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Abstract: Novel antibacterial silver nanomaterials have become promising substitutes for traditional
antibiotics, because pathogens do not develop resistance to them. However, it is necessary to produce silver
nanoparticles with appropriate size and better performance through a green and simple synthesis process. In
the present study, Fructus mori-composite silver nanoparticles (M-AgNPs) were greenly synthesized using
medicinal plant mulberry fruits (Fructus mori), with silver nitrate (AgNO:s) as a precursor. UV-Vis spectroscopy
and X-ray diffraction (XRD) indicated the formation of silver nanoparticles with face centered cubic structure.
Fourier transform infrared (FTIR) spectroscopy confirmed the reducing and capping effects of mulberry fruits'
active components (polyphenols, flavonoids, etc.) on M-AgNPs. The reaction parameters including
temperature, time, pH, and concentration of AgNOs were gradually optimized. The particle size and
morphology of M-AgNPs were measured by dynamic light scattering (DLS) and transmission electron
microscopy (TEM) techniques. The minimum particle size of M-AgNPs was about 30 nm, and they were
approximately spherical and equably distributed. The excellent stability of M-AgNPs ensured that no
agglomeration occurred for up to 60 days. The antioxidant activity of M-AgNPs was evaluated by 1,1-diphenyl-
2-trinitrophenylhydrazine (DPPH) assay, and the DPPH radical clearance rate of M-AgNPs was up to about
79%. Greenly synthesized M-AgNPs exhibited better antibacterial activity than chemically synthesized
commercial silver nanoparticles (C-AgNPs), due to the active molecules attached to their surfaces. The
inhibition zone diameters of M-AgNPs against P.aeruginosa, E.coli and S.aureus were 13.9+0.4. 12.2+0.3.
12.8+0.7 mm, respectively. Such greenly synthesized AgNPs from medicinal plants have good prospects in the
field of biomedicine.

Keywords: silver nanoparticles; Fructus mori; green synthesis; antibacterial properties; antioxidant
activity

1. Introduction

With the extensive use of antibiotics, pathogens have developed multidrug resistance, which
brings great burden to the medical system and patients [1]. The World Health Organization has listed
bacterial resistance as one of the three most important public health threats in the 21st century, and
medical researchers strive to develop innovative strategies to combat these drug-resistant pathogens.
Silver nanoparticles (AgNPs) with unique physical and chemical properties have gradually become
a research hotspot in the field of biomedicine because of their antibiosis, antioxidant, anticancer, drug
delivery, medical implantation, biosensors and other functions [2—4]. Optimistically, pathogens do
not easily develop resistance to silver nanoparticles [5], because the antibacterial mechanism of
AgNPs is multi-way [6], including functional protein denaturation, DNA damage, ribosome
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degradation, respiratory chain function destruction, and oxidative stress [7]. Consequently, AgNPs
can be used as promising substitutes for traditional antibiotics.

AgNPs can be produced by many methods, for example chemical methods (chemical reduction,
vapor deposition, photochemical reduction, electrochemical reduction, etc.) and physical methods
(mechanical grinding, laser cautery, evaporation and condensation, etc.) [8,9]. However, at present,
the key of this research is to produce AgNPs with appropriate size and properties by an
environmentally friendly and simple preparation process. Compared with traditional chemical and
physical synthesis methods, biological preparation methods avoid the problems of harmful reagents,
complex and expensive equipment [10]. The biosynthesis of AgNPs uses plants, bacteria and fungi
as raw materials [11]. Among them, plant reduction is the most popular way due to advantages of
low cost, easy access, safety, environmental friendliness, and rapid synthesis. Furthermore, active
compounds in plants, such as flavonoids, phenolic acids, reducing sugar, alkaloids, and terpenoids,
can play the dual roles as reducing agent and capping agent in the process of synthesizing AgNPs
[12], especially for medical plants rich in active substances [13].

Mulberry is a folk medical plant, which is widely distributed in many provinces in China and
has a history of more than 5,000 years [14]. The mulberry fruit (Fructus mori) contains many active
ingredients, such as flavonoids (anthocyanins, quercetin, rutin, etc.), phenolic acids (chlorogenic acid,
gallic acid, etc.), sugars (glucose, galactose, mannose, etc.), amino acids (glutamic acid, aspartic acid,
etc.), vitamins (vitamin A, vitamin C, etc.) and minerals (potassium, calcium, zinc, etc.) [15-17].
Modern medical research has found that mulberry fruit has good antioxidation, anti-inflammatory,
anticancer and immunomodulatory effects, as well as preventive and improving effects on diabetes
and cardiovascular and cerebrovascular diseases [18-22]. This research expects to combine “green
synthesis of AgNPs” with “diversified utilization of mulberry”.

Our previous work shows that “AnShen” is an excellent mulberry fruit variety, rich in
pharmacological components [23]. For example, the contents of total flavonoids and total phenols are
26.5 and 25.2 mg/g, respectively, much higher than other varieties [14]. These potential reducing and
capping components are beneficial for synthesizing AgNPs. Therefore, in this study, the fruit juice of
“AnShen” was used as the raw material to synthesize Fructus mori-composite silver nanoparticles (M-
AgNPs). Through optimizing parameters of the synthesis process, spherical and equably distributed
M-AgNPs were obtained, with a particle size of about 30 nm. The antioxidant activity of M-AgNPs
was evaluated by the DPPH method. Common drug-resistant pathogens like S.aureus, E.coli and
P.aeruginosa were taken as the research objects to investigate the antibacterial properties of M-AgNPs,
and compared with commercial silver nanoparticles (C-AgNPs) synthesized by chemical method.
The results show that the biosynthetic M-AgNPs has stronger antibacterial activity than the
chemically synthesized C-AgNPs. Our study could expand knowledge in the green biosynthesis and
future bio-applications of silver nanoparticles.

2. Materials and Methods

2.1. Materials

The mulberry fruits were collected from Sericulture Science Park of Chengde Medical University
(longitude: 117.96, latitude: 41.03). The standard solution of silver nitrate (AgNOs), sodium chloride
(NaCl, AR) and sodium hydroxide (NaOH, AR) were purchased from Aladdin Company (China).
2,6-di-tert-butyl-p-cresol (BHT, AR), 1,1-diphenyl-2-trinitrophenylhydrazine (DPPH, BR) were
purchased from Macklin Company (China). Tryptone, yeast extract powder and agar powder were
purchased from Beijing Aoboxing Company (China), all of which are biological reagents. Commercial
silver nanoparticles (purity > 99%) were purchased from ZhongKeKeYou Company (China). S.aureus
[CMCC(B)26003], E.coli [CMCC(B)44102] and P.aeruginosa [CMCC(B)10104] were prepared by China
Medical Culture Collection (CMCC).
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2.2. Preparation of mulberry fruit juice

Freshly picked mulberry fruits were washed three times with ultrapure water before the juice
was extracted using a juicer (Joyoung, Z8-V28, China). Mulberry fruit juice was filtered through a
120-mesh fine gauze and then centrifuged at 8,000 rpm for 20 min at 4 °C (Dynamica, Velocity 18R,
United Kingdom). After centrifugation, the precipitate was discarded and the remainder was stored
in a refrigerator at -80 °C for later use.

2.3. Synthesis of M-AgNPs

M-AgNPs were synthesized using a typical process described following. 4 mL of mulberry fruit
juice and 2mL AgNO:s (20 mM) were added into a centrifuge tube. Rapidly, the pH was adjusted to
10.0 using NaOH (1 M) solution. The mixed solution was put into an ultrasonic machine (Kunshan
Ultrasonic, KQ-500DE, China) for the reaction using a power of 200 w at 60 °C for 2 h. At the end of
the reaction, firstly the tube was centrifuged at 4°C and 5,000 rpm for 10 min, after which precipitates
including the potential formed silver oxide (Ag:0) were discarded. Further, the supernatant was
centrifuged at 4 °C and 10,000 rpm for 10 min to isolate M-AgNDPs, and then the newly obtained
precipitates were resuspended in sterile ultrapure water to eliminate unreacted biomolecules. The
process of centrifugation at 10,000 rpm and resuspension in ultrapure water was repeated thrice to
ensure better purifying of M-AgNPs. Finally, M-AgNPs resuspended in sterile ultrapure water were
vortexed and ultrasonicated for 20 min to obtain the M-AgNPs dispersion, which was then stored at
4 °C. On the other hand, the M-AgNPs powder was obtained by vacuum freeze-drying, which would
be used for the further characterization experiments. This is only a typical example of the synthetic
process, afterwards reaction parameters were optimized on this basis.

2.4. Optimization of reaction parameters

The antibacterial activity of AgNPs is closely related to the particle size, and the smaller particle
size, the stronger antibacterial effect [7]. In order to obtain AgNPs with smaller particle size, key
parameters in the synthesis process, including reaction time, temperature, pH, and AgNO:s
concentration, were ordinally optimized. Detailed experimental groups included reaction time (0.5,
1, 2, 3, 4 h), temperature (40, 50, 60, 70, 80 °C), pH (7.0, 8.0, 9.0, 10.0, 11.0), AgNOs concentration (10,
20, 40, 60, 80 mM). Initial experimental conditions of 60 °C, pH 10.0 and 20 mM AgNOs were used to
optimize the reaction time. Based on a single-factor experiment, only the levels of one parameter were
changed in each iteration. The level of parameter with the smaller particle size in each iteration was
selected as the optimum condition and used in the next iteration. Three repeated samples were set
for each level, and the results were expressed as “mean + standard deviation”.

2.5. Characterization of M-AgNPs

The formed silver nanomaterials were preliminarily characterized using ultraviolet-visible (UV-
Vis) spectroscopy. A microplate reader (DeTie, HSB-ScanX, China) was used to record the surface
plasmon resonance (SPR) absorption peaks of M-AgNPs in the wavelength range of 330-1000 nm.
The X-ray diffraction (XRD) spectrum of M-AgNPs was analysed in the 20 range (5-90 °) using an X-
ray diffractometer (Bruker, D8 Advance, Germany), which was equipped with Cu-Ka radiation (A =
1.54 A). The surface functional groups of M-AgNPs were identified using a Fourier transform
infrared (FI-IR) spectrometer (Shimadzu, IRAffinity-1S, Japan) in the range of 400~4000 cm'. Based
on the dynamic light scattering (DLS), the particle size and Zeta potential of M-AgNPs were
measured using a laser particle sizer (Malvern, Nano Z590, United Kingdom). The morphology of M-
AgNPs was observed using transmission electron microscopy (TEM) (JEOL, JEM 2100F, Japan) with
an accelerating voltage of 200 kV.

2.6. Evaluation of antioxidant activity

The antioxidant activity of M-AgNPs was evaluated by the DPPH radical clearance rate, refer to
the method of Sicari [24], with minor modifications. In 96-well microplates, each “test sample” was a
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mixture of 100 pL DPPH ethanol solution (0.1 mM) and 100 uL M-AgNPs dispersions with
concentrations of 0.1, 0.2, 0.4, 0.8, and 1.6 mg/mL, respectively. The mixture including equal volume
of anhydrous ethanol instead of DPPH ethanol solution was considered as the “background sample”,
whereas the mixture including equal volume of ultrapure water instead of M-AgNPs dispersion was
considered as the “blank sample”. 2, 6-Di-tert-butylp-cresol (BHT), a commonly used food
antioxidant, was used as a positive control. Three replicates were set for each sample, and the results
were expressed as “mean + standard deviation”. Their absorbance (A = 517 nm) was measured after
samples reacted in the dark for 30 min. The DPPH radical clearance rate was calculated according to
the following formula:

DPPH radical clearance activity (%)=[1- ( A1—A2)/ Ao ] x100, (1)

In this formula, A is the absorbance of the test sample; Az is the absorbance of the background
sample; Ao is the absorbance of the blank sample.

2.7. Evaluation of antibacterial activity

The antibacterial activity of M-AgNPs against S.aureus, E.coli and P.aeruginosa was investigate
by the “Oxford cup” method. Before the experiment, all containers and tools were sterilized at 121
°C for 30 min. Each agar plate was prepared using 20 mL of sterile LB medium. The three
cryopreserved bacteria were scribed on agar plates, and then cultured at 37 °C for 24 h to activate
them. The activated bacteria were prepared into bacterial suspensions (5x10° cfu/mL) using sterile
saline. 200 pL of the bacterial suspensions was spread evenly on the agar plate, and then Oxford cups
were placed smoothly on the surface. The 200 uL of M-AgNPs dispersion was injected into Oxford
cups, and the same operation was performed with the same volume and concentration of C-AgNPs
dispersion. After all samples were cultured at 37 °C for 24 h, the diameter of inhibition zone was
measured by a vernier caliper. Three repeated samples were set for each drug of each bacterium, and
the results were expressed as “mean * standard deviation”.

2.8. Statistical analysis

Statistical analyses were carried out using OriginPro software (Version 2023b, OriginLab
Corporation, Northampton, MA, USA). One-way analysis of variance and Tukey's post hoc test were
used to compare the differences between different groups. P value < 0.05 was considered statistically
significant.

3. Results and Discussion
3.1. Synthesis of M-AgNPs and optimization of reaction parameters

3.1.1. The synthesis of silver nanoparticles

M-AgNPs were successfully synthesized by an environment-friendly method using mulberry
fruit juice to reduce AgNO:s solution. As shown in the illustration in Figure 1, the color of the mixed
solution changed from brown (Figure 1a) to dark brown (Figure 1b), which suggested the formation
of M-AgNPs. The active ingredients such as flavonoids, phenolic acids, terpenoids, alkaloids and
reducing sugar in the mulberry fruit juice played roles of reducing agent and capping agent in the
M-AgNPs forming process [15]. Figure 1 describes that the plant phenolic compounds reduced Ag
ions and capped AgNPs. The two hydroxyl groups on the benzene ring lost H* and became O-. O
combined with Ag* through electrostatic interaction to form an intermediate silver complex. Further,
when electrons were transferred to Ag*, Ag ions were reduced to zero-valent silvers. Based on this
interaction, polyphenol molecules formed a capping effect on silver atoms. As this reduction reaction
continues, the crystal nucleus grew from the center to the periphery and eventually became M-
AgNPs.
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Figure 1. The mechanism of polyphenols reducing Ag ions and capping AgNPs [25]. (This image
draws on Jagajjanani Rao's article and with minor modifications.).

3.1.2. Reaction time

To investigate the potential effect of the reaction time on the synthesizing M-AgNPs, the particle
size of M-AgNPs was determined at five time points ranging from 0.5 h to 4 h. The results in Figure
2a show that the effect of reaction time on the particle size of M-AgNPs was not significant, which
depended on continuous ultrasound. Some studies have shown that ultrasonic homogenization can
prevent the agglomeration of silver nanoparticles [26,27]. Therefore, the particle size of M-AgNPs did
not increase significantly with time when the mixed solution of mulberry fruit juice and AgNOs
reacted in the ultrasonic machine. In order to pursue a simple process, the reaction time of 2h was
chosen for the next iteration of the optimization experiment.
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Figure 2. Optimization of reaction parameters: (a) reaction time, (b) temperature, (c) pH, (d) AgNOs
concentration. There are significant differences between data points that do not share letters (P <0.05).
The detailed data are shown in Supplementary Table S1.

3.1.3. Reaction temperature

Most studies have shown that appropriate high temperature is favorable for the synthesis of
AgNPs [28,29], because it can improve the reaction rate and obtain AgNPs with small particle size.
However, a too high temperature may result in a greater particle size. As shown in Figure 2b, when
the temperature exceeded 60 °C, the particle size increased sharply (> 100 nm). There are two reasons
for this phenomenon: (i) The rapid growth of M-AgNPs crystal nucleus at high temperatures might
lead to the formation of larger particles [30]; (ii) The active molecules covering on the surface of M-
AgNPs were inactivated at high temperature, which led to the aggregation of AgNPs [31]. Therefore,
for the smaller particle size and energy saving, 50 °C was chosen for the next iteration.

3.14.pH

The pH value was proved to affect the stability and capping ability of biomolecules by changing
their electrical load, which directly influence the synthesis of AgNPs [32]. Most studies have shown
that alkaline environment is more conducive to the synthesis of AgNPs than acidic environment [32—
34]. Therefore, we further optimized the pH condition based on the above selected reaction time and
temperature. As shown in Figure 2¢, the particle size decreased gradually from pH 7.0 to pH 9.0.
However, beyond pH 9.0, the particle size increased significantly. This phenomenon is attributed to
the fact that a strongly alkaline pH potentially reduced the activity of plant molecules. Therefore, pH
9.0 was chosen for the further optimization.

3.1.5. Concentration of AgNOs

Based on the conditions of reaction time of 2 h, 50 °C and pH 9.0, we further investigated the
effects of AgNOs concentration on the synthesis of M-AgNPs. As shown in Figure 2d, the particle size
of M-AgNPs decreased gradually with the increase of AgNOs concentration from 10mM to 40 mM.
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However, the particle size suddenly increased when the AgNOs concentration reached 60 or 80 mM.
This phenomenon may be due to the fact that the unreacted Ag ions enriched on the surface of the
formed M-AgNPs, when the concentration of Ag ions was too high. The Ag ions enriching on the
surface of M-AgNPs subsequently triggered a secondary reduction reaction, which led to the increase
of particle size [35]. Therefore, 40 mM was used as the optimal concentration.

3.2. Characterization of M-AgNPs

3.2.1. UV-Vis absorption spectrum

Due to the surface plasmon resonance (SPR) of nano-metal particles, silver nanoparticles appear
SPR characteristic absorption peaks among 350~500 nm spectrum range [12]. Based on this optical
principle, the formation of AgNPs can be confirmed. In our study, M-AgNPs synthesized using
mulberry fruit juice exhibited a SPR characteristic absorption peak at 434 nm (Figure 3a), which was
caused by the color change of the mixed solution mentioned above. As negative controls, there were
no absorption peak in the mulberry fruit juice and AgNO:s solution.
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Figure 3. (a) UV-Vis spectrum of M-AgNPs, mulberry fruit juice and AgNOs solution, (b) XRD
spectrum of M-AgNPs.

3.2.2. XRD absorption spectrum

X-ray diffraction (XRD) technique is often used for phase characterization and crystal structure
analysis of samples. Figure 3b shows the XRD spectrogram of the synthesized M-AgNPs. The
diffraction peaks at 20 values of 38.16°, 44.30°, 64.52° and 77.48° represented the (111), (200), (220)
and (311) Bragg reflections, respectively. According to JCPDS card No. 87-0720, the observed
diffraction peaks indicated the face centered cubic (fcc) structure of Ag, which were similar to silver
nanoparticles synthesized using other plants [34,36].

3.2.3. FT-IR absorption spectrum

The biological molecules reducing Ag* and capping AgNPs were analyzed by Fourier transform
infrared absorption spectrum (FT-IR). The mulberry fruit juice and M-AgNPs synthesized using the
mulberry fruit juice appeared many similar absorption peaks (Figure 4). The several absorption peaks
around 1540 cm™ were caused by the C=C stretching vibration of the benzene ring skeleton, which
indicated that aromatic compounds existed on the surface of M-AgNPs [37]. On this basis, the
presence of polyphenols was confirmed by C-O stretching vibrations at 1096 cm! and hydroxyl (-
OH) stretching vibrations at 3396 cm!. The absorption peak at 1653 cm™ might be caused by the
carbonyl group (C=O) on the flavone. The two absorption peaks at 2849, 2919 cm™ might be generated
by C-H stretching of alkanes, aldehyses, or aromatic hydrocarbons, which was observed in previous
report [38]. All of these suggested that phenols, flavonoids and other metabolites in mulberry fruit
juice are major players in reducing Ag*and capping AgNPs.

doi:10.20944/preprints202311.0868.v1
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Figure 4. FT-IR spectrum of M-AgNPs and mulberry fruit juice.

3.2.4. DLS analysis

The particle size distribution and Zeta potential of M-AgNPs dispersion were analyzed by
dynamic light scattering (DLS). As shown in Figure 5a, the size of M-AgNPs were concentrated
within 100 nm and their average particle size was 32.7 nm. In Figure 5c, the average Zeta potential
value of M-AgNPs was -23.3 mV, which is close to that reported previously [3,36]. The negative
potential value guaranteed the stability of M-AgNPs, which was due to the adsorption of biological
molecules on its surface. As shown in Figure 5b, d, the particle size and Zeta potential values of M-
AgNPs did not change greatly within 60 days, which indicated that the nanosilver synthesized using
mulberry fruit juice has well stability.
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Figure 5. Particle size (a) and Zeta potential (c) distribution of M-AgNPs. M-AgNPs’ stability was
evaluated by measuring the particle size (b) and Zeta potential (d) at 0, 30 and 60 days, respectively.

3.2.5. TEM observation

The morphology of M-AgNPs was observed by transmission electron microscopy (TEM). As
shown in Figure 6a, most of the M-AgNPs were approximately spherical, with good dispersibility.
The sizes of the particles in the TEM images were counted. The frequency distribution histogram of
particle size (Figure 6b) shows that M-AgNPs were between 18.9 nm and 37.7 nm, with an average
particle size of 28.7 nm, which was slightly smaller than the data of DLS analysis. Similar data
differences also appeared in other studies [3]. The potential reason for this difference is that the
hydration layer of the test solution caused the larger particle size of M-AgNPs for DLS analysis.
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Figure 6. TEM images and particle size’s frequency distribution histogram of M-AgNPs.
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3.3. Antioxidant activity of M-AgNPs

1,1-Diphenyl-2-trinitrophenylhydrazine (DPPH), a stable radical, can be reduced by accepting
hydrogen or electrons provided by antioxidants. When radical scavengers are added, the color
change of DPPH solution is linearly related to the decreased level of absorbance [39]. Therefore,
DPPH radical clearance rate was used to evaluate the antioxidant ability of a given sample. As shown
in Figure 7, the DPPH radical clearance rate of M-AgNPs increased in a dose-dependent manner. On
the other hand, in the range of 0.1 to 1.6 mg/mL, the clearance ability of BHT did not significantly
change. Although at lower concentrations (0.1~0.4 mg/mL), the clearance ability of M-AgNPs was
less potent than BHT. However, the clearance ability of M-AgNPs (79.47%) was better than that of
BHT (69.87%) at 1.6 mg/mL. More details of the data are available in Supplementary Table S2. The
antioxidant activity of M-AgNPs is attributed to active molecules attached to their surface [39]. It is
well known that phenols and flavonoids in plants are good natural antioxidants [40].
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Figure 7. DPPH radical clearance rate of M-AgNPs and BHT. In different concentrations of an
antioxidant, data that do not share letters represents significant differences (P < 0.05). The detailed
data are provided in Supplementary Table S2.

3.4. Antibacterial activity of M-AgNPs

After the bacteria were cultured for 24 h, the diameters of inhibition zone (DIZs) of two kinds of
silver nanoparticles against P.aeruginosa, E.coli and S.aureus were measured (Figure 8b). The DIZs of
M-AgNP against the above three bacteria were 13.9 + 0.4, 12.2 + 0.3, and 12.8 + 0.7 mm, respectively,
whereas the DIZs of C-AgNPs were 11.0 = 0.8, 9.8 = 0.1, and 10.5 + 0.9 mm, respectively. Figure 8a
shows that the DIZs of M-AgNPs were significantly larger than those of C-AgNPs. It is reported that
flavonoids in mulberry fruit have inhibitory effects on E. coli and S.aureus [15]. Mulberry fruit
anthocyanins can also interfere with bacterial metabolism by inhibiting the activity of enzymes
relating to growth [41]. Together with our results, it is indicated that the enhanced antibacterial effects
of M-AgNPs might attribute to the mulberry fruit’s active molecules attached on M-AgNPs.
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Figure 8. The inhibition zone of M-AgNPs and C-AgNPs. For the same bacterium, the two groups
that do not share letters have significant differences (P < 0.05).

As mentioned above, the antibacterial mechanism of AgNPs is multi-way, therefore it has no
bacterial resistance. Figure 9 shows the antibacterial mechanism of M-AgNPs. The antibacterial
mechanism of silver nanoparticles mainly includes: (i) cell wall and cell membrane damage, (ii)
intracellular functional damage, (iii) oxidative stress [7]. M-AgNPs first adhere to the microbial cell
wall and membrane through electrostatic interactions, which changes the permeability of cell
membrane [42]. Subsequently, M-AgNPs release Ag ions that penetrate the cell wall and enter the
cell, causing a series of intracellular injuries. Ag ions cause functional protein denaturation and
enzyme inactivation by binding to sulfur-containing proteins [43]. In addition, Ag ions can also affect
ribosomal subunits, leading to the termination of protein synthesis [42]. More importantly, Ag ions
induces intracellular oxidative stress, and a large amount of reactive oxygen species (ROS) is released.
Excessive ROS can lead to a range of malignant events, such as DNA damage, respiratory chain
function destruction, and ultimately bacterial death [44,45].

Respiratory chain destruction

Cell membrane rupture

Ribosome degradation
Oxidative stress
DNA damage

Protein denaturation

Figure 9. Sterilization mechanism of AgNPs. (The bacterial model is from “Vecteezy.com”.).
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4. Conclusions

M-AgNPs, a composite nanomaterial encapsulated by bioactive components, have been
successfully synthesized using an environmentally friendly process. The key parameters of synthesis
process including reaction time, temperature, pH value, AgNOs concentration were optimized to
prepare M-AgNPs with a minimum particle size of about 30 nm. UV-Vis and XRD revealed the
formation of M-AgNPs with face centered cubic structure. FT-IR confirmed the reducting and
capping effect of active ingredients in mulberry fruits (flavonoids, phenolic acids, etc.) on M-AgNPs.
Approximately spherical and equably distributed M-AgNPs were observed by TEM. The antioxidant
activity of mulberry fruit polyphenols endowed M-AgNPs with a well DPPH radical clearance
ability. AgNPs showed antibacterial activity against P.aeruginosa, E.coli and S.aureus. Due to the
attachment of active molecules on its surface, the greenly synthesized M-AgNPs had better
antibacterial activity than the chemically synthesized C-AgNPs. Our research has positive
implications for the green synthesis of silver nanoparticles and their future applications.
Furthermore, this research provides an interesting idea for the development of medicinal resource
Fructus mori. In the future research, we will explore the detailed antibacterial mechanisms of M-
AgNPs and the toxicity to normal cells.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. Table S1: DPPH radical clearance rate of M-AgNPs and BHT; Table S2: Particle
size of optimized parameters.
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