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 The field of nanotechnology is mushrooming and influencing human life very 
rapidly. Using plants for the synthesis of nanoparticles, is evolving as a new 
branch of nanotechnology. In plants, wide-ranging biomolecules act as 
reducing and capping agents, thereby increasing the reduction rate and 
stabilization of nanoparticles. The present study dealt with green synthesis of 
silver nanoparticles (AgNPs) using methanolic extract of Lagenaria siceraria 
fruit mesocarp and its various fractions. The formation and characterization of 
AgNPs is established by UV-visible spectroscopy, fourier transform infrared 
spectroscopy (FT-IR), scanning electron microscope (SEM), energy-dispersive 
X-ray spectroscopy (EDX) and X-ray diffraction (XRD). The antimicrobial assays 
were conducted against bacterial strains including Pseudomonas aeruginosa, 
Escherichia coli, Staphylococcus aureus and fungal strain including Candida 
albicans by agar well diffusion method. 
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INTRODUCTION  
 
Nanotechnology (NT) is a significant field and the 
incredible development in this technology has marked 
innovative and fundamental borderlines. This develop-
ment is striking the nanoparticles (NPs) synthesis and 
their applications in human life (Gudikandula and 
Maringanti, 2016). NT, in recent times, has received a 
significant attention in various research zones, like in 
physical and from applied sciences to biology (Iravani et 
al., 2014). The design and synthesis of bioorganic and 
organic nanomaterials; and the developments in NT has 
made it an imperative field of investigation (Hashim, 
2012).  NT  is  an  important  field   of   modern   research  
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dealing with design, synthesis, and manipulation of 
particle structures ranging from approximately 1-100 nm. 
NPs have wide range of applications in areas such as 
health care, cosmetics, food and feed, environmental 
health, mechanics, optics, biomedical sciences, chemical 
industries, electronics, space industries, drug-gene 
delivery, energy science, optoelectronics, catalysis, 
single electron transistors, light emitters, nonlinear optical 
devices, and photo-electrochemical applications (Pandey 
et al., 2008). 

The green synthesis of NPs is an incipient turn in the 
field of NT. In this emerging field, biological materials like 
fungi, bacteria and plant extracts are utilized in NPs 
synthesis. The resulting green NPs have various benefits, 
like their compatibility and eco-friendliness in agricultural, 
biomedical  and  pharmaceutical  fields  (Brayner   et   al., 



 

 

 
 
 
 
2013). This green synthesis of NPs has an advantage 
over the physical and chemical methods, because, it is 
an environmental friendly and cost-effective method 
(Hashim, 2012; Parashar et al., 2009; Klaus-Joerger et 
al., 2001). 

Lagenaria siceraria plant is a herb, stem climber and it 
is cultivated throughout the year (Kavitha et al., 2013; 
Variers, 1995; Kirtikar and Basu, 2006). L. siceraria is a 
vital plant in Pakistan and it is usually called lauki, kaddu 
and ghia (Anonymous, 1962). L. siceraria fruit is 
important for human being, as it contains important 
components that are essential for good and normal 
human health (Kubdi et al., 2010). L. siceraria fruit is 
considered sweet, cardiotonic, oleagenous, general tonic, 
laxative and aphrodisiac. It cures biliousness, asthma, 
leucorrhoea and very important for human fetus. The 
fleshy part of fruit acts as refrigerant, diuretic and the 
pulpy part is smeared to the soles, in a condition known 
as “burning of the feet” (Rahman, 2003; Senapati, 2005). 

Silver nanoparticles (AgNPs) have been used 
extensively as an antimicrobial agent. The preservative 
and medicinal properties of silver have been known for 
over 2000 years. AgNPs display possible antimicrobial 
properties against disease causing microorganisms 
including Bacillus subtilis, Escherichia coli, Vibria cholera, 
Syphillis typhus, Pseudomonas aeruginosa and 
Staphylococcus aureus (Wang and Lagenin, 2000; Cho 
et al., 2005). AgNPs possess substantial antifungal 
properties against Candida (Candida krusei, Candida 
albicans, Candida glabrata, Candida parapsilosis, 
Candida tropicolis) and Trichophyton mentagrophytes 
species. As the mechanism of AgNPs action on fungi is 
concern, it interrupts fungal wrapping assembly and 
impair the fungal cells (Duran et al., 2007; Kim et al., 
2008). 

In this sudy, the authors reported a solvent free green 
synthesis of AgNPs using extract of LS fruit mesocarp 
and its various fractions. Pathogenic microbes have 
developed resistance to various chemical antimicrobial 
agents so, keeping in view the economic viability of plant 
mediated NPs, we have studied the possible 
antimicrobial activity of AgNPS of L. siceraria fruit 
mesocarp and its various fractions against pathogenic 
Gram-negative bacteria P. aeruginosa, E. coli, Gram-
positive S. aureus and fungal strain C. albicans. 
 
 
MATERIALS AND METHODS 
 
Plant material and preparation of extract  
 
Fresh fruits of L. siceraria were collected from the local 
markets of District Lahore, Punjab (Pakistan). Extract of 
the fruit were prepared by a slightly modified method 
(Kim et al., 2009). For extract preparation, the mesocarp 
of LS fruit was used. The  mesocarp  of  L.  siceraria  was  
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ground, dried and soaked in methanol (MeOH) for 15-20 
days. The soaked material was filtered and the resulted 
extract was concentrated on a Rotary Evaporator (Buchi 
R-210). The dried methanolic extract was suspended in 
distilled water and extracted into various solvents with 
increasing polarity. Therefore, n-hexane, ethyl acetate, 
acetone, n-butanolic and aqueous fractions were 
obtained. The obtained methanolic extract of L. siceraria 
fruit mesocarp and its various fractions were used in the 
synthesis of AgNPs. 
 
 
Synthesis of silver nanoparticles  
 
A slightly modified, solvent free method was used in the 
synthesis of AgNPs of methanolic extract of L. siceraria 
fruit mesocarp and its various fractions (Yadav et al., 
2013). In a dry glass tube, silver nitrate (170 mg, 1 
mmole), methanolic extract of L. siceraria fruit mesocarp 
(2.7 g) and oleylamine (10 mmole, 2.7 g) were added in 
1:10:10 ratio, respectively. The reaction medium was 
heated up to 165°C. This mixture was stirred constantly 
for 30 min and then cooled at room temperature. Black 
solid NPs obtained were washed thrice with chloroform, 
filtered and dried. Same procedure was repeated by 
using various fractions of methanolic extract of L. 
siceraria fruit mesocarp. 

AgNPs of methanolic extract of L. siceraria fruit 
mesocarp and its various fractions were characterized by 
UV-visible Spectrophotometer (UVD 3200) using 
Labomedinc. quartz cells. FT-IR spectroscopic study was 
done by using Thermo Nicolet-iS10 Spectrophotometer. 
The composition was analyzed by X-ray diffraction (XRD) 
(X’pert PRO, PANalytical). Microstructures were 
observed with Hitachi S-3400N Scanning Electron 
Microscope and elemental analysis was conducted by 
Energy-dispersive X-ray spectroscopy (EDX). 
 
 
Antimicrobial assay 
 
AgNPs of methanolic extract of L. siceraria fruit mesocarp 
and its various fractions were assayed by agar well 
diffusion method (Abbas et al., 2013; Goji et al., 2006; 
Perez et al., 1990). Pathogenic bacteria including P. 
aeruginosa (Gram-negative), E. coli (Gram-negative), S. 
aureus (Gram-positive) and fungal strain including C. 
albicans were used in this study. The bacterial and fungal 
strains were grown in Luria-Bertani (LB) and yeast extract 
peptone dextrose (YEPD) broth at 37 and 30°C 
respectively, with continuous shaking at 200 rpm for 24 h. 
100 μl from each bacterial and fungal culture was spread 
on lysogeny broth (LB) and YEPD agar plates 
respectively with the help of L-shaped glass spreader. 
Three wells were developed in each plate with the help of 
sterilized   steel   borer   of  8  mm  diameter  and   30   μl
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Figure 1. UV-visible spectra of AgNPs of methanolic extract of L. siceraria fruit mesocarp and its various fractions. 

 
 
 
sample suspension was loaded in each well. The plates 
were incubated for 24 h at 37 and 28°C for bacteria and 
fungus, respectively. Diameter of the inhibition zones was 
recorded in mm. The experiment was repeated thrice and 
the average values were calculated for antibacterial and 
antifungal activity. 
 
 
RESULTS AND DISCUSSION 
 
UV-visible spectroscopy  
 
It was observed that silver (Ag) ions were reduced when 
mix with methanolic extract of L. siceraria fruit mesocarp 
and its various fractions. A dark black color of AgNPs of 
methanolic extract and its fractions was observed. Figure 
1 shows absorbance peaks recorded at 420, 400, 420, 
420, 400 and 440 nm for AgNPs of methanolic extract 
and its various fractions with increasing polarity (n-
hexane, ethyl acetate, acetone, n-butanolic, aqueous), 
respectively. 
 
 

Fourier transform infrared spectroscopy 
 
FT-IR study was conducted to illustrate the biomolecules 
(by their functional groups) present in AgNPs of 
methanolic extract of FT-IR fruit mesocarp and its various 
fractions,   which   possibly   reduced   the   silver   metal,  

stabilized and capped the AgNPs. 
 
 
FT-IR spectrum of AgNPs of methanolic extract of L. 
siceraria fruit mesocarp 
 
The FT-IR spectrum of the methanolic extract (Figure 2a) 
shows bands at 2922.81, 1707.99 and 1593.20 cm

-1
. The 

peak observed at 2922.81 cm
-1 

corresponds to O–H 
stretching in carboxylic acids (Mallikarjuna et al., 2011). 
The peak at 1707.99 cm

-1
 is characteristic of stretching 

vibrations of the carbonyl functional group C=O in 
ketones, aldehydes, and carboxylic acids (Chandran et 
al., 2006; Kumar et al., 2013). The peak at 1593.20 cm

-1
 

is characteristic of C–O stretching frequency (Dubeya et 
al., 2010). This interpreted data is showing the presence 
of carbonyl and alcoholic functional groups in methanolic 
extract that has reduced the silver metal. 
 
 

FT-IR spectrum of AgNPs of n-hexane fraction of 
methanolic extract of L. siceraria fruit mesocarp 
 

The FT-IR spectrum of the n-hexane fraction (Figure 2b) 
shows bands at 2917.53, 1698.59, 1651.78 and 1231.36 
cm

-1
. The peak at 2917.53 cm

-1
 corresponds to O–H 

stretching in carboxylic acids (Mallikarjuna et al., 2011). 
The peaks at 1698.59 cm

-1
 is characteristics of stretching 

vibrations of the carbonyl functional group (C=O) in
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Figure 2a. FT-IR spectra of AgNPs of methanolic extract of L. siceraria fruit mesocarp. 
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Figure 2b. FT-IR spectra of AgNPs of n-hexane fraction of methanolic extract of L. siceraria fruit mesocarp. 
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ketones, aldehydes and carboxylic acids (Kumar et al., 
2013). The peak at 1651.78 cm

-1 
corresponds to C=C 

stretching showing the presence of sterols (Gangwal et 
al.,  2010). The peak at 1231.36 cm

-1
 is evident of C–O 

stretching in alcohols, acids, ethers and esters 
(Hanumantharao et al., 2012). These recorded peaks 
indicate the presence of carbonyl and alcoholic groups 
and sterols in n-hexane fraction that has reduced the 
silver metal. 
 
 
FT-IR spectrum of AgNPs of ethyl acetate fraction of 
methanolic extract of L. siceraria fruit mesocarp 
 
The FT-IR spectrum of the ethyl acetate fraction (Figure 
2c) shows bands at 2922.02, 1707.87, 1541.29 and 
1283.07 cm

-1
. The peak at 2922.02 cm

-1
 corresponds to 

O–H stretching in carboxylic acids (Mallikarjuna et al., 
2011). The peak at 1707.87 cm

-1
 is characteristic of 

stretching vibrations of the carbonyl functional group 
(C=O) in ketones, aldehydes, and carboxylic acids 
(Chandran et al., 2006; Kumar et al., 2013). The peak at 
1541.29 cm

-1
 corresponds to C=O stretching showing the 

conjugation of carboxylic group with phenyl 
(Hanumantharao et al., 2012). The peak at 1283.07 cm

-1
 

is evident of C–O stretching in phenols, alcohols, acids, 
ethers and esters (Gangwal et al., 2010). As afore-
mentioned, all recorded peaks indicate the presence of 
polyphenolic compounds in ethyl acetate fraction that has 
reduced the silver metal. 

 
 
FT-IR spectrum of AgNPs of acetone fraction of 
methanolic extract of L. siceraria fruit mesocarp 
 

The FT-IR spectrum of the acetone fraction (Figure 2d) is 
showing bands at 2926.03, 1979.76, 1704.76 and 
1537.80 cm

-1
. The peak at 2926.03 cm

-1
 corresponds to 

O–H stretching in carboxylic acids (Mallikarjuna et al., 
2011). The peak at 1979.76 cm

-1 
corresponds to X=C=Y 

of alkene and ketenes group (Hanumantharao et al., 
2012). The peaks at 1704.76 cm

-1
 is characteristic of 

stretching vibrations of the carbonyl functional group 
(C=O) in ketones, aldehydes, and carboxylic acids 
(Chandran et al., 2006; Kumar et al., 2013). The peak at 
1537.80 cm

-1
 corresponds to C=O stretching showing the 

conjugation of carboxylic group with phenyl 
(Hanumantharao et al., 2012). The recorded peaks 
indicate the presence of ketonic, aldehydic and carboxylic 
group in acetone fraction that has reduced the silver 
metal. 
 
 

FT-IR spectrum of AgNPs of n-butanolic fraction of 
methanolic extract of L. siceraria fruit mesocarp 
 

The FT-IR spectrum  of  the  n-butanolic  fraction  (Figure  

 
 
 
 
2e) shows bands at 2921.15, 1980.13, 1708.21 and 
1538.83 cm

-1
. The peak at 2921.15 cm

-1
 corresponds to 

O–H stretching in carboxylic acids (Mallikarjuna et al., 
2011). The peak at 1980.13 cm

-1
 corresponds to X=C=Y 

of alkene and ketenes group (Gangwal et al.,  2010). The 
peaks at 1708.21 cm

-1
 is characteristic of stretching 

vibrations of the carbonyl functional group (C=O) in 
ketones, aldehydes, and carboxylic acids (Chandran et 
al., 2006; Kumar et al., 2013). The peak at 1538.83 cm

-1
 

corresponds to C=O stretching shows the conjugation of 
carboxylic group with phenyl (Hanumantharao et al., 
2012). The recorded peaks indicate that terpenoids 
having functional groups of ketones, aldehydes and 
carboxylic acids present in the n-butanolic fraction that 
reduced the silver metal. 
 
 
FT-IR spectrum of AgNPs of aqueous fraction of 
methanolic extract of L. siceraria fruit mesocarp 
 
The FT-IR spectrum of the aqueous fraction (Figure 2f) 
shows bands at 3242.88, 2922.16, 1704.83 and 1015.78 
cm

-1
. The peak at 3242.88 cm

-1
 corresponds to O–H 

stretching of H–bonded alcohols and phenols (Kumar et 
al., 2013; Hanumantharao et al., 2012). The peak at 
2922.16 cm

-1
 corresponds to O–H stretching in carboxylic 

acids (Mallikarjuna et al., 2011). The peaks at 1704.83 
cm

-1
 is characteristic of stretching vibrations of the 

carbonyl functional group (C=O) in ketones, aldehydes, 
and carboxylic acids (Chandran et al., 2006; Kumar et al., 
2013). The peak at 1015.78 cm

-1 
is evident of the C–O 

stretching in phenols, alcohols, acids, ethers and esters 
(Gangwal et al.,  2010). These recorded peaks indicate 
the presence of polyphenols, carbonyl and alcoholic 
functional groups as capping agents in aqueous fraction 
that reduced silver metal. 
 
 
X-ray diffraction characterization 
 
Structural characterization like the crystallite phase and 
size of nanoparticle were analyzed by X-ray diffraction 
(XRD). Diffraction pattern is calculated by Match software 
(CRYSTAL IMPACT, Bonn, Germany) and the particle 
size of AgNPs is calculated by Scherrer equation:  
 

D =  

 

Where,  (FWHM = Full Width Half Maximum); 

λ, 1.540598 A°; Kλ, 0.94*1.540598 A°= 1.4482. 
 
 

X-ray diffraction pattern of AgNPs of methanolic 
extract of L. siceraria fruit mesocarp 
 

Figure 3a is shows the X-ray diffraction pattern of  AgNPs  
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Figure 2c. FT-IR spectra of AgNPs of ethyl acetate fraction of methanolic extract of L. siceraria fruit mesocarp. 
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Figure 2d. FT-IR spectra of AgNPs of acetone fraction of methanolic extract of L. siceraria fruit mesocarp. 
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Figure 2e. FT-IR spectra of AgNPs of n-butanolic fraction of methanolic extract of L. siceraria fruit mesocarp. 
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Figure 2f. FT-IR spectra of AgNPsof aqueous fraction of methanolic extract of L. siceraria fruit mesocarp. 
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Figure 3. a, X-ray diffraction pattern of AgNPs methanolic extract of L. siceraria fruit mesocarp; b, X-ray diffraction pattern of AgNPs 
of n-hexane fraction of methanolic extract of L. siceraria fruit mesocarp; c, X-ray diffraction pattern of AgNPs of ethyl acetate fraction 
of methanolic extract of L. siceraria fruit mesocarp; d, X-ray diffraction pattern of AgNPs of acetone fraction of methanolic extract of 
L. siceraria fruit mesocarp; e, X-ray diffraction pattern of AgNPs of n-butanolic fraction of methanolic extract of L. siceraria fruit 
mesocarp; f, X-ray diffraction pattern of aqueous fraction of methanolic extract of L. siceraria fruit mesocarp. 

 
 
 

of methanolic extract of extract of L. siceraria fruit 
mesocarp. The diffraction intensities were studied from 

30 to 80° at 2  angles. There were four diffraction peaks 

(2 ) at 38.09, 44.26, 64.13  and  77.11  corresponding  to 

Bragg reflections (111), (200), (202) and (311) cubic 
planes of Ag were observed and compared with 
Crystallography Open Database (COD) ID: 9008459 
(Pavia et al., 2001). AgNPs of methanolic extract showed 
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2  values of 38.09, 44.26, 64.13 and 77.11 having 

particle size 3.89, 1.58, 4.34 and 3.13 nm respectively, 
calculated by Scherrer equation. An average calculated 
particle size of AgNPs of methanolic extract was 3.23 nm. 
 
 
X-ray diffraction pattern of AgNPs of n-hexane 
fraction of methanolic extract of L. siceraria fruit 
mesocarp 
 
Figure 3b is shows the X-ray diffraction pattern of AgNPs 
of n-hexane fraction of methanolic extract of extract of L. 
siceraria fruit mesocarp. The diffraction intensities were 

studied from 30 to 80° at 2  angles. There were three 

diffraction peaks (2 ) at 38.09, 44.29 and 64.47 

corresponding to Bragg reflections (111), (200) and (202) 
cubic planes of Ag were observed and compared with 
COD ID: 9012961 (Wyckoff, 1963). AgNPs of n-hexane 

fraction showed 2  values of 38.09, 44.29 and 64.47 

having particle size 3.90, 3.17 and 2.37 nm respectively, 
calculated by Scherrer equation. An average calculated 
particle size of AgNPs of n-hexane fraction was 3.14 nm. 
 
 
X-ray diffraction pattern of AgNPs of ethyl acetate 
fraction of methanolic extract of L. siceraria fruit 
mesocarp 
 
Figure 3c shows the X-ray diffraction pattern of AgNPs of 
ethyl acetate fraction of methanolic extract of extract of L. 
siceraria fruit mesocarp. The diffraction intensities were 

studied from 30 to 80° at 2  angles. There were four 

diffraction peaks (2 ) at 38.38, 44.18, 64.51 and 77.43 

corresponding to Bragg reflections (111), (200), (202) 
and (311) cubic planes of Ag were observed and 
compared with COD ID: 9011608 (Owen and Yates, 

1933). AgNPs of ethyl acetate fraction showed 2  values 

of 38.38, 44.18, 64.51 and 77.43 having particle size 
6.92, 3.17, 2.90 and 2.20 nm, respectively, calculated by 
Scherrer equation. An average calculated particle size of 
AgNPs of ethyl acetate fraction was 3.79 nm. 
 
 

X-ray diffraction pattern of AgNPs of acetone fraction 
of methanolic extract of L. siceraria fruit mesocarp 
 

Figure 3d shows the X-ray diffraction pattern of AgNPs of 
acetone fraction of methanolic extract of extract of L. 
siceraria fruit mesocarp. The diffraction intensities were 

studied from 30 to 80° at 2  angles. There were four 

diffraction peaks (2 ) at 38.60, 44.59, 64.66 and 77.43 

corresponding to Bragg reflections (111), (200), (202) 
and (311) cubic planes of Ag were observed and 
compared with COD ID: 9011607 (Davey, 1925). AgNPs 

of acetone fraction  showed  2   values  of  38.60,  44.59, 

 
 
 
 
64.66 and 77.43 having particle size 7.79, 5.30, 3.87 and 
1.54 nm respectively, calculated by Scherrer equation. 
An average calculated particle size of AgNPs of acetone 
fraction was 4.62 nm. 
 
 
X-ray diffraction pattern of AgNPs of n-butanolic 
fraction of methanolicextract of L. siceraria fruit 
mesocarp 
 
Figure 3e shows the X-ray diffraction pattern of AgNPs of 
n-butanolic fraction of methanolic extract of extract of L. 
siceraria fruit mesocarp. The diffraction intensities were 

studied from 30 to 80° at 2  angles. There were four 

diffraction peaks (2 ) at 38.03, 44.23, 64.38 and 77.41 

corresponding to Bragg reflections (111), (200), (202) 
and (311) cubic planes of Ag were observed and 
compared with COD ID: 1100136 (Davey, 1925). AgNPs 

of n-butanol fraction showed 2  values of 38.03, 44.23, 

64.38 and 77.41 having particle size 3.45, 7.94, 4.96 and 
3.43 nm respectively, calculated by Scherrer equation. 
An average calculated particle size of AgNPs of n-
butanolic fraction was 4.94 nm. 
 
 
X-ray diffraction Pattern of AgNPs of aqueous 
fraction of methanolic extract of L. siceraria fruit 
mesocarp 
 
Figure 3f shows the X-ray diffraction pattern of AgNPs of 
aqueous fraction of methanolic extract of extract of L. 
siceraria fruit mesocarp. The diffraction intensities were 

studied from 30 to 80° at 2  angles. There were four 

diffraction peaks (2 ) at 38.00, 44.20, 64.29 and 77.29 

corresponding to Bragg reflections (111), (200), (202) 
and (311) cubic planes of Ag were observed and 
compared with COD ID: 9011607 (Spreadborough and 

Christian, 1959). AgNPs Aqueous fraction showed 2  

values of 38.00, 44.20, 64.29 and 77.29 having particle 
size 3.89, 5.29, 4.96 and 2.69 nm respectively, calculated 
by Scherrer equation. An average calculated particle size 
of AgNPs of aqueous fraction was 4.20 nm. 
 
 
Scanning electron microscope (SEM)-Energy-
dispersive X-ray spectroscopy (EDX) analysis 
 
The AgNPs of methanolic extract of L. siceraria fruit 
mesocarp and its various fractions were also confirmed 
by scanning electron microscope (SEM). The SEM image 
of AgNPs showed cotton fluffs (Figure 4a), foam (Figure 
4b), scattered particles (Figure 4c), jelly (Figure 4d), 
bubble (Figure 4e) and gel (Figure 4f) like appearance for 
of methanolic extract of L. siceraria fruit mesocarp, its n-
hexane, ethyl acetate,  acetone,  n-butanol  and  aqueous 
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Figure 4. a, SEM image of AgNPs of methanolic extract of L. siceraria fruitmesocarp; b, SEM image of AgNPs of n-hexane 
fraction of methanolic extract of L. siceraria fruit mesocarp; c, SEM image of AgNPs of ethyl acetate fraction of methanolic 
extract of L. siceraria fruit mesocarp; d, SEM image AgNPs of acetone fraction of methanolic extract of L. siceraria fruit 
mesocarp; e, SEM image AgNPs of n-butanolic fraction of methanolic extract of L. siceraria fruit mesocarp; f, SEM image of 
AgNPs of aqueous fraction of methanolic extract of L. siceraria fruit mesocarp. 
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Figure 5.a, EDX of AgNPs of methanolic extract L. siceraria fruit mesocarp; b, EDX of AgNPs of n-hexane fraction 
of methanolic extract L. siceraria fruit mesocarp; c, EDX AgNPs of ethyl acetate of methanolic extract L. siceraria 
fruit mesocarp; d, EDX of AgNPs of acetone fraction of methanolic extract L. siceraria fruit mesocarp; e, EDX of 
AgNPs of n-butanolic fraction of methanolic extract L. siceraria fruit mesocarp; f, EDX AgNPs of aqueous fraction of 
methanolic extract L. siceraria fruit mesocarp. 
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Figure 5. Contd. 

 
 
 

Table 1. Antimicrobial activity of AgNPs of methanolic extract of L. siceraria fruit mesocarp and its various fractions. 
 

Microorganisms 
Extract /Fractions 

Methonolic n-Hexane Ethyl acetate Acetone n-Butanolic Aqueous 

Bacterial strains Zone of Inhibition (mm) 

P. aeruginosa (-) 12 12 11 13 12 14 

E. coli (-) 19 18 16 19 20 20 

S. aureus (+) 19 20 18 21 19 18 

Fungal strain       

C. albicans 17 14 17 17 19 11 

 
 
 
fractions, respectively. The elemental (Ag) composition of 
AgNPs of methanolic extract of L. siceraria fruit mesocarp 
and its various fractions obtained by energy-dispersive X-
ray spectroscopy analysis shows the percentage of silver 
as 93.90% in methanolic extract L. siceraria fruit 
mesocarp (Figure 5a), 47.66% in n-hexane fraction 
(Figure 5b), 49.05% in ethyl acetate fraction (Figure 5c), 
90.60% in acetone fraction (Figure 5d), 51.77% in n-
butanol fraction (Figure 5e) and 53.26% in aqueous 
fraction (Figure 5f). 
 
 
Antimicrobial activities  
 
AgNPs synthesized by using methanolic extract of L. 
siceraria fruit mesocarp and its various fractions were 
found to be highly potent (Table 1) against all bacterial 
strains including P. aeroginosa (Figure 6a and b), E. coli 
(Figure 7a and b), S. aureus (Figure 8a and b) and fungal 
strains including C.albicans (Figure 9a and b). Figure 10 
illustrates that methanolic extract of L. siceraria fruit 
mesocarp showed the highest activity against E. coli and 

S. aureus with zones of inhibition (ZOI) 19 mm,  whereas, 
considerable ZOI (12 mm) was observed against P. 
aeruginosa. Acetone fraction of methanolic extract of L. 
siceraria fruit mesocarp showed maximum ZOI (21 mm) 
against S.aureus, whereas, n-hexane and aqueous 
fractions were potent against E. coli with ZOI 20 mm. n-
Butanolic and aqueous fractions of methanolic extract 
showed remarkable ZOI (20 mm) against E. coli. 
Methanolic extract of L. siceraria fruit mesocarp showed 
significant ZOI (17 mm) against C.albicans, whereas, n-
butanolic fractions of methanolic extract showed 
maximum ZOI (19 mm) against C. albicans followed by 
ethyl acetate and acetone fraction (ZOI = 17 mm). Overall 
data shows that, methanolic extract of L. siceraria fruit 
mesocarp and its various fractions are active against all 
the bacterial and fungal strains used. 
 
 
Conclusion  
 
There is a rich biodiversity of plants that has potential for 
the synthesis of metal NPs. AgNPs with an  average  size
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Figure 6.a, Zones of inhibition of AgNPs of methanolic extract of L. siceraria fruit mesocarpand its various fractions 
against P. aeroginosa; b, Zones of inhibition of AgNPs of methanolic extract of L. siceraria fruit mesocarp and its 
various fractions against P. aeroginosa. 
*UD1: AgNP reference sample; UD2: AgNPs of ethyl acetate fraction of methanolic extract; UD3: AgNPs of 
acetone fraction of methanolic extract; UD4: AgNPs of n-butanol fraction of methanolic extract; UD5: AgNPs of 
methanolic extract; UD6: AgNPs of aqueous fraction of methanolic extract; UD7: AgNPs of n-hexane fraction of 
methanolic extract. 
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Figure 7.a, Zones of inhibition of AgNPs of methanolic extract of L. siceraria fruit mesocarp and its various fractions 
against E. coli; b, Zones of inhibition of AgNPs of methanolic extract of L. siceraria fruit mesocarp and its various 
fractions against E. coli. 
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Figure 8.a, Zones of inhibition of AgNPs of methanolic extract of L. siceraria fruit mesocarp and its 
various fractions against S. aureus; b, Zones of inhibition of AgNPs of methanolic extract of L. siceraria 
fruit mesocarp and its various fractions against S. aureus. 
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Figure 9.a, Zones of inhibition of AgNPs of methanolic extract of L. siceraria fruit mesocarp and its various fractions 
against C. albicans; b, Zones of inhibition of AgNPs of methanolic extract of L. siceraria fruit mesocarp and its various 
fractions against C. albicans. 

 
 
 

 

 
AgNPs of methanolic extract of L. siceraria fruit mesocarp and its fractions 
 
Figure 10. Comparison of antimicrobial activity of AgNPs of methanolic extract of L. siceraria fruit mesocarp and 
its various fractions. 

 
 
 

ranges of 3-5 nm were synthesized by using methanolic 
extract of L. siceraria fruit mesocarp and its various 
fractions. This study revealed that methanolic extract of 
L. siceraria fruit mesocarp and its various fractions 
possessed antimicrobial potential of varying degree. The 
evaluation of antimicrobial activity of AgNPs of L. 
siceraria fruit mesocarp and its various fractions suggests 
their application for defense against different microbes. 
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