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  1. INTRODUCTION  
Nanotechnology has emerged as the most importantareaof research in science. Nanotechnology 
isreferredto„Synthesis,manipulation,andapplication of the structures of nanometer size‟ 
[1].AJapaneseresearcherfirstintroducednanotechnology, NorioTaniguch [2].The science 
ofnanotechnology is occupying vastareaof 
researchinmaterialsciencenowadays,creatingnewernanostructures like nanoparticle, nanotubes 
andvariousother nanostructureswithtotallynovelpropertiesandvaried .[3]One of the most 

Abstract: 
Inrecentyears,areaofmaterialscienceisfocusedtowardsthegreensynthesisofnanoparticlesin 
ordertofindoutreliable,sustainableaswellasecofriendlytechniqueforsynthesisofmetaland,metal 
oxidenanoparticles.Livingorganisms,especiallyplantsarewidelyutilizedforgreensynthesis of 
nanoparticleduetothepresenceof variousphytochemicalsandbiological 
components(e.g.,flavonoids,alkaloids,terepenoids,amides,andaldehydes)thatactasreducingagentsrende
ring synthesis of nanoparticles possible. Nanoparticles synthesized through green 
routesarefaster,easyascomparedtotraditionalmethodsofsynthesis.Moreover,thesenanoparticlesdemonst
ratemore stability. Thus plants are widely utilized as the source of reducing agents for large scale 
biosynthesisofnanoparticles.Inthisreview,wehavesummarizedthevariousthefundamentalmethodsfor“gr
eensynthesis”ofmetalandmetaloxide[e.g.,gold(Au),silver(Ag),copperoxide(CuO),and 
zincoxide(ZnO)]nanoparticlesutilizingnaturalplantproducts,tryingtoexploretheroleofbiologicalco
mponents,essentialphytochemicalsasreducingagentsandsolventsystems.Lastly,we have covered 
applications of biosynthesizednanoparticlesintermsoftheirantimicrobial 
activity,nanoparticlesinbiomedical,catalysisandbiosensorsfields. 
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important area of research innanotechnologydealswithsynthesis,characterization and applicationsof 
nanoparticles[4].Infacttheoriginandknowledgeofnanotechnology dates back to thousand 
yearsfromuseofgoldenornamentstouseofgoldnanoparticles for staining drinking glasses to use 
ofnanoparticles to cure variety of diseases. In 
short,nanotechnologyencompassesknowledgeofmaterial science along with physics, chemistry 
andbiologyaimingatitsbiomedicaluse[5]. Greenchemistry(GC) 
andnanotechnology(NT)togetherareinfluencingandevolvingscientificresearchalongwithenvironmen
tal safety. Togetherboththesefieldsareemergingas„Greennanotechnology‟, which is mainly focused 
towards thedevelopment of nanoscale, sized entities for enormousapplications [6-9]. Nanoparticles are 
of different typesincludinginorganicNPsaswell asorganic NPs.Inorganic nanoparticles include non-
metallic, metallicand magnetic nanoparticles. Some of the examples 
ofinorganicnanoparticlesareZnO,ZnS,CdS, 
andmetallicNPslikeAu,Ag,Cu,Al.Magneticnanoparticles includes Co, Fe, andNi, while 
organicnanoparticlesmainlyincorporatescarbonNPsnanoparticles like quantum dots, carbon 
nanotubesand fullerenes. The more elaborated classification ofnanoparticlesisasfollowing[11]- 
 

1. Metals and metal alloys (Au, Ag, Pt, Pd, Cu, Fe, Ni,Co,Al,Mn,Mo) 
2. Non-metallicinorganicnanoparticles(TiO2, SiO2,ZnO, Al (OH)3, Fe2O3, Fe3O4, CeO2, ZrO2, 

CaO,ITO,ATO) 
3.  Nanomaterials based on carbon (fullerenes, 

carbonnanotubes,carbonnanofibers,graphene) 
4.  Nanopolymersanddendrimers(polymericnanoparticles,polymernanotubes,nanowiresand

nanorods,nanocellulose,nanostructuredpolymerfilms) 
5. Quantumdots (Cadmium telluride , cadmium selenideandcadmiumfreequantumdots) 

 
The gold (Au) and silver (Ag) 

nanoparticlesareareaofinterestofresearchersfrombroaderapplicationpointof view. 
Increasedemergence ofantibiotic resistance amongst pathogenstoantibioticsincreased it applications 
as these metallic nanoparticlesdemonstrates promising antibacterial activity due to itshigh surface-
area-to-volume ratio. Silver nanoparticlesimpair cell division aswell asrespiratory chain inbacteria. 
These nanoparticles mostly adhere to bacterialcell membrane and destroy sulphur containing 
proteinsaswell asbacterial DNAmaking its phosphorouscontaining component as the main target 
[12]. Thepresentreviewarticlefocusesonvariousgreensynthesis methods used for the synthesis of 
Silver 
(Ag),gold(Au),Zincoxide(ZnO)andCopperoxidenanoparticles(CuO)usingplantextracts.Variousbio
medical,environmentalandpharmacologicalapplicationsarealsoreviewed. 
 
  2. METHODS FOR SYNTHESIS OF NANOPARTICLES 
The field of nanotechnology is most emerging area ofresearch in material science nowadays. 
Nanotechnologyis defined as „the manipulation of the matter at theatomic or molecular level of 1-
100 nm size range.‟ Duetothissmallersizethesubstanceswithsuperiorproperties and applications can 
be produced, alsothesenanoparticles play bridging role between bulk structuresand molecular 
structures. [13] Due tovast applicationsin biomedicines, and materials with superior propertieslike 
good tensile strength, conductivity and superiorrigidity they are on demand in aircraft spares 
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andsatellite parts manufacturing industries also. [14-17]The development of novel methods for the 
synthesisofstable dispersed nanoparticlesof nanometer sizesandchemical composition is recent 
challenge in front ofscienceofnanotechnology. Physical and Chemicaltechniques are the most 
common methods for synthesisofnanoparticles.Physicalmethodsofsynthesisincludessever 
plasticdeformation,ultrasonic shotpeeling methods, and inert gas condensationmethods.Grinding and 
pyrolysis processes are mainly employedfor synthesis of metallic nanoparticles. Grinding 
mainlyinclude reducing the size of macromolecules or micromolecules by size reduction 
mechanism. In the methodof pyrolysis liquid or gas precursor is forced 
throughsmallinletsunderhighpressureandoxidizednanoparticles are recoveredfrom it. However 
physicalmethodfor synthesisof nanoparticlesbearssomedisadvantagesasthe nanoparticles, asit 
hasbeenreported that this techniques results in production of 
theparticleslargerthan100nmsize,whichislessconsideredasnanosize.Also physical 
methodsofsynthesisofnanoparticlesareexpensiveanditsproduction results in losses to environment 
quality.[18].The chemical methods employed for synthesisofnanoparticles involves a method in 
which nanoparticlesare synthesized in presence of reducing agents likepotassium bitartrateor 
sodium borohydride [19]. Inthesetechniquespolyvinyl pyrrolidoneorsodiumdodecyl benzyl sulfate 
are used as stabilizing 
agentstopreventtheclumpingoragglomerationofnanoparticles.methoxypolyethyleneglycolorhydraz
ineare employed for same purpose[20-21].Thechemical methods usedfor synthesisof nanoparticlesare 
expensive as well as unecofriendly,as it employsuseof toxichazardous chemicals during 
synthesisposing risk toecosystems. Thus, there istremendousneed of development of cost effective, 
economical aswellasecofriendlytechniquesforsynthesisofnanoparticles. 
 

2.1 TOPDOWNANDBOTTOMUPPROCESS FORTHE  SYNTHESISOF 
NANOPARTICLES   : 
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Figure1:Top-downandBottom-upMethodsofNanoparticlesynthesis[22]. 
 
Thetopdownprocessof synthesisof nanoparticlesisamongst the physical 
techniquessynonymouslyreferredasthe micro fabrication technique as it employs tools to cut andresize 
materials in desired shape and sizes from suitableinitial material. Due to larger sizes of resultant 
nanoparticles,addition of acid is needed in this process to reduce the size 
ofNPs.Someofthetechniquesinthiscategoryare-Photolithography, grinding in ball mill as well as 
etching andsputtering.(Figure1) 
2.2 GREEN SYNTHESIS OF NANOPARTICLES: 
However, “Bottom up” process is one of the reliable andeffective techniques as compared to 
“Top down Process”.Here, the process initiates from smaller entities at atomiclevel or molecular 
level withself-assembly. One of thesignificance of this techniques is that- it is possible to keepcheck 
the size of nanoparticles by varying various factors likeconcentration of precursors and reaction 
parameters [22].Both of the above methods of synthesis of nanoparticlesinvolve use of toxic 
chemicalsas well as resulting intoformationofbyproducts,whicharenotsafefrom environment safety 
point of view. Therefore, to avoid thesedrawbacks,itisimportanttodevelopadvancementoftechniques 
into the newer, cheaper andecofriendlymethodsof nanoparticle synthesis [23]. Hence, this review 
article isfocusedongreeninspiredsynthesisofnanoparticles.The un-ecofriendly as well as toxic 
methods of synthesis ofNPs leads to an urge to develop safer as well as cost effectivemethods for 
synthesis of nanoparticles. Exploiting greenroutes for synthesis of nanoparticles is one of the 
options tosolvethisissue. Researchershave found that, naturallyoccuring materials can be employed 
well for the synthesisofstable NPs. Advancement green of material science togetherwith 
nanotechnology has enriched the newer dimensionsofbiosynthesisof nanoparticles. Theterm „Green 
Synthesis‟distinguishesnatural or greenmethodsfrom traditionalphysical and chemical methods. In 
green synthesismethodsnaturally occuring substances are used as reducing agents forsynthesis of NPs. 
„Green synthesis‟ is one of the approach 
forreachinggreenelementsofthenatureforexampleethanobotanical, phytochemicals, 
materialsderived fromanimalsand biomoleculesfrom microbial origin. The 
basicadvantagesofgreensynthesismethodsover syntheticmethodscanbeenlistedasbelow- 

a. Since natural components are used, it‟s an environmentfriendly approach since no toxic 
ingredients are involvedduringsynthesis. 

b. The natural biological ingredients derived from living thingsact as reducing as well as capping 
agents, thus it‟s a costeffective technique. 

c. Maintenance of external experimental conditions of highenergy and high pressure is not required, 
thus again its costeffectiveapproach. 

d. Large-scaleproductionofnanoparticlesispossible. 
Thevariousnaturallyoccuringsourceswhichcanbeemployedforsynthesisofmetalandmetaloxideinclud
es- 

 UseofPlantandPlantExtracts. 
 Use of microrganisms (bacteria, fungi, actinomycetesetc.) 
 Use of templates like membranes, viruses DNA, anddiatoms. 

Althoughuseofmicrorganismsastemplatesareeffective 
greenermethodsofnanoparticlessynthesis, our reviewdescribes the synthesis of NPs using plant 
andplant extractsinfurthersections. 
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3. PLANTEXTRACTMEDIATEDGREENSYNTHESISOF  NANOPARTICLES: 
 
3.1 PlantExtractMediatedGreenSynthesisofSilver nanoparticles(AgNps): 
Amongstthebiological methods available, use of plantextracts for synthesis of nanoparticles are 
most suitable asplants are huge reservoir of` easily available metaboliteswhich can actas reducing 
agents with faster reaction time, ascompared to fungi and several bacteria which needslongertime of 
incubation during nanoparticle synthesis process forreductionof metal ions[24-26]. In addition, use 
of plantextracts for synthesis of nanoparticles can occur at 
lowertemperaturesandrequireslesscontrolledexperimentalconditions. The other advantagesof plant 
extract mediatedsynthesis of nanoparticles require safe reagents, and can beeasily applied for 
medicinal, surgical and pharmaceuticalpurposes[27]. 
The three most ingredients required for green synthesis ofnanoparticlesusingplantextractsincludes -
metalsalt,reducingagentandcappingorstabilizingagentforpreventing agglomeration of 
nanoparticles. Plants are 
thesourcesofenormousbiomoleculesincludingcarbohydrates,proteins,aminoacids,saponins,phenolicc
ompounds,terpenoids, alkaloids,tannins, vitamins and reducing sugarswhich acts asreducing 
agentsduringstablesnanoparticlesynthesismechanism.Theconcentrationofallthesecomponents in 
plant describesthe reducing capacity of theplant [28]. The rate of NPs synthesis is dependent on 
factorslikeamount of plant extract, concentration of metal ions, itspH and temperature [29]. Gardea-
Torresdey et al. (2003)usingAlfalfasprouts,reportedthefirstdescriptionofsynthesis of silver 
nanoparticles. They reported that Alfalfaroots, absorbs silver ions fromagar medium and directs 
themtowards shoots of this plant in oxidized state. Thuseventualysynthesis of silver nanoparticles 
occurs (Ag-Np) in shoots[30]. Sadeghi et al. (2015) reported the synthesis of Ag-Npusing 
Z.tenuiorplant extract.0.2 grams of dried extract ofZ.tenuiorleaf was added to 50 ml of deionized 
water, stirredfor around 1hr. and centrifuged .When clear Z.tenuiorextractwas mixed with0.1mM 
AgNO3. The silver nanoparticleswereformed.TEMstudiesof 
thesesynthesizedsilvernanoparticlesrevealedthatAgNpsformedweremonodispersed, spherical in 
shape with average size of 20nm. Stability studies using zeta potentiometer revealed thatsynthesized 
AgNps were stable at pH range 6-12. Also FTIRstudies revealed that, proteins fromplant 
extractsformscoatoversynthesizedAgNpstopreventitsagglomeration,moreover XRD and UV-VIS 
studies revealed that the leavesextract of Z. ctenuiorcan synthesize AgNps[31]. Philip etal. 
(2011)reported the synthesis of AgNp using M.uniflorumleaf extact. Appearance of signatory brown 
color in reactionmixture revealed the synthesis of Silver nanoparticles inreaction mixture. 
Characterization studies carried out usingXRD,TEM, UV-Visibleand FTIR studies revealed that 
silvernanoparticlessynthesizedusingM.uniflorumwerewelldispersed,anddemonstratedfacecenteredcu
bicstructure.AdditionallyFT-
IRstudiesrevealedthepresenceoffunctionalgroupsassociatedwithcappingagentsinnanoparticlessolu
tion[32]. 
Sulaimanetal.(2013)inastudyconductedtosynthesizesilvernanoparticlesreportedthat,silvernanopart
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iclescan be synthesized from E. 
Chapmanianaleavesextractwhen10mlofleavesextractfromE.Chapmanianawas mixed with 
0.01mM/ml to 0.02 mM/ml ofaqueous AgNO3 and exposed to sunlight.Charcterizationstudies 
carried out using XRD studies revealedthe presenceof face centered cubic AgNp, whereas UV-
Visible spectrademonstrated silver Plasmon resonance at 413 nm. Thus, 
E.Chapmanianaleavesarecapable of synthesizing silvernanoparticles[33]. In another study, 
Kumar et.al (2013)reported the green synthesis of silver nanoparticles usingAlternanthera 
dentata leaf extract and their antimicrobialactivity. For this, 20ml of 1mMof aqueous solution 
ofAgNO3wereaddedto2mlofleafextractatroomtemperature. Change in color of solution from 
yellow tobrown indicated the synthesis of silver nanoparticles, whichwere confirmedbysurface 
plasmonresonance bandat430nm.XRD studies revealed that size of nanoparticles wasfound to be 10-
80 nm. Whereas TEM studies demonstratedsize of silver nanoparticles synthesized using 
thistechniquewere 50-100 nm. FTIR studies indicated that water solublefraction of plant extractA. 
dentata plays crucial role inreduction of precursors involved in synthesis process [34]. 
Inanotherexperimentongreensynthesisofsilvernanoparticles, Velmurugan et al. (2015) reported that 
Silvernanoparticles could be synthesized using extract derived frompeanutshells. TEM, XRD and 
FTIR studies carried outconcludedthatAgNPssynthesizedbythis method areanalogous to that of 
particles synthesized by commercialmethods. AgNPsrecovered by thismethod were 10-50 nmin size 
with oval shape [35]. In another study, Bar et al.(2009) reported that, green synthesis of silver 
nanoparticles ispossible by reducing aqueous solution of AgNO3 by Jatrophacurcasextract. This 
extract also acts as capping agent duringsynthesis [36]. Gavhane et al. (2012) illustrated the 
synthesisof AgNPs by reducing aqueous salt solution of AgNO3 
usingtheextractofNeemandTriphalaleaves.AgNPcharacterization studies like TEM, and nanoparticle 
trackinganalysis revealed that the silver nanoparticles formed by thistechnique are spherical with 
diameter in range of 43nm -59nm [37]. Brahma Chari et al. (2014) in a study on greensynthesis of 
AgNPs using O. sanctum leaf extract illustratedthat, when varying concentration of this leaf extract 
wasadded to different conical flasks containing 45mL of 10−30Msilver nitratesolutioneach, 
andincubatedunder directsunlight,silver nanoparticle 
formationwasrevealedbygradualchangeincolorofthesolution. 
TEMstudiesdemonstratedthat,AgNPsformedwereinnanometersize range [38]. DulenSaikia 
(2014) (also illustrated the greensynthesis of AgNPs using plant extracts of two 
medicinalplantsnamely,OcimumtenuiflorumandCatharanthusroseus. During the experiment, 5gm 
of dried leaves of theseplants were added to 100ml of deionized water and boiled for30 min.When 
extract wasfiltered and added to desiredquantity of aqueous AgNO3andincubated. After 
incubationappearance of AgNPs were revealed by change in color ofthe solutionfrom brownto 
dark reddish brown [39]. Inanotherstudy,Vilchis -Nestoretal.(2008)reportedthebiosynthesis of silver 
as well as gold nanoparticles usingaqueous solution of green tea (Camellia sinensis). This 
studyrevealed that amount of plant extract has a significant role indetermining and controlling the size 
of silver nanoparticles.Increase in concentration of plant extract in reaction mediumresults in 
synthesisof nanoparticleswith reduced diameter[40]. One study on C. zeylanicum bark extract 
mediatedsynthesis of AgNPs revealed that the size of biosynthesizedAgNPs varied with 
concentration of C. zeylanicum barkextract [41]. In another study, Awwad and Salem 
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(2012)illustrated that Mulberry leavesextract can be 
successfullyutilizedforgreensynthesisofmonodispersedsilvernanoparticleswith average diameter 
in range of 20 nm.Moreover, these, AgNps de
S.aureusand Shigella sp. [42]. Roy et 
al.(2017)demonstratedbiosynthesisofAgNPsusing
experiment, 1mMsolution of silver nitrate is prepared by adding 0.17 gram ofAgNO
distilled water in volumetric flask. From
Silvernanoparticles. Fresh neem leaves werecollected from neem
and healthy leaves wereplucked and then thoroughly wash
dirt over leaves and then dried over sterile
leaves.Using sterile knife, these leaves were
then added to 100 ml ofsterilized distilled water.The water containing leaves wasthen boiled for 
around 10 min. The preparation was then
clothand stored for preparation of silver nanoparticlesTo preparesilver nanoparticles 
extract, 5 ml of silvernitrate (1mM) solution is added in each of the separate 
testtube.Thentoeachofthetesttube5mlneem extractisadded.
Allthetubeswerethenincubatedindark chamber to
Nanoparticleand its color formation is then confirmed by change in colorfrom colorless to brown. The 
method successfully illustratestheformationofsilvernanoparticles[43]
. 
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sp. [42]. Roy et 

al.(2017)demonstratedbiosynthesisofAgNPsusingAzadirachta indica leaf extract. In this 
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Figure: 2 Green Synthesis of Silver Nanoparticles 

usingAzadirachtaindicaleafextractusingthemethodofRoyetal.(2017) 

Inanattempttosynthesize, silver nanoparticlesusingaqueousextract of turmeric powder as reducing 
as well ascapping agent. After addition of desired amount of AgNO3 toturmeric extract the appearance 
of dark reddish brown colordue reduction of AgNO3 after 24 hrs. Characterization 
studiescarriedoutusing XRD analysis, UV-Visible 
spectroscopy,FTIRanalysisandTransmissionelectronmicroscopy(TEM).UV-
Visiblespectrademonstratedmaximumabsorbance spectra at 432 nm. TEM studies revealed 
theaverage size of particle size was 18 ± 0.5nm [44]. It has beenreported that Silver nanoparticles 
could also be synthesizedusing Magnifera indica, Eucalyptus tereticornis, Caricapapaya,andMusa 
paradisiaca under desired conditions. Thenanoparticles of different size and shapes in 
nanometricrangewereobtained.Thusgreensynthesisofsilvernanoparticles utilizing plant extract as 
reducing and cappingagents isvast and therefore work usingMagnifera 
indica,Eucalyptustereticornis,Caricapapaya,andMusaparadisiaca under desired conditions.The 
nanoparticles ofdifferent size and shapes in nanometric range were 
obtained[45].Thusgreensynthesisofsilvernanoparticlesutilizing plant extract as reducing and 
capping agents is vast andtherefore work done by various researchers in same line 
issummarizedasunderinTable1. 

 

        Plant 

 

 Precursor 

 

Reducing 

andcappingagent 

 

Size(nm) 

 

Reference 

Quercus brant AgNO3 Leaveshydro 

alcoholic extract 

6 [46] 

Garlic AgNO3 Extract 4-6 [47] 

Hibiscusrosasin

ensis 

AgNO3 Extract 14 [48] 

Cuminumcymin

um 

AgNO3 Seedspowder 12 (49] 

Lantanacamara AgNO3 Fruitextract 5–12.99 [50] 

Peachgum AgNO3 Peachgumpowder 56±7.87 [51] 

Citruslimon AgNO3 Limonextract than50 [52] 

Tea AgNO3 Leavesextract 20 [53] 

Terminaliaarju AgNO3 Barkextract 2-100 [54] 
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na 

Brassicarapa AgNO3 Leavesextract 16.4 [55] 

Solanumtuberos

um 

AgNO3 Potatoinfusion 1.-12 [56] 

Ficuscarica AgNO3 Leavesextract 13 [57] 

Syzygiumcumini AgNO3 Barkextract 20–60 [58] 

wieteniamahog

any 

AgNO3 Leavesextract 50 [59] 

Menthapiperita AgNO3 Leavesextract 5-30 [60] 

Alliumcepa AgNO3 Extract 33.6 [61] 

Magnoliakobus AgNO3 Leavesextract 16 [62] 

Cycas AgNO3 Leavesextract 2-6 [63] 

Cocousnucifera AgNO3 Flower 22 [64] 

Calotropisproc

era 

AgNO3 Leavesextract 10 [65] 

Abutilonindicu

m 

AgNO3 Leavesextract 7-17 [66] 

Belgianendive AgNO3 Leavesextract 75-80 [67] 

Ananascomosus AgNO3 Fruitextract 5-30 [68] 

opanaxseptemlo

bus 

AgNO3 Leavesextract 30.8 [69] 

Azadirachtaindi

ca 

AgNO3 Kernelextract 50-100 [70] 

Avenasativa AgNO3 Stemextract 5-85 [71] 

Geranium AgNO3 Leavesextract 16-40 [72] 

Table 1 : Methods for the synthesis of Silver Nanoparticles 

3.2 PLANT EXTRACT MEDIAD SYNTHESIS OF GOLD NANPARTICLES: 

 Nanotechnology is advancing like no other scienceand is making revolution in every aspect of 
lifer. Along withsilver nanoparticles,researchersare nowadaysfocusingtowards synthesis of gold 
nanoparticles (AuNps) due to itssuperior properties and applications. Use of phytochemicalsfor 
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synthesis of these gold nanoparticles is of significantimportancedue to reduced environmental 
safety issuesaswell as its biomedical importance. Plants are reservoirs 
ofnumberofphytochemicals,whichcanbeexploitedasreducingaswellasstabilizingagentsduringgold
nanoparticle synthesis. Therfore this issue is choice of manyresearchers across the globe from last 
decade. In followingPara, wehave reviewed various methods for green synthesisof gold 
nanoparticles[73]. Chandran et al. (2014) illustratedin their studies that gold nanoparticles can be 
synthesizedfromextractsoftwoknownmedicinalplantsnamelyCucurbita pepo, 
andMalvacrispasuccessfully; theyalsoreportedthattheAuNpssynthesizedwerepotentialantibacterial 
agentsinhibiting the growth of many bacteriaassociatedwith food spoilage [74]. A study conducted 
byWangetal.(2009)illustratedthat, monodispersedgoldnanoparticleswithdiameter in the range of 5-
30 nm can becan be synthesized using extracts of plant Scutellariabarbataas reducing and stabilizing 
agent. The study also concludedthat in plant extractsof Scutellariabarbataflavonoids,diterpenoids, 
alkaloids, steroids and polysaccharides weremain reducing and stabilizing agents [75]. In another 
study,Raghunandan et al. (2010) reported that gold nanoparticles(AuNps) in diameter range of 5-100 
nm can be synthesizedfrom extracts of buds of Syzygiumaromaticum. In this 
studytheyreportedthatthe reduction of salt solution duringsynthesis of AuNps is carried out by 
flavonoids frombudsofSyzygiumaromaticum. [76]. Shankar et al(2003)illustratedthe synthesis of gold 
nanoparticles with size2.5 to 27.5 nmfromplantextractsofPelargoniumroseum(rosegeranium).[77]. 
In an experiments carried out on Pear fruitextract for biosynthesis of gold nanoparticles ,Ghodke 
etal.(2009)illustrated successful synthesis of stable ,triangularshapedAuNps with diameter in the range 
of 200-500nm, thestudy conducted also proposed that these AuNps can be 
usedinhexagonalcatalysisandbiosensingprocesses[78]. 
Shankaretal.(2005)alsoreportedthat,goldnanoparticles can be synthesized using green 
synthesismethodinwhichplantextractofCymbopogonflexuous (lemongrass) acts as both reducing as 
well ascapping agent. The size of triangular shaped AuNpssynthesized by this method is in the 
range of 200-500nm and can find application as 
infrared‑absorbingmaterialinopticalcoatings[81].Indifferentexperiments, Gardea‑Torresdeyet 
al.(2003) illustratedthebiosynthesisof gold nanoparticlesfrom 
plantextractsofMedicagosativa(alfalfa),theAuNpsproducedby thismethod were irregular, 
tetrahedral,hexagonal platelet, decahedral, icosahedral which 
findapplicationinlabelinginstructuralbiology,paints[82].Thus, the plant extractsare efficient 
insynthesizinggoldnanoparticlesfrom plant basedmaterials. Table 2 enlists the variety of plant 
basedgreensynthesisofgoldnanoparticles. 
 

Plant Precursor Reducingand 

cappingagent 

Size(nm) Reference 

Emblicaofficinalis Leafextract Goldand 
silver 

10–20  
85 

Coriandrumsativum Leafextract Gold 75–57.91 86 
 

Avenasativa Leafextract Gold 5–20 87 
 



GREEN SYNTHESIS OF NANOPARTICLES &ITS  APPLICATIONS: A REVIEW 

 
 

ISSN:1539-1590 | E-ISSN:2573-7104 
Vol. 6 No. 1 (2024) 
 

© 2024 The Authors 
 

5278 

Nnamomumcamphora Sundriedleaf Gold 55-80 88 

Garcinia combogia Fruitextract Gold 20-100 89 
 
 
 
 
 

Cocosnucifera Greencoconut Gold 15 90 
shellextract 

Magnoliakobus Leafextract Gold 5–300 91 

Volvariellavolvacea Extract Gold –150nm 92 

nacardiumoccidentale Leafextract Gold 50-100 93 

Ocimumsanctuml Leafextract Gold 30nm 94 

Chenopodiumalbum Leafextract Gold 0–30nm 95 

Lantanacamara Leafextract Gold 100nm 96 

Mangiferaindica Leafextract Gold 17-20 97 

Sorbusaucuparia Leafextract Gold 18 98 

Stevia rebaudiana Leafextract Gold 17 99 

Terminaliacatappa 
(almond) 

Leafextract Gold 21.9 100 

Solanumnigrum Leafextract Gold 50 101 

Terminaliaarjuna Barkextract gold 60 102 

Pistaciaintegerrima Leafextract Gold 50 103 

Polysciasscutellaria Leafextract Gold 5–20 104 

Zizyphusmauritiana Leafextract Gold 27 105 

Euphorbiahirta Leafextract Gold 6-71 106 

Pistaciaintegerrima Leafextract Gold 20-200 107 

 
Table 2. Methods of Synthesis of Gold Nanoparticles 

 
3.3 PLANT EXTRACT MEDIATED GREEN SYNTHESIS OF 
ZINCOXIDE(ZnO)NANOPARTICLES: 
Zinc oxide may be a useful material as a result of itsdistinctive physical and chemical properties like 
medicament,deodorizingproperty,highpiezoelectriceffect,semiconductor, giant energy, UV filtering 
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capability etc. ZnOnanoparticles has several application in varied industries likepharmaceutical, 
chemical, textile, paint, rubber ,packagingindustries etc. apart from this these are currently 
employed inagriculturalformulations,ecotoxicologicalstudies,environmental fate. They are used 
for disposal of aquaticweed that is immune to all kind of destruction techniques likephysical, 
chemical and mechanical [108]. Therefore day byday ZnO NPs demand is increasing. 
Thereforemanufacturingshould be done ecofriendly methods and it needs to be costeffective. Hence 
during this review synthesis of ZnO NPs byinexperienced synthesis technique and its applications 
arereviewed. 

Zinc oxide nanoparticlesmaybe synthesized byvariousmethodslike-chemical vapor condensation, 
arcdischarge, chemical element plasma-metal reactionmethod,and optical maser transmutation 
within the vapor section,microemulsiontechniques,hydrothermalmethods, sol-gelmethods, 
sonochemical methods, plant extracts mediatedsynthesis technique, microrganisms mediated 
synthesis.Outof all the technique of synthesisof nanoparticlesexploitingplant extracts for ZnO 
synthesis is straightforward, not pricy,andeco-friendly ascompared to ancientsynthesis. 
Thetraditional chemical synthesismethodspossessdrawbackslikeneedhighpressure-
temperatureandtoxicriskysolvents. 
Plant extract mediated green synthesis of Zinc 
oxidenanoparticles(ZnO)eliminatedlotofchemicalprocess and also and limits the utilization of 
costly 
andcyanogenicchemicals.Henceresearchersarespecializingininexperiencedsynthesisofnanoparticl
es.Anotherbenefitofplantextractmediated synthesis is that they are a lot of stable andalsothe 
rateofsynthesis is   quicker than withinthe case      of       microorganisms     .Moreover,the 
nanoparticlesobtained by plant extract mediatedsynthesisarevariable in forms ofsizeand shapesas 
compared with those synthesized by usingotherdifferentapproaches. 
Thus,thesenumerousbenefits of plantandplant-derivedmaterialsfor synthesis 
ofZincoxidenanoparticleshaveinterestedresearchers analyzemechanisms of metal ions uptake and 
bio reduction byplants, and to know the mechanism behind its synthesis.[109].Plants 
aretheforemostcommonbiologicalsubstrate used for the ecofriendly green synthesis 
ofnanoparticles with metal like ions[110-111]. Plants areabundant sources of cost effective, non-
toxicnaturalreducing agents. During green synthesis processes,these natural reducing biochemicals 
from plantscan beeasy mechanisms of extraction like treating the plantmaterial   to   easily   
available   solvents     likeH2O or alcohols.[112]Different components oftheplants are utilized for 
green synthesis of ZnONps mostof which comprised of leaves, roots, seedsand fruits.The extracts 
prepared from these plant sources act asreducing agents during biosynthesis processes.[113-116] 
Nath et al. (2014) reported that Margosa plant canbe utilizedfor biosynthesis of zinc oxide 
nanoparticles(ZnO) as it is the rich source offlavanones,terpenoidsand reducing sugars, the 
constituents of the tree leafbroth. They illustrated that, the organic 
componentsinleafbrothofMargosaplantareresponsibleforreduction of zinc oxide to ZnO NPs as 
well as itsstabilization [117].ZincoxideisalsoknownasPhilosopher‟swool synonymously. Noorjahan 
et al. (2015)  reported  the  green  synthesis   ofsynthesize philosopher's 
woolnanoparticles(ZnONps)from leaf extract of Margosa plant. When these ZnONps 
werecharacterized by SEM and FTIR techniques.In FTIR analysis was revealed that ZnO NPs 
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wereencircledbyplantderivedterepenoidsketones,aldehydesand 
acidswhichsuggesttheirroleasstabilizingas well as capping agents .SEM studiesshowedstable 
philosopher'swool Nanoflakesandspindle formed nanoparticles. The dimensions of theZnO 
nanoparticles synthesized were found to 50 nm insize[118].Mariametal.(2014)reporteda unique 
synthesis for InO3 and ZnO Nanoparticleswithparticle 
sizeswithinthevaryoftentothirtynmexploitationmetalnitrateand Zn nitrate solutions. TheyusedAloe 
Vera extractasasolvent rather than organicsolvents. [119]Inanother study, Singhet al. 
(2018)illustratedthe effectof variation in concentration of plant extract and zincprecursor, 
incubation time andtemperature of reactionin a study of the biosynthesis of ZnONps using 
Ecliptaalba leaves extract. Inthis study they reported that,ZnoNps formation turned moreuniform 
and smallerafterincreasing zinc acetate concentration (1.0–
5.0mM).[120]Thesefindingswerefoundtobeinagreement with studies of AinSamat et al. (2013) 
inthisstudy, for synthesisof ZnO NP sfrom 
Citrusaurantifoliaextracttheincreaseofzincacetateconcentration resulted inenhanced size 
uniformityandreduced size of newly formednanoparticles[121].Matinise et al. (2017) reported the 
study in whichMoringa oleiferealeaves extract componentsreactswiththe zinc (II) ions which 
formed zinc oxide after acalcination process. These researchers studied the effectof plant extract 
mediated synthesis on ZnO nanoparticlesynthesisat different temperatures. The FTIR 
studiesrevealedthatZnONPssynthesizedat100ºCdemonstrated hydroxyl (–OH) stretching 
bandswhichwas indicative of formation of zinc complexes 
withantioxidantsinsynthesisprocess.[122].Nathetal.(2013)reportedthegreensynthesisofZnOnanopa
rticles from leaf extractof Azadirachtaindica.In this study they suggested that, neemplantleaves 
arepotential source of flavones, 
terepenoidsandreducingsugars.Andaldehydegroupsareresponsibleforreduction as well as 
stabilization of zinc oxide to zinc oxide nanoparticles [123]. Raut et al.(2013) 
reportedthegreensynthesisofZincoxidenanoparticlesmediated by leaves extract of 
OcimumTenuiflorumplant .The constituents present in plant extract act 
asreducingagents.ThesynthesizedZincoxidenanoparticles were characterized by X-Ray 
diffraction(XRD),scanningelectronmicroscope(SEM)technique, Fourier Transform Ray 
diffraction (XRD),scanning electron microscope (SEM) technique, FourierTransform Infrared 
Spectroscopy(FTIR).Theaveragesize of ZnONps obtained by this method were 13.86nm [124]. In 
following table 3 wehave summarizedthe various plant based green synthesis methods 
forZnONPbiosynthesis. 
 

Plant Precursor Reducingand 
cappingagent 

Size 
(nm) 

Refer 
ences 

Aloevera 
leaves 

ZincNitrate 
(NS) 

Leavesextract 25 125 

Lycopersico 
nesculentum 

ZincNitrate 
(NS) 

Fruitextract 40-100 126 
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Peganum 
harmala 

ZincNitrate 
(NS) 

Seedextract 40 127 

Stevia 
rebaudiana 

ZincAcetate 
(ZA) 

Leavesextract 50 128 

Hibiscus 
subdariffa 

ZincAcetate 
(ZA) 

Leavesextract 190- 
400 

129 

Costus 
woodsonii 

ZincNitrate 
(NS) 

Seedextract 20-25 130 

Citrus 
sinensis 

ZincNitrate 
(NS) 

Peelextract 12 131 

Couroupita 
guianensis 

ZincAcetate 
(ZA) 

Leavesextract 15-25 132 

Mentapulegiu
m 

ZincNitrate(NS) Leavesextract 38-49 133 

Simarauba 
glauca 

ZincNitrate 
(NS) 

Leavesextract NS 134 

Vitexnegundo ZincNitrate 
(NS) 

Leavesextract NS 135 

Solanum 
nigrum 

ZincNitrate 
(NS) 

Leavesextract 29 136 

Jacaranda 
mimosifolia 

ZincNitrate 
(NS) 

Flowerextract 2-4 137 

Parthenium 
hysterophorus 

ZincNitrate 
(NS) 

Leavesextract 27-84 138 

Anisochilus 
carnosus 

ZincNitrate 
(NS) 

Leavesextract 20-40 139 

Petroselinu 
mcrispum 

ZincNitrate 
(NS) 

Leavesextract 70 140 

            Table3:PlantExtractMediatedGreenSynthesisofZincoxideNanoparticlesfromSome 

3.4 

PLANTEXTRACTMEDIATEDGREENSYNTHESISOFCOPPEROXIDENANOPARTIC

LES: 

         In recent past years  synthesis of nano particles 
utilizinggreensynthesismethodshasattainedenormousimportanceduetonumerousadvantagesoverco
nventional chemical andphysic al methods. Plantare widely distributed across the world, are rich 
sourceof uncountable number of phytochemicals as well aseasily available and processible 
[141].Copper oxidenanoparticleareimportantduetonumerousapplications as antimicrobial agents, 
and also used inbatteries, super conductors, andgassensors. 
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Copperoxidenanoparticlesarealsousedasantifoulingagent‟santibacterial, purifiers, algaecides, 
fungicide[142-144].Thesynthesisofcopperoxidenanoparticlesusing inactivated plant tissue, 
plantextracts,exudates,andotherpartshasattractednumerous researchers [145]. Its a need to 
developecofriendly and economic methods to synthesize metaloxide nano particles as there is rapid 
urbanization,industrializaríanandpopulationgrowth,hencedemand of nanoparticle in different 
industries is alsoincreasing tremendously. To fulfill this demand Greensynthesis of metal oxide 
nanoparticles is best method.Single step green synthesis process can be used toprepare nano 
particles from metal ions. This can behappened as plant extracts contain biomolecules whichreduce 
metal ions to nanoparticles. This is a very rapidprocess,canbe conducted at room temperature 
andpressure,easytoperform.Itisecofriendlyandeconomic also. Reducing agents are the 
biomoleculespresent in plants as their metabolites like alkaloids,phenolic compounds, terepenoids 
etc. and coenzymes[146]. 
K.RayapaReddystudiedthegreenapproach of CuO NPssynthesis using Calotropis procera(easily 
found in India)which belongs to the Asclepiadaceous family 
Calotropisprocerausedinthemanytreatmentslikediseasesofspleen,piles, tumors, etc. These NPs are 
widely used in manyapplications such as catalysisbecause of their narrow bandgap,usedin photo 
catalytic properties[147-148]. Alaa Y.Ghidanet al. (2017) reported the green synthesisof copperNPs 
using Punica granatum peels extract. Punicagranatumfresh peels were obtained and washed for 
several times.Powder was prepared from dried peel of P.granatumandadded to sterile distilled 
water and this mixture was boileduntil appearanceof yellow color. ThenCuO 
NPsweresynthesized,forthiscopperacetatepowderwasdissolvedin 
thewaterandstirredwithmagneticstirrer.ThenP.granatum extract was added to the stirred solution;it 
givesgreen color to the solution and eventually it turned to 
brownwhichshowstheformationofmonodispersedCuNPs.[149] 
Synthesisof CuO NPsfrom Abutilon indicum wasillustratedbyIjaz et al. (2018)They collected 
freshleavesof Abutilonindicum andwashed gently toremove dust particles as well as dried and 
shaded parts.Then the leaves were pulverized and sieved using a200-nm mesh sieve to be used as 
fuel. They preparednano particles by green combustion method with leavesextract of A.indicumas a 
fuel. To synthesize CuO NPs,Copper (II) nitrate trihydrate was mixed with Abutilonindicum extract in 
double-distilled water. Homogenizedsolution was prepared by constant stirring for 2–5 minusing a 
magnetic stirrer. Combustion reaction wasperformed on the mixture using a pre-heated 
mufflefurnace at the temperature 400 ± 5 °C to produce 
CuONPs.Theashcontentsoftheplantextractswasremoved by filtration. The solution wasfirst 
washedwithdistilledwater,thenbymethanol to removeimpurities. Then CuONps were calcinated for 
2 hrs toget pure form. This pure fine black CuONps can bestored in an airtight container for further 
use.[150] Fewof the plant extract mediated synthesis processes 
forCuOnanoparticlesarelistedinfollowingtable4- 
 

Nameofplant Part 
used 

Precursor References 

AloeVera Leaves Copper 
Sulphate 

151 
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Azadirachtaindica Leaves Cupricacetate(monohyd
rate) 

152 

Caloropis 
procera 

Leaves Cupric 
acetate 

153 

Euphorbiaesula Leaves Copperchloride 
dihydrate 

154 

Punica 
granatum 

Peelsof 
fruit 

copper 
sulfate 

155 

 
            Table 4: Plant Extract mediated n Green Synthesis ofCopperoxideNanoparticles 
   4. APPLICATIONS OF Ag, Au, ZnO, CuONANOPARTICLES: 
 
Due to inhibitory action on pathogensSilver nanoparticles(Ag-NPs ) are broadly used as the 
antibacterial and antifungalagents in the form of protective coatings over biomedicalinstruments 
inclusive of wounddressings, catheters, dentalcomposites, aswell asin certain implantsemployed 
incardiovasculartreatments.Silvernanoparticlesarealsousedasnano-bio sensing materialsaswell as in 
agriculturalengineering products [156]. Prosthetic Silicone valve coatedwith Ag-NPs was the first 
cardiovascular device. The role ofAg-NPcoatinginthisdevicewastoreduce or avoidmicrobial 
contamination in order to reduce the chances ofinflammatoryreactions. 
AgNpsalsousedasprotectivesurface coatings on stents as AgNPs are antibacterial as wellas 
antithrombogenic in nature [157]. It has been also reportedthat use of Silver nanoparticlesin Ag-
Npsinto orthodonticadhesive enhances device strengthincreasingresistance tobacteria[158]. Ag-Np 
coated dressings are used in wounddressings as potent antibacterial agent to treat burns, chroniculcers, 
pemphigus, and toxic epidermal necrosis[159]. It hasbeen also reported that combination of 
Chitosan Ag-NPsused in wounddemonstrated potential antibacterial activityas compared to 
essentially 1% Ag sulfadiazine alongside thedeposition of less Ag.[160] Roe et al. (2008); Hussain et 
al.(2006);andChouetal.(2008)reportedthat,silvernanoparticles are used as antibacterial coating over 
catheters.ClassofPolyurethanecathetersiscoatedwiths 
ilvernanoparticleswhichareantibacterialcatheters[160-162].Silver nanoparticles are used in 
Electronic componentsandtransportationasSensors, electrodes and integratedcircuit[163-165] 
.Other than this silver nanoparticles findsenormous applications in environmental applications like 
airdisinfection,wastewatertreatment,drinkingwaterpurification ,ground water disinfection.[166-
169].Also Ag-Nps finds application inNeutraceuticals, food safety andfoodpackaging[170-
172].Ithasbeenreportedthat,nanoparticles are the most accurate agentsfor drug 
deliveryaswellascancertherapy.Incancertherapythesenanoparticlesare successful in overcoming the 
drawbackscaused by traditional chemotherapeutic agents as these agentswere not accurate enough in 
targeting the cancerous 
cells.NowadaysbiobasednanoparticlesarefilledwithchemotherapydrugsandattachedtoRNAlikestru
ctures.Thesenanoparticleswithchemotherapeuticdrugsaccurately 
targets the cancerous cells and releases the drugsinto cancercells [173].Das et al. (2013) & Alt et al. 
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(2004) reported thatplant mediated nanoparticles are effective against variouscancer cell lines such 
as Hep 2, HCT 116 and Hela cell lines.Theenhancedcytotoxiceffectisduetosecondarymetabolites 
.The plant material based nanoparticles playsactive role in regulating the cell cycle [174-175]. 
Russier-Antoineet al. 2008 reported that, gold nanoparticles couldbind with negatively charged 
DNA molecules substitutingcitrateionsresultingintoformationofnovelDNA-nanoparticle .such 
probes are used in diagnosis of pathogenicand genetic diseases.[176 ]Huang et al. 2008 illustrated 
that,gold nanoparticles coupled antigen can used for diagnosticpurposes. Antigen conjugates gold 
nanoparticles biconjugateswithantibodies.Thus,Biosensorsforimmunoassaysin 
humanserumhavebeendevelopedfromgoldnanoparticles.[177] 
GoldnanoparticlesstabilizedbyPhthalocyaninedemonstrated a potential delivery vehicle for 
photodynamictherapy. [178] Besides these Gold nanoparticles are 
alsoemployedasbiosensorsbycouplingwith GDP moleculesand also as an immunosensors. Gold 
nanoparticles have beenin active use in the identification of chemical and biologicalagents The 
visualization methods with the use of GNP andoptical microscopy [179]. Zinc oxide (Zn O) 
nanoparticleshave numerous bio applications. It has been reported thatdrug metronidazole benzoate 
has much effect on biologicalmembranes[180].As ZnO nanoparticleshaveessential blueandnear-
Emission,theseareusedincellular imaging.Several studies have reported that,ZnO nanoparticles are 
usedforcancercellimaging,transferrin-
conjugatedgreenfluorescentZnONPswereutilizedwithleastcytotoxicity[181]. 

Zinc oxide nanoparticles have found to play significantrole ineffecint gene delivery. ZnOQDs 
were layered usingpositivelychargedpoly(2-(dimethylamino)ethylmethacrylate)(PDMAEMA) 
polymers which are utilized forcondensingpDNAforgenedelivery[182]. 
ZnO nanomaterials variousdesirable characteristics 
likesemiconductingpropertiessuchasbiosensing,strongadsorptioncapability,highisoelectricpoint,a
ndhighcatalytic efficiency (IEP; ∼9.5) which are appropriate foradsorption of certain proteins such 
as antibodies and enzymeswith less IEPs by electrostatic interaction[183]. Along withsilver 
nanoparticles copper oxide nanoparticles (CuO)aremost frequently used antimicrobial agents due to 
their killingeffectonpathogens.IthasbeenreportedthatCuOnanoparticles has capacity to kill more 
than 99.9% of Gram-positive andnegative bacteria within 2 hrs. of exposure ,ifdesired dose is 
administered or applied. In Several studies ithasbeenreportedthat, CuO 
nanoparticlesreducesthechances of nosocomial infections. Nanoparticlescoatedbedsheets is 
considered to be one of themostrecentinnovationin health care practices in order to reduce the 
chance ofacquiringnosocomialinfections[184].Copperoxidenanoparticles also show considerable 
antifungal properties aswell as effectiveagainst biofilmdevelopment. Due to woundhealing activity 
CuO nanoparticlesare also incorporated inwounddressings[185-186]. 

Note:Allfiguresusedinthisarticlearecreatedbyauthors. 
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