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ABSTRACT 
 

Most of the clinical isolates of Acinetobacter baumannii are found resistant to the β-lactam antibiotics. 

This research aimed to determine the ability of green tea extract in modulating the antibacterial activity 

of standard antibiotics amoxicillin, cefotaxime, and imipenem against the clinical isolates of A. 

baumannii. The clinical isolates used in this study were collected from the Laboratory of Clinical 

Pathology, Wahidin Sudiro Husodo Hospital Makassar, Indonesia. To determine whether the bacterial 

isolate is resistant, the experiment was carried out using disk agar diffusion and Vitek-2 methods. 

Further, the antibacterial activity of the green tea, selected antibiotics, and their combination was 

determined by using a checkerboard microdilution assay. Results of the study revealed that among the 

selected two clinical isolates one of the A. baumannii isolates was found resistant to selected standard 

amoxicillin-clavulanate, cefotaxime, and imipenem, while the other one was found sensitive. Further, 

green tea extract with a concentration of up to 1.2 mg/ml didn't have any significant effect on the 

inhibition of A. baumannii growth. Similarly, at the same concentration (1.2 mg/ml) no modulation 

effect of green tea extract was reported on the antibacterial activity of amoxicillin, cefotaxime, and 

imipenem against the A. baumannii isolates. 
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1 Introduction  

Now a day’s antibiotic resistance problems have emerged as a 

most serious threat which is challenging researchers, and health 

professionals in search of new treatments or push them for 

modification in medical intervention. Currently, inappropriate 

use of antibiotics, genetic mutation, and other protective 

mechanisms such as the formation of persister cells have been 

mainly linked to a large number of antibiotic resistance to 

pathogenic bacteria (Alnimr et al., 2020). Currently, 

Acinetobacter baumannii, a nosocomial pathogen, and gram-

negative coccobacillus bacteria has been reported as a resistant 

strain to several β-lactam antibiotics, and occasionally it 

converted to multidrug or pan-drug strains (Prashanth & 

Badrinath, 2004;  Gustawan et al., 2014; Mayasari & Siregar, 

2015; Alnimr et al., 2020;  Abdi et al., 2020).  

In addition, the prevalence of A.baumannii was moderately 

found, but the occurrence of resistance cases is high. Gustawan 

et al. (2014) found that about 23 bacterial isolated from 

infected pediatric patients were notably classified as multidrug-

resistant (MDR) to aminoglycoside, carbapenem, quinolone, 

cephalosporin, penicillin, β-lactamase inhibitors, and 

tigesicline groups. This paramount pathogen in clinical terms, 

particularly in hospital-acquired infections requires the search 

for new antibiotics. The search for new antibiotics takes a long 

time and high-cost demand. Instead of trying to search for a 

combination of antibiotic regimens, screening for the active 

compound from plants that can modulate the antibacterial 

activity of existing antibiotics could be an alternative way 

(Chambers et al., 2019). 

According to Osterburg et al. (2009), epigallocathechin-3- gallate 

(EGCG) from green tea was able to inhibit A. baumannii with a 

minimum inhibitory concentration (MIC) of 78 to 625 µg/mL, 

while the results of Betts & Wareham (2014) suggested slightly 

higher MIC of EGCG  against the same bacteria (128 - 1024 

μg/mL). Other studies have also shown the synergistic effect of 

epigallocatechin gallate with carbapenem antibiotics on A. 

baumannii (Lee et al., 2017). The green tea extract in water or 

hydro alcohol is rich in catechins and caffeine alkaloids (Perva-

Uzunalić et al., 2006; Hu et al., 2016). Therefore, green tea extract 

has various other natural substances which had been claimed to 

affect several antibiotic activities. Previous researchers found the 

effect of green tea extract against several microorganisms in line 

with its synergistic properties with antibiotics (Bazzaz et al., 2016; 

Lee et al., 2017). The current study was carried out to evaluate the 

synergistic effect of green tea water extracts with the standard 

antibiotics amoxicillin, cefotaxime, or imipenem against clinical 

isolate of A.baumannii.  

2 Materials and Methods 

2.1 Materials 

A. baumannii isolates were collected in 2019 from the Laboratory 

of Clinical Pathology Wahidin Sudiro Husodo Hospital, Indonesia. 

For culturing the collected bacterial isolates Brain Heart Infusion 

Broth (BHIB), and Muller Hinton Agar (MHA) media (Merck) 

was used. In other materials, Vitek-2 compact (bioMe´rieux), 

green tea water extract (collection of Laboratory of Microbiology, 

Faculty of Pharmacy, UNHAS), 96-well plate, standard antibiotic 

disc (Oxoid), 0.5 Mc Farland (HiMedia), and Tetrazolium Chloride 

(Merck) was also used during the current study. 

2.2 Methods 

2.2.1 Susceptibility assay by agar diffusion method 

Two clinical isolates of A. baumannii were collected in 2019 from 

the sputum of ICU patients admitted to the Wahidin Sudiro 

Husodo Hospital, Makassar, Indonesia. Ten microliters of A. 

baumannii bacterial suspension equivalent to 0.5 McFarland 

solution (10
8 

CFU/ml) was inoculated on the MHA media by the 

spread plate method. After that, a disc of selected antibiotics were 

placed on the media and incubated for 24 hours at 37
o
C. Bacterial 

isolates were tested for sensitivity using various classes of 

antibiotics, including penicillin (amoxicillin-clavulanate), 

cephalosporin (cefotaxime, ceftazidime, cefazoline, ceftriaxone), 

and carbapenem (imipenem, meripenem, doripenem). 

2.2.2 Susceptibility assay by Vitek-2 method 

A sterile tube containing 0.45% saline buffer was inoculated with 

145 μl of A.baumannii isolate which is equivalent to  0.5% 

McFarland turbidity, AST GN/cassette was put into each of these 

tubes and then inserted into the Vitek-2 compact device. 

2.2.3 Determination of total phenolic content of green tea water 

extracts using Folin-Ciocalteu method 

Ten milligrams of the green tea extract was dissolved in 25 ml of 

analytical grade methanol. Similarly, gallic acid was also dissolved 

in the methanol and made a series of dilutions, 1 ml of each test 

solution and standard solution were added with 5 ml of Folin-

ciocalteu (7.5% solution). The mixture was let stand for 8 minutes, 

and this was followed by adding 4 ml of 1% NaOH and incubates 

for 1 hour. Measurement of the absorption of each solution was 

conducted at a wavelength of approximately 730 mm. Test the 

blank was measured in the same way without the addition of test 

solutions. The calibration curve was prepared and the equivalent 

concentrations were calculated (Sartini et al., 2019). 
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2.2.4 Determination of epigallocatechin-3-gallate (EGCG) 

content by using ultra-fast liquid chromatography 

The tea extract was dissolved in methanol until a concentration of 10 

ppm was obtained. EGCG concentration analysis was performed by 

pro-liquid chromatography having Shim-pack Vp-ods column 

(UFLC Simadzu), and phosphate buffer (pH 5): acetonitrile (95.5% 

v/v) used as a mobile phase. The injection volume was 20 µl and the 

flow rate was 1 ml/minute (Sartini et al., 2019).  

2.2.5 Synergy test of green tea extract using the checkerboard 

microdilution assay method 

Ten microliters of antibiotic solution and 10 μl of green tea extract 

were inserted into sterile 96-well plates with a dilution factor of 1: 

2, the concentration of green tea extract was 12 mg/ml, while in the 

case of standard antibiotic amoxicillin, cefotaxime, and imipenem 

this concentration was 2 mg/ml, 0.5 mg/ml, and 0.25 mg/ml 

respectively. This was followed by the addition of 178 μl of BHIB 

media, and 2 μl of the test bacteria to each well. The plate was 

incubated for 24 hours at 37
o
C. After incubation, 10 μl of 0.1% 

TTC solution was added and incubated for 30 minutes at room 

temperature. The lowest concentration that shows the absence of 

bacterial growth (marked by the absence of changes in the color of 

the media to pink/red) is the minimum inhibitory concentration of 

the sample. If the color that arises is not clear, because of the color 

of the extract, it is etched onto the BHIB media so that it is sterile 

and re-incubated for 24 hours for the confirmation test. 

2.3 Statistical Analysis  

Two-way analysis of variance (ANOVA p<0.05) was applied to 

subjugate data in the form of Mean ± SEM (Standard Error of 

Mean).  

3 Results and Discussion 

3.1 Total phenolic and EGCG content of green tea extract 

(GTE) 

Previous studies suggested that the green tea polyphenolic 

compounds contributed as antibacterial and modulator compounds 

in association with some antibiotics against various bacteria. Green 

tea contains various polyphenols catechin including 

Epigallocatechin-3-gallate (EGCG) which has antibiotic properties. 

The results of the current study showed that the green tea water 

extract contained a total polyphenol of 508.5 + 5.4 mg gallic acid 

equivalent/g extract and EGCG content of 340.7 + 20.4 mg/g 

extract), which is around 66.9% of the total polyphenols. The high 

value of total polyphenol content obtained in this study might be 

due to the extraction procedure in which extraction was carried out 

with the aid of high pressure. Xi et al. (2015) suggested that the 

green tea extraction carried out with the help of high pressure (450 

Mpa) yielded higher total phenolic compounds than the 

conventional extraction methods.  

3.2 Susceptibility assay of A. baumannii clinical isolates 

The antibiotic susceptibility of both the clinical isolates collected 

from the Laboratory of Clinical Pathology, Wahidin Sudiro 

Husodo Hospital, Makassar was tested against the selected 

antibiotics by disc diffusion and Vitek-2 methods (Table 1 & 2). 

Results presented in table 1 and 2 have been shown that A. 

baumannii isolate 231/07 has been resistant to amoxicillin-

clavulanate antibiotics, some cephalosporin groups, and 

carbapenem groups, while A. baumannii isolate 288/05 has a 

sensitivity to some carbapenem (imipenem, meropenem, 

doripenem) and relatively sensitive to some cephalosporins. 

Similar results were reported by Lin & Lan (2014), these 

researchers found that several isolates of A. baumannii were 

resistant to most of the antibiotics, including the carbapenem 

group. According to Xioa et al. (2016), the causes of carbapenem 

(imipenem) resistance in A. baumannii might be the presence of β-

lactamase genes such as blaKPC, blaIMP, blaOXA-24, blaOXA -

58, blaSHV, blaGIM; these genes are involved in efflux pumps and 

mutations in protein-coding genes. Further, Badave & Kulkarni 

(2015) reported that 62.5% of 72 clinical isolates produced biofilm 

which might be associated with the multiple drug resistance in 

A.baumannii. 

Table 1 Antibiotic susceptibility of A. baumannii isolates against selected antibiotics by using disc diffusion method 

 
Isolate code 

Diameter of inhibitory zone (mm) 

Penicillin Cephalosporin Carbapenem 

 AMC CAZ CRO CTX CZ MEM IMI 

231/07 8 R 8 R 8 R 8 R 8 R 8 R 11 R 

288/05 24 S 25 S 20 I 18 I 8 R 18 S 35 S 

AMC = Amoxicillin-clavulanate (20/10 μg); CTX = Cefotaxime (30 μg);  CAZ = Ceftazidime  (30μg ); CZ= Cefazoline (30 μg);   
IMI = Imipenem ( 10 μg); MEM = Meropenem (10 μg);  S= Sensitive,  I = Intermediate, R = Resistant 

 

Table 2 Antibiotic susceptibility of A. baumannii isolates against selected antibiotics by using Vitek-2 method 

 
Isolate code 

MIC values (ppm) using Vitek-2 method 

AMC CTX CRO CAZ IMI MEM DORI 

231/07 nd > 64 R >64 R >64 R >16 R >16 R >  8 R 

288/05 nd 8 S 16 I 4 S ≤ 0.25 S ≤ 0.25 S ≤ 0.12 S 

AMC = Amoxicillin-clavulanate; CTX = Cefotaxime; CAZ = Ceftazidime ; CRO = ceftri-axone; IMI = Imipenem;  MEM = Meropenem;  
DORI = Doripenem; nd= no detection; S= Sensitive,  I = Intermediate, R = Resistant 
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3.3 Synergistic effect of green tea extract along with selected 

antibiotics 

The synergistic effect of green tea extract with three antibiotics 

viz., amoxicillin, cefotaxime, and imipenem were tested by 

checker board microdilution assay and the results are presented in 

table 3 & figure 1. 

Based on the data given in table 3, the green tea extract has the 

least inhibitory effect on both clinical isolates of A. baumannii and 

found minimum inhibitory levels of 1.2 mg/ml which suggested 

that the green tea extract is not effective in inhibiting the growth of 

these bacteria. Some differences are reported in the MIC value 

given in table 2 and 3, this might be due to the different methods 

used for the estimation of MIC, in table 2 results of Vitek-2 rapid 

method was given which is more sensitive than the microdilution 

method (table 2). 

The MICs of amoxicillin, cefotaxime, and imipenem showed that 

the antibiotics have experienced resistance against the clinical 

isolates. In the case of synergistic effect, no modulation effect of 

the green tea extract was reported on the antibacterial activities of 

the selected antibiotics. The previous study of Jung & Park (2015) 

have been reported MDR Acinetobacter which has resistance 

against the penicillin, cephalosporin, fluoroquinone, and 

aminoglycoside groups, and no plant extracts have been found that 

can increase the antibiotic activity of these antibiotics against 

MDR A.baumannii. While the results of Lee et al. (2017) are 

contradictory to the findings of the current study and these 

researchers reported that the EGCG had a synergistic effect against 

A. baumannii with carbapenem antibiotics. Epicatechin is an 

important component of green tea extract which is responsible for 

the antibacterial activities of green tea but according to Betts et al. 

(2017), it is required in a minimum concentration of 1024 - 2048 

ppm for bacterial growth inhibition. In contrast to this, Sartini et al. 

(2020) reported that at 75 ppm GTE the antibacterial activity of 

amoxicillin increased by 32 fold as compared to the  8 ppm to 25 

ppm concentration.  The poor synergistic effect of EGCG reported 

in the current study might be due to the less concentration of the 

green tea extract. Research by Bazzaz et al. (2016) also states that 

the combination of methylxanthine and some antibiotics are 

antagonistic to some pathogenic bacteria. Further, Bazzas et al. 

(2018) suggested that the type of bacterial strains also plays an 

important role in determining the efficacy of the methylxanthine 

and antibiotic gentamycin combination, because several strains of 

Staphylococcus aureus and Escherichia coli have different 

synergistic and non-synergistic effects against this combination.  

Table 3 MIC (mg/ml) values of green tea extract, antibiotics, and combination of antibiotics with green tea extract 

Test Sample MIC   (mg/ml) 

 A. baumannii isolate 288/05 A. baumannii isolate 231/07 

Green Tea Extract (GTE) > 1.2 > 1.2 

Amoxicillin >0.2 >0.2 

Cefotaxime >0.05 0.0125 

Imipenem 0.025 0.025 

Amoxicillin + GTE >0.2 >0.2 

Cefotaxim  +GTE >0.05 >0.05 

Imipenem +GTE 0.025 0.025 

 

         

                                                   
 

Figure 1 Evaluation of antibiotic sensitivity by checkerboard microdilution assay in 96-well microtiter plate; here Column 1 (B-G): 

concentration of GTE  (1.2 – 0. 004 ) mg/ml; Line A (1-11): cocentration of  amoxicillin ( 0.2– 0.002) mg/ml; cefotaxime (0.5 – 0.0002) 

mg/ml;  imipenem  (0.25 – 0.0003) mg/ml; plate A= amoxicillin –GTE, plate C = Cefotaxime-GTE,  plate I = Imipenem-GTE 
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Conclusion 

Results of the study can be concluded that the water extract of 

green tea did not have any significant effect on the increasing 

antibacterial activity of amoxicillin, cefotaxime, and imipenem 

against the selected clinical isolates of A.baumannii. Further 

research is needed to establish the required concentration and 

combination of green tea extract against A. baumannii isolates. 
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