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The synthesis of nano-derivatives from natural sources, provided that nano-
graphite is fully synthesized, has received considerable attention. This work
utilizes the modified Hummers method and flame carbonization to create and
analyze nano-graphite (rG1) and nano-graphene oxide (rGO2) from lamb
meat. Infrared spectroscopy (FT-IR), X-ray diffraction (XRD), electron
microscopy (FESEM), atomic force microscopy (AFM), thermal gravimetric
analysis (TGA, DTG, DSC, NETZCH SAT409PG\PC), and other physical and
spectral analysis methods were used to characterize and analyze these
compounds. The agar well diffusion technique evaluated the antibacterial
activity against Escherichia coli and Staphylococcus aureus. The results
demonstrate that Nano-Graphene Oxide (rGO2) demonstrated significant
antibacterial activity against S. aureus at doses of 50, 100, and 150 pg/mL,
producing inhibition zones of 10 mm, 15.3 mm, and 17.4 mm, respectively.
The results demonstrated that nano-graphite (rG1) exhibited no antibacterial
activity. This study introduces a novel, accessible, and sustainable approach of
synthesizing carbon-based nanoparticles from biological materials for
innovative nanotechnology applications.
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Introduction

Integrating chemistry and nanotechnology,
nanochemistry is a branch of research that
focuses on generating small materials with
unique features such as size, shape, interface
structure, and defects [1]. In this branch of
science, refining is an essential method that
employs destructive processes
distillation or pyrolysis to transform organic
material into graphite or substances containing
graphite. This occurs when carbon traces remain
behind as organic matter breaks down. A
minuscule layer of graphite can be, on occasion,
removed while preserving the original material's
form [2]. Researchers are continually exploring
green, reasonable, and accessible methods of
creating novel materials in response to growing
concerns about the environment, energy
problems, and the rising demand for
environmentally friendly resources [3]. Due to its
reasonable price and sustainability, biomass, a
natural and renewable carbon source, has
garnered considerable attention [4]. Food scraps,
crop residues, garbage are
common biomass waste materials that offer a
sustainable means for creating beneficial
nanomaterials [5,6]. Due to their unique
properties, nanomaterials made up of carbon
have generated the most curiosity among them
[7,8]. They could come into use in fuel cells for
the storage of gases, absorption, -catalysis,
capture of carbon, the electrodes, cosmetics, and
biology [9,10]. Carbon-rich
substances have been efficiently manufactured
from some natural sources such as wood
charcoal, grain husks, grass, coffee grounds, and
leaves from plants. These give a reasonable
substitute  for expensive graphene-based
methods [11]. Carbon-based nanomaterials are
created using a variety of techniques, including
carbonization, laser ablation, and pyrolysis. The

such as

and industrial

even in cell

materials produced by each technique vary in

size, shape, and structure [12]. Improved
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nanotechnology is leading to the study and
development of more complex graphite-based
materials, graphene (the
component that contains carbon nanotubes) and
nongraphite dots [13]. The high surface area,
outstanding electrical conductivity, strength, and
biological compatibility of these materials make
them important for a wide range of industrial
applications [14,15]. These
nanomaterials are the result of persistently
innovative fabrication methods, an abundance of

such as natural

state-of-the-art

naturally occurring graphite resources, and
scalable production processes [16]. This study
utilizes lamb meat as a source to synthesize
nano-graphite (rG1) and nano-graphene oxide
(rGO2), characterize the resulting nanomaterials,
and evaluate their antibacterial activity against E.
coli and S. aureus, two pathogenic bacterial

strains.
Materials and Methods
Materials

Various substances were utilized in the
research: Distilled water, hydrochloric acid (37%
of the total), sulfuric acid, nitric acid, ionized
water, acetone, petrol ether, permanganate of
potassium, nitrate of sodium, nutrient agar
media, and Muller Hinton agar media. Each
analytical grade with anti-bacterial activity
reagents was procured from Scharlau, Poison,

and Hi-media.
Synthesis of nano-graphite from lamb meat (rG1)
Lignin removal process

Fresh lamb meat was cut into small pieces,
washed thoroughly with distilled water, and
immersed in 30% hydrogen peroxide (H:0:) at
pH 4.6. The solution was heated to 75 °C, and the
washing process with hydrogen peroxide was
repeated three times. The samples were then
rinsed with deionized water three times to



RS. Najm et al. / Adv. J. Chem. A 2025, 8 (12), 1890-1903

ensure complete removal of residual chemicals
[17].

Flame carbonization process

A 250 g sample of pretreated lamb meat was
subjected to direct blue flame combustion, and
the charred residue was collected within 15
The collected material was finely
ground and washed with 50 mL of acetone,
followed by magnetic stirring for 15 minutes. The
solution was filtered and dried at 40 °C under
atmospheric air and preservation conditions.
Subsequently, the dried product was washed
with petroleum ether using a water bath at 60-80
°C for 15 minutes. Under regulated conditions,
the resulting material underwent filtering and
drying. To eliminate contaminants and bring the
pH level to 7, the purification process continued
with three washes of 10% nitric acid (2 x 45 mL),
followed by five deionized water (5 x 45 mL).
Two grams of the synthetic material was mixed
with five hundred milliliters of deionized water
to activate nano-graphite (rG1l) for further
processing. Afterwards, the suspension was left
to leach and fragment by being exposed to
ultrasonic irradiation at 50 Hz for 60 minutes.
The surface characteristics of the material are
improved, making it more reactive, by this
technique. Instantaneous centrifugation
collection and regulated storage of the activated
Nano-Graphite (rG1) followed the ultrasonic
treatment.

minutes.

The modified hummers method for the synthesis of
nano-graphene oxide (rG0O2)

A modified version of the Hummers method was
used to synthesize nano-graphene oxide (rGO2).
To begin with, an ice bath was used to distribute
the temperature evenly before 46 mL of
concentrated sulfuric acid (H2S04) was added. 1.5
g of sodium nitrate (NaNO3) was added to avoid
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any potential localized overheating while stirring
constantly at 0 °C. One gram of nano-graphite
(rG1) was gradually added over ten minutes after
the acid mixture stabilized, ensuring it was
evenly distributed throughout the solution.
Afterward, 6 g of potassium permanganate
(KMnO2) was cautiously added in 15-minute
increments monitoring the
temperature constantly to keep it less than 20 °C.
To make sure the combination was completely
oxidized; it was swirled magnetically at room
temperature for hours after being
withdrawn from the ice bath, which took an extra
five minutes. 46 mL of D.W. were added slowly
over 20 minutes with constant stirring to start
the hydrolysis process. To improve the
effectiveness of oxidation, the temperature of the
reaction was raised to 98 °C and kept for 20
minutes. In the next phase, 140 mL of distilled
water that had been heated to 50 °C was added,
and the mixture was left to stir for another 10
minutes at ambient temperature. A 30-minutes
stirring period resulted in the production of an
olive-green suspension, which signifies effective
oxidation, after which 15 mL of 30% hydrogen
peroxide (Hz0:) was added to neutralize any
surplus oxidizing agents. And finally, 300 mL of
D.W. was added and then the mixture was ept for
24 hours to let it precipitate completely. The
oxidized product was efficiently separated by
centrifugation at 6000 rpm, and the resulting
nano-graphene oxide (rGO2) was recovered. To
remove eliminate any remaining metal ions, the
with  10%
hydrochloric acid (HCI). Then, it was washed five
times with deionized water (5 x 45 mL) until the
solution's pH was neutralized to 7. We ensured
the removal of any leftover moisture by drying
the purified nano-graphene oxide (GO2) at 60-70
°C until its weight stabilized. This was done
before further characterization and utilization
[18].

while reaction

two

material was washed once
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Scheme 1. Synthesis steps of prepared compounds (rG1-rGO2) (chemDrawprofession).

Biological activity for rG1 and rGO2

The agar well diffusion method assessed the
bactericidal properties of the produced nano-
carbon materials (rG1 and rGO2) against S.
aureus and E. coli, representing Gram-positive
and Gram-negative bacteria, respectively. Before
every microbiological experiment, each sample
and glassware was disinfected via autoclaving at
120 °C for 10 minutes. The bacteria were
cultivated on a nutrient agar plate at 37 °C for 24
hours. Subsequently, the cultivated bacteria were
introduced into 10 mL of saline solution to
achieve a concentration of 108 colony-forming
units per milliliter (CFU/mL). There was a
dilution of the bacterial suspension to 106
CFU/mL. R1, R2, Neomycin, and Tetracycline
stock solutions were made in dimethyl sulfoxide
(DMSO) at concentrations of 50, 100, and 150
pg/mL. Inoculation of Muller Hinten agar plates
was conducted with 106 CFU/ml of E. coli and S.
aureus, respectively. Then, 6 mm diameter wells
were created in the agar plates, and 100 pL of
each concentration was added to separate wells.
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The plates were then incubated at 37 °C for 24
hours. Utilizing a Vernier caliper, the inhibition
zones were measured. The antimicrobial efficacy
was compared against standard antibiotics
Neomycin and Tetracycline.

Statistical analysis

To evaluate the data, Graph Prism version 9.4.1
(681) was employed. To determine significant
differences, Tukey's multiple comparisons post-
doc test was used together with two-way
analysis of variance (ANOVA). Mean # standard
deviation (SD) was used to indicate the means of
the inhibition zone variations. The differences
were considered significant, for the p-values
were <0.05 or <0.0001.

Results and Discussion
Characterization of CMNC-rG1 and CMNCO-rGO2

In this fabrication, lamb meat was treated with
hydrogen peroxide, then flame-charred and
purified using solvents and acid wash.
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Figure 1. Chemical Structure of Synthesized Nano-Graphite (rG1)
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Figure 2. Exploring the Chemical Make-Up of nano-graphene oxide (rG0O2)

The final product, CMNC-rG1, was obtained as a
carbon-based nanocomposite.

Figure 1 displays a diagram
illustrating of the CMNC-rG1 nanocomposite.
Nanoscale graphene oxide (rGO2) was
synthesized from nanoscale graphite (rG1) using
a modified Hummers method that includes
oxidation, hydrolysis, and purification steps.

Figure 2 depicts a schematic diagram of the
CMNCO-rGO2 nanocomposite using the chemical

schematic

oxidation method.

Fourier transformation
(FTIR)

infrared spectroscopic

FTIR analysis was utilized to discover functional
groups of CMNC-rG1 CMNCO-rGO2
nanocomposite derived from lamb through
chemical and thermal treatment. Figure 3 shows
a broad and distinct band in the 3514-3458 cm*
corresponding to the overlapping
vibrations of hydroxyl (-OH) functional groups
from alcohols and carboxylic acids. Additionally,
a peak at 3068 cm-* was observed. The spectrum
also displayed an absorption band at 2929 cm-,
associated with aromatic C-H stretching, while a
characteristic C=C stretching band appeared in
the 1641-1541 cm™ region, confirming the
presence of conjugated carbon frameworks.

and

range,
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Figure 3. FT-IR Spectrum of nano-graphite (rG1)

Figure 4. FT-IR spectrum of nano-graphene oxide (rG02)

For nano-graphene oxide (rGO2), the FT-IR
spectrum (Figure 4) exhibited a broad band at
3390 cm?, attributed hydroxyl (-OH)
stretching vibrations. Carbonyl (C=0) groups
appeared at 1267 cm-' and 1625 cm-', while
aromatic C-H stretching was identified at 3051
cm. The characteristic double bond (C=C)
stretching bands were present at 1596 cm* and
1454 cm, confirming the successful oxidation

and functionalization of the material.

to

X-ray diffraction (XRD) analysis

The XRD spectrum values (d, D, and n )for
Nano-Graphite (rG1) and Nano-Graphene Oxide
(rGO2) were calculated by using Bragg's Law

1895

[19], Scherrer equation [20] and Insta NANO,
n.d.).

Figure 5 exhibited a distinct diffraction peak at
20 = 19.1712°, corresponding to an interlayer
spacing (d) of 0.462 nm. The grain size (D) was
calculated to be 17.43 nm. The estimated
quantity of graphene layers (n) was 121.30,
signifying a multi-layered configuration. These
structural values are consistent with the typical
properties reported for layered nanomaterials,
indicating the successful formation of a well-
ordered layered structure in compound rG1.

For Nano-Graphene Oxide (rGO2), the XRD
pattern showed (Figure 6) a peak at 260

55.1554°, with an interlayer spacing (d) of
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Figure 5. XRD Pattern of Nano-Graphite (rG1)
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Figure 6. XRD pattern of nano-graphene oxide (rGO2)

2.58499 nm, grain size (D) of 94.46 nm, and a
reduced layer count (n = 60.59). The shift in
diffraction peaks the
transformation from graphite to graphene oxide.

Field Emission Scanning Electron Microscopic
(FESEM) Analysis FESEM images of Nano-
Graphite (rGl) revealed a high degree of
smoldering (Figure 7A), accompanied by visible
cracks (Figure 7B) and minimal exfoliation
(Figure 7C). The also indicated
coalescence of graphene layers (Figure 7D),
contributing to the material’s stability. However,
localized decomposition led to the loss of certain
volatile components, affecting surface roughness.
(rGO2)
displayed less thickening and an increased

confirmed structural

images

In contrast, nano-graphene oxide

exfoliation rate, estimated at 69%, compared to
R1 (Figure 8A and B). The presence of clusters
and edge folding suggested the oxidation-
induced structural modifications (Figure 8C and
D). The formation of graphene sheets with larger
surface areas was evident, as observed in
previous oxidation studies.

Atomic force microscopy (AFM) analysis

AFM images of nano-graphite (rG1) (Figure 9A-
D) demonstrate sharp protrusions, indicating the
presence of well-organized graphene layers. The
semi-uniform,
suggesting moderate exfoliation and structural
integrity.

surface distribution was

1896
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Figure 8. FESEM Images of nano-graphene oxide (rG0O2).
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Figure 10. AFM Images of nano-graphene oxide (rG02).
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For nano-graphene oxide (rGO2) (Figure 10 A-
D), AFM revealed an increase in peeling, forming
larger graphene sheets. This suggests a reduction
in particle size and layer count due to oxidation.
The changes the
effectiveness of the Modified Hummers Method
in transforming rG1 into rGO2.

observed confirmed

Thermal analysis (TG/DSC)

Thermal gravimetric analysis (TGA) of Nano-
Graphite (rG1) (Figure 11) showed that 90.13%
decomposed at 1000 °C,
confirming its thermal stability. The degradation
occurred in two main stages: 0-400 °C-minor
weight loss due to moisture evaporation and
volatile organic decomposition and 400-700 °C-
semi-solid  phase transformation,
carbonization was predominant at 0.322 m.
Differential scanning calorimetry (DSC) analysis
revealed a heat-emitting reaction at 72.08 °C

of the material

where

associated with the removal of water molecules.
The second heat release, recorded at 12.12 °C,
correlated with thermal transformation events,
the presence of
fragments, and this was also reflected in the

indicating non-oxidized
value 41.58 °C, while the endothermic reaction
indicated poor stability and sensitivity of the
material to heat [21].

Antibacterial evaluation of nano-graphite (rG1)
and nano-graphene oxide (rGO2)

The antibacterial activity of nano-graphite (rG1)
and nano-graphene oxide (rGO2) was absent
against E. coli, while it was assessed by R2
against Staphylococcus aureus at concentrations
of 50, 100, and 150 pu/mL. The inhibition zone
measurements that rGO2
demonstrated significant antibacterial effects,
whereas R1 did not exhibit any inhibition (Table
1 and Figure 12).

indicated
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Figure 11. TG/DSC Analysis of Nano-Graphite (rG1). Enhanced Biological Activity Section with References.

Table 1. Antibacterial Activity for Nano-Graphene Oxide (R2). Against S. aureus (Inhibition Zone in mm)

Compound 50 pg/mL
rG1 -*
rGO2 10+0.5 mm
Tetracycline -
Neomycin 17.4 +1.15 mm

*absence of antibacterial activity.

100 pg/mL 150 pg/mL
15.3 + 1.04mm 17.4+1.2 mm
24.7+1.2 mm 27.9 #1.5 mm
28+1.05 mm 30.2 £0.6 mm
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Staphylococcus aureus.

There were significant differences (p < 0.0001)
when comparing the mean values of inhibition by
antibiotics used in this study (tetracycline and
neomycin) and R2. For instance, at 50 p/mL, the
inhibition zone for R2 was (10+0.5) mm,
increasing to 15.3 + 1.04 mm at 100 p/mL and
reaching (17.4%#1.2) mm at 150 p/mL. In
contrast, tetracycline (a used
antibiotic) showed large inhibition zones of
24.7+1.2 mm at 100 p/mL and 27.9 #1.5 mm at
150 p/mL, while neomycin exhibited the highest
inhibition of 30.2 +0.6 mm at 150 yu/mL. These
results suggest that R2 possesses moderate
antibacterial properties, although it remains less
potent than conventional The
antibacterial properties of graphene-based
nanomaterials have been reported in several
studies, primarily due to their oxidative stress
generation, membrane disruption, and bacterial
entrapment. Researchers Akhavan and Ghaderi
(2010) discovered that the antibacterial activity
of graphene oxide was size-dependent. They
showed that the better the inhibition of bacteria,
the more surface interactions occurred with
smaller sheet sizes [22].

Similar to how R2 inhibited S. aureus growth in

commonly

antibiotics.

their study, R2 was more harmful in this
investigation. Nano-graphene oxide's (rG02)
antimicrobial properties stem from the following

1900

pathways: Generation of Reactive Oxygen Species
(ROS) and Oxidative Stress. Nano-graphene oxide
(rGO2) possesses oxygen-rich functional groups
that can generate reactive oxygen species (ROS),
which proteins
membranes [23].

Lipid peroxidation, caused by reactive oxygen
species (ROS), breaks down the bacterial cell wall
and allows cytoplasmic leakage. Breakdown of
bacterial membranes via physical means. When
rGO2 nanosheets pierce bacterial membranes,
they cause structural damage and intracellular
content leakage due to their sharp edges [24].

Past research using field-effect scanning
electron microscopy (FESEM) has confirmed this
effect by showing membrane shrinkage and
cytoplasmic leakage in bacterial colonies treated
with graphene-based materials. Absorption of
bacteria onto surfaces of graphene oxide-based
nanomaterials can inhibit nutrient intake and
starve the germs to death [25]. However, in this
study, Nano-graphene oxide (rGO2) did not show
antibacterial activity against E. coli. As recorded,
gram-negative bacteria such as E. coli are more
resistant to physical damage sharp
nanoscale surfaces due to their protective outer

can harm Dbacterial and

from

membrane, while Gram-positive bacteria such as
S. aureus, which lack this membrane, are more
susceptible to membrane disruption [22].
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Conclusion

The physical measurements confirmed the
validity of the structures of the prepared
nanocomposites. The preparation method was of
moderate complexity and resulted in a high yield
of nano-products. Possible applications of rGO2
in healthcare and manufacturing sectors include
biomedical and environmental uses, such as
wound dressings and medical device coatings,
due to its moderate antibacterial activity.
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