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Abstract: Silver nanoparticles (AgNPs) had been widely applied in various fields such as health, food, 

environment, catalysts, optics, and electronics. The synthesis of silver nanoparticles can be carried using a  

bottom-up method using by bioreductants derived from natural extracts (green synthesis). This study aims to 

describe the green synthesis of silver nanoparticles using a bioreductants from dadap serep (E. lithosperma)  

leaves extract and to determine its characteristics. The synthesis was carried out by varying the volume ratio of 

dadap serep leaves extract to silver nitrate solution at  ratios of 1: 1, 1: 2, 1: 3, and 1: 4, followed by  

optimization at pH 9, 10, and 11. Characterization of the synthesized AgNPs was carried out using Ultra Violet-

Visible (UV-Vis) spectrophotometer, Fourier Transform Infrared (FTIR) spectrophotometer, Particle Size 

Analyzer (PSA), Scanning Electron Microscopy (SEM), and X-Ray Diffraction (XRD). The results showed that 

the optimum synthesis reaction conditions occurred at a volume ratio of 1: 4 and pH 10. The synthesized silver 

nanoparticles had an average particle size of 92 nm (DI = 0.3124). The FTIR spectrum showed the presence of 

hydroxyl groups (3242,88 cm-1), aromatic C=C (1568.35 cm-1), C-O (1033.25 cm-1 ), Ag-O. (519.23  cm-1). The 

results of XRD analysis showed typical peaks of silver atoms at 2 : 37.71o (111), 43.84o (200), 64.07o (220), 

77.04o (311). SEM analysis showed that the silver nanoparticles had  an irregular surface morphology. Thus, 

dadap serep (E. lithosperma)  leaves extract has the potential to be used as a bioreductor for the synthesis of 

silver nanoparticles. 
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Abstrak: Nanopartikel perak (AgNPs) telah banyak diaplikasikan dalam beragam bidang seperti  kesehatan, 

pangan, lingkungan, katalis, optik, dan elektronik. Sintesis nanopartikel perak dapat dilakukan secara bottom 

up menggunakan bioreduktor yang berasal dari ekstrak bahan alami (green synthesis).  Penelitian ini bertujuan 

untuk mendeskripsikan sintesis hijau nanopartikel perak menggunakan bioreduktor ekstrak daun dadap serep 

(Erythrina lithosperma) serta menentukan karakteristiknya. Sintesis dilakukan dengan melakukan variasi 

perbandingan volume ekstrak daun dadap serep dan larutan perak nitrat dengan perbandingan 1 : 1, 1: 2, 1 : 3, 

dan 1 : 4, lalu melakukan optimasi pada pH 9, 10, dan 11. Karakterisasai AgNPs hasil sintesis dilakukan 

menggunakan  spektrofotometer Ultra Violet-Visible (UV-Vis), spektrofotometer Fourier Transform Infrared 

(FTIR), Particle Size Analyzer (PSA), Scanning Electron Microscopy (SEM), dan X-Ray Diffraction (XRD). 

Hasil penelitian menunjukkan bahwa kondisi reaksi sintesis yang optimum terjadai pada perbandingan volume  

1 : 4 dan pH 10. Nanopartikel perak hasil sintesis memiliki rata-rata ukuran partikel 92 nm (DI = 0,3124). 

Spektrum FTIR menunjukkan adanya gugus hidroksil (3242,88 cm-1), C=C aromatik (1568.35 cm-1), C-O bond 

(1033.25 cm-1), Ag-O. (519.23 cm-1). Hasil analisis XRD menunjukkan puncak khas atom perak pada 2 : 

37,71o (111),  43,84o (200),  64,07o (220),  77,04o (311). Nanopartikel perak memiliki morfologi permukaan 

yang kurang teratur berdasarkan hasil analisis menggunakan SEM. Dengan demikian ekstrak daun dadap serep 

(E. lithosperma)  berpotensi digunakan sebagai bioreduktor untuk sintesis nanopartikel perak.  

 

Kata kunci: Ekstrak daun dadap serep (E. lithosperma), nanopartikel perak, sintesis hijau 

 

INTRODUCTION  

Nanoparticles, especially metal nanoparticles, are 

one of the nanotechnology products that have 

attracted the attention of many researchers, because 

they can be widely applied in the fields of optics, 

electronics, biology, catalysts, medicine, food, and 

the environment (Yuliasari et al. 2014). One of the 

metals whose nanoparticles have been widely studied 

is silver (Ag). Silver nanoparticles (AgNPs) are one 

of the nanomaterials with high commercial value. 

https://doi.org/10.24198/cna.v14.n1.67126
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Silver has received significant attention due to  its 

unique physical and chemical properties, including 

conductivity (2.3 x 105 S.m-1), thermal stability 

(973.22°C), and catalytic activity, which contribute to 

various new products and scientific applications 

(Chen et al 2017; Sampaio & Viana 2018). The 

unique properties and larger surface area of  AgNPs 

have enable  their widely used as antibacterial agents 

in industry, health, food storage, textile coatings, and 

a number of environmental and biomedical 

applications. In addition, AgNPs have also been 

applied as antifungal and antibacterial in various 

products such as socks, wet wipes, food storage 

containers, textiles, and others (Khaydarov et al. 

2009; Handoko et al. 2022). 

Nanoparticle synthesis can be carried out using 

the green synthesis method using plant extract 

bioreductants (Ahmed et al. 2016). This approach is 

more popular because it has several advantages, 

including being more economical, easy, a wide 

variety of reductants that can be used, and being 

environmentally friendly (Siddiqi & Husen 2016; 

Sugiyarti et al. 2021). Plant extracts that can be used 

as bioreductors are plants that contain phenolic 

secondary metabolites that can act as reducing agents 

for Ag+ ions in solution to Ag0 (Amin & Sutoyo 

2022). The use of plant extracts for silver 

nanoparticle synthesis is advantageous because the 

materials are easily obtained and non-toxic, the 

chemicals used are relatively few, and a variety of 

secondary metabolites can be used as bioreductants 

for silver nanoparticles. Phenolic secondary plant 

metabolites that can function as reducing agents 

include flavonoids, tannins, and alkaloids (Siddiqi & 

Husen 2016). 

Silver nanoparticles have been widely synthesized 

from plant extracts, including bay leaves (Taba et al. 

2019), green tea leaves (Rahim et al. 2020), 

sappanwood (Amin & Sutoyo 2022), meniran leaves 

(Rahman & Sutoyo 2022), and banyan leaves (Rati et 

al. 2024). However, the synthesis of AgNPs using 

bioreductant dadap serep leaves (E. lithosperma) has 

never been reported. This is the reason why 

researchers conducted research using dadap serep 

leaves extract as a bioreductant in AgNPs synthesis. 

The dadap serep plant (E. lithosperma) is a plant in 

the Fabaceae family that has been widely known by 

the public as a traditional medicine to treat stomach 

aches, skin inflammation, reduce fever, stimulate 

breast milk production, prevent miscarriage, and 

inhibit internal bleeding (Awatiszahro et al. 2023; 

Susilawai et al. 2023). Dadap serep leaves are known 

to contain phenolic secondary metabolites, namely 

flavonoids, alkaloids, and tannins (Utami 2019; 

Phukhatmuen et al. 2021). These phenolic 

compounds have the potential to act as bioreductants 

for AgNPs synthesis using the green synthesis 

method. This potential is also supported by research 

showing that the ethanol extract of dadap serep 

leaves has very strong antioxidant activity with an 

IC50 of 3.45 ppm (Chotimah et al. 2019). 

Therefore, in this study, silver nanoparticles will 

be synthesized using dadap serep (E. lithosperma) 

leaves  extract as a bioreductant. The synthesized 

silver nanoparticles will be characterized using UV-

Vis spectroscopy, FTIR spectroscopy, PSA, XRD, 

and SEM. 

 

MATERIALS AND METHOD 

Materials 

Plant material that used in this research are the 

dried powder of dadap serep (E. lithosperma) leaves, 

AgNO3 (Merck), whatman filter paper (No. 42), and 

demineralized water. 

 

Preparation of Plant Materials 

Samples of  the dadap serep (E. lithosperma)  (5 

kg) were collected from Plosokandang Village, 

Kedungwaru District, Tulungagung Regency, East 

Java, Indonesia. Before further investigation, the 

sample was identified at LIPI Purwodadi Botanical 

Garden, East Java. Furthermore, the sample is 

cleaned of attached dirt, then dried at room 

temperature for seven days. The dried sample was 

grinded into a fine powder (1.5 kg)  that was ready 

for extraction (Sutoyo et al. 2021). 

 

Preparation of  AgNO3  0.01 M 

Silver nitrate  powder was weighed as much as 

0.17 g,  put into a 100 mL measuring flask, then 

added with distilled water up to the mark. The 

mixture was stirred with a magnetic stirrer to ensure 

the solution could dissolve homogeneously  

(Khoirunnisa & Sutoyo 2024).  

 

Extraction of  the E. lithosperma’s Leaves 

The dried powder  of dadap serep (E. 

lithosperma) leaves (10 g)  was extracted by infution 

method using 100 mL of demineralized water as 

solvent.  The mixture was heated at 50oC for 30 

minutes while stirring continuously. The mixture was 

then cooled and filtered using Whatmann No. 42 

filter paper, thus obtaining E. lithosperma leaves 

extract which will be used as a bioreductor  (Taba et 

al. 2019).  

 

Synthesis of Silver Nanoparticles (AgNPs) 

The synthesis  was carried out by mixing dadap 

serep (E. lithosperma) leaves extract with AgNO3  

0.01 M  with variations in the volume ratio of the 

extract to the AgNO3 solution of 1:1 (30 mL: 30 mL), 

1:2 (20 mL: 40 mL), 1:3 (15 mL: 45 mL) and 1:4 (12 

mL: 48 mL). The mixture was stirred using a 

magnetic stirrer at a speed of 1500 rpm for 30 

minutes at a temperature of 50oC. Each mixture was 

optimized  at pH 9, 10, and 11, by adding NaOH 0.1 

M dropwise. the UV-Vis spectrum was measured to 

determine the maximum absorption wavelength and 

absorbance, so that a mixture with the optimum 
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 composition and pH was obtained. The mixture with 

the optimum composition and pH was centrifuged at 

a speed of 5000 rpm for 30 minutes. The silver 

nanoparticle precipitate was separated by decantation 

and then dried using a freeze dryer (Martin Christ 

Alpha 1-2) for 8 hours. The synthesized silver 

nanoparticles were characterized using UV-Vis 

spectroscopy (Shimadzu UV-1800), FTIR 

spectroscopy (Perkin Elmer), PSA (Biobase BK-

802N), XRD (Shimadzu XRD-6000), and SEM 

(Hitachi Flex SEM 100) (Khoirunnisa & Sutoyo 

2024). 

 

Characterization of  Silver Nanoparticles (AgNPs) 

UV-Vis Spectrophotometer 

A UV-Vis spectrophotometer (Shimadzu UV-

1800) was used to determine the maximum 

absorption wavelength of the synthesized silver 

nanoparticles. The formation of silver nanoparticles 

is indicated by the appearance of an absorption peak 

at a wavelength between 400-500 nm . Measurements 

were carried out by taking a 1 mL sample of  the 

synthesized silver nanoparticles and diluting it with 9 

mL of demineralized water, followed by scanning the 

wavelength range from 300 and 700 nm (Manosalva 

et al. 2019; Widatalla et al. 2022). 

 

FTIR Spectrophotometer 

The presence of functional groups in the 

synthesized silver nanoparticles was analyzed using 

an FTIR spectrophotometer (Perkin Elmer). 

Measurements were performed by placing  a 1.0  mg 

solid sample of the synthesized silver nanoparticles 

onto the sensor. After the sensor was covered, the 

infrared spectrum was recorded in the range of 400 

and 4000 cm-1 (Chand 2019). 

 

Particle Size Analyzer (PSA) 

The diameter or size of the synthesized silver 

nanoparticles was analyzed using a PSA instrument 

(Biobase BK-802N). The analysis was carried out by 

dissolving 0.1 g  of the synthesized silver 

nanoparticles in 5 mL of distilled water, followed by 

sonication for 15 minutes. The solution was then 

placed in a portable cuvette and inserted into the PSA 

instrument (Putri & Sutoyo 2025). 

 

X-Ray Diffraction (XRD) 

An XRD instrument (Shimadzu XRD-6000) was 

used to obtain information on the degree of 

crystallinity (determination of the crystal-amorphous 

structure) and the crystal orientation (hkl) of the 

synthesized silver nanoparticles. The instrument was 

equipped with a Cu radiation source and a Ni filter 

and was set at 30 kV/30 mA. The analysis was 

carried out by taking 0.1-1.0 g of the synthesized 

silver nanoparticles solid and  grinding them into a 

fine powder (10-50 μm). XRD data were collected 

under the same experimental conditions in the 

angular range of 20° ≤ 2θ ≤ 80o (Amer & Awwad 

2021; Rahmawati et al. 2024). 

 

Scanning Electron Microscopy (SEM) 

An SEM instrument (Hitachi Flex SEM 100) was 

used to obtain information on the surface morphology 

of the synthesized silver nanoparticles. The analysis 

was carried out by attaching a solid sample of the 

synthesized silver nanoparticles to a specimen holder 

using double-sided carbon tape. The sample was 

coated with gold  for 1 minute to improve its 

conductivity. After being placed in a vacuum 

chamber, the sample was scanned to observe the 

surface morphology of the synthesized silver 

nanoparticles (Julinawati et al. 2015). 

 

RESULT AND DISSCUSION 

Optimation composition and pH in synthesis silver 

nanoparticles and the UV-Vis Analysis 

In this research, silver nanoparticles were 

synthesized using variations in the volume 

composition of E. lithosperma extract and 0.01 M 

AgNO3 solution of 1: 1, 1: 2, 1: 3, and 1: 4 as well as 

at pH variations of  9, 10, and 11. UV-Vis 

spectroscopy was used to determine the optimum 

composition and pH value. Based on the UV-Vis 

measurements of the four composition  variations and 

three pH variations, the data obtained  are presented 

in Table 1  and the UV-Vis spectrum at the optimum 

composition and pH  are presented in Figure 1. 

Based on the Table 1, in the mixture composition 

of 1:4, silver nanoparticles were successfully 

produced because the absorbance values of the 

mixtures were within  the range of  400-500 nm, 

namely 421 nm (pH 9), 424 nm (pH 10) and 420 nm 

(pH 11)  (Widatalla et al. 2022). If the silver ions in 

the mixture have not been reduced to silver 

nanoparticles, an absorption wavelength of the silver 

nitrate solution will appear at 305 nm (Bagur et al. 

2020). The optimum composition and pH in the 

synthesis of silver nanoparticles using E. lithosperma 

leaves extract bioreductant are a composition of 1:4 

and pH 10. This composition produced the most 

silver nanoparticles because it had the highest 

absorbance value (1.880) (Sulistiorini et al. 2024).  

Dadap serep leaves extract contains phenolic 

compounds, namely flavonoids, alkaloids and tannins 

which have a high reducing ability under alkaline 

conditions. In these conditions, the phenolic hydroxyl 

group will react with sodium hydroxide solution to 

produce phenolate ions whose reducing ability to 

convert  silver ions (Ag+) into  silver atoms (Ag0) is 

higher than that of the phenolic hydroxyl group.  

Consequently, a greater amount of  silver 

nanoparticles is produced as indicated by the higher 

absorbance values (Utami 2019; Phukhatmuen et al. 

2021). 

 

 

. 
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Table 1. The UV-Vis absorbance of synthesized silver nanoparticles 

Composition 
Absorbance value at pH 

9 10 11 

1 : 1 1.037 1.805 0.908 

1 : 2 1.010 1.010 0.999 

1 : 3 1.390 1.495 1.301 

1 : 4 1.825 1.880 1.653 

 

 
 

Figure 1. The UV-Vis spectrum of synthesized AgNPs at optimum composition (1 : 4) with various of  pH  

 

Particle Size Analyzer (PSA) of Silver 

Nanoparticles  

The particle size of the synthesized silver 

nanoparticles under optimum conditions was 

determined using a Particle Size Analyzer (PSA). 

Based on the measurement results, the 

synthesized silver nanoparticles had an average 

particle size of 92 nm, with a Dispersion Index (DI) = 

0.3124. The PSA results indicated that the 

synthesized silver nanoparticles were in the 

nanoscale range, as the particle size was between 1-

100 nm (Sutoyo et al. 2021; Dua et al. 2023). A  

Dispersion Index value lower than 0.5 indicated that 

the synthesized silver nanoparticles have a 

homogeneous particle size distribution. The PSA 

measurement results are presented in Figure 2. 

 

Fourier Tranform Infrared Spectroscopy (FTIR) 

Analysis of Silver Nanoparticles 

FTIR spectroscopy was used to determine 

functional groups and the changes occuring  in those 

functional groups during the synthesis  of silver 

nanoparticle synthesis using dadap serep leaves 

extract as a bioreductant. The FTIR spectrum of the 

synthesized silver nanoparticles showed stretching 

vibrations of hydroxyl groups (3242,88 cm-1), 

aromatic C=C bonds (11568.35 cm-1), C-O bond 

(1033.25 cm-1), and Ag-O bonds (519.23 cm-1). The 

appearance of the Ag-O vibration peak confirmed 

that silver nanoparticles had been successfully 

synthesized using dadap serep serep (E. lithosperma) 

leaves extract as a bioreductor (Dua et al. 2023). The 

FTIR spectrum of dadap serep (E. lithosperma)  

leaves extract showed absorption bands of stretching 

vibrations of hydroxyl groups (3235.32 cm-1), C=O 

bond (1705.72 cm-1), aromatic C=C bonds (1590.17 

cm-1), and C-O bonds (1035.97 cm-1). The presence 

of hydroxyl groups, C=O bond and aromatic C=C 

bonds in the FTIR spectrum of dadap serep (E. 

lithosperma) leaves extract indicated the content of 

phenolic compounds in the extract which act as 

bioreductors. The decrease in the absorption intensity 

of the hydroxyl group from the extract to silver 

nanoparticles indicated that the phenolic hydroxyl 

group were involved in the reduction of silver ions 

(Ag+) to silver atoms (Ago) (Sulistiorini et al. 2024; 

Rati et al. 2024). The FTIR spectrum of silver 

nanoparticles and dadap serep (E. lithosperma) leaves 

extract are presented in Figure 3. 

 

X-Ray Diffraction (XRD) Analysis  of Silver 

Nanoparticles 

The silver nanoparticles synthesized using dadap 

serep leaves extract as a bioreductant were 

characterized using XRD to determine the presence 

of silver atoms in the nanoparticles. This 

measurement was carried out using Cu Kα radiation 

with a wavelength of 1.5406 Å at 40 kV and 30 mA 

with a scan rate of 0.02 cm-1. The diffractogram of 

the measurement results with the XRD instrument is 

presented in Figure 4. 

The peaks appearing on the diffractogram were 

compared with the ICDD data center No. 03-065-

2871  (2 Ag : 38.1o, 44.3o, 64.4o, and 77.4o). The 2 
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Figure 2. Characterization results of synthesized  AgNPs  by PSA 
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Figure 3. (a) FTIR spectra of  E. lithosperma leaves  extract; (b) synthesized AgNPs. 
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Figure 4. XRD diffractogram of synthesized AgNPs 
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Figure 5. Scanning electron microscopy (SEM)  images of synthesized AgNPs 

 

Ag peaks obtained from the XRD analysis of the 

synthesized AgNPs were observed at 37.71o (111), 

43.84o (200), 64.07o (220), and 77.04o (311), 

indicating a cubic crystal system. These results were 

supported by the study of Azarbani et al. (2020) who 

reported  2 Ag peaks at 38.45o (111), 44.54o (200), 

64.64o (220), 77.65o (311), and by Sampaio & Viana  

(2018)  who obtained 2 Ag peaks at 38.24o (111), 

44.32o (200), 64.56o (220), 77.52o (311). Therefore, it 

can be confirmed  that the synthesized nanoparticles 

contain silver atoms or AgNPs. 

 

Scanning Electron Microscopy (SEM)  Analysis  

of Silver Nanoparticles 

Characterization using Scanning Electron 

Microscopy (SEM) was conducted to determine the 

surface morphology of the nanoparticles. Based on  

the SEM analysis of silver nanoparticles synthesized 

using dadap serep leaves extract as a bioreductant, 

the result obtained is  presented in Figure 5. 

The SEM analysis showed that the synthesized 

silver nanoparticles had an irregular shape. The 

irregular morphology of silver nanoparticles was also 

reported  by other researchers, including Taba et al . 

(2019); Rahim et al.  (2020); Kinjal et al. (2024) who 

synthesized silver nanoparticles using bioreductants 

from  leaves  extract  of  Syzygium polyanthum,  

green tea  (Camellia sinensis), and Azadirachta 

indica, recpectively.  

 

CONCLUSION 

Dadap serep leaves extract can be used as a 

bioreductor in the synthesis of silver nanoparticles 

(AgNPs). The optimum synthesis reaction conditions 

occured at a volume ratio of 1: 4 and pH 10. The 

synthesized silver nanoparticles had an average 

particle size of 92 nm, hydroxyl groups, aromatic 

C=C bond, C-O bond, and Ag-O bond.  The 

synthesized AgNPs showed typical peaks of silver 

atoms at 2 : 37.71o (111), 43.84o (200), 64.07o (220), 

77.04o (311). Silver nanoparticles had less regular 

surface morphology, based on the results of SEM 

analysis. 

 

ACKNOWLEDGMENT 

Authors thank the Directorate of Research and 

Community Service, Ministry of Higher Education, 

Science and Technology, Republic Indonesia for 

financial support through the master tesis research 

grant 2025 and the Purwodadi Botanical Garden of 

Indonesian Institute of Sciences for help  in 

identification of  dadap serep (E. lithosperma) 

sample. 

 

REFERENCES 

Ahmed, S., Ahmad, M., Swami, B.L. & Ikwam, S. 

(2016). A review on plants extract mediated 

synthesis of silver nanoparticles for 

antimicrobial applications: A green expertise. 

Journal of Advance Research.  7(1): 17-28. 

Amer, M.W. & Awwad, A.M. (2021). Green 

synthesis of copper anoparticles by Citrus limon 

fruits extract, characterization and antibacterial 

activity. Chemistry International. 7(1): 1–8. 

Amin, R.R. & Sutoyo, S.  (2022). Green synthesis 

and characterization of silver nanoparticles 

derived from ethanol extract of sappan wood. 

International Journal of Current Science 

Research and Review.  5(7): 2396-2403. 

Awatiszahro, A., Nirwana, B.S., Rofiah, K., Sefika, 

P.R. & Ulum, H. (2023).  Erythrina subumbrans 

compress to reduce fever of children with 

hyperthermia. Journal of Global Research in 

Public Health. 8(2): 170-172. 

Azarbani, F. & Shiravand, S.  (2020). Green 

synthesis of silver nanoparticles by Ferulago  

macrocarpa flowers extract and their 

antibacterial, antifungal and toxic effects. Green 

Chemistry Letters and Reviews. 13(1): 41–49. 

Bagur, H., Poojari, C.C., Melappa, G., Rangappa, R., 

Chandrasekhar, N. & Somu, P.   (2020). 

Biogenically synthesized silver nanoparticles 



31 

 

 

Green Synthesis and Characterization Of Silver Nanoparticles Using Dadap Serep (Erythrina lithosperma) Leaves  Extract as a  

Bioreductor 

Albani, F.H., Sutoyo, S., Tukiran, T. 

 using endophyte fungal extract of Ocimum 

tenuiflorum and evaluation of biomedical 

properties, Journal of Cluster Science. 31(6): 

1241-1255. 

Chand, D. (2019). Green synthesis and 

characterization of silver nanoparticles using 

extract of palm tree bark, palm leaves and ghaf 

leaves. Oriental Journal of Chemistry. 35(2): 

547-551. 

Chen, Q., Liu, G., Chen, G., Mi, T., & Tai, J. (2017). 

Green synthesis of silver nanoparticles with 

glucose for conductivity enhancement of 

conductive ink. BioResources. 12(1): 608-621. 

Chotimah, C., Savitri, E.S. & Fahruddin, M.M.  

(2019). Uji total flavonoid dan aktivitas 

antioksidan daun dan batang dadap serep 

(Erythrina subumbarns) menggunakan pelarut 

yang berbeda (Laporan penelitian). UIN 

Maulana Malik Ibrahim. Malang. 

Dua, T.K., Giri, S., Nandi, G., Sahu, R., Shaw, T.K. 

& Paul, P. (2023). Green synthesis of silver 

nanoparticles using Eupatorium adenophorum 

leaf extract: characterizations, antioxidant, 

antibacterial and photocatalytic activities. 

Chemical Papers. 77(6): 2947-2956. 

Handoko, V., Yusradinan, A., Nursuahid, A., 

Wandira, A. & Wulandari, A.P. (2022). Green 

synthesis nanopartikel perak dengan bioreduktor 

ekstrak daun rami (Boehmeria nivea) melalui 

iradiasi microwave. Chimica et Natura Acta. 

10(1): 15-21. 

Julinawati, J., Marlina, M., Nasution, R. & 

Sheilatina, S. (2015). Applying SEM-EDX 

techniques to identifying the types of mineral of 

Jades (Giok) Takengon, Aceh. Jurnal Natural 

Unsyiah. 15(2): 44-48. 

Kinjal, G., Sureshkumar, D., Vipul, P., Ajay, R. & 

Pradeep, K.S.  (2024). Green synthesis of silver 

nanoparticles using various plant extracts and 

evaluation of their antimicrobial activities. 

Biosciences Biotechnology Research Asia.  

21(2): 765-777. 

Khaydarov, R.R., Khaydarov, R.A., Estrin, Y., 

Evgrafova, S., Scheper, T., Endres, C. & Cho, 

S.Y. (2009). Silver nanoparticles. 

Nanomaterials: Risks and Benefits. 4: 287-297. 

Khoirunnisa, A. & Sutoyo, S. (2024). Silver 

nanoparticles synthesized from kenitu 

(Chrysophyllum caintio L.) leaves extract and 

its potential as antibacterial agents. Journal of  

The Indonesian Society of Integrated Chemistry. 

16(2): 122-128. 

Manosalva, N.,  Tortella, G.,  Diez, M.C., Schalchli, 

H.,   Seabra,  A.B., Durán, N. &  Rubilar, O. 

(2019). Green synthesis of silver nanoparticles: 

effect of synthesis reaction parameters on 

antimicrobial activity. World Journal of 

Microbiology and Biotechnology. 35(6): 88-96. 

Phukhatmuen, P., Meesakul, P.,  Suthiphasilp, V., 

Charoensup, R.,  Maneerat, T., Cheenpracha, S.,  

Limtharakul , T., Pyne , S. & Laphookhieo, S.   

(2021). Antidiabetic and antimicrobial 

flavonoids from the twigs and roots of Erythrina  

subumbrans (Hassk.) Merr. Heliyon. 7(4):  1-8. 

Putri, R.W.H. & Sutoyo, S. (2025), The Potency of 

noni leaves extract (Morinda citrifolia L.) as a 

bioreductor in the synthesis of copper 

nanoparticles and its effectiveness as an  

antibacterial against Streptococcus pyogenes. 

Jurnal Kimia Sains dan Aplikasi. 28(3): 138-

145. 

Rahim, D.M., Herawati, N. & Hasri, H. (2020). 

Sintesis nanopartikel perak menggunakan 

bioreduktor ekstrak daun teh hijau (Camellia 

sinensis) dengan iradiasi microwave. Chemica: 

Jurnal Ilmiah Kimia Dan Pendidikan Kimia. 

21(1): 30-41. 

Rahman, R.A. & Sutoyo, S.  (2022). Synthesis and 

characterization of silver nanoparticles from 

ethanol extract of meniran (Phyllanthus niruri 

L.) using bioreduction method. International 

Journal of Progressive Science and 

Technologies.  34(2): 32-40. 

Rahmawati, D., Permana, M.D., Eddy,  D.R., Saito, 

N., Takei, T., Suryana, Noviyanti,  A.R., 

Rahayu, I., Helal, M.H. &  El-Bahy, Z.M. 

(2024). Synthesis of TiO2 nanoparticles using 

red spinach leaves extract (Amaranthus tricolor 

L.) for photocatalytic of methylene blue 

degradation. Green Chemistry Letters and 

Reviews. 17(1): 1-13. 

Rati, T.A., Perdana, F., Prasetya. (2024). Synthesis of 

silver nanoparticles from extract of epiphytic 

shrub leaves (Ficus heteropleura Blume) on oil 

palm plant and evaluation of their antibacterial 

activity against Escherichia coli. Jurnal Kimia 

Sains dan Aplikasi. 27(3): 101-109. 

 Sampaio, S. & Viana, J.C. (2018). Production of 

silver nanoparticles by green synthesis using 

artichoke (Cynara scolymus L.) aqueous extract 

and measurement of their electrical 

conductivity. Advances in Natural Sciences: 

Nanoscience and Nanotechnology. 9: 1-19. 

Siddiqi, K.S. & Husen, A. (2016). Green synthesis, 

characterization and uses of palladium/platinum 

nanoparticles. Nanoscale Research Letters. 

11(1): 1-13. 

 Sugiyarti, R., Wisnuwardhani, H.A. & Rusdi, B. 

(2021). Kajian pustaka sintesis nanopartikel 

perak menggunakan ekstrak tanaman sebagai 

bioreduktor dan aplikasinya. Prosiding 

Farmasi. 7(2): 809–815. 

Sulistiorini, M., Gusrizal, G. & Sapar, A. (2024). 

Synthesis and characterization of silver 

nanoparticles using bioreductant andong leaves 

extract (Cordyline fruticosa (L) A. Chev.). 

Jurnal Kimia Sains dan Aplikasi. 27(5): 243-

249 

Susilawati, E., Levita, J., Susilowati, Y. & Sumiwi, 

S.A.  (2023). Pharmacology activity, toxicity, 



32 

 

 
Chimica et Natura Acta Vol. 14 No. 1, April 2026: 25-32 

70 

and clinical trials of Erythrina genus plants 

(Fabaceae): An evidence-based review. 

Frontiers in Pharmacology.14: 01-09. 

Sutoyo, S., Tukiran T. & Khotijah, S.  (2021). 

Antioxydant activity of the silver nanoparticles 

(AgNPs) synthesized using nephrolepisradicans 

extract as bioreductor. Journal of Physics: 

Conference Series. 1747: 1-6. 

Taba, P., Parmitha, N.Y. & Kasim, S. (2019). Sintesis 

nanopartikel perak menggunakan ekstrak daun 

salam (Syzygium polyanthum) sebagai 

bioreduktor dan uji aktivitasnya sebagai 

antioksidan. Indonesian Journal of Chemical 

Research. 7(1): 51-60. 

 Utami, D.T. (2019). Antimicrobial activity of dadap 

serep (Erythrina subumbrans (Hassk.) Merr.) 

leaves extract.  Journal of Chemical Natural 

Resources. 1(1): 45-49. 

Widatalla, H.A.,Yassin, L.F., Alrasheid,  A.A., 

Rahman,  A.A.R., Widdatallah,  M.O., Eltilib,  

S.H. & Mohamel, A.A.  (2022). Green synthesis 

of silver nanoparticles using green tea leaves 

extract, characterization and evaluation of 

antimicrobial activity.  Nanoscale Advances. 

4(3): 911–915. 

 

 


