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ABSTRACT

Objective: This study demonstrates a simple, cost-effective protocol for biosynthesis of stable silver nanoparticles (AgNPs) and gold 
nanoparticles (AuNPs) from Hibiscus rosa-sinesis and their comparison by applying antibacterial activities against nine pathogenic bacterial species.

Methods: AgNPs and AuNPs were biosynthesized from H. rosa-sinesis. The antibacterial activities of biosynthesized AgNPs (bio-AgNPs) and 
biosynthesized AuNPs (bio-AuNPs) were evaluated against 9 pathogenic bacterial species Pseudomonas aeruginosa, Bacillus subtilis, Micrococcus 
luteus, Staphylococcus aureus, Staphylococcus epidermidis, Enterobacter aerogenes, Escherichia coli, Streptococcus pneumoniae, Aeromonas hydrophila 
by the agar disc diffusion method.

Results: Biological synthesized AgNP/AuNPs were characterized by an ultraviolet-visible (UV-Vis) spectrophotometer, Fourier transform infrared 
spectroscopy (FTIR), and transmission electron microscopy (TEM). The existence of silver and gold ions in the extracts was conformed (primary 
confirmation) through UV-Vis and the maximum plasmon peak was observed at 402 and 530 nm of bio-AgNPs and bio-AuNPs, respectively. Bio-AgNPs 
were obtained in 13.01-28.14 nm size range, whereas bio-AuNPs were in 6.32-18.19 nm size range after analysis of TEM images. The results of FTIR 
spectra indicate that the bio-AuNPs were bound to amine groups and bio-AgNPs to carboxylate ion groups. The antibacterial activities of AgNP/AuNP, 
the zone of inhibition significantly increased with the increases of concentrations of bio-AgNPs in all pathogenic bacterial species except in the case of 
S. epidermidis at 50%, Streptococcus aerogenes and A. hydrophila at 70%, whereas in the case of bio-AuNPs antibacterial activities were displayed only 
against B. subtilis at 20% and 100% concentration.

Conclusion: This study suggests that AgNPs exhibits outstanding antibacterial activity against pathogenic bacteria as compared to AuNPs synthesized 
from H. rosa-sinensis leaf extract and insights to their potential applicability as an alternative antibacterial agent in microbial and human health 
system to reduce the resistance ability of pathogenic bacteria.

Keywords: Silver nanoparticles, Gold nanoparticles, Ultraviolet-visible spectroscopy, Fourier transform infrared spectroscopy, Transmission electron 
microscopyss, Antibacterial activities.

INTRODUCTION

Particles which have two or more dimensions in size range as 1-100 nm or 
one billionth part of a meter are defined as one nanoparticles (NPs) [1]. 
NPs have a unique chemical and physical properties as compared 
to their solid bulk materials because of their high surface area and 
electronic properties. Furthermore, these particles have been utilized 
in many applications, for example, electrochemistry, photochemical, 
and biomedicine [2]. NPs have many functional platforms that can be 
utilized for imaging and therapeutic functions. These platforms can 
be prepared from various inorganic and organic materials, but the 
inorganic platforms are preferred in therapy and diagnosis because 
of their easy modification, high drug loading capacity and stability [3]. 
NPs can be used in drug delivery and in the determination of drugs in 
pharmaceuticals [4]. Hibiscus is an ornamental plant traditionally used 
as for anti-inflammatory, demulcent, aphrodisiac, refrigerant, anodyne, 
laxative, and emollient. The phytochemicals found in this are medicinally 
important steroids, flavonoids, tannins, reducing sugars, anthocyanin 
pigment, carotene, thiamine, riboflavin, niacin, and ascorbic acid [5]. 
It has several medicinal activities such as antitumor, antidiarrheal, 
antiestrogenic antispermatogenic, androgenic, antiphologistic, anti-
implantation, wound healing anticonvulsant [6].

Silver (Ag) is an attractive material for commercialization due to its 
distinctive properties, such as good conductivity, chemical stability, 

catalytic activity, and antimicrobial activity [7,8]. AgNPs are utilized in 
water and air filtration and several medical applications [9]. Although 
various chemical and biochemical methods are being explored for silver 
NPs (AgNP) production [10], microbes, plants are also very effective 
in this process. Various microbes [11-13], plants [14,15], are known 
to reduce the metals, most of the metallic NPs are spherical [16,17]. 
Extracts from microbes act as both reducing and capping agents in 
metal NPs synthesis. The reduction of metal ions by combinations of 
biomolecules found in these extracts such as enzymes or proteins, 
amino acids, polysaccharides, and vitamins [18] is environmentally 
benign, yet chemically complex. Gold nanoparticles (AuNPs) are widely 
used in biotechnology and biomedical field because of their large 
surface area, and high electron conductivity [19]. The modification of 
the nanometers is conducted to enhance the interaction of these NPs 
with biological cells [20]. Drug delivery systems are now utilizing NPs 
for targeting malignant brain tumors where the conventional therapy is 
not as much effective due to the enhanced permeability and retention 
properties of NPs which allow them to accumulate and interact with the 
tumor cells [21]. The AuNPs has proved to be the safest option for drug 
delivery due to its low toxicity [22]. NPs such as dendrimers, quantum 
dots, polymer gels, and AuNPs are widely used in application such as 
drug delivery systems and imaging [23]. Zinc oxide is widely used in 
a number of application such as varistors ultraviolet (UV) lasers, gas 
sensors, photoprinting, electrochemical nanodevice, sunscreen lotion, 
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cosmetics, and medicated creams due to its several properties such as 
good transparency, high electron mobility, and strong room temperature 
luminescence [24]. Inorganic NPs are widely used as a contrast agent 
in some application, especially molecular imaging such as computed 
tomography, positron emission tomography, magnetic resonance 
imaging, optical imaging, and ultrasound [25,26]. The individual 
physical, chemical, and photo properties of AuNPs can be utilized 
innovative ways to control the transport of pharmaceutical compounds 
and control [27,28]. The colloidal Au is prepared by citrate reduction 
method [29]. Synthetic AuNPs are of different structure [30] involving 
Au nanorods [31,32], spherical structure of Zn NPs [33] silica-Au 
nanoshells [34] and hollow AuNPs [35]. Noble metallic NPs distinguish 
themselves from other nanoplatforms such as semiconductor quantum 
dots, magnetic NPs and polymeric NP by their single surface plasmon 
resonance, which has a small particle size enhancing all the radiative 
and irradiative properties of the NPs [36]. Thus, in this paper, we 
assess the different technologies for synthesis biofabricated NPs as 
controlled sized <50  nm and their efficiency were checked against 
pathogenic bacterial species. Further, these biofabricated NPs from 
biological source may be demand for antibiotics in different segments 
of the antibiotics market, taking the perspectives from industry, clinical 
practice, and health policy research.

METHODS

Sample and pathogens collection
Silver nitrate (AgNO3), trisodium citrates, chloroauric acid and nutrient 
agar of analytical reagent grade were used in this study obtained from 
Sigma and Merck. Hibiscus rosa-sinesis (Gurhal) leaves used for this 
study were collected from the garden of Institute campus. The cultures 
of pathogenic bacteria used to demonstrate the antibacterial activity 
were collected from the microbiology laboratory of this institute.

Preparation of extracts
Fresh and green leaves of H. rosa sinensis (Gurhal) were collected 
from the botanical garden of CCS University Meerut. 10 g leaves were 
thoroughly washed thrice with double distilled water teared and 
crushed by using mortar pestle with 10  ml of deionized water. The 
crushed leaves paste was transferred into a flask containing 90 ml of 
deionized water to make the volume up to 100 ml. This mixture was 
further boiled for 10  minutes at 80-90°C. The extract was filtered 
using Whatman No.  1 filter paper and filtrate was then collected in 
centrifuged tubes. All centrifuged tubes were centrifuged at 10,000 
RPM for 15 minutes at room temperature.

Biological synthesis of AgNPs
AgNO3 was used as a precursor for synthesis of AgNPs. 10 ml of extract 
was added to the 90  ml of 1.0 mM aqueous solutions of AgNO3 was 
added dropwise under continuous stirring at 50°C-60°C. Conical flask 
containing the solution was put into a shaker (150 RPM) at 35°C for 
72 hrs. In this process, the extracts act as the reducing and stabilizing 
agent and change in color indicates the synthesis of AgNPs.

Biological synthesis AuNPs
AuNPs were obtained by adding 20 ml extract to 20 ml of an aqueous 
solution of AuCl4, the solution become gray-black after 20  minutes. 
The production of AgNP, AuNP was monitored by UV-visible (UV-Vis) 
spectrophotometer. The samples were characterized morphologically 
by doing transmission electron microscopy (TEM) and scanning 
electron microscope (SEM).

Characterization of AgNP and AuNP
Characterization of NPs is significant to evaluate the nature of NPs. The 
characterization of NPs can be performed by using UV-Vis spectroscopy; 
TEM and Fourier transform infrared spectroscopy (FTIR). These 
techniques are used for determining various properties such as the 
size, shape, and surface area. For example, the morphology shape and 
particle size of NPs could be specified by TEM and SEM, while UV-Vis 
spectroscopy technique is used to confirm the formation by showing 
the plasmon resonance.

UV-Vis spectroscopy
The colloidal solutions of AgNP and AuNPs from H. rosa sinensis (Gurhal) 
leaves applied under UV-Vis spectroscopic technique and recorded 
the plasmon peak. The absorbance spectrum of AgNP and AuNPs was 
observed at ~400 nm and ~520 nm, respectively.

TEM
In the TEM technique, a few prepared AgNP and AuNPs were put on the 
carbon-coated copper grids. The micrographs of TEM for a drop of NPs 
are taken by utilizing the TEM instrument operated at an accelerating 
voltage of for example 200 kV. TEM grid is dry. A beam of photons is 
transmitted through an ultra-thin specimen and interacting with 
the specimen as it passes through. When the electrons transmitted 
through the specimen, an image is formed from the interaction. The 
magnification and focused on the image onto an imaging device [37]. 
TEM shows the size of AgNP and AuNPs with a different range from and 
illustrates the morphology image of AuNPs, spherical shape, surface 
area, and the diameter can be indicated by this technique. TEM of 
AgNPs can provide the morphology and the distribution of particle size 
for a profile of the AgNPs.

FTIR analysis
FTIR analysis of the dried AgNP and AuNPs was carried out through 
the potassium bromide pellet (FTIR grade) method in 1:100 ratio and 
spectrum was recorded using Shimadzu to make Fourier trans-form 
infrared spectrometer at a resolution of 1/cm.

Antibacterial activity
Antibacterial activities of 9 pathogenic bacterial strains, viz. 
Pseudomonas aeroginosa, Bacillus subtilis Micrococcus luteus, 
Staphylococcus epidermidis, Staphylococcus aureus, Enterobacter 
aerogens, Escherichia coli, Streptococcus pneumoniae, Aeromonas 
hydrophila species were used for the study. All strains were procured 
from the microbiology laboratory of the biotechnology department 
of this institute. The antibacterial activity assays of synthesized 
AgNPs and AuNP were determined by agar well diffusion method by 
Tyagi et  al.  [38]. To test the antibacterial activity of AgNP and AuNP 
was dissolved in deionized water to make a stock solution. Different 
concentrations of AgNP and AuNPs were made from the stock solutions 
(20%, 50%, 70%, and 100%) to determine the antibacterial activity. 
Antibacterial activities were checked by agar well diffusion method. 
The plates were left overnight at room temperature to check for 
any contamination to appear. Overnight grown bacterial cultures of 
bacterial strains were used as inoculums. Inoculums were prepared in 
nutrient broth and incubated for 12 hrs. Inoculums were spread over 
fresh nutrient agar plates with a sterile spreader. In a plate 4 wells 
of 6-8 mm diameter with 40 μl of volume were cut with the help of a 
sterile cutter. A 40 µl solution of different concentrations of AgNP and 
AuNP was added in the wells to study the antibacterial activity against 
the used 9 bacterial strains. Plates were incubated for 24 hrs at 37°C. 
A clear zone of inhibition around each well was measured with the help 
of a standard ruler in centimeter. Five replicates of each experiment 
were done.

RESULTS

UV-Vis spectra analysis of NPs
AgNPs
Reduction of Ag+ into AgNPs during exposure to the extracts of gurhal 
plant leaves supernatants is followed by color change. The filtrate 
treated with AgNO3 and observed the color change from pale yellow 
to dark brown in comparison to the control solution was depicted 
(Fig. 1b). Similar changes in color have also been observed in previous 
studies [39] and hence confirmed the completion of the reaction 
between all extracts and AgNO3 solution. The color change is the 
visual method of detection of synthesis of AgNPs. The AgNPs were 
then characterized using UV-Vis spectroscopy reduction of Ag+ was 
monitored by measuring the UV-Vis range of the reaction mixture at 
1 hr. The maximum plasmon peak of AgNPs at 402 nm with absorbance 
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0.925 and multiple resonance of three peaks from 384 to 397 nm were 
also observed (Fig. 2a).

AuNPs
Reduction of Au+ into AuNPs during exposure to the extracts of gurhal plant 
leaves is followed by color change. The filtrate treated with chloroauric 
acid and observed the color change from dark yellow to purple reddish 
in comparison to the control solution was depicted (Fig. 1a). The color 
change is the visual method of detection of synthesis of AuNPs. The AuNPs 
were then characterized by using UV-Vis spectroscopy reduction of Au+ 
was monitored by measuring the UV-Vis range of the reaction mixture 
at one hr. The result obtained in this investigation is very interesting in 
terms of identification of potential plants for synthesizing AuNPs. UV-Vis 
spectrograph of the colloidal solution of AuNPs has been recorded as a 
function of time. Absorption spectra of AuNPs formed in the reaction 
media at 10 minutes have an absorbance peak at 530 nm, broadening of 
peak indicated that the particles are polydispersed (Fig. 2b).

FTIR analysis of the NPs samples
AgNPs
FTIR analysis of the freeze-dried sample H. rosa sinensis plant leaves 
extract was carried out to identify the possible interactions between 
Ag and bioactive molecules, which may be responsible for the synthesis 
and stabilization (capping material) of AgNPs. The amide linkages 
between amino acid residues in proteins give rise to well-known 
indications in the infrared region of the electromagnetic spectrum. 
FTIR spectrum reveals two peaks at 1236 and 1310, 1/cm that 
correspond to the bending vibrations of the amide group peaks of the 
proteins, respectively. The amide group peaks corresponding stretching 
vibrations were seen at 3451 and 3260, 1/cm, respectively (Fig.  3a). 
The presence of these indications of the peaks of amino acids supports 
the presence of proteins in cell-free filtrate as observed in UV-Vis 
spectra. It is well known that protein NPs interactions can occur either 

through free amine groups or cysteine residues in proteins and through 
the electrostatic attraction of negatively charged carboxylate groups in 
enzymes [40]. The two peaks observed at 1500 and 1255, 1/cm can be 
assigned to the C N stretching vibrations of the aromatic and aliphatic 
amines, respectively [41]. These observations indicate the presence 
and binding of proteins with AgNPs, which can lead to their possible 
stabilization. FTIR results revealed that the secondary structure of 
proteins has not been affected as a consequence of reaction with Ag 
ions or binding with AgNPs. The finding of FTIR indicates that it is not 
just the size and shape of proteins, but the conformation of protein 
molecules that plays an important role in the formation of NPs.

AuNPs
FTIR analysis of the freeze-dried sample H. rosa sinensis plant leaves 
extract was carried out to identify the possible interaction between the 
biomolecule and Au+ during the biogenic reduction reactions. The band 
at 3513, 1/cm is assigned for O-H stretching vibration of alcohol and 
phenol compounds and bands observed in 1410,1050 and 1710, 1/cm 
are due to the C-O stretching and C=O stretching mode of the carbonyl 
functional groups in alcohol, ethers, acids, and esters. The carbonyl 
bands at 1710, 1/cm was shifted to 1608, 1/cm during the formation of 
AuNPs. The shifts in bands at 1710, 1050 and 1410, 1/cm were clearly 
indicating the coordination of carboxylic acids with AuNPs (Fig.  3b). 
From the analysis of FTIR studies, it was revealed that the carbonyl 
group from the amino acid residues and proteins has the stronger 
ability to bind metal indicating that the proteins could possibly from 
the metal NPs (i.e.,  capping of AuNPs) to prevent agglomeration and 
thereby stabilizing the medium. This suggests that the biological 
molecules could possibly perform the dual functions of formation and 
stabilization of AuNPs in the aqueous medium. These results imply that 
proteins, sugars, and amino acid present in H. rosa sinensis plant leaf 
extract are playing a major role in the reduction of Au+.

TEM analysis of the NPs samples
AgNPs
TEM images provide further insight into the morphology and particle 
size, shape, and distribution profile of the AgNPs. H. rosa sinensis plant 
leaves extract shows some of hexagons, cuboidal and rounded, but 
mainly spherical shapes NPs were predominant. It is clear that the 
spherical structures with an average size 18.65  nm (range of 13.01-
28.14  nm) and 17.37  nm at 50  nm scale with 200  kV accelerating 
voltage analysis as shown in Fig. 4a-c, respectively. All observed NPs are 
uniformly distributed without significant agglomeration.

AuNPs
The resulting AuNPs was analyzed with TEM techniques and conclude that 
the average mean size of AuNPs was 13.46 nm (range of 6.32-17.97 nm) 
at 50  nm scale (Fig.  5a), whereas an average size 16.00  nm (range of 

Fig. 1: Process of biological synthesis of nanoparticles from 
Hibiscus rosa sinensis leaves extracts, the visual method of 

detection of synthesized nanoparticles. (a) Gold nanoparticles 
with the color change (b) silver nanoparticles with the color 

change

a b

Fig. 2: Ultra violet-visible spectral analysis of biological synthesized nanoparticles from Hibiscus rosa sinensis leaves extracts. (a) silver 
nanoparticles, (b) gold nanoparticles

a b
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11.91-18.19  nm) at 100  nm scale (Fig.  5b) with 200  kV accelerating 
voltage analysis which seems to be spherical in morphology. All observed 
NPs are uniformly distributed without significant agglomeration found 
uniformly distributed without significant agglomeration.

Antibacterial activity of AgNPs
Antimicrobial activities of the synthesized AgNPs of H. rosa-sinensis 
plant leaves extract was determined, using the agar well diffusion 
method. AgNPs showed inhibition zones ranging from 0.04 to 0.41 cm 
against different reference bacterial species. AgNPs showed greater 
inhibition zone (0.41  cm) against E. coli at 100 % concentration, 

whereas lesser inhibition zone (0.04 cm) against A. hydrophila at 20 % 
concentration. All in all, the antibacterial activities of AgNPs showed in 
an increasing manner of against all pathogenic bacteria in concentrations 
(20%<50%<0%<100%). By comparison, between pathogenic bacterial 
species against concentrations of AgNPs, the inhibition of the zone was 
significantly increased while the increases of concentrations of AgNPs 
except S. epidermidis at 50%, Streptococcus aerogenes and A. hydrophila 
at 70% of all pathogenic bacterial species (Figs. 6 and 7).

Antibacterial activity of AuNPs
Antimicrobial activities of the synthesized AuNPs of H. rosa-sinensis 
plant leaves extract was determined, using the disc diffusion method. 
AuNPs showed inhibition zones ranging from 0.09 to 0.23 cm against 
different bacterial species. The maximum and minimum zone of 
inhibition 0.23  cm and 0.09  cm against B. subtilis in 100% and 20% 
concentrations of AuNPs were obtained respectively, whereas the 
zone of inhibition 0.22 cm against P. aeruginosa was observed in 100% 
concentration of AuNPs (Fig. 8). All in all, the antibacterial activities of 
AuNPs were found only B. subtilis in 2 concentrations (20% and 100%) 
and P. aeruginosa in 100% concentration, rest of 7 pathogenic bacterial 
species were found in resistance to all 4 concentrations of AuNPs.

DISCUSSION

Biosynthesis of NPs have received considerable attention due to the 
fast growing need to develop environmentally benign technologies in 

Fig. 4: Transmission electron microscopy (TEM) results analysis of biological synthesized silver nanoparticles from Hibiscus rosa sinensis 
leaves extracts with showing different sizes and shapes. (a-c) TEM results on 50 nm scale

a b c

Fig. 5: Transmission electron microscopy (TEM) results analysis 
of biological synthesized gold nanoparticles from Hibiscus 

rosa-sinensis leaves extracts with showing different sizes and 
shapes. (a) TEM results on 50 nm scale (b) TEM results on 100 nm 

scale

a b

a

Fig. 3: Fourier transform infrared spectroscopy analysis of biological synthesized nanoparticles from Hibiscus rosa sinensis leaves 
extracts. (a) silver nanoparticles, (b) gold nanoparticles

b

a
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nanomaterials synthesis [42]. The phytochemicals derived from plant 
products serve as a prototype to develop less toxic and more effective 
medicines for controlling the growth of microorganisms [37,43]. These 
compounds have significant therapeutic application against human 
pathogens. Numerous studies have been conducted with the extracts 
of various plants for screening of antimicrobial activity in search of new 
antimicrobial compounds [44]. However, there are still limited studies 
regarding the antibacterial activity of AgNPs from H. rosa sinensis plant. 
The main focus of the present study is that AgNPs reduced the activities 
of pathogens. We synthesized AgNPs from H. rosa-sinensis, which is 
easily available, safe, non-toxic and have a variety of medicinal value 
and phytochemicals that can help in the reduction of metal ions on the 
other hands, the mechanism considered for the process is plant-assisted 
reduction due to phytochemicals. The main phytochemicals involved 
are terpenoids, flavones, ketones, aldehydes, amides, and carboxylic 
acids. Flavones, organic acids, and quinones are water-soluble 
phytochemicals that are responsible for the immediate reduction 
of the metal ions [45]. It was also suggested that the phytochemicals 
are involved directly in the reduction of the ions and formation of 

AgNPs [46]. TEM analysis revealed the size and shape contributed 
toward the stability of AgNPs  [47]. FTIR confirms the presence of 
different functional groups absorb characteristic frequencies of IR 
radiations [48]. The interactions of AuNPs play an important role in 
their properties [49-51]. AuNPs have been commonly utilized in the 
radiation medicine field as a radiant enhancer [52]. The AuNPs are non-
toxic particles with large surface area and can be modified with other 
molecules, and are used in biomedical fields [53]. The significance 
of AuNPs in biochemistry field is due to its compatibility, and optical 
properties. NPs are good therapeutic agents due to their ease transport 
in the diseased cell and carrier-loading drug [54]. The exact mechanism 
by which AgNP and AuNPs employ to cause an antimicrobial effect is 
not clearly known. However, there are various theories suggested about 
the action of AgNPs on microbes to cause the antimicrobial effect. The 
AgNPs have ability to anchor to the bacterial cell wall and subsequently 
penetrate it, thereby causing structural changes in the cell membrane 
like the permeability of the cell membrane and death of the cell. There 
is formation of “pits” on the cell surface where the accumulation of the 
NPs takes place [55]. The formation of free radicals by AgNPs may be 
considered to be another mechanism by which the cells die [56,57]. 
It has also been proposed that there can be release of Ag ions by the 
NPs [58], and these ions can interact with the thiol groups of many vital 
enzymes and inactivate them [59]. The bacterial cells in contact with Ag 
absorb Ag ions, which inhibit several functions in the cell and damage 
the cells. In the recent years, due to the development of resistant strains, 
antibiotic resistance also has been increased. In this study the selected 
9 pathogenic bacteria are causing serious infections and exhibit innate 
resistance to many antibiotics. These can develop new resistance after 
exposures to antimicrobial agents. Some antimicrobial agents are 
extremely irritating and toxic. The studies on drug resistant bacteria 
in this facet are still limited. Furthermore, AgNPs have gained insight 
as an excellent antimicrobial agent due to its non-toxic effect on human 
cells in its low concentration and weaker ability to develop resistance 
towards Ag ions [60-66]. Similar results were observed in plant extract 
stabilized NPs may be ideal candidates for future studies exploring 
their use in biomedical and pharmacy applications, antimicrobial 
activity [67] and production of metal NPs from biological resources.

CONCLUSION

This is a simple, cost effective protocol for biosynthesis of AgNP and 
AuNP from biological materials. This study suggests that AgNPs 

Fig. 6: Graph showing mean, standard deviation, and standard error values of zone of inhibition (cm) of 9 pathogenic bacterial species in 
silver nanopaticles. (a) 20% (b) 50% (c) 70% and (d) 100% concentration from Hibiscus rosa-sinensis leaves extracts

Fig. 7: Antimicrobial activity of silver nanopaticles concentrations 
(20%, 50%, 70%, 100%) against pathogenic bacteria. 

(a) Pseudomonas aeruginosa, (b) Bacillus subtilis, (c) Micrococcus 
luteus, (d) Staphylococcus epidermidis, (e) Staphylococcus aureus, 
(f) Enterobacter aerogenes, (g) Escherichia coli, (h) Streptococcus 

pneumoniae, (i) Aeromonas hydrophila by using the agar well 
diffusion method 

a b c

d e f

g h i

c d

a b
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exhibits outstanding antibacterial activity against pathogenic bacteria 
as compared to AuNPs synthesized from H. rosa sinensis leaf extract and 
insights to their potential applicability as an alternative antibacterial 
agent in microbial and human health system to reduce the resistance 
ability of pathogenic bacteria.
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