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Abstract: The current investigation employed an aqueous waste peel extract of Citrus sinensis (Family: Rutaceae) to fabricate 

monometallic (silver (Ag), (gold (Au), and bimetallic silver –gold alloy nanoparticles (Ag: Au alloy NPs). The results proved that 

pH 8 and 30 oC are optimal for producing (Ag, Au, and Ag: Au alloy NPs) utilizing peel extract of Citrus sinensis as reducing as 

well as stabilizing agents. The visual investigation of the bio-synthesized (AgNPs, AuNPs, and Ag: Au alloy NPs) indicated that the 

color shift from colorless to yellow-brown, violet, and purple, respectively. UV-visible spectroscopy has been employed to establish 

the synthesis of AgNPs, AuNPs, and Ag1:Au1 alloy NPs, each with unique characteristics absorbance peaks at 424, 545, and 498 nm, 

respectively. Ag and Ag: Au alloy NPs exhibited different antibacterial activities against Pseudomonas aeruginosa when 

biosynthesized at different temperatures. The pronounced antibacterial activities were achieved at 30oC, whereas at high temperatures 

(60 oC), they showed a minor effect. Bio-fabricated mono and bimetallic nanoparticles showed that Gram-negative bacteria tend to 

be more vulnerable because of their cell wall composition. We will try to find out more medical applications of Ag-Au alloy 

nanoparticles. 
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1. Introduction 

Nanotechnology is concerned with the comprehension and 

manipulation of matter at scales between 1 nm and 100 nm. 

Nanobiotechnology combines the fields of nanotechnology and 

biology to generate biological and biochemical materials, 

devices, and systems at the nanoscale. Owing to their high 

surface-to-volume ratio and very small size (in nanometers), 

nanoparticles (NPs) are subject to excessive interest because 

they have superior physical and chemical properties compared 

to most of the same bulk molecules. Currently, modified or 

synthesized NPs are extensively used in industrially produced 

products, such as skin care products, electronics, and textiles. 

Metallic nanoparticles have been produced via a variety of 

physical and chemical processes including spray pyrolysis, 

phase transfer, digestive ripening, and co-reduction of metal 

reactions [1-2].  

The fabrication of monometallic nanoparticles (MNPs) is 

most frequently performed using chemical methods, among 

other techniques. However, hazardous chemicals and powerful 

catalysts, which may have adverse environmental effects, are 

used in the chemical synthesis approach [3-4]. Biological 

hazards, however, owing to their significant benefits in terms of 

safety, cost-effectiveness, and biocompatibility, green synthesis 

methods have been suggested as environmentally friendly 

alternatives to physical and chemical methods. These methods 

use microorganisms, such as bacteria, fungi, and yeast, as 

reductants [5-6]. Numerous investigations have already been 

conducted on the biosynthesis of silver nanoparticles with 

microbes, involving bacteria such as Pseudomonas aeruginosa 

[7], Bacillus sp. [8], actinobacteria-streptomyces sp. [9], 

Bacillus subtilis [10], and fungi, such as Fusarium oxysporum 

[11], Fusarium culmorum [12], Fusarium solani [13], Phoma 

glomerata [14], Alternaria alternata [15], Neurospora crassa 

[16], Trichoderma [17], Fusarium graminearum, Fusarium 

scirpi [18]. AuNPs have also been synthesized using microbes 

such as: Bacillus subtilis [19], and mesophilic bacterium 

Shewanella algae [20]. Several studies have used plant extracts 

as reducers for the green production of Ag and Au NPs have 

been described [21,22]. According to Ganesan et al., a liquid 

extract of Acorus calamus rhizome was employed as the 

reducing agent to produce spherical-shaped, 10 nm-sized Au 

NPs [23,24]. The active involvement of polyphenolic chemicals 

found in aqueous extracts of Elaeis guineensis leaves in the 

biosynthesis of Au NPs was established by Ahmad et al. [25]. 

Curcumin’s polyphenolic components have also been used to 

create high-quality AgNPs in aqueous media [26]. Similarly, 

leaf extracts from three other plants, P. urinaria, Pouzolzia 

zeylanica, and Scoparia dulcis, have recently been used to 

generate Ag NPs [27]. 

 However, few studies have been conducted on the 

preparation of bimetallic particles using plant extracts [28]. The 

leaf broth of Azadirachta indica has been used to produce 

bimetallic Au-Ag NPs [29]. Using Gloriosa superba leaf 

extracts, spherical-shaped Au-Ag NPs with 20 nm in size were 

created, as reported by Gopinath et al. [30]. Leaf extracts of 

fenugreek, coriander, and soybean were used as reducing agents 

to produce three distinct types of Au-Ag bimetallic NPs [31]. 
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Sharma et al. produced Au-Ag NPs using a liquid extract of 

clove buds [32]. Owing to their exceptional optical, resonance, 

and chemical qualities, silver and gold nanoparticles offer 

unique physicochemical features that have been extensively 

explored for a wide range of applications. Simply because of the 

monometallic elements' synergistic effects, it has been found 

that the activities of Ag-AuNPs, or silver-gold alloy 

nanoparticles, are enhanced [33- 35]. Ag-Au alloy (NPs) may be 

less toxic than AgNPs [36] and thus more biocompatible for 

medical purposes because they have a single surface plasmon 

resonance (SPR) band that is situated midpoint between its 

monometallic SPR band. Ag, Au, and Au: Ag alloy NPs have a 

variety of uses, including catalysis [37], antimicrobials, and 

photothermal action [38,39]. Environmental toxin detectors [40] 

Biofilm control [41]. This work aimed to synthesize gold, silver, 

and their bimetallic nanoparticles in an environmentally 

acceptable approach using an extract of orange peel (Citrus 

sinensis; Family: Rutaceae). Optimization factors, including the 

bulk materials' Au+3, Ag+, pH, temperature, and plant extract 

quantity, were studied. An ultraviolet-visible spectrophotometer 

(UV-vis) was utilized to characterize Ag, Au, and three different 

molar ratios of Ag: Au alloy (NPs). Moreover, 

antibacterial was studied. Ag: Au alloy nanoparticles were 

formed within one container. Individually, the raw materials' 

Ag+/Au+3 molar ratios have been adjusted to 1: 3, 1: 1, and 3: 1. 

HAuCl4 and AgNO3 were present in concentrations of 1 mM for 

each. Stock solution's Ag+/Au+3 molar ratio was added, 2 mL of 

orange peel extract and then 18 mL deionized water was mixed 

in a little glass bottle. Until there was no longer any color 

change, the synthesis system was continuously stirred. The 

solution shifted from colorless to reddish-brown and purple 

after 4 hours, indicating the formation of Ag: Au alloy 

nanoparticles which were verified using UV spectroscopy. 

2. Materials and methods 

2.1. Materials 

Tetrachloroauric (III) acid (HAuCl4) and silver nitrate 

(AgNO3) have been obtained from Sigma Aldrich Company, 

Oxoid-England along with all other chemicals and media. 

Deionized water was used throughout the tests. Orange was 

purchased from a local market. The orange peels were removed 

and diced into small pieces. Using an electric blender, the plant 

parts were ground into powder after being hot air oven-dried for 

one day at 40 °C. The dried (powdered) samples were then 

stored at room temperature in a glass container for subsequent 

use. 

2.2. Plant Extract Preparation  

To obtain the aqueous orange peel extract, 5 g of the fine 

powder orange peel was mixed with 100 mL of deionized water 

and heated at 70 oC for 1 hour. with continuous stirring. After 

filtering utilizing the filter paper of Whatman No. 1, the extract 

was centrifuged for 10 minutes at 4000 rpm.   Finally, 

supernatant was obtained and used without further purification 

as reported by Ganaie et al., 2016 [8]. 

2.3. Biosynthesis of AgNPs and AuNPs 

Silver and gold nanoparticles were synthesized as described 

by Elemike et al., 2019 [42]. In a small glass container, 1 mM 

of AgNO3 or HauCL4, 2 mL orange peel-extract solution, and 

18 mL deionized water have been mixed to produce AgNPs or 

AuNPs.  Using a magnetic stirrer, the solution was steadily 

agitated until the color stopped changing. The solution turned 

from colorless to yellow after 4 hours, indicating that Ag+ had 

been reduced to Ag0 so AgNPs were synthesized or Au3+ to Au0 

reduction resulting in the production of AuNPs. Using UV-

Vis spectroscopy, the formation of AgNPs and AuNPs was 

verified. 

2.4. bio fabrication of silver-gold alloy nanoparticles 

Silver-gold BNPs were fabricated as described by Shah et 

al., 2015 [40]. By coupling the reduction of AuCl4 and AgNO3 

Ag: Au alloy nanoparticles were formed within one container. 

Individually, the raw materials' Ag+/Au+3 molar ratios have been 

adjusted to 1: 3, 1: 1, and 3: 1. HAuCl4 and AgNO3 were present 

in concentrations of 1 mM for each. Stock solution's Ag+/Au+3 

molar ratio was added, 2 mL of orange peel extract, and then 18 

mL deionized water was mixed in a little glass bottle. Until there 

was no longer any color change, the synthesis system was 

continuously stirred. The solution shifted from colorless to 

reddish-brown and purple after 4 hours,  indicating the formation 

of Ag: Au alloy nanoparticles which were verified using UV 

spectroscopy. 

2.5. Optimization parameters used to control synthesis of 

AgNPs, AuNPs, and Ag: Au alloy NPs 

Synthesis of Ag, Au, and Ag: Au alloy NPs is a crucial 

process that is dependent on several parameters, including the 

quantity of orange peel -extract, concentration of silver nitrate 

salt, hydrochloroauric acid salt, temperature, and pH. Various 

parameters that play key roles in the biosynthesis of 

monometallic, and bimetallic nanoparticles were briefly 

described. Such parameters have been improved to produce 

more stable nanoparticles for the study of specific activities. 

2.6. Characterization of AgNPs, AuNPs, and Ag: Au alloy 

NPs 

ultraviolet spectroscopy was carried out on a JascoV 7770 

UV-Vis spectrophotometer (Japan) in quartz cuvettes. Nine ml 

of water containing After the reaction, one milliliter of the bio-

fabricated NPs was collected and utilized as the sample for 

measurement.  

2.7. Antibacterial activity of biosynthesized AgNPs, AuNPs, 

and Ag: Au alloy nanoparticles 

AgNPs, AuNPs, and Ag: Au alloy NPs were tested for 

antibacterial activity by employing the disk diffusion approach. 

according to Ballester-Costa et al., 2017, against Pseudomonas 

aeruginosa and B. cereus, a strain of pathogenic bacteria that 

was freshly cultivated in nutrient broth for 24 h before being 

inoculated on nutrient agar. the filter paper, Whatman No. 1, was 

punched into discs with a paper cutter and subsequently placed 

in a foil packet for sterilization using an autoclave. Discs (5 mm) 

were loaded with the required concentration of Ag, Au, and Ag: 

Au alloy NPs. Orange peel -extract was used as negative control 

while Antibiotics used as positive control. After the incubation 

period for twenty-four hours at 37°C, the diameter (mm) of the 
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inhibitory zones surrounding each disc was measured to 

determine the presence of antibacterial activity. 

3. Results and Discussion: 

3.1. Visual analysis and biosynthesis of Ag, Au, and Ag-Au 

alloy nanoparticles   

This paper demonstrates the use of orange peel extract in the 

production of AgNPs, AuNPs, and Ag-Au alloy NPs.  Visual 

observation of the orange peel-extract incubation with AgNO3 

at 30  ͦC for 4 hrs in the dark revealed an alteration in color from 

colorless to (pale yellow, and pale or dark brown), 

demonstrating the synthesis of yellow-brown elemental Ag0, 

which is the characteristic for AgNPs formation, also in case of 

HAuCL4  a color turn from colorless to light and deep purple 

was showed indicating the development of purple-colored 

elemental Au0, that is indicative of the synthesis of AuNPs. 

The creation of Ag: Au alloy NP is indicated by the purple 

or reddish-brown color when three varied molar ratios of 

AgNO3/HAuCL4 are used. Color variations in colloidal Ag-Au 

alloys have previously been mentioned, including brown, deep 

brown, and purple colors [15, 22], (Figs. 1a - 1e). Shift in color 

resulting from the activation of surface plasmon oscillations in 

Ag, Au, and Ag-Au alloy NPs provides a suitable spectroscopic 

indicator for their production, however, the absence of color 

change has been established in AgNO3 and HAuCL4 solution as 

negative controls.  (Figs.1a - 1e) Control reactions without the 

addition of orange peel-extract revealed no modification in 

color, indicating that orange peel-extract is required for the 

reduction of Ag+, Au+3, and Ag+\Au+3 as well as nanoparticle 

formation. Color differences are thought to be due to the 

configuration of the phytochemical (bio-reductants and bio-

capping) agents responsible for the production of Ag, Au, and 

Ag: Au alloy NPs, which affect their dimensions, form, and 

optical characteristics [15, 22].  

 3.2. UV-Visible spectroscopy analysis of Ag, Au, and Ag: Au 

alloy NPs fabricated at different temperature 

Ultraviolet-visible spectroscopy provides a reliable and 

effective preliminary approach for characterizing NPs. It was 

also used to investigate the synthesis, and stability of AgNPs, 

AuNPs, and Ag: Au alloys. [27,28]. The Ag and Au 

nanoparticles displayed an SPR (surface plasmon resonance) 

band due to the collective vibration of metal along with free 

band electron conduction [35]. 

The physical properties of nanoparticles, including the 

composition, shape, and synthesis matrix, are key factors that 

influence the SPR band intensity [40]. Spectral analysis 

studies of Ag, Au, and Ag- Au alloy nanoparticles show an 

absorption peak scanned from 200-800 nm. The UV-visible 

spectra of the extract, Au, Ag, and Ag: Au alloy NPs are 

displayed in (nm. The UV-visible spectra of the extract, Au, Ag, 

and Ag: Au alloy NPs are displayed in (Figs. 1a -1e), along with 

the typical SPR centered at 424 nm for AgNPs, 545 nm for 

AuNPs, 467 nm for Ag3:Au1, 498 nm for Ag1:Au1, and 520 nm 

for Ag1:Au3 alloy NPs. The Ultraviolet-visible spectrum of 

orange peel-extract, AuNPs, AgNPs, and Ag-Au NPs alloys at 

30 oC are shown in (Fig. 1c). Ultraviolet-visible spectra of Ag 

and Au NPs produced at 10 °C (Fig. 1a) showed surface 

plasmon bands with centers at 439 nm for AgNPs and 547 nm 

for AuNPs, (445, 526 and 530 nm) for the Ag3:Au1, Ag1:Au1and 

Ag1:Au3 alloy NPs , respectively. When a single peak appeared 

by UV scan, alloys of Ag and Au NPs have produced not just a 

chemical interaction of two separate metals, but by the orange 

peel-extracts, whereas producing two peak curves 

corresponding to Ag and Au NPs [15, 21]. Various papers have 

indicated that the peaks of AgNPs emerge in this region, 

although the precise peak position relies on many variables such 

as dimension, shape, and substance composition, as well as the 

local environment [43,44]. 

 

 

 
 

 

 

Fig. 1: UV-spectrum and visual analysis of the different temperature effects 

where A) is 10 oC, B) is 20 oC, C) is 30 oC , D) is 40oC, and E) is 60 oC on the 

biosynthesis of AgNPs, AuNPs, Ag3: Au1, Ag1: Au1, Ag1: Au3 alloy NPs, and 
orange peel-extract at  (pH=8). 

 
3.3. Antibacterial activity of biosynthesized silver, gold, and 

silver-gold alloy nanoparticle  

The use of biosynthesized nanoparticles in a wide variety of 

biomedical settings is growing [45].  Tables (1& 2) display the 

outcomes of testing nanoparticles, orange peel extract, and 

antibiotic reference (cefotaxime) for antibacterial activities. At 

150μL, the biosynthesized AgNPs, AuNPs, Ag3:Au1, Ag1:Au1, 

and Ag1:Au3 alloy NPs showed substantial antibacterial efficacy 

against gram-positive (Bacillus cereus) and gram-negative 

(Pseudomonas aeruginosa) bacterial strains (Muti- Drug 

Resistant Bacteria, Isolated from Sohag University Hospital). 

The potency of nanoparticles against gram-positive and gram-

d 

e 
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e 

c 
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negative bacteria was evaluated after fabrication under 

optimized conditions temperature, This study confirmed that 

there is no antibacterial activity with orange peel extract and an 

antibiotic against tested bacterial strains. 

 At different temperatures, AgNPs showed inhibition zones 

against B. cereus in the range of 8-21 mm, while the produced 

AuNPs at 20, and 30 oC showed inhibition zones of 6, and 12 

mm, respectively, however, produced AuNPs at 10,40 and 60 oC 

do not affect bacterial growth  Under similar conditions, Ag: Au 

alloy NPs of varying molar ratios (A3:Au1, Ag1:Au1, and 

Ag1:Au3) showed varying inhibition zones against B. cereus 9.5-

16.5 mm, 14-28 mm, and 10-15.5 mm, respectively. (Fig. 2 a- 

e). When biosynthesized monometallic and bimetallic 

nanoparticles at different temperatures were tested against 

Gram-negative bacteria (Pseudomonas aeruginosa), 

biosynthesized nanoparticles exhibited inhibition zones of 0-30 

mm for AgNPs, 0-20 mm for Ag3:Au1, 0 - 38mm for Ag1:Au1 

alloy NPs, 0-13mm for Ag1:Au3 alloy NPs and 0-8mm for 

AuNPs (Fig. 3 a- e). The largest inhibition zones (21 mm , 19 

mm, 28 mm, 15.5 mm, and 12mm) were recorded for the 

AgNps, Ag3:Au1, Ag1:Au1, Ag1:Au3 alloys, and AuNPs, 

respectively, at 30 °C  against B. cereus (Fig. 2,c), moreover, 

(30 mm, 20 mm, 38 mm, 13 mm, and 8 mm) were recorded for 

the AgNps, Ag3:Au1, Ag1:Au1 Ag1:Au3 alloyNPs, and AuNPs, 

respectively, at 30 oC (Fig. 3c) against Pseudomonas 

aeruginosa. Our finding also agrees with the research done by 

(Samari, et al. 2018) [46] who demonstrated that 

biosynthesized silver nanoparticles were stable at room 

temperature. Also, Jalab et al. 2021 [47]  reported that the 

optimum temperature for AgNPs synthesis was 30 oC. Whereas 

(Mittal et al. 2013) [48] reported that 30∘C was found to be 

optimum for gold nanoparticle synthesis. in comparison with Au 

and Ag NPs alone. These results are in agreement with the 

results obtained by Tabrizi et al., 2012 [35], who concluded that 

the enhanced antibacterial activity of Ag1:Au1 alloy may  be 

attributed to the combined impact of Ag and Au ions within the 

nanoparticles [40].  

 Furthermore, Ag1:Au1 alloy was the strongest antibacterial 

among the Ag: Au alloys  nanoparticles  (Figs. 2c). These 

finding showed that P. aeruginosa (Gram-negative) bacteria 

were found to be more vulnerable to AgNPs, AuNPs, and Ag-

Au bimetallic alloy nanoparticles than B. cereus (Gram positive) 

bacteria. Potentially because of differences in the composition 

of respective cell wall membranes. Compared to B. cereus, P. 

aeruginosa has a thin peptidoglycan layer in its cell wall [7, 10].  

In comparison to the other alloy molar ratios, Ag1:Au1 alloy 

NPs exhibited the strongest antibacterial impact, as evidenced 

by the diameter of the inhibition zones, which were 28 mm 

against B. cereus and 38 mm against Pseudomonas aeruginosa. 

The dual effect of AuNPs and AgNPs that can effortlessly 

participate in attacking the cell membrane of the microorganism 

[35] may explain why the antibacterial action of the Ag-Au alloy 

nanoparticles was more potent than that of the single metal 

nanoparticles (AgNPs and AuNPs) [44]. The inhibition zone  of 

orange peel extract, silver, gold, as well as silver-gold BMNPs 

against Pseudomonas aeruginosa and B. cereus is illustrated in 

(Figs. 2 and 3).  

 

Fig. 2:   antibacterial activity of AgNPs, AuNPs, and Ag: 

Au alloy nanoparticles fabricated at differern temperature 

where (a) at 10 oC, (b) at 20oC, (c) at 30oc,(d) at 40oc, and 

(e) at  60oC  at  (pH=8) against B.cereus. 

 

 
Fig. 3:  antibacterial activity of AgNPs, AuNPs, and Ag: Au alloy 

nanoparticles fabricated at differern temperature where (a) at 10 oC, (b) at 

20oC, (c) at 30oc,(d) at 40oc,and (e) at  60oC  at  (pH=8) against 
pseudomonas aeruginosa.  

 4. Conclusion 

An easy, eco-friendly, and economical strategy for the 

biosynthesis of monometallic Au, Ag, and bimetallic 

Au–Ag alloy NP catalysts using aqueous extract of orange 

peel extract as a reducing and stabilizing agent. The 

physicochemical conditions were optimized for the 

synthesis of NPs. The biosynthesized monometallic and 

bimetallic alloy NP were characterized by Ultraviolet-

visible spectrum. 

The present work provides the optimized conditions for 

the synthesis of bimetallic Au–Ag alloy NP with high 

stability and excellent antibacterial activities against 

pathogenic bacteria gram-positive (B. cereus) and gram-

negative (Pseudomonas aeruginosa) and compared to the 

monometallic NP. Biosynthesized mono and bimetallic 

nanoparticles showed that Gram-negative bacteria 
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(Pseudomonas aeruginosa) tend to be more vulnerable 

because of their cell wall composition. 

Table 1: Sizes of the inhibition zones (mm) of 

AgNPs,AuNPs, and Ag_Au alloy NPs produced under 

different temperatures conditions against B. cereus. 

 
 
 

             Pseudomonas aeruginosa 

             Inhibition zone mm 

coT=10 coT=20 coT=30 coT=40 coT=60 

Orange 
peel-extract 

- - - - - 

Antibiotic  - - - - - 

AgNPs 14mm 16mm 30mm 8mm - 

1 :Au3Ag

alloy NPs 

- 13mm 20mm 11mm 9.5mm 

 1:Au1Ag

alloy NPs 

-  15.5 

mm 

38mm 15mm 12mm 

 3:Au1Ag

alloy NPs 

-  6mm 13mm -  - 

AuNPs - - 8mm - 5.5mm 

Table 2: Sizes of the inhibition zones (mm) of AgNPs, 

AuNPs, and Ag:Au alloy NPs produced under different 

temperatures conditions against Pseudomonas aeruginosa. 

 
 

                        Bacillus cereus 

                 Inhibition zone (mm) 

coT=10 co0T=2 co0T=3 coT=40 coT=60 

Orange 
peel- 

extract  

- - - - - 

Antibiotic     - - - - - 

AgNPs 13mm 18mm 21mm 10.5mm 8mm 

1 :Au3Ag
alloy NPs 

14mm 16.5mm 19mm 13mm 9.5mm 

 1:Au1Ag

alloy NPs 

18mm 19.5 

mm 

28mm 17mm 14mm 

 3:Au1Ag

alloy NPs 

10mm 13mm 15.5mm 14mm 11.5mm 

AuNPs - 6mm 12mm - - 
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