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Abstract – The synthesis of silver nanoparticles by the bioreductionmethod has been successfully carried out using the meniran (P. 
niruri) as bioreductor. The synthesis was started by varying the volume of AgNO3 in the ethanol extract ofmeniran 1:1, 1:2, 1:3, and 
1:4, so that the optimal volume was 1:1 based on the results of UV-Visible spectrophotometer analysis with an absorbance of 0.306 at 
maximum wavelength of 409 nm. Based on the measurement using Zetasizer Nano ZS, the resulting silver nanoparticles has paticle size 
of 740.4 nm. The FTIR analysis showed that there was an increase in the percentage of transmittance of the hydroxyl group which 
proved the reduction of Ag+ ions to Ag0 and the formation of silver nanoparticles. The Scanning Electron Microscopy proved that 
themorphology of silver nanoparticles varies in shape and the surface is smooth due to their tendency to agglomerate. 
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I. INTRODUCTION 

Indonesia is a country that is rich in natural resources in the form of plants that can be used as traditional medicine. Even plants 
that are often found around residential areas can be used as medicinal ingredients. Meniran (P. niruri) is one of the medicinal 
plants that can be found in Indonesia. People often use this plant for traditional medicine by adding it to boiled water. This plant 
can be found in damp and rocky areas such as river slopes, forests, and even in the yard. 

[1] states that the substances contained in meniran are essential oils, flavonoids, alkaloids, triterpenoids, glycosides, 
anthraquinones, phenolic compounds, arbutin, filantin, lignin, saponins and tannins. The content of these secondary metabolites 
can be efficacious as a diuretic, antioxidant, anti-inflammatory, antidiabetic, antipyretic [2]. 

In general, people often use this plant as a medicine by boiling or brewing. The use of this method is considered to be less 
effective and efficient because of its low solubility so that it can reduce its bioavailability and reduce its functional properties due 
to the length of storage and the manufacturing process. 

One way to increase the level of solubility and maintain the functional properties of a material is to make preparations of 
nanoparticles that can be used for drug delivery. Nanoparticles are nano-sized particles with an average diameter of 1-1000 nm 
[3]. Silver nanoparticles are one type of metal nanoparticles that have distinctive physical and chemical properties as well as wide 
applications and have high commercial value [4]. 

The method used for the synthesis of silver nanoparticles which is relatively cheap, easy, and environmentally friendly is to use 
plants as reducing agents. The ability to reduce silver ions Ag+ in AgNO3 to Ag0 in the synthesis process of silver nanoparticles 
possessed by antioxidant compounds such as flavonoids, alkaloids, phenolics, tannins and so on can be used as bioreductants and 
capping agents. These nanoparticles were made from ethanol extract of meniran which was added with 2 mM AgNO3 solution. To 
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get the optimal concentration, the volume ratio variation with the independent variable AgNO3 solution is 1:1; 1:2 ; 1:3 ; and 1:4. 
The silver nanoparticles obtained then characterized using UV-Vis spectrophotometer, Particle Size Analyzer (PSA), FTIR 
spectrophotometer, and Scanning Electron Microscopy (SEM).  

II. MATERIALS AND METHODS 

2.1. Materials and Equipment 

The materials needed in this research are meniran powder (P.niruri), technical ethanol (96%), ethanol p.a. (Merck), AgNO3 
(Merck), aquabides, aluminum foil, filter paper, and cling wrap. 

The equipment used in this research were volumetric flask, measuring cup, stand and clamps, spatula, micropipette, funnel, vial, a 
set of maceration tools, rotavapor (Buchi R-300), vacuum pump (Gast DOA-P -504-BN), centrifuge, magnetic stirrer (Heidolph), 
freeze dryer (Martin Christ Alpha 1-2 Ldplus), oven (Heraeus ST-5042), analytical balance (Advanturer Ohaus), UV-Vis 
spectrophotometer (Shimadzu Pharmaspec UV- 1700), Zetasizer nano ZS (Malvern), infrared spectrophotometer (Shimadzu 
FTIR-8400S), Scanning Electron Microscope (SEM) (FEI Inspest S50). 

2.2. Meniran Sample Preparation  

In this study, the research sample in the form of aerial parts of meniran  (P.niruri) was obtained from the Purwodadi Botanical 
Gardens, Pasuruan, East Java, Indonesia. The samples that have been obtained are identified first and then cleaned as well as dried 
and ground into a fine powder so that they are ready for extraction. 

2.3. Meniran Sample Extraction 

The dry powder of meniran plant (P. niruri) as much as 1 gram was macerated exhaustively using 96% ethanol for 24 hours and 
repeated 3 times at room temperature. The maceration results were filtered using a Buchner funnel and a vacuum pump. The 
extract obtained was evaporated with a rotary vacuum evaporator. Furthermore, the extract was dried for 20 hours using a freeze 
dryer. 

2.4. Preparation of Sample Solution 25.000 ppm  

The dry ethanol extract of the meniran plant (Phyllanthus niruri L.) as much as 1 gram was dissolved in 40 mL of ethanol p.a., 
then filtered using whatman filter paper no. 42. The ethanol extract solution is blackish green (concentrated) and then stored in the 
refrigerator. 

2.5. Preparation of 2 mM AgNO3 Solution 

A total of 0.085 g of AgNO3 powder was dissolved in aquabides using a volumetric flask to a volume of 250 mL and 
homogenized to make 2 mM AgNO3 solution [5]. 

2.6. Optimization of Comparison of Amount of Extract Solution with 2 mM AgNO3 Solution 

Optimization is done by adding different amounts of AgNO3 solution in each glass with a volume ratio of 1:1 (10 mL: 10 mL), 
1:2 (10 mL: 20 mL), 1:3 (10 mL: 30 mL), and 1:4 (10 mL: 40 mL). The mixture was stirred with a magnetic stirrer for 15 
minutes. Then tested using a UV-Vis spectrophotometer on each sample. The purpose of this test is to obtain the most optimal 
comparison shown by λmax and absorbance in the range of 300-700 nm [6]. 

2.7. Silver Nanoparticle Synthesis 

The optimum mixture of meniran ethanol extract (P.niruri) and AgNO3 2 mM was regenerated as much as 40 mL, stirred using a 

magnetic stirrer for 15 minutes. Next, separate the filtrate and residue in the mixture by centrifugation. The silver nanoparticle 

solution was analyzed using a Particle Size Analyzer (PSA) while the residue was dried using a freezedryer so that a dry powder 
of silver nanoparticles was obtained which was ready to be tested for characterization using an FTIR Spectrophotometer and 
Scanning Electron Microscope (SEM) [6,7]. 
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III. RESULT AND DISCUSSION 

3.1. Meniran Sample Extraction 

Extraction is the process of withdrawing a chemical compound, principally based on the solubility properties of the chemical 
compound. Where the compounds that will be used in this study are flavonoids. This flavonoid is polar because it has an 
unsubstituted hydroxyl group, therefore polar aquabides are used and the method used is infusion [8]. 

The dried powder of aerial parts of meniran as much as 100 g was macerated using 200 mL technical ethanol 96% solvent for 1 
day at room temperature with 3 repetitions. The purpose of using ethanol as a solvent is to extract secondary metabolites of 
phenolic types contained in meniran plants with their polar nature. Phenolic compounds will dissolve in ethanol contained in 
meniran plants after the meniran plant cell walls are degraded by ethanol so that it is easier to be pulled out of the meniran plant 
cells [9]. Then the combined solvent of the macerated extract was evaporated for 3 times using a rotary evaporator to obtain a 
concentrated ethanol extract of meniran. The extract was dried for 8 hours using a freeze dryer to obtain a solid blackish green 
ethanol extract of 21.745 g  (4.35%).  

3.2. Optimization of Comparison of Amount of Extract Solution with 2 mM AgNO3 Solution 

 

 

Figure 1: Formula for synthesis of silver nanoparticles from meniran extract 

Meniran sample solution of 25.000 ppm was added with AgNO3 solution which was manipulated with variations in the 
composition of 1:1 (10 mL: 10 mL), 1:2 (10 mL: 20 mL), 1:3 (10 mL: 30 mL), and 1: 4 (10 mL: 40 mL)(Figure 1). Each mixture 
was stirred for 15 minutes with a magnetic stirrer to homogenize the solution with the help of a magnetic stirrer, then the UV-Vis 
spectrum was measured at a wavelength range of 300-700 nm to determine the plasmon resonance peak typical of silver 
nanoparticles [10]. The results of the UV-Vis spectrophotometer analysis of the four formulas are presented in Table 1 and Figure 
2.  
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Figure 2: UV-Vis Spectra of Meniran Extract Silver Nanoparticles  

 

Table 1 : Maximum wavelength and absorbance of Meniran extract silver nanoparticles 

No. Composition of 
ethanol extract 

solution and AgNO3 
solution 

λmaks (nm) Absorbance 

1 1:1 409 0.306 

2 1:2 409 0.220 

3 1:3 409 0.175 

4 1:4 409 0.139 

 

Based on Figure 2 and Table 1, in the four combinations of meniran ethanol extract solution with AgNO3 solution, silver 
nanoparticles have been formed which are indicated by the appearance of a peak at a wavelength of 409 nm, which meets the 
requirements for the maximum wavelength of UV absorption of silver nanoparticles. According to [11] the absorption band of 
SPR (Surface Plasmon Resonance) AgNPs occurred at a wavelength of 400-450 nm. A change in color from green to yellow-
brown or orange-brown indicates the formation of silver nanoparticles. 

The mixture with the volume combination of meniran ethanol extract solution with 1:1 AgNO3 solution has a maximum 
wavelength of 409 nm with the highest absorbance value of 0.306. Thus the mixture with this combination is the most optimum in 
producing silver nanoparticles [12,6].   

3.3. Silver Nanoparticle Synthesis 

Based on the analysis of UV absorption using UV-Vis spectrophotometer, the optimum composition of a mixture of meniran 
ethanol extract solution and AgNO3 solution was obtained with a volume ratio of 1:1. The optimum composition was made again 
as much as 40 mL and stirred for 15 minutes using a magnetic stirrer to make it homogeneous, after that is was centrifuged. The 
particle size of the filtrate was analyzed using Zetasizer Nano ZS and the residue was dried using a freeze dryer to characterize the 
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functional groups and morphology by FTIR and SEM. From the freeze dryer results obtained solid silver nanoparticles brownish 
green. 

3.4. Silver Nanoparticle Size Characterization 

In this research, the Zetasizer Nano ZS (Malvern) instrument was used to determine the particle size of silver synthesized with a 
bioreductant of meniran ethanol extract. Measurements were made on silver nanoparticles produced from the optimum 
combination of meniran ethanol extract solution with AgNO3 solution (1:1). Based on the measurement results obtained data that 
the size of the synthesized silver nanoparticles is 740.4 nm, with a polydispersity index (PdI) of 0.055. 

 

Figure 3: Measurement Results of Synthesized Silver Nanoparticles Using Zetasizer Nano ZS 

Based on Figure 3, silver nanoparticles synthesized from meniran ethanol extract have an average particle size of 740.4 nm. 
According to [3,13] The size obtained from the analysis still meets the requirements for nanoparticle size in the range of 1-1000 
nm so that it can be said that the synthesis of silver nanoparticles using a bioreductant of meniran ethanol extract has formed 
nanoparticles. The size of the silver nanoparticles obtained is still smaller than the results of research by [12] with a green tea leaf 
extract bioreductant which produces silver nanoparticles with a diameter of up to 740,899 nm, but still larger than the results of 
[14] with an average diameter of 544.1 nm produced with the help of a bioreductant of shoots of Idat leaf extract. The large size 
of silver nanoparticles is caused by the tendency of silver nanoparticles to agglomerate so that the particle size is getting bigger. 
The addition of stabilizers can be done to prevent agglomeration [15]. 

3.5. Functional Group Characterization of Silver Nanoparticles 

FTIR measurements were carried out to identify possible functional groups in the ethanol extract of meniran. Meniran ethanol 
extract was used not only to stabilize but also to reduce Ag+ ions in the formation of silver nanoparticles. The hydroxyl group (-
OH) of phenolic compounds contained in the active compounds of meniran plants will reduce Ag+ ions to silver nanoparticles 
(Ag0) by donating electrons [16]. This analysis is used to determine what groups are involved in reducing Ag+ ions to Ag0. 
Comparison of the spectra of meniran ethanol extract with synthesized silver nanoparticles is presented in Figure 4 and the wave 
number and %T values are in Table 2. 
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Figure 4: Comparison of the spectrum of Meniran ethanol extract with nanoparticles 

The absorption peak that appears at 3271.5 cm-1 can be caused by the stretching vibration of the –OH group. The peak that 
appears at 2919 cm-1 is caused by the stretching vibration of –CH. The sharp peak observed at 1679 cm-1 and the slightly weak 
peak at 1708 cm-1 were caused by the aromatic C=C and C=O stretching vibrations, respectively. The shift in wave number occurs 
in the stretching vibration of –OH from 3271,5 cm-1 in the ethanol extract of meniran to 3261,1 cm-1 in AgNPs and the increasing 
intensity of absorption of the stretching vibration –C=O in the synthesis results (1708 to 1710 cm-1) gives an indication of the 
oxidation of the group. –OH becomes the –C=O group. Ag+ ions will be reduced simultaneously to silver nanoparticles. 

 

Figure 5: Reaction mechanism for the formation of synthesized silver nanoparticles [17]. 
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Meniran ethanol extract is used as a reducing agent which will convert Ag+ to Ag0. The mechanism for the formation of 
nanoparticles as shown in Figure 5 above according to [18] in the presence of –OH groups in flavonoids, such as in quercetin 
which will be responsible for reducing silver ions. Quercetin has a hydroxyl group and a ketone, quercetin reacts with Ag+ 
through the most reactive hydroxyl group attached to the carbon atom of the aromatic ring which can reduce silver ions into silver 
nanoparticles. 

3.6. Silver Nanoparticle Morphology 

The morphology of the resulting silver nanoparticles was determined with the help of a Scanning Electron Microscopy (SEM) 
instrument. The morphology of silver nanoparticles using SEM is shown in Figure 6. 

 

    

(a)                                                (b) 

    

(c)                                                 (d) 

Figure 6: Morphology of Synthesized Silver Nanoparticles with Magnification:  

(a). 1000x (b). 5000x (c). 10.000x (d). 20.000x 

Figure 6 shows the morphology of the resulting silver nanoparticles having various shapes and particle sizes with a smooth 
surface structure. The diversity of shapes and sizes of silver nanoparticles is caused by the aggregation effect of nanoparticles due 
to the Van der Waals forces of silver nanoparticle molecules in solution [12]. 

IV. CONCLUSIONS 

The conclusion that can be drawn from the results of this study is that the most optimum composition for the synthesis of silver 
nanoparticles with meniran ethanol extract bioreductor is using meniran ethanol extract solution and 1:1 AgNO3 solution. The 
synthesized nanoparticles have UV absorption at a maximum wavelength of 409 nm with a particle size of 740.4 nm. The FTIR 
spectrum of silver nanoparticles showed the presence of absorption bands of OH (hydroxyl), C-H alkyl, C=O (carbonyl), C=C 
aromatic, and C-O alcohol. The increasing percentage of transmittance of the hydroxyl group of silver nanoparticles compared to 
the ethanol extract of meniran supports the reduction of Ag+ ions to Ag0. The results of SEM measurements show that the surface 
morphology of silver nanoparticles has a fine structure and various shapes due to the tendency to agglomerate.  
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