
ABSTRACT
Sterculia alata belongs to family Sterculiaceae. It is a highly medicinal plant and its uses are already in practice 
in traditional medicines. Its leaves and bark have shown various biological activities. But there is utmost need to 
identify medicinal potential of other parts of the plant. Extracts of fruits and flowers were prepared in different 
solvents. Antioxidant activities were assessed by using two most common methods- through β-carotene and Linoleic 
acid assay and Hydrogen Peroxide (H2O2) scavenging assay. Disc diffusion methods were used to study antibacterial 
activities of extracts. Both fruit and flower extracts showed antioxidant and antibacterial activities. Aqueous fruit 
extract showed maximum hydrogen peroxide scavenging activity (80.13±0.29), whereas methanolic extract of flower 
extract showed comparatively less hydrogen peroxide scavenging activity (78.25±0.12). Highest antioxidant activity 
(77.78±0.58) was observed by aqueous extract of fruit through β carotene/ linoleic acid assay. Lower antioxidant 
activity was shown by flower extract (ethanolic extract: 52.25±0.29). Antibacterial efficacies of fruit and flower 
extracts were observed against six resistant pathogenic bacteria (Pseudomonas aeruginosa, Staphylococcus aureus, 
Enterococcus faecalis ATCC, Escherichia coli, Klebsiella pneumoniae and Proteus mirabilis). Flower extract showed 
maximum inhibition for E. coli (aqueous extract: 13.00± 0.29) and K. pneumoniae (methanolic extract: 13.33±0.67). 
Fruit extracts were found effective against S. aureus (aqueous extract: 13.00± 0.58), E. faecalis (methanolic extract: 
15.00±0.04), P. mirabilis (methanolic extract: 14.00±0.29) and P. aeruginosa (ethanolic extract: 10.67±0.33). Both 
fruit and flower extracts can serve as the source of natural antioxidant and antibacterial.
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INTRODUCTION

Medicinal plants and their parts have been identified as 
highly useful in treating various diseases since ancient 

time. Several phytochemicals have shown their efficacies 
in treating many chronic and deadly diseases such 
as cancer, diabetes, neurological disorders, AIDS, etc. 
World Health Organization (WHO) has also witnessed 
the dependence of about 80% of world population over 
plant products for medicines. Pharmaceutical activities 
of any plant is directly associated with the types and 
concentration of its bioactive compounds (Shihabudeen 
et al, 2010: Gowri and Vasantha, 2010). Different solvents 
show different extraction efficiency and therefore, 
extracts prepared in different solvents show considerable 
different phytochemical activities (Ernst and Kuppan, 
2013: ngo et al, 2017).
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Sedentary life style, poor intake of healthy diet, mental 
stress and illness are some major reasons for oxidative 
stress. Oxidative stress causes formation of free 
radicals. reactive oxygen and reactive nitrogen species 
(rOS and rnS) are two major groups of free radicals  
(Tiwari et al, 2009: Meo et al, 2016). rOS and rnS 
are being produced due to oxidative stress and cell 
metabolism. Antioxidants play pivotal role in scavenging 
of free radicals by inhibiting or delaying process of 
oxidation and thus they contribute greatly in detoxifying 
organisms. nowadays, plant products have been proved 
as efficient antioxidants and due to their nil or negligible 
side effects, they are considered superior over synthetic 
antioxidants. Many plants also show antimicrobial 
activities due to their phytochemicals. For example, 
terpenes, phenolics, defensins, essential oil, etc present in 
plant show potential antimicrobial activities. Such plant 
products can be good alternative of antibiotics and can 
deal effectively with multi drug resistant problem (Laws 
et al, 2019; Pacios et al, 2020).

Sterculia alata roxb. syn. Pterygota alata popularly 
known as Buddha Coconut, is a large fast growing 
moist, deciduous and evergreen bark tree. It belongs to 
Sterculiaceae family. It is distributed mainly in tropical 
Asia (Lin et al, 2010). In India, it is found in western  
ghats, south and central Sahyadris. The plant is an 
important forest tree and medicinally very important. 
Due to fast growth, its plantation is being done for 
afforestation purpose. Presence of several phytochemicals 
(phenolics, flavonoids, steroids, anthraquinones) have 
been identified from leaf and stem extracts of Sterculia 
alata (Jahan et al, 2014; Jahan et al, 2014; El-Sherei et 
al., 2018). Omran et al (2019) have observed antioxidant 
and antimicrobial activities of leaves of Sterculia alata. 
Various studies showed medicinal importance of S. alata. 
Biosynthesis and accumulation of secondary metabolites 
in different organs of same plant may be different and it 
has been observed by their varied distribution patterns 
at tissue and organ level (zribi et al, 2014; Azadeh et 
al, 2020). Thus, extensive study is needed to identify all 
possible phytochemicals of a plant and to categorize their 
biological activities. Flowers and fruits of Sterculia alata 
are still unexplored and identification of their biological 
activities is highly required. Present study deals with 
the study of antioxidant and antibacterial properties of 
flower and fruit extracts of Sterculia alata.

MATERIAl AND METhODS

Collection of Plant Material: Flowers and fruits of S. 
alata were collected from the campus of Banaras Hindu 
University, Varanasi during the month of February and 
March. Flowers and fruits were cleaned under running 
tap water. Pericarp (separated from fruit) and flowers was 
shade dried, oven dried at 40-45°C for 2 hour and then 
grinded in mechanical grinder to make course powder. 
Extraction was done from 20g of flower and fruit powder 
in 250 mL of solvent by using a soxhlet apparatus for 
24 hours. Ethanol, methanol and double distilled water 
were used as solvents for extraction. Extracts were then 
dried at 40°C in rotary evaporator. Extracts were stored 

at -20°C till use. Percentage yield (w/w) of crude extract 
was calculated using formula:

Where PY is percentage yield of extact

Preparation of Sample Extract for Different Assays: 
To prepare stock samples, about 100 mg extract 
was dissolved in 50 ml of respective solvent, final 
concentration 2mg/ml for antioxidant assays. Different 
volume of samples was used from the stock for various 
experiments. Stock samples of concentration 100 mg/
ml in dimethyl sulphoxide (DMSO) was prepared for 
antibacterial activity. For the test of susceptibility about 
5µl of extracts was taken onto sterile disc.

Antioxidant Activity through β-carotene and linoleic 
Acid Assay: Elzaawely et al (2007) method was used 
with some modifications for β-carotene bleaching assay. 
For the preparation of stock solution, β- carotene of 
concentration 2mg/ml was dissolved in chloroform and 
mixed with 20 µl of linoleic acid followed by addition 
of 200µl of Tween-20 in a round bottom flask. 50 ml 
of double distilled water was added in the residue left 
after complete evaporation of chloroform with vigorous 
stirring to form an emulsion. Extract (800 µl) was added 
in the test tube containing 2400µl of emulsion and 
immediate absorbance was recorded at 470 nm against 
the blank solution. After that tubes were incubated for 
2 h at 50o C then absorbance was recorded. For control, 
DMSO was added in emulsion in place of plant extract. 
Percent inhibition was calculated as

hydrogen Peroxide (h2O2) Scavenging Assay: Hydrogen 
peroxide scavenging activity was assessed according to 
Bokhari et al (2013) with some modifications. For stock 
solution, H2O2 (4mM) solution was prepared in phosphate 
buffer (50 mM, pH 7.4). 2 ml (100mg/ml) of plant extract 
was mixed with 3 ml of H2O2 and absorbance at 230 nm 
was recorded after 10 min. Phosphate buffer without 
H2O2 was served as blank while H2O2 solution without 
sample is taken as control. Percent hydrogen peroxide 
scavenging activity was determined as

Media Preparation and Test Microorganisms for 
Antibacterial Assay: For bacterial media preparation, 
Muller Hinton agar (38g/L) and agar (10g/L) were 
dissolved in double distilled water. Saline (8.5 g/L) was 
prepared by dissolving in double distilled and autoclaved 
for 15 min at 1.1kg/cm2 and 121ºC. About 20 mL sterile 
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media was used for plating. Bacterial cells were grown 
on MHA (Himedia, Mumbai) for 24 h at 37 ºC to form 
bacterial inoculums. The bacterial suspension turbidity 
was maintained at 0.5 McFarland turbidity standards 
(approximately 1x107 CFU/mL). For assessment of 
antibacterial activity, six bacteria (both gram positive 
and gram negative) were selected. Test organisms 
selected were Pseudomonas aeruginosa, Staphylococcus 
aureus, Enterococcus faecalis ATCC, Escherichia coli, 
Klebsiella pneumoniae and Proteus mirabilis. Bacterial 
cultures were obtained from Department of Microbiology, 
Institute of Medical Sciences, BHU, Varanasi, India. 

Broth cultures of young bacteria were maintained for 
screening experiments. For antibacterial activity, disc 
diffusion method (Murray et al., 1995) was used. Bacterial 
suspension was evenly distributed over the surface of 
solidified media by using a sterile swab and allowed to 
dry for 5 min. About 5µL extract was loaded to each 
sterile disc followed by placing disc on medium surface. 
DMSO was taken as negative control and plates were 
incubated in BOD (remi) incubator for 24 h at 37 ºC. 
Specific standard drug Streptomycin was used against 
all Gram positive and Gram negative bacteria. zones of 
inhibition were measured in millimeters.

Statistical analysis: All experiments were carried out in 
triplicates and repeated thrice independently. Data were 
presented by using SPSS software (version 16 ,Chikago, 
USA). Data were represented as mean ±SE.

RESUlTS AND DISCUSSION

Oxidative stress induced by free radicals is the root cause 
of several diseases. Intake of antioxidants– both synthetic 
and natural provides protection from the damage of 
free radicals. They act as free radical scavengers and 
prevent or delay the process of oxidation. Plants are 
most commonly known reservoir of natural antioxidants 
and they can serve as the source of cost-effective 
antioxidants. natural antioxidants generally show almost 
negligible side effects. Several secondary metabolites 
such as phenolics, flavonoids, carotenoids, cinnamic 
acids, benzoic acids, folic acid, ascorbic acid, etc. show 
antioxidant activities (Hollman, 2001; Sasikumar and 
Kalaisezhiyen, 2014). Similarly, many phytochemicals 
such as phenolics, flavonoids, alkaloids, essential oils, 
etc have shown strong antimicrobial activities (Silva and 
Fernandes, 2010; Seyidoglu and Aydin, 2020). 

β- carotene and linoleic acid assay is one of the rapid 
method to screen antioxidants. Two or more methods are 
preferred for the assessment of antioxidant activities of 
any plant specimen to get more reliable result. Therefore, 
another method to analyze antioxidant activities i.e. H2O2 
scavenging activity was also performed. H2O2 scavenging 
activity of extracts may be due to their antioxidant 

constituents present in them which donate electrons 
to H2O2 to neutralize it into H2O (Ebrahimzadeh et al., 
2009).

In present study, antioxidant activities of fruit extracts 
in all solvents were observed better than flower extracts. 
Antioxidant potential of fruit was observed maximum 
in aqueous extract (77.78±0.58), whereas activities in 
methanolic (67.56±0.54) and ethanolic (60.91±0.45) 
extracts were also significantly high (Fig 1). In flower, 
maximum antioxidant activity was recorded in ethanolic 
extract (52.25±0.29), then in aqueous extract (27.84±0.28) 
and minimum in methanolic extract (11.88±0.32) (Fig 1). 
Hydrogen peroxide scavenging activity was also observed 
higher in fruit extract than flower extract. In fruit extract, 
maximum scavenging activity was reported in aqueous 
extract (80.13±0.29), significant activity was observed 
in methanolic extract (62.88±0.08) and minimum in 
ethanolic extract (28.31±0.69). In flower, methanolic 
(78.00±0.12) and aqueous extracts (77.14±0.10) showed 
significant responses (78.00±0.12), but ethanolic extract 
(10.11±0.31) was not observed effective.

In present work, six antibiotic resistant test microorganisms 
were taken to assess antimicrobial effect of plant extracts. 
All test organisms selected were resistant (Cheesan et al, 
2017) and their details are as such- S. aureus (Penicillin 
resistant; Methicillin resistant S. aureus-MrSA), 
Enterococcus faecalis (vanomycin resistant), Klebisiella 
pneumonia (xDr-extensively drug resistant), Proteus 
mirabilis (chloramphenicol and erythromycin resistant) 
and E.coli (MDr -multi drug resistance), Pseudomonas 
aeruginosa (zerbaxa resistant). Antibacterial activities of 
plant extracts will pave novel way of treatment of diseases 
caused by them. The current number of antibacterials 
is not enough for controlling the evolution of MDr 
and xDr bacteria. Therefore, many pharmaceutical 
companies are in search of new antibacterial which can 
reverse the mechanism of bacterial resistance (Isah, 2019; 
Pacios et al, 2020). 

Flower and fruit extracts were taken for the assessment 
of their antibacterial activity. results of antibacterial 
activity are shown in Table 1 and 2. Flower and fruit 
extracts exhibit antibacterial activity against most 
of the pathogenic bacteria with different potency. 
Flower extract showed significant inhibition against 
E. coli (13.00±0.29), E. faecalis (12.33±0.17), K. 
pneumonia (13.33±0.67) and P. mirabilis (13.83±0.88), 
but was found least effective against S. aureus  
(maximum in aqueous extract- 10.33±0.67) and  
P. aeruginosa (maximum in ethanolic extract- 8.67±0.67). 
Fruit extract showed significant antibacterial potential 
against E. faecalis (15.00±0.04), P. mirabilis (14.00±0.29), 
K.pneumoniae (13.30±0.17), S.aureus (13.00±0.58) and 
E.coli (11.67±0.44), but inhibition was comparatively 
low against P. aeruginosa (10.67±0.33).
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Test organisms  Inhibition zone diameter  (mm)

Aqueous Ethanolic Methanolic Control Standard
 (5µg/ml)

E.coli 13.00±0.29      11.83±0.58 9.17±0.60 0.00±0.00 34.17±0.16
S.aureus 10.33±0.67      7.17±0.60 10.00±0.58 0.00±0.00 32.33±0.33
E. faecalis 10.33±0.33      12.33±0.17 10.50±0.29 0.00±0.00 41.50±0.76
K. pneumonia   7.33±0.89      10.00±0.58 13.33±0.67 0.00±0.00 35.50±0.29
P. mirabilis   8.67±0.33      13.83±0.88 12.83±0.83 0.00±0.00 17.33±0.89
P.aeruginosa   6.00±0.58       8.67±0.67 7.67±0.17 0.00±0.00 42.33±0.17

Data are means of three replicates (n=3) ± standard error.

Table 1. Antibacterial activity of flower extract of Sterculia alata

Test organisms Inhibition zone diameter  (mm)

Aqueous Ethanolic Methanolic Control Standard
(5µg/ml) 

E.coli 11.67±0.44 11.00± 1.15 7.83±0.44 0.00±0.00 39.00±0.50
S.aureus 13.00±0.58 10.30±0.17 12.50±0.29 0.00±0.00 37.50±0.29
E. faecalis   6.17±0.60 9.66±0.33 15.00±0.04 0.00±0.00 35.17±0.60
K.pneumoniae   0.00±0.00 9.50±0.29 13.30±0.17 0.00±0.00 42.33±0.17
P. mirabilis   0.00±0.00 11.00±0.50 14.00±0.29 0.00±0.00 18.00±0.58
P.aeruginosa    6.80±0.44 10.67±0.33 8.50±0.76 0.00±0.00 45.17±0.13

Data are means of three replicates (n=3) ± standard error.

Table 2. Antibacterial activity in fruit extracts of Sterculia alata

Figure 1: Antioxidant activity through β-carotene/linoleic 
acid bleaching assay in flower and fruit extract of Sterculia 
alata

Figure 2: Hydrogen peroxide scavenging activity in the 
flower and fruit extracts of Sterculia alata.

There are many factors, which affects antibacterial 
potential- type of extract used, its concentration, 
solvents used in extraction and type of bacteria. Extracts 
prepared in different solvents show different antioxidant 
and antimicrobial activities due to different dissolving 
capacities of metabolites (Altemimi et al., 2017 and 

ngo et al., 2017). There are many mechanisms by which 
phytochemicals act against microbes- by disrupting cell 
wall of bacteria (Burt 2004, Gill and Holley 2006) or by 
changing the permeability of bacterial cell membrane 
and mitochondria (Tiwari et al., 2009). resistance 
gene of the bacteria may code for efflux pumps which 
eject antibiotic from the cells or by inducing enzymes 
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for degradation or inactivation of antibiotic. Many 
plants possess MDr pump inhibitors to enhance the 
activity of their own natural antimicrobial compounds. 
Extracts of such plants can be highly effective if used in 
combination of ineffective or resistance prone antibiotics  
(Morel et al, 2003; Abreu et al, 2012). Thus, plants rich in 
secondary metabolites show significant antioxidant and 
antimicrobial properties and it is utmost need to explore 
such plants (Isah, 2019; Pacios et al, 2020).

CONClUSIONS

Sterculia alata is an important medicinal plant and all 
parts of the plant have shown its high pharmaceutical 
importance. Both fruit and flower extracts showed 
significant antioxidant activities thus paving way for 
the synthesis of cost effective antioxidants. Antibacterial 
activities against resistant bacterial strains show its use in 
future as alternative antibacterial. In future, its extracts 
may be used for combinational therapy to combat 
bacterial resistance against antibiotics.  
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