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ABSTRACT

Silver nanoparticles have many medical and industrial applications. The nanoparticles
are usually synthesized by chemical and physical approaches. However, major disadvantages of
both approaches are non eco-friendly and costly synthesis processes. Therefore, biological
approach has currently become an alternative and holds interest for many researchers.
Nevertheless, biological mechanism of silver nanoparticle synthesis remains unclear. This review
provides information on how to synthesize silver nanoparticles by plant extract, effects of the
synthesis parameters, synthesis mechanism and some applications of silver nanoparticles in

antimicrobial activities.
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Lactobacillus farciminis 14.3-19.7; -
Staphylococcus aureus 160-180; -
Corynebacterium 5-15; -
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Anti-coagulant of (Kalishwaralal et al., 2010)
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- (Gurunathan et al., 2009)
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MRSA and MRSE

- (Nanda and Saravanan., 2009)
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B (Balaji et al., 2009)
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Trichoderma viride 5-40; Spherical and
rod

gal
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dnsanaaniy
Agave americana 5-50; Spherical
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Sesuvium portulacastrum L. 5-20; Spherical
Trichosanthes tricuspidata 20-60; Spherical

Vitex Negundo L. 10-30; Spherical
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3. N15EUATIZRBYNIARUUITUAIBEIS

ANAINNY
widnideasidafiunnuddgaoanis

duaereuniatuuiluainiivusaingrutdeya

Pubmed  SslsinuuidediiAeatosunnin

qunsealugaed a.A. 2010- 2014 Tl IuaIunIs

250
200 -

AU nINAIIUN1TBIn15LRBIRUNS
dereioymeaiuuluiuiusgsdeios wang
faguit 1 thuuandiifuininidenerouiazAne
wagiu1IsnIsduATIEieunIARuNluMIEaNT

ANMNNIUINTU

150 -~
100 -~ I
50 I
O 'J T T T T

Number of publications

31]17; 1

3.1 Sumeumstanssh
n1sdauasgiayn1aiuuluaindivl

Fupouitligesin dunsnadnansaindis lnsans

afnifléenaagldnnnmsldisiiuvdeldunain

Y9gINvpIN U Tu men wWaen a1au wagueng

2010 2011 2012 2013 2014

Years

InunaTeRgiunsiuaeieunaRuwlusgasainaniylud 2010 - 2014

WWudy wanasannsad 2 antiutiiaisatnanniis

o N

naunundesvadlane Fundsvedlanendeuldunn

A a I3

anfadaliasiunse Uasensandudiulng

'
=]

nduiauunniveseasigiantiduiulunns

9 Y

e

Anuisenauanysal Bdunisnaaesazdunala



UNAIU

MIEATINYNFERNS 1Y, VN 45 Laui 1

39

ndvesansazatefilasuliuansdaguin 2 (A
way B) lasnuindlatiuarsaninanluviaaluly

arsazaelaves@aieslumse Weoaikuly 5

= P a o v &
u"m‘WU'J”Ia“U@Qa”IiagaqEJLUaEJuVLUuULLﬁﬂ\ﬂM LAUIN

v
Ny o a =

U ATesanduiniu Ao MAndusans

dun1g

2AgNO4(s) + Plant extract (ag) — 2Ag (s) + O, (g) + 2NO, (g) + Plant extract (aqg)

(Pani et al., 2016)
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; ; daulsznau YUALAL daudagly
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YINY U9 WnaUfnzeN
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Allium cepa Hmoulng Plant 33.67 nm; - Antibacterial activity (Saxena et al,,
spherical Anticancer activity 2010)
Allium sativum QEEA TN Clove 4-22 nm; - against human lung (Ahamed et al,,
spherical epithelial A549 cells 2011)
Anacardium UyHRNTNU Leaf 6-17 nm Proteins, - (Sheny et al.,
occidentale aromatic 2011)
amines, and
polyphenols
Annona Hoann Leaf 20-100 nm;  Phenolic group, In-vitro cytotoxicity (Vivek et al.,
squamosal Spherical proteins, against MCF-7 and 2012)
and HBL-100
carbohydrates
Camellia Sinensis Ll Leaf 4 nm; Proteins - (Loo et al., 2012)
spherical
Catharanthus LSINIEY Leaf 48-67 nm; Proteins Antibacterial activity (Mukunthan et
roseus cubic al, 2011)
Chrysopogon AN Leaf 85-110 nm; Alkaloids and - (Arunachalam
zizanioides cubic phytosterols and Annamalai.,
2013)
Citrus sinensis du Peel 11-37 nm; Water-soluble Antibacterial activity (Kaviya et al.,
spherical fractions 2011)
Coccinia grandlis g Leaf 20-30 nm; Alkaloids and - (Arunachalam et
spherical terpenoids al,, 2012)
Curcuma longa ‘Ufj‘u Tuber 6.30+2.64 Proteins, - (Shameli et al,,
powder nm; alkaloid, or 2012)
face- flavones
centered
cubic
Cynodon TR Leaf 8-10 nm; Polyphenols Antibacterial activity (Sahu et al,,
dactylon spherical 2013)
Dioscorea TINUBNUNUR Tuber 8-20 nm; Polyols Antibacterial activity (Ghosh et al.,
bulbifera nanorods 2012)
and triangles
Ficus religiosa n Leaf 5-35 nm; Polyphenols In-vivo anticancer (Antony et al.,
spherical and proteins activity against 2013)

DAL induced mice
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FpInerAans Yoandisy - . o n1sUszendldau §1999
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3andu
Garcinia ﬁﬂﬂm Leaf 35 nm; Polyols Antibacterial activity (Veerasamy et
angostana spherical al,, 2011)
Hevea brasiliensis YNNI Latex 2-100 nm; Amine groups - (Guidelli et al.,
spherical 2011)
Jatropha curcas ﬁyj@ﬁ Latex 20-30 nm Cyclic peptides - (Bar et al., 2009)
Mangifera indica 1zaig Leaf 20-30 nm; Flavonoids, - (Philip., 2011)
spherical terpenoids, and
thiamine
Manilkara zapota azyn Leaf 70-140 nm; Phenols - (Kamaraj et al.,
granular, 2012)
spherical
Morinda citrifolia 0] Leaf 10-60 nm; Phenolic Antibacterial activity ~ (Sathishkumar et
spherical compounds al,, 2012)
Moringa oleifera Uz3u Flower 14 nm; Retinoic acid, - (Bindhu et al.,
spherical proteins 2013)
Musa paradisiaca naaeY Peel 20 nm; Proteins Antibacterial and (Bankar et al.,
cluster antifungal activities 2010)
Ocimum sanctum NELNIN Leaf 42 nm; Flavonoids and - (Subba Rao et
crystalline terpenoids al,, 2013)
Psidium guajava 1 Leaf 25-30 nm; Flavonoids and - (Raghunandan et
spherical reducing sugars al, 2011)
Rhizophora Tnsnslulug) Leaf 12 nm; face  Proteins, lignin, Antifungal activity (Singh et al,,
mucronata cubic sterols, and against human 2013)
centered alkaloids pathogens
Sesbania WA Leaf 25 nm; Proteins Antibacterial activity ~ (Das et al., 2013)
grandiflora spherical against MDR
pathogens
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pH ¢ aunAuwlufduaszildazdvuadn
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ANSEAATIZAT pH A1 Tuwauedt Tripathy wae
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q
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wsq -
440 %
g 435 .
430 sy
425 : .
& 7 8

9 10 1

ANUAUTUSIENINAT Ay TU pH - v09UfA3e5enisansainainluazianiuaisazane

0.01 M AgNO, isbidunan 4 Falus (Tripathy et al., 2010)
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fvpseyniaiuluidosminlunstuneuniaiie
fndiedu amgmﬂﬁuu'ﬂu%Lﬁ@ﬂﬂii/\la%uﬁaﬁulﬁa
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AuNARUUILY 8NFIRENYY Prathna  LagAMY
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a & a

SLannsouvea1sIusSAdiuunTu vinle

a

aLaﬂmauaaﬁzLLaxﬂﬁxﬁguuﬁuﬁaﬁuaﬂawLﬁmmﬂ
Judwaliruinvesoyniadnas iwuieasudy
Cruz wagAe (2010) ﬁflmié’ql,m’lzﬁaymﬂﬁu
urluainarsannainlutaneutiatul (Lippia
citriodora) Wuiteyn1ARuLludvunanas e
findnsduseninansatniuansazatsvedlany
TnensifindSinuansadadu 5,6, 7.5 uay 10

mL fauandluun 4
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Average size (8) Average size ‘
16£5nm 14£5n0m . ;
L
100 nm
Average size
(B) 13£4nm
-
1hl s
bt 4
o» 100 nm
U 4 ameneanndssganssAdidnaseunuudesinureseynatuulundsanldusunuasanis

L. citriodora, (A) 5 mL; (B) 6 mL; (C) 7.5 mL; (D) 10 mL. Lﬁaﬂﬁﬁ%m@i’uﬁuw‘tﬁ 3 dalug

(Cruz et al., 2010)
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a o '

:{' o Ao v oA
ws1gfigaungfisindt 30°C a1sfidndailunis

v
U o L4

AuANgUTREgnduds ililianunsadunsien

U

aun1Aduulule Lin wazame  (2010) wudndn

duagieunmaluuiluainasadnainlusi-

= a

won (Cassia fistula) Neamail 25°C sunIARY

9 Y

uluduaszileasidnvueduwns Tuvasfgn

dunszinigaumall 60°C aunaduunlufiliaed

sUunalunsinauuazifuunis  uideees Cruz

wazay (2010) ldunsgeunialuuluainia

a0

UauLIBUUN (Lippia  citriodora) 91AN1SNAADY

WuIuMNiinaravLIAYeIBUNIARUUTY kAR

Y 9

T93UR 5 (A) Migaungdl 95°C ANTpANGLLEIYes

U

aunAduuluaziaauluiinueiufitosndy
Huwandliliuinfgamall 95°C ayniaRuwIlud
dunaseailaagiivuiaianniteuninduuilun

duanenigaumgivies uenanigamiidslinasie

aaa [ a a =

gns1NsiinUiisesantumsiiliogamgiiiiudu

UfAsensanduasiinlisitu uanaiagui 58) ae

' a

Wiud e vainsiauisenindy UiAsenie

d' a o o 44 d' A
NYUNNU 95°C ﬁ]giﬂﬂ']ﬂqﬁamﬂauuaﬁwm']ﬂﬂ’J’W]

U

a

o o P a a &£
N 25 C uuLLaﬂQ’JqﬂJaHﬂ’]ﬂLQuu’]IuLﬂﬂSUu

9 Y

11NN weog1alsAnuraIeuITenuiinig

dupsigieuniaduuiludigarsadinainiy

Yl

anunsainldnnaamgl 25°C



44 KKU Science Journal Volume 45 Number 1 Review
1.07(A) 1®
— Oh ———y
+ 3h |25° 1
«  24h —0—25°C
= — 0Oh ; A ——95°C
2 15 min. [95°C &
2 2 =
<<
%50 400 450 500 550 800 ° = = =

Wavelength (nm)

[2Y)]
[l
=D.
[S,]

UATe1581319 @15azatel mm

Time (min)

a a

Haveanawaraunindnadensduasiziounialuuily (A giAddaannsves

=

AgNO; 5 mL AvasanalauauLIatun (Lippia

citriodora) 5 mL Mviauandsiukagngungil 25 °C uag 95 °C. (B) ANudNNuSTEnINee

nsaenaukasiuna1veIUisenseninasazany 1 mM AgNO, 5 mL fivansainainiaseu

11eUU" (Lippia citriodora) 5 mL ﬁqquﬁ 25 °C uag 95 °C (Cuz et al., 2010)

3.3 nalnn1saaasen

Tudguiidnidelianuaulafesiunig

o 4 '

dupsgvieynaRuunluaniivivuniu wiinay

o

Feldnsrunalnnisdaunsivinuiuou winilde

v a

Fulvgruiansuszneviiegluasadaandiuiy
Influ nsedunsd wedudnmilss wesiiuewn
Waliueun  Auoauwsamiasyn LUSAW  Wag
anslulawse Tdntaelunsimdwasimididu
2010) 910

anstiAnumesa  (Ahmad et al,

AsAnwIMIEmATAduNsLIaaUnlasalnUnuIn

a P

aswaniiinylansenda a1sueila uazioiu By

¥
'

Hedunmandfiunuinlunisinddaieslenou
vonanidaimindduanslianuningsdiely
sumaiuulufenuafennniusaztaelilmae
miiaué’aﬁuaaagmmﬁumiuﬂmmﬁuaqmﬂﬁﬁ
VUG

aa ] '
asnfununtunsidusisaagigu wan

Tuewd Feduluanalndfiueanivsznauldse

A1fuou 15 pgmox avareinld wlssenidu 6
navlvglaun vialau Wailw wailwea Waila
Tuu woulnleeduazlelevaliuesd Ahmad
uazAMy (2010) L@uedn Luteolin Fadustails
usgdeglunguuasailiu awnsagngaduuy
ﬁuﬁwmaqmﬂuﬂuuazLﬁmé’umﬁ%mﬁﬁu naln
melufiAntufensudsumlansendalidums
veflaviliiAn reactive hydrogen fifiunuvlu
mswdeu Ag” Tndu A’ uandlugud 6A)
uanaNiawnuin rosemarinic acid 18u Wanla
useAiiwulaluily fvylansendaaemyfiieglusy
enol flauiafissaniliAnnsdeusulues
lusuiiaiiosninfegu keto dwaliiifin reactive

hydrogen Yusiidiugislunisduasiziounia

'
=]

uunluuansdagud 6(8) @13 Phenolic wanssagy
6(C)

Wnujisensnenduaigniudsulieglusuailuu

< aa ' a o
Wuluananiivg lensendadsaiuise

WoufulvBlannTausanUl FIRLYNTNASAgTa



UNAIA

MIEATINYNFERNS 1Y, VN 45 Laui 1 45

neslessulinaradusyniaduuily wenaind

TusauAiunuinlunissaiddaieslenaulduy
NUITEURI Xie wazaAng (2007) ladulivgiuin
TusAuanamsefidivglnlsdu nalnuansdagui
6(D) Fanalniusneudeanutuneuie 1) Janes

v a

lopoududu Lewis acid sxduiudidnnsoudlan

Weduueendlauvealnlsdy antu A g3

3i8nnsouan WlsTunasiudewdu Ag 2) lnls-
Fuiifluszquanaziinnisinevesdidnnsoudass
avluseslanfndudutunouiivaeifiuaa
wfesliuluana andudaneslessuaziuiu

9ONTAUVY tyrosyl radical 3) Faleslessuazgn

(A)
+H
-H*
l..meulinelal‘orm
\ U=
OH l;
Ro!t 2o
Prwenalic form innqnz form
31]17; 6

(Duran etal,, 2012) uag (D) Tyrosine residue (Xie et.al.

s

Fignsougulilusneusonun vlraisasuly
aglugUiatiosTu nalnnisdaasieiouniaiun
Tuanfiveteireuanisiagui 7 Jausenaulume
3 Juneu 1) Fanesloesuargninidanaisans
A a [ a all a all a s
nniiguaziinlduingle 2) hndlovesdaiesae
Wansiiulaunateiduoyniaduuilu 3) Tu
seyinniinmsiaulavesiiedeanndueyniaty
a v v [ ] | 1
wiluagiian1ssumiudugusieneeg  wu
nanotubes, nanoprisms, nanohexahedrons v
au uenaniarsnilegluiydavinninngrglv
aunARuululinuadesdnaie (Makarov et
al,, 2014)

o ke
[ “a
f + " N mm
-
- L)

wo u .

“,1\,@_ Y

a

Rosmaric keto Enolform
form
(D)
[ L_,_‘I/W L“"'rd_\
Hy C|Hz
il (1) [ 2 _ " ) [ ]+ .
&‘\v_/ Ay \\__/ \ Ag tH——= k—) Ay +H
{
[

o]

h o
Ag H

ansfitiunumBusisiag (A) luteolin (B) rosemarinic acid (Gan et.al,, 2012) (O) Phenolic

, 2007)



46 KKU Science Journal Volume 45 Number 1

Review

& ®
B /\.I\
OH
@
nsfindamies
L ] . e
.5. \Q/\. msiulneasiiuaies
—_—
. ®
./\&
®

31]17'; 7

2014)

4. NM3EUHLYRUNIIVRBUNIARUUI U

= o

aunAiuunlulinuandalunisdugs

q
¥

g WpsndNuNRuIni la1unse

afd

YoAUN

3

o—

a

uladuredunsdlaunn arenuaudiluns

Ne

q

v
o =~ a =

fududeadunssliinazduluailise W1 use

q

e vileuniaiuuily gninluussendldauls
PENMAINTANY WU WaunIARuwIluAfauaIUY
in3esdonranisunndursiaidesldaruly
Tsmeunaiiietostunsinide indeuifudiidn
wna U lUR L lwdulern naududnidiu wasnay
funszawiiothlusiesms Wudu wikiinalnlu
nsfudegaunidvasounaiuuludslidui
nsuuidalutiogiu udAThinidulfauonquiie
osunsianalniitnandululdsed 1 oyanacu
wluanunsadudadiundagaduasiuaiiouay
A unsninlunielu dawaliinanuidemese
wawaduuAfide shlmAnnsiuuiuivensad
wazfimsavauoymaiuuluuuiuAugadifumg
TwadvesuuaiiFone 2) leeyniaiuuily

(Y a

warueluaieazinisasveuyadasyiuun

¥ v

FaRadeniie
[ ] favreflossu

o HmBravesdared

. aymacuwly

nalnnsdaunsieiouniaRuuluaIndiy (AnkUasain Duran et al, 2012; Makarov et al,

¥
a

Feoyyadasziiianuannsalunisianeidery
wadvliiAngnguty vhatsansdaluanasiieg
aelwwadinlalianunsaviaulaund danalv
wadmeluiign 3 symaduuiluaiuia
UanudesTarioslessudaiu soft base lnuda
noslesauaziufiseniu danesuasneanasa
Faduesdusznevvesiiiue ilosan damles
waznoaneiafandfiu soft add FaUfATen
serinveunaluuluiudauesuasoanesasy
ludnvasnisanuuudule (DNA replication)
wazyiliwadaeludign (Sintubin et al., 2009)
dmivoynaiuuilufidiasgildan

Wlaedrulugazirluldusslvviulunisdiu

a a6 @

LIDYAUNTY LANIAIAITINN 2 GIn15ANWI

AuatunTavetaynialiuultulunisdiuy
\Fogaunidazieuldis Disc diffusion lngasin
amanusalunisdudeqdunidainnisin
YouIATRINISSuSs dreyniauFuuluangn
FudaudoaunadlsunnasiilmAnveuiamnnisdsds

vualvg) A1981908U Das wagamy (2013) La



MIEATINYNFERNS 1Y, VN 45 Laui 1 a7

UnAId
ANYIAINAINTOIUNISTUTUTRLUATIISBYRY  ANEIAINEINTSAbUNISTUTNTDS1 Candida

aunAduulufduasigisivaisainainluua
(Sesbania  grandiflora) WUINEIUITOAIULYD

Salmonella  enterica (gram-negative)  Lae

Staphylococcus — aureus  (gram-positive) 1ae

kg dy a a val I v
aunsadueluafisawnsuauladnidunale
NVBULIAYBINTSTUgINTvuAdURUAUENans
UINNI1 10 mm UARAIUN 8 Singh uavAme
(2013) FuAT1e9 auMARuWIlLINTATRINtY

Tnennslulng (Rhizophora mucronata) was

o

S. enterica

Wuwly (Das et al., 2013)

5. agd

unanuilddnaueiznisduasigi
AUNARUWIWITNA9 Tnggadunisdiaue
WsdueseouniaiuulusgansainInig
idesnnifuiBnsdunseiniduinsdedundon
Funusi waefituneumsduaneifiie awns
AIUANILIALAEIUT TRt UNAR UL TLLAAY

nsUsuasudadereeu pH ANuTNTUYDs

a o ¥

ansafinainiiviuindelavs wavaumgd 1Wudy

v
o

dwsunalnnisduasizieuniaduuiluainiiviy

albicans, Aspergillus fumigatus, Aspergillus
flavus Uag Cryptococcus neoformans t}ﬁﬁﬂlﬁ
Wisuileuauaiuisalunisdiudesives
fluconazole wag itraconazole ﬁI%L?Ju&JWTWL%a
51 U fluconazole uag itraconazole finsway
sufveynaduuily  wudisdudeniiaes
yinfidnrsnansaudvoyniaiuuilud
arwannsalunsiudesmneiialddnduuud

LilanauiveyniaRuuily

S. aureus

YaulAN13dugaude (a) Salmonella enterica Wag (b) Staphylococcus aureus Ya4DUNA

A o

Faladiunnsuuwuds winddnideladauenaln

o e 1 &, o aa &
Asdansizunuraziduldlavaieds wenannil
aunAliuulunduasiziladiainnsainly

Uszgnaldauludiunisduduiagdunidiie

q

W luiduasildlunsdudaiogdunidnelsa
aslusunanssly

v a
LANEA1391994

Ahamed, M., Majeed Khan, M. A, Siddiqui, M. K. J,
AlSalhi, M. S., and Alrokayan, S. A. (2011).

Green  synthesis  characterization  and



48

KKU Science Journal Volume 45 Number 1

Review

evaluation of  biocompatibility of silver
nanoparticles. Physica E: Low dimensional
Systems and Nanostructures 43(6): 1266-
1271.

Ahmad, N., Sharma, S., Alam, M. K, Singh, V. N,

Shamsi, S. F., Mehta, B. R., and Fatma, A.
(2010). Rapid  synthesis of silver nano
particles using dried medicinal plant of basil.
Colloids and Surfaces B: Biointerfaces 81(1):

81-86.

Andreeva, D. (2002). Low temperature water gas shift

Antony,

over gold catalysts. Gold Bulletin 35(3): 82-
88.

J. ), Sithika, M. A. A, Joseph, T. A,
Suriyakalaa,U., Sankarganesh, A., Siva, D., and
Achiraman, S. (2013). In vivo antitumor
activity of biosynthesized silver nano-
particles using Ficus religiosa as a
nanofactory in DAL induced mice model.
Colloids and Surfaces B: Biointerfaces 108:
185-190.

Arunachalam, K. D., and Annamalai, S. K. (2013).

Chrysopogon  zizanioides aqueous extract
mediated  synthesis, characterization of
crystalline silver and gold nanoparticles for
biomedical applications. International

Journal of Nanomedicine 8: 2375-2384.

Arunachalam, R., Dhanasingh, S., Kalimuthu, B,

Uthirappan, M., Rose, C., and Mandal, A. B.
(2012). Phytosynthesis of silver nanoparticles
using Coccinia grandis leaf extract and
its application in the photocatalytic
degradation. Colloids and Surfaces B:

Biointerfaces 94: 226-230.

Balaji, D. S., Basavaraja, S., Deshpande, R., Mahesh, D.

B., Prabhakar, B. K., and Venkataraman, A.
(2009).  Extracellular  biosynthesis  of

functionalized silver nanoparticles by strains

of Cladosporium cladosporioides  fungus.
Colloids and Surfaces B: Biointerfaces 68(1):
88-92.

Bankar, A., Joshi, B., Kumar, A. R, and Zinjarde, S.

(2010). Banana peel extract mediated novel
route for the synthesis of silver
nanoparticles. Colloids and Surfaces A:
Physicochemical and Engineering Aspects

368(1-3): 58-63.

Bar, H., Bhui, D. K,, Sahoo, G. P., Sarkar, P., De, S. P.,

and Misra, A. (2009). Green synthesis of silver
nanoparticles using latex of Jatropha curcas.
Colloids  and  Surfaces A:  Physico-
chemicaland Engineering Aspects 339(1-3):
134-139.

Bindhu, M. R., Sathe, V., and Umadevi, M. (2013).

Synthesis, characterization and SERS activity
of biosynthesized silver nanoparticles.
Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy 115: 409-415.

X, Yan, J-K, and Wu, J-Y. (2016).
Characterization and antibacterial activity of
silver nanoparticles prepared with a fungal
exopolysaccharide in water. Food

Hydrocolloids 53: 69-74.

Cruz, D., Fale, P. L., Mourato, A., Vaz, P. D., Serralheiro,

M. L., and Lino, A. R. (2010). Preparation and
physicochemical characterization of Ag
nanoparticles  biosynthesized by Lippia
citriodora (Lemon Verbena). Colloids and

Surfaces B: Biointerfaces 81(1): 67-73.

Das, J., Paul Das, M., and Velusamy, P. (2013). Sesbania

grandiflora leaf extract mediated green
synthesis of antibacterial silver nanoparticles
against  selected  human  pathogens.
Spectrochimica Acta Part A: Molecular and

Biomolecular Spectroscopy 104: 265-270.



UNAIA

MIEATINYNFERNS 1Y, VN 45 Laui 1

49

Du, L., Xu, Q. Huang, M, Xian, L., and Feng, J.-X.

(2015).  Synthesis  of  small  silver
nanoparticles under light radiation by fungus
Penicillium oxalicum and its application for
the catalytic reduction of methylene blue.

Materials Chemistry and Physics 160: 40-47.

Dwivedi, A. D., and Gopal, K. (2010). Biosynthesis of

siver and gold nanoparticles  using

Chenopodium album leaf extract. Colloids

and Surfaces A: Physicochemical and
Engineering Aspects 369(1-3): 27-33.

A. M., Balaji, K, Girilal, M., Yadav, R,
Kalaichelvan, P. T, and Venketesan, R.

(2010).  Biogenic  synthesis  of  silver

nanoparticles and their synergistic effect
with antibiotics: a study against gram-

positive  and  gram-negative  bacteria.

Nanomedicine: Nanotechnology, Biology and

Medicine 6(1): 103-109.

Gan, P. P, and Lj, S. F. Y. (2012). Potential of plant as a

biological factory to synthesize gold and
silver nanoparticles and their applications.
Science and

Reviews in Environmental

Bio/Technology 11(2): 169-206.

Ghosh, S., Patil, S., Ahire, M., Kitture, R, Kale, S,

Pardesi, K., and Chopade, B. A. (2012).
Synthesis  of silver

bulbifera

nanoparticles  using

Dioscorea tuber extract and

evaluation of its synergistic potential in

combination  with  antimicrobial — agents.

International Journal of Nanomedicine 7:

483-496.

Guidelli, E. J., Ramos, A. P., Zaniquelli, M. E. D., and

Baffa, O. (2011). Green synthesis of colloidal
silver nanoparticles using natural rubber
latex extracted from Hevea brasiliensis.
Spectrochimica Acta Part A: Molecular and

Biomolecular Spectroscopy 82(1): 140-145.

Gurunathan, S., Kalishwaralal, K., Vaidyanathan, R.,

Joshi, P.

Pandian, S. R. K,
(2009).

Venkataraman, D,
Muniyandi, J.,, and Eom, S. H.

Biosynthesis, purification and
characterization of silver nanoparticles using
Escherichia coli. Colloids and Surfaces B:
Biointerfaces 74(1): 328-335.

A., Bonde, S. R, Gaikwad, S. C., Gade, A. K,
Abd-Elsalam, K., and Rai, M. K. (2013).
Comparative Studies on Synthesis of Silver
Nanoparticles by Fusarium oxysporum and
Macrophomina phaseolina and It's Efficacy
and Malassezia furfur.

Against  Bacteria

Journal of Bionanoscience 7(4): 378-385.

Kalishwaralal, K., Deepak, V., Ram Kumar Pandian, S.,

Kamaraj,

Kaviya,

Kottaisamy, M., BarathManiKanth, S,
Kartikeyan, B., and Gurunathan, S. (2010).
Biosynthesis of silver and gold nanoparticles
using Brevibacterium casei. Colloids and
Surfaces B: Biointerfaces 77(2): 257-262.

G, A A,
Velayutham, K., Bagavan, A., Zahir, A. A,, and

C., Rajakumar, Rahuman,
Elango, G. (2012). Feeding deterrent activity
of synthesized silver nanoparticles using

Manilkara zapota leaf extract against the

house fly, Musca domestica (Diptera:
Muscidae). Parasitology Research 111(6):
2439-2448.

S.,  Santhanalakshmi, J., Viswanathan, B.,

Muthumary, J., and Srinivasan, K. (2011).
Biosynthesis of silver nanoparticles using

citrus  sinensis  peel extract and its

antibacterial activity. Spectrochimica Acta
Part A Biomolecular

Molecular  and

Spectroscopy 79(3): 594-598.

Kim, Y., Johnson, R. C.,, and Hupp, J. T. (2001). Gold

Nanoparticle-Based Sensing of “Spectro-



50 KKU Science Journal Volume 45 Number 1

Review

scopically Silent” Heavy Metal lons. Nano
Letters 1(4): 165-167.

Kumar, V., and Yadav, S. K. (2009). Plant-mediated
synthesis of silver and gold nanoparticles
and their applications. Journal of Chemical
Technology & Biotechnology 84(2): 151-157.

Lin, L., Wang, W., Huang, J., Li, Q., Sun, D., Yang, X,
and Wang, Y. (2010). Nature factory of silver
nanowires: Plant-mediated synthesis using
broth of Cassia fistula leaf. Chemical
Engineering Journal 162(2): 852-858.

Loo, Y. V., Chieng, B. W., Nishibuchi, M., and Radu, S.
(2012). Synthesis of silver nanoparticles by
using tea leaf extract from Camellia Sinensis.
International Journal of Nanomedicine T7:
4263-4267.

Lukman, A. I, Gong, B., Marjo, C. E., Roessner, U., and
Harris, A. T. (2011). Facile synthesis,
stabilization, and anti-bacterial performance
of discrete Ag nanoparticles using Medicago
sativa seed exudates. Journal of Colloid and
Interface Science 353(2): 433-444.

Mafuné, F., Kohno, J.-y., Takeda, Y., and Kondow, T.
(2002). Full Physical Preparation of Size-
Selected Gold Nanoparticles in Solution:
Laser Ablation and Laser-Induced Size

Control. The Journal of Physical Chemistry B

106(31): 7575-7577.

Makarov, V. V., Love, A. J,, Sinitsyna, O. V., Makarova, S.

S., Yaminsky, LV., Taliansky, ME., and
Kalinina, N. O. (2014). “Green” nano-
technologies: synthesis of Metal Nano-

particles Using Plants. Acta Naturae 6(1): 35-
a4.

Marciano, A., Chefetz, B., and Gedanken, A. (2008).
Differential adsorption of silver nanoparticles

to the inner and outer surfaces of the Agave

Americana cuticle. The Journal of Physical
Chemistry C 112(46): 18082-18086.

Mishra, A., Tripathy, S. and Yun, S. (2011). Bio-synthesis
of gold and silver nanoparticles from

Candida guilliermondii and theirantimicrobial

effect against pathogenic bacteria. Journal of

Nanoscience and Nanotechnology 11(1):
243-248.

Montazer, M., and Seifollahzadeh, S. (2011). Enhanced
self-cleaning, antibacterial  and uv
protection properties of nano TiO, treated
textile through enzymatic pretreatment.
Journal of Photochemistry and Photobiology
87(4): 877-883.

Mukunthan, K. S., Elumalai, E. K, Patel, T. N., and
Murty, V. R. (2011). Catharanthus roseus: a
natural source for the synthesis of silver
nanoparticles. Asian Pacific Journal of
Tropical Biomedicine 1(4): 270-274.

Nabikhan, A., Kandasamy, K., Raj, A., and Alikunhi, N.
M. (2010). Synthesis of antimicrobial silver
nanoparticles by callus and leaf extracts
from saltmarsh plant, Sesuvium
portulacastrum L. Colloids and Surfaces B:
biointerfaces 79(2): 488-493.

Nanda, A., and Saravanan, M. (2009). Biosynthesis of
silver nanoparticles from Staphylococcus
aureus and its antimicrobial activity against
MRSA and MRSE. Nanomedicine:
Nanotechnology, Biology and Medicine 5(4):
452-456.

Narayanan, K. B., and Sakthivel, N. (2010). Biological
synthesis of metal nanoparticles by
microbes. Advances in Colloid and Interface
Science 156(1-2): 1-13.

Pani, A, Lee, H. J, and Yoon, S., (2016). Autoclave
mediated one-pot-one-minute synthesis of

AgNPs and Au-Ag nanocomposite from



UNAIA

MIEATINYNFERNS 1Y, VN 45 Laui 1 51

Melia  azedarach  bark extract with
antimicrobial activity against food
pathogens: Chemistry Central Journal 10(15):
1-11.

D. (2011). Mangifera Indica leaf-assisted
biosynthesis of well- dispersed silver
nanoparticles. Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy

78(1): 327-331.

Prathna, T. C., Chandrasekaran, N., Raichur, A. M., and

Mukherjee, A. (2011). Biomimetic synthesis
of silver nanoparticles by Citrus limon
(lemon) aqueous extract and theoretical
prediction of particle size. Colloids and

Surfaces B: Biointerfaces 82(1): 152-159.

Raghunandan, D., Mahesh, B., Basavaraja, S., Balaji, S.

D., Manjunath, S. Y., and Venkataraman, A.
(2011). Microwave-assisted rapid
extracellular  synthesis of stable bio-
functionalized silver nanoparticles from
guava (Psidium guajava) leaf extract. Journal

of Nanoparticle Research 13(5): 2021-2028.

Sahu, N., Soni, D., Chandrashekhar, B., Sarangi, B.

Satpute, D., and Pandey, R. (2013). Synthesis
and characterization of silver nanoparticles
using  Cynodon dactylon leaves and
assessment of their antibacterial activity.
Bioprocess and Biosystems Engineering 36(7):

999-1004.

Sathishkumar, G., Gobinath, C., Karpagam, K,

Hemamalini, V., Premkumar, K, and
Sivaramakrishnan, S. (2012). Phyto-synthesis
of silver nanoscale particles using Morinda
citrifolia L. and its inhibitory activity against
human pathogens. Colloids and Surfaces B:

Biointerfaces 95: 235-240.

Sathishkumar, M., Sneha, K, and Yun, Y.-S. (2010).

Immobilization  of  silver  nanoparticles

synthesized using Curcuma longa tuber
powder and extract on cotton cloth for
bactericidal activity. Bioresource Technology

101(20): 7958-7965.

Saxena, A., Tripathi, RM. and Singh, R.P. (2010).

Biological synthesis of silver nanoparticles
by using onion (Allium cepa) extract and
their antibacterial activity. Digest Journal of
Nanomaterials and Biostructures 5(2): 427-

432.

Shameli, K., Ahmad, M. B., Zamanian, A., Sangpour, P.,

Shabanzadeh, P., Abdollahi, Y., and Zargar,
M. (2012). Green biosynthesis of silver
nanoparticles using Curcuma longa tuber
powder. International Journal of

Nanomedicine 7: 5603-5610.

Shankar, S. S., Rai, A, Ahmad, A., and Sastry, M. (2004).

Rapid synthesis of Au, Ag, and bimetallic Au
core-Ag shell nanoparticles using Neem
(Azadirachta indica) leaf broth. Journal of
Colloid and Interface Science 275(2): 496-
502.

Sheny, D. S., Mathew, J, and Philip, D. (2011).

Phytosynthesis of Au, Ag and Au-Ag
bimetallic nanoparticles using aqueous
extract and dried leaf of Anacardium
occidentale. Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy

79(1): 254-262.

Singh, M., Kumar, M., Kalaivani, R., Manikandan, S., and

Kumaraguru, A. K. (2013). Metallic silver
nanoparticle: a therapeutic agent in
combination with antifungal drug against
human fungal pathogen. Bioprocess and

Biosystems Engineering 36(4): 407-415.

Sintubin, L., De Windt, W., Dick, J., Mast, J., van der Ha,

D., Verstraete, W., and Boon, N. (2009).

Lactic acid bacteria as reducing and capping



52

KKU Science Journal Volume 45 Number 1

Review

Sintubin,

agent for the fast and efficient production of
silver nanoparticles. Applied Microbiolology
and Biotechnology 84(4): 741-749.

L., Verstraete, W., and Boon, N. (2012).
Biologically produced nanosilver: Current
state and future perspectives. Biotechnology

and Bioengineering 109(10): 2422-2436.

Subba Rao, Y., Kotakadi, V. S., Prasad, T. N. V. K. V,,

Reddy, A. V., and Sai Gopal, D. V. R. (2013).
Green synthesis and spectral
Characterization of silver nanoparticles from
Lakshmi tulasi (Ocimum sanctum) leaf
extract. Spectrochimica Acta Part A:

Molecular and Biomolecular Spectroscopy

103: 156-159.

Tripathy, A., Raichur, A, Chandrasekaran, N., Prathna,

T. C, and Mukherjee, A. (2010). Process
variables in biomimetic synthesis of silver
nanoparticles by aqueous extract of
Azadirachta indica (Neem) leaves. Journal of

Nanoparticle Research 12(1): 237-246.

Veerasamy, R., Xin, T. Z., Gunasagaran, S., Xiang, T. F.

W., Yang, E. F. C, Jeyakumar, N., and
Dhanaraj, S. A. (2011). Biosynthesis of silver
nanoparticles using mangosteen leaf extract
and evaluation of their antimicrobial
activities. Journal of Saudi Chemical Society

15(2): 113-120.

Vivek, R., Thangam, R., Muthuchelian, K., Gunasekaran,

P., Kaveri, K, and Kannan, S. (2012). Green
biosynthesis of silver nanoparticles from

Annona squamosa leaf extract and its in

aaaaa

vitro cytotoxic effect on MCF-7 cells.

Process Biochemistry 47(12): 2405-2410.

Wang, J. C., Neogi, P., and Forciniti, D. (2006). On one-

dimensional self- assembly of surfactant-
coated  nanoparticles.The  Journal  of

Chemical Physics 125(19): 194717-6

Xie, J., Lee, J. Y., Wang, D. I. C,, and Ting, Y. P. (2007).

Silver Nanoplates: From Biological to
Biomimetic Synthesis. ACS Nano 1(5): 429-
439.

Yuvarajan, R., Natarajan, D., Ragavendran, C., and

Jayavel, R. (2015). Photoscopic charac-
terization of green synthesized silver
nanoparticles from Trichosanthes
tricuspidata and its antibacterial potential.
Journal of Photochemistry and Photobiology

B: Biology 149: 300-307.

Zargar, M., Hamid, A. A., Bakar, F. A., Shamsudin, M. N.,

Shameli, K., Jahanshiri, F., and Farahani, F.
(2011). Green synthesis and antibacterial
effect of silver nanoparticles using vitex

negundo L. Molecules 16(8): 6667-6676.

Zhang, H., Li, Q., Lu, Y., Sun, D,, Lin, X., Deng, X., and

Zheng, S. (2005). Biosorption and
bioreduction of diamine silver complex by
Corynebacterium.  Journal of  Chemical

Technology & Biotechnology 80(3): 285-290.

Zielinska, A., Skwarek, E., Zaleska, A., Gazda, M., and

Hupka, J., (2009). Preparation of silver
nanoparticles with controlled particle size.

Procedia Chemistry 1: 1560-1566.



