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Introduction 

Noble metal nanoparticles such as gold, silver and 
platinum are particularly interesting due to their size 
and shape dependent unique optoelectronic 
properties [1]. Among these, gold nanoparticles  are  
the  most  extensively  studied  materials  due  to  
their  unique  and tunable  surface  plasmon  
resonance  (SPR) and potential applications in 
nonlinear optics, catalysis, electronics and other 
domains of high technology and medicine [2-4]. The 
controlled synthesis of gold nanoparticles of well-
defined size, shape and composition, to be used in 
biomedical field is a big challenge [5]. The most 
common synthesis of AuNPs is the chemical 
reduction of a ionic gold in aqueous phase by a 
chemical reducing agent such as NaBH4, citrate, and 
ascorbate [6]. 1But hazardous effects of such 
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reducing agents applied for synthesis of AuNPs on 
environment, encouraged researchers to develop 
eco-friendly methods for preparation of gold 
nanoparticles [7, 8]. Recently, a number of 
researchers are focusing towards the biosynthesis 
methods, which can offer a reliable, non-toxic and 
environmentally benign alternative to chemical and 
physical methods. Among the biosynthesis methods, 
plant mediated synthesis of nanoparticles is gaining 
importance due to its simplicity and eco-friendliness 
because it does not require the elaborate process of 
maintaining cell cultures. The plant mediated 
synthesis of AuNPs attracts an increasing interest 
due to their ease  synthesis, simplicity, eco-
friendliness and novel physico-chemical properties as 
compared with those of bulk particles, that allow 
AuNPs in various biomedical applications such as, 
treatment of cancer and diabetes and also used as 
good source of antioxidant and antimicrobial agents 
[9-12].  

Abstract 

Biosynthesis of gold nanoparticles (AuNPs) using plant extract have  been  suggested  as  possible  
eco-friendly  alternatives  to  chemical  and  physical  methods. Present study reports a green 
chemistry approach for the synthesis of AuNPs using the aqueous leaf extract of mulberry (Morus 
alba L.). The synthesized AuNPs were characterized by UV–Vis spectroscopy, high-resolution 
transmission electron microscopy (HR-TEM) and selected area electron diffraction (SAED) analyses. 
UV–visible spectroscopic studies confirm the formation of AuNPs  through  color  conversion  due  to  
surface  plasmon  resonance  band  at  537  nm. The  results  obtained from HR-TEM revealed  that  
the synthesized  AuNPs  were  in  the  size range  of  15-53  nm.  Further, SAED pattern clearly show 
the pure crystalline nature of the synthesized AuNPs. Furthermore, biosynthesized AuNPs 
nanoparticles exhibited strong antioxidant activity such as DPPH radical and hydroxyl radical 
scavengers compared to the mulberry leaf extract alone. In addition, the biosynthesized AuNPs shows 
good antifungal activity against human pathogenic fungi (Candida albicans and Candida glabrata).  
Therefore, the present study thus suggests that the preparation of AuNPs using mulberry leaf extract 
provides strong antioxidant and antifungal activity and it has great potential in the preparation of 
drugs for various diseases. 
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In  the  present  study,  single  step  synthesis  of  the  
AuNPs  is presented  by  reduction  of  chloroauric  
acid  (HAuCl4)  at  room temperature  with  mulberry 
(Morus alba L.)  leaf extract. Mulberry leaves are rich 
in many nutritional components including flavonoid, 
which is known as a powerful polyphenol and 
antioxidant [13].  In addition, chemistry of mulberry 
leaves enumerate that it contains some antimicrobial 
agents like kuwanon G and leachianone etc [14]. In 
previous reports, different parts of mulberry from the 
root bark to the leaves have been extensively 
investigated for their health benefits, including anti-
oxidative, hypo-lipidaemic, anti-hyperglycemic, anti-
atherogenic, anti-viral, and              anti-microbial 
and neuro-protective effects [15]. Hence,  the 
present  study  involves  with  the  synthesis  and  
characterization of  Mulberry leaf  mediated  
synthesis  of  AuNPs  and  evaluating the  antioxidant        
(DPPH  and  hydroxyl  radical  scavenging  assay) and  
antifungal  effect  of  biosynthesized  AuNPs  against  
human pathogenic fungi such as Candida albicans 
and Candida glabrata in comparison to the  mulberry 
leaf  extract. 

Materials and Methods  

Materials 

The mulberry (Morus alba L.) leaves were obtained 
from Sericulture Farmers Training Centre at 
Jayankondapattinam, Tamilnadu, India. Hydrogen 
tetra chloroaurate (III) hydrate (HAuCl4.3H2O) was 
purchased from Sigma-Aldrich Chemicals, Bangalore, 
India and used as-received. Potato dextrose agar 
(PDA) for anti-fungal activity was purchased from Hi-
Media, Mumbai, India. All other reagents used in the 
reaction were of analytical grade with maximum 
purity. All aqueous solutions were prepared using         
de-ionized water.  

Preparation of Leaf Extracts  

The fourth and fifth leaves from the apex of the 
healthy plants were plucked and washed with     de-
ionized water until no foreign material remained. The 
leaves were shade-dried for 5 days and ground into 
fine powder using an electrical blender. The 
powdered samples were stored in an air tight 
container and protected from sunlight for further 
use. 10 g of leaf powder was taken and mixed with 
100 ml of     de-ionized water and kept in a boiling 
water bath at 60 ºC for 15 min. The extracts were 
filtered with Whatman filter paper no. 1. The filtered 

extract was stored in a refrigerator for further 
experiments as reducing agent and stabilizer. 

Biosynthesis of Gold Nanoparticles 

For the biosynthesis of AuNPs, mulberry leaf extract 
(1 mL) was added to a vigorously stirred 10 mL 
aqueous solution of 2×10–4 M HAuCl4. 3H2O and 
stirring continued for 1min. Reduction takes place 
slowly at room temperature and the reaction rate 
was completed in 4 h as shown by stable purple-pink 
color of the solution. Appearance of purple-pink 
color (Fig.1) in the reaction confirmed the formation 
of MAuNPs and there was no further color change.   

Characterization of AuNPs 

UV–Vis Spectral Analysis 

The reduction of pure Au3+ ions was routinely 
monitored by visual inspection as well as the optical 
absorption spectra of biosynthesized AuNPs. UV-Vis 
absorption spectrum of the biosynthesized AuNPs 
was done in UV-Vis spectrophotometer (Shimadzu 
UV-1650) in a wave length range from 200 nm to 800 
nm. 

Transmission Electron Microscopy 

The size and shape of the particles were measured 
with high resolution transmission electron 
microscope (HR-TEM) using PHILLIPS TECNAI G2 FEI 
12 Model equipped with selected area electron 
diffraction pattern (SAED) operating at an 
accelerating voltage of 200 kV. A specimen for HR-
TEM sample was made by placing a drop of 
suspension on a carbon coated copper grid and the 
excess solution was removed by tissue paper and 
allowed to air dry at room temperature for overnight. 

Free Radical Scavenging Activity 

1-Diphenyl-2-Picrylhydrazyl (DPPH) Assay 

Biosynthesized AuNPs and  mulberry leaf extract  
were  tested  for  the  scavenging  effect  on  DPPH  
radical  according  to  the  method  of  Blois  [16].  
Different  concentrations (50,  100  and  150 µ L)  of  
mulberry leaf extract  and biosynthesized  AuNPs  
were  added,  in  equal  volume,  to  0.1  mM 
methanolic  DPPH  solution.  The  reaction  mixture  
was  incubated for  30  min  at  room  temperature  
under  shaking  condition  and  the absorbance  was  
recorded  at  517  nm.  The  synthetic  antioxidant 
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butyl  hydroxyl  toluene  (BHT)  was  used  as  
positive  control.  All determinations were performed 
in triplicate.  The  DPPH  radical scavenging  activity  
(RSA)  was  expressed  in  percentage  of  inhibition 
using  the  following  formula 

RSA (%) = 






 

 A

AA

control

samplecontrol x 100 

Hydroxyl Radical Scavenging Assay 

Hydroxyl  radicals  were  generated  by  a  Fenton  
reaction  system (Fe3+ -ascorbate  -EDTA  H2O2)  and  
the  scavenging  capacity  towards the  hydroxyl  
radical  was  measured  by  using  a  deoxyribose  
method (Halliwell)  [17].  The reaction mixture 
contained 0.8 mL of   phosphate  buffer  solution                          
(50  mmol  L−1,  pH  7.4),  0.2  mL  of  a  sample of  
different  concentrations  (50,  100  and  150  µL),       
0.2  mL  of  EDTA (1.04  mmol  L−1),  0.2  mL  of  FeCl3 
(1  mmol  L−1),  and  0.2  mL  of  2- deoxyribose      
(60  mmol  L−1).  The mixtures were kept in a water 
bath at  37 ºC  and  the  reaction  was  started  by  
adding  0.2  mL  of  ascorbic acid  (2  mmol  L−1)  and  
0.2  mL  of  H2O2 (10  mmol  L−1).  After  incubation  
at     37 ºC  for  1h,  2  mL  of  cold  thiobarbituric  
acid  (10  g  L−1)  was added  to  the  reaction  
mixture  followed  by  2  mL  of  HCl  (25%).  The 
mixture  was  heated  at  100 ºC  for  15  min  and  
then  cooled  down with  water.  The  absorbance  of  
the  solution  was  measured  at  532  nm with  a  
spectrophotometer.  The  hydroxyl  radicals  
scavenging  capacity  were  evaluated  with  the  
inhibition  percentage  of 2-deoxyribose oxidation on 
hydroxyl radicals. The scavenging percentage was 
calculated according to the following formula. 

% Scavenging = [A0 − (A1 − A2)] × 100/A0 

where  A0 is  the  absorbance  of  the  control  
without  a  sample,  A1 is the absorbance after 
adding the sample and deoxyribose and A2 is the  of  
the  sample  without  deoxyribose. 

Antifungal Activity 

The antifungal activity of biosynthesized AuNPs and 
aqueous leaf extract were evaluated against two 
human pathogenic fungi (Candida albicans MTCC 
227 and (Candida glabrata MTCC 3019) by disc 
diffusion method [18].  Potato dextrose agar (PDA) 
plates were prepared, sterilized and solidified. After 
solidification fungal cultures were swabbed on these 

plates. The discs of AuNPs (100µL), aqueous leaf 
extract (100µL) and standard drug (Amphotericin-B) 
(100µL) were placed on the PDA plates. 
Amphotericin-B was used as positive control to 
compare the results. PDA plates were subsequently 
kept at 30 ºC for 48 hours. The antifungal activity was 
evaluated by measuring the zone of growth 
inhibition surrounding the discs with the help of an 
antibiotic zone reader.   

Statistical Analysis 

Data were analyzed by one-way analysis of variance 
(ANOVA) and significant difference among treatment 
groups were evaluated by Duncan’s multiple range 
test (DMRT) by using statistical package of social 
science (SPSS) version 17.0 for windows. Values were 
considered as statistically significant when p < 0.05. 

Results  

Characterization of Biosynthesized Gold 
Nanoparticles (AuNPs)  

A band observed in UV–visible spectrum (Fig. 2) 
corresponding to the surface plasmon resonance 
occurs at 538 nm and clearly indicates the formation 
of AuNPs. The size and morphology of the              
as-synthesized AuNPs were analyzed by transmission 
electron microscope (TEM), which shows nearly 
spherical particles and few irregular shaped particles 
with a diameter of around 15-53 nm (Fig. 3 (a)). SAED 
pattern shows (Fig.3 (b)) the  diffraction ring  from  
inner  to  outer  which  can  be  indexed  as  (1  1  1),  
(2  0  0), (2  2  0) and   (3  1  1)  reflections  
respectively  of face centered cubic  (fcc)  gold.  

Free Radical Scavenging Activity 

DPPH Radical Scavenging Activity 

In the present study, the DPPH radical scavenging 
assay was used to evaluate the anti-oxidant potential 
of biosynthesized AuNPs and mulberry leaf extract in 
a dose-dependent manner. Percent of inhibition for 
DPPH radical scavenging activity is presented in Fig. 
4a. The results obtained in the DPPH assay showed 
maximum percent of (69 %) free radical inhibition by 
the biosynthesized AuNPs, whereas mulberry leaf 
extract exhibit ( 46 %) less inhibition. 

Hydroxyl Radical Scavenging Activity 
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The  dose-dependent  inhibition  of  site  specific  
hydroxyl  (•OH)  radical-induced  deoxyribose  
degradation  was observed in Fig. 4b. The  data  
obtained  in  the  •OH  scavenging  activities  were         
23 ±1.86 ,  35 ± 3.46   and  49 ± 9.74  %  in  50,  100  
and150  µL  for  mulberry leaf extract,  whereas  they  
were  37 ± 2.65 ,  50 ±3.65  and  65 ± 6.53 %  in  50,  
100  and  150  µL  for  AuNPs,  respectively. 

Antifungal Activity 

The antifungal effect of biosynthesized AuNPs and 
aqueous leaf extract in comparison to the standard 
drug (Amphotericin-B) were investigated against 
human pathogenic fungi such as Candida albicans 
and Candida glabrata (Table 1). Further, 
biosynthesized AuNPs show strong zone of inhibition 
against Candida albicans and Candida glabrata 
whereas, crude leaf extract exhibit a fair zone of 
inhibition         (Fig 5(a) and (b)).  

Discussion  

In recent years, plant-mediated biological synthesis 
of nanoparticles is gaining importance due to its 
simplicity and eco-friendliness.  Interaction between 
organic ligands and the surface of an inorganic 
nanoparticle paves the way for the coupling of 
biomolecular recognition systems to generate novel 
materials [19]. Based on the capping agents, 
environmentally benign AuNPs using biological 
components will have excellent effect in biomedical 
applications. 

UV-Visible absorption spectroscopy is an important 
technique to determine the formation and 
stabilization of biosynthesized AuNPs in aqueous 
solution. The UV–Vis absorption spectra recorded 
from the gold colloid after 24 h of reaction showed a 
SPR band at about 538 nm confirm the formation 
and stability of AuNPs. The TEM studies showed the 
particles to be nearly spherical with few irregular 
shapes and particle size ranges from 15-53 nm. 
Reactive oxygen species (ROS) are often simply 
called “free radicals” because their majority is 
characterized by at least one unpaired electron in 
their outer orbitals [20]. The most important oxygen-
containing free radicals in many disease states are 
hydroxyl radical, superoxide anion radical, hydrogen 
peroxide, oxygen singlet, hypochlorite, nitric oxide 
radical, and peroxynitrite radical [21].  
Overproduction of free radicals can cause oxidative 
damage to biomolecules (lipids, proteins, DNA), 

eventually leading to many chronic diseases such as 
atherosclerosis, cancer, diabetics, rheumatoid 
arthritis, post-ischemic perfusion injury, myocardial 
infarction, cardiovascular diseases, chronic 
inflammation, stroke and septic shock, aging and 
other degenerative diseases in humans [22, 23]. To 
avoid the oxidative damage, antioxidant defences 
have evolved to remove most of these free radicals. 
1’1-Diphenyl-2-picrylhydrazyl (DPPH)  and Hydroxyl 
radical (•OH ) scavenging  method  is  widely  used 
to  evaluate  the  free  radical  scavenging  ability  of  
antioxidants. DPPH is a stable nitrogen-centered free 
radical.  In the present study, the antioxidant activity 
of leaf extract and AuNPs reacts with DPPH free 
radical solution and  the  violet  color  of  the  DPPH  
radical was  reduced  to  yellow  colored  
diphenylpicrylhydrazine  radical. Substances  which  
are able  to  perform  this  reaction  can  be  
considered  as  antioxidants and  therefore  radical  
scavengers [24].  

Hydroxyl radical is an extremely reactive free radical 
formed in biological system and has been implicated 
as a highly damaging species in free radical 
pathology, capable of damaging almost every 
molecule, proteins, DNA, unsaturated fatty acids and 
lipids in almost every biological membranes found in 
living cells [25-27]. In this study, the •OH radical 
scavenging assay was used to evaluate the 
antioxidant potential of biosynthesized gold 
nanoparticle in comparison to the leaf extract.  When  
mulberry leaf extract and AuNPs were added  to  the  
reaction  mixture  they  removed  hydroxyl   radical  
and  prevented  the  degradation  of  2-deoxy-2-
ribose. Over all,  biosynthesized gold nanoparticles  
(AuNPs)  showed  higher  antioxidant  activity than  
the   leaf extract  in DPPH  and •OH radical 
scavenging  assays,  whereas  various  
phytochemicals (quercetin, rutin and isoquercitrin)  
present  in  the mulberry  leaf  extract might  get 
adsorbed onto  the  active  surface  of  the  AuNPs 
[14]. It is an obvious indication that the resulting  
enhanced antioxidant activity  of the AuNPs is due to 
the capping agent (due  to  adsorbed  antioxidant  
moiety  onto  the  surface)  and particle size (high  
surface  area  to  volume  ratio  of  nanoparticles). 
Similar observations with enhanced DPPH and 
Hydroxyl radical scavenging activity of 
biosynthesized AuNPs have been reported previously 
[11, 28].  
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Fungal infection diseases are more rapid and severity 
increases in patients with compromised immune 
function. Candida species are one of the most 
important fungal pathogens which are responsible 
for variant life-threatening disorders [29]. The 
infection caused by Candida fungi are  more  
common  in  people  who  have  underlying  risk  
factors such  as  cancer,  leukemia,  diabetes  
mellitus,  long-term  antibiotic  and  corticosteroid  
treatment,  human  immune deficiency virus  (HIV),  
pregnancy,  scorch,  and  transplant [30]. In the 
present study, antifungal activity of biosynthesized 
AuNPs, and aqueous leaf extract were tested against 
two human pathogenic fungi such as Candida 
albicans and Candida glabrata at the concentration 
of 100 μl by Kirby–Bauer disc diffusion method. The 
AuNPs synthesized by mulberry leaf extract were 
found to be highest antifungal activity against 
Candida albicans and moderate inhibition against 
Candida glabrata. Leaf extract exhibit lesser 
antifungal activity against Candida albicans and 
Candida glabrata. Biosynthesized AuNPs, showed 
efficient antifungal activity compared to leaf extract. 
It is due to their particle size and capping agents, 
which have great potential to kill the pathogens. The 
possible mechanism of their antifungal activity 
suggested  that  the  smaller  gold nanoparticles  
might have  diffused  easily  through  the  cell  
membrane  to  the  inside  of  the cell.  Since  gold  
being  a  soft  acid  might  have  interacted  strongly  
with the  soft  bases  like  sulphur  containing  
proteins  in  the membrane  or phosphorus  
containing  bases  in  the  DNA,  thus  retarding  their  
normal  functions  like  synthesis,  repair  and  
replication  leading  to  the cell  death [31]. Recently, 
many reports are available in the literature on the 
good antifungal activity of biosynthesized AuNPs [12, 
32]. 

Conclusion  

Mulberry leaf extract is found to be an efficient 
candidate for biosynthesis of AuNPs due to its 
controlled reducing power as well as presence of 
capping molecules. The UV–visible spectrum of the 
synthesized gold nanoparticles showed a surface 
plasmon resonance (SPR) around 538 nm after 24 h. 
The  results  obtained from HR-TEM revealed  that  
the synthesized  AuNPs  were  in  the  size range  of  
15–53  nm. Crystalline nature of NPs is evident from 
bright circular spots in the SAED pattern. Further, 
mulberry mediated synthesis of AuNPs showed a 

higher antioxidant and antifungal activity.  
Biosynthesis of AuNPs has encouraged scientist to 
look into discover novel drugs for various biomedical 
applications. 
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Figure 1: Photograph of colloids (a) Morus alba leaf 
extract, (b) 10-4 M HAuCl4  metal ion solution and (c) 
purple pink color indicating the formation of Au-NPs. 
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Figure 2: UV-Vis spectra of aqueous solution of 
chloroauric acid with Morus alba (mulberry) leaf 
extract at 24h. 

 

Figure 3: (a) TEM images of gold colloid (b) selected 
area electron diffraction (SAED) pattern. 

 

Figure 4: Antioxidative  properties of   Morus alba  
leaf  extract  and  gold  nanoparticles (AuNPs):  a:  
1’1-diphenyl-2-picrylhydrazyl  (DPPH)  free  radical  
scavenging  assay;  b: hydroxyl  radical  scavenging  
assay. 

 

 

 

 

 

 

Figure 5: Anti-fungal assay of Morus alba leaf extract 
and biosynthesized AuNPs using disc diffusion test 
against Candida albicans (a) and Candida glabrata 
(b). 
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TABLE 1: Inhibitory action of control, Morus Alba leaf extract and biosynthesized Au-NPs against human 
pathogenic fungi. 

*Amphotericin-B 

 

 

 

 

Fungal 

species 

Inhibition zone (mm) 

 
Leaf extract 

(100µl) 
 

   AuNPs                 Standard 

   (100µl)                 Antibiotic Disk* 

                             (100µl) 

Candida albicans  12         22                       24 

Candida glabrata  11         16                        19 
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