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Abstract Nanobiotechnology is considered as one of the

important branches of nanotechnology, and research on

synthesis of nanoscale materials, silver in particular, using

plant and plant parts has been progressing rapidly. Herein,

we used bark extract of Alstonia scholaris one of the most

important medicinal plants to synthesize silver nanoparti-

cles (AgNPs) which exhibited excellent antimicrobial

properties against biofilm formed in drinking water PVC

pipes. The biosynthesis of silver nanoparticles was done by

treating 90 mL of 1 mM AgNO3 aqueous solution with

10 mL of 5 % bark extract. As-prepared silver nanoparti-

cles were characterized using the biophysical techniques

such as UV–Vis spectroscopy, Fourier transform infrared

spectroscopy, X-ray diffraction, thermogravimetric analy-

sis, transmission electron microscopy, and dynamic light

scattering for the measurement of hydrodynamic diameter

and zeta potential. The kinetics of the antimicrobial activity

against PVC biofilm of prepared silver nanoparticles were

done using comparative solution suspension time-killing

assessments and which are evidenced in Epi-fluorescent

microscopic observations.
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Introduction

Nanobiotechnology, a branch of nanotechnology has been

playing a decisive role in the twenty first century particu-

larly in the fields of medicine, pharmaceuticals, and elec-

tronics. So far, the entire nanoscience was built on a basic

scientific challenge of controlling the connections between

the atoms at nanoscale. There are numerous methods

reported by various researchers to synthesize nanoscale

materials and out of which physical and chemical methods

(Kruis et al. 2000; Sauto et al. 2012) were having inherent

limitations up to a certain extent which impose an impor-

tant hurdle in avenues of application, biology in particular,

due to the arisen toxicity by the synthetic protocol. The

present decade has witnessed rapid shift in nanoparticles

synthesis strategies from physico-chemical methods to

biological methods which use the biosources such as bac-

teria (Juibari et al. 2011), fungi (Fesharakil et al. 2010), and

plants (Prabha et al. 2014) for the synthesis of nanoparti-

cles. Further, it is relatively easier to design and produce

nanoparticles using biological sources, such as plants and

microorganisms (Dickerson et al. 2008; Mandal et al. 2006;

Mohanpuria et al. 2008; Chen et al. 2009; Johnson et al.

2012; Unuma et al. 2011, Bhattacharya and Gupta 2005).

Use of higher plant extracts to treat infectious and non-

infectious diseases is an age-old practice. However, the

scientific analysis of different natural sources for their

possible medicinal potency is comparatively a recent origin

(Skinner 1995). The emergence and spread of antibiotic

resistance microorganisms have triggered this type of plant

investigations (Cowan 1999). Higher plants can serve both

as potential antimicrobial crude drugs as well as a source of

new anti-infective agents (Rios and Reico 2005). A. schol-

aris (L.) R.Br. (Apocynaceae) is an evergreen tropical tree

native to the Indian sub-continent and South-East Asia
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having grayish rough bark and milky sap rich in poisonous

alkaloid. The bark also called dita bark is traditionally used

by many ethnic groups of North-East India and also other

parts of the world as a source of remedy against fungal

infections, malarial fever, toothache, rheumatism, snake

bite, dysentery, bowl disorder etc., and its latex is used in

treating coughs and fever (Kumar 2002; Khanikar 2007).

Among the several genera of Alstonia, only scholaris

species has been studied for antimicrobial potency (Khan

et al. 2003).

Nanoscale materials have emerged as novel antimicro-

bial agents owing to their high surface area-to-volume ratio

and the unique chemical and physical properties, which

increase their contact with microbes and their ability to

permeate cells (Lamsal et al. 2011). Further, nanotech-

nology has amplified the effectiveness of silver nanopar-

ticles as antimicrobial agents (Christensen et al. 2011).

Silver is also the only material whose plasmon resonance

can be tuned to any wavelength in the visible spectrum.

Fundamental studies carried out in the last three decades

indicated that silver nanoparticles exhibit a rare combina-

tion of valuable properties, namely, unique optical prop-

erties associated with the surface plasmon resonance

(SPR), well-developed surfaces, catalytic activity, high

electrical double-layer capacitance, etc. Nanosilver has

been used extensively as an antibacterial agent in the health

industry, food storage, textile coatings, and a number of

environmental applications (Jancy Mary and Inbathamizh

2012).

Reports on using A. scholaris bark extract for the syn-

thesis of metallic nanoparticles, silver in particular, are

scant and the studies on antimicrobial kinetics of phyto-

genic silver nanoparticles are not been reported. Hence, in

the present study we have used the bark extract of

A. scholaris to synthesize silver nanoparticles which

exhibited significant antibacterial effects and the kinetics of

these antimicrobial effects have been reported for the first

time. Further, structural and morphological characteristics

of nanoparticles were investigated by X-ray diffraction

(XRD), transmission electron microscopy (TEM), FTIR,

UV–visible spectra, and thermogravimetric analysis

(TGA). Epi-fluorescent microscopic studies reveal the

effectiveness of nanoparticle-bacterial species interfacial

contact with regard to bacterial killing.

Materials and methods

Materials

Silver nitrate (99 % pure) was purchased from Sigma

Aldrich, India. Nutrient broth, Nutrient agar plate,

fluorescein isothiocyanate (FITC), and propidium iodide

(PI) were supplied by Hi-Media, India.

Sample collection (PVC Biofilm)

The PVC biofilm samples were collected from four dif-

ferent regions located in and around Tirupati, (Chittoor

District) Andhra Pradesh, India. The samples were col-

lected from bore water PVC pipelines and taken in the

sterile container. The collected samples were in amorphous

form and were stored in an ice box.

Collection of plant material

Healthy plant of A. scholaris was collected from Mumbai,

Maharashtra, India. The identity of the plant was confirmed

by Agarkar Research Institute, Pune, India. A voucher

specimen (No. AHMA-23537) has been deposited for

future reference. From the selected plant, bark was col-

lected by scrapping the trunk using neat and clean knife

during the month of May 2014 and collected material was

carefully washed and dried at 45 �C to constant weight.

The dried bark of plant material was powdered, passed

through a BSS no. 85-mesh sieve, and stored in air-tight

container.

Preparation of aqueous extract (AE)

The powdered plant material was extracted with distilled

water by cold maceration. Powdered plant materi-

als (10 g) were mixed with 100 mL of distilled water

then the solution heated up to 80 �C for 1 h with con-

tinuous stirring. After that the extract was filtered using

Whatman No.1 filter paper and stored at 4 �C for further

use.

Biosynthesis of silver nanoparticles

Silver nanoparticles were made according to the recipe

described in the literature (Creighton et al. 1979; Suh

et al. 1983). Briefly, a 90-mL aqueous solution of

1.0 9 10-3 M silver nitrate was mixed with a 10-mL of

5 % aqueous solution of A. Scholaris bark extract. Triple

distilled water was used for solutions and both solutions

were chilled to ice temperature before mixing. By mixing

both the solutions, the A. Scholaris Ag solution was

yellow in color and the solution was stirred repeatedly for

an hour where the color of the solution become dark

brown and whose UV–Vis absorption was recorded as

440 nm. The initial concentration of the A. Scholaris

silver nanoparticles was measured using ICP-OES and

was found to be 170 ppm.
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Measurement of concentration of AgNPs using

inductively coupled plasma optical emission

spectrophotometer (ICP-OES)

The concentrations of the A. Scholaris bark extract-medi-

ated AgNPs were measured using inductively coupled

plasma optical emission spectrophotometer (ICP-OES)

(Prodigy XP, Leeman labs, USA). The samples were pre-

pared with 10 times dilution after centrifugation at

4000 rpm (18 g) for 15 min. Then 20 mL of aliquot was

loaded to the racks of automatic sampler and estimated the

concentration of AgNPs thrice.

Characterization of silver nanoparticles

UV–Visible spectrum for synthesized nanoparticles

The UV–Vis spectrum of this solution was recorded in

spectra 50 ANALYTIKJENA Spectrophotometer, which

was operated in the wavelength range of 400–800 nm. The

localized surface plasmon resonance (LSPR) of the silver

nanoparticles was recorded and which is the characteristic

UV–Vis absorbance of silver nanoparticles.

FTIR analysis for synthesized nanoparticles

The FTIR spectrum was taken in the mid IR region of

400–4000 cm-1. The spectrum was recorded using atten-

uated total reflectance technique. The sample was directly

placed in the KBr crystal and the spectrum was recorded in

the transmittance mode.

Particle size and zeta potential analyzer for synthesized

nanoparticles

The aqueous suspension of the synthesized nanoparticles

was filtered through a 0.22 lm syringe driven filter unit,

and the hydro dynamic diameter (HDD) of the distributed

nanoparticles was measured by the principle of dynamic

light scattering (DLS) using Nanopartica (HORIBA, SZ-

100) compact scattering spectrometer.

X-ray diffraction analysis for synthesized nanoparticles

The crystalline structure of the nanoparticles was deter-

mined using the XRD technique. The XRD pattern was

recorded using computer controlled XRD-system, JEOL,

and Model: JPX-8030 with CuKa radiation (Ni fil-

tered = 13,418 Å) at the range of 40 kV, 20 A. The ‘peak

search’ and ‘search match’ program built in software (syn

master 7935) was used for the identification of XRD peak.

Transmission electron microscopy (TEM)

The surface morphology and size of the nanoparticles were

studied using transmission electron microscopy (JEOL

(JEM-1010)) with an accelerating voltage of 80 kV after

drying of a drop of aqueous AgNO3 on the carbon-coated

copper TEM grids. Samples were dried and kept under

vacuum in desiccators before loading them onto a speci-

men holder. The particle size distribution of nanoparticles

was evaluated using ImageJ 1.45 s software.

Thermogravimetric analysis (TGA)

The thermal behavior of silver nanoparticles was studied

by TGA. (TA Instruments Model SDT Q600). The instru-

ment was run from 30 to 800 �C and the yield of the

product also recorded.

Killing efficiency

The Ag nanoparticles were divided into seven groups and

one group (tube 1) was seeded with 0.5 mL nutrient broth,

which served as a sterility control. Six groups (tubes 2–7)

were seeded with 0.5 mL fresh mixed bacterial suspension

culture at a concentration of 105 colony forming units per

mL (cfu/mL) and added to 1.5 mL of Ag nanoparticles.

After 20 min, 5 mL of saline was added to all tubes. These

tubes were vortexed and incubated at 37 �C for 12 h. The

reduction of bacterial efficiency was monitored by total

viable counts at various time intervals (3, 6, and 12 h).

100 lL of sample was drawn from each of the seven

groups, spread on to a nutrient agar plate, and incubated at

37 �C for 24 h for total viable counts. The percentage

reduction in bacterial count was calculated by the formula.

% Killing efficiency

¼Viable count ð0 hÞ�Viable count ðtime intervalÞ� 100

Viablecount ð0hÞ :

The disruption of bacterial cell membrane with respect

to incubation time was visualized by epi-fluorescence

microscopy. FITC and propidium iodide (PI) dual stains

were used for identifying living and dead cells,

respectively. PI penetrates only damaged cells and binds

to the DNA emitting red color, whereas FITC remains

exterior to undamaged cell walls which lead to green

emission. About 0.5 lL of dual stain (FITC–PI; 1:1%) was

added to bacterial sample and then incubated for 15 min.

The excess stain was rinsed with sterile distilled water and

examined under Epi-fluorescence microscope (E200

Coolpix; Nikon, Tokyo, Japan).
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Results and discussion

Selection of PVC biofilm (scale) bacterial strain

Drinking water pipeline bacterial species have unusual

biological activities depending upon the different metabo-

lisms under temperature, pH, and pressure. The major role

of this mixed bacterial species is to convert biofilm to scale

which is a major problem encountered in drinking water

pipelines. Figure 1 depicts the pH of medium at regular

intervals of time in the presence of bacterial species as

compared with control (urea broth) under identical condi-

tions. The pH curves of mixed bacteria in nutrient medium

were plotted (initial pH of the medium was 6.5). In the

presence of bacteria, the pH was 6.5 and was gradually

increased up to 12 at 4th day and finally at the end of the

6th day gradually decreased to 8.0. It clearly indicates that

the bacterium is an alkaliphilic organism. In the present

investigation, mixed bacterial species isolated from drink-

ing water PVC pipes were used to generate biofilm for-

mation in the range of 6500 ppm at 5th day of incubation.

UV–Visible spectral analysis

UV–Visible spectroscopy was employed to understand the

biosynthesis of silver nanoparticles by A. scholaris. Fig. 2

shows the UV–Vis adsorption spectra of silver nanoparti-

cles after 24 h of incubation at room temperature (37 �C).
The spectrum shows peaks at 420–460 nm. But the maxi-

mum absorbance peak is observed at 440 nm which is the

characteristic absorbance of AgNPs. The broadening of the

absorption peak indicates the monodispersity of the formed

silver nanoparticles.

FTIR analysis

FTIR spectrum is used to identify the possible chemical

interactions among the silver salts and functional groups that

are present in the extract. FTIRspectrumof the biosynthesized

silver nanoparticles (Fig. 3) showed the absorption peaks at

1387.47, 1639.32, 2086.75, 3367.26 cm-1. The peak at

3367.26 and 2086.75 cm-1 reveals the presence ofN–Hbend,

indicating the primary and secondary amine groups of protein.

The band present at 568.19 shows the C–Br stretching like-

wise, the bands at 1639.32 and 1387.47 cm-1 correspond to

the primary and secondary amine groups of N–H bending and

carbonyl stretching vibrations of protein, respectively indi-

cating the involvement of proteins in reduction and stabi-

lization of silver ions and are bound to the functional organic

groups (carboxyl and amine) that are present in the A. schol-

aris extract. These functional groups may act as template for

reducing and capping of silver nanocrystals.

XRD analysis

The XRD patterns depicted in Fig. 4 demonstrate the

crystalline nature of biosynthesized Ag nanoparticles. The

sharp peaks with 2h values of 37.9�, 44.1�, 64.3�, 77.3�,
and 82.3� correspond to (111), (200), (220), (311), and

(222) planes, respectively which confirms the face centered

cubic (FCC) structure of the formed Ag nanoparticles.

These Bragg’s reflections of silver were in good agreement

with the JCPDS file No. 004-0783. The average crystalline

size obtained from the Ag (111) diffraction line using

Scherrer’s equation was 50 nm.

Dynamic light scattering analysis

DLS analysis measured HDD of the AgNO3 was found to

be 55 nm (Fig. 5a). The recorded negative zeta potential of
Fig. 1 pH at different time intervals under identical conditions with

and without bacterial inoculation

Fig. 2 UV–Visible spectroscopic micrograph showing the localized

surface plasmon resonance (LSPR) of Ag nanoparticles synthesized

using Alstonia scholaris bark extract
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-10.4 mV with a single peak (Fig. 5b) signifies the pres-

ence of repulsive electro-static forces among the synthe-

sized silver nanoparticles.

TGA analysis

TGA (Fig. 6) was conducted across the temperature

range of 30–700 �C at a constant heating rate of 5 �C/
min. The purity of the bioreduced silver nanoparticles

was tested by TGA. It is evident from the obtained data

that three distinct slopes of weight loss process at tem-

peratures 99,200 and 445 �C were present. The curve

shows the presence of OH groups at and below 200 �C
and the curve at 445 �C was assigned to carbon contents

which are present in the nanoparticles. The TGA shows

that metal surface desorption of bio-organic substance

(4–20 %) is present in the sample. The impurities could

act as nucleation and capping agents for nanoparticles.

TGA result shows that the purity of silver nanoparticles

was 95 %.

TEM analysis

The size and shape of bioreductant nanoparticles were

characterized and shown by the TEM micrograph of silver

nanoparticles (Fig. 7). It is evident from the micrograph

that individual silver nanoparticles as well as a number of

aggregates are present and they are spherical in shape with

an average particle size of 50 nm.

Antibacterial activity

AgNPs synthesized using A. scholaris could act as an

inhibitor and serve to control the rate of bacterial prolif-

eration. AgNPs loaded into bacterial cultures proved to be

effective in terms of time-killing efficacy against a variety

of pathogenic microorganisms (Dastjerdi and Montazer

2010; Fouda et al. 2013; Kiwi and Pulgarin 2010). In the

present study, the time-killing efficacy of AgNPs loaded on

nutrient agar medium was studied against mixed bacterial

solution suspension. Ag nanoparticles were spread on the

entire medium present in the petriplate, which generate

reactive oxygen species (ROS) on the bacteria–nanoparti-

cle interface, leading to bacterial cell wall destruction and

resulted in decrease in the bacterial population. The killing

of bacterial species in solution was monitored by bacterial

solution suspension studies. Interfacial contact investiga-

tions were conducted in order to gain an insight on the

interactions occurring at the Ag NPs–bacteria interface,

and had provided substantial results with regard to bacterial

killing as a result of consistent interfacial contact binding.

Bacterial killing efficiency for mixed bacterial culture by

solution suspension method is presented in Fig. 8. It was

also observed that the mixed bacterial suspension survival

after 7 h was very low(5 %) compared to 1 h (90 %), 2 h

(80 %), 3 h (65 %), 4 h (45 %), 5 h (30 %), and 6 h

(20 %).
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Fig. 3 FTIR spectroscopic

micrograph showing the

functional groups responsible

for the reduction and

stabilization of Ag nanoparticles

synthesized using the aqueous

extract of Alstonia scholaris

bark

Fig. 4 XRD micrograph showing the Bragg’s reflections corresponds

to the FCC crystal structure of the silver nanoparticles synthesized

using bark extract of Alstonia scholaris
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The increase in time-killing efficacy with treatment may

be due to the presence of AgNPs on bacterial surface at

extended periods of time which is evidenced in the Epi-

fluorescent microscopic images of mixed bacterial species

under wet conditions. AgNPs samples were placed in the

4.5 9 105 CFU/mL of mixed bacterial culture at different

time durations to render monitoring of both dead and living

cells. Living cells were stained green in color, while the

dead cells were stained with red color. The Epi-fluorescent

microscopic images of mixed bacterial species were

recorded at definite time intervals during bacterial killing

by direct interfacial contact method. Hence, data on

interfacial contact studies were recorded at 2-h intervals for

mixed bacterial cultures Fig. 9a which depicts live bacte-

rial cells stained in green. Initiation of breakdown of cell

Fig. 5 a The histogram of silver nanoparticles (dynamic light scattering) of silver nanoparticles synthesized using the bark extract of Alstonia

scholaris. b Zeta potential (10.4 mV) of silver nanoparticles synthesized using the bark extract of Alstonia scholaris

Fig. 6 TGA micrograph showing the weight loss of silver nanopar-

ticles synthesized using the bark extract of Alstonia scholaris with

temperature

Fig. 7 TEM micrograph of Alstonia scholaris silver nanoparticles

showing spherical-shaped particles with an average size of 50 nm

Fig. 8 Comparative solution suspension time-killing assessments of

silver nanoparticles (mixed bacterial killing efficiency vs. time)
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membrane is indicated by reddish regions around the

bacterial species, as illustrated in Fig. 9b. The Epi-fluo-

rescent image of bacterial cells after 4 h of AgNPs expo-

sure leads to further deterioration of bacterial cells which

may be due to the increased contact time as depicted in

Fig. 9c and the same was observed even after 6 h. How-

ever, most cells of mixed bacterial species are completely

destroyed after 7 h, as elucidated in Fig. 9d. It was found

that complete nullification of bacterial cells occurred after

time periods of 6 and 7 h, respectively, and this observa-

tion may be due to the fact that effective destruction of

bacterial cells by reactive oxygen radical species and

whose effectiveness could be a function of contact distance

between AgNPs and bacterial cells. Hence, subdued bac-

terial killing rate in bacterial solution can be attributed to

varying distances and inconsistent contact between the

AgNPs and mixed bacterial species in solution. The

destruction of bacterial species initiates at the cell mem-

brane and rapidly proceeds along the interior of the cell, as

depicted in the Epi-fluorescent microscopic images. AgNPs

cause toxicity to the bacterial cell constituents, damage to

mitochondria in particular, and result in depletion of ATP

which enhances the production of ROS. Then there was a

double impact of both ROS and AgNPs on the nucleus of

(A) Ini�al 1 hour (A) 2 hour 

(B) 2hrs 30min  3hrs 30min  4 hours 

(C) 4hrs 30min 5hrs 30min  6 hours 

(D) 6hrs 30min 6hrs 45min 7 hours 

(A)

(B) (B)

(C) (C)

(D) (D)

Fig. 9 Epi-fluorescent microscopic images of mixed bacterial species isolated from drinking water PVC pipeline a initial-2 h, b 2–4 h, c 4–6 h,

d 6–7 h and after during interfacial contact studies in the presence of nanoparticles loaded in nutrient agar medium
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bacterial cell leads to oxidation of DNA causing the death

of the bacterial cell (Venkata Subbaiah et al. 2014). Similar

results were observed by previous investigators for ZnO

nanoparticles (Raghupathi et al. 2011; Sivakumar et al.

2010).

Conclusion

This contribution reported for the first time the killing

efficacy of mixed bacterial cultures loaded with Ag

nanoparticles synthesized using the extract of A. scholaris.

XRD pattern has confirmed the FCC structure of formed

Ag nanoparticles. TEM micrographs revealed the presence

of spherical-shaped Ag nanoparticles with an average size

of 50 nm. TGA studies show that purity of nanoparticles

was 86 %. Further, the tensile force and maximum elon-

gation at breakdown were greater for the nanoparticles

loaded in bacterial medium indicating its mechanical

strength and suitability for biofilm degradation and show-

ing the anti-scaling property. AgNPs loaded on mixed

bacterial suspension interfacial contact studies reveal sub-

stantial killing efficiency which may be due to the con-

sistent interfacial contact between the bacterial species and

nanoparticles. Thus, our studies once again confirmed the

potential antimicrobial activity of phytogenic silver

nanoparticles.
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