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Herewe report a facile and novel bio-synthesis technique, using algal extract to reduce silvermetal ions into

Ag/AgCl nanoparticles. Different concentrations of metallic precursors of silver nitrate (0.1 mM, 0.2 mM,

0.5 mM and 1 mM) were tested with alcoholic extract prepared from biomass of Chlorella sp. for

nanoparticle biosynthesis which was screened out of four species namely Chlorella sp., Lyngbya putealis,

Oocystis sp. and Scenedesmus vacuolatus. The biomolecules present in the alcoholic extract assisted in

the synthesis of nanoparticles by reducing the metallic salt to metal ions and acting as capping agents in

order to stabilize the particles. The synthesized particles were characterized for physico-chemical

properties. DLS analysis of particles prepared from Chlorella sp. shows the particles with size of 90.6 nm.

These biosynthesized nanoparticles show great potential applications in antibacterial activity.

Introduction

Biological synthesis of nanoparticles is an economical and

environmentally friendly method, but its optimization is

a challenge. Biosynthesis involves either the extract from

some green sources like plants, algae, fungus, and bacteria

or the micro-organism itself which includes the intracel-

lular synthesis of these particles. Here, in the present study,

we are focusing on Ag/AgCl nanoparticles synthesis using

freshwater green algae. The toxic chemical species used as

capping agents in the chemical synthesis of nanoparticles

causes a signicant problem of environmental toxicity when

it interacts with the biological systems causing detrimental

effects on the organisms sustaining that system.1 In recent

years there are many researchers around the world working

in the eld of biogenic nanoparticles synthesis. Freshwater

algal species like Scenedesmus has been used for synthesis of

5–10 nm size silver nanoparticles.2 Green chemistry

approaches for nanoparticles synthesis includes the inter-

active studies of microbial extracts or microbes itself with

the metallic precursor of the nanoparticles to be synthe-

sized; which generates a link between the nanoscience and

microbes leading to microbial nanotechnology.3 Silver

nanoparticles have been paid signicant attention by many

scientists because of its properties like antimicrobial

activity and catalytic performance.2 Other than silver, many

other nanoparticles like gold, platinum etc. have also been

synthesized using this green chemistry approach. Some

people have used plants like Azadirachta indica and others

have used micro-organisms like green algae for synthesis.4,5

Cotton ball alga which is a freshwater alga has been used for

silver nanoparticle synthesis to explore its antibacterial

properties.6 Most of the studies for synthesis of silver

nanoparticles using microalgae have been done using silver

nitrate as a metallic precursor with a concentration of

1 mM.6,7 Ferriera et al. have used 3.5 mM AgNO3 for Ag/AgCl

nanoparticles synthesis using Chlorella vulgaris.8 Similar

studies have been done using corn husk extract with 2 mM

AgNO3 as metallic precursor.9–11 Thus there is always

a chance of high concentration of metallic salt going to

environment which led us to optimize for lower concentra-

tion of metallic precursor in manufacturing nanoparticles.

Earlier researchers have carried out screening of different

species to biosynthesize silver nanoparticles for its antimi-

crobial activity. In the study reported by Patel et al. eight

species were screened to nd the best one, for nanoparticle

synthesis.12 Various chemical and physical methods are

being used for nanoparticle synthesis having their own

advantages and disadvantages. Chemical methods utilize

loads of chemicals and physical methods involve costly

processes like attrition, pyrolysis, etc.13 Chemically modied

compounds can cause environmental hazards as well as

increase the reaction cost. However, the efficiency of

chemicals methods cannot be questioned but green

synthesis would be a better approach if one can optimize the

process of biosynthesis.14 We do not require so many reac-

tants which complexes the synthesis process and increase
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the production cost. It involves very simple process of

reduction which results in nucleation and growth of nano-

particles. Algal ability to handle higher concentrations of

metallic precursors and produce valuable biomass for

purposes like biofuel generation, pigments, omega-3, and

other high value-added compounds make it a suitable

candidate for nano factories of nature.15–17 The exact

mechanism of reduction differs from one species to another

and the type of nanoparticles to be synthesized. Gold

shaping protein has been identied in microalgae which can

shape the gold nanoparticles being synthesized.13 High and

low protein molecules are involved in formation of silver

nanoparticles. Studies shows the comparison of two

different procedures for synthesis; rst one is using the live

cells and incubating it with precursor salt for silver nano-

particle synthesis, and the second method includes the use

of cell-free media and incubation of silver nitrate within this

media to produce nanoparticles.12,18,19 However, identifying

the exact biomolecules responsible for this bio-reduction

process is a challenge as each species may have some

different molecule acting as bio reductant in dominant

form.13 The functional groups from different biomolecules

like proteins, carbohydrates, lipids and water stretching

bonds play a vital role in bio reduction.20,21 Proteins and

amino acids have also been used for production of protein

gold hybrid acting as stabilizing and capping agents

enhancing efficiency and applicability in biomedical

sciences.22,23 In present study, we propose an optimization

and characterization process for the synthesis of Ag/AgCl

nanoparticles aer screening different microalgae species

for biosynthesis. This study emphasizes on one of the

essential factors i.e. optimization process of nanoparticles

biosynthesis at different concentrations of silver nitrates.

We tried the synthesis of silver nanoparticles with each of

the mentioned concentration of silver nitrate by reducing

them with extract prepared from 5 g biomass of the Chlorella

sp. which was chosen aer screening from different algal

species. Toxicity of the biosynthesized particles is compar-

atively low as compared to those synthesized with chemical

or physical methods leading to many applications related to

pharmaceuticals and antibacterial studies. The biosynthesis

of Ag/AgCl nanoparticles is a challenge as it may happen

that only AgCl nanoparticles might be synthesized during

the process because the reducing agents present in the

extract may not be able to convert the AgCl into AgNPs where

chlorine is an integral part of algal micronutrient and helps

in various metabolic pathways. Some researchers have used

NaOH24 for controlling the conversion of AgCl to AgNPs

during reduction process while we propose that this

conversion can be controlled by utilizing optimum concen-

tration of metallic precursor and one can also play with the

amount of extract to be added to optimize the process.

Therefore, this study is important to show if Ag/AgCl

nanoparticles hybrid can be produced which can act as an

antibacterial agent or not. Objective of this study is

production of Ag/AgCl nanoparticles while optimizing the

best concentration of metallic precursor to be used for

synthesis and the screening of algal species to be used for

extract preparation in order to synthesize the nano hybrids

along with possible use as an antibacterial agent.

Materials and methods
Growth and culture conditions of microalgae

Four different axenic strains of freshwater green algae were

tested for their efficiency as producers of nanoparticles using

extracellular synthesis method. The species used during this

experiment were Chlorella sp., Lyngbya putealis, Oocystis sp.

and Scenedesmus vacuolatus. The mentioned axenic species of

algae were grown aseptically and maintained in unmodied

BG-11 medium (pH-7.2).25 The cultures were maintained in

the culture room at a temperature of 28 � 5 �C with 12 : 12

hours of light and dark photoperiod and harvested on 10th

day. During the light period, light intensity of 3000 lux was

maintained using white uorescent lamps at an appropriate

distance from the cultures to sustain proper growth of

culture.

Design of study

Alcoholic extract of Chlorella sp., Scenedesmus vacuolatus,

Lyngbya putealis, and Oocystis sp. were prepared using 5 g

dried biomass of each species in 50 ml of 95% ethanol and

keeping it on stirrer for shaking (24 h). Aer that, the extracts

were taken and centrifuged at 4000 rpm for 20 minutes, and

then the supernatant was ltered using Whatman lter paper,

125 mm.26 This extract was then used for biosynthesis of

nanoparticles.

Biosynthesis of Ag/AgCl nanoparticles

The extracts obtained were used as a reducing molecule for

silver nitrate, metallic precursor in current study. The

extract prepared from each species were used against 1 mM

AgNO3 in the ratio of 90 : 10 (90 ml AgNO3 and 10 ml of

extract) for initial screening of the cells based on their

reducing ability for silver nitrate to corresponding

nanoparticles.

Process optimization set up

Aer screening of the species, different concentrations of silver

nitrate (0.1 mM, 0.2 mM, 0.5 mM and 1 mM) were explored for

synthesis of nanoparticles using extract prepared from biomass

of Chlorella sp. 10 ml of extract prepared from biomass was

incubated with 90 ml of 0.1 mM, 0.2 mM, 0.5 mM and 1 mM

AgNO3. pH of the reaction mixture was 7.37 � 0.2 and the

reaction was carried out at room temperature 28 �C� 2 �C. Cells

of Chlorella sp. have an average cell size of 5.7 mm � 0.2 mm

measured using Olympus cell counter model-R1 and chloro-

phyll pigment concentration of 13.5 � 0.1 mg L�1. A time-based

UV-visible spectroscopic study was carried out, and the

synthesized product was scanned in the wavelength range of

300 nm to 700 nm with time, i.e., at 0, 20, 40 minutes, 3 h, 5 h

and continued till 192 h to check the stability of the product in

each combination of metallic precursor. Then the particles were
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centrifuged and lyophilized for detailed characterization as

discussed in next section.

Characterization of Ag/AgCl nanoparticles

The particles synthesized were characterized using particu-

late systems nanoplus version 5.22 (Micromeritics Instru-

ments Corporation) to get an approximate estimation of

particle size synthesized from extracts of different micro-

algae. UV-visible spectrophotometry was done with a wave-

length scan ranging from 300 nm to 700 nm at varying time

interval from 0 minutes to 192 h using DR-6000 HACH

spectrophotometer. Samples were then centrifuged at

20 000g for 40 minutes through Beckman Coulter Optima

XPN-80 Ultra centrifuge to separate the nanoparticles from

aqueous medium and then lyophilized at 0.05 psi and �50 �C

through Christ, Alpha 1-2 LD plus lyophilizer. Powder XRD

characterization was done using Bruker D2 phaser powder

XRD instrument. The 2q range used for the study was 20� to

80� with a step size of 0.3 seconds, to know the crystalline

phase and its purity. FE-SEM imaging was done using Supra

55 Zeiss FE-SEM instrument, for conrmation of shape and

approximate size of the particles. FTIR characterization of

the samples were done using PerkinElmer, Spectral version

50.5.1 instrument to obtain the functional groups involved in

the reduction process. TEM analysis was done using TEM-VM

200 kV for size estimation.

Antimicrobial assay

The synthesized nanoparticles of Ag/AgCl were observed for

antimicrobial activity with varying concentrations along

with a negative control in Bacillus subtilis, Bacillus sphaer-

icus, Bacillus pasteurii (from NCIM, Pune) and E. coli-DH5a

(in-house strain) at 37 �C in incubator. Bacterial species

were diffused through nutrient broth media and agar of

bacteriological grade, and biosynthesized nanoparticles

were loaded in the solidied wells to check the antibacterial

activity. 20 ml of Ag/AgCl nanoparticles synthesized from

different concentrations of metallic precursors were taken

and used for drug diffusion assay to observe zone of inhi-

bition which pertains to the effect of the particles on growth

of bacterial strains mentioned above.

Results and discussion
Size estimation using dynamic light scattering

The synthesized particles from extracts of different species

were analysed for size estimation and shown in Fig. 1. This

depicts real-time size monitoring of the nanoparticles

synthesized from species which shows an average particle

size of 90.6 nm and polydispersity index of 0.331 for Chlorella

sp. whereas the size of nanoparticles synthesized by Lyngbya

putealis and Scenedesmus vacuolatus shows an average size of

241.8 nm and 136.2 nm with a polydispersity index of 0.215

and 0.253, respectively. So, based on the size of the particles

obtained, Chlorella sp. is selected for further optimization.

DLS data shows smallest particle size in Chlorella sp. in

comparison to other two. DLS data was used as an indicator

of size for nanoparticles. Polydispersity of the particles was

well in range.

UV-vis spectroscopy analysis of the varying concentration of

metallic salts incubated with extract prepared from Chlorella

sp. biomass

UV-visible data showed that extract prepared from Oocystis sp.

was not able to reduce metallic precursor to metallic nano-

particles and gave an intense peak at approximately 660 nm.

This indicates presence of pigments which is shown in Fig. 2.

UV-visible and DLS data indicates Chlorella sp. best t for our

study. Hence further optimization of biosynthesis process was

carried out with the extract prepared from 5 g biomass of

Chlorella sp. with varying concentrations of AgNO3 (1 mM,

0.5 mM, 0.1 mM and 0.2 mM) as presented in Fig. 3(A)–(D).

Fig. 1 DLS analysis of particles prepared from different algal species.

This journal is © The Royal Society of Chemistry 2019 RSC Adv., 2019, 9, 25583–25591 | 25585
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Fig. 3 shows a peak at approximately 420 nm indicating the

formation of AgNPs. Particles synthesized from 1 mM concen-

tration showed an additional peak at around 660 nm even aer

192 h which may be due to impurity. Interestingly 0.5 mM

concentration of metallic precursor showed negligible peak

supporting usage of extract towards biosynthesis of particles.

There are several reports of silver nanoparticles synthesis where

surface plasmon resonance (SPR) was found to be at different

wavelengths ranging from 410 nm to 460 nm.5,27 So, it was

conrmed from the data that each concentration of metallic

precursor can lead to production of nanoparticles but the

stability and purity of the product depends on the concentration

of precursor and extract.

It is observed from Fig. 3(A)–(D) that 1 mM and 0.2 mM

concentrations show a peak at 420 nm as well as 660 nm indi-

cates that the pigments and other reducing groups have not been

utilized well in these samples. In 0.1 mM concentration, the peak

at 420 nm indicates formation of AgNPs which found to be

deteriorated with time, indicating that the product is not stable.

In 0.5 mM concentration, the product remains stable even at

192 h. Therefore, it can be safely concluded that 0.5 mM is better

than other concentrations to utilize the extract and form a stable

product.

X-ray diffraction (XRD) analysis of biosynthesized

nanoparticles

XRD was carried out at different concentrations of metallic

precursors and the obtained data conrms formation of Ag/

AgCl nanoparticles. XRD pattern was indexed using the

JCPDS, le no. 31-1238 for AgCl and JCPDS le no. 65-2871 for

Ag (Table 1).

The XRD pattern corresponds to the crystalline cubic

phase of AgCl nanoparticles. The peak obtained at 38.3�

corresponds to (111) plane of cubic Ag28 at 0.5 mM and

0.2 mM concentration of AgNO3 and extract of Chlorella sp.

So, it was conrmed from the XRD data that the Ag/AgCl

nanoparticles were successfully synthesized and the peaks

for different concentration ranges can be seen in Fig. 4. The

optimum result is given by 0.5 mM concentration of AgNO3

as along with diffraction lines of AgCl nanoparticles it also

shows an intense diffraction peak of AgNPs at 38.3� which

was not present in particles synthesized from any other

concentrations except 0.2 mM. The peak at 38.3� was not as

signicant in 0.2 mM as in 0.5 mM concentration used for

biosynthesis of Ag/AgCl nanoparticles. Therefore further

analysis of this sample was done and considered to be better

among other data sets as XRD gives information about the

purity of the particles produced and 0.5 mM metallic

precursor concentrations showed a signicant and

Fig. 2 UV-visible spectroscopic study of Ag/AgCl particles synthe-

sized from different algal species.

Fig. 3 UV-visible spectra of nanoparticles synthesized with (A) 1 mM, (B) 0.5 mM, (C) 0.1 mM and (D) 0.2 mM AgNO3 with time.
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characteristic peak for Ag/AgCl nanoparticles, so it can be

concluded that 0.5 mM concentration of AgNO3 is the best

concentration to be used for nanoparticle synthesis. Nano-

particles synthesized from 0.1 mM was not taken into

consideration for XRD as it was not stable which is evident

from the UV-visible spectrophotometry data shown in

Fig. 3(C). Presence of peaks for AgCl nanoparticles raised

a curiosity that from where this chloride ion is coming as we

have not added any external source for chlorine. We have

washed the biomass well before utilizing it for extract

preparation. The chloride ions are present inside the algal

cells play a vital role in asparagine synthesis and thus

providing an insight to metabolomics of nitrogen and its

relationship with ion transport,29 however its exact estima-

tion in the algal or plant cells remains a challenge.30 The

powder XRD data which indicated synthesis of Ag/AgCl nano

hybrids.

Fig. 4 represents that 0.5 mM is the optimum concentration

of metallic precursor to be used for Ag/AgCl nanoparticle

biosynthesis.

Scanning electron microscopy (SEM)

The presence of spherical nanoparticles can be inferred from

Fig. 5(A) and (B) as indicated by red arrows. These samples are

further characterized by Transmission Electron Microscopy

(TEM) for the size determination.

FTIR (Fourier-transform infrared spectroscopy)

The lyophilized powder of Ag/AgCl nanoparticles synthe-

sized with extract from Chlorella sp. biomass and 0.5 mM

concentration of AgNO3. The biomass of Chlorella sp. was

analysed with FTIR and the result obtained is shown in

Fig. 6.

The functional groups identied in the biomass of

Chlorella sp. is described in Table 2. Functional groups like

amides (N–H), lipid carbohydrates having mainly CH2 and

CH3 stretching and (O–H) group can act as reducing groups

and reduce the metallic ions in to metallic nanoparticles, i.e.,

Ag+ to Ag.31�37 All the groups present in the sample analyzed

have been described in Table 2. The peak in Fig. 6 at

3239.91 cm�1, 2916.67 cm�1, 2848.94 cm�1, 1532.07 cm�1,

1462.05 cm�1 show the formation of nanoparticles. It shows

the reduced value at these peaks corresponding to the algal

biomass used for nanoparticle synthesis and showed

Table 1 Crystalline planes of synthesized Ag/AgCl nanoparticles

2 Theta (�) Plane 2 Theta (�) Plane

27.89 (111) 57.6 (222)

32.4 (200) 67.7 (400)

46.4 (220) 74.4 (331)

55.1 (311) 77.3 (420)

Fig. 4 Shows the characteristic peaks of Ag/AgCl nanoparticles with

varying AgNO3 concentration (0.2 to 1 mM) prepared using 5 g

biomass extract of Chlorella sp.

Fig. 5 SEM image of nanoparticles synthesized using 0.5 mM AgNO3 (A) 100k� (B) 10k�.

This journal is © The Royal Society of Chemistry 2019 RSC Adv., 2019, 9, 25583–25591 | 25587
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following values at same peak positions 3285.92 cm�1,

2921.25 cm�1, 2852.52 cm�1, 1643.47 cm�1, 1543.32 cm�1

which indicates the utilization of this reducing groups in

formation of nanoparticles and these peaks are also

responsible for the antibacterial properties shown by the

particles formed and represented in next section. There are

several other peaks which may be due to the capping agents

from the algal biomass present around the nanoparticles and

stabilize the particles.38 Different functional groups help in

reduction of metallic precursors to metallic nanoparticles

and acts as capping agents to provide stability to the

synthesized particles, in the present study it was found that

lipids and proteins along with the stretching movements of

(O–H) was more involved in the reduction process which lead

to the formation of Ag/AgCl nanoparticles.

Transmission electron microscopy (TEM)

TEM analysis of particles synthesized using 0.5 mM silver

nitrate concentration was done and spherical shape nano-

particles were observed. The histogram was prepared from

the same image which shows the size of the particles ob-

tained during TEM imaging to be 10–20 nm and shown in

Fig. 7(A) and (B), respectively. The SAED pattern gave results

corresponding to the XRD pattern observed and poly-

crystalline nature of the synthesized nanoparticles which

can be inferred from the Fig. 7(C), same type of pattern was

obtained by AgCl nanoparticles synthesized from Klebsiella

planticola (MTCC 2277).39 Interplanar distance was calcu-

lated using the SAED pattern based on which we have given

orientation planes to the rings present in SAED pattern.

Rings present in SAED pattern was used to assign planes

to each ring based on the interplanar distances d ¼ 0.314

(111) (AgCl), 0.286 (200) (AgCl), 0.236 (111) (Ag) 0.206 (400),

0.145 (220), 0.127 (331), 0.117 (222), and 0.165 (311).24,39,40 It

also shows the polycrystalline nature of the Ag/AgCl nano-

particles. A bell-shaped histogram could not be obtained in

our study as there were few particles having size in range of

140 to 160 nm and most of the particles fall in the range of

10–20 nm, this suggests that the particles formed were

polydisperse in nature. TEM images and SAED pattern

provides proof of nanoparticles synthesis and formation of

a polycrystalline compound whose planes belongs to mixed

phase of Ag/AgCl nanoparticles as conrmed by XRD and the

calculations of interplanar distances.

Fig. 6 Ag/AgCl nanoparticles FTIR data analysis of biomass obtained

from Chlorella sp.

Table 2 Functional group analysis of Chlorella sp. and Ag/AgCl nanoparticles synthesized biomass through FTIR

Biomass wavenumber (cm�1) Ag/AgCl wavenumber (cm�1) Assigned functional groups

1035.97 1015.11 Carbohydrate
ns(C–O–C) of polysaccharides

1374.57 1397.28 Protein

ds(CH2) and ds (CH3) bending of methyl

Carboxylic acid
ns(C–O) of COO

� group of carboxylates

1543.32 1462.05 Protein

das(CH2) and das (CH3) bending of methyl
Lipid

das(CH2) bending of methyl

Protein

Amide II band
Mainly d(N–H) bending and n(C–N) stretching

1643.47 1532.07 Protein

Amide II band

Mainly d(N–H) bending and n(C–N) stretching
Protein

Amide I band mainly n(C]O) stretching

2852.52 2848.94 Lipid and carbohydrate

Mainly nas(CH2) and ns(CH2) stretching
2921.25 2916.67 Lipid and carbohydrate mainly nas(CH2) and ns(CH2) stretching

3285.92 3239.91 Water

n(O–H) stretching
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Antimicrobial activity of the synthesized nanoparticles

The antimicrobial activity was tested through drug diffusion

assay with nanoparticles synthesized from different

concentrations of AgNO3 on bacterial strains, Bacillus sub-

tilis, Bacillus sphaericus, Bacillus pasteurii and E. coli (DH5-a)

as shown in Fig. 8(A)–(D). Balaz et al. have studied at higher

concentrations of metallic precursors from 1 mM to 10 mM

to synthesize AgNPs and zone of inhibition was not observed

even at 1 mM for S. aureus and S. typhimurium.40 In present

case, zone of inhibition was found with nanoparticles

synthesized from 0.5 mM and 1 mM for B. subtilis and E. coli.

This suggests that 0.5 mM can be used to synthesize Ag/AgCl

nanoparticles and possess antibacterial effect. Similar

studies have been done for green synthesis of Ag/AgCl

nanoparticles through extract prepared from seeds of Con-

ium maculate and tested antibacterial activity on L. mono-

cytogenes 1298. Successful results have been obtained at

300 ppm 10 which shows our study ts in line to the previous

results obtained by other researchers. This study provides

an insight on how concentration of metallic precursor can

modulate the antibacterial properties of the synthesized

nanoparticles. Cellulose, Ag and AgCl hybrids have also

been studied in order to check its antibacterial candidature

and obtained a zone of inhibition up to 2 mm in case of E.

coli whereas present study found 7.6 � 0.1 mm zone of

inhibition for E. coli which is approximately 4 folds higher

than reported by Dong et al.41 Thus Ag/AgCl nano hybrids

can be used as antibacterial agents widely. The zone of

inhibition was visible in all concentrations as shown in

Table 3. However, the nanoparticles synthesized with 0.5

and 1 mM metallic precursor concentration showed better

zone of inhibition in comparison to others and restricted

growth of bacteria to almost equal extent. This further

signies that the 0.5 mM concentration of silver nitrate is

optimum for synthesis of Ag/AgCl.

To test the signicance of the data, two-way ANOVA was

done. P-value (0.007) was less than 0.05, indicates the data is

indeed signicant.

Fig. 7 (A) TEM image of synthesized nanoparticles at 200 nm (B) histogram drawn from the particles image (C) SAED pattern of the particles.

Fig. 8 Zone of inhibition after treatment by Ag/AgCl nanoparticles

synthesized using different concentrations of AgNO3 (0.1 mM, 0.2 mM,

0.5 mM and 1 mM) for (A) Bacillus subtilis (B) Bacillus sphaericus (C)

Bacillus pasteurii and (D) E. coli (DH5-a).

This journal is © The Royal Society of Chemistry 2019 RSC Adv., 2019, 9, 25583–25591 | 25589
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Conclusions

Novel Ag/AgCl nano hybrids of 10–20 nm were successfully

synthesized through extract of Chlorella sp. The process for

nanoparticle biosynthesis was optimized and found that

0.5 mM AgNO3 was best concentration of metallic precursor.

This study signies that process of biosynthesis should be

optimized for each algal species, since they have different

reducing groups controlling the process and stability of parti-

cles. Synthesized particles have been further tested as an anti-

microbial agent against E. coli (DH5-a), Bacillus subtilis, Bacillus

sphaericus and Bacillus pasteurii strains. Signicant P value of

0.007 was found for zone of inhibition obtained with different

sets of bacterial strains treated with nanoparticles, further

proving the antimicrobial effect of synthesized particles.
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