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ABSTRACT 
Neolamarckia cadamba (N. cadamba) is a tropical 

species native to South and Southeast Asia, 

celebrated for its aromatic fruit and traditional 

medicinal uses.  

Ethanolic and aqueous extracts of N. cadamba fruits 

were used for qualitative phytochemical estimation 

using standard procedures. For nanoparticle 

synthesis, 1 mM solution of AgNO3 was mixed with 

aqueous extract of fruit followed by heating the 

mixture at 60-80°C with continuous stirring. The 

resulting silver nanoparticles were characterized by 

UV-Vis spectroscopy, zeta potential analysis, zeta 

sizer measurements and scanning electron 

microscopy.The study identified that both aqueous 

and ethanolic fruit extracts are rich sources of 

various bioactive compounds. Furthermore, the size 

of nanoparticles synthesised using N. cadamba fruit 

extract was found to range between 95 to 100 

nanometres and the study gathered information 

regarding the stability, uniformity, and PDI of the 

synthesised nanoparticles.These findings highlight 

the potential of N. cadamba fruit extract as a 

valuable resource for green synthesis of 

nanoparticles and its application in various sectors, 

including health and industry. 

Keywords: Green Synthesis; nanoparticles; 

Neolamarckia cadamba; Silver nanoparticles; 
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I. INTRODUCTION 
N. cadamba, commonly known as the 

burflower tree or Kadam, is a tropical plant native to 

Southeast Asia and parts of Australia (Batta et al., 

2021)., the Kadam tree has been utilized for 

centuries in traditional medicine and various 

industries. However, its fruits harbour a lesser-

known secret: a rich assortment of bioactive 

phytochemicals with potential health benefits 

(Pandey et al., 2016). N. cadamba is one of the 

economically important trees, which is being 

utilized for paper, pulp, and wood industries 

(Pandey et al., 2018). N. cadamba has historical 

existence in India, which is mentioned in mythical 

stories (Pandey et al., 2016). Numerous reports exist 

on medicinal values of root, bark and leaves of N. 

cadamba, but the literature on its fruit is sparse 

(Pandey et al., 2016).. They have also shown to 

exhibit both antibacterial and antifungal activity 

(Khandelwal et al., 2022), Identifying the bioactive 

compounds like alkaloids, flavonoids, tannins, 

saponins, protein, and carbohydrates present in N. 

cadamba fruit and investigating their therapeutic 

mechanisms are primary objectives of this study, 

which can contribute to the development of novel 

drugs or natural remedies. This study aims to bridge 

the traditional knowledge of N. cadamba's 

medicinal properties with cutting-edge 

nanotechnology by focusing on harnessing the 

phytochemical richness of its fruit extract for the 

green synthesis of AgNPs. AgNPs synthesised 

through green routes have garnered particular 

interest for their diverse biomedical applications. 

Due to their unique physicochemical properties, 

including high surface area to volume ratio, tuneable 

surface chemistry, and antimicrobial activity, 

AgNPs hold promise for applications in drug 

delivery, diagnostics, wound healing, and tissue 

engineering (Yusuf et al., 2023). AgNPs have 

shown potential for combating multidrug-resistant 

pathogens, making them valuable assets in the fight 

against antibiotic resistance (Mateo et al., 2022). 

Nanotechnology lies the synthesis and manipulation 

of nanoparticles, which exhibit unique physical, 

chemical, and biological properties due to their 

nanoscale dimensions (Ilangovan et al., 2021). 

However, the conventional methods employed for 

nanoparticle synthesis often involve the use of toxic 

chemicals and harsh conditions, leading to 

environmental pollution and health hazards (Dikshit 

et al., 2021). In response to these challenges, 

researchers have increasingly turned towards green 

synthesis approaches, which utilize natural, 

sustainable resources to produce nanoparticles with 

minimal environmental impact. Green synthesis, 
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also known as eco-friendly synthesis or sustainable 

synthesis, represents a paradigm shift in 

nanoparticle production. This approach harnesses 

the reducing and stabilizing properties of natural 

substances, such as plant extracts, microbes, and 

biomolecules, to mediate the synthesis of 

nanoparticles (Yedotiel et al., 2024). Unlike 

conventional chemical methods, green synthesis 

methods are characterized by their simplicity, cost-

effectiveness, and environmental friendliness (Ying 

et al., 2022). Moreover, green synthesis offers 

several advantages, including the avoidance of toxic 

reagents, the utilization of renewable resources, and 

the potential for large-scale production. Among the 

various green synthesis approaches, the utilization 

of plant extracts as reducing and capping agents has 

garnered significant attention (Madani et al., 2022). 

 

II. MATERIALS AND METHODS 
Preparation of fruit extracts 

N. cadamba fruits were harvested from 

campus of Kanpur Institute of Technology and 

thoroughly washed with water and ethanol to 

remove any surface contaminants. The cleaned fruits 

were then cut into small pieces and dried in an oven 

at 60-80°C for 5-7 days to ensure optimal 

preservation. Once dried, the fruit pieces were finely 

grounded into a powder, enhancing the efficiency 

and uniformity of the subsequent extraction process. 

The extraction was performed separately 

using ethanol and distilled water as solvents. 

Portions of the dried fruit powder were immersed in 

each solvent and subjected to agitation in a rotary 

flask shaker for 72 hours. This extended extraction 

period allowed for comprehensive extraction of 

bioactive compounds from the fruit material. 

Following the extraction, the solutions were filtered 

to eliminate any solid impurities. The filtrates were 

then transferred to Petri plates and subjected to oven 

drying at 60°C to evaporate the solvents and 

concentrate the crude extracts. Once dried, the crude 

extracts were carefully scraped from the Petri plates 

and quantitatively transferred into clean, labelled 

glass containers. 

This meticulous process ensured the proper 

collection and storage of the extracts, which are then 

used for subsequent analyses. These analyses may 

include phytochemical screening, quantification of 

bioactive compounds, and various bioassays to 

evaluate the potential biological activities of the 

extracts. 

 

 
(A) 

 
(B) 

  FIGURE 1: (A) & (B) Collection of fruit Sample. 
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(D) 
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(E) 

 FIGURE 2: (C) Fruit washed to remove visible debris, (D) Cutting into small pieces for drying, (E) Grinding 

into powder. 

 

 
(F) 

 
(G) 

(H) (I) 

 
(J) 

FIGURE 3: (F) Shaking the sample for 72 hours, (G) Filter out the sample, (H) Pouring the sample into Petri 

plate, (I) Oven dried sample, (J) Crude extract of the sample. 
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Phytochemical analysis of fruit extract 

Standard procedures were employed to identify 

chemical constituents in both ethanolic and water 

extracts, analysing colour changes as the indicator 

(Okolie et al., 2019), results can be seen in Table 1. 

Saponins: Approximately 0.7g of each extract was 

dissolved in 3 mL distilled water and vigorously 

shaken. Emulsion formation was observed (tested in 

triplicate). 

Carbohydrate (Benedict's test): Benedict's test 

confirms carbohydrates in plant extracts. In 

triplicate, 0.2 g extract dissolved in 2 mL methanol 

is mixed with an equal volume of Benedict's 

solution (1,000µL), verifying carbohydrate presence. 

Proteins: Protein test can be performed through 

Biuret test. Biuret test was performed on 0.2 g 

extract dissolved in 2 mL methanol. A few drops of 

1% CuSO4 and 4% NaOH were added (triplicate). 

Flavonoids: Dilute ammonia solution of 5ml were 

added to methanol and distilled water extracts, then 

concentrated H2SO4 was added. Presence of yellow 

colour indicates the presence of flavonoids in both 

extract (triplicate). 

Tannins: About 0.7 g of extracts were dissolved in 2 

mL of distilled water and methanol, followed by 

three drops of 0.1% ferric chloride solution. 

Presence of tannins were observed by blue-black or 

brownish green precipitate in the solution. 

Alkaloids (Meyer's Test): Meyer's Test confirms 

alkaloids in fruit extracts. Using 1 g of each extract 

dissolved in 3 mL methanol and water, 200 µL of 

the sample mixes with 1 mL Meyer’s solution, 

resulting in creamish colour for ethanol extracts and 

orange. 

 

Biosynthesis of AgNPs: 

Materials Required: 

1. Powdered Fruit Extract: 10 grams 

2. Distilled Water: 100 millilitres 

3. Silver Nitrate (AgNO3): To prepare a l mM 

solution 

4. Glassware: Beakers, stirring rod, filter paper, 

funnel 

5. Heat Source: Hot plate or water bath 

6. Thermometer 

7. Stirring Apparatus: Magnetic Stirrer 

8. Storage Containers 

 

Method: 

Preparation of Aqueous Extract: Boil 10 g of 

powdered fruit extract in 100 ml distilled water for 

20-30 minutes, then filter and cool the extract. 

Preparation of AgNO3 Solution: Dissolve an 

appropriate amount of AgNO3 in distilled water to 

make a 1 millimolar (1 mM) solution. To prepare 

100 millilitres of a 1 mM AgNO3 solution, dissolve 

0.017 grams of AgNO3 in distilled water and make 

up the volume to 100 millilitres, then store this 

solution at 4°C to maintain its stability. 

Mixing of Extract and AgNO3: Slowly add the 

cooled aqueous extract to the 1 mM AgNO3 solution 

dropwise and stir the mixture continuously while 

adding the extract to ensure even mixing. 

Heating the Mixture: Place and heat the mixture on 

a hot plate or in a water bath at 60-80°C temperature 

for 1 hour, ensure continuous stirring throughout the 

heating process to facilitate uniform reaction and 

nanoparticle formation. 

Observation of Colour Change: During the heating 

process, observe the mixture for any colour change. 

A change in colour to dark brown or reddish-brown 

indicates the formation of AgNPs. 

 

 
(A) 

 
(B) 

 

FIGURE 4: (A) and (B) Preparation of Aqueous Extract from powdered sample 
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(C) 

 
(D) 

 
(E) 

 
(F) 

 

FIGURE 5: (C) Filter and cool, (D) Preparation of AgNO3, (E) & (F) Synthesis of Silver nanoparticle due to 

colour change. 

 

Characterization  

UV-Vis Spectroscopy:UV-Vis 

spectrophotometry is an efficient and quick method 

for confirming the synthesis of nanoparticles. The 

UV-Vis analysis was performed using a Shimadzu 

double beam spectrophotometer. For this, 4 mL of 

the diluted newly synthesised AgNPs solution was 

placed in a cuvette and inserted into the 

spectrophotometer. The UV-Vis spectrum of the 

sample was recorded over a wavelength range of 

300-800 nm (Khattak et al. 2019). 

Zeta Sizer Analysis:The Zeta Sizer 

characterizes AgNPs by measuring their 

hydrodynamic diameter and size distribution using 

dynamic light scattering (DLS). It also determines 

the zeta potential, indicating surface charge and 

stability of the nanoparticles. High zeta potential 

values suggest good electrostatic stability, while low 

values indicate potential aggregation. Additionally, 

the Zeta Sizer provides the PDI, reflecting the 

uniformity of particle sizes. This information is 

crucial for optimizing nanoparticle properties for 

applications such as drug delivery and antimicrobial 

treatments (Zang et al., 2015).  

Zeta Potential:Zeta potential is crucial for 

characterizing AgNPs as it indicates their stability 

and surface charge. High absolute zeta potential 

values suggest good electrostatic stability, reducing 

aggregation. It helps predict interactions with 

biological systems, impacting applications like drug 

delivery. Additionally, zeta potential ensures quality 

control during synthesis, maintaining desired 

nanoparticle properties and performance (Zang et al., 

2015).  

Scanning Electron Microscopy: Scanning 

Electron Microscopy (SEM) is essential for 

characterizing AgNPs by revealing their size, shape, 

and distribution. SEM provides high-resolution 

images that show the morphology and surface 

properties of AgNPs, aiding in understanding their 

behaviour and interactions in various applications. It 

helps analyse nanoparticle aggregation, surface 

coatings, and spatial distribution within a sample. 

Though SEM itself doesn't provide chemical 
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composition, it can be coupled with techniques like 

EDS or EELS for elemental analysis. Overall, SEM 

enables comprehensive characterization of AgNPs, 

playing a vital role in optimizing their properties in 

fields such as nanotechnology and biomedicine 

(Fares et al., 2024).  

 

III. RESULT AND DISCUSSION 

 

Qualitative Phytochemical Screening of Fruit Extract 

TABLE 1: Preliminary phytochemical screening of N. cadamba fruit 

Phytochemicals Ethanol Water 

Saponins Formation of emulsion (+) Formation of emulsion (+) 

Carbohydrate (Benedict’s test) Reddish-brown (+) Brick-reddish (+) 

Proteins Pale blue (+) Pale blue (+) 

Flavonoid Yellow precipitate (+) Yellow precipitate (+) 

 

Characterization of AgNPs  

UV-Vis Spectroscopic Analysis: UV-Vis spectroscopy confirmed material quality and fruit extract-mediated 

silver nanoparticle formation. Spectra were recorded from 200 nm to 800 nm using a spectrometer, with 

baseline correction using distilled water. 

 

GRAPH 1: UV-vis Absorbance Spectrum of AgNPs. 

Zeta Sizer Analysis:The Zeta sizer, or DLS instrument, is vital for characterizing nanoparticles like silver. It 

determines size distribution, including average size and PDI, and zeta potential, reflecting surface charge. These 

insights are critical for understanding stability, aggregation, and interactions of AgNPs in solution. 
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GRAPH 2: Size distribution by intensity of biosynthesised AgNPs 

Zeta Potential Analysis:Zeta potential provides insights into the stability and surface charge of nanoparticles. By 

measuring the electrical potential at the nanoparticle surface, it helps assess their dispersion behaviours, 

aggregation tendency, and interaction with surrounding molecules or surfaces. This information is vital for 

controlling nanoparticle behaviour in applications like drug delivery and materials science. 

 

 

GRAPH 3: Zeta Potential Analysis of AgNPs 

SEM Analysis:The morphology of N. cadamba mediated synthesis of AgNPs was studied using SEM 

microscopy. SEM images of AgNPs prepared at room temperature, by stirring, heating, and under alkaline 

conditions are demonstrated in figure 7. AgNPs prepared by heating show higher particle size and are more 

distributed than AgNPs synthesised at room temperature and by stirring. Further, the SEM image of AgNPs 

synthesised under alkaline conditions showed the presence of silver nanoclusters. The results indicated that the 

AgNPs are polymorphic, hexagonal, and deformed spherical shapes, which align with the SEM analysis. 
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FIGURE 6: SEM image of biosynthesised AgNPs 

 

IV. CONCLUSION 
 

In summary, the majestic tree harbours exceptional 

potential for the development of innovative 

therapeutic agents through the biosynthesis of 

AgNPs utilizing extracts from N. cadamba. The 

study unveils the abundance of phytochemicals 

present in the fruit of this majestic tree, highlighting 

its potential for therapeutic exploration. Both 

aqueous and alcoholic fruit extracts are rich sources 

of various bioactive compounds, including alkaloids, 

flavonoids, saponins, tannins, carbohydrates, and 

proteins. These phytochemicals are known for their 

diverse biological activities and have been 

extensively studied for their potential health benefits. 

Through the meticulous use of advanced 

characterization techniques such as UV-vis 

spectroscopy, zeta potential analysis, and zeta sizer 

measurements, we gain invaluable insights into the 

distinctive properties of AgNPs. These methods not 

only reveal the size range of the nanoparticles, 

typically falling between 95 to 100 nanometres, but 

also provide crucial information regarding their 

stability, uniformity, and PDI. Such comprehensive 

understanding is essential for tailoring the properties 

of AgNPs to specific therapeutic requirements and 

ensuring their effectiveness in biomedical 

applications. 

To fully harness the medicinal potential of 

AgNPs derived from N. cadamba extract, further 

research is crucial. Precise isolation and 

characterization of bioactive compounds such as 

alkaloids, flavonoids, saponins, tannins, 

carbohydrates, and proteins are needed to 

understand their individual and synergistic effects. 

Rigorous clinical trials are essential to confirm the 

safety and efficacy of these nanoparticles. 

Comprehensive research efforts will unlock their 

therapeutic benefits and enable their clinical 

application. Combining botanical resources, 

advanced nanoparticle synthesis, and rigorous 

scientific inquiry will lead to ground-breaking 

advancements in biomedical research and next-

generation therapies. 
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