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INTRODUCTION 

 

Nanotechnology has recently evolved as the cutting-edge technology with myriad 
biomedical applications. “Nanotechnology is the science that deals with matter at 

the scale of 1 billionth of a meter (i.e., 10− 9 m = 1 nm).” (Horikoshi and Serpone, 

2013). A nanoparticle is a tiny microscopic particle with atleast one dimension less 
than 100 nm in size. Conventionally, nanoparticles were synthesized using 

physical and chemical methods, but these methods make use of toxic chemicals, 

require high temperature, pressure, are time consuming, and expensive. So, it is the 
need of the hour to switch on to green synthesis of nanoparticles that is safe, easy, 

cost-efficient, environmentally-benign technique, free from harmful by-products, 

and safe for biomedical applications (Chaudhuri and Malodia, 2017; Hashemi 

et al., 2016; Herlekar et al., 2014).  

Plants have been an excellent source of bioactive compounds. Since time 

immemorial, humans have relied on plants as a source of traditional medicine and 
have included them as a habitual treatment for several diseases (Rios and Recio, 

2005). Among various biological entities, plants have come up as nanofactories in 

the synthesis of nanoparticles (Ahmed and Ikram, 2015). Using plants over 
micro-organisms helps in reducing the tedious process of maintaining cell cultures 

and multiple purification steps (Chaudhuri and Malodia, 2017). The synthesis of 

nanoparticles using plant extract as the reducing agent and sunlight as the catalyst 
is in the limelight as the process is sustainable, cost-efficient and benign. The 

phytochemicals of plant extracts get photosensitized on exposure to sunlight and 

result in electron transfer that reduce silver ions to silver nanoparticles. In addition, 
phytochemicals act as capping agents, which help in stabilization and prevent 

agglomeration of nanoparticles (Venkatasubbaiah et al., 2021). A number of 

reports using plant extracts such as of Durio zibethinus (Sumitha et al., 2018a), 
Premna integrifolia (Singh et al., 2019), Sida retusa (Sooraj et al., 2021), Annona 

squamosa (Jose et al., 2021) etc., have demonstrated synthesis of AgNPs under 

sunlight. For ages, silver has been extensively known for its anti-microbial 
properties, and is an attractive nanomaterial compared to other metals in the field 

of nanotechnology (Sivamaruthi et al., 2019).  

During the process of mitochondrial oxidative phosphorylation, reactive oxygen 

species (ROS) such as hydrogen peroxide (H2O2), hydroxyl radical (HO.), 

superoxide anion radical (O2
-) are generated by the partial reduction of oxygen. 

Moderate levels of ROS play an important role in regulating the physiology of the 

cell such as cell growth, transduction of cell signaling, and defense against 

pathogens. But when the level of ROS increases or cellular antioxidant capacity 
decreases, a condition called oxidative stress occurs, which leads to the damage of 

nucleic acids, proteins, and lipids (Ray et al., 2012; Valko et al., 2007). This in 

turn leads to inflammation, cardiovascular diseases, diabetes, degenerative 
diseases, and cancer (Cai et al., 2004). Inflammation is a bodily protective 

response to inactivate or destroy the invading organisms, or to remove any irritants 

that cause tissue injury, infection, or destruction characterized by heat, redness, 
pain, swelling in the affected area, and disturbed physiological functions. This is 

due to the chemical mediators released from injured tissue (Chandra et al., 2012). 

During inflammation, vascular permeability and protein denaturation increases, 
and alteration of the membrane takes place (Narayana and Chitra, 2018). 

For relieving oxidative stress, there are several synthetic antioxidative supplements 

available such as butylated hydroxyanisole and butylated hydroxytoluene, but they 
are expensive and have side effects like carcinogenesis (Botterweck et al., 2000). 

Similarly, to manage inflammation there are non-steroidal anti-inflammatory drugs 

(NSAIDs) but they also have side effects like the formation of gastric ulcers 
(Tripathi, 2008). The source of natural antioxidants are phenols and flavonoids, 

which are found in plants and are less expensive, free from side effects and also 

act as excellent anti-inflammatory agents (Ravipati et al., 2012). Many researchers 
have recently focused on developing new drugs from plant sources based on 

nanotechnology that are of low-cost and effective (Mohamed El-Rafie and 

Abdel-Aziz hamed, 2014). 
The plant Terminalia paniculata Roth commonly known as kindal tree belongs to 

the Combretaceae family. It is a tropical deciduous tree with large natural 

distribution in the Western Ghats of India. In traditional medicine, the bark and 
flower juice are used in the treatment of cholera, menstrual disorders, and inflamed 

parotid glands (Talwar et al., 2011). The fruits are rich in tannins and are used in 
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dyeing (Aswathi and Ernest Thoppil, 2020). The members of genus Terminalia 

have been widely used in most parts of the world as a source of traditional medicine 

in treating various diseases (Eloff et al., 2008) and have been used for several 

biomedical applications but T. paniculata remains unexplored for its therapeutic 

use. 

The main objective of the present study was to establish a sunlight-driven, instant, 
one-step, green route for the synthesis of silver nanoparticles (AgNPs) using the 

aqueous fruit extract of Terminalia paniculata Roth and to assess its in vitro 

antioxidant and anti-inflammatory activities. To the best of our knowledge, there 
are no reports to date on the same line of work. 

 
MATERIALS AND METHODS 

 

Chemicals and Glasswares 

 

All the chemicals used for the study were of analytical (AR) grade. DPPH (2,2-

diphenyl-1-picrylhydrazyl) from Sigma-Aldrich, Silver Nitrate (AgNO3), and BSA 
(Bovine Serum Albumin) were purchased from HiMedia Laboratories Pvt. Ltd. 

and used without further purification. The glasswares were cleaned, sterilized, and 

dried in a hot air oven before use.  
 

Sample Collection 

 
Healthy fruits of Terminalia paniculata Roth used for the study were collected in 

December 2021 from the campus of Karnatak University, Dharwad, Karnataka, 

India. The plant was identified and authenticated (Acc. No. 19557) by Dr. K. 
Kotresha, Associate Professor, Karnatak Science College, Dharwad.  

 

Preparation of Aqueous Fruit Extract 

 

The fruits of T. paniculata were brought to the laboratory in sealed polythene bags 

and thoroughly washed under tap water followed by distilled water to remove any 
dust particles adhered to it. They were shade dried at room temperature to get rid 

of the residual moisture. Approximately, 10 gms of fruits were added to a conical 

flask containing 100 mL distilled water and incubated in a water bath at 60-70oC 
for about 45 minutes. The extract was allowed to cool down to room temperature, 

filtered through No. 1 Whatman filter paper, and stored in a refrigerator at 4oC for 

future experiments. 

 

Sunlight-Driven Green Synthesis of TpF-AgNPs 

 
5 mL of aqueous fruit extract of T. paniculata was added to 95 mL of 1 mM AgNO3 

and exposed to direct sunlight. A similar setup was kept at room temperature, and 

in dark conditions. After the colour change, pH was adjusted to 8. The solution was 
centrifuged at 13,000 rpm for 30 mins. The pellet obtained was washed thrice with 

distilled water to get rid of bio-inorganic molecules. It was then dried in a hot air 

oven and used for further characterization studies and to assess biological 
activities.   

 

Characterization of TpF-AgNPs 

 

The absorbance of the reaction mixture after the reduction of Ag+ ions to Ag0 was 

measured using UV-Vis double beam Spectrophotometer (Jasco V-670) in the 
range of 300-600 nm. The functional groups of phytochemicals present in the fruit 

extract involved in the reduction and capping of TpF-AgNPs were identified using 

FTIR (Nicolet 6700, Thermo-Fischer Scientific) with the scanning range of 4000 

to 400 cm-1. The crystalline nature and size of the TpF-AgNPs were recorded using 

XRD (RIGAKU Smartlab SE) with 40 kV and a current of 30 mA with Cu K𝛼 

(1.5405A˚) radiation and also through SAED analysis. The particle size 

distribution and zeta potential were studied using a DLS particle size analyzer 
(HORIBA SZ-100) with the scattering angle set at 90° and the temperature of the 

holder was 25.0 °C. The shape, size, and distribution of TpF-AgNPs were studied 

using AFM (Nanosurf easyscan2 AFM) and HR-TEM (Jeol/JEM 2100). 
 

Biological Activities 

 

In vitro Assessment of Antioxidant Activity 

 

DPPH Free Radical Scavenging Assay 

 

The DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical scavenging activity of 

TpF-AgNPs was performed according to the method reported by Blois (1958) with 
slight modifications. 1 mL of samples (AgNPs/fruit extract) at various 

concentrations (20, 40, 60, 80, 100 µg/mL) were allowed to react with 1 mL of 0.1 

mM DPPH in methanol and incubated in dark for 30 mins. DPPH without sample 
was taken as control. After incubation, absorbance was measured at 517 nm. 

Ascorbic acid was used as a standard drug. The % Scavenging was calculated using 

the following formula. 
 

% Scavenging = [(Ac − As)/Ac] × 100 

Where Ac stands for the absorbance of the control, and As for absorbance of the 

sample. 

 

In vitro Assessment of Anti-inflammatory Activity 

 

BSA Protein Anti-denaturation Assay 

 

The BSA protein anti-denaturation assay of TpF-AgNPs was performed according 

to the method reported by Grant et al., (1970) and Aware et al., (2017) with slight 
modifications. 1 mL of samples (AgNPs/fruit extract) at various concentrations 

(100, 200, 300, 400, 500 µg/mL) were allowed to react with 1 mL of BSA solution 
(1% BSA in 50 mM Tris buffer, pH 6.5). BSA without sample was taken as control. 

The reaction mixture was incubated at room temperature (37oC) for 20 mins 

followed by heating in a water bath at 64oC for 5-10 mins till turbidity develops. 
On cooling, the absorbance was recorded at 660 nm spectrophotometrically. 

Diclofenac Sodium was used as a standard drug. The % Inhibition of protein 

denaturation was calculated using the following formula. 
 

% Inhibition = [(Ac – As)/ Ac] × 100 

 
Where Ac stands for absorbance of the control, and As stands for absorbance of 

the sample. 

 
Statistical Analysis 

 

The tests were performed in triplicates. All the values are expressed as mean ± 
standard deviation. The data was analysed using one-way analysis of variance 

(ANOVA) followed by post-hoc Tukey’s test and p < 0.05 was considered 

statistically significant.  
 

RESULTS 

 

Visual Observation 

 

The preliminary identification of TpF-AgNPs formation was visualized as a 
transition in the colour of the reaction mixture after the addition of fruit extract to 

AgNO3 solution. Under direct sunlight, the colour changed from pale-yellow to 

reddish-brown within 3 mins (Figure 1). Similar colour inference with 20 mins 

reaction time was observed at room temperature. Whereas, the setup kept under 

dark conditions failed to attain the same degree of colour even after hours. 

 
Figure 1 Schematic illustration of TpF-AgNPs formation under direct sunlight. 

 

UV-Vis Spectral Analysis 

 

The reduction of Ag+ ions to Ag0 as a change in colour of the reaction mixture was 
analyzed using UV-Vis Spectroscopy. From figure 2, it can be observed that λmax 

value after the change in colour of the reaction mixture (pH 4.3) was found to be 

at 420 nm and it shifted towards 411 nm on adjusting the pH to 8. 

 
Figure 2 UV-Vis absorption spectra of TpF-AgNPs under direct sunlight (before 

and after adjusting the pH to 8) 
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FTIR Spectral Analysis 

 

The FTIR analysis was carried out to study the involvement of phytochemicals of 

fruit extract in the reduction, capping, and stabilization of TpF-AgNPs. The FTIR 

spectra of T. paniculata fruit extract and T. paniculata fruit extract mediated 

AgNPs are depicted in figure 3. The spectra shows bands at 3399, 2927, 2852, 
1733, 1619, 1450, 1357, 1184, 1055, 870, 777, 593 cm-1 for fruit extract, and 3424, 

2922, 2852, 1617, 1384, 1020 cm-1 for TpF-AgNPs respectively.  The peak at 3424 

cm-1 corresponds to -OH stretching vibrations of alcohols and phenols (Sagadevan 

et al., 2019). Peaks at 2922 and 2852 cm-1 are attributed to asymmetrical and 

symmetrical -CH stretching vibrations of alkanes (Ng S et al., 2014; Patil et al., 

2017). A peak at 1617 cm-1 was due to the C=C stretching of alkenes 

(Mohankumar et al., 2012) and N-H bend in primary amines (Patil et al., 2017). 

The peak at 1384 cm-1 could be attributed to the residual amount of AgNO3 (Abo-

Elmagd et al., 2020). The peak at 1020 cm-1 was due to the vibration of the single 

bond between carbon and nitrogen (C-N) which can be assigned to primary 

aliphatic amines (Badmus et al., 2020). 

 
Figure 3 FTIR spectra of T. paniculata fruit extract and TpF-AgNPs 

 

XRD Analysis 

 

The crystalline nature of TpF-AgNPs was studied using Powder X-Ray Diffraction 

(PXRD). The XRD pattern of TpF-AgNPs (Figure 4) shows five distinct peaks at 
2θ values of 38.10o, 44.30 o, 64.45 o, 77.39 o, and 81.49 o respectively. These 

diffraction peaks matched well with the standard diffraction data (ICDD Card No. 

00-004-0783). The average crystallite size of the TpF-AgNPs estimated from 
FWHM (Table 1) of the diffraction peaks calculated using Debye-Scherrer’s 

equation, D = Kλ/βcosθ was found to be 24.21 nm. 

  

 
Figure 4 X-Ray Diffraction pattern of T. paniculata fruit extract mediated AgNPs 

 

 

 

 

Table 1 XRD profile of T. paniculata fruit extract mediated AgNPs   

Position 

2θ (o) 

Height 

(counts) 

FWHM 

(o) 

d-

spacing 

(Å) 

Planes 

(hkl) 

Particle 

Size 

(nm) 

38.1097 
44.3021 

64.4526 

77.3942 
81.4959 

1476.9 
406.6 

371.5 

387 
96.6 

0.3231 
0.5062 

0.3616 

0.4083 
0.4744 

2.3594 
2.0429 

1.4444 

1.2320 
1.1801 

(111) 
(200) 

(220) 

(311) 
(222) 

27.16 
17.69 

27.12 

26.03 
23.08 

Average crystallite size     24.21 

FWHM – Full Width Half Maximum 
 

DLS Particle Size and Zeta Potential Analysis 

 
DLS particle size analyzer is an analytical tool used to measure particle size and 

surface charge on the nanoparticles. From figure 5(A), the mean particle size was 

found to be 72.8 nm and Z-average particle size was 40.2 nm with a polydispersity 
index of 0.448 and the zeta potential value of -53.9 mV (Figure 5B) which 

indicated excellent stability of the nanoparticles. 

 
Figure 5 (A) Particle size and (B) Zeta potential of TpF-AgNPs 

 

AFM Analysis 

 

The surface topography of the TpF-AgNPs was analyzed using the AFM 

technique. The images (Figure 6) depict the polydispersed and spherical shape of 

nanoparticles with sizes ranging from 30 to 85 nm.  

 
Figure 6 AFM images of TpF-AgNPs (A) 2-Dimensional, (B) 3-Dimensional and 

(C) Particle size distribution 
 

HR-TEM with SAED Analysis 

 
HR-TEM explores the detailed microscopic structure of the AgNPs. The TEM 

image of TpF-AgNPs is shown in Figure 7(A) which depicts the spherical shape 

and polydispersity of the nanoparticles. A histogram of particle size distribution 

represents that the TpF-AgNPs varied in size between 5 and 50 nm with an average 

particle size of 26.03 ± 7.54, n = 98 (Figure 7B). The HR-TEM image (Figure 7C) 

shows the lattice fringe with a distance of 2.36 Å (0.23 nm). The SAED pattern 
shows five bright circular rings (Figure 7D) assigned to (111), (200), (220), (311), 

and (222) which are the characteristic reflections of face-centered cubic crystalline 

silver that correlates with the XRD pattern. 
 

 
Figure 7 HR-TEM and SAED pattern of TpF-AgNPs 
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DPPH Free Radical Scavenging Assay 

 

The DPPH free radical scavenging assay determines the antioxidant capacity of 

extracts or AgNPs to scavenge free radicals by a change in colour from purple to 

yellow or colourless. As shown in figure 8, both TpF-AgNPs and fruit extract 

showed increased activity in a dose-dependent manner with maximum % 
scavenging of 71.72 ± 0.51% for TpF-AgNPs and 78.30 ± 0.31% for fruit extract 

recorded at their highest concentration (100 µg/mL). The standard drug Ascorbic 

acid showed 96.88 ± 0.37% scavenging at a concentration of 100 µg/mL. The IC50 
values obtained for TpF-AgNPs, fruit extract and standard were 71.02, 68.59 and 

40.99 µg/mL (Table 2) respectively. 
 

 
Figure 8 DPPH radical scavenging activity of TpF-AgNPs compared with fruit 
extract and standard ascorbic acid 

 

Table 2 % Scavenging and IC50 values of TpF-AgNPs, fruit extract and Ascorbic 
acid for DPPH free radical scavenging assay 

Sl. 

No. 

Concentration 

(µg/mL) 

% Scavenging 

Ascorbic acid TpF-AgNPs Fruit extract 

1 
2 

3 

4 
5 

20 
40 

60 

80 
100 

31.28 ± 0.11Ea 
49.55 ± 0.31Da 

66.59 ± 0.22Ca 

84.68 ± 0.12Ba 
96.88 ± 0.37Aa 

18.43 ± 0.21Eb 
28.71 ± 0.30Db 

38.14 ± 0.39Cc 

56.04 ± 0.11Bc 
71.72 ± 0.51Ac 

11.60 ± 0.22Ec 
23.88 ± 0.36Dc 

41.06 ± 0.25Cb 

58.93 ± 0.48Bb 
78.30 ± 0.31Ab 

 IC50 40.99 71.02 68.59 

Data expressed as mean ± standard deviation (n = 3). Different superscript capital 

letters within a column and different superscript small letters within a row denote 
significant differences (p < 0.05). 

   
BSA Protein Anti-denaturation Assay 

 

The BSA protein anti-denaturation assay determines the ability of extracts or 
AgNPs in inhibiting the protein denaturation which is the main cause for 

inflammation. Here the decrease in absorbance with increasing concentration 

showed the % inhibition of protein denaturation. The results (Figure 9) showed an 
increase in inhibition of protein denaturation in a dose-dependent manner with 

maximum % inhibition of 85.88 ± 1.09% for TpF-AgNPs and 70.21 ± 1.10% for 

fruit extract recorded at their highest concentration (500 µg/mL). The Standard 

drug Diclofenac Sodium showed 97.16 ± 1.14% inhibition of protein denaturation 

at a concentration of 500 µg/mL. The IC50 values obtained for TpF-AgNPs, fruit 

extract and standard were 201.88, 320.22 and 121.99 µg/mL (Table 3) respectively. 
 

 
Figure 9 BSA protein anti-denaturation activity of TpF-AgNPs compared with 
fruit extract and standard diclofenac sodium 

Table 3 % Inhibition and IC50 values of TpF-AgNPs, fruit extract and Diclofenac 

sodium for BSA anti-denaturation assay 

Sl. No. 
Concentration 

(µg/mL) 

% Inhibition of protein denaturation 

Diclofenac 

sodium 
TpF-AgNPs Fruit extract 

1 

2 

3 
4 

5 

100 

200 

300 
400 

500 

42.33 ± 1.05Ea 

62.54 ± 1.02Da 

80.11 ± 1.08Ca 
88.67 ± 1.04Ba 

97.16 ± 1.14Aa 

33.10 ± 1.00Eb 

48.50 ± 0.96Db 

69.94 ± 1.13Cb 
79.66 ± 1.12Bb 

85.88 ± 1.09Ab 

20.84 ± 1.09Ec 

32.60 ± 1.06Dc 

49.10 ± 1.15Cc 
64.06 ± 1.13Bc 

70.21 ± 1.10Ac 

IC50 121.99 201.88 320.22 

Data expressed as mean ± standard deviation (n = 3). Different superscript capital 

letters within a column and different superscript small letters within a row denote 
significant differences (p < 0.05).  

 

DISCUSSION 

 

The present study reports the successful synthesis of silver nanoparticles using 

aqueous fruit extract of Terminalia paniculata Roth under direct sunlight and its 
efficient antioxidant and anti-inflammatory activity. Visual transition in colour 

from pale-yellow to reddish-brown indicates the formation of silver nanoparticles 

confirmed by UV-Vis Spectroscopy. A similar colour inference was observed in 
studies on AgNPs synthesis using leaf extract of Polygonatum graminifolium 

(Rawat et al., 2020) and Ocimum sanctum (Brahmachari et al., 2014). The colour 

change is mainly due to the collective oscillation of free electrons present on the 
surface of metal nanoparticles. This is as a result of interaction with the electric 

field component of the incident light in a phenomenon called Surface Plasmon 

Resonance (SPR). The SPR peak of AgNPs falls in the visible light region of the 
electromagnetic spectrum in the range of 400-450 nm (Chutrakulwong et al., 

2020).  

From the UV-Vis spectral results, it can be seen that pH affects the rate of 
formation of nanoparticles.  In this, a mild shift occurred in the SPR band from 420 

nm to 411 nm with a change in pH from 4.3 to 8 and also a change in broader peak 

to a sharper one with increased absorbance. It is observed that in alkaline 
conditions, the increase in negatively charged hydroxide ions (OH-) leads to a fast 

reduction of Ag+ to Ag0 and nucleation, resulting in the formation of large 

quantities of small-sized nanoparticles. While in acidic conditions, the nucleation 

rate is slower due to electrostatic repulsion of anions resulting in large-sized 

nanoparticles (Chutrakulwong et al., 2020; Edison and Sethuraman, 2012). 

According to Mie’s theory, the absorption spectra of spherical nanoparticles 
generally shows a single SPR band whereas two or more SPR bands indicate 

variation in the shape of nanoparticles (Kumar et al., 2017). In the present work, 

a single SPR band was produced indicating the spherical shape of nanoparticles, 
also confirmed by HR-TEM analysis.  

The effect of sunlight on nanoparticle formation with instant colour change 

indicated that the reaction was completely photocatalytic with no extra heating or 
stirring. Similar results have been reported in the synthesis of AgNPs using 

aqueous Physalis angulata leaf extract (Kumar et al., 2017). With an increase in 

exposure time, the colour intensity of the reaction mixture increased up to 5 mins 
but with further exposure, the solution showed a slight greyish tinge. Studies on 

AgNPs synthesis using durian rind extract have shown that though a long time of 
exposure to sunlight enhances the reduction process but leads to aggregation 

resulting in the formation of large-sized nanoparticles (Chutrakulwong et al., 

2020).  It is also noticed that synthesis of AgNPs occurs even at room temperature 
but the time required to complete the reaction was several times more compared to 

sunlight exposure.  Dark conditions did not favor the formation of AgNPs. Among 

the three possible conditions mentioned, AgNPs were formed in both sunlight and 
at room temp, but the time taken for the reaction was less under direct sunlight (< 

3 mins) compared to room temp (20 mins). So, the sunlight-driven synthesis of 

silver nanoparticles is quicker considering the time factor.  
The FTIR spectra showed major shifting of peaks and reduction of peak intensity 

from 3399 cm-1 to 3424 cm-1 and 1055 cm-1 to 1020 cm-1 which provides clear 

evidence of involvement of the phytochemicals from the fruit extract in AgNPs 
formation. This indicates that the hydroxyl (-OH) and amine (-NH) functional 

groups were mainly responsible for reduction and capping of silver nanoparticles. 

These functional groups pertain to phytochemicals such as phenolics and 
aminoacids. The results are consistent with previous report on phytochemical 

studies which revealed the presence of alkaloids, anthocyanins, coumarins, 

phenols, and saponins in aqueous fruit extract of T. paniculata (Rajashekhar et 

al., 2016).   

X-ray diffraction studies showed five distinct Braggs diffraction peaks which 

correspond to (111), (200), (220), (311) and (222) planes of Face Centered Cubic 
(FCC) phase of metallic silver confirmed by comparing with the standard pattern. 

This clearly shows that the AgNPs formed using aqueous fruit extract of T. 

paniculata were crystalline in nature. These results are in good agreement with 
earlier findings (Sumitha et al., 2019b). In addition to these peaks, some 

unassigned peaks were also observed suggesting the crystallization of bio-

inorganic phase on the surface of silver nanoparticles (Ponarulselvam et al. 2012).  
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The particle size of 40.2 nm obtained through DLS substantiates with TEM data. 

Such results were obtained in previous reports where the average size was 39.41 

nm for AgNPs synthesized using bark extract of Amentotaxus assamica (Bharali 

et al., 2019). Polydispersity Index (PDI) shows the spread of particle size 

distribution with the value ranging from 0.1 to 1. PDI with a value less than 0.1 

indicates monodispersity, whereas more than 0.1 implies polydispersity (Raval et 

al., 2019). The obtained PDI value of 0.448 shows the polydisperse nature of TpF-

AgNPs.  

Zeta potential is an indicator of stability of nanoparticles based on the surface 
charge. As per the literature, the value of zeta potential higher than +30 or lower 

than -30 is considered highly stable in dispersion medium (Erdogan et al., 2019). 
In the present study, the zeta potential of -53.9 mV indicates excellent stability and 

the negative ions on the surface of the particles implies a strong repulsive force 

that reduces the possibility of aggregation and enhances the stability of 
nanoparticles (Badmus et al., 2020).  

From the AFM studies, it can be predicted that the TpF-AgNPs were more or less 

spherical in shape with random distribution. The particle size evaluated from AFM 
images was comparatively larger than that obtained from XRD, DLS, and TEM 

analysis. This could be due to the aggregation of AgNPs during the preparation of 

the slide for analytical examination (Alahmad et al., 2013). Our results correlate 
with the previous studies, where the AgNPs synthesized using soyabean seed 

extract were spherical and their size ranged from 60-80 nm (Sandeep and 

Biradarpatil, 2018). 
TEM images show polydisperse spherical TpF-AgNPs of different sizes with less 

agglomeration. The lattice fringes in the HR-TEM image and bright circular rings 

from the SAED pattern further confirmed the crystalline nature of TpF-AgNPs. 
This is in accordance with the results obtained by Alshehri and Malik (2020), 

where the size ranged from 5 to 40 nm of AgNPs synthesized using Matricaria 

chamomilla. 
DPPH radical scavenging activity is a very simple and inexpensive method to 

determine the antioxidant potential of the compounds. DPPH (2,2-diphenyl-1-

picrylhydrazyl) is a stable free radical with an odd electron on the nitrogen atom, 
producing deep violet colour in methanol (Blois, 1958). It can accept an electron 

or hydrogen atom from the donor. On receiving, the odd electron is reduced to 

corresponding hydrazine with loss of colour (Contreras-Guzman and Strong, 

1982). This degree of discolouration is made use to assess the antioxidant capacity. 

In the present findings, TpF-AgNPs showed significant (p < 0.05) activity at lower 

concentrations 20 and 40 µg/mL compared to fruit extract. But with increasing 

concentration, extract showed increased activity. This could be due to the greater 

availability of reducing groups in the extract than on the surface of TpF-AgNPs. It 

clearly shows that the antioxidant potential of TpF-AgNPs was due to the 
phytochemicals capped on the surface of AgNPs which is evident from FTIR 

analysis. Similar results were observed with AgNPs synthesized from Nigella 

arvensis leaf extract (Chahardoli et al., 2018). 
It is known that protein denaturation is a well-documented cause of inflammation 

(Opie, 1962). The anti-inflammatory activity was assessed via the % inhibition of 

heat-induced protein denaturation. In the present work, TpF-AgNPs exhibited 
significantly (p < 0.05) higher activity compared to the fruit extract. Such results 

were also reported by Prabhakaran and Mani (2019). Although TpF-AgNPs 

showed moderate antioxidant activity, its effect on inhibition of protein 
denaturation was almost near to the standard. The exact mechanism of interaction 

of nanoparticles in stabilizing the protein can be understood with further docking 

studies. 
 

CONCLUSION 

 

In the present investigation, a very efficient method to synthesize silver 

nanoparticles (AgNPs) using aqueous fruit extract of Terminalia paniculata Roth 

under direct sunlight is reported. The results show that sunlight favors the rapid 
fabrication of AgNPs compared to other temperature-mediated synthesis by 

reducing the time factor. The spectroscopic and microscopic studies reveal that 

TpF-AgNPs were spherical, stable, crystalline with particle size ranging from 5-50 
nm. FTIR spectra shows the involvement of phytochemicals in the reduction, 

capping, and stabilization of TpF-AgNPs, which exhibited significant antioxidant 
and anti-inflammatory activities.  
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