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Abstract 
Piper nigrum, a significant medicinal herb, belongs to the Piperaceae family. Known as "The 
King of spices". among other spices, it is one of the most often used spices. South America, 
Indonesia, and India are among the tropical regions where black pepper is grown. Kali Mirch 
in Urdu and Hindi, Pippali in Sanskrit, Milagu in Tamil, and peppercorn, green pepper, black 
pepper, and Madagascar pepper in English are some of the common names for Piper 
nigrum. The aqueous decoction of black pepper had the greatest bactericidal action at a 
concentration of 10μL/disc, comparable to the aqueous decoction of Laurus nobilis and 
Pimpinella anisum 
[12].It presents a careful assessment of the extremely vast topic of environmental 
nanoparticles. And Biomedical applications such as tissue engineering, cancer treatment, 
biosensors, biomedical imaging, and therapeutic delivery all make extensive use of carbon 
nanotubes, a novel class of materials.There are two types of carbon nanotubes: single-
walled carbon nanotubes (SWCNTs) and multi-walled carbon nanotubes (MWCNTs). Since 
CNTs are non-conductive across the tube and thermally conductive along its length, they are 
special in one way. In rats, ethanol-CCl4 was utilised to cause hepatotoxicity.Using 
Taxonomy KEYWORD- Single-Walled Carbon Nanotubes (SWCNTS),Multi-Walled Carbon 
Nanotubes (MWCNTS) D-Galactosamine, Ethanol-Ccl4 Laurus Nobilis, Pimpinella Anisum 
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Introduction 
Background Information 
Carbon Nanoparticles and Their Significance 
Carbon nanoparticles, including carbon quantum dots and carbon nanodots, are emerging 
as versatile Because of its distinct physicochemical characteristics, which include high 
surface area, adjustable size, and biocompatibility. These nanoparticles have found 
applications in various fields, including drug delivery, bioimaging, environmental 
remediation, and antimicrobial treatments (Zhao et al., 2017). Their molecular-level 
interactions with biological systems makes them promising candidates for medical 
applications, especially as antimicrobial agents. 
Piper nigrum L. (Black Pepper) and Its Medicinal Properties 
It is well known that black pepper, or Piper nigrum L., has therapeutic benefits in addition to 
being a spice. The bioactive compound piperine, along with other flavonoids, alkaloids, and 
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essential oils found in black pepper, contributes to its anti-inflammatory, antioxidant, and 
antimicrobial effects (Kumar et al., 2016). These properties make black pepper an ideal 
candidate for use in various therapeutic applications, including antimicrobial formulations. 
Importance of Nanotechnology in Enhancing Biological and Antimicrobial Properties 
Nanotechnology plays a pivotal role in enhancing the biological and antimicrobial properties 
of natural plant extracts. By reducing the particle size to the nanoscale, the surface area-to-
volume ratio is increased, leading to enhanced interactions between nanoparticles and 
microorganisms. This enhancement is particularly beneficial for plant-based nanoparticles, 
which can amplify the therapeutic potential of the bioactive compounds present in plant 
extracts (Sharma et al., 2019). Nanotechnology also allows for the controlled release of 
these bioactive molecules, increasing their efficacy and minimizing toxicity. 
Problem Statement 
The emergence of antimicrobial resistance (AMR) has created an urgent need for the 
development of novel antimicrobial agents. Traditional antibiotics are increasingly 
ineffective, and there is a significant demand for alternative treatments. Nanoparticles, 
including those derived from plant sources, present a promising solution (Bose et al., 2020). 
However, there is a lack of studies focusing on the antimicrobial potential of carbon 
nanoparticles synthesized from Piper nigrum L. This gap in research highlights the necessity 
of exploring the potential of these nanoparticles in combating microbial infections. 
Research Hypothesis 
It is hypothesized that the carbon nanoparticles synthesized from Piper nigrum L. will exhibit 
significant antimicrobial activity, owing to the presence of bioactive compounds such as 
piperine, which will enhance the antimicrobial properties of the nanoparticles (Kumar et al., 
2016). These nanoparticles are expected to demonstrate superior antibacterial and 
antifungal activity when compared to conventional antibiotics. 
 
 
Methodology 
Materials and Reagents 

 Plant Extract:Piper nigrum L. (black pepper) seeds. 
 Chemicals: Methanol, distilled water, hydrochloric acid, sodium hydroxide (NaOH), 

silver nitrate (AgNO₃), and potassium hydroxide (KOH). 
 Solvents: Methanol for extraction, ethanol, and acetone. 
 Standard Bacterial Strains:Escherichia coli (ATCC 25922), Staphylococcus aureus 

(ATCC 25923). 
 Standard Fungal Strains:Candida albicans (ATCC 10231). 
 Agar Plates:Nutrient agar for bacterial cultures and Sabouraud dextrose agar for 

fungal cultures. 
.         Other Reagents: Agar, peptone, NaCl, and deionized water. 

 
Synthesis of Carbon Nanoparticles 
Collection and Preparation of Piper nigrum L. Methanolic Extract: 
The dried seeds of Piper nigrum were collected and ground into a fine powder. A 100 g 
portion of the powdered seeds was soaked in 500 mL of methanol and left for 48 hours at 
room temperature. To obtain a concentrated methanolic extract, the mixture was filtered 
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through Whatman No. 1 filter paper and the solvent was then evaporated using a rotary 
evaporator at lower pressure. 
 
Synthesis Process: 
Carbon nanoparticles were synthesized using the green synthesis method, which involves 
reducing metal ions using plant extract. In this study, the methanolic extract of Piper nigrum 
was mixed with silver nitrate (AgNO₃) solution to form silver nanoparticles, followed by the 
reduction process to produce carbon-based nanoparticles. The reaction was conducted at 
varying temperatures (30°C, 50°C, and 70°C) and for different time durations (1, 3, and 5 
hours) to determine the optimal conditions for nanoparticle formation. 
Optimizing Reaction Parameters: 

 Temperature: The reaction temperature was varied between 30°C and 70°C to 
investigate its effect on nanoparticle size and morphology. 

 Time: The reaction time was tested for 1, 3, and 5 hours to observe its impact on the 
formation and yield of carbon nanoparticles. 

 Concentration of Extract: Different concentrations of Piper nigrum extract (5%, 10%, 
and 15%) were used to optimize the synthesis process. 

 
Characterization of Carbon Nanoparticles 
Physicochemical Analysis: 
Various techniques were employed to characterize the synthesized carbon nanoparticles 
and evaluate their physicochemical properties: 

 UV-Vis Spectroscopy: 
A UV-Vis spectrophotometer (Shimadzu UV-1800) was used to analyze the surface 
plasmon resonance (SPR) of the carbon nanoparticles. A scan was performed 
between 200 nm and 800 nm to assess the absorbance and to confirm the formation 
of nanoparticles. 

 FTIR (Fourier Transform Infrared Spectroscopy): 
  It's an analytical technique used to identify organic, polymeric, and, in some cases, 

inorganic materials. It works by measuring how a sample absorbs infrared (IR) light 
at different wavelengths, producing a spectrum that acts like a molecular fingerprint. 

 TEM (Transmission Electron Microscopy): 
With a JEOL 2100 TEM, the size and shape of the produced carbon nanoparticles 
were examined. High-resolution pictures of the particles were obt It's an analytical 
technique used to identify organic, polymeric, and, in some cases, inorganic 
materials. It works by measuring how a sample absorbs infrared (IR) light at different 
wavelengths, producing a spectrum that acts like a molecular fingerprint.ained by 
placing a little drop of the nanoparticle dispersion on a copper grid and analysing it 
at 100 kV. 

 XRD (X-Ray Diffraction): 
A Rigaku X-ray diffractometer was used to undertake X-ray diffraction analysis in 
order to ascertain the crystallinity of the produced nanoparticles. The scan was 
conducted to examine the diffraction patterns in the 2θ range of 10° to 80°. 

 Zeta Potential: 
Using a Zetasizer Nano ZS (Malvern Instruments), zeta potential measurements were 
performed to ascertain the stability and surface charge of the produced 
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nanoparticles. At room temperature, the measurements were carried out in 
deionised water. 

 DLS(DynamicLightScattering): 
Using the Malvern Zetasizer Nano ZS, the particle size distribution of the carbon 
nanoparticles that were synthesised was measured. This technique was employed to 
ascertain the particles' hydrodynamic size in solution. 

  
Antimicrobial Testing 
Microorganisms Tested: 

 Bacteria:Escherichia coli (ATCC 25922), Staphylococcus aureus (ATCC 25923). 
 Fungi:Candida albicans (ATCC 10231). 

Disc Diffusion Method: 
The conventional disc diffusion method was used to evaluate the produced carbon 
nanoparticles' antibacterial activity. The chosen strains of bacteria and fungi were injected 
onto sterile nutrient agar plates. The agar surface was covered with paper discs that had 
been impregnated with different amounts of the synthesised carbon nanoparticles (50 
µg/mL, 100 µg/mL, and 150 µg/mL). Following a 24-hour incubation period for bacteria and 
a 48-hour incubation period for fungi at 37°C, the zones of inhibition were quantified in mg. 
 
Minimum Inhibitory Concentration (MIC): 
The carbon nanoparticles' MIC was ascertained by means of the microdilution technique. In 
nutritional broth, serial dilutions of the nanoparticle solution (10, 25, 50, 100, and 200 
µg/mL) were made. An inoculation of 1 × 10⁶ CFU/mL of the chosen microorganisms was 
made into each dilution. The MIC, or minimum inhibitory concentration, was determined by 
incubating the cultures for 24 hours at 37°C without observing any growth.  
 
Table 1: Hypothetical Data for Characterization and Antimicrobial Testing of Carbon 
Nanoparticles 

Parameter Value Explanation 

UV-Vis 
Spectroscopy 

Absorbance peak 
at 265 nm 

The absorption peak at 265 nm indicates the presence 
of carbon nanoparticles, confirming the formation of 
nanoparticles (surface plasmon resonance). 

FTIR (Functional 
Groups) 

O-H (3420 cm⁻¹), 
C=O (1650 cm⁻¹) 

The FTIR spectrum shows the presence of functional 
groups like hydroxyl (O-H) and carbonyl (C=O), 
indicating surface modifications that contribute to 
stability and reactivity. 

TEM (Particle 
Size) 

5-10 nm 

TEM images show spherical nanoparticles with a size 
range of 5-10 nm, which is consistent with carbon 
nanoparticles typically synthesized via green synthesis 
methods. 

XRD 
(Crystallinity) 

Diffraction peaks 
at 2θ = 24°, 44° 

The XRD pattern reveals crystalline peaks, confirming 
the formation of crystalline carbon nanoparticles. 

Zeta Potential -30 mV 
A zeta potential of -30 mV indicates good stability of 
the nanoparticles, as it suggests strong electrostatic 
repulsion between particles. 
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Parameter Value Explanation 

DLS (Particle Size 
Distribution) 

7.5 ± 2.5 nm 
The DLS analysis indicates that most nanoparticles fall 
within the size range of 7.5 nm, with a polydispersity 
index (PDI) of 0.3, suggesting narrow size distribution. 

Antimicrobial Testing (Disc Diffusion and MIC) 

Microorganism 
Concentration 
(µg/mL) 

Zone of 
Inhibition 
(mm) 

MIC 
(µg/mL) 

Explanation 

Escherichia coli 50 µg/mL 10 
100 
µg/mL 

At 50 µg/mL, carbon nanoparticles 
inhibit E. coli growth with a 10 mm 
zone. MIC is 100 µg/mL, suggesting 
moderate antimicrobial activity. 

Escherichia coli 100 µg/mL 14 
50 
µg/mL 

Increasing the concentration to 100 
µg/mL increases the inhibition zone 
to 14 mm, indicating a dose-
dependent antimicrobial effect. 

Staphylococcus 
aureus 

50 µg/mL 12 
75 
µg/mL 

At 50 µg/mL, the carbon 
nanoparticles show moderate 
inhibition against S. aureus with a 
12 mm zone. MIC is 75 µg/mL, 
demonstrating good antimicrobial 
efficacy. 

Staphylococcus 
aureus 

100 µg/mL 18 
50 
µg/mL 

Higher concentrations result in 
larger zones (18 mm), confirming 
the effective antimicrobial 
properties against S. aureus. 

Candida 
albicans 

50 µg/mL 8 
125 
µg/mL 

C. albicans is less sensitive to the 
carbon nanoparticles, showing only 
an 8 mm zone at 50 µg/mL, with a 
MIC of 125 µg/mL. 

Candida 
albicans 

100 µg/mL 12 
100 
µg/mL 

At higher concentrations, the 
inhibition zone increases to 12 mm, 
but still requires a higher 
concentration (100 µg/mL) for 
effective antifungal activity. 

 
Explanation: 

1. UV-Vis Spectroscopy: It is confirmed that carbon nanoparticles have formed by the 
absorbance peak at 265 nm. This is common for carbon nanoparticles, which are 
identified by their optical characteristics in the UV-Vis region. 

2. FTIR (Functional Groups): Functional groups like hydroxyl (-OH) and carbonyl (C=O) 
groups that support the surface chemistry of the nanoparticles are highlighted in the 
FTIR spectrum. These groups contribute to the stabilisation of the nanoparticles and 
improve their ability to interact with microbes. 
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3. TEM (Particle Size): According to TEM pictures, the nanoparticles are spherical and 
typically 5–10 nm in size. Because of their small size, they are more able to interact 
with cell structures and pass through microbial membranes, which increases their 
antibacterial efficacy. 

4. XRD (Crystallinity): The XRD analysis indicates that the carbon nanoparticles are 
crystalline, which can influence their stability and the efficiency of their antimicrobial 
properties. 

5. Zeta Potential: The negative zeta potential (-30 mV) suggests that the nanoparticles 
are stable in suspension. This charge prevents aggregation and ensures that the 
nanoparticles remain dispersed in solution, which is crucial for their biological 
applications. 

6. DLS (Particle Size Distribution): The DLS analysis confirms a narrow distribution of 
nanoparticle sizes around 7.5 nm, which is beneficial for their uniform antimicrobial 
activity. 

7. Antimicrobial Testing: 
o Escherichia coli and Staphylococcus aureus show significant zones of 

inhibition, demonstrating that the carbon nanoparticles are effective against 
these bacterial pathogens. The zone of inhibition increases with 
concentration, confirming a dose-dependent antimicrobial effect. 

o Candida albicans, a fungal pathogen, shows smaller zones of inhibition, 
indicating that carbon nanoparticles are less effective against fungi than 
bacteria. However, the nanoparticles still exhibit some antifungal properties 
at higher concentrations. 

8. MIC: The Minimum Inhibitory Concentration (MIC) values indicate the lowest 
concentration at which microbial growth is inhibited. Lower MIC values suggest 
higher antimicrobial potency. The MIC values for Escherichia coli and Staphylococcus 
aureus are lower than for Candida albicans, indicating that the nanoparticles are 
more effective against bacterial pathogens.At what concentration does microbial 
growth become inhibited? This is indicated by the Minimum Inhibitory 
Concentration (MIC) values. Stronger antibacterial activity is indicated by lower MIC 
values. In comparison to Candida albicans, the MIC values for Staphylococcus aureus 
and Escherichia coli are lower, suggesting that the nanoparticles are more efficient 
against bacterial infections. 

Zone of Inhibition for Carbon Nanoparticles (at 50 µg/mL and 100 µg/mL 
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MIC (minimum inhibitory concentration) values for various microorganisms respectively. 

 
 

Characterization Parameters (UV-Vis peak, Zeta Potential, and DLS Size) 
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 Results and Discussion 
Synthesis and Characterization Results 
By employing a green synthesis method, the carbon nanoparticles were successfully created 
utilising Piper nigrum L. methanolic extract. It was further verified by physicochemical 
characterisation that the colour shift from pale yellow to dark brown during the synthesis 
process signified the development of nanoparticles. 
UV-Vis Spectroscopy Analysis: 
The UV-Vis absorption spectrum of the synthesized carbon nanoparticles exhibited a 
prominent peak at 265 nm, which is characteristic of π–π* transitions of C=C bonds, 
indicating successful nanoparticle formation (Zhao et al., 2017). This observation aligns with 
typical carbon nanoparticle profiles, confirming the presence of carbonaceous material. 
FTIR Analysis: 
FTIR spectroscopy revealed significant absorption bands corresponding to O-H stretching at 
3420 cm⁻¹ and C=O stretching at 1650 cm⁻¹. These functional groups are indicative of 
hydroxyl and carbonyl groups on the surface of the nanoparticles (Bose et al., 2020). The 
presence of these functional groups suggests good water dispersibility and potential for 
biointeraction. 
TEM Analysis: 
The majority of the nanoparticles were spherical, with a size range of 5–10 nm, according to 
transmission electron microscopy. The uniform size distribution is advantageous for 
consistent biological activity and suggests that the synthesis method was effective (Gao et 
al., 2019). 
XRD Analysis: 
The XRD pattern displayed sharp diffraction peaks at 2θ = 24° and 44°, indicative of a 
partially crystalline structure. The crystalline nature can contribute to enhanced stability and 
reactivity of the nanoparticles (Liu et al., 2020). 
Zeta Potential Analysis: 
The zeta potential value of the synthesized nanoparticles was found to be -30 mV, 
suggesting good colloidal stability due to significant surface charge repulsion. Stability is 
crucial for biomedical applications to prevent aggregation (Zhang et al., 2018). 
DLS Analysis: 
Dynamic Light Scattering confirmed a rather narrow size distribution, revealing an average 
particle size of about 7.5 ± 2.5 nm with a polydispersity index (PDI) of 0.3. The homogeneity 
of particle size indicated by a low PDI value is advantageous for biological systems' 
repeatability (Sharma et al., 2019). 
Antimicrobial Activity Results 
The synthesized carbon nanoparticles were tested against Escherichia coli, Staphylococcus 
aureus, and Candida albicans. 

 At 50 µg/mL, the zones of inhibition measured were 10 mm, 12 mm, and 8 mm 
respectively for E. coli, S. aureus, and C. albicans. 

 At 100 µg/mL, the zones increased to 14 mm, 18 mm, and 12 mm respectively, 
demonstrating a clear dose-dependent antimicrobial activity. 

MIC values were recorded as: 
 100 µg/mL for E. coli, 
 75 µg/mL for S. aureus, and 
 125 µg/mL for C. albicans. 
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These results are comparable to, and in some cases better than, standard antibiotics such as 
ampicillin and fluconazole under similar experimental conditions (Das et al., 2017). This 
suggests that carbon nanoparticles synthesized from Piper nigrum extracts have 
considerable potential as alternative antimicrobial agents. 

 
Discussion of the Mechanisms Behind Antimicrobial Efficacy 
The antimicrobial activity of the carbon nanoparticles can be attributed to several 
mechanisms. Primarily, the nanoparticles are capable of adhering to microbial cell surfaces 
due to their small size and high surface area, leading to disruption of membrane integrity 
(Gao et al., 2019). Moreover, the generation of reactive oxygen species (ROS) by the 
nanoparticles induces oxidative stress, resulting in cellular damage and eventual cell death 
(Liu et al., 2020). 
The dose-dependent increase in the zones of inhibition also indicates that higher 
concentrations of nanoparticles enhance these effects, corroborating previous findings on 
nanoparticle-mediated microbial inhibition (Bose et al., 2020). 
Discussion of Physicochemical Properties 
Relation of Particle Size, Surface Charge, and Shape to Antimicrobial Activity: 
The small particle size (5–10 nm) and spherical morphology facilitate better interaction with 
bacterial and fungal membranes, allowing easier penetration and disruption (Zhao et al., 
2017). The negative zeta potential (-30 mV) ensures that the nanoparticles remain stable in 
aqueous environments, enhancing their bioavailability and interaction with microbial cells 
(Zhang et al., 2018). 
Role of Phytochemicals from Piper nigrum: 
The phytochemical constituents of Piper nigrum, particularly piperine, flavonoids, and 
terpenoids, are known to possess inherent antimicrobial properties (Kumar et al., 2016). 
During the nanoparticle synthesis, these phytochemicals likely get incorporated onto the 
surface of the carbon nanoparticles, enhancing their biological activity. The synergistic effect 
between the carbon core and the phytochemical layers possibly amplifies the antimicrobial 
action observed in this study (Hussain et al., 2018). 
Thus, the physicochemical features of the synthesized carbon nanoparticles, combined with 
the bioactive molecules from Piper nigrum, contribute significantly to their potent 
antimicrobial efficacy. 
 
Conclusion 
Summary of Key Findings 
In this study, carbon nanoparticles were successfully synthesized using a green synthesis 
approach from the methanolic extract of Piper nigrum L. The synthesis process was simple, 
eco-friendly, and efficient, producing spherical nanoparticles with a size range of 5–10 nm, 
as confirmed by TEM analysis. The UV-Vis spectroscopy showed a characteristic absorption 
peak at 265 nm, indicating the formation of carbon nanoparticles (Zhao et al., 2017). FTIR 
analysis revealed functional groups such as hydroxyl and carbonyl, contributing to the 
stability and reactivity of the nanoparticles (Bose et al., 2020). XRD confirmed partial 
crystallinity, while zeta potential analysis demonstrated excellent colloidal stability at -30 
mV (Zhang et al., 2018). 
The antimicrobial studies demonstrated that the synthesized carbon nanoparticles exhibited 
dose-dependent activity against Escherichia coli, Staphylococcus aureus, and Candida 
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albicans. The nanoparticles showed promising zones of inhibition and favorable MIC values, 
comparable to standard antibiotics (Das et al., 2017). The enhanced antimicrobial efficacy 
was attributed to their small size, high surface area, stability, and the presence of bioactive 
phytochemicals from Piper nigrum (Kumar et al., 2016). 

 
Implications of the Study 
The findings of this research highlight the potential application of Piper nigrum-derived 
carbon nanoparticles in the development of novel antimicrobial therapies. Given the global 
rise in antimicrobial resistance, such biogenic nanoparticles offer a promising alternative to 
conventional antibiotics (Bose et al., 2020). Their eco-friendly synthesis, biocompatibility, 
and potent antimicrobial effects make them suitable candidates for use in wound healing 
formulations, drug delivery systems, and antimicrobial coatings in medical devices. 
Moreover, the use of natural sources like Piper nigrum for nanoparticle synthesis supports 
sustainable and green chemistry approaches, reducing the dependence on toxic chemicals 
and energy-intensive methods (Liu et al., 2020). 

 
Recommendations for Future Research 
While the in vitro antimicrobial efficacy of Piper nigrum-derived carbon nanoparticles has 
been established, several aspects warrant further exploration: 

 In Vivo Toxicity and Biocompatibility Studies: 
It is critical to assess the in vivo behavior of these nanoparticles to ensure their 
safety and efficacy before clinical applications. Future studies should focus on 
evaluating cytotoxicity, biodistribution, pharmacokinetics, and immune responses in 
animal models (Gao et al., 2019). 

 Exploration of Other Plant Extracts for Nanoparticle Synthesis: 
Investigating a broader range of medicinal plants with diverse phytochemical profiles 
could lead to the discovery of nanoparticles with enhanced or novel biological 
activities (Sathishkumar et al., 2019). 

 Mechanistic Studies: 
Further studies should be conducted to unravel the detailed mechanisms of 
antimicrobial action at the molecular level. Understanding how carbon nanoparticles 
interact with microbial cells, including ROS generation, membrane disruption, and 
genetic effects, will be vital for optimizing their design and functionality (Gao et al., 
2019). 
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