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ABSTRACT

In view of their wide applicability in electronics, catalysis, chemistry, en-
ergy, and medicine, there is an increased commercial demand for
nanoparticles (NPs) in biotechnology. Metallic NPs are traditionally syn-
thesized by wet chemical techniques that reportedly use toxic and inflam-
mable agents. Herein, we describe an eco-friendly techniquefor green syn-
thesis of silver (Ag) NPs from silver nitrate (AgNO,) solution using leafy
extracts of Mimusops elengi (M. elengi) as reducing as well as capping
agent. The NP preparations were characterized using UV-V 1S absorption
spectroscopy, X-ray diffraction (XRD), Fourier Transform infrared spec-
troscopy (FTIR) and scanning electron microscopy (SEM) analyses. XRD
and SEM investigations showed a 50nm average particle size as well as
structural configurations. The synthesized NPs also exhibited antibacterial
potentials against ATCC strains of Saphylococcus aureus and Escheri-
chia coli. Our study highlightsthe importance of the devel opment of value-
added products from M. elengi for potential applications in biomedicine
and nanotechnology-based industries.
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INTRODUCTION

Noblemetal nanoparticles (NPs) arewidely used
in el ectromagnetics, optod ectronics, and information
storage!¥l. Theintrinsic properties of theNPsarede-
termined by their size, shape, compasition, crysta linity
and gructure(solid or hollow). Silver (Ag) NPs, amem-
ber of noble metal NPs, serves as an excellent sub-
stratefor surface-enhanced Raman scattering (SERS)'2

to probe single molecules, and used as catalysts for
accelerating therate of reactiond®- A wide array of ap-
proaches is adopted to synthesize Ag NPs namely,
chemical reduction of Ag+# e ectrochemica®, radia-
tion’®, photochemicd!™, the Langmuir—Blodgett® % and
biologica methods*®. Amongst these, biologica syn-
theses are effectivein fabricating benign nanostructure
materias. Notably, biologica meanslessensthere ease
of hazardous substances, which providesafacileand
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convenient entry to producing multipleinorganic NPs.
Accumul ating evidence suggeststhe use purified natu-
ral materialsto generate noble metal NPS*Y, such as
vitamin B2to synthesizegold (Au) and platinum NPs
withinteresting morphol ogiest, and vitamin C (ascor-
bic acid) togenerateAu NPsfor useliquid crystal sys-
temd?2,

Of late, there hasbeen renewed interest in green
synthesisresearch; especially the use of bio-organisms
(e.g. plants) that secretefunctiona moleculesfor are-
actioniscompatiblewith green chemistry principles.
Bio-organismsareaseco-friendly asarethereducing
agentsemployed currently, and serve as capping agents
inreactions. Theuseof liveafafa(Medicago sativa)
to synthesize Au and Ag NPS*¥ and broth of lemon-
grass (Cymbopogon citratus) and geranium (Pelar-
goniumgraveolens) leavesto synthesizeAu andAg
NP<s* have been widely reported heretofore. Impor-
tantly, thelesser levelsof toxicity attributesrelativeto
other reducing agentsmakebio-organismstheided mul-
tifunctiona agentsfor the production of nanomaterids.

Mimusops elengi Linn., (M. elengi) commonly
known as ‘bakul’ belongs to the family Sapotaceae
andisasmadl tolargeevergreen ornamental tree noted
for its aromatic flowers distributed widely in India,
Bangladesh and Pakistan™. AImost all parts of M.
elengi arebeing used in theindigenoussystem of medi-
cinefor treating various ailments. Therapeutic applica
tions, such ascardiotonic, dexipharmic, somachic, anti-
helmintic and astringent, anti-diarrhoeal, anti-
rhinorrhoeal and laxativeroleshave been ascribed to
partsof M. eengi™ 1 and several triterpenoids, ste-
roids, steroidal glycosides, flavonoids, and aka oids
have been reported from this specied 7. Phytochemi-
cd review showsthe presence of taraxerol, taraxerone,
ursolic acid™®, betulinic acid, v-spinosterol, w-sito-
sterol, lupeol and alkal oid isoretronecyl tiglate®. A
mixtureof triterpenoid saponinsof thebark of M. elengi
could serveas potential reductantsreacting withAg+
and as scaffoldsto direct theformation of Ag NPsin
solution. To the best of our knowledge, the use of M.
elengi plant extracts at room temperature for green
synthesisof noblemeta NPs, such asAgNPs, hasnot
been reported. Hence, we studied the synthesisof NPs
from extracts of M. elengi to understand the basic
mechanismsunderlying thebiologica synthesiswitha
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view to explore novel green ways to prefabricate
nanomaerias.

EXPERIMENTAL

Plant extracts

Fresh leaves of M. elengi obtained from
Adambakkam, Chenna wereused to preparethe agque-
ousextract. Dry leavesweighing 25g werethoroughly
washedinditilled water (d.H,0O), choppedinto pieces
and boiledin100mL steriled.H,O andfiltered through
Whatman no.1 filter paper (poresize 25um). Subse-
quently, thefiltrate wasfiltered through a0.6umfilter
and the el ute stored for experimental procedures.

Synthesisof silver nanoparticles

An agueous solution (5mM) of AgNO, was pre-
pared and used for the synthesis of Ag NPs. Briefly,
10mL of the plant extract was added to 50mL of aque-
oussolution of 5mM AgNO, for reductionintoAg+
ionsand left to stand at room temperaturefor 5 hours.

UV-VISspectraanalysis

Tomonitor thereduction of pureAg+ ions, theUV-
VIS spectrum of the reaction medium was screened
(UV-2450, Shimadzu, Japan) usng asmall aliquot of
sampledilutedind.H,O.

X Ray diffraction (XRD)

TheAgNPssolution obtained waspurified by re-
peated centrifugation at 5000 rpm for 20 minfollowed
by redispersion of the pellet of Ag NPsin 10mL of
deonized water. Thefreeze-dried Ag NPwas analysed
to determinetheformation of Ag NPsby an X’ pert pro
X-ray diffractometer (PANalytical BV, Almelo, The
Netherlands).

Scanning electron microscopy (SEM)

Thinfilms of sample were prepared on acarbon-
coated copper grid thefilm on SEM (Hitachi S-4500,
Tokyo, Japan), dried under amercury-vapor lamp for
5 minutesand anal ysed.

FTIR analysis

To removeany free biomassresidueor compound
that are not capping the ligands of the NPs, 1200mL of
theresidua solution after the reaction was centrifuged
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at 5000rpm for 10minand theresulting suspension was
redispersedin 10mL steriled.H,O. Thecentrifugation
and redispersion steps were repeated three times.
Theresfter, the purified sugpenson wasfreeze-dried and
analyzed by FTIR usingaNicolet Avatar 660 (Nicolet,
USA).

Antibacterial assays

Theantibacterid potentia of theNPs prepared was
tested againgt certain common bacterid pathogensviz.,
Escherichia coli (ATCC 25922), Saphylococcus
aureus (ATCC 29213),by the Kirby-Bauer disc diffu-
sonmethod. Sterilepaper discsof 5mm diameter (con-
taining 20mg/L Ag NPs) dongwith standard antibiotic
discs(HiMedia, Mumbai, India) ampicillin (10 mcg),
cefotaxime (30 meg), ciprofloxacin (5 meg), erythromy-
cin(15mcg), tetracycline (30 meg) and ofloxacin (5mcg)
were used in each plate asdescribed el sewheré?,

RESULTS& DISCUSSION

Oncetheleafy extract of M. elengi wasmixed in
the agueous sol ution of Ag+ complex, it assumed color
changefromwatery to yellowish brownlargely owing
to reduction of Ag+, thereby indi cating theformati on of
AgNPs. Itisgenerally recognized that UV-VIS spec-
troscopy could be used to examine size- and shape-
controlled NPsin aqueous suspensions. Absorption
spectraof Ag NPsformed in the reaction mediahad
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Figurel: XRD pattern of silver nanoparticlessynthesized by
treating 10% Mimusodsleaf extract with 5mM AgNO3 solu-
tion.
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Figure 2 : FTIR Spectra of nano particles synthesized by
10% Mimusopselengi leaf extract.
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Figure 3: Scanning electr on micr oscopy imaging of

nanoparticles.

absorbance pesk at 450nm, and broadening of the peak
indicated that the particleswere polydispersed. TheAg
nanogructure biosynthes sed by employing leefy extracts
of M. elengi wasfurther confirmed by characteristic
peaks observed in XRD imaging (Figure 1), FTIR
analysis(Figure 2) and structural configurationsunder
SEM analysis (Figure 3). The XRD pattern showed
threeintense peaksin thewhol e spectrum of 26 value
ranging between 20 and 60. The average size of the
particlesranged from 10 to 50nm with structuresas-
suming cubicand hexagonal shapes. Thetypica XRD
pattern (Figure 1) reveaed that the sample contained
mixed (cubic and hexagond) structuresof AgNPs. The
SEM imaging andysi s showing the occurrenceof high
density Ag NPs(synthesized by M. elengi) further con-
firmed the devel opment of Ag nanostructures.
Beguilingly, theAg NPs synthes sed a so exhibited
antibacterid activity againg E. coli and S aureusagaingt
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ampicillin, cefotaxime, ciprofloxacin, erythromycin, tet-
racyclineand ofloxacin. Theantibacteria effectsof Ag
NPswere observed to be more pronounced in syner-
gistic combination with antibioticsrather thantheAg
NPsaone(TABLE 1and 2).

TABLE 1: Antibacterial activity of mimusopseengi leaf ex-
tract-coated nanoparticleson Escherichia coli ATCC 25922

Diameter of zone of inhibition (mm)

Antibiotic Control Antibiotic ﬁg Aﬁlqti’glizt?c
Ampicillin 0 16 18 19
Cefotaxime 0 24 25 28
Ciprofloxacin 0 17 24 37
Ofloxacin 0 27 30 32

TABLE 2: Antibacterial activity of mimusopseengi leaf ex-
tract-coated nanoparticleson StaphylococcusaureusATCC
29213

Diameter of zone of inhibition (mm)

Antibiotic Control Antibiotic ﬁ‘g Ap;gi't\)liZtTc
Erythromycin 0 14 13 15
Ciprofloxacin 0 23 28 32
Ofloxacin 0 27 26 30
Tetracycline 0 27 24 28

To conclude, we herein report an eco-friendly green
synthesismethod to synthesize Ag NPs (using 5mM)
AgNOQ, andtheleafy extract of M. elengi. Thebio-re-
duction of aqueousAg+ by thelegfy extract of M. eengi
has a so been demonstrated. Furthermore, thereduction
of meta ionsby theleafy extract |eading to formation of
AgNPsof fairly well-defined dimend onshasbeen shown.
Notably, metdlic slver intheform of AgNPshasbeen
shownto possesspotentia antimicrobid properties. This
could beimportant asseverd pathogenic bacteriahave
devel oped res sanceagaingt variousantibioticsover the
last few years. Our study highlightstheimportanceof the
devel opment of value-added productsfrom M. elengi
for potential applications in biomedicine and
nanotechnol ogy-basedindudtries.
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