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The purpose of this study to extract phenolic compounds from Camellia 
sinensis, investigate their antibacterial and anti-biofilm properties and apply 
these chemicals to certain virulence genes that are involved in the production 
of biofilms in Staphylococcus aureus isolates. From laboratories of the Institute 
of Genetic Eng. and Biotech. at Baghdad university, twenty five isolates of S. 
aureus were obtained. VITEK-2 technology and growing isolates on Mannitol 
salt agar verified the diagnosis. Both methanolic and aqueous extracts of 
Camellia sinensis leaves were made using a Soxhlet equipment and maceration 
method, In addition to detecting the phenolic compound using high 
performance liquid chromatography (HPLC) technology. The results indicated 
that, at concentrations of 128 and 256 mg/ml, For every S. aureus isolate, the 
methanolic extract outperformed the aqueous extract in effectiveness. giving 
the highest inhibition zone of 20.33 and 24.67 mm, respectively, while the 
aqueous extract gave inhibition zones of 11.33 and 13.33 mm, respectively. All 
S. aureus isolates had a minimum inhibitory concentration (MIC) of 4 mg/ml 
for the methanolic extract, except isolates No. 7 and 8, which had MIC of 2 
mg/ml, and isolate No.10, which had MIC of 8 mg/ml. However, all S. aureus 
isolates had MIC values of 16 mg/ml for aqueous extract. At 4 mg/ml, the 
methanolic leaf extract of C. sinensis completely prevented the biofilm 
formation of S. aureus, but at 16 mg/ml, the aqueous extract completely 
inhibited the antibiofilm activity of S. aureus isolates. Examining the virulence 
gene ClfA, which is in controlling S. aureus biofilm formation, the gene 
expression results showed the isolates treated with the methanolic extracts’ 
sub-MIC had lower levels of the ClfA gene than the untreated isolates. Progress, 
rural women's participation in sports will face more opportunities. 

 

INTRODUCTION   

Since antimicrobial resistance has a major effect on the global economy, it is regarded as one of the most 
important public health issues. Antibacterial resistance is reducing the available treatment choices for 
treating infections, which increases the morbidity and mortality of bacterial infectious illnesses (1). 
Gram-positive Staphylococcus aureus, belonging to the Stpohylococcceae family, has a diameter of 
around 1 μm. It causes cutaneous infections and exhibits toxic shock syndrome. Additionally, it creates 
grape-like collections (2). S. aureus Multi-Drug Resistance is a serious problem. Patients with weak 
immune systems, diabetes, and weakened immune systems are more vulnerable to Staphylococcal 
infections, particularly those caused by S. aureus, which can lead to soft tissue and skin infections. When 
S. aureus overgrows in an infected area of the body, toxins are secreted, leading to the potentially lethal 
illness known as toxic shock syndrome, this enhances the severity of S. aureus infections (3). The method 
of creating drugs is using more and more natural components. According to Jafar-sales and Shadi-Dizaji 
(4), bioactive chemicals are employed not only as direct therapeutic medications but also as a 
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main component in the manufacture of drugs or as a foundation for the synthesis of new biologically 
active compounds. As a result, the use of natural therapies instead of pharmaceuticals and antibiotics 
was taken into consideration. Because they may protect against free radicals and delay the beginning of 
many chronic illnesses, finding plants with strong antioxidant capabilities has become increasingly 
relevant recently (5). The camellia sinensis is a shrub from to the Theaceae family that is often planted 
in semi-tropical climates and pruned to a height of 2-5 feet (6). The presence of chemical components 
in green tea that are directly linked to human health has been established by several researches. The 
components that are extracted and separated from green tea, such as tea polyphenols, caffeine, theanine, 
and tea polysaccharides, have been shown to have pharmacological activities, including anti-oxidant (7), 
anti-cancer (8), nervous system protection (9), and blood sugar-lowering (10). Furthermore, certain 
bacterio-ecophysiological factors indicate that plants could be a very valuable source of numerous 
additional anti-biofilm agents, with Epigallocatechin-3-gallate (EGCG), one of the main polyphenols, 
acting as a model for the identification and examination of action mechanisms (11).   

MATERIALS AND METHODS 

Bacterial isolates 

Twenty-five S. aureus isolates were obtained from the Baghdad university / Institute of Genetic Eng. and 
Biotech. The isolates had previously been taken from various hospitals in Baghdad and were recently 
diagnosed using chemical and molecular tests. The isolates were then cultured on Mannitol salt agar for 
S. aureus for 18–24 hours at 42°C using the VITEK-2 System to confirm the diagnosis. Following their 
reconstitution on the Nutrient agar medium, the isolates had a 24-hour aerobic incubation period at 
37°C. 

Antibiotic susceptibility test 

The antibiotic susceptibility test for ten distinct antibiotics was conducted using the Kirby-Bauer 
technique, according with guidelines of WHO (12). One or two isolated colonies of bacteria from the 
original culture were chosen, and they were then placed into a test tube with four milliliters of normal 
saline to create a bacterial suspension of moderate turbidity. This procedure was done in comparison 
to the standard turbidity solution that was prepared. This comes out to about 1.5×108 CFU/ml. A part 
of bacterial suspension was carefully and uniformly placed using a sterile cotton swab over Mueller-
Hinton agar medium, and it was then incubated for ten minutes. The antimicrobial discs were then 
positioned on the agar and firmly pushed to make sure they made contact with the agar using sterile 
forceps. The plates were subsequently turned over and incubated for 18 to 24 hours at 37°C. In 
accordance with the Clinical Laboratories Standards Institute (13), inhibition zones that formed around 
the discs were measured in millimeters (mm) using a metric ruler. 

Assessment of biofilm formation 

According to Patel et al. (14), the quantification of S. aureus biofilm development was evaluated; all 
isolates were cultured overnight at 37°C in Brain Heart Infusion Broth. Tryptic soy broth (TSB) 
containing 1% glucose was added to each isolate, and the resulting mixture was carefully pipetted. The 
suspension of bacterial isolate was adjusted to meet the No. 0.5 turbidity criterion of McFarland. 

A 200 μl amount of each isolate's culture was put, in triplicate, to a sterile, flat-bottomed, 96-well 
microtiter plate. After that, the plates were covered with lids and incubated for 24 hours at 37°C in 
aerobic conditions. To get rid of the bacteria that weren't adherent, the planktonic cells were washed 
twice with distilled water after incubation. 200 μl of 100% methanol was used to fix the adhering 
bacterial cells in each well for 20 minutes at room temperature. Each well was treated with 200 μl of 
0.1% crystal violet for 15 minutes in order to stain the adhering cells. Following the completion of the 
staining process, washing with distilled water 2 or 3 times over removed the excess stain. After letting 
the plate at room temperature for about half an hour to make sure it was totally dry, 33% acetic acid 
was then used to cure the stain. At 630 nm in wavelength, optical density (OD) values were obtained 
with an ELISA auto reader. All test values were deducted from the sterile medium's average optical 
density (OD) values. Three separate replications of each experiment were carried out in triplicate. In 



Al-Aboudi et al.                                                                                          Antibacterial and Antibiofilm Activity of Phenolic Compounds 

 

2290 

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) (15).   

Collection of Camellia sinensis 

Camellia sinensis plant were obtained from the nearby Iraqi markets, was recognized as such by an 
expert at the University of Baghdad, Department of Biology, College of Science. Following a water wash, 
room temperature drying, and grinder grinding, the leaves were placed in storage at 4oC for additional 
study. First, 400 g of powdered C. sinensis leaves were macerated with two liters of petroleum ether to 
defat the leaves. After being gathered, air drying, the residue was divided into two groups. N'Guessan et 
al. (16, 54, 55) and AACC (17) report that methanol and hot water were used individually to extract the 
defatted plant leaves into aqueous and methanolic extracts. 

 High-Performance Liquid Chromatography (HPLC( 

Camellia sinensis Methanolic and aqueous extracts mixtures were found using (HPLC), according to 
Radovanovic et al. (18). 

Study the antibacterial activity of C. sinensis extracts 

Disc diffusion method 

The disc diffusion method of antibacterial action was used in accordance with the standard procedure 
by Razmavar et al. (19) to evaluate the antibacterial activity of the methanolic and aqueous extracts of 
C. sinensis. 

Muller Hinton agar plates were uniformly inoculated with the bacterial culture (adjusted to 0.5 
McFarland standard) using a sterile swab. 15 minutes were spent drying the dishes. In order to achieve 
a final concentration of 512 mg/ml, A stock of plant extract solution was created by dissolving 0.512 g 
of the extracts with 1 ml of each of their respective solvents (distilled water for an aqueous extract and 
dimethyl sulfoxide (DMSO) for a methanolic extract). Following that, the stock solution was diluted to 
provide extract concentrations of 128 and 256 mg/ml. 6 mm sterile blank discs were impregnated with 
20 microliters of each dilution. As negative controls, DMSO discs and distilled water were employed. 
Prior to putting on Mueller Hinton agar, each disc was completely dry. For 18 to 24 hours, the plates 
were incubated at 37°C. The diameter of the inhibition zone surrounding the discs was measured to 
assess the antibacterial activity following the incubation. To guarantee dependability, the test was 
conducted three times. 

Determination of Minimum Inhibitory Concentration (MIC) of C. sinensis extracts   

The 96-well microtiter plate was utilized to calculate the (MIC) of the C. sinensis extracts utilizing the 
broth microdilution process. Plant extracts were made as a working solution at a concentration of 256 
mg/ml in broth. To achieve the concentrations of 128-1 mg/ml for methanolic and aqueous extracts, 
respectively, successive two-fold dilutions of the extract were prepared immediately on the plate. First 
wells in row A contained 100 µl of the produced methanolic and aqueous extracts of C. sinensis. In rows 
B through H of the columns, there were 100 µl of broth. Serial dilutions were performed twice carefully 
along the columns (from rows A-H) using a micropipette. The process was repeated up to the last row 
(H), when the last 100µl was disposed of. First, 100µl was taken out of the beginning concentrations in 
row A and transported to the following row with the 100µl broth, appropriately mixed. As a result, the 
final volume in each test well containing the extracts is now 100 µl, with the exception of the column, 
which included 200 µl of broth for sterility control. All the wells except the negative control received 
100µl of the 1×108 CFU/ml bacterial inoculum. For 12 to 24 hours, microtiter plates were incubated at 
37 °C (20). Following the duration of incubation, each well received 20 µl of resazurin dye, which was 
applied, and any color changes were observed for 30 minutes during incubation. The lowest 
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concentrations of extracts at which no color changed from blue to pink in the resazurin broth assay were 
identified visually in broth microdilutions as the Minimum Inhibitory Concentrations (21).  

Study the antibiofilm activity of C. sinensis extracts 

The methanolic extract of C. sinensis was tested for antibiofilm activity using a 96-well microtiter plate. 
Plant extracts were made as a working solution at a concentration of 256 mg/ml in broth. To make 
methanolic extract concentrations of 128-1 mg/ml, the extract was then instantly diluted twice and 
placed on a plate. The first wells in row A were filled with 100 µl of the produced methanolic extract. 
There was just 100 µl of broth in rows B–H in the columns. Methodically, two-fold serial dilutions were 
made down the columns (from rows A-H) using micropipettes. After removing 100 µl from the initial 
concentrations in row A, the 100 µl broth was moved to the following row and well mixed. This process 
was repeated all the way to row (H), where the last 100 µl was disposed of. All the wells except the 
negative control received 100 µl of the 1×108 CFU/ml bacterial inoculum. According to the paragraph 
(Assessment of biofilm development), the same process was carried out. 

Gene expression Analysis Using qRT PCR Technique 

Before and after the methanolic extract treatment, the resistant isolates' gene expression levels were 
assessed. in order to evaluate the impact on the expression of ClfA in S. aureus associated to biofilm 
formation. Bacterial growth was facilitated by using the methanolic extract at a sub-MIC concentration. 
TRIzolTM Reagent was used to extract RNA in accordance with the manufacturer's recommended 
technique. Table 1 contains a list of primers, and Table 2 provides a summary of the reaction mixture. 
Additionally, the thermal cycler process has been improved via several trials and is shown in Tables 3. 

To compare the Ct values directly between the reference (housekeeping) gene and the target gene, the 
qRT-PCR data findings were computed. Utilizing the ΔΔCt approach as outlined by Schmittgen et al. (22), 
the genes were subjected to relative measurement of gene expression levels (fold change).  

Table 1: Primers utilized in this Study 

 

 

 

 

Table 2: Volumes and qRT-PCR reaction mix concentrations 

 

 

 

 

 

 

 

 

Reference Size Sequence (5´-3´)  Primer name 

(23) 280 bp 
ATTGGCGTGGCTTCAGTGCT F 

ClfA 
CGTTTCTTCCGTAGTTGCATTTG R 

(24) 180 bp 
ACTCCTACGGGAGGCAGCAGT F 

16S rRNA 
TATTACCGCGGCTGCTGGC R 

(25) 240 bp 
GCGTCCGTTGATTGAAGCG F 

GyrB 
AACGTCACTTGCAACATCGC R 

Component 
Volume 
(µl) 

Luna Universal qPCR Master 
Mix 

10 

Forward primer (10 μM) 1 
Reverse primer (10 μM) 1 
Template DNA 5 
Nuclease-free Water 3 
Total 20 
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Table 3: qRT-PCR Cycling Program 

 

 

 

 

 

 

Statistical Analysis 

The software program SAS (2012), which stands for Statistical Analysis System, was utilized to find the 
impact of various variables on research parameters. In this study, the means were significantly 
compared using the least significant difference (LSD) test. 

RESULTS  

Antibiotic susceptibility test  

By using the disk diffusion technique in accordance with CLSI (2023) recommendations, the antibiotic 
susceptibility of S. aureus isolates was ascertained based on the inhibition zone diameter (mm). In this 
experiment, ten antibiotics were tested against all 25 S. aureus isolates (Amoxicillin+ Clavic acid, 
Azithromycin, Gentamycin, Chloramphenicol, Vancomycin, Meropenem, Pipercillin, Ceftriaxon, 
Trimethoprim and Nitrofuratin). The findings showed that the S. aureus isolates are extremely resistant 
to the prescribed antibiotics.  The 10 antibiotics used in the sensitivity test for S. aureus showed varying 
degrees of resistance among the isolates. Ten S. aureus isolates (90–100%), eight isolates (80%), six 
isolates (60–70%), and one strain (50%) were multidrug resistant. According to Jabur and Kandala (26), 
all 25 bacterial isolates shown 100% resistance to the drug Gentamycin. Ten S. aureus isolates that were 
more resistant to antibiotics were selected for this investigation in order to test the effectiveness of C. 
sinensis on isolates, as indicated in Table 4. 

Table 4: Antibiotic susceptibility test of S. aureus isolates 

 

Cycle Step 
Temperatu
re 

Time 
Cycles 
No. 

Initial 
Denaturati
on 

95 °C 
60 
seconds 

1 

Denaturati
on 

95 °C 
15 
seconds 

40 
Anneling 60 °C 

30 
seconds 

Melt Curve 60-95 °C 
40 
minutes 

1 

No. MEM PRL C AZM CN VA SXT F CRO AMC 
Percentag
e of 
resistance 

S1 R R I R R R R R R R 90% 

S2 S R R R R R R R R I 90% 

S3 R R R R R S R R R I 80% 

S4 S R S R R S R S R I 50% 
S5 S R R R R R R R R I 80% 
S6 S R R R R R R R R I 80% 
S7 S R R R R I R R R I 70% 
S8 R R R R R I R R R R 90% 
S9 R R I R R I R R R R 80% 
S1
0 

R R R R R I R R S R 80% 

S1
1 

R S R R R R R R R R 90% 
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S): S.aureus, (MEM): Meropenem, (PRL): Pipercillin (C): Chloramphenicol, (AZM): Azithromycin, (CN): 
Gentamycin, (VA): Vancomycin, (SXT): Trimethoprim, (F): Nitrofuratin, (CRO): Ceftriaxon, (AMC): 
Amoxicillin, (AMC): Amoxicillin+ Clavic acid. 

Detection of biofilm formation 

The method of microtiter plate, where the absorbance was measured at 630 nm by an ELISA reader, is 
used to detect the quantitative biofilm production and evaluate biofilm intensity. As can be seen in Table 
5, the findings demonstrated that every isolate had 100% robust biofilm development. 

Table 5: Biofilm forming of S. aureus isolates  

S): S. aureus, Control negative (cut off) = 0.31 

High-performance liquid chromatography (HPLC) 

The HPLC technique was utilized to examine the individual phenolic contents of C. sinensis, as reported 
by Radovanovic et al. (18). When compared with standard substances as indicated in Figures 3, 4, 5, 6 
and 7, five flavonoids derivatives (apigenin, caffeine, chlorogenic acid, gallic acid, and tannic acid) were 
found in the methanolic and aqueous extracts Figure 1 and Figure 2, respectively. 

S1
2 

R R R R R R R R R R 100% 

S1
3 

R S R R R R R R S R 80% 

S1
4 

R R R R R R R R R R 100% 

S1
5 

S S I R R I R R R R 60% 

S1
6 

R R R R R R R R R R 100% 

S1
7 

R R I S R R R R R R 80% 

S1
8 

R R I R R I R R R R 80% 

S1
9 

S R R S R R R R S R 70% 

S2
0 

I R S R R R S R S R 60% 

S2
1 

R I R R R I R R R R 90% 

S2
2 

S R R R R I R R I R 70% 

S2
3 

R R R R R R R R R R 100% 

S2
4 

R R I S R I R R S R 60% 

S2
5 

I R R R R R R R R R 90% 

S. aureus 
isolates 

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 

Biofilm 
formation 

Strong Strong Strong Strong Strong Strong Strong Strong 
Stro
ng 

Stro
ng 
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Antibacterial activity of Camellia sinensis extracts 

Disk diffusion method 

The disk-diffusion technique was utilized to evaluate the antibacterial activity of C. sinensis leaf extracts 
on S. aureus isolates. As demonstrated in Table 6, results showed that at doses of 128 and 256 mg/ml, 
the methanolic extract outperformed the aqueous extract in term of effectiveness against S.aureus 
isolates. The methanolic extract gave the highest inhibition zone value of 20.33 ± 0.33 and 24.67 ± 0.33 
mm, respectively, in isolate (No. 9), when compared with the aqueous extract, which gave inhibition 
zone values of 11.33 ± 0.33 and 13.33 ± 0.33 mm, respectively. 

Table 6: Antibacterial activity of Camellia sinensis methanolic and aqueous extracts on S. aureus 
isolates 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S): S. aureusThe numbers in the table mention to inhibition zone measured in (mm) 

 

 

LSD 
value 

Mean ± SE 

No. of                     
Isolate 

Aqueous extract Methanolic extract 

256 

mg/ml 

128 

mg/ml 

256 

mg/ml 

128 

mg/ml 

1.370*
* 

12.33 ± 
0.33 

10.00 ± 
0.00 

20.33 ± 
0.33 

15.33 ± 
0.33 

S1 

1.582*
* 

12.67 ± 
0.33 

10.33 ± 
0.33 

15.33 ± 
0.33 

12.33 ± 
0.33 

S2 

1.582*
* 

12.33 ± 
0.33 

9.33 ± 0.33 
18.33 ± 
0.33 

15.33 ± 
0.33 

S3 

1.582*
* 

10.33 ± 
0.33 

8.33 ± 0.33 
15.33 ± 
0.33 

11.67 ± 
0.33 

S4 

1.582*
* 

12.33 ± 
0.33 

10.33 ± 
0.33 

16.67 ± 
0.33 

12.33 ± 
0.33 

S5 

1.582*
* 

11.33 ± 
0.33 

9.33 ± 0.33 
19.33 ± 
0.33 

14.33 ± 
0.33 

S6 

1.582*
* 

12.33 ± 
0.33 

10.33 ± 
0.33 

17.33 ± 
0.33 

13.33 ± 
0.33 

S7 

1.582*
* 

13.33 ± 
0.33 

10.67 ± 
0.33 

20.33 ± 
0.33 

15.33 ± 
0.33 

S8 

1.582*
* 

13.33 ± 
0.33 

11.33 ± 
0.33 

24.67 ± 
0.33 

20.33 ± 
0.33 

S9 

1.582*
* 

13.33 ± 
0.33 

10.33 ± 
0.33 

18.33 ± 
0.33 

15.33 ± 
0.33 

S10 

---- 1.341** 1.272** 1.341** 1.341** 
LSD 
value 

** (P≤0.01) 
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Determination of the (MIC) of the Camellia Sinensis extracts 

The MIC result demonstrated that the methanolic extract superior to the aqueous extract in the way of 
efficacy when applied to S. aureus isolates. All S. aureus isolates had MIC values of 4 mg/ml for the 
methanolic extract, with the exception of isolates No. 7 and 8, which had MIC values of 2 mg/ml, and 
isolate No. 10, which had MIC values of 8 mg/ml. All S. aureus isolates had an aqueous extract minimum 
inhibitory concentration (MIC) of 16 mg/ml, as indicated by Table 7 and Figures 8 and 9.  

Table 7: MIC of Camellia sinensis methanolic and aqueous extracts on S. aureus isolates 

 

 

 

 

 

 

 

 

 

 

 

 

Isolate 

Aqueous 
extract 

Methanolic extract 

MIC (mg/ml) MIC (mg/ml) 

S1 16 4 

S2 16 4 

S3 16 4 

S4 16 4 

S5 16 4 

S6 16 4 

S7 16 2 

S8 16 2 

S9 16 4 

S10 16 8 
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Anti-Biofilm activity of Camellia sinensis extracts 

As shown in Table 8, the methanolic leaf extract of Camellia sinensis entirely inhibited S. aureus from 
forming biofilms at 4 mg/ml. In contrast, the aqueous extract's antibiofilm efficacy against S. aureus 
isolates was   completely reduced at 16 mg/ml Table 9.  

Table 8: Biofilm formation of S. aureus isolates before and after treatment with C. sinensis 
methanolic extract 

No of 
isolate
s 

Before 
treatmen
t 

After treatment with methanolic extract (mg/ml) 

1 2 4 8 16 32 64 128 

S1 Strong Weak 
None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

S2 Strong Weak 
None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

S3 Strong 
None 
Biofilm 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

S4 Strong Weak 
None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

S5 Strong Weak 
None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

S6 Strong Weak 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

S7 Strong 
Moderat
e 

Weak 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

S8 Strong Weak 
None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 
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Table 9: Biofilm formation of S. aureus isolates before and after treatment with Camellia 
sinensis aqueous extract 

S9 Strong Weak 
None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

S10 Strong 
None 
Biofilm 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

None 
Biofil
m 

No of 
isolat
es 

Before 
treatme
nt 

After treatment with aqueous extract (mg/ml) 

1 2 4 8 16 32 64 128 

St1 Strong 
Modera
te 

Modera
te 

Weak 

None 
Biofil
m 

None 
Biofilm 

None 
Biofilm 

None 
Biofilm 

None 
Biofil
m 

S2 Strong 
Modera
te 

Modera
te 

None 
Biofilm 

None 
Biofil
m 

None 
Biofilm 

None 
Biofilm 

None 
Biofilm 

None 
Biofil
m 

S3 Strong 
Modera
te 

None 
Biofilm 

None 
Biofilm 

None 
Biofil
m 

None 
Biofilm 

None 
Biofilm 

None 
Biofilm 

None 
Biofil
m 

S4 Strong 
Modera
te 

Weak 
None 
Biofilm 

None 
Biofil
m 

None 
Biofilm 

None 
Biofilm 

None 
Biofilm 

None 
Biofil
m 

S5 Strong Weak Weak 
None 
Biofilm 

None 
Biofil
m 

None 
Biofilm 

None 
Biofilm 

None 
Biofilm 

None 
Biofil
m 

S6 Strong 
Modera
te 

Modera
te 

Modera
te 

None 
Biofil
m 

None 
Biofilm 

None 
Biofilm 

None 
Biofilm 

None 
Biofil
m 

S7 Strong Weak Weak Weak 

None 
Biofil
m 

None 
Biofilm 

None 
Biofilm 

None 
Biofilm 

None 
Biofil
m 

S8 Strong Weak Weak 
None 
Biofilm 

None 
Biofil
m 

None 
Biofilm 

None 
Biofilm 

None 
Biofilm 

None 
Biofil
m 



Al-Aboudi et al.                                                                                          Antibacterial and Antibiofilm Activity of Phenolic Compounds 

 

2299 

S): S. aureus, Control negative (cut off) = 0.27 

Gene expression of ClfA gene 

According to research, the methanolic extract outperformed the aqueous extract in terms of 
effectiveness. Therefore, the impact on ClfA gene expression was investigated using the methanolic 
extract. Through comparison of untreated isolates with isolates treated with the sub-MIC of C. sinensis 
methanolic leaf extracts, The ClfA gene's mRNA expression was examined in the quantitative RT-PCR 
experiment Table 10. 

   Table 10: Gene expression results for ClfA in S. aureus before and after treatment with 
methanolic extract 

 

 

 

           

 

 

  

 

 

 

 

 

 

 

 

 (S): S. aureus isolate 

 

S9 Strong 
Modera
te 

Weak 
None 
Biofilm 

None 
Biofil
m 

None 
Biofilm 

None 
Biofilm 

None 
Biofilm 

None 
Biofil
m 

S10 Strong Weak Weak Weak Weak 
None 
Biofilm 

None 
Biofilm 

None 
Biofilm 

None 
Biofil
m 

Group Sample 
Ct reference 
gene GyrB 

Ct target 
gene ClfA 

∆ct ∆∆ct 
Fold gene of 
expression 

Before 
treated 
(Control) 

C1 20.26 22.74 2.48 0 1 

C2 20.88 23.11 2.23 0 1 

C3 20.48 23.1 2.62 0 1 

C4 21.19 23.33 2.14 0 1 

C5 21.46 24.04 2.58 0 1 

After 
treated 

S1 20.24 23.88 3.64 1.160 0.448 

S2 20.68 24.07 3.39 1.160 0.448 

S3 20.43 23.83 3.4 0.780 0.582 

S4 20.58 24.42 3.84 1.700 0.308 

S5 19.95 24.87 4.92 2.340 0.198 
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DISCUSSION 

The results of this study revealed that S. aureus had a significant level of resistance to many β-lactam 
antibiotics; this resistance developed as a result of frequent usage of these antibiotics, including 
continuous, sporadic exposure and overuse at inappropriate dosages. The bacterial resistance to these 
antibiotics was caused by the production of β-lactamase enzymes, which broke down the β-lactam ring 
and changed the structure of the antibiotics, spoiling their effects (27). Additionally, the bacterial species 
that were effluent pumps and the outer membrane's decreased permeability also contributed to the 
resistance ratio's large increase (28).  

Microtiter plate is a popular used technique, Because of its high throughput screening capacities and 
ease handling to detect biofilm formation of various bacterial strains (29). 

The model organism for bacterial biofilms is S. aureus. Numerous studies have been conducted to 
determine how this particular bacterial species forms biofilms and how surface types affect bacterial 
adherence and biofilm development (30). Previous research (31) (32) showed a relationship between 
the multi-drug resistance phenotype of S. aureus and its capacity to generate biofilms. Mahdi and AL-
Azawi (33) highlighted the importance of biofilm and its role in the development of high antibiotic 
resistance by various bacterial species. According to Ramos et al. (34), bacteria can adhere to host cells 
by forming a biofilm. The current study's findings concur with those of Setiabudy et al. (35), who found 
that all isolates of S. aureus developed biofilms in 100% of cases. 

In current study, the antibacterial activity in this study appears to be associated with the quantity of 
phenolic chemicals (apigenin, gallic acid, tannic acid, chlorogenic acid, and caffeine) that are found in 
the methanolic and aqueous extracts of C. sinensis. The phenolic compounds enter the bacterial cell and 
obstruct normal metabolic processes. Additionally, they attach to the cell's active sites of the enzymes 
and attempt to shut them so that the enzymes are unable to connect to the building blocks. As a result, 
they metabolically inhibit the enzymes and thereby neutralize their activity, or the phenolic compounds 
function as carriers of hydrogen ions, any reducing agents that bind with adenosine triphosphate, which 
stands for an oxidizing agent, and subsequently terminate the activity of ATP as an energy source, 
thereby weakening the energy within the microbial cell, be it fungal or bacterial, decreasing its efficacy, 
and ultimately causing its death (36). Numerous phenolic compounds have been shown to have 
antibacterial properties against plant diseases, suggesting that they may be useful in helping to fight 
human infections. Furthermore, many derived phenolic compounds have antibacterial properties that 
differ from those of traditional medications; as a result, they may be useful in boosting antibacterial 
treatment (37). The current study's findings corroborated those of Barreira et al. (38), who found that 
methanolic extract of green tea was superior to aqueous extract in terms of effectiveness. However, it 
differed with Mehta et al. (39) who found that the green tea aqueous extract had the most antibacterial 
activity against S. aureus out of all the tea extracts examined. 

Furthermore, the broth microdilution method was used to determine the MIC of the plant extracts using 
the 96-well microtiter plate. The MIC of the antimicrobial agents against S. aureus has been ascertained 
by a technique that employs the oxidation-reduction colorimetric indicator resazurin. Resazurin is 
clearly visible to the unaided eye and may be used to assess the minimum inhibitory concentration 
(MIC) even in the absence of a spectrophotometer. It appears blue when oxidized and becomes pink 
when reduced by live cells (40). This study's findings agreed with those of Latteef (41), who claimed 
that the methanolic extract of Camellia sinensis had a more inhibitory effect than the aqueous one. 
According to Kiedrowski et al. (42), flavonoids have to be discovered as a strong antibacterial agent that 
can effectively combat a variety of pathogenic microorganisms.  

Due to their capacity to develop multidrug resistance, elude host defenses, and withstand a variety of 
stresses, bacteria and other microorganisms form complex structures called bacterial biofilms, which 
are known to cause chronic bacterial infections in humans and other animals as well as to be a major 
global health concern (43). A common feature of respiratory infections in cystic fibrosis patients is the 
presence of S. aureus biofilm. Methicillin-resistant S. aureus (MRSA) has emerged as a result of these 
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infections being resistant to antibiotics (42). Finding novel, efficient compounds to prevent the 
development of bacterial biofilms is essential. 

Through concentration-dependent inhibition or decrease of biofilm formation, the flavonoid 
compounds demonstrated antibiofilm action. According to Awolola et al. (44), By partly lysing the 
bacteria, flavonoids likely encourage bacterial aggregation. This decreases active nutrient absorption 
through a smaller membrane surface and causes membrane fusion. 

 According to Zayed et al. (45), the alcoholic green tea extract that was synthesized was found to have 
antibiofilm action, albeit at a lesser concentration than the aqueous extract. This may be because the 
alcoholic extract contains a greater number of active compounds than the aqueous extract does, 
specifically epicatechin and epigallocatechin-3-gallate (EGCG), which are the active constituents. 
Moreover, multiple studies have shown that the polyphenolic components of green tea are responsible 
for the antibacterial action of the tea (46).  In addition to being essential for cell proliferation, surface 
conditioning frequently fosters bacterial attachment and encourages cell adherence to surfaces, which 
can result in infections (47). Thus, the possibility exists that the introduction of plant extracts into 
growth medium created an adverse environment that would prevent cell attachment or lessen surface 
adherence. 

According to Huang et al. (48), the validity of the reference genes used has a significant impact on the 
accuracy of qRT-PCR findings. This is especially true when using qRT-PCR to examine changes in target 
gene expression, as Liu et al. (49) has shown. The housekeeping genes 16SrRNA and GyrB were 
employed in several prior local research (50) (25). Cycle threshold, or Ct value, was used to record the 
amplification. high Ct values indicate low gene expression, whereas low Ct values indicate high gene 
expression. Because the housekeeping gene expresses itself consistently in cells or tissues under various 
settings, it is employed in molecular investigations (22).  

In gene expression experiment, methanolic extracts of C. sinensis demonstrated a significant reduction 
in ClfA gene expression in this study. Besides anti-virulence strategies, flavonoids can demonstrate 
antibacterial activities by disrupting the cytoplasmic membrane, inhibiting the synthesis of nucleic 
acids, inhibiting energy metabolism, inhibiting the synthesis of folic acids, and inhibiting the synthesis 
and function of cell membranes (51). Therefore, the antibacterial and down-regulation effects of 
phenolic extract in this study could be attributed to all these mechanisms.  Laith and AL-Azawi (52) 
indicated that the methanolic extract from plants had an impact on the virulence genes, which were 
shown to be considerably down-regulated in the samples. 

CONCLUSION  

 The results of this study showed that, even though the bacterial isolates had formed strong biofilms 
prior to treatment, the phenolic compounds that were extracted from C. sinensis leaves were able to 
downregulate the ClfA gene and exhibited strong antibacterial and anti-biofilm properties against S. 
aureus. 
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