YHUBE3UTET "Cs. KUPWJI 1 METOIWNJ" - CKOTIJE
JHY UTHCTUTYT 3A JYXKHU 3EMJOTIEJICKN KYJITYPU
CTPYMUILIA

UDC 63(058) ISSN 1409-987X

& NJ3K

JHY MHCTUTYT 3A JYOKHN FEMIOLENCKN KYATYPU

@ INSTITUTE OF SOUTHERN CORPS

IT'OAMIEH 3b0PHUK
2004/2005

YEARBOOK

T'OJIUHA 4/5 VOLUME IV/V

UNIVERSITY Ss. CYRIL AND METHODIUS SKOPJE
INSTITUTE OF SOUTHERN CROPS - STRUMICA



2 Topumen 36opauk  2004/2005 WMHCTUTYT 32 jy>KHU 3€MjOfENCKH KynTypH - CTpymuna
Yearbook 2004/2005 Institute of Southern Crops — Strumica

N3naBayuku coBeT

IMpod. n-p Cama Mutpen

HI-p JIunjana Konesa - I'ynesa
-p Oyman Crnacos

Hou. a-p Unuja Kapos

II-p Munau 'eopfuesckn

I-p Jbymuo Muxajnos

Penpakuucku ogoop

IMpod. n-p Cama Mutpen

HI-p JIunjana Konesa - I'ynesa
Hou. a-p Unuja Kapos

II-p Munau ['eopfuesckn

H-p Jbymyo Muxajnos

I-p Oyuman CriacoB

M-p Hparuna CnacoBa

Oxarosopen ypeqHuk

IMpod. n-p Cama Mutpen
I'naBen ypegnnk

H-p Jlunjana Konesa-I'yneBa

KoMmnjyrepcka noaroropka

M-p ®unanka Tpajkosa
Jaznuno ypenyBame

WBan Bacunescknu

(MaxkeqoHCKY ja3uK)

Bunjana lllonosa - Kocrypanora
(AHTJIMCKY ja3WK)

Penakuuja u anMuHuCTpanuja
MHCTUTYT 3a jy>KHU 3€MjOEIICKH
Kyatypu - Ctpymuna

,Tome JlemueB“ 6.0.

2 400 Crpymuna, P. Makenonuja
Ten/dpakc: 034 345-096

Editional board

Prof. Sasa Mitrev, Ph.D
Liljana Koleva - Gudeva, Ph.D
Dusan Spasov, Ph.D

Assoc. Prof. Ilija Karov, Ph.D
Milan Gjeorgjievski, Ph.D
Ljupco Mihajlov, Ph.D

Editional staff

Prof. Sasa Mitrev, Ph.D
Liljana Koleva - Gudeva, Ph.D
Assoc. Prof. Ilija Karov, Ph.D
Milan Gjeorgjievski, Ph.D
Ljupco Mihajlov, Ph.D

Dusan Spasov, Ph.D

Dragica Sapsova, M.Sci.

Responsible Editor

Prof. Sasa Mitrev, Ph.D
Editor in Chief

Liljana Koleva-Gudeva, Ph.D

Computer preparation
Fidanka Trajkova, M.Sci.
Language editor

Ivan Vasilevski

(Macedonian)

Biljana Sopova - Kosturanova
(English)

Address of the editorship
Institute of Southern Crops
Strumica

Goce Delcev b.b.

2 400 Strumica, R Macedonia
phone/fax: ++ 389 34 345-096

M3pnanneTo pUHAHCKCKY € IOTIOMOTHATO Off MEHHCTEPCTBOTO 32 00pa30BaHUE
u Hayka Ha Peny6nuka Makepionuja. 3a oBa uzfgaHue ce miaka 5% Ajis.
Peanuzupa "2P" Asrycr" llltun / Tupax 500 6poja



Tlopguen 36opauk  2004/2005 MHCTHUTYT 3a jy>KHH 3eMjOAEJICKU KynTypu - CTpymuna 3
Yearbook 2004/2005 Institute of Southern Crops — Strumica

COAPXKHNHA
CONTENT

Oppenenne 3a arpoTexHnka
Department of Agrotechnology

TpajkoBa Punanka

CROPWAT — MOXHOCT 3a TIOCTaByBalkE€ HA CTPaTETrMd 3a
HaBOJIHYBaH€ BO CKOMCKUOT PETUOH ----=-=======nmmmmmmmmmmmmmmmon 9-17
Trajkova Fidanka
CROPWAT - assesment of irrigation strategies in the region of Skopje
9-17

Tl'amosckm XK., Kykyranos P.
Nudopmanuja 3a ceMenpous3BOACTBO Ha XuUOpPUAU MUEHKA
CO3/aJICHM BO HHCTUTYTOT 3a TMOJjONEJICTBO U TPajiIiHapCTBO
HoBu Capn, P. Cp6uja, na nospumaute Ha 3K  Ilemaronmja®,
Butona, P. MakegoHMja ---------=-=mmmmmmmmm oo 19-27
Gacovski Z., Kukutanov R.
Information regarding production of hybrid maize seed created in
the Institute of Field Crops and Horticulture Novi Sad, Serbia, on fields
of AC Pelagonija, Bitola, R. Macedonia 19-27

Tl'amosckm XK., Kykyranos P.
Nudopmanuja 3a ceMenpou3BOACTBO Ha XUOpHUAM MYEHKA
co3nafienn Bo MHCTUTYTOT 3a mueHka, ,,3eMyH [lone“ Beorpap-
3emyH, P. CpOmja, Ha mnospumnute Ha 3K ,Ilenaronmja“,
Burona, P. Makenonuja 29-37
Gacovski Z., Kukutanov R.
Information regarding production of hybrid maize seed created in the
Institute of Maize “Zemun Pole” - Zemun, Serbia, on fields of AC
Pelagonija, Bitola, R. Macedonia 29-37

Bomes 1., Bacunescku I'., Muxajnos Jb., bomes 3.
Cymata kako (akTop 3a NPUHOCOT HAa KOYaHKU Kaj MYeHKaTa
(Zea mays L.) 39-45
Bosev D., Vasilevski G., Mihajlov Lj., Boshev Z.
Drought as factor for cob yield of maize (Zea mays L.) ------------ 39-45




4  Tonumen 36opauk  2004/2005 WHCTHTYT 3a jy>KHU 3eMjONIeIICKA KyaTypH - CTpymuna
Yearbook 2004/2005 Institute of Southern Crops — Strumica

HNnueBcku M., CnacoBa [paruma, CmacoB [I., feopfneBCKI/I M.,
Kykyranos P., Atanacosa bumnjana, Kupos H.
Bnujannero Ha oppepneHu TUNOBU [yOpuBa Bp3 MPUHOCOT HA
AHAYCTPUCKHUTE JOMATH —---==n=m=mmmmmmmmmmm oo oo 47-54
Ilievski M., Spasova Dragica, Spasov D., Gjeorgjievski M., Kukutanov R.,
Atanasova Biljana, Kirov N.
The influence of some types of fertilizers on the yield of industrial
tomatoes 47-54

Onnenenne 3a GMOTEXHOJIOTHja HA paCTEeHHjaTa
Department of Plant Biotechnology

Rafajlovska Vesna, Slaveska — Raicki Renata, Koleva - Gudeva Liljana, Mitrev
S., Srbinoska Marija
Chemical constituents of pungent spice pepper (Capsicum annuum
L.) from Macedonian origin 57-66
Pacpajnocka Becna, CnaBecka - Pamuku Penara, KoseBa - I'ynmeBa
JIunjana, Mutpes C., Cp6buHocka Mapuja
XeMHCcKM KOMIIOHEHTH Ha JyTa 3aumHcka nwunepka (Capsicum
annuum L.) O MaKeIOHCKO TOTEKIIO -57-66

Konesa - I'yaea JIunjana
Kancaunus - MoxkeH nHXUOMpauku (akTop BO aHApOreHe3aTa Ha
TIATIEPKATA === === === o o e o o e oo 67-74
Capsaicin - possible inhibitory factor of androgenesis of pepper

67-74

Konesa - I'ygesa JInnjana, Cnacenocku M., Padajnoscka Becna
ConpxnHa Ha (POTOCHHTETCKU MUTMEHTH BO KYJTYpHU Off MUIEpKa
YCIOBY {1l VEIFQ === mmm e e e o oo 75-83

Koleva - Gudeva Liljana, Spasenoski M., Rafajlovska Vesna
Content of photosynthetic pigments in pepper in vitro cultures

75-83

Konesa - I'ynesa Jlunjanan TpajkoBa Punanka

Jlo6uBame Ha ceMe off muIepka qoO6ueHa BO in vitro KyJaTypa off
AHTEPH === === === o o o o oo oo 85-93
Koleva - Gudeva Liljana and Trajkova Fidanka

Seed production from pepper obtained in in vitro anther culture --85-93




Tlopguen 36opauk  2004/2005 MHCTHUTYT 3a jy>KHH 3eMjOAEJICKU KynTypu - CTpymuna 5
Yearbook 2004/2005 Institute of Southern Crops — Strumica

TpajkoBa dPunanka
AHann3a Ha eKOJIOLIKNOT PU3UK HAa TEHETCKN MOAU(UIIIpaHa

muenuna (7Triticum) Bo EBpomna 95-101
Trajkova Fidanka

Ecological risk assessment of genetically modified wheat (Triticum) in

Europe 95-101

Opnenenne 3a reHeTHKA U ceJIeKIMja HA pacTeHnjaTa
Department of Genetics and Plant Breeding

lI'eopfueBcku M., CnacoB [I., WnumeBcku M., CnacoBa [lparuna,
AranacoBa buijana
ITpoGnemaTrika BO MPOM3BOACTBOTO HAa ceMe Off mueHuna Bo P.

MaKEIOHMJA === mmmm oo oo oo oo 105-112
Gjeorgjievski M., Spasov D., Ilievski M., Spasova Dragica, Atanasova Biljana

Problems in seed production of wheat in R. Macedonia --------- 105-112
MapunkoBuk Jb.

ITpon3BogHM M KBAJUTETHM CBOJjCTBA Ha HEKOM KparyeBauyku

copTu MeKa mueHu1a BO CKOMCKUOT PETUOH -------=-======-=~ 113-124
Marinkovic Lj.

Productive and quality characteristics of some Kragujevac soft wheat

cultivars in Skopje region 113-124

Cnacosa [Iparuna, Mutpes C., UBanoscku M., Cnacos /1.
OCHOBHM KapaKTEepUCTHKM Ha HOBaTa cOpTa MeKa IMUeHHIA -
Muna (Triticum Aestivum ssp. vulgare) -----------=========-=----- 125-135
Spasova Dragica, Mitrev S., Ivanovski M., Spasov D.
Basic characteristics of the wheat variety Mila (Triticum aestivum ssp.
vulgare) 125-135

Onnenenne 3a 3alITHTA HA pacTeHUjaTa
Department of Plant Protection

Murtpes C., HakoBa Emunuja, KoBauesuk bumnjana
[Ipernen Ha mo3HaYajHUTE PACTUTEIHU OAKTEPHUCKU OOJECTU BO
Peny6nmka MakeoHUja ---------=-=mmmmmmmmmmmmo oo 139-146
Mitrev S., Nakova Emilija, Kovacevi¢ Biljana
Review of the most important bacterial diseases in Republic of
Macedonia 139-146




6 Topumen 36opruk  2004/2005 WMuCTUTYT 32 jy>KHU 3€MjOfENCKH KynTypH - CTpymuna
Yearbook 2004/2005 Institute of Southern Crops — Strumica

Kapos WM., Mutpes C., MuxajnoB Jb., PucroBa [lanuena, HakoBa
Emunuja, KoBaueBuk bunjana
Heterantera reniformis Ruiz & Pavon HOB IJI€BEN BO OpPU3UIITATA
BO KOYAHCKO ~===mm = mm e oo 147-155
Karov I., Mitrev S., Mihajlov Lj., Ristova Danicla, Nakova Emilija, Kovacevi¢
Biljana
Heteranthera reniformis Ruiz & Pavon new wed in rice fields in the
region of Kocani 147-155

Kapos WM., Mutpes C., MuxajnoB Jb., PucroBa [lanuena, Hakosa
Emunuja, KoBaueBuk bunjana
Gibberella fujikoroi (Sawada) Wollenweber, HOBa mapa3uTcka raba

Ha OpHU30T BO KOYAHCKO ~------=n=mmmmmmm oo oo 157-162
Karov 1., Mitrev S., Mihajlov Lj., Ristova Daniela, Nakova Emilija, Kovacevié¢
Biljana
Gibberella fujikuroi (Sawada) Wollenweber, the new parasitical fungus
on rice in the region of Koc¢ani 157-162
Cmacos J1.
daynuctuuku cocraB Ha 6ymbGapute (Coleoptera: Coccinellidae)
Kaj nunepkata BO CTPYMUUKUAOT PETHOH ------================ 163-174
Spasov D.
Faunistic structure of Coccinelidae (Coleoptera) of pepper crop in
Strumica region 163-174
Honmarok
Appendix
Kocrypanos P.
[IpetnpueMamiITBOTO BO MajuTe OW3HUCHM ¥ BHATPEIIHOTO
MPETHPUEMAIITBO BO TOJIEMUTE OU3HUCH --------------=---=--- 177-183

Kosturanov R.
Entreprencurship in small businesses and intrapreneurship in large
companies 177-183

YnarcTBo 3a neyatewme Ha TpyfaoBu Bo 300pHUKOT Ha JHY MHcTuTyT 32
JYSKHH 3€MjOIEICKH KYJITYPH ===n=nmnnmmmmmmmmmmmmmmmm e 185-187




Tlopguen 36opauk  2004/2005 MHCTHUTYT 3a jy>KHH 3eMjOAEJICKU KynTypu - CTpymuna 55
Yearbook 2004/2005 Institute of Southern Crops — Strumica

OOJAEJEHUE 3A BUOTEXHOJ/IOI'NJA
HA PACTEHUJATA

DEPARTMENT OF PLANT BIOTECHNOLOGY



Tlopguen 36opauk  2004/2005 MHCTHUTYT 3a jy>KHH 3eMjOAEJICKU KynTypu - CTpymuna 57
Yearbook 2004/2005 Institute of Southern Crops — Strumica

UCD: 633.842:581.192 OpurvHanes Hay4eH TPY[,
Original research paper

CHEMICAL CONSTITUENTS OF PUNGENT SPICE PEPPER
(Capsicum annuum L.) FROM MACEDONIAN ORIGIN

Rafajlovska Vesna®, Slaveska-Rai¢ki Renata”’, Koleva-Gudeva Liljana***,
Mitrev S.”, Srbinoska Marija™"

Abstract

In this paper the chemical constituents of the pungent spice pepper
Capsicum annuum L. ssp. Microcarpum from Macedonian origin are estimated.
Content of moisture, proteins and soluble sugars is 9.60%, 6.68% and 20.33%,
respectively. Color capacity of the pungent spice pepper is 5.60 g
capsanthin/kg pepper dry matter.

The influence of organic solvents on the pepper oleoresin extraction
and contents of colored components and capsaicin content in it is also studied.
The highest quantity of pepper oleoresin (25%) is obtained using ethanol as
extraction means. In the pepper oleoresin extracted by diethyl ether the highest
concentration of color expressed as a capsanthin is determined. When n-hexane
is applied during pepper extraction, in the color extracted quantity the red
fraction is 93.83% from the total color contents in the pepper oleoresin.

According to the highest capsaicin content of 1.53% in the pepper
oleoresin, benzene is most suitable as compared to the other investigated
extraction means.
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Key words: pungent spice paprika, capsaicin, carotenoids, chemical
composition, solvent, extraction, pepper oleoresin

XEMUCKM KOMIIOHEHTU HA JJIYTATA 3AYMHCKA

NUNEPKA (Capsicum annuum L.) OId MAKEIOHCKO
INOTEKJIO

Pagajnocka Becna’, Cnapecka - Panuku Penara”, Kosnesa - 'ynesa
. e ek o ek
Junjana ', Mutpes C.”, Cponnocka Mapuja

Kparok m3Bagok

Bo 0BOj Tpyn ce ofpefieHM XEMUCKUTE KOMIIOHEHTU Ha JyTaTa
3auynHcKa nunepka Capsicum annuum L. ssp. Microcarpum oj MaKe€JOHCKO
notekyno. Coap>XUHATa Ha Bjlara, IPOTEHUHU U PACTBOPJIMBU ILLIEKEpH €
9.60%, 6.68%mu 20.33%, coopseTHo. KamanureTor Ha 060ja Ha jayrara
3a4yMHCKa nunepka e 5.60 g kancantun/kg cyBa matepuyja.

bea npoyuyyBaHu BiIMjaHMETO HAa OPraHCKUTE PACTBOPYBaud BpP3
eKCTpaKlija Ha OJICOPE3UWHOT Off NMUIlepKaTa, Kako M COfpXKMHATa Ha
000€HNTE KOMIIOHEHTH ¥ COfIp’KMHATAa Ha KalCaulH BO HETO.
Hajsucokara konmuunHa Ha oneope3uH (25%) e mobuen co ynorpeba Ha
eTaHoj. Bo oneope3nHOT off nunepka, eKCTpaXupaH co AUETHUII €Tep, €
OfpeflcHa HajBUCOKaTa KOHIEHTpauyja Ha 0Ooja u3pa3eHa Kako
KancanTuH. Kora n-xekcaH e aniuIypaH 3a BpeMe Ha eKCTpakiyjaTa Ha
NUIepKa, BO KONMYMHATAa Ha eKCTpaxupaHa oOja lpBeHaTa ¢pakiyja e
npucyTHa co 93.83% op BKymHaTa cOfipKMHa Ha 00ja BO OJIEOPE3MHOT.
Cnopenr  HajBUCKOKaTa cofp:KMHa Ha Kancauiud op 1.53% Bo
OJIEOPE3NHOT O] MuIepKaTa, OEH3eHOT € HajcoofIBETeH BO cropenda co
CHTE APYTU UCIUTAHU EKCTPAKIMOHU CPEJICTBA.

Knyunn 360poBn: ayitia 3auuncka iuilepka, KaucauyuH, KapoiieHouou,
XeMUCKU COCULas, paciisopyeay, UUUepKUH 01e0PaACUH

1. Introduction

The red pepper (Capsicum annuum L.) has been used since ancient
times, traditionally used in form of spice paprika, although, today, oleoresins
are widely used (Nambudiri et al., 1970; Govindarajan, 1986a).

Spice red pepper is worldwide use as a natural flavour and colorant in
food industry, as well as raw material for the pharmaceutical industry.

In addition to the pungency if the spice pepper is pungent depending of
the capsaicinoids presence mainly capsaicin, the spice pepper contains
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considerable amount of antioxidative components such as the carotenoids and
vitamins (Govindarajan, 1986b; Rahman et al., 1986; Howard et al., 1994,
Matsufuji et al., 1998). The commercial value of the spice pepper depends on
its red colouring power. The components responsible for the colour are the
carotenoids pigments (Davies ef al., 1970; Biacs, et al., 1989). The colouring
and nutritional capacity of the carotenoids makes them interesting in the food
industry as additives and functional food ingredients, in the form of pepper or
oleoresin (Gordon and Bauernfeind, 1982).

One of the pepper products is pepper oleoresin extracted from the dried
ripe fruits of Capsicum annum L. using solvents with the lypophilic
characteristics and subsequent solvents removed from the oleoresin extract
(Kense, 1970; Rajaraman et al., 1981; Cvetkov and Rafajlovska, 1992). Pepper
oleoresin basicly contains pigments named capsanthin and carotenes (Minguez-
Mosquera and Hornero-Méndez, 1998). Also, beside the pigments in the
pepper oleoresin are present flavours and taste agents, vitamins, fatty oil and
capsaicin if pungent pepper is used for pepper oleoresin production (Vinaz et
al., 1992; Minguez-Mosquera and Hornero-Méndez, 1993).

In the present work, characterisation of the pungent spice pepper
(Capsicum annuum L. ssp. Microcarpum) is made by determination of the
chemical composition. The influences of the extraction solvents on the
pungency pepper oleoresin yield and the contents of capsaicin and carotenoids
in it are also studied.

2. Materials and methods

Pepper (Capsicum annuum L. ssp. Microcarpum) was used as
experimental material. The morphological characteristics of Capsicum annuum
L. ssp. Microcarpum in the botanical ripening stage are 40 - 45 cm average
height, small conical shape fruits with pericarp thickness to 1.2 mm and 2.4 cm
length, fruit weight 2.5 - 2.9 g. Drying of the red pepper was made in
greenhouse, seven days, on room temperature (~ 25°C). The dried spice pepper
was ground in laboratory cutting mill (Retch, Briukmann, Germany). For
determination of the chemical composition spice pepper with 0.25 mm particles
size was used.

Solvent: pro-analysis-grade solvents such as ethanol, acetone, diethyl
ether, n-hexane, benzene were purchased from A. D. Alkaloid (Skopje,
Republic of Macedonia).

2.1. Procedures for determination of the chemical composition:

Content of dry matter: by drying at 105°C to constant mass
achievement (AOAC, 1988).
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Content of ash and sand: by burning at a constant temperature of
900°C to constant mass achievement. Sand determination is made by using the
ash and 10% HCI1 (AOAC, 1988).

Content of total nitrogen, total proteins and protein’s nitrogen: by
Kjeldahl method (AOAC, 1988).

Content of soluble sugars and degree of total reduction: by using
Fehling and Bertrand methods (Trajkovic et al., 1983).

Content of colour components: by using Benedek method (Vracar,
2001).

2.2. Extraction procedure

Extraction of the pepper oleoresin is made by using Sox/et method. 5g
of the grinded pepper (0.25 mm particles size) first is macerated 24h in
Erlenmeyer flask with 250 mL extraction solvent. After that, the same system
is extracted Sh using Soxlet apparatus. Pepper oleoresin extraction is made
applying solvents with different polarity degree. The dielectric constant of the
used extraction solvents is given in the table 1.

The quantity of obtained pepper oleoresin after drying to constant mass
(in vacuum drier, type Heraeus, Vacutherm, Germany, t = 40°C) is weigh. The
efficiency of pepper oleoresin extraction is expressed as a yield of pepper
oleoresin, according to quantity of extracted pepper sample.

2.3. Determination of colour components and capsaicin in pepper
oleoresin:

Content of colour components: Pigments concentration in the pepper
oleoresin was calculated using the extinction coefficient of the major pigment
capsanthin ('"Eueom= 2300) in acetone. For colour quantification, pepper
oleoresin was dissolved in 100 mL acetone (1% dissolution). 5 mL of the 1*
dissolution was dissolved in 25 mL acetone (2™ dissolution) and absorbance
was measured at 460 nm (UV-VIS spectrophotometer, Cary 50 Varian,
Switzerland). Figure 1 shows the visible spectrum of carotenoids of pepper
oleoresin in acetone.

For estimation of the fraction of the red carotenoids (C*) and yellow
carotenoids (CY) in the pepper oleoresin were used the equations proposed by
Hornero-Méndez and Mingues-Mosquera (2001).

A508x2114.0-A472x403.3 v :A472x1724.3-A x2450.1

= 270.9 (g/ml) € 7705

To express the results in mg/kg, it is necessary to multiple by the final
volume to which the sample was taken and divide it by the weight (grams) of
sample. If the sample was diluted by the weight prior to the performance of the

spectrophotometric measurement, this factor must be taken into consideraton.

(ug/mL)
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Content of capsaicin: The content of capsaicin in the pepper oleoresin
is determined by spectrophotometric reading of the absorbance on 282 nm. 0.5
mL of the 1% dissolution dissolved in 25 mL ethanol (3™ dissolution), than 0.5
mL of 3™ dissolution was dissolved in 10 mL ethanol (4™ dissolution) and
absorbance was measured at 282 nm (UV-VIS spectrophotometer, Cary 50
Varian, Switzerland). The UV spectrum of capsaicin of the pepper oleoresin in
ethanol is presented by figure 2.

The concentration of capsaicin is estimated from the standard curve for
capsaicin y = 9.64 x + 0.005 (R* = 0.9909), where x = ug capsaicin/mL extract
and y = absorbance. The capsaicin content is expressed in the pepper oleoresin
quantity.

3. Results and discussion

The content moisture, ash and sand in the investigated pungency spice
pepper Capsicum annuum L. ssp. Microcarpum, is 9.60%, 16.79 and 0.56%,
respectively. The determined colour pepper capacity expressed as capsanthin is
5.60 g capsanthin/kg pepper dry matter. The total amount nitrogen is 2.83%,
from which 1.07% belong to the protein’s nitrogen (Table 2).

In the literature data variation in the chemical composition with regards
to the origin of the spice paprika are presented. The content of proteins is
ranging up to 15%. From total sugars 75-98% belongs to the soluble sugars
(Rahman et al., 1980; Vracar, 2001).

In table 3 the quantity of pepper oleoresin obtained by solvents
extraction is presented. The biggest pepper oleoresin of 27.45% expressed as
pepper oleoresin yield according to the pepper dry matter is obtained when
ethanol is used. By decreasing the solvent polarity, the quantity of extracted
pepper oleoresin also decrease. The solvents with lower dielectric constant as
are diethyl ether, n-hexane and benzene, according to its non-polarity features
extracted lower quantity of pepper oleoresin. The quantity of pepper oleoresin
obtained with those applied solvents varied from 3.9% to 4.6% (table 3).

The influence of the solvent type on the presence of the colour
components in pepper oleoresin expressed as capsanthin is given in table 4.

The pigments that give a red colour of the genus Capsicum are the
carotenoids. They can be classified by colour into two groups, carotenes and
xanthophylls. Depending on their chromophore chain, they give a red or yellow
colouration. The red fraction is formed by capsanthin and capsorubin. [-
carotene, f-cryptoxanthin, zeaxanthin, capsolutein and violaxanthin belong to
the yellow fraction in paprika.

From the aspect of solvent capability to extract the colour from
paprika, the biggest content of colour of 8.43% capsainthin in pepper oleoresin
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or 58.95% yield of colour with the respect to the total colour in spice pepper is
obtained by using diethyl ether during extraction. Ethanol extracted the lowest
quantity of colour in pepper oleoresin, 43.63% from the total colour in the
pungent spice pepper (Table 4).

When is compared the possibility of solvent for red and yellow
pigments extraction are compared, it can be summarised that n-hexane is most
suitable to extract the red pigments. In the pepper oleoresin obtained with -
hexane is determined 93.83% content of red fraction from the total colour
content in pepper oleoresin. In the ethanol pepper oleoresin the content of
yellow fraction is the higher (14.14%) than the content of yellow fraction in the
oleoresin extracts produced with other investigated solvents as extraction
means (table 5).

The literature data show the concentration of carotenoid pigments in
pepper oleoresin in the range of 2.3% to 10.3% (Mingues-Mosquera and Pérez-
Galvez, 1998; Hornero-Méndez and Mingues-Mosquera, 2001).

The capsaicin concentration in the pepper oleoresins varied from
0.18% to 1.55% and it depends on the solvent used in the spice pepper
extraction. In the pepper oleoresin obtained by benzene highest capsaicin
concentration (1.5352%, table 4) is determined.

4. Conclusion

The determined chemical constituents of pungent spice pepper
Capsicum annuum L. ssp. Microcarpum from Macedonian origin contain
moisture, proteins, soluble sugars and colour of 9.60%, 6.68%, 20.33% and
5.60 g capsanthin/kg pepper dry matter, respectively.

The highest quantity of pepper oleoresin of 25% is obtained using
ethanol during extraction of Capsicum annuum L. ssp. Microcarpum.

Diethyl ether gave the highest concentration of colour in pepper
oleoresin. In the oleoresin extracted from pepper applying n-hexane, the red
coloured fraction is 98.33% from the total colour determined in pepper
oleoresin. The concentration of capsaicin in the pepper oleoresins ranged from
0.18% to 1.55% depend on the solvent used in the spice pepper extraction.
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Table 1. Dielectric constant of the solvents
Tab6ena 1. [lueseKTpruuka KOHCTaHTa HA PaCTBOPYBAUUTE

Dielectric Solvent type

constant Tun Ha pacTBOpyBay

IMuenexkTpuuka

ethanol acetone diethyl ether benzene n - hexane
KOHCTaHTa
€TaHoI aleToH AMETHI eTep OGeH3eH n - XeKcaH
€ 25.7 21.4 4.34 2.28 2.02

Table 2. Chemical composition of Capsicum annuum L.ssp. Microcarpum
Ta6ena 2. Xemucku coctaB Ha Capsicum annuum L. ssp. Microcarpum

Moisture (%) 9.60
Baara (%)
Ash (%) 16.79
Ienen (%)
Sand (%) 0.56

Tlecok (%)

Total nitrogen (%) 2.83
Bkymnen azot (%)

Protein nitrogen (%) 1.07
TIporeuncku a3oT (%)

Proteins (%) 6.68
IIporeunu (%)

Total reduction (%) 22.34
Bkynna penykimja (%)

Soluble sugars (%) 20.33
PactBopauBu niekepu (%)

Colour (g capsanthin/kg pepper dry mater) 5.60
Boja (g xancanTrn/kg cyBa MaTepuja Ha IANIEpKa)
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Table 3. Yield of pepper oleoresin
Tab6ma 3. KonmuecTBo Ha 071€0pe3nH BO UIIEpKa

Oleoresin weight | Yield of oleoresin | Yield of oleoresin

Solvent T
PacTBopyBay CKIHA HA Ipusoc Ha Ipunoc Ha

OJIEOPE3NH OJIEOpE3NH 0JICOpEe3NH

(g) (%) (%)

ethanol
€TaHOII 1.2504 25.00 27.45
acetone 0.3100 6.20 6.82
aneToH
n - hexane 02048 4,00 45
1 - XeKCaH
benzene
OeH3eH 0.2087 4.17 4.59
n — hexane : benzene 1:1
n - xekcaH : 6ensen 1:1 0.1813 3.63 3.99
diethyl ether
IETHUTI eTep 0.1782 3.56 3.92

*according to the dry matter of paprika
* BO OJIHOC Ha CyBa MaTepHja BO IUnepKaTa

Table 4. Content of capsaicin and colour components in pepper oleoresin
Ta6ena 4. CoppknHa Ha KalcannuH M 00OCHN KOMIIOHEHTH BO OJICOPE3WH Off
munepKa

. Yield of colour* .
Capsanthin in Capsaicin in
. ITpunoc na .
oleoresin . oleoresin
Solvent 6oja*
Karmncantun Bo Karmncanua Bo
PacrBopyBau
0JIeOpe3uH 0JIeOpe3uH
(%) (%) (%)

cthanol 0.85 43.63 0.1814
eTaHoJI
acetone
AETOH 4.80 58.95 1.0481
n - hexane
1 - XeKCAH 5.93 48.12 1.3280
benzene
GeHseH 5.97 49.42 1.5352
n — hexane : benzene 1:1
n - XekcaH : 6ensen 1:1 6.31 45.35 1.3889
diethyl ether
METH eTep 8.43 59.50 1.4042

*according to the total colour in spice paprika
* BO OJIHOC Ha BKYIHaTa 060ja BO MUIepKara
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Table 5. Yield of fractions of red and yellow carotenoids in pepper oleoresin
Ta6ena 5. KommyectBo Ha (ppakuum of IPBEHHM W SKONTH KapOTCHOMAHW BO
OJIeOpe3rH Off MAIepKa

Content of oleoresin in pepper
Copp>k1Ha BO OJIEOPE3UH HA
Fraction of Fraction of
Solvent red yiellow
carotenoids carotenoids
Pacrsopysad ®paxumja o | ®pakmmja o | (CY CR+CMx100 | (CY CR+CY)x100
LPBEHU SKOIITH
KapoOTEHOUN | KapOTCHOUAH
ct (oM (%) (%)
(%) (%)

ethanol
eTaHOM 0.70 0.12 85.86 14.14
acetone
AeTOH 4.20 0.50 89.21 10.79
n - hexane
1 - XeKCaH 5.34 0.35 93.83 6.17
benzene
Gensen 5.10 0.57 90.03 9.97
n - hexane : benzene
=1:1
7 - XeKcal : Gemsen 5.26 0.80 86.78 13.22
=11
diethyl ether
AMETH eTep 7.27 0.89 89.13 10.87

06+ 0.30-

05+ //\ 025 / \

0.4+ / \ 0.201 / \
§ 0-37\// \\ § 0.154 / \

02+ 0.104 / \

\ . \

o0 400 500 600 000 260 300 400

Wavelength (nm) Wavelength (nm)

Graph 1 -samplet X, Y: Graph 1 -sample2 X

a b
Figure 1. a) Visible spectrum of capsanthin in pepper oleoresin b) UV spectrum of
capsaicin in pepper oleoresin
Crnuxka 1. a) Bupimus criekTap Ha KarcaHTHH Bo oyieope3uH 6) UV cnekrap Ha
KalcauluH BO OJIEOPe3uH
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KAIICAUMIIMH - MOXEH HWHXUBUPAYKHU OAKTOP BO
AHJIPOTEHE3ATA HA IIUIIEPKATA

Koaesa-Tyesa JInajana*

Kparok m3Bamok

AmnpposeHe3aTa Ha UIepKaTa € ocTa JMMUTUPAYKHU IIPoLEC KOj
€ MpOCIEeleH CO MHOTY HWHXMOMpauku (PaKTOpU Kako: TE€HOTHIOT;
CTPYKTypaTa ¥ CTafiUyMOT Ha MHUKPOCIOpPUTE T.€. MHUKPOCIOpPUTE CcCe
MIOTO/IHU 3a MHAYKIMja Ha aHAporeHe3a BO (pa3aTa HA MpBaTa MOJEHOBA
MUTO3a WM HEMOCPEJHO IMpeJ] Hea; IeHeTcKaTa Ipefucrno3nnyja 3a
coMarckata eMOpHOreHe3a; XOpMOHalHaTa peryjandja BO in  Vitro
yCJIOBM; YCIIOBUTE Ha pacT, Kako U MHory apyru ¢akropu. Haykara ce
yIITe HeMa JOBOJHO O0jacHyBawma 3a CHTE IMO3HATH W HENO3HaTu
orpaHnyyBauku (PakKTOpH 3a OBOj MpOIeC Kaj BUMAOBUTE Off POJOT
Capsicum. VIHXUOUTOPHOTO BJMjaHME HA CEKYHJapHUTE MeTaOOJUTH,
0COOEHO KalCauIWHOT, BOOMIITO HE € WCTPakyBaHO, HMaKO BO
JuTepaTypaTa IMOCTojaT MOAATOLM fieKa HeKow OabypecTd M cilaTKu
TEHOTHUIIOBA HMAaaT IIOrOJIEM AHAPOrEHETCKM IOTEHIMjal Off JIyTUTE
TeHOTUIIOBY Ha MUIIEpKaTa.

Pesynrature of oOBHE HCTpaKkyBama, WU3BEJECHHM HA [EBET
pa3MuyHd 1O  JYTHHA COPTHM  THUIEpKa, MOKaXyBaaT  feka
aHJPOTeHEeTCKUOT TOTEHIHUjal BO KYJATypa Off aHTEepH Ha NHIEpKa €
3aBUCEH Of] COAp>KMHATa Ha KalCaulMH BO IUIOJOBHTE Ha MHUIEpKaTa.
HajBepojaTHo reHeTckata mpefmMcro3ulidja 3a CHHTE3a Ha CEKYHJapHU
MeTabOJIUTH - KallCaulluH, MOKpaj CUTe ApYru (pakTOpH, UCTO Taka uMma
nH(pUOUTOpEH e(PeKT Bp3 coMaTcKaTa eMOpPHOreHe3a Ha MUnepKara.

Kunyunu 360poBu: iiuiiepka Capsicum annuum L., Kyaitiypa Ha anidiepu, in
Vitro, KQuCcauuum
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