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Abstract. 
This paper describes the isolation of carbon nanoparticles (CNPs) from kitchen soot, characterization of the CNPs by UV/visible spectroscopy, SEM and XRD, and their antimicrobial action. The antibacterial activity of the isolated carbon nanoparticles was tested against various pathogenic bacterial strains such as Gram-negative Proteus refrigere and Pseudomonas aeruginosa and Gram-positive Staphylococcus aureus and Streptococcus haemolyticus. The inhibition zones were measured, and it was found that the carbon nanoparticles isolated from natural sources are active against these Gram-negative and Gram-positive bacterial strains.
 

1. Introduction
Carbon is one of the most abundant elements in nature. Carbonbased nanomaterials have attracted great interest in recent decades. A broad range of carbon nanostructures have been prepared, such as carbon nanotubes, fullerenes, nanofibers, nanodiamond, carbon nanoonions, and other carbonaceous nanomaterials. Carbon nanoparticles have excellent applications because of their unique chemical and physical properties. CNPs can result in a reduction in material weight and in the obtaining of materials with higher impact strength, high surface area per unit volume, electrical conductivity, optical properties, thermal stability, flame resistance, and dimensional stability [1, 2].
Potential newly found application of carbon nanoparticles occurs in nanoscience nanotechnology in such diverse areas as protective coatings, antimicrobial agents, electronic and optical devices, microsensors, and pollution prevention materials. In biological science carbon based nanomaterials have been utilised as excellent platforms for facilitating biochemical reactions and processes, such as sensitive recognition of antibodies, sequencing of nucleic acids, bioseparation, and biocatalysis [3, 4].
Due to the emergence of infectious diseases caused by different pathogenic microbes the pharmaceutical companies and the researchers are searching for new antimicrobial agents. Some of antimicrobial agents are extremely irritant and toxic to humans. Thus, the formulation of new effective, resistance-free, low-cost, and natural origin antimicrobial agents is of great interest [4–9]. An antibacterial drug in medication is used to treat bacterial infections. In the present scenario nanoscale materials such as CNPs have emerged up as novel antimicrobial agents owing to their high surface area to volume ratio and its unique chemical and physical properties [10, 11]. The integration of nanotechnology and microbiology leads to possible advance in the formulation of new types of antibacterial agents.
 Carbon based nano materials have high antimicrobial activity. It has been established that single-walled CNTs exhibit a strong antimicrobial activity and can pierce bacterial cell walls [12–16]. As the size of carbon particles decreases down to nanoscale range their antimicrobial activity increases because of their larger surface area per unit volume and high proportion of atoms in the surface and near surface layers. In this work, we adopted a simple low-cost method for the isolation of carbon nanoparticles which exhibit strong antibacterial activity. On the basis of this enhanced effectiveness, carbonaceous nanomaterials were aptly employed to fight to human pathogens. The paper covers the isolation of carbon nanoparticles from natural sources and the analysis of the antimicrobial activity of these nanoparticles against selected bacterial strains.
2. Materials and Methods
2.1. Isolation of Carbon Nanoparticles from Natural Sources
2.1.1. Method of Collection
 Carbon nanoparticles were isolated from kitchen soot. It is one of the inexpensive, versatile, and reproducible methods for the isolation of carbon nanoparticles. Soot is a general term that refers to impure carbon particles resulting from the incomplete combustion of a hydrocarbon. Natural woods such as branches of trees, and coconut husk are used for burning purpose. Glass plates of uniform sizes were hung above the hearth in a chimney so that smoke from this hearth will stick on the glass plate. The glass plates were labelled as day 1, day 2, and so forth, and the corresponding glass plates were removed from the smoke hood after one day, two days and so forth up to seven days. The particles sticking on the glass plates were scratched off and collected. The soot after six-month duration was also collected and it was labeled as sample “infinity”. The collected carbon particles were stored for further use by wrapping in aluminium foil without exposure to sunlight.
2.1.2. Purification
The crude kitchen soot was dissolved in acetone-water (3 : 1) mixture. The undissolved residue was discarded after centrifugation. The clear solution was collected and the solvent was evaporated off on a vacuum rotary evaporator, and the fluorescing CNP in the powder form was collected.  The solubility of the nanoparticles was tested and was found to be soluble in acetone, methanol, chloroform, water, DMF, and DMSO. 
2.2. Characterisation of Carbon Nanoparticle
The characterization techniques included UV/visible spectroscopy, Scanning Electron Microscopy (SEM), and X-ray Diffraction (XRD) [17, 18].

2.3. Preparation of Culture Media for Incubation of Microorganisms
1.3 g nutrient broth powder was dissolved in 100 mL water by gently boiling in a 250 mL conical flask stoppered by cotton plug. The broth was sterilized by autoclaving at 15 lbs pressure at 121°C for 15 minutes. It was cooled in a laminar hood, which was disinfected by cleaning thoroughly with absolute alcohol followed by UV irradiation for 20 minutes. A disinfected wire loop size stock microorganisms was transferred into the cold medium under laminar flow. 7.6 g Miller Hinton Agar (M. H. Agar) and 1.2 g Agar Agar were dissolved in 200 mL water in a capped bottle. The agar solution was sterilized by autoclaving at 15 lbs pressure at 121°C for 15 minutes. Then it was cooled to 40–45°C in a laminar hood, which was disinfected by cleaning thoroughly with absolute alcohol followed by UV irradiation for 20 minutes. The medium was then poured into Petri dishes with almost equal agar thickness (2.5 mm).  The dishes were cooled for sufficient time to solidify the agar medium. Miller Hinton Agar plates were launed with bacteria using sterile cotton swabs dipped in the nutrient broth culture of bacterial strains. The disc dipped in a solution of carbon nanoparticles was applied in the launed plate. The covered dishes were kept in an incubator oven at 37°C for 24 hr to test. The entire handling was done inside the laminar hood in front of a flame of a spirit lamp. After the test inhibition zone diameter was measured from the clear zone of agar dish. Sterile disc impregnated with solvent as water alone was also used as control [8, 9, 19].
3. Results and Discussion
The carbon nanoparticles obtained were characterized by UV/visible spectroscopy, X-Ray diffraction, and scanning electron microscopy. Carbon nanoparticles were dissolved in acetone-water (3 : 1) mixture and subjected to UV/visible analysis. The spectrum showed peaks at 345 nm and 412 nm are due to various π-π* transitions. UV/visible absorption spectrum of carbon nanoparticles (sample infinity) is shown in Figure 1. 


	
	
	


	
	
	


	
	
	


	
	
	


	
	
	
	


	
	
	


	
	
	


	
	
	


	
	
	


	
	
	


	
	
	



























	
	


	
	
	


	
	
	


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


	
	
	
	
	
	
	
	
	
	
	
	
	
	













Figure 1: UV/visible spectrum of carbon nanoparticles.


Scanning electron microscopy was used for surface analysis of the carbon nanoparticles in order to investigate the morphology of the particles that the nanoparticles are irregular in shape, and the nanoparticles occurred in an aggregate structure. The samples were coated with a thin film of platinum to make their surface conducting. The SEM image of the carbon nanoparticle (sample infinity) is shown in Figure 2.


	
		
	













Figure 2: SEM image of carbon nanoparticle.


X-ray crystallography was used as a method of determining the arrangement of atoms within a crystal and also the size of the carbon nanoparticle. The size was found to be 20 nm–40 nm range. The particle size was calculated using Debye-Scherrer formula
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Figure 3: XRD pattern of carbon nanoparticles.


3.1. Antibacterial Activity of Carbon Nanoparticles
The antibacterial activity of isolated carbon nanoparticle was tested by disc diffusion method.
3.2. Bacterial Strains
For in vitro screening, bacteria, such as Proteus refrigere, Pseudomonas aeruginosa, Staphylococcus aureus, and Streptococcus haemolyticus, were selected. The strains were collected and were subcultured and stocked on the semisolid nutrient Agar slants and kept at 4°C. The micrograms were transferred to the Nutrient Broth prior to inoculation. The antibacterial activity of carbon nanoparticles isolated from carbon soot was investigated against various pathogenic bacteria of Gram-negative strains using disc diffusion method. Two samples that is, the solution of CNP isolated from acetone as sample I and the solution of CNP from acetone-water (3 : 1) mixture as sample II were used for the studies. Using sterile micropipette, 200 μlts of the sample solutions was poured into the discs. After incubation times the different levels of zone (200 μL) were measured.
The diameter of inhibition zone for Proteus refrigere was 29 mm in sample I and 28 mm in sample II. The inhibition zone for Pseudomonas aeruginosa was found to be 22 mm and 20 mm in sample I and sample II respectively. The inhibition zone for Staphylococcus aureus was found to be 20 mm and 19 mm and that for Streptococcus haemolyticus was found to be 20 and 21 in sample I and sample II respectively (Figures 4 and 5). The nanoparticles might cross the cell membranes, penetrating into the interior of the cell and interacting with intracellular sites, by preventing bacteria from dividing and multiplying. It induces cell lysis and kills the bacteria. The inhibition zone measured in millimeter clearly demonstrated the potential activity of carbon nanoparticles against Gram-negative bacterial strains such as Proteus refrigere and Pseudomonas aeruginosa and Gram-positive Staphylococcus aureus and Streptococcus haemolyticus. The results are summarized in Table 1. 
Table 1: Antibacterial activity of carbon nanoparticles.
	

	Sl. number	Bacterial strain tested	Diameter of zone of 
	inhibition (in mm)
	Sample I	Sample II
	

	1	Proteus refrigere 	29	28
	2	Pseudomonas aeruginosa 	22	20
	3	Staphylococcus aureus 	20	19
	4	Streptococcus haemolyticus  	20	21
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(b)
Figure 4: Antibacterial effects of carbon nanoparticles against (a) Proteus refrigere and (b)  Pseudomonas aeruginosa. 
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(b)
Figure 5: Antibacterial effects of carbon nanoparticles against (a) Staphylococcus aureus and   (b) Streptococcus haemolyticus. 


4. Conclusion
Carbon nanoparticles were isolated from natural sources such as kitchen soot and characterized by UV/visible spectroscopy, SEM, and XRD. The isolated CNPs were tested against various pathogenic bacteria. The antibacterial properties of carbon nanoparticles collected from natural sources were studied and found to be effective against bacterial strains such as Proteus refrigere, Pseudomonas aeruginosa, Staphylococcus aureus, and Streptococcus haemolyticus. The kitchen soot has been employed as an antimicrobial agent since ancient times, as the “old woman’s remedy.” This is nature friendly, inexpensive and can be scaled up to any quantity. The work presented in this paper can be extended further to develop a series of antimicrobial agents of natural origin and this work explores the immense possibilities in utilizing our natural resources as biomedical and therapeutic agents if these are formulated into nanosized and nanostructured materials.
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