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Abstract: In this study, the potency of extract and fraction (water, n-hexane ethyl acetate) from green tea
leaves to inhibit biofilm formation and to degrade of biofilm produced by S. aureus ATCC 25923 were evaluated.
The total phenolic content of green tea leaves was determined using spectrophotometry UV visible on 2=646 nm.
Green tea leaves were macerated with 96% ethanol then were fractionated with water, ethyl acetate and n-hexane
solvents. DO value (optical density) optimization. inhibition and degradation of biofilms were carried out through
the microtiter plate method (using 96 wells), followed by using a microplate reader on A = 595 nm. Then, the total
phenolic content of the extract and fraction by spectrophotometry were determined. The results showed that ICso
value from extracts, water fraction, ethyl acetate fraction and n-hexane to inhibit S. aureus ATCC 25923 biofilms
were 2,32; 4,04, 2,55, and 2,30 mg/mL respectively. ECso values of extract, water fraction, ethyl acetate fraction
and n-hexane to degrade S. aureus ATCC 25923 biofilms were 3,33, 3,33, 4,14, and 3,28 mg/mL. Total phenolic
contains from extracts, water, ethyl acetate, and n-hexane fractions were 8.97; 6.729; 7.26; and 7.82 %. These
results indicate that green tea leave has the potential antibiofilm for S. aureus ATCC 25923.
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1. INTRODUCTION

Staphylococcus aureus is a major pathogenic bacterium for humans. In addition to
infecting the respiratory tract, S. aureus bacteria can cause various types of infections,
including infections of the skin, meningitis, infections of the urinary tract, and also
endocarditis [1]. This infection caused by S. aureus is usually not easy to overcome because
of frequent relapses. An important factor causing this is its ability to form biofilms. The
ability of bacteria to produce biofilms is one of the virulence factors of S. aureus which will
complicate treatment [2]. Biofilm production in S. aureus is facilitated by the presence of the
ica gene, which is an operon gene consisting of ica A, B, C and D [3]. The nature of the
structure and physiological attributes of the S. aureus biofilm that makes it difficult to
overcome completely due to the attachment of strong bacterial cells to implanted medical
devices, the production of endotoxins to counter the immune response of the host, as well as
the existence of plasmid exchange in biofilms that carry genes resistant to antimicrobials. [4].

Biofilm is a product of the interaction results from quorum sensing (QS) of each
microorganism. The process of biofilm formation begins when the microbes attach to a
suitable surface, which then attaches and issues a QS signal. At the time of communication,
bacteria will issue signals (autoinducers) for other bacteria [5].

Green tea leaves have been known by the people of Indonesia as a refreshing drink.
Green tea leaves are also known to be good for health. The source of tea leaves is the same,
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namely a plant named C. sinensis L. Kuntze. This plant can produce green tea and black tea,
the difference is where it grows and how it is processed [6].

Based on the discussion from the background, the formulation of the problem in this
study is whether the extract, water fraction, ethyl acetate and n-hexane green tea (C. sinensis
L. Kuntze) have the effect of inhibiting and destroying biofilms against S. aureus ATCC
25923, what is the concentration ICso and ECso from green tea extracts and fractions in
inhibiting and destroying S. aureus ATCC 25923 biofilms, what are the total phenolic levels
of extracts, water fractions, ethyl acetate, and n-hexane green tea by ultraviolet-visible
spectrophotometry.

The purpose of this research is to find out: whether the extracts and fractions of water,
ethyl acetate, and n-hexane green tea (C. sinensis L. Kuntze) have inhibitory and degradation
effects of biofilms against S. aureus ATCC 25923 ICso and ECso concentrations of green tea
extracts and fractions in the inhibition and degradation test of biofilms S. aureus ATCC
25923 based on concentrations of 2, 4, 6 and 8 mg / mL water fractions, ethyl acetate and n-
hexane green tea (C. sinensis L. Kuntze) and finally the total phenolic content of extracts,
water fractions, ethyl acetate, and n-hexane green tea (C. sinensis L. Kuntze) by visible
ultraviolet spectrophotometry.

2. METHODS

Tools and Materials

The tools used are autoclaves, incubators, freezers, flat-buttom polystyrene 96 well
microtitterplate, i Mark-Biorad Microplate Reader, UV-Vis (shimadzu) spectrophotometer,
rotary evaporator, Sterling-Bidwell device, moisture balance, UV 366. The sample material
used in this study was green tea (C. sinensis L. Kuntze) which was fresh and dried and made
powder. Tea leaves are taken from Kemuning, Karanganyar, Central Java, biofilms S. aureus
ATCC 25923, VJA media (brand), PSA (brand), BHI (brand), 1% violet crystal (brand), gallic
acid, Follin ciocaleteu (brand), slica gel GF254, SIM, KIA, LIA, Citrat, lugol iodine (brand),
safranin (brand), Mc. Farland solution and DMSO 10%.

Making Green Tea Extractions and Fractions

Three hundred fifty-five grams of dried green tea samples were macerated with 95%
ethanol as much as 3550 mL (1:10), then the filtrate obtained was then concentrated using an
evaporator at a temperature below 45 °© C to obtain a thick extract [7]. Then liquid-liquid
(ECC) was extracted with n-hexane (1: 1) so that two fractions were obtained, namely the
water fraction and the n-hexane fraction. In the liquid-liquid (ECC) extracted water fraction
with ethyl acetate (1: 1), shaken and allowed to separate so that the water fraction and ethyl
acetate fraction are obtained. The three fractions namely water fraction, n-hexane fraction and
ethyl acetate fraction were evaporated until the fraction was obtained and then tested the
activity of antibiofilms against S. aureus ATCC 25923.
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Total Phenolic Determination

Determination of Operating Time. 200 ppm gallic acid solution taken as much as 0.5
mL was added with a 1 ml Folin-Ciocalteu reagent of 2 ml then combined with 4 ml
of sodium carbonate 1 M. Read the absorbance with a visible spectrophotometer at a
wavelength of 650 nm for 15 minutes.

Determination of Maximum Wavelength. 200 ppm gallic acid solution taken as much
as 0.5 mL was added with 1 ml of Folin-Ciocalteu reagent as much as 2 ml, then
added with 4 ml of sodium carbonate 1 M. Leave it for operating time then read the
absorbance at a wavelength of 400-800 nm.

Determination of the Raw Acid Gallic Curve. Gallic acid solution with a concentration
of 80, 120, 140, 160, and 200 ppm taken as much as 0.5 mL added with 2% Folin-
Ciocalteu reagent 2 ml, then added with 4 ml of sodium carbonate 1 M. Leave it for
operating time then read the absorbance at maximum wavelength.

Total Phenolic Determination. Extracts, water fractions, ethyl acetate, and n-hexane 3
mg green tea leaves were dissolved with 96% ethanol 10 ml, then 0.5 ml each were
taken with 2 ml of Folin-Ciocalteu 1% reagent, then added with 4 ml of 1 M sodium
carbonate. Let stand for operating time then read the absorbance at maximum
wavelength.

In Vitro Test of Antibiofilm Extract and Fraction of Green Tea Leaves (C. sinensis L.
Kuntze)

Optimization of S. aureus ATCC 25923 Biofilm Formation Time. The test was
carried out using a 96 wells microtitier flat-bottom polystyrene plate, by inserting 200
pL of bacterial suspension into each well then optimizing the incubation time.
Biofilm optimization aims to obtain optimal incubation time in forming biofilms. The
incubation time variations used are 1, 2, 3 days. After the incubation period, the
microplate was washed using running water then added 200 puL of 1% violet crystal
solution to each well and incubated at room temperature for 15 minutes then the
microplate was rewashed using running water and added 96% ethanol solution of 200
pL added to each well and incubated at room temperature for 15 minutes. The
optimization phase is the last reading was biofilm growth (ODsos absorption). The
highest absorbance value is expressed as the optimal formation of S. aureus ATCC
25923 biofilm. Optimal incubation time is used for negative control in growth
inhibition and destruction of S. aureus ATCC 25923 biofilms [8].

In vitro S. aureus ATCC 25923 biofilm inhibitory activity test. The biofilm inhibition

test was carried out utilizing extracts, and each fraction namely water, ethyl acetate,
n-hexane and media were added at the same time, 60 uL. BHI media were put into
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each well, 70 pL bacterial suspension test and 70 uL active extract and fraction 70
pL green tea leaves with various concentrations of 2, 4, 6 and 8 mg / mL, then
incubated at an optimum time at 37 © C then microplate was washed using flowing
water three times, then added 200 pL of 1% violet crystal solution to each well and
incubated at room temperature for 15 minutes, the next step Microplate was rewashed
using flowing water three times plus 96% ethanol 96% solution was put into each
well and incubated at room temperature for 15 minutes. The biofilm growth readings
(AbsorbanODOD955) were read using the Mark-Biorad Microplate Reader tool
(Inscription and Hahamani, 2010; Sandasi et al., 2010). Biofilm inhibition testing was
replicated three times. The following formula can measure the percentage of
inhibition of biofilm S. aureus ATCC 25923:

(DO control negative—D0 control positive)

x 100

DO control negative

Note: DO (Optical Density)

Then the S. aureus ATCC 25923 biofilm inhibitory activity test was started with the
ICso (Inhibitory Concentration) parameter determined from the linear regression
equation between the sample concentration and the percentage of biofilm inhibition.

In vitro S. aureus ATCC 25923 Biofilm Destruction Activity Test. This test was
conducted as in the biofilm inhibition test, only extracts and fractions of green tea
leaves were added to the formed biofilms. Biofilms were formed after each well were
incubated for an optimum time at 37 ° C with 200 uL of BHI media test bacteria after
the formation of biofilms, the suspension of test bacteria in the microplate was
removed, then extracted and extracted green tea leaf fraction of 200 uL with
concentration variations of 2, 4, 6 and 8 mg / mL were then incubated at room
temperature for optimum time then microplate was washed using running water and
added with 96% ethanol solution as much as 200 uL put into each well and incubated
at room temperature for 15 minutes. The biofilm growth readings (Absorban ODsos)
were read using the Mark-Biorad Microplate Reader tool (Inscription and Hahamani,
2010; Sandasi et al., 2010). Demolition Testing biofilm was replicated three times.
The following formula can measure the percentage of destruction from S. aureus
ATCC 25923 biofilms:

(DO control negative—D0 control positive)

x 100

DO control negative

Then the test of the S. aureus ATCC 25923 biofilm activity expressed by the
parameter ECso (Effective Concentration) was determined from the linear regression

equation between the concentration of the sample and the percentage of destruction
of the biofilm.
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3. RESULTS AND DISCUSSION

Based on the research obtained extracts and fractions of the table below.

Table 1. Yield results of green tea leaf extract

Sample Extract Yield extract
weight Weight (%)
(2)
355,0 44,93 12,65
345.,0 40,65 11,78
362,0 42,45 11,72
Average percentage 12,05
SD 0,52
Table 2. Percentage of water fractions from green tea leaf extracts.
No Maceration Water Rendemen
extract fraction (%)
(2 (2)
1 22,27 6,07 27,25
2 23,05 6,97 30,23
3 22,55 6,50 28,82
Average percentage 28,76
SD 1,49
Table 3. Percentage of ethyl acetate fraction from green tea leaf extracts
No Maceration Ethyl acetate Rendemen
extract fraction (%)
(2) (2)
1 22,27 13,21 59,31
2 23,05 12,89 55,92
3 22,55 13,30 58,98
Average percentage 58,07
SD 1,86
Table 4. Percentage of n-hexane fraction from green tea leaf extracts
No Maceration n-heksan Rendemen
extract fraction (%)
(2) (2
1 22,27 2,81 12,61
2 23,05 2,99 12,97
3 22,55 2,76 12,23
Average percentage 12,60
SD 0,37

The results of the fractionation showed a difference in percent yield with the weight of
the ethyl acetate fraction, which had the highest percentage of yield among the other fractions.
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The difference in the results of the fractionation of green tea leaves is made possible by the
difference in polarity of each class of chemical compounds and other factors that influence the
percent yield of the fraction are the possibility that most of the compounds in green tea leaves
are semi-polar. The yield obtained is less than 100%; this is likely due to extracts attached to
the container and separating funnel.

The results of the determination of total phenolic extracts, water fractions, ethyl acetate,
and n-hexane green tea leaves were carried out employing 3 mg each diluted with 96%
ethanol 10 ml then each 0.5 ml taken was added with a Folin-Ciocalteu reagent 1% as much
as 2 ml, then added with 4 ml of sodium carbonate 1 M. Then read the absorbance at a
wavelength of 646 nm and then calculated the total phenolic content from using the standard
curve y = 0.0018x + 0.2076 with a correlation value of r of 0, 9637 and the total phenolic
yield extracts, water fractions, ethyl acetate, and n-hexane can be seen in the image below.

Table 5. Total Phenolic Results of Green Tea Leaves.

) Kadar % Fenolik

Sampel Absorbansi Total
Ekstract 0,693 8,97
Water 0.571 6.73

fraction
etil asetqt 0,600 7.6

fraction
n-heksan 0.630 7.82

fraction

The diagram of the optimization time of S. aureus ATCC 25923 biofilm formation can
be seen in Table 6.

Table 6. Results of optimization of S. aureus ATCC 25923 biofilm formation.

NO ABSORBANSI
Day-1 Day -2 Day -3

1 0,37 0,45 0,54

2 0,34 0,45 0,54

3 0,33 0,44 0,51

4 0,32 0,44 0,56

5 0,36 0,42 0,51

6 0,38 0,44 0,52
Average 0,35+0,02 0,44+0,01 0,53+0,02

The first-time biofilm formation began when bacteria were attached to surface conditions
through organic molecules. The level of attachment of microbial cells is regulated by factors
such as surface properties, surface layer conditions, characteristics and hydrodynamics of
liquid media, various surface characteristics of microbial cells, gene regulation, and quorum
sensing [9].
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Figure 1. Results 0f% biofilm inhibition of S. aureus ATCC 25923

Then the ICso values were determined from the extract, water fraction, ethyl acetate
fraction, and n-hexane with linear regression. The price of ICs is inversely proportional to the
inhibitory activity of biofilms. The higher the ICso value of biofilm inhibitory activity is
smaller, meaning that the concentration needed to produce biofilm inhibitory activity is 50%
greater.

Tabel 7. The result of 1Cs¢biofilm S. aureus ATCC 25923.

Sample Linear The result of
Regression ICsobiofilm
S. aureus
ATCC 25923.
(mg/ml)
Extract Y=0,0231X + 2,32
0,5905
Water Y=0,0122X + 4,03
fraction 0,6342
ethyl Y=0,0194X + 2,55
acetate 0,5674
fraction
n-hexane Y=0,0125X + 2,30
fraction 0,6015

The results of % S. aureus ATCC 25923biofilm inhibition gave an ICso value of 2,30
mg/ml from the n-hexane fraction. Statistical analysis of biofilm inhibition was started with
normality test results showed OD data with biofilm inhibition S. aureus ATCC 25923 normal
distribution. Then the homogeneity test was continued to show the biofilm inhibition OD data
was homogeneous with a value (P> 0.05). The data was then tested by one-way ANOVA one-
way test and found that there was a significant difference with a significance value of 0.00 (p
<0.005). Significance values between each treatment showed that there were significant
differences in negative control OD with extract OD and fraction in inhibition of S. aureus
ATCC 25923 biofilms. Destruction of biofilm activity of S. aureus ATCC 25923 results can
be seen in the figure below.
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Figure 2. Results of % biofilm destruction S. aureus ATCC 25923

The ECso value then determined the results of biofilm% destruction with linear regression,
the linear regression table used to determine the ECso value. The ECso price is inversely
proportional to the% of biofilm crushing. The higher the price of EC50 biofilm crushing
activity is smaller, meaning that the concentration needed to produce biofilm crushing activity
is 50%, the more significant the ECso S. aureus ATCC 25923 results can be seen below:

Table 8. The result of ECsbiofilm S. aureus ATCC 25923

Sample Linear The result of
Regression ECsobiofilm
S. aureus
ATCC
25923.
(mg/ml)
Extract Y=0,0148X + 3,33
0,7164
Water Y=0,0148X + 3,33
fraction 0,7464
etil asetat Y=0,0119X + 4,14
fraction 0,7247
n-hexane Y=0,015X + 3,28
fraction 0729

Table 8 shows that the ethyl acetate fraction has a smaller ECso value than the water
fraction, n-hexane fraction, and green tea leaf extract, meaning that the ethyl acetate fraction
has higher anti-biofilm activity than the water fraction, n-hexane fraction, and leaf extract
green tea with a concentration of 3,28 mg/ml The mechanism for destroying biofilms there
are several ways including degradation of biofilm matrices, cell death and cell lysis. The
content of green tea leaf extract compounds such as tannins, terpenoids, flavonoids,
polyphenols which can be used to inhibit and destroy biofilms because it has a mechanism
that can cause degradation of biofilm matrix, cell lysis, and cell death. Tannin compounds in
green tea leaves have a cell death and cell lysis effect on biofilms. In addition, tannins also
have a bacteriocidic impact, while flavonoid compounds have an inhibitory effect on adhesion
molecules that are needed in the formation of biofilms [10].
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4. CONCLUSION

First, extracts, water fractions, ethyl acetate, and n-hexane green tea (C. sinensis L.
Kuntze) have inhibitory and degradation effects of biofilms against S. aureus ATCC 25923.
Second, ICso concentrations of extracts, water fractions, ethyl acetate fractions and n-hexane
fraction of green tea leaves in inhibiting S. aureus ATCC 25923 biofilms was 2,32 mg / ml,
4,04 mg / ml, 2,55 mg / ml, and 2,30 mg / ml, ECso concentration of extracts, water fraction,
ethyl acetate fraction and The hexane n fraction of green tea leaves in destroying S. aureus
ATCC 25923 biofilms was 3,33mg / ml, 3,33 mg / ml, 4,14 mg / ml, and 3,28 mg / ml. Third,
the total phenolic content of the extract, water fraction, ethyl acetate, and n-hexane green tea
were 8.97%, 6.729%, 7.26%, and 7.82%.
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