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ABSTRACT 
In recent years, the interest in applying the nanosilver technology in the medical field has increased due to its benefit 
for microbial inactivation. A natural bioreductor was chosen and developed in the nanosilver formulation to minimize 
the toxicity effects. The content of rutin makes it possible to develop an alternative bioreductor agent using black tea 
(Camellia sinensis L.) leaves extract. The aim of this research was to optimize the nanosilver formula consisting of 
black tea leaf extract and AgNO3 with the employment of central composite design. The visible absorption wavelength 
and transmittance percentage were observed as dependent variables. The presence of rutin in the black tea leaves 
extract was proved using the thin-layer chromatography (TLC) technique. It was found that the extract concentration of 
2.131% (m/v) and the AgNO3 concentration of 1.379 mM were stated as the computational recommendation resulting 
from the predictive model with a composite desirability value at 0.998. These optimum conditions were applied in 
the synthesis of six nanosilver formula replications and resulted in the percentage of a prediction relative error of 
absorption wavelength and transmittance which were in the ranges of 1.18%–9.18% and 2.72%–8.64%, respectively. 
The Relative Standard Deviation (RSD) values of absorption wavelength and transmittance were 2.81% and 2.21%, 
respectively. The Z-average of the nanosilver particles was 124.8 nm.

INTRODUCTION
Nanosilver particles, silver particles with the size of 

1–100 nm, have been widely studied due to their antimicrobial 
activities. Nanosilver particles were reported to have a broad 
antibacterial effect on both Gram-negative and Gram-positive 
bacterial as well as antibiotic-resistant bacterial strains  
(Ge et al., 2014). The nanosilver technology can be applied in 
the manufacturing process of sanitary napkins, cotton fibers, 
antiseptic sprays, and antimicrobial coatings for the sterilization of 
medical devices (Deshmukh et al., 2019; Ge et al., 2014; Ravindra 

et al., 2010; Sankar et al., 2016). Other publications reported that 
nanosilver particles were successfully synthesized to formulate 
antibacterial peel-off facial masks and produce other antibacterial 
agents (Badnore et al., 2019; Sastry et al., 2019; Vishwasrao et al., 
2019). The size of nanosilver particles was stated as an important 
consideration since the decreasing of the size might affect the 
increasing of antibacterial activity of the material (Dong et al., 
2019). Nanosilver particles can be synthesized in three different 
ways: chemical, physical, and biological methods (Ge et al., 
2014). The chemical reduction method was commonly applied 
since it was reported as an easy, fast, and inexpensive method 
(Pulit et al., 2015). In the synthesis of nanosilver particles by the 
chemical reduction method, the usage of reducing agents may 
result in toxic effects and cause several environmental issues to 
remain (Demchenko et al., 2020; Li et al., 2011). Hence, the usage 
of natural reducing agents obtained from plants can be applied 
in the nanoparticles technology in order to decrease its toxicity 
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and support the development of green chemistry (Li et al., 2011; 
Rengga et al., 2017). Bioreductors from plants can be developed 
since their secondary metabolites such as flavonoids, saponins, 
tannins, and terpenoids (Handayani et al., 2020; Maarebia et al., 
2019) were reported to provide antioxidant activity (Maarebia 
et al., 2019). In the previous study, some extracts from natural 
products were reported to be involved in nanoparticle synthesis 
such as Andrographis paniculata Ness. leaves (Wendri et al., 
2017), Averrhoa bilimbi L. leaves (Aryantini et al., 2017), and 
Tristaniopsis merguensis leaves (Fabiani et al., 2019).

Compounds of terpenoids, phenolics, flavonoids, 
tannins, saponins, and alkaloids were classified as a class of the 
polyphenol bioreducing agents (Handayani et al., 2020; Maarebia 
et al., 2019; Rengga et al., 2017). Polyphenol compounds with 
antioxidant activity were reported to have the dominant amount 
in the tea extract (Tong et al., 2019; Turkmen et al., 2007). Jiang 
et al. (2015) reported that the black tea extract contained the most 
polyphenols content compared to other types of tea, namely, green 
tea and oolong tea (Tariq et al., 2010).

Black tea leaves contain several polyphenol compounds 
such as catechins, tannins, rutin, theaflavins, and thearubigin 
(Anesini et al., 2008; Latos-Brozio and Masek, 2019; Tong 
et al., 2019). It is important to select an appropriate water-soluble 
bioreductor in order to result in an optimized reaction with the 
AgNO3 solution (Christania et al., 2020). The most abundant 
polyphenol compound in the aqueous extract of black tea leaves 
was rutin (Tong et al., 2019). Rutin, a glycoside of the flavonoid 
quercetin with a molecular formula of C27H30O16, is soluble in water 
with a solubility of 130 mg/l (Aizawa et al., 2018; Enogieru et al., 
2018; PubChem, 2020). According to the research conducted by 
Tong et al. (2019), each gram of black tea leaf powder (Camellia 
sinensis L.) contains 24.8 mg of rutin equivalent. Therefore, rutin 
can be extracted from black tea leaves using the infundation 
method to produce an infusion extract.

In the synthesis of nanosilver particles, the concentrations 
of precursors and bioreductors need to be considered. When the 
concentration of the precursor (AgNO3) that was added is relatively 
high, the resulting nanosilver particles will be larger (Kupiec 
et al., 2011). On the other hand, when the concentration of the 
bioreductor increases, the resulting nanosilver particle size will 
decrease (Khalil et al., 2014). Hence, it is necessary to optimize 
the concentration between the precursors and bioreductors to 
obtain nanosilver particles with the appropriate particle size.

Response surface methodology (RSM) models combined 
with experimental designs such as factorial design, central composite 
design (CCD), Box-Behnken design, and Doehlert design can be 
applied in natural product research (Riswanto et al., 2019). The CCD 
method is carried out to predict the optimal conditions and maximize 
the desired response as well as determine the relationship between 
variables and the dependent variable. In this study, the CCD method 
was applied since there is no need to spend much time and it is 
cheaper than the “one variable at a time” method that measures each 
influencing factor one by one (Yousefi et al., 2016). By applying 
the CCD, there is no need for a three-level factorial experiment 
to build an accurate predictive RSM model (Bhattacharya, 2021; 
Talluri et al., 2019). According to the description above, the optimal 
concentration of AgNO3 and the bioreductor in the synthesis of 
nanosilver needs to be determined in order to achieve the desired 

response including appropriate wavelength and transmittance value. 
The aim of this research was to optimize the nanosilver formula 
consisting of the black tea leaf extract (C. sinensis L.) and AgNO3 
with the application of the CCD approach.

METHODS

Materials
The materials used in this research were black tea leaf 

simplicia (C. sinensis L.) from Lipton® Yellow Label Tea, redistilled 
water prepared (PT. Ikapharmindo Putramas), silver nitrate pro-
analysis (AgNO3), pharmaceutical-grade butanol, pharmaceutical-
grade concentrated hydrochloric acid, pharmaceutical-grade acetic 
acid, and rutin standard (Merck) purchased from Merck Millipore.

Instruments
The tools used in this research are glassware (PT. 

Iwaki Glass), a thermometer, a magnetic stirrer, a UV-Vis 
spectrophotometer (Shimadzu UV-Vis 1800), a hot plate (Thermo 
Scientific), analytical balance (Ohaus), a TLC plate GF254 (Merck), 
a particle size analyzer (Horiba) equipped with Horiba SZ-100 for 
Windows ver. 2.00, a capillary tube, a vortex (Thermo Scientific), 
and a centrifuge (Thermo Scientific).

Nanosilver formula optimization design
According to the research by Zhou and Tang (2018), 

the approximate equation of the reaction for the formation of 
nanosilver is as follows:

2AgNO3 + C27H30O16 → 2Ag° + C27H28O16 + 2HNO3

 …………(1)

Based on this reaction, it is necessary to optimize the 
concentration of AgNO3 and the concentration of the black tea 
leaf extract to obtain the appropriate nanosilver formula. Table 1 
presents the AgNO3 concentration and extract concentration at 
each experimental level.

The optimization and data analysis were performed 
using the RSM approach, namely, CCD. The optimization in this 
research was assisted by the use of the Minitab 17 software. An 
experimental design with 16 runs was obtained for generating the 
optimization model. 

The preparation of black leaf tea infusion (C. sinensis L.)
Black tea leaf powder (C. sinensis L.) was weighed 

to as much as 0.9751, 1.2298, 1.8448, 2.4596, and 2.7143 g, 
respectively. A 100 ml of redistilled water was heated to 90°C ± 
2°C. Then, the tea leaf powder was put into the water and heated 
for 15 minutes at 90°C ± 2°C accompanied by the stirring process. 
The infusion obtained was filtered (Khafidhoh et al., 2015).

Table 1. Factors optimized using the CCD method.

Factors
Experimental levels for CCD

(−α) (−1) (0) (+1) (+α)

AgNO3 concentration 
(mM) 0.80 1.00 1.50 2.00 2.20

Extract concentration 
(%m/v) 0.98 1.23 1.85 2.46 2.70
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Thin-layer chromatography
The butanol-acetic acid-water phase with a ratio of 4: 

1: 5 (v/v/v) was prepared by mixing the three ingredients, then 
shaking, and then letting it stand. The mobile phase would be 
formed into two layers. The top layer (butanol) was taken into 
the chromatography chamber, followed by a saturation process 
for 1 hour. The stationary phase used in this study was a silica 
gel GF254 thin-layer chromatography plate with a size of 5 × 10 
cm and elution distance of 8 cm. The sample and rutin standard 
comparator were spotted. After the eluent was saturated, the 
chromatographic plate was put into the chamber and eluted with 
the mobile phase into the volume. The plate was observed under 
UV light with a wavelength of 254 and 365 nm. The Rf value 
was determined (Andersen and Maarkham, 2006; Aryantini et al., 
2017; Sari and Meitisa, 2017). 

Preparation of AgNO3 solution
The solid AgNO3 was dissolved using redistilled water. 

The solution was transferred into a 100 ml volumetric flask and 
diluted with redistilled water into the volume. The solution was 
shaken until it dissolved completely (Rengga et al., 2017).

Nanosilver synthesis and purification
Five milliliters of the black tea leaf (C. sinensis L.) 

infusion and 45 ml of the AgNO3 solution were mixed in a 
beaker and stirred using a stirrer at the speed of 600 rpm for 10 
minutes at ±75°C. This method was developed as a modification 
of the previous studies (Christania et al., 2020; Fabiani et al., 
2019; Rengga et al., 2017; Zhou and Tang, 2018). Nanosilver 
purification was carried out by centrifuging colloid at the speed 
of 2,000 rpm for 15 minutes. The centrifuged supernatant was 
tested for wavelength, percent of transmittance, and the size of the 
particle (Dewi et al., 2019; Singh et al., 2016).

Nanosilver characterization 
The nanosilver formed was analyzed using a UV-Vis 

spectrophotometer with a wavelength range of 400–450 nm (Sari 
et al., 2017). The measurement of the maximum wavelength used 
a UV-Vis spectrophotometer. The transmittance test was carried 
out using a UV-Vis spectrophotometer. A total of 100 µl of the 
nanosilver sample was dissolved in 5 ml of redistilled water and 
then was whirled into a vortex for 1 minutes. The sample was then 
measured for absorbance at the maximum wavelength. The blank 
used is redistilled water (Huda and Wahyuningsih, 2018).

Statistical analysis
The optimization process was carried out using the CCD 

method (two factors and five levels). The results of the study were 
analyzed by using the analysis of variance statistical test using the 
Minitab 17 software.

RESULTS AND DISCUSSION
Green synthesis of silver nanoparticles for antibacterial 

agents has attracted more interest in the field of pharmaceutical 
technology (Badnore et al., 2019; Sastry et al., 2019; Vishwasrao 
et al., 2019). This research aimed to optimize the nanosilver 
formula consisting of black tea leaf extract (C. sinensis L.) and 

AgNO3 assisted by the CCD approach. The experimental design 
using CCD resulted in 16 experimental runs that varied the 
concentration of AgNO3 and the concentration of the black tea 
leaf extract.

A qualitative test of flavonoids was carried out using 
the thin-layer chromatography method to verify the presence of 
rutin flavonoids in the infusion of black tea leaves. The qualitative 
test was carried out using the TLC test with rutin of 0.1% as the 
reference standard. The rutin standard showed the Rf value of 
0.8125 while the C. sinensis extract was spotted at the Rf value 
of 0.8375. It was found that the black tea leaf extract contained 
rutin as it was proved by the closeness of the Rf value for both the 
reference standard and C. sinensis extract. The TLC results are 
presented in Figure 1.

At the initial stage, the mixture of the C. sinensis extract 
and AgNO3 showed the color of light yellow. The color change 
from light yellow to reddish-brown indicated the formation of 
nanosilver. This result is related to the previous studies that 
reported the color change to brownish color occurred due to the 
presence of surface plasmon resonance and indicated the reduction 
process of silver ions (Dewi et al., 2019; Salem et al., 2018). After 
the nanosilver synthesis process was undertaken, purification 
was also carried out to remove the existing impurities. There 
was an increase in wavelength between before and after 
purification. Increasing the wavelength indicated that the size 
of the nanosilver particles which has been formed was getting 
bigger due to delocalization and exchange of conduction electrons 
on the surface of the particles which led to the occurrence of a 
bathochromic shift (Ahmad et al., 2018). A previous study 
reported that the agglomeration of nanosilver particles affected 
their size and altered the toxic response to Moina macrocopa  
(Borase et al., 2019). 

According to a previous study, samples with wavelengths 
between 300 and 400 nm indicated that nanosilver had not yet 

Figure 1. TLC results of rutin standard (a and c) and C. sinensis extract (b and 
d) at two different wavelengths’ detection. Mobile phase: butanol-acetic acid-
water with a ratio of 4:1:5 (v/v). Stationary phase: silica gel GF254. The elution 
distance was 8 cm.
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been formed (Ag+) (Dewi et al., 2019). Hence, the expected 
wavelength in this study was in the range of 400–450 nm. 
Nugroho and Sari (2018) reported the percentage of transmittance 
above 70% already indicated the formation of nano-sized particles 
(< 200 nm). However, the percentage of transmittance that gets 
closer to 100% indicates that the sample is transparent and has 
nano-sized particles (Abdassah, 2009; Huda and Wahyuningsih, 
2018). The blank used for nanoparticle characterization was 
redistilled water. In this study, water was selected as the solvent 
since it was suitable for specified reactions and is reported to 
be successfully applied in nanoparticle synthesis (Muley et al., 
2020). The resulting nanosilver particles were characterized and 
presented in Figure 2. The Z-average represents the grand average 
of all of the intensities measured by dynamic light scattering. In 
nanoparticle formulation, a polydispersity index of 0.3 and below 
is considered to be acceptable (Danaei et al., 2018). However, the 

PI of lower than 0.5 indicating a narrow and favorable particle size 
distribution (Mohammadpour Dounighi et al., 2012).

Table 2 presents the experimental design using the 
CCD approach and the responses obtained including wavelength 
and transmittance percentage. Regression analysis using RSM 
was performed with Minitab 17. Table 3 shows the results of 
the response surface regression analysis for wavelength and 
transmittance percentage.

The response surface model for the wavelength showed 
significant results in terms of p < 0.05. The p-value for lack-of-fit 
shows a value above 0.05 indicating that the discrepancy generated 
by the model was not significant. The regression equation for the 
wavelength model was as follows: wavelength = 284.5 + 11.5 AC 
+ 196.3 EC − 5.6 AC × AC − 64.96 EC × EC + 4.1 AC × EC (AC: 
AgNO3 concentration; EC: C. sinensis extract concentration). 
The values of R2 and R2 (adj) were obtained to be greater than 
80% with a difference of more than 2%. Hence, it can be stated 

Figure 2. Representative of particle size analysis result of nanosilver particles.

Table 2. Experimental design with CCD approach and the response obtained from the observation.

Run order Blocks
Independent variables Dependent variables

AgNO3 concentration (mM) Extract concentration (% m/v) Wavelength (nm) Transmittance (%)

1 1 1.00 1.23 436.00 ± 5.29 88.90 ± 8.62

2 1 2.00 1.23 434.67 ± 5.77 83.90 ± 5.88

3 1 1.00 2.46 394.67 ± 82.20 81.97 ± 11.09

4 1 2.00 2.46 398.33 ± 82.59 72.47 ± 2.83

5 1 1.50 1.85 442.00 ± 11.69 83.60 ± 11.69

6 1 1.50 1.85 452.00 ± 11.69 85.30 ± 11.69

7 1 1.50 1.85 448.00 ± 11.69 85.50 ± 11.69

8 1 1.50 1.85 446.00 ± 11.69 86.70 ± 11.69

9 2 0.80 1.85 436.00 ± 4.00 89.50 ± 0.70

10 2 2.20 1.85 440.67 ± 10.26 84.20 ± 3.39

11 2 1.50 0.98 429.33 ± 8.33 90.70 ± 3.93

12 2 1.50 2.70 354.67 ± 97.00 78.90 ± 3.77

13 2 1.50 1.85 414.00 ± 11.69 85.70 ± 11.69

14 2 1.50 1.85 444.00 ± 11.69 86.80 ± 11.69

15 2 1.50 1.85 440.00 ± 11.69 88.60 ± 11.69

16 2 1.50 1.85 446.00 ± 11.69 86.60 ± 11.69
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that the model built can be employed to predict the wavelength 
significantly. Figure 3 shows the appearance of the contour plot 
and surface plot of wavelength versus extract concentration and 
transmittance percentage.

The response surface model for the percentage of 
transmittance showed significant results in terms of p < 0.05. The 
p value for lack-of-fit shows a value above 0.05 indicating that 
the discrepancy generated by the model was not significant. The 
regression equation for the percentage transmittance model was as 
follows: %transmittance = 76.82 + 8.80 AC + 14.50 EC − 2.52 AC 
× AC − 4.37 EC × EC − 3.66 AC × EC (AC: AgNO3 concentration; 
EC: C. sinensis extract concentration). The values of R2 and R2 

(adj) were obtained to be greater than 80% with the difference of 
more than 2%. Hence, it can be stated that the model built can be 
employed to predict the wavelength significantly. The appearance 
of the contour plot and surface plot of transmittance percentage 

versus extract concentration and transmittance percentage are 
depicted in Figure 4.

The process of determining the optimum formula was 
carried out using the response optimizer menu since it was reported 
in a previous study that the multiple response optimization can be 
carried out using the Minitab software (Dwiastuti et al., 2021). 
The optimization target was set up with a target wavelength 
at 425 nm (the lower limit was at 400 nm, and the upper limit 
was at 450 nm), and the percentage of transmittance was at 
maximum conditions. The extract concentration of 2.131% (m/v) 
and the AgNO3 concentration of 1.379 mM were found as the 
computational recommendation to achieve the optimum condition. 
These concentrations were predicted to produce a composite 
desirability value of 0.998. A desirability value close to 1 indicates 
a high model’s ability to produce the expected value. Figure 5 

Table 3. Results of response surface regression analysis for wavelength and transmittance percentage.

Source
Wavelength Percentage of transmittance 

DF Adj SS Adj MS F-value p value DF Adj SS Adj MS F-value p value

Model 6 9194.5 1532.41 14.98 0.000 6 276.305 46.051 19.37 0.000

Blocks 1 138.1 138.06 1.35 0.275 1 32.111 32.111 13.50 0.005

Linear 2 4208.1 2104.03 20.56 0.000 2 214.075 107.037 45.01 0.000

AgNO3 1 10.0 9.97 0.10 0.762 1 60.474 60.474 25.43 0.001

Ekstrak 1 4198.1 4198.08 41.03 0.000 1 153.601 153.601 64.59 0.000

Square 2 4842.1 2421.06 23.66 0.000 2 25.057 12.528 5.27 0.031

AgNO3 × AgNO3 1 15.6 15.59 0.15 0.705 1 3.167 3.167 1.33 0.278

Extract × extract 1 4826.5 4826.53 47.17 0.000 1 21.89 21.89 9.21 0.014

2-way interaction 1 6.2 6.25 0.06 0.810 1 5.062 5.062 2.13 0.179

AgNO3 × extract 1 6.2 6.25 0.06 0.810 1 5.062 5.062 2.13 0.179

Error 9 920.8 102.31 9 21.402 2.378

Lack-of-fit 3 204.8 68.28 0.57 0.654 3 12.087 4.029 2.60 0.148

Pure error 6 716 119.33 6 9.315 1.553

Total 15 10115.3 15 297.707

Model summary S = 10.1151; R2 = 90.90%; R2(adj) = 84.83%; R2(pred) = 73.07% S = 1.54206; R2 = 92.81%; R2(adj) = 88.02%; R2(pred) = 61.89%

Figure 3. Contour plot (a) and surface plot (b) of the wavelength versus concentration of C. sinensis extract and AgNO3.
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shows optimization plots for both responses including wavelength 
and transmittance percentage.

The optimum formula obtained from the RSM model 
was formulated in the production of nanosilver. The results were 
obtained from the observation of six replications of the formula 
as shown in Table 4. The visible absorption wavelength was 

444.33 ± 12.49 nm, whereas the percentage of transmittance 
was 80.65% ± 1.78%. Figure 6 presents representative visible 
spectra of the nanosilver formula with low transmittance (high 
absorbance), medium transmittance (medium absorbance), and 
high transmittance (low absorbance). It can be observed that 
the percentages of the prediction relative error (REP) of the 

Figure 4. Contour plot (a) and surface plot (b) percentage of transmittance versus concentration of C. sinensis extract and AgNO3.

Figure 5. Optimization plot for wavelength and transmittance percentage.
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wavelength and transmittance are in the ranges of 1.18%–9.18% 
and 2.72%–8.64%, respectively. The RSD values which indicate 
that there were random errors in determining the observation 
results for the wave and transmittance were 2.81% and 2.21%, 
respectively. These results indicated that the optimum formula 
obtained from the RSM model for nanosilver particles had been 
achieved. However, it is recommended that further comprehensive 
studies on degradation, antibacterial activity, and cytotoxicity as 
well as the enzymatic observation are carried out in the future to 
elaborate on the research regarding the development of nanosilver 
particle synthesis (Momin et al., 2019; Muley et al., 2020).

CONCLUSION
The optimum formula for the extract concentration 

of C. sinensis L. leaf and the concentration of AgNO3 in the 

nanosilver formulation was obtained using the CCD approach. 
Optimum conditions achieved in this study were C. sinensis 
extract concentration of 2.131% (w/v) and AgNO3 concentration 
of 1.379 mM. This condition resulted in a composite desirability 
value of 0.998 in the computational optimization process. The 
results of formula observation under the optimum conditions 
produced good repeatability with a minimum prediction error of 
less than 10% for both the wavelength response and transmittance 
percentage.
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Table 4. Results of optimum formula testing on wavelength response and transmittance percentage.

No Wavelength (nm) REP wavelength (%) Transmittance (%) REP transmittance (%)

1 452 6.35 81.40 3.67

2 430 1.18 80.50 4.73

3 464 9.18 77.20 8.64

4 440 3.53 82.20 2.72

5 446 4.94 81.60 3.43

6 434 2.12 81.00 4.14

Mean 444.33 80.65

SD 12.49 1.78

RSD (%) 2.81 2.21

Figure 6. Representative visible spectra of nanosilver formula with low transmittance (a), medium transmittance (b), and 
high transmittance (c).
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