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Abstract
Stevia rebaudiana Bertoni belongs to the family Asteraceae. It is a perennial shrub and the plant is native to South America.

The plant leaf has been used for centuries for its sweetness and other medicinal properties. Stevia has gained importance among the
consumers and food industry because of its role in treating obesity, diabetes, and other related commaodities. The phytoconstituents
of the plant are non-toxic and used to cure various chronic diseases. In various food industry it is used as a low-calorie sweetener. The
present study was designed to identify the phytocomponents using Gas Chromatography and Mass Spectroscopy (GC-MS) in the
ethanolic leaf extract of Stevia rebaudiana. The results revealed the presence of 40 compounds in the chromatogram of GC-MS based
on the retention time and area percentage. The major secondary metabolites identified were Oleic acid (RT- 26.431; 100%), n-
Hexadecanoic acid (RT -20.999; 89%), 9,12, Octadecadienoic acid (RT-26.685;80%), Phytol (RT-25.306;11.67%), Isosteviol (RT-
35.903;6.595%), Hydroxydehydrostevic acid (RT- 36.03; 20.92%), 1-Heptatriacotanol (RT-35.01;2.31%), Vitamin E (40.334; 2.34%) and
Campesterol (41.25; 3.72%). The findings of the result concluded that the plant might contain the major bioactive compounds
responsible for various biological and pharmacological activities.

Key Words: Stevia rebaudiana, Diabetes, Asteraceae, GC-MS, Bioactive compounds, Chromatogram, Retention time,
Phytocomponents.

Introduction

The supreme reservoir of bioactive compounds in the field of biotechnology are medicinal plants. It is
used for the production of pharmaceutical compounds. Plant-based traditional medicine is utilized globally in
treating various ailments due of the presence of phytochemical constituents.! The world health organization
has accepted the herbal medicine as they are proven to be safe and 80% of the world’s population rely on
traditional medicine due to their therapeutic potential and less side effect. Hence for the use of these plants
in drug discovery, the active compounds had to be identified and validated for the discovery of lead
compound.? The best technique for the identification of the bioactive compounds such as alcohols, acids,
esters, phenols, alkaloids, long hydrocarbons, steroids, amino, and nitro compounds present in the crude
extract is carried out by GC-MS.? In current years GC-MS studies have been widely applied for the examination
of medicinal plants for the non-polar components, lipids, fatty acids, and alkaloid, and volatile essential oil *

The plant stevia rebaudiana is widely grown in northeast Paraguay, Brazil and Argentina Japan, Korea,
Thailand, and Indonesia. The steviol glycosides present in stevia renders sweet taste to the leaves. The leaves
of the plant are used as a source of high potential sweetener of zero-calorie in industry such as the brew and
food industries. The major constituents of Stevia rebaudiana leaves are Stevioside and Rebaudioside.® In 2008
JECFA (Joint FAO/WHO Expert Committee on Food Additives) has decided to raise the ADI (Acceptable Daily
Intake) for Steviol Glycoside from 2 to 4 mg/kg body weight.”? The constituents of the leaf extract help to
lower the rate of absorption and controls the blood glucose levels in patients with high blood pressure, and
type 2 diabetes.® Stevia rebaudiana possesses different medicinal properties such as, antifungal, antitumor,
anti-inflammatory, antidiabetic, antimicrobial, and immune-stimulating properties. 1° Toxicology studies have
shown that the leaves of the plant are not mutagenic and carcinogenic. *? Identification of the various
bioactive compounds existing in the ethanolic leaf extract of Stevia rebaudiana promotes the importance of
the plant in herbal medicine.
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Materials and Methods
Collection of Plant material

Fresh leaves of the plant Stevia rebaudiana were procured from the Agri Horticultural Society
Garden, Chennai, India, as shown in Figure 1. The leaves were washed with water to remove the debris,
shade dried at room temperature and powdered in electric blender as shown in Figure 2. The powdered
leaves were stored in an air tight container for future investigation. Dried powder was subjected to Soxhlet
extraction for preparing the extracts.

Figure 1 Leaves of Stevia rebaudiana Bertoni

Figure 2 Dry leaf powder of Stevia rebaudiana Bertoni
Preparation of Plant extract

About 20gms of the powdered leaf of stevia rebaudiana was subjected to extraction with 250 ml
ethanol at a temperature range between 60C and 65C for 24 hours by using a Soxhlet extractor. The solvent
was then evaporated by a rotary vacuum evaporator to attain the semisolid mass. The crude ethanolic leaf
extract was exposed to GC-MS analysis.

GC-MS analysis

GC-MS analysis of the leaf extract was done using gas chromatography coupled with fame ionization
detection (GC-FID, Shimadzu GC-2010 Plus, Japan). The fatty acids were separated on a FAMEWAX (USP G16)
fused silica capillary column (30 mx0.32 mmx0.25 mm), and helium gas was used as carrier gas (99.995%
purity) with fow rate 30 mL/min. The instrument parameter was as follows: the initial column temperature
was 40 °C, and it was increased up to 150 °C at the rate of 5 °C m-1. Further, the temperature was slowly
increased to 200 °C and 240 °C at the rates of 10 °C and 2 °C m-1, respectively. The injection port temperature
and detector temperature were set at 250 °C. A 1pL of the derivatized oil sample was injected through AOC-

4561



Nat. Volatiles & Essent. Qils, 2021; 8(5): 4560 — 4568

20i autosampler along with analytical standard. The compounds were identified based on the matching
percentage of the obtained spectrum compared to the analytical standard spectrum. The percentage amount
of respective compound was calculated by comparing the average peak area to the total area.

Identification of bioactive compounds

The bioactive compounds present in the ethanolic leaf extract of Stevia rebaudiana were identified
based on the retention time. Using the database obtained from the National Institute Standard and
Technology (NIST) interpretation of mass spectrum of GC-MS was performed. Figure 3 highlights the peaks in
the GC-MS chromatogram showing the occurrence of bioactive compounds.
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Figure 3. GC-MS Chromatogram of Ethanol leaf extract of Stevia rebaudiana
Results

The plant species consist of various bioactive compounds. There are many techniques employed to
identify the bioactive compounds. The GC-MS technique which combines Gas chromatography (GC) and Mass
spectroscopy (MS) is preferred to be the best technique for this study. The compounds such as long-chain
hydrocarbons, alcohols, esters, acids, alkaloids, steroids, nitro, and amino compounds possess several
commercial and biological applications.® The chromatogram of the GC-MS study shows the existence of 40
chemical compounds in the ethanolic leaf extract of Stevia rebaudiana. Table 1 displays the peak compounds
with their Molecular formula, Molecular weight, Area percentage, and Retention time.

Table 1 GC-MS spectral analysis of ethanol leaf extract of Stevia rebaudiana
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Name RT Area Molecula Molecular
% r weight formula

Inositol, 1-deoxy 4.681 3.45 180.16 CsH12056

Methyl salicylate 5.541 5.79 152.15 CsHsO3

5- Hydroxymethylfurfural 5.866 5.45 126.11 CeHe03

Eugenol 7.778 4.04 164.2 Ci0H120,

Benzaldehyde 2 hydroxy 6- methyl 9.39 23.3 152.15 CsHsO,

2(4H)-Benzofuranone, 5,6,7,7atetrahydro- 11.153 2.26 180.24 C11H1602

4,4,7a-trimethyl-, (R

1H-Cycloprop[elazulen-7-ol, 12.107 2.06 220.35 CisH240

decahydrol,1,7-trimethyl-4-methylene

4-((1E)-3-Hydroxy-1-propenyl)- 15.256 3.37 180.20 Ci0H1203

2methoxyphenol

Tetradecanoic acid 15.718 4.47 228.37 Ci14H250:

5,5,8a-Trimethyl-3,5,6,7,8,8a- 16.316 5.27 180.29 C12H200

hexahydro2H-chromene

3,7,11,15-Tetramethyl-2-hexadecen-1-ol 17.251 12.7 296.53 C0H400
6

Phytol, acetate 17.808 4.86 338.56 C22H4202

3,7,11,15-Tetramethyl-2-hexadecen-1-ol 18.254 4.95 296.5 Ca0H400

Tolycaine 18.529 9.61 278.34 Ci5H22N,03

Phthalic acid, isobutyl 4-octyl ester 20.276 1.76 334.4 C20H3004

n-Hexadecanoic acid 20.999 89.0 256.42 Ci6H320,
9

Hexadecanoic acid, ethyl ester 21.541 5.52 284.5 C1sH3602

Heptadecanoic acid 23.785 2.6 270.5 Ci17H340;

Phytol 25.306 11.6 296.5 Ca0Ha00
7

9,12-Octadecadienoic acid (Z,2)- 26.431 80.8 280.4 CisH3,02
5

Oleic Acid 26.685 100 282.47 CisH340,

Octadecanoic acid 27.402 134 284.48 Ci1gH3602
7

1,4-Methanoazulene-9-methanol, 28.949 6.64 222.36 CisH260

decahydro-4,8,8-trimethyl

1,2-Benzisothiazol-3(2H)-one, 31.059 4.53 273.31 C14H11NOsS

2(phenylmethyl)-, 1,1-dioxide

1-Naphthalenemethanol, decahydro-5- 31.25 8.72 306.48 C20H340>

(5hydroxy-3-methyl-3-pentenyl)-1,4a-

dimethyl-6methylene-

Eicosanoic acid 32.822 4.42 312.5 C20H200>

1,4-Methanoazulene-9-methanol, 33.866 28.7 222.36 CisH260

decahydro-4,8,8-trimethyl-, 7
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1,1,6-trimethyl-3-methylene-2- 34.336 48.2 452.8 Ca3Hsg
(3,6,9,13tetramethyl-6-ethenye-10,14- 9
dimethylenepentadec-4-enyl)cyclohexane
i-Propyl 6,9,12-hexadecatrienoate 34.534 455 292.5 C19H3,0,

1
1-Heptatriacotanol 35.01 2.31 537 Cs7H760
Imiprothrin 35.394 16.6 318.373 C17H22N204
Isosteviol 35.903 6.59 318.4 Ca0H3003
Hydroxydehydrostevic acid 36.03 20.9 317.4 Ca0H2003

2
Heptasiloxane, hexadecamethyl 37.248 5.97 533.1 Ci16H4306Si7
2(1H)-Phenanthrenone, 37.626 8.95 306.4 Ci9H300
3,4,4a,4b,5,6,7,8,10,10a-decahydro-
1,1,4a,7,7pentamethyl
trans-Geranylgeraniol 37.89 5.45 290.48 Ca0H340
E,E,Z-1,3,12-Nonadecatriene-5,14-diol 38.041 5.31 294.5 C19H340;
Heptasiloxane, hexadecamethyl 38.295 5.84 533.14 Ci6H1506Si7
Vitamin E 40.334 2.34 430.7 Ca9H5002
Campesterol 41.252 3.72 400.68 CagHas0

The major bioactive compounds identified were Oleic acid (RT- 26.431; 100%), n-Hexadecanoic acid
(RT-20.999; 89%), 9,12, Octadecadienoic acid Z,Z (RT- 26.685; 80%), Octadecanoic acid (RT- 27.402; 13.47%),
Tetradecanoic acid (RT- 15.71; 4.74%), Hexadecanoic acid ethyl ester (RT- 21.54; 5.52%), 1- Heptatriacotanol
(RT- 35.01; 2.31%), Eicosanoic acid (RT-32.82; 4.42%), 5- hydroxy methylfurfural (RT-5.86; 5.45%), Euglenol
(7.77; 4.04%), lsosteviol (RT-35.903; 6.595%), Hydroxydehydrostevic acid (RT- 36.03; 20.92%), trans -
Geranylgeraniol (RT-37.89; 5.74%), Vitamin E (RT- 40.334; 2.34%) and Campesterol (RT- 41.25; 3.72%).

Discussion

The bioactive compounds present in the medicinal plants could serve as novel primes for modern drug
design. 40 chemical compounds have been analysed in the ethanolic extract of Stevia rebaudiana by the GC-
MS study, out of which 18 major secondary metabolites are identified to possess biological activity. The
pharmacological importance of the identified bioactive compounds was recorded in Table 2. Among the
identified compounds n-Hexadecanoic acid exhibited various biological activities and was reported to contain
antioxidant, anti-inflammatory, anthelmintic, antibacterial, antiallergic, and hypocholesterolemic activity.?
Octadecadienoic acid has the property of 5-alpha reductase inhibitor, anti-inflammatory, cancer preventive,
hypocholesterolemic, and antiandrogenic. The results obtained in the present work are in agreement with

earlier studies.!?'3

Oleic acid and Octadecanoic acid are fatty acid compounds that showed
hypocholesterolemic activity because of the presence of 5- alpha-reductase inhibitor. The results are in

accordance with the GC-MS analysis reported by Igwe et al., in 2015.141>

Table 2 Biological activities of bioactive compounds identified in the ethanol leaf extract of Stevia

rebaudiana.
Name of the compound Biological activity
Eugenol Anti-inflammatory agents and antioxidants. *°
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5- Hydroxymethylfurfural Antioxidant, Cancer chemoprevention. 3*

Tetradecanoic acid Antioxidant, cancer preventive, nematocide,
hypercholesterolemic, lubricant **°

n-Hexadecanoic acid Antioxidant, Anti-inflammatory, Hemolytic, Anthelmintic,

Antibacterial, Antiallergic, Hypocholesterolemic, Hemolytic,
Pesticide, Nematicide, Lubricant, Flavour, 5 alpha-reductase
inhibitor.?

Antioxidant, Anti-inflammatory, Anthelmintic, Antibacterial,

Hexadecanoic acid, ethyl Antiallergic,  Hypocholesterolemic, = Hemolytic, Pesticide,

ester Nematicide, Lubricant, Flavour, 5 alpha-reductase inhibitor,
Antiandrogenic.1*1®

Heptadecanoic acid Antioxidant. %

Phytol Antimicrobial, Anticancer, Anti-inflammatory, Diuretic. 2

9,12-Octadecadienoic acid Cancer preventive, Insectifuge, treatment of Psoriasis,

(2,2)- Rheumatoid arthritis, anti-inflammatory.26:27.28:29

Oleic Acid Prevents metabolic syndrome and cardiovascular disease .3®

Octadecanoic acid Anti-inflammatory, Anti-androgenic, Prevents cancer,

Hypocholesterolemic,5-Alpha reductase inhibitor, Flavour,
insectifuge.'

Eicosanoic acid Anti-inflammatory, anti- therogenic. 3

1-Heptatriacotanol Antioxidant, anticancer, anti-inflammatory, and sex hormone
activity. 19

Isosteviol Anti-hyperglycaemic, Anti-hypertensive, Anti-inflammatory, Anti-

tumor, Anti-diarrheal, diuretic, and immunomodulatory actions.
21

Hydroxydehydrostevic acid Anti-diabetic, Anti-microbial, Anti-viral, Anti-fungal, Anti-tumor,

is Anti-hypertensive, anti-inflammatory. %

trans-Geranylgeraniol Anticancer, Antimicrobial. %

Vitamin E Antioxidant, Anti-inflammatory, Antimicrobial.?>*

Campesterol Inhibits the absorption of cholesterol in the intestine,

Antioxidant.®
Phytol is a diterpene compound that showed antimicrobial and anticancer activity.®” Phytol also

proves to be effective in treating rheumatoid arthritis and other inflammatory diseases.>® 1-Heptatriacotanol
exhibits a wide spectrum of activities such as sex hormone activity, anti-inflammatory, anticancer, and.
Antioxidant. ¥ Euglenol is an aromatic essential oil that acts as an antioxidant and anti-inflammatory agent.
Similar results are reported by Ghaidaa et al., in 2016. Hexadecanoic acid ethyl ester was found to possess
antioxidant, anti-inflammatory, anthelmintic, antibacterial, antiallergic, and hemolytic activity. 3*° Literature
studies indicates steviol and hydroxydehydrostevic acid identified in Stevia rebaudiana were found to be
effective in the treatment of health complications such as diabetes, some type of cancer, and inflammatory
conditions.?’ This study confirms the inhibition of human DNA topoisomerase Il and DNA polymerases by
Isosteviol.?! Vitamin E was identified as the major bioactive compound and has many biological activities such
as antioxidant, anti-inflammatory, immune-enhancing activity and inhibition of platelet aggregation 22232425
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A potential cancer preventive, anti-arthritic activities, and anti-inflammatory were observed by 9, 12
octadecadienoic acid methyl ester.?6?7.282% Similar studies were carried out in Mollugo oppositifolia by
Nagannawar and Jayaraj in 2020. Campesterol is a phytosterol similar to cholesterol structure possesses
antioxidant property and inhibits the rate of absorption of cholesterol in the human intestine. 3>3! A recent in
vitro study of ethanolic leaf extract of Stevia rebaudiana specifies that it acts as a natural antioxidant. 32 Several
studies also confirm that intake of plant sterols can lower the LDL-cholesterol and total serum cholesterol in
humans. 3 The present study also confirms the presence of Campesterol which might be responsible for
reduced absorption of cholesterol in humans. The presence of the above-mentioned phytocompounds
approves the use of the plant in various pharmaceutical and industrial applications.

Conclusion

There are many countries in the world that uses Stevia as a sugar substitute and sweetener because
of its low gastrointestinal absorption and zero calories. The ethanolic leaf extract of Stevia rebaudiana Bertoni
showed the presence of 18 bioactive compounds of medicinal value. The results of the present study provide
an insight to medicinal properties of the plant as a potential source of a lead compound in drug development.
The presence of these bioactive compounds justifies the therapeutic use of Stevia rebaudiana for treating
various ailments. Further studies are required in the separation and isolation of distinct phytocomponents to
explore their pharmacological activity.
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