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Abstract

This study assesses the olive, Elaeocarpus floribundus, fruit mediated synthesis of silver nanoparticles (SNPs) having antibacterial

activity and determines the HPLC chromatogram of the extracts. The SNPs were synthesized with aqueous extract of olive fruit parts,

seed (AqOS) and mesocarp-epicarp (AqOME) and were subjected to antibacterial activity testing by agar-well diffusion method,
against gram-positive (Bacillus cereus, Staphylococcus aureus and Listeria monocytogenes) as well as gram-negative (Acinetobacter

baumannii, Escherichia coli, Klebsiella pneumoniae, Proteus vulgaris and Pseudomonas aeruginosa) pathogenic bacteria. The presence

of phytochemicals in the extracts was determined by high performance liquid chromatography (HPLC). The zone diameter of inhibition (ZDI) values of the SNPs synthesized with AqOME and AqOS were 20.8 ± 3.2 mm (range: 16 - 25 mm) and 14.7 ±1.06 mm (range:
14 - 17 mm), respectively, while the respective ZDIs from the action of AqOME, AqOS and silver nitrate solution, against the test bac-

teria, were 6.7 ± 1.49 mm (range: 6 - 10 mm), 6 ± 0.00 mm, and 13.3 ± 0.82 mm (range: 12 - 15 mm); the values expressed as mean
± standard deviation. The HPLC chromatograms showed the presence of 8 major compounds in AqOME and 11 major compounds in
AqOS with retention times 1.45 - 4.84 min and 1.91 - 4.84 min, respectively. Thus, the olive fruit extracts (AqOME and AqOS) demonstrated the capacity to synthesize SNPs possessing broad antibacterial spectrum, suggesting their plausible utilization in combating
the bacterial drug resistance and the infections caused by them.
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Introduction

Silver has long been used as an antimicrobial agent and in medi-

cine. However, with the advent of antibiotics the usage of silver, due

to its low potentiality as the antimicrobial agent and its adverse

effects on application, has been diminished. Nevertheless, the researchers have growing interest on silver to be used as the anti-

bacterial agent, by increasing its efficacy, in order to combat MDR
bacterial infection around the world. Because, in the era of antibiotics with their non-judicious usage, the microorganisms includ-

ing the pathogenic one acquired resistances to such agents thereby

causing treatment difficulties and outbreaks of the diseases caused
by them [1,2]. In order to combat such problems, plant mediated

synthesis of SNPs, with elevated antibacterial capacity, has been
on the rise, because of the presence, in different plant parts, of an

array of bioactive components [3], displaying both reducing and
stabilizing activity during SNPs synthesis [4].

The SNPs are the kind of agents possessing antibacterial activ-

ity at very low concentrations that are non-toxic to humans [5].

The SNPs can be synthesized from silver salts, such as AgNO3, precursors, by using reducing and capping agents, in chemical and

biological systems [6]. The process of SNPs synthesis is cost effective as well as safe in biological systems that utilized microorgan-

isms and plant materials; however, using plant products/extracts

are plausibly advantageous over the utilization of microorganisms
[7], since various bioactive components of plant extracts help act
effectively the extract as both the reducing and stabilizing agents

[8] and help in the reduction of Ag+ (in AgNO3) to Ag0 resulting into

the formation of SNPs and stabilize the nanoparticles [9].

Citation: Shyamapada Mandal., et al. “Biosynthesis of Elaeocarpus Floribundus Mediated Silver Nanoparticles with Broad Antibacterial Spectrum”.
Acta Scientific Pharmaceutical Sciences 1.3 (2017): 41-49.

Biosynthesis of Elaeocarpus Floribundus Mediated Silver Nanoparticles with Broad Antibacterial Spectrum

Several authors [10,11] reported the synthesis of SNPs from

AgNO3 using extracts of different parts of various plants and detected the existence of SNPs in the reaction mixture by visual inspection

of its colour change as well as determining the absorbance spectrum, and reported antibacterial activity against potential human

pathogenic bacteria: Staphylococcus aureus (S. aureus), Pseudomo-

nas aeruginosa (P. aeruginosa) and Escherichia coli (E. coli) [12,13].

The SNPs synthesized with Chamaemelum nobile extract exhibited
significant antibacterial activity, against E. coli, S. typhimurium, S.
aureus and B. subtilis, as has been reported by [14]. The earlier au-

thors [8,15] utilized olive leaf extracts too, in order to synthesize
the SNPs having bacterial growth inhibition property against S. aureus, P. aeruginosa and E. coli [8].

However, no report has been accessible, in literatures, in utiliz-

ing the Indian olive, E. floribundus, fruits, from our part of the globe,

in green synthesis of SNPs, and thus on their antibacterial activity.
Therefore, in the current study, the olive fruits, collected from locally available niches (West Bengal state, India), were utilized aiming

to synthesize as well as characterize SNPs and to assess the antibacterial efficacy of the synthesized SNPs against clinical bacteria and
to determine the HPLC profiles of the fruit phytochemicals.

Materials and Methods
Bacterial Strains

The gram-positive (Bacillus cereus and Staphylococcus aureus)

and gram-negative (Acinetobacter baumannii, Escherichia coli, Klebsiella pneumoniae, Proteus vulgaris and Pseudomonas aeruginosa)

clinical bacterial isolates were used in the study. The standard bacterial strains utilized were Listeria monocytogenes MTCC 657 and
Pseudomonas aeruginosa ATCC 27813.
Preparation of plant extract

The wild mature olive, E. floribundus, fruits collected from Ut-

tar Dinajpur district, West Bengal state, India, washed with distilled

water, and the seeds and mesocarp-epicarp parts were separated.

The shed-dried mesocarp-epicarp part and seeds were grinded
separately. A 10g of granules, both seeds and mesocarp-epicarp
parts, were boiled separately in 60 ml of double distilled water for

30 min, in order to prepare the aqueous extract. The prepared ex-

tracts (AqOS and AqOME: 166 μg/μl), after filtration, were stored
at 4⁰C.

Synthesis of Silver Nanoparticles

The synthesis of SNPs was done following the protocol of Para-

likar [10], with slight modifications. Briefly, in 9 ml of silver nitrate solution (1 mM in double distilled water), 1 ml of AqOME

was mixed and incubated for 72h at room temperature (≈ 240C).
Thereafter, the color change, in the reaction mixture was recorded

through visual examination; the color change was indicative for

reduction of Ag+ (in AgNO3) to silver atom (Ag0), and thus forma-

tion of SNPs [10,16]. The absorbance patterns of the reaction mix-

ture (AqOME- silver nitrate solution) was recorded, at 24h, 48h
and 72h, in between the wavelengths 200 nm and 700 nm, in or-

der to ensure the formation and existence of SNPs in the mixture
[10], by UV-Vis spectrophotometric analysis using a spectropho-

tometer (LABARD instruments, Microprocessor UV-Vis Double
Beam Spectrophotometer LIM-332).

The same steps were followed for AqOS mediated SNPs synthe-

sis by preparing the reaction mixture with 5 ml of AgNO3 solution

(1 mM in double distilled water) and 5 ml of AqOS. The AqOME,

AqOS, and silver nitrate solution were kept in similar experimental setting, as the controls.
Antibacterial Activity

The SNPs synthesized with olive fruit parts extracts (AqOME

and AqOS) were tested for antibacterial activity against clinical bacterial isolates: gram-positive (B. cereus and S. aureus) and

gram-negative (A. baumannii, E. coli, K. pneumoniae, P. vulgaris and
Ps. aeruginosa) as well as the standard bacterial strains (Listeria

monocytogenes MTCC 657 and Pseudomonas aeruginosa ATCC

27813), following agar-well diffusion method [17], the details of

which was described elsewhere [18]. The concentration of SNPs
utilized was 50-µl/well (6 mm, diameter), on nutrient agar plate
swabbed inoculated with the individual test bacteria. After 24h in-

cubation, at 37oC, the ZDI values (nearest whole) obtained around

the wells loaded with the synthesized SNPs, were measured, and
interpreted as highly active with ZDIs ≥ 15 mm, less active (ZDIs: ≤
10 mm) or moderately active (11 - 14 mm) [18].

The test bacterial strains were treated also with the control

agents: silver nitrate solution (0.15 µg/µl), AqOME (16.6 µg/µl)
and AqOS (83 µg/µl), by dispensing 50 µl of the agents per well, in
order to justify their antibacterial efficacy.
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HPLC Analysis
The chemical components of olive fruit extracts, AqOME and

AqOS, were separated in HPLC system (YL 9100 HPLC system). The

samples, 10 μl, each of AqOME and AqOS, were injected into the

43

The colour change of the silver nitrate solution on mixing with

the plant extract has been reported as an indication of SNPs formation in the reaction mixture [10,21].

The alteration of colour in the reaction mixture, and conse-

HPLC linked to a C18 column (5 µm; 100Å; 4.6 × 250 mm), at 35oC.

quently the development of SNPs, was corroborated with the UV-

in 2:3 ratio, and the eluting compounds were detected at 230 nm.

to detect the presence of SNPs synthesized in the plant extract

The column was eluted at a flow rate of 1.0 ml/min using the mobile

phase consisting of acetonitrile (solvent A) and water (solvent B),

Statistical Analysis

The test results were expressed as the mean ± SD, and assessed

by one-way ANOVA using MS Excel 2010 software, while comparison of the mean values was assessed using the Tukey’s test, and statistical significance was estimated at p < 0.05.

Results and Discussion

The current research was intended to develop SNPs, with broad

antibacterial spectrum, assisted with extracts of edible fruits from
olive, E. floribundus, plant, the antibacterial property of which has

already been explored [19]. The capacity of SNPs synthesis of ol-

Vis absorbance spectrum (of SNPs existed in the solution), which
has extensively been considered as one of the important criteria

mixed silver nitrate precursor solution [22,23]. Characteristically,

the SNPs displayed absorption peaks within UV-Vis range of wave-

lengths (λ = 300 - 500 nm), and thus absorbance in between 300
nm and 500 nm has particularly been a predetermined indicator to

validate the reduction of Ag+ to Ag0, thereby producing SNPs [24].
In the current study, at room temperature (25oC), the absorbance

of 2.839, corresponding to λmax = 320 nm, was displayed by the

SNPs synthesized with AqOME at 24h, while the peak values were
2.775 and 2.737, respectively at 48 and 72h (Figure 2A), as pro-

jected from the SPR of SNPs, while in case of AqOS mediated synthesized SNPs, during 24 - 72h, the pronounced peak values (ab-

sorbance) ranged 2.245 - 2.378, at λmax = 310 nm (Figure 2B). Also,

ive seed aqueous extract has been reported earlier by Khadri., et

characteristically, the SNPs displayed absorption peaks within a

rication, too. Herein, the mixing of olive fruit aqueous extracts into

report of Khadri., et al., [20], the UV-Vis spectrum from the mixture

al. [20], and in addition to the seed extract we have utilized the
epicarp-mesocarp (from olive fruits) aqueous extract, in SNPs fab-

the silver nitrate solution caused a change in colour of the colourless silver nitrate solution to milky white in presence of AqOME, and
bright violet in presence of AqOS, at 24h, signifying the synthesis of

SNPs in the mixture (Figure 1), and the colour remain unchanged
after 24h, and through 72h.

range of wavelengths 380 - 490 nm, depending on their shape and

size, as has been reported by earlier authors [25-27]. As per the
of silver nitrate solution and aqueous olive seed extract displayed

distinct peak, after 6 hours, at 419 nm. However, the generation of
non-spherical (triangular) SNPs has been the evidence from the

SPR peaks of SNPs at the shorter (348 - 373 nm) wavelengths, as

has been reported by Pal., et al [28]. Shet., et al [29] reported the

fruit extract (Citrus aurantifolia, Citrus sinensis and Solanum lycopersicum) mediated fabrication small sized SNPs, the SPR peaks for
which were appeared in between wavelengths 300 nm and 350
nm. Mlalila., et al. [30] demonstrated the synthesis of SNPs with

SPR peaks at around 320 nm, due to the non-spherical particles

shapes, corresponding to the pronounced SPR peaks of the SNPs
at 320 nm, in the instant case (Figure 2). The UV-Vis spectra of the

synthesized SNPs were recorded further through 72h, but the coFigure 1: Synthesis of SNPs using Aqueous Olive Fruit Parts
Extracts. S1: Silver Nitrate Solution (1 mM); S2: AqOME
(16.6 μg/μl); S3: SNPs Synthesized with AqOME; S4: AqOS
(83 μg/μl); S5: SNPs Synthesized with AqOS.

lour intensity of the reaction mixture was not intensified beyond
24h, validating the completion of reaction by 24h, and also, the

control silver nitrate solution did not develop any coloration as

well as display the characteristic band (λmax at 320 nm), indicating

the absence of abiotic reduction of silver nitrate under the current experimental setting, as has also been demonstrated earlier
by Ibrahim [31].
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Figure 2: UV-Vis Spectra of Synthesized SNPs using Olive Fruit Parts Extracts. A: SNPs Synthesized with
AqOME; B: SNPs Synthesized with AqOS.

The bacterial growth inhibition property of the olive fruits ex-

values: < 0.005 to < 0.001). Khalil., et al. [8] observed a fact that

The antibacterial activity, in terms of ZDI values, expressed as mean

were used in the preparation of SNPs. Vanaja., et al. [21] reported

salt, and AqOME and AqOS have been recorded (Figure 5). The ZDIs

sized SNPs showed higher growth inhibitory activity (ZDIs: 11 - 15

tracts, AqOME and AqOS, was assessed by agar-well diffusion meth-

od, the results of which are represented in Figure 3 and Figure 4.
± SD, due to the action of SNPs synthesized with two different extracts from olive fruits (AqOME and AqOS), solution of silver nitrate

of the SNPs synthesized with AqOME and AqOS were 20.8 ± 3.2 mm

(range: 16 - 25 mm) and 14.7± 1.06 mm (range: 14 - 17 mm), respectively, and hence, the SNPs synthesized with AqOME was highly
active against all the gram-positive and gram-negative test bacterial pathogens (ZDIs: > 15 mm), while the SNPs synthesized with

the aqueous olive leaf extract had no activity against the test bacteria (S. aureus, P. aeruginosa and E. coli), at concentrations, which

that the Solanum trilobatum leaf extract and silver nitrate solution

had ZDIs 6 - 7 mm and 9 - 13 mm, respectively, while the synthemm) against the test pathogenic bacteria (Bacillus subtilis, Strepto-

coccus sp., Serratia sp., E. coli, Klebsiella planticola K. pneumonia).

The SNPs synthesized with Chamaemelum nobile extract exhibited
significantly increased antibacterial activity (ZDIs: 13 - 14 mm),
compared to the AgNO3 solution (ZDIs: 7.6 - 8.3 mm), against E.

AqOS was highly active against S. aureus, A. baumannii and E. coli,

coli, Salmonella typhimurium, S. aureus and B. subtilis [14]. Accord-

terial activity, and, a significance difference was observed between

the spherical SNPs, which have been synthesized at lower wave-

only (ZDIs: ≥ 15 mm). The AqOME mediated synthesized SNPs, compared to the SNPs synthesized with AqOS, thus, had higher antibac-

their activities (p value: < 0.001). The respective ZDIs from the ac-

tion of AqOME, AqOS and silver nitrate solution, against the test

bacteria, were 6.7 ± 1.49 mm (range: 6 - 10 mm), 6 ± 0.00 mm, and
13.3 ± 0.82 mm (range: 12 - 15 mm); Thus, the olive, E. floribundus,

fruit extracts (AqOS and AqOME), which were used in the synthesis
of SNPs, were less active when applied alone against the test bacte-

rial pathogens (ZDIs: ≤ 10 mm); the silver nitrate solution alone had
activity against a clinical isolate of S. aureus (ZDI: 15 mm), only and

hence, significance differences in the action between SNPs and SNPs
precursors (AqOME, AqOS or silver nitrate solution) were noted (p

ing to the earlier report, by Pal., et al. [28], that the non-spherical
SNPs had higher efficacy in inhibiting the growth of E. coli than

lengths. Shet., et al [29] reported the fruit extract mediated synthesis of non-spherical SNPs, with SPR peaks at the wavelengths

of 300 - 350 nm, expressing excellent antibacterial activity against
Escherichia coli and Staphylococcus aureus, while very high anti-

bacterial activity of SNPs (with SPR peak at 340 nm) have been
noted due to their non-spherical shapes, compared with spheri-

cal-shaped SNPs, peaked at 420 nm, as has been demonstrated by

Dong., et al. [32]. In the present study, the synthesized SNPs dem-

onstrating the SPR peaks at wavelengths 310 - 320 nm, showed
pronounced antibacterial activity.
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Figure 3: Antibacterial activity of SNPs Synthesized with AqOME by Agar-Well Diffusion Technique against Gram-Positive (BC:

Bacillus Cereus; SA1: Staphylococcus aureus 1; SA2: Staphylococcus aureus 2) and Gram-Negative (AB: Acinetobacter baumannii;
EC: Escherichia coli; KP: Klebsiella pneumoniae; PA1: Pseudomonas aeruginosa 1; PV: Proteus vulgaris) Clinical Bacterial Isolates,

and Standard Bacterial Strains (LM: Listeria monocytogenes MTCC 657; PA 2: Pseudomonas aeruginosa ATCC 27813). S2: AqOME

(16.6 μg/μl); S3: SNPs Synthesized with AqOME. Clear Halos around the wells on the Plates Indicate Bacterial Growth Inhibition.

Figure 4: Antibacterial Activity of SNPs Synthesized with AqOS by Agar-Well Diffusion Technique against Gram-Positive (BC:
Bacillus Cereus; SA1: Staphylococcus aureus 1; SA2: Staphylococcus aureus 2) and Gram-Negative (AB: Acinetobacter baumannii;
EC: Escherichia coli; KP: Klebsiella pneumoniae; PA1: Pseudomonas aeruginosa 1; PV: Proteus vulgaris) Clinical Bacterial Isolates,

and Standard Bacterial Strains (LM: Listeria monocytogenes MTCC 657; PA 2: Pseudomonas aeruginosa ATCC 27813). S1: Silver

Nitrate Solution (1 mM); S4: AqOS (83 μg/μl); S5: SNPs Synthesized with AqOS. Clear Halos Around the wells on the Plates Indicate Bacterial Growth Inhibition.
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Figure 5: The ZDI values due to the Action Of Olive Fruit Parts Extracts Mediated Synthesized SNPs by Agar-Well
Diffusion Method Against Gram-Positive (BC: Bacillus cereus; SA1: Staphylococcus aureus 1; SA2: Staphylococcus
aureus 2) and Gram-Negative (AB: Acinetobacter baumannii; EC: Escherichia coli; KP: Klebsiella pneumoniae;

PA1: Pseudomonas aeruginosa 1; PV: Proteus vulgaris) Clinical Bacterial Isolates, and Standard Bacterial Strains

(LM: Listeria monocytogenes MTCC 657; PA 2: Pseudomonas aeruginosa ATCC 27813). AqOME: Aqueous Olive
Mesocarp-Epicarp extract; AqOS: Aqueous Olive Seed Extract.

The HPLC analysis showed the presence of 8 major compounds

in AqOME and 11 major compounds in AqOS with retention times
1.45 - 4.84 min and 1.91 - 4.84 min, respectively (Figure 6). Among

the large number of phenolic compounds present in olive leaves

by HPLC [37], where 10 main peaks were found, and three compounds: gallic acid (RT: 5.75 min), ferulic acid (RT: 41.63 min) and

rutin (RT: 45.95 min), were identified. The UV-Vis spectrometric
analysis of Svensonia hyderobadensis leaf extracts gave λmax at 262

and fruits, a major one has been identified as oleuropein [33],

nm, and the peak extended from 254 nm to 300 nm [38]. It has

gram of the standard oleuropein solution has been detected with

rivatives in the range of 290 - 330 nm, and flavones and flavanols

which has been detected by HPLC at different retention times (RT:

3.5 - 26.91), with various mobile phases [19,34,35], The chromato-

RT of ≈4 min [34], which was equivalent to the compound 9, as detected in AqOS with RT of 4.03. Faria., et al. [36] reported the presence of galloyl-glucose ester, a phenolic acid, with RT of 4.2 min de-

tected in Syzygium cumini fruit, in water-acetonitrile mobile phase,
while detecting non-anthocyanin phenolic compounds, which was

equivalent to the compound 10, as detected in AqOS with RT of 4.26.
The phenolic compounds in olive fruit extracts have been identified

been reported that phenols and phenolic acids demonstrate λmax

in between wavelengths 250 nm and 290 nm, cinnamic acid deat 250 - 350 nm [39]. In the present study, the AqOME and AqOS

had absorption maxima at the wavelengths 295 - 315 nm and 295
- 340 nm, respectively. The differences in the UV-Vis spectrophoto-

metric features in different plant extracts are due to the presence
of varied bioactive components, including phenolic compounds,
possessing the capacity to act as the reducing as well as stabilizing
agents, during antibacterial SNPs biosynthesis, and thus, rule out
the need of chemical SNPs synthesis.
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Figure 6: The HPLC Chromatograms of Olive, Elaeocarpus floribundus, Fruit Parts Extracts,

Conclusion

AqOME and AqOS.

Compared to the synthesized SNPs, the aqueous olive, Elaeocar-

pus floribundus, fruit parts extracts alone had less or the moderate
antibacterial activity (at concentrations utilized in the synthesis

of SNPs). The olive fruit parts, especially the mesocarp-epicarp,
might be utilized as the valid candidates of natural reducing and

stabilizing agents in the green synthesis of silver nanoparticles, to

be applied as the non-antibiotic therapeutic agents, against bacteria

causing several life-threatening infections to humans. To the best of
our acceptability, this study was the first to explore the fabrication

of silver nanoparticles with extracts of olive fruits available in the
local niches of this part of the globe (West Bengal, India).

Nevertheless, pharmacokinetics studies are required in unrav-

elling the toxicity of the silver nanoparticles synthesized, following such green ways with a natively grown edible fruit, olive, and
in determining the therapeutically effective dosage.

Acknowledgements

The first author and the corresponding author acknowledge

the financial support from the Biotechnology Industry Research
Assistance Council (BIRAC) and Gandhian Young Technological

Innovation (GYTI), India, for the current study (Order No.: BIRAC
SRISTI PMU - 2016/0093 dated 4th May 2016).

Conflict of Interest

There was no conflict of interest.

Citation: Shyamapada Mandal., et al. “Biosynthesis of Elaeocarpus Floribundus Mediated Silver Nanoparticles with Broad Antibacterial Spectrum”.
Acta Scientific Pharmaceutical Sciences 1.3 (2017): 41-49.

Biosynthesis of Elaeocarpus Floribundus Mediated Silver Nanoparticles with Broad Antibacterial Spectrum

Bibliography
1.

2.

3.

4.

5.

6.

7.

8.

9.

Mandal S., et al. “R-factor in Salmonella enterica serovar Typhi:
Transfer to and acquisition from Escherichia coli”. Japanese
Journal of Infectious Diseases 56.2 (2003): 65-67.

Mandal S., et al. “Plasmid mediated antibiotic resistance of Vibrio choleraeO1 biotype El Tor serotype Ogawa associated with
an outbreak in Kolkata, India”. Asian Pacific Journal of Tropical
Medicine 3.8 (2010): 637-641.
Singh., et al. “Phytochemical and Comparative Antioxidant
Evaluation by DPPH and Reducing Power Assay of Hybanthus
enneaspermus”. International Journal of Pharma and Drug Development 1.1 (2016): 01-04.

RodrIguez-Leon et al., “Synthesis of silver nanoparticles using
reducing agents obtained from natural sources (Rumex hymenosepalus extracts)”. Nanoscale Research Letters 8.1 (2013):
318.
Salar RK., et al. “Enhanced antibacterial activity of streptomycin against some human pathogens using green synthesized silver nanoparticles”. Resource-Efficient Technologies 1.2
(2015): 106-115.

Gudikandula K., et al. “Synthesis of silver nanoparticles by
chemical and biological methods and their antimicrobial properties”. Journal of Experimental Nanoscience 11.9 (2016): 714721.
Iravani S. “Bacteria in Nanoparticle Synthesis: Current Status
and Future Prospects”. International Scholarly Research Notices
(2014): 1-18.

Khlil MMH., et al. “Green synthesis of silver nanoparticles using
olive leaf extract and its antibacterial activity”. Arabian Journal
of Chemistry 7 (2014): 1131-1139.

Mittal AK., et al. “Synthesis of metallic nanoparticles using
plant extracts”. Biotechnology Advances 31.2 (2013): 346-356.

10. Paralikar P. “Biogenic Synthesis of Silver Nanoparticles Using
Leaves Extract of Epiphyllum oxypetalum and its Antibacterial
Activity”. Austin Journal of Biotechnology and Bioengineering
1.7 (2014): 1-5.
11. Mohammed AE. “Green synthesis, antimicrobial and cytotoxic
effects of silver nanoparticles ediated by Eucalyptus camaldulensisleaf extract”. Asian Pacific Journal of Tropical Biomedicine
5.5 (2015): 382-386.
12. Shanmugavadivu S., et al. “Synthesis of Pomegranate Peel Ex-

48

tract Mediated Silver Nanoparticles and its Antibacterial Activity”. American Journal of Advanced Drug Delivery 2 (2014):
174-182.

13. Moosa AA., et al. “Green Synthesis of Silver Nanoparticles using Spent Tea Leaves Extract with Atomic Force Microscopy”.
International Journal of Current Engineering and Technology
5.5 (2015): 3233-3241.

14. Erjaee H., et al. “Synthesis and characterization of novel silver nanoparticles using Chamaemelum nobile extract for
antibacterial application”. Advances in Natural Sciences: Nanoscience and Nanotechnology 8 (2017): 025004.
15. Nasir GA., et al. “Biosynthesis and Characterization of Silver
Nanoparticles Using Olive Leaves Extract and Sorbitol”. Iraqi
Journal of Biotechnology 15 (2016): 22-32.
16. Loo YY., et al. “Synthesis of silver nanoparticles by using tea
leaf extract from Camellia Sinensis”. International Journal of
Nanomedicine 7 (2012): 4263-4267.

17. Tagg JR and McGiven AR. “Assay system for bacteriocins”. Applied Microbiology 21.5 (1971): 943-944.
18. Halder D., et al. “Indigenous Probiotic Lactobacillus Isolates
Presenting Antibiotic like Activity against Human Pathogenic
Bacteria”. Biomedicines 5.2 (2017): 31.

19. Liu Y., et al. “Assessment of the Antimicrobial Activity of Olive
Leaf Extract Against Foodborne Bacterial Pathogens”. Frontier Microbiology 8 (2017): 113.

20. Khadri H., et al. “Green Synthesis of Silver Nanoparticles with
High Fungicidal Activity from Olive Seed Extract”. Advances in
Nanoparticles 2 (2013): 241-246.

21. Vanaja., et al. “Herbal Plant Synthesis of Antibacterial Silver
Nanoparticles by Solanum trilobatum and Its Characterization”. International Journal of Metals (2014): 1-8.
22. Bindhani BK., et al. “Biosynthesis and Characterization of Silver Nanoparticles (SNPs) by using Leaf Extracts of Ocimum
Sanctum L (Tulsi) and Study of its Antibacterial Activities”.
Journal of Nanomedicine and Nanotechnology S6 (2015): 008.

23. Ali ZA., et al. “Green Synthesis of Silver Nanoparticles Using
Apple Extract and Its Antibacterial Properties”. Advances in
Materials Science and Engineering (2016): 1-6.

24. Kirthika P., et al. “Plant mediated synthesis and characterization of silver nanoparticles”. International Journal of Pharmacy and Pharmaceutical Sciences 6 (2014): 304-310.

Citation: Shyamapada Mandal., et al. “Biosynthesis of Elaeocarpus Floribundus Mediated Silver Nanoparticles with Broad Antibacterial Spectrum”.
Acta Scientific Pharmaceutical Sciences 1.3 (2017): 41-49.

Biosynthesis of Elaeocarpus Floribundus Mediated Silver Nanoparticles with Broad Antibacterial Spectrum

25. Sathishkumar G., et al. “Phyto-synthesis of silver nanoscale
particles using Morindacitrifolia L. and its inhibitory activity
against human pathogens”. Colloids and Surfaces B: Biointerfaces 95 (2012): 235-240.
26. Smitha SL., et al. “Studies on surface plasmon resonance and
photoluminescence of silver nanoparticles”. Spectrochimica
Acta Part A: Molecular and Biomolecular Spectroscopy 71.1
(2008): 186-190.
27. Donda MR., et al. “Synthesis of silver nanoparticles using
extracts of Securinega leucopyrus and evaluation of its antibacterial activity”. International Journal of Current Science 7
(2013): E1-8.
28. Pal S., et al. “Does the antibacterial activity of silver nanoparticles depend on the shape of the nanoparticle? A study of the
gram-negative bacterium Escherichia coli”. Applied and Environmental Microbiology 73.6 (2007): 1712-1720.

29. Shet AR., et al. “A preliminary study on green synthesis and
antibacterial activity of silver nanoparticles”, International
Journal of Current Biotechnology 3.2 (2015): 1-6.

30. Mlalila NG., et al. “Antimicrobial dependence of silver
nanoparticles on surface plasmon resonance bands against
Escherichia coli”. Nanotechnology, Science and Applications 10
(2017): 1-9.

31. Ibrahim HMM. “Green synthesis and characterization of silver
nanoparticles using banana peel extract and their antimicrobial activity against representative microorganisms”. Journal
of Radiation Research and Applied Sciences 8.3 (2015): 265275.
32. Dong VP., et al. “Chemical synthesis and antibacterial activity
of novel-shaped silver nanoparticles”. International Nano Letters 2 (2012): 1-9.

49

34. Ansaria M., et al. “Development of a Simple Green Extraction
Procedure and HPLC Method for Determination of Oleuropein in Olive Leaf Extract Applied to a Multi-Source Comparative Study”. Journal of the Iranean Chemical Society 8.1
(2011): 38-47.

35. Al-Rimawi F. “Development and validation of a simple reversed phase HPLC-UV method for determination of oleuropein in olive leaves”. Journal of Food and Drug Analysis 22.3
(2014): 285-289.
36. Faria AF., et al. “Identification of bioactive compounds from
jambolão (Syzygium cumini) and antioxidant capacity evaluation in different pH conditions”. Food Chemistry 126.4
(2011): 1571-1578.
37. Kuo CT., et al. “Antioxidant and antiglycation properties of
different solvent extracts from Chinese olive (Canarium album L.) fruit”. Asian Pacific Journal of Tropical Medicine 8.12
(2015): 1013-1021.

38. Rao ML., et al. “Isolation and identification of Phenolic compounds by HPLC and Electrospray Ionization Mass Spectrometry of SvensoniaHyderobadensis- A Rare Medicinal
Plant Taxon”. International Journal of Drug Development&
Research 6 (2014): 199-207.
39. Aaby K., et al. “Characterization of phenolic compounds in
Strawberry (Fragaria xananassa) fruits by different HPLC defections and contribution of individual compounds to total
antioxidant capacity”. Journal of Agricultural and Food Chemistry 55.11 (2007): 4395-4406.

Volume 1 Issue 3 September 2017
© All rights are reserved by Shyamapada Mandal., et al.

33. Rimawi WH., et al. “Wild versus Cultivated Olive Leaves Extracts: Antioxidant Activity, Analysis of Total Phenolics and
Oleoropein Content”. Journal of Chemistry and Biochemistry 4
(2016): 61-86.

Citation: Shyamapada Mandal., et al. “Biosynthesis of Elaeocarpus Floribundus Mediated Silver Nanoparticles with Broad Antibacterial Spectrum”.
Acta Scientific Pharmaceutical Sciences 1.3 (2017): 41-49.

