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Abstract: Eco-friendly green synthesis with plant extracts plays a very important role in 

nanotechnology, without any harmful chemicals. In this report, the synthesis of water-soluble 

silver nanoparticles was developed by treating silver ions with Chrysanthemum morifolium 

Ramat. extract at room temperature. The effect of the extract on the formation of silver 

nanoparticles was characterized by ultraviolet and visible absorption spectroscopy, X-ray 

diffraction, transmission electron microscopy, and Fourier transform infrared spectroscopy. The 

ultraviolet and visible absorption spectroscopy results show a strong resonance centered on the 

surface of silver nanoparticles (AgNP) at 430 nm. The Fourier transform infrared spectroscopy 

spectral study demonstrates Chrysanthemum morifolium Ramat. extract acted as the reducing 

and stabilizing agent during the synthesis. The X-ray diffraction analysis confirmed that the 

synthesized AgNP are single crystallines, corresponding with the result of transmission electron 

microscopy. Water-soluble AgNP, with an approximate size of 20 nm–50 nm were also observed 

in the transmission electron microscopy image. The bactericidal properties of the synthesized 

AgNP were investigated using the agar-dilution method and the growth-inhibition test. The 

results show the AgNP had potent bactericidal activity on Staphylococcus aureus and Escherichia 

coli, as well as a strong antibacterial activity against gram-negative bacteria, as compared to 

gram-positive bacteria with a dose-dependent effect, thus providing a clinical ultrasound gel 

with bactericidal property for prevention of cross infections.

Keywords: silver nanoparticles, green synthesis, Chrysanthemum morifolium Ramat., 

bactericidal activity, ultrasound gel

Introduction
Over the past few decades, noble-metal nanoparticles expanded rapidly with the 

incorporation of new nanocomposites into a range of products and technologies. Silver 

nanoparticles are the most sought-after functionalizing and commercializing nanomaterial 

due to their unique physicochemical properties (with a high ratio of surface area to mass), 

electric,1 optical,2 catalytic,3 and particularly antimicrobial properties.4 The nanoparticles 

showed potent antibacterial activity and a significantly higher synergistic effect with 

erythromycin, methicillin, and ciprofloxacin.5 Silver nanoparticles are also reported to 

possess antifungal,6 anti-inflammatory,7 antiviral,8 anti-angiogenesis,9 and antiplatelet10 

activities. They all confer to them a major advantage for the development of alternative 

products against, for example, multidrug-resistant microorganisms.11 Silver nanoparticles 

(AgNP), as antibacterial agents, are now used extensively in the fields of medicine,12 

implantable biomaterial,13 water treatment,14 molecular imaging,15 diagnosis and treatment 

of cardiovascular diseases,16 wound healing,17 drug delivery,18 and clothing.19
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Synthesis of nanoparticles is presently an important area 

of research, searching for an eco-friendly manner and green 

materials for current science. A number of AgNP have been 

developed by a chemical approach, a physical approach, 

and a recently developed biological method.20 The latter has 

emerged as a green alternative, for it is environment-friendly, 

cost-effective, and easily scaled-up. It has great potential with 

natural reductants,21,22 such as plants’ extract,23 bacteria,24 

and fungus.25 Plant extracts are more advantageous because 

using them eliminates the elaborate process of maintaining 

cell cultures and can be suitably scaled-up for large-scale 

production under nonaseptic environments. Especially 

plants that secrete the functional molecules for the reaction,  

compatible with the green chemistry principles. There are 

some examples of synthesizing nanomaterial using plants, 

such as Camellia sinensis,26 Sesuvium portulacastrum L.,27 

and marine polysaccharide.28

Chrysanthemum morifolium Ramat. has been widely 

used in the People’s Republic of China as a health food and 

medicine for thousands of years.29 It has various biological 

features, including anti-inflammation,30 antioxidant activity,31 

cardiovascular protection,32 antitumorigenesis,33 anti-HIV,34 

and anti-aging activities.35 It contains a wide variety of 

flavonoids,36 caffeoylquinic acids,37 chlorogenic acid,38 

phenolic acids,39 etc, which could be used as reductants to 

react with silver ions and as scaffolds to direct the formation 

of AgNP in solution.

Nosocomial infections are posing an increasingly serious 

problem in the hospital setting in current years.40 With 

the increasing use of ultrasound in medical diagnosis and 

adjuvant therapies, there is the potential for the transmission 

of nosocomial infections via the ultrasound transducer and 

coupling gel.41 In the present work, we have proposed for 

the first time the results of a green synthesis method for 

AgNP, using Chrysanthemum morifolium Ramat. extract as a 

reducing and stabilizing agent. This work has been conducted 

to develop a cost-effective preparation method of AgNP at 

room temperature and in short-reaction time. Also, we have 

investigated the bactericidal activity of the synthesized 

AgNP against Staphylococcus aureus and Escherichia coli. 

Furthermore, this paper provides a simple and eco-friendly 

strategy for developing a novel clinical ultrasound gel with 

bactericidal property for prevention of cross infections.

Materials and methods
Materials
Chrysanthemum morifolium Ramat. (CM), sourced from the 

Zhejiang province in the People’s Republic of China, was 

purchased from a local drugstore in Guangzhou, People’s 

Republic of China, and identified as dry flowers of CM by 

our team member. Silver nitrate (AgNO
3
) was purchased 

from Sigma-Aldrich, St Louis, MO, USA. Double-distilled 

deionized water was used to perform the experiments. Poly 

acrylic acid, glycerine and NaDH from Baishi (Tianjin, 

People’s Republic of China). S. aures and E. coli were offered 

by Guangdong Institute of Microbiology (Guanzhou, People’s 

Republic of China).

Synthesis of AgNP
Dried CM flowers were washed three times with distilled 

water to remove dirt and soil. Next, 20 grams of flowers were 

immersed in 300 mL boiling distilled water for 10 minutes. 

The cooled filtrate obtained was stored at 4°C for further 

use. The 50 mL of AgNO
3
 (2 mmol/L) aqueous solution was 

reacted with 50 mL drops of the obtained extract solutions 

in a flask with stirring for 30 minutes and then continued 

stirring for 24 hours at room temperature.

Characterization of AgNP
The optical property of prepared Ag nanoparticles was 

analyzed via ultraviolet and visible absorption spectroscopy 

(TU1900, Persee, Beijing, People’s Republic of China) 

absorption double-beam spectrophotometer with a deuterium 

and tungsten iodine lamp in the range from 300 nm–800 nm 

at room temperature. Phase formation of the synthesized 

nanoparticles was characterized by X-ray diffraction. 

Diffraction data for thin thoroughly dried nanoparticle films on 

glass slides were recorded on an X-ray diffractometer (Ultima 

III, Rigaku, Tokyo, Japan) with Cu
kα radiation (λ = 1.5406 Å) 

source in the 2θ range of 10°–80° with 4°/minute scanning 

rate. The functional group and composition of AgNP were 

characterized by Fourier transform infrared (Nicolet 380™, 

Thermo Electron, MA, USA) spectroscopy in the range of 

4000 cm–500 cm−1.

The surface morphology, shape and size of the 

prepared AgNP were observed by a transmission electron 

microscope (TEM), (JEM-2010HR, JEOL, Tokyo, Japan). 

The morphology and size of the AgNP were also characterized 

by a higher resolution transmission electron microscope 

(HRTEM, JEM-2010HR, JEOL). The nanoparticles were 

added on a carbon-coated copper grid, and the examinations 

were operated at 200 kv.

Bactericidal activities of AgNP
The bactericidal activity of AgNP was tested against S. aureus 

(ATCC6538) and E. coli (ATCC25922) using an agar-dilution 
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method and growth-inhibition test on Mueller–Hinton agar 

plates (Tianhe, Hangzhou, People’s Republic of China).42 

The plates were supplemented with various concentrations 

of AgNP (from 0 µg/mL–20 µg/mL), and each plate was 

inoculated with 1.0 × 107 colony-forming units (CFU) of 

bacteria by spread plating. Plates without AgNP were used 

as control. After 18 hours incubation at 37°C, plates were 

observed for bacterial colony formation. To test bacteria 

growth inhibition by AgNP, 180 µL of S. aureus or E. coli 

suspension with 1.0 × 108 CFU was inoculated into 30 mL 

volumes of fresh luria bertaini (LB) media with concentrations 

of 0, 2.5, 5, 10, and 20 µg/mL AgNP, respectively. During an 

aerobic incubation at 37°C, the optical densities at 600 nm 

(OD600) of the cultures were determined using a ultraviolet-

visible spectrophotometer (TU1900, Persee, Beijing, People’s 

Republic of China).

Preparation of clinical ultrasound 
gel containing AgNP
The ultrasound gel containing 10 µg/mL AgNP was prepared, 

based on the bactericidal activity of the AgNP. The 0.5 grams 

polyacrylic acid was dispersed in 97.5 mL distilled water 

with vigorously stirring until it dispersed completely, and 

then 2.0 grams glycerin and synthesized AgNP solution were 

added. Diluting NaOH (4.0 MoL/mL) was used to neutralize 

polyacrylic acid and to control the pH value to 6.5–7.5.

Sterilization of probe 
of B-ultrasound instrument
The ultrasound gel was placed on the probe of the B-ultrasound 

instrument and scanned on the abdomen skin of each patient 

for 5 minutes. Then, the surface of the probe was swabbed 

and cultured. A total of 50 specimens using commercial 

ultrasound gel and 50 specimens using self-prepared AgNP 

ultrasound gel before the cleaning of the probe were analyzed 

for bacterial contamination with S. aureus (ATCC 6538 ), 

E. coli. (ATCC 8099), P. aeruginosa. (ATCC 15442), and 

C. albicans (ATCC 10231). All bacteriologic samples were 

collected by a single operator with a sterile swab, which was 

run along the entire surface of the probe. The samples were 

inoculated on chocolate agar plates (Huasin, Guangzhou, 

People’s Republic of China) and incubated aerobically at 

36°C for 48 hours. Colonies were counted at 48 hours. 

Results were expressed in colony-forming units. Probes were 

considered sterile when they contained less than 10 colony-

forming units. In addition, the image quality of the ultrasound 

using commercial ultrasound gel and self-prepared AgNP gel 

was evaluated in the preliminary trial.

Results and discussion
The color change was noted by visual observation in the 

bottles that contained AgNO
3
 solution with extract. The 

color of the AgNO
3
/extract solution changed from colorless 

to light yellow and, eventually, to yellow brown. This 

color change indicates the formation of AgNP in the 

solution. Extract without AgNO
3
 did not show any color 

changes. The formation of AgNP was further confirmed 

by using ultraviolet-visible spectroscopy (UV-vis), X-ray 

diffraction (XRD), Fourier transform infrared spectroscopy, 

transmission electron microscopy, and the high-resolution 

transmission electron microscopy.

The UV-vis spectroscopy is an indirect method to examine 

the bioreduction of AgNP from aqueous AgNO
3
 solution. 

Figure 1 shows the UV-vis absorption spectrum of the CM 

extract and synthesized AgNP. The AgNP has the surface 

plasmon resonance absorption band with free electrons, due 
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Figure 1 UV-vis and FTIR spectrums of silver nanoparticles and extracts. (A) UV-vis and (B) FTIR spectrums of silver nanoparticles and extracts, with the inset of the bottle 
(a) of extract and the bottle (b) of silver nanoparticles.
Abbreviations: AgNP, silver nanoparticles; au, arbitrary unit; UV-vis, ultraviolet and visible absorption spectroscopy; FTIR, Fourier transform infrared spectroscopy; arb, 
arbitrary; T, transmission.
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to the combined vibration of electrons of AgNP in resonance 

with a light wave. A broad absorption peak was observed at 

430 nm, which is a characteristic band for the Ag, arising from 

the excitation of longitudinal plasmon vibrations of AgNP 

in the solution.30 The absorption peak of the CM extract was 

observed at 373 nm, which is typical of the absorptions of 

flavonoids. Flavonoids, such as luteolin-7-O-β-D-glucoside 

and apigenin-7-O-β-D-glucoside, are the main components 

of CM extract.30 Therefore, the flavonoids of CM extract 

may play the key roles, not only to reduce the AgNO
3
 

solution to AgNP, but also to stabilize the nanoparticles in 

the solution.

The Fourier transform infrared spectroscopy (FTIR) 

measurement was studied to identify the possible biomolecules 

responsible as capping and reducing agent for the AgNP 

synthesized by extract (Figure 1B). The intense broad 

band at 3384 cm−1 is due to the O−H stretching mode and 

at 2921 cm−1 due to the aldehydic C−H stretching mode. 

The peak at 1078 cm−1, which is absent for the AgNP FTIR 

spectrums, is the bending vibration of the C−O stretch and 

could be due to the stabilization of AgNP through this group. 

The peak of C=C group (at 1406 cm−1) absent for AgNP 

is possible, due to the reduction of AgNO
3
 to Ag.43 It is 

corresponding to the results of the UV-vis spectroscopy that 

the CM extract played a role as the reducing and stabilizing 

agent in the preparation of AgNP. This indicated the presence 

of extracts as a capping agent for AgNP, which increases the 

stability of the nanoparticles synthesized.

Figure 2 depicts the typical XRD and transmission electron 

microscopy/high-resolution transmission electron microscopy 

micrographs of AgNP. Figure 2A shows XRD patterns for 

AgNP synthesized by extracts. Four main characteristic 

diffraction peaks for Ag were observed at 2θ = 38.4, 43.3, 

64.6, 77.7, which correspond to the (111), (200), (220), and 

(311) based on the band for face-centered cubic structures 

of silver, respectively (JCPDS Card Number 87-0717). 

No peaks from any other phase were observed showing 

that single-phase Ag with cubic structure nanoparticles has 

been obtained directly. In general, the width of XRD peaks 

is related to crystallite size. The Debye–Scherrer equation 

was used to determine average crystallite diameter from half 

width of the diffraction peaks:

 D = (kλ)/(β cos θ) (1)

where D is mean crystallite size of the powder; λ is the 

wavelength of Cu
kα; β is the full width at half-maximum; 

θ is the Bragg diffraction angle; and k is a constant. The 

(111) plane was chosen to calculate crystalline size. From 

the Debye–Scherrer equation, the average crystallite size of 

AgNP synthesized is found to be 27.2 nm.

The TEM/HRTEM image of AgNP is shown in 

Figure 2B. The image shows that the morphology of the 

AgNP was spherical with an average size of 20 nm–50 nm, 

which is in good agreement with the particle size calculated 

from XRD analysis. The interplanar distance calculated from 

the HRTEM image (Figure 2B inset) is about 0.236 nm, 

which corresponds to the d-spacing of the (111) planes of 

cubic Ag.

Antimicrobial activity of the synthesized AgNP was 

studied, using AgNP on S. aureus and E. coli at different 

concentrations of 0, 2.5, 5, 10 µg/mL (Figure 3A). The 

AgNP, at a concentration of 2.5 µg/mL, was able to inhibit 

both strains of the bacteria’s growth to some extent with 

fewer bacterial colonies formed on these plates, compared 

to the bacterial lawn present in the control plates. The AgNP, 
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Figure 2 XRD and TEM images of silver nanoparticles. (A) XRD and (B) TEM images of silver nanoparticles. 
Note: HRTEM image is inset in Figure 2B.
Abbreviations: deg, degrees; XRD, X-ray diffraction; TEM, transmission election microscopy; HRTEM, high-resolution transmission electron microscopy; au, 
arbitrary unit.
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at concentrations of 5 µg/mL and 10 µg/mL, completely 

killed S. aureus and E. coli, which is very clearly visualized 

from the complete absence of colony formation in the 

plates. Figure 3B shows the effect of AgNP on the growth 

inhibition of S. aureus and E. coli. The synthesized AgNP, 

at concentrations of 5 µg/mL, 10 µg/mL, and 20 µg/mL, 

can achieve a good antimicrobial activity, while the growth 

of both S. aureus and E. coli were completely inhibited in 

35 hours at 20 µg/mL, 24 hours at 10 µg/mL, and 16 hours 

at 5 µg/mL.

Many different researches were carried out on the 

cytotoxicity effect of medically relevant AgNP. However, 

different research showed their varying activities largely 

attributing to preparation methodologies, concentration, 

and particle size.45–49 Studies have shown that AgNP showed 

significant cytotoxicity and affected normal cell proliferation 

with a large number of cell necrosis at 50 µg/mL and 

above,44,45 slightly toxic to cells at 25∼50 µg/mL and no 

longer cytotoxic at 25 µg/mL and lower concentration.45 

Therefore, the safe concentration of AgNP should be less 

than 25 µg/mL. AgNP at 1 part per million or lower did 

not show genotoxicity, acute toxicity and intracutaneous 

reactivity, and exerted effective antimicrobial activities 

on both the gram (−) and (+) bacterial strains within the 

range from 0.06 parts per million to 0.98 parts per million 

for 50% minimum inhibitory concentration (MIC).46 The 

smallest-sized AgNP (10 nm size) had a greater ability to 

induce apoptosis in the MC3T3-E1 cells than the other 

sized AgNP (50 nm and 100 nm).47 It was shown that 

starch-capped AgNP had no effect on cancer cell lines U251 

and fibroblasts IMR-90.48

Based on the bactericidal activity of the AgNP, a clinical 

bactericidal ultrasound gel containing 10 µg/mL was 

developed with a longer duration, compared with that 

of 5 µg/mL. A total of 50 specimens used commercial 

ultrasound gel (Figure 4A [L]) and 50 specimens, used 

self-prepared AgNP ultrasound gel (Figure 4A, [R]). 

The results indicated that bacterial contamination with S. 

aureus (ATCC 6538 ), E. coli. (ATCC 8099), Pseudomonas 

aeruginosa. (ATCC 15442), and Candida albicans (ATCC 

10231) were found in all specimens using commercial gel, 

and no bacterial contamination was found from specimens 

using the self-prepared AgNP gel. Meanwhile, the image 

quality of ultrasound was evaluated in the preliminary 

trial, and the results demonstrated that there was no 

difference in the image quality between commercial gel 

E. coliA B

Blank 2.5 µg/mL 5 µg/mL 10 µg/mL

S. aureus

S. aureus

Time (hours) Time (hours)
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45

O
D

60
0

O
D
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0

Blank
Plant extract

E. coli
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Blank
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Figure 3 Representative photographs of bactericidal activity of silver nanoparticles at different concentrations. Photographs depict bactericidal activity of silver nanoparticles 
at different concentrations against (A) E. coli and S. aureus and (B) bacterial growth curve of E. coli and S. aureus in LB media with different concentrations of silver 
nanoparticles.
Abbreviations: LB, luria-bertani; OD, optical density.

Figure 4 Photographs of ultrasound gel and examinations. Photographs of (A) ultrasound gel and (B) images of ultrasound examinations using commercial gel left (L) and 
the AgNP gel right (R).
Abbreviation: AgNP, silver nanoparticles.
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and the self-prepared AgNP gel (Figure 4B). Also, there 

were not any noncompliance and adverse effects observed 

both during and after the experiments. We are carrying 

out a safety evaluation, including acute dermal toxicity 

test and an irritability test for further development of this 

product.

Conclusion
In this study, we developed a simple, green, and efficient route 

to synthesize AgNP by treating silver ions with CM extract 

at room temperature without using any harmful reducing, 

capping, or dispersing agents. CM extract plays an important 

role as the biofriendly reducing and stabilizing agent, reduces 

the cost of production, and the environmental impact. The 

prepared AgNP are spherical and single crystalline, with sizes 

in the range from 20 nm to 50 nm. Also, AgNP have effective 

growth-inhibition effects against S. aureus and E. coli and 

could be applied as clinical ultrasound gel without any non-

compliance and adverse effects observed on the case samples.
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