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This study aimed to determine the formation rate of silver nanoparticles 
synthesized using leaf extract of Ficus variegata and characterize their physical, 
chemical, and antibacterial properties against Gram-positive Staphylococcus 
aureus and Gram-negative Escherichia coli. For the formation rate determination, 
an empirical exponential model was proposed and used to fit the absorbance vs. 
time data (kinetics data). The surface plasmon resonance wavelength was 
measured using UV-Vis spectroscopy for physical and chemical characterization. 
The shape and size of the silver nanoparticles were characterized by transmission 
electron microscopy (TEM), and organic materials on the surface of the particles 
were identified by characterizing the associated chemical bonding using FTIR 
spectroscopy. For antibacterial assays, disc diffusion and spectrophotometric 
methods were used. The formation rates of the silver nanoparticles were 0.036 per 
hour or 1.0 x 10-5 s-1 (slower rate) and 0.767 per hour or 2.1 x 10-4 s-1 (faster rate). 
UV-Vis absorption spectrum indicated the surface plasmon resonance peak at 415 
nm. Silver nanoparticles formed mainly were spherical, with a mean diameter of 
26.5±0.7 nm. The FTIR spectrum indicated the presence of organic materials on 
the surface of the silver nanoparticles, which indicated the involvement of the 
extract as a reducing agent in particles formation. Antibacterial assay showed that 
synthesized silver nanoparticles inhibited the growth of both S. aureus and E. coli. 
The results from the disc diffusion method imply that the particles inhibited the 
growth of E. coli more effectively than S. aureus. 

 

1. Introduction 

Silver nanoparticles (AgNPs) have been of interest in 
academics and industries, among other metal 
nanoparticles, such as gold, platinum, and iron. This is 
due to their wide range of applications. One of the well-
known properties of AgNPs is their antibacterial property, 
and many products in the industry have used AgNPs 
because of this property, i.e., food packaging [1], textile 
[2], cosmetics [3], dental fillings [4], and medical devices 
[5]. Besides their antibacterial properties, silver 
nanoparticles also have some other unique properties 
which make them applicable in many industrial products, 
for instance, optical properties for biosensors [6], 
electronic properties for paper electronics [7], thermal 

properties for nanofluid [8], and biological properties for 
drug delivery systems [9]. 

AgNPs can be obtained by physical, chemical, and 
biological methods. Although each method has its 
advantages and disadvantages, the biological method has 
been a popular choice recently because it is affordable, 
easy to use, and non-toxic or environmentally friendly 
[10]. In that method, the production of AgNPs is mediated 
by microorganisms or plant extracts, where plant 
extracts have some advantages compared to the 
microorganism in dealing with cell culture. The number 
of studies of silver nanoparticles using plant extract 
increased exponentially from 2001 to 2019, where 
different parts of the plant, such as leaves, seeds, barks, 
fruit, roots, were used [11]. Plant extract components play 
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a role as a reducing agent to reduce Ag+ becoming Ag0 so 
that the AgNPs can be formed. 

Characterization of AgNPs produced using leaf 
extract has been done by many researchers. The 
characterization includes physical, chemical, antifungal, 
antibacterial, anticancer, antioxidant, antibacterial, and 
anti-inflammatory [12, 13, 14]. One parameter of the 
physical properties of AgNPs, which is not studied 
intensively, is the formation rate of the particles, an 
important parameter to study the reaction of the AgNPs 
formation [15]. The formation rate parameter can be used 
to control the process of AgNPs synthesis [16]. The 
physical, chemical, and antibacterial properties of AgNPs, 
can be used to analyze the interrelation between AgNPs 
synthesis parameters. Some previous studies have 
determined the formation rate of AgNPs [15, 16, 17]. 
However, all these studies of the kinetic formation of 
AgNPs used the absorbance vs. time data of several 
minutes up to 2 hours measurements. 

In comparison, the kinetics data of other previous 
studies showed that it took several hours, even more than 
a day, for the absorbance to reach a plateau value, after 
increasing in the first few minutes to a few hours [18, 19]. 
An increase in the absorbance in the first few minutes 
denotes the formation of the particles, and it ceases to 
increase when the formation is completed. This means 
that more data is required over several days to determine 
the formation rate, from the initial to the complete 
formation of the particle, which was done in this new 
study. 

The leaf extract of Ficus variegata was chosen as a 
reducing agent. Indonesians use these leaves as a 
traditional medicine to treat various diseases such as 
dysentery and ulceration. The leaves contain secondary 
metabolites such as alkaloids, flavonoids, and 
steroids/terpenoids, which have antibacterial and 
antioxidant activities [20, 21]. This study aims to 
determine the formation rate of AgNPs synthesized using 
leaf extract of Ficus variegata and characterize their 
physical, chemical, and antibacterial properties. The 
results can reveal the possible interrelation between 
synthesis parameters of AgNPs. 

2. Methodology 

2.1. Synthesis of AgNPs 

Synthesis of AgNPs followed the protocol described 
previously [12, 22]. The leaves of Ficus variegata were 
collected from the local garden in Ambon, Indonesia, and 
cleaned consecutively with tap water followed by distilled 
water to remove the dust on their surfaces. Twenty grams 
of the washed leaves were cut into small pieces and put 
into 200 mL distilled water. The mixture was heated for 
20 minutes and left to cool. The cooled mixture was 
filtered through a Whatman filter No.1 to obtain the 
extract. AgNPs were prepared by mixing the extract with 
1 mM AgNO3 solution (volume ratio of 1:9). 

2.2. Determination of Formation Rate of AgNPs 

The formation rate was determined by fitting an 
empirical exponential model of: 

 𝐴 =  𝐴0(1 − 𝐴1𝑒−𝑘1𝑡 − 𝐴2𝑒−𝑘2𝑡) (1) 

The absorbance vs. time data (kinetics data) of the 
sample was measured from when the silver nitrate 
solution was mixed with the extract until the AgNPs were 
completed to form. In this model, A and t are the 
absorbance and time, respectively, and As and ks are the 
fitting parameters: As are related to the absorbance, where 
A0 is the maximum absorbance, k1 and k2 are the rate 
formation which in this case, two rates inferred 
empirically from the data. The goodness of the fit 
parameters is indicated by χ2 defined by: 

 χ2 =  
1

𝑁−𝑚
∑

(𝑦𝑖−𝑓𝑖)2

𝜎𝑖
2

𝑁
𝑖=1  (2) 

Where N is the number of data and m is the number 
of parameters, yi, fi, and σi is the data, fit, and uncertainty 
of the data, respectively, at a given measurement time. 
The model function of Equation 1 was fitted to the 
absorbance vs. time data by using a non-linear fitting 
routine to find the smallest value of χ2. The absorbance of 
the sample was measured using Colorimeter Smart 2 
LaMotte with a light source wavelength of 430 nm. 

2.3. Physical and Chemical Characterization of AgNPs 

Physical and chemical characterizations of AgNPs 
included the determination of the localized surface 
plasmon resonance wavelength (LSPR wavelength), 
measurements of the diameters, and identification of the 
functional group of AgNPs. UV-Vis spectrophotometer 
(UV-1700 PharmaSpec Shimadzu), owned by the 
Department of Chemistry at Pattimura University, was 
used to determine the LSPR wavelength of AgNPs. For 
UV-Vis measurements, 3.5 mL of the sample was filled 
into a 10x10 mm optical path cuvette, and the sample was 
scanned with a light wavelength varying from 300 to 600 
nm. 

TEM (JEOL JEM 1400), owned by the Department of 
Chemistry at Gadjah Mada University, was used to 
measure the diameter of AgNPs. A small drop of AgNPs 
was put onto a Cu-substrated grid and left to dry for TEM 
measurement. The functional group of AgNPs was 
identified using FTIR Spectrophotometer (8201 PC 
Shimadzu) owned by the Department of Chemistry at 
Gadjah Mada University. For FTIR sample preparation, 
suspension of AgNPs was centrifuged at 12,000 rpm for 20 
minutes to obtain the pellet, where for the measurement, 
2 mg of the pellet was mixed with 200 mg KBr. 

2.4. Antibacterial Assay of AgNPs 

For the antibacterial assay, two methods were 
involved: disc diffusion and spectrophotometric 
methods. For the disc diffusion method, a total of 200 µL 
of fresh bacterial suspension (1.5 x 108 CFU/mL) was 
pipetted and spread on the surface of the NA medium and 
allowed to dry. After that, 20 µl of AgNPs were pipetted 
onto a paper disk with 0.6 cm in diameter. The dried paper 
disk was then placed on the surface of the solidified media 
and incubated at 35-37℃ for 24 hours. This test was 
carried out using E. coli or S. aureus with three replicates 
for each bacterium. After the incubation time, 
measurements of the inhibition zones were investigated. 
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For the spectrophotometric method, approximately 
5 mL of the AgNPs, 5 mL of sodium broth, and 500µl of 
bacterial suspension were put into a sterile bottle and 
incubated at room temperature. In another sterile bottle, 
5 mL of sterile distilled water, 5 mL of sodium broth, and 
500µl of bacterial suspension were mixed for the control. 
This test was carried out using E. coli and S. aureus with 
three replicates for each bacterium. The bottles were 
incubated at room temperature for 24 hours. The 
absorbances were then measured with the wavelength of 
620 nm using a colorimeter for a specific incubation time. 

3. Results and Discussion 

3.1. Kinetics of the Formation of the AgNPs 

The formation of AgNPs took place a few minutes 
after mixing silver nitrate solution with the extract, 
which is indicated by the change of color of the mixture 
from transparent to yellowish-brown. It is believed that 
the secondary metabolites contained in leaf extracts, such 
as alkaloids, flavonoids, and steroids/terpenoids, act as a 
reducing agent to reduce Ag+ to Ag0, which initiates the 
process of nucleation, and eventually forms AgNPs [23]. 

 

Figure 1. Absorption of the AgNPs was measured as a 
function of time for three days. The line is the fit of the 

model to the data 

For the kinetics of the AgNPs formation, the 
absorbance of the sample was measured after mixing 
silver nitrate solution with the extract. There was a 
change in the color of the sample from transparent to 
yellowish-brown. At the same time, the absorbance of the 
sample increased. The change of color and the increase in 
absorbance were related to the formation of the AgNPs. 
Figure 1 shows the graph of absorbance as a function of 
time in three days, using a 430 nm wavelength light 
source. The figure shows that the absorbance increased 
exponentially, reaching a plateau in less than 24 hours. 
The increase in absorbance was due to the formation of 
the AgNPs. The pattern in the figure indicates that the 
number of AgNPs formed increased exponentially, and 
the plateau denoted that all AgNPs have been formed. 

To determine the formation rate, an exponential 
model of Equation 1 fit the data. The fitting process was 
conducted to obtain A0, A1, A2, k1, and k2 (the five fitting 
parameters) using a non-linear fitting routine to find the 
smallest value of χ2. The parameters resulting from the 

fits are summarized in Table 1. The value of χ2 as an 
indicator of the goodness of fit parameters was 7.35 x 10- 5. 
The Anova analysis showed p<0.05, which is a good 
indicator of consistency between the data and the model, 
thus the validity of the fitting results. 

Table 1. The value of parameters from the fits 

No Parameters Value Standard Error 

1 A0 1.40 0.01 

2 A1 -0.274 0.009 

3 A2 -0.299 0.007 

4 k1 0.036 /hour 0.0034 /hour 

5 k2 0.767 /hour 0.05 /hour 

The line in Figure 1 is an Equation 1 curve with the 
value of fitting parameters taken from fitting results 
shown in Table 1. The formation rates k1 and k2 resulting 
from the fit were found to be 0.036/hour or 1.0 x 10-5 s-1 
and 0.767/hour or 2.1 x 10-4 s-1, respectively. The more 
significant formation rate was indicated at the beginning, 
wherein the first 6 hours, the absorbance increased 
rapidly, and later it became slower, associated with the 
lower formation rate. The formation rate of AgNPs was 
previously studied using Musa balbisiana peel extract, 
where the rate was found to be 4.35 x 10-4 [15], in the same 
order as more significant formation rate of AgNPs of this 
study. Nevertheless, the data used to get the formation 
rate of Musa balbisiana AgNPs was only up to 2 hours (no 
plateau observed), compared to AgNPs using Ficus 
variegata of this study which covers three day-data, 
where the plateau was observed. The formation of AgNPs 
is complete when the plateau is reached. This study gave 
an alternative model to determine the formation rate of 
AgNPs, which is consistent with the data and can cover a 
wide range of data, from initial to complete formation. 

3.2. Physical and Chemical Characterizations of the 
AgNPs 

The yellowish-brown color of the AgNPs observed 
(Inset, Figure 2) was a unique color of the sample. On the 
surface of the AgNPs, there was a collective vibration of 
electrons known as Plasmon. The vibration frequency is 
related to the color of the sample, thus the wavelength, 
which is a characteristic wavelength of the sample. When 
light with this wavelength impinged on the sample, the 
sample would absorb the light, and the resonance took 
place, called a localized surface plasmon resonance 
(LSPR). 

UV-Vis was used to characterize the LSPR 
wavelength of the sample, and Figure 2 shows the 
spectrum of UV-Vis for AgNPs together with the picture 
of the sample (inset). The figure indicates that the LSPR 
wavelength of AgNPs was 415 nm. This value of LSPR 
wavelength was in the interval range of LSPR wavelength 
of AgNPs, 400–500 nm. Some previous studies, for 
example, also showed the values of LSPR wavelength in 
this interval range: LSPR wavelength of 415 nm of 
Syzygium aromaticum AgNPs [12], 430 nm for Astragalus 
tribuloides AgNPs [14], and 440 nm for Tectona grandis 
AgNPs [24], and 455 nm for Graptophyllum pictum AgNPs 
[22]. 
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Figure 2. UV-Vis spectrum of AgNPs together with the 
picture of the sample 

Figure 3 (Top) shows TEM of the AgNPs with 
different magnifications. The particles are mostly 
spherical, and for the particle size determination, 100 
particles were chosen randomly for the analysis. The 
diameter of the particles measured varied from the 
minimum value of 10.0 nm to the maximum value of 40.5 
nm. The mean diameter of the particles was determined 
to be 26.5±0.7 nm, and the particle size distribution is 
shown in Figure 3 (Bottom). 

 

Figure 3. TEM of the AgNPs at two different 
magnifications and the particle size distribution 

Figure 4 shows the FTIR spectrum of the AgNPs. The 
peak at 3425 cm-1 is related to a hydrogen-bonded O-H 
stretching, while peaks at 2924 and 2846 cm-1 associate 
with CH2 asymmetric and symmetric stretching, 
respectively. The peak at 1627 cm-1 corresponds to C=O 
stretching, while peaks at 1381 and 1064 cm-1 respectively 
signal an O-H bend and a C-C-O stretching. These results 
indicate the presence of organic materials on the surface 
of AgNPs; thus, it is proven that the extract contributes to 
the formation of particles as a reducing agent and capping 
agent. 

 

Figure 4. FTIR spectrum of the AgNPs 

3.2.1. Antibacterial Characterization of AgNPs 

Antibacterial properties of the AgNPs against E. coli 
and S. aureus were characterized using both disc diffusion 
and spectrophotometric methods. Figure 5A shows the 
results of antibacterial characterization against E. coli 
using the disc diffusion method with three replicates of 
the inhibition zones. The mean diameter of the inhibition 
zones was found to be 17.8±1.2 mm. Figure 5B shows the 
results of antibacterial characterization against E. coli 
using a spectrophotometric method. The results indicates 
that OD-620 of the bacterial sample increased in 24-hour 
observation, while OD-620 of the bacterial sample mixed 
with the AgNPs was relatively constant. An increase in 
OD-620 of bacterial sample denoted the growth of the 
bacteria, while a constant value of OD-620 of bacterial 
sample mixed with the AgNPs indicated the role of AgNPs 
in inhibiting bacterial growth. Statistical analysis results 
showed a significant difference between OD-620 of the 
two samples starting from hour 4 of the observation. This 
suggested that AgNPs significantly inhibited the growth 
of E. coli 4 hours after the application of the AgNPs. 

 

Figure 5. A) Inhibition zones of the AgNPs against E. coli 
of a diffusion disc method, and B) OD-620 of E. coli 
sample and E. coli sample mixed with the AgNPs of 

spectrophotometric method 
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Figure 6A shows the results of antibacterial 
characterization against S. aureus using a disc diffusion 
method with three replicates of the inhibition zones. The 
mean diameter of the inhibition zones was found to be 
14.0±0.5 mm. Figure 6B shows the results of antibacterial 
characterization against S. aureus using a 
spectrophotometric method. Similar to the E. coli sample 
results, an increase in OD-620 of the S. aureus sample 
denoted the growth of the bacteria, while a constant value 
of OD-620 of the S. aureus sample mixed with the AgNPs 
indicated the role of AgNPs in inhibiting S. aureus growth. 
The statistical analysis of S. aureus data suggested that 
AgNPs significantly inhibited the growth of S. aureus 4 
hours after applying the AgNPs. 

 

Figure 6. A) Inhibition zones of the AgNPs against S. 
aureus of a diffusion disc method, and B) OD-620 of S. 

aureus sample and S. aureus sample mixed with the 
AgNPs of a spectrophotometric method 

The results of antibacterial characterization from 
both disc diffusion and spectrophotometric methods 
showed the ability of the AgNPs to inhibit the growth of 
both E. coli and S. aureus. One of the possible mechanisms 
of the antibacterial effect of AgNPs was the release of Ag+ 
ions [25], which can interact electrostatically with the 
negatively charged cytoplasmic membrane and can 
penetrate the interior of the cell, where the ions 
deactivate respiratory enzymes and stimulate the 
formation of reactive oxygen species [26]. In addition, the 
small size of AgNPs shown by the mean diameter of 
26.5±0.7 nm associated with a high surface area to 
volume ratio of the particles, in which the percentage of 
atoms at the surface became dominant, which is 
beneficial for the release of more Ag+ for an antibacterial 
effect. Moreover, the small size of AgNPs physically 
favored the interaction between the particles and the cell 
wall for particles to penetrate the cell wall and change the 
membrane structure, which eventually lyses the cell. 

The antibacterial assay results from the 
spectrophotometric methods, where AgNPs inhibited the 
growth of both E. coli and S. aureus 4 hours after their 
application, indicated that AgNPs showed no difference in 
inhibiting the growth of E. coli and S aureus. This is in 
contrast with the results from previous studies showing 

that AgNPs inhibited the growth of E. coli faster than S. 
aureus [12, 27]. 

The antibacterial assay results from the disc 
diffusion method indicated that the mean diameter of the 
inhibition zones of E. coli was more significant than that 
of S. aureus. Statistical analysis showed that the inhibition 
zones of E. coli are significantly larger than that of S. 
aureus (t-test, ρ<0.05). This suggested that the AgNPs 
inhibited the growth of E. coli more effectively than S. 
aureus. The results obtained are in accordance with some 
previous studies using green AgNPs [14, 24, 28, 29]. The 
explanation for these results is that the cell wall of E. coli 
is thinner than the cell wall of S. aureus. In contrast, some 
previous studies showed no difference in AgNPs 
inhibiting the growth of E. coli and S. aureus [12, 30]. Some 
studies showed the other way around: AgNPs inhibited 
the growth of S. aureus more effectively than E. coli [31, 
32]. 

Interestingly, another study showed that AgNPs are 
more effective in inhibiting the growth of S. aureus than of 
E. coli at a small concentration of AgNPs. In contrast, the 
opposite effect was observed on a high concentration of 
AgNPs [33]. All these results suggested that the thickness 
of the bacteria cell wall is not the only factor affecting the 
ability of AgNPs to inhibit the growth of bacteria. 

4. Conclusion 

This study showed that silver nanoparticles can be 
synthesized using Ficus variegata leaf extract. The 
formation of silver nanoparticles was indicated by the 
change of color of the sample from transparent to 
yellowish-brown after mixing the extract with silver 
nitrate solution. The formation rates determined by 
fitting an empirical exponential model to the kinetic data 
were found to be 0.036/hour or 1.0 x 10-5 s-1 and 
0.767/hour or 2.1 x 10-4 s-1. The spectrum of UV-Vis of the 
sample confirmed the formation of the particles showing 
the wavelength of surface plasmon resonance of 415 nm. 
Silver nanoparticles formed mainly were spherical, with 
diameters varying from 10.0 nm to 40.5 nm and a mean 
diameter of 26.5±0.7 nm. The FTIR spectrum revealed the 
presence of extract compounds on the surface of the silver 
nanoparticles, which indicated the involvement of the 
extract as a reducing agent in particles formation. 
Antibacterial assay using disc diffusion and 
spectrophotometric methods showed that silver 
nanoparticles synthesized using leaf extract of Ficus 
variegata inhibit S. aureus and E. coli. The results from disc 
diffusion methods implied that the particles inhibit the 
growth of E. coli more effectively than S. aureus. 
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