
area of calibration curve in range 1.3-13 mg/I.
Maximum time for usage of the standards was
one day.

Validation properties of the method

The calibration curve characteristics of

applied methodology were y=21567x+130756
with correlation characteristics p < 0.998.
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Detection of relative standard deviation
(RSD) of the method is calculated from the
calibration curve with extraction of 6 parallel
repetition of pepper fruit samples from the same
genotype and it is RSD 3%, while the LOD and
LOQ are 0.5 mg/l and 1.5 mg/I|, respectively (Fig.
1). Analytical yield of the method is calculated

from the calibration curve, where the analytical
yield on both levels with two parallel repetition
with standard addition is determined. The
analytical yield in both cases < 95%.

The results of the capsaicin content in six
different in pungency pepper genotypes are
expressed in mg capsaicin in dry matter.

Statistical analysis of data

The statistics of capsaicin content was done
by the software programme IMB SPSS Statistics
Software 19.0 (IBM SPSS Statistics 19 Brief Guide,
2010). The significance of differences between
tested cultivation practices is established by the
Duncan’s Multiple Range Test. The evaluation of
the effect of pepper genotypes and the effect
of cultivation practices on capsaicin content

in the three years experiment was made by
the statistical analysis of univariance for each
pepper genotypes and both growing practices.
Additionally, pairwise comparison was applied
for estimation of significance between capsaicin
content of the two applied cultivation practices.

RESULTS AND DISCUSSION

Many researchers reported High Pressure
Liquid Chromatography (HPLC) as an excellent
method for determination of capsaicin content
in pepper fruits (Perucka & Oleszek, 2000;
Othmanetal, 2011; Reyes-Escogidoetal., 2011).

The capsaicin content in the organic
system varied from 0.31 mg/g (Kurtovska
Kapija) to significantly the highest 9.57 mg/g
(Strumicka Vezena) (Tab. 1).

On the other hand, the capsaicin content
in the conventional production system ranged
from 0.41 mg/g (Strumicka Kapija) to 7.22 mg/g
(Strumicka Vezena) (Tab. 2).

As expected the hot genotype Strumicka

Vezena has shown the highest capsaicin content
in both cultivation systems. The capsaicin
content was influenced by the maturity of
the fruits, since they were not harvest in the
same maturity stage. Several studies have
concluded that levels of capsaicinoids increase
with maturation, remain constant or decrease
slightly up to 60% after the maximum is
reached. Yet, at all stages of growth, the total or
individual capsaicinoids based on dry weight is
far higher in the placenta than in the pericarp.
This statement allows the conclusion that
the main site of capsaicinoids synthesis is the
placental tissue of the fruits (De, 2004).

Table 1. Capsaicin content in different pepper genotypes grown in organic production system.

Genotype

Capsaicin
(mg/g dry matter)

Strumicka Kapija

3.96bc

Strumicka Vezena

9.57a

Piran

0.75¢

Zupska Rana

1.24c

Duga Bela

0.79¢

Kurtovska Kapija

0.31c

Means within the column having different letters are significantly different according to Duncan’s test at p<0.05.
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Table 2. Capsaicin content in different pepper genotypes grown in conventional production system.

Genotype

Capsaicin
(mg/g dry matter)

Strumicka Kapija

0.41c

Strumicka Vezena

7.22b

Piran

0.79¢c

Zupska Rana

2.33c

Duga Bela

0.62c

Kurtovska Kapija

0.47c

Means within the column having different letters are significantly different according to Duncan’s test at p<0.05.
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Figure 2. Chromatogram of analyzed sample of capsaicin content in Strumicka Kapija fruits.

The F test of the pepper genotypes effect
on capsaicin content showed significant
difference among tested genotypes during
whole experiment, regardless cultivation
practices applied (Tab. 3). When the same test
was applied for the effect of cultivation practices

(organic and conventional) on capsaicin content
in pepper fruits, capsaicin content was higher in
fruits obtained by organic then by conventional
cultivation practices in all pepper genotypes
but without significant difference (Tab. 4).

Table 3. Univariate analysis of the effect of six pepper genotypes on capsaicin content in their fruits.

Dependent Variable: Capsaicin
Sum of . Partial Eta
Squares df Mean Square F Sig. Squared
Pepper 551.095 5 110.219 13.349 .000 527
genotypes
Cultivation 11.464 1 11.464 1.388 243 023
practice

The F tests the effect of Pepper genotypes and Cultivation practice. This test is based on the linearly independent
pairwise comparisons among the estimated marginal means.

Table 4. Pairwise comparison between capsaicin content in pepper fruits and cultivation system applied.

Dependent Variable: Capsaicin

(A) Cultivation system | (B) Cultivation system (gﬁ;r'\é‘sj: Std. error Significance
Organic Conventional .798 677 243
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Estimated marginal means of capsaicin of
tested genotypes in organic and conventional
cultivation systems showed higher capsaicin

content in most of pepper genotypes under
study (Figure 3).

Estimated marginal means of Capsaicin

Production

10,00

20049

Capsaicin content
{mglg dry matter)

4.004

200+

system
organic
conventional

1. Strumicka Kapija
2. Strumicka Vezena
3. Piran

4, Zupska Rana

5. Duga Bela

6. Kurtovska kapija

Pepper genotypes

Figure 3. Estimated marginal means of capsaicin in six tested genotypes cultivated in organic
and conventional production system.

Pepper fruits are rich with high number
of bioactive compounds such as vitamin C and
vitamin E, carotenoids and other polyphenolic
compounds, but still the most of health
beneficial and pharmaceutical properties
and potential of peppers is due to capsaicin
(Tominaga, 1998; Ying-Yue et al, 2001; Kurita
2002). There is a lack of research related to the
content of nutritional and biologically active
compounds as proteins, vitamins, ascorbic acid,
minerals, fats and oils, phenolic compounds,
aromatic substances in the fruits of varieties of
Capsicum spp. in the Republic of Macedonia.

Maksimova et al. (2016) reported high
capsaicin content in 13 hot pepper genotypes
under study. Furthermore, they have not
detected capsaicin in sweet pepper genotypes
(Kurtovska Kapija and Zlaten Medal) when
extraction was performed by maceration with
96% ethanol, which is opposite to our findings.

Simonovska et al., 2014 reported detailed
composition of red hot pepper fruits including
capsaicinoids content in pericarp (5.38 mg/q),
seeds (2.36 mg/g) and placenta (10.48 mg/qg)
of pepper genotype Horgoshka grown in
Macedonian conditions which is in agreement
with capsaicin content found in the pericarp
and placenta of Strumicka Vezena. However,
capsaicin content varies depending on pepper
genotype, cultivation conditions and fruit
phenological stage (Maksimova et al., 2016; De,
2004; Govindarajan & Sathyanarayana, 1991).
Kraikruan et al. (2008) informed that capsaicin
and dihydrocapsaicin contents were the highest
in the first harvest in all cultivars and then they
decreased in the subsequent harvests. The
highest capsaicin content in fruits was found
in cultivars grown at a high temperature and in
nutrient-rich soils (Sung et al., 2005; Rahman &
Inden, 2012).

CONCLUSION REMARKS

The capsaicin content found in six
pepper genotypes grown in organic and
conventional cultivation systems varies due
to pepper genotypes diversity and applied
cultivation practices. The highest capsaicin
content was found in Strumicka Vezena

grown in both cultivation systems. Overall,
the capsaicin content found in organically
cultivated genotypes was higher compared
to conventionally grown which justifies the
organic cultivation of pepper.
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KOMIMAPATUBHA AHAJIN3A HA COAPMUHATA HA KANCAULUWH BO NMUMEPKA
(CAPSICUM ANNUUM L.) OAMNEAYBAHU BO KOHBEHUMOHAJIEH 1 OPTAHCKU CUCTEM
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Pesnme

KancavumHoungunTe Kou cnopep cBojata XeMucKa CTPYKTypa npunaraat KoH deHuneTunammHcKaTa rpyna
Ha ankanompmu ce co3faBaat Of CEKyHAAPHMOT MeTabosM3am UCKYYMBO Ha pacTeHmjaTa of pogoT Capsicum,
damunuja Solanaceae. Nunepkata (Capsicum annuum L.) No CBOETO CTONAHCKO 3Haueke e eflHa Off BOAeUKUTe
rpaguHapcky Kyntypu Bo Peny6nvka MakefoHuja. [locera Bo Peny6nvka MakefoHuja HeMa MeTOLOMOLWKO 1
[ONTOTPAjHO MCTaXyBake 3a OPraHCKo NPOK3BOACTBO Ha 3eneHuyk. Cé ywTte ce BogaTt gebatn BO nowmpoka
cMmMcna Ha 360poT 3a NpefHOCTUTE HAa OPraHCKOTO MPOM3BOACTBO BO criopefba co KOHBEHLMOHANHOTO BO
OfHOC Ha Mopdosorujata Ha NPOAYKTUTE 1 NOCEOHO HUBHUOT KBANTET.

Lienta Ha oBOj Tpya Gelue fa ce HampaBX KOMNapaTyBHA aHanM3a Ha 3acTaneHoCTa Ha KancauuuH BO
eKCTPpaKTV of NNoAOBM OArneAyBaHV BO OPraHCKM U KOHBEHLMOHANHN cUcTeMn. [eHOTMNOBUTE Ha NUNEepPKM
Ko ce ondaTeHn BO NCTPaXKyBarbeTO Ce: CMPYMUYKA Kanuja, CmpyMU4Ka ee3eHd, NUpaH, Xyncka paHa, dyza 6ena
N KYpMOBCKAa Kanuja. Kako eKcTpaKkTaHT Ha KarncauumHoT 6elle KopucTeH MeTaHon (= 99.9%) 3a ekcTpakuuja
Ha KancavUMHOT of CyleHW NAOAO0BM Ha nunepka. [leTepMmrHaLmjaTa Ha cogpMHaTa Ha KancamuuH bGelue
HanpaeeHa co xpomMaTorpadcka aHanmsa co HPLC (BrucokonputmcoyHa TeuHa xpomatorpaduja).

MnoposunTe of NNepKa oarnefyBaHN BO OPraHCKO NPOU3BOACTBO Ce OANNKYBaa CO NOBMCOKa COAPXKMHA
Of KOHBEHLUMOHanHuTe. [eHOTUNOT CMpPyMUYKa 8€3eHd Ce OAJIMKYBa CO HajBUCOKa COAPKMHA Ha KancanLumH u
BO [iBaTa CUCTEMU Ha MPOU3BOACTBO.

KnyuHn 36oposu: Capsicum annuum L., pepper, KAncauyuH, OpP2aHCKU cucmem Ha 00ziedyedrtbe,
KOHBeHUUOHAsIeH cucmem HA 002/1e0y8arse.
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INSPECTION OF PESTICIDE APPLICATION EQUIPMENT
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Abstract

The Directive 2009/128 / EC of the European Parliament establishes a framework for the implementation
of National Action Plan referring to the sustainable use of pesticides in every country in EU. One of the areas
covered by the Directive relates directly to the introduction of mandatory monitoring and inspection of
pesticide application machines using standard EN13790 and new one EN 16122. In the Republic of Macedonia
at the end of 2014 began a process of harmonization of the old law for plants protection with new rules and
regulations required by the European Commission. The new rules and regulations, inter alia, pay special
attention to the pesticides application equipment and to their mandatory inspection at specific time intervals,
protection of agricultural land from pollution and to the principles of environmental protection.

Key words: EN 13790, spray scanner, pressure gauge, agitator, flow nozzle

INTRODUCTION

The overuse and misuse of pesticides pose
a threat to the environment and health hazards
for the farmers in the agricultural production.
Pesticide residues in food affect directly the
health of consumers and the increasing number
of infected people. In addition, exporters of
food must comply with the standards on the
minimum allowed presence of residues in
processed foods, fresh fruits and vegetables.
The non-compliance with these standards can
have catastrophic effect on the increasing of
export, which is one of the primary economic
objectives of our country.

Precise application of pesticides is equally
important for environmental reasons, the
effectiveness of chemical protection as well as
the need to reduce the input in production. By
achieving greater precision of the application
and thus the full effectiveness of the protection
procedures, plant protection machines
(sprayers, sprinklers) must have structural and
technical correctness to achieve a suitable
working potential (McFadden-Smith, 2003).
Given the above mentioned facts, the laws
on compulsory inspection of plant protection
products under Directive 2009/128 / EC and
2006/42 / EC, which are based on EN 13790
(Rotteveel,2012),areintroducedin EU countries.
This standard is currently under revision, as
CEN (European Committee for Standardization)
proposes standardization at the International

Standardization Organization (ISO), Polveche
(2014), so that a technical review will be carried
out according to ISO 16122 in the future.

In the Republic of Macedonia at the end
of 2014 began a process of harmonization
of the old law for plants protection with new
rules and regulations required by the European
Commission. The new rules and regulations,
inter alia, pay special attention to the pesticides
application equipment and to their mandatory
inspection at specific time intervals, protection
of agricultural land from pollution and to
the principles of environmental protection
(Dimitrovski et al 2016). The law deals with
the economic, health, environmental and
social role of agriculture and establishes the
principle of agricultural policy measures that
are to be aimed at encouraging sustainable
agricultural activities. The measures are aimed
at maintaining the diversity of animal and plant
species, conservation of soil and of its fertility
and protection of natural conditions necessary
for life in soil, water and air.

However, today the outdated technology
in Macedonia, worn and poorly maintained
machinery  and  pesticide  application
equipment cause directly the increased
number of treatments, poor protection and
uncontrolled spread of diseases and pests in
the agricultural production.
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PREVIOUS RESEARCH

At the end of the eighties a check on the
proper operation of the pesticide application
equipment and nozzles in the European Union
began. The conducted tests showed which
parts are most susceptible to defects.

Most researchers dealing with the issue
of pesticide application equipment state that
a technically correct machine can greatly
contribute to reducing the risk of additional
ecosystem pollution because all constituents
are correct and work in the given criterion
(Wegner, 2014, Tadic, 2013). Also, the authors
(Almbauer et al, 2014) state that with a
correct and properly calibrated machine the
pesticide drift can be greatly reduced, i.e. loss of
evaporation and wind.

Tests in Germany showed that the majority
of defective pesticide application machines
were due to defective nozzles. Out of 70000
tested pesticide application equipment, 19%
of them, or 13,300 machines, showed that the
nozzles were not proper (Reitz, S., Gamzlemeier,
H., 1998). In Belgium between 1995 and 1998,
17466 machines were tested, of which 86% or
14895 machines were defective due to a defect
in the manometer and nozzles (Langenakens, J.,
Pieters, M., 1999).

If the distribution of the fluid is incorrect,
then there is a great chance for the appearance
of pests, which causes additional economic
costs and environmental problems. In Italy, a
national law has not yet been adopted, which
regulates the review, regulation and control
of pesticide application equipment. Only in
some lItalian regions are guidelines issued by
local governments. In most AAMS (Belgium) for
review of pesticide application equipment and
some solutions that comply with EN 13790 have
been developed. The inspection of machines in
use takes place in accordance with the European
Norm 13790, which is in force since 2003, and

is divided into EN 13790-1, which refers to
boom sprayers and EN 13790-2, which refers
to air assisted sprayers. European Norm 13790
contains rules and guidelines for determining
the correctness and procedure of inspections of
pesticide application equipment.

More serious testing of pesticide
application machines in the Republic of Croatia
was carried out at the end of the last decade, and
bad results of the surface distribution of fluid in
the operation of pesticide application machines
were immediately noticed. (Banaj, Dj., Duvnjak,
V., 2000). The failure of the nozzle is most likely
due to the increase of the flow, i.e. the excess
of the material due to the long-term use, which
in the end causes unusual surface distribution
of fluid (Tadic et al., 2010). The problem is
more pronounced in nozzles with smaller ISO
numbers, and Duvnjak et al. (1998) state that
nozzles with a smaller aperture are more quickly
consumed than nozzles with a larger aperture,
and that the nozzles discharged have a much
greater fluid flow in the nozzle center than the
new nozzle. Even so, a big problem are installed
nozzles of the non-recognizable producers.
Because the flow in the new nozzle largely
deviates from the ISO 10625 standard and the
exploitation of technically obsolete machines
that should already be replaced by new ones.

Regular inspection of the pesticide
application equipment is necessary in modern
agricultural production, which uses pesticides
on large surfaces (Sedlar, A, 2016). Djukic,
N. (2016) states that in order to ensure the
production of eco-food, safe and healthy
environment and reduce production costs, it
is necessary to ensure controlled application
of pesticides. Such application is possible only
with machines for the application of pesticides
that are in perfect working condition.

INSPECTION OF PESTICIDE APPLICATION EQUIPMENT BY APPLYING EN13790 STANDARD

Each technical inspection consists of a
visual and operational test. Within the visual
section, there are inspection of the PTO-s
connection, the visibility of the mark on the
fluid tank, the stability of the sprayer branch,
the drainage of the fluid and the correctness of

the valve. The operational test of the equipment
includes test of the: Pressure gauge, pump flow
and flow nozzle, liquid dispersion fluid, and fluid
flow in the agitator.

The measurement of the correct operation
of the pressure gauge is tested by a special
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device, where the test gauge and pressure
gauge are tested on the same device. According
to the law all pressure gauges placed on
pesticide application equipment must have
a minimum diameter of 63 mm. Maximum

breakthroughs that pressure gauge can produce
by the standard is £ 0, 2 bar in the test range of 0
to 2bar, + 10% in the test area more than 2 bar.
Figure 1 shows the measuring device for the
accuracy of the pressure gauge.

Figure 1. A measuring device for pressure gauge correctness

The pump capacity is measured using
an electromagnetic fluid flow meter that fits
into the valve construction and the pressure
gauge. Each pump at the technical inspection

has to have a capacity of 90% of the maximum
capacity according to the factory data. Figure 2
shows the pump flow meter.

Figure 2. Electromagnetic device for pump flow measuring

Each nozzle according to ISO 10625
achieves its flow at a standard pressure of 2.76
bar. According to the technical inspection
standard, each nozzle can achieve a deviation
of + 10% with respect to the nominal, in order
to be correct. The nozzle flow measurement is
distinguished by air assisted sprayers, which

are made of stainless steel to which lenses are
placed with a volume of 2000 ml. Liquid to the
measuring bottle supplies plastic lines that are
specially designed with buckles connected to
the nozzles. The image of the device is shown
in Figure 3.
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Figure 3. A measuring device for mist blower nozzle flow

The nozzle flow measurement on the horizontal boom sprayers is performed by the individual

digital meter shown in Figure 4.

Figure 4. A measuring device for sprayer nozzle flow

Measuring of the liquid distribution is
performed using a fully automated spray
scanner. Newer versions of this device use a
blue-tooth device to easily connect and manage
real-time testing data. This device provides
a very important liquid surface fluctuation
coefficient, which should be below 20% of
the total workflow of the sprayer by standard
technical inspection. The image of the spray
gun is shown in Figure 5.

For other equipment used for technical
inspection, it is very important the test for

surface fluid distribution is performed at wind
speeds of less than 3 m / s. The PTO-s optical
rotational speed gauges are also used, because
the pump capacity testing is performed at
540 rpm. There are also mobile computers for
enrolling machines in the database. The return
of the fluid to the tank must be at least 5%
from the volume of the tank and is measured
by a flow meter (e.g. for a tank of 1000 |, the
minimum return of fluid to the tank must be 50
[/ min).
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CONDITIONS TO BE MET BY STANDARD EN 13790

Forthe practical application of the standard
inthe European Unionitis necessary to establish
central, regional and mobile laboratories,
equipped with necessary instruments, which
inspect the machines and appropriate software
for collecting and analyzing data.

The task of the central laboratory is:
Control of regional laboratories

Issue of certificates for tested machines
Writing annual reports on conducted
inspections

Training and issuing certificates to regional
laboratories for each cycle of testing of
three (five) years

Inthe composition of the central laboratory
there are also adequate equipment consisting
of:

Basic equipment consisting of: spray
scanner, vertical partenator, instrument for
measuring the flow of the spray fluid, Equipment
for calibration of machines and software.

Regional laboratories  perform
following tasks:

e Control of pesticide application equipment
that are in use every three (five) years

e Prepareaninspection planthatissubmitted
to the Central Laboratory at the beginning
of each year and requires certificates based
on the report of the performed control

e Participate in the training organized by the

Central Laboratory on the field.

These laboratories possess the following
instruments: spray scanner, pump tester,
instrument for measuring fluid flow of the
sprayer and software.

Mobile laboratories are needed to test the
pesticide application equipment in areas with

>
>

the

inaccessible terrain, and they are also supplied
with the same instruments.
Effective application of the standard
allows:
e Easier access to the new markets
e Reducing the time to market exit and
increasing its stake in it
Bring new technologies to the market
Financial risk management related to
innovation
e Acceptance of innovations by clients and
those who perform public procurements
e Technology transfer from developed
countries in developing and transition
countries
e Better assessment of new technologies

In addition, standards eliminate barriers
to trade, support development, promote
innovation, ensure product quality, increase
safety and security, enhance visibility and
enhance reputation, improve technical
regulation, and foster national and international
competition among suppliers the same
economic branch.

The application of international, i.e.
European standards has greatly contributed
to the increase of competitiveness of the
agricultural producers that apply them, in two
ways. Firstly, the application of these standards
in itself improves competitiveness because
they have high international reputation and
give confidence. Secondly, the application of
these standards brings significant benefits to
domestic and foreign suppliers as they make
technical specifications in contracts more
precise and clearer.

CONCLUSION

The production of healthy food is a
basic task for modern agricultural production.
According to the standards of the European
Union, it is necessary to optimize the
consumption of pesticides and to reduce
their harmful impact on the environment,
human health and animals. For this reason it
is obligatory for every farmer in the European
Union to make a technical inspection of the
pesticide application equipment.

There is still no legislation in the Republic of

Macedonia that prescribes the standards for
inspection of pesticide application equipment.
Therefore, at the end of 2014 began a process
of harmonization of the old law for plants
protection with new rules and regulations
required by the European Commission. The law
plans to draw up a national action plan based on
the European directive 2009/128, which should
include clearly defined objectives, measures
and a timeframe for reducing the risk and
impact of the use of pesticides on human health
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in the shortest possible time. It is necessary to
apply the European directive EN 13790, which
prescribes the methods and equipment for
plant protection machines to be inspected. In

this way, the control over food production in
the Republic of Macedonia will increase, and
the country will be included in the countries
where production of a healthy and safe food.
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Pesnme

Onpektusata 2009/128/EC Ha EBpONCKMOT napnaMeHT BOCMOCTaBM pamKa 3a MMMNeMeHTauuja Ha
HaunoHaneH akUMOHeH MnaH Koj ce ofHecyBa Ha OAPXJIMBO KOPUCTEHE Ha NecTULManTe BO CeKoja 3emja
Ha EY. EpHa op obnacuTe Koja ja mokpuBa [lMpekTuBaTta ce ofjHeCyBa AMPEKTHO Ha BOCMOCTaByBake Ha
3a40/KNTENHA MHCMEeKUWja Ha MaluVHMTe 3a anMkalmja Ha nectuuman co npumeHa Ha CtaHgapgot EN13790
n HosuoT CraHgapa EN16122. Bo Peny6nnka MakefioHUMja KOH KpajoT Ha 2014 rognHa 3anoyHa npoLecoT Ha
XapMOHM3aLMja Ha CTaprOT 3aKOH 3a 3aLUTUTA Ha pacTeHrjaTa Co BOBeyBahe Ha HOBUTE MPaBuia 1 perynatusmu
cnopep EBponckaTa Komucuja. len of HoBMTe NpaBuna 1 NPONMUCK AUPEKTHO Ce OfHEeCyBaaT Ha MalUUHAUTE 1
onpemara 3a anaukaumja Ha necTMumnan, 3a0o/mKUTeNIHaTa MHCNeKLja BO ogpefeHr BPeMEHCKM MHTepBani 1
3alUTMTa Ha 3emj/LWTETO Of 3aragyBake NOUUTYBajKM M NPUHLUNNTE 3a 3alUTHTa Ha XKNBOTHAaTa cpeanHa.

KnyuHun 36opoBu: dupekmusa EN 13790, cnpej ckeHep, MaHomemap, Mewa’sikd, Npomok Ha M/Ia3HUYU
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Abstract

The research was performed in Stip region in 2015. Stip region is located in the eastern part of the
Republic of Macedonia where an intensive agricultural production takes place. Republic of Macedonia, as a
candidate country for the European Union must harmonize its legislation with the European, including the
European standard EN 13790. This standard includes, among other things, the introduction of mandatory
inspection of machinery and equipment for pesticide application. Therefore, the main objective of this study
was to collect data (number, model, age, safety ....) on the air assisted sprayers, as well as basic information
about the owners of these machines (education, farm size, culture type, basic knowledge and trainings for safe

and proper use of these machines etc.)

Key words: Pesticides, inspection, visual flows, operational flows, nozzle

INTRODUCTION

The overuse and misuse of pesticides pose
a threat to the environment and health hazards
for the farmers in the agricultural production.
Pesticide residues in food affect directly the
health of consumers and the increasing number
of infected people. In addition, exporters of
food must comply with the standards on the
minimum allowed presence of residues in
processed foods, fresh fruits and vegetables.
The non-compliance with these standards can
have catastrophic effect on the increasing of
export, which is one of the primary economic
objectives of our country.

With the new law on plant protection, the
agricultural policy of our country pays special
attention to the protection of agricultural
land from pollution and to the principles of
environmental protection. The law deals with
the economic, health, environmental and
social role of agriculture and establishes the
principle of agricultural policy measures that
are to be aimed at encouraging sustainable
agricultural activities. The measures are aimed
at maintaining the diversity of animal and plant
species, conservation of soil and of its fertility

and protection of natural conditions necessary
for life in soil, water and air.

However, the outdated technology in
Macedonia, worn and poorly maintained
machinery and pesticide application equipment
cause directly the increased number of
treatments, poor protection and uncontrolled
spread of diseases and pests in the agricultural
production (Dimitrovski et al., 2016).

In the last few vyears, the European
Commission adopted a whole set of rules
(directives) and broadened the scope of all
those regulations. According to the guidelines
presented in the directives, all national
regulations in the Member States must be
harmonized when the countries introduce
new laws. The Directive 2009/128 / EC of the
European Parliament establishes a framework
for the implementation of the National Action
Plan in each country, which refers to the
sustainable use of pesticides. One of the areas
covered by the Directive relates directly to the
introduction of mandatory monitoring and
inspection of pesticide application equipment
(Gil, 2006). Considering that in the Republic of
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Macedonia the inspection is not mandatory,
and as a country candidate it is bound to
harmonize its regulations, the main goal of this
research is to determine the current condition
of the air assisted sprayers. The results are

a good basis for further research and an
opportunity to apply standardized procedures
for mandatory inspection of machinery for
pesticide application.

MATERIAL AND METHODS

The research was conducted in the Stip
region in 2015 covering the municipality of
Stip with larger villages: Tri Cesmi, Balvan and
Argulica.

The instrument used during the field
research was the questionnaire including data
divided into three groups:

a) General information about the owner

b) General information on the pesticide
application equipment

c¢) Visual and operational
machines

flaws of the

RESULTS AND DISCUSSION

In the Republic of Macedonia, despite
the inventory of farmstead and agricultural
machinery, thereis no exact number of pesticide
application equipment. In the questionnaire,
according to the last list, there was no graph for
these machines. That is why in Macedonia it is
assumed that the number of these machines
is about 14-15000. However, according to our
initial research in the Stip region and wider, the
number of pesticide application equipment is
far smaller. The introduction of the EN 13790
standard, the identification of the required
number of test stations, and the need for

training for proper and safe operation with
these machines were the motive for this first
research in this field.

The aim of the research is to determine
the current status of one part of air assisted
sprayers and how much they meet the
prescribed norms of the European standard EN
13790 and the new EN ISO 16122.

The Stip region is part of the
Southeastern Mediterranean region, which
is one of the major agricultural regions in the
Republic of Macedonia. In this region, the most
important are field crops (Fig. 1).

151,1

Field crops 840,2 ha Viticulture 197,9 ha
Orchards 151,1 ha Horticulture 0,1 ha

0,1

Figure1. Land structure in ha.

In the last 7-8 years as a result of the
division of state land and subsidies given by
the state, number of hectares with vineyard and
orchards is growing. However, if irregular plant
protection is carried out on these 1172 ha, on

which various agricultural crops are grown, this
directly affects the spread of pests and diseases,
pollution of the environment and human and
animal health.
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Figure 2 and Figure 3 show general data
about farmers who have pesticide application
equipment. According to the data, it can be
noted that, of the total number of farmers

surveyed, 22 (88%) have secondary education,
and most of them, in total 18 (72%), in this part
of the Stip region are not registered farmers,
because agriculture is not the main activity.

30

20

10 1(4%)
0

22 (88%)

2(8%)

Figure 2. Education of interviued farmers.

The fact that all surveyed farmers have
not attended any training on quality and on
handling these machines is worrying. This
means that these machines are used according
to their personal experience or according to the
experience of their relatives and friends which

is often misleading and unsafe. However, all
farmers have said they would like to participate
in training to expand their knowledge, reduce
plant protection costs, protect their health and
reduce environmental pollution.

18(72%)

20
15
10
2(8%)
-

5(20%)

Figure 3. Regisrered farmers/firm.

The brands of pesticide application
equipment, which are most prevalent in this
part of the Stip region, are shown in Table 1.
According to the data from the table, the most
important brand is Agromehanika Kranj 15
(39.47%). Particularly satisfactory is the fact that
17 machines are aged up to 5 years, but also a
large number of machines (14), are between 10-

20 and over 20 years old. Improper maintenance
and exploitation of these machines has a direct
impact on poor quality plant protection and
increased environmental pollution.

A large number of new pesticide
application machines are the result of the state’s
help to farmers through subsidies to procure
new machinery.
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Table 1. Basic data for pesticide application equipment in part of Stip region.

Pesticide application equipment
Age
Number Brand Total %
0-5 5-10 10-20 20<

1. Agromehanika Kranj 15 (39.47) 8 4 1 2
2. Evrotech 1(2.63) 0 0 1 0
3. Morava 9(23.68) 2 1 3 2
4, Agron Ni$ 7 (18.42) 7 0 0 0
5. Metalbraneks Prokuplje 1(2.63) 0 1 0 0
6. Fisher 1(2.63) 0 0 0 1
7. Miterrer 2 (5.26) 0 0 0 2
8. Vrecek Kranj 1(2.63) 0 1 0 0
9 Atomizatori 1(2.63) 0 0 0 1

Total 38 (100) 17 7 5 9

From the total number of tested
machines in this region, the number of air
assisted sprayers is 25. In Table 2, the number
of air assisted sprayers is shown according to
the way of hitching with the tractor and volume

of the tank. According to the table, almost
obsolete carried air assisted sprayers 13 and 12
trailered air assisted sprayers are used to protect
the orchards and vineyards.

Table 2. Data for air assisted sprayers in part of Stip region.

Way of hitching | Carried | Trailered | Total

Tank <6001

> 600 | /

Total

13

12 25

Table 3. Visual flows on air assisted sprayers in part of Stip region.

Visual flaws of PAE
H [0)

Parts of the machine No parts Modifications Total %
Chassis / 4 4 13.33
Hitching device / / / 0
Power take-off / / / 0
Wheels / pneumatic tires 1 / 1 3.33
Tank 1 5 6 20.00
Agitator / / / 0
Pump / 2 2 6.67
Filters 2 / 2 6.67
Command valve / / / 0
Manometer 1 / 1 3.33
Hoses / 2 2 6.67
Sprayer boom / 3 3 10.00
Nozzles 1 2 3 10.00
Ventilator / 4 4 13.33

Total 6 24 30 100
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Further research on air assisted sprayers
relates to the operational and visual flows are
shown in Table 3 and Table 4.

According to the results of Table 3, it can
be concluded that after the visual inspection
of the machine the biggest disadvantage and
modification was found on the tank 6 (20%),
chassis 4 (13.33%) and fan 4 (13.33%). Of the
total of 30 flaws and modifications, visual defects
are most often related to various adaptations of
the armature with nozzles, broken or laminated
cover on the tank, as well as the reinforcement
of the chassis due to spinning and breaking
on the machine itself. Of the total number of
machines, 6 machines did not have any vital

parts for proper operation and exploitation.
Analyzing the current state of air assisted
sprayers it can be concluded that the most
common malfunctionin machinesisdetermined
in the manometer - 9 machines (36.00%), and
one machine did not have any manometer at all
(Tab. 4). It should be noted that this tool directly
shows the operating pressure in the system
and is one of the main control tools for proper
and quality application of pesticides. Regarding
the modifications of these machines they are
usually observed in the hoses 8 (32.00%) of the
machines. The great pressure and the quality of
hoses affect directly the length of their use and
the need for replacement (Declercq et al., 2012).

Table 4. Operational flows on air assisted sprayers in part of Stip region.

Operational flows
Parts of the machine Functioning % Malfunctioning %
properly

Chassis 25 100 / 0
Hitching device 25 100 / 0
Power take-off 25 100 / 0
Wheels / pneumatic tires 21 84.00 4 16.00
Tank 25 100 / 0
Agitator 21 84.00 4 16.00
Pump 23 92.00 2 8.00
Filters 22 88.00 3 12.00
Command valve 19 76.00 6 24.00
Manometer 16 64.00 9 36.00
Hoses 17 68.00 8 32.00
Sprayer boom 21 84.00 4 16.00
Nozzles 21 84.00 4 16.00
Ventilator 20 80.00 5 20.00

During the conversation with the farmers
about their experience the most common
defects and problems encountered when using
these machines were discussed. According to

the results of the research it can be concluded
that most defects occur in the hoses and pump
of the pesticide application equipment (Tab. 5).

Table 5. Most common problems with air assisted sprayers in part of Stip region.

S |« | 3

5|1 5| = . 5

o 9 i) ge] g o .
2] £t |2¢ S| o | w» |E E|l | 8| 3| &
8l e8| z|22 = | £ | €| |2 5| 3| E|N|E
@] T S [T&E| = < & z |0Z%| = T S| = =
1 ol o] o1 o | 7 [ 3] o o] 9 |1 5 |1
4% | 0 | o | o [4% | 0 [28% |12%] 0o | 0 [36% | 4% |20% | 4%
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Unfortunately, according to the first
results, we can conclude that a large number
of controlled air assisted sprayers can not meet
the requirements of European Standard EN

13790 and the new EN ISO 16122. All surveyed
machines have only one tank and many of them
have modifications that are not in accordance
with the above mentioned standards.

CONCLUDING REMARKS

According to the results of the research it
can be stated that in the Stip region:

e The largest number of surveyed farmers is
not registered farmers 18 (72%) and most of
them have secondary education 22 (88%)

o None of the farmers interviewed visited
training on the safe and proper exploitation
of pesticide application machines (100%)

e The most common brand of pesticide
application machines is Agromehanika
Kranj 15 (39.47%)

e Thelargest numberof machinesis between
0-5 years old (17), but also a large number
of machines (14), which are between 10-20
and over 20 years old

e The largest number of visual defects was
noted due to various modification 6 (20%)
due to broken or laminated cover on the
tank

e Operating disadvantages were most
pronounced 9 (36.00%) due to the defect
of the manometer

o During the exploitation, farmers had
the most problems with the intestines
(36%) and the pump (28%) in pesticide
application machines
In the Republic of Macedonia there is no

compulsory inspection of pesticide application
equipment. But as a candidate country,
Macedonia is bound to apply and harmonize
its laws and standards to the European Union
laws and standards. The introduction of
mandatory inspection, as well as other laws
regarding the proper use and handling of waste
pesticides, affects directly the protection of the
environment and human health.
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COCTOJBA HA OPOCYBAYUTE BO WUTUMNCKUOT PETMOH U MOXKHOCT 3A BOBEAYBAHE HA
EBPONCKMOT CTAHAAPA EN 13790
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Pesnme

WcTpaxyBarbaTa BO OBOj TPYA ce cnpoBefeHn Bo LLTuncknoT pernoH Bo 2015 rogunHa. PernoHoT ce Haora
BO MCTOYHMOT Aen Ha Penybnuka MakefoHuja, Kafie WITO ce OABMBA MHTEH3UBHO 3€jOAeNICKO NPON3BOACTBO.
MakegoHuja Kako 3emja KaHAMAaT 3a uieHCTBO BO EBponckaTta YHuja mMopa ga rm xapMoHu3npa cBoute
3aKOHCKM NPOMNUCK CO eBPONCKUTe, BKNyYyBajkn ro n EBponckmot ctaHgapa EN 13790. MNokpaj apyroto,
OBOj CTaHJapA npenBuiyBa M 3aflOSKUTENIHO BOBefyBarbe Ha MHCMEeKuMja Ha MalMHWTe 1 onpemaTta 3a
annvkauuja Ha nectuuman. Nopaay oBre NPUUYNHW, rMaBHa LieSl Ha 0Ba UCTPaKyBake e Nprubuparse nogatoun
3a 6poj, Mmogen, roanHM Ha cTapocT, 6e36efHOCT 1 C/. Ha OPOCYBauUTE, KaKo 1 OCHOBHUTE MHOpMaLun 3a
COMCTBEHMLUTE Ha OBMEe MalUVHN (06pa3oBaHue, ronemmnHa Ha GapmrTe, OCHOBHU NO3HaBakba U MNOCETYBakbe
Ha 06yKuM 3a NpaBuNIHO 1 6e36eHO NoJecyBahe N KOPUCTake Ha OBME MaLLUUHW UTH.)

KnyuHn 360poBM: necmuyudu, UHCNeKYujd, 8usyesHu Hedocmamouyu, onepdmusHU Hedocmamouu,
MIA3HUYU
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PHYSICAL AND CHEMICAL CHARACTERISTICS OF POMEGRANATE (Punica granatum L.),
CULTIVAR KARAMUSTAFA
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ljupco.mihajlov@ugd.edu.mk

Abstract

Pomegranate is fruit species well-adapted to arid and semi-arid conditions and highly valued crop widely
cultivated in Mediterranean and Near Asia countries. The most important pomegranate cultivars in Macedonia
are “Bejnarija’, “Lifanka” and “Karamustafa”. The objective of this study was to evaluated physical and chemical
parameters of pomegranate cultivar “Karamustafa’, collected from two different location of the R. Macedonia.
The physical parameters include fruit fresh weight, percentage of grain (%), weight of 100 berries (g), and
percentage of juice (%). The cultivar “Karamustafa” (239.57- 304.79 g) belongs to a group of large fruits. The
yield juice ranged from 47.83 % (Valandovo) to 50.63 % (Josifovo). Based on the content of the total acids (TA),
the cultivar “Karamustafa” belongs to a group of sweet cultivar (TA<1).

Based on the results we found significant differences in the weight of the fruit, the content of the total
acids and the content of the total polyphenols in the juice.

Key words: Punica granatum L., fruits, juice, total acids, total polyphenols

INTRODUCTION

The pomegranate (Punica granatum L.)
belongs to the Punicaceae family, the genus
Punica L. (Fond Quer, 1979). Itis a diploid species
whose somatic number is 2n=16, and haploid
chromosomes = 8 (Westwood, 1982) or 2n=16
or 18 (Mars, 1998).

Pomegranate (Punica granatum L. is
an important commercial fruit crop that is
extensively cultivated in port of Asia, Nort Africa
and the more Mediterranean regions. All parts
of the tree (leaves, flowers, and roots) are used
for medical purposes for centuries (Godwa et al.,
2009).

The total area of pomegranate cultivation
in the world is well above 300.000 ha, which,
more than 76% is found in these countries: India,
Iran, China, Turkey and the USA (Melgarejo et al.,
2012) with production higher than 3.000.000 t.
The fruits are consumed fresh or processed into
juice, jams, syrup and sauce (Fawole et al.,, 2011).

Consumption of pomegranate fruit and
juiceinthe words is increasing very fast, because
of its health benefits, high antioxidant capacity

and the high content of polyphenols and
anthocyanins (Zarei et al., 2010). Pomegranate
juice is extremely nutritious, it has medicinal
properties that include: sugars, citric and boric
acid, pectin, vitamins, iodine, iron and other
useful ingredients (Zarei et al.,, 2011).

Recent studies suggest that pomegranate
juice contains anticancer, antimicrobial and
antiviral components (Schwartz et al., 2009;
Reddy et al., 2007; Kotwal, 2007). Pomegranate
fruits’ maturity is estimated by the skin colour,
juice colour,andjuice acidity (Al-Said et al., 2009),
all of which vary by cultivar. Pomegranate fruits
can be harvested when they reach a suitable
size and the colour of skin achieves the desired
pigment. The main parameters of maturity are
TSS (total soluble solids), TA (total acids) and
TSS/TA ratio (Pekmezci and Erkan, 2004). In
the production of pomegranate pesticides and
fertilizers are not used which means that fruits
represent a very healthy food rich in natural
nutritional and medicinal properties (Hassan et
al., 2012).
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In Macedonia, the pomegranate is grown
on an area of 50 ha, and it has 700 tons annual
production. The most of the area are orchards
and some individual trees in the gardens.
The pomegranate is traditionally grown in
Valandovo region, which is under the influence
of Mediterranean climate. In this region, climatic
soil conditions (length of 240 vegetation
days, annual average temperature > 14,8 C°,
the annual temperature sum > 5.200 C°, soils
fertile, etc.), enable the successful cultivation of

pomegranate, which is present in this area for
centuries.

To the best of our knowledge there are
no published results about the determination
of physical, morphological and chemical
properties of pomegranate fruits, arils and juices
in the R. Macedonia. Therefore, the main object
of this study was the determination of physical,
morphological and chemical parameters of
pomegranate cultivar “Karamustafa”, grown in
two different location of R. Macedonia.

MATERIALS AND METHODS

Pomegranate fruits of “Karamustafa”
species were collected from pomegranate
orchards located in 10 year old orchard in
Valandovo and 20 year old orchard in Josifovo
area in R. Macedonia. Trees were planted at the
spacing of 2.5 x 3.0 m.

Eight fruits of three different flower levels
or a total of 24 per cultivar from Josifovo and
Valandovo location were taken for analysis (Tab.
1,Tab. 3; |, Il and lll repetition).

Physical characteristics

Fruit weight (g) and the weight of 100
arils (g) were measured using the analytical
laboratory scale (Mettler Toledo XS). The
percentage of peel (%) is calculated as the
ratio between the peel weight and fruit weight
multiplied by 100. The juice yield (%) is the
squeezed juice (ml) of 100 g of fruit. Fruit color
was determined by organoleptic method
(Koppel et al., 2010). The juice analyzed the pH
value, total soluble solids, the total acid content
expressed in citric acid, the maturity index and
the total phenolic compounds of the juice.

Statistical processing of the results of all

three repetitions was performed.The correlation
is represented by the statistical analysis of the
results, using the software package for statistical
data processing, SPSS 19.

Chemical analyses

Measurements were performed on
fresh aril juice. Total soluble solids (°Brix) and
salinity (%) were determined by using a digital
refractometer (Kriiss optronic DR 301-95)
at 20°C, calibrated by using water distilled.
Titratable acidity was estimated in titration
with 0.1 N NaOH to the titration point of pH
8.3, monitored with a pH meter and expressed
as citric acids content (g/L). Maturity index was
calculated by dividing total soluble solids to
titratable acidity. Juice’s pH is measured with a
pH meter ((100 ATC). Total polyphenolic content
was measured by using the Folin-Ciocalteau
method (Makkar et al., 1993).

The obtained results are processed by
analyzing the variance using the programme
package STATVIEW (SAS Institute Version 5.0).
The differences between the mean values
tested are LSD test for p<5.

RESULTS AND DISCUSSION

The physical characteristics of the
pomegranate fruit are presented in Table 1.
From the results presented in the study, the
fruits from the first repetition (I-first level of
flowers) of “Karamustafa” cultivar from both
locations (Valandovo, Josifovo) were the
largest. On the other hand, the lowest fruits
were determined from the third repetition (lll
level of flowers). In general, the average weight
of fruits is 239.57 g in Valandovo and 304.79

g in Josifovo. According to the descriptor list
for pomegranate (Bellini and Giordani, 1998),
they belong to the group of large fruit cultivars
(225-375 g). The difference in the weight of the
fruit between the location is due to the age
structure of the trees. The juice yield (%) varies
from 47.83% in location Valandovo to 50.63% in
Josifovo location, which is almost identical to
some Croatian cultivars, 43.18-53.99% (Radunic
and Gadze, 2011).
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Table 1. Physical characteristics of pomegranate fruit of cultivar “Karamustafa” at the two locations.

Location | Repetition Fr”'t("g")e'ght Wefrn:_‘(’gf)mo J“'C(‘f%z;'e'd F(’jf;:glt?(i‘; Color of fruit
| 285.43 27.86 48.26 4214
Valandove I 235.00 27.86 46.48 35.56 Reddish
I 198.28 29.28 48.76 37.10 yellow
I 239.57 28.33 47.83 38.27
| 421.25 38.75 50.36 33.68
Josifov I 25125 36.25 53.68 34.82 Reddish
I 241.88 33.75 47.85 40.83 yellow
I 304.79 34.58 50.63 36.44

The fruits of “Karamustafa” variety from the two sites were red in color, which is a characteristic

of the variety.

The results of the correlation between the weight of the fruit, the weight of 100 arils, the
percentage of peel and the juice yield were presented in Table 2.

Table 2. Pearson’s coefficient of correlation between fruit weight ant weight of 100 arils, percentage of peel

and yield of juice

Pearson’s coefficient of correlation (p)

Valandovo Josifovo
Fruit weight / | Fruit weight/ Fruit weight / | Fruit weight/ |Fruit weight/ Fruit weight
Juice yield Percentage of  |Weight of 100 |Juice yield Percentage of |/ Weight of
peel arils peel 100 arils
-119 ,791 -817 -,034 ,659 -,888

According to the Pearson correlation
coefficient, we can conclude that there is a high
correlation between the parameters. Negative
values denote inverse proportional connection.

Among the physical parameters of the
“Karamustafa” variety from the first location
(Valandovo) shows a high correlation value.
Both cultivars are highly dependent on the
weight of the fruit and the percentage of the
bark. The cultivar of the Valandovo location, p =,

791, while in the variety of the Josifovo location
p =, 659. The dependence between the weight
of the fruit and the juice yield is the lowest and
the same s inversely proportional. The variety of
theValandovois p=-, 119, whilein the variety of
the second location p = -, 034. Similarly, there is
inverse relationship between the weight of the
fruit and the weight of 100 arils. The variety of
the Valandovo is p = -, 817, while for the variety
of the Josifovo location p = -, 888.

Figure 1. Pomegranate “Karamustafa” (Valandovo).
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Figure 2. Pomegranate “Karamustafa” (Josifovo).
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Table 3. Chemical characteristics of pomegranate juice.

Location Repetition |pH TSS TA % M Salinity | Total Color of
(°Brix) (citric °Brix/TA | (%) phenolic juice
acid) (mg/L)
Valandovo || 3317 | 13.8%¢ 0.56° 2.49¢ 12.7%0 978° Light pink
Il 3.30° 13.55¢ 0.55? 2.44¢ 12.5%p 981°
1] 3.32° 12.1¢ 0512F 2.20¢ 12.82P 980°P
Josifovo | 3.30° 15.4° 0.35¢ 4.37° 13.8° 1014° Pink
Il 3.33° 14.2° 0.35¢ 4.06° 13.5° 10152
I 3.32° 14.0° 0.35¢ 3.94° 13.5° 10172
Mean values followed by different lower-case letters in each column indicate significant difference among results at P<

0.05 by LSD test.

TSS - Total soluble solids, TA - titratable acids, MI - maturity index.

The results for the pH, total soluble solids
(TSS), titratable acidity, maturity index, total
polyphenolic of the pomegranate“Karamustafa”
cultivar from the two different locations, are
presented in Table 3. Significant differences (P<
0.05) were revealed among location for pH, total
soluble solids, titratable acidity, maturity index
and polyphenolic content.

As shown in Table 3, the highest total
soluble solids content was in Josifovo, | (15.4
Brix) and the lowest was in Valandovo, Ill (12.1
Brix). The total acids content (equivalent to
citric acid) is significantly higher in all fruits on
the location Valandovo than Josifovo. Some of
the Turkish cultivars range from 14.70%Brix to
17.90°Brix TSS and from 0.5% to 2.4% TA (Ozgen
et al.,, 2008), Croatian autochthonous cultivars
contain TSS from 13.0°Brix to 15.55%Brix TSS
and from 0.44 to 1.64% total acids (Radunic et
al.,, 2011), while Iranian cultivars from 12.85°Brix
to 15.05%Brix TSS and 0.33% 2.44% total acids
(Tehranifar et al., 2010). Based on the total

acid content, the cultivars of pomegranate are
divided into groups: sweet cultivars with <1
total acids, sweet-sour cultivars with 1-2% total
acids and sour cultivars with> 2% total acids
content (Bellini and Giordani, 1998).

The highest level of total phenolic
compounds (1014-1017 mg/L gallic acid) was
quantified in Josifovo. The level of the total
phenolic content in Valandovo varied from
978 to 981 mg/L gallic acid. According to the
results from our study, we can indicate that
“Karamustafa” cultivar had higher value for total
phenolic components than cultivar “Valencia”
but significantly lower value than cultivars
“Akko”, “Hershkovitz” and “Wonderful” (Di
Nunzio et al., 2013). However, the total phenolic
content in pomegranate juice of ‘Karamustafa”
is higher in Turkish pomegranate juice 500-
916 mg/L gallic acid equivalent (Tehranifar et
al., 2010) but lower than in pomegranate juice
found in Turkish markets (up to 2000 mg/L)
(Tezkan et al., 2009).
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CONCLUDING REMARKS

On the basis of the obtained results, we can
conclude that the autochthonous cultivar
“Karamustafa” belongs to the group of cultivars
with large fruits, and according to the content
of total acids in the group of sweet cultivars. A
higher juice yield and higher content of the total
phenols was obtained on the location Josifovo.

This is the first research for autochthonous
cultivars pomegranate in the Republic of
Macedonia. The research will continue in
the direction of determining the potential of
this and other pomegranate autochthonous
cultivars for fresh consumption and for the
production of juices.
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Pesnme

KanuHkute ce gobpo aganTupaHu OBOLIHW BUAOBU BO CyBM U MOMYMNYCTUHCKM YCJIOBU U BUCOKOLIEHETM
KYNTypy Kou ce ofrnefyBaaT BO 3emjute Ha MepuTtepaHoT nm BO A3mja. HajBakHUTE COPTU KajMHKa BO
MakepoHuja ce 6ejHapuja, nugpaHka v kapamycmadpa. Llenta Ha oBaa cTyauja e fa ce eBanympaat Gusnykute u
XEeMUCKIMTE NapaMeTpU Ha KanMHKaTa copTa kapamycmaca, cobpaHu of iBe pa3nnyHu fokaumm Bo Penybnuka
MakepoHuja. Dv3nukmTe NapameTpy BKIyYyBaaT TEXIMHA Ha CBEXO OBOLUje, MPOLEHT Ha 3pHO (%), TeXnHa o
100 6061HKM (r), NpoLeHT Ha cok (%). CopTaTa kapamycmada (239.57- 304.79 g) npunara Ha rpyna ronemm
nnoposu. COKOT of pofoT ce ABWXK o 47,83% (BanaHposo) Ao 50,63% (JocndoBo). Bp3 ocHoBa Ha coapKmHaTa
Ha BKynHuTe KucenuHu (TC), copTaTta kapamycmagha v npunara Ha rpynara co cniatka copta (TA <1).

Bp3 ocHoBa Ha pe3ynTaTuTe NPOHajA0BME 3HAUNTENHN Pa3NnKKM BO TEXMHATa Ha OBOLUjEeTO, COAPXIMHaTa
Ha BKYMHUTE KUCENTVHUN 1 COAPXKMHATa Ha BKYMHUTE NoAndeHOoNn BO COKOT.

KnyuHn 360poBu: Punica granatum L, ogouwije, COK, 8KYNHU KUCe/IUHU, 8KYNHO NOAU@eHoU
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Abstract

This paper presents the results of the study on the chemical contents, the fatty acid composition
and the quality loss thermic manufacturing of the calf meat from the hybrid lines Isa Brown and Dekalb. For
this purpose, 7 samples of broiler chicken were taken from the hybrid lines Isa Brown and Dekalb. After the
slaughter and primary manufacture, the inner fillet and drumsticks are separated. The inner fillet from the
hybrid Dekalb contains less water and more proteins compared to the meat from the inner fillet from the
hybrid Isa Brown. The meat from the drumsticks from the hybrid line Isa Brown contains more saturated and
less unsaturated fatty acids compared to the meat from the hybrid Dekalb. At the meat taken from the inner
fillet the contents of the saturated fatty acids is lower than the contents from the unsaturated which is higher

at the hybrid line Isa Brown.

Key words: Isa Brown, Dekalb, thermic manufacturing, pH

INTRODUCTION

The chicken meat is considered to be a
diet food for people from various target groups.
Young chicken at the hard hybrid lines have
higher muscle mass which corresponds to a
higher body mass. The muscles are built of
muscle fibers. The muscle fiber is the basic unit
of the skeletal muscle and covers 75-90% of the
overall muscle mass (Perich and Sar, 1986). The
poultry muscle is built of two types of muscle
fibers, bright and dark. Dark muscle fibers are
richer with sarcoplasm and active oxidases
while the light ones contain more glycogenase
compared to dark ones. Therefore, in the dark
muscles, the oxidase of some substances in the
post-mortem corpus is enhanced (Djeri¢ et al.,
2009). The white meat contains more protein
while the darker more fat (Raseta and Dakic,
1984). The chicken meat compared to other
types of meat in its composition contains a
higher percentage of proteins and the lowest
percentage of fat and can be used as a diet
food (Vasilev and Kitanovski, 2005). According
to Baltic et al. (2003), poultry meat on average

contains 70.6-78.2% water 21% protein, 1.85-
9.85% fat, about 1% mineral matter and its
energy value is 700 kJ per 100 grams. According
to Ristic et al. (2008) quoted by Todorovski
(2015), the white meat from broilers contains
74.9% water, 0.6% fat, 23.6% protein and 1.2%
ash, and white chicken meat contains 72.9%
water, 1.35% fat, 25% protein 1.1% ash.

Thefattyacidsinpoultrymeatareimportant
from a nutritional point of view. The content of
fatty acids in poultry meat has been examined
by many authors. According to (Cortinas et al.,
2004) the drumstick meat contains the most
commonly polyunsaturated fatty acids, then
unsaturated and saturated. (Klarik et al., 2005)
state that in the breast meat the most common
are the polyunsaturated fatty acids and then
the unsaturated and saturated. According to
their tests in the meat of the inner fillet, the
most present are the saturated fatty acids and
then the unsaturated and polyunsaturated fatty
acids.

The loss of mass during the thermic
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treatment of the meat, as well as in the other
types of meat and in poultry meat, depends
on: the manner of the thermic treatment, the
time of thermic treatment, the temperature,
the surface of the piece of meat. At normally,
thermally treated meat, losses range from 5 to
20%. According to Klarik et al. (2012), calving of

breast meat in chickens is 22.65%.

The objective of our research is to
examine the chemical compound, the fatty
acid compound and the quality loss of thermic
manufacture at the drumstick and inner fillet
meat at young chicken at the age of 16 weeks
from the hybrid lines Isa Brown and Dekalb.

MATERIAL AND METHODS

The sample materials for the research are 7
broiler chickens from the hybrid line Isa Brown
and 7 broiler chicken from the hybrid line Dekalb.
Both hybrids are supplied as one-day chicks and
breed at the poultry farm on the floor. The chicks
are grown on sawdust, fed controlled according
to the recommendations of manufacturers of
hybrid lines with hanging feeders whose height
is regulated by the growth of the chickens.
During the breeding, the chickens receive all
the vaccines on the recommendation of the
veterinary institute. Both hybrids are at the age
of 16 weeks. Young chicks were taken from a
farm in Kriva Palanka in cardboard boxes with
ventilation openings, a special truck for poultry
transport and a document that was examined

by a veterinary doctor - inspector (health
certificate). The slaughtering and primary
processing of the chicken broilers was done
according to all sanitary veterinary regulations.
Before slaughter, the chicken broilers were
subjected toan 8 hourfasting. After slaughtering
and primary treatment, the hull of the basic
parts was taken out (wings, drumsticks, hooves,
breasts and back). Subsequently, each of the
basic parts was specially processed so that the
skin, bone and the meat were specially taken
with a knife, and then measured on a digital
scale with an accuracy of 0.01 g. Then the meat
was separated from the bones of the inner fillet
and the drumstick of all the chickens from the
two hybrids.

Chemical composition

The chemical composition was examined
(water content, protein, fat mineral matter). The
water with the method of drying 105 °C; the fats
according to the method of Gerber, proteins

were examined by using the Kjeldahl method,
and the mineral material by the method of
incineration.

Fatty acid composition

The fat acid composition of the meat
was determined by a gas chromatography.
The method of work on the sample is AOAC
996.06 GC-FID-7890 A with appliance of the
tool Gas chromatograph with Flame lonizated
Detector. The fat from the analyzed samples
of meat are extracted by hydrolysis methods
(acid hydrolysis). The pirogal acid is added so
as to avoid liberation of the fatty acids. The
methylation of fatty acids was performed
according to AOAC GC - FID - 7890. The
obtained methyl esters of fatty acid (FAMES)
were analyzed by using the appliance of Gas
chromatograph with Flame lonizated Detector
and a capillary column (SP 2560 100 mx0.25

mm to 0.25 um). Operating conditions were:
injector temperature 225 °C detector 285 °C.
Initial temperature of 100 °C-keep 4 minutes
increased by 3 °C every minute to a final
temperature of 240, hold 15 minutes. The gas
holder gas was helium with a flow rate of 0.75
ml / min. Certain FAMES from the analyzed
meat were identified separately on the basis
of comparison with the respective retention
time (which is characteristic of their molecular
mass as identification parameter) with retention
time standards FAMES (which include cis and
trans isomers of fatty acids) standard mix. The
analyzed content of each fatty acid is expressed
in percentage (%).
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Difference in the mass

In determining the heat of the heat
treatment of the meat from the digging in the
two hybrids, separation of the meat from the

lines was made after their thermic treatment
at the temperature from 180°C for about 60
minutes (with its electrically heated body

bones of the drumsticks was carried out in the
two hybrid hens and the measurement of the
meat on an electronic scale. The determination
of the quality loss of the thermic treatment of
the meat from the drumsticks of the two hybrid

(electric cooker). The difference in the mass
before and after the thermic treatment gives
the quality loss of the thermic treatment of the
meat of the drumsticks of the two hybrids.

Statistical analysis

The obtained results of the performed
measurements were processed according to

the usual statistical variations according to the
method of ANOVA - EXEL 1997- 2003.

RESULTS AND DISCUSSION
Chemical composition

The chemical composition of the drumstick and inner fillet meat of the hybrid lines Dekalb and
Isa Brown is presented in Tables 1 and 2.

Table 1. Chemical composition of inner fillet at hybrids Dekalb and Isa Brown.

Chemical parameters Dekalb Isa Brown

Mean=SD Mean=SD
Water % 74.332+1.059 75.592+0.773
Fat % 0.8+0.365 0.302+0.090
Ash % 1.182+0.023 1.136+0.046
Protein % 23.066+0.6 21.982+0.744
pH 5.832+0.031 5.814+0.059

Table 2. Chemical composition of the meat of drumsticks at the hybrids Dekalb and Isa Brown.

Chemical parameters Dekalb Isa Brown

Mean=SD Mean=SD
Water % 73.47+0.577* 76.324+1.185*
Fat % 4.5+£1.190* 1.6+£0.532*
Ash % 1.132+0.060 1.154+0.47
Protein % 20.11+0;.573 20.384+0.730
pH 6.16+0.045 6.066+0.37

*Statistically significant differences

The examined chemical composition of
inner fillet meat in the hybrids Dekalb and Isa
Brown shows that the average water content
of the Dekalb hybrid is 74.33, £1.059 while in
Isa Brown it is75.592+0.773, of which it can be
concluded that the meat of inner fillet in the
hybrid Isa Brown contains a larger percentage
of water than that of the Dekalb. The average
fat content of the Isa Brown hybrid is 0.8+0.365
and it is less than the fat content of meat in
Isa Brown meat which is 0.302+0.090. The
content of ash in the meat of the inner fillet in

the Dekalb hybrid is larger than that of the Isa
Brown hybrid and it is 1.182+0.023, while in
Isa Brown is 1.136+0.046. The proteins are also
more represented in the meat of the inner fillet
in the Dekalb hybrid, 23.066+0.6, 21.982+0.744
in Isa Brown, pH in Dekalb is 5.832, while in Isa
Brown 5.814.

The average water content of the meat of
drumstick in the Dekalb hybrid is 73.47+0.577,
whilethelsaBrownhybridis76.324+1.185,which
means that it contains a higher percentage of
water from the meat in Dekalb. The salt of fat in
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the drumstick meat is more prevalent in Dekalb
with 4.5+1.190 opposed to that in Isa Brown
1.6£0.532. The larger ash content is found in
the meat of drumstick in the Isa Brown hybrid
with 1.154+0.47, and Dekalb1.132+0.060. And
also the protein content is more present in the
meat in this hybrid, 20.384+0.730 and Isa Brown
that is 20.11+0.5873 in Dekalb. pH in the Hybrid
Dekalb is 6.16, while at the hybrid Isa Brown is
6.066. From Table 1 in relation to the chemical
composition of the inner fillet at hybrids
Dekalb and Isa Brown there are no statistically
significant differences. Table 2 shows that in
meat from drumsticks in the hybrids of Dekalb
and Isa Brown there are statistically significant
differences in water and fat parameters (p<0.05).
Dekalb water 73.47+0.577; Isa Brown water
76.324+1.185;Dekalb fat 4.5+1.190; Isa Brown
fat 1.6+0.532.

Risti¢ et al. (2008) determined that the
contents of water at the meat of breasts and

drumsticks at the chickenis 75 %, fat at the infer
fillet 0.6% at the drumsticks 3.9%, proteins at
the meat of the inner fillet 23.6% at the meat of
drumsticks 19.6% mineral material ant the meat
of inner fillet 1.2 at the drumsticks 1.1%.

Glamoclija (2013) determined that the
average content of water in the meat of the
chicken is 74.6 %, fat 11.1%, proteins 12'1%, and
mineral material in the meat 1 %. Todorovski
(2015) researched the chemical compound of
chicken meat from the hybrid lines Isa Brown
and Dekalb which are excluded from production
due to the ending of the production cycle of age
of 84 weeks. He realized that the meat of the
chicken from the hybrid line Isa Brown contains
water 76.342%, proteins 20.384%, fat 2.968%,
and mineral material 1.154%. The meat from
the hybrid line Dekalb contains water 75.592%,
proteins 21.928%, fat 2.302% and mineral
material 1.163%.

Fatty acid composition

The fatty acid compound from the meat of
drumsticks and inner fillet of the hybrid lines Isa

Brown and Dekalb are presented in Table 3 and
Table 4.

Table 3. Determining fatty acids at drumstick meat at hybrids Isa Brown and Deklab (%).

Fatty acids Isa Brown % Dekalb %
C14:0 0.461 0.332
C16:0 16.977 16.896
C16:1 4.002 4.034
C18:.0 4.545 5.422
C18:1n9 42.126 39.965
C18:2n6¢ 31.196 32.823
C18:3n6 0.692 0.528
Saturated fatty acids 21.983 22.50
Unsaturated fatty acids 78.016 77.350
Polyunsaturated fatty acids 31.888 33.351

From Table 3 it can be concluded that
the saturated fatty acids are more present at

the hybrid Dekalb, while the unsaturated and
polyunsaturated at Isa Brown.
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Table 4. Determining the fatty acid compound of the meat of inner fillet at the hybrid Isa Brown and Dekalb (%).

Fatty acids Isa Brown % Dekalb %
C14:0 0.079 0.316
C16:0 18.956 21.038
C16:1 3.533 0.995
C18:0 6.093 7.466
C18:1n9 41.835 37.868
C18:2n6¢ 29.503 32316

C18:3n6 ND* ND*

Saturated fatty acids 25.128 28.80
Unsaturated fatty acids 74.871 71.179
Polyunsaturated fatty acids 20.503 32.316

ND* - Not determined

It can be seen from Table 4 that the
Dekalb hybrid contains more saturated and
polyunsaturated fatty acids, while the hybrid
I[sa Brown contains more unsaturated fatty
acids. According to the studies of Cortinas et
al. (2004), the saturated fatty acids in the meat
of the drumstick are represented by 53.81%,
unsaturated 89.34% and polyunsaturated
92.03%. while in the breast meat, saturated
fatty acids are represented by 6.82%,
unsaturated with 10.43% and polyunsaturated
are represented by 13.29%. Klarik et al. (2005)
found that fatty acids in inner fillet meat of the
chicken are represented by 39.97%, saturated
fatty acids 33.40%, unsaturated and 5.79%,
polyunsaturated fatty acids. While in the

drumstick meat, 39.27%, unsaturated 38.29%
and polyunsaturated fatty acids are present
with 20.79%. According to the research of
(Krali¢ et al., 2002) the inner fillet meat contains
saturated fatty acids 32.44%, monounsaturated
fatty acids 37.59% and polyunsaturated fatty
acids 21.26%. Barbir et al. (2014) indicate that
in the bright and dark meat from the chickens
the following fatty acids are present: SFA 40.4%,
MUFA 35.3%, PUFA omega - 6 17.4%. The
differences in the results of our examinations
related to the chemical composition and fatty
acid composition are probably the result of the
fact that we examined young chicken at age of
14-16 weeks while the other authors examined
broilers and laying hens.

Difference in the mass

The quality loss thermic manufacture of
the meat of drumsticks at the hybrid lines Isa

Brown and Dekalb are presented in Table 5.

Table 5. Determination of mean quality loss of meat from the legs hybrids Dekalb and Isa Brown

Drum sticks Dekalb Isa Brown

Weight before heat treatment 0.0632 0.0708 NS
Weight after heat treatment 0.0408 0.0474 NS
% on loss of mass of the meat in heat treatment 35.724 33.364 NS

NS- No statistically significant differences

As it can be seen from the table 5 it can be
concluded that the larger heat of heat treatment
of meat from the digested has in the Dekalb
hybrid 35.724% (0.0224 g), as opposed to the
feces of the Isa Brown hybrid, which is 33.364%

(0.0234 g). From Table 5 it can be seen that there
are no statistically significant differences in the
loss of the mass of heat treatment of the meat of
drumsticks from Isa Brown and Dekalb.
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CONCLUSION

From the above presented it can be
concluded that the meat of inner fillet from the
hybrid Dekalb contains less water and more
proteins compared to the inner fillet meat from
the hybrid Isa Brown. The drumstick meat from
the hybrid Dekalb contains less water and more
fat compared to the drumstick meat from the
hybrid Isa Brown. The drumstick meat from the

hybrid line Isa Brown contains more saturated
and less unsaturated fatty acids compared
to the meat of hoof from the hybrid Dekalb.
At the meat of the inner fillet, the content
of the saturated fatty acids is lower than the
unsaturated fatty acids one which is higher
at the hybrid line Isa Brown compared to the
hybrid line Deklab.
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XEMUCKU N MACHOKUCEJIMUHCK COCTAB KAJ MECO O] MJTAAUN KOKOLUKWU PA3JINYHU
XUBPUAHU INHUN

'Cawa QununosckKa, 2lapko AHApOHUKOB, *Alo Kysenos
'3emjodesncku hakynmem, YHusepaumem ,loue [Jenyes” — Limun,
~Kpcme Mucupkos’; 10-A, LLimun, Peny6bnuka MakedoHuja
2TexHuuYKo mexHoowkKu ¢pakynmem Ynusepzumem loye Jenves LLimun,
~Kpcme Mucupkos’; 10-A, LLiImun, Peny6bnuka MakedoHuja
sanja.filipovska@yahoo.com (cmydeHm mazucmpar0); darko.andronikov@ugd.edu.mk; aco.kuzelov@ugd.edu.mk

Pesume

Bo TpynoT ce fapeHn pesyntatute of UCNUTYBAaHETO HA XEMUCKMOT COCTaB, MaCHOKUCENTMHCKNOT COCTaB
1 Kano Ha TepMmmyKka o6paboTKa Ha Meco of, KonaHu 1 Kobunumua fobreHo of XmbpuaHuTe NUHUN uca 6payH n
Oekan6. 3a LenTta ce 3eMeHu No 7 6poja Mnagm KOKOLKWN of XMbpuaHuTe nuHum uca 6payH n 0ekan6. Op H1B No
KOJIeHETO 1 NprMapHaTa 06paboTka ce oaBOEHM KobunmumTe 1 KonaHute. Mecoto of Kobunuua og xmbpuaoT
[ekanb coppu nomasky Bofa, a noBeke 6enkoBrHM BO criopefiba cO MecoTo of kobunuua of xubpuaot
uca 6payH. MecoTo of KonaHu of, XubpuaoT Oekasib conpu Nomanky Bofa, a NoBeke MacTu BO cropefnba
CO MecOoTO Of KonaHu o XnbpuaoT uca b6payH. MecoTo ofi KonaHu of xmbpugHaTa NHKja uca 6payH COppPu
rnoBeKke 3aCUTeHU, @ MOMasIKy He3aCMTEHM MacHU KUCEeNMHU BO cnopeaba co MecoTo of KomnaHu of Xxmbpugot
fekan6. Kaj mecoTo ofi Kobunua COAp»KMHATa Ha 3aCMTEHUTE MAaCHM KUCENIMHW € MOMarna, a Ha He3acuTeHuTe
MacHU KUCeNMHK e norosiema Kaj xmbpugHata nuHuja uca 6payH, Bo cnopepba co xubpugHata nvHuja oekanb.

KnyuHu 360poBu: uca 6payH, 0ekanb, mepmuyka obpabomka, pH
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Abstract

This research confirmed the occurrence and presence of tomato leaf miner Tuta absoluta (Meyrick 1917)
(Lepidoptera: Gelechidae) on tomato, in a protected area, in Southeast Macedonia, in the period of 2015 - 2016.
Pheromones traps, as a secure method for monitoring and detecting the presence of T. absoluta, were used
for collecting insects. The presence of T. absoluta was proved by morphological analysis of the male genital
structure. The main objective of our research was to determine the correlation between the dynamics of
populations of T. absoluta and climate factors in two production systems - integral and conventional, over two
season spring /autumn, at tomatoes in a protected area. The correlation is displayed through statistical analysis
of the results, by applying a software package for statistical processing of the results, SPSS 19.

Key words: tomato leaf miner, pheromone traps, monitoring, integral production, conventional production

INTRODUCTION

The South American tomato leafminer, T.
absoluta (Meyrick 1917), is a micro lepidopteran
moth belonging to the Gelechiidae family and
is considered as one of the most devastating
tomato pests (Arnd et al. 2010). It originates
from South America and was detected for the
firsttime in Europein Spain in 2006 (Karadjova et
al. 2013). This newly introduced pest has spread
very quickly along the Mediterranean Basin
and to other Central and Northern European
countries, including the Balkan (Tosevski et al.
2011). Since the 1960s, this moth has become
one of the key pests of tomato crops in South
America (Garcia and Espul 1982). In Europe, the
presence of T. absoluta was initially reported
in Eastern Spain, at the end of 2006 (Urbaneja
et al. 2007), then in Morocco (EPPO 2008) and
in Tunisia (EPPO 2009d), as well as, in several
European countries (Tosevski et al. 2011). It
is now a devastating pest in tomato crops
in South America, Europe, Africa and Asia
(Tropea et al. 2012, Zappala et al. 2013). In most
countries where T. absoluta occurs, the main
control strategy consists of frequent sprays

with chemical insecticides (Oztemiz et al. 2013).
Without control T. absoluta causes the yield loss
to increase up to 100%, which leads to dramatic
decrease of the fruit quality in both field and
greenhouse tomato crops (Gilardén et al. 2002,
Tropea et al. 2012). T. absoluta is a small moth,
with a body length of around 7 mm and wing
span of 10-14 mm. The ground colour of the
adult moths is a greenish-brown or silvery gray,
with darker patches on the fore wings. Wing
apex is fringed with speckled brown scales. The
eggs are oval-cylindrical, cream white coloured,
0.2x0.4 mm in size. The larvae of young insects
are whitish-gray in early instars (L1- L3) with a
black head. In later developmental stages (L4-
L5), larvae become pinkish-green to green in
colour with brown head (Goftishu et al. 2014).
Temperature between 19 and 23 °C is most
favourable for moth development (Pervin et al.
2014). Temperatures of 10 °C and below proved
to be fatal for moth development. Temperatures
above 23 °C appear to have a detrimental effect
on the development of T. absoluta and their
longevity (Silva et al. 2015).
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MATERIAL AND METHODS

The experiment was set in July 2015, at
the village Josifovo, Gevgelisko-Valandovski
region of tomato in protected area. Gevgelisko-
Valandovski region is located in the South-
eastern part of Republic of Macedonia
characterized by sub-Mediterranean climate
which influence is mostly felt. The survey was
conducted over two season, spring / fall. The
first season started from July to October 2015,
and the second season from April to July 2016.
During these two seasons two climate factors
were monitored and measured: temperature
and precipitation. At first, the area in the
greenhouse was split in two parts, using the
dripping films-agril, therefore two production
systems of tomato, were obtained, an
integrated and conventional. Total 120 plants
are placed in integral production, as well as in
the conventional, in an area of 120 m2 Because
it was a commercial production, the plant
protection was performed with pesticides with
different active ingredients for conventional
and integrated type of production, during
the two seasons. The pesticides used in the
conventional production were: methomyl,
flubendiamide, chlorpyrifos and in integral
production: abamectin, pymetrozine, as well as,
zeofit forte (Ca 35% and Mg 7%, and includes
iron, potassium, zeolite, etc.), 100% natural
ecological product, in form of powder, used
for plant nutrition and soil improving. After
planting, water traps with pheromones were set

uptoattract males of T. absoluta (PHERODIS, Tuta
absoluta, Biobest). The insects from the traps
were collected in every 10 days and placed in
96% ethanol, for further morphological studies.
Morphological characters of the trapped adults
which, according to morphological characters,
correspond to T. absoluta were examined under
stereo microscope Leica DM 2500.

For all collected specimens the abdomen
was carefully removed and macerated in 10%
KOH for about 15 minutes. After maceration
the male genitalia were extracted and analyzed.
The shape of the valvae and vinculum, as most
relevant characters for T. absoluta were studied
according to the description provided by the
Cooperative Agricultural Pests Surveys (CAPS)
https://caps.ceris.purdue.edu/dmm/542.

The correlation between the dynamics
of populations of T. absoluta and climate in
both integrated and conventional production
systems, over two seasons, spring/autumn,
was performed by using the software package
SPPS 19. Comparing the Pearson’s coefficient of
correlation we can see which parameters have
higher correlation. If p = 1, it means that there is
a perfect linear correlation, i.e. the growth of the
one variable means growth of other variables.
If p =0.5- 0.9, there is close correlation. If p
= 0.2- 0.5, then the correlation is weak, but
there is still correlation between variables. Of
course, negative values, p = -1 means inversely
proportional connection.

RESULTS AND DISCUSSION

During the first season (July to October
/ 2015), total of 115 in integral production,
and 179 males of T. absoluta in conventional
production, were collected with pheromone
traps. In the second season (April to July / 2016)
total of 408 in integral production, and 272
males of T. absoluta in conventional production
were collected. The analysis of the male genital
structure proves the presence of T. absoluta in
tomato crops in Gevgelisko-Valandovski region.
The most informative character is morphology
of valvae, which are digitate and setose apically,
with inner margin prominent convex medially
(Tosevski et al., 2011), which is also confirmed
for the species that we have collected. The
results obtained in this work were statistically

processed, using the SPSS statistical software
package 19. The analysis of the results was
calculated with Pearson’s correlation coefficient.
Dependent critical variables in this research are
the number of insects T. absoluta and climate
factors: average monthly temperature (°C) and
sum of monthly rainfalls (I/m?).

Table 1, shows the main climate parameters
measured in a period from July to October, 2015,
in the locality Josifovo, the monthly average
temperature (°C) and sum of monthly rainfalls
(1/m?), as well as the number of T. absoluta for
each month separately, in both integral and
conventional production. From the results
we observed, there is a difference between
the number of T. absoluta in the integrated
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and conventional production in 2015. In the
integrated production lower numbers of
insects is noticed, apart the conventional type
of production. In the integrated production the
lowest number is in July (10), and highest in
September (48), as well as in conventional, July
(16) and in September (74). In view of climate
parameters (Tab. 1), July is with the highest
monthly average temperature (28.3°C) and sum

of monthly rainfall (628 I/m?), while in October
the lowest monthly average temperature
(15.5°C) is measured, and in August minimum
sum of monthly precipitation is (23.5 I/m?). In
September, when there are optimal climatic
conditions for insect development, the highest
numbers of T. absoluta, in both integral and
conventional production (48/74 respectfully) is
noticed.

Table 1. The number of T. absoluta and climate parameters: monthly average temperature (°C) and sum of
monthly rainfalls (I/m?) in the period from July/October 2015, in conventional and integrated production of

tomato.

Month No. of T absoluta in No. of T.absoluta |Average monthly |Sum of monthly
integrated production |in conventional temperature (°C) |rainfalls (I/m?)

production

July 10 16 28.3 628

August 24 47 27 23.5

September 48 74 22.5 183.8

October 33 42 15.5 167.7

July/October 28.75 44.75 23.32 250.75

From the results shown in Table 2 we
can see the difference between the number
of T. absoluta in integrated and conventional
production in 2016. The integrated production
shows a highest number of insects, compared to
the previous season (April/July 2016).The lowest
number of insects is noticed in April in both
integral and conventional production (32/21),
and the highest is in June (239/173). In view

of climate parameters (Tab. 2) July is with the
highest monthly average temperature (28.4°C)
and the lowest sum of monthly precipitation (25
I/m?), while in May the highest sum of monthly
rainfall (342 1/m?) is measured. In June, when
there are optimal climate conditions for insect
development, the highest number of T. absoluta
in integrated and conventional production are
shown respectfully (239/173).

Table 2. The number of T. absoluta and climate parameters: monthly average temperature (°C) and sum of
monthly rainfalls (I/m?) at the period from April/July 2016, in conventional and integrated production of tomato.

Month No. of T. absoluta |No. of T.absoluta |Average monthly |Sum of monthly
in integrated in conventional temperature (°C) |rainfalls (I/m?)
production production

April 32 21 16.4 34.6

May 46 32 18.5 342

June 239 173 20.5 244

July 91 46 28.4 25

April/July 102 68 20.95 203.6

Using the software package SPPS 19,
tabular display (Tab. 3) of correlation between
the insect number and climate conditions,
in two different production systems, over
two season spring/autumn, in the period

2015/2016, was made. The influence of climate
factors and system of production of tomato, to
the dynamics of populations of T. absoluta, is
represented by correlation in Table 3.
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Table 3. Pearson’s correlation coefficient (p) obtained from the correlation between insect T. absoluta and
climate conditions, for two different production systems-integrated and conventional, in two season spring /
autumn in the period of 2015/ 2016.

Pearson’s coefficient of correlation (p)
2015 2016
Conventional Integrated production Conventional Integrated
production production production
T.absoluta | T. absoluta | T. absoluta T. T. absoluta | T. absoluta | T. absoluta T.
-Average | -Sumof | -Average | absoluta- | -Monthly | -Sumof | -Monthly |absoluta
monthly T | monthly | monthlyT | Sumof | averageT | monthly | averageT |- Sum of
rainfalls monthly rainfalls monthly
rainfalls rainfalls

-0.333 -0.702 -0.578 -0.610 0.082 0.334 0.210 0.259

Much higher correlation between the
number of T.absoluta and climate conditions,
is noticed in 2015. Although this correlation
has a negative value, however, there is a high
correlation between variables and are inversely
proportional. Unlike 2015, 2016 shows lower
correlation value between variables, but it
is positive. The analysis shows that there is
a different correlation value between the
number of insects and climate conditions, in

two different production systems, integrated
and conventional, over two seasons spring /
autumn, in the period 2015/2016. The lowest
correlation exists in conventional production
in 2016, between the number of T.absoluta
and average monthly temperature p =
0.082, while the highest negative value is in
conventional production in 2015, between the
number of insects and the amount of monthly
precipitation, p =-0.702.

0,4

0,2

O T T //I 1
Con. 2015 Int. 2015 /?/H,ZOIG Int. 2016
-0,2

——T.absoluta & Average
monthly Temp.

/

—— T.absoluta & SUM of
monthly rainfalls

0,4 \
-0,6 /
-0,8

Figure 1. Correlation between T. absoluta and climate conditions, for two different production
systems-integrated and conventional, in the period of 2015/2016

Figure 1 shows the highest correlation
connectivity between T.absoluta and average
monthly temperature, in integrated production,
2015 (-0.578), while this correlation in
conventional production, 2015 was significantly
lower (-0.333). It means that these two variables
are inversely related. In 2016, higher correlation
exists between T. absoluta and average monthly
temperature in integrated production (0.210)
while in the conventional production the

correlation is significantly lower (0.082). It
means that these two variables are directly
proportional.

In both integrated and conventional
production, in 2015 could be seen high negative
correlation between T. absoluta and the sum of
monthly precipitation (-0.610 / -0.702), while in
2016 this correlation is positive and lower (0.259
/0.334).



CORRELATION BETWEEN POPULATION DYNAMICS OF TUTA ABSOLUTA
(LEPIDOPTERA: GELECHIDAE) AND CLIMATE, AT TOMATO IN PROTECTED AREA

CONCLUDING REMARKS

This research confirmed the occurrence
and presence of tomato leaf miner T. absoluta
(Meyrick  1917) (Lepidoptera: Gelechidae)
on tomato, in a protected area, in Southeast
Macedonia, in the period of 2015 - 2016.
Pheromone traps as a secure method for
monitoring and detecting the presence of
T. absoluta were used for collecting insects.
The presence of T. absoluta is proved by
morphological analysis of the genital apparatus
of males. The population dynamics, which
depends on the climate conditions and the
system of production, is displayed with statistical
analysis of the received results by applying
the software package for statistical analysis of
the results SPSS 19. The results of the analysis
showed that there is a different correlation value

between the number of insects and climate
conditions, in two different production systems,
integrated and conventional, over two seasons
spring / autumn, in the period 2015/2016.
In the first season (2015), there is an inverse
correlation between T. absoluta and average
monthly temperature and the sum of monthly
precipitation. In the second season, in 2016,
there is a proportional relationship between
the variables. The presence of T. absoluta in the
South-eastern region of Republic of Macedonia
confirms that there are optimal conditions
for growth and development of the pest,
because there reigns Mediterranean and sub-
Mediterranean climate, which is completely
suitable for the emergence of this type of insect.
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KOPEJIALIWJA MEFY AUHAMUKATA HA MONYNALIUIA HA TUTA ABSOLUTA (LEPIDOPTERA:
GELECHIDAE) U KIIMMATA, KAJ BOMATOT BBO 3ALUTUTEH NMPOCTOP

Harawa lN'yHoBa’, lywan Cnacos', bunjaHa AtaHacoBa’, lparuua Cnacosa’, Mute Unuesckn’
'3emjooesncku hakynmem, YHusepaumem ,loye [lenyes’; Kpcme Mucupkos 10-A, 2000 LLImun, Peny6auka
MakedoHuja,
natasa.gunova@outlook.com; dusan.spasov@ugd.edu.mk; biliana.atanasova@ugd.edu.mk;
dragica.spasova@ugd.edu.mk; mite.ilievski@ugd.edu.mk

OBa ncTparkyBare rv NoTBPAYyBa rnojaBaTta U NPUCYCTBOTO Ha IMCHUOT MuHep Tuta absoluta (Meyrick
1917) (Lepidoptera: Gelechidae) kaj gomaToT BO 3aWITUTEH NPOCTOP BO jyrouctoyHa MakeaoHuja, BO neprofoT
of 2015 po 2016 roguHa. 3a cobupare Ha MHCeKTUTe 6ea NOCTaBeHN GePOMOHCKM MaMKK, KOU Cce efieH of
HajoobpmoT MeToA 3a MOHUTOPUHT 1 AeTekuuja Ha T. absoluta. MpucycteoTo Ha T. absoluta e fokaxaHo co
MopdonoLlKa aHanm3a Ha MaWKKOT reHuTaneH anapar. [maBHaTa Len Ha HaleTo MUCTpaxyBahe Gelle fAa
ce ofpenn Kopenauujata Mery fMHaMMKaTa Ha nonynauuja Ha T. absoluta n knumatckute gpakTopu BO ABa
NPOU3BOAHN CUCTEMU — UHTErPasieH U KOHBEHLMOHANEH BO TEKOT Ha ABE CE30HMU, NPOJIET 1 eCeH, Kaj JomaTtute
BO 3alUTWTEH NpocTop. Kopenauwmjata e npuka)aHa co CTaTUCTMYKa aHanu3a Ha pesynTtaTtuTe, CO NprYIMeHa Ha
codTBEPCKM MAKET 3a CTaTUCTUYKa 06paboTKa Ha nogaTtouumTe, SPSS 19.

KJ'Iy‘IHVI 36OPOBI/I: JluCeH MuHep Ha domamom, d)epOMOHCKU MAamMKu, MOHUMOPUHe, UHMe2epasiHo
npou3606cmeo, KOHB8EHUYUOHAJTHO npoussoacmeo.
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Journal of Agriculture and Plant Sciences, JAPS, Vol 15, No. 1/2,2017
In print: ISSN 2545-4447

SR,
Manuscript received: 29.09.2017 c?;f%\/'/,.#/’/*ﬁ, On line: ISSN 2545-4455
Accepted: 17.10.2017 i>=JAPS~: UDC: 633.18-

152.4(497.7)"2014/2015"
Original scientific paper

GENETIC VARIABILITY FOR YIELD AND SOME YIELD-RELATED TRAITS IN RICE (Oryza sativa L.)
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Abstract

Fourteen rice varieties originating from Italy (arsenal, nembo, ronaldo, galileo, sprint, ulisse, krystalino,
mirko, sfera, gloria, pato, creso, vasco and san andrea) were grown in agro-ecological conditions in the Republic
of Macedonia in 2014 and 2015, in order to evaluate the genetic variability for yield and some important
yield-related traits, like number of panicles per m? plant height, panicle length, number of grains per panicle,
weight of grains per panicle and 1000 grains weight. Statistical analysis showed that phenotypic coefficient
of variability was higher than the genotypic coefficient of variability for all evaluated traits. The highest values
for genotypic and phenotypic coefficients were obtained for the number of grains per panicle (GCV = 48.51%;
PCV = 55.02%) and plant height (GCV = 46.23%; PCV = 48.85%). High level of broad sense heritability for the
plant height (89.57%), the number of grains per panicle (77.74%), panicle length (77.64%) and a number of
panicles per m? (59.44%) was observed. High level of heritability coupled with genetic advance was noticed
for the number of panicles per m? a number of grains per panicle and panicle length, which underscores the

importance of these traits for the process of selection and improvement of rice genetics.

Key words: variety, genotypic and phenotypic variability, broad sense heritability

INTRODUCTION

In the Republic of Macedonia, there are
favourable ecological conditions for high yield
and quality rice production which can meet
European and world quality standards. Among
the factors of production, variety selection
plays an important role in the productivity of
rice in any location (Alam et al., 2009). A long
period of time, the main rice varieties included
in the process of production in the Republic of
Macedonia were the Italian varieties san andrea
and R-76/6, which account for over 90% of the
entire production in the country. The rest are
represented with selected domestic varieties
(prima riska, montessa and biser-2). In the range
of the selected domestic rice varieties, the main
varieties are the Italian ones, also. The process
of the production improvement depends on
the continued providing of new germplasm
possessing different genes with significant
production properties. The introduction of
new populations can be made easily from one
region to another and may be used for further
manipulation to develop new breeding lines
(Ifftikhar et al., 2009). When new populations
are introduced, especially from geographically
distant regions, the evaluation is mostly focused

on determination of their productivity and
variability.

The understanding of genetic variability
presentin a given crop species for the traits under
improvement is an imperative for the success
of any plant breeding programme (Sankar et
al, 2006). Parameters such as genotypic and
phenotypic coefficients of variation (GCV and
PCV) are a useful tool in detecting the amount of
variability present in a given trait. Heritability (h?)
of a trait isimportant in determining its response
to the selection. Genetic improvement of plants
for quantitative traits requires reliable estimates
of heritabilityin orderto planan efficient breeding
program (Akinwale et al, 2011). Heritability
coupled with high genetic advance (GA) would
be more useful in predicting the resulted effect
in the selection of the best genotypes for yield
and its attributing traits (Singh et al., 2011).

The purpose of this research was to evaluate
the genetic variability for yield and some
important yield components in fourteen Italian
rice varieties grown in Macedonia, identification
of superior varieties that can be used as sources
of genetic variability in future process of rice
selection.



Verica llieva, Natalija M. Ruzdik, Ilija Karov, Ljupco Mihajlov, Mite llievski, Biljana Kovacevik

MATERIAL AND METHODS
Plant material and experimental design

During the period 2014 - 2015, fourteen
rice varieties were evaluated in agro-ecological
and production conditions of Macedonia.
Thirteen of them were newly introduced
varieties from lItaly (arsenal, nembo, ronaldo,
galileo, sprint, ulisse, krystalino, mirko, sfera,
gloria, pato, creso and vasco), and the cultivar
san andrea, also an ltalian variety used for a
long period as a main variety in commercial
rice production in Macedonia. The experiment
was performed on alluvial soil type in the
region of Kocani. Each test area was 5 m?set in
three repetitions in randomized block method.
Standard agronomic practices were used.

Data collection

Ten randomly selected plants from each
repetition have been analyzed for the plant
height (cm), panicle length (cm), number of
grains per panicle and weight of grains per
panicle (g). The number of plants per m? was
determined by counting the plants from m? of
each repetition. 1000 grains weight has been
determined to measure 1000 grains of each

repetition. Grain yield obtained from the 5 m?
was calculated in tha'. When calculating the
1000 grains weight and grain yield, the moisture
content was reduced in 14%.

Statistical analysis

For the analysis of variance (ANOVA) the
statistical package SPSS (2010) was used. The
least significant difference (LSD) was calculated
using Statistical analysis system software JMP
(2002). The correlation between yield and yield
components was calculated according to Singh
and Chaudhary (1985) and the broad sense
heritability was calculated according to Falconer
(1989). Genotypic (o°g) and phenotypic (o?ph)
variance were obtained from the analysis of
variance table according to Comstock and
Robinson (1952). The phenotypic coefficient
of variation (PCV) and genotypic coefficient of
variation (GCV) were determined according to
Singh and Chaudhury (1985). Genetic advance
(GA) was calculated with the method suggested
by Allard (1960)_and Singh and Chaudhury
(1985).

RESULTS AND DISCUSSION

The results obtained from the analysis
of variance for traits examined during the
two years are given in Table 1. The effect of
the variety shows significant values for all
examined properties. Interaction of variety with
the year also showed a significant effect for all

examined traits except for 1000 grains weight,
while the effect of the year was significant for all
properties except for panicle length and weight
of grains per panicle. The results showed that
the selection of these traits can be effective for
further improvement of rice genetics.

Table 1. Mean square for yield and some yield related traits examined in 14 rice varieties (2014-2015)

Traits Source of variation

Variety (V) Year (Y) Interaction (V xY) Error

GY 3.13*¥ 767.01** 2.75%* 0.76

NP 16683.82** 939588.76** 6766.35** 5903.43

PH 5036.07** 673.22*%* 525.21%* 31.42

PL 140.66** 0.48ns 31.45** 5.26
NGP 7050.77** 11677.89%* 1569.44** 393.23

WG 4.03** 1.04ns 2.67*%* 0.44

1000GW 261.04** 219.93** 1.53ns 0.57

V:variety; Y: year; V x Y: Interaction between variety and year; GY: grain yield (tha™); NP: number of panicles per m? PH: plant
height (cm); PL: panicle length (cm); NGP: number of grains per panicle; WG: weight of grains per panicle (g); 1000GW: 1000
grains weight (g); ns: no significant; **: significant at 1% level probability
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Mean values for the examined traits
are shown in Table 2. Among the examined
varieties significant differences were identified
for all evaluated traits. Superiority regarding
grain yield of the variety was noticed at variety
ronaldo (7.08 tha™), while the lowest grain yield
was obtained from the variety gloria (4.77 tha
'). The number of panicles per m? range from
360.17 forgalileo variety to 537.50 for san andrea
variety. The highest was variety san andrea
(88.35 cm) and the shortest variety sfera (48.98
cm). A variety mirko was characterized with the
longest panicle (16.63 cm), while krystalino has

the shortest one (11.50 cm). Maximum number
of grains per panicle showed variety krystalino
(80.03), while the minimum number of grains
per panicle was observed in variety gloria
(44.88). The highest weight of grains per panicle
was obtained from the variety galileo (2.58 g)
and the lowest from sprint (1.59 g). The 1000
grains weight varies from 23.34 g to 42.79 g at
variety mirko and gloria, respectively.

Significant differences obtained between
varieties show the presence of genetic variability
between them and provide a great opportunity
for yield improvement.

Table 2. Means for yield and some yield related traits examined in 14 rice varieties (2014-2015)

Variety GY NP PH PL NGP WG 1000GW
Arsenal 5.23def | 452.83a_e 54.45e 15.33abc | 63.38bcd 1.79cd 28.12fg
Nembo 4, 92ef 377.00 de 61.82bc 12.68ef 73.28ab 2.30ab 31.35de
Ronaldo 7.08a 44583a_e 54.37e 15.72ab | 70.50abc | 2.23abc 32.21d
Galileo 6.84abc 360.17e 54.57e 16.53a 62.27bcd 2.58a 42.34a
Sprint 5.73c_f | 474.67a_d | 61.28bcd 15.82ab | 59.73b_e 1.59d 26.92¢g
Ulisse 6.21a_d | 444.33a_e | 61.27bcd | 16.08ab 48.10ef | 2.02bcd | 41.90ab
Krystalino 5.98a_e | 445.00a_e | 56.72de 11.50f 80.03a 2.31ab 29.88def
Mirko 5.96b_e | 514.20abc | 57.31cde 16.63a 79.93a 1.84bcd 23.34h
Sfera 6.97ab 543.00a 48.98f 13.53de | 61.33b_e 1.80cd 29.16efg
Gloria 4.77f 442.50b_e | 57.38cde | 15.17bcd 44 88f 1.96bcd 42.79a
Pato 5.23def | 437.80cde 62.87b 13.87cde | 51.02def 2.10bc 42.40a
Creso 5.99a_e | 427.50cde 56.02e 15.05bcd | 64.48bcd | 2.09bc 31.66de
Vasko 6.17a_d | 489.00abc 54.98e 15.13bcd | 58.38c_f | 2.04bcd 35.53c
San Andrea | 5.82c_f | 537.50ab 88.35a 16.38ab | 55.00def | 2.21abc 39.50b
Means 5.92 456.52 59.31 14.96 62.31 2.06 34.08
Minimum 1.97 281.29 46.79 9.14 26.93 0.81 30.94
Maximum 9.33 623.14 75.07 21.00 120.36 3.97 38.76
LSD .. 1.12 99.40 4.85 1.41 14.15 0.48 2.68
CV (%) 11.27 13.01 4.89 5.65 13.58 13.84 4.70

Means followed by a common letter(s) within a column do not differ at 5% level; GY: grain yield (tha™); NP: number of
panicles per m? PH: plant height (cm); PL: panicle length (cm); NGP: number of grains per panicle; WG: weight of grains
per panicle (g); 1000GW: 1000 grains weight (g); CV: coefficient of variation

Genotypic variance, phenotypic variance,
the genotypic coefficient of variability,
phenotypic coefficient of variability, broad
sense heritability, genetic advance and genetic
advance, expressed as a percentage of the
mean for evaluated traits, are presented in Table
3. High genotypic and phenotypic variance was
obtained for the number of panicles per m?
(1652.91 and 2780.64, respectively), number of

grains per panicles (913.55 and 1175.13), plant
height (751.81 and 839.34), 1000 grains weight
(43.25 and 43.51) and panicle length (18.20 and
23.44, successively). Low values for a genotypic
and phenotypic variance were observed only
for weight of grains per panicle (0.23 and 0.67)
and grain yield (0.06 and 0.52 respectively).
Generally, the phenotypic variance is higher
than genotypic for all examined traits.
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Table 3. Genetic parameters for yield and some yield related traits examined in 14 rice varieties (2014-2015)

Traits o%g o’ph GCV,% PCV,% h?,% GA,% GAM,%
GY 0.06 0.52 4.24 12.20 12.07 0.18 3.04
NP 1652.91 2780.64 8.91 11.55 59.44 64.57 14.14
PH 751.81 839.35 46.23 48.85 89.57 53.46 90.14
PL 18.20 23.44 28.52 32.37 77.64 7.74 51.74

NGP 913.55 1175.13 48.51 55.02 77.74 54.90 88.11
WG 0.23 0.67 23.13 39.79 33.78 0.57 27.67
1000GW 43.25 43.51 19.30 19.35 99.41 13.51 39.64

0°g: genotypic variance; o?ph: phenotypic variance; GCV: genotypic coefficient of variation; PCV: phenotypic coefficient of
variation; h% broad sense heritability; GA: genetic advance; GAM: GA as % of mean; GY: grain yield (tha™); NP: number of
panicles per m? PH: plant height (cm); PL: panicle length (cm); NGP: number of grains per panicle; WG: weight of grains per

panicle (g); T000GW: 1000 grains weight (g)

The phenotypic coefficient of variability
was higher than the genotypic coefficient of
variability for all examined traits. However,
these differences are low, except when it comes
to the grain yield, number of grains per panicle
and weight of grains per panicle. Genotypic
coefficient of variability and phenotypic
coefficient of variability have high values for the
number of grains per panicle (GCV = 48.51%;
PCV =55.02%), plant height (GCV =46.23%; PCV
= 48.85%), panicle length (GCV = 28.52%; PCV =
32.37%) and weight grains per panicle (GCV =
23.13%; PCV =39.79%). Moderate variability was
observed at 1000 grains weight with a genotypic
coefficient of variability 19.30% and phenotypic
coefficient of variability 19.35%. Grain yield
and number of panicles per Tm? showed low
variability (GCV = 4.24%; PCV = 12.20%; GCV =
8.91%; PCV = 11.55%, respectively). Variation
present among the rice genotypes is very
important for the improvement and developing
of new cultivars (Rashid et al., 2014).

High values were observed for broad
sense heritability in all examined traits (> 70%)
except for the grain yield and weight of grains
per panicle (12.07% and 33.78%, respectively).
Heritability for the number of panicles per m?

was 59.44%. High heritability indicates that
the impact of environment had less influence
on the traits and that such traits can easily be
improved by the process of selection.

Genetic improvement (GA) ranged from
0.18% for grain yield to 64.57% for of the number
of panicles per m2 The highest values for GAM
were obtained for plant height (90.14%), the
number of grains per panicle (88.11%) and for
panicle length (51.74%). Other examined traits
showed moderate GAM, except the grain yield
which has the lowest value. High heritability
coupled with high GA shows additive gene
effects, while high heritability coupled with
low GA shows non-additive gene effects in the
control of a trait.

The obtained results showed that plant
height, panicle length, a number of grains per
panicle and 1000 grains weight are important
properties that need to be considered in the
process of selection and improvement of rice.

High heritability with the high genetic
advance for different traits in rice was also
reported by Abdus et al., (2009), Akinwale et al.,
(2011), Pallabi et al., (2013), Pratap et al., (2012),
Sadeghi (2011)

CONCLUDING REMARKS

The study has shown significant differences
between tested varieties for all evaluated traits.
The results indicate significant phenotypic and
genotypic variance between varieties for the
analyzed traits. The genotypic and phenotypic
coefficient of variability was highest for the
number of grains per panicle. Estimated broader
sense heritability was in the range from 12.07%
for the grain yield to 99.41% for 1000 grains

weight. High level of heritability was obtained
also for the plant height (89.57%), a number
of grains per panicle (77.74%), panicle length
(77.64%) and the number of panicles per m?
(59.44%). High level of heritability for the panicle
number per m?, number of grains per panicle
and panicle length is associated with high
genetic improvement, which means that these
traits can be successfully used in the process of
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selection and rice genotype improvement.
Among the evaluated varieties, the highest
potential to adapt to the production conditions
of Macedonia and varieties with the highest
yield are ronaldo, sfera and galileo. Based on

the obtained results, these varieties can be used
as parents in the selection programs to create
new rice genotypes with better combinations
of genes for the evaluated traits.
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Pe3snme

YeTnpuHaecet copTv opu3 co notekno og Uitanuja (arsenal, nembo, ronaldo, galileo, sprint, ulisse, krystalino,
mirko, sfera, gloria, pato, creso, vasco v san andrea) 6ea opgrnesiysaHv 8o 2014 1 2015 rofiviHa BO arpoeKosIOLLKM
ycnosu Ha MakeZloHWja, Co Lien fja ce eBanynpa reHeTckata BapujabunHOCT 3a NPUHOCOT 1 HEKOW MO3HaYajHu
KOMMOHEHTW Ha NPUHOCOT (6p0j Ha METANYKM HA M?, BUCUHA Ha CTe610, AOMKMHA Ha MeTNnYKa, 6poj Ha 3pHa
BO MET/INYKA, Maca Ha 3pHa No MeTinYKa 1 maca Ha 1000 3pHa). DeHOTUMNCKNOT KoedULMEHT Ha BapujabunHocT
6eLle NOBMCOK Of FrEHOTUMCKNOT KoePpULMEHT Ha BapmUjabMIHOCT 3a CMTe aHanu3npaHn CBojcTBa. HajBncokun
BPeAHOCTM 3a UCTUTe ce fobmeHn 3a 6poj Ha 3pHa no meTanuyka (GCV=48.51%; PCV=55.02%) 1 BMCMHA Ha
pacteHune (GCV=46.23%; PCV=48.85%). Bncoka XeputabunHOCT BO MOWMPOKA CMUCTIA e MpecMeTaHa 3a
BMCMHA Ha pacTeHue (89.57%), 6poj Ha 3pHa Mo MeTnunyKka (77.74%), [onxnHa Ha MeTnndka (77.64%) n 6poj
Ha MeTnnukKn Ha 1 m? (59.44%). Bucoka xeputabunHocT Bo KOMOMHaLMja CO BUCOKO reHeTCKO NoflobpyBame
e pernctprpaHa 3a 6poj Ha MeTnnUKM Ha 1 m?, 6p0oj Ha 3pHA MO METINYKA U JOMKMHA HAa METINYKA, WTO ro
noTeHUMpa 3HaYeHeTO Ha OBME CBOjCTBA 3a cefleKkumjaTa U NogopyBaHeTo Ha reHTCKaTa OCHOBA Ha OPU30T.

KnyuHun 360poBu: copmad, 2eHOMUNCKa u heHomunNcKa 8apujabuiHocm, xepumabusaHocm
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Abstract

The objective of this research was to study the influence of the lactic-acid bacteria and bifid bacteria
over the growth of the sanitary indicator bacteria E.coli during the process of draining of the boiled-smoked
durable sausage. The influence of these starter cultures was also examined over the physical, chemical and
sensor indicator of the final product. Two types of starter cultures were used for the experiment: monoculture
B. longum (B,) and combined culture in relation B. longum (B,):L. plantarum (L)- 2:1.For the study of their
influence over the technological process and the qualitative features of the product, 10 kg sample of boiled-
smoked durable sausage “Burgas” was produced. The obtained results are the basis for conclusion that the
starter cultures repress the development of the E.coli from the beginning of the production of the boiled-
smoked sausage and increase the sanitary-hygienic indicators of the final product. They also contribute to the
formation of the sensor characteristics of the sausage and speed the reaching of the standard values of the
physical chemical indicators.

Key words: meat products, starter cultures, lactic acid bacteria, bifidobacteria

INTRODUCTION

In the modern meat industry, the use
of starter cultures is increasingly important.
The artificially created starter cultures have
additional qualities than those of the more
classical species, as it helps to optimize the
technological processes in the production
of meat products and to produce smoother,
safer and healthier products (Dellaglio et al.,
1996; Demeyer et al., 2004; Toldra 2006).0ne
of the most commonly used microorganisms
as starter cultures are lactic acid bacteria. Their
basic function is to achieve a rapid reduction
in the pH of the bulk mass, which favours: 1)
the safety of the product by deactivating the
pathogens; 2) the stability and shelf life of the
product by inhibiting adverse changes caused
by micro-organisms that spoil the product; 3)
creates biochemical conditions for achieving
new sensory qualities of meat products by
modifying the raw materials (Ammor & Mayo
2007.; Arihara 2006; Buckenhiiskes 1993). At the

moment, there are sufficient materials for the
use of Lactobacillus plantarum in the production
of sausages and their positive role on the leaks
of biochemical processes (Erkkila et al., 2001;
Leroy et al., 2006; atarata et al., 2008; Pennacchia
et al.2004). Relatively little data exist about
the use of bifidobacteria in the meat industry
Indzhelieva (2015). Therefore, the examination
of the effect of using bifidobacteria in the
production of sausages is of a particular interest.
The literature data and our previous research
(Indzelieva et al.,2014; Indzelieva et al., 2015;
Pidcocketal., 2002;Velkova-Jorgova etal.,2014;
Vayst et al., 2008), had found that bifidobacteria
develops successfully, both independently and
in combination with lactic acid bacteria, in the
bulk mass of sausages; and produce lactic and
volatile fatty acids. Their metabolic products
have high reducing properties that help to form
and stabilize the colour of the sausage with a
relatively low concentration of sodium nitrite.
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These properties of bifidobacteria reveal a
serious prospect of their use as starter cultures
in the meat industry.

Beside the useful, the raw meat also
contains various types of harmful organisms
such as E.coli, B. proteus, Salmonella, Cl.
botulinum and others. Literature data testify
to the important role of starter cultures
in regulating the breeding of pathogenic
microorganisms in sausage (Danielsen et al.,
2003; Rivera-Espinoza & Gallardo-Navarro 2010;
Ruiz et all.,, 2008). The antimicrobial activity of
some strains of lactic acid bacteria can be used
as an alternative to chemical preservatives in
the production of meat products, preventing

microbial contamination and at the same time
intriguing the consumer for a new attractive
product (Schillinger et al., 1996).

In the bulk mass of sausages, the
development of starter cultures and pathogenic
microorganisms flows simultaneously with
direct contact of bacterial cells.

The objective of this study is to examine
the influence of the lactic acid bacteria and the
bifid bacteria over the growth of the sanitary
indicator bacteria of E.coli in the process of
draining the boiled-smoked durable sausage.
Also, the effect of these starter cultures over the
physical, chemical and sensor characteristic of
the final product is studied.

MATERIAL AND METHODS

Inthe experimental work, the clean cultures
Lactobacillus plantarum (L ) and Bifidobacterium
longum (B,) are used. The seeds are obtained
from the private licensed laboratory for analyses
and food control - Burgas. Based upon the
previous studies it was determined that both
seeds fulfil the necessary criteria for their usage
both as independent cultures and combined.

For this research two types of starter
cultures were used: monoculture B. longum (B,)
and combined culture in relation B. longum (B,):
L. plantarum (L) - 2 : 1. The activation of the dry
bacteria concoction is made in oil-freed and
sterilized milk on 121°C for 13 minutes, which
is then cooled to the temperature of 37°C. The
starter is obtained in quantity 0,1g on 1l. The
soured milk remains in the thermostat on 37°C
in order to reach the level of acidity of 60-65°C
as well as thickening. The concoction on cooled
to 5°C.

In order to study their impact on the flow
of the technological process and the quality of
the product, a 10 kg sample was produced - a
product of cooked-smoked permanent sausage
“Burgas” The raw materials for 100 kg are:
beef first category 20, veal meat first category
20, pork loose meat 10, pork half-fat meat
0.050, cooking salt 2.000, sodium nitrite 0.005,
ascorbic acid 0.050, sodium tripolyphosphate
0.100. In contrast to the traditional technology,
according to which the meat of large live
animals is grinding on the wolf machine and
together with the salting materials, it is left to

mature for 2 - 3 days at 2 - 3°C, in the sample
product it is achieved for 6 hours in the process
of drying under the influence of the starter
culture. Beef and veal are prepared according
to the technology for obtaining prawns for
durable cooked-smoked sausages. The salting
additives, pork loose and semi-fat meat are
added until they are decanted with a particle
size of 4 mm. At the end, the activated liquid
starter culture is added in a quantity of 5% of
the weight and with a concentration of 10 logs
(cfu/ml). Also a control test without a starter
culture is prepared. The finished bulk mass is
filled on a hydraulic machine firmly, so as not to
allow inside the charge table to have air voids.
After that the sausages are crushed and dried
at 22°C for 6 hours. The number of lactobacilli
and bifidobacteria in the filling was determined
by plating respectively in MRS agar (Biocar
diagnostics 089) and Bifidobacteria Selective
Count agar base ( BSC Propionate Agar Base
the filled and dried sausages and are subjected
to standard heat treatment, which includes
heating, cooking and smoking. Drying is carried
outat 15 - 25°C and relative humidity of 75-80%
up to reduce of water content according to the
requirements of the standards.

A sensory analysis of 7 members, pre-
selected and trained (Patarate et al., 2008) was
performed to determine the sensory properties
of the product. The assessors evaluated the
features of the outer appearance, colour of the
cross-section, aroma, taste, consistency and
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general grade in each test by a hedonic scale
from 1 (low intensity) to 9 (intense). The sessions
were carried out at a sensory assessment
laboratory equipped with individual assessment
cabins for marks and equal lighting conditions
at a temperature of 20 ° C. Each tester received 3
sausages (£ 15 grams). Each sample was marked
with a random three-digit number. Drinking
water and unsalted bread were also provided

for cleansing the mouth between tastings.

The determination of the lactic acid
bacteria was made according to ISO 13721 [12].
The determination of E. coliwas made according
to ISO 6391:1997 [13]. The determination
of bifido bacteria was made according to
ISO 29981:2010(en) [14]. Data were transformed
into log10 cfu/g before comparison of means.

RESULTS AND DISCUSSION

The results from the study of the influence

of the starter cultures over the growth of E.coli

in the process of draining the sample of boiled-
smoked sausage are given in Table 1.

Table 1. The change in the quantity of E.coli in the bulk mass of the boiled-smoked sausage in the process of

draining.
Time for Content of bacteria in the bulk mass, log cfu/g
draining, h KoHTpona B.longum (B,) B.longum (B,): L. plantarum (L)
2:1
MKB" E.coli. BFB" E.coli MKB’ BFB” E.coli
0 3.01 547 490 5.22 5.22 4.49 5.20
2 3.52 5.03 6.72 5.01 6.25 6.26 4.46
4 3.91 4.86 7.50 3.72 7.10 7.32 3.34
6 4.68 4,02 8.46 2.31 7.62 8.80 1.05

MKB’ - number of lactic acid bacteria in the bulk mass; BFB* - number of bifid bacteria in the bulk mass

From the obtained results, it can be seen
that during the whole process of extraction
during the experiment tests there is an intensive
development of L. plantarum (L) and V. longum
(B,).Thedevelopmentofthebeneficialmicroflora
is also accompanied by the destruction of E. coli.
At the end of the extraction, the amount of E.
coli in tests with a combined starter culture is
barely 1.05 log cfu/g, with C. longum (B,) - 2.31
log cfu/g, and in the control sample - 4.02 log
cfu/g. The reason of the antagonistic effect of
the naturally occurring cultures is probably
due to the accumulation of compounds with
antibiotic action, the change in the physical
chemistry conditions in the bulk mass of the
sausage (pH, oxide-reductive potential), and
also the competition in relation to the energy
substrate. In this way, the development of the
microflora from starter cultures prevents the
growth of E. coli in the very early stages of the
production of boiled-smoked sausage and
increases the sanitary-hygienic indicators of
the finished product. Salmonella spp. and L.
Monocytogenes were not found in the boiled-

smoked sausages from the experiment tests in
25 g of the final products.

As a result of our previous research, it
is shown that the weight of the sausage is a
favourable environment for the development of
the combined starter culture, with an optimum
starter culture of 5%. It has been established
that starter cultures with bifidobacteria have
a significant influence on the speed and
dynamics of the pH change, the accumulation
of volatile fatty acids and free amino acids in
the bulk mass of the sausage during the period
of extraction (Indzelieva et al., 2015; Indzelieva
2015).The results from the table. 1 show that the
development of microorganisms from starter
cultures is accompanied by the destruction of E.
coli bacteria, and this effect is more emphasized
with the use of the combined starter culture. All
these beneficial effects from the use of starter
cultures with bifido bacteria also affect the
organoleptic characteristics of the final product.
The results of the organoleptic evaluation are
shown in Table 2.
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Table 2. Sensor mark of the boiled-smoked sausage produced with starter cultures, n=6 (x = SD).

B.longum (B,): L. L.plantarum (L) Control (without
Indicator plantarum (L) 2:1 starter culture)
Outside appearance 8.32 £0.04 8.29+0.05 7.21£0.04
Color of cross-section 8.54+0.05 8.31£0.05 7.20+0.03
Aroma 8.46+0.05 8.43+0.04 6.42+0.05
Taste 8.11+0.04 8.15+0.05 6.55+0.02
Consistency 8.19+0.08 7.82+0.07 6.40+0.04
General evaluation 8.25+0.04 8.10+0.03 6.75+0.03

X —mean, Sd - standard deviation; n- number of pieces

The obtained results for changes in
the sensory properties of the control and
experimental tests of the tested product show
that the used starter cultures have a major
influence on the formation of those qualitative
indicators that increase them. The displayed
data show that, in terms of indicators, the colour
of cross-section, aroma, taste, consistency
and general evaluation, there is a statistically
significant difference between the samples
from the control and experimental tests.

The surface of all the studied sausages
is dry, clean and smoked. The type of cut area
is determined immediately after the cut-off.
The data in the Table.2, show that in regard to
the sensory feature of the intersection colour
“in the experimental sausages, statistically
different higher grades were determined (dully
8.54+0.05 1 8.31£0.05) compared to the control
test (7.20+0.03). In this connection, it has to be
pointed out that in our conducted studies the
pH values in the samples with incorporated
yeast showed decrease (Indjelieva et al., 2015).
Furthermore, pH values also depend on the
composition of the starter culture. In the
test sample with a combined starter culture
lowering of pH to the optimum value of 5.4 was
achieved within 6 hours. About at the same
time pH value in the sample B. longum (B,) was
5.52 while in control was 5.72 (Indjelieva et al.,
2015). According to a number of authors, this
circumstance plays an extremely important role
in the specific formation and stabilization of
the colour of meat products (Leroy et al., 2006:
Pidcock et al., 2008, Ruiz Moyanos et al., 2008).

The observed changes in the flavour values
of the studied sausages show significantly
higher grades in experimental researches
produced with starter cultures. The results of
the sensory analysis do not contradict the ones
which are obtained by determining the aromatic

compounds with auxiliary gas chromatography,
(Indjelieva et al., 2015). These results confirm
the fact that the addition of starter cultures
creates the necessary conditions for the proper
activity of the flavouring processes as a result of
which the specific taste of the finished products
is formed.

One of the requirements for the starter
culturesforthe sausageis to produce substances
which improve the organoleptic properties of
the product. The accumulation in the medium
and the product of non-volatile organic acids, in
particular lactic acid, volatile fatty acids, amino
acids, is associated with the formation of a
specific odour and taste of sausages (Indjelieva
etal, 2015).

It was found that the examined sausages
produced by starter cultures obtained a higher
mark for taste (Table 2). In addition, the taste
of the experimental tests is evaluated with
significantly higher values compared to those
of the control test. The more commonly used
bacterial strains have the ability to manage
proteolytic processes during digestion and
ripening and contribute to the pleasant and
characteristic taste of sausage.

A similar trend is also observed in the
sensory trait of consistency, where significant
differences have been identified, as there are
significant differences in the grades between
the control and experimental trials. The higher
levels of the organoleptic evaluation of the
consistency of the experimental samples are
associated with the occurrence of destructive
processes in the pulp mass and mainly partial
hydrolysis of the meat whites under the
influence of the introduced starter cultures.

The complex sensor mark shows similar
tendency that the tests produced with a starter
culture obtained significantly higher marks
compared to the control test.
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The analyses of the obtained results is
a basis to conclude that the applied starter
cultures provide the necessary conditions of the
proper activity of the bio-chemical processes,
and as a result a sensory characteristic of the
sausage is formed which promotes the final

product with a high sensor mark.

The experiment results from the research
of the changes of some chemical indicators
included in the normative documents as a dry
material of Sodium Chloride and nitrites content
are shown in Table 3.

Table 3. Chemical indicators of the finished product cooked-smoked and dried sausage “Burgas’, n = 6 (x + Sd).

B. longum (B,): L.

L. plantarum (L) Control (without

Indicator plantarum (L ) 2:1 starter culture)
pH 5.73+0.02 5.79+0.03 5.90+0.01
Dry matter, % of general mass 65.98+0.05 65.12+0.04 62.75+0.03
Proteins, % of dry matter 26.94+0.05 26.28+0.05 25.26+0.03
Fats, % of dry matter 61.83+0.04 62.78+0.06 64.82+0.05
Sodium chloride, % of general mass 2.80+0.01 2.86+0.03 2.95+0.04
Nitrite, mg/100g product 3.12+0.01 3.21+0.01 4.08+0.01

X —mean, Sd - standard deviation; n- number of pieces

From the results it can be seen that the
used starter cultures do not have an impact
on the indicators of the proteins and fat in the
final product from both the control and the
experiment tests.

The results show that the contents of
nitrites in the sausages produced with starter
cultures is significantly lower compared to

the control test 3.12+0.01 and 3.21+0.01 and
4.08+0.01 (Tab. 3). Considering the results from
the previous studies (Indzelieva et al., 2015) it
can be concluded that the starter cultures which
contain bifid bacteria speed the achievement of
the standard values of the physical and chemical
indicators.

CONCLUDING REMARKS

1. The development of the micro-flora of the
starter cultures prevents the growth of E.coli
at the very early stage of the production
of the boiled sausage and increases the
sanitary and hygienic characteristics of the
final product.

2. The obtained results of the sensor analyses
and the control and examination tests of the

researched product show that the applied
starter cultures have a significant influence
over the formation of the qualitative
indicators and they even increase them.

3. The starter cultures which contain bifid
bacteria speed the achievement of the
standard values of the physical and chemical
indicators.
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THE INFLUENCE OF STARTER CULTURE OF LACTIC- ACID BACTERIA AND BIFIDO BACTERIA OVER THE SANITARY-
HYGENIC, SENSOR AND PHYSICAL — CHEMICAL INDICATORS ON THE RE - BOILED - SMOKED DURABLE SAUSAGE

BJINJAHUE HA CTAPTEP KYNTYPA O MJIEYMHO-KUCEJZI BAKTEPUN U BUOUAOBAKTEPUU
BP3 CAHUTAPHO-XUTMEHCKUTE, CEH3OPHUTE U ®U3UYKO- XEMUCKUTE NOKA3ATEJIU HA
BAPEHOAMMEHUW TPAJHU KOJIBACU
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Pesume

Llenta Ha oBa ucnuTyBame bGelle Aa ce NPoy4yn BAWjaHUETO Ha MIIeYHOKUCenuTe GakTepum u
6udrgobakTeprmTe BP3 PacToT Ha CaHUTapHO-UHAMKaTopHUTe BakTepuu of E. coli Bo npouecoT Ha uefere
Ha BapeHoAMMeH TpaeH Konbac. bele ncnNMTyBaHO 1 BNMjaHWETO Ha OBMeE CTapTep KynTypu Bp3 Gpu3anyKo-
XEMUCKMTE N CEH30PHNW MOKa3aTeNn Ha roToBMOT npoun3sod. Bo ekcnepumeHTOT 6ea  KopuCTeHU ABa Tvna
cTapTep KynTypu: MOHOKynTypa B. longum (B,) n KOoMGUHMpaHa Kyntypa BO cooaHoc B. longum (B) : L.
plantarum (L,) - 2 : 1. 3a ucnuTyBarbe Ha HUBHOTO BJIjaHME BP3 MPOTEKYBAETO HA TEXHOJMIOLWKMOT NpoLec
N KBanUTaTMBHWTE KapaKTEPUCTUMKM Ha npomssofoT 6Gea npowussefeHn 10 kg mopen Ha BapeHoAMMEH
TpaeH Konbac 6yprac. lobueHute pesyntat HM faBaaT OCHOBa [la KOHCTaTUpaMme [ieKa CTapTep KynTtypute
ro NOTUCHYBaaT Pa3BUTOKOT Ha E. coli ywTe BO NOYETOKOT 0ff NPOM3BOACTBOTO HAa BapeHOAUMEH Konbac u
MM 3rofieMyBaaT CaHWTapPHO-XUIMEHCKMTe MoKasaTenu Ha rotoBMOT Mpom3sof. MIcTo Taka, npuaoHecyBaat
3a dopmuparbeTo M NofobpyBarbeTo Ha CEH30pHUTE KapaKTepuUcCTMKM Ha KonbacoT M ro 3abp3ysaaT
LOCTUTHYBaHETO Ha CTaHAApPAHMTE BPeAHOCTY Ha GU3NUKO-XEMUCKIUTE NOKa3aTenu.

KnyuHun 36opoBu: mecHu npou3godu, cmapmep Kysimypu, Myie4Ho-Kucesu 6akmepuu, 6ugpudobakmepuu
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Abstract

Capsaicinoids are large group of analogues synthesized in hot peppers, Capsicum annuum L. as secondary
metabolites. Hot peppers are widely used in nutrition but their exploitation could be increased because
of capsaicin’s pharmacological properties, as analgesic, antidiabetic, hypolipidemic and antitumor agent.
Therefore, the aim of this study was to determine capsaicinoids (capsaicin and dihydrocapsaicin) in ethanolic
extracts obtained from the fruits of 15 different genotypes and evaluate their variability. Quantification of
capsaicinoids extracted from peppers cultivated in Republic of Macedonia has been performed by a validated
simple and sensitive HPLC method. Although capsaicin has been known as the highest represent in the group
of capsaicinoids, it was found in this study that genotypes that contain higher amount of total capsaicinoids
has even higher content of dihydrocapsaicin than capsaicin. The ratio of capsaicinoids in the extracts obtained
by Soxlet method was similar to that of extracts obtained by maceration. In the extract obtained from vezena
dolga, capsaicin has been represented with 42.80% and 45.99% dihydrocapsaicin. Their content in the extract
from dzinki was 31.44% and 45.41% for capsaicin and dihydrocapsaicin, respectively, and in the extract from
vezena kusa capsaicin has been represented by 28.85% and dihydrocapsaicin by 48.82%. Since, the biological
activity of dihydrocapsaicin has not been clearly reported; these data can be very useful for breeders of hot

peppers aimed in further extraction of capsaicin for medicinal purposes.

Key words: capsaicinoids, hot peppers, liquid chromatography, validation parameters

INTRODUCTION

Hot peppers belong to the genus
Capsicum, which is comprised of more than
200 varieties grouped into more than 30
species, out of which five are domesticated: C.
annuum L., C. baccatum L., C. chinense Jacq., C.
frutescens L. and C. pubescens (Hernandez et al.,
1999). There are many different genotypes of
hot pepper, Capsicum annuum L., (Solanace),
cultivated in Republic of Macedonia, which
present an important vegetable in food and
agriculture for a long time. They have been
grown mainly because of their fruits, which are
widely used in nutrition and appreciated for
their pungency, color and flavor aroma (Aranoff

et al, 2008). Even more, hot peppers have
shown many significant biological activities
such as anti-inflammatory (Demirbilek et al.,
2004), antioxidant (Maksimova et al., 2014),
and hypocholesterolemic (Alvarez-Parrilla et
al., 2012) or cytotoxic properties (Maksimova et
al., 2016). Hot peppers have been characterized
by the presence of vanillyl amide conjugates,
known as capsaicinoids, which are absent or
replaced by their non-pungent esters, isosteres
(capsinoids) in the mild types of peppers
(Kobata et al., 1998).

Capsaicinoids occur in the placental tissue
of pepper fruits (lwai et al., 1979) and their
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biosynthesis depends on a complex and still
not fully characterized enzymatic pathway.
The two major capsaicinoids, responsible for
up to 90% of pungency, are capsaicin and
dihydrocapsaicin (Govindarajan et al, 1987),
with at least nine more minor capsaicinoids
occurring in pepper fruits (Suzuki et al., 1980;
Kozukue et al., 2005). The type and amount
of each capsaicinoid affect both the degree
and the characteristics of pungency (Todd et
al., 1977; Krajewska et al., 1988). Capsaicinoid
levels depend on the genotype and also
change during fruit development (Perucka
and Materska, 2007). Moreover, environmental
and nutritional conditions which occurred
during the cultivation of peppers can affect the
capsaicinoid content. For instance, significant
differences in pungency were found in double-
haploid chili plants grown in five different plots
of the same field (Estrada et al., 2000), and the
total capsaicinoid content in those pepper
fruits developed in summer was found to be
larger than in those fruits developed in autumn
(Estrada et al., 2002). Also, the production of five
capsaicinoids in four pepper genotypes was
found to depend both on the field location and
on the year (Harvell et al., 1997).

Hot peppers are usually consumed in our
country in nutrition because of their pungency.
Pungency or “hottness” that capsaicin causes
when it is consumed per os can be measured
as Scoville heat units (Scoville Heat Unit, SHU),

according to a graduated scale that was set up
for the first time by the American pharmacist
Wilbur Scoville. SHU is a value that gives
information about how many times the pepper
extract should be diluted in water to lose the
pungency or not to be sensed organoleptic.
Pure capsaicin has pungency, which has been
measured as 16 million SHU.

Reviewing the first scientific papers on
the discovery of capsaicin from Micko et al.
(1898) and characterization of its structure and
nomenclature of Nelson, (1910), to the more
recent data in which some of the methods for its
extraction and quantification of capsaicin were
proposed (Perucka and Materska, 2007), it was
perceived that the content of capsaicin can be
different depending on the genotypes used for
its extraction and several factors used through
the cultivation of the plants.

Thus, the present study aimed
to evaluate the content of capsaicin and
dihydrocapsaicin in 15 genotypes of cultivated
peppers, applying HPLC method, because of
their common use in nutritional aims and the
possibility of capsaicin use in medical purposes.
Through this analysis the variability of these
two capsaicinoids could be assumed. The
data obtained in this study could give further
direction to the breeders of this culture about
the genotype that is most appropriate to be
used in nutrition or in medicinal purposes.

MATERIALS AND METHODS

Plant material

Fifteen different genotypes of Capsicum
annuum L. with their local names: vezena dolga,
feferona, bombona, zlaten medal, fortense,
dzinki, sivrija, kurtovska kapija, piran, vezena
kusa, gambi, aiseff f1, hybrid 13514, hybrid 13515;
hybrid 14530, were cultivated on two different
locations of Stip (41,746° N, 22,199° E) and
Strumica (41,437° N, 22,643° E) in 2012 and
2013. Their fruits have been collected at the end
of August in phenological phase of botanical
maturity. They have been dried and grounded
and then used as a plant material. Two of these
genotypes (zlaten medal and kurtovska kapija)
were not pungent and they have been taken as
negative control.

Chemicals

All eluents, buffers, and standard solutions
were prepared with analytical grade type |
water (Milli-Q Synthesis, Millipore). Capsaicin
(8-methyl-N-vanillyl-trans-6-nonenamide,
> 97%), dihydrocapsaicin  (8-methyl-N-
vanillylnonamide, = 90%), ethanol (= 96.0%),
acetonitrile (LC-MS grade), were purchased
from Sigma-Aldrich.

Extraction methods

The extraction method chosen must
be fast, inexpensive, versatile and efficient
and should have an easy performance and
no toxicity. The most widely used solvent for
extracting capsaicin is hexane, which is very
toxic and produces residual solvent (Gao et al.,
1996, Martins et al., 2014, 2015.)
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Therefore, in this study we have chosen
ethanol, as a non-toxic polar solvent, which is
efficiently extractive agent with the lowest side
toxic effects on the human organism. Many
studies have examined the effectiveness of
various methods of extraction and confirmed
that the efficiency of extraction by conventional
methods (maceration, percolation, Soxlet-
extraction)andsomenovelmethods(ultrasound,
microwave extraction and extraction with
supercritical fluids) is similar (Collins et al., 1995;
Goci et al, 2013). Considering this data, two
conventional extraction procedures have been
taken in the experimental work: maceration
followed by vacuum filtration and Soxlet
extraction. For the maceration process 0.200
g of plant material were measured and mixed
with 25 mL of ethanol (96% v/v). The extraction
procedure has been performed on a water
bath at a temperature of 50°C for 5 hours. The
obtained extracts were filtrated then by vacuum
pump and Gouch filter N*4. The extraction with
Soxlet apparatus have been performed by use
of 0.800 g plant material in 100 mL ethanol, for
5 hours at 80 + 2°C. The obtained extracts were
used for further analysis.

Method for quantitative determination
of capsaicinoids by using a High Pressure
Liquid Chromatography (HPLC)

Reverse-phase liquid chromatography
has been used as a method for quantitative
determination of capsaicinoids in ethanolic

pepper extracts. According to the literature,
many authors confirmed that C-18 column
can be used for effectively partition and
quantification of capsaicinoids, and so this
column was also used in this research (Othman
etal., 2011, Perucka and Oleszek, 2000).

Fruits, dried and grounded, were used as a
plant material for Soxlet extraction by using a
96 % (v/v) ethanol as a solvent (70°C, for 5 hours)
and capsaicinoids have been quantified by use
of RP-HPLC (reverse-phase high performance
liquid chromatography) system, on Zorbax
SB-C18 column (5um, 250 x 4.6 mm), mobile
phase: H,O/CH,CN, 50:50 (v/v), flow rate: 1.5
mL/min. A suitable DAD (diode array detector)
detector followed progress of chromatographic
separation at 220 nm.

Equipment: chromatographic analyses
were conducted on Agilent 1200 HPLC system,
(Agilent Technologies Palo Alto, CA, USA), which
contained: binary pump (Model Agilent 1100
series Pump), autosampler (Model Agilent
1100 series G-1329 ALS), DAD detector (Model
Agilent series G-13158 Diode Array Detector),
connected to Agilent ChemStation software.

The analytical method was validated by
using the protocols set out in the International
Conference on Harmonization (ICH) guidelines.
The required validation parameters, specificity,
linearity, accuracy, precision, limit of detection,
and limit of quantification, were studied for
capsaicin and dihydrocapsaicin.

RESULTS AND DISCUSSION

Quantitative determination of
capsaicinoids has been performed by using
an isocratic, reverse-phase high performance
liquid chromatography, according to a method
described by Othman et al., (2011).

uv spectra of capsaicin and
dihydrocapsaicin in the wavelength range
from 200 to 400 nm, were recorded by a Diode
Array Detector (DAD), whereby they have
shown two peaks characteristic for capsaicin
and dihydrocapsaicin, on 228 and 280 nm. The
wavelength of 228 nm, where the absorption
maximum was measured for capsaicin and
dihydrocapsaicin, was chosen to designate

these two compounds in their standard
solutions as well as in the extracts obtained
from various genotypes of hot peppers.

A typical chromatogram (Fig.1) of
the standard solution of capsaicin and
dihydrocapsaicin (in equimolar concentration
of 10 pg/mL) showed that the time required
for elution of capsaicin was 7.65 minutes,
while for dihydrocapsaicin was 10.82 minutes.
Identification of capsaicin and dihydrocapsaicin
in the extracts was based on comparison of
their retention times with those obtained for
the standard solutions.
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Figure 1. Chromatogram of A) standard solution, a mixture of capsaicin and dihydrocapsaicin (at
equimolar concentrations 10 pg/mL), B) ethanolic extract of negative control, pepper genotype gold medal
obtained by Soxlet extraction. Assignation: 1. nordihydrocapsaicin, 2. capsaicin, 3. dihydrocapsaicin.

The obtained results referring to the
validation of the method for quantitative
determination of capsaicinoids indicate that this
method has been characterized with sufficient
linearity, accuracy and precision. Correlation
coefficient (R? = 0.999) indicated that there is a
good linearity for tested concentration range
for capsaicin (1.52 - 380.00 pg/mL) and for
dihydrocapsaicin (1.12 - 279.00 pg/mL). Limits
of detection (LOD) were 0.075 and 0.109 pg/mL,
and limits of quantification (LOQ) were 0.230 and
0.331 pg/mL for capsaicin and dihydrocapsaicin,
respectively. The high levels of analytical yield
of 98.88 + 2.87% for capsaicin and 98.62 +
2.46% for dihydrocapsaicin indicated that the
method is accurate. Values obtained from the
examination of the repeatability of the method
(RSD < 2.0%) indicate that the method is precise
(RSD < 2.0%) and suitable for determination

of the concentration of capsaicin and
dihydrocapsaicin in extracts of chili peppers.
The results for the concentration
of capsaicinoids (Fig.2) in the examined
extracts have shown that the content of total
capsaicinoidsranged from 23.27t06516.20 ug/g
dry weight of pepper, which corresponds to the
prescribed content in the literature (Othman
et al, 2011, Gnayfeed et al.,, 2001). Genotype
feferona presented the highest content of
capsaicin, 2708.091 + 48.75 pg/g dry weight,
followed by genotype dzinki and bombona
with 1725.625 + 31.06 and 1040.431 + 18.73 ug
/ g dry weight, respectively. Lowest capsaicin
content has been measured in genotype gambi,
8.700 £+ 0.16 pg/g dry weight, while in two
genotypes that were not pungent and were
used as controls (gold medal and kurotvska
kapija), capsaicin have not been detected.
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Figure 2. Total capsaicinoid content in two different extraction methods.
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The results obtained from the analysis of
ethanolic extracts by Soxlet extraction have
shown that capsaicin is present again with the
highest concentration in the extract obtained
from the genotype fefrona (2835.190 + 51.03
pg/g dry weight), and followed by bombona
and dzinki with concentration of capsaicin
2437.991 + 43.88 ug/g dry weight and 2048.533
+ 36.87 pg/g dry weight, respectively. The ratio
of capsaicinoids in the extracts obtained by

maceration (Fig.3) was similar to that of the
extracts obtained by Soxlet method (Fig.4).Inthe
extract obtained from vezena dolga, capsaicin
has been represented with 42.80% and 45.99%
dihydrocapsaicin. Their content in the extract
from dzinki was 31.44 and 45.41% for capsaicin
and dihydrocapsaicin, respectively, and in the
extract from vezena kusa capsaicin has been
represented by 28.85% and dihydrocapsaicin
by 48.82%.
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Figure 3. Variability of capsaicin and dihydrocapsaicin (% from total capsiaicinoids) in maceration extracts.
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Figure 4. Variability of capsaicin and dihydrocapsaicin (% from total capsiaicinoids) in Soxlet extracts.



Viktorija Maksimova, Liljana Koleva Gudeva, Rubin Gulaboski, Maja Shishovska, Zorica Arsova Sarafinovska

According to Suzuki and Iwai, (1984)
capsaicin is usually represented by 69%,
and dihydrocapsaicin  with 30% of total
capsaicinoids. Other analogues are represented
in such a small amounts.

The results given for the quantitative
content of capsaicinoids in hot pepper
ethanolic extracts give a good basis for further
investigation of the biological/pharmacological
properties of capsaicin and pepper extracts.

CONCLUDING REMARKS

The analyzed Macedonian genotypes of
hot peppers have characteristic high level of
pungency capsaicin, which makes it promising
for use, not only in food, but also in medicines.
However, the development and efficient
capsaicin extraction method for pharmaceutical
and alimentary industry depends on the
method, herbal material and optimization
technique.

All the genotypes, except gambi, zlaten
medal and kurtovska kapija can be used in
extraction of capsaicin and dihidrocapsaicin,
but the most appropriate are: feferona, vezena
dolga and dzinki. From the genotypes that
were taken for analysis, it was concluded that
the genotype feferona contains the highest
percentage of capsaicin.

This study has shown that genotypes

which are characterized by higher content
of total capsaicinoids may contain more
dihydrocapsaicin than capsaicin. So, in the case
of vezena dolga, capsaicin has been represented
with 42.80% and 45.99% dihydrocapsaicin. Their
content in the extract from dzinki was 31.44%
and 45.41% for capsaicin and dihydrocapsaicin,
respectively, and in the extract from vezena
kusa capsaicin has been represented by 28.85%
and dihydrocapsaicin by 48.82%. Since, the
biological activity of dihydrocapsaicin has
not been clearly reported; impermanence of
capsaicinoids content can be very useful data.
The variability of capsaicin and dihydrocapsaicin
presented in these pepper genotypes can be
exploited from breeders of these cultivars in
order to improve content of capsaicin, which
can be further used in medicinal purposes.
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Pe3nme

KancamuymHoungnute ce ronema rpyrna Ha aHano3un Kou ce CUMHTeTM3Mpaat Bo nyTute nunepku Capsicum
annuum L. Kako cekyHfapHu meTabonutu. JlyTuTe nunepknm ce KOpuCTaT BO MCXpaHaTa, HO HMBHATa
eKcnioaTaumnja Moxe Aa ce 3ronemu nopaan GapmMaKkonolKMTe CBOjCTBA Ha KancauLMHOT, KaKo aHanreTuk,
aHTUAnjabeTNYeH, XMNONNNUAEMUYEH U aHTUTYMOPEH areHc. 3aToa, LiefiTa Ha oBaa cTyauja belle fa ce ogpenat
KancanumHouguTe, U Toa KancauumH 1 AUXngpoKancanuumnH, BO eTaHONTHM eKCTPAKTX AoOMeHN o NnofoBmTe
Ha 15 pa3nnMyHM reHOTUMNOBM Ha NyTV NUMNEPKU 1 Aa ce NPOLeHN H1MBHaTa BapujabunHocT. KBaHTudrKaumjaTa
Ha KancavuuHoOMauTe ekCTpaxvpaHu of Nunepku oprnepyBaHu Bo Penybnvka MakepoHuja ce m3BpLUEHU
co notBpaeHnoT HPLC meTop. Mako KancamumHOT e MOo3HaT Kako HajBMCOK BO rpynaTta Ha KancavuvHouAau,
BO OBaa CTyAamja Oelwe yTBpAEHO [eKa FeHOTMMUTE KOW coApaT MOBMCOKU KONIMYMHM Ha BKYMHU
KancavuMHOMAM MMaaT ylTe NOBUCOKA COAPXKMHA Ha AUXuApoKancanumH OTKoNKy KancanumH. OgHOCOT Ha
KancavumHongmTe BO eKCTpaKTUTe fobreHn co Soxlet MeTOAoT e CIMUYeH Ha OHOj Ha eKCTPAKTX AOOMeEHMN CO
MaLepaLmja. Bo eKcTpakToT O6MEH Of reHOTUMOT Be3eHa AoJira KancanumHoT e 3acTaneH co 42,80% un 45,99%
AnxmngpokKancamumH. H1BHaTa cogprKnHa BO eKCTPaKTOT Of LIMHKK n3Hecysana 31,44 n 45,41% 3a kancanumH
1 AUXMAPOKancanuumH COOLBETHO, a BO eKCTPAKTOT Off Be3eHa Kyca KancanumnHoT e npeTctaBeH co 28,85%, a
AVXrApOKancanumnH co 48,82%. brugejkn 6ronolukata akTBHOCT Ha AUXNAPOKaNCanuLMHOT He € CoOCeMa jacHa,
nogaTtouute fobreHn off OBMe UCTPaKyBarba MOXaT fa 6uaaT MHOTY KOPWCHW 3a ofrneayBaynte Ha nyTu
NUMNepKn co Lies 3a MOHaTaMOLLHO NCKOPUCTYBakbe Ha KancanuymMHOT BO MeAMLIMHCKN Lienn.

KnyuHun 360poBu: kancauyuHoudu, ymu nunepku, me4Ha xpomamoapacguja, 8audayucku napamempu
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Abstract

Ornamental red cabbage (Brassica oleracea cv. Kyoto red given) and ageratum (Ageratum sp.) are
important ornamental plants which are typically grown in balconies, yards, parks and other open area spaces
during the summer and winter period. Approximately, about 156 ornamental species/from different genera/
are produced via in vitro culture in different commercial laboratories worldwide. In vitro culture of plants is a
key tool in plant biotechnology which utilizes the plant cell totipotency.

In this research the effects of different concentrations and combinations of BA, GA,, IAA, and NAA on
meristem buds and cotyledons as starting explants of ornamental red cabbage and ageratum were studied.
The highest percentage of frequency of shoot formation from meristem buds was obtained on MS + 2 mg/I
BA + 0.1 mg/I IAA + 0.1 mg/l GA,and MS + 2 mg/I BA for the ornamental red cabbage. On the contrary, the
meristem buds of ageratum showed the best percentage of frequency of shoot formation on MS + 2 mg/| BA +
0.1 mg/I NAA. Cotyledons from ornamental red cabbage gave the highest frequency (56%) of shoot formation
when initially cultivated on MS + 2 mg/I BA + 0.1 mg/l NAA, while the ageratum cotyledons responded with
necrosis on all media utilized in the research. This research is a basis for further study about the enhancement

of regeneration of different plant explants from different, economically important, ornamental species.

Key words: ornamental red cabbage (Brassica oleracea cv. Kyoto red given), ageratum (Ageratum sp.), in
vitro, growth regulators, meristem bud, cotyledon, shoot

Abbreviations: BA (6-Benzylaminopurine), GA, (Gibberellic acid), IAA (Indole-3-acetic acid), NAA (alpha-

Naphthaleneacetic acid)

INTRODUCTION

The commercial production of ornamental
plants is growing worldwide. Its monetary
value has significantly increased over the last
two decades and there is a great potential for
continued further growth in both domestic
and international markets (Jain, 2002). Major
pot plants such as Begonia, Ficus, Anthurium,
Chrysanthemum, Rosa, Saintpaulia, and
Spathiphyllum are being produced in the
developed countries. About 212.5 million
plants including 157 million ornamental plants
amounting to 78% of the total production were
reported (Rout et al., 2006). Ornamental industry
has applied immensely in vitro propagation
approach for large-scale plant multiplication
of elite superior varieties. As a result, hundreds
of plant tissue culture laboratories have come
up worldwide, especially in the developing

countries due to cheap labour costs. However,
micropropagation technology is more costly
than conventional propagation methods, and
unit cost per plant becomes unaffordable
compelling to adopt strategies to cut down the
production cost for lowering the cost per plant
(IAEA-TECDOC-1384, 2004).

Ornamental red cabbage (Brassica
oleracea cv. Kyoto red given), also known as
‘flowering’ cabbage, is round shaped cabbage
characterized by blooming in red and white
colors during autumn period which makes it a
desirable plant for different floristic decorations.
It is plant of cold weather and it needs low
temperatures to give the best leaf colors. As it
is grown in late summer and early autumn, this
species has less diseases and pests compared to
spring species (Bajaj and Nietsch, 1975).
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The name of the genus Ageratim (Ageratum
sp.) is of antique Greek origin (ageratos
forever young) which is related to the blooming
duration. The flowers of this species are mainly
in shades of blue, but pink, lavender and white
variations can be also found. The ageratum
flowers are fluffy with nice fragrance. Each flower
group is composed of 5 to 15 flowers. It blooms
from late spring to early frost. The ageratum
needs well drainage soil, but dry conditions are
adverse for its growth. It does not have serious
disease or pest problems, although mites can

cause problems, particularly during dry and hot
weather conditions (Stephens, 2007).

Shoot regeneration of different Brassica
species was achieved from various tissues and
organs including hypocotyls, cotyledons, roots,
leaves, peduncle segments, callus and cell
cultures, thin celllayers and protoplasts (Cardoza
and Stewart, 2004). However, there are almost
no literature sources on micropropagation of
ageratum, which, beside ornamental, owns
great medicinal values (Stephens, 2007).

MATERIALS AND METHODS

The research described in this paper
was conducted at the Department of Plant
Biotechnology, Faculty of Agriculture, Goce
Delcev University — Stip. As starting explants
were used meristem buds and cotyledons of
commercially genotypes of ornamental red
cabbage (Brassica oleracea cv. Kyoto red given)
and ageratum (Ageratum sp.).

Obtaining of starting material for in
vitro propagation

The seeds of commercial genotypes of
both species after sterilization were inoculated
on basal medium (1/2 MS solution, 3% sucrose,
free of growth regulators) as 10 seeds in 10
Erlenmeyer flasks, or in total 100 seeds of each
species. After seed germination, the meristem
buds and cotyledons were isolated and they
were used as starting explants in the research.

m A

Figure 1. a) Seed germination of ornamental red cabbage.
b) Fully developed seedlings of ornamental red cabbage before isolation of meristem buds and cotyledons.

Sterilization of seeds

The seeds were surface sterilized with:

- Submersing in 70% CHOH for 3
minutes,

- Submersing in 1,5% lzosan G for 10
minutes,

- Afterwards they were washed (x3 times)
in sterile distilled water.

Regeneration of meristem buds and
cotyledons on MS medium with different
growth regulators

The meristem buds and cotyledons as
starting explants of ornamental red cabbage

and ageratum were inoculated on MS medium
(Murashige and Skoog, 1962), supplemented
with certain concentration of BA, GA,, IAA and
NAA. The development of the explants was
followed during the experiment.

Ornamental red cabbage bud meristem
and cotyledons were initially cultivated on MS
medium enriched with the following growth
regulators:

A:MS + 2 mg/I BA+0.1 mg/I IAA + 0.1 mg/I
GA,

B: MS + 2 mg/I BA +0.1 mg/I NAA

C:MS + 2 mg/I BA

D: MS + 5 mg/I BA + 5 mg/I NAA
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Ageratum bud meristem and cotyledons
were initially cultivated on MS medium enriched
with the following growth regulators:

A: MS + 2 mg/I BA +0.1 mg/I IAA + 0.1 mg/I
GA,

B: MS + 2 mg/I BA +0.1 mg/I NAA

E: MS + 5 mg/I BA

F: MS + 3 mg/I BA + 1.5 mg/I NAA

Obtained shoots from the both species
under study were subcultured on rooting
medium MS + 0.5 mg/I IAA + 2.5 mg/I IBA.

The starting explants which after one
month of cultivation did not resulted in
formation of regenerant were subcultured on
fresh MS medium supplemented with the same

combination and concentration of growth
regulators as in the starting cultivation.

Obtained shoots from the both species
under study were subcultured on rooting
medium MS + 0.5 mg/I IAA + 2.5 mg/I IBA.

Statistical analysis

Statistical analysis of variance was applied
for the evaluation of each of the parameter
among all tested combinations of growth
regulators (One-Way ANOVA test) with IBM
SPSP Statistics Software 19.0.

For evaluation of the difference between
tested combinations of growth regulators
Duncan’s multiple range test is utilized for each
trait in each experimental year on 0.05%

RESULTS AND DISCUSSION

In Table 1. the number and size of the
meristem bud and cotyledons of ornamental
red cabbage on MS medium supplemented
with different growth regulators are presented.
On the medium MS + 2 mg/l BA + 0.1 mg/I
IAA + 0.1 mg/l GA, initially were cultivated
40 meristem buds with average width of 3.5
mm and average height of 88 mm and 48
cotyledons with average width 1.2 mm and
length 2.5 mm. On MS + 2 mg/l BA + 0.1 mg/I
NAA were inoculated 40 meristem buds with
average width 4.7 mm and height 9.2 mm, and
55 cotyledons with average width 1.9 mm and
length 2.1 mm. On MS + 2mg/I BA were initially
cultivated 31 meristem buds with average
width 1.15 mm and average height of 3.8 mm,
and 47 cotyledons with average width 3.2 mm
and length 1.4 mm. On MS + 5 mg/I BA + 5 mg/I
NAA were inoculated 50 meristem buds with
average width 2.8 mm and average height of 9.5
mm, and 50 cotyledons with average width 1.0
mm and average length 2.4 mm.

Very often the cells react differently
in different developmental phases, when
interaction between signal paths of auxins
and cytokinins can occur (Shi et al., 1994). BA
alone or in combination with auxin is proven
as optimal for regeneration and multiplication
of different Brassica species (Metz et al., 1995;
Munshi et al,, 2007). Gerszberg et al. (2015)
tested cotyledon and hypocotyl of eight
Brassica cultivars on five types of media,
where MS +8.88 UM 6-benzyloaminopurine
(BAP) +0.53 pM a-naphthylacetic acid (NAA)
have been identified as most effective for shoot
regeneration. Cogbill et al. (2010) reported
that Brassica rapa L. five-day-old cotyledonary
explants produced shoots on a MS medium
containing 1.5 mg/L thiadiazuron (TDZ) and
0.5 mg/l 1-naphthaleneacetic acid (NAA) at a
mean rate of 8.8%. This rate was increased to
14.8% in explants placed on 1.5 mg/L TDZ and
0.5 mg/l NAA medium supplemented with
5.0 mg/I silver nitrate (AgNO,).
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Table 1. Initial cultivation of meristem buds and cotyledons from ornamental red cabbage (Brassica oleracea
cv. Kyoto red given) on MS medium supplemented with different combination and concentrations of growth

regulators.

. € € “ 0 G
e£5 (35 |E £ e £
S22k |o% = z 89 < s
S=3 |ESE |5 o) E> 5 g
s+9 [ZE3 |2 T Z 9 2 3 E
A 40.0 3.5a 8.8a 48.0 1.2b 2.5a
B 40.0 4.7b 9.2a 55.0 1.9b 2.1ab
C 31.0 1.15¢ 3.8b 47.0 3.2a 1.4b
D 50.0 2.8a 9.5a 50.0 1.0c 2.4a

Means within each column having different letters are significantly different according to Duncan’s test at p<0,05.

In Table 2. the number and size of the
meristembudand cotyledonsofageratumonMS
medium supplemented with different growth
regulators are presented. On the medium MS +
2 mg/l BA + 0.1 mg/I IAA + 0.1 mg/I GA, were
inoculated 6 meristem buds with average width
and height of 1.7 mm and 12 cotyledons with
average width 2.2 mm and length 1.4 mm. On
MS + 2 mg/I BA + 0.1 mg/I NAA were cultured 6
meristem buds with average width 1.2 mm and

height 1.0 mm, and 12 cotyledons with average
width 1.6 mm and length 1.1 mm. On MS + 5
mg/l BAP were inoculated 6 meristem buds with
average width 1.3 mm and average height of 1.2
mm, and 12 cotyledons with average width 2.2
mm and length 1.0 mm. On MS + 3 mg/l BA +
1.5 mg/l NAA were cultured 6 meristem buds
with average width 1.7 mm and average height
1.8 mm, and 12 cotyledons with average width
1.4 mm and average length 1.2 mm.

Table 2. Initial cultivation of meristem buds from ageratum (Ageratum sp.) on MS medium supplemented with
different combination and concentrations of growth regulators.

s G € “ v £ £
e€5 |35 E £ > 5 £ £
558 (8¢ p= = 23 p= =
595 €29 = = c = = js)

v OO O ()] — ‘O - = o=
=+9 |2ZE3 = T Z 9 = g
A 6.0 1.7a 1.7a 12.0 2.2a 1.4a
B 6.0 1.2a 1.0a 12.0 1.6a 1.1a
E 6.0 1.3a 1.2a 12.0 2.2a 1.0a
F 6.0 1.7a 1.8a 12.0 1.4a 1.2a

Meristem buds and cotyledons from
ornamental red cabbage resulted in shoot
formation without exception, but different
combination of growth regulators stimulated
different frequency of shoot formation (Figure
2).

The percentage of shoot formation from
meristem buds stimulated by the growth
regulators ranged from the lowest frequency
of 64% (MS + 5 mg/l BA + 5 mg/l NAA) to the
highest 70% (MS + 2 mg/I BA+0.1 mg/I IAA +0.1
mg/l GA, and MS + 2 mg/l BA) (Table 3, Figure
3a).

Means within each column having different letters are significantly different according to Duncan’s test at p<0,05.

After one month of cultivation of
cotyledons, the medium MS + 2 mg/l BA +
0.1 mg/l NAA showed the best stimulation
effect with significantly the highest 56% shoot
formation, while MS + 2 mg/I BA +0.1 mg/I IAA +
0.1mg/IGA,and MS+2mg/IBAgavesignificantly
the lowest frequency of shoot formation from
cotyledons. The cotyledons of the fourth used
combination of growth regulators were lost due
to narcotization in the course of the experiment,
thus, without response to the applied growth
regulators in one month period (Table 3, Figure
3b).
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The presence of BAP in the medium
significantly increase the number of produced
explants in in vitro cultures of Brassica oleracea
L. (Sretenovic¢-Rajici¢ et al., 2007). Genus
Brassica has shown increased regeneration of
meristem buds in media supplemented with
BAP and NAA. In different Brassica species,
the regeneration depends on explants age,
where younger explants always give better
regeneration ratio (Maheshwari et al., 2011).

Cheng et al. (2001) reported a high-frequency
shoot regeneration obtained with BA or TZD
(thidiazuron)-supplemented media. Pavlovic¢
et al. (2010) results showed a satisfactory
frequency of shoot regeneration from hypocotyl
explants and multiplication of shoots on media
containing 1 mgl' BA alone or in combination
with IBA in the four investigated B. oleracea
varieties.

Table 3. Effects of MS medium and different growth regulators on meristem buds and cotyledons of ornamental

red cabbage one month after the initial cultivation.
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A 18 41c 1.9a shoot 70a 18 10.0b 6.0a 37.5b | shoot

B 26 3.1b 2.5a shoot 65b 31 9.6b 17.0a | 56.0a | shoot

C 21 4.4c 2.5a shoot 70a 31 17.5b | 13.1b | 38.0b | shoot

D 32 1.3a 2.2a | shoot | 64b Cotyledons lost due to shoot

necrotization

Means within each column having different letters are significantly different according to Duncan’s test at p<0,05.

-

\:
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S =4 k.
A. MS+2BAPmg/l + B. MS+3BAPmg/I+
0.1IAAmg/I+0.1GAsmg/Ii 0.3I1AAmg/|

Figure 2. Shoot regenerants as a result of the effect of MS medium and different growth regulators on
meristem buds of ornamental red cabbage one month after the initial cultivation.

Ageratum meristem buds on all MS media
supplied with certain growth combinations
resulted in shoot formation. MS suppled with
2 mg/lI BA + 0.1 mg/l NAA was significantly the
best combination for initiation of ageratum
meristem buds in shoots, therefore 100% of
the meristem buds responded with shoot
formation. Meristem buds cultivated on MS

D. MS+5BAmg/I+
C. MS+2BAmg/IlSNAAmg/I

supplied with 5 mg/I BA resulted in significantly
the lowest shoot formation frequency (16%).
One month after the initial cultivation, the
ageratum cotyledons on all media under
research resulted in narcotization, thus, no
response to the applied growth regulators in
one month period (Table 4, Figure 3a).



Ivana Velesanova, Fidanka Trajkova, Liljana Koleva Gudeva

Table 4. Effects of MS medium and different growth regulators on meristem buds and cotyledons of ageratum
one month after the initial cultivation.

g |%¢ : £ 5 2.5 25
Ex 8 3 T = = ) CoOF 0D
338 |og < £ < TR |82
$5% |58 |8 H 2 5grE\5E
s + @ Z €3 = T & LE€s58 (=8
A 7 11.2ab 19.4a Shoot 85b Cotyledons
B 6 12.0ab 9.6a Shoot 100a lost due to
E 2 5.0b 10.0a Shoot 16¢ narcotization
F 6 13.1a 14.2a Shoot 83b

Means within each column having different letters are significantly different according to Duncan’s test at p<0,05.
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Legend:

A:MS +2mg/I BA+0.1 mg/lIAA + 0.1 mg/l GA,

B: MS + 2 mg/I BA + 0.1 mg/I NAA

C:MS +2 mg/I BA

D: MS + 5 mg/I BA + 5 mg/I NAA

E: MS +5 mg/I BA

F:MS + 3 mg/I BA + 1.5 mg/I NAA

Figure 3. a) Frequency of shoot formation from meristem buds of ornamental red cabbage and ageratum
on MS medium supplied different growth regulators one month from the initial cultivation.

b) Frequency of shoot formation from cotyledons of ornamental red cabbage on MS medium supplied

different growth regulators one month from the initial cultivation.



MICROPROPAGATION OF ORNAMENTAL SPECIES

BRASSICA OLERACEA CV. KYOTO RED GIVEN AND AGERATUM SP.

From the available literature, little-to-
none report on tissue culture research has
been done on ageratum. Certainly, it is not
enough to produce a regeneration method or
transformation protocol. If and when genetic
engineeringis successful with ageratum, caution
would be warranted because A. houstonianum
readily establishesitselfasaweedandtransgenic
races could easily escape cultivation, especially
in the tropics (Stephens, 2007). According to
Laxmikant (2008) maximum number of multiple
shoots of ageratum propagated in vitro were
developed in plant medium fortified with 3.0
mg/l concentration of IAA-BAP combinations.
In this study, IAA-BAP combinations proved as
best effective for inducing multiple shooting

3 3
A B c

Red ornamental cabbage

3.5
3
25
2
1.5
1
0.5
0

Legend:

A:MS +2mg/IBA +0.1 mg/lIAA + 0.1 mg/I GA,
B: MS + 2 mg/I BA + 0.1 mg/I NAA

C: MS + 2 mg/I BA

D: MS + 5 mg/I BA + 5 mg/I NAA

E: MS + 5 mg/l BA

F:MS + 3 mg/I BA + 1.5 mg/I NAA

o

D

and roots were formed at 2.0 mg/l and 3.0 mg/I
rather than IAA-KN combinations.

The starting explants which after one
month of cultivation did not resulted in
formation of regenerant were subcultured on
fresh MS medium supplemented with the same
combination and concentration of growth
regulators as in the starting cultivation. After
one month of the subculturing, there was root
formation on few initial explants. Three initial
explants of ornamental red cabbage resulted
in formation of roots on MS + 2 mg/l BA +0.1
mg/IIAA +0.1 mg/I GA, and 3 on MS +2 mg/I BA
+ mg/l 0.1 NAA (Figure 4). The ageratum initial
explants did not respond in root formation on
media under this research.

0 0 0 0
A B E F
Ageratum

Figure 4. The effect of MS medium and different growth regulators on root formation on meristem buds
from ornamental red cabbage and ageratum two months after the initial cultivation.

CONCLUDING REMARKS

In this research the influence of different
combination of BA, GA,, IAA and NAA on
meristem buds and cotyledons of ornamental
red cabbage and ageratum was studied.
For ornamental red cabbage, the highest
percentage of frequency of shoot formation was
obtained on MS + 2 mg/I BA + 0.1 mg/I |1AA + 0.1
mg/l GA,and MS + 2 mg/I BA. On the contrary,
the meristem buds of Ageratum showed
the best percentage of frequency of shoot
formation on MS + 2 mg/I BA + 0.1 mg/l NAA.
Cotyledons from ornamental red cabbage gave
the highest frequency (56%) of shoot formation
when initially cultivated on MS + 2 mg/l BA +

0.1 mg/l NAA, while the ageratum cotyledons
responded with necrosis on all media utilized in
the research.

Future micropropagation research
extension for these two species will be focused
on combination of growth regulators suitable
for rooting of regenerants, which will lead to
the development of complete protocol from
micropropagation of ornamental red cabbage
and ageratum in future.

Finally, the results presented in this paper
are contribution to the limited research data
conceding micropropagation of ornamental red
cabbage and particularly ageratum.
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Pesume

YKkpacHaTa upBeHa 3enka (Brassica oleracea cv. Kyoto red given) u arepatymoT (Ageratum sp.) ce BaXHM
YKpacHW pacTeHuWja Kou BOOOUYaeHO ce ofrnefyBaaT Ha 6GankoHu, ABOPOBU, MAPKOBU U APYrM MecTa Ha
OTBOPEHO BO NETHMOT 1 BO 3UMCKMOT nepurog of roguHata. OkonKy 156 ykpacHu BUoBM ce obuBaart co in
Vvitro KynTypu Bo pa3nmyHu KomepLmjanHim nabopatopuu Wrpym CBeTOT. In vitro KynTypa Ha pacTeHuja e egHa
Kny4YHa anaTka BO pacTuTesiHaTa brioTexHonoryja WTo ja KopUCTY TOTUMOTEHTHOCTA Ha pacTUTeNHaTa KieTka.

Bo oBa ncTpakyBarbe 6ea NpoyuyyBaHW BvjaHUjaTa Ha Pa3NYHUTE KOHLEHTPaUMK 1 KOMOMHaUUN Ha
BA, GA3, IAA n NAA Ha MepuUCTeMCKM NYNKN 1 KOTUIeAOHW Kako NMOYeTHN eKCNaHTaHTW Of yKpacHa LpBeHa
3enKa v arepatym. Kaj ykpacHaTta upBeHa 3elka HajBMCOKMOT MPOLEHT Ha YecToTa Ha dopmumpatrbe n3gaHoum
of MeputeMUCKM Nynku 6ewe gobueH Ha MS + 2 mg/I BA + 0.1 mg/l IAA + 0.1 mg/l GA3 n MS + 2 mg/I BA.
CnpoTMBHO, MepUCTEMCKUTE MYMKW Of arepaTym roKakaa Hajaoobap NpoLueHT Ha yecTtoTa Ha dopmuparbe
Ha m3gaHoumn Ha MS + 2 mg/l BA + 0.1 mg/l NAA. KoTnnegoHnTe off yKpacHaTa LipBeHa 3eflka Nnokaxkaa
Hajronema yectota (56%) Ha popmMmurpare n3gaHoLM Kora noyeTHo 6ea KyntmBupaHu Ha MS + 2 mg/l BA +
0.1 mg/l NAA, nogeka KoTunefoHUTe Of arepaTyM pearvipaa co Hekpo3a Ha CUTe MeauyMu KOPUCTEHU BO
TEKOT Ha nCTpakyBameTo. OBa NCTpaKyBare € OCHOBA 3a MOHATaMOLLHO MpoyvyBake 3a NofobpyBarbe Ha
pereHepaumjata Ha Pas3fIMYHN eKCNAaHTaHTX Of Pa3fIMyHN EKOHOMCKM BaXKHW PacTUTENHN BUOOBM.

KnyuHu 360poBu: yKpacHa upseHa 3esikd (Brassica oleracea cv. Kyoto red given), azepamym (Ageratum sp.),
in vitro, pecynamopu Ha pacm, Mepucmemcka Nynkd, KomusiedoH, U30aHOK
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