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3 Clarivate
Analytics

NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

KasakcmaHn Pecnybnukacel ¥nmmbik fbinbiM akademusicei "KP ¥FA Xabapnapbi. Xumus XxoHe
mexHonoaus cepusicbl” foinbIMU XypHanbiHbiH Web of Science-miH xaHanauwFaH Hyckacbl Emerging
Sources Citation Index-me uxnOekcmenyeae KabelndaHraHblH Xxabapnalidel. bByn uHdekcmeny 6apeickiHOa
Clarivate Analytics komnaHusice! xypHandbl odaH epi the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday MaceneciH
Kkapacmeipyda. Webof Science sepmmeywinep, asmopnap, b6acnauwibinap MeH MeKkemenepae KOHmMeHm
mepeHdiai MmeH canacbiH yceiHadel. KP ¥FA Xabapnapel. Xumus xsHe mexHomnoaus cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmelk YWiH eH e3ekmi xoHe 6edendi XUMUsINbIK felnbiMOap
bolibiHua kKoHmeHmKe adandbifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4ymo Hay4Hbil xypHarn «i3eecmus HAH PK. Cepus xumuu U mexHonozul» 6bin
npuHam dna uHdekcuposeaHus e Emerging Sources Citation Index, obHoeneHHol sepcuu Web of Science.
CodepxaHue & amom uHOeKcuposaHuu Haxodumcsi 8 cmaduu paccMompenusi komnaduel Clarivate
Analytics 0nsa OaneHeliwezo npuHamus xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kayecmeso u
a2nybuHy koHmeHma 0ns uccnedosamenell, asmopos, uzdamened u yypexdeHul. BknoyeHue M3zsecmus
HAH PK 8 Emerging Sources Citation Index OemoHcmpupyem Haluy npusepXeHHocme K Haubonee
akmyarnsHOMYy U UsAMensHOMY KOHMeHMYy o XUMUYeckum Haykam Onsi Hawezo coobuwecmea.
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COMPARATIVE ANALYSIS OF CERTAIN MICRONUTRIENTS
OF PLANTS OF THE SUAEDA GENUS

Abstract. The article presents a comparative analysis of the content of some biologically active micronutrients,
namely ascorbic acid, retinol and tocopherol in 6 six representatives of the genus Suaeda of the Amaranthaceae
family.

In this paper, we study the micronutrients of the aerial parts of plants of the genus Suaeda:Suaeda acuminata,
Suaeda microphyila, Suaeda altissima, Suaeda spicata, Suaeda vera, Suaeda splendens.

Species of Suaeda spicata, Suaeda vera harvested in the province of Lliedia, Spain. Types of Suaeda
acuminata, Suaeda microphylla, Suaeda altissima, Suaeda splendens in 1li district, Almaty region

As a result, it was established that in all studied objects, tocopherol is present in the largest quantity (from 10 to
16 mg per 100 g).

The amount of ascorbic acid varies in the range of 3.2-4.5 mg per 100g. The content of retinol in 6 studied
species ranges from 1.7 to 3.0 mg per 100g. The highest content of tocopherol is found in the aerial part of Suaeda
microphylla - 16 mg per 100g. Ascorbic acid is also found in the greatest amount in the aerial part of Suaeda
microphylla - 4.5 mg per 100g. Retinol is found in the greatest amount in the aerial part of the species Suaeda
acuminate - 3.0 mg per 100g.

Keywords: Suaeda, ascorbic acid, retinol, tocopherol, aerial parts, Amaranthaceae.

Introduction

Micronutrients considered by us belong to the class of biologically active substances known as
vitamins.

Vitamins are compounds that cannot be synthesized in the human body, but at the same time are
necessary for the functioning of the body, which makes them a necessary part of the diet.

For example, vitamin A deficiency (retinol) is a serious public health problem in developing
countries, resulting in 130 million children with an increased risk of morbidity and mortality from
infectious diseases [1].

Vitamin-related disorders include blindness (vitamin A), vitamin deficiency (vitamin B1), pellagra
(vitamin B3), anemia (vitamin B6), scurvy (vitamin C), and rickets.

Some of the most valuable and essential are vitamins with antioxidant properties, carotenoids
(provitamin A), ascorbate (vitamin C) and tochochromanols (vitamin E, including both tocopherols and
tocotrienols) [2-6].

For this reason, an important task is to find the sources of these compounds among plants in the
interests of health and veterinary medicine.

Swede (from the Arabic “Suwedmullat” or “*Suaedabaccata™ ) is a large genus of halophyllous plants
of the Mud family (Chenopodiaceae), including about 100 species around the globe, except for the Arctic
zone. 25 species are described on the territory of the CIS, 17 of them in Kazakhstan. The main species of
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the genus Suaeda —SuaedaphysophoraPall.,Suaedadendroides (CAM) Mog., Suaedaaltissima (L.) Pall.,
(Suaedamicrophylla Pall., SuaedaparadoxaBge., Suaedalinifolia Pall., Suaedaeltonicaljin,). (Kar.Et. Kir)
Bge.,Suaedapygmaea (Kar. Et. Kir) Iljin.,Suaedatransoxana (Bge.) Boiss.,Suaedaconfusalljin.,
Suaedaacuminata (CAM) MogSuaedaprostrata Pall., Suaedacorniculata (CAM ) Bge., Suaeda salsa (L.)
Pall.,Suaedakossinskyilljin., Suaedaheterophylla (Kar. Et. Kir) Bge.

Species of the genus Suaeda are annuals or perennial grasses, dwarf shrubs and shrubs, mostly with
alternate narrow succulent leaves with small flowers. They usually grow in masses in saline places, sea
coasts, and coast of saline reservoirs, as well as on depleted steppe and sandy soils. Most representatives
of Kazakhstani species of Suaeda are valuable winter and autumn forage plants [7].

Representatives of the genus Suaeda can serve as a source of flavanoids, alkaloids, polysaccharides,
carotenoids, saponins, coumarins, tannins and other biologically active substances [8].

Many types of Suaeda in folk medicine have long been used as raw material for the production of
potash, from which people used it for cooking the so-called “black™ soap, which was used as an anti-
inflammatory and wound-healing agent for various skin diseases [9].

According to folk remedies, the aerial part of Suaedaphysophora Pall. used as an anthelmintic agent.
Broths, dry, water, alcoholic extracts and tinctures have antihypertensive properties. Aqueous extract
improves cardiac activity, is less toxic than papaverine, and is proposed as a remedy for the symptomatic
treatment of hypertension [10].

According to modern scientific data, herbal medicine based on SuaedaphysophoraPall. has a strong
hypertensive (for nonadrenaline - 55%, against 37%), antioxidant (for propyl gallate - 89.02%, against
95.5%), antibacterial (Salmonella typhi, Pseudonondsorenogenosa - for tetracycline - 55%, against 100%)
and weak anti-inflammatory (for ibuprofen - 35%, against 65%) activity [11].

Based on the literature on pharmacological agents, the aerial part of Suaedamaritima is used in
medicine as a means for the complex treatment of hepatitis. Broths, dry, water, alcoholic extracts and
tinctures have antiviral, antibacterial, hepatoprotective, laxative and antioxidant activities [12].

From the literature it is known about the presence of antimicrobial activity in Suaedamonoica. The
antimicrobial activity of the halophyte Suaedamonoica (Forsst ex Geml) was studied using the extracts of
the leaves of this plant on various test microorganisms, including several antibiotic-resistant bacteria and
pathogens. Thus, it turned out that the aqueous extract of Suaedamonoica has the highest antimicrobial
activity against the following microorganisms: Rhizopusstolonifer, Mucarrecemosus, Saccharomyces
cerevisiae, and relatively moderate activity against Bacillus subtilis, Klebsiellapneumoniaea, Bacillus
megaterium, Lactobacillus acidophilus,Escherichia coli, Enterobacteraerogenes, Enterobactercloace,
Rhizoctoniasolana.

A high level of antimicrobial activity was also shown by the methanol extract against Bacillus
megaterium bacteria, and moderate against the microorganism Lactobacillus acidophilus. Hexane extract
has the highest level of antimicrobial activity against bacteria of the species Bacillus subtilis,
Lactobacillus acidophilus, and moderate against Bacillus megaterium, Escherichia coli, Enterobacter
aerogenes, Enterobacter cloace, Klebsiella pneumonia. Chloroform extract is only effective against
bacteria Klebsiella pneumonia [13].

The study concluded that water, methanol and hexane extracts of Suaeda monoica leaves have great
potential as antimicrobial agents. As a result, they can be used as inhalation drugs in the treatment of
infectious diseases of the respiratory tract and ear canals caused by resistant pathogenic microorganisms,
as well as for wastewater treatment of infectious diseases clinics [14].

The methanol and ethanol extracts of the plant Suaeda monoica have high antioxidant activity. To
detect antioxidant activity, these extracts were tested on various model antioxidant systems. This fact
indicates a high value of the potential of the aerial part of Suaeda monoica, which can be used to treat
mediated diseases caused by free radicals [15].

In addition, Suaeda monoica is used in the complex treatment of hepatitis, as the plant has a
pronounced antiviral activity, which is explained by the presence of triterpenoids and styrenes in the
phytochemical composition of this plant [16].

Ethanol extract of the plant Suaeda baccata and, isolated from this plant, its constituent component,
triglinear alkaloid, exhibit pronounced antimicrobial activity against Staphylococcus aureus
(Staphylococcus stamp) [17].

— 3] —/—
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A significant content of biologically active substances in the aerial and underground organs of the
medicinal plant Suaeda japonica predetermined its use in medicine as a remedy with antioxidant,
antidiabetic, and anti-neuroinflammatory activities [18].

Thus, the diversity of biologically active substances in the composition of various species of Suaeda,
and the associated therapeutic effect cause the need for further research on various species of these plants.

The objects of study were selected aboveground parts of the following representatives of the genus
Suaeda: Suaeda acuminata, Suaeda microphylla, Suaeda altissima, Suaeda spicata, Suaeda vera, Suaeda
splendens.

Species of Suaeda spicata, Suaeda vera harvested in the province of Lliedia, Spain. Types of Suaeda
acuminata, Suaeda microphylla, Suaeda altissima, Suaeda splendens in 1li district of Almaty region

Herbal raw materials are harvested in accordance with the requirements of the Global Fund of the
Republic of Kazakhstan harmonized with the European Pharmacopoeia.

Materials and methods

Determination of the content of vitamin C (ascorbic acid) is carried out as follows: a sample of at
least 0.3 g (0.3 ml) is placed in a centrifuge tube, the walls of which are covered with sodium citrate
powder. After centrifuging the sample for 30 minutes at 3000 rpm, it is transferred to another tube and an
equal amount of bidistilled water and a double amount of freshly prepared 5% solution of metaphosphoric
acid are added thereto. The protein precipitate is stirred with a stick and centrifuged for 10 min at 3000
rpm. The amount of the supernatant (0.1-0.5 ml) is introduced into porcelain titration cuvettes (2 parallel
samples) and titrated with a 0.001 n-0.0005 n solution of sodium salt 2.6 of a dichlorophenol -indophenol
from a special 0.1 ml micropipette.

In parallel, a “blind” experiment is carried out with a 5% solution of metaphosphoric acid and
bidistilledwater (1: 1).

To determine the concentration of vitamins A (retinol) and E (tocopherol) using the method of
simultaneous fluorometric analysis. To 0.2 ml (g) of the sample, add 1 ml of bidistilled water and shake
for 30 seconds. After that add 1 ml of 96% ethanol and shake again for 30 seconds. Then adding 5 ml of
hexane, repeat the shaking procedure again (similar measures are carried out with the standard). After the
sample is centrifuged for 10 minutes at 1500 rpm. For spectrometry, a clearly separated hexane layer (3
ml) was taken; which can be stored for 2 hours in tightly sealed tubes in a dark place.

In parallel with the experimental samples, standard and control (blank) samples are prepared. In
standard samples, 0.2 ml of a standard solution (tocopherol and retinol acetate in ethanol) are taken instead
of the test sample. In the control samples instead of prototypes - water.

Spectrofluorimetry (Hitachi Spectrofluorometer, Japan): tocopherol is carried out at an excitation
wavelength of 292 nm and a fluorescence of 310 nm; retinol - at 335 and 430 nm, respectively.

The results are shown in Figure 1.

Results and discussion

In the aerial part of the selected representatives of the genus Suaeda, we determined the content of the
following nutrients: ascorbic acid, retinol and tocopherol.

It has been established that in all samples, tocopherol is the dominant micronutrient, not less than 10
mg per 100 g.

The highest content of tocopherol is observed in the aboveground part of the plant Suaedamicrophylla
(16 mg per 100g), and the lowest in the aboveground part of Suaeda acuminate (10 mg per 100g), these
figures are quite high for the aboveground parts of the plant, common in arid areas.
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The content of ascorbic acid, retinol and tocopherol in the
aerial parts of the plant Suaeda acuminata, Suaeda
microphylla, Suaeda altissima, Suaeda spicata, Suaeda
vera, Suaeda splendens, mg per 100g

B Ascorbic acid B Retinol = Tocopherol

16,00
15,00
14,00
13.00
12,00

10,00

4,50 4,30 410 440 400

3,20 3,00
2,00 1.70 2,10 230 1,80

Suaeda Suaeda Suaeda Suaeda Suaeda vera Suaeda
acuminata microphylla altissima  spicata splendens

Figure 1 - The content of ascorbic acid, retinol and tocopherol in the aerial parts of the plant Suaedaacuminata,
Suaed, daaltissima, Suaedaspicata, Suaedavera, Suaedasplendens, in mg per 100g%

icrophylla, S

Thus, it was revealed that the above-ground parts of the studied representatives of the genus Suaeda
can be considered as a source of ascorbic acid, and the seeds and inflorescences are a rich source of
tocopherol, based on the fact that the daily human need for vitamin E is 2-6 mg [19-21].

The content of ascorbic acid in the studied species ranges from 3.20 to 4.50 mg per 100g, which is
little, but typical for the stems of arid plant species.

Suaedamicrophylla (4.50 mg per 100g) also has the highest content.

Retinol is present in selected species in a relatively small amount, the concentration ranges from 1.80
mg per 100g in Suaedasplendens to 3.00 mg per 100g in Suaeda acuminate.

Conclusion

In 6 representatives of the genus Suaeda: Suaedaacuminata, Suaedamicrophylla, Suaedaaltissima,
Suaedaspicata, Suaedavera, Suaedasplendens, the following micronutrients were determined: ascorbic
acid, retinol and tocopherol. It has been established that in all the objects studied, tocopherol is present in
the greatest quantity.

The investigated plant species once again confirmed the importance of the genus Suaeda, as a plant
requiring attention and careful chemical study, and identifying various types of biological activity.

For the first time, a comparative analysis of the content of ascorbic acid, retinol and tocopherol in the
described representatives of the genus Suaeda.
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E.C. HUxcanos, 0.A. JIutBunenko, I'.A. Ceiitumosa, I'.11l. Bypaiuesa

Kasaxckuii HaMOHAIBHEI YHHBEPCHTET HMEHH aib-Mapabu;
Hayuno-uccne10BaTebeKuii HHCTHTYT HOBBIX TEXHOJIOTHIT H MATEPHATIOB
Pecny6nuka Kasaxcran, 050012, r.Anmatsl, yn.Kapacaii 6atsipa, 95a,

. AKCOPA (SUAEDA) TEKTI OCIMJIKTIH
KEUBIP MUKPOHYTPUEHTTEPIH CAJIBICTBIPMAJIBI CAPATITAY

Aunorauus. Kenripinren maxanaga Amaranthaceae tykwimpacsl, (Suaeda) akcopa Texti anTsl ©CIMIIKTIH
KYPaMBIH/IaFbI KeHOIp OHOMOrHANBIK Oe/IceH i MUKPOHYTPHEHTTEpre, aTam aiiTKaH/a, aCKOPOMH KbIIIKBUIBL, PETHHOI
JKOHE TOKO(EPOII/IbIH CaHABIK MOIILIEPIHE CANBICTBIPMAIbI CAPAINTAY JKYPIi3LIreH.

Byn xymeicta (Suaeda:) akcopa Terisin, xep Oeri GenmiriniH MblHa TypiepiHe 3eprrey kacanraH: Suaeda
acuminata, Suaeda microphylla, Suaedaaltissima, Suaedaspicata, Suaedavera, Suaedasplendens.

Axcopausie Suaedaspicata, Suaedavera mypaepi Ucnaunsinan, Lliedia aiimarbinan, kasaa skHHanFaH. An
akcopaHslH Suaeda acuminata, Suaeda microphylla, Suaedaaltissima, Suaedasplendens Typnepi Anmatsl 00IbICHL,
Ine aynaubiHan JaibIHaNFaH,

3eprrey HOTHKECIHAE OapIIBIK aKCOpa OCIMAIKTEPIHAE KETKUIIKTI Meuepae Tokodepon ansikranran (100r-aa
10-mr-nan  16-mr-ra geiiin). AckopOuH KblKbUIbIHBIH Memmepi 100 r-ga  3,2-4,5 mr. An antsl 3eprTenreH
ecimaikre peruHonabiy 100 r.-xa 1,7-3,0 mr. memuepi Genrini Gonran.

Suaeda microphylla teriuin xep Geti Genirinae Tokodepon 100r.-xa 16 mr, an ackopbun Keiuksubl 100r.-1a
4.,5mr. aHbiKTanFaH. AKcopaHbiH Suaeda acuminate TypinaelOOr.-nga 3,0 Mr pernHOnabIH Ken Menmepae Gapbi
Genrini Gonran.

Tyiiin ce3aep:Suaeda, ackopOnH KbILIKBUIBL, PETHHOI, TOKOepo, xkep Oeti benirinin, Amaranthaceae.
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CPABHUTEJIbHBIN AHAJIN3 HEKOTOPBIX MUKPOHYTPUEHTOB PACTEHHMM POJIA SUAEDA

AnHoraumsi. B craThe NpPEACTaBICH CPAaBHHTE/IBHBIN AHAIM3 COJCPKAHMS HEKOTOPBIX OHOJIOTHYECKH
AKTHBHBIX MMKDOHYTPHEHTOB, a MMCHHO A4CKOPOMHOBOH KHCIIOTBI, pPeTHHONA H TOKOo(epora B 6 mmecTH
npeicTaBuTeNsIX poaa Suaeda cemeiictBa Amaranthaceae.

B nauHoii paboTe H3y4yalTCss MHKPOHYTPHEHTBI HAJ3eMHBIX 4acTeiipacTenuii poaa Suaeda: Suaedaacuminata
Suaeda microphylla, Suaedaaltissima, Suaedaspicata, Suaedavera, Suaedasplendens.

Bunst Suaedaspicata, Suaedavera 3arotosnens: B nposunuuu Lliedia, Vcnanus.Buast Suaeda acuminata,
Suaeda microphylla, Suaedaaltissima, Suaedasplendens B Unuiickom paiione, AIMaTHHCKO# obnacTu

B pesynbTaTe yCTAHOBIECHO, YTO BO BCEX HM3Y4aeMbIX OOBEKTAX B HaHOOIBIIEM KOIHYECTBE NPHCYTCTBYET
Tokogepon (ot 10 1o 16 mr B 100r).

KonnuecTBo ackopOHHOBOI KHCIOTH BapbupyeTcs B npeaenax 3,2-4,5 mr 8 100r. Coxepkanne perunona B 6
u3yyaeMbiX Buaax kosmebnercs ot 1,7 mo 3,0 mr B 100r.HauGonsinee coaepxkanne Tokoeposia yCTaHOBIECHO B
Hax3eMHOM yactu Suaeda microphylla - 16 mr B 100r. AckopOuHOBasi KHCIIOTa TakKe B HAHOOJIBLIEM KOIHYECBE
BBUSBJICHA B HAJ3eMHOM uactu Suaeda microphylla- 4,5 mr 8 100r. Petunon B HanbobIIEM KOIHYECTBE OOHAPYKEH
B Ha/3eMHO#I yacTH BUaa Suaedaacuminate- 3,0 mr B 100r.

KioueBbie ci10Ba: Suaeda, ackopOHHOBas KHCJIOTA, PETHHOI, TOKO(Epo, Haa3eMHas YacTe, Amaranthaceae.
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