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Protecting and enhancing plant biodiversity, as well as obtaining

biofunctional substances derived from plants that are
environmentally pure and do not harm plants during the
vegetative and yield phases, are among the most pressing
challenges of our day. In this study, the biopotential value of
dark-red autumn leaves of Smilax exselca L. (DRALS) was
examined.Biologically potent substances in bioextract were
studied by GC-MS method, identification of anthocyanins by
UV-Vis spectroscopy method in a comparative manner, mineral
content of green and DRALS were studied by EDXRF method.
As a result of the study, it was confirmed that the bioextract
contains 18 biologically potent substances and 25 mineral
chemical elements that have antioxidant, antimicrobial,
antibacterial, antifungal, anticarcinogenic, immunomodulatory,
desulphosinigrin as potential anti-diabetic drug against alpha-
glucosidase, antiasthmatic and anti-inflammatory effects. The
results of this research indicate that DRALS could be a
significant potential source of natural chemical compounds that
may serve as therapeutic agents in the treatment and prevention
of various diseases, as well as dyes in the cosmetics industry and

secondary metabolites in the food industry.
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1-Introduction
The fruits, branches, roots, and leaves of various

species of the Smilax excelsa plant, which grows in

have been their

many countries, studied for

Anthocyanins and their derivatives are polyphenols
that possess antioxidant, properties,
neutralize damage of ultraviolet rays, and protect
vision and brain aging, which leads to their widespread
inclusion in daily diets [3,4,5]. Anthocyanins are
pigments abundant in fruits and vegetables, and
commonly applied in foods due to attractive colour
and health-promoting benefits. However, instability of
anthocyanins leads to their easy degradation, reduced
bioactivity, and colour fading in food processing,
limiting their application and causing economic losses.

anticancer

Stability of anthocyanins depends on their own
structures and environmental factors. For structural
factors, modification including copigmentation,
acylation and biosynthesis are a potential solution to
increase anthocyanin stability due to forming stable
structures. With regard to environmental factors,
encapsulation such as microencapsulation, and
complexation with liposome and nanoparticles has
been shown effectively to enhance the stability. We
proposed the potential challenges and perspectives for
the diversification of anthocyanin-rich products for
food application, particularly, introduction of hazards,
technical limitations, interaction with  other
ingredients in food system and exploration of
pyranoanthocyanins. The integrated strategies are
warranted for improving anthocyanin stabilization for
promoting their further application in food industry
[6]. The use of plant-based medicines and the
acquisition of healthy and beneficial organic
compounds for the organism leads to a decrease in the
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Figure 1. Dark-red autumn leaves of Smilax excelsa L.

biologically active compounds obtained through
various extracts, both in terms of quantity and quality,
while their physiological and bioactive properties have
also been investigated [1,2] However, the dark red
autumn leaves of the Smilax plant, rich in
anthocyanins, have not been widely studied (Figure 1).

number of plant species and is not considered
ecologically efficient [7].

Turkish scientists have conducted a comparative
analysis of the antioxidant activity of extracts obtained
from the green leaves of Smilax excelsa L. using water,
infusion, ethanol, and ethyl acetate in their research
[8].Primary metabolites participate in nutrition and
reproduction  in fulfilling essential
metabolic functions. Secondary metabolites such as
drugs, perfumes, flavorings, insecticides, and dyes
hold significant biological and economic value. The

organisms,

sustainable utility of higher plants as natural new
sources of pharmaceutical compounds is of great
importance for the development of new technologies
[9-11].

The aim of the research is to expand the successful
biotechnological production of plant-based food
additives, dyes, and pharmaceuticals using autumn
leaves, as well as to achieve the conservation and
propagation of plant biodiversity.

The current article investigates and presents the
biological active substances and the mineral chemical
elements of a bioextract rich in anthocyanins obtained
from the DRALS, which has completed its growing
season. Taking the above into account, we believe that
a comprehensive study of the dark red autumn leaves
of this valuable plant grown in Azerbaijan will
contribute to expanding the possibilities of its use for
therapeutic purposes in scientific medicine.
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2-MATERIAL and METHODS

2.1. Plant Material

As aresearch subject, the green leaves and the dark red
autumn leaves of the Smilax excelsa L. plant, which
grows at an altitude of 750-800 meters above sea level
in the Sheki region of Azerbaijan, were collected for
study in December at the end of the vegetation period.

2.2. Extraction.

Five grams of dried and crushed leaves were placed in
four chemical beakers. In the first container, 150 mL
of distilled water was added, in the second container,
70% alcohol, in the third container, 1% citric acid, and
in the fourth container, a ternary mixture solution of
1% citric acid and 70% ethanol (EtCitric) was added
in a 1:1 ratio. Extraction was carried out using the
infusion method at a temperature of 60°C for 120
minutes [12]. After all the extracts cooled down, they
were filtered through filter paper and the transparent
parts were collected for research by centrifuging at
3000 rpm for 15 minutes. Every 10 minutes, 3 ml was
taken from each bioextract and the absorbance was
checked in the spectrophotometer at a wavelength of
515-520 nm. For concentration and the analytical
accuracy of the experiment, each was poured back
onto itself.

2.3. Valuation of anthocyanins.

The absorption of anthocyanins in each extract was
measured every using a UV-vis
spectrophotometer (UV-2700 Shimadzu), and records
were taken. The results were compared by plotting the
relevant graphs using Origin Pro8 software. The
measurements have been repeated three times. After
the evaluation of the extracts, the bioextract with a
high anthocyanin value was identified using Cyanidin-
3-Glucoside (Sigma Aldrich) as a control in a UV-vis
spectrophotometer (UV-2700 Shimadzu) at 515-520
nm. For the preparation of the C-3-G solution, a
ternary mixture solution with a pH of 3.31 was used as
the solvent, specifically EtCitric in a 1:1 ratio (S220-
KIT SevenCompact pH/ion meter, Mettler Toledo)
[13].

10 minutes

2.4. Gas-Chromatography-Mass
Analysis (GC-MS).

Spectrometry
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Biologically active compounds in the extracts were
identified by mass spectroscopy and gas
chromatography. The Agilent Technologies 6890 N
Network GC System, a chromatograph with a mass
spectrometer and a 5975 inert Mass Selective Detector
mass spectrometer, as well as a detector with injection-
split, split/splitless, low mass threshold of 150, high
mass threshold of 400, and inlet pressure of ~60 kPa
were utilized for this purpose. A 30 m quartz capillary
column "HP-5MS 5% Methyl Siloxane" with an
internal diameter of 0.25 mm and a stationary phase
thickness of 0.25 pm was utilised for the tests. In
temperature programming mode, analyses were
carried out at 50 °C to 260 °C at a rate of 15 °C per
minute. The column's temperature regime is as
follows: a 40°C beginning temperature that remains
constant for two minutes; a two-minute temperature
rise from 15°C to 200°C; a ten-minute temperature rise
from 15°C to 260°C; and however 3.38e-005 is HiVac.
Diluted using a 1:1:2 (v:v:v) methanol, chloroform
and water combination. The gas flows at a rate of 1.50
mL/min. The materials were identified using the
standard mass spectroscopic NIST library. 35 minutes
were spent on the analysis [14].

Based on the results of chromatography, the recorded
substances have been identified individually according
to literature references for their therapeutic properties,
physiological indicators,
characteristics.

and other effective

2.5. Determination of minerals.

A non-destructive method for determining major and
minor elements in a variety of sample types, the
Energy Dispersive X-ray Fluorescence (EDXRF)
technique is used for the elemental analysis of
medicinal plant samples. To analyze macro and
microelements, a sample of 3 g of ground green and
dark red autumn leaf powder was placed in a
polypropylene cuvette using the Rigaku NEX QC+
(Austin, TX, USA) EDXRF spectrometer, equipped
with a maximum power of 4 W, a 50 kV X-ray tube,
and an SDD semiconductor detector. Each sample was
scanned under the same conditions with two
repetitions and a duration of 40 seconds.
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3. RESULT AND DISCUSSION.

Before investigating the organic and mineral
composition of DRALS for the purpose of the research
work, it was determined which solvents were effective
for the concentration of anthocyanins in the leaf. In the
selection of solvents, economically efficient, safe for
human health, and commonly used solvents have been
utilized. Considering that anthocyanins have a
polyphenolic structure, and due to their more stable
properties in hydrophobic, hydrophilic, and acidic
environments, it was deemed more appropriate to
select a ternary mixture of water-organic solvent-acid
as the best solvent for them [9,15]. In Figure 2, the
time dependence of anthocyanin absorption in various
solvents is shown. Measurements were taken at a
wavelength of 515-520 nm for each experiment. Every
10 minutes, 3ml from each bioextract was taken and
the  absorbance  was  checked using a
spectrophotometer, and for the concentration and
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analytical accuracy of the experiment, each was
poured back onto itself. According to the Beer-
Lambert law A=elc, the absorbance of a solution is
directly proportional to its concentration [16], the
concentration of anthocyanins in EtCitric extract was
observed to increase up to 25+3 minutes, 3542
minutes in 1% citric acid, 45+3 minutes in 70%
ethanol, and 55+4 minutes in distilled water. In the
following minutes, it stabilized. In Figure 3, the
absorbance of anthocyanins in each bioextract is
presented separately. Thus, AEwciric=0.2441, Aqw
citric):O.2278, A(7o% ethano]):0.2122, A(Water)20.1991. The
pH value of citric solvent being 3.37 has resulted in
the concentration of anthocyanins remaining stable
against environmental influences [17].The bioextract
obtained in EtCitric was identified with a 40uM
Cyanidin-3-Glucoside (in EtCitric) solution, and as
shown in Figure 4, an approximate 99% match was
observed in the 515-520 nm range.
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Figure 2. The time dependence of anthocyanin absorption in various extractants
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Figure 3. Absorption of anthocyanins in various extractants



Vafa Atayevaet al Physiological and Biological Potential ...

#—C3G

0.7 4

06

0,5 4

04 4

03 4

absorbance

0.2 4

0,14

0.0 1

4(IJO 4;0 5(‘30 5%0 6:}0 6%0 7(;0
wavelength
Figure 4. Identification of Cyanidin-3-glucoside and bioextract(gcitric)
antioxidant, 6 antibacterial, 5 antimicrob,

GC-MS or gas chromatography-mass spectrometry is anticanserogen, 4 antifungal, 4 antidiabetic,
a useful technique for the precise identification of antiinflammator, 3 cardiovascular analeptic agent, 1
bioactive substances. Using GC-MS analysis, a total antiviral, 1 antihypertensive, 1 hypocholesterolemic, 1
of 29 components were detected in the EtCitric extract agent against for lungs diseases and Antiasthmatic, 1
of dark red autumn leaves of Smilax excelsa L. of the agent for the treatment of estrogen dependent diseases.
study, and 18 substances with high peak areas were Based on Figure 5, Table 1 lists the active ingredients
selected and identified. 18 biologically potent along with their Retention Time (RT), molecular
substances consist of 62.07% in bioextract, such as 3 weight, molecular formula, and therapeutic effect.
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Figure 5. GC-MS spectra of Etanol-citric-extracted dark-red autumn leaves from Smilax excelsa L., where the x-

axis represents run time and the y-axis relative abundance.

Table 1:Biologically potent substances in contents of dark-red autumn leaves of Smilax excelsa L.

Peaks

RT

Compound name

Formula of
compound

m/z

therapeutic action

5.263

9.104

9.981

10.181

Cyclohexane, 1,1'-(2-methyl-1,3-
propanediyl)bis-
Benzoic acid, 2,6-bis[(trimethylsilyl)oxy]-,
trimethylsily] ester
3-Trifluoroacetoxydodecane

3-(Prop-2-enoyloxy)tetradecane

56

Ci6H30
C16H3004Si3

C14H35F307

C17H3202

222

370

282

268

Adjuvant for insulin [18]

Antifungal, antibacterial
[19]
antibacterial, antifungal,
antioxidant, anticancer, and
anti-inflammatory
[20]
antioxidant,
anticarcinogenic, anti-
inflammatory, antidiabetic,
hepato- and gastro-
protective, antiviral,
neuroprotective,
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cardioprotective, and anti-
hypertensive [21]

5 10.392 9-Octadecenoic acid (Z)-, phenylmethyl ester Co5H4002 372 hypocholesterolemic,
anticancer, lungs diseases,
emulsifying agent [22]
10.469 6-Acetyl-p-d-mannose CgH1407 222 Antimicrob [23]
11.704 2-Trifluoroacetoxypentadecane C17H31F302 324 Antimicrob, antibacterial
[24]
8 12.604 Cycloheptasiloxane, tetradecamethyl- C14H4207Si7 518 antibacterial, antifouling,
immunomodulator,
antitumour [25], antifungal
[26]
9 13.227 Desulphosinigrin C1oH17NOgS 279  Anti-diabetic drug against
alpha-glucosidase[27,28],
Antiasthmatic [29]
10 13.404 Pterin-6-carboxylic acid C7H5N503 207  for the treatment of erectile
dysfunction[30]
11 14.257 Cyclopropanetetradecanoic acid, 2-octyl-, Cr6H5002 394 Antimicrob [31]
methyl ester
12 14.798 9,12,15-Octadecatrienoic acid, 2- Cp7H5204Sip 496 Antioxidant, antidiabetic,
[(trimethylsilyl)oxy]-1- anti-inflammator [32]
[[(trimethylsilyl)oxy]methyl]ethyl ester,
(Z,Z2,7)-
13 15.133 Oleic Acid C18H34072 282 for the treatment of
cardiovascular or
autoimmune diseases,
metabolic disturbances,
skin injury and cancer[33],
antitumor [34]
14 16.962 Estra-1,3,5(10)-trien-173-ol C18H240 256 for the treatment of
estrogen-dependent
diseases [35]
15 17.709 9,9-Dimethoxybicyclo[3.3.1]nona-2,4-dione C11H1604 212 Antifungal [36],
cardiovascular analeptic
agent [37]
16 19.682 Hexadecanoic acid, methyl ester C17H3402 270 Antimicrob, antibacterial
[38]
17 32.479 Silicic acid, diethyl bis(trimethylsilyl) ester C10H2804Si3 296 Antibacterial [39]
18 36.255 1-Monolinoleoylglycerol trimethylsilyl ether Cp7H5404Sip 498 Antimicrob [40]

and accumulation of anthocyanins, the changes in the

The change in the quantity of mineral elements in
autumn leaves and the synthesis of anthocyanins often
occur before the breakdown of chlorophyll, and the
intensity of the color of red aging leaves increases with
cool temperatures, high light, and moderate drought
[43].In addition to the formation and accumulation of
anthocyanins, the changes in the mineral composition
of the dark red autumn leaves of Smilax excelsa L.
were analyzed wusing Energy Dispersive X-ray
Fluorescence (EDXRF) and are presented
comparatively in Table 2.In addition to the formation

57

mineral composition of the dark red autumn leaves of
Smilax excelsa L. were analyzed using Energy
Dispersive X-ray Fluorescence (EDXRF) and are
presented comparatively in Table 2.
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Table 2: Amounts of mineral elements in green leaf and Dark-red autumn leaf

Mineral elements

Amount, %

green leaf dark-red autumn leaf
Potassium 5.984 3,434
Sodium 3.011 2.732
Magnesium 7.623 3.713
Calcium 2.855 3.443
Titanium 0.026 0.043
Vanadium 0.003 0.003
Chromium 0.006 0.007
Manganese 0.018 0.029
Iron 0.043 0.049
Nickel 0.015 0.016
Copper 0.022 0.020
Zinc 0.008 0.010
Gallium 0.001 0.001
Zirconium 0.008 0.009
Strontium 0.019 0.012
Yttrium 0.002 0.002
Scandium 0.002 0.002
Aluminum 1.999 0.153
Silicon 0.647 0.557
Phosphorus 0.281 0.280
Sulfur 0.068 0.065
Barium 0.019 0.023
Lead 0.001 0.002
Niobium 0.006 0.008
Rubidium 0.003 0.002
Total 22.668 14.615

As seen in Table 2, the amount of mineral elements in

the leaves that have undergone the growing season is
approximately 35.52% lower. In autumn leaves, the
amount of Ca among macroelements has increased
compared to green leaves, while the amount of P has
remained stable. Among the microelements, only the
amounts of Fe, Mn, Zn, and Ni increased, while the
amounts of I, Sc, V, and Ga remained stable. A sharp
decrease was observed in other remaining macro and
micro elements. Despite the overall decrease in the
quantity of microelements, there has been an increase
in the amounts of antioxidant microelements such as
Zn, Mn, and Cr [42-44]. Due to the high content of
anthocyanins in the bioextract obtained from DRALS

58

in EtCitric solution, the autumn leaves of Smilax
excelsa L. can be considered to have higher
antioxidant properties compared to green leaves

[45,46].

4. CONCLUSION

The EtCiric bioextract obtained from autumn leaves
was more productive and of higher quality in terms of
anthocyanin extraction and richness in biologically
potent substances compared to water, 70% alcohol,
and 1% citric bioextracts. Compared to the green
leaves of Smilax excelsa L., despite a 35.52% decrease
in mineral elements in autumn leaves, an increase in
microelements such as Zn, Mn, and Cr, which have
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high antioxidant properties, has been observed.
Eighteen biologically potent substances make up
62.07% of the bioextract, including 3 antioxidants, 6
antibacterial agents, 5 antimicrobials, 5 anti-
carcinogenic substances, 4 antifungals, 4 antidiabetics,
3 anti-inflammatories, 3 cardiovascular analeptic
agents, | antiviral agent, 1 antihypertensive, 1
hypocholesterolemic agent, 1 agent for lung diseases
and asthma, and 1 agent for the treatment of estrogen-
dependent diseases. Referring to the results of the
research, we can say that the dark red autumn leaves
of the Smilax excelsa L. plant are rich in a wide range
of biologically active substances and minerals, and
they have potential uses as an effective preventive
agent in the treatment of various diseases.
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