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A B S T R A C T

Simarouba glauca (SG) is known for exhibiting anti-inflammatory, anti-neoplastic, anti-diabetic and
analgesic properties. The aim of this study is to analyze the phytochemical composition, presence of total
phenols and flavonoids, anti-oxidant activity and Fourier Transform Infrared spectroscopy (FT-IR) and Gas
Chromatography-Mass Spectroscopy (GC-MS) analysis of Simarouba glauca leaf extracts.The total phenolic
content of chloroform and acetone extracts was 136.71 ± 0.06 and 98.35 ± 0.02 mg/g GAE respectively.
The total flavonoid content of chloroform and acetone extracts was 311.06± 0.03 and 358± 0.05 mg/g QE
respectively, which are higher than that of other extracts. Both acetone andmethanol extracts showed higher
anti-oxidant capacities in contrast to other solvent extracts. The Gas Chromatography- Mass Spectroscopy
(GC-MS) analysis of methanol extract exhibited the presence of twenty-two major peaks. The biological
activities of these compounds are discussed in the present study. The overall results of this work provide
remarkable evidence for the use of the methanol fraction of Simarouba glauca as a competent source of
phytochemicals that are effective against various diseases.
Keywords: GC-MS Analysis; FR-IR Analysis; Simarouba glauca; Anti-oxidant Activity

1 INTRODUCTION
Simarouba glauca, commonly called ‘Laxmitaru or Paradise
Tree,’ belongs to the Simaroubaceae family. It is a native tree
of Central and South America and is found in countries like
South Florida, Caribbean islands, Cuba, Costa Rica, Mexico,
Bahamas, Jamaica, and so on. This plant was introduced
to India in 1960 [1]. The leaf, bark, pulp, fruit and seeds
of this plant are widely used in the treatment of various
diseases. Simarouba glauca (SG) is known for exhibiting
anti-neoplastic, anti-diabetic and analgesic properties. Many
genera of this family are employed in the treatment of
malaria, gastritis, inflammation, diarrhoea and diabetes. In
addition to their ethnopharmacological uses, plants from
the Simaroubaceae family can also be emphasized for their
chemical diversity. The presence of quassinoids, alkaloids,
terpenes, steroids, flavonoids, anthraquinones, coumarins,
saponins, etc. has been determined [2].

The main constituents that promote the medicinal
properties of this plant are quassinoids. The quassinoids
and alkaloids extracted from the plant possess cytotoxic
activity and anti-proliferative properties [3].The quassinoids

found in Simarouba glauca are glaucarubin, glaucarubol
and glaucarubolone [4]. The pharmacological activities of
the isolated compounds reported are cytotoxic, insecticidal,
anti-tumour, hypoglycaemic and anti-ulcer activities [5].
However, no systematic work has been carried out on
Gas Chromatography- Mass Spectroscopy (GC-MS) pro-
filing and Fourier Transform Infrared spectroscopy (FT-
IR) analysis of phytochemical constituents and biological
activities of leaf extracts of Simarouba glauca. Therefore, this
study intends to evaluate the anti-oxidant capacity by DPPH
assay, presence of total phenolic and flavonoid contents.
The GC-MS analysis of the methanol extract of Simarouba
glauca exhibited the presence of phytoconstituents that are
known to have certain medicinal properties. In this paper,
some industrially important compounds are focused on
their properties such as: production of various cosmetics,
fragrances, biosurfactants and pesticides.
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2 METHODOLOGY
2.1 Collection of plant material
The fresh leaves of Simarouba glauca (Voucher specimen
no.: KUD/BT/PS/MH/01) were collected, identified and
authenticated from the Department of Botany, Karnatak
University Dharwad, Karnataka, India (Figure 1).The leaves
were washed, shade dried and homogenized to a coarse
powder with a mechanical grinder. The dried samples
were pulverized into powder and preserved in an air-tight
container for further study.

Figure 1: Simarouba glauca

2.2 Preparation of plant extracts
The extraction of dried leaf powder (50 g) of Simarouba
glauca (SG) was carried out with solvents (500 ml) of
increasing polarity, starting with Petroleum ether (SGP),
Chloroform (SGC), Acetone (SGA), Methanol (SGM) and
Distilled water (SGW) in the Soxhlet apparatus for 8-10
hours. The solvents from each fraction were evaporated
in a rotary evaporator under reduced pressure and the
concentrated fraction was dried. The resultant crude yield
is weighed.The extracts obtained were kept in moisture-free
conditions.
2.3 Phytochemical screening
Phytochemical screening was carried out for all five solvent
extracts of Simarouba glauca by following the protocol
of Deepti et al., [6]. The crude extracts were tested for
the presence of phytochemicals such as alkaloids, phenols,
flavonoids, glycosides, lignins, saponins, sterols, tannins,
terpenoids and anthraquinone.
2.4 Determination of Total Phenolic Content
The Folin- Ciocalteau method was used to determine the
total phenol content as previously described by Singleton
et al., with slight modifications [7]. Various concentrations
of gallic acid solution were incubated with 0.5 ml of 50%
FCR and 1.5 ml of 7% Sodium carbonate for 30 min at room
temperature. The absorbance was measured at 760 nm. The
leaf extracts were diluted and processed in the same way
as described for gallic acid. The absorbance of leaf extract
was extrapolated into a standard curve to determine the
concentration of total phenols.

2.5 Determination of Total Flavonoid Content
The total flavonoid content of leaf extracts of SG was
determined by following the method described by Phuyal
et al., with minor modifications [8]. Quercetin was used
as a standard. A known amount of extract was taken and
the volume was made up to 3 ml with methanol, followed
by the addition of 0.1 ml of Aluminium chloride (10 %),
0.1 ml of Sodium acetate (1.0 M) and distilled water (2.8
ml). After incubation (30 min) at room temperature, the
absorbance was measured at 415 nm. Distilled water was
used as a blank. The concentration of total flavonoids in leaf
extract was determined by extrapolating the absorption of
unknown samples into a standard calibration curve obtained
with quercetin.

2.6 Free radical scavenging assay
Radical scavenging activities of leaf extracts of Simarouba
glaucawere determined using theDPPH radical as a reagent,
according to the methods of Rice-Evans et al., [9]. DPPH
radical solution (1 ml) in methanol (60 µM)was mixed with
50-250 µ l of sample solution in methanol. The mixture was
incubated for half an hour in the dark at room temperature
and then absorbance was measured at 517 nm using a UV-
visible spectrophotometer. The DPPH scavenging activity
was calculated using the following equation:

Percentage of inhibition = Ac- At/Ac x 100
where, Ac is the absorbance of the control reaction (100

µ l of methanol with 100 µ l of DPPH solution) and At is the
absorbance of the test sample.

2.7 FT-IR analysis
The FT-IR analysis (Model: Nicolet iZ 10) was carried out
at the University Scientific Instrumentation Center (USIC),
Karnatak University, Dharwad, Karnataka, India.

2.8 Identification of bioactive compounds by GC-MS
analysis
It was performed on a combined GC-MS instrument (Agi-
lent 5977 MSD) at the Sophisticated Analytical Instrument
Facility (SAIF), IIT Madras. Around 1 µ l aliquot of sample
was injected into the column using a Split mode in which the
temperature was set at 260o C.TheGCprogramwas initiated
by a column temperature set at 75o C for 0.5 min, increased
to 180o C at a rate of 5o C/ min and held for 5 min.Themass
spectrometer was operated with the mass source at 250o C.
The Helium was used as the carrier gas (1.00 ml/min).

2.9 Statistical analysis
All experiments were performed in triplicate (n=3) and the
data is represented as the mean ± standard error, which is
calculated using Microsoft Excel.

3 RESULTS
3.1 Phytochemical screening
Phytochemical analysis of crude extracts revealed the
presence of secondary metabolites synthesized in the plant,
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Table 1: Phytochemical screening of Simarouba glauca leaf extracts
Constituent Test Petroleum

ether
Chloroform Acetone Methanol Aqueous

Alkaloids Dragendroff ’s
Wagner’s

-
+

+
+

+
+

+
+

+
+

Flavonoids Shinoda
NaOH

+
-

-
+

-
+

+
-

+
-

Glycosides Keller-Killani
Bromine water

-
+

+
-

-
+

+
+

-
+

Phenols Lead acetate
Ellagic acid

-
+

+
-

+
+

+
+

-
+

Lignins Labat - + - + -
Saponins Foam test - - - + +
Sterols Salkowski’s - + + + +
Tannins FeCl3 test

Gelatine
-
-

+
-

+
+

-
-

+
+

Anthraquinone Bomtrager’s - - - - +
Terpenoids Salkowski’s - - - - +
‘+’ indicates the presence and ‘-’ indicates the absence of phytoconstituents

which include alkaloids, phenols, flavonoids, saponins,
anthraquinones, glycosides, lignins and tannins (Table 1).

3.2 Total Phenolic Content
The total phenolic content of chloroform extract, calculated
from the calibration curve (R2 = 0.9601) was the highest
(136.71± 0.06 mg/g GAE).The T.P.C. of acetone, petroleum
ether, aqueous andmethanol extracts are 98.35± 0.02 mg/g,
90.30± 0.02mg/g, 72.62± 0.07mg/g and 67.74± 0.02mg/g
GAE respectively.

3.3 Total Flavonoid Content
The total flavonoid content of chloroform extract was higher
(884.99 ± 0.03 mg/g QE) than other extracts. The T.F.C. of
acetone, petroleum ether, aqueous andmethanol extracts are
358.77± 0.05 mg/g, 311.06± 0.08 mg/g, 21.72± 0.02 mg/g
and 14.95 ± 0.06 mg/g QE respectively, as calculated from
the calibration curve (R2 = 0.9954).

3.4 Free radical scavenging activity
Various concentrations of petroleum ether, chloroform,
acetone, methanol and aqueous extracts of SG leaf extracts
were subjected to DPPH free radical scavenging assay. The
results are presented in Figure 2 . Ascorbic acid was used as
a standard.

3.5 FT-IR analysis
The FT-IR interpretation of the methanolic extract of
Simarouba glauca showed the presence of ten functional
groups (Figure 3). The various functional groups indicate
the presence of aliphatic secondary amine (N-H stretch),
alkane (C-H stretch), methyl ether (C-H stretch), methyl
group (C-H asym. /sym. bend), amine (C-N stretch),
aliphatic iodo compound (C-I stretch), polysulfides (S-S
stretch) and aryl disulfides (S-S stretch) at 3329.30, 2942.46,
2831.69, 1449.79, 1020.88, 586.24, 499.57, 467.21, 441.50 and

Figure 2:Determination of percentage inhibition by DPPH activity
of Simarouba glauca extracts

423.35 respectively (Table 2 ). The various functional groups
identified in this plant have diverse medicinal properties,
such as anti-oxidant, anti-microbial and anti-proliferative
potentials.

Figure 3: FT-IR Spectra of methanol extract of Simarouba glauca

Karnatak University Journal of Science 75 Oct-Dec 2023, Vol. 54



Shettar & Hiremath

3.6 Identification of active compounds by GC-MS
analysis
GC-MS analysis of the methanol extract of SG is shown
in Table 3. The GC-MS chromatogram of 22 peaks
of the compounds detected is shown in Figure 4. The
phytoconstituents were identified by comparison of their
mass spectra and retention indices with those published
in the literature and contained in the National Institute of
Standard and Technology (NIST) library database.

Figure 4: GC-MS Chromatogram of methanol fraction of
Simarouba glauca

4 DISCUSSION
The plant kingdom consists of an enormous variety of
compounds with a wide range of bioactive properties, such
as anti-aging, moisturizing, fragrances and skin-whitening
properties. Most of the plant-based products exhibit anti-
inflammatory, anti-proliferative, anti-apoptotic, protection
against harmful radiations and anti-oxidant activities. It may
be due to the adaptability of plants, which makes them able
to survive in highly oxidative environments [10].

The quassinoids and alkaloids extracted from this plant
possess cytotoxic activity and anti-proliferative proper-
ties [3]. Many genera of the Simaroubaceae family are
employed in the treatment of malaria, gastritis, inflamma-
tion, diarrhoea anddiabetes. Alongwith ethnopharmacolog-
ical uses, plants of this family can be emphasized for their
chemical diversity. The presence of quassinoids, alkaloids,
terpenes, steroids, flavonoids, coumarins, anthraquinones,
saponins, etc. has been determined. The pharmacological
activities of the isolated compounds reported are cytotoxic,
insecticidal, anti-tumour, hypoglycaemic and anti-ulcer
activities [5].

Earlier studies suggest that phenolic compounds present
in the plants have redox properties that allow them to act
as potential anti-oxidants. The results obtained from this
study showed a significant level of phenolic compounds in
various leaf extracts of Simarouba glauca. The chloroform
and methanol extracts showed the highest phenolic content.
Flavonoids are readily ingested by humans and they seem
to display important anti-inflammatory, anti-allergic and
anti-cancer activities [11]. Chloroform and acetone extracts

exhibited higher flavonoid contents than other extracts.
The anti-oxidant assay of crude extracts in this study are

comparable to the anti-oxidant values of earlier studies [12,
13]. Interestingly, in acetone and methanol extracts, the
highest anti-oxidant capacity was observed. In the DPPH
assay (Figure 2), maximum inhibition was observed in the
acetone and methanol fractions and minimum inhibition
was observed in the aqueous fraction. The dose-dependent
increase in the percentage of inhibition for all samples was
observed. Based on the percentage of inhibition, the order
of scavenging activity of various fractions is as follows: SGA>
SGM> SGC> SGP> SGW.

The GC-MS analysis of the methanol extract exhibited
the presence of 32 major peaks. Among all the solvent
extracts, themethanol extract showed the highest number of
compounds. Out of 32 compounds, 22 are found to exhibit
various biological activities. Hence, a detailed account of
these compounds is given here. The first peak obtained was
glycerine. The following compounds are believed to possess
anti-cancer properties: peak 2 and 18 [14, 15]. Compounds
such as Undecane, peak 13 [16], 15 and 18 possess anti-
oxidant and anti-inflammatory properties [15].

Many of the compounds have anti-microbial potential,
such as peak 6, 9 [17], 15, cis-Sinapyl alcohol and
Umckalin [18]. These compounds have been proven to
have biological activities that induce anti-allergic, anti-
inflammatory, anti-microbial, anti-neoplastic effects (Fig-
ure 5).

Figure 5: Phytoconstituents identified in methanol fraction of
Simarouba glauca

A few of the industrially important compounds were
identified that are used in the production of various
cosmetics, fragrances and flavouring agents. Dodecanoic
acid, 2- methyl- has biosurfactant properties [19]. 4-
Vinylcyclohexene diepoxide is used as a rodenticide [20].
Ethyl α-d-glucopyranoside is a flavour component of
fermented foods such as refined sake, wine and sweet
sake (Japanese rice wine). It has skin conditioning and
moisturizing effects [21]. Our findings are in accordance
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Table 2: FT-IR analysis of methanol extract of Simarouba glauca
Sl. no. Wavelength range (cm-1) Bond Functional group
1 3329.30 N-H stretch Aliphatic secondary amine
2 2942.46 C-H stretch Alkane
3 2831.69 C-H stretch Methyl ether
4 1449.79 C-H asym. /sym. bend Methyl group
5 1020.88 C-N stretch Amine
6 586.24 C-I stretch Aliphatic iodo compounds
7 499.57 S-S stretch Polysulfides
8 467.21 S-S stretch Aryl disulfides
9 441.50 S-S stretch Aryl disulfides
10 423.35 S-S stretch Aryl disulfides

Table 3: C-MS analysis of methanol extract of Simarouba glauca
Peak Name of the compound Retention Time Area %
1 Glycerine 3.714 11.89
2 4-Amino-1,5-pentandioic acid 4.048 2.85
3 9-Hydroxy-7-nonanal 4.155 0.85
4 Undecane 6.195 8.52
5 3-(Prop-2- enoyloxy) dodecane 6.759 1.81
6 5α-Androstan-16-one, cyclic ethylene mercaptole 9.189 6.66
7 1,2,3-Benzenetriol 12.624 6.42
8 α-Pyrrolidinopentiophenone metabolite 1 12.747 4.01
9 2,3-Trimethylene-4- pyrone 14.264 1.79
10 Tricyclo[2.2.1.0(2,6)]heptane-3-methanol, 2,3- dimethyl 14.625 1.57
11 2-Acetylamino-3-hydroxypropionic acid 15.036 6.57
12 13-Oxatetracyclo [4.4.1.1(7, 10).1(9,11)] trideca-2,4- diene 16.076 0.82
13 9-Oxa-bicyclo [3.3.1] nonane-1,4-diol 17.850 10.86
14 Ethyl α-d-glucopyranoside 18.175 2.22
15 4-((1E)-3-Hydroxy-1- propenyl)-2- methoxyphenol 21.060 2.49
16 4-Vinylcyclohexene diepoxide (isomer 2) 23.452 0.63
17 Dodecanoic acid, 2- methyl- 25.939 1.17
18 n-Hexadecanoic acid 26.802 2.80
19 l-(+)-Ascorbic acid 2,6-dihexadecanoate 26.804 2.8
20 cis-Sinapyl alcohol 27.568 2.33
21 Umckalin 29.806 1.19
22 Cyclohexane-1,3-dione, 2-allylaminomethylene-5,5-dimethyl- 30.480 0.82

with a study by Patil et al., (2020) [22], which reported the
GC-MS analysis of SG seeds (Table 3).

The FT-IR interpretation is a spectroscopic technique that
is used for the characterization of chemical constituents [23].
It confirmed the presence of ten functional groups in the
methanol extract. Previous studies have reported the FT-IR
absorbance values in the purified fractions [13, 24].

5 CONCLUSION
Thepresent study on phytochemical analysis, FT-IR andGC-
MS profiling of the methanol extract of Simarouba glauca
leaves revealed the presence of various phytoconstituents.
The methanol fraction exhibited excellent anti-oxidant

activity; hence, this extract was continuedwith further study.
The GC-MS analysis of the methanol fraction indicated the
presence of twenty-two major compounds. Based on these
observations, it is necessary to emphasize on the detailed
mechanism of action of the identified compounds, which are
of pharmaceutical importance.
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