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ISOLATION OF ALKALOIDS AND VITAMINS FROM DESERT PLANTS AND INVESTIGATION
OF BIOETHANOL PRODUCTION POTENTIAL FROM THE REMAINING BIOMASS
Muminbayev D.J.
Samarkand State Medical University, Samarkand, Uzbekistan

Resume. This article investigates the technology for isolating alkaloids and vitamins from the biomass
of Peganum harmala L. (Harmala) and Climacoptera lanata (Climacoptera), as well as the effect of
separation parameters (extractant concentration, time, and temperature) on the yield of biologically active
substances (BAS). During the study, the relative amounts of alkaloids and vitamins extracted from the
vegetative and generative parts of the biomass were compared. As a result of the analysis, it was determined
that extraction using 70% ethanol solution at 78.3 °C for 180 minutes provided the highest yield: the alkaloid
content reached up to 6.12% in the generative parts of Peganum harmala, and the vitamin content reached
up to 9.32% in the vegetative parts of Climacoptera lanata. The number of alkaloids and vitamins isolated
was determined using the thin-layer chromatography (TLC) method, and their dependence on plant parts
was confirmed. The residual cellulosic biomass after separation was processed via two-stage acid hydrolysis,
fermented using microorganisms, and successfully directed toward bioethanol production. It was shown that
these plants are important not only as sources of biologically active substances but also as renewable energy
resources.

Keywords: Peganum harmala, Climacoptera lanata, alkaloid isolation, vitamin analysis, thin-layer
chromatography (TLC), bioactive compound extraction, sulfuric acid hydrolysis, fermentation with
Saccharomyces cerevisiae, lignocellulosic biomass, bioethanol production.

YyJ YCUMJIMKJIAPUJIAH AJIKAJTOUJIJIAP BA BATAMUHJIAPHU A’KPATHE OJIMII BA
BUOMACCAJIAH BUODTAHOJI MIIIJIAB YUAKAPUIII UMKOHUSATIIAPUHA YPTAHUIII
Mymunbaes JI.2K.

CamapKaH/ JaBiaT THOOMET yHuBepcuTeTH, CaMapKaH 111, Y36eKHCTOH

Pesrome. Vuby maxonaoa Peganum harmala L. (capmana) sa Climacoptera lanata (xaumaxonmepa)
buomaccacuoan ankaiouonap 6a GUMAMUMIAPHU AXCPAMUO ONUWL MEXHONOSUACU XaMOa adxCpamuiu
wapoumaapu (IKCmMpazeHm KOHYeHMpayuacy, eakm 6a Xxapopam) oOuonocux gaon moodarap (BOM)
yuKumuea KaHoau mavcup Kypcamuwy ypeanunean. Taoxuxkom oasomuda OUOMACCAHUHE Gecemamué 6d
2eHepamug KUCMIAPUOAH axdcpamuiean aikalouonap 6da eUmamuHiap nucéamu maxkocianean. Taxaun
Hamudcanapuea xypa, 70% smanon spummacu ounan 78,3 °C xapopamoa 180 oaxuxa oaeom smeaH
KCmpaKyusi 9He 1Kopu camapanu bepeanu anukianou: Peganum harmala nune cenepamue kucmaapuoa
anxanouonap 6,12% eaua, Climacoptera lanata nune eecemamue gucmaapuoa sca sumamunnap 9,32% eaua
oynzan. Adsicpamunean ankanouonap 6a GUMAMUHIAP MUKOOpU jonka Kamaamau xpomamozpagus (FOKX)
VCYIU  OpKAMU AHUKAAHUO, YVIAPHUHE YCUMAUK MOP@ON02UK Kucmiapuea OOSTUKIUSY MACOUKIAHOU.
Dkempaxyuaoan Koneaw yeuuono3an ouomacca uUKKU OOCKUUU KUCIOMANU UOPOIU3La yupamunuo,
MUKDPOOP2AHUIMAAP EPOamuia ghepmenmayusoan Ymrasuiou 6a HAmuxcaoa OUOIMAanoN OAUma IPUUUTOU.
Ywby ycumnuxnap nagaxam é6uonocux gaon moooanraprumne manbau, O6AIKy Kauma mukiaHyeuu dHepeusl
pecypcu cugpamuoa xam Kamma axamusamed 324 IKAHU Kypcamuiou.

Kanum cyznap: Peganum harmala, Climacoptera lanata, arxarouo asxcpamuw, eumamun maxauny,
tonka gamaamau xpomamoepagpus (FOKX), BOM axcpamuwi, cyrspam kucnoma euopoausu, Saccharomyces
cerevisiae ounan gepmenmayus, MUSHOYELTION03ANU OUOMACCA, OUOIMAHON UWIAD YUKAPUUL.

BBIJAEJEHUE AJIKAJIONJI0B U BUTAMUWHOB U3 ITY CTBIHHBIX PACTEHU U
HNCCIEJOBAHUE NOTEHIUAJIA ITPOU3BOJICTBA BUOJTAHOJIA U3 BUOMACCHI
Mymun6aes JI.2K.

CamapkaHICKUH TOCYIapCTBEHHBIM METUIIMHCKIN YHUBEPCUTET, T. CaMmapkaHy, Y30eKnucTaH

Pestome. B cmamwe paccmampusaemcsi MeXHONO2Usl 8blOCIEHUs. QIKALOUO08 U SUMAMUHOS U3
ouomaccol Peganum harmala L. (eapmana) u Climacoptera lanata (xaumaxonmepa), a makdice GuusHue
napamempos IKCmpaxyuu (KOHYeHmpayus dSKCmpazenma, epems u memMnepamypa) Ha 6v1x00 Ouoio2uyecKu
axmusHvlx eewecms (bPAB). B xo0e ucciedosanus npogedeHo CpaGHeHUE OMHOCUMENbHO20 COOePAHCAHUS
AIKATOUOO08 U GUMAMUHOG, U3GTEYEHHbIX U3 6C2CMAMUBHBIX U 2eHEePAMUBHBIX Ydcmell pacmeHul.
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Yemanoeneno, umo naugvicuuii 6vixo0 docmueaemes npu sxkempaxyuu 70% pacmeopom smanona npu
memnepamype 78,3 °C 6 meuenue 180 munym: codepixcanue arkaioudos 8 2enepamusHvix uacmsax Peganum
harmala docmueno 6,12%, a codepocanue sumamunos 6 gecemamusnvix yacmsax Climacoptera lanata —
9,32%. Konuuecmeo 8bl0eNeHHbIX geujecmes Onpeodensiiu Memooom monxociounou xpomamoepaguu (TCX),
npu 3mom Oblia NOOMEEPIHCOeHA 3ABUCUMOCHDb COCMABA OM  MOPPOLO2UMECKUX HYaAcmel pAceHuUl.
Ocmaswascsi nocie IKCMpaKyuu YernonosHas uomacca noo8epeaildcs O8yXCHyNneHYamomy KUCIOmMHOMY
euoponuzy, nocreoyrwell epmeHmayuy ¢ NPUMEHEHUEeM MUKPOOP2aHUu3Mo8 u Ovlia 3@gexmusHo
UCNONB308AHA OISI NPOU3BOOCHBA OUOIMAHONA. JJOKA3AHO, YMO OAHHbIE PACMEHUsL NPEOCMAGISIIOM UHMEPEC
KAK UCTMOYHUKY OUOIOSUYECKU AKIMUBHBIX 8EUeCTNE U KaK 60300H0GIAeMble UCTOYHUKU IHEP2UL.

Kntoueevie cnoea: Peganum harmala, Climacoptera lanata, evidenenue aikaiouoo8, aHaiu3
BUMAMUHO8, MOHKOCAOUHAst Xpomamoepagua (TCX), sxempaxyus BAB, cepHoKuciomuulil 2uoponus,
hepmenmayus Saccharomyces cerevisiae, 1ueHOYELTION03HA buomacca, nPou3B00CmMeo bUOIMAHOA.

Introduction. In recent years, the production of biofuels has become one of the key areas in the
development of sustainable energy systems, allowing for the reduction of dependence on conventional
petroleum products, the mitigation of global warming, and the alleviation of environmental problems. In
particular, the prospect of producing bioethanol from non-food, secondary raw materials—specifically the
biomass of desert plants—has become a globally relevant issue . Although Peganum harmala L. (Harmala)
and Climacoptera lanata (Climacoptera), which are widespread in the arid zones of Uzbekistan, currently
have little economic significance, they possess high potential in terms of the biologically active compounds
they contain (alkaloids and vitamins). Moreover, their residues may serve as an efficient raw material for
biofuel production. While previous scientific studies have confirmed the presence of individual compounds
in these plants, the modern approaches to their extraction, evaluation, and the technological basis for
producing bioethanol from the remaining biomass have not been thoroughly explored. In particular, the
effects of extraction parameters (temperature, time, and solvent concentration) on the isolation process, as
well as the fermentability of the biomass, have not been sufficiently addressed at the international level. In
this study, the isolation of alkaloids and vitamins from Peganum harmala and Climacoptera lanata was
carried out, their quantitative analysis was performed using thin-layer chromatography (TLC), and the
biotechnological basis of bioethanol production from the residual biomass was investigated. The novelty of
this research lies in the fact that, for the first time, an integrated biotechnological approach was applied to the
processing of Peganum harmala and Climacoptera lanata, assessing not only the extraction of biologically
active substances, but also the potential for energy generation from their residues. The scientific and practical
significance of this study lies in revealing the potential to produce environmentally friendly and
economically viable products by comprehensively utilizing wild plants that grow in ecologically unfavorable
regions of Uzbekistan.

Materials and Methods. The objects of the study were the desert plants Peganum harmala and
Climacoptera lanata. The generative and vegetative parts of their biomass were collected separately and
processed as fractions rich in biologically active compounds. For the isolation of vitamins and alkaloids, 0.1
g of crystalline substances was placed into a 100 ml volumetric flask, followed by the addition of 10 ml of
95% ethanol. The solution was heated in a boiling water bath for 60 minutes. After cooling to room
temperature, the volume was adjusted to 100 ml. From the resulting extract, 0.03 ml was applied in drop
form onto chromatographic plates with silica gel layers of 5x12 cm and 9%12 c¢cm using a micropipette. The
prepared plates were air-dried for 5 minutes, then placed into a pre-saturated chromatographic chamber for 1
hour. The following solvent systems were used: hexane—ethanol (8:2; 6:4), chloroform—ethanol (8:2), ethyl
acetate—ethanol-water (5:1:4), and ethyl acetate—acetonitrile—water (5:1:4). Once the solvent front reached
12 cm, the plates were removed and air-dried for 10 minutes. The analysis was carried out under UV light
(365 nm) and after treatment with 5% AICls solution. For alkaloid detection, Dragendorff’s reagent was used:
1.7 g of Bi(NOs)s-5H-0 was dissolved in 100 ml of 20% acetic acid and mixed with a solution of 40 g of KI
in 100 ml of water. The number and color of the separated spots were used to qualitatively and quantitatively
assess the presence of alkaloids and vitamins. To obtain bioethanol from the biomass residues, a two-stage
hydrolysis method was employed. Initially, the raw material was hydrolyzed using a diluted sulfuric acid
solution (0.5-3%). Then, deep hydrolysis was carried out using concentrated H>SOa. After saccharification,
fermentation was conducted under anaerobic conditions at 27°C and pH 4.5 for 72 hours using industrial
strains of Saccharomyces cerevisiae. Based on the obtained data, the effects of extraction parameters, types
and numbers of chromatographic spots, and bioethanol yield were studied. The residual sugar content and
ethanol output after fermentation were determined under laboratory conditions, and the results were
presented in the form of graphs and tables.
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Results and Discussion.

Isolation of Alkaloids and Vitamins

The content of alkaloids and vitamins extracted from the vegetative and generative parts of Peganum
harmala and Climacoptera lanata was analyzed using the Thin-Layer Chromatography (TLC) method.

In the generative parts of Peganum harmala, 9-10 alkaloid spots were identified, while 6-7 spots were
observed in the vegetative parts. The spots were visualized using Dragendorff’s reagent, appearing as dark
orange, confirming the presence of alkaloids. These findings demonstrate the high alkaloid potential of
Peganum harmala.

In Climacoptera lanata, 3—4 alkaloid spots were detected in the generative parts and 2-3 in the
vegetative parts, indicating that this species contains significantly fewer alkaloids compared to Peganum
harmala.

As for vitamins, Peganum harmala showed 2-3 spots in the generative parts and 4-5 in the vegetative
parts. These spots appeared greenish-yellow under visible light and blue-green under UV-365 nm, turning
blue-brown fluorescent after treatment with 5% ethanolic AICls, a typical behavior for flavonoid-like
vitamins. Climacoptera lanata demonstrated 4-5 vitamin spots in its generative parts and 6-7 in the
vegetative parts, suggesting a richer vitamin profile compared to Peganum harmala.

Quantitative Analysis of Extracts

Experimental findings indicated that the optimal extraction condition was 70% ethanol at 180 minutes.
Under these conditions, the vitamin yield from the vegetative parts of Peganum harmala was 9.32%, while
from the generative parts it was 6.98%. ldentical yields were obtained from Climacoptera lanata under the
same extraction conditions.

Alkaloid extraction yield at different ethanol concentrations
12.83

BN Vegetative biomass of Peganum harmala
B Generative biomass of Peganum harmala
121 Vegetative biomass of Climacoptera lanata
B Generative biomass of Climacoptera lanata

Alkaloid yield (mg/g)

50% 70%
Ethanol concentration

In contrast, the lowest vitamin yields were observed when 30% ethanol was used for 60 minutes —

0.32% for Peganum harmala and 3.04% for Climacoptera lanata, particularly in the generative biomass.
Hydrolysis and Bioethanol Production Potential

The residual biomass remaining after the extraction of alkaloids and vitamins was subjected to acid
hydrolysis. The yield of reducing substances (RS) from Peganum harmala biomass was assessed as a
function of sulfuric acid concentration and hydrolysis duration. Maximum RS yield was observed after 3
hours using 2% H2>SO. .A similar trend was recorded for Climacoptera lanata .

In all cases, RS yield increased with acid concentration and duration up to 3 hours, after which it
plateaued. These findings suggest that hydrolyzing the biomass for 3 hours using 2—4% H2SOs is optimal for
maximizing RS production.
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Concentration of Duration of time (hours)

H2SO4, %0 1 2 3 4 5
0,29 0,45 0,68 0,21 0,09
Sk Effect of H2SOa Concentration and Hydrolysis Time on Sugar Yield
. Hydrolysis Time
—o— 1 hour
2 hours
-~ 3 hours
2.0F 194 o~ 4 hours

—e— 5 hours

1.5¢

1.0f

Reducing sugar yield (g/100 ml)

0.5F

0.0

0.1 03 05 1.0
H2S0a Concentration (%)

Fermentation Process

After the extraction of alkaloids and vitamins, the remaining biomass of Peganum harmala and
Climacoptera lanata was hydrolyzed and subsequently fermented using industrial strains of Saccharomyces
cerevisiae. The yeast cultures were cultivated on wort-agar nutrient media for 48 hours at 28 °C.

Following the assessment of yeast viability, 5 g of yeast suspension was added to each type of plant
hydrolysate. Fermentation was conducted under anaerobic conditions at 27 °C, pH 4.5, for 72 hours.

According to the experimental results, active sugar consumption by the yeast occurred primarily
during the first 48 hours of fermentation. After this period, the residual sugar content in the fermented broth
of Peganum harmala decreased to 1.87%, and in that of Climacoptera lanata to 1.49%, as presented in Table
3.2.1 and Figure 3.2.3.

These findings confirm that the hydrolysates from both desert plants provide a suitable medium for
yeast metabolism. The observed decrease in sugar levels demonstrates the effective utilization of fermentable
sugars and the potential of these biomasses for bioethanol production.

Fermentation duration (hours
0 12 24 36 48

Peganum 7,52+0,19 5,3240,15 4,28+0,18 3,15+0,17 1,87+0,32
harmala
CIIT;rfgt%te'fa 8,36:0,28 4,830,17 4,54+0,17 3,28+0,25 1,49+0,29
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Conclusion. The conducted research demonstrated that Peganum harmala and Climacoptera lanata
contain significant amounts of biologically active compounds—alkaloids and vitamins. Optimization of
extraction conditions (70% ethanol concentration, temperature of 78.3°C, and 180 minutes of extraction)
resulted in the maximum yield of these compounds. Using thin-layer chromatography (TLC), the quantity
and variety of alkaloids and vitamins were identified in both the vegetative and generative parts of the plants.
The remaining biomass was subjected to two-stage acid hydrolysis, yielding hydrolysates suitable for
fermentation. During the fermentation process with Saccharomyces cerevisiae, a notable reduction in sugar
content and the formation of bioethanol were observed. These findings indicate that Peganum harmala and
Climacoptera lanata are promising not only as sources of biologically active compounds, but also for the
production of biofuels from their secondary biomass.
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