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ABSTRACT 

The synthesis of nanoparticles using plant-based extracts has gained significant attention due to its eco-

friendly and cost-effective nature. This study focuses on the green synthesis of copper sulphate(CuSO₄) 

nanoparticles using extracts from guava (Psidium guajava ) pulp, seeds, and leaves. The bioactive 

compounds present in guava serve as natural reducing and stabilizing agents, facilitating the formation 

of nanoparticles without the need for toxic chemicals. The synthesized nanoparticles were characterized 

using UV-Vis spectroscopy to determine their structural, morphological, and chemical 

properties.Antimicrobial activity was evaluated against common bacterial pathogens, including 

Escherichia coli, Bacillus, and Salmonella demonstrating significant antibacterial effects due to the 

disruption of microbial cell membranes and oxidative stress induction. The results suggest that guava-

based CuSO₄ nanoparticles can serve as potential antimicrobial agents for applications in biomedicine, 

food preservation, and environmental protection. This study highlights the potential of plant-mediated 

nanoparticle synthesis as a sustainable and efficient method for developing antimicrobial nanomaterials. 
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1. INTRODUCTION  

Nanotechnology is the science of dealing with materials on a billion scale  Counters (i.e.10-9 m=1nm) 

and is also a study of the manipulation of materials[1].Atomic and molecular scales. Nanoparticles 
are the most basic components Much less in nanostructure manufacturing in the everyday world 

Objects that are described by law by Newton's motion, but are more than atoms Or a simple 

molecule regulated by quantum mechanics[2].Generally, nanoparticle sizes extend on beaches between 
1 and 100 nm. Metal nanoparticles have different physical and chemical properties Metals (for example, 

a melting point,a higher specific magnetizations[3].Nanotechnology is  defined as atomic, molecular, 

or polymer scale research and development[4]. Particles in these dimensions have been used by several 

industries and humanity for thousands of years, However, recent updates in the ability to synthesize and 
manipulate such materials[5].Nano-sized materials are used in a variety of fields, including electron, 

An increase in investment in nanotechnology research and development particularly from the plant  

Psidium guajava can be used to synthesized metallic nanoparticles due to the presence of phytochemical 

like flavonoids, terpenoids and phenolics [6]. which act is reducing agent the Psidium guajava [7]. 

Green synthesis of nanoparticles is an eco-friendly and sustainable approach that utilizes biological [8] 

such as plant extracts, microorganisms, and biomolecules to produce nanomaterials [9]. This method 



chemical and physical synthesis techniques which often involve toxic reagents[10] .plant-based green 
synthesis has gained significant attention due to its cost – effectiveness, biocompatibility[11]. Various 

plant components, such as leaves,seed,fruit pulp contain natural phytochemicals[12] that as reducing 

and stabilizing agents foe nanoparticle formation[13]. 

2. MATERIALS AND METHOD 

2.1 Sample collection- Sample collection in Psidium guajava (guava )the market Vasant Vihar 

Dehradun Uttarakhand. 

                                                

 

 

 

 

 

 

 Fig.1 Guava pulp                   Fig.2 Guava Seed                    Fig.3 Guava leaves                                                                                                                           

2.2 Extract preparation- Stirring-assisted extraction Ten grams of powder mixed with 100 ml of 

solvent (water) was subjected to continuous shaking at room temperature in a shaking incubator for 24 

h at 120 rpm [14] 

 

 

 

 

 

 

 

 

 

 

 

                     Fig.4 Showing Psidium guajava pulp extract, seed extract and leaves extract 

2.3 Isolation of Microorganisms- The microorganisms were isolated and cultured on NAM (Nutrient 

Agar Medium) plates using the streaking method. The cultures were then incubated at 37°C for 24 hours 

[15]. 

   

 



2.4 Colony Selection- After incubation, different bacterial colonies with distinct shapes were selected 

for further analysis [16]. 

2.5 Gram Staining-The selected colonies underwent Gram staining to differentiate between Gram-

positive and Gram-negative bacteria. 

    

                                                 

                         

2.6 Microscopic Examination -The stained samples were observed under a microscope to characterize 

the bacteria based on their morphology. 

2.7 Biochemical Testing- Standard biochemical tests were performed on the isolated bacteria to 

identify their metabolic and enzymatic properties.[ 16-26] 

         

         

                     Table no. 1 Biochemical test describe the characterization isolated bacteria. 

S.no Test name  Bacillus  Salmonella  E.coli  

1. Sugar test 

 Dextrose 

 Sucrose 

 Maltose 

 D-mannitol 

 

Positive 

Positive 

Positive 

Positive 

 

Positive 

Negative 

Positive 

Negative 

 

Positive 

Positive 

Positive 

Positive 

2. Citrate test Negative Negative Negative 

3. H2s test Positive Positive Positive 

4. Catalase test Negative Positive Negative 

5. Motility test Non-
motile 

Positive Negative 

6. MR- test Positive Positive Positive 

7. MR-VP test Positive Negative Positive 

8. Urease test Positive Negative Negative 

9. Indole test Positive Negative Positive 

10. Nitrate test Positive Negative Positive 

 

2.8 Phytochemical Testing:  All the phytochemical done  by standard method.[27-35] 

 

                     Table no.2 Phytochemical test describe the characterization isolated bacteria. 

                                                                                                                                               
Fig.5 Showing gram staining 

Bacillus. 

 
Fig.6 Showing gram staining 

E.coli. 

 
Fig.7 Showing gram staining 

Salmonella. 



S.no Phytochemical test Pulp Seed Leaves 

1. Saponin  Negative Negative Positive 

2. Tanin Positive Positive Positive 

3. Flavanoid Positive Positive Positive 

4. Alkaloid Negative Positive Positive 

5. Terpenoid Negative Positive Negative 

6. Phenolic Positive Positive Positive 

7. Alkaloids(mayers 

reagent) 

Positive Positive Positive 

8. Dragendroffs Negative Negative Negative 

9. Ammonia Negative Positive Positive 

10. Carbohydrate Negative Negative Negative 

 

3. GREEN SYNTHESIS OF COPPER NANOPARTICLES USING COPPER SULPHATE 

(CuSO4) 

Green synthesis of copper nanoparticles (CuNPs) using copper sulphate (CuSO₄) as a precursor involves 

plant extracts or natural biomolecules as reducing and stabilizing agents. This method is eco-friendly, 

cost-effective, and biocompatible, avoiding toxic chemical reducers like sodium borohydride [36-39]. 

 

3.1 Materials Required 

Copper sulfate pentahydrate (CuSO4·5H₂O) – Metal precursor.Plant extract (e.g., Psidium guajava, 

Aloe vera, Azadirachta indica, etc.) – Reducing/stabilizing agent. Distilled water – Solvent. Magnetic 

stirrer & heater. 

3.2 Preparation of Plant Extract 

Collection & Cleaning: Fresh leaves, bark, or fruit of the chosen plant (e.g., Psidium guajava) are 

collected and washed with distilled water to remove dust and impurities. Drying & Grinding: The plant 

material is shade-dried and ground into a fine powder. Extraction: The powder is boiled in distilled 

water (or ethanol) at 60–80°C for 15–30 minutes. Filtration: The extract is filtered using Whatman filter 

paper or centrifugation to remove solid residues. 

3.3 Synthesis of Copper Nanoparticles 

Prepare CuSO₄ Solution – Dissolve 0.01–0.1 M CuSO₄·5H₂O in distilled water. Mix with Plant Extract 

Add the extract dropwise to the CuSO₄ solution under stirring. Reaction Conditions: Stir continuously 

at room temperature or slightly heated (50–80°C). Observe color change from blue to green, yellow, or 

reddish-brown, indicating CuNP formation. Adjust pH (6–8) using NaOH or plant extract if needed to 

optimize reaction. Incubation & Precipitation – The reaction is left for 24 hours to allow complete 

reduction. 

 

3.4 GREEN SYNTHESIS OF COPPER SULPHATE NANOPARTICLES PROCEDURE 

0.1m copper sulphate was prepared by 15 ml distilled water. Polyethylene glycol 2.5 ml added 

containing stire it.20 ml guava extract was added to the copper sulphate solution.Then add NaoH few 

drops.PH strip dip the copper sulphate check the Ph range 6.Put the beaker on the oven.Next day 

centrifuge the eppendroff tube in 10 min 1000 rpm. Supernatant discard gently manner.Then pellet add 

the ammonia solution. Then preserved it freeze. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          Fig.8 Guava pulp sample in production of copper sulphate nanoparticles. 

 

4. ANTIMICROBIAL ACTIVITY 

The Minimum Inhibitory Concentration (MIC) is a critical parameter in microbiology used to determine 

the lowest concentration of an antimicrobial agent required to inhibit the visible growth of a 

microorganism.  

                                                         

 

                                                                  

 

                                                                 Table no.3 MIC Results 

Strain Zone of Inhibition (mm) 

Psidium Guajava Pulp 

Zone of Inhibition (mm) 

Psidium Guajava Seed 

Zone of Inhibition (mm) 

Psidium Guajava Leaves 

Ecoli 3.4 ± .25 2.1 ± .15 2.1 ± .10 

Bacillus 3.6 ± .23 3.7 ± .25 3.8 ± .28 

Salmonella 2.8 ± .12 3.1 ± .24 3.7 ± .25 

 

 

 

 

 
Fig.11 Showing zone of inhibition 

Salmonella.           

 
Fig.10 Showing zone of inhibition 

Bacillus. 

 
Fig.9 Showing zone of inhibition 

E.coli. 



  4.1 INTERPRETATION 

 MIC values help categorize microorganisms as susceptible, intermediate, or resistant to specific 

antimicrobial agents. These categories are based on extensive research correlating MIC with achievable 

serum levels, resistance mechanisms, and therapeutic outcomes. 

 A Larger Zone of E.coli 3.4 ± .25mm, 2.1 ± .15mm, 2.10 ± .10mm means Inhibition Indicates 

strong antimicrobial activity. Suggests that E. coli is highly susceptible to the tested antibiotic. 

A very good Minimum Inhibitory Concentration (MIC) result corresponds to a low MIC value, 

meaning a small amount of the antibiotic effectively inhibits bacterial growth. MIC and Zone 

of Inhibition Correlation. MIC (Minimum Inhibitory Concentration) The lowest concentration 

of an antibiotic that prevents visible bacterial growth. A low MIC means the antibiotic is 

effective at lower doses, which is good. A high MIC means the bacteria require more antibiotic 

to be inhibited. Suggests that guava pulp and seed extracts are effective in inhibiting Bacillus 

and Salmonella growth.  

 A larger zone of Bacillus 3.6 ± .23mm, 3.7 ± .25mm, 3.7 ± .28mm and  Salmonella  2.8 ± .12 

mm, 3.1 ± .24mm, 3.7 ± .25mm. 

 stronger antimicrobial activity  guava seed and leaves a very good result are show. A good 

MIC result  that even at a low concentration, guava extracts successfully inhibit bacterial 

growth. 

4.2 RELATIONSHIP WITH ZONE OF INHIBITION 

 There is an inverse correlation between MIC and the zone of inhibition; lower MIC values indicate 

higher susceptibility and larger zones of inhibition.      

5. DISCUSSION 

Nanotechnology has emerged as a crucial field in various industries, including food, medicine, and 

agriculture. Guava (Psidium guajava), a tropical fruit rich in bioactive compounds, has been explored 

for its role in nanoparticle synthesis and applications. Guava extracts (from pulp, seeds, and leaves) 

contain polyphenols, flavonoids, tannins, and other phytochemicals, which can act as reducing, 

stabilizing, and capping agents in green nanoparticle synthesis. Additionally, guava-derived 

nanoparticles exhibit promising antimicrobial, antioxidant, and biomedical properties.                                                    

6. CONCLUSION 

The of using nanoparticles derived from guava pulp, seeds, and leaves . Guava-based nanoparticles 

exhibit strong antioxidant, antimicrobial, and anti-inflammatory properties due to the presence of 

bioactive compounds such as polyphenols, flavonoids, and tannins. These nanoparticles have promising 

applications in the food industry for preservation, in medicine for drug delivery and wound healing, and 

in environmental applications for water purification. 

The study on nanoparticles derived from guava (Psidium guajava) pulp, seeds, and leaves for the green 

synthesis of copper sulphate nanoparticles highlights their effectiveness as natural reducing and 

stabilizing agents. Guava extracts contain bioactive compounds such as flavonoids, tannins, and 

polyphenols, which facilitate the eco-friendly synthesis of copper nanoparticles. 

The results indicate that guava-based nanoparticles exhibit promising antibacterial, antioxidant, and 

catalytic properties, making them suitable for various biomedical and industrial applications. 

Additionally, this green synthesis method is cost-effective, sustainable, and environmentally friendly 

compared to traditional chemical synthesis methods. 

 



ACKNOWLEDGEMENT 

I would like to express my sincere gratitude to Dr. Manjit Kaur, Senior Scientist at Rapture 

Biotech, Dehradun, for her invaluable guidance, support, and expertise throughout the course of 
this research paper. continuous support throughout the preparation of this research paper. Their 

expertise and encouragement have been instrumental in refining my work and enhancing its 

quality. I deeply appreciate their time and effort in reviewing my manuscript and providing 

constructive suggest. 

   REFRENCES 

1.Nagaraja S, Ahmed S, Goudanavar P, Fattepur S, Meravanige G, Shariff A, Shiroorkar, PN, Habeebuddin M, 

and Telsang M, Green Synthesis and characterization of silver nanoparticles of P.guajava leaf extract 

and evaluation for its antidiabetic activity. Molecules 2022; (14): 4336-4445 

2.Pham D T, Nguyen D X T, Lieu R, Huynh Q C, Nguye  N Y, Quyen T  B, and Tran V D, Silk nanoparticles for 

the protection and delivery of guava leaf (Psidium guajava L.) extract for cosmetic industry, a new 

approach for an old herb. Drug Delivery 2023; (1): 1-9. 

3.Patil S.P,and Rane PM, Psidium guajava leaves assisted green synthesis of metallic nanoparticles: A review. 

Beni-Suef University Journal of Basic and Applied Sciences 2020; (1): 1-7 

4.Pragyandip P, Dash SK, Anuradha M, Sajal S, Antimicrobial activity of Haldina cordifolia (Roxb.) Ridsdale 

and Thevetia peruviana (Pers.) Schum. leaf extract against multidrug resistant microbes. Ann. 

Phytomed 2003; (1): 431-439. 

5.Sathiyavimal S,Vasantharaj S, Veeramani V,Saravanan M, Rajalakshmi G, Kaliannan T, and Pugazhendhi 

A,Green chemistry route of biosynthesized copper oxide nanoparticles using Psidium guajava leaf extract 

and their antibacterial activity and effective removal of industrial dyes. Journal of Environmental 

Chemical Engineering, 2011; (2): 1-11. 

 6.Rai M.K, Jaiswal V S, Jaiswal U, Shoot multiplication and plant regeneration of guava (Psidium guajava L.) 

from nodal explants of in vitro raised plantlets. Journal of Fruit and Ornamental Plant Research 2009; 

(17): 29-38. 

7.Chen K.C, Hsieh CL, Peng CC, Hsieh-Li H.M, Chiang HS, Huang KD, Peng RY, Brain derived metastatic 

prostate cancer DU-145 cells are effectively inhibited in vitro by guava (Psidium gujava L.) leaf extracts. 

Nutr Cancer 2007; (1): 93–106 

8.Asim U, Shahid N, Naveed , Muhammad Shahid R, Selection of a suitable method for the synthesis of copper 

nanoparticles, world publication company 2021; (7): 1230005-1. 

9.Shen M,Yokouchi T, Physical Review B56 13066. Hyo-Jeoung Lee, Jae Yong Song and Beom Soo Kim, 

Biological synthesis of copper nanoparticles using Magnolia kobus leaf extract and their antibacterial 

activity, Journal of Chemical Technology and Biotechnology 2013; (11): 1971–1977. 

10.Patil SP,Calotropis gigantea assisted green synthesis of nanomaterials and their applications a review. Beni-

Suef Univ J Basic Sci 2020;(9): 14. 

11.Dakappa SS, Adhikari R, Timilsina SS, Sajjekhan S,A review on the medicinal plant Psidium guajava Linn. 

(Myrtaceae). J Drug Deliv Ther 2013; (2): 162–168. 

12.Nwinyi O,Chinedu S.N,Ajani OO, Evaluation of antibacterial activity of Pisidium guajava and Gongronema 

latifolium. J Med Plants Res 2008; (8): 189–192 

13.Jiminez-Escrig A, Rincon M, Pulido R, Saura-Calixto F, Guava fruit (Psidium guajava L.) as a new source of 

antioxidant dietary fiber. J Agric Food Chem 2001;  (11): 5489–5493. 



14.Chuah PN, Nyanasegaram, D Yu,  Razik R.M, Al-Dhalli  S, Kue  CS, Shaari K. and Ng  CH, Comparative 

conventional extraction methods of ethanolic extracts of Clinacanthus nutans leaves on antioxidant 

activity and toxicity. British Food Journal 2020; (10):3139-3149.  

15.Begum S, Siddiui BS, Hassan S.I, Triterpenoids from Psidium guajava leaves. Nat Prod Letters 2002; (3) 173–

177. 

16.Arima H, and Danno G, Isolation of antimicrobial compounds from Guava (Psidium guajava L.)and their 

structural elucidation. Biosci Biotechnol Biochem 2002; (8): 1727-30. do: 10.1271/bbb.66.1727 

17.Abdel WSM, Hifawy M.S, Gohary EL and Isak MHM,Study of carbohydrates, lipids, protein, flavonoids, 

vitamin C and biological activity of Psidium guayava L. growing in Egypt. Egypt J Biomed Sci 2004; 

(16): 35-52. 

18.Neviton RS, Diogenes AGC, Michelle SS, Celso VN, Benedito PDF. An evaluation of antibacterial activities 

of Psidium guajava L.). 2005; Brazilian Arch Biol Technol 48 (3): 429-436. 

19.Suganya T, Fumio I, Siriporn O, Antioxidant active principles isolated from Psidium guajava grown in 

Thailand. Sci Pharm 2007; (75): 179–193. 

20.Mazumdar S,Akter R, Talukdar D, Anti-diabetic and anti-diarrheal effects of ethanolic extract of (L.) Bat. 

leaves in Wister rats. Asian Pac J Trop Biomed 2015;  (1): 10–14. 

21.Tella T, Masola B, Mukaratirwa S, The effect of Psidium guajava aqueous leaf extract on liver glycogen 

enzymes, hormone sensitive lipase and serum lipid profile in diabetic rats. Biomed Pharmacother 2019; 

(109): 2441–2446. 

22.Aboeita NM,Fahmy S. A, El-Sayed M. M,Azzazy  HME. S,and Shoeib T,W Enhanced anticancer activity of 

nedaplatin loaded onto copper nanoparticles synthesized using red algae. Pharmaceuticss 2022; (2): 418-

434. 

23.Biswas B,Rogers K, McLaughlin F,Daniels SD, and Yadav A, Antimicrobial activities of leaf extracts of guava 

(Psidium guajava L.) on two gram-negative and gram-positive bacteria. International Journal of 

Microbiology 2013; (1): 1-15 

24.Ghosh  MK, Sahu S,Gupta I, and Ghorai T K, Green synthesis of copper nanoparticles from an extract of 

Jatropha curcas leaves: Characterization, optical properties,sbinding and photocatalytic 

activity. RSC advances 2020; (37): 22027-22035. 

25.Hsieh CL, Lin YC, Ko WS, Peng CH, Huang N and Peng RY, Inhibitory effect of some selected nutraceutic 

herbs on LDL glycation induced by glucose and glyoxal. J Ethnopharmacol 2005; (102): 357–363. 

26. Edwards RL, Lyon T, Litwin SE, Rabovsky A, Symons JD and Jalili T, Quercetin reduces blood pressure in 

hypertensive subjects 2007; ( 137): 2405–2411. 

27.Kahraman A, Erkasap N and Koken T, protective effect of quercetin ¨ on renal ischemia/reperfusion injury in 

rats. J Nephrol 2003;( 10): 219–224. 

28.Ishikawa Y and Kitamura M, Bioflavonoid quercetin inhibits mitosis and apoptosis of glomerular cells in vitro 

and in vivo. Biochem Biophys Res Commun 2000; (279): 629–634. 

29. Nagao T, Hase T and Tokimitsu I, A green tea extract high in catechins reduces body fat and cardiovascular 

risks in humans. Obesity 2007; (15): 1473–1483.  

30.Shimmyo Y, Kihara T, Akaike A, Niidome T and Sugimoto H, Three distinct neuroprotective functions of 

myricetin against glutamateinduced neuronal cell death: involvement of direct inhibition of caspase-3. J 

Neurosci Res 2008; (86):1836–1845. 

31.Mari Kannan M,and Darlin Quine S, Pharmacodynamics of ellagic acid on cardiac troponin-T, lyosomal 

enzymes and membrane bound ATPases: mechanistic clues from biochemical, cytokine and in vitro 

studies. Chem-Biol Interact 2011; (193): 154-161. 



32.Lo C, Lai TY, Yang JH, Yang JS, Ma YS, Weng SW, et al, Gallic acid induces apoptosis in A375.S2 human 

melanoma cells through caspase-dependent and -independent pathways. Int J Oncol 2010; (37): 377–

385. 

33.Peng CH, Chyau CC, Chan KC, Chan TH, Wang CJ and Huang CN, Hibiscus sabdariffa polyphenolic extract 

inhibits hyperglycemia, hyperlipidemia, and glycation-oxidative stress while improving insulin 

resistance. J Agric Food Chem 2011;(59): 9901–9909.  

34.Jia Z, Tang M and Wu J, The determination of flavonoid contents in mulberry and their scavenging effects on 

superoxide radicals. Food Chem 1999; (19):555–559. 

35.Tsimogiannis D, Samiotaki M, Panayotou G and Oreopoulou V, Characterization of flavonoid subgroups and 

hydroxy substitution by HPLC-MS/MS. Molecules 2007; (12): 593–606. 

36.de Brito ES, Pessanha de Araujo MC, Lin LZ and Harnly JM, Determination of the flavonoid components of 

cashew apple (Anacardium occidentale) by LC-DAD-ESI/MS. Food Chem 105:1112–1118 (2007).  

37. Kim Y, Goodner KL, Park JD, Choi J and Talcott ST, Changes in antioxidant phytochemicals and volatile 

composition of Camellia sinensis by oxidation during tea fermentation. Food Chem 2011; ( 129): 331–

1342.  

38.Ainsworth EA, Gillespie KM, Estimation of total phenolic content and other oxidation substrates in plant 

tissues using FolinCiocalteu reagent. Nature Protocols 2007; (4):  875–877. 

39.Amaral VA, Alves T F R, de Souza  J F, Batain F, de Moura Crescencio KM, Soeiro, V, S, de Barros  C T and 

Chaud MV, Phenolic compounds from Psidium guajava (Linn.) leaves: Effect of the extraction-assisted 

method upon total phenolics content and antioxidant activity. Biointerface Research in Applied 

Chemistry 2011; (2):9346–9357.  

 


