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This study was amid to biogenic synthesis of Silver Nanoparticles (AgNPs) and evaluated 
its chemical-physical and biomedical properties. The currently used reducing agent is 
Polyalthia sclerophylla (CEPS). As a reducer, a crude extract of Polyalthia sclerophylla 
leaves (CEPS) was used, while silver nitrate (AgNO3) was used as an initiator. Two 
samples were prepared and named AgNPs-a and AgNPs-b, respectively. The prepared 
samples were carried out to characterize their biological, physical, and chemical 
properties. Energy Dispersive X-Ray Analysis (EDX) and ultraviolet-visible spectroscopy 
were the first techniques utilised to emphasise the formulation of AgNPs (Uv-vis). The 
morphology and size of the particles are determined using scanning transmission 
electron microscopy (STEM) and scanning electron microscopy (SEM). AgNPs were 
tested for cytotoxicity against Mg-63 human cells (a type of osteosarcoma cell and its 
osteoblast-like cells) using the Alamar blue assay, and their antibacterial properties 
were investigated against Gram-positive Staphylococcus aureus (S. aureus) and Gram-
negative Escherichia coli (E. coli). The wavelength of AgNPs-a was 436 nm, while AgNPs-
b was 441 nm, according to the data. According to SEM and STEM images, the shapes of 
the prepared samples were spherical. The particle sizes were not the same, with AgNPs-
a having a diameter size range of 48nm to 68nm and AgNPs-b having a diameter size 
range of 59nm to 77nm. The availability of Mg-63 cells in prepared samples was greater 
than 89% for all concentrations. AgNPs-a inhibited bacteria growth more effectively 
against both bacteria, with results against S. Aureus and E. coli at 80M/ml of 24mm and 
22mm, respectively, compared to AgNPs-b at the same concentration of 20mm and 
18mm. According to our results obtained from chemical-physical techniques, the shapes 
of both AgNPs-a and AgNPs-b were similar, while the sizes of the particles were 
different. The antibacterial effect affects the difference as smaller sizes more inhibition 
for bacterial growth. The current study has shown that non-toxic produced samples can 
be utilised as an antibacterial agent, with nano-sizes that can be employed safely in the 
medical and biological areas. 
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1. Introduction 
 
Synthesis and characterization of nanoparticles are very important and exciting for researchers 

because the nanoparticles can be applied widely in chemical, physical, biological, and medicinal 
areas. Silver nanoparticles (AgNPs) are gaining attention from researchers because of their unique 
and desired qualities, which include antibacterial effects, high surface-to-volume ratios and 
catalytic properties. 

Nanomaterials have recently encouraged researchers, due to their unique properties to find 
easy, fast and economical ways to synthesise them [1]. Many chemical elements have been 
converted, from normal size to nanoscales, such as gold (Au), silver (Ag), lead (Pb), and others [2-4]. 
Ag metal is considered one of the most nano-synthesized compared with other metals due to its 
unique features, making it applicable for various applications such as medical, industrial and 
biological [5-8].  

Synthesis of AgNPs was done previously using many techniques. Through the previous studies, 
researchers faced many challenges during its implementation, such as time of preparation, cost of 
the materials used, and not being eco-friendly for the environment. The physical and chemical 
methods of the nanoparticles of silver are needed requirements, and one of the important ones is 
the cost of the preparation is very high. However, the green chemistry of AgNPs, compared with 
the chemical and physical methods, has many advantages [9, 10]. 

In previous studies, the researchers developed the methods used to synthesize AgNPs, in the 
green chemistry way, according to three steps: stability, stenosis, and reduction. Green chemistry 
methods use extracts from natural sources from many biological materials, including amino acids, 
vitamins, plants, and enzymes [11,12]. The advantages of green chemistry include being eco-
friendly, cheaper, and appropriate to the synthesis of large-scale from scaled-up. In the present 
study, the AgNPs were synthesized via green chemistry way with non-toxic and environmentally 
friendly biological materials [13,14]. 

Polyalthia sclerophylla is a group of species distributed in the tropics and subtropics. The 
species were discovered from the sources in the Species 2000 & ITIS Catalogue of Life: April 2013, 
which belongs to the Annonaceae family for its medicinal properties. Also, 17 species have been 
identified in this Polyalthia species. Polyalthia has therapeutic qualities such as antibacterial, anti-
inflammatory, anticancer, antihyperglycemic, antifungal, antioxidant, hepatoprotective, and anti-
HIV-1 action from the leaves and twigs [15-18]. Because of the antibacterial capabilities of the 
Polyalthia genus, Polyalthia sclerophylla was chosen as a reducing agent to manufacture AgNPs to 
boost the ability of bacteria growth suppression. Moreover, according to previous studies, there 
was no study reported to synthesise AgNPs from CEPS. Thus, the present study is reported to be the 
first study. The present study conducted to synthesize and characterize the AgNPs using green 
synthesis method and evaluate their biomedical properties for biomedical applications. 

 
2. Methodology  
2.1 Materials 

 
The Polyalthia sclerophylla leaves (LPs) have been collected locally from Perak, Malaysia. Silver 

nitrate (AgNO3) and ampicillin were purchased from the Bendon brand (Malaysia).  
 
 
2.2 Methods 
2.2.1 LPS crude extract preparation 
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The LPs were cleaned with water a few times to eliminate all dust and fungus from the leaves. 

Then, the LPs were dried using sun-dry for seven days. The dried LPS were crushed and ground 
completely to obtain the powder of LPs. The dried LPs were extracted using the hot-extraction 
method using a soxhlet extractor, the distilled water (DW) as a solvent. The crude extract of LPS 
was prepared, and approximately 10 g of LPS powder was placed in the round bottom flask of the 
soxhlet with 100 ml DW. The extraction period was between 2-5 h using reflux heating. Then, the 
extraction reached all possible leaves, and the round bottom flask was cooled at room 
temperature. The mixture was filtered, and a rotary evaporator was used to dry it and store it at -4 
oC for future work. 

 
2.2.2 Synthesis method of AgNPs 

 
Two concentrations of AgNO3 (1*10-3M and 1*10-4M) were used to synthesize two samples 

named AgNPs-a and AgNPs-b. Briefly, 100 ml of DW was used to dissolve 1*10-3M of AgNO3 in a 
conical flask. The conical flask was placed on the hot plate at 80 0C for 30-60 minutes. Then, 10 ml 
of CEPS was added gently to the solution, and the solution colour changed from colourless to 
yellow-brown, which indicated the conversion between the Ag ion to Ag0. The AgNPs-a solution 
was centrifuged at 14000 rpm for 15 mins, and the bottom part of the microtube was collocated, 
represented by AgNPs-a, in which the upper part was dismissed. A similar procedure was repeated 
to prepare 1*10-4M as an AgNPs-b.  Figure 1 shows the process used to synthesize AgNPs. 
 

 
Fig. 1. The preparation Scheme of silver nanoparticles 

 
2.2.3 Cytotoxicity of AgNPs 
 

Alamar blue assay was used to investigate the cytotoxicity of the prepared samples against the 
MG-63 human cells line. The prepared samples have been downhiller for 24 h in the medium 200 
mg/ mL to check the viability of the cells. The present study did not include the materials which 
represented the negative control. A 0.2 μm of syringe was used for sterilization. The ratios of W/V 
of 25, 50, 75,100, and 200 mg/mL were dissolved in the extracts in the medium. MG-63 cells have 
been implanted for 24 h in 24-multiwell plates 1×105 cells/mL were combined with diluted extracts. 
The incubator of CO2 has used to incubate the mixture all day at 37 °C.  After completing the 
incubation process, the next step was determining the cell viability using Alamar blue assay. 
Cultures were stained and incubated in the CO2 incubator at 37 °C for 24 hours. 
 
 
2.2.4 AgNPs antibacterial activity  
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The antibacterial properties of produced AgNPs against E. coli and S. aureus were investigated 
using a paper disc diffusion test. This approach was employed in this investigation since it is simple 
and readily available in our facility. Furthermore, it is not expensive. Bacteria were grown on 
nutrient agar media. Saturated in 1 ml of distilled water, 10 g of AgNPs-s and AgNPs-b were tested 
against the bacteria. CEPS was also investigated. Following that, AgNPs-a and AgNPs-b 
concentrations of 10, 20, 40, and 80 M/ml was dissolved in distilled water and passed through a 6 
mm disc filter. After 24 hours of incubation, inhibited zones were assessed, as well as the extent of 
antibacterial effects on S. aureus and E. coli. 

 
3. Results and Discussion 

 
The current study used CEPS to perform biogenic green synthesis and characterise AgNPs. The 

first indication that Ag ion was being converted to Ag0 was the change in colour of the solution 
from colourless to yellow-brown, which was caused by surface plasmon resonance (SPR). 

 
3.1 Uv-Vis Spectroscopy 

 
Uv-vis spectroscopy was utilised to confirm AgNP fabrication, with SPR of the AgNPs attributed 

to optical characteristics [19,20]. SPR band generation is caused by incoming light on the surface of 
particles, which results in wave absorption in visible light [21,22]. AgNPs were shown to absorb and 
have a peak in the 390-460 nm region [23].  

Figure 2 shows absorbance peaks of AgNO3, CEPS, and AgNPs a and b. Extract of the leaves and 
AgNO3 did not show any absorbance peaks in the wavelength range of 200-600 nm. The outcome of 
different concentrations of AgNO3 was observed. The absorbance peaks were shifted from 436 nm 
in AgNPs-a to 441 nm in AgNPs, along with the increased concentrations of the AgNO3. This shafting 
could be attributed to a variety of factors, including particle size and shape [24,25].  
 

 
Fig. 2. Uv-vis spectrum of the a) AgNPs-a, b) 
AgNPs-b, c) AgNO3 and CEPS 

 
A similar impact for varying concentrations of AgNO3 was observed in the work of Karimi et al., 

[26], where the wavelength peaks switched from red (higher wavelength) to blue (lower 
wavelength) as the concentration of AgNO3 increased. The association between the size of the Ag 
particles and the absorbance peak has already been proven. The red shift indicates a larger size 
when compared to the blue shift [27]. Our study has affirmed the reason that the shaft was due to 
the size of the particles according to SEM and STEM analysis. 
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3.2 SEM  
 

Figure 3 shows the SEM images of AgNPs-a, and AgNPs-b, both of the samples have shown the 
same surface morphology and the shapes of the particles for the samples were spherical. The sizes 
of the particles decreased with the increase in the concentrations of AgNO3. The SEM photos also 
reveal that the Ag-a particle range was from 48nm to 68nm, whereas the Ag-b particle range was 
from 59nm to 77nm. 
 

  
(a) (b) 

Fig. 3. SEM images of a) AgNPs-a and b) AgNPs-b 

 
Htwe et al., [24] conducted a study to determine the influence of AgNO3 concentrations on the 

morphology of AgNPs under SEM imaging. The SEM data demonstrate that the AgNPs have a 
spherical form with a homogeneous surface. Meanwhile, the diameters of the Ag particles differed. 
The particle size decreased as the concentration of AgNO3 rose. This study's findings back up our 
findings. 
 
3.3 EDX 
 

EDX technique has been used to emphasize the peaks of the AgNPs, which the strong peak for 
the Ag has been obtained at 3 keV. Previous studies documented the peak of silver nanoparticles in 
3 keV for silver nanoparticles from 5-250 nm [28]. 

The EDX spectrums of AgNPs-a and AgNPs-b are shown in Figure 4(a) and 3(b), respectively. 
The presence of Ag elements, along with oxygen and carbon, is observed in both spectra. The 
spectrum AgNPs-b has shown carbon with a higher percentage than the silver element, while for 
spectrum AgNPs-a has shown carbon with a lower percentage than carbon. Due to the presence of 
oxygen and carbon in the CEPS, oxygen and carbon peaks were identified. These findings imply that 
AgNPs are bordered by carbon and oxygen [29]. The EDX profile displays a spectrum signal in the Ag 
region of about 3 keV, which corresponds to metallic Ag absorption due to surface plasmon 
resonance (SPR) of AgNPs with sizes ranging from 20 to 350 nm [30,31].  
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(a) (b) 

Fig. 4. EDX spectrum of a) AgNPs-a and b) AgNPs-b 

 
3.4 STEM 

 
STEM was utilised to check the form and morphology of the silver nanoparticles that had been 

synthesised. Figure 5 depicts the nano-graphs of AgNPs-a and AgNPs-b samples. The shape of the 
produced samples was spherical, which is identical to the obtained results that have been 
mentioned in the SEM analysis. Figure 5 depicts the particle size distribution. AgNPs-a has the 
largest particles having a diameter of 46-56 nm, and AgNPs-b has a particle size ranging from 42 nm 
to 70 nm. These results are aligned with the SEM-obtained results. In AgNPs-b, there were some 
particles with more than 100 nm, which might be due to them clumping together while being 
thawed and put on a copper grid before the examination. 

 

  
(a) (b) 

Fig. 5. STEM image of (a) AgNPs-a and (b) AgNPs-b 

 
3.4 Antibacterial Activities of AgNPs-a and AgNPs-b 

 

Table 1 shows the two parts; the first part explains the positive (ampicillin) and negative (DW) 
controls along with the CEPS, while part two represents the ability of AgNPs-a and AgNPs-b to 
inhibition of bacteria growth against E. coli and S. aureus. The first part shows the ability of CEPS to 
be used as an antibacterial agent, showing significant activity against both bacteria reaching 8.8 
mm and 7 mm at higher concentrations. This ability was increased in the AgNPs-a and AgNPs-b. The 
results of the current study revealed a strong effect on bacterial growth, with the inhibitory growth 
of AgNPs-a reaching 24 mm and 22 mm against E. coli and S. aureus, respectively. Meanwhile, the 
AgNPs-b showed 20 mm and 18 mm against both pathogens, respectively. 
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Table 1 
Antibacterial activities of AgNPs-a, AgNPs-b and CEPS, with controls 
No  Conic CEPS Ampicillin DW 
   E. coli S. aureus  E. coli S. aureus  E. coli S. aureus 

1 10 µM/ml 6 mm 5 mm 21 mm 18 mm 0 0 
2 20 µM/ml 7 mm 5.4 mm 24 mm 19 mm 0 0 
3 40 µM/ml 8.4 mm 6.2 mm 28 mm 24 mm 0 0 
4 80 µM/ml 8.8 mm  7 mm 33 mm 29 mm 0 0 

No  Conic AgNPs-a AgNPs-b 

   E. coli S. aureus  E. coli S. aureus 
1 10 µM/ml 14 mm 15 mm 13 mm 12 mm 
2 20 µM/ml 16 mm 16 mm 16 mm 15 mm 
3 40 µM/ml 20 mm 20 mm 18 mm 16 mm 
4 80 µM/ml 24 mm 22 mm 20 mm 18 mm 

 
Results showed that AgNPs-a had more effect than AgNPs-b due to distinct particle size. As 

mentioned previously, the smaller size of the nanoparticles can show a higher effect against 
bacteria [23]. The reason for that can be explained by two or three mechanisms. The most 
acceptable one is that the small particle size has more surface area, which has more advantage to 
these particles entering the bacteria cell wall than leading to accumulating particles then damaging 
the ROS, which makes it dead[1]. In the present study, CEPS was used to enhance the ability of 
AgNPs against bacteria.  

 
3.5 Alamar Blue Assay 

 
The Alamar blue assay was used to investigate the cytotoxicity of AgNPs in Mg-63 human cells. 

According to Figure 6, the cell viability was greater than 89% when treated with AgNPs-a and 
AgNPs-b at all concentrations. The cell viability of Mg-63 in the presence of AgNPs was determined 
using the Alamar blue test. Figure 6 depicts the cell vitality of Mg-63 after the treatment of 
prepared samples. AgNPs-2 have a cell viability of more than 89% at all doses. The outcomes of the 
present study showed there was no toxicity for the prepared samples, even at the higher 
concentrations that demonstrated to use of them safely and can be applied in the medical and 
biological field. 

 
Table2: 
The cell viability of Mg-63 attained after exposure to the 
AgNPs-a and AgNPs-b for 24 h 

Concentrations Control AgNPs-a AgNPs-b Cell viability 

25 mg/ml 0.253 0.21 0.223 83 88.14 
50 mg/ml 0.277 0.259 0.241 93.5 87 
75 mg/ml 0.304 0.277 0.267 91.11 87.82 
100 mg/ml 0.238 0.213 0.212 89.49 89.07 
200 mg/ml 0.305 0.267 0.346 87.54 113.44 
AVERAGE 

   
89.03 93.6 
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Fig. 6. The cell viability of MG-63 percentages at several 
concentrations of a) AgNPs-a and b) AgNPs-b 

 
The findings were consistent with those reported by Albers et al., [32]. According to the 

literature, AgNPs may be hazardous at greater concentrations, implying that AgNPs might be used 
in the human body with a controller dose to benefit from the unique qualities of AgNPs while 
avoiding the danger of side effects by utilising a few ratios of it. The investigations have shown that 
there is a spectrum of non-toxic amounts. 10 g/mL [33], 25 g/mL [34], 40 g/mL [35], 50 g/mL [36], 
100 g/mL [37], 160 g/mL [38], and 300 g/m. Many researchers have observed that AgNPs toxicity 
can be indicated below when it is made using natural materials to lessen the possible cytotoxicity of 
silver nanoparticles [39]. 

 
4. Conclusions 
 

The current study reported the successfully synthesized of AgNPs by the green method. The size 
obtained for the two different samples has a similar shape. Synthesized silver nanoparticles were 
characterized by using several characterisation techniques. AgNPs-a showed a smaller size than 
AgNPs-a in STEM and SEM. The shape was spherical. In the antibacterial part, AgNPs-a were more 
effective than AgNPs-b. The current work has revealed non-toxic nano-sized produced samples can 
be utilized safely in medical and biological sectors. 
 
References  
[1] Mudhafar, Mustafa, Ismail Zainol, CN Aiza Jaafar, H. A. Alsailawi, and Shakinaz Desa. "A Review Study on Synthesis 

Methods of AgNanoparticles, Considering Antibacterial Property and Cytotoxicity." International Journal of Drug 
Delivery Technology 11, no. 2 (2021): 635-48. 

[2] Ahmed, Shakeel, Mudasir Ahmad, Babu Lal Swami, and Saiqa Ikram. "Green synthesis of silver nanoparticles using 
Azadirachta indica aqueous leaf extract." Journal of radiation research and applied sciences 9, no. 1 (2016): 1-7. 
https://doi.org/10.1016/j.jrras.2015.06.006 

[3] Cai, Feiyang, Shiyi Li, Hui Huang, Javed Iqbal, Canran Wang, and Xing Jiang. "Green synthesis of gold nanoparticles 
for immune response regulation: Mechanisms, applications, and perspectives." Journal of Biomedical Materials 
Research Part A 110, no. 2 (2022): 424-442. https://doi.org/10.1002/jbm.a.37281 

[4] Islam, Mohammad Aminul, Dilip Kumar Sarkar, Md Shahinuzzaman, Yasmin Abdul Wahab, Mayeen Uddin 
Khandaker, Nissren Tamam, Abdelmoneim Sulieman, Nowshad Amin, and Md Akhtaruzzaman. "Green synthesis 
of lead sulphide nanoparticles for high-efficiency perovskite solar cell applications." Nanomaterials 12, no. 11 
(2022): 1933. https://doi.org/10.3390/nano12111933 

[5] Abishad, Padikkamannil, Jess Vergis, Varsha Unni, Vemula Prasastha Ram, Pollumahanti Niveditha, Jyothsana 
Yasur, Sanis Juliet et al. "Green synthesized silver nanoparticles using lactobacillus acidophilus as an antioxidant, 

1 2 3 4 5

83
93.5 91.11 89.07 87.5488.14 87 87.82 89.07

113.44

AgNPs-a AgNPs-b

C
el

l 

https://doi.org/10.1016/j.jrras.2015.06.006
https://doi.org/10.1002/jbm.a.37281
https://doi.org/10.3390/nano12111933


Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 106, Issue 1 (2023) 65-75 

 

73 
 

antimicrobial, and antibiofilm agent against multi-drug resistant enteroaggregative Escherichia coli." Probiotics 
and Antimicrobial Proteins 14, no. 5 (2022): 904-914. https://doi.org/10.1007/s12602-022-09961-1 

[6] Ahmed Naseer, Munawar Iqbal, Salman Ali, Arif Nazir, Mazhar Abbas, and Naveed Ahmad. "Green synthesis of 
silver nanoparticles using Allium cepa extract and their antimicrobial activity evaluation." Chemistry 
International 8, no. 3 (2022): 89-94. 

[7] Yazdi, Mohamad, Amin Yousefvand, Hamideh Mahmoodzadeh Hosseini, and Seyed Ali Mirhosseini. "Green 
synthesis of silver nanoparticles using nisin and its antibacterial activity against Pseudomonas 
aeruginosa." Advanced Biomedical Research 11 (2022). 

[8] Padilla-Camberos, Eduardo, Karen J. Juárez-Navarro, Ivan Moises Sanchez-Hernandez, Omar Ricardo Torres-
Gonzalez, and Jose Miguel Flores-Fernandez. "Toxicological Evaluation of Silver Nanoparticles Synthesized with 
Peel Extract of Stenocereus queretaroensis." Materials 15, no. 16 (2022): 5700. 
https://doi.org/10.3390/ma15165700 

[9] Khan, Md Rokonujaman, Sheikh Manjura Hoque, Kaniz Fatima Binte Hossain, Md Abu Bakar Siddique, Md Khabir 
Uddin, and Md Mostafizur Rahman. "Green synthesis of silver nanoparticles using Hibiscus sabdariffa leaf extract 
and its cytotoxicity assay." Inorganic and Nano-Metal Chemistry (2022): 1-11. 
https://doi.org/10.1080/24701556.2021.2025091 

[10] Abdellatif, Ahmed AH, N. Sameh Tolba, Osamah Al Rugaie, Fahad A. Alhumaydhi, and Ayman M. Mousa. "Green 
synthesis of silver nanoparticles for enhancing wound healing activity in rats." Saudi Pharmaceutical Journal 10 
(2022). https://doi.org/10.1016/j.jsps.2022.02.013 

[11] Yaqoob, Asim Ali, Khalid Umar, and Mohamad Nasir Mohamad Ibrahim. "Silver nanoparticles: various methods of 
synthesis, size affecting factors and their potential applications–a review." Applied Nanoscience 10 (2020): 1369-
1378. https://doi.org/10.1007/s13204-020-01318-w 

[12] Ijaz, Mohsin, Maria Zafar, and Tahir Iqbal. "Green synthesis of silver nanoparticles by using various extracts: a 
review." Inorganic and Nano-Metal Chemistry 51, no. 5 (2020): 744-755. 
https://doi.org/10.1080/24701556.2020.1808680 

[13] Gecer, Esma Nur, Ramazan Erenler, Cengiz Temiz, Nusret Genc, and Ilyas Yildiz. "Green synthesis of silver 
nanoparticles from Echinacea purpurea (L.) Moench with antioxidant profile." Particulate Science and 
Technology 40, no. 1 (2022): 50-57. https://doi.org/10.1080/02726351.2021.1904309 

[14] Hawar, Sumaiya N., Hanady S. Al-Shmgani, Zainb A. Al-Kubaisi, Ghassan M. Sulaiman, Yaser H. Dewir, and 
Jesamine J. Rikisahedew. "Green synthesis of silver nanoparticles from Alhagi graecorum leaf extract and 
evaluation of their cytotoxicity and antifungal activity." Journal of Nanomaterials 2022 (2022): 1-8. 
https://doi.org/10.1155/2022/1058119 

[15] Saepou, Siriporn, Manat Pohmakotr, Vichai Reutrakul, Chalobon Yoosook, Jitra Kasisit, Chanita Napaswad, and 
Patoomratana Tuchinda. "Anti-HIV‐1 diterpenoids from leaves and twigs of Polyalthia sclerophylla." Planta 
medica 76, no. 07 (2010): 721-725. https://doi.org/10.1055/s-0029-1240683 

[16] Dashora, Alankrita, Kavita Rathore, Shani Raj, and Kanika Sharma. "Synthesis of silver nanoparticles employing 
Polyalthia longifolia leaf extract and their in vitro antifungal activity against phytopathogen." Biochemistry and 
Biophysics Reports 31 (2022): 101320. https://doi.org/10.1016/j.bbrep.2022.101320 

[17] Puspita, Nike Nada. "Formulasi gel ekstrak daun Glodokan Tiang Polyalthia longifolia dalam uji aktivitas 
antibakteri Staphylococcus epidermidis." PhD diss., UIN Sunan Ampel Surabaya, 2022. 

[18] Mudhafar, M. U. S. T. A. F. A., and Ismail Zainol. "Medical values, antimicrobial, and anti fungal activities of 
Polyalthia genus." International Journal of Pharmaceutical Research 11, no. 1 (2019): 90-6. 

[19] Kemala, Pati, Rinaldi Idroes, Khairan Khairan, Muliadi Ramli, Zulkarnain Jalil, Ghazi Mauer Idroes, Trina Ekawati 
Tallei et al. "Green Synthesis and Antimicrobial Activities of Silver Nanoparticles Using Calotropis gigantea from Ie 
Seu-Um Geothermal Area, Aceh Province, Indonesia." Molecules 27, no. 16 (2022): 5310. 
https://doi.org/10.3390/molecules27165310 

[20] Ryu, Suji, Seoul-Hee Nam, and Jong-Suep Baek. "Green Synthesis of Silver Nanoparticles (AgNPs) of Angelica Gigas 
Fabricated by Hot-Melt Extrusion Technology for Enhanced Antifungal Effects." Materials 15, no. 20 (2022): 7231. 
https://doi.org/10.3390/ma15207231 

[21] Dangi, Subas, Aakash Gupta, Dipak Kumar Gupta, Sanjay Singh, and Niranjan Parajuli. "Green synthesis of silver 
nanoparticles using aqueous root extract of Berberis asiatica and evaluation of their antibacterial 
activity." Chemical Data Collections 28 (2020): 100411. https://doi.org/10.1016/j.cdc.2020.100411 

[22] Mobeen, Syeda Anjum, Maram Vidya Vani, and Khateef Riazunnisa. "Eco-Friendly Synthesis of Silver 
Nanoparticles by Using Moringa oleifera Leaf Extract as Reducing Agent and Their Catalytic Activity with MB Dye." 
In Emerging Trends in Advanced Spectroscopy, pp. 69-79. River Publishers, 2022. 
https://doi.org/10.1201/9781003338093-8 

https://doi.org/10.1007/s12602-022-09961-1
https://doi.org/10.3390/ma15165700
https://doi.org/10.1080/24701556.2021.2025091
https://doi.org/10.1016/j.jsps.2022.02.013
https://doi.org/10.1007/s13204-020-01318-w
https://doi.org/10.1080/24701556.2020.1808680
https://doi.org/10.1080/02726351.2021.1904309
https://doi.org/10.1155/2022/1058119
https://doi.org/10.1055/s-0029-1240683
https://doi.org/10.1016/j.bbrep.2022.101320
https://doi.org/10.3390/molecules27165310
https://doi.org/10.3390/ma15207231
https://doi.org/10.1016/j.cdc.2020.100411
https://doi.org/10.1201/9781003338093-8


Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 106, Issue 1 (2023) 65-75 

 

74 
 

[23] Mudhafar, Mustafa, Ismail Zainol, Che Nor Aiza Jaafar, H. A. Alsailawi, and Alhussein Arkan Majhool. "Microwave-
assisted green synthesis of Ag nanoparticles using leaves of Melia Dubia (Neem) and its antibacterial 
activities." Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 65, no. 1 (2020): 121-129. 

[24] Htwe, Y. Z. N., W. S. Chow, Y. Suda, and M. Mariatti. "Effect of silver nitrate concentration on the production of 
silver nanoparticles by green method." Materials Today: Proceedings 17 (2019): 568-573. 
https://doi.org/10.1016/j.matpr.2019.06.336 

[25] Mudhafar, Mustafa, Ismail Zainol, C. N. Aiza Jaafar, H. A. Alsailawi, and Alhussein Arkan Majhool. "Two green 
synthesis methods to prepared nanoparticles of Ag: two sizes and shapes via using extract of M. dubia 
leaves." Journal of Computational and Theoretical Nanoscience 17, no. 7 (2020): 2882-2889. 
https://doi.org/10.1166/jctn.2020.8954 

[26] Karimi, Mohammad Ali, Malihe Alsadat Mozaheb, Abdolhamid Hatefi-Mehrjardi, Hossein Tavallali, Abdol 
Mohammad Attaran, and Roghayeh Shamsi. "A new simple method for determining the critical micelle 
concentration of surfactants using surface plasmon resonance of silver nanoparticles." Journal of Analytical 
Science and Technology 6, no. 1 (2015): 1-8. https://doi.org/10.1186/s40543-015-0077-y 

[27] Taib, Taifunisyam, Mohd Rafie Johan, and Wan Jefrey Basirun. "Enhanced Optical and Ragged Metamaterials 
Properties of Silver Silica Nanocomposite Thin Film via Sol-Gel and Electrophoresis Deposition Technique." 
In Journal of Nano Research, vol. 74, pp. 11-24. Trans Tech Publications Ltd, 2022. https://doi.org/10.4028/p-
p0i512 

[28] Chirumamilla, Pavani, Sunitha Bai Dharavath, and Shasthree Taduri. "Eco-friendly green synthesis of silver 
nanoparticles from leaf extract of Solanum khasianum: optical properties and biological applications." Applied 
Biochemistry and Biotechnology 195, no. 1 (2023): 353-368. https://doi.org/10.1007/s12010-022-04156-4 

[29] Mudhafar, Mustafa, Ismail Zainol, H. A. Alsailawi, and C. N. Aiza Jaafar. "Green Synthesis of Silver Nanoparticles 
using Neem and Collagen of Fish Scales as a Reducing and Stabilizer Agents." Jordan Journal of Biological 
Sciences 14, no. 5 (2021). https://doi.org/10.54319/jjbs/140503 

[30] Alshameri, Ansam Wadia, Mohammad Owais, Ishrat Altaf, and Saba Farheen. "Rumex nervosus mediated green 
synthesis of silver nanoparticles and evaluation of its in vitro antibacterial, and cytotoxic activity." OpenNano 8 
(2022): 100084. https://doi.org/10.1016/j.onano.2022.100084 

[31] Alahmad, Abdalrahim, Wael A. Al-Zereini, Tahani J. Hijazin, Osama Y. Al-Madanat, Ibrahim Alghoraibi, Omar Al-
Qaralleh, Samer Al-Qaraleh, Armin Feldhoff, Johanna-Gabriela Walter, and Thomas Scheper. "Green synthesis of 
silver nanoparticles using Hypericum perforatum L. aqueous extract with the evaluation of its antibacterial 
activity against clinical and food pathogens." Pharmaceutics 14, no. 5 (2022): 1104. 
https://doi.org/10.3390/pharmaceutics14051104 

[32] Albers, Christoph E., Wilhelm Hofstetter, Klaus A. Siebenrock, Regine Landmann, and Frank M. Klenke. "In vitro 
cytotoxicity of silver nanoparticles on osteoblasts and osteoclasts at antibacterial 
concentrations." Nanotoxicology 7, no. 1 (2013): 30-36. https://doi.org/10.3109/17435390.2011.626538 

[33] Reddy, N. Jayachandra, D. Nagoor Vali, M. Rani, and S. Sudha Rani. "Evaluation of antioxidant, antibacterial and 
cytotoxic effects of green synthesized silver nanoparticles by Piper longum fruit." Materials Science and 
Engineering: C 34 (2014): 115-122. https://doi.org/10.1016/j.msec.2013.08.039 

[34] Arokiyaraj, Selvaraj, Mariadhas Valan Arasu, Savariar Vincent, Nyayirukannaian Udaya Prakash, Seong Ho Choi, 
Young-Kyoon Oh, Ki Choon Choi, and Kyoung Hoon Kim. "Rapid green synthesis of silver nanoparticles from 
Chrysanthemum indicum L and its antibacterial and cytotoxic effects: an in vitro study." International Journal of 
Nanomedicine 9 (2014): 379. https://doi.org/10.2147/IJN.S53546 

[35] Huang, Zhenzhen, Piao Xu, Guiqiu Chen, Guangming Zeng, Anwei Chen, Zhongxian Song, Kai He, Lei Yuan, Hui Li, 
and Liang Hu. "Silver ion-enhanced particle-specific cytotoxicity of silver nanoparticles and effect on the 
production of extracellular secretions of Phanerochaete chrysosporium." Chemosphere 196 (2018): 575-584. 
https://doi.org/10.1016/j.chemosphere.2017.12.185 

[36] Krishnaraj, Chandran, Stacey L. Harper, and Soon-Il Yun. "In Vivo toxicological assessment of biologically 
synthesized silver nanoparticles in adult Zebrafish (Danio rerio)." Journal of Hazardous Materials 301 (2016): 480-
491. https://doi.org/10.1016/j.jhazmat.2015.09.022 

[37] Chahardoli, Azam, Naser Karimi, and Ali Fattahi. "Biosynthesis, characterization, antimicrobial and cytotoxic 
effects of silver nanoparticles using Nigella arvensis seed extract." Iranian journal of pharmaceutical research: 
IJPR 16, no. 3 (2017): 1167.  

[38] Saravanakumar, Kandasamy, and Myeong-Hyeon Wang. "Trichoderma based synthesis of anti-pathogenic silver 
nanoparticles and their characterization, antioxidant and cytotoxicity properties." Microbial Pathogenesis 114 
(2018): 269-273. https://doi.org/10.1016/j.micpath.2017.12.005 

[39] Hawar, Sumaiya N., Hanady S. Al-Shmgani, Zainb A. Al-Kubaisi, Ghassan M. Sulaiman, Yaser H. Dewir, and 
Jesamine J. Rikisahedew. "Green synthesis of silver nanoparticles from Alhagi graecorum leaf extract and 

https://doi.org/10.1016/j.matpr.2019.06.336
https://doi.org/10.1166/jctn.2020.8954
https://doi.org/10.1186/s40543-015-0077-y
https://doi.org/10.4028/p-p0i512
https://doi.org/10.4028/p-p0i512
https://doi.org/10.1007/s12010-022-04156-4
https://doi.org/10.54319/jjbs/140503
https://doi.org/10.1016/j.onano.2022.100084
https://doi.org/10.3390/pharmaceutics14051104
https://doi.org/10.3109/17435390.2011.626538
https://doi.org/10.1016/j.msec.2013.08.039
https://doi.org/10.2147/IJN.S53546
https://doi.org/10.1016/j.chemosphere.2017.12.185
https://doi.org/10.1016/j.jhazmat.2015.09.022
https://doi.org/10.1016/j.micpath.2017.12.005


Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 106, Issue 1 (2023) 65-75 

 

75 
 

evaluation of their cytotoxicity and antifungal activity." Journal of Nanomaterials 2022 (2022): 1-8. 
https://doi.org/10.1155/2022/1058119 

 

https://doi.org/10.1155/2022/1058119

