GOCE DELCEYV UNIVERSITY - STIP
FACULTY OF AGRICULTURE

JOURNAL OF AGRICULTURE
AND PLANT SCIENCES

YEAR 2017 VOLUME 15, Number1/2




GOCE DELCEV UNIVERSITY - STIP, REPUBLIC OF MACEDONIA
FACULTY OF AGRICULTURE

UDC 63(058)
ISSN 2545-4447 print
ISSN 2545-4455 on line

Journal of Agriculture and Plant Sciences, JAPS, Vol 15
Successor of the Yearbook of Faculty of Agriculture of GDU, Vol 14

YEAR 2017 VOLUME XYV, Number 1/2



CONTENT

Emilija Arsov, Galina lvanova, Sasa Mitrev,
Multigene characterization of ‘Candidatus phytoplasma solani’ in pepper and
tomato plants in the Republic of Macedonia .................cccc 7

Biljana Balabanova, Traj¢e Stafilov, Robert Sajn, Claudiu Tanaselia
Bioindication abbility of Hypnum cupressiforme and Homolothecium lutescens
for determination of arsenic distribution in environment ...............cccoii 15

Olivera Bicikliski, Krste Tashev, Fidanka Trajkova, Ljupco Mihajlov,

Liljana Koleva Gudeva

Comparative analysis of capsaicin content in peppers (Capsicum annuum L.)

grown in conventional and organic agricultural systems ...........ccccvieviiiiii e 27

Zoran Dimitrovski
Inspection of pesticide application equUIPMENt ..........coviiiiiiiiiiiiieeeeeeeeeeeeeeeeeee e 37

Zoran Dimitrovski, Dimitrov Sasko, Kukutanov Risto
Condition of air assisted sprayers in Shtip region and possibility of
applying European standard EN 13790 ... 45

Violeta Dimovska, Fidanka llieva, Sanja Kostadinovic, Ljupco Mihajlov
Physical and chemical characteristics of pomegranate fruit
(Punica granatum L.), of cv. Karamustafa .............cccccvviiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeee 53

Sanja Filipovska, Darko Andronikov, Aco Kuzelov
Chemical and fatty acid composition in meat of young
chickens different hybrid INES ..o 61

Natasa Gunova, Dusan Spasov, Biljana Atanasova, Dragica Spasova, Mite llievski
Correlation between population dynamics of Tuta absoluta
(Lepidoptera: Gelechidae) and climate, at tomato in protected area ..........cccceovvvvveeeeeennn. 69

Verica llieva, Natalija Markova Ruzdik, llija Karov, Ljupco Mihajlov,
Mite llievski, Biljana Kovacevik
Genetic variability for yield and some yield-related traits in rice (Oryza satival.) ............. 75

Dijana Indzhelieva, Katja Velkova-Jorgova, Darko Andronikov, Aco Kuzelov

The influence of starter culture of lactic- acid bacteria and bifid bacteria over

the sanitary- hygienic, sensor and physical — chemical indicators on the

re — boiled — smoked durable SAUSAJE  ......ooociiiiiiie 81

Viktorija Maksimova, Liljana Koleva Gudeva, Rubin Gulaboski,

Maja Shishovska, Zorica Arsova Sarafinovska

Capsaicin and dihydrocapsaicin variability in Capsicum sp. cultivars

from Republic of Macedonia revealed by validated HPLC method ............................. 89

Ivana Velesanova, Fidanka Trajkova, Liljana Koleva Gudeva
Micropropagation of ornamental species Brassica oleracea cv. Kyoto
red given and AGEratlIm SP. ....ciiicei i e e et a e e a e 97



Journal of Agriculture and Plant Sciences, JAPS, Vol 15, No. 1/2, 2017

STt
Manuscript received: 04.10.2017 ;fi>//|£/4i-:fa
Accepted: 31.10.2017 faJAPS ¢

In print: ISSN 2545-4447

On line: ISSN 2545-4455
UDC: 635.649.076:581.192]:543.544.068.7

Original scientific paper

CAPSAICIN AND DIHYDROCAPSAICIN VARIABILITY IN CAPSICUM SP. CULTIVARS FROM
REPUBLIC OF MACEDONIA REVEALED BY VALIDATED HPLC METHOD

Viktorija Maksimova’, Liljana Koleva Gudeva?, Rubin Gulaboski', Maja Shishovska3,
Zorica Arsova Sarafinovska'?
'Goce Delcev University - Stip, Faculty of Medical Science,
Krste Misirkov 10-A, P.O. Box 201, 2000 Stip, Republic of Macedonia,
2Goce Delcev University - Stip, Faculty of Agriculture,

Krste Misirkov 10-A, P.O. Box 201, 2000 Stip, Republic of Macedonia,

3Institute for Public Health of the Republic of Macedonia, 1000, Skopje, Republic of Macedonia
viktorija.maksimova@ugd.edu.mk;, liliana.gudeva@ugd.edu.mk; rubin.qulaboski@ugd.edu.mk;
mayashishovska@yahoo.com; zorica.arsova@ugd.edu.mk

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.



CAPSAICIN AND DIHYDROCAPSAICIN VARIABILITY IN CAPSICUM SP.
CULTIVARS FROM REPUBLIC OF MACEDONIA REVEALED BY VALIDATED HPLC METHOD

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.
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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

Journal of Agriculture and Plant Sciences,
JAPS, Vol. 15, No. 1/2, pp. 89-96





