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ABSTRACT:
In developing countries like India, more than 60 percentage of the population relies only on the traditional
medicine in order to meet their physical conditions. Traditional medicine has been more commonly practiced in
ayurvedic treatment without knowing the knowledge of the actual secondary constituents present in the plant
material. Secondary constituents present in the plants play an important role in healing and curing various
human diseases. The first and foremost step in in vitro drug designing was the screening of phytoconstituents of
the traditional plants. Through literature survey on traditional plant, Sterculia foetida was a frequently used plant
for its high medicinal properties. To our knowledge, this current investigation was the first attempt to screen the
amount of phytoconstituents present in the leaves of Sterculia foetida using five different solvent (hexane,
chloroform, methanol, ethyl acetate and aqueous) based on their polarity. On comparative studies of the current
research, the results revealed that the methanol leaves extracted exhibit a high yield percentage of secondary
constituents when compared with other four solvents. Further identification, isolation of biocompounds present
in the methanol leaves could lead to a novel natural antioxidant which was used in preventing various diseases.
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INTRODUCTION:
Plants play a vital part in nature. Nature is gifted with a
unique source of high photochemical with better
biological activities and medicinal properties1. The
WHO reported that up to 80% of the human population
in the developing countries mainly relies on traditional
medicine as their primary treatment2. Nowadays, usage
of traditional medicines is increased and also gets
popularity over the developed countries than synthetic
medicines.
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Traditional plants are a rich source of novel drugs
molecules which can be utilized for modern medicines,
pharmaceutical intermediates and lead compounds in
natural drugs3, 4. In traditional plants, these natural
compounds occur in the leaves, barks, vegetables, fruits,
roots and even stem which function as the defense
mechanism in human bodies and protects from various
diseases5.

The cells present in the plant has the capacity to produce
primary metabolites and secondary metabolites6, 7. The
primary metabolites are responsible for the growth and
development where as the secondary metabolites are
responsible for defense mechanism in the plants8 and
also for some metabolic activities9. The plant secondary
metabolites can be used as fibers, oils, flavoring agents,
perfumes, and also sight as potential sources of new
natural antibiotics and insecticides10. The three most
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important secondary metabolites flavonoids, tannin,
phenols and some other metabolites like saponin,
alkaloids, and cardiac glycosides are also present in the
plant cells11,12. The plant compounds fall under the
flavonoids group possesses diverse biological functions
which includes the protection of plants against UV
radiation and phytopathogens13. In many plants, they are
also responsible for the fall of color, which result in the
protection of leaf cells from photooxidative damage and
for the coloration of flowers, finally solving the
requirement of nutrient during senescence14. The phenol
compounds work as antimicrobial metabolites and also
play a role for lignin, pigment biosynthesis and
reproduction of the plant15. Plants containing tannin
compounds have various properties like astringent,
hemostatic, antiseptic and toning16.

The traditional plant Sterculia foetida is a deciduous tree
which grows straight and large upto 40m in height and
3m in girth17. The native of Sterculia foetida is Eastern
Asia (Cambodia, India, Malaysia, Myanmar, Sri Lanka,
and Thailand) and it is called in tamil as pottaikavalam,
gurapu-vadam and gorapu-badam. The branches of the
tree are arranged in whorls and spreads horizontally. The
traditional plant is reported to possess various
pharmacological properties and phytoconstituents
present in the plant exhibits several biological properties
like antifungal, antimicrobial, antiviral, antitumor and
anticancer activities18, 19. In olden days, the leaves of the
plant were used as medicine without the knowledge of
their medical properties20. The leaves of Sterculia foetida
are located at the ends of each branchlets with 7-9
leaflets. Each leaflet grows elliptically upto 10–17 cm
with the petiole of 12.5–23 cm long21 were shown in
Table 1. The earlier research on leaves predicted that
they are a good source of protein, phosphorus and
calcium which solve the dietary requirements for
ruminants.
Table 1: Scientific Classification of Sterculia foetida L.

Kingdom Plantae Plants
Subkingdom Tracheobionta Vascular plants
Super-
division

Spermatophyta Seed plants

Division Magnoliophyta Flowering plants
Class Magnoliopsida Dicotyledons
Subclass Dilleniidae
Order Malvales
Family Sterculiaceae Cacao family

Fig. Leaves of Sterculia foetida L.

The medicinal properties of the leaves of Sterculia
foetida mainly relies on the presence of important
secondary metabolites (Flavonoids, phenols, tannins)
which perform as a natural antioxidant source to human
beings. The aim of the present investigation was to
reveal the amount of secondary metabolites present in
leaves extract of five different solvent like hexane,
chloroform, methanol, ethyl acetate and aqueous using
standard protocols.

MATERIALS AND METHODS:
Selection of leaves of S.foetida:
The disease free, mature and fresh leaves of S. foetida
were collected from Pallavaram of Chennai District,
Tamil Nadu (Fig.2). The leaves were washed thoroughly
with running tap water for 2-3 times to remove the dust
present in the leaves. Then the leaves were air dried at
room temperature for 2 weeks and then made into coarse
powder using electric blender and stored in clean closed
bottles for further quantitative analysis.

Authentication of the leaves of S. foetida:
The leaves of S. foetida were authenticated by Dr. D.
Narasimhan Ph.D. in Botany. Medicinal plants,
Associate professor, Department of Botany, Madras
Christian College (Autonomous), Tambaram.

Extraction of the leaves through soxhlet:
The 100 grams of powdered leaves were kept overnight
in 5 different solvents systems and extraction were
performed. Every time before extracting the leaves with
the next solvent, the current extract was dried. Based on
their increased polarity, the five different solvents like
hexane, chloroform, methanol, ethyl acetate and aqueous
were selected for the extraction of bioactive compounds
by continuous percolation process using soxhlet
apparatus.22

Evaporation of the leaves through rotary evaporator:
After extraction using soxhlet, the collected individual
solvent extracts were dried separately using rotary
vacuum evaporator under reducing pressure and
temperature. Then the extracts were allowed to cool and
small amount of the extracts were subjected to
lyophilization. The collected extracts of each solvent
were weighed and its percentage yield was calculated in
terms of dried weight of the leaves material. The
appearance and consistency of each extracts were
recorded. Finally, each extracts were ready for further
evaluation of the quantitative parameters.23

Quantitative screening of secondary phytoconstituents:
Secondary phytoconstituents mainly fall under three
classes of compounds; they are flavonoids, phenols and
tannin. Lakhs and thousands of secondary
phytoconstituents have been identified and isolated from
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the plants materials. Many of the phytoconstituents and
their derivatives has the capacity to play powerful
physiological effects in human life. Over the last
century, phytoconstituents play a very significant role in
the treatment of various diseases and further can be used
as medicines. Secondary phytoconstituents are important
mediators of ecological interactions in plant defence
mechanism.

Estimation of total flavonoids content using
Aluminum chloride colorimetric method: 24, 25

The solution of 1 mg/ml of five different leaves extract
of S.foetida was mixed with 3 ml of methanol followed
by 0.2 ml of 10% aluminum chloride, 0.2 ml of 1 M
potassium acetate and finally by 5.6 ml of distilled
water. The mixtures of the solution were kept at room
temperature for 30 minutes for the reaction to take place.
The standard gallic acid solution (0-0.8 mg/ml) in
distilled water was prepared separately. The absorbance
of the leaves solution and the standard was measured at
420 nm using UV visible spectrophotometer. The
amount of flavonoids present in the different extracts
was determined from extrapolation of calibration curve.
The concentration of flavonoids present in the five
different leaves extract was expressed in terms of
mcg/mg.

Estimation of total phenols content using Slinkard
and Singleton method: 26, 27

The 2.5 ml of 10% Folin-Ciocalteu reagent and 2 ml of
(2% w/v) Na2CO3 were added to 0.5 ml of 1 mg/ml five
different leaves extract of S. foetida. The resulting
solution was incubated at 45°C with continuous shaking
for 15 minutes. The standard gallic acid solution
(1mcg/mg) in distilled water was prepared separately.
The absorbance o of the leaves solution and standard
was measured at 765 nm with UV/visible light. The
amount of phenols present in the different extracts was
determined from extrapolation of calibration curve. The
concentration of phenols present in five different leaves
extract were expressed in terms of mcg/mg.

Estimation of total tannins content using Folin-Denis
reagent: 28, 29

The solution of 0.5gm of five different leaves extract of
S.foetida was boiled with 5 ml distilled water. Then the
extraction from the leaves were centrifuged at 5, 000
rpm for 10 minutes. The supernatant was collected
separately. 1 ml of the supernatant was added to 0.5 ml
Folin-Denis reagent and 1 ml of Na2CO3 solution. The
volume of the extraction of leaves was finally adjusted to

10 ml with distilled water. The reaction solution was
incubated for 30 minutes at room temperature. The
standard tannic acid solution in distilled water was
prepared separately. The absorbance of the leaves
solution and standard was measured at 775 nm on
UV/visible light. The amount of tannins present in the
different extracts was determined from extrapolation of
calibration curve. The concentration of tannins was
expressed in mcg/mg.

RESULT AND DISCUSSION:
Yield of leaves extract:
In the current study, the five extracts (Hexane,
Chloroform, Ethyl acetate, Methanol and Aqueous) of
Sterculia foetida were prepared by the solvent extraction
method. The yield percentage of crude extracts was
obtained by measuring its dryness per 100 grams of
extract. The yield percentage was found to be more in
Aqueous (12.35%) followed by methanol (7.25%) and
the yield percentage was found to be less in hexane
(1.39%). The consistency of the extract was found in the
form of powder in chloroform and paste in other solvents
(Table 2)30

Table 2: Quantitative yield of phytoconstituents from leaves
extract of Sterculia foetida

S. No Solvent Yield (%) Per 100 g Consistency
1 Hexane 1.39 Paste
2 Chloroform 2.41 Powder
3 Ethyl acetate 3.87 Paste
4 Methanol 7.25 Paste
5 Aqueous 12.35 Paste

Quantitative estimation of total flavonoids content:
The presences of flavonoids were observed in the all five
leaves extract of Sterculia foetida in all concentrations.
This result confirmed that the presence of high
quantitative of flavonoids in the leaves of Sterculia
foetida. On further analysis, the total flavonoids present
in the leaves were shown high in the methanol extract of
Sterculia foetida (48.83) in 100µg concentrations
followed by chloroform (37.47), ethyl acetate (22.79),
aqueous (12.13), hexane (11.21) extracts (Table 3 and
Fig1). The presence of flavonoids in the leaves of
Sterculia foetida may exhibit various pharmacological
activities like antioxidants, anti-inflammatory, anti-
tumour, and antibacterial, antiviral and anti-allergic31.
The flavonoids may act as inhibitor of lipid-
peroxidation, platelet aggregation, cAMP
phosphodiesterase, lipase, α-glucosidase, kinase, cyclo-
oxygenase and lipoxygenase enzyme activities.32

Table 3: Quantitative Analysis of Total Flavonoid Assay of different Leaves Extracts Sterculia foetida
S. No Concentration (µg) Methanol Chloroform Ethyl Acetate Hexane Aqueous
1 60 36.45 21.27 16.37 9.83 9.26
2 80 44.01 32.89 21.53 10.98 10.75
3 100 48.83 37.47 22.79 11.21 12.13
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Figure 1: Total Flavonoid Assay of different Leaves Extracts Sterculia foetida

Quantitative estimation of total phenolic content:
The presence of phenol was observed in Methanol,
Chloroform, Hexane and Aqueous leaves extract of
Sterculia foetida in concentrations of 80 µg and 100 µg
(Table 4 and Fig 2) whereas ethyl acetate extract showed
the absence of phenol in all concentrations. On analyzing
the results, further it was predicted that the methanol
extract exhibited high percentage of phenol in all
concentrations. Chloroform, Hexane and Aqueous

exhibited a good percentage in maximum concentrations
and trace percentage in the lower concentrations. The
presence of phenol in the leaves of Sterculia foetida
plays an important role in the regulation of plant growth,
development and disease resistance33. When the plant
polyphenols were consumed in the human diet,
phytochemical may act as a barrier for the development
of cancer, cardiovascular diseases, diabetes, osteoporosis
and neurodegenerative diseases. 34

Table 4: Quantitative Analysis of Total Phenol Assay of different Leaves Extracts Sterculia foetida
S. No Concentration (µg) Methanol Chloroform Ethyl Acetate Hexane Aqueous
1 80 20.94 6.94 - 2.83 3.01
2 100 32.24 12.34 - 10.08 8.53

Figure 2: Total phenolic Assay of different Leaves Extracts Sterculia foetida

Quantitative estimation of total Tannin content:
The presence of high quantative of Tannin was observed
in the all five leaves extracts of Sterculia foetida in all
three (60µg, 80µg and 100µg) concentrations. (Table 5
and Fig 3). On comparative analysis, the results obtained
are as follows: the methanol extract exhibited high
content of tannin even at low concentration (88.79) and
in maximum concentration (131.54). The second high
content of tannin were observed in hexane extract

(112.38 at 100µg)) and followed by aqueous extract
(101.08 at 100µg). The chloroform and ethyl acetate
extract exhibited good quantative of tannin in (79.95,
54.38) 100µg concentration. The presence of tannin in
the leaves of Sterculia foetida contributes various
medicinal properties like anti-viral, antibacterial, anti-
parasitic antimicrobial, anti-inflammatory and astringent
activity. 35

Table 5: Quantitative Analysis of Total Tannin Assay of different Leaves Extracts Sterculia foetida
S.No Concentration (µg) Methanol Chloroform Ethyl Acetate Hexane Aqueous
1 60 88.79 20.49 17.54 69.14 51.94
2 80 110.90 26.38 32.28 83.39 70.61
3 100 131.54 79.95 54.38 112.38 101.08
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Figure 3: Total Tannin Assay of different Leaves Extracts Sterculia foetida

CONCUSION:
Traditional medicines are free from adverse and side
effects. Over the centuries they are economical, easily
available drugs for mankind. The medicinal values of
traditional plants mainly lie in some phytoconstituents,
which produce biological action over human bodies
when they are consumed. In the current investigation, the
quantitative screening of secondary phytoconstituents
present in the five different leaves extracts of Sterculia
foetida were evaluated. On comparative screening of the
extraction of leaves, the results explored that the
methanol leaves extract showed better existence of
secondary phytoconstituents than other solvent extracts.
On further analysis of secondary phytoconstituents in
methanol extract revealed that the tannin compounds
found to exhibit in high yield percentage of amount in
the leaves and followed by the flavonoids compounds
with good yield percentage and next with phenol
compounds in average percentage. Thus, screening of
phytoconstituents leaves of Sterculia foetida played a
very important role in identifying a new source of
valuable compounds from traditional plants in both
therapeutic and industrial purposes.
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