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Optimal conditions for analysis of carotenoids in carrot by HPLC, including sample preparation, were selected. Chromatograph
Agilent 1200 with diode array detector was used. The sample components were separated on column ZORBAX Eclipse Plus
CI18 (3.0%100 mm; 1.8 um) at temperature 22 deg C. The temperature in the autosampler was 10 deg C, injection volume —
2 ul. The isocratic solvent system consisting of acetonitrile — methanol — ethyl acetate (73:20:7, v/v/v) was chosen as
the mobile phase. The flow rate of eluent was 0.4 ml/min. It is shown that 50 ml of acetone was needed for extraction of
carotenoids from the 5 g of homogenized carrot samples (10-multiple excess). Separating capacity of the solvents (acetone,
the mixture acetonitrile — methanol — ethyl acetate, dichloromethane) and their compatibility with the mobile phase
was investigated. It was established experimentally that the acetone is the best solvent to recover dry residue of pigments.
Developed method was used for the study of carotenoids in eleven carrot cultivars, zoned in Belarus. The main carotenoids
of carrots were distributed as follows: a-carotene — 30—40%, ff-carotene — 55—-68 %, lutein — 1-6 % of carotenoid total
amount. Cultivars Vitaminnaya-6 and Dordon were characterized by significant amount of f-carotene (90-100 ug/g) and
a-carotene (53—61 ug/g). The largest quantity of lutein (4.3—6.5 ug/g) was contained in cultivars Dordon, Morelia, Nerac
and Niland. The highest content of carotenoids (~155 ug/g) was observed in cultivars Dordon and Vitaminnaya-6. Carrot
cultivars grown in Belarus were characterized by average contents of fi-carotene, but the carotenoid total amount was high.
Described HPLC method can be applied for the determination of the main carotenoids of carrot.

Keywords: carotenoids, analysis, HPLC method, carrot, cultivar.

AHajan3 kapoTuHouA0B MeToaoM BIYKX B oTe/IbHBIX COPTAX MOPKOBH

E. H. BEJIEHKOBA, xano. mexu. nayx 3. E. ETOPOBA
Benopycckuii eocydapcmeentviil mexHoni02uecKutl yHusepcumem
220006, Pecnybnuxa benapycs, e. Munck, yn. Ceeponosa, 13a
Kamno. 6uon. nayx I1. C. HIABYHS, C. A. PATBIXOBA
HUnemumym 6uoopeanuqecxoil xumuu Hayuonanvnoi akademuu nayk berapycu
220041, Pecnybnuxa benapycs, 2. Munck, yn. Akademuxa B. @. Kynpesuua, 52

Yemanoenenst onmumansnvie napamempol ananuza KapomuHouo08 MOPKoOGU MemMoOoM 8bICOKOIPPEeKMUBH oI HCUOKOCMHOT
xpomamozpaguu. Ipumenen xpomamozpagh Agilent 1200 ¢ ouoono-mampuunvim demexmopom. Pazoenenue komnonenmos
npou3seedeno na konouke ZORBAX Eclipse Plus C18 (3.0%100 mm; 1.8 mxkm) npu memnepamype 22 zpao. C. Temnepamypa
asmocamniaepa — 10 zpao. C, 06vem unvekyuu — 2 mxa. B kauecmee noosusicnoit ghazvt ucnonvzosana cmeco pacmeo-
pumeneii: ayemonumpui: memanon: ymunayemam (73:20:7, 06/06/06) co ckopocmuio nomoxa 0.4 ma/mun. Ilokazano,
YUMo NOHAA IKCIMPAKYUS RUZMEHMO8 U3 5 2 MOpKosu docmuzaemcs npu 10-kpamnom uzovimre ayemona. Hccnedosana
Ppaszoensaouas cnocoOHOCMb U COBMECHUMOCHD C ROOBUIICHOIL (ha30ll pacmeopumeneil (OUXa10pMemana, auenona, cmecu
auemoHumpuI-memanon-ymunayemant) 0Jis 60CCIAHOBIEHUSA CYX020 OCHIAMKA KAPOMUHOUOO06. IKCREPUMEHMATbHBIM
nymem yCmaHog1eHo, Ymo HAuWIyYwmumM pacmeopumenem seisemcs ayemon. Pazpabomannoiit memoo npumenen ons
UCCNIe006anUsl KAUECHBEHHO20 U KOMUYECMBEHHO20 COCIABA KapOMuHouoos ¢ 11 copmax mopkosu, pailonupo8anHoil
Hna meppumopuu Pecnyonuku Benapyce. Ycmanoeneno coomnouienue 0CHOGHbIX KAPOMUHOUO08 MOPKOGU, KOMOPOE CO-
cmaegnaem: o-kapomun — 30—40 %, f-kapomun — 55-68 %, nromeun — 1-6 % om oouezo konuuecmea. Uccneoosanus
nokazanu, umo 6vicokum cooepiicanuem f-kapomuna (90-100 mke/2) u a-xkapomuna (53—61 mxe/2) xapakmepuzyromcs
copma Bumamunnasn-6 u /[lopoonsv. Haubonvuiee konuuecmeo nomeuna (4.3—6.5 mxe/2) cooepiycumcsn é copmax /lopoonn,
Mopenus, Hepax u Hunano. Oouiee cooepiicanue Kapomunouoos asnsemcs nauoonvuum (~155 mxz/2) 6 copmax /lopoons
u Bumamunnasn-6. Haumenvuiee konuvecmeo kapomunouoos naoniooaemcs ¢ copmax Monanma u banmumop. Copma
MopKosu, npouspacmaiouieit ¢ benapycu, xapakmepusyiomcs 006071bH0 6bICOKUM 00UWUM COOEPIHCAHUEM KAPOMUHOUOOG,
npu OMHOCUMENbHO HeboNbUOM coomHouienuu f-kapomuna (58.9 % om oowezo konuuecmea). Ilpumenenue memooa
uenecooopasno npu onpedenenuy KapomuHOUOH020 CMAmyca pa3iudHbIX COPMOo8 MOPKOGU.

Knioueeswie cnosa: xaporunounpl, uccienoBanue, BOYXKX meron, MOPKOBb, COPT.
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Introduction

It is known that food carotenoids are natural biologically
active substances that protect the human body from infections,
free radicals, prevent the growth of cancer cells [1]. Some
of them, such asfp-carotene, have provitaminA activity and
contribute to the automatic regulation of the eye’s sensitivity
to light [2].

It is known that natural pigments in the rangebetween
yellow and red colors belong to carotenoids [3]. Carotenoids
are divided into two classes —carotenes (nonsaturated
hydrocarbons) and xanthophylls (oxygen-containing
carotenoids). B-carotene is the most well-known representative
of the first class.Carotenoids are synthesized by higher
plants, algae, photosynthetic and non-photosynthetic
bacteria, actinomycetes, filamentous fungi, yeasts, and are
not synthesized by animals [4].

More than six hundred carotenoids were extracted and
studied from plants, algae, bacteria and fungi [3]. Qualitative
and quantitative composition of carotenoids found in food can
be rather complicated and considerably differs depending
on the plant species. For example, sea buckthorn contains
19 carotenoids (85 %xanthophylls) with a total weight up to
32.3 mg/100 g; a pumpkin — up to 10.0 mg/100 g (30—40%
xanthophylls) [5, 6]. The bright color of tomato fruits (pulp
and peel) is mainly due to the presence of lycopene (62 %); the
rest of carotenoids are presented byxanthophylls [7].

The carotenoid content depends on the genetic
characteristics of plants and can vary from year to year.
Accumulation of carotenoids in cultivars can change in
different agro-climatic and geographical growth conditions
[8, 9]. Therefore, it is necessary to analyze the amount of
carotenoids in plant varieties within several years [10].

Carrot (Daucuscarota L.) is a classic source of
carotenoids for people in many countries. The content of
these compounds in different cultivars varies from 8.4 to
19.2 mg/100 g fresh weight. a- and f-carotene are the major
isomers of carrot carotenoids. Also carrot containssmall
amount of lutein [3]. According to [5] the average f-carotene
content is 85-90% of the total carotenoids. In carrot grown
in Europe part of B-carotene was found to be 72.3-78.5%
of total carotenoids. In carrot cultivated in Asia itwas on
average 74% [6].

Carrot is important cultivated vegetable in many
countries. Belarus is one of the world’s largest producers of
carrot (annually about 350000 MT). Production of carrots
in Belarus in 2010 was 358102 MT [11].Carrot and products
based on it are the main source of carotene for the population.
Therefore the data on the content of carotenoids in raw
materials are relevant for food industry.

Analysis of international, interstate and state standards
showed that spectrophotometric (EN 12136:1997', ISO 6558—
2:1992%, GOST 8756.22—-80%) and chromatographic (EN

' EN 12136:1997, Fruit and vegetable juices.Determination of total
carotenoid content and individual carotenoid fractions, 1997.

2 IS0 6558-2:1992, Fruits, vegetables and derived products from
them. Determination of carotene. Part 2: Practical Methods,
1992.

*  GOST 8756.22-80, Products of fruits and vegetables.Method
for determination of carotene, 1981.

12823-2-2012%) methods are used for the determination of
carotenoids in foods.

In the CIS countries the carotene in processed fruits
and vegetables is determined according to standardized
method GOST 8756.22-80. It is based on the photometric
determination of carotene concentration in solution, obtained
after extraction with an organic solvent.

Total amount of carotenoids and their composition in
fruit and vegetable juices with carotenoid contents from
0.1 to 6 mg/100 g is measured by the method specified in
STB GOST R 51443-2006°.The method is based on the
precipitation of carotenoids with zinc hexacyanoferrate,
extraction from the residue with reextraction and subsequent
photometric determination of the content of total carotenoids.
For analysis of the individual fractions extract is separated
by column chromatography with aluminum oxide.Obtained
fractions are the following: hydrocarbons, xanthophyll and
cryptoxanthinethers.

All the mentioned above techniques are applied only
to products of fruit and vegetable processing. Therefore,
to determine the carotene in raw carrots it is necessary to
adapt these methods or develop new ones. HPLC method is
widely used to determine the pigments in plants, so the aim
of this research was to choose optimal conditions of sample
preparation and HPLC separation for carotenoids of carrot.

Materials and Methods

Carrot roots of the following cultivars (harvest 2013),
grown in the Republic of Belarus, were used for the method
development (Table 1).

Samples of varietal carrot were collected in the farms
of Minsk district.The farms are located in the central agro-
climatic zone of Belarus with the length of the growing
period — 185-195 days, annual rainfall — 550—650 mm.
This region is characterized by moderately humid climate
with mild winters and short, moderately warm, long summer
and is favorable for growing carrots [12].

The scheme of carrot carotenoids analysisis shown in Fig. 1.

Accuracy of measurement of carotenoids contents in
cultivar depends on a representativeness of the roots taken
for the analysis [3]. To fulfill this requirement, 8—12 roots
were selected from each carrot cultivar. Averaged sample
of carrot was washed, dried, peeled, milled by the vegetable
shredder to a particle size of ~1 mm and mixed carefully.5 g
of shredded carrots was taken immediately and homogenized
in a mortar with quartz sand. Extraction of carotenoids from
the homogenized samples was carried out with acetone until
discoloration. For this purpose, 50 ml of acetone was needed
for each sample (10-multiple excess). Acetone, being the
water-miscible organic solvent, was selected as extracting
agent since the extraction of carotenoids was carried out
from fresh carrots containing ~85% moisture. Furthermore,
acetone allows to extract all of the carotenoids, presented in
the carrot matrix.

4 EN 12823-2-2012, Food products.Determination of vitamin A
by HPLC.Part 2: Determination of B-carotene, 2013.

5 STB GOST R 51443-2006, Fruit and vegetable juices. Method
for determination of total carotenoids and their fractional com-
position, 2006.
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Table 1
Characteristic of carrot cultivars
Cultivar Characteristic Cultivar Characteristic
Baltimor F1 Root — from medium to long, Nantskaya F1
cylindrical, with a blunt tip.

Pl | Al

Core and peel — orange. Root
mass 115-230 g. Taste good and
excellent.

Root — narrow, elongated,

color.

good.

Root — from 15 to 20 cm, root
mass 100-200 g, bright orange

Core and peel — orange.
Form of root: cylindrical, flat
head, slightly pointed tip. Taste

Y

\ \\_{.—IJ
‘\.\lr-wﬂl e

orange, smooth, head slightly

dented. Core and peel — or-

ange. Root mass 125-210 g.
Taste good.

obtuse base.

Root long, fusiform with an

Core and peel — orange.
Root mass 110-190 g.
Taste good and excellent.

Root — 18-20 cm, cylindrical,
with a blunt tip, smooth, aligned

Monanta

at shape and size.

Root mass 80—130 g.

Core and peel — orange.

Tastegoodandexcellent.

Root — from medium to long,

orange.
Root mass 90-100 g.
Taste good and excellent.

Root —medium, cylindrical, with
a blunt tip. Core and peel —

core is small, orange.
Root mass 75-115 g.
Taste good and excellent.

Root — from medium to long,

with a rounded tip, smooth,
orange, flat-rounded head, the

Sircana F1

Root — from medium to long,

cylindrical, with a blunt tip,

elongated head.

Core and peel — orange.

Root mass 80—165 g.
Taste good.

cylindrical, with elongated
tip, elongated head. Core and

g. Taste good.

peel — red. Root mass 130-160

Root — 13—15 cm, cylindri-
cal, with a blunt tip. Root mass
80-120 g.

Core and peel — red-orange,
the core is small, round, color
differs little from the pulp.

Taste good and excellent.

Root — 18-20 cm, cylindrical,
with a well-executed tip, aligned
at shape and weight, intense or-
ange. Very small core, the color

is indistinguishable from the rest
of the pulp.

Root mass 50-160 g.
Taste good.
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Carrot

\
‘ Washing, peeling, pulping + --------- 8-12 carrots

\
‘ Extraction of carotenoids + ---------

Sample 5 g
Acetone 50 ml

A

Evaporation | +40°C
(rotary ?Vaporator) 200 rpm
Solution (acetone), place into vial +— --- Acetone 3-7 ml
Evaporation

(stream of nitrogen)
}

'

Solution
(acetone, or dichloromethane, — r-------

Acetone 1,5 ml

Dichloromethane 1,5 ml

. Mixture acetonitrile — methanol — ethyl
or mobile phase) acetate (73:20:7, v/v/v) 1,5 ml

\

Place into screw-cap vial

Column ZORBAX Eclipse Plus C18 (3,0x100
\ mm; 1,8 um);

Chromatographic | ______ Flow rate — 0,4 ml/min;
- r—=- Temperature of column +22°C;
separation ¢
Temperature in autosampler +10°C;

Injection volume — 2 pl

\

Results k -------------------- Monitored at 440, 450 and 480 nm

Fig. 1. The scheme of carotenoids analysis by HPLC method
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Fig. 3. Separation of carotenoid residue, which was reconstituted with 1.5 ml of various solvents:
a — acetone; b — dichloromethane; ¢ — mixture acetonitrile — methanol — ethyl acetate
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Subsequently the solvent was evaporated on a rotary
vacuum evaporator at a temperature not above 40 °C. To avoid
destruction of carotenoids and strong adhesion to the glass
walls of the flask evaporation was carried out not to complete
dryness [3]. The pigments residue in a round bottom flask
was dissolved in a small amount of acetone (3—7 ml), and
quantitatively transferred into a vial, wherein the solvent was
again evaporated to dryness under a stream of nitrogen. The
resulting residue of carotenoids was reconstituted with 1,5 ml
of various solvents (acetone, dichloromethane, acetonitrile —
methanol — ethyl acetate 73:20:7, v/v/v) and placed in a screw-
cap vial for HPLC analysis.

To avoid quantitative losses of carotenoids and changes
in their structure during the analysis, caused by influence of
oxygen, light and temperature, experiment was carried out as
fast as possible (within no more than an hour) under subdued
light. Samples were analyzed immediately after preparation.
Sometimes they were stored as a dry residue no more than
three days at a temperature —20 °C in a dark place.

The HPLC method was used for qualitative and
quantitative analysis of major carotenoids in the samples.
Chromatograph Agilent 1200 with diode array detector
was used. The sample components were separated on
column ZORBAX Eclipse Plus C18 (3.0x100 mm; 1.8 pm)
at temperature 22 °C. The temperature in the autosampler
was +10 °C, injection volume — 2 pl. The isocratic solvent
system consisting of acetonitrile — methanol — ethyl acetate
(73:20:7, v/v/v) was chosen as the mobile phase. The flow rate
of eluent was 0.4 ml/min.

To select mobile phase we used the following criteria:
it should be characterized by low viscosity, inertness to
carotenoids and low toxicity. Also, the mobile phase in
combination with C18 column must provide good separation
both of nonpolar carotenes (a-and B-carotene) and polar
xanthophylls (lutein) of carrots. These requirements
are satisfied by mobile phases based on acetonitrile and
methanol, which are often used in the analysis of carotenoids
[13—18]. Other solvents also may be added (hexane,
dichloromethane, ethyl acetate, etc.) to optimize the conditions
of chromatographic separation. Based on the described
criteria and analysis of literature the mixture acetonitrile —
methanol — ethyl acetate (73:20:7, v/v/v) was chosen as
mobile phase.

Results were monitored at wavelengths of 440, 450 and
480 nm. Identification was carried out by the retention times
of appropriate carotenoids standards (B-carotene (Fluka,
Ne 22040), lutein (ROTH, No 5671) and the absorption spectra.

The quantity of carotenoids was determined by external
calibration method. Stock solutions of standards were prepared
in dichlormethane inconcentration 1 mg/ml. They were stored
in sealed amber vials at the temperature —70 °C for use over
an extended period. The working solutions were prepared in
the day of analysis by step-by-step dilution in acetone. The
following final standard concentrations were obtained: 0.02,
0.1, 0.2 and 0.4 mg/ml for B-carotene and 0.001, 0.05, 0.01,
0.1 mg/ml for lutein respectively.

Final carotenoid content in pg/g wet weight was
determined by the formula:

Amount [p.g/ml] 1.5 [ml]
m= .
msample [g]

Results and Discussion

Linear calibration curves were obtained throughout
the concentration range: 0.001-0.1 mg/ml for lutein and
0.02—0.4 mg/ml for B-carotene (Fig. 2). Calibration curves
showed good linearity with coefficients of correlation greater
than 0.99.

Samples of the carrot «Sircana» were used for developing
of the method. Different solvents were used to recover the
carotenoid dry residue. Obtained chromatograms are shown
in Fig. 3. Good separation of components was obtained for
samples recovered in acetone and the mobile phase. The
samples dissolved in dichloromethane had unsatisfactory
chromatographic separation.

As acetone provides less retention times, is compatible
with the mobile phase and carotenes and xanthophylls are
equally well dissolved in it, acetone was used to recover dry
residue of pigments in further experiments.

Fig. 4 shows the standard chromatogram of the sample
of carrots, obtained by the above scheme of analysis.

Developed method was used for the study of carotenoids
in eleven carrot cultivars, zoned in Belarus. The contents of
individual carotenoids for studied samples are shown in Fig. 5.
The main carotenoids of carrots are distributed as follows:
a~carotene — 30—40%, p-carotene — 55—-68 %, lutein — 1-6%
of carotenoid total amount. These data are well consistent with
literature [3, 19, 20]. Cultivars Vitaminnaya-6 and Dordon
are characterized by significant amount of B-carotene (90—
100 ng/g) and a-carotene (53—61 pg/g). The largest quantity
of lutein (4.3-6.5 pg/g) is contained in cultivars Dordon,
Morelia, Nerac and Niland. The total amount of carotenoids
in all cultivars, found as the sum of a-, B-carotene and lutein,
is presented in Table 2.

Table 2

Total content of carotenoids from carrots grown on the
territory of Belarus

Cultivar Carotenoids concentration, pg/g
Baltimor 51,4
Bangor 101,8
Dordon 156,7
Monanta 39,4
Morelia 69,3
Nantskaya 77,7
Nerac 106,1
Niland 94 4
Riga 89,1
Sircana 98,4
Vitaminnaya-6 156,2

The highest content of carotenoids (~155 ug/g) was
observed in cultivars Dordon and Vitaminnaya-6. Cultivars
Bangor, Nerac, Sircana contained less carotenoids (98.4—
106.1 pg/g). Cultivars Monantaand Baltimorhad lowcarotenoid
contents.

Studied cultivars are characterized by very similar ratio
of individual carotenoids — B-carotene:a-carotene:lutein =
58.9:32.4:3.3% of total amount. In accordance with [20] ratio of
carotenoids in five studied samples of carrots grown in Moravia
wasthe following: B-carotene:a-carotene:lutein:lycopene =
75.77:23.82:2.08:0.24%. Usually the part of B-carotene in
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carrots grown in Eurasia is about 74% [5, 6]. Socarrot cultivars
grown in Belarus are characterized by lower contents of
B-carotene, but the total amount of carotenoids was high and
varied depending on cultivar.

Conclusions

Described HPLC method is sensitive, reliable, efficient,
rather simple and can be applied for the determination of the
main carotenoids of carrot: a-, B-carotene, lutein. This method
was used for qualitative and quantitative carotenoid analysis
in 11 carrot cultivars grown in Belarus.
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