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ABSTRACT

Nanoparticles are an important field of research due to their unique
properties as compared to their bulk structures and the diverse applications
arising from these properties. The major synthesis methods available involve
physical and chemical methods which are expensive and use toxic chemicals.
There is hence a need for an eco-friendly synthesis route which is in par with the
chemical methods. Green synthesis or biosynthesis is a good alternative where
plants or microbes are used to assist nanoparticle synthesis, thereby reducing
toxicity. Usually, biosynthesis is done for metallic nanoparticles, especially gold.
In this paper, plant extract mediated synthesis of gold nanoparticles and the

factors affecting the synthesis are discussed.
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INTRODUCTION

Nanoparticles are gaining wide importance
owing to their unique electrical, optical, magnetic
and mechanical properties which can be exploited
for diverse applications. Synthesis of nanoparticles
is hence a major field of research. Common
synthesis techniques involve physical methods such
as ball milling, evaporation etc. and chemical
methods such as chemical reduction,
electrochemical reduction etc. [1]. However, these

methods have the disadvantage that they are

expensive, utilize toxic chemicals and also lead to
wastage of chemicals. The toxicity factor is
especially significant in the case of application of
nanoparticles in medicine wherein they interact with
living cells. Therefore, there is a need for an
alternative synthesis route which is environment-
friendly. Biosynthesis is a promising field which
involves microbes (bacteria, virus, fungi) or plants
to mediate the synthesis process. Microorganism-
mediated synthesis however requires preparing

several cultures which is time-consuming. Plant-
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mediated synthesis is faster, simple to perform and
can be scaled up easily [2].

Green synthesis usually focuses on metal
nanoparticles, especially gold and silver. Gold
nanoparticles (GNP) have tunable optical and
electrical properties. They exhibit the phenomena of
Surface Plasmon Resonance (SPR) which is used in
diagnostic probes, drug delivery and sensors. They
also have applications in optoelectronics and
catalysis. The main advantage of their use in
biological systems is the excellent biocompatibility
and non-toxicity. Anti-microbial effects of gold
nanoparticles have also been studied. They may
exist in different shapes such as spherical,
nanotriangles, nanoplates, nanoprisms, nanowires
hexagons etc. The shape and size highly influence

properties, especially optical properties [3].

Plants: An effective source

As mentioned earlier, plant extract
mediated synthesis is fast and simple. It avoids the
presence of toxic or redundant chemicals and is in
keeping with principles of Green synthesis. The
phytochemicals present in plants are responsible for
reducing the metal ions. This process is called
bioreduction. In the case of GNPs, reduction of
chloroauric acid is done by the biomolecules in
plants. The plant extract may be from the leaves,
bark, flower, seed or any other part of the plant. The
extract may act as both reducing and stabilizing

agent in some cases.

Factors affecting biosynthesis

One of the major factor affecting the size
and morphology of the resultant GNPs s
temperature. It also controls dispersion of particles.
For instance, GNPs synthesized using cumin seed
powder extract were found to have nanoplatelet

structure when synthesised at 20°C, spherical

structure at 100°C and polydispersed at room
temperature synthesis with pH=3. All particles had
size around 1-10 nm. Varying the temperature can
hence tune the shape, size and morphology of GNPs

[4]

Other factors affecting synthesis are pH,
concentration of salt, concentration of the extracts
and presence of ions such as chloride, iodide etc. In
one study using Cinnamomumzeylanicum, at lower
extract concentrations gold nanoprisms dominated
whereas at higher concentrations of extract,
spherical particles dominated [5].pH variations for
shape control have also been extensively studied
[2,24].

Plants used for biosynthesis of GNP

The  phytochemistry and  medicinal
properties are usually considered while selecting the
plant. Researches on different plants for
biosynthesis are going on so as to improve the yield,
size distribution, dispersion, etc. of the particles and
reaction rate. Some plants used in the synthesis of

gold nanoparticles were show in Table 1.

Leaf extracts

The leaf extract of Azadirachtaindica,
commonly known as Neem, is widely used for
reducing gold ions. It involves a simple procedure.
Leaves are finely cut and boiled in water. A small
guantity of the broth is then incubated with 1mM
hydrogen tetra chloroaurate solution at room
temperature for 1-2 hrs. The gold nanoparticle
solution thus obtained is purified by repeated
15,000

Supernatant is discarded and the pellet is dissolved

centrifugation at rom for 20 min.
in deionised water. The GNPs thus formed showed
a broad size distribution [6].Coriander leaf extract
assisted reduction resulted in GNPs with average

size of 6.75-57.91 nm. But the reaction time was
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long, about 1-2 hours [7].Aqueous leaf extract of
Cassia auriculataassisted in synthesis of stable
triangular and spherical GNPs with size of 15-25
nm. The plant possesses antidiabetic potential and
hence anti-hyperglycemic effects may be promoted
[8].The
Artocarpusheterophyllus Lam leaf extract on the

by these particles effects  of
morphology of obtained GNPs were investigated in
a study. The GNPs present included 64 + 10 nm
nanospheres, 131 + 18 nm nanoflowers, and 347 +
136 nm (edge length)

[9].Gymnemasylvestraleaf extract produced 1-90

nanoplates

GNPs.  Their
properties  for

nm  spherical anticancer and

antioxidant application  in
nanomedicine were evaluated [10].Bioreduction
with the aqueous extract of the seaweed,
Sargassammyriocystum, lead to spherical GNPs
with average size of 10-23 nm. Due to its heparin-
like activity, it has potential application in
cardiovascular systems [11].Apart from these, leaf
extracts of several other plants such as Aloe vera
[12], Rosa rugosa[13] and others [14-24] have been

utilized for bioreduction.

Table 1: Some plants used in the synthesis of gold nanoparticles

Extract Plant A\ngags (Sn' rZr?) of Shape Reference
Leaf Azadirachtaindica 2-100 - 6
Coriander 6.75-57.91 Spherical 7
Cassia auriculata 15-25 Triangular, spherical 8
Artocarpusheterophyllus 64 + 10, 131 + 18, | Nanospheres, 9
347 + 136 resp. nanoflowers, nanoplates
Gymnemasylvestra 1-90 Spherical 10
Sargassammyriocystum 10-23 Spherical 11
Aloe vera - Nanotriangle 12
Rosa rugosa 11 - 13
Phyllanthusamarus 65-99 Spherical 14
Jasminumnervosum 2-20 - 15
Coleus amboinicus 4.6-55.1 Spherical, triangle, 19
truncated triangle,
decahedral, hexagonal
Dalbergiasissoo 5-55 Triangular, spherical 22
Centellaasiatica 9.3-10.9 Spherical 23
Achyranthesaspera 50-80 Spherical 24
Ocimum sanctum 30 Hexagonal 17
Cinnamomumzeylanicum - Nanoprisms, nanospheres | 5
Fruit Citrus limon 32.2 Polyshaped 25
Citrus reticulate 43.4 Polyshaped 25
Citrus sinensis 56.7 Polyshaped 25
Ananascomosus 5-15 Spherical 26
Bark Saracaindica 15-23 Polyshaped 27
Flower Mirabilis jalapa 60-70 Multishaped 28
Rosa hybrida 10 Spherical, triangular, 29
hexagonal
Nyctanthesarbortristis 14.8-24.8 Spherical 30
Seed Cumin 1-10 Nanoplatelets, spherical 4
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Fruit extracts

Citrus fruits have also been effectively used
to reduce gold ions from HAuCI,. Juice extracts
from Citrus limon, Citrus reticulata and Citrus
sinensiswere utilized. They also stabilize the
nanoparticles formed. The average sizes of the
GNPs were 32.2 nm, 434 nm and 56.7 nm
respectively. Various shapes and sizes (polymorphic
GNP) were obtained by altering the ratio of extract
to HAuCI, [25].Ananascomosus(pineapple) fruit
extract mediated synthesis produced GNPs with
spherical morphology and average size range of 5-
15 nm. The reduction reaction was slow and took

about 3-4 hours for completion [26].

Bark extract

An efficient green synthesis method for
GNP was done wusing the bark extract of
Saracaindica. It required no additional stabilizing or
capping agent. The polyphenolic compounds
present in the bark extract were responsible for the
reducing effect. Polyshaped GNPs with size range

of 15-23 nm were obtained [27].

Flower extracts

Flower extract of Mirabilis jalapawas used
to synthesize GNPs with multi shaped morphology.
However they had a broad size distribution and the
reaction took 1-2 hours to get completed [28].Green
synthesis using aqueous extract of Rosa
hybridapetals gave GNPs with polydispersed
morphologies (spherical, triangular and hexagonal)
with an average size of 10 nm. The reaction time
was only 5 min [29].The strong reducing and
capping potential of Nyctanthesarbortristisflower
extract have been explored. The GNPs synthesized

had dominant spherical morphology with an

average diameter of 14.8-24.8 nm. The particles
were also found to be stable upto 6 months [30].

CONCLUSION

In this paper, the process of plant-
extract  mediated  synthesis of  gold
nanoparticles, the factors affecting synthesis
and various plant sources used have been
discussed. Green synthesis is the preferred
methodspecifically ~ for  applications in
medicine, as it is biocompatible and less toxic.
Mostly leaf extracts are used for reducing gold
ions. The reaction time depends on the reducing
power of the extracts,varying from 10 mins
with cypress leaf extract to few hours with
coriander leaf extract. Some extracts can also
stabilize the particles formed. GNPs obtained
from medicinal plants or herbs have potential in

the field of nanomedicine.

REFERENCES

1. Guozhong Cao, Nanostructures and
Nanomaterials, Imperial College Press:
1-14, (2004).

2. Hasna Abdul Salam, Rajiv P., Kamaraj

M., Jagadeeswaran P.,
SangeethaGunalan and  Rajeshwari
Sivaraj, Plants: Green Route for

Nanoparticle Synthesis. International

Research  Journal of  Biological
Sciences, I. Res. J.

Sci.1(5):85-90, (2012)

Biological

PLANT EXTRACT MEDIATED SYNTHESIS OF GOLD NANOPARTICLES: A MINI-REVIEW -

S.T.Gopukumar, Princy Alexander and R. Jeniffa

T.K. Sana Fathima,
2015 Vol. 3 (Issue 4) Page 89



. S.L.Smitha,

. Guozhong Cao, Nanostructures and
Nanomaterials, Imperial College Press:
391-397, (2004).

Krishnamurthy Sneha,
Sathishkumar, Shi Yn Lee, Min A. Bae,

and Yeoung-Sang Yun, Biosynthesis of

Muthuswamy

Au Nanoparticles Using Cumin Seed
Powder Extract. Journal of Nanoscience
and Nanotechnology, 11: 1811-1814,
(2011)

Daizy Philip,
K.G.Gopchandran, Green synthesis of
gold nanoparticles using Cinnamomum
zeylanicum leaf broth. Spectrochimica
Acta Part A:
Biomolecular Spectroscopy, 74(3): 735-
739, (2009).

. A Thirumurugan,

Molecular and

Jiflin.G.J,
Rajagomathi.G, NeethuAnnsTomy,
S.Ramachandran, and

R.Jaiganesh, Biotechnological synthesis

of gold nanoparticles of
Azadirachtaindica leaf extract.
International Journal of Biological

Technology, 1(1): 75-77, (2010)
K.Badri N.Sakthivel,

Coriander leaf mediated biosynthesis of

Narayanan,

gold nanoparticles. Materials Letters,
62(30): 4588-4590, (2008)

. V.Ganesh Kumar, S.DieshGokavarapu,
A.Rajeswari, T.Stalin Dhas, V.Karthick,
Kapadia, Tripti  Shrestha,
I.A.Barathy, Anindita Roy, Sweta

Zainab

Sinha, Facile green synthesis of gold

nanoparticles using leaf extract of

10.

11.

12.

13.

PLANT EXTRACT MEDIATED SYNTHESIS OF GOLD NANOPARTICLES: A MINI-REVIEW -
S.T.Gopukumar, Princy Alexander and R. Jeniffa

antidiabetic potent Cassia auriculata.
Colloids and Surfaces B: Biointerfaces,
87(1): 159-163, (2011)

Xinde Jiang, Daohua Sun, Genlei
Zhang, Ning He, Hongyu Liu, Jiale
Huang, TarequeOdoom-Wubah
,Qingbiao Li, Investigation of active
biomolecules involved in the nucleation
and growth of gold nanoparticles by
Artocarpus heterophyllus Lam leaf
extract. 15:1741,
(2013).

Jayachandra Reddy Nakkala, Rani

Mata, EktaBhagat, Sudha Rani Sadras,

J Nanopart Res,

Green synthesis of silver and gold
nanoparticles from Gymnemasylvestre
leaf extract: study of antioxidant and
anticancer activities. J Nanopart Res,
17:151, (2015).

T. Stalin Dhas, V. Ganesh Kumar, L.
Stanley Abraham, V. Karthick, K.
Govindaraju,  Sargassummyriocystum
mediated  biosynthesis  of  gold
nanoparticles. Spectrochimica Acta Part
A: Molecular and Biomolecular
Spectroscopy, 99: 97-101, (2012).
Chandran SP, Chaudhary M, Pasricha
R, Ahmad A, Sastry M, Synthesis of
gold nanotriangles  and silver
nanoparticles using Aloe vera plant
extract. Biotechnol Prog., 22(2): 577-
83, (2006).

Shashi Prabha Dubey, Manu Lahtinen,
Mika Sillanp4a, Green synthesis and

characterizations of silver and gold

T.K. Sana Fathima,
2015 Vol. 3 (Issue 4) Page 90


http://www.ncbi.nlm.nih.gov/pubmed/?term=Chandran%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=16599579
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chaudhary%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16599579
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pasricha%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16599579
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pasricha%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16599579
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pasricha%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16599579
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmad%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16599579
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sastry%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16599579

14.

15.

16.

17.

nanoparticles using leaf extract of Rosa
rugosa. Colloids and Surfaces A:
Physicochem. Eng. Aspects, 364: 34—
41, (2010)

Annamalai A., Sarah Thomas Babu, Niji
Anna Jose, D.Sudha, Christina V.Lyza,
Biosynthesis and characterization of
silver and gold nanoparticles using
leaf extraction of
PhyllanthusamarusSchum. &Thonn.
World Applied Sciences Journal 13(8):

1833-1840, (2011).

aqueous

H.Lallawmawma, Gnanasekar
Sathishkumar, Subburayan Sarathbabu,
SouvikGhatak Sivaperumal
Sivaramakrishnan, Guruswami

Gurusubramanian, Nachimuthu Senthil
Kumar, Synthesis of silver and gold
nanoparticles using Jasminumnervosum
leaf extract and its larvicidal activity
against filarial and arboviral vector

Culexquinquefasciatus Say (Diptera:

Culicidae). Environ SciPollut Res,
(2015).
D.Raju, Urmil J. Mehta, Sulekha Hazra,

Synthesis of gold nanoparticles by
various leaf fractions of Semecarpus
anacardium L. tree. Trees, 25(2): 145-

151, (2010)

Daizy Philip, C.Unni, Extracellular
biosynthesis of gold and silver
nanoparticles using  Krishna tulsi

(Ocimum sanctum) leaf. Physica E:

Low-dimensional Systems and

18.

19.

20.

21.

22.

PLANT EXTRACT MEDIATED SYNTHESIS OF GOLD NANOPARTICLES: A MINI-REVIEW
S.T.Gopukumar, Princy Alexander and R. Jeniffa

Nanostructures, 43(7): 1318-1322,
(2011)

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

A.Venkataraman, Biosynthesis of Stable
Polyshaped Gold Nanoparticles from

Microwave-Exposed Aqueous
Extracellular ~ Anti-malignant Guava
(Psidiumguajava) Leaf Extract.

NanoBiotechnology, 5(1): 34-41, (2009)
Kannan Badri Narayanan and Natarajan
Sakthivel,

nanoparticles using

Phytosynthesis of gold
leaf extract of
amboinicusLour.  Materials

61(11):1232-1238,

Coleus
Characterization,

(2010).
Masumeh  Noruzi, Davood Zare,
Daryoush Davoodi, A rapid

biosynthesis route for the preparation of
gold nanoparticles by aqueous extract of
cypress leaves at room temperature.
Spectrochimica Acta Part A: Molecular
and Biomolecular Spectroscopy, 94: 84-
88, (2012).

Daizy Philip, Green synthesis of gold
and  silver

nanoparticles  using

Hibiscusrosasinensis. Physica E: Low-

dimensional Systems and
Nanostructures,  42(5): 1417-1424,
(2010).

Chandan Singh, Ritesh K. Baboota,
Pradeep K. Naik, Harvinder Singh,
Biocompatible synthesis of silver and

gold nanoparticles using leaf extract of

- T.K. Sana Fathima,
2015 Vol. 3 (Issue 4) Page 91



23.

24,

Dalbergiasissoo. Adv. Mat. Lett., 3(4):
279-285, (2012)
Ratul

Kumar Bibhuti

Borthakur, Utpal Bora, Green synthesis

Das, Bhusan
of gold nanoparticle using ethanolic leaf
extract of Centellaasiatica. Materials
Letters, 64: 1445-1447, (2010).

Alok Tripathi,

Arvind Kumar, Toxicity evaluation of

Sarika Kumari and

pH dependent stable Achyranthesaspera
herbal gold nanoparticles. AppINanosci,

27.

28.

evaluation of biological activities. Adv.
Mat. Lett., 4(5): 332-337, (2013).

Shib Shankar Dash, RakhiMajumdar,
ArunKanti Sikder, Braja Gopal Bag,
Biplab Kumar Patra, Saracaindica bark
extract mediated green synthesis of
polyshaped gold nanoparticles and its
application in catalytic reduction.
Applied Nanoscience, 4(4): 485-490,
(2014).

Padma S Vankar and Dhara Bajpai,

(2015) Preparation of gold nanoparticles from
25. MohananV.Sujitha and Mirabilis jalapaflowers. Indian Journal

Soundarapandian Kannan, Green of Biochemistry & Biophysics, 47: 157-

synthesis of gold nanoparticles using 160, (2010).

Citrus fruits (Citrus limon, Citrus 29. Masumeh  Noruzi, Davood Zare,

reticulata and Citrus sinensis) aqueous Kamyar  Khoshnevisan,  Daryoush

extract and its  characterization.
Spectrochimica Acta Part A: Molecular
and Biomolecular Spectroscopy, 102:

15-23, (2013)

Davoodi, Rapid green synthesis of gold
nanoparticles using Rosa hybrida petal
extract at

room temperature.

Spectrochimica Acta Part A, 79: 1461-

26. Nagaraj Basavegowda,  Agnieszka 1465, (2011).
Sobczak-Kupiec, Dagmara Malina, 30. Ratul Kumar Das, Nayanmoni Gogoi,
Yathirajan H.S., Keerthi V.R,, Utpal Bora, Green synthesis of gold

Chandrashekar N., Salman Dinkar, Liny
P., Plant mediated synthesis of gold
nanoparticles using fruit extracts of

Ananascomosus (L.) (pineapple) and

nanoparticles using
Nyctanthesarbortristis flower extract.
Bioprocess and

Engineering, 34(5): 615-619, (2011).

Biosystems

e ———
PLANT EXTRACT MEDIATED SYNTHESIS OF GOLD NANOPARTICLES: A MINI-REVIEW - T.K. Sana Fathima,
S.T.Gopukumar, Princy Alexander and R. Jeniffa 2015 Vol. 3 (Issue 4) Page 92



