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ABSTRACT 

 

Green synthesis of nanoparticles is a synthetic method that utilizes biological sources for their production. 

It is gaining attention due to its cost-effectiveness, eco-friendly nature, and compatibility with large-scale 

production. Herein is a detailed report on the green synthesis of AgNPs and evaluation of their antimicrobial 

activity. Aqueous extract of Lagenaria breviflora fruit was obtained via maceration and then screened to 

determine the presence of important phytochemicals. The synthesis of AgNPs was carried out in the dark 

to avoid photodegradation of silver nitrate solution. 0.005M AgNO₃ solution was added to aqueous extract 

of Lagenaria breviflora fruit in a ratio of 80:20. The mixture was maintained at 60°C for 6 hours under 

constant stirring. A color changes was observed, indicating the formation of AgNPs; which was confirmed 

by a visual color change from light yellow to dark brown due to the phenomenon of surface plasmon 

resonance. The biosynthesized AgNPs were characterized using UV-vis spectroscopy, Fourier transform 

infrared spectroscopy (FTIR), X-ray diffraction (XRD), and scanning electron microscopy (SEM).  SEM 

revealed the surface morphology and the average particle size of 73.20 nm, X-ray diffraction showed an 

average crystallites size of 12.83 nm in the range of 10-700, FTIR revealed the presence of important 

functional groups responsible for reduction of silver ions and UV-Visible spectrophotometer showed 

maximum absorbance peak of 435 nm in the range of 300-700nm. The antibacterial activity of the 

synthesized AgNPs were tested against clinical pathogens including gram negative (Escherichia coli and 

Salmonella typhi) and gram positive (Staphylococcus aureus) using agar well diffusion method. The result 

showed that the green synthesized silver nanoparticles (AgNPs) have a potential to inhibit the growth of 

bacterial with inhibition zones diameter of 12mm, 11mm and 11mm observed for the tested organisms 

compare to the 19mm of the control (Ciprofloxacin). Phytochemical screening revealed the presence of 

alkaloids, tannnis, flavonoids, terpenoids, saponins and carotenoids. 
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INTRODUCTION 

 

The increasing awareness of environmental 

degradation and health risks associated with 

traditional chemical processes has enhanced the 

development of 'green’ chemistry, a discipline 

dedicated to creating more sustainable and 

environmentally friendly chemical practices [1]. 

Green chemistry encompasses a set of principles 

aimed at minimizing the use and generation of 

hazardous substances. This breakthrough is not 

merely a reaction to environmental concerns; it 

represents a proactive approach that incorporates 

ecological considerations into the focus of 
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chemical research and development [2]; like the 

green synthesis of nanoparticles, which 

represents a transformative approach in the field 

of nanotechnology, emphasizing 

environmentally sustainable practices that 

leverage natural biological processes [3]. This 

methodology utilizes various biological entities, 

particularly plant extracts, to facilitate the 

synthesis of nanoparticles, offering a better 

alternative to conventional chemical methods that 

often involve hazardous reagents and complex 

procedures [4]. The inherent reducing and 

stabilizing properties of phytochemicals such as 

phenolic and terpenoids, in plants play a crucial 

role in the reduction of metal ions to 

nanoparticles, thereby enhancing the safety and 

efficacy of the synthesis process [5]. 

Recent advancements in green synthesis have 

highlighted its potential for producing a wide 

array of nanomaterials. Silver is one of the most 

widely used nano-materials in everyday 

applications; due to its unique role in bimolecular 

detection, catalysis, medicine, agriculture, 

biosensor and environmental remediation; it is 

been known to possess antimicrobial and anti-

inflammatory properties making them suitable 

candidates for drug delivery and infection control 

[6]. There are various techniques available for the 

synthesis of silver nanoparticles, including 

physical, chemical and biological methods. 

Unfortunately, many of the physical and 

chemical methods are time and high energy 

demanding, expensive and involve the use of 

hazardous chemicals making them challenging 

and often involving contamination of the 

environment [7]. Therefore, it is increasingly 

important to prioritize an alternative synthetic 

route that is not only cost-effective but also 

environmentally friendly. Considering these, the 

biological green synthesis methods that involve 

the use of natural resources such as plant extracts, 

micro-organisms and enzymes as reductants and 

capping agent for the preparation of silver 

nanoparticles are attracting more interest in 

nanotechnology [8]. Moreover, the green 

synthesis method is cheap, renewable and 

produces more stable nanomaterials. 

Microorganisms can be used to produce 

nanoparticles, but the synthesis process tends to 

be slower compared to methods that involve 

plant-mediated synthesis [9]. 

Plants provide many benefits, whether used 

whole or in part. Active ingredients derived from 

plants, possess the capability to cap and reduce 

metal ions to stable metal nanoparticles [10]. The 

ability to control the size, shape, and surface 

properties of nanoparticles through careful 

selection of plant materials and extraction 

methods further underscores the versatility of this 

approach [11-12]. The process typically involves 

mixing a metal salt solution with an aqueous plant 

extract under mild conditions, which not only 

reduces energy consumption but also minimizes 

waste generation. In this regard, fruit extract of 

Lagenaria breviflora (commonly known as wild 

colocvnth) a perennial vine plant from the family 
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of Cucurbitaceae [13]; was used for bio-reduction 

of silver ions to nanoparticles. This plant is 

widely found in west tropical Africa such as 

Nigeria, Cameroon and Congo. However, part of 

the plant has been used as a traditional remedy for 

various health issues. It has been particularly 

valued for its effectiveness in treating viral, 

bacterial, and fungal infections [14]. 

 

 

figure 1: Lagenaira brevflora fruits 

MATERIALS AND METHODS 

The plant extract-mediated bio-reduction 

involves mixing the aqueous extract with a 

solution of the appropriate metal salt. The 

synthesis of nanoparticles takes place at 600C in 

dark condition and finishes within 6h. 

Preparation of plant extract 

Lagenaria breviflora fruit extract was used to 

prepare silver nanoparticles due to its cost-

effectiveness, easy availability, and well-known 

medicinal properties. Fresh fruits were obtained 

from the botanical garden Joseph Sarwua Tarka 

University, Makurdi, Benue State, Nigeria. They 

were washed with tap and double distilled water 

to remove dust particles, then shade-dried to a 

constant weight. The dried fruits were pulverized. 

20g of the sample was introduced into a 250cm3 

glass beaker containing 200cm3 of double 

distilled water and allowed to stay for 48hrs with 

intermittent shaking. The mixture was filtered 

with Whatman No.1 filter paper and stored in the 

refrigerator for further usage. 

Phytochemical screening 

Phytochemical screening of Lagenaria breviflora 

fruits aqueous extract was conducted following 

the method prescribed by [15]. Bioactive 

compounds, such as alkaloids, saponins, 

flavonoids, tannins, terpenoids, and carotenoids 

were screened for. 
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Green synthesis of silver nanoparticles 

Silver nitrate (AgNO3) was sourced from Sigma 

Aldrich. 240cm3 of 0.005M solution of silver 

nitrate was prepared and added to 60 cm3 of 

lagenaira breviflora fruit extract. Under constant 

stirring, the mixture was heated on a magnetic hot 

plate at 600C for about 6h until the colour of the 

solution changes from yellow to dark brown. The 

observed colour change confirmed the formation 

of silver nanoparticles and the solution was taken 

from the hot plate. The formation was also 

monitored using UV-Visible spectroscopy 

ranging from 300-700 nm. The synthesis was 

conducted in the dark to prevent photo-

degradation of silver nitrate. The synthesized 

silver nanoparticles were centrifuge at 3500rpm 

for 30 minutes. The crystals obtained were 

washed with double distilled water, oven dried at 

400C and stored for further use. 

Characterization of synthesized silver 

nanoparticles 

UV-Vis spectral analysis was conducted using a 

scan Jen-way (Model 7415) Single beam UV-

visible Spectrophotometer at a wavelength 

ranging from 300-700 nm. For the analysis, 1cm3 

of the sample was pipetted into a culvert and 

examined at room temperature. FTIR spectra 

were recorded using an Agilent Cary 630 FTIR 

spectrophotometer. The average crystallite size 

was determined using X-ray diffraction (XRD) 

Thermo scientific model:ARL’XTRA X-ray and 

serial number 197492086. The particle size and 

surface morphology were examined using 

Scanning Electron Microscopy (SEM) model 

Phenom ProX, by PhenomWorld Einhoven; The 

Netherlands. 

Assessment of antimicrobial assay 

The antibacterial assays were evaluated against; a 

(gram-negative pathogens Escherichia coli and 

Salmonella typhi) and gram positive pathogen 

Staphylococcus aureus, by using Agar well 

diffusion method. Nutrient Agar (N.A) plates 

were swabbed with 24h old broth culture of 

respective micro-organisms. After which, wells 

of about 2cm apart were bored on the surface of 

inoculated agar plates using 10mm cork borer. 

About 0.2 mL of different concentrations 

(500mg/mL, 250mg/mL and 125mg/mL) of plant 

extracts (P-E) and silver nanoparticles were 

added into the well using Pasteur pipette; using 

Ciprofloxacin as control. The plates were 

incubated at 37oC for 24hr. The experiment was 

performed in triplicate and the antibacterial 

activity was measured based on the inhibition 

zone around the well impregnated with plant 

extract and synthesized silver nanoparticles. 

 

RESULTS AND DISCUSSION  

Phytochemical analysis  

Phytochemical screening tests were conducted to 

identify bioactive compounds present in the 

extract that are responsible for the reduction of 

silver ion to nanoparticles. The results of this 
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screening for aqueous extracts are summarized in 

Table 1. 

Table 1: Phytochemical screening of aqueous extract of lagenaira breviflora fruit 

Phytochemical 

constituents 

Test performed Aqueous 

extract 

Alkaloids Mayer’s and Dragendorffs tests + 

Tannis Ferric chloride test + 

Flavonoids Ammonia Test + 

Saponins Frothing test ++ 

Terpenoids Salkowski Test + 

Carotenoids Carr-price reaction test + 

 Key: (+, present) (++, very present) 

Visual observation and UV-Vis spectroscopy 

When the plant extract of Lagenaira breviflora 

was added to the beaker containing aqueous 

solution of silver nitrate and stirred at 600C for 

6h, the color of the solution changed from yellow 

to dark-brown indicating the formation of the 

silver nanoparticles (as shown in Figure 2). This 

colour change is attributed to the excitation of 

surface plasmon vibrations in the silver 

nanoparticles [16]. Several parameters were 

optimized, including the concentrations of silver 

nitrate and Lagenaira breviflora fruit extract, 

temperature, as well as the reaction time, all of 

which have been identified as key factors 

influencing the yield of silver nanoparticles. 

Silver nanoparticles synthesized at 

concentrations of fruit extract of 60cm3 using 

240cm3 of silver nitrate was analyzed by UV 

spectrum of Plasmon resonance band observed at 

350 nm, indicates the peak of the plant extract 

while the peak observed at 435 nm was that  of 

the synthesized silver nanoparticles similar to the 

finding of [17]. The recorded UV-vis spectrum 

indicated that bio-reduction was successfully 

achieved using the fruit extract of Lagenaria 

breviflora as a reducing agent. Both the UV-vis 

spectrum and visual observations showed that 

silver nanoparticles were formed within a 

reaction time of 6 hours. 
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Figure 2: Image of the formation of silver nanoparticles 
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Figure 3: UV-vis absorption spectrum of the synthesized AgNPs 

FTIR analysis 

FTIR analysis revealed the presence of specific 

functional groups responsible for reduction and 

capping of silver ion (Ag+) to silver nanoparticles 

(AgNPs). The peak at 3400 cm⁻¹ indicates the 

presence of O-H stretching attributed for water 

and lagenaira breviflora fruit extracts molecule. 

The band at 3200 cm⁻¹ is due to N-H stretching 

of amine (NH2) and the peak at 2800 cm⁻¹ is 

typical of aliphatic C-H bonds. The peak at 1700 

cm⁻¹, corresponding to the C=O stretching of 

carbonyl groups. The peak at 1600 cm⁻¹ is related 

to the C=C stretching of alkene groups present in 

the phyhtoconstituents of the extract and the peak 

between (1000-1200cm-1) is assigned to 

aldehydes hydrogen stretch of ester, or alcohol as 

showed in figure 4. The observed peaks are 

primarily associated with the flavonoids and 

terpenoids found in the plant extract. This agrees 

with the findings of [18]. 

 
  

L.breviflora 

fruit extract 

 breviflora 

fruit extract 

L. 

breviflora 
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Figure 4. FTIR Spectra of the synthesized AgNPs 

X-ray Diffraction analysis 

The X-ray diffraction (XRD) pattern of the 

synthesized AgNPs is shown in figure 5. The XRD 

pattern showed three peaks for 2θ values ranging 

from 27- 50◦; indexed as (111), (200) and (220). 

These peaks indicate crystalline structure, with the 

prominent peak at 32.20° (200) with a d-spacing of 

0.28 nm; with an average crystallite size of 12.83 

nm. The intensity of these peaks suggests high 

crystallinity. The crystalline silver nanoparticle 

was calculated using Debye-Scherrer equation as 

reported by [19-20]. 

Debye-Scherrer equation: D = k λ/βcos θ…. (1) 

Where D= size of the nano-crystal, 

 𝑘 = Scherrer constant (0.9), 

 𝜆 = x-ray wavelength (1.5406 Å= 1.5406 ×
10−10), 

 𝛽= full width at half maxima of (200) reflection 

at Bragg’s angle 2𝜃, 

 𝜃=Bragg angle (32.20◦).  
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Figure 5. X-ray diffractogram of the synthesized LB-AgNPs 

Scanning Electron Microscopy (SEM) analysis 

 Scanning electron microscopy was used to 

determine the size and morphology of the 

nanoparticles. The analysis showed that the silver 

nanoparticles are well-dispersed and spherical in 

shape. The resulting histogram displays the size 

distribution while the micrographs depict the 

surface morphology of the synthesized silver 

nanoparticles (AgNPs) attributed to the reaction 

mode of the active phytochemicals present in the 

plant extracts as shown in figure 6. The average 

particle size of the AgNPs was observed to be 

73.20 nm while the average area was 38.80 nm2. 

This result falls within the nanomaterials range of 

1-100 nm reported by [21]. 

               

Figure 6. SEM image of synthesized silver nanoparticles (AgNPs) 
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Antimicrobial activity  

Silver nanoparticles as well as elemental silver 

and its compounds have been used across various 

fields, especially in the health industry, because 

of their antimicrobial properties [22]. Silver 

nanoparticles mediated by lagenaira breviflora 

extract were examined as effective antibacterial 

agents. The plant extract and the mediated silver 

nanoparticles were tested for their antimicrobial 

activities against both gram positive 

(Staphylococcu. aureus) and gram negative 

(Escherichia coli and Salmonella typhi) bacterial 

strains showing the zones of inhibition for 

different concentration (500, 250, and 125 

mg/mL). Based on the zone of inhibition 

produced, synthesized silver nanoparticles 

proved to exhibit good antibacterial activity 

against Staphylococcu. aureus, Escherichia coli 

and Salmonella typhi than the fruit extract of the 

plant that shows low activity.  On the other hand, 

control (Ciprofloxacin) demonstrates the highest 

zones of inhibition at the lowest concentration 

(125 mg/mL), showing high effectiveness. The 

results of antibacterial activities of the plant 

extract and the silver nanoparticles showed 

varying degree of inhibition against the 

organisms as presented in Table 2. The 

synthesized silver nanoparticles showed better 

antimicrobial properties compared to the plant 

extract. This effectiveness is attributed to their 

larger surface area, which enhances their contact 

with the cell walls of microorganisms. The plant 

extract as well as the synthesized AgNPs. 

Table 2:  Zone of inhibition (mm) obtained by agar well diffusion method. 

 Zone of inhibition (mm) 

Gram negative  Gram positive 

Samples Concentration 

mg/mL 

E. coli S.typhi S.aureus 

Plant extract 500 11 10 10 

 250 8 7 8 

 125 - - - 

AgNPs 500 15 13 14 

 250 12 11 11 

 125 9 8 9 

Ciprofloxacin 500 21 22 21 

 250 19 20 18 

 125 17 19 16 
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CONCLUSION 

This study reports a simple, eco-friendly, one-

spot method for synthesizing stable silver 

nanoparticles using Lagenaria breviflora fruit 

extract at 60°C. The process was found to be 
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efficient in terms of reaction time, and does not 

require external stabilizers or reducing agents. 

The synthesized silver nanoparticles showed 

efficient antimicrobial activities against 

Staphylococcu. aureus, Escherichia coli and 

Salmonella typhi. The use of plant extracts for 

nanoparticle synthesis is energy-efficient, cost-

effective, and environmentally friendly, 

producing less waste and safer products. This 

green method is a promising alternative to 

conventional physical and chemical techniques 

and thus has potential applications in 

biomedicine, optoelectronics, and medical 

devices. 

REFERENCES 

1. J. Andraos and A. S. Matlack 

(2022). Introduction to green chemistry. 

CRC press. 

 

2. A. Nyabadza, E. McCarthy, M. 

Makhesana, S. Heidarinassab, A. Plouze, 

M. Vazquez and D. Brabazon (2023). A 

review of physical, chemical and 

biological synthesis methods of 

bimetallic nanoparticles and applications 

in sensing, water treatment, biomedicine, 

catalysis and hydrogen 

storage. Advances in Colloid and 

Interface Science, 103010. 

 

3. S. Singh, H. Tiwari, A. Verma, P. Gupta, 

A. Chattopadhaya, A. Singh and V. 

Gautam (2024). Sustainable synthesis of 

novel green-based nanoparticles for 

therapeutic interventions and 

environmental remediation. ACS 

Synthetic Biology, 13(7), 1994-2007. 

 

4. K. Jain, A. Takuli, T. K. Gupta and D. 

Gupta (2024). Rethinking nanoparticle 

synthesis: a sustainable approach vs. 

traditional methods. Chemistry–An 

Asian Journal, e202400701.Khan, F., 

Shariq, M., Asif, M., Siddiqui, M. A., 

Malan, P., & Ahmad, F. (2022). Green 

nanotechnology: plant-mediated 

nanoparticle synthesis and 

application. Nanomaterials, 12(4), 673. 

 

5. H. Singh, M. F. Desimone, S. Pandya, S. 

Jasani, N. George, M. Adnan and S. A. 

Alderhami (2023). Revisiting the green 

synthesis of nanoparticles: uncovering 

influences of plant extracts as reducing 

agents for enhanced synthesis efficiency 

and its biomedical 

applications. International Journal of 

Nanomedicine, 4727-4750. 

 

6. K. Muthu and S. Priya (2017). Green 

synthesis, characterization and catalytic 

activity of silver nanoparticles using 

Cassia auriculata flower extract 

separated fraction. Spectrochimica Acta 

Part A: Molecular and Biomolecular 

Spectroscopy, 179, 66-72. 

 

7. S. F. Ahmed, P. S. Kumar, M. R. Rozbu, 

A. T. Chowdhury, S. Nuzhat, N. Rafa 

and M. Mofijur (2022). Heavy metal 

toxicity, sources, and remediation 

techniques for contaminated water and 

soil. Environmental Technology & 

Innovation, 25, 102114. 

 

8. P. Rajoriya, M. C. Barcelos, D. C. 

Ferreira, P. Misra, G. Molina, F. M. 

Pelissari and P. W. Ramteke (2021). 

Green silver nanoparticles: Recent trends 

and technological 

developments. Journal of Polymers and 

the Environment, 29, 2711-2737. 

 

9. M. G. Kotresh, M. K. Patil and S. R. 

Inamdar (2021). Reaction temperature 

based synthesis of ZnO nanoparticles 

using co-precipitation method: Detailed 

structural and optical 

characterization. Optik, 243, 167506. 

 

10. Y. G. Godeto, A. Ayele, I. N. Ahmed, A. 

Husen and R. K. Bachheti (2023). 

Medicinal plant-based metabolites in 



J. Chem. Soc. Nigeria, Vol. 50, No. 2, pp 330 – 340 [2025] 

340 
 

nanoparticles synthesis and their cutting-

edge applications: an 

overview. Secondary metabolites from 

medicinal plants, 1-34. 

 

11. I. S. Okoro, T. A. Tor-Anyiin, J. O. Igoli 

and M. E. Khan (2019). Cytotoxicity 

activity and phytochemical screening of 

Anthocleista djalonensis root extracts 

against cancer cells. Eur J Med 

Plants, 27(2), 1-7. 

 

12. G. S. El-Sayyad, D. Elfadil, M. A. 

Mosleh, Y. A Hasanien, A. Mostafa, R. 

S. Abdelkader, and A.I. El-Batal (2024). 

Eco-friendly strategies for biological 

synthesis of green nanoparticles with 

promising 

applications. BioNanoScience, 1-43. 

 

13. O. T. Umoh and M. E. Bassey (2021). 

Morphology and distribution of species 

of the family Cucurbitaceae in Akwa 

Ibom State, Nigeria. Phytotaxa, 508(2), 

107-128. 

 

14. O. E. Ezim, F. N. Okoye, V. S. Krukru 

and E. A. Ogbonnaya (2024). Evaluation 

of the nutritional potentials of Lageneria 

breviflora seeds. World Journal of 

Advanced Research and Reviews, 21(2), 

1071-1077. 

 

15. T. K. Paul, M. A. Jalil, M. R.  Repon, M. 

A.  Alim, T. Islam, S. T. Rahman and M. 

Rhaman (2023). Mapping the Progress in 

surface plasmon resonance analysis of 

phytogenic silver nanoparticles with 

colorimetric sensing 

applications. Chemistry & 

Biodiversity, 20(8), e202300510. 

16. E. Alzahrani (2020). Colorimetric 

Detection Based on Localized Surface 

Plasmon Resonance Optical 

Characteristics for Sensing of Mercury 

Using Green‐Synthesized Silver 

Nanoparticles. Journal of Analytical 

Methods in Chemistry, 2020(1), 

6026312. 

 

17. A. Ncube, S. Mtetwa, M. Bukhari, G. 

Fiorentino and R. Passaro (2023). 

Circular economy and green chemistry: 

the need for radical innovative 

approaches in the design for new 

products. Energies, 16(4), 1752. 

 

18. S. Ahmed, M. Ahmad, B. L. Swami, and 

S. Ikram, (2016). Green synthesis of 

silver nanoparticles using Azadirachta 

indica aqueous leaf extract. Journal of 

radiation research and applied 

sciences, 9(1), 1-7. 

 

19. S. S. Jaffar, S. Saallah, M. Misson, S. 

Siddiquee, J. Roslan and W. Lenggoro, 

(2023). Green synthesis of flower-like 

carrageenan-silver nanoparticles and 

elucidation of its physicochemical and 

antibacterial 

properties. Molecules, 28(2), 907. 

 

20. S. Muhammad, A. Ali, S.  Zahoor, X. 

Xinghua, J. Shah, M. Hamza and A. Iqbal 

(2023). Synthesis of Silver oxide 

nanoparticles and its antimicrobial, 

anticancer, anti-inflammatory, wound 

healing, and immunomodulatory 

activities-A review. Acta Scientific 

Applied Physics Volume, 3(7). 

 

21. S. Iravani and R. S. Varma (2022). Green 

synthesis, biomedical and 

biotechnological applications of silver 

nanoparticles. Environmental Chemistry 

Letters, 20(1), 125–143. 

doi:10.1007/s10311-021-01312-3. 

 

22. A. Almatroudi (2020). Silver 

nanoparticles: Synthesis, 

characterisation and biomedical 

applications. Open life sciences, 15(1), 

819-839. 

 

  


