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ABSTRACT

Objective: In this study, a rapid and simple approach was applied for the synthesis of silver nanoparticle (AgNP) from aqueous leaf extract of 
Couroupita guianensis. The plant extract acts as an antimicrobial agent and is also used to synthesis AgNP.

Methods: Ultraviolet (UV)–visible spectrophotometer was used to characterize synthesized AgNP and to identify the compounds responsible for the 
reduction of silver ions, the functional groups present in plant extract were investigated by Fourier transform infrared. Agar well diffusion method was 
used for the antibacterial activity of synthesized AgNPs.

Results: UV–visible spectrophotometer showed an absorbance peak in the range of 405 nm. The AgNPs showed antibacterial activities against 
Escherichia coli, Staphylococcus aureus, Streptococcus pyogenes, Bacillus sp, Klebsiella sp, and Pseudomonas sp.

Conclusion: Nowadays, silver-based topical dressing has been widely used as a treatment for infections such as wounds, burns, and chronic ulcer.

Keywords: Silver nanoparticle, Couroupita guianensis, Antimicrobial activity, Ultraviolet–visible spectrophotometer, Fourier transform infrared.

INTRODUCTION

Silver nanoparticles (AgNPs) are one of the most vital and fascinating 
nanomaterials which are involved in biomedical applications. They can 
be used for both in vitro and in vivo applications [1]. AgNPs play a major 
role in nanoscience and nanotechnology, particularly in nanomedicine. 
AgNPs are highly used in various fields such as medicinal field, food, 
health care, and industrial purposes [2-4]. Due to their surface to 
volume ratio, they can change physical, chemical, and biological 
properties. Therefore, these nanoparticles have been exploited for 
various purposes [5]. Nowadays, AgNPs are used to coated frequently 
in biomedical devices, wound dressings, and textiles [6].

Among the several methods to the synthesis AgNP, biological methods 
show high yield, solubility, high stability and also simple, rapid, non-
toxic, and green approaches that can produce well-defined size and 
morphology under optimized conditions. Moreover, the physicochemical 
properties of a particle can have a significant impact [7]. They have to use 
many analytical techniques to evaluate the synthesized nanomaterials 
such as ultraviolet (UV)–visible spectroscopy, X-ray diffractometry, 
Fourier-transform infrared (FTIR) spectroscopy, scanning electron 
microscopy, and transmission electron microscopy [8,9].

Couroupita guianensis is an evergreen tropical tree belongs to the family 
– Lecythidaceae. The various parts of the tree used as an antibiotic, 
antifungal, antiseptic, antioxidant, anti-inflammatory, analgesic 
property, treat hypertension, anticancer, reduce tumor pain, antiulcer, 
antidepressed, antifertility, antibiofilm, wound healing, antidiabetic, 
stomach ache, dysentery, etc. The juice of C. guianensis leaves can be 
used to cure skin disease. Young leaves are used to cure toothache [10].

METHODS

Collection and preparation of plant
Fresh leaves of Couroupita guianensis were collected from Kasi 
Viswanathar Temple in Kolumam, Udumalpet, during the month of 
December 2018 and authenticated at Botanical Survey of India (BSI), 

Southern Regional Center, Coimbatore. The plant leaves were washed 
in tap water and dried in the shade for 4–5 days and made to a coarse 
powder using a mechanical grinder; then, the powder was stored at 
room temperature in an airtight container. These powdered materials 
were used for antibacterial activity and synthesis of AgNP.

Preparation of 1mM silver nitrate solution
0.017 g of silver nitrate was added to 100 ml of sterile distilled water 
and stirred well. Then, the 1 mM solution of silver nitrate was stored at 
4°C for further studies [11].

Green synthesis of AgNP
Ten grams of powdered Couroupita guianensis leaf material were 
weighed and soaked in 100 ml of sterile distilled water. The flask was 
completely covered with aluminium foil and shaken up to 30 min. Then, 
the solution was subsequently shaken and filtered using Whatman 
No 1 filter paper. The aqueous filtrate was centrifuged at 1200 rpm 
for 5 min to remove the heavy biomaterials. Then, the volume of 
10 ml of leaf extract was mixed with 90 ml of 1 mM AgNO3 solution 
and incubated at room temperature for 3 days. The color change of the 
solution from brown to reddish-brown was indicated the reduction of 
Ag+ to Ag− nanoparticles. The color changes of the solution confirm 
the presence of AgNP; then, the solution was centrifuged at 5000 rpm 
for 5 min to separate the AgNP. The supernatant was discarded and 
the pellet was washed with water and again centrifuged at 8000 rpm 
for 5 min. The washing step was repeated 3 times to eliminate the 
presence of any possible contaminants and the pellet was stored for 
further studies [12].

Characterization of AgNP
The synthesized green AgNP was further characterized by UV–visible 
spectroscopy and FTIR can be used to identify the functional group of 
AgNP.

UV–visible spectrophotometric analysis
The synthesized silver nanoparticle can be characterized using UV–
visible spectrophotometer. UV–visible absorption spectra of the silver 
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colloids were acquired using wavelength scan between 200 nm and 
800 nm. On average, a plasmon peak at 400 nm–450 nm implies the 
formation of approximately 12 nm AgNPs. Larger wavelength points to 
the formation of larger sized nanoparticles [13].

FTIR analysis
FTIR spectroscopy is a salient roll to identify the functional group. 
FTIR spectrum reveals clear peaks throughout the whole range of 
observation and expressed visible bands of synthesized AgNPs [14].

Antibacterial activity of synthesized AgNPs
The antibacterial activity of AgNPs was evaluated using the agar well 
diffusion method in triplicate. The solid agar plates were punched 
with 7 mm diameter wells and the inoculums were spread over 
the agar plates using sterile cotton swabs. The AgNPs solution was 
prepared using dimethyl sulfoxide (1 g of AgNP was dissolved in 1ml 
dimethyl sulfoxide). Then, the wells were filled with 100 µl of AgNP. 
Chloramphenicol was used as a positive control, and silver nitrate was 
used as a negative control. The plates were incubated at 37°C for 24 h. 
After incubation, the zone of inhibition was measured.

Antibacterial activity of leaf extract
One gram of crude extract was dissolved in 1 ml of dimethyl sulfoxide 
and the wells were filled with 100 µl of leaf extract. Dimethyl sulfoxide 
was used as negative control and chloramphenicol was used as a 
positive control. The plates were incubated at 37°C for 24 h, and 
the zone of inhibition was measured. The experiment was done in 
triplicate [15].

Statistical analysis
Experiments were carried out in triplicate and the results are expressed 
as mean values with standard deviation.

RESULTS

The collected plant material was identified as C. guianensis (Plate 1a 
and 1b) and authenticated (BSI/SRC/12/25/2018/ – Tech – 3568) at 
BSI, Southern Regional Center, TNAU Campus, Coimbatore – 641003. 
The specimen was deposited in the Department of Microbiology, Dr. 
N.G.P. Arts and Science College, Coimbatore.

Synthesis of silver nanoparticle
Using 1mM AgNo3 for reduction of silver ion into silver nanoparticles 
from the aqueous leaf extract of C. guianensis. The synthesis of silver 
nanoparticles was confirmed by visualizing the color of the reaction 
mixture. The color of the solution at the starting of the reaction 
was the pale yellow color which gradually transformed into dark 
reddish-brown in color after 24 h indicating the formation of the 
AgNPs (Fig. 1). The appearance of reddish-brown color indicates the 
formation of AgNPs from aqueous extract of C. guianensis.

Characterization of silver nanoparticle
UV–visible spectrophotometer
The synthesized of AgNPs was further confirmed by UV–visible 
spectrophotometer. The characteristics of reddish-brown color 
appears due to the excitation of surface plasmon vibrations in the 
AgNPs. This bioreduction of silver nitrate ions was followed by UV–
visible spectroscopy (Fig. 2a and b). The leaf extract synthesized AgNP 

Fig. 1: Synthesis of silver nanoparticle (AgNP) (a) 1mM Silver 
nitrate solution and (b) AgNP produced in aqueous leaf extract 

using 1 mM silver nitrate solution.

ba

Fig. 2: (a) Ultraviolet (UV) –visible spectrum of silver 
nanoparticles. (b) UV–visible spectrum of leaf extract

a

b
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showed absorbance peak at 405 nm, respectively. It is indicating the 
presence of AgNPs that remained the same through the reaction 
period.

FTIR Analysis
FTIR spectral analysis was carried out to identify the nature of 
compounds which are present in the AgNPs. In the present study, 
FTIR spectral measurements were carried out to identify the potential 
biomolecules in the aqueous extract of C. guianensis leaves that may 
be responsible for reducing and capping the bioreduced AgNPs. The 
observed intense bands were compared with standard values to 
identify the functional groups. The FTIR spectra of C. guianensis extract 
synthesized nanoparticles sample were compared, and it showed 
considerable variation in the peaks of spectra (Fig. 3).

In the purified AgNP, only 17 peaks were found, and loss of certain 
groups was confirmed by the reduction of certain peaks. The band 
at 3309.85 in the synthesized nanoparticles corresponds to O-H 
stretching vibration indicating the presence of alcohol and phenol. A 
peak at 1720.50 is indicating the presence of the ester group. A peak at 
1211.30 is responsible for N-H stretch vibration indicating the presence 
of amide linkage. These functional groups have a role in the stability 
or capping of AgNPs as reported in many studies [16]. Therefore, the 
results concluded these changes in the functional groups responsible 
for the formation of AgNP.

Antibacterial assay
Antibacterial activity of AgNP
The antibacterial activity of synthesized AgNP was evaluated by 
agar well diffusion method. The test organisms are Escherichia coli, 
Staphylococcus aureus, Streptococcus pyogenes, Bacillus sp, Klebsiella 
sp, and Pseudomonas sp. Chloramphenicol used as positive control and 
AgNO3 used as a negative control. The results are given in Table 1 and 
Fig. 4.

The maximum zone of inhibition range between 9 mm and 15 mm was 
obtained in the synthesized AgNPs. The maximum zone of inhibition 
(15±0.14) was measured from 2 mg and 1 mg of AgNP in Pseudomonas sp.

Antibacterial activity of the C. guianensis leaf extract
The antibacterial activity of C. guianensis leaf extracts was assessed 
against different bacteria by a well diffusion method in comparison 
with standard antibiotic chloramphenicol. The test organisms are 
S. aureus, S. pyogenes, Bacillus sp, E. coli, Pseudomonas sp, and klebsiella 
sp. The obtained result is given in Table 2.

DISCUSSION

The present research was carried out to explore the potential of 
medicinal plant C. guianensis. The study was started from the collection 
and authentication of plant material. The AgNPs were synthesized from 
C. guianensis and characterization of AgNP, followed by analysis the 
bioassay. The formation of AgNPs using leaf extract of C. guianensis was 
viewed by the color change from colorless to yellowish-brown. Similarly, 
the AgNPs exhibited striking colors, from light yellow to brown [17]. 
Further, silver nanoparticles exhibit dark yellowish brown colour in 
aqueous solution due to the surface Plasmon resonance phenomenon, 
and the maximum absorbance of peak for C. guianensis seen at 405 nm 
in UV-visible spectrum [18,19].

FTIR analysis confirmed that the bioreduction of silver ions to AgNPs 
is due to the reduction by capping material of plant extract. Similarly, 
the protein present in the extract can bind to AgNPs through either 
free amino or carboxyl groups in the proteins [20,21]. The reduction 
function of polyphenols in the synthesis of AgNPs was also reported 
as earlier [22]. AgNPs obtain from the C. guianensis have very strong 
inhibitory action against S. aureus, S. pyogenes, Pseudomonas sp, E. coli, 
Bacillus sp, and Klebsiella sp. The phytochemicals are reported to have 
the capability of increasing the susceptibility of bacteria for various 
drugs [23]. Hence, the bactericidal property of the nanoparticles is size-

Table 1: Antibacterial activity of C. guianensis leaf synthesized silver nanoparticle

S. No. Test organism Zone of inhibition in mm

Concentration of silver nanoparticle

2 mg 1 mg 0.5 mg Standard drug DMSO
1. S. aureus - - - 18±0.86 Nil
2. Bacillus sp. 15±0.81 13±0.69 12±0.65 19±0.54
3. S. pyogenes - - - 18±0.24
4. Klebsiella sp. 13±0.72 11±0.81 9±0.76 20±0.45
5. E. coli 15±0.82 13±0.72 12±0.54 22±0.12
6. Pseudomonas sp. 15±0.14 15±0.21 13±0.92 20±0.43
C. guianensis: Couroupita guianensis, E. coli: Escherichia coli, S. aureus: Staphylococcus aureus, S. pyogenes: Streptococcus pyogenes

Fig. 3: Fourier transform infrared spectra of silver nanoparticle
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dependent, the larger the surface area, the greater the antibacterial 
activity [24], and biosynthesis method [25].

CONCLUSION

The development of reliable and eco-friendly process for synthesis 
of metallic nanoparticles used for the critical need in the field 
of nanotechnology. AgNPs play a profound role in the field of 
biology and medicine due to their phytochemical properties. The 
biosynthesized AgNP using C. guianensis leaves extract proved to be 
good against clinical pathogens. The antimicrobial activity is well 
demonstrated by the well diffusion method. The use of C. guianensis 
has added advantage and this plant can be used by nanotechnology 
processing industries. Nanoparticles can be used as bactericidal, 
water purification, and also used in the field of medicine. Hence, this 
method can be potentially exciting for the large-scale synthesis of 
nanoparticles.
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