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ABSTRACT 
The field of nanotechnology has witnessed a very rapid growth, brought excellent advantage to modern 
societies, and contributed to the accelerated development of the sciences. In the present study, three 
concentrations of Ag/Cu nanoalloy were synthesized using Lactobacillus casei subsp. casei. The bio-reduction 
of pure nanoalloy was characterized using X-ray diffraction analysis (XRD), transmission electron microscopy 
(TEM), Fourier transform infra-red (FT-IR) analysis, Field emission scanning electron microscopy (FESEM). 
Moreover, the elemental composition study was accomplished by Energy Dispersive X-ray Spectroscopy 
(EDAX). Antibacterial activity was investigated by determining the minimum inhibitory concentration (MIC) 
and Minimum Bactericidal concentration (MBC), well diffusion method, and bactericidal test. In this report, 
the biosynthesized Ag/Cu nanoalloy was detected by the color changes in the broth medium and the geometry 
of its particle, which is spherical and well dispersed with their size in the range of 50-100 nm. Moreover, the 
presence of Ag and Cu is another evidence for the development of this nanoalloy. Overall, comparing MIC, 
well diffusion and bactericidal tests applied for assessing the antimicrobial effects of synthesized nanoalloy, 
effective antibacterial activity was seen in conflict withal studied bacterial strains. However, Escherichia coli 
ATCC 25922 (gram negative), Bacillus subtilis ATCC 12711 and Staphylococcus aureus ATCC 25923 (both 
gram positive) were detected as most sensitive bacteria. Our results are promising for the potential use of the 
biosynthesized nanoalloy as an antibacterial agent; however, supplementary studies on the in vivo 
antimicrobial properties, as well as toxicity, are recommended for local or systemic implementation in the 
human body. 
 
Keyword: Silver/copper nanoalloy, Lactobacillus caseisubsp. Casei, Antibacterial properties, MIC, MBC 
 
INTRODUCTION 
Nanotechnology has become one of the 
momentous technologies applied in all areas of 
science. Recently, Cu-only, Ag-only are metal 
nanoparticles (MNPs) that have been alluring 
many researchers. These MNPs are composed of 
a single metallic element or more than one metal, 
making the subclass of “nanoalloys” (NAs). 
Noble metals have excellent optical, food, drug 

delivery [1], catalysis [2], as well as biomedical 
[3] and biological [4] properties that have been 
foci of consideration for the scientific 
community. They also seem to be alternative 
antibacterial agents because of their large 
surface/volume ratios and crystal structure, with 
having the ability to overcome the problem of 
bacterial resistance against a wide range of 
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antimicrobial agents including antibiotics[5]. 
Preparation and characterization of monometallic 
nanoparticles by various synthetic methods have 
been investigated for many years; however, metal 
nanoalloys synthesis has not been as widespread 
due to handling problems and difficulties in 
preparation. There are several methods for the 
synthesis of Ag, Cu, and Ag/Cu alloy 
nanoparticles such as chemical, green and 
microemulsion synthesis methods as well as a 
variety of other synthetic techniques[6,7].The 
rapid emergence of multi-drug and pan-drug 
resistant bacteria endangers the efficacy of 
antibiotics for treating the lifethreatening 
infections [8]. Hence, there is a constant need for 
redesigningthe novel approaches in order to 
develop new and effective antimicrobial agents. 
In this regard, Abboud et al. reported the 
antibacterial effect of copper oxide nanoparticles 
synthesized with brown alga (Bifurcariabifu 
rcata)[9].In another study Anima Nanda et al. 
showed the antimicrobial activity of silver 
nanoparticles against methicillin-resistant 
Staphylococcusaureus (MRSA) and methicillin-
resistant S.epidermidis (MRSE) synthesized by 
S.aureus[10]. Hemant et al (2011) demonstrated 
the antibacterial effect of gold/silver NA on 
S.albusand Escherichia coli mediated using 
Tyrosine [11].However, among these methods; 
the production of nanomaterials by the biological 
procedure is cost-effective, non-toxic, eco-
friendly, and timesaving. Several studies have 
already been reported that Ag NPs have 
antibacterial activity [12]. Similar findings have 
also been reported for Cu NPs [13]. Besides, 
Paszkiewicz et al.[14] and Taner et al.[15] 
synthesized Ag/Cu nanoalloys by chemical co-
reduction of their metal salts and showed the 
antibacterial effectiveness of synthesized 
nanoalloys for a limited number of both gram 
positive and gram negative bacterial strains. 
However, to the best of our knowledge, the green 
synthesis of this nanoalloy has not been reported 
so far. 
 In this study silver/copper (NA) was synthesized 
using a strain of bacteria called Lactobacillus 

casei subsp. casei, which is found in human 
intestine and mouth. Lack of published work on 
Ag/Cu alloy nanoparticles' biosynthesis 
techniques motivated us to study this topic. 
Accordingly, the aim of this study is to 
investigate the antibacterial effects of Ag/Cu 
nanoalloys biosynthesized by Lactobacillus casei 
ATCC 39392 on some standard strains of 
important bacterial pathogens. 
 
MATERIALS AND METHODS 
Materials 
All reagents and substrates were purchased from 
commercial sources with the best quality and 
were used without further purification. The 
lyophilized bacteria of Lactobacillus caseisubsp. 
Casei (ATCC 39392) were obtained from Persian 
Type Culture Collection (PTCC). MRS broth was 
purchased from MERCK (Darmstadt, Germany). 
Deionized water was used in all experiments. 
Biosynthesis of Ag/Cu nanoalloy 
Lactobacillus casei(ATCC 39392) was cultivated 
in a round bottom flask containing MRS broth 
and Tween 80for 24 hours at 30℃.An aqueous 
mixture of copper and silver (final ratio is given 
in table I) was added to the flask. After the 
incubation period (48h), the medium was turned 
from yellow into dark brown indicating the 
formation of NA sat the bottom of the flask. 
These NAs were extracted by centrifugation 
(3500rpm, 5 min). The product was filtered and 
washed with deionized water followed by drying 
at 40℃in a hot air oven for 4 h. 
Characterization of Ag/Cu nanoalloys 
The biosynthesized Ag/Cu NAs were 
characterized by various instrumental analytical 
methods. Crystalline metallic Ag/Cu NAs were 
determined by X-ray diffractometer (STOE-
STADI MP) using Cu Kα radiation (λ = 
1.54060nm).The spectra obtained from FT-IR 
(Thermo Nicolet Nexus 670 Model) were 
recorded under identical conditions in the 400-
4000 cm-1 region, which demonstrated the 
chemical nature of the synthesized Ag/Cu NAs. 
Elemental composition study was accomplished 
by Energy Dispersive X-ray Spectroscopy 
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(EDAX) using Oxford Inca Penta FET-x3 EDX 
instrument coupled with SEM. Morphological 
features of Ag/Cu NAs were studied using a 
Sigma ZEISS, Germany field emission scanning 
electron microscopy (FESEM). In addition, 
transmission electron microscopy (TEM) analysis 
was performed on a Zeiss instrument model 
EM10C (Zeiss, Germany) at an accelerating 
voltage of 100kv coater; then the material was 
subjected to analysis. 
Bacterial Strains: 
The antibacterial activity of three treatments of 
synthesized Ag/Cu NAswas evaluated on several 
gram-positive and gram-negative bacterial 
strains. Staphylococcus aureus ATCC 25923 and 
Bacillussubtilis ATCC12711were evaluated as 
gram-positive strains. Gram-negative strains were 
Escherichia coli ATCC25922, Klebsiella 
pneumoniae PTCC 1290, Pseudomonas 
aeruginosa ATCC27853, and Acinetobacter 
calcoaceticus ATCC 23055. All bacterial strains 
were aerobically cultivated in Mueller Hinton 
Agar(MHA)or Mueller-Hinton broth (MHB, 
Scharlau, Spain) for 24h at 37℃. Antibacterial 
analysis on the Ag/Cu NAs was achieved against 
standard strains using different methods. 
Determination of Minimum Inhibitory and 
Minimum Bactericidal Concentrations of 
Ag/Cu nanoalloy: 
All isolates were subjected to determine 
minimum inhibitory concentration (MIC) and 
minimum bactericidal concentration (MBC) of 
Ag/Cu NAs (A, B, and C). Tube dilution method 
was carried out for the evaluation of the 
antibacterial efficacy of synthesized NAs based 
on CLSI guidelines. Standard strains were 
cultivated in MHB at 37℃ overnight. Bacterial 
cells were obtained by centrifugation of the 
culture medium, then washed and resuspended in 
normal saline. Two-fold dilutions of Ag/Cu 
nanoalloys were prepared in 10 test tubes in the 
range of 2-1.95× 10-3µg/µL. Next, 1.5×106 
inoculums of isolates adjusted by 
0.5Mcfarlandturbidity standards were added to 
each concentration. Bacterial growth was 

observed after incubation for 24h in 37℃. The 
lowest concentration of Ag/Cu NAs where there 
was no visual growth of bacteria (i.e., no increase 
in the OD590) in MHB was considered as MIC. 
MBC was the lowest concentration of NAs that 
kills more than 99.9% of the initial inoculum of 
bacteria after the incubation period. A tube 
containing MHB without NAs and an un-
inoculated MHB medium were considered as 
positive and negative controls, 
respectively[16,17]. Each experiment was 
repeated for three times. 
Well diffusion method: 
To examine the bactericidal effects of Ag/Cu 
NAs (A, B, and C treatments) on the tested 
bacterial strains, a bacterial suspension from the 
fresh culture of each strain was prepared. The 
turbidity of the suspension was adjusted at 
590nm to obtain turbidity equal to 0.5 McFarland 
standards. Next, 1.5 ×106 colony forming units 
(CFU) of each strain were spread over on entire 
MHA surface. Wells were punched aseptically 
with a sterile cork-borer into the agar medium 
(0.4-0.6 cm). After that, 50 μl (20µg) of the A, B, 
and C preparations of Ag/Cu NAs was introduced 
into each well. The plates were incubated for 24h 
at 37℃. Microbial susceptibility to each 
compound was determined by measuring the 
diameter of inhibition zone appeared around the 
wells [18-20].The experiments were done three 
times and the mean values were considered. The 
results were compared with ampicillin (10µg) as 
the standard antibacterial agent, which is used for 
treating infections caused by both gram-negative 
and gram-positive bacteria. 
Bactericidal test: 
The bactericidal effect of Ag/Cu NAs (A, B, and 
C treatments) on the bacterial strains was 
evaluated by the cultivation of 
1.5×102colonyforming units (CFU) of each tested 
strain on the surface of MHA supplemented with 
1, 0.1, and 0.01 µg /µL of nanoalloy. The 
nanoalloy-free medium was used as the growth 
control, plates were incubated, and the numbers 
of colonies were counted after 24h incubation at 
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37℃. Experiments were repeated three times[21-
22].AgNO3and CuSO4salts were inserted in 
separate MHA plates with 1μg/µL concentration 
that was used for comparing the antibacterial 
effects of synthesized nanoalloy with the same 
concentration of the salts as controls. 
RESULTS AND DISCUSSION 
Confirmation of biosynthesized Ag/Cu 
nanoalloys: 
Fabrication of MNAs for biomedical or 
biological applications requires a deep 
understanding of the interaction between 
materials and biological systems at the nanoscale 
to achieve favorable biological selectivity [23, 
24]. Various parameters such as size, shape, 
surface charge, chemical functionality, and 
hydrophobicity/ hydrophilicity can significantly 
affect the interactions of nanomaterials with cell 
wall membrane, cytoplasmic materials, proteins, 
and DNA that are ultimately interpreted based on 
toxicity rate of these NAs. These 
characterizations (such as shape, morphology, 
size, etc.) were studied by methods that are listed 
below [25, 26].Ag/Cu NAs synthesis adopting 
bio-reduction was primarily confirmed by a color 
change of the bacterial broth culture from yellow 
to brown demonstrating the formation of NAs 
(Fig.1).The synthesized Ag/Cu NAs were 
characterized by Fourier-transform infrared 
spectroscopy (FT-IR).The main goal of IR 
spectroscopic analysis is to determine chemical 
functional groups in the sample. Different 
functional groups absorb characteristic 
frequencies of IR radiation. Thus, the 
characterization of functional groups on the 
surface of Ag/Cu NAs was performed using FT- 
IR (FT-IR Thermo Nicolet 670). The spectra 
scanned in the range of 500-4,000 cm-1(Fig.2) 
show strong peaks at 3100-3680 cm-1 
corresponding to N-H stretching vibrations of 
primary and secondary amines or amide linkages 
in the protein. The small peak at 2925 cm-1 was 
characteristic of C-H stretching vibration of the 
alkenes group. The bands at 1634cm−1 and 1448 
cm−1 correspond to the binding vibrations of 
amide I and amide II bands of proteins molecules 

respectively. The bands observed at 1335 and 
1264, cm-1 could be indexed to C-N stretching 
vibrations of aromatic and aliphatic amines 
respectively. The weaker band at 1039 cm- 1 

corresponds to the C-O stretching vibrations due 
to carboxylate and alcoholic groups respectively. 
IR spectroscopic study has confirmed that the 
carbonyl group from amino acid residues and 
peptides of proteins had stronger ability to bind 
metal. Hence, proteins could most possibly form 
a coat covering the metal nanoparticles and 
prevent agglomeration of the particles and thus 
cause their stabilization in the medium. This 
evidence suggested that biological molecules 
could possibly form and stabilize Ag/Cu NAs in 
the aqueous medium. Particle distribution, size, 
and shape were examined using Field Emission 
Scanning Electron Microscope (FESEM) which 
works with electrons (particles with a negative 
charge) instead of light. The FESEM 
micrographs of the biosynthesized sample b (Ag 
0.75 Cu 0.25) nano-powder are shown in Figs. 3a, b, 
and c. It was concluded that the synthesized NAs 
were uniformly distributed and were dens with 
nanoparticle sizes ranging from approximately 50 
to 100 nm. The EDAX is a technique mainly 
used to determine the presence of different 
elements in a sample. In the present study, two 
representative EDAX results showed in Fig 4 
indicate the presence of Ag, Cu, C, O, and Au 
elements. The presence of other elements along 
with Ag and Cu was due to the use of 
biosynthesis method. However, EDX on the gray 
phases with particular shape showed that Ag 
content was much higher than Cu which 
indicating the particle phase was an Ag-rich 
phase. Thus, it can be stated that 
Ag0.75Cu0.25NAwas successfully synthesized in 
the present work. The crystallographic analysis of 
the particles by XRD (Fig. 5)showed 2θ values or 
Bragg reflections at 38.1°, 44.6°, 64.5°, and 77.9° 
which were indexed at (111), (200), (220) and 
(311) lattice planesrespectively. These peaks 
firmly proved that the synthesized particles were 
of a crystalline silver element. The XRD pattern 
of Ag0.75Cu0.25indicatedthat Ag was the major 
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phase present in the NA after the reduction 
process (XRD-card: ICSD 01-087-0717). These 
data suggested that in the Ag/Cu NAs Cu was 
present at the small concentrations at 2θ=10° and 
79.9°, suggesting the formation of Ag/Cu 
bimetallic nanoparticles. Spot-profile EDX 
analysis of a number prepared nanoparticles 
confirmed the presence of both Ag and Cu 
signals (Fig.4).The TEM results demonstrated the 
structure of particles in nanoscale. This technique 
is used to gain information on the morphology 
and size of the particles. Fig 6 shows TEM image 
of sample b NA. All nanoparticles were spherical 
and aggregated due to the high concentration of 
particles as well as silver and copper particles 
have been close together. 
Antibacterial Assays: 
Nanoparticles as antimicrobial agent shave found 
an ever-increasing demand in medical 
applications. In the present study, we found that 
synthesized Ag/Cu nanoalloy have effective 
antibacterial activity against standard strains of 
some multi-antibiotic resistant gram-positive and 
gram-negative pathogens. The results of MIC and 
MBC determination for tested bacteria are 
summarized in Table 2.Also, the antimicrobial 
activities of Ag/Cu nanoalloys (A, B, and C 
preparations) were investigated using agar well 
diffusion method against selected standard strains 
of human pathogens. The sensitivity of these 
strains was also tested using ampicillin as a 
commercially available antibiotic. The three 
different treatments of synthesized nanoalloy 
have shownvarying degrees of antibacterial 
activity against the tested organisms which were 
comparable with ampicillin about some of the 
tested bacterial strains (Fig 8). The zone of 
inhibition around the wells contains A, B, and C 
preparations of Ag/Cu nanoalloys in MHA 
containing S.aureus ATCC 25923was shown in 
Fig 9. 
Antibacterial tests were performed against 
selected bacterial strains on MHA agar plates 
containing different concentrations of Ag/Cu 
nanoalloys (A, B, and C).As shown in Table 3, 1 
and 0.1 μg/µL concentrations of all preparations 

of Ag/Cu nanoalloy completely prevented 
bacterial growth. However, 0.01 μg/µL 
concentration of A and B (but not C) preparations 
were completely inhibitory. Fig. 10 shows the 
number of A.calcoaceticus colonies on MHA 
agar plates containing different concentrations of 
nanoalloy (treatment A): (A) 1, (B) 0.1, (C) 0.01, 
and (D) 0 μg/µL.AgNO3and CuSO4(1 μg/µL) had 
no inhibitory effects on all the bacterial strains 
used as controls. The inhibitory effect of NPs is 
dependent on the concentration of NPs and the 
inoculum size. In this study, the inoculum size 
was1.5×106 C.F.U/mL, which was constant in 
determining MICs and MBCs and well diffusion 
method, irrespective of microbial strain. 
However, due to variation in the used strains in 
respect of the several mechanisms, which makes 
them resistant to antimicrobial agents, different 
levels of sensitivity to the synthesized Ag/Cu 
nanoalloy were seen. The lower sensitivity was 
reported for A. calcoaceticus, K. pneumonia, and 
P. aeruginosa, with all of them being gram 
negative. Many antibacterial agents are targeted 
at intracellular processes; however, in gram-
negative bacteria, the outer membrane provides 
an impermeable barrier that must be overcome 
[27]. 
The lipid and protein composition of the outer 
membrane have strong effects on the resistance 
of bacteria to many types of antimicrobial agents. 
For example, in P.aeruginosa Opr F and Omp A 
are pore-forming proteins with extremely low 
permeation [27].There is increasing reports about 
antimicrobial resistance due to loss or structural 
change in porins of K. pneumonia and 
Acinetobacteras well [27].The Final inoculum 
size was 1.5×102 C.F.U/mL in the bactericidal 
test, which resulted in better antimicrobial 
effectiveness in this test. Also, there are 
differences between three methods applied for 
determining the antimicrobial effectiveness of 
Ag/Cu nanoalloy in terms of used concentrations, 
more sedimentation of NPs in broth media, and 
the efficacy of NPs diffusion in agar that led to 
slight differences in results. 
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CONCLUSIONS 
Rising knowledge toward eco-friendly biological 
synthesis processes has led to a biosynthesis of 
Ag/Cu nanoalloy using L.casei sub.Casei as a 
reducing agent. Unlike the physical and chemical 
methods, which involve harmful toxic chemicals, 
microbial mediated biological synthesis of 
nanoparticles is a cost- and time-effective and 
non-toxic approach. Bacterial synthesized Cu/Ag 
NPs showed notable antibacterial effects on both 
gram-negative and gram-positive bacterial 
strains, particularly on E. coli, S. aureus, and 
B.subtilis. Finally, the NPs evaluated in this study 
have promising properties for applications in 
medicine; however, further studies are 
recommended. 
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Fig 1: Biological reduction with L.caseiand color changing from yellow to dark brown demonstrated nanoalloy 
particles synthesis 
 

Table.1: Silver and copper salts ratio that added to the MRS broth for Ag/Cu alloy nanoparticles fabrication 
Sample D (control)  Sample C Sample B  Sample A   

0%  25%  75%  50%  %Ag  
0%  75%  25%  50%  %Cu  

-  1milM  1milM  1milM  Concentration  
 

 
Fig.2:FT-IR spectra of Ag/Cu nanoalloy particles synthesis by L.casei. 

 
Fig.3: FESEM image of three samples (A, B, and C) of nanoalloys (scale bar 200 nm) 
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Fig.4: During imaging by Field Emission Scanning Electron Microscopy (FESEM), the section of sample B 
(Ag0.75Cu0.25) selected and its elements were determined. The graph indicated that gray phase here is Ag. 

 

 
 

Pos.[°2Th.]    Height [cts]    FWHMLeft[°2Th.]    d-spacing [Å]   Rel. Int. [%] 
38.150(1)      3224(48)        0.301(6)            2.35703           100.00 
44.297(7)      680(734)        1(1)                2.04321           21.09 
64.504(3)      603(12)         0.46(2)             1.44348           18.70 
70.2(1)        12(2)           2(1)                1.33929                0.39 
77.422(3)       557(11)         0.53(2)             1.23170                 17.27 
Fig.5: XRD pattern of biosynthesis of sample B NA; the major phase in sample B is silver and XRD pattern 
recognize silver ions with cubic crystal system. Compared to XRD graph with EDX, we have two small picks at 2θ= 
10° and 70° indicate the copper ions in alloy nanoparticles. 
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Fig 6: TEM image of Ag/Cu nanoalloy scale bar 50nm particles dense together. 
 

 
Fig 7:The minimum Bactericidal concentration (MBC) of Ag/Cu nanoalloy (B) for S.aureus ATCC25923.(2 to 9; the 
concentration range of Ag/Cu nanoalloy(B) is 0.25-1.95×10-3 µg/µL, 1; positive control).The MBC of this compound 
for S.aureus was 0.25 µg /µL as indicated by the lack of growth on the surface of MHA. 
 

Table 2: MIC (µg/ µL) and MBC (μg/ µL) of Ag/Cu nanoalloy for various antibiotic resistant microorganisms 

Strain 
MBC/MIC 

Ag-Cu nanoalloysμg/µL 
A B C 

Acinetobactercalcoaceticus ATCC23055 1 1 1 
Bacillus subtilis ATCC 12711 0.25 1 0.25 

Klebsiellapneumoniae PTCC 1290 1 1 1 
Pseudomonasaeruginosa ATCC27853 1 1 1 
Staphylococcus aureus ATCC25923 .25 0.25 .25 

Escherichia coli ATCC25922 0.125 0.125 0.125 
*Treatment A: (AgNO3 25%, CuSO4 75%) 
**Treatment B: (AgNO3 75%, CuSO4 25%) 
***Treatment C: (AgNO3 50%, CuSO4 50%) 

 
Fig .8: The diameter of inhibition zone surrounding three different treatments of Ag/Cu nanoalloy containing wells in 
the presence of various standard bacterial strains. 
*Treatment A: (AgNO3 25%, CuSO4 75%), **Treatment B: (AgNO3 75%, CuSO4 25%) 
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***Treatment C: (AgNO3 50%, CuSO4 50%) 

 
Fig 9: The diameter of the zone of inhibition around the wells containing A, B, or C preparations of Ag/Cu 
nanoalloyscorrelates to the sensitivity of S.aureus ATCC 25923 to these compounds. 
 
Table 3: The number of bacterial colonies has grown up on MHA plates containing 1, 0.1 and 0.01 µg /µLof Ag/Cu 
nanoalloys. 
+<10 C.F.U, ++<100 C.F.U, +++<1000 C.F.U, ++++>1000 C.F.U 

*Treatment A: (AgNO3 25%, CuSO4 75%), **Treatment B: (AgNO3 75%, CuSO4 25%), ***Treatment C: (AgNO3 
50%, CuSO4 50%) 

Fig 10: Number of A.calcoaceticus 
ATCC23055colonies on MHA plates containing 
different concentrations ofnanoalloy (treatment A): 
(A) 1, (B) 0.1, (C) 0.01, and (D) 0 μg/µL 

Bacterial strains  Inoculum size 
C.F.U 

No. of colonies 
on positive 

control plate 

nanoalloy concentration(NC) 
µg /µL 

1 0.1 0.01 
A B C A B C A B C 

A. calcoaceticusATCC23055 1.5×102 ++++ NG NG NG NG NG NG NG NG NG 
B. subtilis ATCC 12711 1.5×102 ++++ NG NG NG NG NG NG NG NG NG 

K. pneumoniaePTCC 1290 1.5×102 ++++ NG NG NG NG NG NG NG NG ++++ 
P.aeruginosa ATCC27853 1.5×102 ++++ NG NG NG NG NG NG NG NG ++++ 

S. aureus ATCC25923 1.5×102 ++++ NG NG NG NG NG NG NG NG ++ 
E.coliATCC25922 1.5×102 ++++ NG NG  NG NG NG  NG NG NG  ++ 


