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Abstract The biogenic tailoring of silver nanoparticles

using plant extract is becoming an attractive approach in

the current scenario. Manilkara zapota (MZ) is well known

for its antibacterial, hepato-protective, anti-inflammatory,

anti-tussive, anti-fungal, anti-tumour, and free radical

scavenging potential. Its plants extract is a rich source of

secondary metabolites. Nowadays, silver nanoparticles

(AgNPs) have been advocated for a variety of biomedical

applications. In present work, silver nanoparticles have

been synthesized using an aqueous extract of MZ,

physicochemically characterized and finally evaluated for

antimicrobial effects, catalytic reduction/degradation of

organic dyes and cytotoxicity. The nanosized AgNPs

(* 84 nm) were found to possess prominent antibacterial

potential against gram positive and gram negative patho-

gens (MIC 50 lg/ml) in comparison to native plant extract.

Moreover, these particles were found to be non-toxic and

efficient eradicators of environmental toxicants via rapid

catalytic reduction of toxic chemicals and dyes. Altogether,

these results suggest promising potential of these

nanoparticles that can be used as multifunctional agents for

future biomedical applications.
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Introduction

Recently, metal-based nanoparticles have been shown to

possess promising potential in biomedical applications.

The conversion of bulk material into nano-sized particles

results in the exhibition of unique properties of matter

owing to significantly increased surface area to volume

ratio [1, 1 of mss]. Because of these unique properties,

nanoparticles have been inculcated in the biosensor,

nanocatalyst, antimicrobial, pharmaceutical, and environ-

mental applications [2–6]. These properties have also made

them active against various types of pathogens. Their mode

of action has made it difficult for pathogens to develop

resistance against them, which has resulted in the broad-

ening of spectrum of antimicrobials. Further with the

advent of nanobiocatalysts, which are produced by
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immobilizing biocatalysts (enzymes) onto functionalized

nanomaterials/nanocomposites, bioprocess engineering has

recorded tremendous improvements over the last few years

[7–13]. The resulting conjugation has not only improved

the stability and activity of the immobilized biocatalysts

but also demonstrated the great potential of nanobiocata-

lysts in the future biotransformations.

Synthesis of nanoparticles has been the subject of

immense interest to scientists/researchers worldwide. A

plethora of protocols have been developed for their syn-

thesis via chemical, physical and biological routes [14–17].

Sodium borohydride, hydrazine, ethylene glycol, trisodium

citrate, etc. are some of the commonly used chemicals to

produce metal/metal oxide nanoparticles, however, vari-

able size and size distribution as well as poor stability have

hampered their widespread applications. Therefore, atten-

tion has been diverted to develop clean, ecofriendly and

economical physical and biological methods, which could

obviate the use of toxic and hazardous chemicals. Physical

methods, viz., spray pyrolysis, ball milling, thermal evap-

oration, pulsed laser desorption, etc., were found effective,

however, these were proved to be quite tedious, expensive

and required specialized equipments. Hence, biological

methods were ultimately found suitable to address all the

concerns of other methods [18]. Amongst them, phyto-

nanotechnology i.e. use of plant-derived phytochemicals, is

an upcoming area that deals with the manipulation of the

materials within nanorange. Due to their uniform and sharp

size distribution in nanometer range, silver nanoparticles

(AgNPs) have been the most studied material which have

shown potential as anti-cancerous, anti-inflammatory [19],

anti-fungal [20], anti-bacterial [21] and anti-viral agents

[22]. Water-soluble plant metabolites present in their

extracts have not only acted as reducing agents but also as

stabilizing agents. Therefore, the eco-friendly synthesis

protocols employing extracts of the plant materials [23–26]

have gained widespread interest among researchers as

facile, efficient, economical and easy methods for the

synthesis of particles in nano-sized range.

Herein,Manilkara zapota, a fruit majorly found in India,

South East Asia, Central America, Malaysia, Thailand,

Indonesia, is an evergreen tree and the fruit and leaves are

the rich source of polyphenolic compounds that serve as

good antioxidants and prevent the body from harmful

infections [27]. Profound biological activities of its sub-

parts have attracted its contribution for synthesizing

metallic nanoparticles. Seed and leaf extract-mediated

synthesis of AgNPs have exhibited various activities, viz.,

acaricidal, anti-fungal, anti-cancer, etc. [28–31]. In present

work, we have synthesized MZ (sapodilla) aqueous leaf

extract-mediated AgNPs and characterized them by

physicochemical and morphological techniques (e.g. UV–

VIS spectroscopy, hydrodynamic size, surface charge,

FTIR, XRD, TEM, SEM, and RAMAN spectroscopy).

Further, these nanoparticles were evaluated in detail for

their antimicrobial competence and toxicological profile.

Besides, these particles also exhibited their ability in

remediation of environmental pollutants (organic dyes,

chemicals, etc.).

Results and Discussion

Preparation of AgNPs and Their Characterization

Synthesis of silver nanoparticles using aqueous extract of

MZ leaves was confirmed by observing a change in the

color of the reaction from light yellow to dark brown as

well as recording the absorption spectrum (Fig. S1). Fur-

ther, these nanoparticles were characterized by various

physicochemical techniques such as dynamic light scat-

tering (DLS), transmission electron microscopy (TEM),

X-ray diffraction (XRD), Fourier Transform Infrared

(FTIR) and Raman spectroscopy (Figs. S2-S6). DLS results

showed the average hydrodynamic diameter and surface

charge of AgNPs * 84 nm and * - 18.0 mV,

respectively.

Catalytic Activity

Catalytic Reduction of p-Nitrophenol to p-Aminophenol

Synthesized AgNPs were evaluated for their catalytic

activity by reduction of p-nitrophenol (p-NP), which is

commonly found in the industrial (agriculture, paper, tex-

tiles and paints) effluents, with aqueous NaBH4 at ambient

temperature to a less toxic p-aminophenol (p-AP). The

conversion of p-NP into p-AP in the presence of NaBH4 is

reported to be a very slow process, however, occurs rapidly

under the influence of catalytic agents, overcoming the

kinetic barriers by facilitating electron transfer from the

donor borohydrate ion to the acceptor p-NP. Here, the

reaction was also monitored via absorption spectroscopy.

Amount of sodium borohydride required for the reaction

was also optimised spectroscopically. In this study,

absorption peak at 317 nm due to p-nitrophenol got shifted

to 403 nm, which showed the conversion of p-NP into

p-nitrophenolate ions with color change from almost col-

orless to yellow [32]. The absorption peak at 403 nm

decreased marginally after 2 h of treatment with NaBH4

(100 ll; 0.1 M), while, in the presence of AgNPs, the

absorption peak at 403 nm decreased very rapidly and a

new peak * 300 nm appeared, which was due to forma-

tion of p-AP (Fig. 1). The peak due to p-nitrophenolate

ions at 403 nm disappeared completely within 20 min and

the color of the reaction solution changed from yellow to
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almost colorless further indicating the reduction of p-NP to

p-AP. The results demonstrate the potential of these

nanoparticles to be used as catalytic agents.

Catalytic Degradation of Organic Dyes

Organic dyes, methylene blue (MB) and congo red (CR),

routinely used in various industries, are quite toxic which

contaminate the surrounding water bodies. In this study, we

have investigated the catalytic reduction of methylene blue

(MB) with sodium borohydride using UV–VIS

spectroscopy at different time points. Two sets of reactions

were performed, viz., (a) the dye solution was treated with

sodium borohydride alone, and (b) the dye solution was

treated with both sodium borohydride and AgNPs. Both

sets of reactions were monitored spectrophotometrically by

scanning in the range of 200–700 nm. In the absence of

AgNPs, the results revealed a slow progress in the reaction

even after 65 min. However, in the presence of AgNPs, the

reduction of MB was significantly faster and was found to

be complete within 40 min with change in color from blue

to colorless as shown in Fig. 2.

Fig. 1 Catalytic reduction of p-NP to p-AP using NABH4 and

AgNPs. a Optimization of NABH4 concentration for p-NP reduction,

b reduction of p-NP in absence of AgNPs, c p-NP reduction in

presence of AgNPs, d visual observation of color change from yellow

(nitrophenolate) to colorless (p-AP) and e progress of reactions in the

absence and presence of AgNPs

470 Indian J Microbiol (Oct–Dec 2020) 60(4):468–474

123



Another dye, congo red, is a well known hazardous and

carcinogenic anionic dye. Its presence in aquatic ecosystem

imparts harmful effects on marine life. Its degradation

studies were monitored spectrophotometrically. Here too,

two sets of reactions were performed, viz., in the absence

and presence of AgNPs. In the absence of nanoparticles,

the spectrophotometric data showed insignificant change in

the absorbance values even after 45 min of treatment,

whereas, in the presence of AgNPs, a fast reduction reac-

tion was observed that occurred within 30 min with color

change from red to colorless as depicted in Fig. 3.

Antimicrobial Activity

Zone of Inhibition

Single disk susceptibility assay was evaluated for aqueous

extract and AgNPs at different concentrations. Sample

concentrations (10, 30, 50 lg/disk) were seeded on sterile

disc with gentamicin sulphate as positive control and

autoclaved water as negative control. Inhibited zone for

silver nanoparticles was measured by zone scale (HIME-

DIA) observed at maximum extent i.e. (16.66 ± 0.57 mm)

at highest concentration (50 lg/disk) against gram positive

instead of gram negative pathogens (14.6 ± 0.57 mm

50 lg/disk). Results of the assay revealed that the standard,

gentamicin sulphate, showed smaller zone of inhibition

(12.6 ± 0.57 mm) than the AgNPs in both clinical patho-

genic (Staphylococcus aureus, Salmonella typhii) strains.

Leaf extract did not show enough antibacterial activity

compared to the standard as well as AgNPs. The bacterial

inhibition by the samples among the strains might be due to

the structural differences and cellular integrity. Further,

internalization of cellular mechanisms for bacterial inhi-

bition was elucidated by the minimum inhibitory count

assay.

Minimum Inhibitory Count (MIC) Assay

Here, a range of concentrations was examined to determine

the MIC values of both extract and AgNPs (Table S1). For

determining MIC, varying concentrations of sample (5, 9,

10, 30, 50, 60, 90, 100 lg/ml) seeded with sub-bacterial

culture (OD600 0.4–0.8) and LB broth were used as nega-

tive control to assure contamination during whole process.

Plant mediated AgNPs inhibited bacterial cell survival for

Staphylococcus aureus, Bacillus cereus, Klebseilla pneu-

moni at concentration of 50 lg/ml except Salmonella typhii

(90 lg/ml) while extract inhibited bacterial growth by

double the concentration of AgNPs i.e. 100 lg/ml for

clinical pathogenic bacterial strains as mentioned in

Table S1. Control group revealed prominent growth

Fig. 2 Catalytic degradation of methylene blue (MB) using NABH4

and AgNPs. a Degradation of MB in presence of NaBH4, b MB

degradation in presence of NaBH4 and AgNPs, c visual observation of

color change from blue to colorless in the presence of NaBH4 and

AgNPs, and d Progress of reaction in the absence and presence of

AgNPs
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between 0.4 and 0.8 nm as well as LB broth serves as

negative control. Synthesized nanoparticles reduced the

free radical scavenging efficiency of ROS metabolizing

enzymes i.e. flavoenzymes, catalase, SOD. Reduction in

antioxidant enzymes promotes endoplasmic and mito-

chondrial stress which provokes chromosomal aberration,

mutational changes, DNA breakage ultimately causes

genotoxicities. Silver adheres on cellular membrane, pro-

duces disparate ROS species such O2-, H2O2, HOCl,

hydroxyl radical and triggers hindrance in mitochondrial

respiration in microbial cells, which leads to cell death.

Depending on these pathways, silver ions affect oxidative

signaling pathways [33].

Antibiofilm Efficacy

Congo Red Plate Agar Assay

Antibiofilm activity of AgNPs and MZ leaf extract was

determined against Staphylococcus aureus and Salmonella

tyhpii. MZ leaf extract showed marginal activity to inhibit

biofilm formation, while AgNPs completely inhibited the

formation of biofilm. The ability of AgNPs to prevent

biofilm formation might be attributed to the combined

effect of bioactive molecules in the leaves as well as silver

nanoparticles which hindered the pathway for biofilm

growth via inhibiting the formation of extracellular poly-

meric substances (EPS) which establish functional and

structural integrity of the biofilms and make bacteria less

vulnerable. In case of leaf extract alone, incomplete inhi-

bition of the biofilm formation reflected that phenolic and

other phytocompounds were solely not efficient for their

prevention. Under normal conditions, a single bacterium

experiences stress conditions on exposure to any drug/

therapeutic molecule, loses its integrity and dies with the

occlusion of internal matrix. Static biofilm growth forms

the barrier for the entry of such exogenous molecules as it

inflates the pathogenic effects of bacterial population

residing beneath the film. The enhanced metabolic effi-

ciencies, horizontal gene transfer, interaction between host

and defenses allow these bacterial aggregates to colonize at

different sites. Planktonic bacterial communities are less

pathogenic than biofilm forming bacterial communities.

Fig. 3 Catalytic degradation of congo red (CR) by NABH4 and

AgNPs. a Reduction of CR in presence of NaBH4, b CR degradation

in the presence of AgNPs, c visual observation of color change from

red to colorless in the presence of AgNPs, and d progress of reaction

in the absence and presence of AgNPs
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The results of the projected study were in complete

agreement with the previously reported literature [33].

Microtitre Plate Assay

In order to quantify the antibiofilm efficacy of AgNPs,

microtitre plate assay was performed using AgNPs and

aqueous leaf extract. The results showed that biogenic

AgNPs, at concentration of 2.5 lg/ml, were found to be

highly effective in the prevention of * 60% of biofim,

which increased to * 90% at 30 lg/ml. On the other hand,

leaf extract could prevent the formation of biofilm by *
45% at 2.5 lg/ml and * 51% at 30 lg/ml (Fig. 4). The

results of this assay might be due to the fact that AgNPs

acted through adherent property, reducing the chances for

biofilm adherence to the surface. The combined effect of

silver nanoparticles and leaf phytochemicals hindered the

cellular pathway for biofilm formation. All tests were

performed in replicates for reliability of results. Silver

nanoparticles have tendency to adhere to the surface. The

surface active metallic nanoparticles were utilized for the

EPS removal which directly caused hindrance in biofilm

formation [34].

Free Radical Scavenging Efficiency

Free radical scavenging action of AgNPs was scrutinized

using 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay. The

results advocated that 10 lg/well of AgNPs and leaf

extract corresponded to * 52% and * 8% of antioxidant

potential, respectively. Similarly, 100 lg/well of AgNPs

and leaf extract showed * 67% and * 15% antioxidant

property, respectively, as represented in figure S7. The said

property could be owing to the presence of polyphenols,

tannins, glycosides, flavonoids, which exhibit intrinsic

antioxidant potential. When these phytochemicals were

bound to silver nanoparticles as stabilizers or capping

agents, synergism in activity was observed. MZ leaf extract

also contains these phytochemicals, however, exhibited

low degree of antioxidant potential.

In Vitro Cytocompatibility

Evaluation of cytocompatibility was carried out on red

blood cells (RBC) and mammalian cells, HEK293 cells. At

59 of MIC, viable RBC count was * 73% (Fig. S8).

Hence, it was observed that the projected AgNPs were non-

toxic toward RBCs. Likewise, on mammalian cells, up to

509 of MIC, these particles were found to be almost non-

toxic, while at 1259 of MIC, maximium of cell death was

observed to be * 37% (Fig. S9). These observations

advocated that the projected silver nanoparticles could be

used in healthcare applications. The results are in agree-

ment with the reported literature [35].

Conclusions

Use of phytonanotechnology in synthesis of silver

nanoparticles has been an attraction in the field of devel-

oping nanomedicines. In this study, we have synthesized

silver nanoparticles using an aqueous extract of MZ leaves

and evaluated their properties. The synthesized AgNPs

exhibited excellent antibacterial activity, catalytic reduc-

tion potency, radical scavenging activity, static biofilm

inhibitory effects, mammalian cell compatibility behavior,

etc. These results established that these particles could be

used effectively as nanomedicine in future healthcare

related applications.
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