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Abstract
Background/Aims: The nano-method has been used as a technique for creating novel, non-
traditional antimicrobial agents. This effective method for treating infectious diseases has many 
advantages over conventional antibiotics, including increased efficacy against species that 
have developed drug resistance, and the ability to circumvent the development of resistance 
that disrupts a number of biological pathways. As a result, the objective of this study was to 
synthesize and characterize silver nanoparticles using phenolic compounds obtained from 
Camellia sinensis. The nanoparticles were then used as antibacterial agents on the multidrug 
resistant Staphylococcus aureus, as well as, biofilm formation mechanism were also investigated. 
Methods: Ten isolates of Staphylococcus aureus were acquired from the labs of the University 
of Baghdad’s Genetic Engineering and Biotechnology Institute. The VITEK-2 system was 
used to confirm the diagnosis. Aqueous and methanolic extracts of Camellia sinensis leaves 
were used to create silver nanoparticles and obtain CAgNPs, which were then characterized 
using Atomic Fluorescence Microscopy (AFM), X-ray diffractometer (XRD), and Zeta potential 
analyzers. The extracts were put through a series of assays, including High-performance liquid 
chromatography (HPLC), antibacterial activity assessments, and the microtiter plate method 
to determine the lowest inhibitory concentration (MIC) and antibiofilm formation. Results: 
Both aqueous and methanolic extracts containing silver nanoparticles included spherical 
nanoparticles that may be single or combined. The HPLC results showed the presence of 
two phenolic compounds (gallic acid and caffeine) by comparing their retention durations 
to those of the reference compounds. The results of the antibacterial activity of (CAgNPs) 
showed that the methanolic (CAgNPs) extract was more effective than the aqueous (CAgNPs) 
extract, producing inhibitory zones of 15.67 ± 0.58 and 20.33 ± 0.58 mm, at 375 and 750 ppm 
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respectively, when compared to the aqueous (CAgNPs) extract, which produced inhibitory 
zones of 12.33 ± 0.58 and 15.67 ± 0.58 mm, respectively. The MIC result also showed that the 
CAgNPs methanolic extract was more effective than the CAgNPs aqueous extract. The MIC of 
the CAgNPs methanolic extract on S. aureus isolates were 11.718 and 23.43 µg/ml, while the 
MIC of the CAgNPs aqueous extract on all S. aureus isolates were 46.87 µg/ml except isolate 
No. 3 and 6 which was 11.718 and 93.75 µg/ml respectively. Additionally, The anti-biofilm in S. 
aureus was increased when CAgNPs methanolic extract were used compared with the CAgNPs 
aqueous extract, the CAgNPs methanolic extract inhibited 80%, 90% and 100% of the biofilm 
formation of S. aureus in 23.43, 46.87 and 93.75 µg/ml respectively, while the anti-biofilm 
activity of the CAgNPs aqueous extract on S. aureus isolates was 80% and 100% of the biofilm 
formation in 46.87 and 93.75 µg/ml respectively. Conclusion: The methanolic and aqueous 
leaves extracts from Camellia sinensis are a successful method for producing CAgNPs. The 
synthesized CAgNPs also have significant antibacterial activity against S. aureus, depending 
on the concentrations, and inhibit S. aureus biofilm formation.

Introduction

Staphylococcus aureus is a widespread, virulent pathogen that is linked to a wide range 
of infections. These infections can range from minor local infections of the skin and soft 
tissues to serious systemic infections like sepsis and toxic shock syndrome, which can be 
fatal. Since the 1960s, patients in hospitals, nursing homes, and other healthcare institutions 
have increasingly been affected by these bacteria, which often reside as a commensal in 
the nose and/or throat of 20% to 70% of adults and are typically resistant to numerous 
antibiotics [1].A critical global problem is the development of antibiotic and antifungal 
treatment resistance in harmful bacteria and fungus species [2]. The ineffectiveness of the 
antimicrobial drugs is mostly due to these microorganisms’ formation of biofilms [3]. These 
harmful microbes can withstand 1, 000 doses of conventional antibacterial medications when 
they are in the form of biofilms [4]. Resistance-building capacity of bacteria outperforms 
the development of new, powerful antibiotics. Additionally, there are a number of important 
drawbacks to current antimicrobial therapy, including their lack of diversity, antagonistic 
interactions, and the consequences of incomplete antibiotic use, which can result in the 
development of microbial resistance. Unfortunately, the rate of multi-resistant bacteria 
evolution has outpaced the rate of new antibiotic discovery; consequently, the development 
of innovative and effective antimicrobial therapies is crucial [5]. Therefore, it is now more 
crucial than ever to create a novel, potent treatment strategy in order to eliminate and 
manage resistant bacteria. Nanomaterials having antibacterial characteristics can be used as 
a solution to this widespread issue. In order to combat the issue of antibiotic resistance, with 
the development of nanotechnology, plant extracts are now being used to create nanoscale 
materials. Nanotechnology is gaining prominence in the present day because to the biological 
modeling of metals in nanoparticles (NPs), and nanoparticle manufacturing, particularly of 
silver nanoparticles, has gained prominence due to its characteristics, biocompatibility, and 
uses. At the moment, nanoparticle synthesis procedures are geared towards the development 
of low-cost, simple, non-toxic, and environmentally acceptable approaches. Thus, the use of 
plants in the synthesis of silver nanoparticles has generated a great deal of interest because 
their secondary metabolites contain chemically active components that can function as 
capping and reducing agents, speeding up the reduction and stabilization of NPs [6].

Materials and Methods

Bacterial Isolates
Ten isolates of P. aeruginosa were obtained from the genetic engineering and biotechnology institute/

University of Baghdad. These isolates were previously identified by molecular and chemical testing after 
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being gathered from many hospitals in Baghdad. The isolates were incubated at 42°C for 18–24 hours on 
cetrimide agar, and use the VITEK-2 in order to confirm the diagnosis.

Antibiotic susceptibility test
The World Health Organization (WHO) [7] suggests using the Clinical Laboratory Standard Institute 

(CLSI) modified Kirby-Bauer disc diffusion method to encourage reproducibility and comparison of results 
between laboratories. Ten antibiotics including Azithromycin, Chloramphenicol, Rifampin, Methicillin, 
Tetracycline, Vancomycin, Gentamicin, Erythromycin, Ciprofloxacin, Cefoxitin have been evaluated using this 
approach for susceptibility testing.  This well-known approach involves inoculating a standard inoculum of 
the test organism onto a 150 mm diameter Muller Hinton Agar (MHA) plate, which equates (1.5 x 108 colony 
forming units/ml). The bacterium Isolates is then covered with antibiotic discs (about 6 mm in diameter; 
commercially available). Agar plates are often incubated at 37 °C overnight to allow antimicrobial chemicals 
to diffuse into the agar and suppress bacterial growth. Using a sliding caliper or a ruler, the inhibition zone 
is manually measured in millimeters, and the diameter of the inhibition zone yields qualitative findings for 
the susceptible, intermediate, or resistant bacteria according to CLSI [8].

Assessment of biofilm formation
The colorimetric microtiter plate technique, as previously published by Patel et al [9]., was used to 

quantitatively evaluate the production of biofilms with certain changes. S. aureus overnight culture was 
brought up to a 0.5 McFarland level of turbidity. Following a 1:100 dilution in 200 μl of sterile, flat-bottomed 
polystyrene micro-plates with a 1% glucose concentration, the suspensions were put there. After 24 hours 
of incubation at 37 °C, the wells were gently rinsed three times with sterile phosphate buffered saline (PBS, 
pH 7.3). The plate was air-dried after the adherent biofilms were fixed with 99% methanol for 15 min. 
Biofilms were stained for 5 minutes at room temperature with 200 μl of crystal violet 0.1%, then washed 
with water and given time to dry. By treating each well with 200 μl of 95% ethanol for 30 minutes, biofilm 
in each well was removed. A microtiter plate reader (ELISA) was used to measure the optical density (OD) 
at 630 nm. Three separate replications of each experiment were carried out in triplicate. In addition, a 
cut-off value (ODc) was established. It is defined as three standard deviations (SD) above the mean OD of 
the negative control: Odc = average OD of negative control + (3 × SD of negative control). The isolates were 
classified into the four following categories based upon the OD: non-biofilm producer (OD < ODc); weak-
biofilm producer (ODc < OD < 2 × ODc); moderate-biofilm producer (2 × ODc < OD < 4 × ODc); strong-biofilm 
producer (4 × ODc < OD) [10].

Collection of Camellia sinensis L
The Camellia sinensis leaves were gathered from Baghdad markets, and verified their authenticity by 

a botanical taxonomist at the College of Science’s, Biology Department of the University of Baghdad. The 
leaves were thoroughly washed, air dried, and ground. First, the fat from 400 grams of powdered Camellia 
sinensis leaves was removed by macerating with two litters of petroleum ether solvent. Two batches of 
the residue were created, air-dried, and collected. To create aqueous and methanolic extracts, every batch 
of the defatted plant leaves was extracted individually using methanol and water. 200 g of each powdered 
plant material was dissolved in 1 liters (L) of sterile distilled de-ionized water and 1 liters (L) of methanol 
alcohol and placed in two separate extraction bottles. The mixtures were left to stand for 48 to 72 hours at 
room temperature, and with occasional daily stirring to ensure homogeneous mixing and extraction. After 
filtering using Whatman No. 1 filter paper, the extract was dried under reduced pressure at 40 °C by Rotary 
evaporator, to get a sticky residue after heating it in an oven at 37°C and then retaining it at 4°C for conduct 
studies [11].

Synthesis green silver nanoparticles using Camellia sinensis extracts
By dissolving 1.69 g of AgNO3 in 1 L of deionized water (DIW), a solution of AgNO3 was created, and 

stored in an amber bottle in a cool and dry place. Aqueous and methanolic extracts of Camellia sinensis were 
used to create green silver nanoparticles. Five ml of each extract was sprayed dropwise into 95 ml of a 10 
mM silver nitrate AgNO3 solution at 0.2 ml/min as the rate while utilizing an ultrasonic generator with a 
100 W power output and a 42 kHz frequency. The solutions were sonicated for 20 minutes, agitated at 800 
rpm at 25°C for 30 minutes, and then held there for 48 hours. The reaction mixture was cleaned after 24 
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hours by centrifuging it for 10 minutes at 10, 000 rpm to get a clear supernatant. For Camellia sinensis silver 
nanoparticles (CAgNPs), over the course of five days, the solutions’ dark green tint became yellow. This color 
shift denotes the development of silver nanoparticles (Ag-NPs). The final colloid samples were kept at 4°C 
in bottles that were dark [12].

Atomic force microscopy
Under typical air circumstances, the surface morphology of the nanoparticles was seen using the 

Atomic Force Microscope Contact mode. Using an AA3000 scanning prop microscope, AFM examination 
was carried out. After being sonicated with distilled water, a little drop of each kind of nanoparticle sample 
was placed on a glass slide (1x1cm) and left to dry. The slide was then placed on the AFM sample stage, and 
analysis was performed as per usual protocol [13].

X-ray diffractometer
X-Ray Diffraction was used to analyze structural characterization in order to learn more about surface 

morphology, crystal structure, and particle size. The diffractometer recorded in the range of 20 ≤ 2ɵ ≤ 
90 angles and uses Cu- Kα as an anode, at wavelength = 0.154060 nm. The scan step for 2θ was 0.0170°. 
For XRD examination, the filtrate drier nanoparticles were spread out on a glass grid comprising silicon 
substrate [14]. The XRD pattern result was interpreted using the Joint Committee on Powder Diffraction 
Standards’ standard reference (JCPDS card number 04-0783) for the characterization of Ag-NPs [15]. The 
Debye-Scherrer equation may be used to determine the average crystallite size.

Dhkl= K×𝝀/𝛽hkl cos θhkl

Where Dhkl is the crystallite size, k is a constant (0.9), λ is the wavelength of X-ray, βhkl is the full width 
at half maximum and θhkl is the Bragg angle [16].

UV-Visible Absorption Spectroscopy
UV-Visible spectroscopy proved that the silver ions in the colloidal solution had been reduced. With 

pure water used as a reference, a tiny aliquot of Ag NPs was placed in a quartz cuvette and monitored for 
wavelength scanning between 200 and 800 nm. After adding green tea extract to an AgNO3 solution, the 
UV-Vis absorption spectra of the sample was measured using a Perkin Elmer Spectrophotometer at various 
times of 5, 10, 15, and 20 minutes [17].

Zeta potential analyzer
Zeta potential analysis, which permits flow from -160 mV to +160 mV, was used to assess the stability 

of the synthesized nanoparticles, and the data were shown in a graph [18].

High-Performance Liquid Chromatography (HPLC)
According to Mizzi et al. [19], aqueous and methanolic (CAgNPs) extract preparations were 

distinguished by (HPLC).

Examine the CAgNPs extracts as antibacterial agents
Method of disc diffusion. The disc diffusion technique for the antibacterial activity described by Razmavar 

et al [20]., was used to determine if the (CAgNPs) methanolic and aqueous extracts had the antibacterial 
activity. Staphylococcus aureus were uniformly spread on Muller Hinton agar plates (0.5 McFarland). The 
plates were dried for 15 minutes before to the sensitivity test. The methanolic and aqueous extracts of the 
CAgNPs were employed at concentrations of 375 and 750 ppm. Then, 6 mm diameter sterile blank discs 
were impregnated with 20 𝜇l of each dilution, negative controls were used DMSO discs and distilled water.
The dishes were incubated at 37 °C for 18 to 24 hours. By measuring the inhibitory zone surrounding the 
discs after the incubation, the antibacterial activity was assessed; each test was run three times.

Measurement the MIC of the (CAgNPs) extracts. Using the broth microdilution method, a 96-well 
microtiter plate was used to determine the (MIC) of the (CAgNPs) extracts. The concentration of the CAgNPs 
extract solution was 375 g/ml in broth, and subsequent two-fold dilutions of the extract were made on the 
plate to achieve concentrations of 2.92, 5.85, 11.718, 23.43, 46.87, 93.75, 187.5, and 375 µg/ml. 200 µl of 
the extracted methanolic and aqueous CAgNPs were introduced to the first wells of row A. Rows B through 
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H in columns each held 100 µl of broth. Twofold serial dilutions were systematically carried out down the 
columns (rows A–H). Row A starting concentrations were extracted using 100 µl, then moved to row B with 
100 µl of properly mixed broth. This process continued until row H when the final 100 µl was discarded. As 
a result, all of the test wells’ total extract volumes have increased to 100 µl, with the exception of the column, 
which got 200 µl of the sterility control soup. 100 µl of the 1×106 CFU/ ml bacterial inoculum were added to 
each well, except the negative control. The incubation period for microtiter plates was 18 to 20 hours at 37 
°C. 20 µl of resazurin dye was added to each well and allowed to incubate for 30 minutes before examining 
the results to determine whether any color changes had taken place. Broth micro dilutions were used to 
visually determine the lowest concentrations of extracts at which the resazurin broth test revealed no color 
shift from blue to pink [21].

Examine the anti-biofilm activity of the CAgNPs extracts
A 96-well microtiter plate was used to test the anti-biofilm activity of the methanolic and aqueous 

extracts of CAgNPs. The concentration of the CAgNPs extract solution was 375 g/ml in broth, and subsequent 
two-fold dilutions of the extract were made on the plate to achieve concentrations of (375, 187.5, 93.75, 
46.87, 23, 43, 11.718, 5.85, and 2.92) µg/ml. The first wells in row A received 200 µl of each sample of 
the methanolic and aqueous extracts of (CAgNPs) and broth. Only 100 µl of the broth were contained in 
Columns B through H. Double serial dilutions using a micropipette were carried out gradually down the 
columns (beginning with rows A–H). After correctly mixing 100 µl of the 100 µl broth and removing 100 µl 
from the starting concentrations in row A, the final 100 l were eliminated after repeating the procedure up 
to row H. 106 CFU/ ml bacterial inoculum were added to each well, except the negative control. The same 
procedure as mentioned in paragraph (Assessment of biofilm development) was used.

Statistical Analysis
Least Significant Difference (LSD)-Test was used to significantly compare between means at P≤0.05 

after the data obtained for various parameters were submitted to ANOVA using the Statistical Analysis 
System- SAS programmed (SAS, 2012) in accordance with Completely Randomized Design-CRD with three 
replicates.

Results and Discussion

Antibiotic susceptibility Test
The disc diffusion method using CLSI 8, criteria was used to evaluate the antibiotic 

susceptibility of S. aureus isolates. This test was conducted on ten antibiotics: (Azithromycin, 
Chloramphenicol, Rifampin, Methicillin, Tetracycline, Vancomycin, Gentamicin, Erythromycin, 
Ciprofloxacin, and Cefoxitin). The findings showed that S. aureus isolates frequently exhibit 
significant levels of resistance to the antibiotics utilized in this investigation (Table 1). Four 
isolates of S. aureus were multi-drug resistant with a percentage of (80-100%), according 
to the anti-biogram of the examined isolates, whereas six isolates had a resistance range of 
(40-70). This skill is either naturally occurring or acquired by genetic material mutations or 
horizontal gene transfer [22]. The excessive antibiotic dosing has resulted in the building 
of antibiotic resistance and cross-resistance across antibiotics, as well as the formation of 
multi-drug resistant (MDR) forms of S. aureus [23].

To create fresh and cutting-edge antimicrobial treatments is critical given the rise of 
resistance isolates. In order to find better options to combat microbial populations that are 
multidrug-resistant, researchers are searching for fresh leads. Due to their extensive usage 
as treatments for a variety of infectious diseases and the abundance of bioactive substances 
they contain, plants have long been considered one of the possible sources of novel drugs 
[24].

Some of the findings of previous local and international investigations were thought to 
be fairly compatible with the current study. AbdulRazzaq [25] and his team of researchers 
found that S. aureus isolated from a number of clinical models from Baghdad hospitals 
was resistant to 61.4% of Azithromycin, 24% of Gentamicin, 30% of Levofloxacin, 52.8% 
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of Tetracycline, and 14.2% of Vancomycin. In a different study, Jabur and Kandala findings 
[26] on the susceptibility of S. aureus isolates (isolated from Post-Surgical Operation 
Inflammation) to different antimicrobial agents showed that all 68 isolates were totally 
resistant to cefotaxime and also displayed resistance to Ciprofloxacin, Trimethoprim, 
Vancomycin, and Gentamycin. The current study’s findings were remarkably similar to those 
of the Al-Nuaimi et al [27]. study, which found that S. aureus isolates were 100% susceptible 
to ciprofloxacin and imipenem but 75% resistant to cefixime, 50% resistant to trimethoprim-
sulfamethoxazole, and 25% susceptible to amikacin.

Detection of the biofilm formation
The Microtiter plate technique is utilized to detect the quantitative production of 

biofilms, and an ELISA reader was used to calculate the absorbance at 630 nm. The findings 
demonstrated that all isolates formed 100% robust biofilms.

In water systems, on a range of commonly present biotic surfaces in such systems, as 
well as in naturally occurring aquatic environments, bacteria can form biofilms. Biofilm 
production is one of the typical techniques bacteria adapt to survive under difficult 
environmental circumstances [28]. The ability of bacteria to form biofilms makes it easier for 
them to connect to host cells [29]. Because it provides a quick, easy, and accurate technique 
to measure the contact cell attachment and biofilm development of various bacterial strains, 
the microtiter plate has been the most popular and was thought of as a standard test for the 
detection of biofilm formation [30].

Table 1. Antibiotic susceptibility least of S. aureus isolates. S: S.aureus,  (ATH): Azithromycin, (C): 
Chloramphenicol, (RP): Rifampin, (ME): Methicillin, (TE): Tetracycline, (VA):Vancomycin, (CN): Gentamicin, 
(E): Erythromycin, (CIP): Ciprofloxacin, ( FOX): Cefoxitin

 %70  

%70  

%50  

%80  

%50  

%001  

%60  

%40  

%80  

%80  
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Nanoparticle biosynthesis and characterization
Methanolic and aqueous extracts of Camellia sinensis were used to make the silver 

nanoparticles. Compared to other bioreductants, the production of metallic nanoparticles 
utilizing plant extracts is easier and more successful [31]. It is well known that phytochemicals 
cap the Ag+ to produce these incredibly stable nanoparticles in addition to converting Ag+ 
into Ag0 [32].

This study followed the formation of silver nanoparticles using color change and UV 
spectroscopy absorption. The hues of the green silver nanoparticle solutions for Camellia 
sinensis silver nanoparticles (CAgNPs) shifted from dark green to light brownish green with 
the addition of Camellia sinensis methanolic and aqueous extracts, respectively, to silver 
nitrate solution. After 24 hours, the color started to shift, and after 48 hours, it transformed 
into the final shade that was indicated before. The presence of active molecules suggests 
that silver nanoparticles (AgNPs) were created by reducing silver metal ions Ag+ into silver 
nanoparticles Ag0 in the methanolic and aqueous extracts of Camellia sinensis.

Different metabolites found in plants, such as phenols, terpenoids, alkaloids, flavonoids, 
proteins, and carbohydrates, are essential for the stabilisation and conversion of metallic 
silver into Ag-NPs [33]. By lengthening the incubation period, it is possible to further 
accelerate the reduction rate and the production of nanoparticles, which causes the color’s 
intensity to rise as the reaction time increases [34].

The shift in color is attributed to the activation of metal nanoparticles’ surface plasmon 
resonance (SPR). A lot depends on the geometry of the nanoparticles for the optical properties 
of silver nanoparticles, which are 
fascinating and strongly connected to 
localized surface plasmon resonance 
[35]. This result is consistent with 
observations made by Saliem et al 
[34]. and Shareef et al [36]., who noted 
that color change may occur when 
silver ions are converted into silver 
nanoparticles following exposure to 
plant extracts. Ag-NP characterization 
is therefore essential for evaluating the 
functional attributes of the synthesized 
particles.

Atomic force microscopy (AFM)
According to AFM analysis, the 

average particle size for the methanolic 
and aqueous extracts of CAgNPs was 
84.76 nm and 108.3 nm, respectively, 
and were spherical in form, either 
individually or in aggregates (Fig. 1 
and 2).

X-ray diffractometer
An effective instrument for 

crystalline material characterization 
is the X-ray diffractometer (XRD), 
provides information on the phases of 
crystals, preferred orientations, and 
other structural traits including strain, 
crystallinity, average grain size, and 
crystal defects [37].

Fig. 1. AFM analysis of CAgNPs methanolic extract (A): 
2-D of CAgNPs methanolic extract, (B): 3-D of CAgNPs 
methanolic extract, (C): Size distribution of CAgNPs 
methanolic extract shown in AFM graphic.

 

 

 

 

 

 

 

 

 

Figure 1: AFM analysis of CAgNPs methanolic extract (A): 2-D of CAgNPs methanolic 
extract, (B): 3-D of CAgNPs methanolic extract, (C): Size distribution of CAgNPs 

methanolic extract shown in AFM graphic. 
 

  

 

 

 

 

 

 

 

 

 

Figure 2: AFM analysis of CAgNPs aqueous extract (A): 2-D of CAgNPs aqueous extract, 
(B): 3-D of CAgNPs aqueous extract, (C): Size distribution of CAgNPs aqueous extract 

shown in AFM graphic 
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of CAgNPs aqueous extract, (B): 3-D of CAgNPs aqueous 
extract, (C): Size distribution of CAgNPs aqueous extract 
shown in AFM graphic.

 

 

 

 

 

 

 

 

 

Figure 1: AFM analysis of CAgNPs methanolic extract (A): 2-D of CAgNPs methanolic 
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Figure 2: AFM analysis of CAgNPs aqueous extract (A): 2-D of CAgNPs aqueous extract, 
(B): 3-D of CAgNPs aqueous extract, (C): Size distribution of CAgNPs aqueous extract 

shown in AFM graphic 
 

 



Cell Physiol Biochem 2024;58:659-676
DOI: 10.33594/000000741
Published online: 11 November 2024 666

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

© 2024 The Author(s). Published by 
Cell Physiol Biochem Press GmbH&Co. KG

Salih et al.: Antibacterial Action of Green Tea Silver Nanoparticles on MDR S. aureus

The green synthesis of AgNPs was 
further supported by X-ray diffraction (XRD). 
(Fig. 3) recorded obvious diffraction peaks 
at 2θ values 38.175, 44.325, 64.543, and 
77.472 for CAgNPs methanolic extract which 
were corresponded to 111, 200, 220 and 
311 planes of silver, while (Fig. 4) showed 
diffraction peaks at 2θ values 38.229, 44.349, 
64.580, and 77.464 for CAgNPs aqueous 
extract corresponded to 111, 200, 220 
and 311 planes of silver. The XRD pattern 
demonstrated the crystalline nature of the 
AgNPs created by the reduction of Ag+ ions 
using Camellia sinensis extracts. Unassigned 
peaks were seen, which may have been 
caused by the bio-organic phase or by the 
presence of metalloproteins on the surface of 
the silver nanoparticles. Alternatively, it may 
have been caused by the plant extract’s lower 
concentration of biomolecules that function 
as stabilizing agents, such as enzymes or 
proteins.

According to calculations using the 
Debye-Scherrer equation, the average 
crystallite sizes for the methanolic and 
aqueous extracts of CAgNPs are determined 
to be 61.24 and 99.66 nm, respectively. This 
result is consistent with the research of 
Ssekatawa et al [38]. Silver nanoparticles were produced by using an aqueous extract of 
Camellia sinensis bark, and they displayed distinct peaks of cubic phases at 38.0, 44.3, 64.5, 
and 77.4. The synthesis of silver nanoparticles by Rakaa and Obaid [39] using bark from 
thyme leaves as a starting material has resulted in clear cubic peak appearances at 2θ, which 
correspond to crystallographic planes 111, 200, 220, and 311. The peaks at 38.45°, 44.39°, 
64.57°, and 77.54°, respectively. The face-centered cubic NPs are created by reacting AgNO3 
with biological solutions, with small differences in peak values depending on the kind of 
extract, the presence of metabolites, and the binding characteristics [40]. It’s noteworthy to 
note that most scientists [37, 41] who produced plant-derived nanoparticles seem to have 
attained a similar crystal structure.

UV-Visible spectroscopy
UV-Vis spectroscopy is one of the primary techniques for identifying and quantifying 

the production of NPs. UV-Vis spectroscopy was utilized to confirm the stability of the 
synthesized AgNPs since the plasmon band of Ag is sensitive to the size and shape of the 
generated NPs [42].

UV-visible spectroscopy is an important step in confirming the synthesis of Ag-NPs and 
the color change. When the Camellia sinensis extract was mixed with an aqueous solution 
of AgNO3, this resulted in a change of color. This change in color is a result of the collective 
oscillation of free electron of silver nanoparticles in resonance with the light wave in silver 
nanoparticle synthesis and this oscillation gives a typical peak value. UV-visible spectra 
of the plant extracts without AgNO3 solution and with it were shown in Fig. 5 and 6. The 
existence of many chemical compounds known to interact with silver ions is indicated by the 
faint absorption peak at 200 nm. The type, size, and morphologies of the NPs generated the 
dielectric constant of the medium and temperatures, as well as their interparticle distances, 
all have a remarkable impact on the surface plasmon resonance absorbance [43, 44].  The 

Fig. 3. XRD pattern of CAgNPs methanolic extract.
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absorption spectrum was recorded between 200 nm and 800 nm. It is observed that the 
silver surface plasmon resonance band centered at 263 nm in the (CAgNPs) aqueous extract 
and 270 nm  in the methanolic (CAgNPs) extract, in comparison with UV Test for Camellia 
sinensis methanolic and aqueous extract (271 and 272) nm respectively.

This result was in line with Bhat et al. 36  findings that silver nanoparticles produced 
by biosynthesis were virtually spherical, solitary (25–50 nm), or found in clusters (100 nm). 
Githala et al [45]. measured the size and shape of partials using an atomic force microscope 
and found that silver particles had an amorphous polygonal shape and sizes ranging from 
1.0 to 130 nm. The average size of a nanoparticle was 63.3 nm. Although the diameters of 
the Ag, ZnO, and LiO2 particles ranged from 0 to 1.80 nm, 0 to 1.80 nm, and 0 to 2.24 nm, 
respectively, the Ag and ZnO particles were irregular, but the LiO2 particles seemed elongated 
and irregular [46].

Analysis of the zeta potential
For the aqueous and methanolic extracts of the synthesized compounds, the 

nanoparticles’ zeta potential values were -30.31 and -32.33 mV respectively, as shown in 
(Fig. 7 and 8).

The zeta analysis plays a significant role in determining the stability of colloidal 
dispersions. The magnitude of the zeta potential describes the strength of electrostatic 
attraction between nearby, similarly charged particles in dispersion. Strong zeta potentials 
provide stability to molecules and particles that are tiny enough, indicating that the solution 
or dispersion will be resistant to aggregation. Low zeta potentials coagulate or flocculate 
because the dispersion may fracture and flocculate if attractive forces overcome the repulsion, 
but high zeta potentials (positive or negative) are electrically stable. The zeta potential of the 
nanoparticles should typically be greater than +30 mV or lower than -30 mV [47].

Surega [48] showed that the zeta analysis of green-produced AgNPs was -41.7, -27.9, 
and -37.2 mV using plant extracts Tridax procumbens, Euphorbia hirta, and Azardirachta 
indica. The very stable nature of AgNPs created using T. procumbans extract was revealed 

Fig. 5. UV-Visible 
spectral analysis of 
(A): Camellia sinensis 
aqueous extract, (B): 
synthesized (CAgNPs) 
aqueous extract.
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Fig. 10. HPLC chromatogram of phenolic chemicals 
in aqueous extract of (CAgNPs).

by the wide range of -41.7 mV in the Zeta 
potential. Using Vitex negundo leaf extract, 
Anandalakshmi and Venugobal [49] created 
AgNPs with a zeta potential of -13.5mV, 
indicating incipient instability.

Both the durability of the produced 
nanoparticles and the decrease in silver 
ions may be related to a number of the 
physiologically active compounds present 
in natural extracts. Phytochemicals 
such phenolics, coumarins, terpenoids, 
glycosides, alkaloids, and tannins may serve 
as bioreductants in this green synthesis 
method by converting silver ions into Ag-
NPs. Additionally, it’s probable that the 
proteins and peptides in Camellia sinensis 
extracts will promote the synthesis of silver 
nanoparticles and reduce the amount of 
silver ions in silver [50]. Furthermore, 
proteins’ carbonyl groups can deposit a 
coating layer on the surface of Ag-NPs 
because they have a significant affinity 
for connecting with metal nanoparticles; 
the resulting nanoparticles are more 
stable in aquatic settings and less prone to 
agglomerate [51].

High-performance liquid 
chromatography (HPLC)

Using the HPLC technique, the 
phenolic content of the different CAgNPs 
was analyzed. Two phenolic components, 
gallic acid and caffeine, were found in the 
(CAgNPs) methanolic and aqueous extracts, 
(Fig. 9 and 10) respectively. in comparison 
to standard chemicals (Fig. 11).

When extracting phenols and other 
active chemicals from plant raw materials 
many; factors such as preparation time, 
temperature, and the ratio of dry herbal 
material to solvent are crucial [52]. Thus, 
the origin and chemo-type of the plant 
raw material, the choice of solvent, and the 
extraction techniques all have a significant 
impact on the amount of phenolic chemicals 
present in the extracts. Plant polyphenols 
are extracted using organic solvents such as 
methanol, ethanol, ethyl acetate, and others 
[53].

Understanding the chemical makeup 
of plants is advantageous for the discovery 
of therapeutic agents as well as for other 
reasons, such as the potential for new 
sources of economically viable plant 

Fig. 9. HPLC chromatogram of phenolic chemicals in 
methanolic extract of (CAgNPs).
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compounds for the synthesis 
of complex chemicals and 
the potential significance of 
plant compounds. Treatments 
and their continued use 
as medicinal sources that 
produce biologically active 
substances are crucial for 
preserving human health 
[54]. Phytochemicals, or more 
specifically, phytoprotectants, 
are organic, physiologically 
active substances that are 
naturally present in plants 
and function as a defense 
mechanism against illness 
[55].

Antibacterial activity of 
(CAgNPs) extracts

Disk diffusion method. 
The disk-diffusion technique 
was used to assess the 
antibacterial activity of 
(CAgNPs) extracts on S. 
aureus isolates. The results 
revealed that the methanolic 
extract of (CAgNPs) was 
more efficient than the 
aqueous extract at doses of 
375 and 750 mg/ml, giving 
the greatest inhibition zone 
values of 15.67 and 20.33 mm 
respectively in the S. aureus 
isolate No. 9, when compared 
with the (CAgNPs) aqueous 
extract which gave inhibition 
zone 12.33 and 15.67 mm 
respectively with significant 
difference (P≤0.01), as shown 
in (Table 2).

Fig. 11. HPLC 
chromatogram of 
phenolic chemicals 
standards (A): gallic acid, 
(B): caffeine.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: HPLC chromatogram of phenolic chemicals standards (A): gallic acid, 
(B): caffeine 

 

(St): S. aureus isolate, (C+): Control + (Bacteria + Media), (C-): Control - (Media only) 
Figure 12: MIC of methanolic CAgNPs extract on S. aureus isolates 

 

(St): S. aureus isolate, (C+): Control + (Bacteria + Media), (C-): Control -ـ (Media only) 
Figure 13: MIC of aqueous CAgNPs extract on S. aureus isolates 

 

Table 2. Antibacterial activity of silver nanoparticles Camellia 
sinensis extracts (CAgNPs) S. aureus isolates. (St): Staph. Aureus. 
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According to this study, the antibacterial activity appears to be linked to the high 
concentration of phenolic chemicals (such as caffeine and gallic acid) found in the methanolic 
and aqueous extracts of CAgNPs. Numerous phenolic compounds have antibacterial 
properties against plant diseases that can also be used to combat infections that affect 
humans. Additionally, many derived phenolic compounds’ antibacterial activity employ 
pathways distinct from those of traditional medicines, which suggest they may be useful in 
advancing antibacterial therapy [56].

The antibacterial activity of the CAgNPs extracts against isolated S. aureus was quite 
strong. Due to their size, they are able to quickly access bacteria’s nuclei and exhibit a sizable 
and outstanding surface area, which is where interaction with bacteria is most intense. The 
AgNPs antibacterial activity methods vary depending on their size, shape, surface, surface 
charge, solubility, exposure period, and concentration [57]. The inactivation of cellular 
proteins, DNA damage, and enzyme degradation are a few of the several hypothesised 
reasons for AgNPs’ beneficial antibacterial action [58].

Because of their smaller size, AgNPs are likely to have adhered to the bacterial cell 
membrane’s surface and disrupted vital processes like permeability and respiration. They 
may then have easily entered the bacteria’s interior and caused additional harm, possibly 
by interacting with sulphur- and phosphorus-containing substances like DNA to cause cell 
lysis. Additionally, the majority of recent studies have identified the following mechanisms 
of action for nanocomposites: adhesion to microbial cells, physical contact-induced cell wall 
lysis, and ROS production, particle penetration into the cell, oxidative stress-induced protein 
and DNA damage, and facilitation of internalization. In addition to size, different formulations 
with various particle shapes and surface charges may also have an impact on the inherent 
characteristics of the NPs and maybe have an impact on their antibacterial activity [59]. 
Almalah et al [60]., claimed that silver nanoparticles are effective at inhibiting both gram-
positive and gram-negative bacteria when compared to green synthesis of AgNPs, giving a 
zone of inhibition of 25 mm against S. aureus, 24 mm against K. pneumonia, and 22 mm 
against P. aeruginosa and A. baumannii, Additionally, Ansari and Alzohairy 61 and Ahmed et 
al [62]., noted that the antibacterial activity increased with the rising Ag-NP concentrations. 
According to Huq [63], Ag-NPs have antibacterial activity against S. aureus, P. aeruginosa, 
and E. coli with inhibition zones 16.1, 16.6, and 13.4 mm, respectively.

Measurement the (MIC) of the CAgNPs extracts
The CAgNPs MIC was determined in broth microdilution method using a 96-well 

microtiter plate. Resazurin’s color, a sign of bacterial growth, was used to calculate the lowest 
inhibitory concentration.

The MIC result demonstrated that the methanolic extract of CAgNPs was superior to 
the aqueous extract. The CAgNPs methanolic extract’s MIC were 23.43 µg/ml for isolates 
No.1, 2, 5 and 6, while the isolates No. 4 and 8 was 11.718 µg/ml. the MIC results of the 
aqueous CAgNPs extract on all 
S. aureus isolates were 46.87 
µg/ml except isolates No. 3 
and 6 which were 11.718 and 
93.75 µg/ml respectively, as 
shown in (Table 3) and (Fig. 12 
and 13).

According to the study’s 
findings, methanolic extract of 
the Camellia sinensis contained 
nanoparticles with a better 
biological effectiveness against 
S. aureus than aqueous extract. 
This is because the methanolic 
extract might contain more 
quantitative and qualitative 
phenolic compounds than the 
CAgNPs aqueous extract, and 

Table 3. MIC of Camellia sinensis silver nanoparticles (CAgNPs) 
methanolic and aqueous leaves extracts on S. aureus isolates. Staph. 
Aureus
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Fig. 13. MIC of aqueous CAgNPs extract on S. aureus isolates.

Fig. 12. MIC of methanolic CAgNPs extract on S. aureus isolates.

these phytochemicals can help 
with a variety of antimicrobial 
activities. The plant chemicals that 
are included in the plant extracts 
play the job of reducing and 
stabilizing agents.

According to Al-Aboudi 
and AL-Azawi [64], flavonoids 
compounds have been discovered 
to be powerful antibacterial 
agents against a variety of 
pathogenic microorganisms in 
vitro. Furthermore, it has been 
said that nanoparticle sizes have 
a substantial impact on how 
successful they are in killing 
bacteria [65]. Because of their large 
surface areas, charges, adsorption, 
and chemical reactivity, the many 
forms of this nanoscale size can 
interact with biological systems 
in a way that severely inhibits 
them [66]. Therefore, the CAgNPs 
nanoscale diameters were crucial 
to their effectiveness against 
bacteria. The outcomes of this study 
agree with those of Abdul elah 
Mohammad and Al-Jubouri [67], 
who found that the nanoparticles 
displayed potent antibacterial 
activity against both Gram positive 
and negative bacteria.

Anti-Biofilm Activity of CAgNPs 
extracts

A biofilm is a densely packed 
community of microorganisms 
that grows on both living and 
nonliving surfaces and envelops 
itself in secreted polymers. Biofilm-
associated disorders are typically 
difficult to treat due to multidrug 
resistance [68], hence it is essential 
to discover new chemicals that are 
effective in preventing bacterial biofilm development.

The anti-biofilm in S. aureus was increased when CAgNPs methanolic extract were used 
compared with the CAgNPs aqueous extract, the CAgNPs methanolic extract inhibited 80, 90, 
and 100 percent of S. aureus biofilm formation in 23.43, 46.87 and 93.75 µg/ml respectively, 
as shown in (Table 4), while the anti-biofilm activity of the CAgNPs aqueous extract on 
S. aureus isolates was 80% and 100% of the biofilm formation in 46.87 and 93.75 µg/ml 
respectively, as shown in table (Table 5).

Biofilm development has been linked to antibiotic resistance in bacterial populations 
[69]. The concentration-dependent inhibition or reduction of biofilm development served as 
evidence for the anti-biofilm effect of the phenolic compounds. Flavonoids may encourage 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: HPLC chromatogram of phenolic chemicals standards (A): gallic acid, 
(B): caffeine 

 

(St): S. aureus isolate, (C+): Control + (Bacteria + Media), (C-): Control - (Media only) 
Figure 12: MIC of methanolic CAgNPs extract on S. aureus isolates 

 

(St): S. aureus isolate, (C+): Control + (Bacteria + Media), (C-): Control -ـ (Media only) 
Figure 13: MIC of aqueous CAgNPs extract on S. aureus isolates 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: HPLC chromatogram of phenolic chemicals standards (A): gallic acid, 
(B): caffeine 

 

(St): S. aureus isolate, (C+): Control + (Bacteria + Media), (C-): Control - (Media only) 
Figure 12: MIC of methanolic CAgNPs extract on S. aureus isolates 

 

(St): S. aureus isolate, (C+): Control + (Bacteria + Media), (C-): Control -ـ (Media only) 
Figure 13: MIC of aqueous CAgNPs extract on S. aureus isolates 

 Table 4. Biofilm development of S. aureus isolates before 
and after treatment with methanolic extract of CAgNPs St: 
Staphylococcus aureus, control negative (cut off) = 0.2
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bacterial aggregation by partly lysing 
bacteria. Therefore, membrane 
fusion restricts the active absorption 
of nutrients across a smaller 
membrane area [70].

The antibacterial activity of 
phenols has been attributed to 
a variety of processes, including 
interactions with bacterial proteins 
and cell walls, cytoplasmic membrane 
degradation, reduced fluidity of 
membranes, and suppression of 
energy metabolism, nucleic acid 
synthesis, and cell wall and cell 
formation [71, 72].

Liu et al [73]. showed that gallic 
acid penetrated the biofilm and 
killed S. aureus. Furthermore, it is possible to hypothesize that the presence of plant extracts 
in growth medium caused an unfavorable situation that may prevent cell attachment or 
decrease surface adhesion, AgNPs green production significantly affects the development of 
bacterial biofilms as well [74]

Conclusion

According to the findings of the present study, it can be said that the methanolic and 
aqueous leaves extracts from Camellia sinensis are a successful method for producing 
CAgNPs. The synthesized CAgNPs also have significant antibacterial activity against S. aureus 
and, depending on the concentrations, as well as, inhibit S. aureus biofilm formation.
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