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Green synthesis of nanoparticles which have eco-friendly favourable solvent systems and 
environmentally reducing agents is of excessive importance. In this paper, we aimed to develop  
environmentally friendly, rapid and simple producer for the synthesis gold nanoparticles (Au-NPs) 
using aqueous extract of sumac as reducing agents for gold ions as well capping agent for the bio-
formed Au-NPs.  The bio-synthesized Au-NPs were characterized by the UV-visible spectroscopy, 
FTIR, TEM, and zeta-potential measurements. The surface plasmon resonance band centred at 520 
nm for Au-NPs was characterized by UV-visible spectrophotometer. The probable bio-molecules are 
polyphenols may responsible for reduction of gold ions were recognized through FT-IR. The TEM 
result shows the bioformed Au-NPs are spherical in shapes with the mean size of 20.83 ±4.4 nm. The 
capping of anionic bio-molecules on the surface of Au-NPs was confirmed by zeta potential assessment 
(-25.3 mV) and is responsible for the electrostatic stability. In vitro antioxidant activity studies showed 
that DPPH (2,2-diphenyl-1-picrylhydrazyl) and ABTS (2, 2’-azino-bis 3-ethylbenzthiazoline-6-sulfonic 
acid)  activities increased in a dose dependent manner. The bio-synthesized nanoparticles can potentially 
useful in pharmaceutical and biomedical applications.

Keywords: Green synthesis, plant extract, Sumac, gold nanoparticles

* e-mail: azisusan@gmail.com

1. Introduction

Nanotechnology has underpinned new scientific growths 
with novel materials which display new properties quite 
different from their bulk counterparts. Nanotechnology is a 
multi-disciplinary field, which covers a vast and diverse array 
of devices derived from engineering, biology, physics and 
chemistry1. Recently, there is a rising interest to develop eco-
friendly gentle nanoparticle synthesis procedure which does 
not utilize any toxic materials in the production. Nanoparticles 
are solid structures with a size less than100 nm and have 
found their applications in optoelectronics, catalysis, imaging, 
sensing, and in drug and gene delivery2. Between the nano-
sized particles, Au-NPs have merited main attention owing 
to their exclusive and tunable Surface Plasmon Resonance 
(SPR) 3. It has many efficient biomedical applications including 
drug delivery, tissue/tumor imaging, photothermal therapy, 

and immunochromatographic identification of pathogens 
in medical samples4. It has as well as other uses such as 
colorimetric procedures and for the determination of heavy 
metallic ions in aqueous solution5. The advantages of gold 
nanoparticles originate from their safety, biocompatibility 
and capability to target delivery of therapeutic agents6. The 
synthesis of Au-NPs is a growing research area owing to the 
potential uses for the growth of new technologies.

Several physical and chemical approaches have been used 
for the conventional Au-NPs synthesis, such as pyrolysis, 
chemical reduction, laser ablation, sol gel, chemical or 
physical lithography electro-deposition, vapor deposition, 
most of these methods being costly, and/or wanting the 
use of toxic solvents7-9. Though, these approaches not only 
use costly and hazardous chemicals reagents as reducing 
and capping agents, but it is very probable which residual 
unreacted harsh reagents and by-products make Au-NPs so 
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formed inappropriate for use in biomedical applications. To 
overcome these methods and use of toxic reducing agents, the 
attention in this area has moved towards ‘green’ chemistry 
for preparation of nanoparticles. Among green methods are 
those concerned with plant10,11, bacteria12, fungi13, enzymes14 
and algae15. These biosynthesis methods are currently under 
extensive exploration. Because of their amenability to 
biological functionalization, the bio-synthesized nanoparticles 
offer many benefits of eco-friendliness and compatibility for 
biomedical and pharmaceutical applications16.

Sumac, (Rhuscoriaria L., family Anacardiaceae) which 
grows wild in the district spreading from the Canary Islands 
over the Mediterranean coastline to Iran and Afghanistan, is 
endemic to the Mediterranean and Southeastern Anatolian 
areas of Turkey17. The fruit extracts of sumac have been 
reported to contain flavonols, phenolic acids, hydrolysable 
tannins, anthocyannins and organic acids for example 
malic, citric and tartaric acids18-20. In addition, sumac has 
a high level of antioxidants such as tannins and phenolic 
compounds.18,21. These antioxidants compounds can be 
introduced on the surface of nanoparticles throughout the 
nanoparticles fabrication process which finally leads to 
arising consequent surface effects during their application 
Therefore, stable metallic nanoparticles synthesized with 
sumac could be highly useful for cancer therapy.

In this paper, we present a rapid, simple method of 
Au-NPs synthesis by reducing aqueous salt solutions 
of gold using Sumac extract, without any extra additive 
protecting nanoparticles from aggregating. The present 
synthetic green process provides nanosized particles with 
narrow size distribution. Study of antioxidant efficiency 
of this green nanoparticles using ABTS and DPPH radical 
scavenging assay is an important in-vitro analysis which 
in both methods decolorization assays apply to identify 
the existence of antioxidant. In most of the assays to 
determine the antioxidant properties, the ABTS activity 
was strongly correlated with DPPH because both methods 
are responsible for the same chemical property of H- or 
electron-donation to the antioxidant. The green nanoparticles 
showed good antioxidant activity in radical scavenging 
ABTS and DPPH analysis. The process can be also 
applied for production of other metallic nanocrystalline 
with biomedical properties. 

2. Materials and Methods

2.1. Materials

Red Sumac powder was bought in bulk from local 
market in Iran. 

Hydrogen tetrachloroaurate (III) (HAuCl4 3H2O, 99.98 
%), which was used as a gold precursor, was supplied by 
Sigma-Aldrich (St. Louis, MO, USA). All the solutions were 
prepared with deionized water.

2.2. Preparation of Sumac Extracts

1 g of Sumac was dispersed in 100 mL distilled water 
under gentle stirring and heated at 100 °C about 30 min. Then 
extract was filtered through mesh, followed by Millipore 
filter (0.2 μm), and kept at −20 °C before apply.

2.3. Biosynthesis of Au-NPs

A volume of 50 mL of 0.1 mM HAuCl4 3H2O solution 
was reacted with 50 mL of the aqueous extract of sumac 
for 40 min under continuous stirring at 40 °C and then 
permitted to stand at ambient temperature for another 1 
h. The purple solid product was separated from solution 
through centrifugation at 8000 rpm for 15 min and washed 
carefully with distilled water. The final sample was achieved 
by drying at 45˚C.

2.4. Characterization of Au-NPs

Phase purity were determined by X-ray diffraction 
(XRD) analysis recorded by diffractometer (XPERT-PRO) 
with nickel-filtered Cu (λ = 1.542 Å) at 40 kv and 30 mA. 
The mean particle size of nanoparticles was determined 
based on the XRD pattern according to the line width of 
the (1 1 1) peak through the Debye–Scherrer method. The 
chemical structure of the dried samples were examined at 
wavenumber range from 400 to 4000 cm–1 by using FTIR 
spectrometer (Perkin-Elmer 1725X, Waltham, MA, USA), 
The morphology and size of the sample was observed using 
a Hitachi (Tokyo, Japan) H-7100 electron microscope 
at120 kV. The mean size and particle size distribution of 
70 nanoparticles were evaluated on the basis of three TEM 
images with the assistance of Sigma-Scan Pro software 
(SPSS IBM, Statistics 20, IBM Corporation, Endicott, NY, 
USA). The UV–Visible absorption of samples was observed 
using UV–Vis spectrophotometer (a Lambda 25-Perkin 
Elmer, Waltham, MA, USA) in the range of 200–800 nm. 
The laser Doppler electrophoresis method was applied to 
analyse the particle electrostatic charge, in which 100 µl of 
the solution was diluted with 1.5 ml of distilled water and 
located into a cuvette of the Zeta sizer-nano instrument 
(Malvern, UK); the results are expressed as zeta potential 
(ZP). The assessments were carried out at a pH of 7.26 ± 
0.13 to mimic physiological pH.

2.4.1. DPPH Radical Scavenging Assay

Free radical scavenging activity of nanoparticle was 
evaluated by using its ability to trap the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) free radicals. Different concentrations 
(25-800 µM) of biosynthesized Au-NPs (Au-NPS/sumac) 
were added, in equal volume, to 0.1 mM methanolic DPPH 
solution. After 30 min incubation at room temperature 
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absorbance of sample was read at 517 nm. Glutation (GSH) 
was used as a standard compound 22.

2.4.2. ABTS Radical Scavenging Assay

ABTS (2, 2’-azino-bis 3-ethylbenzthiazoline-6-sulfonic 
acid) free radical scavenging activity was analysed according 
to the method described by Li, et al 2011 23 with moderate 
modifications. Briefly, ABTS•+ stock solution was prepared by 
mixing 7 mM of ABTS and 2.45 mM of potassium persulfate 
and incubation at room temperature for 12-16 h. The ABTS•+ 
working solution was prepared by dilution of the ABTS•+ stock 
solution and distilled water to gain a 0.70±0.02 absorbance at 
734 nm. The reaction mixture was prepared by mixing 1 mL 
of the working solution in 1mL of various concentrations of 
nanoparticle. After incubation for 1 h at room temperature in 
dark, absorbance was taken at 734 nm.

The experiments were done in triplicate and results were 
expressed as mean ± SD. Statistical analyses were done 
using SPSS version 20.0 (SPSS Inc., Chicago, USA). Data 
were initially evaluated for homogeneity of variance and 
normality. Probability values of less than alpha  (P≤0.05) 
were considered statistically significant.

3. Results and Discussion

3.1. UV analysis

The detailed analysis on the sumac bioformed of Au-NPs 
was carried out in this study. Figure 1 shows the change in 
colour of reaction mixture at beginning, mid and end point 
of time of the reaction. The colour of medium was altered 
from agate red to light ruby red after 30 min and then to 
dark purple after 1 h of incubation signified the completed 
formation of Au-NPs. The change in colour of the medium 
was considered by visual inspection.

of reaction mixture obtained after 30 min of reaction was 
presented in Figure 2. Absorption spectra of Au-NPs exhibited 
a well-defined SPR’s band centred at around 530 nm. The 
increase in intensity of absorption was owing to increasing 
number of nanoparticles formed because of reduction of 
gold ions existing in the aqueous solution. It is observed that 
Au-NPs band remained near to 530 nm even after 24 h of 
incubation suggests that the particles were well dispersed in 
the solution and there was not much aggregation 25.

Figure 1: Synthesis of Au-NPs using aqueous extract of sumac at A) 
initial, B) 30 min and C) 1 hour of the reaction time

It was noticed that the reduction of the AuCl4
– ions 

during exposure to sumac solution and formation of gold 
nanoparticles can be easily followed by UV–vis spectroscopy. 
It has been established that the appearance of light ruby colour 
was owing to excitation of Surface Plasmon Resonances 
(SPR), characteristic of gold nanoparticles and gives rise to 
an absorption band at 510–540 nm 24. The UV–vis spectra 

Figure 2: UV-visible spectra of bio-synthesized Au-NPs.

3.2. XRD analysis

The XRD pattern Au-NPs is shown in Figure 3 
biosynthesized using sumac aqueous solution. A number 
of Bragg reflections with 2θ values of 38.12˚, 44.34˚, 
64.28˚, and 77.63˚ which correspond to the (111), (200), 
(220), and (311) sets of lattice planes are detected which 
can be indexed to the face-centred cubic structures for gold. 
The data achieved matched with the database of the Joint 
Committee on Powder Diffraction Standards (JCPDS) file 
No. 04-0783. The widening of Bragg’s peaks signifies the 
formation of nanoparticles. The sharp peaks signify some 
bio-organic compounds present in the nanoparticle during 
the synthesis 26.

Mean crystallite diameter of Au-NPs was calculated 
from the XRD pattern according to the line width of the (1 
1 1) peak through the Debye–Scherrer equation.

cos
L k

b i
m=

where L is the particle size (nm), k is the Scherrer constant, 
β is the full width half maximum, θ is half of Bragg angle 
and λ is the wavelength of X-ray . The particle size of the 
Au- NPs was around 16 nm.
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Figure 3: XRD pattern of bioformed Au-NPs

3.3. TEM observations

The TEM image Figure 4a and particle size distribution 
diagram Figure 4b display the Au-NPs formed were well 
dispersed with spherical structures and a bi-medial distribution 
between two main populations of nanoparticles near 15 and 
25 nm. The mean particle size of obtained nanoparticles was 
20.83 with some deviations. The difference in the obtained 
values of the particle size of the Au- NPs is due to the fact 
that TEM measurements are based on the difference between 
the observable particle edges, while XRD calculations 
measure the extended crystalline region that diffracts X-rays 
coherently. Therefore, the XRD technique has a further 
accurate measure and leads to smaller sizes27. The particles 
are extremely mono-disperse this could be owing to the fact 
that the existence of some significant bio-organic molecules 
in the plant extract seems to act as a ligand which efficiently 
stabilizes the formed gold nanoparticles and thus controlling 
nanoparticle growth and clustering. Alternatively, it is 
possible that the biomolecules present in the sumac extract 
were believed to be the agents responsible for reducing the 
Au+ to Au˚. 

3.4. FTIR analysis

The FTIR spectra of untreated and treated sumac extract 
sample containing Au-NPs are illustrated in Figure 5. The 
untreated sumac sample shows absorption bands at 3370, 2940, 
1723, 1670 and 1540, 1248, and 1025 cm−1 which assigned to  
–OH stretching vibration, –CH and –CH2 vibration of aliphatic 
hydrocarbon, carbonyl group (C=O), aromatic ring stretching 
vibration and ethereal C-O asymmetric stretching vibration 
arising from the pyran-derived ring structure of condensed 
tannins, respectively 28. The observed signals were more specific 
of flavonoids and tannins which are very plentiful in sumac 
extract. For untreated sample the strongest absorption band 
can be assigned to hydroxyl peak (O-H stretching) at 3370 
cm-1, which may be responsible for the reduction of metal ion 
to metal nanoparticles. The reduction of typical corresponding 

Figure 4: TEM image (a) and particle size distributions (b) of 
biosynthesized nanoparticles

Figure 5: FTIR spectroscopic analysis of sumac extract (a) and 
bioformed Au nanoparticles (b)

peak of hydroxyl groups and appearance of strong carbonyl 
peak suggest the oxidation process of fruit metabolites 
29,30. This band more occur in tannins and other phenolic 
compounds indicating the participation of these biomolecules 
in the synthesis of Au-NPs. Gold exists as AuCl4

− in solution 
which is a very strong oxidizing agent and could thus help in 
reduction of Au(III) to Au(0) 31. Tannins and other phenolic 
compounds were oxidized in the presence of AuCl4

− and thus 
hydroxyl groups converted to carbonyl groups. The π electrons 
of carbonyl groups (C=O) from these biomolecules in a Red/
Ox system can transfer to the free orbital of metal ions and 
convert that to the metallic particles (Figure 6). The bonds 
between carbonyl groups and metal ion give a well-known 
signature in the FT-IR spectrum. After formation of gold 
nanoparticles the shift in the peak at 1723 is attributed to the 
binding of carbonyl group with nanoparticles. Moreover, the 
FT-IR of extract after formation of Au-NPs shows additional 
signals at 1412 and 1223 cm-1 signifying the formation of new 
bonds between metallic nanoparticles and functional groups 
of biomolecules present in sumac extract. Therefore it can be 
supposed that these compounds like flavonoid, tannins and 
other phenolic compounds acts as the capping agent in the 
formation of gold nanoparticles which similarly help in the 
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Figure 6: Reducing capability tannins and of flavonoid to produce Au-NPs

Figure 7: Zeta potential of biosynthesized Au-NPs

Figure 8: Scavenging capacity of Au-NPs on DPPH free radicals 
as compared to standard compound (GSH). Data are expressed as 
mean ± standard division.

stabilization of nanoparticles at physiological condition32. 
Similar result was also reported in our pervious study for 
synthesizing of silver nanoparticles33. 

3.5. Zeta potential analysis

A High absolute zeta potential value indicates a high 
electric charge on the surface of the NPs. It describes strong 
repellent forces among the particles, preventing aggregation 
and stabilizing NPs in the buffer solution. In natural 
conditions (pH close to 7.2), the values of zeta potential 
of Au-NPs were equal to -25.3 mV (Figure 7). It could be 
concluded that gold nanoparticles had warped with anionic 
compounds and that the particles were fairly stable due to 
the electrostatic repulsion 34.

3.6. DPPH Radical Scavenging Activity

The 2,2-diphenylpicrylhydrazyl (DPPH) assay is widely 
used in antioxidants to evaluate the properties of compounds 
for scavenging free radicals. The method is based on the 
spectrophotometric measurement of the DPPH concentration 
change resulting from the reaction with an antioxidant. ABTS 
assay is based on inhibition of the production of the ABTS radical 
cation did not involve a substrate. ABTS with an absorption 

maximum at 342 nm has high water solubility and chemical 
stability. It is a peroxidase substrate which, when oxidized in 
the presence of H2O2 generates a metastable radical cation with 
a characteristic absorption spectrum and high molar absorptivity 
at 414 nm. DPPH is pure radical scavenging whereas ABTS 
measures both HAT (Hydrogen atom transfer) and SET (Single 
electron transfer). In this study we used both methods.

The free radical scavenging activity of biosynthesized 
Au-NPs was examined by DPPH scavenging. The NPs showed 
a dose dependent activity and the DPPH scavenging effect 
was 13.43% at a concentration of 25µM and then reached to 
the 85.73% at 800 µM of Au-NPs (Figure 8). Nanoparticle 
displayed good inhibitory effect on DPPH free radical. 
Many kinds of antioxidants of the extract could perform 
synergistically. During the synthesis of the Au-NPs, these 
bio- compounds are adsorbed onto the surface of the Au-
NPs. Considering the high surface area to volume ratio, it 
appears that these Au-NPs, show a high tendency to interact 
with and reduce DPPH.

The DPPH radical contains an odd electron which 
is responsible for the absorbance at 517 nm and also for 
visible deep purple color. When DPPH accepts an electron 
donated by an antioxidant compound on the surface of 
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Figure 9: Scavenging capacity of Au-NPs on ABTS free radicals 
as compared to standard compound (GSH). Data are expressed as 
mean ± standard division.

Au-NPs solution, the DPPH is decolorized which can be 
quantitatively measured from the changes in absorbance.

3.7. ABTS radical scavenging activity 

In order to assess the antioxidant activity of biosynthesized 
nanoparticles, ABTS free radical scavenging activity was 
studied. Figure 9 displays the NPs has antiradical activity 
via inhibiting ABTS radical with the IC50 value of about 100 
µM.  Bioformed nanoparticles presented dose dependent 
activity and the ABTS scavenging effect has been observed 
96.83 % at a concentration of 800 µM.
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4. Conclusion

A green method using sumac extract can be used as 
a safe, simple and economical process for production of 
gold nanoparticles, without requirement of any chemical 
reductant or capping agent. The biomolecules present 
in sumac could be potentially acted as an electron 
donor system and ligand agents to form stabilized 
nanoparticles. Therefore, using of sumac extract will be 
a new and favorable alternative to the current processes 
to produce metallic nanoparticles in large scale without 
generating any toxic byproducts. The bioformed metallic 
nanoparticles are expected to have potential capacity to 
use in antioxidant products.
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