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ABSTRACT

 The synthesis of anisotropic gold nanoparticles have been successfully conducted using 
one-step experimental procedures, with the aid of extract from wuluh starfruit (Averrhoa bilimbi) as 
reducing agent. The synthesis was carried out in the microwave oven at certain power of irradiation. 
The as-formed nanoparticles were characterized by UV-Vis spectrophotometry and transmission 
electron microscopy (TEM). The phytochemical assay and ascorbic acid determination was done to 
support the prediction about the contribution of those compounds in the synthesis. The antimicrobial 
activity was assayed toward some bacteria. The results confirmed that the amount of phytochemicals 
and ascorbic acid in the extracts may contribute largely to the effectivity of the synthesis. The 
morphology of these nanoparticles was greatly affected by both the gold precursor concentration and 
volume ratio of precursor : extract. The as-formed nanoparticles have medium antibacterial activity, 
toward Escherichia coli and Bacillus, in which the magnitude of antibacterial activity depends on the 
ratio of precursor : extract.

Keyword: Gold nanoparticles, Wuluh starfruit (Averrhoa bilimbi), Morphology, Antibacterial, 
Surface plasmon resonance spectra.

INTRODUCTION

 Metal nanoparticles exhibit superior 
properties like optical, mechanical, and chemical 
reactivity, hence they could be potential in many 
fields, including pharmacy, biology, medical, 
agricultural, physics and environment. Many reports 
prove that gold and silver nanoparticles have a 
bactericidal effect on a range of microorganisms 
and their bactericidal effects depend on the size 
and shape of the particle. Nanoparticles can act 

as antibacterial and antifungal agents, due to their 
ability to interact with microorganism1. Since the 
morphology can be controlled by the synthesis 
process, thus, the selection of the preparation 
method for synthesizing nanoparticles must be 
carefully considered. 

 The green method of nanoparticle synthesis 
employing extract of part of plants is simple and viable 
alternative to chemical and physical techniques2. The 
main advantage of the green synthesis is the absenie 
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of harmful chemicals thus do not make a negative 
impact to the environment. For this reason, in recent 
years, biosynthesis of nanoparticles has received 
considerable attention3.

 The process of reducing metal precursors 
in the synthesis of metal nanoparticles involving 
biomolecule compounds extracted from parts (roots, 
stems, leaves) of plants, is growing rapidly in this 
decade, due to the effectiveness of high synthesis 
and nontoxic product properties. These biomolecular 
compounds generally have bulky groups, so that 
they can simultaneously act as stabilizers for the 
metal nanoparticles produced. Various types of 
plant extracts have been used for this purpose, for 
example Tamarind leaf extract4, Azadirachta indica 
(Neem) leaf extract4, geranium leaf extract5, and 
Amaranthus spinosus leaf extract6, black cardamom 
extract7, Melia azedarach bark extract8, binahong 
(Anredera cordifolia) leaves extract9. Wuluh starfruit 
is a plant that is often found in Indonesia and is 
often used as a medicine. The research showed 
abundant flavonoid content in the wuluh starfruit, so 
that the wuluh starfruit was potential to be used as a 
reducing agent in the synthesis of Au nanoparticles10. 
In addition to particle size, particle shape is a 
factor that influences the characteristics of metal 
nanoparticles, and several studies show that shapes 
other than spheres (for example stems) have higher 
activity as sensors and in the biomedical field. Gold 
nanoparticles having shape of rod, triangular prisms, 
cubes and hollow cubes also absorb radiation from 
the near infrared region intensively so that it can be 
utilized in photothermal therapy to destroy cancer 
cells11. Firdhouse and Lalitha12 reported that flower 
shaped gold nanoparticles synthesizaction using 
Kedrostis foetidissima have antiproliferative against 
bone cancer cell lines.

 Various techniques have been explored 
to be able to synthesize Au nanoparticles with 
unsymmetrical shapes. One of the techniques that has 
been studied includes bottom up by selecting the type 
of reducing agent, controlling the pH, temperature, 
the ratio of the concentration of metal precursors: 
reducing, ionic strength, etc.13,14. In this study several 
variations of experimental conditions were carried out 
to obtain optimum conditions in the synthesis of Au 
nanoparticles with shapes other than spherical.

EXPERIMENTAL

Materials
 HAuCl4 was prepared from Au metal  
(99, 99%, gold purchased from PT. Antam, Tbk) by 
dissolving the metal in aquaregia, and vaporized until 
the volume was only one third, diluted to initial volume 
and repeated the vaporization-dilution process three 
times to remove any impurities. Wuluh starfruits 
(Averrhoa bilimbi) were bought from local market in 
Bogor, Indonesia. Double distilled water was used 
throughout this experiment. The picture of Wuluh 
starfruit can be seen more clearly in Figure 1 below.

Fig. 1. Wuluh starfruit from local market in Bogor, Indonesia

Experiment
 This study includes several stages, namely 
the synthesis and characterization of Au nanoparticles, 
and testing of antibacterial properties. Synthesis of Au 
nanoparticles was carried out by a bottom-up technique 
using the wuluh starfruit (Averrhoa bilimbi) as a reducing 
agent and stabilizer, and with the aid of microwave 
irradiation. 50 g of fresh wuluh starfruit samples were cut 
into pieces and then boiled in hotplate (20 min 700C) with  
100 mL of double-distilled water. The water extract 
obtained is then filtered and 50 mL of water filtrate was 
analyzed for its content by phytochemical test. The 
extract was then used to synthesize Au nanoparticles.

 Synthesis of Au nanopar ticles was 
carried out with the aid of microwaves at certain 
regulated power. As much as a certain volume of 
0.5 mM HAuCl4 solution is put into a beaker glass 
then extracts are added with a certain volume 
until the total volume is 20 mL. Beaker was into 
a microwave oven then warm up for 2-3 minutes. 
The color change from clear yellow to red or 
purple indicates that Au nanoparticles have been 
formed. The formed Au nanoparticle colloids were 
centrifuged at 3000 rpm for 30 min and ready to 
be characterized. Antibacterial samples of the Au 
nanoparticles were also tested for their antibacterial 
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properties by measuring the antibacterial pathogen 
nanoparticles (modified method from13) with the 
following procedure: E. coli bacteria, staphylococcus 
aureus, Pseudomonas aeruginosa, cultured in agar 
(Lysogeny Broth/Lactose Broth) LB media for one 
night, then placed in a sterile cup containing nano 
Au and some standards of penicillin antibiotics. The 
development of bacteria around the cup paper was 
observed. Medium LB or Lysogeny Broth/Lactose 
Broth is a rich medium that can be used to grow 
various types of bacteria, but is widely used to grow 
Escherichia coli bacteria, especially for the purposes 
of genetic analysis and engineering involving the 
Gram-negative bacteria.

Characterization
 UV-Visible Spectrophotometer (UV-1700, 
Shimadzu) was used to characterize SPR spectra 
of the Au nanoparticles, Fourier-Transform Infra Red 
spectrometer (Bruker) was employed to identify the 
functional groups in the system of extract-capped 
Au nanoparticles, Transmission Electron Microscopy 
(JEM-1400, JEOL) was used to characterize the 
morphology of the particles, especially the particle 
size and shape and its distribution.

RESULTS AND DISCUSSION

 “Belimbing wuluh”/ wuluh starfruit (Averrhoa 
bilimbi) was selected as reducing agent and 
stabilizer in this Au nanoparticles synthesis 
since this wuluh starfruit contains large amount 
of phytochemicals14, that may have reducing 
capacity and bulky structure which is required 
in the stabilization process of particles. Several 
studies proves that these phytochemicals were 
able to reduce metal precursors to some extent16 
but rarely discuss about the selection of extraction 
method of these substances, which is a crucial 
steps in obtaining suitable chemical composition 
in the reducing and stabilizing process. Extraction 
of phytochemicals in the starfruits was conducted 
using simple, low cost and environmentally friendly 
technique. The extraction involved boiling the thinly 
sliced-or pounded fruit using water as solvent and 
extracting agent at certain temperature. No other 
chemicals used in the extraction process. This 
boiling process can be repeated several times to 
evaluate the stability of the phytochemicals and 
the change in reducing and stabilizing capability of 
these substances. The influence of the technique 

employed in the synthesis was also evaluated in 
term of morphological particles and their stability.

Replication Number of Boiling Process
 The experiment revealed that starfruit 
extract from first, second and third boiling step have 
successfully reduced the Au precursor, yielding 
the Au nanoparticles with various color of coloidal 
solution, as the concentration of Au precursor was 
varied.The trend of this change of colloid color was 
almost similar for three variation in replication number 
of boiling process. Extract of first, second and third 
boiling yielded Au nanoparticles at concentration 
of Au precursor ≥ 0.4 mM, except for third boiling 
which produced Au nanoparticles at Au precursor of  
0.2 mM. At lower concentration, there was no 
significant change in color, indicating unsuccessful 
synthesis of Au nanoparticles. As the Au precursor 
concentration was increased, the color of colloidal 
solution change from magenta to dark magenta/
purple to blue, though the actual concentration may 
vary with different extract (Fig. 1). For extract from first 
and second boiling, the magenta colloidal solution 
were obtained at Au precursor concentration of  
0.4 mM, while for extract from third boiling the same 
color was obtained at Au precursor concentration 
of 0.2 mM. The dark magenta solution could be 
produced at Au precursor concentration of  
0.6 mM for extract from first and second boiling, 
and the purple solution was yielded at Au precursor 
concentration of 0.4 mM for extract from third boiling. 
The blue colloidal solution were obtained at Au precursor 
concentration ≥ 0.8 mM for extract from first and second 
boiling and ≥ 0.6 mM for extract from third boiling. 

 Previous study have been conducted 
using binahong (Anredera cordifolia) leaves for Au 
nanoparicles synthesis, in which replication number 
of boiling give no significant change of solution color 
of nanoparticles, but a slight wavelength shift in the 
UV-Vis spectrum, especially at high concentration 
of Au precursor9. Since in this research, the color 
of the colloidal solution was significantly changed, 
thus it should be considered as such a phenomenon 
of reaction effectivity and morphological alteration, 
which related to the amount of reducing agent 
from the extract. So far, the study about the effect 
of the extract preparation in the synthesis of metal 
nanoparticles was rarely, thus we are interested to 
explore it in this research.
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 Based on this result, extract from third 
boiling need lower Au precursor concentration to 
produce nanoparticles, both magenta/purple and 
blue colloidal solution, indicated that it may have 
higher capacity in reducing Au precursor. The 
replication number of boiling process may relate to 
the effectivity of extraction process. There are two 
possibilities for the higher number of replication 
boiling, first, the more active substances are 
extracted, thus the more likely the nanoparticles 
formed, sec. the more likely the active substances 
to be degraded, especially for the substances with 
low thermal stability. 

substances may different for different replication 
number of boiling (Table 1). Another study reported 
that wuluh starfruit have flavonoid and terpenoid 
contents17.  Alkaloids, saponins and terpenoid have 
been proved to play a significant role as reducing 
agent for several cationic metals17, thus in this 
experiment these bioactive substances have great 
importance in the synthesis of Au nanoparticles.

 The saponins and terpenoids decreases 
when the replication number of boiling increases. 
The result explains the formation of nonspherical 
particles at low concentration of reducing agent, if 
it is assumed that these phytochemical substances 
really have large contribution in the synthesis as 
reducing agent. However, previous study reported 
that it was ascorbic acid in the wuluh starfruit 
which played a role as reducing agent2. Thus, we 
examined the probability of ascorbic acid to act as 
reducing agent, and compared the result for different 
replication number of boiling.Fig. 2. Appearance of Au nanoparticle colloid using extract 

from the sec. boiling(left) and third boiling (right). Au 
precursor concentration = 0.2, 0.4, 0.6, 0.8, 1.0 mM  

from left to right in each pictures

 Nonspherical particles usually obtained in the 
condition such as low amount of reducing agent which 
leading to the low nucleation rate, and low amount 
of capping agent which resulting in the uncontrolled 
growth of particle in certain orientation. The results 
suggested that the composition and/or concentration of 
active substances in the extract from third boiling were 
changed due to the degradation of several substances. 
In order to prove the prediction, the extracts must be 
subjected to phytochemical assay.

Table 1: Phytochemical assay results for wuluh 
starfruit (Averrhoa bilimbi)

Extracts First Second Third Chop
 boiling boiling boiling
Alkaloid :    
- Dragendorff ++ + + +
- Meyer +++ ++++ ++ ++
- Wagner - - - -
Tannin - - - -
Fenol - - - -
Saponin +++ ++ + ++
Flavonoid - - - -
Terpenoid +++ + - +
Unsaturated steroids - - - -
Glycoside steroid - - - -

 The phytochemical assay proved that the 
extract of wuluh starfruit contains alkaloids, saponins, 
and terpenoids, and the concentration of these 

Table 2: Ascorbic acid determination by iodometric 
titration method

Sample Sample V I2(mL) Discoloration % Ascorbic Acid 
Name Weight (g)   (% (b/b) x 10-2)    
Boiling 1 10.0113 0.2 Brown → Blue 3.57
Boiling 2 10.0136 0.15  2.68
Boiling 3 10.0261 0.1  1.78

 Table 2 confirmed that the higher replication 
number of boiling resulted lower concentration of 
ascorbic acid. This result supported the probability 
above about the capability of ascorbic acid in the 
reducing process of Au precursor. The concentration 
of ascorbic acid linearly decreases as the replication 
number of boiling increases. Fig. 2 revealed that 
when using extract from third boiling, it was more 
likely to get blue nanoparticles colloidal solution at 
lower concentration compared to another extract. 
Since the characteristic color of Au nanoparticles 
colloid related to formation of nonspherical particles, 
thus low content of ascorbic acid may lead to the 
formation of such those particles. When the ascorbic 
acid concentration was low, while maintaining 
the constant Au precursor concentration, the 
concentration ratio between reducing agent to Au 
precursor was also low. By considering data from 
Table 1 and Table 2, it can be predicted that both 
ascorbic acid and several phytochemicals may 
contribute as reducing and/or stabilizing agent in 
the synthesis of Au nanoparticles.



1457FOLIATINI et al., Orient. J. Chem.,  Vol. 35(4), 1453-1462 (2019)

 Surface plasmon resonance spectra of 
the nanoparticles synthesized by extract from first, 
second and third boiling revealed similar trend, in 
which the higher the concentration of gold precursor, 
the higher the absorbance, and the broader the 
spectrum in the range of near infrared (Fig. 3). 
This phenomenon indicated that the probability of 
formation of large and/or nonspherical particles were 
higher. The fluctuation of absorbance in the peak of 
particles from sec. boiling related to the formation of 

a clear two overlapped peaks at Au concentration of  

0.60 mM. In the synthesis using extract from third 

boiling, the absorbance was dropped when the Au 

precursor was increased to 1.0 mM. Since the extract 

from third boiling have low concentration of reducing 

agent, thus at high concentration of Au precursor, 
the amount of reducing agent were not sufficient for 
reduction process, resulting in low concentration of 

nanoparticles.   

Fig. 3. SPR spectra of Au nanoparticles synthesized by wuluh starfruit extract from first (a), second (b) and third boiling (c), 
and the relation between  absorbance and Au precursor concentration (d) 

               (a)                                             (b)

               (c)                                             (d)

Synthesis Techniques
 Several studies have been reported that the 
synthesis techniques played significant role on the 
morphology and optical properties of the as-obtained 
nanoparticles18. Different technique may use different 
intensity and frequency of energy, resulting different 
nucleation and growth rate of nanoparticles, thus may 
produce different nanoparticle size and shape. 

 In this experiment, the synthesis conducted 
by the heating and stirring process using hotplate 
was compared to that using microwave technique. 

Previous studies proved that microwave technique 
resulted in the more homogeneous particle size19.

 Figure 4 (left) showed that at low metal 
precursor concentration, the peak was actually 
consisted of two peaks, indicated that large and/or 
nonspherical particles was more probably formed. 
At higher concentration, similar trend was found, 
except in the sec. peak in near infrared region, which 
were less developed, and only seen as shoulder. 
Moreover, the first peak also red-shifted to higher 
wavelength.
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Fig. 4. SPR spectra of Au nanoparticles synthesized by bilimbi fruit extract at metal precursor concentration of  
0.6 mM and 0.8 mM, by conventional synthesis (boiling using hotplate) (left) and by microwave (right)

 Synthesis technique using microwave 
irradiation at same precursor concentration and 
same volume ratio of precursor : extract, did not 
yield significant second peak in the near infrared 
region (800 – 1000 nm), as shown in Fig. 4 (right). 
This indicated that the smaller and/or spherical 
Au nanoparticles were more commonly formed. 
Although these synthesis were conducted at similar 
temperature, the source of energy were different. 
Microwave oven emitted electromagnetic radiation 
which were selectively absorbed by ionic and/or 
polar species in the solution, created specific heating 
region in the reactant system20. The heating process 
does not depend on the thermal conductivity of the 
vessel. Gradient temperature are not found in the 
microwave synthesis, resulting more homogeneous 
nucleation rate in the formation of particles. 

 The effective radiation emitted by microwave 
oven also yielded larger number of particles, as 
shown by the higher absorbance in the SPR spectra. 
Actually, the overlapped peaks were also found 
in the spectra of Au nanoparticles synthesized by 
microwave heating, but the wavelength difference 
were not too high. These two peaks found in the 
spectra may come from the nonspherical particles.  

Effect of Volume Ratio of Metal Precursor : Extract
 Several studies reported in the previous 
references stated that the concentration ratio of 
metal precursor : reducing agent greatly influences 
both the optical and morphological characteristics 
of the as-obtained particles21. Since the wuluh 
starfruit extract played a role as both reducing 
agent and stabilizer in this synthesis, the higher 
concentration ratio of metal precursor : extract, the 
lower the amount of extract which are available to 

convert the metal precursor to zero valent species, 
and stabilized the as-formed nanoparticles. This 
condition decreased the nucleation rate and gave 
more chance to the inhomogeneous growth rate, 
leading to the formation of larger and/or nonspherical 
particles. 

 This phenomenon can be visually observed 
from the color formation of the Au nanoparticles at 
various metal precursor concentration and volume 
ratio of metal precursor : extract (Fig. 4). The blue 
color of colloidal solution were more likely to be 
formed at relatively higher ratio of volume ratio of 
metal precursor : extract, and at high concentration 
of Au precursor.

Fig. 5. Colloidal solution of Au nanoparticles at ratio 
volume of metal precursor : Extract of 6 : 14, 8 : 12, 10 : 10, 
12 : 8 and 14 : 6 at metal precursor concentration of 0.4 mM 

(left), 0.6 mM (middle), and 0.8 mM (right)

SPR spectra of Au nanoparticles at various volume 
ratio (Fig. 5) of metal precursor : extract showed 
that the characteristic peak of Au nanoparticles 
only formed at ratio of 10 : 10 and 12 : 8, at low 
concentration of metal precursor (0.40 mM). At lower 
and higher ratio than those, the formation of peak 
were not significant. However, as the time went on, the 
formation of the peak were occurred, resulting even a 
higher peak than at ratio of 10 : 10 and 12 : 8. 

 Figure 5 also confirmed that the probability 
of formation of the nanoparticles were influenced by 
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volume ratio of metal precursor : extract. At metal 
precursor concentration of 0.4 mM, the well-defined 
peaks were only emerged at volume ratio of 10 : 10 
and 12 : 8. At lower volume ratio they were observed 
as shoulder or very broad peak at high wavelength. 
At volume ratio of 14 : 6, the peak was still not yet 
formed, but after 7 days after preparation, narrow, 
high absorbance-peak was found at this condition. 
These peaks also confirmed the formation rate of 
the synthesis which were very slow due to the low 
concentration of the metal precursor. 

 The change of absorbance as the volume 
ratio of of metal precursor : extract increases, were 
shown at Fig. 7. At metal precursor concentration of 

0.6 mM, the formation of Au nanoparticles significantly 
increases, resulting well-shaped, high absorbance-
peaks at volume ratio of 12 : 8 and 14 : 6, readily 
after preparation. Broader peaks were found at lower 
volume ratio, and at lowest volume ratio (6 : 14) 
the peak were not formed. The shape of the peaks 
were not alter significantly after 7 days, though the 
absorbance decreases to some extent. At higher metal 
precursor concentration (0.8 mM), the stabilityof the 
nanoparticles were poorer, since at almost all volume 
ratio, except 12 : 8, the  absorbance were drastically 
dropped. In this condition the initial formation rate of 
the nanoparticles were high, but those nanoparticles 
could not maintain their stability, probably due to 
intensive interaction between particles.  

Fig. 6.  SPR spectra of Au nanoparticles synthesized by wuluh starfruit extract at metal precursor concentration of 0.4 mM 
(top), 0.6 mM (middle) and  0.8 mM (bottom), after preparation (left) and 7 days after preparation (right)
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Fig. 7. Effect of volume ratio of metal precursor : Extract 
on the absorbance of Au nanoparticles (metal precursor 

concentration: • = 0.4 mM, ∇= 0.6 mM, D = 0.8 mM)

 At high precursor concentrations, which is 
0.8 mM, the shape of the particles is dominated by 
other than spherical, namely triangles (or triangular 
prisms), cubes and pentagons (or pentagon 
prisms). Likewise in the ratio of the volume of 
metal precursors: higher extracts, namely 12: 8, 
particle shapes tend to be triangles (or triangular 
prisms), cubes, pentagons (or pentagon prisms), 
parallelogram, trapezoidal and truncated triangles.

Fig. 8. TEM image of Au nanoparticles at metal precursor 
concentration of 0.4 mM and 0.8 mM, and the ratio of metal 

precursors: extract 10:10 and 12: 8, from left to right

 The shape of the sigmoidal curve shown in 
Fig. 8 indicates that the process of formation of Au 
nanoparticles is possible to run autocatalytically. In the 
first 30 sec. nanoparticle formation proceeded slowly, 
which was indicated by an insignificant increase in 
absorbance. For the next 30 to 90 sec. there is a high 
increase in absorbance. The increase in absorbance 
begins to decrease after the reaction runs over 90 
sec. and even begins to decrease after 120 sec. but 
is followed by changes in the shape of the curve, 
which indicates changes in particle morphology. 
If the particle morphology has changed, then the 
absorbance change is irrelevant to compare. 

Antibacterial Test
 The testing of antibacterial activity of 
Escherichia coli and Bacillus was carried out on  
0.8 mM Au nanoparticles with various concentrations 
of both 10:10; 12: 8; or 14: 6. Escherichia coli 
represents Gram-negative microbes while Bacillus 
represents Gram-positive microbes, and test disc 
paper is immersed in 0.8 mM Au nanoparticle 
solution. This will cause the bioactive solution tested 
from 0.8 mM Au nanoparticles to be absorbed in 
disc paper. The same immersion method was also 
carried out on the antibacterial drug Amoxicillin with 
a concentration of 65 mg / mL as a positive control. 
The disc paper is then placed on the surface of 
solid media that has been sprinkled with microbes. 
After that, it was incubated at 37OC for 16-18 hours. 
The inhibition zone produced was then compared 
with positive controls. The results of testing the 
antibacterial activity of Escherichia coli from 0.8 mM 
Au nanoparticles are shown in Table 3 below.

Fig. 9. SPR spectra of Au nanoparticles synthesized by wuluh starfruit  extract at Au precursor concentration of 0.40 mM at 
various irradiation time

Table 3: Test data for 0.8 mM Au nanoparticle inhibition 
activity against Escherichia coli and Bacillus

Reagen Inhibited Zone Size (mm)
 Escherichia coli Bacillus

Standard amoxicillin Positif (10) Positif (10)
Nanoparticle Au 0,8 mM (10:10) Positif (3) Positif (5)
Nanoparticle Au 0,8 mM (12:8) Positif (3) Positif (1)
Nanoparticle Au 0,8 mM (14:6) Positif (5) Positif (5)

 Table 3 shows that 0.8 mM Au nanoparticles 
produce inhibitory zones in the antibacterial test, although 
the size of the inhibitory zone produced is relatively 
small compared to the standard amoxicillin. This shows 
that 0.8 mM Au nanoparticles have low antibacterial  
activity against Escherichia coli and Bacillus.
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 In Fig. 11a clear zone is seen as an antibacterial 
inhibitory zone against Escherichia coli bacteria from 0.8 
mM Au nanoparticles with various variations between 
the Au metal precursors and an average of 3-5 mm  
of starfruit extract. This inhibition zone is smaller than 
the standard amoxicillin inhibition zone.

Fig. 10. The standard antibacterial test results of amoxicillin 
against Escherichia coli (a)  and Bacillus bacteria (b)

        (a)                 (b)

Fig. 11. Antibacterial test results of E. coli (a) 0.8 mM Au 
Nanoparticles 10:10 ;  (b) 0.8 mM Au Nanoparticles 12: 8 (c) 

0.8 mM Au nanoparticles 14: 6

               (a)              (b)                 (c)

 In Fig. 12a clear zone is seen as an 
antibacterial inhibitory zone against Bacillus bacteria 
from 0.8 mM Au nanoparticles with various variations 
between the Au metal precursors and the average 
wuluh starfruit extract of 1-5 mm. This inhibition zone is 
smaller than the standard amoxicillin inhibition zone.

CONCLUSION

 Extract of wuluh starfruit was successfully 
played a role as reducing agent in the synthesis of Au 
nanoparticles. Both the phytochemicals and ascorbic 
acid contained in the extract may probably have 
large contribution to the efficiency of the synthesis. 
The morphology of these nanoparticles was greatly 
affected by both the Au precursor concentration and 
volume ratio of precursor : extract. The as-formed 
nanoparticles have medium antibacterial activity, 
toward Escherichia coli and Bacillus, in which the 
magnitude of antibacterial activity depends on the 
ratio of precursor : extract.
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