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ABSTRACT 

Green phyto-synthesis represents an environmentally sustainable approach that employs eco-friendly methods and materials to 
produce various substances, minimizing the use of hazardous chemicals and reducing the overall ecological footprint. The central 
focus of this research is the utilization of Centella asiatica (C. asiatica) to reduce Graphene Oxide (GO) into reduced Graphene Oxide 
(rGO). Two rGO samples, designated as rGO1 and rGO2 were synthesized at varying concentrations of C. asiatica extract to investigate 
the influence of reduction parameters on the desired material. Techniques such as Scanning Electron Microscopy (SEM), High-Power 
Microscopy (HPM), UV-Vis, Raman, Fourier Transform Infrared Spectroscopy (FTIR) and Four-Point Probes were used to analyze the 
as-synthesized materials. A mild reduction was occurred under eco-friendly environment where the UV–Vis spectral showed a shift 
of an absorption peak from 230 nm (GO) to ~241nm (rGO1) and ~250 nm (rGO2), respectively. The microscopy images from HPM 
and SEM revealed a wavy-like rGO nanoflakes is observed and the restoration of sp² carbon network with minor shifts of G-band 
indicated by Raman spectral. The reduction and removal of oxygen moieties are further supported by FTIR analyses. Meanwhile, 
decreased in electrical resistivity from 23.50 Ω·m (GO) to 7.45 Ω·m (rGO2), indicates an improved conductivity, thus supporting the 
removal of oxygen groups. In summary, the test results confirm the green reduction of GO to produce rGO by C. asiatica is effective 
and facilitates to produce a structurally stable nanomaterials and conductive that are suitable for electronic and bio-sensing 
applications. NOTE: The header and footer of this manuscript is not following the provided guideline, please check again. 
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1. INTRODUCTION 

Graphene derivatives, a two-dimensional (2D) carbon 
atoms in honeycomb lattice have emerged as a 
groundbreaking nanomaterial with remarkable properties 
that attracting scientific and industrial communities of its 
potential use [1].  Graphene composed of a single sheet and 
the carbon atoms are organized in a hexagonal lattice and 
exhibits extraordinary mechanical strength, outstanding 
electrical conductivity, and exceptional thermal 
conductivity. Because of these properties, graphene is a 
viable option for a wide range of applications, such as 
energy storage, electronics, sensors, and catalysis [2]. 

Graphene Oxide (GO) is an oxidized form of graphite, and it 
serves as a precursor to graphene. GO contains functional 
groups with oxygen moieties, which give it hydrophilicity 
and makes it easier to dissolve in aqueous solutions. 
However, GO's properties differ significantly from pristine 
graphene, and a reduction process, is essential to restore 
graphene-like features [2]. Traditional reduction 
techniques, including chemical and thermal methods, have 
been widely employed due to their efficacy and 

accessibility. However, the leverage of hazardous 
chemicals within these synthesis steps raises concerns in 
relation to sustainability and environmental perspective 
[3]. To address these limitations, green synthesis methods 
have emerged, employing environmentally benign 
reagents such as plant extracts and biological agents. These 
techniques support sustainable practices in the field of 
graphene manufacturing and present a viable alternative 
for traditional methods [4]. 

Among various plant-based reducing agents, Centella 
asiatica (C. asiatica) has garnered a particular interest 
owing to its rich profile of bioactive substances, including 
flavonoids, triterpenoids, saponins and essential oils [3]. 
The bioactive substances present in the extract of C. 
asiatica are essential for the reduction of GO. It is thought 
that triterpenoids act as reducing agents that help to 
remove oxygen-containing functional groups from the 
surface of GO [3],[5]. Moreover, saponins which are 
amphiphilic enhance the dispersion of GO sheets in the 
extract solution and facilitating the interaction between GO 
and the reducing agents. The antioxidant properties of this 
bioactive substances contribute to the structural stability 
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of the C. asiatica extract whereby flavonoids plays vital role 
in maintaining the stability. Furthermore, the preparation 
of C. asiatica extract is straightforward and less cost 
becoming an attractive option as a reducing agent [6]. The 
GO reduction can be tuned by optimizing the C. asiatica 
concentration which enables the modification of rGO 
properties to support various potential applications. 
Hence, the rGO derived from phyto-green reduction is 
highly potential for biosensors development and in health-
related application because of free from toxicity 
procedures. The resulting green rGO with its oxygen 
groups are used to develop high sensitivity biosensors such 
as glucose biosensor, immunosensors and DNA biosensors 
for monitoring various diseases in non-invasive ways [7]. 

Several researchers have attempted to use the C. asiatica 
for the reduction of GO.  Recently, Manjula et al. 
demonstrated that reduced graphene oxide blended with 
cadmium oxide exhibited improved antibacterial and 
photocatalytic properties. However, the GO reduction was 
carried by using roasted leaves, which may have resulted 
in the significant loss of bioactive compound [8]. Suganya 
et al. synthesized reduced graphene oxide (rGO) decorated 
with a lead sulfide/cadmium oxide nanocomposite using 
fresh C.asiatica leaf juice extract with volume proportions 
for the reduction but without considering the 
concentration [9]. Meanwhile, Vinutha et al. used the CA 
extract powder mixed with GO to form carbonaceous 
composite electrode materials for electrochemical 
applications, though the reduction was not tested [10]. 

In this study, C. asiatica extract was employed to reduce the 
GO and optimized the reduction process by varying its 
concentrations. The reduction efficiency and the resulting 
nanomaterial properties were analyzed and evaluated. The 
as-synthesized rGO samples were characterized using 
High-Power Microscopy (HPM), Scanning Electron 
Microscopy (SEM), Ultraviolet Visible (UV–Vis), Raman, 
and Fourier Transform Infrared (FTIR) spectroscopies to 
evaluate the morphological, structural and chemical 
transformations. Furthermore, a Four-Point Probe was 
used to identify the electrical characteristics of the as-
prepared rGO samples. The findings from this study is 
aimed to drive an eco-friendly and sustainable graphene-
based nanomaterial for next generation biosensing 
applications. 

2. METHODOLOGY  

The preparation of C. asiatica extract, reduction of GO and 
the subsequent characterization steps were discussed in 
the following sub-topics.  

2.1. Preparation of C. asiatica Extract   

A handful C. asiatica leaves, locally known as “Pegaga,” was 
procured from a local farm in Perlis, Malaysia to ensure 
material consistency. Then, the leaves were thoroughly 
washed and rinsed with tap water to eliminate any dirt and 
soil particles without any chemicals usage [Figure 1(a)]. 
This ensures that the leaves are clean and safe to be used. 

It also prevents contaminants and other particles from 
affecting the results. 

A 50 grams of the fresh C. asiatica leaves were weighed 
using a precision scale.  The fresh leaves were then placed 
under sunlight to dry, a process that takes about 5 days and 
subsequently were stored in a closed container until 
further use. This method allows for the natural elimination 
of water content and to protect the integrity of the 
bioactive compounds. Next, the weight of the dried leaves 
was re-assessed to ensure the water content/moisture had 
been removed. Initially, 50 grams of fresh leaves were 
measured and after the drying process the weight was 
reduced to 12 grams, indicating a 38 grams of water 
content/moisture had been removed. Then, the dried C. 
asiatica leaves were grinded using electric grinder and 
filtered to produce a fine powder. The final weight of 9 
grams of fine powder were collected for further process. 
The remaining 3 grams of loss was from filtering steps 
where it consists of coarse fibers and filtered stolon as-well 
as other unwanted parts. 

2.2. Preparation of CA and GO Solution  

The dried powdered of C. asiatica extract was then used to 
prepare an aqueous solution of varying concentration. 
Specifically, 80 mg of C. asiatica powder was dispersed in 
40 mL of deionized (DI) water. Next, the mixtures were 
stirred and heated at 60 °C for 30 minutes using a magnetic 
stirrer to facilitate the diffusion occurs. After heating and 
stirring, the solutions were allowed to cool naturally to 
room temperature. Several samples with various 
concentrations of C. asiatica were prepared, including 2-, 4-
, 6-, 10-, and 20- mg/ml as shown in Figure 1 (b). The color 
changes were observed before selecting the amount of 10 
mg/ml for further analysis.  

 

Figure 1. (a) Preparation of C. asiatica leaves, (b) and the color 
comparison of extracted solution at various amounts 
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Next, GO solution was prepared where 20 mg GO powder 
was dispersed in 40 mL of DI water to prepare a 0.5 mg/mL 
solution. The mixture was stirred thoroughly to ensure 
even dispersion and followed by sonication bath for 30 
minutes. Once the sonication was completed, the GO 
solution was allowed to cool down naturally to room 
temperature. 

2.3. Reduction of Graphene Oxide Using C. asiatica  

For the green reduction process, two distinct C. asiatica 
extract amounts were selected based on the color variation, 
where rGO1 refers to GO reduced with 2 mg/ml of C. 
asiatica extract, and rGO2 refers to GO reduced with 10 
mg/ml of C. asiatica extract. An equal volume (v/v) of C. 
asiatica and GO solutions were mixed at 1:1 ratio, to ensure 
an equivalent volume of composition were used for the 
reduction process. Then, the mixture was continuously 
stirred at 80 °C using hot plate with a magnetic stirrer for 
60 minutes. After the reduction, the samples were allowed 
to cool down naturally before transferred to vial, 
concluding the rGO synthesis phase. 

2.4. Preparation of Commercially Reduced Graphene 
Oxide (C-rGO)  

A commercially reduced graphene oxide (C-rGO) was 
prepared to benchmark the phyto reduction and for 
comparative analysis. Hence, a C-rGO suspension with a 
concentration of 0.5 mg/mL was prepared in DI water, 
maintaining the same concentration as prepared 
previously [11]. Then, the mixture was sonicated for 30 
minutes to achieve a uniform suspension.  After sonication 
step, the C-rGO suspension was allowed to cool down 
naturally at room temperature before transferred to vial 
for further analysis. 

2.5. Characterization Techniques  

Characterization plays a major role to understand 
graphene derivative properties and to determine a right 
application for the nanomaterials. Hence, an advanced 
characterization technique is required to evaluate the 2D 
nanomaterial.  In this work, SEM, HPM, UV-Vis, Raman, 
FTIR spectroscopies and Four Point Probes are employed 
for comprehensive analysis of the as-prepared 
nanomaterial. HPM is used for characterizing the material 
surface morphology at various magnifications. A droplet 
from the as-prepared samples of GO, rGO1, rGO2 and C-rGO 
were drop-casted onto glass slide for HPM analysis. The 
glass slides were cleaned using isopropyl alcohol (IPA) 
before drop cast the samples. Then, the samples were 
heated at 60 °C on the hot plate to enables the sample 
adhesion. Furthermore, SEM is used to observe a high-
resolution of surface morphology and other structural 
features. 

UV–Vis spectroscopy is used for validating the reduction 
process. The optical spectral analysis was conducted for a 
range of 200 to 450 nm of wavelength. The range of 200 to 

450 nm was chosen to observe any absorption peaks where 
graphene oxide sample are interacts optically with lights 
within this range of wavelengths. 

Structural and electrical properties were further analyzed 
using Raman and Four-Point Probe measurements. Raman 
spectroscopy was used to recognize the graphene 
nanomaterial based molecular structure by identifying the 
D- and G-bands. A shift of G-band can indicate changes in 
the degree of graphitization while a shift in D-band can 
reflect the defects structure in the material [12]. The ratio 
between D and G band intensities (ID/IG), can indicate the 
extent of distortion in graphitic sheets.  A high ID/IG values 
simply indicate a greater disorder [13]. The electrical 
measurement was performed using a Four-Point Probe 
setup, to measure the sheet resistance of the as-prepared 
samples. The thin films samples were measured repeatedly 
and checked for any drift. The probes were repositioned to 
different sample areas to ensure the measurement is 
uniform and stable. All data, including applied current, 
measured voltage, probe spacing, and temperature, were 
cautiously recorded. 

Meanwhile, FTIR was employed to detect the oxygen 
functional groups of the as-prepared samples. FTIR helps 
to understand the presence or changes in oxygen-
containing groups that occurs during the reduction 
process. The as-prepared samples, consisting of GO and 
rGO2 (is selected based on UV-Vis results), was further 
used for FTIR spectral analysis. 

3. RESULTS AND DISCUSSION 

Proper characterization of GO and rGO are essential to 
validate the reduction process and assess the impact of 
green reduction. The use of C. asiatica as a reducing agent 
is warranting a comparison of its effectiveness with other 
green reducing agents.  

3.1. UV-Vis Spectroscopy 

Figure 2 shows UV-Vis spectral analysis for the 4 samples 
of GO, rGO1, rGO2 and C-rGO. The absorption peak of GO 
was observed at 230 nm, within the expected range, 
validating its characteristic absorption behavior in 
agreement with Mahmoud et al. [14]. Besides that, the 
reference sample, C-rGO, showed a peak at 272 nm, 
consistent with Priliana et al. [5]. Following with the 
reduction validation of rGO1 and rGO2, the expectation was 
a red shift, and the shift occurs around 241 nm and 249 nm, 
respectively indicating a mild green reduction were 
occurred [15]. The result further confirms that rGO2 
samples were reduced better than rGO1. It confirms the 
restoration of the sp2 hybridized carbon network due to the 
removal of oxygen-bearing functional groups in rGO2 [16]. 
For rGO1, the shift is too minimal about 10 nm compared 
to GO due to a low concentration of C. asiatica (2 mg/mL) 
were used. This further suggest that a higher concentration 
of C. asiatica (> 10 mg/mL) is recommended to reduce 0.5 
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mg/mL of GO suspension at eco-friendly environment 
without any high-tech tools.  

 

Figure 2. UV-Vis Spectra of GO, C-rGO rGO1 and rGO2.  Values 
indicated at peak maxima. 

 

3.2. High-Power Microscopy (HPM) 

Figure 3 shows HPM analysis and it revealed clear 
differences in the morphology of GO, C-rGO, rGO1 and 
rGO2. GO and distinctly visible at a 50X magnification, and 
its identity is verified by its bright (white) appearance. The 
well-defined edges of GO flakes signify clear boundaries for 
each individual flake. These flakes are characterized as 
irregular sheets with few layers, indicating a limited layer 
count and an uneven structure [16], [17]. 

C-rGO nanoflakes are visible by its bright (white) 
appearance, observed at 50X magnification. The brightness 
verifies the formation of multi layered/thin film 
nanosheets where a dull flake indicates a reduced number 
of layers [11]. HPM can predicts the variations of 
nanoflakes thickness by light reflections. The color contrast 
between bright white, dark and dull flakes are attributed to 
the light reflection by an optical microscope which explains 
the corresponding changes in the rGO nanosheets 
thickness [17]. In rGO1, a limited presence of white 
nanoflakes is observed along with some blueish and black 
spots flakes presents in the deposition area. This indicates 
a noticeable change in surface roughness when comparing 
GO. However, the surface roughness of C-rGO is clearly 
visible than GO, aligning with findings from prior research 
where large graphitization occurs in the commercially 
produced rGO [16]. Conversely, for rGO2, more bright 
white flakes were observed in the sample when compared 
to rGO1 and GO. The presence of densely packed bright 
white nanoflakes is due to the removal of oxygen groups 
This further indicates that there is a restoration of sp2 
hybridized carbon network that suggest more reduction 
happened at rGO2 when compared to rGO1. 

 

Figure 3. HPM surface morphology of GO, C-rGO, rGO1 and rGO2 
at a 50X magnification. 

 

3.3. RAMAN Spectroscopy 

For Raman analysis, four samples were analyzed, focusing 
on GO, rGO1, rGO2, and a reference sample of C-rGO. In 
Figure 4 (a), the GO sample exhibited a notable D-band 
peak at 1338 cm⁻¹ and a significant G-band peak at 1578 
cm⁻¹. These results are indeed within the expected range 
for GO. For rGO1, the D-band peak shifted to 1336 cm⁻¹, 
indicating a decrease, while G-band peak was observed at 
1601 cm⁻¹. For rGO2, the D-band peak shifted to 1349 
cm⁻¹, with slight increase, while the G-band peak was 
observed at 1600 cm⁻¹. Meanwhile, D- and G-band peaks 
for C-RGO was observed at 1348 and 1566 cm-1, 
respectively. Analysis shows that for D-band, there is not 
much change among GO, rGO1, and rGO2 indicating that all 
samples are consistent with defects. However, the slight 
shift with G-band indicates a change in sp2 hybridized 
carbon atoms due to the reduction process. The shift 
towards a higher range suggests the restoration of 
electronic conjugation between graphene layers and 
restacking, as the expulsion of oxygen functionalities 
allows the rGO to associate and restack [19]. Meanwhile, 
the degree of disorder (ID/IG ratio), Table 1 shows that the 
differences among all samples are negligible. While some 
research mentions a decrease in the ID/IG ratio from GO to 
rGO, indicating the removal of oxygen-containing 
functional groups [13], the GO used had a ratio to be below 
1, indicates the sample have a low number of defects 
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Table 1. Degree of Disorder (ID/IG) 

Material ID/IG 

GO 0.848 

rGO1 0.834 

rGO2 0.843 

C-rGO 0.860 

 

 

Figure 4. Raman spectra of GO, C-rGO, rGO1 and rGO2.  The 
spectra were overlapped for comparison. 

3.4. Four-Point Probe Electrical Characterization 

The four-point probe technique was employed to evaluate 
the electrical conductivity of the as-prepared samples (GO, 
rGO1 and rGO2). Figure 5 plots reveal that the resistivity of 
the rGO2 sample is significantly smaller than that of rGO1 
and GO, indicating superior electrical conductivity. The 
currents values demonstrate a distinct difference for the 
GO, rGO1, and rGO2 samples. The GO sample has highest 
resistivity at 23.501 Ω·m, indicating higher resistance to 
electrical current among the samples. The higher resistivity 
is due to the presence of oxygen functional groups in the 
nanoflakes that disrupts the graphene conductive 
networks [20]. Moreover, the resistivity of rGO1 is reduced 
to 14.121 Ω·m compared to GO. This decreases in resistivity 
indicates an improved electrical conductivity due to the 
partial removal of oxygen groups that can leads to the 
restoration of the graphene structure [20]. Furthermore, 
rGO2 sample exhibits the lowest resistivity at 7.453 Ω·m, 
which indicates the highest electrical conductivity among 
the samples. The significant reduction in resistivity is 
attributed to the more complete reduction process occurs 
that facilitates the removal oxygen groups and the 
restoration of the graphene conductive networks [21]. 

By analyzing the I-V curve plots and the corresponding 
resistivity values, it is evident that the reduction of GO to 
rGO significantly improves the material's electrical 
properties. Furthermore, it highlights the green reduction 
using C. asiatica is effective and enhancing the electrical 
properties of graphene oxide 

 

Figure 5. I-V characteristics of GO, rGO1, and rGO2. 

3.5. Fourier Transform Infrared Spectroscopy (FTIR) 

Figure 6 shows the FTIR spectral analysis of the as-reduced 
samples which revealed the impact on the reduction of 
different amounts of the reducing agent and the resultant 
functional groups. Specifically, Figure 6 (a) shows the FTIR 
peaks for rGO1 where a broad peak around 3376.12 cm⁻¹ 
is observed which indicates the presence of hydroxyl 
groups (-OH). The other peaks such as 1538.82 cm⁻¹ and 
1505.8 cm⁻¹ pointing to the retention of aromatic rings and 
some residual oxygen-containing groups. Figure 6 (b) 
displays the FTIR peaks for rGO2, showing similar broad 
peaks around 3379.44 cm⁻¹ for hydroxyl groups or 
adsorbed moisture, and additional peaks at 2335 cm⁻¹ and 
2125.2 cm⁻¹ corresponding to alkyne (carbon-carbon 
triple bond (C≡C)) and nitrile groups (carbon-nitrogen 
triple bond (C≡N)), respectively. These peaks are absent in 
rGO1, indicating that the higher concentration of CA in 
rGO2 has introduced new functional groups and suggests a 
more complex reduction mechanism. Additionally, the C–H 
bending vibrations around 1389.3 cm⁻¹ for rGO1 and 
1382.6 cm⁻¹ for rGO2 indicate the presence of methyl or 
methylene groups, pointing to residual organic 
functionalities in both samples. Figure 6 (c) compares both 
spectral of rGO1 and rGO2 to highlights the differences in 
their functional groups. The presence of a peak at 1638.22 
cm⁻¹ in rGO2 suggests better retention of aromatic 
structures which possibly due to the higher concentration 
of the reducing agent that promoting effective reduction. 
This analysis indicates that rGO2 has undergone a more 
extensive reduction process, resulting in the effective 
reduction of oxygen-containing groups and the 
introduction of new functionalities. Therefore, the higher 
concentration of C. asiatica in rGO2 enhances the reduction 
process, potentially improving the properties of rGO for 
specific applications. 
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Figure 6. FTIR spectral of (a) rGO1; (b) rGO2; (c) Overlay 
comparison. 

3.6. Scanning Electron Microscopy (SEM) 

The surface morphology of rGO1 and rGO2 was further 
evaluated by using SEM and the captured images is shown 
in Figure 7 at a magnification of 1000x. In Figure 7 (a), rGO1 
has larger lumped like plates compared to rGO2 as shown 
in Figure 7 (b). This is due to the less reduction and minimal 
restoration of sp2 carbon, which explain larger graphene 
oxide plates still present.  As a result, the graphene sheets 
crumple together, forming larger graphene plates [19]. 
However, the rGO2 shows a wavy-like sheets, more 
wrinkled with high porosity as can be seen in Figure 7(b). 
This can be attributed to the reduction of oxygen in the 
basal plane of the sp² carbon network. During the 
reduction, the lamellas self-assemble via van der Waals 
forces, leading to increased stacking (as seen in rGO2) [5]. 

 

Figure 7. SEM images of (a) rGO1 and (b) rGO2 at 1000x 
magnifications 

4. CONCLUSION 

The as-prepared rGO samples were evaluated by the 
combination of microscopy imaging, spectroscopy analyses 
and electrical characterization which gives an insight into 
the morphology, structural and electrical properties of the 
material. The analyses further verified that C. asiatica 
extract effectively enhances the GO reduction, with rGO2 
showing greater in morphological, structural integrity and 
electrical performance compared to rGO1.  HPM shows 
both rGO1 and rGO2 exhibited bright white spot 
appearances, with rGO2 showing higher density of bright 
spots. Validation through UV-Vis spectroscopy confirmed 
reduction process, with rGO2 demonstrating a more 
pronounced shift, indicating a more effective reduction 
process with high amount of C. asiatica. The four-point 
probe technique demonstrates that reducing GO to rGO 
significantly enhances electrical conductivity. GO has the 
highest resistivity due to its oxygen content, while rGO 
shows much lower resistivity due to the removal of oxygen 
groups. This reduction process effectively improves the 
electrical properties of graphene-based materials, making 
rGO highly suitable for applications requiring high 
conductivity. Raman analysis further showed the structural 
changes induced by the reduction process, particularly in 
the shifting of the D-band and G-band peaks. Thus, the 
plant-based phyto-reduction approach using C. asiatica 
demonstrates a potential for producing high-quality rGO 
for the downstream electronic and sensing applications. 
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