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PE3IOME

YcTaHOBEHMTE MHOroO6poiHN 3apa-
BOC/IOBHM Mpo6aemMn Mpu U3MNOM3BaHETO
Ha CUHTETUYHW OLBETMTENN (BKHOUMTESHO,
KapUUHOreHHOCT U XPOHMYHA TOKCMYHOCT)
[oBefoxa A0 NOJHOBSIBAHE Ha MHTepeca
KbM MPUPOAHWTE MUIMEHTHU BELLECTBA,
MoslyYyeHW OT Pas/IMYHM M3TOYHMUM (pacTe-
HUSA, IbOU, MUKPOOPraHU3MU 1 XNBOTHN).

Llenta Ha n3cnegsaHeTo e nony4ya-
BaHe N oxapakTtepusupaHe Ha NUrMeHTHU
eKkcTpaktu boratm Ha kapoTteHouau ot 4
pacTuTenHn U3TOYHMULM — MOPKOB, AOMAT,
yepBeH nunep u Tukea. OT BCEKW BUS, CY-
poBMHA ca u3cnefsaHn 3 BapuaHTa: cBe-
XU, NMOUNN3MPaAHN W CYLLEHM Ha KOH-
BEHUMOHa/THa cywunnHa. Kato ekctpares-
M ca usnonssaHy wusonponaHos, 90%
aueToH M xenTaH. Hai-B1COKO CbabpXa-
HME Ha KapOoTeHOMAM € MOMy4YeHo npwu
CYLLEH YepBeH nunep cfen ekcTpakuusa ¢
XenTtaH — 246,65mg/l, nocnegsaHo OT nu-
ohumanpaHa TUKBa U MOPKOB MpPU €eKc-
TpareHT M30nponaHos, cboTBeTHO 74,50
mg/l n 35,20 mg/l. MNpn pgomar copT
.benna“, Hali-BMCOK A06VB € Nosy4yeH npu
nvodmnnampaHa CypoBMHA U eKCTpareHT
90% auetoH — 21,95 mg/l. Ceexute
CYPOBMHM HE ca MOAXOAALM 3a eKCTpak-

SUMMARY

The discovery of numerous health
problems with the use of synthetic
colorants (including carcinogenicity and
chronic toxicity) led to renewed interest in
natural pigments derived from different
sources (plants, fungi, microorganisms
and animals).

The aim of the study was to obtain
and characterize pigment extracts rich in
carotenoids from 4 plant sources — carrot,
tomato, red pepper and pumpkin.

Three versions of each type of raw
material were tested: fresh, freeze-dried
and dried in a conventional dryer. As
solvents were used isopropanol, 90%
acetone and heptane. The highest content
of total carotenoids was obtained from
dried red pepper after extraction with
heptane — 246,65 mg/l, followed by
freeze-dried pumpkin and carrot in
isopropanol solvent, 74,50 mg/l and 35,20
mg/l respectively. In tomato variety
"Bella", the highest yield was obtained
from freeze-dried material and solvent
90% acetone — 21,95 mg/l. The fresh raw
materials are not suitable for extraction of
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una Ha nurMeHTn. Kato usino nnodowam-
3upaHnTe Npobun gasaT No-BUCOK AOOUB, C
M3K/IIOYEHNE Ha YepBEeHWs nunep, npw
KOWTO Hal-BUCOKM pe3yntaTu ce nosyya-
BaT c/lef, KOHBEHLMOHA/THO CYLLIEHE.
KniouoBn  gymu: HaTypasiHu
MUTMEHTU, KAPOTEHOMAN, EKCTPaKLUS

yBO/

LiBeTbT € BaxeH dpaktop 3a
norpeébutennte npu wu3lbopa Ha
KpanHus NpoaykT, KOeTo e OT rons-
MO 3HayeHue 3a XpaHUTesIHO-BKY-
coBaTa W hapmaLeBTuyHaTa npo-
MULLUMIEHOCT NpU NPOU3BOLACTBOTO
Ha 601, KO3METUYHU NPOAYKTH,
XpaHn 3@ OKMBOTHM ©  [Op,
(>KmBkoBa, 2012; Boo et al., 2011).
HaTtpynaHuTe gaHHW, Ye MHOro oT
CYHTETUYHWTE OLBETUTESIN, NMPUUN-
HSABaT 34paBOC/IOBHM Npob6iemu,
BK/THOUMTENTHO TOKCUYHOCT U KaHue-
pOreHHoCT, pgosegoxa Ao no-
eKCTEeH3MBHO M3MN0Ji3BaHe Ha npwu-
poaHuTe 6Garpuna (Scotter, 2011;
Scotter and Castle, 2004). B oTro-
BOp Ha Tasu TeHOEHUMA U C uen
onasBaHe Ha YOBELUKOTO 34pase
BCE MN0-4YeCTO Ce TbPCAT HAYMHK 3a
noslyyaBaHe v MpwuiaraHe Ha ec-
TeCTBEHM OLBEeTUTENN NPU MPOuU3-
BOACTBOTO Ha 60u, HOBW 34paBo-
CNOBHU N (OYHKLUMOHA/THN XpaHWu,
KO3METUYHU npoayktu n a. (Bener
et al., 2010; Kumar and Sinha,
2004). Bucwmnte M HUCWK pacTe-
HUS ca HaWh-roneMmmtTe U3TOYHULM
Ha nNPUPOLHN TMUIMEHTU KOUTO
mMoraT fga ce u3nos3ear Karto
OuBETUTENN 3a XPaHW.

PactutenHuTe nNUrMeHTn Mo-
rat ga 6baar knacuduuMpaHn B
[iBe rofiemMu rpynm — MacTHopasTBo-

pigments. In general, the Iyophilized
samples give a higher vyield, except red
pepper, wherein the best results are
obtained after conventional drying.

Keywords: natural  pigments,
carotenoids, extraction

INTRODUCTION

Color is an important factor
for consumers when choosing a
final product which is of great
importance for the food and
pharmaceutical industries in the
production of paints, cosmetics,
animal feed, etc. (Jivkova, 2012;
Boo et al., 2011).

The accumulated evidence that
many synthetic colorants cause
health problems, including toxicity
and carcinogenicity led to
extensive use of natural dyes
(Scotter, 2011, Scotter and Castle.
2004).

In response to this trend and to
protect human health people are
increasingly looking for ways of
obtaining and application of natural
dyes in the production of new
healthy and functional foods,
cosmetics, textile, paint and others
(Bener et al 2010; Kumar and
Sinha, 2004).

Higher and lower plants are the
biggest sources of natural
pigments that can be used as food
dyes.

Plant pigments can be
classified into two broad groups -
fat-soluble and  water-soluble.
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pyMy 1 BogopasTeopumMu. Cpepf, ma-
CTHOPa3TBOPUMUTE MNUTMEHTU Hail-
pasnpocTpaHeHu ca xnopogunuTe u
KapoTtnHongute (Socaciu, 2007).
KapoTteHouanTe npepcrasnis-
BaT XbATU [0 OpaHXeBO-YepBEHU
MArMEHTU, MNOBCEMECTHO pasnpoc-
TpaHeHW B npupogaTta — BUCLUM pac-
TeHWs, MbXoBe, Bogopacnu, bakre-
puu, rbou. NoBeyeTo ca BbLINEBOLO-
poan ¢ 40 BbrnepoaHn atoma, Cb-
AbpXawy ABe KpaiHu MpPbCTEHHU
CUCTEMU, CBBbP3aHU CbC CnperHatu
[BOWHM Bpb3KW. Vima paBe rpynu
KapoTeHoUAN: KapoTeHU, CbCTaBeHU
camo OT BbI/1epog U BOAOPOSA; U
KCaHTOW/IM, KOUTO ca TEXHU OKUC-
NeHn aHanosu. B nocnegHute Kuc-
nopoabT MOXe Ja e yacT OT Xuapo-
KCW/Ha rpyna (Hanpumep 3eakcaH-
TWH), OT okKcurpynu (Hanpumep B
KaHTakCaHTWH) UM KoMbuHaumss oT
ABeTe (Hanpumep B acTakCaHTUHa)
(Arvayo-Enriguez H. et al., 2013).
MonneHosaTa cuctema npu-
[aBa Ha KapoTeHoOMANTE XapakTep-
Hata WM MOJIeKynHa CTPYKTypa,
o6ycnaBsi XMMUYHUTE UM CBOMCTBA
M cnocobHocTTa UM fa nornbLiar
cBeT/IMHa. Bcsaka aBoiHa Bpb3ka
OT Nno/siMeHoBarta Bepura Moxe aa
CbllecTByBa B [Be KOH(Urypaumu:
Kato reoMeTpuyHu nsomepu (uuc-
WU TpaHc-). TpaHc-u3omepuTe ca
TEepMOANHAMUYHO NO-CTabU/IHN OT
umc-nsomepute. [loBeyeto npu-
POAHM KapoTeHouaM ca TpaHc-
n3omepn (Updike and Schwartz,
2003). KapoteHomgute ca ediek-
TUBHU aHTUOKCUOAHTU. He3aBucu-
MO OT pasHO0bpa3HOTO MM 6KOos0-
rMYHO AelcTBue, OTAENHM KapoTe-
HOMAM WU TEXHU CMECU Ce U3NO0J-

Among the fat-soluble pigments
most common are the chlorophylls
and carotenoids (Socaciu, 2007).

Carotenoids are yellow to
orange-red pigments ubiquitous in
nature — higher plants, mosses,
algae, bacteria and fungi. Most are
hydrocarbons with 40 carbon
atoms containing two end ring
systems linked by conjugated
double bonds. There are two
groups of carotenoids: carotenes,
composed only of carbon and
hydrogen; and xanthophylls, which
are their oxidized analogs. In the
last, oxygen may be part of a
hydroxyl group (e.g. zeaxanthin) of
the keto group (for example,
canthaxanthin) or a combination of
both (e.g. astaxanthin) (Arvayo-
Enriquez et al., 2013).

The polyene system of
carotenoids their characteristic
molecular structure determines

their chemical properties and their
ability to absorb light. Each double
bond of the polyene chain can
exist in two configurations: as
geometric isomers (cis or trans).
Trans-isomers are
thermodynamically more stable
than the cis-isomers. Most natural
carotenoids are trans-isomers
(Updike and Schwartz, 2003).
Carotenoids are effective
antioxidants.

Regardless of their varied
biological action, individual
carotenoids or their mixtures are
used as natural coloring agents for
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3BaT KaTo HaTypasiHu ouseTuTesnu
3a XpaHn N HanuTkh. WHTeH3uB-
HUAT UBAT Ha OUBETUTENIUTE Ha
6as3a kapoteHouan (MM Ha 6asa
0/1e0pPE3NHN, KOUTO TN CbAbPXaT),
Bapupa OT XbNT Npe3 opaHXeB [0
yepBeH B 3aBMCUMOCT OT TOBa KOU
npeacTaBuMTeNn OT Tasu rpyna npeo-
6napasart (Solomosi et. al., 2015).
KoHBeHUMOHasTHaTa €eKcTpak-
UMA Ha KapoTeHouauTe W3Nos3Ba
TAXHaTa pasTBOPUMOCT B /iMnuam
WU HEMONAPHU  Pas3TBOPUTENMN.
AKO pacTuTenHuat wmartepuan e
npegBapuTesIHO U3CyLleH ce W3-
non3sar Hecmecsalin ce C Boga
TEYHOCTW KaTo NeTposieB N eTUN0B
eTep. MNpu paboTta cbC CBEX MaTe-
pnan no-nogxogdAwn ca eTaHon
WM aleToOH, KOWUTO U3MbJiHABAT
ABe (PYHKUMM — eKcTpakuusa v ae-
xngparaumna. PastBoputeninte He
TpabBa [fAa CbAbpXaT KMCNIoposg,
KNCENIMHN UNN XaJIOTeHHN eneMeH-
TV, 3a ga ce nsberHe gerpagaums-
Ta (Limbo et al., 2007). He cbLec-
TByBa OMNTUMasIEH eKCTpareHT 3a
BCUYKN KapoTeHouaun: BbIepoa-
HUAT ancyndma e Hali-gobbp pas-
TBOpUTE/, HO € JIeT/INB, TOKCUYEH
N 3anasiuM, KOeTo CU/IHO OrpaHu-
yaBa u3non3BaHeTo My. ETepbT
CblWO e edmKaceH, HO He ce u3-
non3sa 3apaauv neTMBocTTa u 3a-
nanuTenHocTTa cu. pyrn pasTsBo-
puUTEeNIN KaTo XekcaH, XenTtaH Wu
M300KTaH ca No-cfiabu exkcTparex-
TV 3a KapoTeHouauTe, HO ca npepg-
nouMTaHn 3apagu gpyrute  um
kayectBa. OT apyra cTpaHa noj-
6OpPBT Ha NOAXOLALLNSA eKCTpareHT
3aBUCU 1 OT TOBA KOU CbeauHEHUS

food and beverages. The intense
color of coloring agents based on
carotenoids (or based on oleoresin
containing them) ranges from
yellow through orange to red,
depending on which
representatives of this group
prevail (Solomosi et. al., 2015).

Conventional extraction of
carotenoids uses their solubility in
lipids or nonpolar solvents. If the
plant material is pre-dried, water-
immiscible  liquids such as
petroleum and ethyl ether are
used. When working with fresh
material, it is better to use with
ethanol or acetone that perform
two functions — extraction and
dehydration.

The solvents should not contain
oxygen, acids or halogens, in order
to avoid degradation (Limbo et al.,
2007).

There is no optimal extractant for
all carotenoids: carbon disulfide is
the best solvent, but is volatile,
toxic and flammable, which
severely limits its use. Ether is also
effective, but is not used because
of its volatility and flammability.

Other solvents such as hexane,
heptane and isooctane are weaker
extractants of carotenoids but are
preferred because of other
properties they have. On the other
hand the selection of the
appropriate extractant depends on
which compounds are to be
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e ce ekcTpaxupart: nonspHuTe
pasTBopuTenin (aueToH, MeTaHoJl,
eTaHon) ca Ao6pu 3a KcaHTohun-
Te, HO He W 3a KapoTeHuTe
(Arvayo-Enriquez et al., 2013).

Mo Ta3n npuynHa ce cunTa, 4ye
3a Mb/iHA eKCTpakuua Ha KapoTeHOo-
ngute TpsAbea Aa ce 1M3nonssar npo-
61 C HUCKO BarocbabpXaHue, Kou-
TO Ce TpeTupar CbC CMEeCcu OT HUCKO-
NMONIAPHN N HEMONSAPHU pa3TBopuTe-
nn. OcBeH TOBa M3BMNYAHETO TPSA6-
Ba fa ce nposege 6bp30, Npu u-
36ArBaHe Ha KOHTaKT CbC CBET/IMHA,
KMCNOPOA 1 BUCOKM TeMnepartypu.

LlenTa Ha wu3cnegBaHeTo e
nosiyyaBaHe 1 oxapakrtepusvpaHe
Ha MUIMEHTHM eKCTpakTu 6oratu
Ha KapoTeHouan OoT 4 pacTUTEsTHK
N3TOYHNLUUN — KOPEH MOPKOB, N1040-
BEe — JOMaT, YepBeH nunep n TukKsa.

MATEPVANT N METO4U

PacTuTeneH MaTepunan:
Mpn nogbopa Ha pacTUTenHuTe
CYPOBMHN Ca OTYETeHW CcriefHuTe
pakTOpN — BUCOKO ChbAbpXaHue
Ha KapoTeHouAaW, AOCTBIHOCT, Aa
ca BugoBse TUnNu4Hu 3a Bbarapus u
CbOTBETHO MpegnaraHn OT Obh-
rapcku 3emepesiCku npovssoauTte-
NN 1 fa ca C Hucka ueHa. Ekcne-
pUMEHTUpPaHO 6e CbC cnegHuTe
CYpPOBWHN: KOpeH MopkoB (Daucus
carota ssp. sativus), niogose —
pomat  (Solanum lycopersicum),
yepseH nunep (Capsicum annuum)
n tnkea (Cucurbita moschata). Mo
OTHOLUEHMe Ha COPTOBMSA CbCTaB —
MopkoB ,Cynep MwuckeT’, pomart
.bena’, yepseH nunep ,fopornen’,
TnkBa ,Lurynka’.

extracted: polar solvents (acetone,
methanol, ethanol) are good with
xanthophylls, but not  with
carotenes (Arvayo-Enriquez et al.,
2013).

Therefore it is considered that
for  complete extraction of
carotenoids should be used low
moisture content samples that are
treated with mixtures of low polar
and non-polar solvents. Moreover,
extraction should be carried out
quickly, avoiding contact with light,
oxygen or high temperatures.

The aim of the study is
preparation and characterization of
pigment extracts rich in
carotenoids from 4 plant sources —
carrot root and tomato, red pepper
and pumpkin fruits.

MATERIAL AND METHODS

Plant material: The selection
of plant materials considered the
following factors: high content of
carotenoids; accessibility; species
typical for Bulgaria and
respectively offered by Bulgarian
farmers and low cost. We tested
the following raw materials: carrot
root (Daucus carota ssp. Sativus),
tomato (Solanum lycopersicum),
red pepper (Capsicum annuum)
and pumpkin (Cucurbita moschata)
fruits.

With regard to the used varieties:
"Super Muscat" carrot, "Bella"
tomato, "Gorogled" red pepper,
"Violina" pumpkin.
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[NpenBapuTenHa nNOAroToBKa
Ha cypoBuHaTa BKIHOYBaLLE cnej-
HUTe eTann: u3MmBaHe, OTCTpaHs-
BaHe Ha 3e/ieHUTe 4yacTu 1 Hapa-
HEHUTe 06/1aCTU N Hapsi3BaHe Ha
kbcoBe c pasmepu 0,5-1,0 cm. OT1
BCEKM BUJ, CypoBMHa 6axa nscnes-
BaHW Tpu Buga npobu: nuodpunnn-
3MpaHu, CyleHM Ha KOHBeHLUMOo-
Ha/lHa CylnnHA n ceexun. Ceexa-
Ta CypoBMHa ce nopgsiarawle Ben-
Hara Ha eKkcTpakuuMs CbC CbOTBET-
HMA pasTBopuTesl. 3a BTOpUA Ba-
puaHT mMatepuanbT ce pasnpege-
Nsiwle Ha TbHbK C/I0 B TaBU U ce
Cyllewe B CYyWWIHA C Bb3gyllHa
BEeHTMNauMa npu  Temnepartypa
50°C. BpemeTpaeHeTo Ha cyLleHe
Bapupa B 3aBUCUMMOCT OT BuAa Ha
cypoBuHaTa oT 8 Ao 24 h. MMpu
MbpBUA BapuaHT CcybMMaLMOHHOTO
cyweHe 6e npoBefeHO B NnModunu-
3atop Tun TG-16.50 (“Hochvacuum”-
FepMaHns) Ha aBTOMaTUYEH PeXuM
N NPOLBL/IKUTENHOCT 24 Yaca.
EkcTpakuna — Kato ekcTtpa-
reHTn 6saxa n3nos3BaHu cnegHuTe
OpraHW4yHW pasTBOpPUTENN: N30MPO-
naHos, 90% aueToH 1 xentaH. Cb-
OTHOLUEHWETO Mexay pacTuTesiHUA
mMaTepuan n ekctpareHta 6ewe 1:10
KaTo 3a BCeKku BapuaHT 6e Hanpa-
BEHa KOpeKkuusa crnopef OnuTHO On-
pefienieHoTo ChAbpXaHue Ha Bnara.
OcTaTb4yHO BNnarocbabpXKaHve—
OCTaTbYHOTO B/larocbAbpXaHve Ha
pacTuTesniHuTe npobu 6e onpepgene-
HO Ha enekTpoHHa Be3Ha “Sartorius
thermo-control” ¢ wuH(ppayepBeHO
HarpsiBaHe.
TbHKOCNOMHA  XpomaTorpadus
(TLC) — 3a KayecTBeH aHa/M3 "

The preliminary preparation
of raw material included the
following steps - washing, removal
of the green parts and the injured

areas and cutting into pieces
measuring 0,5-1,0 cm. Three
variants of each type of raw

material were tested: freeze-dried,
dried in a conventional dryer and
fresh. Fresh raw material was
subjected immediately to extraction
with appropriate solvent. For the
second variant, the material was
distributed as a thin layer into trays
and dried in an oven with air
ventilation at a temperature 50°C.
The duration of drying varies
depending on the type of raw
material from 8 to 24 h. In the first
case freeze-drying is performed in
a freeze-drier type TG-16.50
("Hochvacuum"-Germany) in
automatic mode and duration — 24
hours.

Extraction — As extractants
were used the following organic
solvents: isopropanol, 90%
acetone and heptane. The
correlation between plant material
and solvent was 1:10 and for each
variant adjustment was made
based on moisture content.

Residual moisture content —
The residual moisture content of
the plant raw materials was
measured with Sartorius Thermo
Control balance YTC O01L with
infrared heating.

Thin layer chromatography
(TLC) — Qualitative analysis and
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naeHTUMKaumMa Ha KapoTteHomaute
B EKCTpakTuTe 6€e M3Nnosi3BaHa TbH-
KocnoiiHa xpomatorpadgus. MNpobuT-
€ Ce HaHacsixa Ha MBUua C LIMpUHa
1 cm Ha nnakn TLC Silica gel 60
F2s4 (Merck), B konuyectso ot 40 go
60 pl. MposiBsiBaHETO 6€ M3BbPLUE-
HO CbC CMeC OT MeTposieB eTep:
6eH30/1 B CbOTHOweHne 1:9 (v:v).
Cnep, nposiBABaHe, nnakute 6axa
N3CYLLEHN Ha CTaliHa Temneparypa
n HabnwogasaHn Ha BuAaMMa cBe-
TAVHA.

KonnyecTBEHO CbAabpXaHue
Ha KapoTeHougn — MeToabT ce
6a3npa Ha cpefHuTe CTOMHOCTY 3a
abcopObuUMOHHUTE KOe(IULMEHTU U
Ab/DKMHATa Ha BbJiHaTa, NMpu Kos-
TO KapoTeHoManUTe uMaT Han-rons-
mMa abcopbunsa — Method of Mean
(Biehler et al., 2009). NMpobu oT ekc-
TpakTUTe 6sIXa paspefeHn CbC Cb-
OTBETHUS pasTBopuTen u 6e usme-
peHa abcopbuumsTta npu 450 nm.

3a nsuncnasaHe Ha cpepHa-
Ta KOHUEHTpauns Ha KapoTeHouam
(mol/l) 6e wn3nonssaHa cregHaTa

dopmyna:
A450 = Fd

C (mol/l) = 135310

kbaeto, A450 e cpenHusa abcopbum-
OHeH MakcumyM 1 Fd e dhaktopbT
Ha paspexgaHe. Kato ce nsnonssa
cpegHata MonapHa maca (g/mol),
pesynrtatute morat fa npeacrassar
1 kato rpam 3a nutsp (g/ ).

PE3YJITATU N OBCBbXOAHE

B 3aBucuMoCT OT npeaBapu-
TE/IHOTO TpeTupaHe Ha pacTuTesn-
HUS MaTepuan ca paspaboTeHn 3

identification of carotenoids in
extracts were carried out using thin
layer chromatography. The
samples were sprayed as 10.0 mm
bands on TLC Silica gel 60 Fysq4
plates (Merck). Sample volumes
ranged between 40 and 60 pl.
Development was performed with
a mixture of petroleum ether:

benzene = 1 : 9 (v : v). After
development, the plate was dried
at ambient temperature and

observed in visible light.

Quantitative determination of
carotenoids - The method is based
on the average of the absorption
coefficients and the wavelength at
which the carotenoids have the
greatest absorption — Method of
Mean (Biehler et al, 2009).
Samples of the extracts were
diluted with the appropriate solvent
and the absorbance at 450 nm was
measured.

To calculate the average
carotenoid concentrations (mol/l),
the following equation was used:

(1

where Az IS the mean
absorbance maximum, and Fd - a
dilution factor. Using an average
molar mass (g/mol), results can
also be expressed as gram per
liter (g/l).

RESULTS AND DISCUSSION
Three experimental variants
were developed depending
pretreatment of plant material:
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ONUTHM BapuaHTta: BapuaHTt 1 (1mo-
ounmanpaHa cyposuHa), BapuaHT 2
(cyweHa cypoBuHa) n BapuaHT 3
(cBexxa cypoBuHa). TlonyyeHute
pe3yntartu 3a BnarocbAbpXaHneTo
Ha pasnuyHuTe BapuaHTu npeau
nofasaHe 3a eKCTpakuua ca fafeHu
B Tabnmua 1. Kakto mMoxe pga ce
o4YakBa, Hal-HUCKO CbAbpXaHWe Ha
Bfara ce Habnwogasa npy nnodunu-
3¥paHaTa cyposBuHa — OT 2,25 Ao
3,10 %.

Variant 1 (freeze-dried material),
Variant 2 (dried material) and
Variant 3 (fresh material). The
results for the moisture content of
the various samples, prior to
submission for extraction are given
in Table 1. As can be expected,
lower moisture content is observed
in the freeze-dried material - from
2.2510 3.10 %.

Ta6bnuua 1. BnarocbAbpXaHue B pPacTUTENIHUA MaTepuasa Mpu pasfinyHuTe
BapuaHT\ Ha npegBapuTesiHa obpaboTka (cpefgHa CTOMHOCT + SD, n=3)
Table 1. Moisture content in plant material at different variants of pretreatment

(mean £ SD, n=3)

BnarocsabpxaHve (%)

No HaumeHoBaHve Moisture content (%)
- Name BapuaHT 1 BapwnaHTt 2 BapuaHT 3
Variant 1 Variant 2 Variant 3

1 YepBeH nunep, nios 3,10£0,20 6,54+0,43 89,99+1,20
Red pepper, fruit

3  [Oowmar, nnog 2,87+ 0,15 7,051£0,41 92,05+0,96
Tomato, fruit

4 MopkoB, kopeH 2,2510,21 6,42+0,18 86,95+0,75
Carrot, root

5 Tuksa, nnog 2,8510,30 6,90+0,28 90,05+1,03

Pumpkin, fruit

3a Bceku OT BapuaHTuTEe 6e
ekcnepMmeHTUpaHa exkcTpakuusa c
Tpn Bupa pasteoputenin — 90%
aueToH, M30MponaHon W XenTaH.
[Mpegn ekcTpakumAaTa BapuaHTn 1
n 2 6Axa CM/IeHM [0 pasmep Ha
yactmumte 2 mm  (MenHuua
Fritch), a BapnaHT 3 6e XxomoreHu-
3MpaH 3a 3 min Ha 6bP30060pOo-
TeH xomoreHusartop. Kbm Bcsika oT
npobute 6e gobaseH yacT (1/2) ot
CbOTBETHUA pas3TBoOpuUTESl U TE
6s1xa 06paboTeHn ¢ ynTpasBykK 3a
30 min. Cnep npectoi 24 vaca
npu cTailHa TemnepaTypa, LUeH-

For each of the variants,
extraction with three kinds of
solvents was conducted — 90%
acetone, isopropanol and heptane.
Before extraction variants 1 and 2
were ground to a particle size of 2
mm (grinder Fritch), and variant 3
was homogenized for 3 min with
high speed homogenizer. To each
of the samples was added a
portion (1/2) of the corresponding

solvent, and then they were
treated with ultrasound for 30 min.
After 24 hours at room

temperature, centrifugation (2000
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TpocpyrupaHe (2000 rpm, 10min) u
CbbupaHe Ha cynepHaTaHTara,
ekcTpakumsita 6e npoab/hKeHa C
OoCTaHasiata 4yacT OT pasTBopuTe-
N Npu cbwmTe napameTpu. Mony-
yeHUTe n3Bneun 6sxa obegmHeHU
M CbXpaHABaHM Ha TbMHO [0
npoBexJaHe Ha aHa/m3uTe.
Pesyntatute oT TbHKOC/IOHO-
Xpomartorpad)ckoTo uscneaBsaHe Ha
aLeToOHOBM €eKCTpakTu OT nunep,
fomMaT U MOpPKOB (pasnnyHu Bapu-
aHTn) ca npeactaseHn Ha durypa 1.

rom, 10min) and collecting of
supernatant, the extraction was
continued with the remainder of
the solvent under the same
parameters. The obtained extracts
were united and stored in the dark
until analysis.

Results from the thin layer
chromatographic examination of
acetone extracts from pepper,
tomato and carrot (variations) are
shown in Figure 1.

dur. 1. TLC aHasin3 Ha aueTOHOBM €eKCTpakTu: 1 — nunep AnNogUIM3npaH;
2 — nunep cyuwleH; 3 — nunep ceex; 4 — gomaT NMModnnnsnpaH; 5 — gomaTt CyLUeH;
6 —oomaTt cBexXx; 7 — MOPKOB nnodunmsvpaH; 8 — MOPKOB CyLlUeH; 9 — MOpPKOB

CBeEX

Fig. 1. TLC analysis of the acetone extracts: 1 — lyophilized pepper; 2 — dried
pepper; 3 — fresh pepper; 4 — lyophilized tomato; 5 — dried tomato; 6 — fresh
tomato ; 7 — lyophilized carrot; 8 — dried carrot; 9 — fresh carrot
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Mpy nouyty BCMYKM Npobu ce
HabnhaBa NHTEH3MBHA XbTa Un
XbNTO-OpaHxeBa uusMua c Rf =
0,92. Ta3n (pakuus cbOTBETCTBA
Ha B - kapoTeHa. Mpu npo6ata ot
nMonnnsvpaH MOpPKOB Tasu usmua
e eQuHCTBeHarta, KOATO ce MNposiBs-
Ba. [lpaBAT BneyatneHwe pasnu-
ymAaTa B CbCTaBa Ha EKCTpakTuTe B
3aBMCMMOCT OT npegBaputenHata
obpaboTka Ha cypoBuHaTta. [lpu
CBEXWTE CYPOBWHM MOYTM He ce
HabngaBa M3BNMYaHe Ha KapoTe-
HomauTe. EKCTpakTbT OT CylleH
4yepBeH nunep umMa no-6orar nur-
MEHTEH CbCTaB OT nModunnsupa-
HaTta npoba, gokarto npu gomara ot
TpuTe BapvaHTa Hail-gobpwu pesyn-
TaT! ce oTuuTaT Npu nnodununsara.

O606LWeHnTe pesyntatn oOT
KO/IMYECTBEHOTO oOnpejensHe Ha
o6 KapoTeHOMAM BbB BCEKM OT
noslyd4eHuTe ekCTpakTu ca npeacra-
BEHU rpacpmnyHo Ha durypa 2.

CpaBHUTENTHUAT aHa/IM3 Ha
pesyntatute oT durypa 2 nokasa,
ye OT u3cnefBaHUTe pacTUTesHU
CYPOBWHUW Ha-rosIIMO KOIMYECTBO
KapoTeHOUAM B MMa eKCTpakTuTe
OT cCyweH uyepBeH nunep. [pu
Tasn CypoBuMHa ce oTumTart rosiemMm
pasnnuvsa B fo6vBa B 3aBMCUMOCT
OT M3MN0N3BaHWUA ekcTpareHT (ot
110 go 246 mg/l). Hali-B1cokn ca
CTOMHOCTUTE NpU eKCTpakuusa ¢
xentaH. [pn ekcTpakTute oT [o-
MaT CbAbpPXaHWeTO Ha 06K Ka-
pOTEHOUAN € CPaBHUTE/THO HUCKO.
Mo-po6pun pesyntatu ca NnosiyveHu
npy nuodunusnpaHa CypoBMHA,
ekcTpaxmpaHa ¢ 90% aueToH (22
mg/l). AHaNOrMYHO NpPU BapuaHTn-

Almost all samples were
observed to have intense yellow or
yellow-orange stripe with Rf = 0,92.
This fraction corresponds to the [3-
carotene. In the sample of
lyophilized carrot this stripe is the
only one that occurs. Differences in
the composition of the extracts were
noticed, depending on the pre-
treatment of the raw material.
Almost no extraction of carotenoids
was observed among the fresh raw
materials. The extract of dried red
pepper has a richer pigment
composition than the Ilyophilized
sample, while out of the three
tomato variants the best results
were  observed through the
extraction of lyophilized material.

The summarized results of
the guantification of  total
carotenoids in each of the extracts
obtained are presented graphically
in Figure 2.

The comparative analysis of
the results of Fig. 2 shows that out
of the studied plant materials the
greatest amount of carotenoids
was observed in the extracts of
dried red pepper. In this material
large differences in extraction
depending on the used extractant
were reported (110 to 246 mgl/l).
The highest amounts were
extracted with heptane. In tomato
extracts  contents of total
carotenoids was relatively low.

Better results were obtained in a
lyophilized material, extracted with
90% acetone (22 mg/l). Similarly,
for carrot and pumpkin variants,
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Te MOPKOB W TWKBA, Hail-BMCOKM
CTOMHOCTW ca OTYeTeHW Npu JIMo-
dmnusnpana cyposuHa. MNpun mop-
KOBa He Ce OoTyuTaTt CbLUEeCTBEHU
pasnnuns B 3aBUCMMOCT OT BuAa
Ha ekcTtpareHta (o1 30 pgo 35
mg/l), fjokato npu TukBaTa Npooum-
Te eKcTpaxvpaHu C aueToH W
M30NpoNaHoN ca CbC 3HAYNTESTHO
no-emcok go6us (56 go 75 mgl/l).

the highest values were reported
in lyophilized material. In carrot no
significant differences depending
on the type of extractant were
reported (30 to 35 mg/l), while the
pumpkin samples extracted with
acetone and isopropanol have a
significantly higher yield (56 to 75
mg/l).

]
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dur. 2. O606LWEeHN AaHHM 3a CbAbPXKAHMETO Ha KapOTEHOMAWN B EKCTPaKTUTE:
1 — nunep nmoununsvpaH; 2 — nurep cyweH; 3 — nurep ceex; 4 — gomar
nvodunusnpaH; 5 — gomar cylleH; 6 — oomaT CBeX; 7 — MOPKOB SIMOUNN3NPaH;
8 — MOpPKOB cylleH; 9 — MOpKOB cBexX; 10 — TnkBa nmod.; 11 — TUKBa CyLUEHa;
12 — TnkBa cBexa

Fig. 2. Summarized data of the content of carotenoids in the extracts:
1 — lyophilized pepper; 2 — dried pepper; 3 — fresh pepper; 4 — lyophilized tomato;
5 — dried tomato; 6 — fresh tomato; 7 — lyophilized carrot; 8 — dried carrot;
9 — fresh carrot; 10 — lyophilized pumpkin.; 11 — dried pumpkin; 12 — fresh
pumpkin

N3BOAN
AHa/IN3BT Ha eKkcnepuMmeHTasl-
HUTE OaHHW NOoKa3a, 4e ,D,O6I/IB'bT Ha

CONCLUSIONS
The yield of the carotenoids
pigments depends on several
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KapoTeHOMAHW NMUTMEHTU 3aBUCU OT
HAKOJIKO (pakTopa:

1) Bug Ha pactuTenHus mate-
pvan. OT nscnensaHuTe CypoOBUHU
Hali-roNsiMo  KO/IMYECTBO  EeKCTpak-
TMBHW BellecTBa ce u3onupar oT
4yepBeHUA nunep, nocneasaHy oOT
nao4 TUKBA U KOpeH MOpKoB. [lpu
4yepBeHUA nunep NMUIMEHTHUAT CbC-
TaB e Hai-6orart 1 BK/OYBA rONIAMO
pasHoobpa3ne Ha KapoTeHOUAW:
KancaHTWH, KancopybuH, KancaHTuH
5,6-enokcug, [B-KpUNTOKCAHTUH,
3eaKCaHTVH, a CblO U [3-KapoTeH.
KombuHaumaTa oT Te3n KOMNOHEHTU
e MnpuvynHa 3a HaCUTEHUS 4YepBeH
UBAT Ha ekcTpakta. OT gpyra cTpa-
Ha npu Apyrute ABe CYpOBUHWU 06-
LLIOTO KO/IMYECTBO Ha KapoTeHouau
e Nno-Masiko, HO Te ca npeacTaseHu
MoYTM U3UANO0 KaTo B-kapoTeH.

2) MpepBaputeniHa obpaboTka
Ha cypoBuHaTta. CBexuTe CypoBUHU
He ca NoAaxosALLM 3a eKCTpakums Ha
KapoTeHOUAHN NUrMeHTU. Kato usio
nnodunnsmpaHuTe npobu gasart no-
BMCOK [06MB, C W3K/NIOYEHWe Ha
yepBeHUs nunep, nNpuv KOWTO HaW-
BMCOKN pe3yntaTn ce nosydyasar
cnef, KOHBEHUMOHa/IHO cylweHe. OT
MKOHOMMYecKa rnegHa TouKa
KOHBEHUMOHa/IHOTO  CylleHe e
noaxogsu, meto Ha obpaboTka u
3a MOpKOBUTE N TUKBUTE (3840B0OJU-
TeneH [o6uB, NPU MHOTO NO-HUCKa
LleHa), HO He 1 3a JomartuTe.

3) WsnonssaH ekcTpareHr.
KapoTeHonauTe ca MacTHO-pa3TBO-
PYMU CbeAVHEHWUS U Mo Ta3u npuyn-
Ha 3a TAXHOTO U30/MpaHe ca Noaxo-
AALWN opraHuyHy pasteoputesnn. OT
eKCNeprvMeHTUPaHUTE eKCTpareHTu
XENTaHbT € Hal-noaxoasuy 3a ekc-

factors:

1) Type of plant material. Of
the studied material, the greatest
amount of extractive substances
were isolated from red pepper,
followed by pumpkin and carrot. In
red pepper pigment composition is
the richest and includes a wide
variety of carotenoids: capsanthin,
capsorubin, capsanthin-5,6-
epoxide, -cryptoxanthin,
zeaxanthin, and [(-carotene. The
combination of these components
is the cause for the deep red color
of the extract. On the other hand in
the other two materials, the the
total amount of carotenoids is less,
but they are represented almost
entirely as (3-carotene.

2) Pretreatment of raw
material. The fresh raw materials
are not suitable for extraction of
the carotenoid pigments.
Generally, the lyophilized samples
give a higher yield, except for red
pepper, wherein the best results
were obtained after conventional
drying. From an economic point of
view, the conventional drying
method is suitable for processing
carrots and pumpkins (satisfactory
yields at a lower price), but not for
tomatoes.

3) Extractant used.
Carotenoids are fat-soluble
compounds and therefore organic
solvents are suitable for their
isolation.

Of the tested extractants, heptane
IS most suitable for the extraction
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TpakuMsa Ha YepBEH MNunep, A0KaTo
3a Apyrute CypoBMHU [06pu pesyr-
Tat ce nosiydasar npuv n3onponaHos.
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