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Abstract: In recent years, advancements in nanotechnology have enabled the development of Tulsi-based nanomedicines, 
enhancing the therapeutic potential of this traditional medicinal plant. This study investigates the significance of Tulsi (Ocimum 
sanctum) leaf nanopowder in both traditional and nanomedicine, focusing on its extensive health benefits. Known for its anti-
inflammatory, antioxidant, and antimicrobial properties, Tulsi has long been valued in traditional medicine. By integrating this 
knowledge with nanotechnology, new opportunities for improving healthcare have emerged. Field Emission Scanning Electron 
Microscopy (FE-SEM) determined the average particle size to be approximately 1-10 µm, while Energy Dispersive Spectroscopy 
(EDS) identified the elemental composition of the powder. The antimicrobial efficacy of the Tulsi powder has been analyzed.  
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I. INTRODUCTION 
Tulsi powder, a form of Ayurvedic medicine, is prepared through the process of calcination, where metallic and mineral substances 
are heated to high temperatures. This method is thought to alter the elemental composition and physical properties of the substances, 
transforming them into a medicinal powder used to treat various ailments [1]. The chemical constituents of medicinal plants play a 
crucial role in determining their therapeutic effects and potential toxicity. Calcination can modify the elemental makeup and 
physical characteristics of these substances, leading to the formation of new compounds and structural changes in the original 
materials [2].  
These alterations can influence the bioavailability, effectiveness, and safety of the final medicinal product. For instance, Ayurvedic 
metals like iron, copper, and zinc are believed to offer anti-inflammatory and immune-boosting benefits. However, if the bhasma 
(calcined preparation) is not processed correctly or contains impurities, it can result in harmful side effects. To ensure the safety and 
therapeutic efficacy of bhasma, careful control of the calcination process is essential, along with rigorous testing for purity, chemical 
composition, and potential toxicity [3]. Modern scientific tools are now used to analyze the chemical composition of these 
preparations. In Ayurvedic medicine, Tulsi powder is traditionally used to address various health conditions, such as respiratory 
issues, digestive disorders, skin problems, and infections. It is also valued as a natural remedy for stress and anxiety, believed to 
have a calming effect on both mind and body. Recent scientific research has validated many of these traditional applications of Tulsi 
powder [4]. 
Tulsi, also known as Holy Basil, can be consumed in various forms, such as tea or dietary supplements, and is believed to offer 
numerous health benefits, including its potential role in natural cancer treatment [5-7]. A literature review on Tulsi’s medicinal use 
highlights its active compounds, therapeutic applications, and extensive health-promoting properties. In 2023, Han Jiang and 
colleagues synthesized cobalt nanoparticles using Tulsi and explored their applications in wastewater treatment and biomedicine. In 
2011, Mondal and colleagues investigated the immunomodulatory effects of Tulsi leaf extract in human subjects, providing valuable 
insights into Tulsi’s potential to regulate the immune system, which is important for immune-related disorders [8].  
In 2014, Cohen authored a comprehensive review on Tulsi's medicinal properties, including its antimicrobial, anti-inflammatory, and 
adaptogenic effects, as well as its ability to manage stress and its therapeutic applications in various health conditions. In 2014, 
Cohen further reviewed Tulsi’s wide-ranging traditional uses and highlighted its stress-reducing, antimicrobial, and adaptogenic 
properties [9]. Given its long-standing use in Ayurvedic medicine for treating numerous diseases, further research is required to 
explore Tulsi’s chemical composition and physical properties with the help of modern scientific techniques. This article explores the 
use of Tulsi powder to utilize contemporary scientific tools to study its antimicrobial activity and further enhance its therapeutic 
potential. 
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II. MATERIALS AND METHODS 
Fresh Tulsi leaves were carefully harvested and thoroughly rinsed, first under cool running water, followed by a wash with sterilized 
distilled water. The leaves were then spread in a single layer, ensuring adequate space between them to avoid overcrowding, as 
illustrated in Figure 1. They were left to air dry for eight days. Once dried, the leaves were ground into powder using a mortar. After 
that, filter out smooth powder and coarse powder with the help of a net. The course powder is put into the mortar and made smaller 
and smaller. These processes are repeated till the amount of tulsi powder is not in smooth and thin powder. Lastly, powders are 
stored in airtight containers for later use. 
For the next phase, 50 grams of each leaf powder sample were measured and placed into separate conical flasks. Each flask was 
then filled with 250 milliliters of methanol, and the contents were thoroughly mixed to facilitate the extraction of active constituents 
into the solvent. Following a cold maceration process, the mixtures were filtered to remove any remaining solids, yielding a clear 
solution. The antimicrobial activity was assessed using two bacterial cultures: Bacillus subtilis and Escherichia coli. 

 
Fig. 1 (a-d). Tulsi powder stepwise preparation process. 

 
III. RESULTS AND DISCUSSION 

Morphology analysis: The FE-SEM micrograph, along with the particle size distribution of Tulsi powder, is depicted in Figure 2 
(a-d). The average particle size measured was 1-10 µm. Despite variations in individual particle sizes, the particles are evenly 
distributed within the Tulsi powder [10]. It is important to emphasize that although the sizes of the particles differ, their distribution 
remains consistent across the powder sample. 

 
Figure 2. (a-c) FE-SEM micrograph of tulsi powder and (d) histogram corresponding to the particle size distribution of Tulsi 

powder. 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 12 Issue VI June 2024- Available at www.ijraset.com 
     

1990 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

The particle size distribution of Tulsi powder ranged from 5 µm to 10 µm, indicating that most particles fall within this size bracket, 
with occasional deviations outside this range. The FE-SEM micrograph provides a visual overview of this distribution, illustrating 
both the particle size variation and their overall dispersion within the powder [11]. An average particle size of 6-8 µm points to the 
presence of microscale particles, which could influence the powder's physicochemical properties and potential applications. The 
analysis of the FE-SEM micrograph and particle size distribution sheds light on the particle size characteristics, enhancing our 
understanding of the powder's physical traits and its possible uses across different fields [12].  
 

IV. ENERGY DISPERSIVE X-RAY SPECTROSCOPY 
The chemical composition of Tulsi powder used in Ayurvedic medicine is critical to ensure it does not contain harmful elements. To 
examine the composition of various parts of the sample, Energy Dispersive X-ray Spectroscopy (EDS) microanalysis was 
performed, as shown in Figure 3 [13]. The EDS has been done in a selected area from the entire sample as shown in figure 4.  The 
EDS analysis identified elements such as carbon (C), oxygen (O), sodium (Na), magnesium (Mg), silicon (Si), sulfur (S), and 
chlorine (Cl) [14]. The concentrations of these elements are listed in Table I. EDS microanalysis provides a quantitative evaluation 
of the sample's elemental composition. Table I outlines the specific concentrations of carbon, oxygen, sodium, magnesium, silicon, 
sulfur, and chlorine in Tulsi powder. Ensuring that no harmful elements are present and that beneficial elements are found in 
appropriate amounts is essential for maintaining the quality and safety of Tulsi powder in Ayurvedic treatments [15].  

 
Figure 3. EDS spectrum of tulsi powder to representation of elements present 

 

 
Figure 4. EDS taken from Tulsi powder. 

 
 

Table.I. Elements presents in EDS  
Element Weight% Atomic% 

 

C K 50.28 59.95 
 

O K 41.15 36.83 
 

Na K 0.39 0.24 
 

Si K 0.66 0.34 
 

S K 0.66 0.30 
 

Cl K 0.56 0.23 
 

K K 2.42 0.89 
 

Ca K 2.50 0.89 
 

Fe K 0.78 0.20 
 

Cu K 0.59 0.13 
 

Totals 100.00 
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A. FTIR Analysis 

                           
Figure 5. FTIR spectrum 400 cm-1 to 4000 cm-1 of Tulsi powder and the enlarged view of 400 cm-1 to 1200 cm-1 shown inset for 

clear visibility. 
 

FTIR analysis of Tulsi powder offers crucial insights into its molecular structure, functional groups, and chemical properties, aiding 
in the understanding of its potential medicinal uses in Ayurveda [16-17]. To conduct the analysis, a mixture of Tulsi powder and KBr 
was compressed into a pellet, which was then placed in the FTIR spectrometer [18]. Infrared radiation, spanning a range of 
wavenumbers, was passed through the sample, resulting in the absorption or transmission of specific wavelengths. This interaction 
generated an infrared spectrum, which was subsequently analyzed to identify the characteristic peaks and functional groups within 
the Tulsi powder. The peaks were compared to reference spectra or databases to determine the sample's chemical components and 
structural features [19]. 
FTIR spectrum 400 cm-1 to 4000 cm-1 of Tulsi powder and the enlarged view of 400 cm-1 to 1200 cm-1 shown inset for clear 
visibility as shown in figure 5. This analysis of Tulsi powder revealed essential information about its molecular composition and the 
presence of various functional groups [20]. The infrared spectrum was used to identify key peaks, which in turn allowed the 
characterization of organic compounds in the sample. Peaks observed in the spectrum can be attributed to specific functional groups 
based on their characteristic frequencies. For instance, peaks around 3300-3500 cm⁻¹ suggest the presence of hydroxyl groups, while 
those in the 1650-1750 cm⁻¹ range indicate carbonyl groups (C=O) [21]. Typically, FTIR analysis identified peaks corresponding to 
functional groups such as hydroxyl (OH), carbonyl (C=O), aromatic compounds, aliphatic compounds, and other chemical bonds 
[22].  
The absorption peaks corresponding to specific chemical bonds, such as C-H stretching, C-O stretching, and C-C stretching, along 
with their vibrational modes, are in figure 5. Through the analysis of the FTIR spectrum, valuable information about the chemical 
composition of Tulsi powder can be obtained, facilitating the identification and characterization of key organic compounds [23]. 
This knowledge contributes to a deeper understanding of the medicinal properties and potential applications of Tulsi in Ayurvedic 
medicine. 
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B. Antimicrobial Activity 
Tulsi powder extract was prepared by mixing a specified weight or volume of the powder with an appropriate solvent, such as water, 
ethanol, or methanol, depending on the extraction method [24]. The concentration of the extract can vary based on the target test 
concentration. To assess its antimicrobial properties, different microorganisms are often selected. 
In this study, Bacillus subtilis and Escherichia coli. were used as model organisms to evaluate the antimicrobial activity of the Tulsi 
extract [25]. These bacteria were grown in suitable culture media until they reached the desired growth phase. The microbial density 
was then adjusted to achieve the required inoculum size, which was determined either by measuring optical density or through 
viable count methods, such as colony-forming units per milliliter (CFU/mL), using agar plates [26]. 
The antimicrobial susceptibility of the selected microorganisms was assessed using techniques like agar well diffusion or disc 
diffusion. In these methods, the test microorganisms were inoculated onto agar plates, wells were created in the agar, and the Tulsi 
extract was introduced into these wells [27]. The plates were then incubated under optimal conditions for the respective 
microorganisms to observe the antimicrobial effect of the extract. 
As outlined in the materials and methods section, nutrient agar plates were prepared and inoculated with the specified 
microorganisms using the spread plate technique. The preparation of nutrient agar followed standard protocols, and the bacterial 
inoculum was evenly spread across the agar surface using a sterile spreader. Wells of 6 mm in diameter were created on the agar 
using a sterile punch, serving as the sites for introducing the Tulsi powder extracts. As previously described, the extracts were 
prepared at various concentrations (200 mg/mL, 400 mg/mL, 600 mg/mL, 800 mg/mL). 
 

 
Fig. 6. These zones (mm) indicate the degree of inhibition or growth inhibition caused by the Tulsi powder extract. 

 
Using a micropipette, 50 µL of each Tulsi extract concentration was transferred into the respective wells on the agar plates [28]. The 
plates were incubated at 37°C for 24 hours to allow the antimicrobial compounds in the extracts to diffuse into the surrounding agar. 
Following incubation, the plates were examined for zones of inhibition (ZOIs), which appeared as clear, circular regions around the 
wells where bacterial growth was suppressed due to the antimicrobial action of the Tulsi extracts [29]. 
The diameter of the ZOIs was measured with a Vernier scale or ruler marked in millimeters. The widest point of each ZOI was 
recorded, providing a quantitative measure of the extract's antimicrobial effectiveness [30-31]. A larger ZOI diameter indicated 
stronger antimicrobial activity against the tested microorganisms [32]. Statistical analysis was performed to assess the significance 
of the results, as illustrated in Figure 6. 
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V. DISCUSSION 
FESEM micrograph of the Tulsi powder revealed a close-packed microstructure with average particle 1-10 µm. The chemical 
composition estimated by EDX of the Tulsi powder such as Carbon (C), oxygen (O), sodium (Na), magnesium (Mg), silicon (Si), 
sulphur (S), chlorine (Cl) and no trace of any harmful elements. The combination of these elements gives rise to various functional 
groups. The minimum inhibitory concentration (MIC) for both microorganisms was 800 mg/ml in the antimicrobial test. Tulsi 
powder extract was shown to have a more powerful effect on Bacillus subtilis and Escherichia coli. 
 

VI. CONCLUSION 
Modern scientific research tools have provided valuable insights into Tulsi powder's physical and medicinal properties. The FESEM 
micrograph demonstrated a uniform particle distribution across the surface of the Tulsi powder, with an average particle size of 1-10 
µm. EDS analysis identified and quantified the elements present in the powder, including carbon (C), oxygen (O), sodium (Na), 
magnesium (Mg), silicon (Si), sulfur (S), and chlorine (Cl), while no harmful elements were detected. FTIR analysis helped identify 
key compounds in Tulsi, such as phenols, flavonoids, terpenes, and other organic molecules, contributing to its medicinal properties. 
These experimental findings provide Ayurvedic practitioners with enhanced knowledge that can assist in treating various diseases. 
Antimicrobial studies of Tulsi nanoparticles have shown their effectiveness against bacteria, suggesting their potential in controlling 
bacterial infections. 
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