SEMe,

’ %/ BKY Xa6apiubic

s LWbICBI

s BecTHuk 3KY 1(93) — 2024
UDC 58.085
IRSTI 31.23.41

DOI 10.37238/2960-1371.2960-138X.2024.93(1).27

!Maksotova Altyngul, ?Issagat Railya, 3Uzakbay Gaukhar, *“Mendigaliyev Yeldar,
SAkatyev Nikolay*

12345 est Kazakhstan University M. Utemisov, Uralsk, Kazakhstan
*Corresponding-author: nikolay.akatyev@wku.edu.kz
E-mail: nikolay.akatyev@wku.edu.kz

DETERMINATION OF THE TOTAL ANTHOCYANINS AND CAROTENOIDS
CONTENT IN LEAVES OF FRUIT AND BERRY CROPS COMMON FOR
WESTERN KAZAKHSTAN

Annotation. The total anthocyanins content, total carotenoid content and total
content of chlorophylls a and b in leaves of fruit and berry crops common to the
Western Kazakhstan region were analyzed using UV-vis spectrophotometry. Twelve
plant species were studied in this work. Anthocyanins level in leaves varied from 0.041
to 0.532 mg/g, carotenoid levels were from 0.56 to 3.87 pg/g dry weight. The range of
chlorophylls a and b content is significantly wider (2.15 to 14.07 and 1.8 to 9.1 ug/g
respectively). Among the investigated plants R.canina has the highest levels of natural
pigments. It has been observed that P.armeniaca is the plant richest in anthocyanins, in
turn R.canina and A.ovalis was found to be richest in carotenoids. It was also found that
the pigments content depends on plant species and the content of chlorophyll a exceeds
the content of chlorophyll b from 1.19 to 2.75 times.

Keywords: fruit and berry crops; plant leaves; anthocyanins; carotenoids;
chlorophyll.

Introduction

Anthocyanins and carotenoids are two groups of pigments with different
chemical structures. They are present in fruit and berry crops, give them a special color,
and can also have a healing effect on human health [1]. In the past few decades the
interest in the investigation of anthocyanins and carotenoids in fruit and berry crops due
to their possible health benefits was significantly increase [2].

Anthocyanins are phenolic water-soluble glycosides or acyl-glycosides of
anthocyanidins. These compounds are secondary plant metabolites, protecting them
against biotic and abiotic stresses, being the most abundant cyanidin delphinidin and
pelargonidin derivatives [3]. Anthocyanins are responsible for the pink, red, blue and
purple colors in flowers, fruits and vegetables, with the color being related to the
substitution pattern (position and chemical groups) on the aromatic rings. They have
been used as natural food coloring agents and are emerging as promising ingredients in
food and nutraceutical industries. Anthocyanins are also recognized as possessing anti-
microbial, anti-cancer and anti-diabetic activities and as potent antioxidant and anti-
inflammatory agents [4].
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Carotenoids are another set of naturally occurring plant pigments, mostly
responsible for the red, yellow and orange colors of vegetables and autumn leaves
(when all the chlorophyll has already been degraded), but can also be found in dark
green vegetables [5]. All carotenoids are a polyisoprenoid structure, a long-conjugated
chain of double bond and a near bilateral symmetry around the central double bond. The
most common types of carotenoids in plant leaves are lutein, B-carotene, violaxanthin
and neoxantin [6].

The consumption of these compounds by humans, who are not able to synthetize
them, seems to have a prominent role in reductions in several diseases such as eye-
related cancer, immune disorders and cerebrovascular and cardiovascular diseases.
Carotenoids are also quite relevant in industry, being used as food colorants, cosmetic
products and nutraceuticals [7].

Chlorophylls are another relevant pigment class, that present in photosynthetic
organisms such as plants, algae and cyanobacteria. Chlorophylls are the pigments that
make plants green and are arguably the most important compounds on earth as they are
required for the harvesting and transduction of light energy in photosynthesis [8]. These
pigments are large molecules with a cyclic part (chlorine ring) bound to a metal ion
(magnesium), which reflects green light. Five forms of chlorophyll are known
(chlorophylls a, b, ¢, d and f), presenting slightly distinct functions during the
photosynthetic processes undertaken by the different organisms. In plants, during
senescence and fruit ripening, the programed chlorophyll breakdown occurs to allow the
remobilization of nutrients to parts of the plant that are still growing. This phenomenon
unmasks the presence of carotenoids and anthocyanins in green plant leaves, which are
mainly observed in autumn [9]. In addition, chlorophylls and carotenoids are known
with their antioxidant properties [10]. Furthermore, chlorophylls as other porphyrins are
used in photodynamic therapy of tumors and exhibit anti-mutagenic activity in short-
term genotoxicity assays [11].

In this work, 12 species of fruit and berry crops common in the West Kazakhstan
region were investigated. The content of anthocyanins and carotenoids in leaves were
determined using UV-vis-spectrophotometry.

Materials and methods

Reagents and solvents.

All the analytical grade chemicals were purchased from commercial suppliers
and used directly without any purification.

Collection and preparation of plant material.

List of plants chosen for our investigation with Russian and local names is given
in Fig. 1.
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Ribes nigrum Rosa canina Amelanchier ovalis Cérnus mas

CMmopoauHa yepHast Ut payman Konimri upra Kopimri ut aram
Kapa kapakar IunoBHUK codaumii Hpra kpyrJoancTuas Ku3unia 00bIKHOBEHHBbII

?A.

P

2 / ’ »
Crataegus laevigata Prunus domestica Aronia melanocarpa Rubus idaeus
Konimri no1ana Yii kapa epiri Kapa xemicTi nky3im Konimri Tankypai
BosippiHuk CauBa 1oManIHsAsA ApoHus yepHoruioagHass  MaJjinHa 00BIKHOBEHHAS
00BIKHOBEHHBIH

Sorbus aucuparia Ribes uva-crispa Prinus armeniaca Prinus cérasus

Koaimri meren Kopimri kapabiran Koaimri epik Koaimri mme
Psiouna 00bIKHOBEHHAS KpbikoBHUK AOpHuKoc 00bIKHOBeHHBbIIi  BHIIHA 00bIKHOBEHHAS
00BIKHOBEHHBIH

Figure 1 - Fruit and berry crops species used in this investigation.

Fresh plant leaves were collected from their native habitat, away from roads and
industrial enterprises. Plants were thoroughly washed with tap water and double
distilled water and then kept in a shaded ambient atmosphere to total remove the
moisture. The dried samples were then ground in a stainless-steel mill, sieved through a
1.0 mm and stored at 4°C until further use.

Determination of total carotenoids content.

Total carotenoid content was determined via measurement of the absorbance of
acetone extract as follows [12].

To 0.05 g of dry sample 5 ml of acetone were added and pulverized in a
porcelain mortar in ice bath. Then, 1.0 g of anhydrous sodium sulfate was added and the
solution mixed slowly followed by increasing the volume of acetone to 10 ml. The
mixture was centrifuged at 26,000 rpm for 10 min. The supernatant was then removed
and the absorbance measured at 662, 645 and 470 nm in 10 mm quartz cuvette. The
total carotenoid content was calculated by the following formulas:
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Ca (M0/g) = 11.24A662 — 2.04As4s
Cb (ng/g) = 20.13A645 — 4.19A662
Ct (Mg/g) = (1000A470 — 1.9C, — 63.14Cy) / 214

where C, stands for chlorophyll a, Cy for chlorophyll b and C; is total carotenoid
content. As7o is absorption at 470 nm (related to carotenoids), Asss - at 645 nm (related
to chlorophyll a) and Ase2 - at 662 nm (related to chlorophyll b) [12].

Determination of anthocyanins content.

Anthocyanins content was spectrophotometrically measured from 1%
hydrochloric acid extract of dried sample as described below [12].

To 0.02 g of dry sample 4 ml of 1% hydrochloric acid containing methanol were
added and pulverized in a porcelain mortar. Solution was kept for 24 h in the
refrigerator (4°C). Then, after centrifugation for 10 min at 13,000 rpm the absorbance of
supernatant was measured at 530 and 657 nm in 10 mm quartz cuvette against blank.
The blank solution was 4 ml of 1% hydrochloric acid solution containing methanol. The
anthocyanins content (mg/g DW) was calculated by the following equation:

Anthocyanins (mg/g) = Aszo — (0.25 - Aes7)

where ‘“A’’ stands for absorbance at 530 nm and 657 nm respectively
Statistical analysis
Each experiment was carried out in triplicate (n = 3) and the data presented as an
average of three independent determinations.
Research results
The results of chlorophyll a and chlorophyll b content determination are shown in
Fig. 2.
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Figure 2 — Content of Chlorophyll a (A), Chlorophyll b (B) in leaves of the investigated
plants.
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As can be seen, the highest content of chlorophylls a and b was determined in
R.canina, (14.07 pg/g and 9.10 pg/g respectively). Significant amount of the pigments
was also observed for S.aucuparia, A.ovalis and P.domestica. In general, the content of
chlorophyll a varies from 2,15 ug/g (R.idaeus) to 14,07 pg/g (R.canina). The content of
chlorophyll b, in turn, is within 1.80 pg/g (R.idaeus) to 9.10 pg/g (R.canina). In
addition, content of the chlorophyll a exceeds the content of chlorophyll b in all plants
tested. The Chl a/b ratios for investigated plants are given in Fig.3.
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7 P.domestica [l R.nigrum
2,5+ I R.uva-crispa [l R.canina

[ ]Ridaeus [ S.aucuparia

Chlorophyll a/b ratio
n 8

-
o
1

0,51

0,0 -
Figure 3 — The Chlorophyll a/b ratio in in leaves of the investigated plants.

Fig. 3 illustrates that Chl a/b ratio in investigated plants varies from 1,19 (R.idaeus)
to 2.75 (P.armeniaca). This ratio of chlorophylls content is typical for the plant world
and can vary from 1 to 3 [13]. Examples of high and low Chl a/b ratios in leaves have
been previously determined for different developmental stages of leaves grown under
low or high light conditions [14].

The total content of anthocyanins in studied plants is given in Fig.4

286



R

=
Y VERS\'\$

BKY Xa6apuubicbl
BectHuk 3KY

1(93) — 2024

Anthocyanins (mg/g DW)

0,55

[ A.ovalis

[ A.melanocarpa

0,50 4 I C.mas

[ ] C.laevigata

0,45 {__| P.armeniaca

0,30 4

0,25 4

0,20 4

0,15

0,10 1

0,05 |

0,00 -

[ ]P.cerasus
[ P.domestica

0,40 - [ R.nigrum

I R.uva-crispa

0,35 I R.canina

[ JR.idaeus
I s.aucuparia

0,284

0,532

0,093

287

0,201

0,052

0,041

0,404

0,064

Figure 4 — Total anthocyanins content in leaves of the investigated plants.

According to Fig. 4, the anthocyanins content varied in a fairly wide range from
0.041 mg/g in R.uva-crispa to the highest value of 0.532 mg/g in P.armeniaca.
Significant amounts of anthocyanin was observed for P. domestica (0.201 mg/g),
C.laevigata (0.284 mg/g), R. idaeus (0.319 mg/g) and R. canina (0.404 mg/g). Other
plants contain less than 0.14 mg/g of anthocyanins.

The total carotenoid content determined in plant leaves is given in Fig.5.
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Figure 5 — Total carotenoids content in leaves of the investigated plants.

Fig. 5 shows that total carotenoid content is in the same trend as the content of
chlorophylls a and b. The highest values of total carotenoids corresponds to R.canina
(3.87 pg/g) and A.ovalis (3.67 pg/g). The lowest —to R.idaeus (0.56 pg/g). In the leaves

of most of the plants studied, the total carotenoid content varies from 1,0 to 3,0 pg/g.

A comparison of the total content of carotenoids in the leaves of similar plant

species growing in another countries is shown in Table 1.

Table 1- Comparison of total carotenoids content (ug/g) in leaves of the

investigated plants.

Country Totql carotenoids cqntent (u_g/g) References
R. canina | S.aucuparia | R.idaeus
Tunisia 4.68 - - [15]
Bagheria, Palermo, 19.76 ) ) [16]
Italy
Komi Republic,
Yoshkar-Ola ) 1.50 ) [17]
Warsaw, Poland - - 2.61 [18]
Uralsk, .
Kazakhstan 3.87 1,99 0.56 This work

As can be seen from the Table 1, the total carotenoid content for identical
species significantly varies depending on the region of growth. Similar data are
available in previously published works on the phytochemical composition of leaves of
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R. canina, R. idaeus and S. aucuparia growing in Tunisia, Italy, the Komi Republic, and
Poland. These results are differed from those obtained in our investigation. Comparison
of available data allow to suggest that the reason of these differences is due to the fact
that the pigments content is directly depends on climatic conditions and soil type.
Conclusion

The main goal of this study was to determine the anthocyanins and carotenoids
content in leaves of some berry and fruit crops locally grown in West Kazakhstan
region. The research has shown that investigated plants are significantly differ on total
anthocyanins and carotenoids contents and the content of all pigments varies in wide
range. Considering the fact that all plants were collected in the same area and at the
same time, this difference is most likely due to the species belonging and physiology
specifics of each plant species. The difference in pigment content from similar species
studied in other countries indicates that their content is also influenced by the region of
growth, climate characteristics and soil type. R.canina stood out with the highest natural
pigment content among others. In general, obtained results of our research indicate that
leaves of the most common berry and fruit crops are the reach source of natural
pigments.
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MaxkcortoBa A., Ucarart P., ¥3akoaii I'., Mengiraauen E., AkaTtbeB H.
OINNPEAEJIEHUE OBIIEIO COAEP) KAHUS AHTOLIMAHOB 1
KAPOTUHOUM /OB B JIMCTHAX IIJIOJOBO-ATOAHBIX KYJIbTYP,
TUIMUYHBIX JJI51 SAITAJHOI'O KASAXCTAHA

AnHoTanus. Metogom V@-BUA-CIEKTPOPOTOMETPHH  TIPOAHATU3UPOBAHO
obmiee coaep)kaHWe AaHTOIMAHOB, OOIIee coJepkKaHue KapOTHHOWAOB U oOIiee
cojepkanue XJIOpopWUIOB a W D B JIMCTBAX IUIOJOBO-SITOJHBIX  KYIBTYD,
pacmpocTpaHeHHbIX B 3amaaHo-Kazaxcranckoit obOmactu. B pabGore wu3yueHo
JBEHaALaTh BUIOB pacteHuil. CoaeprkaHue aHTOLIMAHOB B JIUCTHSIX BapbUpPOBAIOCH OT
0,041 mo 0,532 mr/r, kapotuHouaoB — ot 0,56 no 3,87 MKI/T cyxoil Maccel. JlnanazoH
coaepxkanus xaopodumios a u b 6bu1 3HaYHTEBHO 1HpE (0T 2,15 10 14,07 u ot 1,8 10
9,1 MKr/r coorBeTcTBeHHO). Cpeu MCCIeIOBaHHBIX pacTeHuit R.canina mMeeT camplii
BBICOKMII YpOBEHb COJAEpKaHMsSI HATypalbHbIX NUrMeHTOB. (OTMeyaercs, 4YTO
P.armeniaca sBasercs pacTeHuneMm, Hamboyiee OoraTbIM aHTOIMaHaMHu, a R.canina u
A.ovalis, B cBoro ouepenb, OKa3aluch Hambosice OOraThl KapOTHHOMAAMH. Tarke
YCTaHOBJIEHO, YTO COJIEp’KaHHWE MUTMEHTOB 3aBUCUT OT BUJA PAacTEHUil, a coaep:KaHue
XJI0podHILIa @ IPEBBIIIACT coaepkanue xiaopoduia b or 1,19 mo 2,75 pas.

KiaroueBble cioBa: IIIOAOBO-SATOAHBIE  KYJIbTYpHl; JIUCThS  pPacTEHUM;
AHTOLIMAHbI; KAPOTHUHOUIBI; XJIOPODUILIL

MakcotoBa A., Ucarart P., Y3ako6aii I'., MengiraaueB E., AkatbeB H.
BATBIC KABAKCTAHYA TOH XKEMIC-)KUJAEK JAKbIJIJIAPBIHBIH
KANBIPAKTAPBIHAAFYBI AHTOUUAHUHJAEP MEH
KAPOTUHOUATAPADBIH KAJIIIbI KYPAMBIH AHBIKTAY

Angarna. YK-cnektpodoromeTpusHbl KoiaaHy apkeuibl bateic Kazakcran
OOTBICBIH/IA KEH TapaFaH KEeMIC-KUACK AaKbUIIAPBIHIAFbl AHTOLMAHIAPBIH JKaJIIbI
MeJIIepl, KapOTHHOMATAP/IBIH JKAIIBl MOJIIepi KoHe a *XoHe b xmopodumuiaepain
Kalmbel Meuliepl TanAaHAbl. byn >kKyMmbicTa OCIMIIKTIH OH €Ki Typl 3epTTeini.
Xaneipakrapaarsl aHTOIIMAHAAPABIH KYPFaK CalIMaKTapbIHBIH kanmbl Memepi 0,041-
aen 0,532 wmr/r, kaporunouarap — 0,56-man 3,87 Mkr/r meitin e3repmai. Xnopobwumur a
KoHE D MoHaepiHiH auama3oHbl KeHipek Oosasl (Twicinmie 2,15-ten 14,07-re neiiin
xoHe 1,8-men 9,1 Mkr/r-re neifiH). 3epTTeNreH OCIMIIKTEpAiH ImIiHAE TaOWFH
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OUTMEHTTEP/IH ©H JKOFapbl JieHrei R. canina ecimuirine ToH. P.armeniaca
aHTOLIMAHMHJAEPre eH Oall ecCIMIIK eKeHi aTam eTuLdl, e3 Ke3erinae R.canina xone
A.ovalis xanmbl kapoTuHOMATapra eH 0ail 6osiapl. CoHmal-ak, eciMIiK KYpaMbIHIAFbl
MUTMEHTTEPAIH MeJepi oCciMIiK TypiHe OaiaHBICTBI, al XJIOpPOGWILT a Memepi
xsopoduiut 6 memmepineH 1,19-2,75 ece apThIK €KeH1 aHBIKTAJIIBI.

Kiar ce3mep:  Kemic-KHMIEK  JaKpULAApbl,  OCIMIIK  SKaIllbIpaKTaphl,

AHTOIMAHUH/CD; KAPOTHHOMITAP; XJIOPODUILI.
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