AnpgbiH Kanpb6ekoBu4y UreH6aeB — PhD, AccounnpoBaHHbIi npodpeccop VHCTUTYTa MHXeHepun 1
nueBbIX TexHonorun, Kasaxckum ArpoTexHuyeckuin uccrnenoBatenbCkUn  yHuBepcuteT wumeHn C.
CendpynnuHa, r. ActaHa, Pecnybnuka KasaxctaH; e-mail: aidyn_mamyt@mail.ru. ORCID:
https://orcid.org/0000-0002-9903-2912.

Xanap Kanubekkbiabl — kaHaugaT OMONOrMYEcKMX Hayk, MNpopekTop no Hayke, Llakepim
yHuBepcuteT, Tr.Cemeli, Pecnybnuka KasaxctaH; e-mail: zhanar_moldabaeva@mail.ru. ORCID:
https://orcid.org/0000-0001-6384-0646.

NynHyp HecuntaeBHa HypbimxaH — kaHOuOaT TeXHUMYECKUX HaykK, 3aBeaylolimi kadegpom
«lMuweeas TexHonorusy», LLakepim yHnBepcuteT, r. Cemen, Pecnybnuka KasaxcraH; e-mail: gulnu-n@mail.ru.
ORCID: https://orcid.org/0000-0002-0955-352.

Xanunpa MypaTtb6ekoBHa HyrmaHoBa — poktopaHT kadeapbl «[luweBas TtexHonorusy», Lekapim
yHuBepcuTeT, . Cemen; Pecnybnuka KasaxctaH; e-mail: togalak87@mail.ru. ORCID: https://orcid.org/0009-
0006-4378-8055.

Information about the authors

Almagul Nurgazezova — Candidate of Technical Sciences, Associate Professor of the Department of
Food Technology; Shakarim University, Semey, Republic of Kazakhstan; e-mail: almanyal975@mail.ru.
ORCID: https://orcid.org/0000-0003-3419-247X.

Aidyn Igenbayev — PhD ,Associate Professor, Institute of Engineering and Food Technologies,
Kazakh Agrarian research University named after S. Seifullin, Astana, Republic of Kazakhstan; e-mail:
aidyn_mamyt@mail.ru. ORCID: https://orcid.org/0000-0002-9903-2912.

Zhanar Kalibekkyzy — Candidate of Biological Sciences, Vice- Rector for Science, Shakarim
University, Semey, Republic of Kazakhstan; e-mail: zhanar_moldabaeva@mail.ru. ORCID:
https://orcid.org/0000-0001-6384-0646.

Gulnur Nurymkhan — Candidate of Technical Sciences, Head of the Department of Food Technology;
Shakarim  University, Republic of Kazakhstan, Semey; e-mail: gulnu-n@mail.ru. ORCID:
https://orcid.org/0000-0002-0955-352.

Khalida Nugmanova — doctoral student of the Department of Food Technology, Shakarim University,
Republic of Kazakhstan, Semey; e-mail: togalak87@mail.ru. ORCID: https://orcid.org/0009-0006-4378-8055.

Pedakuyusira eHyi 30.03.2026
©HOeydeH KeliiH mycyi 08.04.2026
Xapusinayra kabbindaHObl 12.04.2026

https://doi.org/10.53360/2788-7995-2026-2(22)-34 )6y 40 |

W) Check for updates

MPHTW: 65.63.03

A.T. Tautayeval, M.zZh. Kizatova?, S.T. Azimova?, F.A. Makhmudov?, A.O. Utegenova*
lInternational Engineering Technological University,
050060, Kazakhstan, Almaty, 89/21 Al-Farabi avenue
2National Medical University named after S.D. Asfendiyarov,
Republic of Kazakhstan, Almaty, st. Tole Bi 94
3Almaty University of Technology,
Republic of Kazakhstan, Almaty, Tole bi st., 100
4Shakarim University,
071412, Republic of Kazakhstan, Semey, 20 A Glinka Street
"e-mail: sanaazimova@mail.ru

ANALYSIS OF BIOACTIVE COMPOUNDS IN PLANT EXTRACTS BASED ON GC-MS DATA

Abstract: This study presents a comparative analysis of organic compounds in extracts obtained from
cherry (Prunus cerasus), stevia (Stevia rebaudiana), and soybean (Glycine max). The chemical compaosition
of the extracts was characterized using gas chromatography-mass spectrometry (GC-MS), allowing
identification of the main constituents and determination of their relative abundances. In the cherry extract,
furan derivatives were found to be predominant, with 5-hydroxymethylfurfural being the major component. The
soybean extract contained significant amounts of sugar derivatives and phenolic compounds, which are known
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for their antioxidant activity. Analysis of the stevia extract revealed the presence of polyols and phenolic
compounds, including hydroquinone. The detected furan derivatives, phenolic compounds, and polyols may
contribute to the antioxidant and anti-inflammatory properties of the extracts. Overall, the findings suggest that
these plant materials are promising sources of naturally occurring bioactive compounds, which could be further
utilized in the development of functional foods, dietary supplements, or nutraceutical applications.

Key words: bioactive substances; plant extracts; antioxidant activity; anti-inflammatory properties;
phenolic compounds; organic compounds; gas chromatography-mass spectrometry.

Introduction. The prevention and progression of many diseases are closely linked to
nutrition, as dietary patterns and bioactive components of food have a significant impact on human
health [1].

One of the most effective approaches to improving public health and preventing chronic
diseases is a balanced and specialized diet with defined functional properties that support a healthy
lifestyle [2].

An increasing number of people suffer from degenerative-dystrophic joint diseases, among
which osteoarthritis is one of the most common. Approximately 10-12% of the world’s population live
with this diagnosis, and according to some data, this figure may reach up to 20%.

In recent years, there has been growing interest in the study of natural biologically active
compounds possessing antioxidant and anti-inflammatory properties. Chronic inflammation plays a
key role in the development of many diseases, including cardiovascular, metabolic, and
neurodegenerative disorders. The investigation of natural compounds that can alleviate inflammation
and oxidative stress constitutes a key area of study in current biochemistry, pharmacology, and food
technology research [3].

Plant raw materials are arich source of phenolic compounds, organic acids, furan derivatives,
and various secondary metabolites with diverse biological activities. Numerous studies have shown
that phenolic compounds are capable of inhibiting free radical formation, suppressing the synthesis
of pro-inflammatory cytokines, and regulating signaling pathways associated with inflammatory
responses. Due to these properties, plant polyphenols are considered promising natural anti-
inflammatory agents [4, 5].

Particular attention is given to such plants as sour cherry (Prunus cerasus), stevia (Stevia
rebaudiana), and soybean (Glycine max), which contain a wide range of biologically active
compounds. Cherry fruits are rich in phenolic substances and furan derivatives with antioxidant
properties. Stevia is known as a source of natural glycosides and other metabolites with potential
antioxidant activity, whereas soybeans contain various phenolic compounds, fatty acids, and
aromatic components that may exhibit biological activity and participate in the regulation of
inflammatory processes [6, 7].

Gas chromatography coupled with mass spectrometry (GC-MS) is widely used to study the
chemical composition of plant extracts. This method enables accurate identification and
guantification of organic compounds in complex natural mixtures due to its high sensitivity and
selectivity. The use of GC-MS makes it possible to detect various classes of compounds, including
phenolics, furan derivatives, and sugars, which may determine the biological properties of plant
extracts [8, 9].

Despite the large number of studies devoted to individual types of plant materials, the
comparative analysis of organic compounds in different plant extracts remains insufficiently
explored. Exploring the primary constituents of plant materials and assessing their biological activity
can expand their potential use in functional food and dietary supplement formulation [10].

Notably, compounds formed during carbohydrate processing, including 5-
hydroxymethylfurfural (5-HMF), have been reported to possess biological activities such as anti-
inflammatory effects. It has been established that this compound can inhibit MAPK and NF-kB
signaling pathways, which play a crucial role in the development of inflammatory responses. This
confirms the relevance of studying plant extracts to identify compounds with potential anti-
inflammatory activity [11].

The aim of this study is to perform a comparative analysis of organic compounds in cherry,
stevia, and soybean extracts using gas chromatography-mass spectrometry, as well as to evaluate
their potential biological activity.
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The main component of cherry extract was identified as 5-hydroxymethylfurfural (60.78%).
This compound is widely found in carbohydrate-processing products and exhibits biological activity.
Studies indicate that 5-hydroxymethylfurfural demonstrates antioxidant and anti-inflammatory
properties by reducing the expression of pro-inflammatory enzymes such as iNOS and COX-2 and
inhibiting MAPK and NF-kB signaling pathways [11-13].

Phenolic compounds, including phenol derivatives, were detected in soybean extract.
Phenolic compounds are well-known natural antioxidants and are capable of inhibiting the formation
of pro-inflammatory mediators such as nitric oxide (NO) and prostaglandins. Due to these properties,
phenolic compounds exhibit pronounced anti-inflammatory activity [14-16].

In the stevia extract, the phenolic compound hydroquinone (6.09%) was identified, belonging
to the group of aromatic diphenols. Compounds of this group exhibit strong antioxidant properties
due to their ability to neutralize free radicals, which plays an important role in suppressing
inflammatory processes [17, 18].

Thus, the results of the gas chromatographic analysis revealed the presence of compounds
with potential antioxidant and anti-inflammatory activity. The presence of furan derivatives, phenolic
compounds, and polyols may contribute to the reduction of oxidative stress and suppression of
inflammatory mediators, making the studied plants promising sources of natural biologically active
substances [19].

Materials and Methods. The objects of the study were extracts of cherry, stevia, and
soybean. Analysis of organic compounds in plant extracts was performed using gas
chromatography-mass spectrometry (GC-MS) (Agilent 7890A/5975C). A 1.0 pL aliquot of each
sample was injected at an injector temperature of 280 °C in splitless mode. Separation was achieved
on a DB-5ms capillary column (30 m x 0.25mm x 0.25 ym) with helium as the carrier gas at a
constant flow rate of 1 mL/min. The oven temperature was programmed from 40 °C to 250 °C at
10 °C/min and held at 250 °C for 10 min, resulting in a total analysis time of 31 min.

Detection was carried out in full scan mode (m/z 34-650). Instrument control, data acquisition,
and processing were performed using Agilent MSD ChemStation software (version 1701EA).
Retention times, peak areas, and mass spectral data were analyzed, and compound identification
was performed by comparison with the Wiley 11th edition and NIST’02 libraries (>550,000 spectra).
The results are presented in Figures 1-3 and Table 1.

Results of the Study
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Figure 1 — Gas chromatography-mass spectrometry (GC-MS) chromatogram
showing the composition of cherry extract

Based on the findings from gas chromatography-mass spectrometry (GC-MS) (Figure 1), 17
organic compounds were identified in the cherry extract with a mass spectral match probability
ranging from 65% to 90%. The chromatogram is characterized by a pronounced dominant peak at a
retention time of 10.87 min.

The major compounds identified in the cherry extract were 5-hydroxymethylfurfural (60.78%),

4H-pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl (9.51%), and 1,4-anhydro-D-galactitol (8.52%).
The predominance of 5-hydroxymethylfurfural suggests that dehydration of hexoses and thermal
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transformations of carbohydrates occurred during extraction. This compound is known to possess
antioxidant properties and is commonly present in products derived from plant materials.

Additionally, furan derivatives including 2-furanecarboxaldehyde and methyl-2-furoate were
detected, indicating the presence of carbohydrate structures and their thermal transformation
products in the extract.
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Figure 2 — Gas chromatography-mass spectrometry (GC-MS) chromatogram
illustrating the composition of soybean extract

GC-MS analysis of the soybean extract revealed the presence of 19 organic compounds.
The predominant constituents were 3-O-methyl-D-glucose (54.19%), ethyl-a-D-glucopyranoside
(16.96%), 2,6-dimethoxyphenol (3.76%), and 9,12,15-octadecatrienoic acid, ethyl ester (1.65%).

The high content of sugar derivatives indicates the presence of glycosidic structures in the
extract (Figure 2). The detection of the ethyl ester of linolenic acid suggests the presence of
unsaturated fatty acids characteristic of soybeans.

In addition, pyrazine compounds, including trimethylpyrazine and dimethylpyrazine, were
identified in the extract. The presence of these compounds may explain the characteristic aromatic
profile of soybeans and their processed products.
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Figure 3 — Gas chromatography-mass spectrometry (GC-MS) chromatogram
illustrating the composition of stevia extract

According to the results of gas chromatography-mass spectrometry (GC-MS) analysis, 13
organic compounds were identified in the stevia extract (Figure 3).

The most significant components include:

- 1,2,3,5-Cyclohexanetetrol - 52,74%;

- B-D-Glucopyranose, 1,6-anhydro - 15,67%;

- Hydroquinone - 6,09%;

- 2,5-Dimethylfuran-3,4-dione - 5,08%.
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The predominance of polyol compounds and sugar derivatives is associated with the nature
of stevia as a source of sweet glycosides. The presence of hydroquinone and other phenolic

compounds may indicate the potential antioxidant activity of the studied plant.

Table 1 — Comparative Analysis of the Main Components of Cherry, Soybean, and Stevia

Extracts

Parameter

Cherry

Soybean

Stevia

Dominant Class

Furan Compounds,
Anthocyanins

Sugar Derivatives and
Pyrazines

Polyols and Sugars

: o 3-O-Methyl-D-glucose Cyclohexanetetrol
Major Component 5-HMF (60,78 %) (54,19 %) (52,74 %)
Presence of Fatty Acids Minor Detected Virtually Absent
Pharmacological Activity Antioxidant, Anti- Antioxidant, Metabolic, Hypoglycemic,

inflammatory Cardioprotective Antioxidant

Thus, cherry is characterized by a high content of sugar dehydration products. Soybeans
contain aromatic nitrogen-containing compounds and fatty acids, while stevia is rich in polyol
structures and glycosidic derivatives.

Conclusion. As a result of the conducted study, an analysis of organic compounds in
extracts of cherry (Prunus cerasus), stevia (Stevia rebaudiana), and soybean (Glycine max) was
performed using gas chromatography-mass spectrometry (GC-MS). The main components of the
studied extracts were identified, and their relative contents were determined.

It was established that furan derivatives predominate in the cherry extract, among which 5-
hydroxymethylfurfural was identified as a major compound. In the soybean extract, sugar derivatives
and phenolic compounds were detected, whereas the stevia extract contained polyol and phenolic
compounds, including hydroquinone.

The obtained results indicate the presence of biologically active compounds in the studied
plant extracts, possessing potential antioxidant and anti-inflammatory properties. The conducted
research confirms the prospects of using these plants as sources of natural biologically active
substances.
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©CIMAIK 3KCTPAKTTAPbIHAAFbl BUOAKTUBTI KOCbIJIbICTAPAbI
'X-MC OEPEKTEPI BOUbIHLUA TANOAY

Makanada wue (Prunus cerasus), cmesus (Stevia rebaudiana) xaHe cos bypwakmapbiHbiH (Glycine
max) akcmpakmmapbiHOarbl opaaHUKarsbiK KOCblbicmapOobiH canbicmblipMaribl mandaybl KapacmbipbliFaH.
KocbinbicmapOblH KypaMbiH aHbiKmay 2a30bi xpomamozpagusi-macc-crnekmpomempusi (FX-MC) adici
apkbinbl Xxypei3indi. 3epmmey 6apbicbiHOa 3epmmernzceH 3KecmpakmmapOblH Hezi3al KOMIoOHeHmmepi
aHbiKmarneir, onaplblH canbicmbipmansl  menwepi  6eneineHdi. Ulue  akcmpakmbiHOa — ¢pypaH
mybIHObINapbIHbIH 6ackiM ekeHOiei aHbIKmarnbin, onapdbiH iwiHde 5-hydroxymethylfurfural Kocbinbicsi
udeHmugpukayusinaHdbl. Cos bypuwakmapbiHbiH 3KCmpakmbiHOa aHmuokcudaHmmelk 6ericeHOinikke ue
KaHm mybiHObINIapbl MeH GheHoObIK KOChlbicmap aHbikmanobl. Cmesusi akecmpakmbiHOa rnonuonobIK XoHe
peHorndbIK Kocblbicmap, COHbIH iwiHAe hydrogquinone mabbindbl. @ypaH mybiHObINAPbIHbIH, EeHONObIK
KocblribicmapOblH xeHe nonuondapobiH 605ybl aHmMUoKcuOaHmMmMbIK XoHe KabbiHyra Kapcbl KacuemmepoiH
balikanybiHa biKnan emyi MyMKiH ekeHOi2i aHbikmarnobl. AfbiHFaH Hamuxesep 3epmmerigeH eciMOikmepoiH
maburu 6uonoausinbiK bericeH0i 3ammapdbiH nepcrnekmuearsl Ko3i eKeHiH kepcemeoi.

TyiiH ce30ep: ecimMOik 3Kkcmpakmmapbl, ea30bl Xxpomamozpaghusi-Macc-crneKmpomMempus,
OopaaHuKarsbIK KOoCblribicmap, heHon0bIK KOocblibicmap, aHmuokcudaHmmbik 6esiceHOinik, kabbiHyra Kapchbl
Kacuemmep, 6uonozausinbik 6ericeHdi 3ammap.
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B cmambe paccMompeH cpagHUMesIbHbIU aHanu3 opeaHu4eckux coeOUHeHUU 8 IKcmpakmax euLWHU
(Prunus cerasus), cmesuu (Stevia rebaudiana) u coeebix 60608 (Glycine max). OnpedeneHue cocmasa
coeduHeHuUll  rnpogedeHo MemoOoM 2a3080U XpomMamoepahuu C  Macc-CrieKmpoMempu4YeCcKuM
OemexkmuposaHuem (FX-MC). B xode uccredogaHusi 8bisierieHbl OCHOBHbIE KOMIMOHEHMb! UCC1edyeMbIX
3KCMpakKmos U ycmaHo8/IeHO Ux omHocumersibHoe codepxaHue. OnpedesieHO, Ymo 8 3Kcmpakme 8ULIHU
OomuHuUpytom ¢bypaHoebie pou3eo0Hble, cpedu Komopbix udeHmuguyuposaHo coeduHeHue 5-
hydroxymethylfurfural. B skcmpakme coesbix 60608 6bisenieHbl npou3sodHbie caxapo8 U (hbeHOsIbHbIe
coedQuHeHusi, obnadarowue aHmuokcuGaHmMHoOU akmueHocmbi. B akcmpakme cmesuu OOHapyXXeHbl
ronuosbHble U (heHOornbHbIe coeduHeHUs, eknodas hydroquinone. YcmaHoeneHo, Ymo Hanuque ¢ghypaHo8bix
rpou3800HbIX, (PEHOMbHbIX CcOoeduHeHUl U MOoAuUo/08 Moxem  criocobcmeogamb  MPOSIBIEHUID
aHmuokcudaHmMHbIX U npomueoegocnanumeribHbix ceolicms. [onyyeHHble pe3ynbmamsl ceudemenscmayom
0 nepcriekmusHocmu uccrnedyemMbix pacmeHul Kak UCMOYHUKO8 MPUPOOHbIX 6U0I02u4eckU akmueHbIX
seujecms.

Knroyesble  cmoea:  pacmumesibHble — 3KCmpakmbl,  easosas  xpoMamoepaghusi-macc-
CrieKmpomempusi, op2aHu4ecKkue coeOUHEeHUs, (heHObHbIE COEOUHEHUS, aHMuUOKcudOaHmHas akmueHOCMb,
rpomueosocrnanumersibHbie ceolicmea, buoio2u4YecKU aKkmueHbie sewecmea.
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®YHKUMOHANObI UOTYPTTAFbI CYTKbILWKbINAbI BAKTEPUANAPAObIH ©MIPLUEHAINHE
EPIrIL ©CIMAIK TEKTEC TAFAMAbIK TANWbIKTbIH ©CEPI

AHOamna: Makanada epiciw ecimOik mekmec maramOblK MmanuwbiKmbiH yHKUUOHa0b!
toaypmmarbl cymKbiWKbIObl 6akmepusinapdbiH emipweHdiai MeH MUKpObUoOnoausinbiK mypakmblrbiFbiHa
oCepiH 3epmmey Hamuxenepi YCbIHbiFaH. 3epmmeydiH e3eKkminiai  KbIWKbIT cym  eHIMOepiHiH
pyHKUUOHanNObIK KyHObIbIFBIH apmmbIpy XoHe cakmay mep3imi 6olbl rnpobuomukarnbiK MUKpoghriopaHbiH
mypakmbi deHeeliH Kammamachi3 emy KaxkemmirnieimeH 6alnaHbICMebI.

3epmmey HbicaHbl pemiHOe malnbinbirbl 1,0% nacmeprieHeeH cymmeH OalibiHOarnfaH, KypambiHOa
Streptococcus thermophilus xore Lactobacillus delbrueckii subsp. Bulgaricus 6ap awbsimkbi KondaHbinFaH
toaypm anbiHObI. Epieiw ecimdik mekmec maramobik manwbik 0,3; 0,5 xoHe 1,0 % menuwepiHde eHzi3inoi.

CymkbiwKbindbl 6akmepusinapdeid emipweHOiei MRS-azapra ceby odici apKbinibl aHbIKMarbir,
KoroHusi my3ywi 6ipnikmepdi caHay Hemuxenepi log KThb/z mypiHOe kepcemindi. 3epmmeynep 4 + 2 °C
memnepamypada cakmay ke3iHOe 1, 7 xoHe 14 maynikmepode xypei3inoi.

3epmmey Homuxxenepi ecimOik mekmec maramOblK masnbIKMbIH CYMKbIWKbIObI MUKPOG/I0paHbIH
OamyblHa mexeywi acep emnelmiHiH kepcemmi. KepiciHwe, marnuwbiK KockliraH yneinepde 6akbinay
HycKacbiMeH carnbicmbipraHOa bakmepusinapdbid emipuweHOiei xofapbl OeHeelide cakmarndbl. CakmayObiH
14-meaynizciHOe 6aKbinay yneiciHoe emipweH xacywanap caHbl 7,6 log KTb/2 deliiH memeHOezeH 6orica, 0,5
% koHueHmpauuscbiHOa 8,1 log KTb/e deHeeliiHde cakmanodsbi.

AnbIHFaH Hamuxxenep eciMOik mekmec maramObiK manubIKmbiH bIKmumas npebuomukarsbik ecepiH
)KOHE OHIMHIH MUKpObUOoaussbiKk mypakmabifbifbiHa OH biKnanbiH kepcemedi. EH muimdi KoHUeHmpayus
pemiHde 0,5 % aHbiKmarnobl, 051 MUKpPOQIoOpa mypakKmbifbifbl MEH MEXHO02UsNIbIK KepcemkiumepoiH
OHmMadubl yunecimiH Kammamachi3 emedi. O3iprieH2eH eHiM HopMamuemik mananmaprsa colikec Kenedi xoHe
QyHKUUOHan0bI KbIWKbIT cym eHiMOepiH eHOipyde KonndaHyFra yCbIHbINAaobI.
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