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ABSTRACT  

The increasing demand for sustainable and environmentally benign methods for nanoparticle production has 

encouraged the exploration of plant-mediated synthesis as an alternative to conventional chemical approaches. 

The present study aimed to synthesise silver nanoparticles (AgNPs) using leaf extracts of Ricinus com-

munis and Artocarpus and to evaluate their physicochemical characteristics and biological activities. The plant 

extracts were initially assessed for their phytochemical constituents and antioxidant potential, followed by 

their application in the green synthesis of AgNPs. The synthesised nanoparticles were characterised using UV–

Visible spectroscopy and scanning electron microscopy (SEM) analysis. The nanoparticles produced using R. 

communis and Artocarpus exhibited average particle sizes of approximately <100 nm, respectively.  The bio-

logical potential of the synthesised nanoparticles was investigated against the bacterial pathogens Escherichia 

coli and Klebsiella pneumoniae , and the findings demonstrate that both plant extracts can serve as effective 

biological reducing and stabilising agents for AgNP synthesis. The synthesised nanoparticles exhibited prom-

ising antimicrobial potential, highlighting their possible applications in biomedical and biotechnological 

fields. Overall, this study establishes plant-mediated synthesis as a simple, cost-effective, and environmentally 

sustainable approach for the production of biologically active AgNPs. 

Keywords: silver nanoparticles; green synthesis; Ricinus communis silver nanoparticles (Ri-AgNP); Artocar-

pus silver nanoparticles (At-AgNP); Escherichia coli; Klebsiella pneumoniae; phytochemicals; characteriza-

tion; antimicrobial activity;  

INTRODUCTION 
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Ricinus communis, the castor oil plant, is a member of the genus Ricinus, which is traditionally called the 

castor bean. Castor seed is the source of castor oil, which has a number of uses. Castor oil is a viscous, pale, 

yellow, non-volatile and non-drying oil with a bland taste. The seed contains 40-60% oil that is rich in triglyc-

erides, mainly ricinolein a toxic alkaloid ricinine and a very toxic albumen called ricin. The seed coat contains 

ricin, a poison which is present in lower concentrations throughout the plant. Ricinus communis has not only 

got medicinal value, but it also has great promise in the field of biodiesel production. It is inexpensive and 

environmentally friendly. 

Artocarpus, in the same genus as breadfruit or jackfruit, commonly known as chempedak or cempedak, is a 

member of the genus Moraceae that contains 50 species of trees. Research on the chemical constituents has 

isolated several classes of compounds of breadfruit, such as triterpenes and flavonoids. Artocarpus is a rich 

source of prenylated flavonoids. The roots grow on or slightly below the surface of the ground and will often 

produce a shoot, especially if cut or damaged. The fruits and seeds are a good source of carbohydrates, proteins, 

and fatty acids. Propagating by seed is not popular as seeds lose viability quickly and the germination percent-

age is low. 

Escherichia coli occurs naturally in the intestine of people and animals. It is the most well-known intestinal 

bacterium. It is even known as “poo bacterium”. The reason that it is well known is mainly due to its role in 

microbiology. Unlike many other E.coli gut microbes, it can also survive foe long time outside the body. It is 

found in places such as water taps. It has been used in various types of research since 1927. One advantage of 

is that it divides rapidly. As a result, scientists can culture many generations in a short period of time.  

Klebsiella pneumoniae is a Gram-negative, rod-shaped bacillus from the genus Klebsiella and family Enter-

obacteriaceae (Boone et.al., 2001). K.pneumoniae is facultatively anaerobic, oxidase –negative and produces 

acid and gas from lactose. It is an enteric bacterium, noted in the intestinal tract of 5% of healthy humans. It 

can also reside in the skin and mouth. It causes pneumonia in guinea pigs of both sexes and all ages, although 

there are few reports of natural infections of this animal species with this organism. 

Silver nanoparticles are nanoparticles of silver of size between 1nm to 100nm in size. Commonly used are 

spherical silver nanoparticles, but diamond, octagonal and thin sheets are also popular. Their extremely large 

surface area permits the coordination of a vast number of ligands. Silver nanoparticles have unique optical, 

electrical and thermal properties and are being incorporated into products that range from photovoltaics to 

biological and chemical sensors. Recent advances in nanoscience and nanotechnology radically changed the 

way we diagnose, treat and prevent various diseases in all respects of human life. Silver Nanoparticles are 

(AgNP)s one of the most vital and fascinating nanomaterials among several metallic nanoparticles that are 

involved in biomedical applications. AgNPs play an important role in nanoscience and nanotechnology, par-

ticularly in nanomedicine. Although several noble metals have been used for various purpose, AgNPs have 

been focused on potential applications in cancer diagnoses and therapy. Additional applications include mo-

lecular diagnostics and photonic devices, which take advantage of the novel optical properties of these nano-

materials.   
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Recently, AgNPs have been frequently used in many textiles, wound dressing and biomedical devices. The 

size and shape of metal nanomaterials are measured by analytical techniques such as TEM, SEM or AFM. 

Measuring the aggregation state of the particles require a technique to measure the effective size of the particles 

in the solution such as dynamic light scattering or analytical disc centrifugation.  UV-Vis Spectroscopy is the 

measurement of the wavelength and intensity of absorption of near-ultraviolet and visible light by a sample. 

Ultraviolet and visible light are energetic enough to promote outer electrons to higher energy levels. UV-Vis 

spectroscopy is usually applied to molecules and inorganic ions or molecules and inorganic ions or complexes 

in solution. The UV-Vis spectra have broad features that are of limited use for sample identification but are 

very useful for quantitative measurements. Scanning Electron Microscopy is a type of electron microscope 

that produces images of a sample by scanning the surface with a focused beam of electrons. The electrons 

interact with atoms in the sample. The electron beam is scanned in a raster scan pattern, and the position of 

the beam is combined with the intensity of the detected signal to produce an image. The signals used by a 

scanning electron microscope to produce an image result from interactions of the electron beam with atoms at 

various depths within the sample. 

Due to recent advances in nanotechnology, it is now possible to produce silver at the nanoscale. In addition to 

their potential electronic and transparent conductor applications, the emergence of nano silver materials in 

medical products is driving the growth of the nano silver market. Silver nanoparticles are being used in nu-

merous technologies and incorporated into a wide array of consumer products that take advantage of their 

desirable optical, conductive and antibacterial properties. For Diagnostic purposes, they are used in biosensors 

and numerous assays where the silver nanoparticle materials can be used as biological tags for quantitative 

detection. As antibacterial agents, they are used in apparel, footwear, paints, wound dressings, appliances, 

cosmetics and plastics. For conductive applications, they are used in conductive inks and integrated into com-

posites to enhance thermal and electrical conductivity. In Optical Applications, they are used to efficiently 

harvest light and for enhanced fluorescence and surface-enhanced Raman Scattering. 

            Silver nanoparticles are intensively explored nanostructures for unconventional and enhanced biomed-

ical applications. AgNP-based nanosystems and nanomaterials are suitable alternatives for drug delivery. Var-

ious physicochemical properties and biological functionalities, including their high antimicrobial efficiency 

and non-toxic nature, are being researched. There is a significant amount of research data providing the bene-

ficial effects of AgNPs in novel biocompatible and nanostructured materials and devices developed for modern 

therapeutic strategies. 

In this study, we discuss the multifunctional bio-applications of AgNPs, thereby demonstrating their potential 

use as an antibacterial agent. This preliminary research aimed at the production of AgNPs through a bio-re-

duction method using Ricinus communis and Artocarpus leaf extracts. Different types of phytochemicals have 

been involved in the reduction of silver ions in silver nitrate solution, which led to the formation of silver 

nanoparticles. The synthesised silver nanoparticles were checked with different analytical approaches, and 

their antibacterial action was assessed with the help of the disc diffusion method. This could pave the way for 
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novel future biomedical applications of these silver nanoparticles as well as applications in plant biotechnol-

ogy. The method of delivering biocontrol agents through a nanoparticle-based delivery system in agriculture 

has not been explored so far. 

2. MATERIALS    AND   METHODS 

2.1. COLLECTION OF LEAVES FROM PLANTS AND PREPARATION OF LEAF  

EXTRACTS     

Fresh leaves of  Ricinus communis  and  Artocarpus were collected from Porur, Chennai. It was then washed 

thoroughly 2-3 times with tap water and once with sterile water. 20gm of fresh leaves were finally chopped 

and added to 300ml of distilled water and stirred at 60ᵒc for 1 hr. After boiling, the mixture was cooled and 

filtered with Whatman filter paper. 

2.2.  PHYTOCHEMICAL  ANALYSIS  OF  AQUEOUS  LEAVES  EXTRACTS 

The Phytochemical Screening of leaf extracts were assessed by standard methods (Trease and Evans, 1987; 

Harborne, 1994). Phytochemical screening was carried out on the leaf extracts to identify the major natural 

chemical groups such as carbohydrates, tannins, saponins, flavonoids, alkaloids, quinones, glycosides, phe-

nols, terpenoids, cardiac glycosides, coumarins, steroids, phytosteroids, Phlobatannins, Anthraquinones, 

amino acids, and proteins. 

Procedure 

 Flavonoids 

 To 2ml of plant extract, 1ml of 2N Sodium hydroxide is added. Presence of yellow colour. 

 Tannins 

To 1ml of plant extract, 2ml of 5% Ferric chloride is added.Formation of dark blue or greenish black 

colour indicates the presence. 

 Carbohydrates 

To 2ml of plant extract, 1ml of Molish’s reagent and few drops of concentrated Sulphuric acid is added. 

Presence of purple or reddish colour. 

 Saponins 

To 2ml of plant extract, 2ml of distilled water is added and shaken in graduated cylinder for 15 minutes. 

Formation of 1cm layer of foam. 

 Alkaloids 

To 2ml of plant extract, concentrated Hydrochloric acid and few drops of Mayer’s reagent is added. 

Presence of green colour or white precipitat 

 Quinines- To 0.5ml of plant extract, 2ml of Glacial acetic acid and few drops of 5% Ferric 

chloride is under layered with 1 ml of concentrated Sulphuric acid. Formation of brown ring at the 

interface. 

 Terpenoids- To 0.5ml of plant extract, 2ml of Chloroform and concentrated Sulphuric acid is 

added. Formation of red brown colour at the interface. 
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 Phenols- To 1ml of plant extract, few drops Phenol Ciocalteau’s reagent and few drops of 15% 

Sodium carbonate is added. Formation of blue or green colour. 

 Coumarins 

To 1ml of plant extract, 1ml of 10% Sodium hydroxide is added. Formation of yellow colour. 

 Steroids 

 To 1ml of plant extract, equal volume of Chloroform and few drops of concentrated Chloroform is 

added.Appearance of brown ring. 

 Phlobatannins  

To 1ml of plant extract, few drops of 2% Hydrochloric acid is added. Appearance of red colour precip-

itate 

 Anthraquinones 

To 1ml of plant extract, few drops of 10% Ammonium solution is added. Appearance of pink colour 

precipitate. 

 Phytosteroids 

 To 1ml of plant extract, equal volume of Chloroform and few drops of concentrated Sulphuric acid is 

added. Appearance of bluish brown ring. 

 Amino acids 

To 1ml of plant exteact, 2ml of Millon’s reagent is added. 

 Proteins 

To 1ml of plant extract, the test solution is heated in hot water bath. 

 Starch 

To 1ml of plant extract, weak aqueous solution is added. 

2.3. ANTIOXIDANT ASSAY OF PLANT LEAF EXTRACTS   

 The antioxidant activity was determined by the DPPH assay method following the method introduced 

by Brand-Williams et.al. 1995 with minor modification. 

 The capability to scavenge the DPPH radical was calculated using the following equations  

 

                 DPPH Scavenger( % ) = (Ac – As / A c) *100 

          Where Ac and As are the absorbance of the control and test sample, respectively, after  

         30 minutes measuring at 517nm 

 A linear regression analysis was performed to determine the IC50 value for the sample. 

2.4. ESTIMATION   OF   TOTAL  FLAVONOID (TFC ) 

Total flavonoid content in the extracts (ethyl acetate) was determined using the method described by Sanka-

naka et at 2005. The flavonoid content was determined by the aluminium chloride method using Quercetin as 

a standard. Extracts and Quercetin were prepared in Ethyl acetate (100ml). 0.1 ml of extract was mixed with 

0.9ml of distilled water in test tubes, followed by addition of 75 µl of 5% Sodium nitrate solution. After 6 
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minutes, 10 µl of 10% Aluminium chloride solution was added and the mixture was allowed to stand for further 

5 minutes after which 0.5ml of 1 M sodium hydroxide was added to the reaction mixture. The reaction mixture 

was brought to 2.5ml with distilled water and mixed well. The absorbance was measured immediately at 

510nm using a Spectrometer. A calibration curve was generated using various concentrations of quercetin, and 

the quercetin equivalent (QE) of the sample was expressed in µl/ml of the extract.  

Amount TFC= Sample OD / Standard OD * Respective Amount of extract 

2.5. ESTIMATION   OF  TOTAL  TANNINS  :  

The tannin content in the extract was determined by Folin’s Ciocalteu method. 0.1ml of the sample extract 

containing 1 mg was added to a test tube containing 75ml of distilled water, 0.5 ml of Folin’s Ciocalteu reagent, 

and 1 ml of 35% Sodium carbonate. It was made up to 10 mL with distilled water. This mixture was shaken 

well and kept at room temperature for 30 minutes. A set of reference standard solutions of tannic acid (20, 40, 

60, 80, and 100 µl/mg) was also used. Absorbance for test and standard solutions was measured against the 

blank at 1725 nm with a UV/Visible Spectrometer. The tannic content was expressed in terms of mg of tannic 

acid equivalents (TE) µl/ml of the extract. 

Amount TTC = Sample OD / Standard OD * Respective Amount of extract 

2.6. DETERMINATION   OF   PHENOLIC  CONTENT : 

The amount of phenolic compounds in the extracts was determined by the Folin-Ciocalteu calorimetric method 

and calculated from a calibration curve obtained with Gallic Acid as standard (100 mg/ml).From the standard 

solution, 20- 100 µl was taken and added to different test tubes. Extract was added in a separate test tube at a 

concentration of 100 mg/ml and 5ml of Folins-Ciocalteau’s( 1:10) was added, and the contents were mixed 

thoroughly. Then, 4 ml of 0.7 M sodium carbonate was added and the mixture was incubated for 30 minutes. 

The absorbance was measured at 765nm in a UV-Vis Spectrometer. The results were expressed in Gallic acid 

equivalence of the sample (GE) µl/mg of the extract. 

Amount TPC = Sample OD / Standard OD * Respective Amount of extract 

2.7. GREEN SYNTHESIS OF SILVER NANOPARTICLES 

Green synthesis of silver nanoparticles (AgNPs) was carried out using aqueous leaf extracts of Artocarpus and 

Ricinus communis as natural reducing and stabilising agents. Phytochemicals such as phenolic compounds, 

flavonoids, proteins and other secondary metabolites present in the leaf extracts can reduce Ag⁺ ions from 

silver nitrate (AgNO₃) to elemental silver (Ag⁰), resulting in the formation of silver nanoparticles. These phy-

tochemicals can also participate in capping and stabilisation of the nanoparticles. 

2.7.1. Preparation of Leaf Extract 

1. Fresh and healthy leaves of Artocarpus and R. communis were collected separately and authen-

ticated before use. 

2. The leaves were washed thoroughly with tap water to remove dust and surface contaminants, 

followed by washing with double-distilled water. 
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3. The cleaned leaves were air-dried/shade-dried and cut into small pieces. 

4. 10 g of fresh leaf material was weighed separately for each plant. 

5. Each 10 g sample was crushed using a mortar and pestle and transferred into a conical flask 

containing 100 mL of double-distilled water. 

6. The mixture was heated gently for approximately 10–15 min, with occasional stirring, to extract 

the water-soluble phytochemicals. 

7. The extract was allowed to cool to room temperature. 

8. The extract was filtered first through clean filtration material and subsequently through What-

man No. 1 filter paper to obtain a clear plant extract. 

9. The filtrates of Artocarpus and R. communis were collected separately and stored at 4 °C until 

use. 

Aqueous plant extraction by washing, cutting/grinding and heating below approximately 60 °C is commonly 

reported for plant-mediated AgNP synthesis. A specific R. communis study also reports preparing an aqueous 

extract from 10 g leaves in 100 mL double-distilled water. 

2.7.2. Preparation of Silver Nitrate Solution 

1. Prepare a 1 mM aqueous AgNO₃ solution using double-distilled water. 

2. Prepare the solution in an amber bottle or wrap the container with aluminium foil because silver 

nitrate is light-sensitive. 

3. Keep the AgNO₃ solution protected from direct light until use. 

A 1 mM AgNO₃ concentration is widely used in plant-mediated AgNP synthesis, including published proto-

cols using leaf extracts. 

2.7.3. Green Synthesis of AgNPs from Artocarpus and Ricinus communis Leaf Extracts 

1. Transfer 90 mL of 1 mM AgNO₃ solution into a clean boiling tube. 

2. Add 10 mL of the prepared Artocarpus and Ricinus communis aqueous leaf extract slowly with 

continuous stirring. 

3. Maintain the reaction mixture under continuous magnetic stirring. 

4. Incubate the reaction mixture at approximately 40–60 °C for 1–2 h, or continue incubation until 

a distinct colour change is observed. 

5. Initially, the reaction mixture may appear colourless or pale yellow. Formation of AgNPs is 

generally indicated by the development of a yellowish-brown to brown colour, which results from the 

surface plasmon resonance of the nanoparticles. 

6. Keep a control containing AgNO₃ without plant extract under identical conditions. 

7. After completion of the reaction, allow the AgNP suspension to cool to room temperature. 

Using plant extract with AgNO₃ in approximately a 1:9 ratio is consistent with commonly reported green 

synthesis approaches. A 2025 study specifically demonstrated aqueous Artocarpus leaf extract-mediated AgNP 

synthesis and reported phenolics and flavonoids as important reducing/stabilizing constituents. 
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2.7.4. Recovery and Purification of Silver Nanoparticles 

1. Transfer the synthesized AgNP suspension into centrifuge tubes. 

2. Centrifuge at an appropriate high speed according to the laboratory's validated nanoparticle purifica-

tion protocol. 

3. Carefully discard the supernatant containing unreacted compounds. 

4. Redisperse the nanoparticle pellet in double-distilled water. 

5. Repeat the washing/centrifugation process several times to remove excess plant metabolites and unre-

acted silver ions. 

6. The purified AgNPs may be stored as an aqueous suspension at 4 °C or dried using an appropriate 

laboratory drying/lyophilization method for further characterization. 

Repeated centrifugation and washing with deionized water are commonly used to remove unreacted silver ions 

and residual plant components from green-synthesized AgNPs. 

2.8. Confirmation and Characterisation of AgNPs 

The synthesised nanoparticles should be characterised using suitable analytical techniques: 

2.8.1. UV Spectrum Analysis of At-AgNP and Ri-AgNP Silver Nanoparticles 

UV- Vis spectra were recorded using a UV-Vis Spectrometer UV 1800 (Shimadzu, Japan) between 200 and 

800nm. Methanol was used as a blank. The At-AgNP and Ri-AgNP silver nanoparticle extracts were examined 

under visible and UV light for proximate analysis. For UV-Vis Spectrometer analysis, the At-AgNP and Ri-

AgNP silver nanoparticle extracts were centrifuged at 3000 rpm for 10 min and filtered through Whatman 

No.1 filter paper using a high-pressure vacuum pump. The sample was diluted to 1:10 with the same solvent. 

2.8.2. Scanning Electron Microscopy of At-AgNP and Ri-AgNP Silver Nanoparticles 

After the synthesis of the silver nanoparticles, the aqueous nanoparticle suspension was used for scanning 

electron microscopy (SEM) analysis. A small drop of the nanoparticle suspension was carefully placed onto a 

clean SEM stub and allowed to dry completely at room temperature to ensure complete evaporation of the 

water. The dried sample was subsequently subjected to SEM analysis using a JEOL JSM-5800LV scanning 

electron microscope. The analysis was performed at an accelerating voltage of 15 kV and a sample current of 

41 µA. The SEM images were obtained to determine the surface morphology, shape, and approximate size 

distribution of the synthesised silver nanoparticles. 

2.9. Collection Of Bacterial Pathogens 

MTCC cultures of the bacterial pathogens like Escherichia coli and Klebsiella pneumoniae were obtained. 

2.9.1. Antibacterial Assay: Disc Diffusion Method 

Preparing 100 µg/mL AgNP suspension 

The formula is: 

Concentration = Mass / Volume 

Since: 

100 µg/mL = 0.1 mg/mL 
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From 10 mg of dried silver nanoparticles if the Required volume = 10 mg ÷ 0.1 mg/mL = 100 mL, dissolve/dis-

perse 10 mg of dried AgNPs in 100 mL of distilled/deionized water to obtain a starting concentration of 100 

µg/mL. 

 Antibacterial assay against bacterial pathogens such as E.coli and Klebsiella pneumoniae was 

performed by the standard disc diffusion method. 

 Agar medium was used to cultivate bacteria. Fresh overnight culture of inoculum (0.1ml) of 

each culture was spread onto Nutrient Agar (NB) plates.  

 Nutrient broth was used, and bacteria were swabbed from fresh cultures using a sterile cotton 

swab. 

 Using a micropipette, the drilled wells were poured with 20µl, 40µl, 60µl and 80µl of the silver 

nanoparticles. 

 Separate wells of E. coli and Klebsiella pneumoniae were used in the test as a control for com-

parison.  

 The plates were incubated at 37ᵒC overnight. The next day, the inhibition zones around the 

discs were measured.  

2.9.1. Minimum Inhibitory Concentration Assay of At-AgNP and Ri-AgNP Silver Nano particles (Cor-

tes, M. F. 

          , et al. 2023) 

The minimum inhibitory concentration (MIC) of Ri-AgNP and At-AgNP against Escherichia coli and 

Klebsiella pneumoniae was determined using a broth microdilution method based on CLSI M07. Each nano-

particle preparation was tested separately against both bacterial strains in triplicate (n = 3). Serial two-fold 

dilutions of the AgNP preparations were prepared in an appropriate susceptibility-testing broth to obtain a 

range of test concentrations. A standardised bacterial inoculum was added to the respective wells containing 

the nanoparticle dilutions. A bacterial growth control without nanoparticles and a sterility control without bac-

terial inoculum were included. The plates were incubated under the laboratory's validated conditions, after 

which bacterial growth was assessed by visual observation and/or optical density measurement. The MIC was 

recorded as the lowest concentration of Ri-AgNP or At-AgNP showing complete inhibition of visible bacterial 

growth. The experiment was repeated in three independent replicates, and the results were expressed as mean 

± standard deviation where appropriate. 
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3. RESULTS 

3.1.  Collection Of Leaves from Plant Specimens Ricinus communis and Artocarpus 

        Dried leaves of about 25gm of Ricinus communis and Artocarpus were collected. 

                                        Ricinus communis leaves                                         Artocarpus leaves 

Figure 1: Collection Of Plant Leaves. 

3.1.1 Preparation of Leaf Extracts  

Aqueous leaf extracts were prepared from the fresh leaves of 25gm and was washed with distilled water 

300ml. Then it was filtered using Whatman filter paper No. 1, and the filtrate of the aqueous solvent was col-

lected. 

                                                       Figure 2: Preparation of Leaf Extracts. 

3.2 Qualitative Phytochemical   Analysis Of Aqueous Leaf Extracts 

The aqueous leaf extracts were subjected to preliminary qualitative phytochemical screening to detect 

the presence of major classes of secondary metabolites. Standard chemical tests were performed for alkaloids, 

flavonoids, phenols, tannins, saponins, terpenoids, glycosides, steroids, and carbohydrates. The appearance 

of characteristic colour changes, precipitates, or froth formation was recorded as positive evidence for the re-

spective phytochemical constituents. The results were expressed qualitatively as absent (−), weakly pre-

sent (+), moderately present (++), or strongly present (+++), based on the intensity of the observed reaction. 
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              Figure 3: Test for Flavonoids.                                                            Figure 4: Test for Saponins.  

                     Figure 5: Test for Terpenoids.                                                         Figure 6: Test for Phlobatannins.                                              

                        Figure 7: Test for Phenols.                                                                Figure 8: Test for Glycosides 

                           Figure 9: Test for Tannins.                                                       Figure 10: Test for Quinines. 

                       Figure 11: Test for Steroids.                                         Figure 12: Test for Carbohydrates. 
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                                 Table 1. Comparative phytochemical screening of Ricinus communis and Artocarpus 

Phytoactive 

compounds 

Ricinus  

com-

munis 

Artocarpus   Phytoactive  

compounds 

Ricinus  

communis 

Artocarpus   

1. Flavonoids ++ -- 

 

11. Quinines + + 

2. Tannins ++ ++ 12. Cardiac glycosides -- + 

3. Alkaloids ++ ++ 13. Terpenoids - + 

4. Glycosides -- -- 14. Coumarins + + 

5. Proteins -- -- 15. Phytosteroids - + 

6. Amino acids -- -- 16.  Phlobatannins -- -- 

7. Carbohy-

drates 

-- -- 17. Anthraquinones - - 

8. Starch -- -- 18. Phenols ++ ++ 

9. Steroids -- +    

10. Saponins - -    

The phytochemical screening results show that Ricinus communis and Artocarpus contain several bioactive 

phytochemical constituents, although their profiles differ in some respects. 

Ricinus communis showed strong positive reactions (++) for flavonoids, tannins, alkaloids, and phenols, indi-

cating that these compounds are prominent in the tested sample. It also showed positive (+) reactions for 

quinones and coumarins. Steroids, cardiac glycosides, terpenoids, phytosteroids, and anthraquinones were not 

detected or showed negative reactions according to the scoring system used. 

In contrast, Artocarpus showed strong positive reactions for tannins, alkaloids, and phenols, while flavonoids 

were not detected. It showed positive reactions for steroids, quinones, cardiac glycosides, terpenoids, couma-

rins, and phytosteroids. Anthraquinones and phlobatannins were not detected. 

 

3.3. Antioxidant Assay of Plant Leaf Extracts   

TABLE  2: The antioxidant study conducted on the plant extracts of Ricinus communis 

 C=2.167 200 µl 400 µl 600 µl 800 µl 1000 µl 

Ricinus communis 0.141 

= 93.49 % 

0.116 

= 94.64% 

0.104 

= 95.20 % 

0.094 

= 95.66 % 

0.021 

= 94.41 % 
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GRAPH 1- Antioxidant assay of Ricinus leaf extract 

TABLE 3: The antioxidant study conducted on the plant extracts of Artocarpus 

 

 

 

 

GRAPH 2- Antioxidant assay of Artocarpus leaf extract 

 

The antioxidant activity of the Ricinus communis and Artocarpus leaf extracts was evaluated at different con-

centrations ranging from 200 to 1000 µL. The control/reference absorbance was reported as C = 2.167. 

The results indicate that the Ricinus communis leaf extract exhibited strong antioxidant activity at all tested 

concentrations, with inhibition values above 93%. The antioxidant activity increased from 93.49% at 200 µL 

to 95.66% at 800 µL, accompanied by a progressive decrease in absorbance from 0.141 to 0.094. The graph 

demonstrates an overall increasing trend in antioxidant activity from 200 to 800 µL, followed by a slight 

decline at 1000 µL. Thus, under the conditions of this assay, 800 µL showed the highest reported antioxidant 

activity. The results also demonstrate that the Artocarpus leaf extract possesses considerable antioxidant ac-

tivity, with inhibition values ranging from 85.14% to 91.00%. At 200 µL, the extract exhibited 85.69% anti-

oxidant activity, which decreased slightly to 85.14% at 400 µL. Thereafter, the activity increased to 88.92% at 

600 µL, followed by a small decrease to 88.64% at 800 µL. The graph shows that antioxidant activity was 

relatively stable between 200 and 400 µL, increased at 600 µL, showed a slight reduction at 800 µL, and 

reached its maximum at 1000 µL. This indicates that the Artocarpus extract exhibited its greatest antioxidant 

effect at the highest concentration tested. 

 

C = 2.167 200 µl 400 µl 600 µl 800 µl 1000 µl 

Artocarpus  0.310 

= 85.69 % 

0.322 

= 85.14 % 

0.240 

= 88.92 % 

0.246 

= 88.64 % 

0.195 

= 91.00 % 
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3.4. Estimation   Of   Total Flavonoid (TFC) 

The total flavonoid content of the extracts was measured by the aluminium chloride method in terms of quer-

cetin equivalents (QE). The total flavonoid content present in the sample was estimated as follows. 

                                                Figure 15-Total Flavonoid Content 

TABLE 4 - Estimation of Total Flavonoid Content 

Flavonoid Reading 20 µl 60 µl 100 µl 

1. Ricinus communis 0.082 0.222 0.362 

  2. Artocarpus  - - - 

 

                                                    GRAPH 3- Total Flavonoid Content 

The total flavonoid content of the ethyl acetate extracts of Ricinus communis and Artocarpus was evaluated 

using the aluminium chloride colorimetric method, with quercetin used as the standard. Absorbance was meas-

ured at 510 nm. 

The Ricinus communis extract showed detectable flavonoid activity at all three tested volumes. The absorbance 

increased progressively from 0.082 at 20 µL to 0.222 at 60 µL and 0.362 at 100 µL. This progressive increase 

in absorbance indicates an increase in the amount of flavonoid-associated reaction product with increasing 

extract volume. 

In contrast, Artocarpus showed no detectable response at 20, 60, or 100 µL under the experimental conditions. 

This indicates that flavonoids were either absent or below the detection limit of the assay in the tested Arto-

carpus extract. 
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3.5. Estimation Of Total Tannin Content  

The total tannin content of the ethyl acetate extracts was determined using the Folin–Denis method and ex-

pressed in terms of catechol equivalents (CE). The absorbance of the reaction mixture was measured spectro-

photometrically, and the tannin content of the extracts was calculated using the calibration curve prepared 

with catechol as the standard. The results were expressed as catechol equivalents of the extract.                                                 

 

Figure 16-Total Tannin Content 

TABLE  5: Estimation of Tannin Content  

 

 

GRAPH 4: Total Tannin Content 

The results indicate that both Ricinus communis and Artocarpus extracts contain detectable tannins. Ricinus 

communis showed higher tannin assay readings at all tested extract volumes compared with Artocarpus. For 

Ricinus communis, the absorbance increased from 0.080 at 20 µL to 0.152 at 60 µL and 0.164 at 100 µL. 

Similarly, Artocarpus showed an increase from 0.048 at 20 µL to 0.054 at 60 µL and 0.077 at 100 µL. 

 

 

 

 

 

 

Tannin Reading 20µl 60µl 100µl 

1. Ricinus communis 0.080 0.152 0.164 

2. Artocarpus 0.048 0.054 0.077 
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3.6. Determination   Of   Phenolic Content 

The total phenolic content of the extracts was measured by Folin-Ciocalteu reagents in terms of catechol 

equivalents (CL) and tabulated. TPC of samples were calculated as shown below 
 

                                                                        Figure 17: Total Phenolic Content 

 

TABLE 6: Estimation of Phenol 

 

 

 

                                                                         GRAPH 5: Total Phenol Content 

 

The table shows the phenol readings obtained for Ricinus communis and Artocarpus at three sample volumes 

(20, 60 and 100 µl). 

 Ricinus communis: The phenol readings were 0.001, 0.093 and 0.080, respectively. The highest 

reading was observed at 60 µl (0.093), followed by 100 µl (0.080).  

Phenol  Reading 20 µl 60 µl 100 µl 

1. Ricinus  communis 0.001 0.093 0.080 

2. Artocarpus   0.010 0.080 0.090 
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 Artocarpus: The readings were 0.010, 0.080 and 0.090, respectively. The highest reading was 

observed at 100 µl (0.090). 

The results indicate that both plant extracts contain phenolic compounds, as shown by their measurable phenol 

readings. Ricinus communis showed its maximum phenol reading at 60 µl, whereas Artocarpus showed a 

gradual increase, reaching its maximum at 100 µl. At 100 µl, Artocarpus (0.090) showed a slightly higher 

reading than Ricinus communis (0.080). 

2.7. GREEN SYNTHESIS OF SILVER NANOPARTICLES 

                                             Figure 18: Before Incubation                               Figure 19: After Incubation 

 

Colour change to Brown from pale yellow indicates the presence of Silver Nanoparticles. 

Published R. communis studies have demonstrated that its leaf extract can act as both a reducing and capping 

agent in the formation of AgNPs. One reported protocol used R. communis extract with 1 mM AgNO₃, while 

another specifically prepared an aqueous leaf extract using 10 g of leaves in 100 mL of double-distilled water. 

2.8. Confirmation and Characterisation of AgNPs 

The synthesised nanoparticles were characterised using suitable analytical techniques: 

2.8.1. UV Spectrum Analysis of At-AgNP and Ri-AgNP Silver Nanoparticles 

                      Figure 20:UV Spectrum of At-AgNP                                    Figure 21: UV Spectrum of Ri-AgNP 
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The synthesised silver nanoparticles were characterised by UV–Visible spectroscopy to confirm the formation 

of silver nanoparticles. The UV–Visible spectrum of At-AgNP synthesised using Artocarpus leaf extract 

showed a distinct absorption maximum (λmax) at 415 nm. Similarly, the spectrum of Ri-AgNP synthesised 

using Ricinus communis leaf extract exhibited a characteristic absorption maximum at 420 nm. These absorp-

tion peaks in the visible region are attributed to the surface plasmon resonance (SPR) of silver nanoparticles, 

which results fro                                           

  Figure 22: SEM image of Ri-AgNP                                    Figure 23: SEM image of At-AgNP 

m the collective oscillation of conduction electrons on the surface of the nanoparticles. 

2.8.2. Scanning Electron Microscopy of At-AgNP and Ri-AgNP Silver Nanoparticles 

Scanning electron microscopy (SEM) was used to evaluate the surface morphology, shape, and size of silver 

nanoparticles synthesised using Ricinus communis (Ri-AgNP) and Artocarpus (At-AgNP) leaf extracts. The 

SEM micrographs revealed the successful formation of silver nanoparticles with well-defined morphological 

features. The synthesised nanoparticles were predominantly observed in the nanoscale range, with particle 

sizes below 100 nm, confirming the formation of nanoparticles of suitable dimensions. 

 

2.9. Collection Of Bacterial Pathogens 

The MTCC cultures of Escherichia coli and Klebsiella pneumoniae were revived aseptically by transferring 

the cultures into appropriate sterile nutrient medium and incubating under the recommended conditions until 

visible growth was obtained. The revived cultures were then maintained on suitable agar medium for further 

antibacterial studies. 

                                                              Figure 24: Revival of the Bacterial Cultures 
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2.9.1. Antibacterial Assay: Disc Diffusion Method 

The antibacterial study was conducted on the silver nanoparticles by means of the agar well-diffusion tech-

nique against two oral pathogens, namely Escherichia coli and Klebsiella pneumoniae. Tetracycline was taken 

as a control for antibacterial studies. The results are shown below. The concentration of the Silver Nanoparticle 

suspension used was 100 µg/mL. 

                                 Figure 25: Inhibition Zones of Ri-AgNP against E.coli 

                    TABLE 7: Antibacterial Activity of Ri-AgNP against E.coli 

Organism Sample Concentration(100µg/ml) Zone of Inhibition 

 

Sample Control 

E.coli                   20µl 10mm 14mm 

E.coli                   40µl 13mm 14mm 

E.coli                   60µl 13mm 14mm 

E.coli                   80µl 14mm 14mm 

 

                     

                                            Figure 26: Inhibition Zones of At-AgNP against E.coli 

 

                               TABLE 8: Antibacterial Activity of At-AgNP against E.coli 

 

 

 

 

 Figure 

27: Inhibition Zones of Ri-AgNP against Klebsiella pneumoniae 

Organism Sample Concentration(100µg/ml) Zone of Inhibition 

 

Sample Control 

E.coli                   20µl 8mm 14mm 

E.coli                   40µl 10mm 14mm 

E.coli                   60µl 10mm 14mm 

E.coli                   80µl 11mm 14mm 

http://www.jetir.org/


© 2026 JETIR September 2026, Volume 13, Issue 9                                                  www.jetir.org (ISSN-2349-5162) 

JETIR2609171 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org b647 
 

TABLE 9: Antibacterial Activity of Ri-AgNP against Klebsiella pneumoniae 

Organism Sample Concentration(100µg/ml) Zone of Inhibition 

 

Sample Control 

K.pneumoniae                   20µl 10mm 12mm 

K.pneumoniae                   40µl 12mm 12mm 

K.pneumoniae                   60µl 12mm 12mm 

K.pneumoniae                   80µl 12mm 12mm 

 

                                   Figure 28: Inhibition Zones of At-AgNP against Klebsiella pneumoniae 

TABLE 10: Antibacterial Activity of At-AgNP against Klebsiella pneumoniae 

Organism Sample Concentration(100µg/ml) Zone of Inhibition 

 

Sample Control 

K.pneumoniae                   20µl 9mm 12mm 

K.pneumoniae                   40µl 12mm 12mm 

K.pneumoniae                   60µl 12mm 12mm 

K.pneumoniae                   80µl 12mm 12mm 

The antibacterial activity of Ri-AgNP and At-AgNP was evaluated against Escherichia coli and Klebsiella 

pneumoniae using different sample volumes (20–80 µL) of the 100 µg/mL nanoparticle suspension. Against 

E. coli, Ri-AgNP produced inhibition zones of 10, 13, 13 and 14 mm, while At-AgNP produced zones of 8, 

10, 10 and 11 mm at 20, 40, 60 and 80 µL, respectively. Thus, Ri-AgNP showed comparatively greater anti-

bacterial activity against E. coli than At-AgNP. 

Against K. pneumoniae, Ri-AgNP produced inhibition zones of 10, 12, 12 and 12 mm, whereas At-AgNP 

produced zones of 9, 12, 12 and 12 mm at the respective sample volumes. Both nanoparticles therefore demon-

strated antibacterial activity against K. pneumoniae, with Ri-AgNP showing slightly greater inhibition at 20 

µL and comparable activity at higher volumes. 
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2.9.1. Determination of Minimum Inhibitory Concentration of At-AgNP and Ri-AgNP Silver Nanoparti 

          cles against E.coli and Klebsiella pneumoniae 

TABLE 11: Minimum Inhibitory Assay of Artocarpus and Ricinus communis AgNPs 

Bacterial 

Strain 

Nano-

particle 

Replicate 100µl 

(10µg/ml) 

80µl 

(8µg/ml) 

60µl 

(6µg/ml) 

40µl 

(4µg/ml) 

20µl 

(2µg/ml) 

Final 

MIC 

E.coli At-

AgNP 

     R1 - - + + + 80µl 

 

       R2 - + + + + 100µl 

 

       R3 - - + + + 80µl 

 

 Ri- 

AgNP 

     R1 - - - + + 60µl 

 

       R2 - - - + + 60µl 

 

       R3 - + + + + 100µl 

 

Klebsiella 

pneumoniae 

At-

AgNP 

     R1 - + + + + 100µl 

 

       R2 - - + + + 80µl 

 

       R3 - - - + + 60µl 

 

 Ri- 

AgNP 

     R1 - - - + + 60µl 

 

       R2 - - + + + 80µl 

 

       R3 - - - + + 60µl 

 

The minimum inhibitory concentration (MIC) assay was performed to evaluate the antibacterial activity of At-

AgNP and Ri-AgNP against Escherichia coli and Klebsiella pneumoniae. The assay was carried out in three 

replicates using nanoparticle concentrations ranging from 2 to 10 µg/mL. A negative (−) result indicated inhi-

bition of visible bacterial growth, whereas a positive (+) result indicated bacterial growth. 

For E. coli, At-AgNP showed MIC values of 8, 10 and 8 µg/mL in replicates R1, R2 and R3, respectively. Ri-

AgNP showed MIC values of 6, 6 and 10 µg/mL, respectively. Thus, Ri-AgNP exhibited comparatively 

stronger inhibitory activity against E. coli, with a lower overall MIC range of 6–10 µg/mL, compared with 8–

10 µg/mL for At-AgNP. 

Against K. pneumoniae, At-AgNP showed MIC values of 10, 8 and 6 µg/mL for R1, R2 and R3, respectively. 

Ri-AgNP showed an MIC of 6 µg/mL in all three replicates, demonstrating consistent inhibitory activity. 
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Therefore, Ri-AgNP showed greater and more consistent antibacterial activity against K. pneumoniae than At-

AgNP. 

                              GRAPH 6: MIC Assay of At-AgNP and Ri-AgNP 

 

4. DISCUSSION 

Phytochemical screening revealed that both Ricinus communis and Artocarpus contained tannins, alkaloids, 

quinones, coumarins, and phenols, while R. communis showed a notable presence of flavonoids. In contrast, 

Artocarpus exhibited additional detection of steroids, cardiac glycosides, terpenoids, and phytosteroids. These 

secondary metabolites may contribute to the antioxidant and antimicrobial properties of the plant extracts and 

may also help reduce and stabilise silver nanoparticles. 

The antioxidant assay demonstrated considerable activity in both extracts. R. communis exhibited the higher 

maximum activity of 95.66% at 800 µL, compared with 91.00% at 1000 µL for Artocarpus, indicating com-

paratively stronger antioxidant potential in R. communis under the conditions tested. The flavonoid assay fur-

ther showed a concentration-dependent increase in R. communis, with absorbance increasing from 0.082 to 

0.362, whereas no detectable flavonoid response was observed for Artocarpus. Similarly, tannin content was 

higher in R. communis than in Artocarpus, with maximum absorbance values of 0.164 and 0.077, respectively, 

at 100 µL. These findings support the contribution of phenolic and other secondary metabolites to the observed 

antioxidant potential. 

The total phenol assay showed that R. communis produced its highest reading at 60 µL (0.093), while Arto-

carpus showed its maximum at 100 µL (0.090). The presence of phenolic compounds in both extracts supports 

their potential role as reducing and stabilising agents during green nanoparticle synthesis. 

Successful formation of silver nanoparticles was confirmed by UV–Visible spectroscopy, with characteristic 

surface plasmon resonance peaks at 415 nm for At-AgNP and 420 nm for Ri-AgNP. SEM analysis further 
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confirmed the formation of well-defined nanoparticles with particle sizes below 100 nm. The observed na-

noscale dimensions and morphology indicate effective bioreduction and stabilisation of silver nanoparticles 

by phytochemicals present in the respective leaf extracts. 

Both nanoparticle preparations demonstrated antibacterial activity against Escherichia coli and Klebsiella 

pneumoniae. Ri-AgNP generally produced larger inhibition zones than At-AgNP, particularly against E. coli. 

In the MIC assay, Ri-AgNP showed MIC values of 6–10 µg/mL against E. coli and a consistent MIC of 6 

µg/mL against K. pneumoniae. At-AgNP showed MIC values of 8–10 µg/mL against E. coli and 6–10 µg/mL 

against K. pneumoniae. These findings indicate that both green-synthesised AgNPs possess antibacterial po-

tential, with Ri-AgNP showing comparatively greater and more consistent activity under the experimental 

conditions. 

Overall, the findings demonstrate that R. communis and Artocarpus leaf extracts are promising biological 

resources for the green synthesis of silver nanoparticles. The combination of phytochemical constituents, an-

tioxidant properties, nanoscale particle formation, and antibacterial activity supports their potential for further 

investigation as plant-based nano-biocontrol agents. 

5. CONCLUSION 

The present study demonstrated the potential of Ricinus communis and Artocarpus altilis leaf extracts for the 

green synthesis of silver nanoparticles. Both plants contained several biologically important secondary metab-

olites, while R. communis exhibited comparatively higher flavonoid and tannin responses and greater antioxi-

dant activity. The formation of At-AgNP and Ri-AgNP was confirmed by UV–Visible spectroscopy, with char-

acteristic SPR peaks at 415 and 420 nm, respectively, and by SEM, which revealed nanoparticles below 100 

nm. Both nanoparticle preparations exhibited antibacterial activity against E. coli and K. pneumoniae, with 

Ri-AgNP showing comparatively stronger activity, particularly against K. pneumoniae, where a MIC of 6 

µg/mL was consistently observed. The findings provide a basis for exploring plant-mediated silver nanoparti-

cles as potential biocontrol agents in sustainable agriculture. Future studies should evaluate their efficacy 

against important agricultural bacterial and fungal pathogens under greenhouse and field conditions, together 

with detailed assessment of phytotoxicity, environmental persistence, effects on beneficial soil microorgan-

isms, and nanoparticle–plant interactions. Further research could focus on developing controlled delivery sys-

tems, such as nano formulations, biodegradable polymeric carriers, encapsulated formulations, seed-coating 

systems, foliar sprays, and targeted soil-delivery systems. Such approaches could improve the stability, con-

trolled release, targeting, and field efficacy of nanoparticle-based biocontrol agents while reducing unneces-

sary application and environmental exposure. Optimisation of dosage, formulation stability, delivery method, 

and large-scale production will be essential before practical agricultural application. Integration of these nano-

enabled biocontrol systems with existing integrated pest and disease management strategies may contribute to 

the development of more effective and sustainable crop-protection technologies. 
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