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ABSTRACT 
In this paper, spherical gold nanoparticles (AuNPs), rod-shape AuNPs and triangular AuNPs were synthesized us-

ing CTAB as the coating reagent, and their bactericidal properties against Staphylococcus aureus (S. aureus) and Esche-
richia coli (E. coli) were studied. By the plate count method and turbidity method, the minimum bactericidal concentra-
tions (MBC) and the minimum bacteriostasis concentrations (MIC) to the two kinds of bacteria were determined. The 
MIC of rod-shape AuNPs, triangular AuNPs and spherical AuNPs to E. coli were 0.65 μg/mL, 3.71 μg/mL, 21.21 
μg/mL, and MBC were 1.30 μg/mL, 11.09 μg/mL, 21.21 μg/mL, respectively. The MIC to S. aureus were 0.26 μg/mL, 
0.56 μg/mL, 2.65 μg/mL, while MBC were 0.52 μg/mL, 1.11 μg/mL, 2.65 μg/mL, respectively. The results showed that 
the bactericidal effect of rod-shape AuNPs on E. coli and S. aureus was higher than that of the other two forms, and 
the bactericidal effect of three different forms of AuNPs on S. aureus was better than that on E. coli. 
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1. Introduction 
Food safety issues have become a public health hotspot in today’s 

world, while foodborne pathogenic bacteria are one of the main causes 
of foodborne diseases, and the emergence of antibiotics has played 
a big role in controlling such diseases. However, the abuse of antibiot-
ics makes bacteria have gradually produced drug resistance to tradi-
tional antibiotics, and the emergence of antibiotic resistance pathogens 
has seriously jeopardized human health. Therefore, the research about 
new, safe, and efficient antibacterial materials is imminent[1]. 

In recent years, with the development of nanotechnology, the an-
tibacterial study of nanomaterials has become a hot spot in current re-
search. Antibacterial nanomaterials have been reported[2] including 
nanocrystallized traditional antibacterial materials (such as nanofibae, 
nanoplastic antimicrobial peptide, etc.), inorganic metals and metal 
oxide nanoparticles (such as gold, silver, copper, zinc oxide, etc.), and 
new surface modified nanoparticles. Nanoparticles are used as a new 
type of antibacterial drugs, which is considered to have a mechanism 
different from conventional drugs. It is difficult to induce bacterial re-
sistance compared to traditional antibiotics. Therefore, it has become 
one of the novel drug research and development directions, attracting 
great interest of researchers[3,4]. 

AuNPs, highly representative nanoparticles, have a wide range of 
applications in the fields of catalytic[5], biomedicine[6] and other fields 



 

2 

with its good stability, dimensional effect, surface 
effect, optical effect, and unique biological affinity. 
In the field of biomedicine, “AuNPs” has become a 
favored nanomaterial, widely used in biological 
sensing[7–9], as drug delivery carriers[10,11], and as a 
new type of antibacterial drug after its surface is 
modified by different antibacterial drugs[3]. Howev-
er, there is little study of AuNPs’ self-antibacterial 
properties compared to that of the silver nanoparti-
cles that are widely concerned. 

In 2015, Z. Vivian Feng’s topic group[12] ob-
tained AuNPs with different charges by coating dif-
ferent agents on the surface and compared the anti-
bacterial properties. They found that AuNPs with 
negative charges do not have bactericidal effect, 
while AuNPs with positive charges have bactericid-
al effect; with the increase of charge density, 
the bactericidal effect is constantly enhanced. In 
2017, Jelle Penders’s topic group[13] studied the ef-
fects of negative AuNPs, GNFs, gold nanostars on 
the lag time and exponential growth rate of S. aure-
us growth, and observed an obvious concentration 
and shape dependency effect. The change of shapes 
caused significant difference in the antibacterial 
effect. It is speculated that this is due to the large 
surface area and more surface protrusions, which 
may make GNFs more easily attached to the bacte-
ria, then break the membrane, resulting in cell 
death. 

Hexadalkyl trimethyl ammonium bromide 
(CTAB) is the most commonly used coating agent 
to synthesizing AuNPs with positive charges, and 
the CTAB coated method has been found to be able 
to synthesize AuNPs in many shapes such as rod, 
triangle, sphere, and cube[14], of which rod-shape 
AuNPs, spherical AuNPs, triangular AuNPs 
have better stability, a simpler synthetic method, 
and are applied in a wide range of fields. Based on 
this, we chose to use CTAB as a coating agent to 
study the antibacterial activity of positively charged 
AuNPs with spherical, rod-shape and triangular 
morphology. 

In this paper, three kinds of positively charged 
AuNPs with spherical, rod-shape and triangular 
morphology were synthesized by using CTAB as 
the coating reagent, and S. aureus from 

gram-positive bacteria and E. coli from 
gram-negative bacteria were used as test strains. By 
the plate count method and turbidity method, we 
determined the minimum bactericidal concentra-
tions and minimum antibacterial concentrations of 
the two bacteria, and studied the antibacterial effect 
of the three different forms of positively charged 
AuNPs on test strains. And the mechanism of anti-
bacterial action is discussed. 

2. Experiment 
2.1 Reagents and instruments 

Chlorogenic acid (HauCl4), CTAB, silver ni-
trate (AgNO3), sodium borohydride (NaBH4), 
ascorbic acid (AA), trisodium citrate (C6H9Na3O9), 
isopropyl alcohol (C3H8O), anhydrous ethanol 
(C2H5OH), sodium chloride (NaCl), potassium io-
dide (KI), phosphate buffer solution (PBS), agar 
powder, cerebral flux culture medium (BHI), broth 
medium (LB). The above reagents are all commer-
cially available analytical reagents, and the experi-
mental water is ultrapure water. The S. aureus 
(CICC 10384) and E. coli (K12) for the experiment 
is purchased in China Center of Industrial Culture 
Collection. 

LDZX–30KBS vertical pressure steam steri-
lizer, Shanghai SHENAN Medical Device Factory; 
YT–CJ–2D ultra-clean workbench, Beijing Yatai 
Kelong Instrument Technology Co., Ltd.; DH4000II 
electric heating incubator, Telles Instrument (Tian-
jin) Co., Ltd.; PB–10 Satorius Basic pH Meter, 
Sartorius Scientific Instruments (Beijing) Co., Ltd.; 
ZD–85A dual-function constant temperature 
air bath shaker, Youlian Instrument Research Insti-
tute, Jintan City, Jiangsu Province; HC–3018R high 
speed refrigerated centrifuge, Zhonghai Branch of 
KDCS Co., Ltd.; DF–101S collective temperature 
heating magnetic mixer, Gongyi Yuhua Instrument 
Co., Ltd.; UV–1800 UV-visible spectrometer, Japan 
Hitachi; JEM–2100 transmission electron micro-
scope, Japan Jeol; Cannon 500D digital camera, 
Canon Co., Ltd. 
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2.2 Preparation of AuNPs 
2.2.1 Preparation of spherical AuNPs 

According to the literature[15], 20 mL HAuCl4 
(2.5 × 10–4 M) solution was stirred with 0.0015 g 
trisodium citrate to make the concentration of triso-
dium citrate 2.5 × 10–4 M. Then 0.6 mL NaBH4 so-
lution (0.1 M) with ice water was added, and the 
solution immediately turned pink and was stirred 
continuously to act as seed fluid. 6 g CTAB was 
added to 200 mL HAuCl4 (2.5 × 10–4 M) solution to 
make the concentration of CTAB 0.08 M, then the 
solution was heated at 45 ℃ until it turned orange, 
and cooled to room temperature to be used as a 
growth solution for later use (note: if crystals form, 
slowly dissolve them at a mild temperature). Add 
0.05 mL prepared Vc (0.1 M) into 9 mL growth so-
lution, add 1 mL seed solution under intense agita-
tion, continue stirring for 10 min, then add 0.05 mL 
Vc (0.1 M) into 9 mL growth solution, add 1 mL 
dark red solution under intense agitation, continue 
stirring for 10 min to turn them into brownish red. 
The spherical AuNPs with a particle size of 17 ± 2.5 
nm can be obtained. 

Post-treatment: undertake centrifugation at 
10,000 r/min at 30 ℃ for 15 min, remove the su-
pernatant, replenish water to 10 mL, repeat the cen-
trifugation process twice, and finally dilute the 
sediment to half of its original volume with water, 
and store it under 4 ℃ away from light. 

2.2.2 Preparation of rod-shape AuNPs  
According to the method in the literature[16], 5 

mL HAuCl4 (5.0 mM) solution was added to 5 mL 
CTAB (0.2 M) solution and stirred, and the solution 
changed from bright yellow to orange. Continue 
stirring and add 0.6 mL NaBH4 (0.01 M) solution 
(prepared when necessary), stir for 2 min, and the 
solution turned yellowish-brown. Finally, the 
AuNPs solution was heated at constant temperature 
for 2 h in a 30 ℃ water bath, and then used as seed 
liquid. In 5 mL CTAB (0.2 M) solution, 0.1 mL 
AgNO3 (0.004 M) solution was added in the pro-
cess of stirring, followed by 5 mL HAuCl4 (1 mM) 
solution, and 70 mL AA (0.0788 M) solution. After 
the solution became colorless, add 12 μL crystal 
seed. Continue stirring for 15 min, and the solution 

turned purple. Finally, the solution of AuNPs was 
heated in a 30 ℃ water bath for 2 h at constant 
temperature. The solution turned dark blue and the 
rod-shape AuNPs could be obtained. The 
post-treatment process is the same as that of spher-
ical AuNPs. 

2.2.3 Preparation of triangular AuNPs 
According to the literature[17], 0.4 mL HAuCl4 

(2.5 × 10–4 M) and 1 mL sodium citrate (10 mM) 
were added to 37.6 mL water, followed by 1 mL 
NaBH4 solution with ice water (0.1 M). After vig-
orously stirring for 2 min, the solution turned or-
ange-red, and then stood for 2 h to ensure that the 
unreacted NaBH4 was completely hydrolyzed to 
make seed liquid. 100 mL growth solution contain-
ing 2.5 × 10–4 M HAuCl4 solution and 0.05 M 
CTAB was added with 55 μL KI (0.1 M), 0.55 mL 
Vc (0.1 M), and 0.55 mL NaOH (0.1 M), stirred 
gently until the solution turned orange, then cooled 
to room temperature as a growth solution for later 
use. 0.1 mL seed liquid was added to the growth 
solution, and the color of the growth solution 
changed from transparent to light red, and then to 
deep red within 30 min (the reaction solution was 
kept at 30 ℃), then triangular AuNPs were obtained. 
The post-treatment process is the same as that of 
spherical AuNPs. 

2.3 Characterization of samples 
A UV–1800 UV-visible spectrometer (UV-VIS, 

Japan’s compnay) was used to record the UV spec-
trum of the samples for quickly distinguishing 
spherical AuNPs, rod-shape AuNPs and triangular 
AuNPs. The morphology and particle size of the 
three different AuNPs were observed by TEM (Jeol, 
Japan). 

2.4 Test of antibacterial performance 
The minimum bactericidal concentration 

(MBC) and minimum inhibitory concentration 
(MIC) to E. coli and S. aureus were detected by the 
plate count method and 96-well plate method. 

2.4.1 Preparation of medium 
Take 37 g brain heart infusion and culture it in 

1 L distilled water, boil it to make it fully dissolved, 
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adjust pH to 7.2–7.3, add 15 g AGAR powder 
(AGAR powder is not needed if liquid medium is 
prepared). After boiling and dissolving, sterilize it 
at 121 ℃ for 20 min, and pour it to the plate on an 
aseptic operating table for later use. 

Broth medium was prepared by the same 
method. 

2.4.2 Preparation of bacterial suspension 
The bacteria cryopreservation tube was taken 

out from the refrigerator at 80 ℃. After the solution 
was dissolved, the bacteria solution was diluted to 
10–2, 10–4, 10–6 times by the two-fold dilution 
method[18,19]. 100 μL of each was applied to the 
plate and cultured at 37 ℃ for 18 h. Take out 20 mL 
sterilized liquid medium and transfer it to a 100 mL 
conical flask, then use a 10 μL pipetting gun to ab-
sorb a complete colony. Put the spear tip into the 
conical flask and incubate it on a shaker (37 ℃, 260 
r/min) for 14 h. Centrifuge (6,000 r/min, 2 min) for 
removing the supernatant, add 5 mL normal saline, 
mix well and centrifuge (6,000 r/min, 2 min), repeat 
twice, then add 5 mL normal saline to the bacteria 
removed from the medium, mix evenly and set 
aside for use. 

2.4.3 Minimum bactericidal concentration 
Add AuNPs diluted to different concentrations 

to PBS buffer solution, then add 100 μL of bacterial 
solution with a dilution ratio of 2 × 104 and mix 
them to make the reaction system 1,000 μL. After 
incubation in a shaker for 4 h, take out 100 μL and 
spread it on the culture plate, culture upside down at 
37 ℃ for 18 h, and observe the colony growth. The 
mixture of PBS buffer solution and bacteria solu-
tion was used as the blank control. Three parallel 
experiments were performed. The colony growth 
was observed, and the concentration corresponding 

to the sample with less than 5 colonies was taken as 
the MBC value. 

2.4.4 Minimum inhibitory concentration 
Add AuNPs diluted to different concentrations 

into the liquid medium, and then add 100 μL bacte-
rial solution with a dilution ratio of 2 × 104 to make 
the reaction system 1,000 μL. Add 200 μL to the 
area of 96-well plate as the experimental group; the 
AuNPs solution in the experimental group was re-
placed with the same amount of normal saline, and 
then 200 μL was added to the corresponding area of 
the 96-well plate as the positive control. Change 
the bacteria liquid and liquid medium of the ex-
perimental group into the same amount of normal 
saline, and add 200 μL to the 96-well plate area as 
the negative control. The 96-well plate was placed 
in a constant temperature incubator and incubated at 
37 ℃ for 24 h. The MIC was the concentration of 
AuNPs that could prevent the sample from forming 
obvious turbidity. 

3. Results and discussion 
3.1 Characterization of AuNPs 
3.1.1 UV-visible absorption spectrum analy-
sis 

Figure 1 shows the results of UV-absorbable 
spectrum analysis after the synthesis of AuNPs. UV 
spectrum analysis shows that: absorption peaks of 
spherical AuNPs were at 520 nm, that of rod-shape 
AuNPs were at 525 nm and 604 nm, and that of 
triangular AuNPs were at 728 nm and 928 nm, 
which were basically consistent with the absorption 
peaks in the references, confirming the successful 
synthesis of spherical AuNPs, rod-shape AuNPs and 
triangular AuNPs. 

 

 
Figure 1. UV-vis absorption spectra of spherical AuNPs (a), rod-shape AuNPs (b) and triangular AuNPs (c) coated by CTAB. 
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3.1.2 Transmission electron microscopy 
(TEM) 

Through TEM, three different forms and parti-
cle sizes of the synthesized AuNPs can be intui-
tively observed, as shown in Figure 2. It can be 
seen from the figure that the three different forms of 
AuNPs were successfully prepared, and were rela-

tively uniform with good dispersion among the par-
ticles. The diameter of the spherical AuNPs is about 
17 ± 2.5 nm, the length of the rod-shape AuNPs is 
about 52.31 ± 0.86 nm, with the width about 22.49 
± 0.56 nm and the aspect ratio about 2.3. The syn-
thesized triangular AuNPs are equilateral with the 
side length of 100 ± 25 nm. 

 

 
Figure 2. TEM images of spherical AuNPs (a), rod-shape AuNPs (b) and triangular AuNPs (c) coated by CTAB. 

3.2 Study on bactericidal effect of different 
forms of AuNPs 
3.2.1 Minimum bactericidal concentration of 
spherical AuNPs 

As shown in Figure 3, the MBC of spherical 
AuNPs to E. coli: when the concentration of AuNPs 
is greater than 21.21 μg/mL, the number of bacterial 

colonies on the plate is less than 5, so the MBC is 
21.21 μg/mL; for the MBC to S. aureus: when the 
concentration of AuNPs is greater than 5.30 μg/mL, 
the number of bacterial colonies on the plate is less 
than 5, so the MBC of spherical AuNPs is 5.30 
μg/mL. 

 

 
Figure 3. Plate diagram of E. coli (a) and S. aureus (b) under different concentrations of spherical AuNPs. 

Note: AuNPs reacted with bacterial solution for 4 h, and the plate was cultured at 37 ℃ for 18 h. 

3.2.2 Minimum bactericidal concentration of 
rod-shape AuNPs 

As can be seen from Figure 4, when the con-
centration of rod-shape AuNPs was greater than 
1.30 μg/mL, the number of bacterial colonies on the 

plate was less than 5, so the MBC to E. coli was 
1.30 μg/mL. When the concentration of AuNPs was 
greater than 0.52 μg/mL, the number of bacterial 
colonies on the plate was less than 5, and the MBC 
to S. aureus was 0.52 μg/mL. 
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Figure 4. Plate diagram of E. coli (a) and S. aureus (b) under different concentrations of rod-shape AuNPs. 

Note: AuNPs reacted with bacterial solution for 4 h, and the plate was cultured at 37 ℃ for 18 h. 

3.2.3 Minimum bactericidal concentration of 
triangular AuNPs 

As can be seen from Figure 5, when the con-
centration of AuNPs is greater than 11.09 μg/mL, 
the number of bacterial colonies on the plate is less 

than 5, so the MBC to E. coli is 11.09 μg/mL. For 
the MBC to S. aureus, when the concentration of 
AuNPs is greater than 1.11 μg/mL, the number 
of bacterial colonies on the plate is less than 5, so 
the MBC of triangular AuNPs is 1.11 μg/mL. 

 

 
Figure 5. Plate diagram of E. coli (a) and S. aureus (b) under different concentrations of triangular AuNPs. 

Note: AuNPs reacted with bacterial solution for 4 h, and the plate was incubated at 37 ℃ for 18 h. 

3.3 Study on inhibitory effects of different 
forms of AuNPs 
3.3.1 Staphylococcus aureus 

Taking S. aureus as the research object, the 
different forms of synthesized AuNPs were diluted, 
respectively, the dilution ratio of spherical AuNPs 
was 10, 20, 40, 80, 160 times, and that of rod-shape 
AuNPs was 1,000, 2,000, 4,000, 8,000, 10,000 
times, and that of triangular AuNPs was 50, 100, 

200, 400 and 800 times. The concentration of 
AuNPs corresponding to the dilution ratio was used 
to determine the minimum inhibitory concentration, 
and the results of the 96-well plate were shown in 
Figure 6. The results showed that the MIC of 
spherical AuNPs to S. aureus was 2.65 μg/mL, that 
of rod-shpe AuNPs was 0.26 μg/mL, and that of 
triangular AuNPs was 0.56 μg/mL. 

 

 
Figure 6. The MIC of spherical AuNPs (a), rod-shape AuNPs (b) and triangular AuNPs (c) coated by CTAB to S. aureus cultured at 
37 ℃ for 24 h. 
Note: The figure is the concentration of AuNPs, in μg/mL. 
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3.3.2 Escherichia coli 
E. coli was taken as the research object, and 

the different forms of AuNPs were diluted. Respec-
tively, the dilution ratios of spherical AuNPs were 5, 
10, 20, 40, 80 times, that of rod-like AuNPs were 
400, 800, 1,000, 2,000, 4,000 times, and that of tri-
angular AuNPs were 30, 60, 120, 240, 800 and 480 
times. The MIC of AuNPs of different forms was 

determined at the concentration corresponding to 
different dilution ratios, and the results of 96-well 
plates were shown in Figure 7. The results showed 
that to E. coli, the MIC of spherical AuNPs was 
21.21 μg/mL, that of rod-shape AuNPs was 0.65 
μg/mL, and that of triangular AuNPs was 3.70 
μg/mL. 

 
Figure 7. The MIC of spherical AuNPs (a), rod-shape AuNPs (b) and triangular AuNPs (c) coated by CTAB to E. coli cultured for 24 
h at 37 ℃. 
Note: The figure is the concentration of AuNPs, in μg/mL. 

In conclusion, the MBC and MIC of AuNPs 
with different forms to S. aureus and E. coli were 
determined by the plate counting method and 
96-well plate method, as shown in Table 1 below. 
The bactericidal effect of rod-shape AuNPs is 
the best among the three forms of AuNPs. And no 
matter what form of AuNPs, its bactericidal effect 
on S. aureus is obviously better than that on E. coli. 

Table 1. MIC and MBC of AuNPs with different forms 
 MBC /μg∙mL–1 MIC /μg∙mL–1 

E. coli S. aureus E. coli S. aureus 
Spherical 
AuNPs 21.21 5.30 21.21 2.65 

Rod-shape 
AuNPs 1.30 0.52 0.65 0.26 

Triangular 
AuNPs 11.09 1.11 3.70 0.56 

3.4 Discussion on antibacterial mechanism 
In 2014, Xingyu Jiang’s research group[20] 

studied the bactericidal mechanism of AuNPs 
against gram-negative bacteria E. coli by means of 
transcription and proteomics, and found that there 
are two ways of action: one is to inhibit the activity 
of ATPase and reduce the level of ATP by destroy-
ing the membrane potential of bacterial cell mem-
brane. The other is to inhibit ribosomal subu-
nit binding to transport RNA. It was found that 
although ROS generation is the main reason for 
the bactericidal effect of most antibiotics and anti-
bacterial nanomaterials, the antibacterial activity of 
AuNPs does not induce any related processes. 

Zhang et al.[21] used polyethylene imine 
and bovine serum protein modified AuNPs and 
AuNPs rod as gene carriers, and found that the tip 
of rod-shape AuNPs had large curvature, resulting 
in higher charge density than spherical AuNPs. 
Moreover, most of the rod-shape particles will con-
tact the cell membrane through the tip, leading to 
higher gene transfection efficiency when using 
rod-shape particles as the gene carrier. Due to its 
special form, rod-shape AuNPs have advantages in 
contacting with bacteria. In our experimental results, 
the bactericidal effect of rod-shape AuNPs is better 
than that of the other two forms of AuNPs, which 
may be due to this special contact mode. 

The surface charge of nanoparticles plays an 
obvious role in their antibacterial ability[22]. For 
example, Angelique’s team[23] studied the effects of 
different particle diameters and Zeta potential on 
the bactericidal activity of titanium dioxide nano-
particles, and found that titanium dioxide nanopar-
ticles with about the same diameter showed strong-
er antibacterial effect when Zeta potential was 
higher. This indicates that the enhancement of sur-
face charge is also a way to enhance the bactericidal 
effect, and the negatively charged nanoparticles will 
have a certain repulsion effect on negatively 
charged bacteria[24,25]. 

We conducted Zeta potential to verify the rela-
tionship between the bactericidal effect and charge 
density of different forms of AuNPs in this experi-
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ment. The Zeta potential of rod-shape AuNPs was 
56.8 mV, that of spherical AuNPs was 42.1 mV, and 
that of triangular AuNPs was 33.2 mV. As shown in 
Figure 8, three forms of AuNPs really are positive-
ly charged, and rod-shape AuNPs are with higher 
charge density compared with other two forms of 

AuNPs. At the same time, our experimental results 
show that compared with other two forms, 
rod-shape AuNPs have better bactericidal effect, 
which further illustrates that AuNPs with positive 
charges on the surface will see an enhanced bacteri-
cidal effect with the increase of charge density. 

 

 
Figure 8. Zeta potentials of spherical AuNPs, rod-shape AuNPs and triangular AuNPs coated by CTAB. 

4. Conclusion 
CTAB-coated AuNPs of different forms 

(spherical, rod-shape, triangle) were prepared and S. 
aureus and E. coli were used as test strains. It 
can be seen in the study of antibacterial properties, 
no matter against S. aureus and E. coli, and 
the bactericidal effect of rod-shape AuNPs is higher 
than the other two forms of AuNPs. The surface 
of bacteria is with negative charges, and positively 
charged nanoparticles are attracted by bacteria with 
negative charge on the surface, contacting and de-
stroying the cell membrane of bacteria to enter and 
kill bacteria. Rod-shape AuNPs are easier to con-
tact bacteria from spatial effects, which is why they 
have a higher bactericidal property. The three forms 
of AuNPs are demonstrated to have better bacteri-
cidal effect against S. aureus than that against E. 
coli, which may be due to the different cell walls of 
the two bacteria. All these results laid the founda-
tion for further work. 
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