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Objectives: In the present study we report a simple, eco-friendly and cost effective method for synthesis of silver 

nanoparticles (SNPs) from Adansonia digitata leaf extract and perform to know the antimicrobial potency on 07 

bacterial and 05 fungal pathogens.  

Materials and Method: These green synthesized nanoparticles are characterized by UV-VIS spectroscopy, 

FTIR, XRD, AFM, SEM, TEM and to know the antimicrobial potency of nanoparticles by disc diffusion method.  

Results and Discussion: A broad peak obtained at 431 nm of UV-VIS spectroscopic analysis confirms the 

synthesized nanoparticles are silver. Phenols and proteins of leaf extract is main responsible for reduction and 

stabilization of these nanoparticles confirmed by FTIR. XRD pattern of synthesized nanoparticles confirms the 

particles are crystalline in nature and owing 44 nm in size. EDAX analysis shows 34.22 weight percentage of Ag 

material in the reaction medium indicates purity of sample. High resolution microscopic studies with AFM, SEM 

and TEM analysis reveals the nanoparticles are polydispersed in condition, spherical in shape, having the size 

range from 5 to 64 nm without any agglomeration. Further, the antimicrobial studies confirm the nanoparticles 

having broad range of antimicrobial efficacy against clinically isolated pathogenic microorganisms. 

Conclusions: SNPs synthesized by using Adansonia digitata leaf extract acts as effective reducing agent for 

production of narrow range size of SNPs. This method provides pave a way for green, cost effective and eco-

friendly method for production of SNPs and can be used as effective antimicrobial agents on clinically isolated 

microbial pathogens.  
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INTRODUCTION 
 

Synthesis of nanoparticles by using plant extracts with 

desired size and shape is one of the utmost emerging fields of 

nanotechnology. Recently different types of nanoparticles were 

synthesized from different plants like iron (Herrera-Becerra et 

al., 2008), copper (Lee et al., 2013), calcium (Yugandhar and 

Savithramma, 2013), gold (Veronica et al., 2014), zinc (Bhumi 

and Savithramma, 2014) and silver (Yugandhar and 

Savithramma, 2015). Silver has long been known to have strong 

inhibitory and bactericidal effects as well as broad spectrum of 

antimicrobial activities even at low concentrations (Morones et 

al., 2005). Silver has recognized importance in chemistry, 

physics and biology due to its unique properties. Conventional 

methods to synthesize silver nanoparticles are mainly by 

different chemical, physical and microbial approaches.  
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In these chemical and physical methods using of 

hazardous chemicals, high energy requirements, difficult and 

wasteful materials generate potential and biological hazards to the 

environment (Veerasamy et al., 2011). Whereas in the case of 

microbe mediated synthesis, is not feasible industrially due its lab 

maintenance. Therefore biosynthesis of SNPs by using plant 

materials is easy, efficient, and eco friendliness in comparison to 

chemical mediated or microbe mediated synthesis (Anamika et al., 

2012). Adansonia digitata L. (Baobab) is a deciduous tree belongs 

to the family Malvaceae having unusual barrel-like trunks. 

Traditionally the root bark is used in the treatment of fever 

(Wickens, 2008). The gum obtained from stem bark is used for 

cleansing sores. In East Africa, the bark is used as an antidote to 

Strophanthus poisoning. In Congo Brazzaville, the bark decoction 

is used to bathe rickety children and in Tanzania as a mouthwash 

for toothache (Wickens, 1979). The leaves, bark and fruit pulp 

have been traditionally used as immune stimulants, analgesics etc. 

and in the treatment of diseases like fever, diarrhoea, cough, 

dysentery,   haemoptysis,   tuberculosis,   microbial infection   and  

http://creativecommons.org/licenses/by-nc-sa/3.0/


 Marutikesavakumar et al. / Journal of Applied Pharmaceutical Science 5 (08); 2015: 082-089                                   083 
 

 

intestinal worms (Vermaak et al., 2011). The fruit pulp used as an 

immune stimulant, anti-inflammatory, analgesic, antipyretic, 

febrifuge and astringent in the treatment of diarrhoea and 

dysentery (Qarawi et al., 2003). Seeds are used in cases of 

diarrhoea and hiccough. Oil extracted from seeds is used for 

inflamed gums and to ease diseased teeth and also used to treat 

skin complaints, it can be considered to have cosmetic applications 

as well (Sibibe and Williams, 2002). 

In the recent past some of the researches scientifically 

proved that methanolic root extract having antiviral activity 

(Sulaiman et al., 2011), leaves possess larvicidal and repellent 

activity (Krishnappa et al., 2012), antimicrobial and antioxidant 

activities (Oloyede et al., 2010), stem bark having hypoglycaemic 

activity (Gwarzo and Bako, 2013) and fruit pulp having 

antimalarial activity (Musila et al., 2013). Due to high medicinal 

and mythological significance of this plant is known as 

‘Kalpavriksha’ (tree which fulfil all desires) in India (Singh et al., 

2013).  

Synthesis of SNPs from stem bark extract of A. digitata 

was carried out by Marutikasavakumar et al., (2015). But the 

potentiality of leaves for synthesis of SNPs is not carried out so 

far. Hence the present study is aimed to synthesize the SNPs from 

leaf extract of A. digitata and test the efficacy of these SNPs on 

clinically isolated pathogenic microbes.  

 

MATERIALS AND METHODS 
 

Plant collection and Synthesis of SNPs 

A. digitata fresh leaves were collected from Acharya 

Nagarjuna Agricultural University, Tirupati. 25 gms of finely 

grounded leaf powder is extracted with 100 ml of distilled water 

on boiling water bath for 20-30 min. Filter the content with 

whatman no.1 filter paper and stored it on room temperature for 

synthesis of SNPs. 5 ml of filtered plant leaf extract was taken in 

to clean 250 ml Erlenmeyer conical flask, titrated against with 50 

ml of 1 mM Ag(NO3)2 solution by drop wise at 60-80
0
C for 1 hour 

with the help of magnetic stirrer. The contents were centrifuged at 

10,000 rpm for 20 minutes to avoid the presence of any biological 

impurities and it is used for further characterization and 

antimicrobial studies.  

 

Characterization of SNPs 

The reaction mixture was subjected to analyze by UV-

VIS absorption spectra using a Spectro UV 2080 Double beam 

1200 L/mm spectrophotometer, Analytical technologies, India for 

preliminary conformation of synthesized nanoparticles are SNPs. 

Fourier Transform Infra-Red (FT-IR) spectra of synthesized SNPs 

was analysed in the range of 4,000 cm
−1 

to 500 cm
−1 

with an 

ALPHA interferometer (ECO-ATR), Bruker, Ettlingen, Karlsruhe, 

Germany by KBr pellet method to know the possible bio-

molecules responsible for reduction and stabilization of SNPs. X-

ray diffraction of synthesized nanoparticles were examined by 

using an X-Ray Diffractometer (XRD) (Shimadzu, XRD-6000) 

equipped with Cu Kα radiation source using Ni as filter at a setting 

of 30 kV/30 mA to know the crystalline nature of SNPs. Purity of 

SNPs was analyzed by using FEI Quanta 200 FEG HR-SEM 

machine equipped with EDAX instrument. To know the size, 

shape, agglomeration pattern and dispersed nature of nanoparticles 

was carried out by using Atomic Force Microscopy (AFM) by 

NOVA NT-MDT SOLVER NEXT, Russia. Scanning Electron 

Microscopy (SEM) by FEI Quanta 200 FEG HR-SEM machine. 

Transmission Electron Microscopy (TEM) by using HF-

3300 advanced 300kV TEM/STEM from Hitachi. 

 

Antimicrobial studies of SNPs 

The antimicrobial potency of green synthesized silver 

nanoparticles from leaf extract of A. digitata was analyzed against 

two Gram positive bacterial strains like Bacillus subtilis, 

Staphylococcus aureus and five Gram negative bacterial strains 

like Escherichia coli, Klebsiella pneumoniae, Proteus vulgaris, 

Pseudomonas aeruginosa and Salmonella typhimurium. 

Antifungal studies were carried out in five fungal strains like 

Alternaria solani, Aspergillus flavus, Aspergillus niger, 

Penicillium chrysogenum and Trichoderma harzianum procured 

from Dept. of Microbiology, Sri Venkateswara University, 

Tirupati. Disc diffusion method (Cruickshank, 1986) was followed 

for testing antimicrobial activity against green synthesized SNPs 

and comparative studies were made with plant leaf extract as a 

positive control, 1 mM Ag(NO3)2 as negative control and 

Streptomycin/Fluconazole as a standard. 7 mm sterile discs were 

prepared from whatman no.1 filter paper and 20µl of 50 µg/ml 

concentration of plant extract, SNPs, standards like 

Streptomycin/Fluconazole and 1mM concentration of Ag(NO3)2 

solution are loaded on separate discs and allowed to air dry for one 

hour.  Freshly prepared nutrient agar media for bacteria and potato 

dextrose agar media for fungi were poured into sterile petriplates, 

allowed for 30 minutes for solidification. The plates were swabbed 

with microbial cultures and placed the previously prepared discs 

and the experiment is carried out in triplicates. The plates                

were incubated at 37 °C for 24 to 48 h then the zone of              

inhibition was measured with the help of scale and tabulated the 

results.  

 

RESULTS AND DISCUSSION 
 

When the addition of 1 mM Ag (NO3)2 solution to leaf 

extract, the colour change from yellow to brown indicates the 

formation of nanoparticles. UV-VIS spectroscopy analysis of 

synthesized nanoparticles shows broad peak at 431 nm further 

confirms the synthesized nanoparticles are SNPs (Figure 1). Same 

type of results was observed in Ficus religiosa leaf extract 

mediated synthesis of SNPs (Antony et al., 2013). This broad peak 

obtained is due surface plasmon resonance of silver nanoparticles 

in the reaction mixture. Here the nanoparticles in reaction mixture 

absorbs light at different wavelengths and excited due to charge 

density at the interface between conductor and insulator of UV-

VIS spectroscope to give a respective peak, the mechanism known 

as surface plasmon resonance (SPR).  
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The wavelength of peak and the intensity of SPR depend 

on size, shape, aggregation pattern of particles and stabilizers 

present in the reaction medium (Gao et al., 2014). FTIR spectrum 

of synthesized SNPs shows broad peaks at 3325 cm
-1

 assigned for 

O-H bond of phenols and 1636 cm
-1

 assigned for N-H bond of 

primary amines (Figure 2). 

This FTIR studies suggested that the hydroxyl groups of 

phenols and amide groups of proteins from plant extract forming a 

layer to the nanoparticles and acting as a capping agent to prevent 

agglomeration and providing stability to the medium. Same type of 

results was found in Myristica fragrans leaf extract mediated 

synthesis of silver nanoparticles   (Sharma et al., 2014). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Crystallographic nature of the synthesized SNPs was 

analysed by using X-ray diffraction (XRD) analysis shows four 

intensive peaks at 38.1
0
, 46.2

0
, 64.5

0
 and 77.3

0
 of 2θ degrees of X-

axis   corresponds to 111, 200, 220 and 311 bragg reflections of Y-

axis (Figure 3).  

These bragg reflections confirms the face centered cubic 

structure of SNPs and it is coincided with International Centre for 

Diffraction Data (No. 04-0783). The mean particle diameter of 

synthesized SNPs is 44 nms, calculated according to Debye-

Scherrer equation (D=kλ/β cosθ). The Full Width at Half 

Maximum (FWHM) values i.e., k= 0.44 were derived from 38, 46, 

64 and 77 bragg reflections of X-axis. 

 
Fig. 1: Surface Plasmon Resonance analysis of green synthesized SNPs with UV-VIS spectroscopy shows broad peak at 431 nm. Inset photograph shows colour 

change pattern from Yellow to Brown. 

 

 
Fig. 2: FTIR spectroscopic studies of green synthesized SNPs shows broad peaks at 1636 cm

-1 
and 3325 cm

-1 
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AFM is a primary tool for characterizing topography of 

nanoparticles depositing thin films on glass slide. 1 µm resolution 

studies with AFM reveals the particles are polydispersed, spherical 

in shape, having the size range from 39 to 64 nm (Figure 4a). Raw 

data obtained from AFM microscope is treated with specially 

designed image processing software (NOVA-TX) to further 

exploit the 3D image of the nanoparticle (Figure 4b).  Better 

resolution studies with SEM with EDAX analysis provides further 

insight into the size, shape and percentage presence of 

nanoparticles in the reaction medium. 300 nm   resolution   studies  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

with SEM analysis shows the SNPs are spherical in shape having 

size range from 12 to 14 nm (Figure 5a). EDAX analysis shows 

34.22 weight percent of Ag metal along with 06.41% of Carbon, 

02.42% of  Nitrogen, 28.72% of Oxygen, 08.12% of Sodium, 

02.41% of Magnesium, 01.05% of Aluminium, 02.29% of Silicon, 

08.74% of Aurum and 05.62% of Calcium (Table 1). 34.22% of 

Ag metal in the sample indicates high purity of silver nanoparticles 

(Figure 5b). Crystalline nature of synthesized SNPs was analyzed 

by using selected area electron diffraction (SAED) by directing the 

electron beam perpendicular to nanoparticles.  

 
Fig. 3: XRD pattern of green synthesized SNPs from leaf extract of A. digitata shows different bragg reflections. 

 

 

 
Fig.4: (a) 1 µm resolution studies of green synthesized SNPs with AFM shows particles are spherical in shape, size range between 39 to 64 nm (b) 3D structures 

of SNPs analysed by NOVA-TX Software 
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The SAED pattern of fringe array of spots can be 

corresponds to 111, 200, 220 and 311 shows the crystallographic 

nature and face centred cubic structure of SNPs (Figure 6a).  

The bragg reflections of XRD pattern is correlated with 

this SAED pattern of SNPs, clearly indicates the nanoparticles            

are   crystalline in nature.   Higher resolution   studies   with   TEM  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

analysis reveals size, shape and agglomeration pattern of 

nanoparticles. 20 nm resolution studies with TEM reveals the 

nanoparticles are spherical in shape and size range from 5-10 nm 

(Figure 6b). Antimicrobial activity of green synthesized                

SNPs from A. digitata leaf was evaluated against two Gram 

positive,   five   Gram negative   bacterial and five   fungal isolates.  

                                                 Table.  1: EDAX analysis of sample containing different metals . 

S. No Element Weight (%) 

1. C 06.41 

2. N 02.42 

3. O 28.72 

4. Na 08.12 

5. Mg 02.41 

6. Al 01.05 

7. Si 02.29 

8. Au 08.74 

9. Ag 34.22 

10. Ca 05.62 

 

 
Fig.5: (a) 300 nm resolution studies of SNPs by SEM analysis shows the particles are spherical in shape, size range from 12 to 14 nm (b) EDAX analysis of 

synthesized SNPs shows 34.22 weight percent of Ag metal in the sample. 

 

 
Fig.6: (a) SAED pattern of synthesized SNPs shows the particles are crystalline in nature (b) 20 nm resolution analysis of TEM micrographs shows 5 to 7 nm 

sized, spherical shaped, polydispersed particles 
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The highest zone of inhibition was observed in E. coli 

followed by S. typhimurium, P. vulgaris, K. pneumoniae, P. 

aeruginosa, B. subtilis and S. aureus. Whereas in the case of 

fungal pathogens the highest inhibitory zones was observed in A. 

flavus followed by T. harzianum, A. niger, P. chrysogenum and A. 

solani (Figure 7, Table 2,  Graph 1). Bacterial pathogens are more 

susceptible and give highest zone of inhibition when compare to 

fungal pathogens treated with SNPs.  It is due to bacterial cell 

walls are made up of  peptidoglycons,    but in the  case  of fungi  

the  cell  walls   are  made up of chitin (a type of polysaccharide 

contains nitrogen) having more complex structure, tough in nature, 

flexible and rigid than bacteria cell walls.  

Due to this tough nature, penetration of nanoprticles is 

somewhat difficult between the barriers of cell walls in fungi. 

Among the bacterial pathogens Gram negative species are more 

susceptible and give highest zone of inhibition when compare to 

Gram positive species. It is due to, the Gram positive                      

bacterial cell walls are made up of peptidoglycons (together with 

polypeptide contains proteins). This peptidoglycon materials are 

less in case of Gram negative bacteria. Small size, spherical 

shaped particles having   high surface ratio to interact with cell        
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walls of pathogens and gives better antimicrobial activity. 5 to 68 

nm sized, spherical shaped SNPs synthesized from leaf extract  of 

Syzygium alternifolium shows excellent antimicrobial potency on 

clinically isolated pathogens (Yugandhar and Savithramma, 2015). 

Leaf extract mediated synthesis of SNPs from Avicennia marina 

produce 71 to 110 nm sized, spherical shaped nanoparticles having 

potential antimicrobial activity (Gnanadesigan et al., 2012). Most 

of the scientists states that SNPs interact with cell membrane of 

bacteria (Sondi and Sondi, 2004) and fungi (Krishnaraj et al., 

2012) causes structural changes and membrane integrity of 

pathogens leads to cell death. Some other states that SNPs interact 

with electron phosphorous and sulphur containing compounds 

such as DNA and Proteins, resulting in cell death (Baker et al., 

2005).  In our previous studies, synthesis of SNPs from A. digitata 

bark extract also shows excellent antimicrobial activity 

(Marutikasavakumar et al., 2015) against different 

microorganisms. Smaller particles have larger surface area 

available for interaction and will give more effect than the larger 

particles, present study also clearly reveals particle size range from 

5 to 64 nm with spherical shape confirmed by AFM, SEM, TEM 

and prove its high potential antimicrobial activity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.7: Antimicrobial studies of green synthesized SNPs from leaf extract of A. digitata (a) B. subtilis (b) S. aureus (c) E. coli (d) K. pneumoniae (e) P. vulgaris 

(f) P. aeruginosa (g) S. typhimurium (h) A. solani (i) A. flavus (j) A. niger (k) P. chrysogenum (l) T. harzianum  
(1) Plant extract (2) Ag (NO3)2 (3) SNPs (4) Streptomycin/Fluconazole. 
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CONCLUSION 
 

In the present study we develop a green method for 

synthesis of SNPs from leaf extract of A. digitata. In conventional 

method of chemical synthesis protocol uses toxic chemicals like 

Sodium borohydride (NaBH4) and Citrate as reducing agents. 

Topical exposure of NaBH4 severely irritate skin and eye, 

breathing NaBH4 irritate nose and throat, higher exposures can 

cause pulmonary edema, very higher exposure may affect nervous 

system. Citrate causes hypocalcaemia, fatigue, paresthesia and 

muscle spasms. Conventional Physical approaches use laser 

ablation and evaporation/condensation method, which faces some 

disadvantages like, it occupies large space, consumes a greater 

amount of power energy and these are not cost effective. Most of 

the scientists proved to use of plant extracts as effective reducing 

agents for synthesis of eco-freindly, cost effective SNPs. In the 

present study we proved A. digitata leaf extract also acts as an 

effective reducing agent for production of high amount of narrow 

range silver nanoparticles and as eco-friendly antimicrobial agents. 
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