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Abstract Among the various inorganic nanoparticles,

silver nanoparticles have received substantial attention in

the field of antimicrobial research. For safe and biocom-

patible use of silver nanoparticles in antimicrobial

research, the different biogenic routes are developed to

synthesize silver nanoparticles that do not use toxic

chemicals. Among those, to synthesize silver nanoparticles,

the use of plant part extract becomes an emerging field

because plant part acts as reducing as well as capping

agent. For large-scale production of antibacterial silver

nanoparticles using plant part, the synthesis route should be

very simple, rapid, cost-effective and environment friendly

based on easy availability and non-toxic nature of plant,

stability and antibacterial potential of biosynthesized

nanoparticles. In the present study, we report a very simple,

rapid, cost-effective and environment friendly route for

green synthesis of silver nanoparticles using guava (Psid-

ium guajava) leaf extract as reducing as well as capping

agent. This plant has been opted for the present study for its

known medicinal properties, and it is easily available in all

seasons and everywhere. The biosynthesized silver

nanoparticles are characterized by UV–Vis and TEM

analysis. The average particle size is 40 nm in the range of

10–90 nm. The antibacterial activity of these nanoparticles

against Pseudomonas aeruginosa MTCC 741 has been

measured by disc diffusion method, agar cup assay and

serial dilution turbidity measurement assay. The results

show that green synthesized silver nanoparticles, using

guava (Psidium guajava) leaf extract, have a potential to

inhibit the growth of bacteria.
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Introduction

Nanomaterials and nanostructures, usually ranging from 1

to 100 nm, based on the specific characteristics such as

size, morphology and distribution exhibit their remarkable

potential in the field of biology and medicine. Among the

various inorganic metal nanoparticles, silver (Ag)

nanoparticles have received substantial attention in the

field of antimicrobial research. It may be mentioned that

the antimicrobial activities of silver and silver compounds

are very well known in case of dental work, catheters and

burn wounds, etc.

As per demand in bioscience and biotechnology along

with other field, silver nanoparticles have been synthesized

by various methods such as reduction of silver compounds

in solution (Wang et al. 2005), thermal decomposition of

silver compounds (Navaladian et al. 2007), microwave-

assisted synthesis (Sreeram et al. 2008), and laser-mediated

synthesis (Zamiri et al. 2011), which are well reported. To

synthesize silver nanoparticles by the reduction of AgNO3,

generally sodium borohydride, citrate, ascorbate, etc. are

used as reducing agents (Shirtcliffe et al. 1999; Nickel et al.

2000; Evanoff and Chumanov 2004; Sondi et al. 2003;

Merga et al. 2007). It may be mentioned that in the most
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cases synthesizing nanoparticles through chemical reduc-

tion process requires high pressure and temperature and

toxic chemicals. Chemical synthesis methods lead to the

presence of some toxic chemicals, mainly reducing agent

and/or capping agent, on the surface that may have adverse

effect in the biological applications. But, for safe and

biocompatible use of silver nanoparticles in bioscience and

biotechnology, it is need to develop biogenic route to

synthesize silver nanoparticles that do not use toxic

chemicals.

In case of biosynthesis of silver nanoparticles, the

environmentally benign reducing agents such as carbohy-

drates and polysaccharides are used (Raveendran et al.

2003). The uses of several bioorganisms to grow the silver

nanoparticles have been also reported (Xie et al. 2007). The

silver nanoparticles synthesis using plant (leaf) extract is an

emerging field because plant part acts as reducing as well

as capping agent and free from toxic chemical.

For large-scale production of antibacterial silver

nanoparticles using plant part, the synthesis route should be

very simple, rapid, cost-effective and environment friendly

based on easy availability and non-toxic nature of plant,

stability and antibacterial potential of biosynthesized

nanoparticles.

Recently, the plant-mediated synthesis of silver

nanoparticles using Coleus aromaticus leaf (Vanaja and

Annadurai 2013), living peanut seedling (Raju et al. 2014),

Petroselinum crispum leaf (Roy et al. 2014), Citrus limon

leaf (Vankar and Shukla 2012), Avicennia marina man-

grove plant leaf, bark and root (Gnanadesigan et al. 2012)

and Justicia adhatoda L. Leaf (Bose and Chatterjee 2015)

have been reported.

However, as per our knowledge, to investigate the

antimicrobial properties only few number of easily avail-

able plants leaf have been used to synthesize Ag

nanoparticles till now. This motivates us to search a very

simple, rapid, cost-effective and environment friendly

synthesis route of Ag nanoparticles, using leaf extract, for

the investigation of its antimicrobial activities.

Thus, in this present study, an attempt has been done to

synthesize silver nanoparticles using guava (Psidium gua-

java) leaf extract from the green chemistry perspective and

to investigate the antimicrobial activities of these biosyn-

thesized silver nanoparticles on Pseudomonas aeruginosa

MTCC as a model gram-negative bacteria. This plant has

been opted for the present study for its known medicinal

properties, and it is easily available in all seasons and

everywhere.

Materials and methods

Preparation of plant leaf extract

The fresh matured leaves of Psidium guajava (Fig. 1) were

collected and thoroughly washed with distilled water.

About 5 g of cleaned leaves was chopped into fine pieces

then crashed with sea sand and mixed with 60 ml of dou-

ble-distilled water. The mixture was then filtered, and the

filtrate was used as stock solution.

Synthesis of Ag nanoparticles

The silver nanoparticles were prepared by treating 20 ml of

1 mM of AgNO3 (Merck) solution with only 0.2 ml of leaf

extract and stirred for 10 min at 30 �C. The solution

appeared light yellow colour and then changed to reddish

brown colour (Fig. 2). The solution was kept at 4 �C for

future use.

Characterization of Ag nanoparticles

UV–Vis spectra analysis

The noble metal silver nanoparticles exhibit unique optical

properties on account of their surface plasmon resonance

(SPR). The formation of Ag nanoparticles was confirmed

by measuring the UV–visible spectra (Fig. 3). UV–visible

spectroscopy analyses were carried out on SYSTRONICS

spectrophotometer (Model-105, India) from range

350–900 nm. The double-distilled deionized water was

used as blank.

Fig. 1 Guava (Psidium guajava) leaf
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Transmission electron microscope analysis

TEM studies were performed using CM 12 PHILIPS

operating at 100 kV. For the TEM image (Fig. 4), a drop of

solution containing the nanoparticles was deposited on a

Cu grid covered with carbon. After allowing the film to

stand for 5 min, the extra solution was removed by means

of blotting paper and the grid allowed drying before the

measurement.

Microbiological assays

The model gram-negative organism P. aeruginosa MTCC

741 strain was maintained in both nutrient agar (Hi-media,

India) and nutrient broth medium (Hi-media, India) at

37 �C.
For the disc diffusion method, 100 ll of 24 h old bac-

terial culture was uniformly spread over the nutrient agar

surface. Freshly prepared Ag nanoparticles solution-soaked

sterile paper discs of 5 mm diameter were placed on that

agar surface. The zones of inhibition (ZoI) were measured

after 24 h incubation at 37�C.
In case of agar cup assay, 100 ll of 24 h old bacterial

culture was uniformly spread over the nutrient agar surface.

Then, 50 ll of Ag nanoparticles solutions synthesized from

three different concentrations of AgNO3 solution was

added into the wells (1 cm diameter) on that nutrient agar

surface. The zones of inhibition (ZoI) were measured after

24 h incubation at 37 �C.
For serial dilution turbidity measurement assay (Fig. 5),

nutrient broths were prepared and distributed in several

culture tubes. Each tube contains 10 ml of nutrient broth.

The stock solution of the Ag nanoparticles solution was

serially diluted at 10-1, 10-2 and 10-3 level. The tubes

were inoculated with 50 ll of 24 h old bacterial suspen-

sion. In each tube, 1 ml of Ag nanoparticles solution of

different concentrations was added. The tubes were incu-

bated for 24 h at 37 �C, and OD were taken at 540 nm to

measure the turbidity against a sterile blank. A negative

control without bacterium and a positive control without

Ag nanoparticles were incubated for comparative purpose.

All the experiments were done in triplicate.

Results and discussion

The Psidium guajava is well-known medicinal plant and

leaves of its are widely used in the Ayurvedic system of

medicine as well as in folk medicine (Gutiérrez et al.

2008). Guava leaf extract is used as astringent, anodyne,

febrifuge, antispasmodic, tonic to treat wounds, ulcer,

cholera, diarrhoea, vomiting, nephritis, toothache, gum

inflammation, etc. (Ojewole 2005). Psidium guajava leaf

contains leucocyanidin, flavonoids which includes quer-

cetin, quercetin-3-O-a-L-arabinofuranoside, quercetin-3-O-
b-D-arabinopyranoside, quercetin 3-O-b-D-galactoside
(hyperin), quercetin-3-O-a-L-arabinofuranoside (avicu-

larin), quercetin 3-O-b-D-glucoside(isoquercetin), plant

sterol, carotenes, tannins, saponins, vitamin C and B6,

carbohydrates and diethoxy alkenes as plasma compounds.

It is reported that flavonoids (Sahadevan et al. 2013)

a b c

Fig. 2 Ag nanoparticle solutions, synthesized by reducing AgNO3

using guava leaf extract. a Initial reaction mixture; b reaction mixture

after 10 min; c reaction mixture after 1 h

Fig. 3 UV–Vis spectra of Ag nanoparticle, synthesized by reducing

AgNO3 using guava leaf extract

Appl Nanosci (2016) 6:895–901 897

123



present in leaf extract are responsible for reducing Ag?

ions and capping for Ag nanoparticles. In this study, some

of the flavonoids present in leaf extract may act as reducing

and/or capping agent to synthesize Ag nanoparticles.

The exact mechanism of reducing the Ag? ion and

capping the Ag nanoparticles by flavonoids is not well

established. It has been believed (Makarov et al. 2014) that

the various types of -OH groups present in flavonoids play

an important role to reduce the silver ion to silver metal

and capping the metal through chelating by close presence

of carbonyl and hydroxyl groups and also by catechol

moiety of flavonoids. It has been also proposed (Ahmad

et al. 2010) that the tautomeric transformations of flavo-

noids from the enol form to the keto form may release a

reactive hydrogen atom that can reduce metal ions to form

nanoparticles. On the one hand, DFT study shows

(Trouillas et al. 2006) that bond dissociation energies of O–

H bond of –OH groups of catechol moiety of flavonoids are

less than that of other -OH groups present in flavonoids.

The results indicate that –OH groups of catechol moiety of

flavonoids may take part in metal ion reduction. On the

basis of foregoing discussion, for an example, taking

quercetin as a flavonoid, the putative reaction path of

reducing the Ag? and capping the nano-Ag may be out-

lined as in Scheme 1.

Reduction of Ag? ion into Ag nanoparticles using leaf

extract of Psidium guajava was evidenced by visual change

of colour of reaction mixture from colourless to yellow

then to reddish brown (Fig. 2). The UV–Vis spectra

(Fig. 3) confirmed the formation of Ag nanoparticles. The

surface plasmon resonances (SPR) of silver nanoparticle

were observed at 435 nm. The intensity of the SRP peaks

increases as reaction time increases, which indicates the

increase in concentration of the silver nanoparticles. The

result reflects that the Ag nanoparticles prepared by Psid-

ium guajava leaf extract are stable without aggregation.

From the TEM images (Fig. 4), it is observed that most

of the Ag nanoparticles are spherical in shape, and a few

agglomerated Ag nanoparticles were also observed in some

place. Figures also show that there is a variation in particle

size and distribution of size. It may be noted that average

particle size estimated was 40 nm, and particle size ranges

from 10 to 90 nm. The size of these biosynthesized Ag

nanoparticles are in conformity with the size of earlier

reported biosynthesized Ag nanoparticles using the leaf of

Coleus aromaticus, 40–50 nm (Vanaja and Annadurai

2013), using living peanut seedling, 30–100 nm (Raju et al.

2014), using leaf extract Petroselinum crispum, 30–32 nm

Fig. 4 TEM images of Ag nanoparticles synthesized from AgNO3 using guava leaf extract

Fig. 5 Serial dilution method of antimicrobial activity assay of Ag

nanoparticles synthesized from guava leaf extract. a (–) ve control,

i.e., without inoculums, only medium with Ag nanoparticles are

synthesized from 1 mM AgNO3 solution (Ag nanoparticles stock

solution); b bacteria with Ag nanoparticles stock solution; c bacteria

with 10-1 times diluted Ag nanoparticles stock solution; d bacteria

with 10-2 times diluted Ag nanoparticles stock solution; e bacteria

with 10-3 times diluted Ag nanoparticles stock solution, after 24 h

incubation
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(Roy et al. 2014), using Justicia adhatoda L Leaf, 5–50 nm

(Bose and Chatterjee 2015), etc.

In the present study, the potentiality of silver nanopar-

ticles as a common antimicrobial substance has been

evaluated against P. aeruginosa MTCC 741 by standard

methods. P. aeruginosa is an opportunistic human patho-

gen, and the genus itself is a potent plant pathogen also. It

produces soft rot disease in Arabidopsis thaliana (Walker

et al. 2004) and Lactuca sativa (Rahme et al. 1997). The

results of disc diffusion assays indicate that the antimi-

crobial activities of silver nanoparticles (ZoI = 7–8 mm)

are as effective as silver ions (ZoI = 8–10 mm), whereas

the raw leaf extract has no visible inhibitory effect on

P. aeruginosa MTCC 741 strain. However, the result of

disc diffusion assays is too preliminary to conclude about

the antibacterial properties of silver nanoparticles. The

Agar cup assay method and serial dilution turbidity mea-

surement assay methods are more sensitive than disc dif-

fusion assay method. Table 1 shows that the results of agar

cup assay reveal that biosynthesized silver nanoparticles

using guava leaf extract have strong efficiency to inhibit

(average ZoI = 2.26–2.40 cm) the bacterial growth. The

serial dilution method has selective advantage over other

method of assay. The results of serial dilution method are

illustrated in Fig. 6. The nanoparticles when added to the

liquid medium start their antibacterial activities in terms of

inhibition of the growth of bacteria. This inhibition is

measured in terms of optical density values (OD). The MIC

(a)

(b)

Scheme 1 Outline of reaction

path of reduction of Ag? ion

(a) and capping of Ag

nanoparticle (b) by quercetin
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value indicates that the green synthesized silver nanopar-

ticles using the leaf extract of guava can inhibit the growth

of P. aeruginosa MTCC 741 strain at the concentration of

10-6 (M). This study is tuned with earlier reported studies:

antibacterial activity of Ag nanoparticles on fish pathogen

and other microbes (Gupta et al. 2014; Velmurugan et al.

2014, Mahanty et al. 2013).

Several mechanisms regarding antimicrobial activity of

Ag nanoparticles have been proposed. It seems that sulphur

and phosphorus containing proteins or enzymes or phos-

phorous moiety of DNA of bacterial system may be

affected by the Ag nanoparticles which lead to the inhibi-

tion of enzyme system of the organism (Sulaiman et al.

2013). Le et al. (2012) clearly demonstrated that the Ag

nanoparticles get attached to the cell surface of E. coli and

V. Cholera and then penetrated into the cell, destroyed the

cell cytoplasm and killed the organism. Le et al. (2012)

also found that Ag nanoparticles significantly increase the

cell permeability and affect the proper transport through

plasma membrane. Thus, the regulation of transport

through the membrane become disrupted which leads to the

cell death.

In conclusion, this study revealed an economical, effi-

cient and environment friendly route for green synthesis of

Ag nanoparticles and evaluated the efficacy of the inhibi-

tory effect of this biosynthesized Ag nanoparticles against

P. aeruginosa. If further inhibitory studies of this biosyn-

thesized Ag nanoparticles against other plant pathogenic

pseudomonades like P. syringae, P. tolaasii and P. agarici

agree with our present finding, then the green synthesized

Ag nanoparticles could be more economical and promising

alternate antibacterial agent in the field of agriculture for

large-scale production.
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