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Abstract
                         

The green synthesis of Ag/AgCl nanocomposite using the durian shell extract was carried out under 
the sunlight illumination at room temperature, showing the face-centered cubic crystalline structures 
of both Ag and AgCl with nanosizes in the range of 15–25 nm. The high negative potential value of 
the Ag/AgCl solution (–21.1 mV) established the high dispersion of Ag/AgCl, long-term stability, 
and good colloidal nature. The antibacterial activity of Ag/AgCl nanocomposite against methicillin-
resistant Staphylococcus aureus (MRSA) bacteria was highly appreciated with average inhibition zone 
diameter of 12.0 mm, minimum inhibitory concentration of 8.27 mg/L, and minimum bactericidal 
concentration of 66.1 mg/L. The present work designed a cost-effective, convenient, eco-friendly 
protocol to synthesize Ag/AgCl nanocomposite and its efficient antibacterial activity against MRSA 
was evidenced as well.

Keywords: Green synthesis; Ag/AgCl; Nanocomposite; Durian shell extract; Antibiotic-resistant 
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Introduction

Antibiotic resistance of drug-resistant bacteria is 
one of the severe problems of concern, especially 
in developing countries. Infectious diseases such as 
respiratory and gastrointestinal, sexually transmitted, 
and nosocomial infections account for a high 
proportion of the disease structure in such countries 
[1]. However, the antibiotic resistance dramatically 
decreases efficiency in clinical practice, even the 

antibiotics being used to treat the patient do not 
kill the pathogenic bacteria [2]; as a consequence, 
millions of patients pass away from multidrug-
resistant bacteria every year. Apparently, a real 
burden for governments could be foreseen as the high 
costs of updated antibiotics to replace the old ones. 
Drug-resistant bacteria such as methicillin-resistant 
Staphylococcus aureus (MRSA), extended-spectrum 
β-lactamases (ESBL)-secreting bacteria, carbapenem-
resistant Escherichia coli (CREC), etc., are markedly 
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increasing with diverse strains [3, 4]. The formation 
of drug-resistant bacteria is mainly based on the three 
mechanisms: (1) limiting the penetration of antibiotics, 
(2) destroying antibiotics, and (3) inactivating 
antibiotics. In fact, all types of bacteria have their 
solutions to limit the penetration of antibiotics into the 
cell; therefore, antibiotics have less chance to inhibit 
bacteria. Bacteria increase the stability of the protective 
film or use the push-pull mechanism on the cell to get 
out of the antibiotic, resulting in limiting the antibiotics 
activity. Besides, some groups of bacteria will select to 
secrete enzymes to destroy antibiotics [5], as observed 
on intestinal bacteria such as Staphylococcus aureus, 
Klebsiella sp., Escherichia coli, etc [6]. Typically, the 
β-lactamase enzyme can break the lactam ring of the 
antibiotic. More recently, the antibiotic inactivation has 
been discovered with mutations in the chromosomes of 
bacterial cells. Bacteria can block or modify the targets 
of antibiotics on their cells, thereby causing ineffective 
drugs. This mechanism usually occurs in gram-
positive bacteria (typically MRSA) and rarely in gram-
negative bacteria. Because of increasing resistance 
to methicillin, penicillin, and many other β-lactam 
antibiotics, MRSA has been considered as one of 
the most prominent resistant bacteria [3]. Therefore, 
new bactericidal agents with new mechanisms are 
always paid a great attention to replace conventional 
antibiotics.

The effectiveness of metal-based nanoparticles 
against bacterial strains has been proven, typically 
gold, silver, copper, etc. [7, 8]. First of all, bacterial cell 
death caused by the releasing metal ions has been well 
perceived. Apart from interfering the metabolic system, 
the heavy metal ions could induce a Fenton reaction 
to generate reactive oxygen species (ROS) to damage 
DNA, protein and cell membranes [9, 10]. On the other 
hand, nanoparticles (NPs) provide extra favourable 
functions such as physical and electrostatic interaction 
with cell walls, disruption of the cell external layer, and 
increased permeability of the cellular membrane. This 
leads to more efficient microbe killing capability [11], 
in which, many antibiotic-resistant bacteria showed a 
low resistance towards silver nanoparticles (AgNPs) 
[12]; AgNPs penetrated bacterial cells disrupted 
the membrane/cell wall of drug-resistant bacteria, 
thereby inhibiting aerobic respiration and destroying 
deoxyribonucleic acid (DNA), proteins, disrupting 
bacterial biosynthesis bacteria and destroying them 
[13]. In comparison with traditional antibiotics, AgNPs 
in antibacterial can be more effective as it stays in the 

body for a longer time, promising their antibacterial 
applications in medicine.

Chlorine radicals and chlorinated compounds 
are also known for their antibacterial and medical 
applications [14]. Besides, the combination of Ag+ and 
Cl- radicals could enhance antibacterial effects [14]. 
Chlorine radicals are very chemically flexible and 
moderately oxidizing, which can react with various 
biological components of the bacterial cell. Meanwhile, 
silver ions with medium oxidizing capacity can bind 
with the thiol groups (-SH) of many enzymes and 
bacterial proteins [14]; hence, they destroy such 
enzymes and proteins in the bacterial cell. Therefore, 
the synergistic effect of silver and chlorine has brought 
the interests in studying their antibacterial ability.

Biosynthesis of Ag-based nanoparticles has been 
widely reported, mainly using plant extracts (coming 
from stems, leaves, fruits, pods, and bark) [15–18]. 
The biomolecules involving polyphenols, amino acids, 
enzymes, tannins, proteins, phenolics, terpenoids, 
alkaloids, polysaccharides, flavonoids, etc., provoke the 
reduction of Ag+ ions to Ag0 [19]. As the king of fruits 
in Southeast Asia, the consumption of durian is rising, 
generating a big amount of its shell as an agricultural 
residue. Durian shell contains many polysaccharides, 
which are long chains of carbohydrates consisting 
of D-galacturonic acid and neutral sugars such as 
L-rhamnose, L-arabinose, D-galactose, D-glucose, and 
D-fructose [20, 21], acting as highly efficient reducing 
agents for the synthesis of AgNPs and Ag-based 
nanomaterials.

In this study, Ag/AgCl nanocomposite was 
synthesized by the reduction of AgNO3 solution using 
durian shell extract as a reducing agent under direct 
sunlight conditions. The influences of the synthesis 
duration, the volume ratio of AgNO3 solution/Durian 
shell extract, and the AgNO3 concentration on Ag/AgCl 
formation were evaluated. The antibacterial activity of 
Ag/AgCl nanocomposite was assessed against MRSA 
by the inhibition zone test, the minimum inhibitory 
concentration (MIC), and the minimum bactericidal 
concentration (MBC).

Experimental
Materials

Durian shell (DS) was collected in Tien Giang 
Province (Vietnam). The raw material was washed, cut 
into small pieces, and then dried at 60 °C overnight. 
The extraction process was carried out with a DS 
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powder/deionized water mass ratio of 1:50 at 80 °C for 
1 h. After filtering, the DS extract was stored at 4 °C 
for the further experiments.

Green synthesis and characterization of Ag/
AgCl nanocomposite

Silver nitrate (AgNO3 mass percentage is >99.8%) 
was purchased from Merck and directly used without 
purifications. AgNO3 solution was blended with the DS 
extract under stirring at 300 r/min at room temperature, 
under sunlight illumination [22, 23]. The effects of the 
synthesis duration, the volume ratio of AgNO3 solution/
DS extract, and the AgNO3 concentration on the Ag/
AgCl nanocomposite formation were investigated to 
achieve the optimal synthetic conditions.

UV-Vis spectrometer (UV-1800, Shimadzu) was 
used to monitor Ag/AgCl formation at 200‒800 nm 
(measured samples were diluted five times). The 
crystalline phase of powder Ag/AgCl composite was 
studied by X-ray diffraction (XRD) using a Bruker 
D2 Phaser powder diffractometer. The presence of 
phytochemicals of the DS extracts on the Ag/AgCl 
surface was confirmed by Fourier transform infrared 
spectroscopy (FT-IR), performed on an active Tensor 
27-Bruker spectrometer in the range 400‒4000 
cm−1. The morphology of Ag/AgCl composite was 
characterized by transmission electron microscopy 
(TEM) using the JEOL JEM2100 instrument, 
scanning electron microscopy (SEM) and energy-
dispersive X-ray spectroscopy (EDS) on JEOL JST-
IT 200 instrument. Electrochemical equilibrium on 
the surfaces and molecular vibrations was determined 
through zeta potential spectroscopy using a Specifica 
Horiba SZ-100 instrument.

Antibacterial activity
The Ag/AgCl nanocomposite fabricated at the 

optimal conditions has been tested for antibacterial 
activity against MRSA by the inhibition zone test, 
the MIC, and the MBC, as shown in our previous 
study [24, 25]. In this study, MRSA ATCC 43300 
was provided by Nam Khoa Co., Ltd., Vietnam. The 
assay of anti-MRSA of Ag/AgCl was performed by 
using well diffusion method. The MRSA of 108 colony 
forming units per milliliter (CFU/ml) was spread in 
disc of Mueller-Hinton agar (MHA). Then, a hole with 
a diameter of about 6 mm is punched aseptically with 
a sterile cork borer or a tip, and 100 μL of Ag/AgCl 
solution is introduced into the well. The petri dishes 
are incubated under suitable conditions of 37 °C for 
18‒24 h. The antimicrobial agent diffuses in the agar 

medium and inhibits the growth of the microbial strain 
tested. Then, the zone of inhibition was determined by 
measuring the diameter of clear zone. To investigate 
the MIC of Ag/AgCl against MRSA, the different 
concentrations of Ag/AgCl (N/2, N/4, N/8, N/16, N/32, 
N/64, and N/128, with N = 132.2 mg/L, as the initial 
concentration of Ag/AgCl solution in deionized water) 
were prepared by diluting Ag/AgCl solution with 
deionized water. Afterward, the sterile nutrient agar 
was mixed with the diluted samples. The standardized 
inoculum of MRSA with 106 CFU/mL was inoculated 
on agar plates, mixed with Ag/AgCl from low to high 
concentrations by using sterile sticks. A sterile nutrient 
agar plate was not mixed with Ag/AgCl as a control. 
Ultimately, the plates were incubated at 37 °C for 24 
h. The lowest concentration of Ag/AgCl that inhibited 
the growth of MRSA was regarded as the MIC. In the 
MBC test, bacterial growth inhibitory was used to 
determine the MBC. Different concentrations of Ag/
AgCl were diluted similarly to the MIC method. Then, 
200 µL of the sample was spread onto the nutrient 
agar plate; samples were incubated at 37 °C for 24 h 
to observe the survival of MRSA bacteria. The MBC 
value is the lowest concentration that can completely 
inhibit MRSA bacteria.

Fabrication, characterization, and antibacterial 
activity testing of Ag/AgCl nanocomposite are 
illustrated in Fig. 1.

Results and Discussion
Green synthesis and characterization of Ag/
AgCl nanocomposite

UV-Vis spectrum of the sample in the dark condition 
(during 120 min) showed the unchanged absorbance, 
proving no formation of AgNPs. In contrast, under light 
illumination for 30 min, the Ag/AgCl nanocomposite 
formation was discovered with the observed surface 
plasmon resonance in the wavelength range of 400‒450 
nm (Fig. 2(a)), described as follows:

Ag+ + H2O hv→ Ag0 + H+ + OH*, (1)
Ag+ + ROH hv→ Ag0 + H+ + RO*, (2)
Ag+ + RCl hv→ AgCl + R+, (3)
Ag0 + AgCl → Ag/AgCl. (4)

The mechanism can be evidenced from the FT-IR 
spectra, showing the involvement of OH― groups 
and chlorine contents in the DS extract in the Ag/
AgCl synthesis. When increasing the reaction time 
from 30 to 150 min, the absorbance bands of Ag/
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AgCl nanocomposite increased sharply. After 150 
min, the formation of Ag/AgCl nanoparticles was 
almost completed, with the unchanged maximum 
absorbance (Fig. 2(b)). The color change from white 
to dark brown also confirmed the Ag/AgCl formation. 
The color of the solutions darkened with the reaction 
time; within 150−180 min, the solution color was 
almost unchanged. Therefore, 150 min was chosen to 
investigate further conditions. The highest absorbance 
of Ag/AgCl was reached with the volume ratio of 
extract/AgNO3 of 6/4 (Fig. 2(c)). The lower the extract 

concentration is, the lower the reducing agent/Ag+ ion 
ratio is; therefore, fewer Ag+ ions were reduced and 
fewer biomolecules were capped on Ag NPs, leading 
to the larger nanoparticles. With a higher DS extract/
AgNO3 ratio, the reduction of Ag+ ions to Ag0 was 
more efficient, thus preventing their incorporation into 
larger-sized nanoparticles. The Ag/AgCl formation rate 
also increased with increasing Ag+ concentration [26]. 
However, the newly formed Ag NPs can be aggregated 
at high Ag+ ion concentrations, forming larger-sized 
particles (Fig. 2(d)). In short, the study determined the 

Fig. 1 Schematic illustration of the experimental process
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optimal conditions for Ag/AgCl synthesis using the DS 
extract as reducing agents involving the synthesis time 
of 150 min, the volume ratio of DS extract/AgNO3 
solution of 6/4, and 1.25 mmol/L AgNO3 concentration 
at room temperature under light illumination.

The physico-chemical properties of Ag/AgCl 
materials synthesized under the optimal conditions 
were characterized, including XRD, SEM, TEM, Zeta 
potential, FT-IR, EDS mapping, and EDX analysis. The 
crystalline phase of Ag/AgCl was examined by XRD 
(Fig. 3(a)), showing the five distinct diffraction peaks 
at 2θ = 38.4°, 44.5°, 64.8°, and 77.9° corresponding to 
the (111), (200), (220), and (311) planes of the face-
centered cubic structure of Ag NPs (JCPDS card No. 
89-3722). Besides, the presence of AgCl was confirmed 
at 2θ = 28.1°, 32.3°, 46.3°, 54.8°, 57.6°, 67.5° and 
76.7° with corresponding lattice planes of (111), (200), 
(220), (311), (222), (400), and (420) of face-centered 
cubic phase of AgCl (JCPDS card No. 31-1238). The 
formation of AgCl at room temperature is attributed to 
the reaction between Ag+ from AgNO3 and Cl− from 
phytochemical compounds in the DS extract [27]. 
The average crystal size of Ag/AgCl nanocomposites 
estimated by the Debye-Scherrer formula [28] was 
about 15.4 nm.

The SEM and TEM images established the spherical 
Ag/AgCl nanocomposite with particle size ranges 
of 20−50 nm (Fig. 3(b)) and 15−25 nm (Fig. 3(c)), 

respectively. The TEM result clearly indicated a thin 
layer of biomolecules in DS extract surrounding the 
nanocomposite, preventing the agglomeration and 
thus stabilizing of Ag/AgCl nanocomposites [29]. In 
comparison with the TEM image, the bigger Ag/AgCl 
clusters was observed on the SEM image, probably 
caused by the sample preparation [30]. The size 
distribution confirmed the particle diameter of 18.2 nm 
with the highest occurrence (Fig. 3(d)), being consistent 
with the TEM and XRD analyses. The electrostatic 
charge on the surface at the double layer surrounding 
the Ag/AgCl nanocomposites was measured using Zeta 
potential, showing the value zeta potential of −21.1 mV 
(Fig. 4(a)). In fact, the nanoparticles are highly stable 
in the solution, if the density of negative or positive 
charges at the surface of Ag/AgCl nanocomposites is 
lower than −20 mV or higher than 20 mV [31, 32]. 
The elemental compositions were investigated by EDS 
mapping (Fig. 4(b)), proving the formation of Ag/AgCl 
nanocomposite with the appearance of Ag and Cl at 
the same entities. The signals of O and C in the EDX 
spectrum (Fig. 4(c)) were attributed to the presence of 
phytochemical compounds of the DS extract or using 
carbon tape as a substrate.

The FT-IR spectrum of the powder Ag/AgCl 
composite (Fig. 5) showed the sharp peaks at 529 and 
618 cm−1 of the C―Cl group of alkyl halides, the peaks 
at 869 and 1085 cm−1 corresponding to the C―H group 

Fig. 3 (a) XRD pattern; (b) SEM image; (c) TEM image; (d) Size distribution of Ag/AgCl synthesized at the optimal conditions
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of the aromatic compounds and the C―N from the 
amines; the peak at 1440 cm−1 of the C―O vibration of 
the carboxylic acid (―COOH); the peak at 1632 cm−1 
of a C=C aromatic bond or amide regions attributed 
to proteins and enzymes; and the peak at 3450 cm−1 
corresponding to the O―H stretching oscillation of 
phenols and alcohols [27, 32]. The results confirmed 
the presence of proteins, polyphenolics, and flavonoids 
in phytochemical compositions of the DS extract, in 
particular the presence of Cl− as a chlorine source for 
synthesizing Ag/AgCl nanocomposite.

Antibacterial activity of Ag/AgCl nano-
composite

The antibacterial properties of Ag/AgCl nano-
composite were determined by the MIC. It was 
remarked that the exponential phase of bacteria 
was delayed in the presence of Ag/AgCl, and this 

phenomenon was more obvious with an increase of 
Ag/AgCl concentration (Fig. 6(a)). At the optimal 
synthesis condition, the Ag/AgCl nanocomposite could 
delay the exponential phase of MRSA, in which the 
Ag/AgCl composite could entirely inhibit the growth of 
MRSA at the MIC of N/16 (8.27 mg/L). Furthermore, 
the antibacterial activity of the Ag/AgCl was defined 
by the corresponding MBC (Fig. 6(b)), reaching the 
MBC value of N/2 (66.1 mg/L). Besides, the inhibition 
zone of the Ag/AgCl nanocomposite against MRSA 
(Fig. 6(c)) revealed the relatively large and uniform 
inhibition zones at each test (the average inhibition 
zone diameter of 12.0 mm). 

The Ag/AgCl nanocomposite synthesized from DS 
extract has quite high antibacterial activity against 
MRSA compared the colloids of AgNPs and graphene 
oxide-silver nanocomposite as well as the extract of 
Quercus infectoria Olivier nutgalls and leaves, leaves 
of Melianthus comosus Vahl, Nymphaea lotus Linn., 
Dodonaea angustifolia (L.f.) Benth (Table 1). Besides 
that, when the antibacterial zone sizes of the Ag/AgCl 
nanocomposite and the antibiotics are compared, it 
is noticeable that the zone size of the nanocomposite 
sample is approximately equal to that of Erythromycin. 
Although, the antibacterial zone size of the Ag/AgCl 
nanocomposite is smaller than that of the antibiotics 
including Clindamycin, Ciprofloxacin, Gentamicin, 
and Linezolid as shown in Table 1. But the MIC value 
of Ag/AgCl nanocomposite green-synthesized using 
DS extract is much lower than that of all antibiotics. 
In our study, Ag/AgCl nanocomposite exhibited the 

Fig. 4 (a) Zeta potential; (b) EDS mapping; (c) EDX spectrum of Ag/AgCl synthesized at the optimal conditions
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higher antibacterial activity, with the addition of AgCl. 
Besides, the highly uniformed nanoparticles could be 
also the reason for the outstanding performances. In 
contrast to commercial antibiotics, nanoparticles may 
be described by their primary benefits as antibacterial 
agents since they can operate multiple mechanisms 
while bacteria cannot gain resistance to these indicated 
action methods [33]. Furthermore, green-synthesized 
Ag/AgCl nanocomposite demonstrated minimal or 

limited cytotoxicity against human dermal fibroblast, 
easing some of the safety concerns connected with the 
manufacturing procedure [34]. As a result, Ag/AgCl 
nanoparticles appear to be trustworthy candidates for 
safe medicinal uses to prevent MRSA development 
[35]. The feasibility of utilizing the DS extract for the 
eco-friendly synthesis of Ag/AgCl nanocomposite 
highlighted a promising candidate with high 
antibacterial activity against drug-resistant bacteria. 

Table 1 Comparison of antibacterial activity of the green-synthesized silver nanoparticles using the DS extract against MRSA with 
other nanoparticles samples, the plant extracts, and the antibiotics

Sample IZD (mm) MIC MBC Refs.
Ag/AgCl synthesized by the durian shell extract 12.0 8.27 mg/L 66.1 mg/L This work
Ag NPs synthesized by Bacillus subtilis bacteria ND 0.23 mg/L ND [38]
Ag NPs synthesized with thymol or usnic acid 12.9–13.8 60  µg/L 40–80 mg/L [39]

Au NPs synthesized from G. elongata ethanol extract 16.0 ND ND [40]
Ag NPs from Sigma-Aldrich (No. 576832) and

Nanoamor No. 0478YD and 0477YD) ND 0.9–10.8 g/L 2.7–10.8 g/L [41]

Graphene oxide-silver nanocomposite ND 31 mg/L 62 mg/L [42]
Dodonaea angustifolia (L.f.) Benth leaves extract ND 0.59 g/L ND [43]

Melianthus comosus Vahl leaves extract ND 0.39 g/L ND [44]
Nymphaea lotus Linn. leaf extract 8.0–24.0 5.0–10.0 g/L 10–30 g/L [45]

Quercus infectoria Olivier nutgalls extract ND 0.4–3.2 g/L ND [46]
Clindamycin 15 2 g/L ND [47]
Ciprofloxacin 15 5 g/L ND [47]
Gentamicin 21 10 g/L ND [47]

Erythromycin 12 15 g/L ND [47]
Linezolid 21 30 mg/L ND [47]

Note: IZD — Inhibition zone diameter; MIC — Minimum inhibitory concentration; MBC — Minimum batericidal concentration; ND- Not done.

Fig. 6 Images of (a) the minimum inhibitory concentration; (b) the minimum bactericidal concentration; (c) and the inhibition zone 
of Ag/AgCl nanocomposite (N = 132.2 mg/L) against MRSA
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(b) (c)



232 Nano Biomed. Eng., 2022, Vol. 14, Iss. 3

http://www.nanobe.org

According to Refs. [36, 37], the use of polymers and 
nanofibers as a support for silver nanoparticles can 
help to enhance their antibacterial activity. Therefore, 
to improve the antibacterial activity of Ag/AgCl 
nanocomposite as well as overcome the limitation on 
the silver ion leaching and reduce significantly the cost 
of the antibacterial products applied on the basis of 
Ag/AgCl nanocomposite, the in-deep research about 
the fabrication and the evaluation of the antibacterial 
activity of Ag/AgCl nanocomposite decorated on 
polymers and nanofibers also need to be conducted in 
the next time.

The  an t ibac te r ia l  mechan ism of  Ag/AgCl 
nanoparticles against MRSA is illustrated in Fig. 
7, in which the antibacterial action of Ag/AgCl 
nanoparticles against MRSA is depicted, such as 
the direct attachment of Ag/AgCl nanoparticles to 
the bacterial surface and impacting the membrane’s 
structural integrity [48, 49]. One intriguing mechanism 
for silver nanoparticle antibacterial action is the 
production of silver ion (Ag+), which can denature 
microbial proteins, interfere with DNA replication, 
and thus damage bacterial cells [50]. The ROS, 
which could be produced with a high quantity by Ag/
AgCl nanoparticles, is also one of the perpetrators of 

bacterial growth suppression [51]. The destruction of 
major cellular components such as protein, DNA, and 
ribonucleic acid (RNA) caused by oxidative stress 
results in altered membrane permeability and increased 
biological component leakage from the cell [52]. The 
bacteria will suffer permanent oxidative damage and 
cell death as a result of this [53]. 

Aside from ROS, reactive nitrogen species (RNS) 
show promise in destroying harmful bacteria [54]. 
However, antimicrobial agents based on nanomaterials 
that can transport and distribute nitric oxide (NO) 
are extremely scarce and restricted. Aside from ROS 
and RNS, reactive chlorine species (RCS), which 
include chlorine gas and chlorine free radicals, play 
an important role in medical science [55, 56]. The 
majority of pharmaceuticals on the market are created 
using chlorine-containing byproducts and contain 
residual amounts of chlorine [14]. Chlorine is well 
recognized for its ability to inactivate harmful germs 
and is commonly employed as a disinfectant in water 
treatment [14]. Based on the intriguing chlorine 
chemistry, it is obvious that these highly reactive 
chlorine free radicals may attack the bacterial cell 
wall, destroy membrane proteins, impair cellular 
metabolism, and ultimately cause microbial death 

Fig. 7 Illustration of antibacterial mechanism of Ag NPs against methicillin-resistant Staphylococcus aureus
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[57]. The antibacterial properties of a combination of 
chlorine (chlorine ligand), silver ions, and tobramycin 
(chemodrug)  were  s tudied in  Ref .  [58] .  The 
experimental results show that chlorine has a greater 
bactericidal effect than the other two, i.e., Cl. > Ag+ 
> Tobramycin. Furthermore, the combination of Ag+ 
ions with Cl. radical can boost the antibacterial actions 
[59]. While Ag+ ion has moderate oxidation ability 
and can attach to the thiol (-SH) groups of several 
proteins and enzymes, denature and malfunctions of 
these proteins and enzymes in bacterial cells [60], 
chlorine free radical is chemically extremely reactive 
and moderately oxidative, and it can react with several 
bio-components of bacterial cells [14]. Because they 
exhibit a variety of ways of action on bacteria, Ag/
AgCl nanoparticles are expected to be useful against 
MRSA. 

Conclusion
The extract of durian shell efficiently aided the one-

step preparation of Ag/AgCl nanocomposite under light 
illumination, in compliance with the rules of green 
synthesis. The phytochemical compositions of the 
durian shell extract, such as proteins, polyphenolics, 
and flavonoids, were identified as the main components 
performing the reduction of silver ions; besides, 
the presence of chlorine was also beneficial for the 
formation of AgCl nanoparticles. The crystalline Ag/
AgCl nanocomposite with spherical shape and the 
size range of 15–25 nm was introduced and their 
high stability in the long-term was attributed to the 
biomolecules capped on nanoparticles, especially 
without any additional hazardous agents. The Ag/AgCl 
nanocomposite demonstrated the great antibacterial 
potential against methicillin-resistant Staphylococcus 
aureus with the minimum inhibitory concentration of 
8.27 mg/L, the minimum bactericidal concentration of 
66.1 mg/L and the average inhibition zone diameter 
of 12.0 mm. To sum up, the present work proposed 
the facile green synthesis of Ag/AgCl nanoparticles 
using the extract of durian shell as both reducing and 
stabilizing agents, against antibiotic-resistant bacteria, 
typically methicillin-resistant Staphylococcus aureus.
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