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ABSTRACT 
 

Plant extracts contain active substances that exhibit antibacterial effects. Our study aimed to evaluate the antibacterial activity of alcoholic extracts (acetone, 
methanol, and ethanol) of strawberries and green tea against Enterococcus spp. We collected 30 samples from individuals suffering from urinary tract infections. 
Initially, we identified 8 (26%) isolates outwardly; subsequent confirmatory molecular diagnostics resulted in one isolate, registered at the National Center for 
Biotechnology Information as AsAw1, marking a global first. The strawberry extract exhibited a significant inhibitory effect on Enterococcus spp., with a zone of 
inhibition measuring 23 and 26 mm. Conversely, the green tea extract demonstrated a weaker inhibitory effect, with a zone of inhibition measuring 19 mm. These 
findings underscore the potential of ethanolic strawberry extract as a natural antibacterial agent against Enterococcus spp., offering insights for further research 
and potential therapeutic applications in the treatment of urinary tract infections caused by these bacteria. 
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1. Introduction 
Enterococci are part of the normal gut microbiota and can act as 
opportunistic pathogens, causing various infections in both community 
and hospital settings, particularly in individuals with compromised 
immune systems. These infections include bacteremia, endocarditis, 
and urinary tract infections (UTIs). Additionally, Enterococci can 
colonize mucous membranes and skin through the mouth, especially in 
hospital environments. These organisms are highly resistant to 
environmental and chemical factors and can persist on fomites (Murray 
et al., 2015; Cornelissen and Hobbs, 2020; Sulaiman and Saad, 2024). 
They are the causative agents for the majority of these infections and 
exhibit virulence factors associated with adherence, such as the 
aggregation substance (Agg), which facilitates binding to renal 
epithelial cells, the adhesin to collagen (Ace), surface proteins (Esp), 
gelatinase enzymes (GelE), hyaluronidase enzymes (Hyl), and cytolysin 
(CylA) (Hashem et al., 2021). Treatment against Enterococci presents a 
clinical challenge due to their increasing resistance to various 
antimicrobial agents, including macrolides, glycopeptides, β-lactams, 
aminoglycosides, and fluoroquinolones (Heidari et al., 2017). Tea, 
available in different varieties such as green, black, and oolong, is rich in 
polyphenols, which vary in type and concentration depending on the 
preparation method. For instance, green tea contains monomeric 
polyphenols such as epicatechin, epicatechin gallate, and 
epigallocatechin, known for their antibacterial effects against various 
aerobic and anaerobic bacteria, viruses, fungi, and parasites (Reygaert, 
2017). Strawberries, a delicious and widely consumed fruit, are rich in 
vitamins and possess antibacterial, antiviral, and antitumor properties, 
playing a significant role in reducing the formation of biofilms 
(Widyarman et al., 2017). The purpose of our research is to identify the 
virulence genes of Enterococcus spp. and to study the effects of 
strawberry and green tea extracts on these pathogens. 

2. Materials and Methods 
2.1. Clinical Bacterial Samples: 
We collected 30 clinical bacterial samples from patients with UTIs 
who sought treatment at AL-Salam General Teaching Hospital in 
Mosul, Iraq, between October 1, 2022, and January 1, 2023. These 
patients were diagnosed by physicians, and their samples were 
obtained using the mid-stream method with a clean, sterile container. 
These samples were subsequently transferred to the Biology 
Department at the College of Science, University of Mosul, for 
diagnostic and identification purposes.  

2.2. Diagnostic and Identification: 
We used blood agar (Himedia, India), m-Enterococcus agar (Himedia, 
India), and Azide agar (Atlas, 2010) to cultivate the bacterial samples. 
The composition of azide agar includes pancreatic digest of casein (15 
g), yeast extract (5 g), glucose (2 g), peptic digest of soybean meal (5 
g), triphenyl-tetrazolium chloride (0.1 g), KH2PO4 (4 g), NaN3 (4 g), 
and agar (10 g) at a pH of 7.2 ± 0.2, incubated at 25°C in a 1 L medium. 
Various tests were performed, including Gram staining, assessing 
growth, and tolerance to 6.5% NaCl. Positive results for NaCl 
tolerance were indicated by a color change to a less intense shade, 
whereas negative results appeared as purple. Additionally, colonies 
on bile-esculin agar (HiMedia, India) displayed a black color (Tille, 
2017).  

2.3. Gelatinase Activity: 
We followed the procedure described by Tille (2017) with a slight 
modification. The medium for gelatinase consisted of brain heart 
infusion (BHI) agar (Oxoid, UK) and 3% gelatin powder (HiMedia, 
India). The isolates were streaked on gelatin plates and incubated at 
37°C overnight. After incubation, a Frazier solution was added to the 
plates. A positive result is indicated by a transparent halo around the 
colonies, indicating the effectiveness of the enzyme gelatinase 
(Hashem et al., 2017). 
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2.4. Molecular Characterization: 
DNA was extracted from purified and identified colonies using the 
PrestoTM Mini gDNA Bacteria Kit Quick Protocol (Geneaid, Taiwan). 

Table 1: Primers for this research 
Primer name Gene Primer sequence Product size(bp) 

Ddl (D-Ala:D-Ala) F/ATCAAGTACAGTTAGTCTTTATTAG 
941 E. faecalis ligases R/ACGATTCAAAGCTAACTGAATCAGT 

Esp 
Enterococcal F/ AGATTTCATCTTTGATTCTTGG 

510 
surface protein R/ AATTGATTCTTTAGCATCTGG 

We constructed the PCR program based on Creti et al. (2004), which 
includes an initial heating for 5 min at 95°C, followed by 30 cycles of 
95°C for 60 sec, 60 sec at 52°C for gelE and 63°C for esp, and 72°C for 
60 sec, with a final step of 72°C for 10 min.   

2.5. Molecular Detection of Enterococcus faecalis: 
Based on Khalid (2016), we used a universal primer (D-Ala: D-Ala) to 
detect the isolates and enterococcal surface protein. The PCR 
amplification products (Thermal Cycler, Eppendorf, Master-cycler 
Personal, Eppendorf AG, 2233, Germany) were visualized by 
electrophoresis (Power Supply, MS Major Science, MINIS-300VS, 
Taiwan) on a 1.5% agarose gel for 60 min at 80 V. The size of the 
amplicon was determined by comparison with the molecular marker 
B085 100 bp Plus DNA Ladder (TRANS Jena Bioscience GmbH, 
Germany). 

2.6. Antimicrobial Susceptibility Test: 
We performed this test according to Humphries et al. (2021) using the 
disk diffusion method. The susceptibility testing included the 
following antimicrobial agents (Bioanalyzer Company, Turkey) and 
their respective concentrations: Amoxicillin (AMC, 30 µg), 
Ceftriaxone (CRO, 10 µg), Daptomycin (DAP, 10 µg), Gentamicin 
(CN, 10 µg), Levofloxacin (LEV, 5 µg), Piperacillin (PIT, 30/6 µg), 
Tetracycline (TET, 10 µg), Ticarcillin (TCC, 75/10 µg), and 
Vancomycin (VA, 30 µg).  

2.7. Hemolytic Activity: 
To evaluate the hemolytic activity, the isolates were cultured on a 
blood agar base (Oxoid, UK) supplemented with 5% defibrinated 
blood. After incubating the plates at 37°C overnight, the presence of 
a clear zone around the colonies indicated hemolytic activity (Jasni et 
al., 2010).  

2.8. Green Tea and Strawberry Extract Preparation:  
A total of 40 g of dried green tea leaf granules (Camellia sinensis) 
obtained from the DANIA Market were taken and divided into four 
sections, each containing 10 g. Each section was soaked separately 
in 100 ml of boiling water, 100 ml of ethanol, 100 ml of methanol, 
and 100 ml of acetone, respectively, for 24 h. The solutions were 
then filtered using Whatman filter paper (No.1). The filtered 
extracts were centrifuged at 3000 rpm for 15 min (Centrifuge REMI, 
India) to obtain the purified extracts, which were subsequently 
stored for further use (Basam et al., 2016). 
 

Similarly, 40 g of strawberry fruits were obtained from the local 
market in Mosul city. The strawberries were crushed using a 
ceramic mortar. The experiment was carried out in a manner similar 
to the one described for the green tea extract preparation. 

2.9. Antibacterial Activity of Green Tea and Strawberry 
Extracts: 

Recent colonies aged 18–24 h were transferred to physiological 
saline (2 mL) to make a bacterial suspension with a concentration of 
0.5 × 108 CFU/ml. Muller-Hinton agar plates were prepared and 

supplemented with different concentrations of vancomycin (12.5, 25, 
50, and 100 µg/ml). The Petri dishes were left at room temperature to 
dry for 15 min. Wells were then made in the Muller-Hinton agar 
plates, and the extracts of green tea and strawberry were separately 
added to the wells. Distilled water (D.W.) was used as a negative 
control. After overnight incubation, the inhibition zone was 
measured using an electronic calibrator (Santosh and Satya, 2010).  

2.10. Statistical Analysis:  
Statistical analysis was performed using the t-test to compare the 
average inhibition zones produced by green tea and strawberry 
extracts at a significance level of p ≤ 0.05, utilizing SPSS version 21. 

2.11. Sequences and Record New Strain: 
To investigate the 16S rRNA gene, we conducted PCR amplification 
of the target genes using specific primers (see Table 1). The PCR 
products were sequenced using a Genetic Analyzer 3130 from 
Hitachi. Subsequently, the obtained gene sequences were compared 
with those in the National Center for Biotechnology Information 
(NCBI) database using BLAST software for the result analysis.  

3. Results and Discussion 
Thirty clinical samples were collected from outpatients with UTIs at 
AL-Salam General Teaching Hospital in Mosul, Iraq, between 
November 2022 and January 2023, from both sexes. All samples 
underwent several tests, including Gram stain, tolerance to 6.5% 
NaCl, gelatinase activity, and hemolytic activity, and were cultured on 
m-Enterococcus agar and bile esculin agar at 37°C overnight. We 
obtained 8 (26%) isolates belonging to Enterococcus spp. 
Enterococci are considered to be commensal parts of the intestinal 
microbiota, but they are also dangerous pathogens that can cause 
infections in humans. Traditionally, infections caused by these 
bacteria ranged from 5%–10% but have recently increased and can 
now infect various areas of the human body, such as the bloodstream, 
urinary tract, surgical sites, burns, and bile ducts. Currently, the most 
common infections are those of the urinary tract, especially in users 
of urinary catheters. The ability of Enterococcus faecalis to cause 
disease is attributed to several virulence factors that promote 
attachment and invasion (Murray et al., 2015). Our results show a 
convergence with the findings of Saifi et al. (2008), who reported 
22% Enterococcus spp. isolates over a year, compared to our 26%. 
Conversely, our results differed from those of Khaled (2016), who 
reported a 3.2% incidence over 6 months. We believe this difference 
is due to the sample size and the duration of sample collection. The 
discrepancy with Neeva et al. (2024), who reported 17 isolates of 
Enterococcus spp. from 165 bacterial samples, further supports this 
theory. Members of the enterococci are commensals in the human 
intestine along with other microbes, but they are also considered one 
of the most significant opportunistic pathogens, leading to UTIs in 
both sexes and vaginal infections in females. They also have the 
ability to survive in harsh environments (Mahon & Lehman, 2022; 
Murray et al., 2015). 
 

3.1. Molecular Identification: 
Based on the phenotypic diagnosis of the samples, a molecular 
diagnosis was performed on the eight suspected isolates, yielding one 
isolate that possesses the Enterococcus faecalis Ddl and Esp genes. 
Figure 1 illustrates this finding. 

 
 
 
 



71  
 

 

 

 Sulaiman, A.I. and Fadhil, S.A. (2024). The effect of alcoholic extract of strawberries and green tea on Enterococcus faecalis isolated from urinary tract infections. Scientific Journal of King Faisal University: Basic and Applied Sciences, 
25(1), 69–73. DOI: 10.37575/b/sci/240007 

 
 

Figure 1: Molecular Identification of Enterococcus spp. M: 1500 ladder, 12 The isolate that showed a 
positive result for having the genes 12A Esp gene (510 bp) and the 12B Ddl Enterococcus faecalis 

gene (941 bp.) specific to this species. 

 
 

Our findings reveal that the isolate we examined produced a 1500 bp 
product instead of the expected 941 bp product for the 12B Ddl 
Enterococcus faecalis gene. Wang et al. (2024) indicated that the Ddl 
gene is specialized in the diagnosis of Enterococcus spp., and they 
confirmed that 26 isolates belonging to these bacteria possess this 
gene. Our molecular results are consistent with theirs and with Khalid 
(2016). For the Esp result, we observed a band at 510 bp, similar to 
the findings of Ghazvinian et al. (2024), who reported 12 isolates of 
Enterococcus spp. possessing this gene, which is one of the virulence 
genes enabling them to adhere to the epithelial cells of the human 
urinary tract. 

3.2. Sequences and Records in the National Center for 
Biotechnology Information: 

The sequence of nitrogenous bases was analyzed, and this isolate was 
recorded in the NCBI database and named SaAw1, marking the first 
such recording globally from Iraq. It obtained the serial number 
OQ660495.1 (99.60%), as depicted in Figures 2 and 3.  

Figure 2: Record of this bacterial isolate in the NCBI with the code: OQ660495.1 

 
 

 
Figure 3: Enterococcus spp. sequencing based on 16S rRNA. Record of this bacterial isolate in the 

NCBI with the code: OQ660495.1 

 

3.3. Antimicrobial Susceptibility: 
The bacteria under study showed high resistance to the antibiotics 
used, except for vancomycin, which exhibited a minimal inhibitory 
effect at 12 mm, indicating resistance. This is shown in Figure 4.  

Figure 4: The Antibiotic Sensitivity Test 

 
 

Our results align with those of Khalid (2016), who reported that 
vancomycin-resistant enterococci (VRE) pose a significant challenge 
among various antibiotic-resistant microbes causing human 
infections. The pathogenesis of Enterococcus-caused infections is 
complex, involving processes such as adherence to and colonization 
of host tissues and resistance to host defense mechanisms (Abriouel 
et al., 2008). There are indications that these bacteria possess 
specialized mechanisms of resistance (Zhou et al., 2013). 

Table 2: The antibacterial combination between Vancomycin and green tea and strawberry 
extractions on Enterococcus spp. (a) Green tea and (b) Strawberry 

(a) Green tea 

Type of extraction 
The inhibition zone (mm) of green tea extract synergism 

with vancomycin concentrations (µg/ml) 
p-value 
p ≤ 0.05 

12.5 25 50 100   
Acetone 17 16 17 19 0 
Ethanol R R R R - 

Methanol  17 20 15 15 0 
Hot boiling D.W. R R R R - 

(b) Strawberry 

Type of 
extraction  

The inhibition zone (mm) of strawberry extract with 
vancomycin concentrations (µg/ml)  

p-value 
p ≤ 0.05 

12.5 25 50 100   
Acetone R R R R - 
Ethanol 15 18 23 26 0 

Methanol  R R R R - 
Hot boiling 

D.W. R R R R - 

R = resistance 

1500 bp. 

500 bp. 

941 bp. 

510 bp. 

M           12A         12B 
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3.4. Antibacterial Activity of Green Tea and Strawberry 
Extracts: 

The synergistic effects observed between the green tea extract and 
the antibiotic vancomycin at different concentrations demonstrated 
that the antibiotic alone did not yield the same results as when 
combined with the green tea extract. Statistical analysis confirmed a 
significant difference between the use of the extract with the 
antibiotic and the antibiotic alone. For instance, an inhibition zone of 
20 mm was observed when vancomycin (25 µg/ml) was combined 
with the methanol-based green tea extract, compared to the use of 
green tea extract prepared from acetone, which showed significant 
effects at an antibiotic concentration of 100 µg/ml. In contrast, the 
ethanolic extract of strawberries exhibited high inhibitory values with 
vancomycin (50 and 100 µg/ml), resulting in inhibition zones of 23 
mm and 26 mm, respectively. Statistical analysis indicated that the 
combination of the antibiotic with the strawberry extract was 
significantly more effective than the antibiotic used alone, as 
illustrated in Table 2 and Figures 5 and 6. 

Figure 5: Effect of Green Tea Extracts against Enterococcus spp. 

 
Figure 6: Effect of Strawberry Extracts against Enterococcus spp. 

 

Our results align closely with those of Asmah et al. (2023), who found 
that a green tea extract concentration of 25 µg/ml had an inhibitory 
effect of 16.74 mm, and at 50 µg/ml, it reached 19.98 mm. 
Flavonoids, present in green tea, play crucial roles as antioxidants, 
antitumor agents, anti-inflammatory agents, and antimicrobial 
agents against both bacterial and viral pathogens. Similarly, a study 
by Liya and Siddique (2018) noted that strawberries, rich in vitamins 
and phenolic compounds, have ethanolic extracts characterized by 
significant antibacterial properties, particularly effective against 
Enterococcus faecalis. This supports our observations regarding the 
potent effect of strawberry ethanol extract on Enterococcus faecalis. 

4. Conclusion  
Urinary tract infections can lead to severe complications, and the use 
of antibiotics to treat bacterial infections has become widespread. 
However, the misuse of antimicrobials eventually results in the 
development of resistant bacterial strains. Therefore, we turned to 
natural plant extracts to reduce reliance on antibiotics. Both green tea 
and strawberries have demonstrated antibacterial effects, making 
this method of treatment worth adopting.  
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