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Graphene derivatives have garnered substantial interest due to their 
remarkable properties. The incorporation of graphene derivatives with metal 
nanoparticles forms nanocomposite that enhances their properties and 
potential applications in the field of medicine. Silver nanoparticles (AgNPs) are 
extensively utilised due to their excellent physical and biological properties. 
During the synthesis process, uncontrolled growth of silver ion can lead to 
agglomeration. This makes them to lose their desirable properties. Graphene 
derivative serves as a good support to stabilize AgNPs. The fabrication of 
nanocomposite employs a green synthesis compared to conventional physical 
and chemical methods. The green synthesis utilising natural and renewable 
resources is cost-effective, environmentally friendly, and non-toxic. In the 
present study, one pot synthesis of reduced graphene oxide decorated silver 
(rGO-Ag) nanocomposite was successfully prepared utilizing the extract of 
medicinal plant, Clinacanthus nutans. The extract makes it a potent reducing 

agent for the reduction of graphene oxide (GO)  and silver nitrate solution as a 

precursor to produce nanocomposite. The synthesis of rGO-Ag nanocomposite 
was conducted using the selected conditions: 100 °C (temperature), 50 % (leaf 
extract concentration), and 6h (time). The properties of rGO-Ag nanocomposite 
were characterized by ultraviolet-visible spectroscopy (UV-Vis), x-ray 
diffraction spectroscopy (XRD), Fourier transform infrared spectroscopy 
(FTIR), raman spectroscopy, field emission scanning electron microscopy 
(FESEM), and energy dispersive X-ray spectroscopy (EDS). The absorbance 
peak observed at 425 nm and 263 nm indicates the formation of rGO-Ag 
nanocomposite. The XRD and FTIR pattern showed that the rGO-Ag 
nanocomposite matched the pattern of AgNPs. The raman analysis showed a 
D to G peak intensity ratio of 0.56. FESEM image revealed the spherical 
shaped AgNPs of average size 48 ± 11 nm deposited on the surface of rGO. 
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The EDS analysis revealed the weight ratio of Ag (84.3 %) and C (9.1 %). The 
antibacterial activity of the as-synthesized sample against Escherichia coli 
(E.coli) and Staphylococcus aureus (S. aureus) bacterial strain were studied. 
GO, leaf extract, and rGO did not show inhibitory activity whereas AgNPs 
demonstrated the best antibacterial activity against E. coli compared to S. 
aureus. The rGO-Ag nanocomposite showed excellent antibacterial activity 
against both E. coli (11.86 ± 0.29 mm) and S. aureus (11.99 ± 0.26 mm) strains. 
The as-synthesized sample was also assessed for their potential as anticancer 
agent against human lung cancer cell (A549) and human epithelial colorectal 
cancer cell (Caco2) using XTT assay. GO and rGO showed low cytotoxicity 
against A549 cells while no cytotoxicity against Caco2 cells. AgNPs displayed 
dose-dependent cytotoxicity against both cells. At the highest concentration of 
25 µg/mL, the cell viability of rGO-Ag nanocomposite towards A549 cells was 
80 % (IC50 value 3.509 µg/mL) and Caco2 cells was 79 % (IC50 value 2.578 
µg/mL), respectively. The ecotoxicity studies revealed that at low concentration 
(0.001 mg/mL) rGO-Ag nanocomposite exhibit more than 50 % hatching rate 
of Artemia salina cysts. In summary, this work provides the promising green 
synthesis by utilizing non-toxic and environmentally friendly reducing agent to 
produce rGO-Ag nanocomposite for biomedical applications.  
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Grafin terbitan menerima minat yang kukuh disebabkan sifat yang 
menakjubkan. Pemerbadanan grafin derivatif dengan zarah nano logam untuk 
membentuk komposit nano mempertingkatkan sifat dan mempunyai potensi 
aplikasi dalam bidang perubatan. Zarah nano perak digunakan secara meluas 
disebabkan sifat fizikal dan biologi yang cemerlang. Semasa proses sintesis, 
pertumbuhan ion perak menyebabkan penggumpalan. Ini menyebabkan 
mereka kehilangan sifat yang diingini. Grafin terbitan memberi sokongan baik 
untuk penstabilan AgNPs. Penghasilan komposit nano menggunakan sintesis 
hijau berbanding dengan kaedah konvensional fizikal dan kimia. Sintesis hijau 
menggunakan bahan semula jadi dan boleh diperbaharui adalah kos efektif, 
mesra alam, dan tidak toksik. Dalam kajian ini, satu pot sintesis melibatkan 
komposit nano grafin oksida terturun berhias perak (rGO-Ag) berjaya  
disediakan menggunakan ekstrak tumbuhan ubatan, Clinacnathus nutans. 
Ekstak menjadikan ia agen pengurangan mujarab untuk pengurangan cecair 
grafin oksida (GO) dan perak nitrat sebagai pendahulu untuk menghasilkan 
komposit nano. Sintesis komposit nano rGO-Ag dijalankan menggunakan 
kondisi yang dipilih: 100 °C (suhu), 50 % (kepekatan ekstrak daun), dan 6 h 
(tempoh). Sifat komposit nano rGO-Ag dicirikan menggunakan spektroskopi 
ultralembayung boleh nampak (UV-Vis), spektroskopi pembelauan sinar-x 
(XRD), spektroskopi inframerah transformasi Fourier (FTIR), spektroskopi 
raman, mikroskop imbasan elektron pancaran medan (FESEM) dan 
spektroskopi penyerakan tenaga sinar-x (EDS). Puncak penyerapan yang 
dilihat pada 425 nm dan 263 nm menunjukkan pembentukkan komposit nano 
rGO-Ag. Corak XRD dan FTIR menunjukkan komposit nano rGO-Ag sepadan 
dengan corak AgNPs. Analisis raman menujukkan nisbah intensi  puncak D 
kepada G adalah 0.56. Imej FESEM mendedahkan AgNPs berbentuk sfera 
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yang mempunyai saiz purata 48 ± 11 nm mendap di atas permukaan rGO. 
Analisis EDS mendedahkan nisbah berat Ag (84.3 %) dan C (9.1 %). Aktiviti 
anti-bakteria oleh sampel sebagai-sintesis terhadap Escherichia coli (E.coli) 
dan Staphylococcus aureus (S. aureus) strain bakteria telah dikaji. GO, ekstrak 
daun, dan rGO tidak menunjukkan sebarang aktiviti penhalang manakala 
AgNPs mendemonstrasi aktiviti anti-bakteria yang terbaik terhadap E. coli 
berbanding dengan S. aureus. Komposit nano rGO-Ag menunjukkan anti-
bakteria yang cemerlang terhadap kedua-dua E. coli (11.86 ± 0.29 mm) dan S. 
aureus (11.99 ± 0.26 mm) strain. Sampel sebagai-sintesis dinilai untuk 
berpotensi sebagai agen anti-kanser terhadap sel kanser paru-paru manusia 
(A549) dan sel kanser kolorektal epithelium manusia (Caco2) menggunakan 
asai XTT. GO and rGO menunjukkan kesitotoksikan rendah terhadap sel A549 
sementara tiada kesitotoksikan terhadap sel Caco2. AgNPs mempaparkan 
ketoksikan bergantung kepada dos terhadap kedua-dua sel. Pada kepekatan 
tertinggi 25 µg/mL, daya maju sel komposit nano rGO-Ag ke arah sel A549 
adalah 80 % (IC50 value 3.509 µg/mL) dan sel Caco2 adalah 79 % (IC50 value 
2.578 µg/mL), masing-masing. Kajian ekotoksisitas menunjukkan pada 
kepekatan rendah (0.001 mg/mL) komposit nano rGO-Ag mempamerkan lebih 
daripada 50 % kadar penetasan sista Artemia salina. Secara ringkasnya, kajian 
ini memberikan harapan untuk sintesis hijau menggunakan agen pengurangan 
yang tidak toksik dan mesra alam untuk menghasilkan komposit nano rGO-Ag 
untuk aplikasi bioperubatan. 
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CHAPTER 1 
 

INTRODUCTION  
 
 

1.1 Research background  
 
 

Nanotechnology is a field of study that encompasses several areas of material 
design and is currently developing at the nanoscale level. Applications for 
materials are numerous and diverse, including electronics, nutrition, textiles, 
cosmetics, medicine, energy production, and so on (Nasar et al., 2019). This 
application is made possible by the creation of nanoparticles. Nanoparticles are a 
diverse class of materials with overall dimensions less than 100 nm on the 
nanoscale (Khan et al., 2019). Nanoparticles are remarkably powerful in terms of 
their physical strength, chemical reactivity, aesthetic effects, electrical conductivity, 
and magnetism due to their small dimension (Adebayo-Tayo et al., 2019). 

 
 

Nanoparticles are divided into four categories: zero-dimensional (0D), one-
dimensional (1D), two- dimensional (2D), and three-dimensional (3D) (Mohamed, 
2017). Nanoparticles are classified into several types based on their shape, 
dimension, and chemical properties. Semiconductor, ceramic, carbon,  polymeric, 
lipid-based, and metal nanoparticles, are all included (I. Khan et al., 2019). Carbon 
nanoparticles are increasingly being  used in biological applications such as tissue 
engineering, cancer therapy, drug delivery, diagnosis, and biosensors (Maiti et al., 
2019). Carbon being light weight is regarded as a flexible material component 
because it can adopt a variety of structures with different bonding possibilities, 
resulting in carbon allotropes with varying properties. All allotropic carbonic 
materials are primarily composed of carbon atoms as depicts in Figure 1.1. 
Graphene and its derivatives, graphene oxide (GO) and reduced graphene oxide 
(rGO), are two of the most well-known forms of carbon (Tarcan et al., 2020). 

 
 

 
 
 
 
 
 

 
 
 
 

(a) (b) 
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Figure 1.1: Graphic image of (a) a fullerene (0D), (b) a single-walled carbon 
nanotube (1D), (c) a graphene (2D), and (d) a stacked graphite (3D) 

 
 
Graphene, a one-of-a-kind two-dimensional sp2 hybridized substance with a 
honeycomb-like structure, has piqued the interest of researchers due to its 
mechanical, thermal, chemical, and physical properties, particularly its large 
surface area (Dominic et al., 2022). Graphene can be synthesized using chemical 
vapor depositions, pyrolysis, laser ablation, mechanical exfoliation, and liquid 
phase exfoliation (Goyat et al., 2022). The hydrophobic characteristic of graphene 
prevents its usage in the biomedical field (Syama & Mohanan, 2019). A range of 
methods for producing and utilizing graphene-based materials have recently been 
developed. GO and rGO, the two most prominent graphene derivatives, have been 
studied for a myriad of medical applications ranging from therapeutic drug delivery 
to diagnostic imaging. This is because of their distinct physiochemical properties, 
renewability, readily available, and low-cost basic materials (Joshi et al., 2020). 

 
 

GO can be made by oxidizing graphite to graphite oxide and then exfoliating it 
(Jiříčková et al., 2022). GO is defined by oxygen-containing functional groups, a 
substantial surface area, and strong dispersion properties (Yang et al., 2021). 
The oxygen functional groups broadens the interlayer gaps that enables them to 
be functionalized with by small molecules or polymers via covalent or non-
covalent interactions (Yu et al., 2020). In addition to its widespread use in 
electronics, optics, and wastewater treatment, GO has evolved into a promising 
and workable material for biomedical applications (Yang et al., 2021). GO can be 
synthesized most commonly utilizing the Brodie, Staudenmaier, or Hummer’s 
method (Pang et al., 2018). These methods use strong oxidizing agents leading 
to significant amounts of defects in its crystalline network. Hence, these makes 
the properties of GO inferior to graphene (Ghulam et al., 2022).  

 
 

To resolve this issue, it is possible to perform reduction treatments on GO to 
produce rGO using reductants (Figure 1.2). Reduction treatments such as thermal, 
chemical and electrochemical was utilized to remove the oxygen functional groups 
(Smith et al., 2019). rGO synthesis is preferred due to its facile fabrication, 
improved properties, and ability to be incorporated into numerous applications 

(d) (c) 
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(Priyadarsini et al., 2018). The effectiveness of reducing agent determines the 
degree of oxygen elimination. The deoxygenation, however, is not complete, and 
the residual oxygen functions encourage rGO dispersion, functionalization, and 
interaction with polymers (Barra et al., 2022). rGO serves as a template to support 
metal nanoparticle nucleation, growth, and attachments (Ng et al., 2019).  

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1.2: GO and rGO preparation is shown schematically 

 
 
Metal nanoparticles are becoming popular in the scientific community due to their 
intriguing potential in the domains of material science, pharmacology, and biology 
(Thiyagarajulu & Arumugam, 2020). Silver nanoparticles (AgNPs), one of the noble 
metal nanoparticles, has gained importance recently due to their remarkable 
properties (Erci et al., 2018). Several studies have shown that AgNPs have 
antimicrobial, antioxidant, antiviral, anticancer, antibacterial, antifungal, and 
antiplatelet properties (Gupta et al., 2020; Neupane et al., 2022; Shahi et al., 
2018). The biological activity of silver (Ag) has been discovered to be correlated 
with the size of the Ag particle, the smaller the particle size, the more effective the 
antibacterial activity. However, as the size of the Ag particles decreases, surface 
energy rises, and the particles tend to agglomerate, stabilising agents such as 
surfactants or support materials are typically added (H. Wang et al., 2020). 
 
 
 

Graphite 
Graphene oxide 

Reduced graphene oxide 
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Nanocomposites incorporating noble metal nanoparticles and carbon 
nanomaterials would significantly enhance biological applications due to their 
distinctive physicochemical features, high surface area, and strong inhibitory 
activity (Kavinkumar et al., 2017). The development of rGO and metal/metal oxide-
based nanocomposite are currently receiving a lot of interest from researchers 
(Abazari et al., 2022; Richtera et al., 2015). Therefore, combining the qualities of 
rGO and Ag in nanoscale metal-rGO composites would be interesting for the 
creation of materials with antibacterial and antifungal studies as well as anticancer 
studies (Gurunathan et al., 2015). Figure 1.3 depicts some of the applications of 
reduced graphene oxide-silver (rGO- Ag) nanocomposite as reported in previous 
literature (Ali et al., 2022; Chen et al., 2016; Darabdhara et al., 2019; Devi et al., 
2022; Mamo & Zeleke, 2022; Shafi et al., 2022; C. Wang et al., 2017). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.3: Applications of rGO-AgNPs 
 
 
Metal nanoparticles combining graphene and other allotropes are created using 
a variety of synthesis technique such as chemical vapor deposition, gamma 
irradiation, chemical reduction, and sonochemical method. The most popular of 
these techniques is the chemical reduction of Ag ion and GO into rGO-Ag 
nanocomposite in the presence of reducing agents since it is scalable and 
repeatable (Devi et al., 2022). However, the reducing agents pose a threat to the 
environment and human health due to their explosive and toxic nature 
(Kulshrestha et al., 2017). In addition, some harsh chemicals deposits on the 
surface of the nanocomposite reduces their performances and making it 
undesirable to be utilised in the cosmetics, pharmaceutical, and medical 
industries (Gurunathan et al., 2015; Veisi et al., 2019). 

 
 

Applications of rGO-

AgNPs 

Textile Agriculture 

Sensor 

Supercapacitors 

Water treatments 

Diagnostics and therapeutics 

Photocatalysis 



© C
OPYRIG

HT U
PM

5 
 

 
These factors are motivating researchers to prioritise environmentally friendly 
and sustainable reduction methodologies for plant extract synthesis (Bandeira et 
al., 2020). A "green approach" is an uncomplicated, economical procedure that 
does not require high temperatures or abrasive reduction agents and involves 
parts and methods  that lessen the usage and manufacture of hazardous 
compounds (Hareesh et al., 2016). The diverse climate of Malaysia has resulted 
in a diverse range of natural habitats and vegetation zones. 
 
 
Throughout history, people have used natural resources such as medicinal plants 
as sources of remedies. A wide range of bioactive substances found in medicinal 
plants have been used for a broad array of purposes, including in the prevention, 
diagnosis, improvement, and treatment of a wide   range of human physical 
illnesses (Haida & Hakiman, 2019). There are currently over 350 000 higher plant 
species in the wild, with approximately 80 000 species having pharmacological 
potential (Chia et al., 2022). 
 
 
The current study sought to investigate the reduction performance of rGO, 
AgNPs, and rGO-Ag nanocomposite using Clinacanthus nutans leaf extract (C. 
nutans). The as-synthesized samples were characterized using various 
spectroscopy and microscopy techniques. The antibacterial potential of as-
produced nanoparticles and nanocomposite was investigated using microbial 
species of Escherichia coli (E.coli) and Staphylococcus aureus (S. aureus). The 
XTT assay was used in an in vitro study against human lung (A549) and human 
epithelial colorectal (Caco2) adenocarcinoma cell lines. Our team also conducted 
a toxicity analysis of the biosynthesized nanoparticles and nanocomposites 
against Artemia salina (A. salina) brine shrimp cysts. We proposed that these 
biosafe extracts act as a reducing and stabilising agent, as well as a database 
for future research. 
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1.2 Problem statement 
 
 
A two-dimensional carbon material, graphene has attracted great interest in 
recent years due to its unique properties including large surface area, excellent 
mechanical, electrical, electron mobility, and optical properties (Abbas et al., 
2022). Graphene and its derivatives including GO and rGO have been widely 
applied in biomedical fields due to its superior properties (Syama & Mohanan, 
2019; Y. Wang et al., 2022). rGO have reportedly been used as antimicrobials, 
compounds that promote wound healing, and anticancer agents (El-Zahed et al., 
2021). Research has shown that the green tea extract used in rGO as a reducing 
agent has outstanding anticancer, antioxidant, and antibacterial potential 
(Vatandost et al., 2020). In comparison to GO, rGO produced from Chenopodium 
album leaf extract demonstrated higher antibacterial and antibiofilm activity as 
well as powerful anticancer agent (Umar et al., 2020).  
 
 
Metal nanoparticles, especially Ag, have exhibited remarkable optical, 
mechanical, and thermal properties as well as biological properties (Zhang et al., 
2016). AgNPs have been tested in the field of biomedicine because of their high 
cytotoxicity and low resistance. AgNPs produced from Syzgium cumini fruit 
extract had strong antioxidant, anti-inflammatory, and antibacterial activity 
(Chakravarty et al., 2022).  The synthesis of AgNPs utilizing the leaf extract of 
the Copperpod plant (Peltophorum pterocarpum) resulted in cytotoxicity against 
malignant cells, with IC50 values for hepatocellular carcinoma (HepG2), breast 
cancer cells (MCF-7), and  lung cancer (A549) being 69, 62, and 53 µg/mL, 
respectively (Pannerselvam et al., 2021). Despite having remarkable qualities, 
AgNPs are prone to aggregate due to their high surface energy (Barjola et al., 
2022). As a result, these lessen their biological activity (Krishnaraj et al., 2022). 
 
 
The incorporation of metal nanoparticles on graphene-based materials  to form 
nanocomposite has been reported to improve the characteristics for variety of 
applications. GO is a great carrier for metal nanoparticles because it has a lot of 
surface area and oxygen functional groups (H. Wang et al., 2020). High drug 
loading capacity for acetylsalicylic acid was demonstrated by rGO-Ag 
nanocomposite synthesized using sodium borohydride (Handayani et al., 2022). 
Krishnaraj and co-workers successfully fabricated rGO-Ag nanocomposite using 
Angelica keiskei leaf extract. According to their research, rGO-Ag nanocomposite 
exhibits strong antibacterial activity, has minimal cytotoxicity, and considerably 
lessen the toxic effects on zebrafish embryos, demonstrating their 
biocompatibility, (Krishnaraj et al., 2022).  
 
 
The fabrication of nanocomposite has been reported by different preparation 
approaches, which includes chemical, physical and biological methods (Ahamed 
et al., 2021). The physical methods are expensive, low production rate, and high 
energy consumption are the major limitations. Conversely, chemical methods use 
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reducing agents such as hydrazine, formaldehyde, sodium borohydride, 
potassium bitartrate during the synthesis. Chemical hydrazine is a highly toxic 
and potentially explosive, therefore, its use should be avoided in the large-scale 
implementation (Fernandez-Merino et al., 2010). The sodium borohydride is 
corrosive, flammable, and toxic (Silva et al., 2014). Although the chemical 
method are economical for large-scale production, the use of the toxic chemicals 
and production of harmful by-products cause environmental damage (Dikshit et 
al., 2021) as well limits the usage in biomedical field (Ahamed et al., 2021). The 
harsh chemicals absorb on the surfaces of the nanoparticles improving the issues 
of toxicity (Hemmati et al., 2018). In addition, the aquatic life has been 
experiencing issues pertaining to ecological toxicity due to the uncontrolled use 
and improper disposal of products industrial waste and sewage sludge (Ahmed 
et al., 2022). 
 
 
To overcome the problem related to physical and chemical methods researchers 
have shown interest in an environmentally friendly, cost-effective, and non-toxic 
green method for synthesizing nanocomposites. Hence, the biological method 
involves the usage of plant extracts and microorganisms have become an 
alternative option (Sivanesan et al., 2021). Plant extract is preferred because it 
is a more impromptu technique, does not require specific care such as isolation, 
culture, or culture maintenance, and effortless to scale up (Oves et al., 2022; 
Sharma et al., 2022). rGO-Ag nanocomposite synthesized using orange peel 
extract demonstrated two-fold killing potential against MCF-7 and A549 cancer 
cell lines compared to pure AgNPs (Ahamed et al., 2021). Kigelia Africana stem 
extract was utilized for the synthesis of rGO-Ag nanocomposite showed superior 
antioxidant and antibacterial activity (Kurmarayuni et al., 2022). 
 
 
Belonging to the Acanthaceae family, Clinacanthus nutans (C. nutans) is a shrub 
native to tropical Asian countries, mainly Malaysia, Thailand, and Indonesia 
(Hashim et al., 2019). The pharmacological studies on C. nutans revealed that 
this plant exhibited anti-inflammatory, antioxidant, anti-diabetic, anti-rheumatism, 
and antiviral activities (Chithra et al., 2016; Hashim et al., 2019). Studies have 
also shown that C. nutans contains bioactive compounds such as lipids, 
chlorophyll derivatives, glucosides, and benzenoids as well as steroids, 
terpenoids, phenolics. The bioactivities of these substances are recognized to be 
advantageous to human health (Lim et al., 2022). Despite the excellent 
bioactivities, the human and environmental toxicity of the nanocomposites is 
rarely reported. 
 
 
Herein, in the current study, it is the first report where we have  fabricated reduced 
graphene oxide decorated silver (rGO-Ag) nanocomposite using leaf extract of 
C. nutans. The synthesis, characterisation as well as the bioactivity investigations 
have been reported for their performance in biomedical applications. The toxic 
effects were examined using Artemia salina cysts as the model organism.  
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1.3 Objectives  
 
 
This thesis describes the development of rGO-Ag nanocomposite for potential 
biomedical applications. This study is intended to accomplish the following goals: 

 
 

I. To synthesize rGO, Ag, and  rGO-Ag nanocomposite via green synthesis using 
C. nutans leaf extract. 

 

II. To investigate their structural and optical properties using Ultraviolet-visible 
spectroscopy (UV-vis), X-ray diffraction spectroscopy (XRD), Fourier 
transform infrared spectroscopy (FTIR), Raman spectroscopy, Field emission 
scanning electron microscopy (FESEM), and energy dispersive X-ray 
spectroscopy (EDS). 

 

III. To evaluate the samples antibacterial effect against gram-negative (E. coli) 
and gram-positive (S. aureus) bacterial strains using disc diffusion assay. 

 

IV. To assess the in vitro cytotoxicity of the synthesized sample towards A549 
and Caco2   adenocarcinoma cell lines using XTT assay. 

 

V.  To  evaluate the toxicity of the synthesized samples using brine shrimp (A. 
salina) hatching assay. 
 

 
1.4 Scope of study 
 
 
This study used GO and silver nitrate (AgNO3) solution as a precursor to 

synthesis a rGO-Ag nanocomposite. Improved Hummer's method was used to 
synthesis GO. The synthesised GO was then  reduced using parameters such as 
temperature, leaf extract concentration, and time to form rGO. Furthermore, the 
same parameter was used to optimise AgNPs synthesis. The optimised 
parameter was then used to synthesis rGO-Ag nanocomposite.   
 
 
The physicochemical properties of the synthesized samples, including GO, rGO, 
AgNPs, and rGO- Ag nanocomposite, were investigated utilising a variety of 
characterization techniques. UV-Vis spectroscopy is used to measure the surface 
plasmon resonance in order to verify the creation of nanoparticles. XRD was used 
to investigate the crystallinity of nanoparticles. The identification of  functional 
groups in nanoparticles was accomplished through the use of FTIR. The chemical 
structure of the material was examined using Raman spectroscopy. FESEM was 
used to determine morphology. EDS was used to study the elemental content of 
the sample. 
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The antibacterial effect of the as-prepared samples was tested using a disc 
diffusion assay against   gram-negative and gram-positive bacteria. An in vitro 
cytotoxicity test on the as- synthesized samples was performed against A549 and 
Caco2 cancer cell using XTT assay with varying sample concentrations. The 
samples ecotoxicity was determined using the brine shrimp hatching assay. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 



© C
OPYRIG

HT U
PM

78 
 

REFERENCES 
 

Abazari, S., Shamsipur, A., & Bakhsheshi-Rad, H. R. (2022). Reduced graphene 
oxide (RGO) reinforced Mg biocomposites for use as orthopedic applications: 
Mechanical properties, cytocompatibility and antibacterial activity. Journal of 
Magnesium and Alloys, 10, 3612–3627.  

Abbas, Q., Shinde, P. A., Abdelkareem, M. A., Alami, A. H., Mirzaeian, M., Yadav, 
A., & Olabi, A. G. (2022). Graphene Synthesis Techniques and 
Environmental Applications. Materials, 15, 7804.  

Abu Asan, N. U., Rukayadi, Y., & Tan, G. H. (2013). Antibacterial activity of Sireh 
(Piper betle L.) leaf extracts for controlling bacterial leaf blight diseases in 
rice plant. Malaysian Journal of Microbiology, 9(2), 166–175.  

Ahamed, M., Akhtar, M. J., Majeed Khan, M. A., & Alhadlaq, H. A. (2021). A novel 
green preparation of ag/rgo nanocomposites with highly effective anticancer 
performance. Polymers, 13, 3350.  

Ahmad, M. A., Aslam, S., Mustafa, F., & Arshad, U. (2021). Synergistic 
antibacterial activity of surfactant free Ag–GO nanocomposites. Scientific 
Reports, 11, 1–9.  

Ahmed, S. F., Mofijur, M., Rafa, N., Chowdhury, A. T., Chowdhury, S., Nahrin, M., 
Islam, A. B. M. S., & Ong, H. C. (2022). Green approaches in synthesising 
nanomaterials for environmental nanobioremediation: Technological 
advancements, applications, benefits and challenges. Environmental 
Research, 204, 111967.  

Al-Marri, A. H., Khan, M., Khan, M., Adil, S. F., Al-Warthan, A., Alkhathlan, H. Z., 
Tremel, W., Labis, J. P., Siddiqui, M. R. H., & Tahir, M. N. (2015). Pulicaria 
glutinosa extract: A toolbox to synthesize highly reduced graphene oxide-
silver nanocomposites. International Journal of Molecular Sciences, 16, 
1131–1142. 

Albert, E. L., Aziz, N. A. A. A., Shaifuddin, M. A. F., Perumal, D., Een, L. G., & 
Abdullah, C. A. C. (2021). The effect of various nanoparticles towards 
Artemia Salina cyst. International Journal of Chemical and Biochemical 
Sciences, 20, 35–40. 

Albert, E. L., Sajiman, M. B., & Che Abdullah, C. A. (2019). Incorporation of 
magnetic nanoparticle to graphene oxide via simple emulsion method and 
their cytotoxicity. Applied Nanoscience (Switzerland), 9(1), 43–48.  

Ali, M. H. H., Goher, M. E., Al-Afify, A. D. G., & El-Sayed, S. M. (2022). A facile 
method for synthesis rGO/Ag nanocomposite and its uses for enhancing 
photocatalytic degradation of Congo red dye. SN Applied Sciences, 4, 276.  



© C
OPYRIG

HT U
PM

79 
 

Ankul, S., Gowri, K., & Chitra, V. (2020). A review on phytochemical constituents 
and pharmacological activities of the plant: Aerva lanata. Research Journal 
of Pharmacy and Technology, 13, 1580–1586.  

Arulvasu, C., Jennifer, S. M., Prabhu, D., & Chandhirasekar, D. (2014). Toxicity 
effect of silver nanoparticles in brine shrimp artemia. The Scientific World 
Journal, 1–10.  

Aziz, N. S. A., Azmi, M. K. N., & Hashim, A. M. (2017). One-pot green synthesis of 
highly reduced graphene oxide decorated with silver nanoparticles. Sains 
Malaysiana, 46, 1083–1088.  

Baioun, A., Kellawi, H., & Falah, A. (2017). A modified electrode by a facile green 
preparation of reduced graphene oxide utilizing olive leaves extract. Carbon 
Letters, 24, 47–54. 

Banerjee, A. N. (2018). Graphene and its derivatives as biomedical materials: 
Future prospects and challenges. Interface Focus, 8(3), 20170056.  

Bao, Y., Tian, C., Yu, H., He, J., Song, K., Guo, J., Zhou, X., Zhuo, O., & Liu, S. 
(2022). In Situ Green Synthesis of Graphene Oxide-Silver Nanoparticles 
Composite with Using Gallic Acid. Frontiers in Chemistry, 10, 1–11.  

Barjola, A., Tormo-Mas, M. Á., Sahuquillo, O., Bernabé-Quispe, P., Pérez, J. M., 
& Giménez, E. (2022). Enhanced Antibacterial Activity through Silver 
Nanoparticles Deposited onto Carboxylated Graphene Oxide Surface. 
Nanomaterials, 12, 1949.  

Barra, A., Nunes, C., Ruiz-Hitzky, E., & Ferreira, P. (2022). Green Carbon 
Nanostructures for Functional Composite Materials. International Journal of 
Molecular Sciences, 23, 1848.  

Barua, S., Thakur, S., Aidew, L., Buragohain, A. K., Chattopadhyay, P., & Karak, 
N. (2014). One step preparation of a biocompatible, antimicrobial reduced 
graphene oxide-silver nanohybrid as a topical antimicrobial agent. RSC 
Advances, 4(19), 9777–9783.  

Basiri, S., Mehdinia, A., & Jabbari, A. (2018). Green synthesis of reduced 
graphene oxide-Ag nanoparticles as a dual-responsive colorimetric platform 
for detection of dopamine and Cu2+. Sensors and Actuators, B: Chemical, 
262, 499–507.  

Bhangoji, J. C., Sahoo, S., Satpati, A. K., & Shendage, S. S. (2021). Facile and 
green synthesis of silver nanoparticle-reduced graphene oxide composite 
and its application as nonenzymatic electrochemical sensor for hydrogen 
peroxide. Current Chemistry Letters, 10, 295–308.  

Bhattacharya, G., Sas, S., Wadhwa, S., Mathur, A., McLaughlin, J., & Roy, S. S. 



© C
OPYRIG

HT U
PM

80 
 

(2017). Aloe vera assisted facile green synthesis of reduced graphene oxide 
for electrochemical and dye removal applications. RSC Advances, 7(43), 
26680–26688.  

Bramhaiah, K., & John, N. S. (2012). Facile synthesis of reduced graphene oxide 
films at the air-water interface and in situ loading of noble metal 
nanoparticles. Advances in Natural Sciences: Nanoscience and 
Nanotechnology, 3, 045002.  

Brodie, B. C. (1859). XIII. On the atomic weight of graphite. Philosophical 
Transactions of the Royal Scociety of London, 149, 249–259. 

Bytešníková, Z., Pečenka, J., Tekielska, D., Kiss, T., Švec, P., Ridošková, A., 

Bezdička, P., Pekárková, J., Eichmeier, A., Pokluda, R., Adam, V., & 
Richtera, L. (2022). Reduced graphene oxide-based nanometal-composite 
containing copper and silver nanoparticles protect tomato and pepper against 
Xanthomonas euvesicatoria infection. Chemical and Biological Technologies 
in Agriculture, 9(1), 1–16.  

Chakravarty, A., Ahmad, I., Singh, P., Ud Din Sheikh, M., Aalam, G., Sagadevan, 
S., & Ikram, S. (2022). Green synthesis of silver nanoparticles using fruits 
extracts of Syzygium cumini and their bioactivity. Chemical Physics Letters, 
795, 139493.  

Chang, Y., Yang, S. T., Liu, J. H., Dong, E., Wang, Y., Cao, A., Liu, Y, & Wang, H. 
(2011). In vitro toxicity evaluation of graphene oxide on A549 cells. 
Toxicology Letters, 200, 201–210.  

Chau, L. Y., He, Q., Qin, A., Yip, S. P., & Lee, T. M. H. (2016). Platinum 
nanoparticles on reduced graphene oxide as peroxidase mimetics for the 
colorimetric detection of specific DNA sequence. Journal of Materials 
Chemistry B, 4(23), 4076–4083.  

Chen, J., Sun, L., Cheng, Y., Lu, Z., Shao, K., Li, T., Hu, C., & Han, H. (2016). 
Graphene Oxide-Silver Nanocomposite: Novel Agricultural Antifungal Agent 
against Fusarium graminearum for Crop Disease Prevention. ACS Applied 
Materials and Interfaces, 8, 24057–24070.  

Cheng, Y., Li, H., Fang, C., Ai, L., Chen, J., Su, J., Zhang, Q., & Fu, Q. (2019). 
Facile synthesis of reduced graphene oxide/silver nanoparticles composites 
and their application for detecting heavy metal ions. Journal of Alloys and 
Compounds, 787, 683–693.  

Chinnappa, K., Karuna Ananthai, P., Srinivasan, P. P., & Dharmaraj Glorybai, C. 
(2022). Green synthesis of rGO-AgNP composite using Curcubita maxima 
extract for enhanced photocatalytic degradation of the organophosphate 
pesticide chlorpyrifos. Environmental Science and Pollution Research, 1–12.  



© C
OPYRIG

HT U
PM

81 
 

Chithra, M., Deepamol, G., Hemanthakumar, A., Padmesh, P., & Preetha, T. 
(2016). Evaluation of phyto-components using FTIR spectroscopy and 
antibacterial activities of bioactive consituents from aerial parts of 
Clinacanhus nutans (Burn. F.) Lindau. World Journal of Pharmacy and 
Pharmaceutical Sciences, 5(4), 1328–1335.  

Choi, S., Kim, C., Suh, J. M., & Jang, H. W. (2019). Reduced graphene oxide-
based materials for electrochemical energy conversion reactions. Carbon 
Energy, 1(1), 85–108.  

Chufa, B. M., Abdisa Gonfa, B., Yohannes Anshebo, T., & Adam Workneh, G. 
(2021). A Novel and Simplest Green Synthesis Method of Reduced 
Graphene Oxide Using Methanol Extracted Vernonia Amygdalina: Large-
Scale Production. Advances in Condensed Matter Physics, 2021.  

Coros, M., Pogacean, F., Turza, A., Dan, M., Berghian-Grosan, C., Pana, I. O., & 
Pruneanu, S. (2020). Green synthesis, characterization and potential 
application of reduced graphene oxide. Physica E: Low-Dimensional 
Systems and Nanostructures, 119, 113971.  

da Silva, A. G. M., Rodrigues, T. S., Macedo, A., Da Silva, R. T. P., & Camargo, 
P. H. C. (2014). An undergraduate level experiment on the synthesis of Au 
nanoparticles and their size-dependent optical and catalytic properties. 
Quimica Nova, 37, 1716–1720.  

Darabdhara, G., Amin, M. A., Mersal, G. A. M., Ahmed, E. M., Das, M. R., Zakaria, 
M. B., Malgras, V., Alshehri, S. M., Yamauchi, Y., Szunerits, S., & 
Boukherroub, R. (2015). Reduced graphene oxide nanosheets decorated 
with Au, Pd and Au-Pd bimetallic nanoparticles as highly efficient catalysts 
for electrochemical hydrogen generation. Journal of Materials Chemistry A, 
3(40), 20254–20266.  

Darabdhara, G., Das, M. R., Singh, S. P., Rengan, A. K., Szunerits, S., & 
Boukherroub, R. (2019). Ag and Au nanoparticles/reduced graphene oxide 
composite materials: Synthesis and application in diagnostics and 
therapeutics. Advances in Colloid and Interface Science, 271, 101991.  

Deng, S., & Berry, V. (2016). Wrinkled, rippled and crumpled graphene: An 
overview of formation mechanism, electronic properties, and applications. 
Materials Today, 19(4), 197–212.  

Devi, N. A., Sinha, S., Singh, W. I., Nongthombam, S., & Swain, B. P. (2022). 
Silver-decorated reduced graphene oxide nanocomposite for supercapacitor 
electrode application. Bulletin of Materials Science, 45, 1–11. 

Dideikin, A. T., & Vul’, A. Y. (2019). Graphene oxide and derivatives: The place in 
graphene family. Frontiers in Physics, 6, 149.  



© C
OPYRIG

HT U
PM

82 
 

Dikshit, P. K., Kumar, J., Das, A. M. K., Sadhu, S., Sharma, S., Singh, S., Gupta, 
P. K., & Kim, B. S. (2021). Green Synthesis of Metallic Nanoparticles: 
Applications and Limitations. Catalysts, 11, 902.  

Dinh, D. A., Hui, K. S., Hui, K. N., Cho, Y. R., Zhou, W., Hong, X., & Chun, H. H. 
(2014). Green synthesis of high conductivity silver nanoparticle-reduced 
graphene oxide composite films. Applied Surface Science, 298, 62–67.  

Dominic, R. M., Punniyakotti, P., Balan, B., & Angaiah, S. (2022). Green synthesis 
of reduced graphene oxide using Plectranthus amboinicus leaf extract and 
its supercapacitive performance. Bulletin of Materials Science, 45, 1–8.  

El-Sabban, H., Eid, M., Moustafa, Y., & Abdel-Mottaleb, M. (2020). Pomegranate 
peel extract in situ assisted phytosynthesis of silver nanoparticles decorated 
reduced graphene oxide as superior sorbents for zn(Ii) and lead(ii). Egyptian 
Journal of Aquatic Biology and Fisheries, 24, 525–539.  

El-Zahed, M. M., Baka, Z. A., Abou-Dobara, M. I., El-Sayed, A. K., Aboser, M. M., 
& Hyder, A. (2021). In vivo toxicity and antitumor activity of newly green 
synthesized reduced graphene oxide/silver nanocomposites. Bioresources 
and Bioprocessing, 8, 44.  

Elemike, E. E., Onwudiwe, D. C., Wei, L., Lou, C., & Zhao, Z. (2019). Synthesis of 
nanostructured ZnO, AgZnO and the composites with reduced graphene 
oxide (rGO-AgZnO) using leaf extract of Stigmaphyllon ovatum. Journal of 
Environmental Chemical Engineering, 7, 103190.  

Fernandez-Merino, M. J., Guardia, L., Paredes, J. I., Solı, P., & Tasco, J. M. D. 
(2010). Vitamin C Is an Ideal Substitute for Hydrazine in the Reduction of 
Graphene Oxide Suspensions. J. Phys. Chem. C, 114, 6426–6432. 

Gan, L., Li, B., Chen, Y., Yu, B., & Chen, Z. (2019). Green synthesis of reduced 
graphene oxide using bagasse and its application in dye removal: A waste-
to-resource supply chain. Chemosphere, 219, 148–154.  

Geetha Bai, R., Muthoosamy, K., Shipton, F. N., Pandikumar, A., Rameshkumar, 
P., Huang, N. M., & Manickam, S. (2016). The biogenic synthesis of a 
reduced graphene oxide-silver (RGO-Ag) nanocomposite and its dual 
applications as an antibacterial agent and cancer biomarker sensor. RSC 
Advances, 6, 36576–36587.  

Ghafar, S. A. A., Fudzi, N. B. A. M., Sulaiman, W. N. F. W., Vuanghao, L., & 
Hanafiah, R. M. (2020). Antibacterial activity of silver nanoparticles-
Clinacanthus nutans (AgNP-CN) against Streptococcus mutans. 
International Journal of Research in Pharmaceutical Sciences, 11, 1019–
1024. 

Ghulam, A. N., Dos Santos, O. A. L., Hazeem, L., Backx, B. P., Bououdina, M., & 



© C
OPYRIG

HT U
PM

83 
 

Bellucci, S. (2022). Graphene Oxide (GO) Materials—Applications and 
Toxicity on Living Organisms and Environment. Journal of Functional 
Biomaterials, 13, 77.  

Goyat, R., Saharan, Y., Singh, J., Umar, A., & Akbar, S. (2022). Synthesis of 
Graphene-Based Nanocomposites for Environmental Remediation 
Applications: A Review. Molecules, 27, 1–34.  

Gurunathan, S., Han, J. W., Park, J. H., Kim, E., Choi, Y. J., Kwon, D. N., & Kim, 
J. H. (2015). Reduced graphene oxide-silver nanoparticle nanocomposite: A 
potential anticancer nanotherapy. International Journal of Nanomedicine, 10, 
6257–6276.  

Haida, Z., & Hakiman, M. (2019). A review of therapeutic potentials of Clinacanthus 
nutans as source for alternative medicines. Sains Malaysiana, 48, 2683–
2691.  

Handayani, M., Suwaji, B. I., Ihsantia, G., Asih, N., Kusumastuti, Y., & Anshori, I. 
(2022). In-situ synthesis of reduced graphene oxide / silver nanoparticles ( 
rGO / AgNPs ) nanocomposites for high loading capacity of acetylsalicylic 
acid. Nanocomposites, 8, 74–80.  

Hashim, N. H. N., Ali, A. H., Khatib, A., & Latip, J. (2019). Discrimination of 
Clinacanthus nutans extracts and correlation with antiplasmodial activity 
using ATR-FTIR fingerprinting. Vibrational Spectroscopy, 104, 102966.  

Hemmati, S., Heravi, M. M., Karmakar, B., & Veisi, H. (2020). Green fabrication of 
reduced graphene oxide decorated with Ag nanoparticles (rGO/Ag NPs) 
nanocomposite: A reusable catalyst for the degradation of environmental 
pollutants in aqueous medium. Journal of Molecular Liquids, 319, 114302.  

Hemmati, S., Mehrazin, L., Ghorban, H., Garakani, S. H., Mobaraki, T. H., 
Mohammadi, P., & Veisi, H. (2018). Green synthesis of Pd nanoparticles 
supported on reduced graphene oxide, using the extract of: Rosa canina fruit, 
and their use as recyclable and heterogeneous nanocatalysts for the 
degradation of dye pollutants in water. RSC Advances, 8, 21020–21028.  

Hidayah, N. M. S., Liu, W. W., Lai, C. W., Noriman, N. Z., Khe, C. S., Hashim, U., 
& Lee, H. C. (2017). Comparison on graphite, graphene oxide and reduced 
graphene oxide: Synthesis and characterization. AIP Conference 
Proceedings, 1892.  

Hummers, W. S., & Offeman, R. E. (1958). Preparation of Graphitic Oxide. Journal 
of the American Chemical Society, 80, 1339.  

Iftikhar, M., Zahoor, M., Naz, S., Nazir, N., Batiha, G. E. S., Ullah, R., Bari, A., 
Hanif, M., & Mahmood, H. M. (2020). Green Synthesis of Silver Nanoparticles 
Using Grewia optiva Leaf Aqueous Extract and Isolated Compounds as 



© C
OPYRIG

HT U
PM

84 
 

Reducing Agent and Their Biological Activities. Journal of Nanomaterials, 1–
10.  

Ijaz, I., Gilani, E., Nazir, A., & Bukhari, A. (2020). Detail review on chemical, 
physical and green synthesis, classification, characterizations and 
applications of nanoparticles. Green Chemistry Letters and Reviews, 13(3), 
59–81.  

Ikram, R., Jan, B. M., & Ahmad, W. (2020). An overview of industrial scalable 
production of graphene oxide and analytical approaches for synthesis and 
characterization. Journal of Materials Research and Technology, 9(5), 
11587–11610.  

Ismail, N. ‘Afini, Shameli, K., Rasit Ali, R., Mohamad Sukri, S. N. A., & Mohamed 
Isa, E. D. (2021). Copper/Graphene Based Materials Nanocomposites and 
Their Antibacterial Study: A Mini Review. Journal of Research in 
Nanoscience and Nanotechnology, 1(1), 44–52.  

Jha, P. K., Khongnakorn, W., Chawenjkigwanich, C., Chowdhury, M. S., & 
Techato, K. (2021). Eco-friendly reduced graphene oxide nanofilter 
preparation and application for iron removal. Separations, 8(5), 2–17.  

Ji, Z., Shen, X., Zhu, G., Zhou, H., & Yuan, A. (2012). Reduced graphene 
oxide/nickel nanocomposites: Facile synthesis, magnetic and catalytic 
properties. Journal of Materials Chemistry, 22(8), 3471–3477.  

Jin, X., Li, N., Weng, X., Li, C., & Chen, Z. (2018). Green reduction of graphene 
oxide using eucalyptus leaf extract and its application to remove dye. 
Chemosphere, 208, 417–424.  

Karthik, C., Swathi, N., & Pandi Prabha, S. (2020). Green synthesized rGO-AgNP 
hybrid nanocomposite - An effective antibacterial adsorbent for photocatalytic 
removal of DB-14 dye from aqueous solution. Journal of Environmental 
Chemical Engineering, 8, 103577.  

Khan, I., Saeed, K., & Khan, I. (2019). Nanoparticles: Properties, applications and 
toxicities. Arabian Journal of Chemistry, 12, 908–931.  

Khan, Merajuddin, Khan, M., Al-Marri, A. H., Al-Warthan, A., Alkhathlan, H. Z., 
Siddiqui, M. R. H., Nayak, V. L., Kamal, A., & Adil, S. F. (2016). Apoptosis 
inducing ability of silver decorated highly reduced graphene oxide 
nanocomposites in A549 lung cancer. International Journal of Nanomedicine, 
11, 873–883.  

Khan, Mujeeb, Al-marri, A. H., Khan, M., Shaik, M. R., Mohri, N., Adil, S. F., Kuniyil, 
M., Alkhathlan, H. Z., Al-Warthan, A., Tremel, W., Tahir, M. N., & Siddiqui, M. 
R. H. (2015). Green Approach for the Effective Reduction of Graphene Oxide 
Using Salvadora persica L . Root ( Miswak ) Extract. Nanoscale Research 



© C
OPYRIG

HT U
PM

85 
 

Letters.  

Khane, Y., Benouis, K., Albukhaty, S., Sulaiman, G. M., Abomughaid, M. M., Al Ali, 
A., Aouf, D., Fenniche, F., Khane, S., Henni, A., Bouras, H. D., & Dizge, N. 
(2022). Green Synthesis of Silver Nanoparticles Using Aqueous Citrus limon 
Zest Extract: Characterization and Evaluation of Their Antioxidant and 
Antimicrobial Properties. Nanomaterials, 12, 2013.  

Khorrami, S., Abdollahi, Z., Eshaghi, G., Khosravi, A., Bidram, E., & Zarrabi, A. 
(2019). An Improved Method for Fabrication of Ag-GO Nanocomposite with 
Controlled Anti-Cancer and Anti-bacterial Behavior; A Comparative Study. 
Scientific Reports, 9, 1–10.  

Kim, S. H., Jeong, G. H., Choi, D., Yoon, S., Jeon, H. B., Lee, S. M., & Kim, S. W. 
(2013). Synthesis of noble metal/graphene nanocomposites without 
surfactants by one-step reduction of metal salt and graphene oxide. Journal 
of Colloid and Interface Science, 389(1), 85–90.  

Kis, B., Moacă, E.-A., Tudoran, L. B., Muntean, D., Magyari-Pavel, I. Z., Minda, D. 
I., Lombrea, A., Diaconeasa, Z., Dehelean, C. A., Dinu, S., & Danciu, C. 
(2022). Green Synthesis of Silver Nanoparticles Using Populi gemmae 
Extract: Preparation, Physicochemical Characterization, Antimicrobial 
Potential and In Vitro Antiproliferative Assessment. Materials, 15, 5006.  

Krishnaraj, C., Kaliannagounder, V. K., Rajan, R., Ramesh, T., Kim, C. S., Park, 
C. H., Liu, B., & Yun, S. Il. (2022). Silver nanoparticles decorated reduced 
graphene oxide: Eco-friendly synthesis, characterization, biological activities 
and embryo toxicity studies. Environmental Research, 210, 112864.  

Kulshrestha, S., Qayyum, S., & Khan, A. U. (2017). Antibiofilm efficacy of green 
synthesized graphene oxide-silver nanocomposite using Lagerstroemia 
speciosa floral extract: A comparative study on inhibition of gram-positive and 
gram-negative biofilms. Microbial Pathogenesis, 103, 167–177.  

Kumar, P., Harish, Andersson, G., Subhedar, K. M., Dhami, H. S., Gupta, G., 
Mukhopadhyay, A. K., & Joshi, R. P. (2021). Utilization of green reductant 
Thuja Orientalis for reduction of GO to RGO. Ceramics International, 47, 
14862–14878.  

Kumar, S., Bhorolua, D., K. Ojha, A., & Kumar, A. (2019). Onion Juice Assisted 
Green Reduction Of Graphene Oxide With Tunable Structural And Optical 
Properties: Effect Of Onion Juice Concentration And Reaction Temperature. 
Advanced Materials Letters, 10, 58–66.  

Kuo, X., Herr, D. R., & Ong, W. Y. (2021). Anti-inflammatory and Cytoprotective 
Effect of Clinacanthus nutans Leaf But Not Stem Extracts on 7-
Ketocholesterol Induced Brain Endothelial Cell Injury. NeuroMolecular 
Medicine, 23(1), 176–183.  



© C
OPYRIG

HT U
PM

86 
 

Kurmarayuni, C. M., Chandu, B., Yangalasetty, L. P., Gali, S. J., Mujahid Alam, M., 
Pramila Rani, P. N. V. V. L., & Bollikolla, H. B. (2022). Sustainable synthesis 
of silver decorated graphene nanocomposite with potential antioxidant and 
antibacterial properties. Materials Letters, 308, 131116.  

Lazar, O. A., Marinoiu, A., Raceanu, M., Pantazi, A., Mihai, G., Varlam, M., & 
Enachescu, M. (2020). Reduced graphene oxide decorated with dispersed 
gold nanoparticles: Preparation, characterization and electrochemical 
evaluation for Oxygen reduction reaction. Energies, 13, 4307.  

Li, C., Zhuang, Z., Jin, X., & Chen, Z. (2017). A facile and green preparation of 
reduced graphene oxide using Eucalyptus leaf extract. Applied Surface 
Science, 422, 469–474. 

Libralato, G., Prato, E., Migliore, L., Cicero, A. M., & Manfra, L. (2016). A review of 
toxicity testing protocols and endpoints with Artemia spp. Ecological 
Indicators, 69, 35–49.  

Lim, V., Chong, H. W., Abdul Samad, N., Abd Ghafar, S. A., Ismail, I. S., Mohamed, 
R., Yong, Y. K., Gan, C. Y., & Tan, J. J. (2022). Vibrational Spectroscopy-
Based Chemometrics Analysis of Clinacanthus nutans Extracts after 
Postharvest Processing and Extract Effects on Cardiac C-Kit Cells. 
Evidence-Based Complementary and Alternative Medicine.  

Lingaraju, K., Raja Naika, H., Nagaraju, G., & Nagabhushana, H. (2019). 
Biocompatible synthesis of reduced graphene oxide from Euphorbia 
heterophylla (L.) and their in-vitro cytotoxicity against human cancer cell 
lines. Biotechnology Reports, 24, e00376.  

Low, S., & Shon, Y. S. (2018). Molecular interactions between pre-formed metal 
nanoparticles and graphene families. Advances in Nano Research, 6(4), 
357–375.  

Mahata, S., Sahu, A., Shukla, P., Rai, A., Singh, M., & Rai, V. K. (2018). The novel 
and efficient reduction of graphene oxide using Ocimum sanctum L . leaf 
extract as an alternative renewable bio-resource. New Journal of Chemistry, 
42, 19945–19952. 

Mahendran, G. B., Ramalingam, S. J., Rayappan, J. B. B., Kesavan, S., 
Periathambi, T., & Nesakumar, N. (2020). Green preparation of reduced 
graphene oxide by Bougainvillea glabra flower extract and sensing 
application. Journal of Materials Science: Materials in Electronics, 31(17), 
14345–14356.  

Mahiuddin, M., & Ochiai, B. (2021). Lemon Juice Assisted Green Synthesis of 
Reduced Graphene Oxide and Its Application for Adsorption of Methylene 
Blue. Technologies, 9, 96.  



© C
OPYRIG

HT U
PM

87 
 

Mahmoud, A. E. D., Hosny, M., El-Maghrabi, N., & Fawzy, M. (2022). Facile 
synthesis of reduced graphene oxide by Tecoma stans extracts for efficient 
removal of Ni (II) from water: batch experiments and response surface 
methodology. Sustainable Environment Research, 32, 1–16.  

Maiti, D., Tong, X., Mou, X., & Yang, K. (2019). Carbon-Based Nanomaterials for 
Biomedical Applications: A Recent Study. Frontiers in Pharmacology, 9, 1–
16.  

Mallikarjuna, K., Reddy, L. V., Al-Rasheed, S., Mohammed, A., Gedi, S., & Kim, 
W. K. (2021). Green synthesis of reduced graphene oxide-supported 
palladium nanoparticles by Coleus amboinicus and its enhanced catalytic 
efficiency and antibacterial activity. Crystals, 11, 134.  

Mamo, B. Y., & Zeleke, T. D. (2022). Green synthesis of rGO / Ag nanocomposite 
using extracts of Cinnamomum verum plant bark : Characterization and 
evaluation of its application for Methylene blue dye removal from aqueous 
solutions. International Journal of Nano Dimension, 13, 414–434. 

Marcano, D. C., Kosynkin, D. V, Berlin, J. M., Sinitskii, A., Sun, Z., Slesarev, A., 
Alemany, L. B., Lu, W., & Tour, J. M. (2010). Improved synthesis of graphene 
oxide. ACS Nano, 4(8), 4806–4814. 

Mat Yusuf, S. N. A., Che Mood, C. N. A., Ahmad, N. H., Sandai, D., Lee, C. K., & 
Lim, V. (2020). Optimization of biogenic synthesis of silver nanoparticles from 
flavonoid-rich Clinacanthus nutans leaf and stem aqueous extracts: Biogenic 
Synthesis of C. nutans AgNPs. Royal Society Open Science, 7, 200065.  

Mondal, S., Patel, S., & Majumder, S. K. (2020). Bio-extract assisted in-situ green 
synthesis of Ag-RGO nanocomposite film for enhanced naproxen removal. 
Korean Journal of Chemical Engineering, 37(2), 274–289.  

Nascimento, J. R. do, D’oliveira, M. R., Veiga, A. G., Chagas, C. A., & Schmal, M. 
(2020). Synthesis of Reduced Graphene Oxide as a Support for Nano 
Copper and Palladium/Copper Catalysts for Selective NO Reduction by CO. 
ACS Omega, 5(40), 25568–25581.  

Nayak, S. P., Ramamurthy, S. S., & Kiran Kumar, J. K. (2020). Green synthesis of 
silver nanoparticles decorated reduced graphene oxide nanocomposite as 
an electrocatalytic platform for the simultaneous detection of dopamine and 
uric acid. Materials Chemistry and Physics, 252, 123302.  

Ng, J. C., Tan, C. Y., Ong, B. H., Matsuda, A., Basirun, W. J., Tan, W. K., Singh, 
R., & Yap, B. K. (2019). Nucleation and growth controlled reduced graphene 
oxide–supported palladium electrocatalysts for methanol oxidation reaction. 
Nanomaterials and Nanotechnology, 9, 1–9.  

Numan, A. A., Ahmed, M., Galil, M. S. A., Al-Qubati, M., Raweh, A. A., & Helmi, E. 



© C
OPYRIG

HT U
PM

88 
 

A. (2022). Bio-Fabrication of Silver Nanoparticles Using Catha edulis Extract: 
Procedure Optimization and Antimicrobial Efficacy Encountering Antibiotic-
Resistant Pathogens. Advances in Nanoparticles, 11, 31–54.  

Nunes, B. S., Carvalho, F. D., Guilhermino, L. M., & Van Stappen, G. (2006). Use 
of the genus Artemia in ecotoxicity testing. Environmental Pollution, 144, 
453–462. 

Oves, M., Ahmar Rauf, M., Aslam, M., Qari, H. A., Sonbol, H., Ahmad, I., Zaman, 
G. S., & Saeed, M. (2022). Green synthesis of silver nanoparticles by 
Conocarpus Lancifolius plant extract and their antimicrobial and anticancer 
activities. Saudi Journal of Biological Sciences, 29, 460–471.  

Pang, W. K., Foo, K. L., Hashim, U., Tan, S. J., Voon, C. H., Ruslinda, A. R., Heah, 
C. Y., & Liew, Y. M. (2018). Physical and structural study of graphene oxide 
by improved hummers method. AIP Conference Proceedings, 2045, 020035.  

Panicker, N. J., & Sahu, P. P. (2021). Green reduction of graphene oxide using 
phytochemicals extracted from Pomelo Grandis and Tamarindus indica and 
its supercapacitor applications. Journal of Materials Science: Materials in 
Electronics, 32(11), 15265–15278.  

Pannerselvam, B., Thiyagarajan, D., Pazhani, A., Thangavelu, K. P., Kim, H. J., & 
Rangarajulu, S. K. (2021). Copperpod plant synthesized agnps enhance 
cytotoxic and apoptotic effect in cancer cell lines. Processes, 9, 888.  

Parthipan, P., Cheng, L., Rajasekar, A., Govarthanan, M., & Subramania, A. 
(2021). Biologically reduced graphene oxide as a green and easily available 
photocatalyst for degradation of organic dyes. Environmental Research, 196, 
110983.  

Perumal, D., Albert, E. L., Azurahanim, C., & Abdullah, C. (2022). Green Reduction 
of Graphene Oxide Involving Extracts of Plants from Different Taxonomy 
Groups. Journal of Composites Science, 6, 1–21. 

Priliana, V., Sucitro, C., Wijaya, R., Lunardi, V. B., Santoso, S. P., Yuliana, M., 
Gunarto, C., Angkawijaya, A. E., & Irawaty, W. (2022). Reduction of 
Graphene Oxide Using Citrus hystrix Peels Extract for Methylene Blue 
Adsorption. Sustainability (Switzerland), 14(19), 12172.  

Priyadarsini, S., Mohanty, S., Mukherjee, S., Basu, S., & Mishra, M. (2018). 
Graphene and graphene oxide as nanomaterials for medicine and biology 
application. Journal of Nanostructure in Chemistry, 8, 123–137.  

Punniyakotti, P., Aruliah, R., & Angaiah, S. (2021). Facile synthesis of reduced 
graphene oxide using Acalypha indica and Raphanus sativus extracts and 
their in vitro cytotoxicity activity against human breast (MCF-7) and lung 
(A549) cancer cell lines. 3 Biotech, 11(4), 1–11.  



© C
OPYRIG

HT U
PM

89 
 

Qi, J., Zhang, S., Xie, C., Liu, Q., & Yang, S. (2021). Fabrication of Erythrina 
senegalensis leaf extract mediated reduced graphene oxide for cardiac 
repair applications in the nursing care. Inorganic and Nano-Metal Chemistry, 
51(1), 143–149.  

Rabeya, R., Mahalingam, S., Manap, A., Satgunam, M., Akhtaruzzaman, M., & 
Chia, C. H. (2022). Structural defects in graphene quantum dots: A review. 
International Journal of Quantum Chemistry, 122, 1–22.  

Rajan, R., Chandran, K., Harper, S. L., Yun, S. Il, & Kalaichelvan, P. T. (2015). 
Plant extract synthesized silver nanoparticles: An ongoing source of novel 
biocompatible materials. Industrial Crops and Products, 70, 356–373.  

Rajeswari, R., & Amutha, H. G. P. M. (2017). One Pot Hydrothermal Synthesis 
Characterizations Of Silver Nanoparticles On Reduced Graphene Oxide For 
Its Enhanced Antibacterial And Antioxidant Properties. IOSR Journal of 
Applied Chemistry, 10, 64–69.  

Ranjan, P., Agrawal, S., Sinha, A., Rao, T. R., Balakrishnan, J., & Thakur, A. D. 
(2018). A Low-Cost Non-explosive Synthesis of Graphene Oxide for Scalable 
Applications. Scientific Reports, 8(1), 1–13.  

Rekulapally, R., Chavali, L. N. M., Idris, M. M., & Singh, S. (2019). Toxicity of TiO 
2 , SiO 2 , ZnO, CuO, Au and Ag engineered nanoparticles on hatching and 
early nauplii of Artemia sp. PeerJ, 6, e6138.  

Richtera, L., Chudobova, D., Cihalova, K., Kremplova, M., Milosavljevic, V., Kopel, 
P., Blazkova, I., Hynek, D., Adam, V., & Kizek, R. (2015). The composites of 
graphene oxide with metal or semimetal nanoparticles and their effect on 
pathogenic microorganism. Materials, 8, 2994–3011.  

Rodríguez-González, C., Velázquez-Villalba, P., Salas, P., & Castaño, V. M. 
(2016). Green synthesis of nanosilver-decorated graphene oxide sheets. IET 
Nanobiotechnology, 10, 301–307.  

Sadek, R., Sharawi, M. S., Dubois, C., Tantawy, H., & Chaouki, J. (2022). Superior 
quality chemically reduced graphene oxide for high performance EMI 
shielding materials. RSC Advances, 12(35), 22608–22622.  

Sahu, D., Sahoo, G., Mohapatra, P., & Swain, S. K. (2019). Dual Activities of Nano 
Silver Embedded Reduced Graphene Oxide Using Clove Leaf Extracts: Hg 
2+ Sensing and Catalytic Degradation. ChemistrySelect, 4(9), 2593–2602. 

Saikia, I., Hazarika, M., Yunus, S., Pal, M., Das, M. R., Borah, J. C., & Tamuly, C. 
(2018). Green synthesis of Au-Ag-In-rGO nanocomposites and its α-
glucosidase inhibition and cytotoxicity effects. Materials Letters, 211, 48–50.  

Saravia, S. G. G. de, Rastelli, S. E., Angulo-Pineda, C., Palza, H., & Viera, M. R. 



© C
OPYRIG

HT U
PM

90 
 

(2020). Anti-adhesion and antibacterial activity of silver nanoparticles and 
graphene oxide-silver nanoparticle composites. Revista Materia, 25, 1–9.  

Shafi, M., Bahader, A., Gul, F. S., Khan, A., Habibullah, Khan, M. I., & Farooqi, K. 
(2022). Ag-rGO Nanocomposite as an Efficient Electrochemical Sensor for 
Thiourea. ECS Advances, 1, 036503.  

Shamaila, S., Khan Leghari Sajjad, A., Quart-Ul-Ain, Shaheen, S., Iqbal, A., Noor, 
S., Sughra, G., & Ali, U. (2017). A cost effective and eco-friendly green route 
for fabrication of efficient graphene nanosheets photocatalyst. Journal of 
Environmental Chemical Engineering, 5(6), 5770–5776.  

Sharma, N. K., Vishwakarma, J., Rai, S., Alomar, T. S., Almasoud, N., & Bhattarai, 
A. (2022). Green Route Synthesis and Characterization Techniques of Silver 
Nanoparticles and Their Biological Adeptness. ACS Omega, 7, 27004–
27020.  

Siddiquee, M. A., Parray, M. ud din, Mehdi, S. H., Alzahrani, K. A., Alshehri, A. A., 
Malik, M. A., & Patel, R. (2020). Green synthesis of silver nanoparticles from 
Delonix regia leaf extracts: In-vitro cytotoxicity and interaction studies with 
bovine serum albumin. Materials Chemistry and Physics, 242, 122493.  

Singh, R. K., Kumar, R., & Singh, D. P. (2016). Graphene oxide: Strategies for 
synthesis, reduction and frontier applications. RSC Advances, 6, 64993–
65011.  

Sivanesan, I., Gopal, J., Muthu, M., Shin, J., Mari, S., & Oh, J. (2021). Green 
synthesized Chitosan/Chitosan Nanoforms/Nanocomposites for drug 
delivery applications. Polymers, 13, 1–21.  

Smita, K. M., Abraham, L. S., Kumar, V. G., Vasantharaja, R., 
Thirugnanasambandam, R., Antony, A., Govindaraju, K., & Velan, T. S. 
(2021). Biosynthesis of reduced graphene oxide using Turbinaria ornata and 
its cytotoxic effect on MCF-7 cells. IET Nanobiotechnology, 15(4), 455–464.  

Smith, A. T., LaChance, A. M., Zeng, S., Liu, B., & Sun, L. (2019). Synthesis, 
properties, and applications of graphene oxide/reduced graphene oxide and 
their nanocomposites. Nano Materials Science, 1, 31–47.  

Sreekanth, T. V. M., Jung, M. J., & Eom, I. Y. (2016). Green synthesis of silver 
nanoparticles, decorated on graphene oxide nanosheets and their catalytic 
activity. Applied Surface Science, 361, 102–106.  

Staudenmaier, L. (1898). Method for the preparation of the graphite acid. 
European Journal of Inorganic Chemistry, 31(2), 1481–1487. 

Syama, S., & Mohanan, P. V. (2019). Comprehensive Application of Graphene: 
Emphasis on Biomedical Concerns. Nano-Micro Letters. Springer Berlin 



© C
OPYRIG

HT U
PM

91 
 

Heidelberg.  

Tai, M. J. Y., Liu, W. W., Khe, C. S., Hidayah, N. M. S., Teoh, Y. P., Voon, C. H., 
Lee, H. C., & Adelyn, P. Y. P. (2018). Green synthesis of reduced graphene 
oxide using green tea extract. AIP Conference Proceedings, 2045.  

Tamilselvi, R., Ramesh, M., Lekshmi, G. S., Bazaka, O., Levchenko, I., Bazaka, 
K., & Mandhakini, M. (2020). Graphene oxide – Based supercapacitors from 
agricultural wastes: A step to mass production of highly efficient electrodes 
for electrical transportation systems. Renewable Energy, 151, 731–739. 

Umar, M. F., Ahmad, F., Saeed, H., Usmani, S. A., Owais, M., & Rafatullah, M. 
(2020). Bio-mediated synthesis of reduced graphene oxide nanoparticles 
from chenopodium album: Their antimicrobial and anticancer activities. 
Nanomaterials, 10(6), 1096.  

Vanlalveni, C., Lallianrawna, S., Biswas, A., Selvaraj, M., Changmai, B., & 
Rokhum, S. L. (2021). Green synthesis of silver nanoparticles using plant 
extracts and their antimicrobial activities: a review of recent literature. RSC 
Advances, 11, 2804–2837. 

Vatandost, E., Saraei, A. G. H., Chekin, F., Raeisi, S. N., & Shahidi, S. A. (2020). 
Antioxidant, Antibacterial and Anticancer Performance of Reduced Graphene 
Oxide Prepared via Green Tea Extract Assisted Biosynthesis. 
ChemistrySelect, 5, 10401–10406.  

Veisi, H., Kavian, M., Hekmati, M., & Hemmati, S. (2019). Biosynthesis of the silver 
nanoparticles on the graphene oxide’s surface using Pistacia atlantica leaves 
extract and its antibacterial activity against some human pathogens. 
Polyhedron, 161, 338–345.  

Wang, C., Guo, R., Lan, J., Jiang, S., & Zhang, Z. (2017). Microwave-assisted 
synthesis of silver/reduced graphene oxide on cotton fabric. Cellulose, 24, 
4045–4055.  

Wang, H., Zhang, Y., Xu, X., Yang, F., Li, K., Wei, D., & Liu, Z. (2020). Efficient 
loading of silver nanoparticles on graphene oxide and its antibacterial 
properties. Nano Express, 1, 010041.  

Wang, Y., Li, J., Li, X., Shi, J., Jiang, Z., & Zhang, C. Y. (2022). Graphene-based 
nanomaterials for cancer therapy and anti-infections. Bioactive Materials, 14, 
335–349.  

Wijaya, R., Andersan, G., Santoso, S. P., & Irawaty, W. (2020). Green Reduction 
of Graphene Oxide using Kaffir Lime Peel Extract ( Citrus hystrix ) and Its 
Application as Adsorbent for Methylene Blue. Scientific Reports, 10, 1–9.  

Xulu, J. H., Ndongwe, T., Ezealisiji, K. M., Tembu, V. J., Mncwangi, N. P., Witika, 



© C
OPYRIG

HT U
PM

92 
 

B. A., & Siwe-Noundou, X. (2022). The Use of Medicinal Plant-Derived 
Metallic Nanoparticles in Theranostics. Pharmaceutics, 14(11), 2437.  

Yoosook, C., Panpisutchai, Y., Chaichana, S., Santisuk, T., & Reutrakul, V. (1999). 
Evaluation of anti-HSV-2 activities of Barleria lupulina and Clinacanthus 
nutans. Journal of Ethnopharmacology, 67(2), 179–187.  

Yu, W., Sisi, L., Haiyan, Y., & Jie, L. (2020). Progress in the functional modification 
of graphene/graphene oxide: A review. RSC Advances, 10, 15328–15345.  

Zein, R., Alghoraibi, I., Soukkarieh, C., Salman, A., & Alahmad, A. (2020). In-vitro 
anticancer activity against Caco-2 cell line of colloidal nano silver synthesized 
using aqueous extract of Eucalyptus Camaldulensis leaves. Heliyon, 6, 
e04594.  

Zhang, H., Liu, W., Yang, L., Liu, J., Wang, Y., Mao, X., Wang, J., & Xu, X. (2019). 
Fabrication of Reduced Graphene Oxide-Ag Nanocomposites and Analysis 
on the Interaction with BSA. Journal of Nanomaterials, 2019.  

Zhang, Xi-feng, Liu, Z., Shen, W., & Gurunathan, S. (2016). Silver nanoparticles : 
synthesis, characterization, properties, applications, and therapeutic 
approaches. International Journal of Molecular Sciences, 17, 1534.  

Zhang, Xiaolong, Jin, S., Zhang, Y., Wang, L., Liu, Y., & Duan, Q. (2021). One-pot 
facile synthesis of noble metal nanoparticles supported on rGO with 
enhanced catalytic performance for 4-nitrophenol reduction. Molecules, 26, 
7261. 

Zhu, J., Ni, H., Hu, C., Zhu, Y., Cai, J., Liu, S., Gao, J., Yang, H., & Liu, H. (2021). 
Rapid synthesis and characterization of silver-loaded graphene oxide 
nanomaterials and their antibacterial applications. Royal Society Open 
Science, 8(2), 201744. 

Zhu, S., Xue, M. Y., Luo, F., Chen, W. C., Zhu, B., & Wang, G. X. (2017). 
Developmental toxicity of Fe3O4 nanoparticles on cysts and three larval 
stages of Artemia salina. Environmental Pollution, 230, 683–691.  

Zhu, X., Xu, X., Liu, F., Jin, J., Liu, L., Zhi, Y., Chen, Z., Zhou, Z., & Yu, J. (2017). 
Green synthesis of graphene nanosheets and their in vitro cytotoxicity 
against human prostate cancer ( DU 145 ) cell lines. Nanomaterials and 
Nanotechnology, 7, 1–7.  

 

 

 



© C
OPYRIG

HT U
PM

94 
 

LIST OF PUBLICATIONS 
 
 

Book chapter 

Perumal, D., Zulkifli, S.N., Een, L.G., Albert, E.L., Yusop, M.A.M., and Abdullah, 
C.A.C. (2021). Green biosynthesis of metallic nanoparticles and their future 
biomedical applications. C. M, Hussain, U., Shanker, and M., Rani. Green 
Nanomaterials for Industrial Applications (1st ed., pp. 41-70): Elsevier. 

  
Perumal, D., Khairuddin, N.F.M., Hui, W.J., and Abdullah, C.A.C. (2022). Green 

synthesis of silver nanoparticles using plant extracts and their bioactivities 
investigations. Diversity and Applications of New Age Nanoparticles (pp 88-111): 
IGI Global.  

 
Perumal, D., Abdullah, C. A. C., and Albert, E. L. (2023). Green synthesis of 

Reduced Graphene Oxide Utilizing Agricultural Waste and Nanocomposite for 
Potential Environmental and Health Applications. 2-Dimensional world of 
Graphene. Bentham Sciences. The manuscript is under review.  

 
Review article 
 
Perumal, D., Albert, E. L., Abdullah, C. A. C. (2022). Green Reduction of Graphene 

Oxide Involving Extracts of Plants from Different Taxonomy Groups. Journal of 
Composite Science, 6(2), 50. 

 
Research articles 
 
Perumal, D., Abdullah, C.A.C., Albert, E.L., Saad, N., Hin, T.Y.Y., and Teh, H.F.  

(2022). Fabrication and characterization of Clinacanthus nutans (C. nutans) 
mediated reduced graphene oxide for potential biomedical applications. 
Crystals, 12(11), 1539. 

  
Perumal, D., Abdullah, C.A.C., Albert, E.L., and Zawawi, R.M. (2023). Green 

synthesis of silver nanoparticles decorated on reduced graphene oxide 
nanocomposite using Clinacanthus nutans. Sains Malaysiana, 52(3), 937-950. 

 




