Axkmapan EceH6aeBHa XaceHoBa — pykoBogutenb dunuana TOO «HaumoHanbHbI LEHTP
6uoTexHonoruny B r. CtenHoropck, KasaxcraHn; e-mail: a.hasenova@biocenter.kz.

Aszamat MyxameabsipoBu4y CagblkoB — W.0 reHepanbHoro gupektopa TOO «HayuyHo-
aHanuTudeckmi ueHTp «buomeanpenapat», r. CrenHoropck, Pecnybnuka KasaxcrtaH; e-mail:
aza_sadykov@mail.ru.

ABTOpnap Typanbl ManiMmeTTep

Canpyraw CakeHoBHa AHyapbekoBa — MeQuUMHA  fbiMbIMAAPbIHLIH  KaHAuaaThl,
«buomegnpenapaTt» fbinbiMU-aHanUTUKanblk opTtanbiFbl»  XKLWIC-HIH  KeTeKwi fFbinbiMK  KbI3METKEPI,
CrenHoropck k.,KasakcTaH, e-mail: sanuarbekova@rambler.ru.

NynbxaH CepxaHoBHa AnbXaHoBa — «buomeanpenapat» fblfbIMU-aHANUTUKAMNbIK OpTarnbifbi»
JKLLC-HiH eTeKLi FbIfbIMU KbI3METKEPiHIH MiHAETIH aTkapyLwbl, CTenHoropck kanackl, KasakctaH, KasakctaH
Pecnybnukacbl, CTenHoropck kanacbiHAarbl «¥NTTblK OuoTexHonornss optanbiFbl» XLWC dunuansiHaarb
KkongaH6anbl OMoTEXHONOIMNA 3epTXaHacbliHbIH 3epTxXaHa MeHrepyuici; e-mail: gulzhan-12@mail.ru.

Axmapan EptyraHoBHa XaceHoBa — CTenHoropck kanacblHaafbl «¥NTTblK 6GuoTexHonoruns
opTtanbifbl» XKLC dumnmnanbiHbib 6aclwbickl, KazakcTtaH; e-mail: a.hasenova@biocenter.kz.

AsamaTt MyxamegbspoBu4y CapgblikoB — «bromegnpenapat» fbibiIMU-aHaANUTUKANbIK OpPTanbIfbli»
KLLIC-HiH 6ac gupekTopbiHbiH M.a CTenHoropck K., KaszakctaH; e-mail: aza_sadykov@mail.ru.

Information about the authors

Sandugash Sakenovna Anuarbekova — is Candidate of Medical Sciences, Leading Researcher in
LLP «Scientific and Analytical Center «Biomedpreparat», Stepnogorsk, Kazakhstan.; e-mail:
sanuarbekova@rambler.ru.

Gulzhan Serzhanovna Alzhanova — acting as a leading researcher at the Scientific Analytical Center
«Biomedpreparat» LLP, Stepnogorsk, Republic of Kazakhstan, head of the laboratory in the laboratory of
applied biotechnology in the branch of the National Center of Biotechnology LLP in Stepnogorsk, Kazakhstan;
e-mail: gulzhan-12@mail.ru.

Akmaral Ertuganovna Khasenova — head of the branch of the National Center of Biotechnology LLP
in Stepnogorsk, Kazakhstan; e-mail: a.hasenova@biocenter.kz.

Azamat Mukhamedyarovich Sadykov — Acting General Director of the LLP Scientific and Analytical
Center «Biomedpreparat», Stepnogorsk, Republic of Kazakhstan; e-mail: aza_sadykov@mail.ru.

MNocmynuna e pedakyuro 18.04.2024
lMpuxsama k nybnukayuu 21.05.2024

DOI: 10.53360/2788-7995-2024-2(14)-19
IRSTI: 34.27.19/62.09.37 [@)sv a0 |

A.N. Aralbaev?!, A.N. Aralbaeva?*, Z.Zh. Seydakhmetova?, N.K. Aralbai®
1Almaty Technological University,
050012, Republic of Kazakhstan, Almaty, Tole bi str., 100
2Al-Farabi Kazakh National University,
050040, Republic of Kazakhstan, Almaty, 71 al-Farabi Ave.
%H.A. Yassavi International Kazakh-Turkish University,
161200, Republic of Kazakhstan, Turkestan, Sattarkhanov Avenue, 29/3
‘e-mail: a_aralbaeva83@bk.ru

INVESTIGATION OF PREBIOTIC PROPERTIES OF AQUEOUS-ALCOHOLIC EXTRACTS
OF ROOTS OF CRAMBE KOTCHIANA AND BUNIAS ORIENTALIS

Abstract: Nutrition is one of the fundamental factors of human health. Today the use of biologically
active food additives, enrichment of products with nutraceuticals, consumption of target foods is justified due
to the increasing effect of stress along with unbalanced diet and lifestyle. The main resource of nutrients is
plant foods and substances derived from them. The use of additional plant components in the manufacture of
food products contributes to increasing its biological and nutritional value. Non-traditional plant species have
a high potential along with traditional crops. A lot of research is aimed at identifying the positive effects of
bioactive substances of plants on the body and the possibility of using them to expand the range of useful food
products. We investigated the prebiotic properties of the underground part of plants from the Brassicaceae
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family. In the course of the study we applied traditional microbiological methods of research. As the results of
the experiments showed, the plant extracts promoted the growth of lactobacilli, and the prebiotic activity was
not inferior to the common preparations - lactulose. The obtained data will be used for further research for the
development of technology for obtaining products with a positive effect on the normoflora of the intestine and
implying the inclusion of prebiotic substances in the formulation.

Key words: fermented milk bacteria, plant extracts, prebiotic properties.

Introduction

The realities of modern life, associated with widespread deterioration of environmental
conditions, changes in eating habits, hypodynamia, lifestyle, constant stress are one of the causes
of a wide range of different pathological conditions. Nutrition is one of the factors predetermining the
quality of life, intellectual and physical working capacity of a person [1]. Prolonged violation of the
balance of nutrients in the body leads to metabolic disorders and as a result affects its functional
state. Therefore, nutritional correction is particularly important in the treatment and prevention of
certain disorders and pathologies [2]. Enrichment of foods with vitamins, minerals, bioactive
compounds is a widespread approach to improve their quality, nutritional and biological value. The
inclusion of physiologically active substances in the composition of finished products or raw materials
can change the characteristics of the product. There are many different components that are
introduced in the production of flour and bakery products, confectionery products, sour dairy
products, canned foods, sausages and beverages [3-4].

The inclusion of prebiotics in the formulation allows the product to be enriched with
components that contribute to the normalisation of gut microflora, excretion of toxins, thereby
manifesting an immunostimulating and detoxifying effect [5]. Prebiotics can include substances of
different nature, which are actively digested by microorganisms inhabiting the human intestine. One
of the sources of prebiotic substances is different parts of plants rich in soluble and insoluble dietary
fibores and complex saccharides. The issue of research into the prebiotic properties of different
species of traditional and non-traditional food plants does not lose its relevance [6]. According to our
previous studies, plants from the Brassicaceae family have a significant potential as food raw
materials and contain a sufficiently high level of soluble and insoluble dietary fibres along with the
main nutrients [7-8], which makes them promising for development as a prebiotic additive for the
production of milk and bakery products.

The aim of our research was to evaluate the prebiotic potential of roots of plants belonging to
the Brassicaceae family — Crambe cotchiana and Bunias orientalis

Materials and methods

To evaluate the effect of plant raw materials on the growth of probiotic microorganisms, water-
alcoholic extracts of roots of the plants under study (Crambe cotchiana and Bunias orientalis) were
used. Commonly known prebiotic substance disaccharide — lactulose (Sigma production) was used
as control groups.

Plant raw materials were collected in ecologically clean areas of East Kazakhstan, Arkharly
tract. Roots were dried, dry raw material was stored in a cool dry place. To obtain the extract, dry
roots were ground on a laboratory mill, dry raw material 1 g was poured into 50% aqueous ethanol
solution, left in a dark place at room temperature for 20 hours for extraction of substances. After
extraction, the liquid extract was filtered and dried in a rotary evaporator to dry residue. The dry
extract was stored in a dark container. It was diluted with 50% aqueous ethanol solution before
experimentation. The following concentrations 10mg/ml (1% solution), 15 mg/ml (1,5% solution), 20
mg/ml (2,0% solution), 2,5 mg/ml (2,5% solution) were used for the studies. Control preparations
were dissolved in water and used in similar concentrations

Lactic acid bacteria culture test: Lactococcus lactis PP, Limosilactobacillus fermentum A15,
Lactobacillus acidophilus IMV were used as objects to evaluate the effect of plant extracts on
probiotic microorganisms. Lactic acid bacteria were cultured on MRS medium.

The activity of the extract was determined by the method of diffusion into agar from wells. For
this purpose, 1x10° CFU/mI of test microorganism suspension was added to the melted and cooled
to 40°C nutrient medium for every 100 ml of medium. It was mixed thoroughly and poured into Petri
dishes in the amount of 25 ml. After solidification, 10 mm diameter wells were prepared with a special
block cutter.
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Water-alcoholic extracts of roots were added to the wells in an amount of 0.3 ml (up to the
edge of the well) in three repetitions. The dishes were cultured at 37°C for 48 hours. The diameter
of the zones of growth suppression or stimulation of test cultures was measured.

To determine the optimal prebiotic concentration, solid media with the addition of different
concentrations of lactulose and plant extracts as a carbon source were used. The cultivation time
was 48 hours at 37.0+0.5°C.

The concentration of test bacteria after cultivation was determined by spectrophotometric
method. Microorganisms were washed off the surface of nutrient agar with physiological sodium
chloride solution. The concentration of microbes in the resulting suspension was determined by
measuring the optical density of microbial suspensions at a wavelength of transmitted light of 620
nm [9-10].

Statistical processing of data. The obtained results were statistically processed using Microsoft
Excel programme, calculating the arithmetic mean of the parameter and the mean square deviation.
Taking into account the Fisher-Student criterion, the registered changes in the parameters were
considered reliable at p< 0.05.

Results and discussion

The results of the study are presented in Table 1. As can be seen from the table, plants from
the Brassicaceae family have an inhibitory effect on the growth of lactococci, while the introduction
of plant extracts into the culture of lactic acid bacilli showed growth activation. It should be noted that
the extract of Bunias orientalis had a slightly greater effect than that of Crambe cotchiana.

Table 1 — Effect of plant extracts on the growth of lactic acid bacteria

Variant Crambe cotchiana Bunias orientalis
Ne - - -
Test Suppression zone | Stimulation zone Suppression Stimulation
zone zone
1 | Lactococcus lactis PP 16+1 - 12+0,5 -
2 | Limosilactobacillus
fermentum A15 ) 160,5 20+1
3 :_Ia\c/tobacnlus acidophilus i 20402 2341

To determine the optimal concentration of the extract for the stimulating effect, the effect of
their increasing concentrations on the growth of Limosilactobacillus fermentum and Lactobacillus
acidophilus cultures was investigated. Lactulose solutions were used for comparison.

Lactic acid bacilli digest most carbohydrates: lactose, sucrose, glucose, salicin, galactose,
maltose, dextrin, raffinose. Lactulose is a structural isomer of lactose, so it is absorbed by
microorganisms along with other disaccharides as a source of energy and carbon when added to
the medium [11-12]

The study on the prebiotic properties of Crambe cotchiana and Bunias orientalis root extract
is presented in Figure 1.

1,3 1,3
1,25 1,25 B
2] 1.2 y.s prs S
1,15 1,15 //‘A/,AZI’
1,1 T lvl ’/',D
105 - 1,05 1 £°°
1 Z'/ T T 1 1 L T T 1
0 1 2 3 0 1 2 3
—e— lactulose =--@--CC ——BO —— lactulose --0--CC

Abscissa axis: optical density of the suspension, ordinate axis: concentration of extract and disaccharide, %

Figure 1 — Study of optimal extract concentration for culture of Limosilactobacillus fermentum
A15 (A), Lactobacillus acidophilus IMV (B)
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As can be seen from the figure, when lactulose and extracts were introduced into the nutrient
medium for cultivation of test cultures of fermented milk bacteria in increasing concentrations,
significant growth of bacterial cultures was observed at the concentration of lactulose equal to 1,5%,
whereas the optimal concentration for plant extracts was 2%. Increasing the concentration of the
above mentioned ones did not lead to intensification of bacterial growth. In comparison, it can be
said that the stimulatory activity of the extracts of Bunias orientalis and Crambe cotchiana was much
inferior to that of lactulose. However, when comparing the extracts, it was found that the extract of
Bunias orientalis roots had a higher stimulating effect than that another one extract.

As shown in the study, 2% concentrations of the extracts of Crambe cotchiana and Bunias
orientalis were optimal for growth stimulation for both test cultures, whereas for lactulose this figure
was much lower at 1,5%

For further studies of lactic acid bacteria growth dynamics, the above-mentioned
concentrations of the tested substances were used. The intensity of biomass accumulation was
measured at time intervals of 6, 12, 24, 36 and 48 hours. The results of the study are presented in
Figures 2-3. Standard MRS medium was used as a control.

1,3

1,25
1,2 =

1,15 /4

1,1

1,05 -
1 ‘

0 20 40 60 ‘
0 20 40 60
—e&— control —— lactulose -:--A--- CC —=e— control —— lactulose —e— CB

Abscissa axis: optical density of suspension, ordinate axis: cultivation time, hours
(CC — Crambe cotchiana, BO — Bunias orientalis)

Figure 2 — Study of growth dynamics of Limosilactobacillus fermentum A15 culture

As can be seen from Figure 3, in all cultures L.fermentum reached stationary phase after 12
hours of cultivation, but the biomass accumulation was slightly different. The comparison revealed
that the test cultures assimilated lactulose less intensively compared to the control. Analysis of
growth dynamics on media with plant extracts showed that after culturing for 6 hours, the growth rate
of the culture was lower almost 2-fold when Crambe cotchiana extract was added to the medium,
and 1.5-fold when the extract was added to the medium. After 12 hours of cultivation, biomass
accumulation increased and became almost at the same level with samples cultivated on media with
added lactulose. After 24 hours, the level of microbial biomass accumulation was almost identical to
the control.

1,3 13

1,25 1,25

1,2 1,2

1,15 1,15

1,1 - 1,1 4

1,05 { 1,05 //
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—<+—control —&— lactulose -4+ CC —e— control —— lactulose = @ =BO

Abscissa axis: optical density of suspension, ordinate axis: cultivation time, hours
(CC - Crambe cotchiana, BO — Bunias orientalis)

Figure 3 — Study of growth dynamics of Lactobacillus acidophilus IMV culture
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Practically similar tendency is observed in the test culture of L. acidophilus which can be seen
from Figure 4. When the Crambe cotchiana extract was introduced, the log phase was molted for 24
hours. For both tested extracts in the initial phase the biomass growth was lower by 1,5 times than
in the control and in the media with lactulose.

In the media with the inclusion of Bunias orientalis extract after 12 hours of cultivation, the
biomass index for Crambe cotchiana extracts after 24 hours of cultivation was almost similar to the
control values. Most likely, the low growth at the initial stages is due to the fact that the extracts
contain a mixture of saccharides, of which the readily available forms are consumed first, with
adaptation to other types of carbohydrates. We attribute the rather high rates of biomass
accumulation to the complex composition of the extracts, which, in addition to sugars, includes other
bioactive substances, dietary fibers and oligosaccharides, which favourably affect the growth
intensity of lactobacilli.

Conclusion

Plants are a source of various nutrients and bioactive substances with a high potential impact
on the human body. The use of bioactive components of plants in the development of functional
products is a modern trend in the field of healthy nutrition and dietary enrichment [13]. There are
about 14,000 plant species in Kazakhstan, 111 species of which are potentially suitable as a food
resource [14]. At the moment, the issue of careful development of local resources of food raw
materials is quite acute. Crambe cotchiana and Bunias orientalis plants are poorly studied and have
great potential for further research and practical applications. Their biological and nutritional value
has been shown [7-8], our studies were aimed at evaluating the prebiotic properties of extracts of
the named species. Thus, as our studies have shown, root extracts of the studied plants had an
inhibitory effect on lactococci cultures and are able to stimulate the growth of lactic acid bacilli. The
study of the optimal concentration for cultivation and growth dynamics when introduced into culture
will be a scientific basis for further development of technology of application of the investigated
species of non-traditional raw materials in order to obtain new products of target purpose.
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KOUYN KATPAHbBI XXOHE LWWbIFbIC MANPAKEBICIHEH AJIbIHFAH CYIbI-CMAPTTI
CbIFbIHABINAPBIHbIH MPEBUOTUKAIIbIK KACUETTEPIH 3EPTTEY

TamakmaHy — alam OeHcaylbifblIH Kypayuwbl Heei3ai ¢hakmopnapbiHbiH 0ipi. byeiHei maHOa
6uornozusneik 6ernceHdi KocrnanapObl maramra KocbiMwa kKondaHy, maramOapObl HympuuyesmukmepmeH
6atibimy, ¢byHKuuoHandbl maramOapdbl mymbiHy KaxXemmirniai meH2epiMci3 mamakmaHy XxoHe 3amaHayu
emip canmsiMeH Kamap cmpeccmiH xofapbinaybiHa balnaHbicmbl mybiHOan omeip. Kopekmik 3ammapdbiH
Heeizai pecypchl- eciMOikmekmi maramdap xoHe onapdaH arbiHfFaH Kocblibicmap 60rbin kenedi. A3biK-mynik
eHOIpiciHOe KockiMwa eciMOiKk KOMIOHeHmMmepiH KordaHy OHbIH 6UON02USINbIK XXoHe maraMObIK KYHObIMbIFbIH
apmmesipyra kemexkmecedi. [Jecmypni emec ecimOik myprepi dacmypni OakblidapMeH Kamap XoFapbl
aneyemke ue. KenmezeH 3epmmeynep ecimdikmepdiH buoakmuemi 3ammapbiHbIH ar3ara OH 8CepiH XoHe
onapdbl natidansl maramOapdbiH accopmumMeHmiH KeHelmy ywiH natdanaHy MyMKiHOi2iH aHbiKmayfa
barbimmarnraH. Amaynbl Makanada Kbipbikkabam myKbiMOacbiHa XamambiH eciMOikmepdiH xep acmal
bernieiHiH npebuomukarnbiKk KacuemmepiH 3epmmey XYMbICMapbiHbIH HomuxXeci kenmipinzeH. Texipube
bapbicbiHda  dacmypsii Mukpobuornoeusinbik  3epmmey  adicmepi  KondaHblnObl.  XKypaisinzeH
akcriepumeHmmepOliH Homuxernepi kepcemkeHoel, 6cCiMOiK CbifbiHObINapb! akmobakmepusinapdbiH ecyiHe
OHbIHaH bIKnasa emmi, an npebuomukarnbiK 6enceHdiniei 6olbiHWa onap xanneiFa 6ipdel maHbIMan
npernapam — nakmyno3adaH kem mycneoi. AfbiHFaH Homuxersnep ek HopMogbriopachiHa OH acep ememiH
XKoHe peuenmypara rnpebuomukarnbsik 3ammap0bi KOCyObl ke3delmiH eHiMOepdi any MexHOMo2usiCbiH 83iprey
YWIiH FbifibiIMU Heai3 pemiHOe natidanaHblnadsbl.

TyliH ce30ep: cymKbIWKbINObI bakmepusinap, eciMOik cbiFbIHObIIAPBbI, Npebuomukarsik Kacuemmep.
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WCCINEOOBAHUE NPEBUOTUYECKUX CBOUCTB BOOHO-CIMUPTOBbLIX 3KCTPAKTOB KOPHEW
KATPAHA KO4Y1 1 CBEPBEUTY BOCTOYHOMU

lNMumaHue — 0OUH U3 OCHogorolazarwux hakmopos 300p08bs Yeriogeka. Ce200HS NPUMeEHEHUE
buornoaudyecku akmueHbix 006agoK K nuwe, obozaweHue rpodykmos Hympuuyesmukamu, nompebreHue
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ueniesbix NMPodyKmos rnumaxusi orpasdaHo 8 Ce8s3U C go3pacmarwum delicmeuem cmpecca Hapsidy ¢
HecbanaHcuposaHHbIM numaHuemM U obpa3om XusHu. OCHOBHbLIM PECypCOM MumamesibHbIX 8eulecms
sensiemcsi pacmumesibHasi nuwa u eewjecmea MnosfydeHHble U3 HuXx. [lpumeHeHue O0MoHUMEbHbIX
pacmumeribHbIX KOMITOHEHMO8 MpU U320MOoe/ieHUU nuuiesbix npodyKmoe crocobecmeyem rnoebieHU0 e2o
buornozudeckol u nuuesol yeHHocmu. HempaduyuoHHble 6ulbl pacmeHuli obrnadarm 8bICOKUM
rnomeHyuanoM Hapsidy ¢ mpaduyuoHHbIMU Kynbmypamu. MHoxecmeo uccrnedogaHuli HanpaeneHo Ha
8blIsigrieHUE No10XuUMesbHbIX 3¢hghekmos buoakmueHbIX ewecms pacmeHuli Ha op2aHu3M U 803MOXHOCMU
UX ucronb3oe8aHus 0715l pacwupeHuUs accopmumeHma rnone3sHbIX nuuesbix npodykmos. Hamu uccredosaHo,
npebuomuyeckue ceolicmga nod3emMHoU dYacmu pacmeHul u3 cemelcmea KanycmHblie. B xode
uccrnedosaHusi npuMeHsnu mpaduyuoHHbIe MUKpobuonoaudeckue memoolbl uccredosaHus. Kak rnokasanu
pesynbmambl  MPOBEOEHHbIX  3KCMepPUMEHMOS8, 3KCmpakmbsl pacmeHuli criocobcmeosanu  pocmy
nakmobayuni, u no npebuomuyeckol akmusHocmu He ycmynanu obweussemcHoMy npernapamy —
nakmyrno3e. Nony4yeHHbie 0aHHble 6ydym ucrosib3o8aHbl 05151 OanbHelwux uccrnedogaHuli 01 pa3pabomku
mexHosioeuuU  rnosiyyeHusi npodykmoe obradarouwux MoaoxumesnbHbiM 3¢hhekmom Ha HopmMoghriopy
KuWweYHUKa u nodpasymesaroujux 8KIrYeHUE 8 peyenmypy npebuomuyeckux eeu,ecms.

Knrodeeble cnoea: KucrioMonoyHble 6akmepuu, 3SKcmpakmbl pacmeHul, npebuomuyeckue
ceoticmea.
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