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ABSTRACT

Green tea contains polyphenolic catechins that have been demonstrated to
effectively inhibit Staphylococcus aureus and related bacteria. This study aimed to
determine if home-brewed green tea could inhibit S. aureus through paper disk diffusion
and minimum inhibitory concentration experiments. It was hypothesized that green tea
brewed for varying periods of time in solutions with ascorbic acid, acetic acid, and
sodium chloride would most significantly inhibit S. aureus. The paper disk diffusion test
showed that solutions of vinegar and vinegar with green tea produced zones of inhibition.
However, the minimum inhibitory concentration test exhibited relatively uniform
turbidity between the control and solutions, thus producing inconclusive results. It was
determined that green tea did not significantly inhibit S. aureus and that vinegar had the
greatest impact on bacterial growth.

INTRODUCTION

Due to the increased occurrences of bacterial resistance to synthetic
pharmaceutical antibiotics, there has been a shift in medical research towards natural
remedies that could be used as effective antimicrobial agents [1]. Green tea, a beverage
known for its antibacterial properties, has been proposed as one such natural treatment for
bacteria [2, 3, 4]. A particular bacterium of recent concern is Staphylococcus aureus,
especially its methicillin-resistant varieties that oppose the majority of antibiotics used to
treat S. aureus infections. According to the U.S. Food and Drug Administration,
intoxication by S. aureus is the most common form of food-borne illness [5]. It also is
known for its ability to quickly spread to new hosts [6]. Therefore, green tea's
antibacterial properties could be potentially used to hinder such growth.

Green tea, Camellia sinensis, is an Eastern beverage that has been known for its
health benefits since 2737 BCE when the Yan Emperor Sheng Nong first used this herb
as a relaxing agent and a remedy for headaches [7]. According to folklore, he noticed
such medicinal values in green tea when he accidently brewed this beverage after tea
leaves fell into his pot of water. Green tea then developed into the most common
beverage in China after Emperor Chien-lung noticed the soothing powers of green tea
over two thousand years later. As its popularity grew within China, green tea also spread

[3-1]



to other nations through international trade. In the 6" century, a Buddhist monk brought
green tea to Japan, and by the 16" century, green tea was introduced to Europe by a
Portuguese missionary. Since then, other varieties of tea, including oolong and black tea,
have been developed, but none have as many medicinal properties as green tea.

Anecdotal accounts of green tea’s antimicrobial properties have been reported for
centuries, but only within the last 25 years have scientific studies confirmed green tea’s
effectiveness as an antimicrobial agent [8]. The most active antimicrobial agents of green
tea are suspected to be its polyphenols, particularly the catechins. Epigallocatechin
gallate (EGCG) constitutes ten percent of the dry mass of green tea, making it the most
abundant of the catechins [9]. Although the catechin epicatechin gallate (ECG) has the
greatest ability to bind to bacterial cell membranes, it is less influential than EGCG
because of its lower abundance [10].

Unlike oolong and black tea, green tea is a particularly potent medical remedy
because it contains most of its original phenols without undergoing oxidation [8]. Such
components include epicatechin (EC), catechin (C), gallocatechin (GC), epigallocatechin
(EGC), epigallocatechin gallate (EGCG), catechin gallate (CG), epicatechin gallate
(ECQG), theaflavins, caffeine, and various organic acids [11]. The structures of these
green tea catechins are shown in Figure 1 below. Green tea catechins contain multiple
phenol groups, which are aromatic rings, composed of six carbons in a plane, with one or
more hydroxyl groups attached. These hydroxyl groups are integral to the polyphenols’
antioxidant properties.
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Figure 1. The structures of the primary catechins occurring in Camellia sinensis [12]
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Green tea’s health benefits are considered to be a result of its antioxidant
properties, which eliminate free radicals in the body [13]. Free radicals, formed during
several biochemical reactions and cellular functions, are molecules or atoms that have
one free electron. Because electrons prefer to be in pairs, reactivity of this unstable
molecule greatly increases as the molecule seeks to complete an electron pair. During
this process, the free radical interacts with cellular components such as DNA, proteins,
lipids, and fatty acids, causing mitochondria malfunction, DNA damage, cell membrane
damage, and apoptosis [13]. Typically, antioxidants that are naturally occurring within
organisms counteract free radicals at a rate that maintains homeostasis. Polyphenol
hydroxyl groups donate electrons to satisfy the radical’s need for another electron,
producing harmless end products, such as water [14].

Since Nong’s discovery of green tea’s medicinal properties, scientists have
continued to discover health benefits associated with green tea. The “Asian Paradox”
describes the inconsistency that although people in Asia have one of the highest cigarette
consumption rates in the world, they have one of the lowest cardiovascular disease rates
per capita [15]. This could be a result of the salubrious effects of green tea. The
catechins in green tea are responsible for inhibiting the growth of cancer cells, lowering
low density lipoprotein (LDL) levels, and inhibiting the formation of blood clots, both
which has been demonstrated to be a major source of heart attacks [11]. Green tea has
been shown to increase plasma LDL’s resistance to oxidation and to reduce the incidence
of atherosclerosis [16]. Antioxidants are also able to inhibit the growth of cancer cells
and speed up the body’s metabolism for weight loss.

Green tea also seems to be able to alleviate the symptoms for a variety of
diseases. Parkinson’s disease is believed to be caused by oxidative stress, an imbalance
of free radicals, within the central nervous system [17]. Green tea has been associated
with cancer chemoprevention. Studies in animal models have shown that EGCG can
inhibit carcinogenesis at all stages of cancer progression, due to a combination of
antioxidative, antiproliferative, and pro-apoptotic effects [18]. In contrast, these same
results were less noticeable in humans because the effective dosage for test animals far
exceeds levels usually consumed by humans [17]. Another attribute of EGCG is its
inhibition of HIV by interfering with the replication of HIV reverse transcriptase and the
binding of the viral envelope [19].

EGCG has been reported to be able to combat bacteria. However, EGCG’s
mechanism for destroying bacteria is not fully understood, and several different studies
report different mechanisms. One such study hypothesizes that EGCG destroys bacteria
by binding to the compound peptidoglycan, a carbohydrate component unique to the cell
walls in bacteria. The bound EGCG then reduces the structural integrity of the cell wall.
This makes the bacteria cells highly susceptible to lysis in the ionic and low osmotic
pressure environments in which they would normally thrive [20]. Gram positive bacteria
were found to be especially susceptible to lysis after treatment with EGCG compared to
Gram negative bacteria [21]. This is because the Gram positive species contain a thick
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peptidoglycan-based cell wall outside of the cell membrane, while Gram negative species
have a significantly thinner cell wall between an inner and outer membrane. As a result,
this data supports the argument for an EGCG-peptidoglycan mode of action.

Other studies suggest that several catechins, especially ECG, have the ability to
bind to lipid bilayers. The intercalation of these compounds between the phospholipids
of the outer and inner bacterial membranes could also be responsible for lysis and cell
death. The green tea catechins’ greater effect on Gram positive bacteria may be caused
by the presence of negatively charged lipid polysaccharides on the outside of Gram
negative bacteria. These charged chains prevent certain chemicals from binding to the
cell membrane, such as those that recognize the cell in the human immune response [9].

A particular bacterium of recent concern is Staphylococcus aureus, known
colloquially as “golden staph.” S. aureus are the spherical Gram-positive bacterial
(Figure 2). A S. aureus infection can cause a large range of symptoms, including
pimples, food poisoning, Toxic Shock Syndrome, pneumonia, and meningitis [22].

Figure 2. Staphylococcus aureus in gold, surrounded by green tea polyphenols in blue
[23]



Unusual for a food-borne bacterial pathogen, S. aureus has the capacity to grow in
the presence of high concentrations of salt [23]. Some strains can grow in NaCl
concentrations as high as 15% salt by mass [24]. Halotolerance in S. aureus results from
its ability to accumulate osmoprotective molecules, such as choline, glycine betaine, and
L-proline [22, 25, 26, 27] and to reduce cellular sodium through sodium-hydrogen
exchange pumps [28]. Often, S. aureus infections occur after forming colonies on the
surface of the skin, a high-salt environment [26], which is why S. aureus can rapidly
spread via direct contact or skin shedding. Epidemic strains of S. aureus constitute a high
proportion of hospital-acquired systemic infections in Europe, North America and Asia
because of this ease of transmission [29].

Many studies have concluded that green tea is an effective antimicrobial agent
against S. aureus. Toda et al [30] reported in 1989 that tea extracts inhibited and killed a
number of bacteria including Staphylococcus aureus, Staphylococcus epidermidis,
Salmonella typhi, Salmonella typhimurium, Salmonella enteritidis, Shigella flexneri,
Shigella dysenteriae, and Vibrio cholerae. Inhibition of all these bacteria occurred at
“cup of tea” concentrations of 3 mg of tea leaves per mL water [31]. The results of these
studies have implications for using home brewed green tea as an antibacterial household
cleaner, especially against S. aureus that typically spreads between surfaces and the skin.

Furthermore, the phenolic compounds in green tea have been effective against
methicillin-resistant Staphylococcus aureus (MRSA), an antibiotic resistant strain of the
S. aureus bacteria [32]. According to the Centers for Disease Control and Prevention, the
number of incidences of MRSA in the United States increased from 127,000 in 1999 to
278,000 in 2005, and it is suspected that more people died of MRSA than of AIDS
worldwide in 2007 [33]. A recent study found that green tea compounds suppressed the
growth of both antibiotic susceptible and resistant species after a 6 hour incubation period
[34]. The green tea catechins have the ability to reverse f-lactam resistance in MRSA by
changing the structure of the bacterial membranes to make B-lactam more penetrable
[35]. The catechins can also cripple the halotolerance typically present in MRSA through
a similar process [27]. Overall, the antioxidative, bacteriostatic, and enzyme inhibiting
properties of catechins [31], along with their low toxicity and high tolerability in humans
[36], make them potential candidates as inhibitors of S. aureus.

The antimicrobial activity of green tea may be enhanced by the addition of other
substances known to be effective against bacteria. Sengun and Karapinar examined the
bactericidal activity of ascorbic acid in lemon juice and acetic acid in vinegar against
Salmonella typhimurium on carrots, and their results showed statistical significance in the
immediate effect of lemon juice against S. typhimurium. The vinegar also exhibited
similar behavior in its antimicrobial effects on cells immediately after contact with the
carrots, and maximum effect was seen after a 60-min. treatment dipping carrots in
vinegar [37]. Sodium chloride is also known to inhibit the growth of S. aureus,
particularly in concentrations exceeding ten percent [38].
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As aresult of green tea polyphenols’ effectiveness as antimicrobial agents and
their ability to weaken Staphylococcus aureus, it was hypothesized that green tea would
be significantly more effective than a control at inhibiting the growth of S. aureus. It was
further hypothesized that the effects of green tea could be enhanced when combined with
sodium chloride, ascorbic acid found in lemon juice, and acetic acid found in vinegar.

MATERIALS AND METHODS

Preparation of green tea solutions

Stash™ premium green tea bags were cut open, and each bag’s content was
massed. To eliminate the variation in the masses of the different green tea bags, 2.25
grams of tea (dry weight) was measured and placed into tea bags. Each tea bag was
brewed in 225 mL of de-ionized water. Brewing times for the tea bags were 0.5 minute,
1.0 minute, 5.0 minutes, and 10.0 minutes. A control without any green tea was also
included in the study.

In addition to testing the antimicrobial activity of green tea alone, combinations of
green tea with lemon juice, household vinegar, and table salt were also tested. The green
tea was combined with lemon juice, salt or vinegar for a total of 20 different variations.

In three of the four beakers, Stop & Shop'™ lemon juice, Stop & Shop™ distilled white
vinegar, or table salt was added. The fourth beaker contained only green tea.

Using journal articles as reference, specific concentrations for the lemon juice,
vinegar, and sodium chloride solutions were determined [39]. Twenty four percent by
volume of vinegar at a concentration of 5% acetic acid was added to the green tea [42].
For the table salt solution, a concentration of 2% m/v was used [27]. Two percent by
volume of lemon juice at a concentration of 47% ascorbic acid was added to the green tea
[43].

Paper disc diffusion method

Twenty grams of Mueller-Hinton agar powder were dissolved in 500 mL of de-
ionized water. The solution was then autoclaved for 20 minutes.

Approximately 40 mL of agar were poured into each 14-cm Petri dish. The plates
were then inoculated with a 72-hour culture of Staphylococcus aureus (1.14 x 10* CFU
per ml). Sterile swabs were used to streak four plates in three directions to ensure
complete coverage of the Petri dishes. Paper disks were then soaked into each of the
twenty solutions. One disk from each solution was placed on each of the four inoculated
plates as well as on one control plate without S. aureus. Each solution was assigned a
letter (Table 1) which was used to differentiate the disks on the plates (Fig. 3). After
incubating the plates for 48 hours, the zones of inhibition were measured in millimeters.
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Table 1. Green Tea Combinations in Solutions

Brewing Time | Green Green Tea and Green Tea and Green Tea and
(minutes) Tea Lemon Juice Vinegar Table Salt
0.0 A B C D
0.5 E F G H
1.0 I J K L
5.0 M N O P

10.0 Q R S T

Figure 3. Diagram of Petri Dish Set Up

Minimum Inhibitory Concentration (MIC)

Thirty grams of tryptic soy broth were dissolved in one liter of distilled water.
Five mL of broth was added to each of the 60 culture tubes for the MIC test. There were
three trials for each of the twenty mixtures for a total of 60 culture tubes. The culture
tubes were autoclaved for 20 minutes.

The tea solutions were cooled to room temperature, and 0.1 mL of green tea
solution was added to each of the 5 mL of broth in the culture tubes [41]. The 60 culture
tubes were inoculated with a loop-full of a 72-hour culture of Staphylococcus aureus.
The culture tubes were then incubated for 48 hours at 37°C. After the incubation period,
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the turbidity was visually examined by placing the culture tubes next to each other to
determine whether any bacteria had grown.

Data Analysis

The measurements for the solutions on each of the plates were averaged together
and analyzed statistically. To assess the effect of the various combinations of green tea
with lemon juice, vinegar, and table salt, the one-way ANOVA test was applied. For this
study, o was set at 0.05.

RESULTS

Paper Disc Diffusion

The four Petri dishes exhibited similar results for the solutions that produced zones of
inhibition. Only five of the twenty solutions produced zones of inhibition, specifically
the solutions composed of green tea and household vinegar at the five different brewing
times (Figure 2). None of the non-vinegar solutions produced measurable zones of
inhibition. The one-way ANOVA statistic test showed that the differences between the
diameters of the zones of inhibitions for the five different solutions of vinegar with green
tea were not statistically significant. The calculated p-value was 0.712.

9.1

104 8.8 8.5 8.8

Average Diameter of
Zone of Inhibition (mm)

Green Tea & Green Tea & Green Tea & Green Tea & Green Tea &
Vinegar 0 min Vinegar .5 min Vinegar 1 min Vinegar 5 min Vinegar 10 min
Solution

Figure 2: Graph of Average Diameter of Zones of Inhibition vs. Green Tea Solution with
Vinegar



Table 2: Results from Statistical Analysis Using the One-Way ANOVA Test

ANOVA
ZoneSize
Sum of Squares df Mean Square Sig.
Between Groups 4.155 4 1.039 535 712
Within Groups 29.106 15 1.940
Total 33.261 19

Minimum Inhibitory Concentration (MIC)

The results were inconclusive because of insignificant differences in the growth of

bacteria. A scale from zero to three was used to evaluate the test tubes for the minimum

inhibitory concentration. Zero was indicative of no growth, while three was indicative of
significant growth of bacteria. All of the test tubes exhibited bacterial growth and the
amount of bacterial growth in each tube appeared relatively uniform in comparison to

other tubes, including the control tube containing only bacteria. Because a
spectrophotometer was not used, slight variations could not be detected.

DISCUSSION

Because the solutions with vinegar had the largest zones of inhibition, they were
determined as the most effective antimicrobial. However, comparing the vinegar and

green tea solutions of different brewing times revealed that green tea itself did not alter

the zones of inhibition. In fact, all the green tea and vinegar solutions had similar zones
of inhibition. Even though there were minute variations, the ANOVA statistics test
concluded that the results were statistically insignificant. This suggests that the vinegar
itself was inhibiting the growth of the bacteria, not the green tea. Because vinegar is a
well-established household cleaner, the results were not surprising [42]. This implication
is further supported by the fact that none of the other solutions of green tea and ascorbic

acid or sodium chloride produced a zone of inhibition.

In terms of the MIC results, the bacteria were able to proliferate in all test tubes.
The test tubes showed similar turbidity, with most of the tubes scoring a one or a two on

the scale. Differences in bacterial growth among the test tubes were difficult to
determine. However, a spectrophotometer can be used in future experiments to

distinguish minute differences in the turbidity, or a sample can be plated to obtain the

number of bacteria present. It can be concluded that none of the solutions could

significantly inhibit the growth of S. aureus.
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To improve the results of this study in the future, several changes can be made.
For the MIC, the results could have been changed by altering the ratio of broth and
bacteria to green tea and by limiting the possible interactions between the active
chemicals and the materials in the media. Because the concentrations of polyphenols in
the green tea are unknown, this ratio may have been too low to affect bacterial growth in
the liquid medium.

The ingredients of the green tea should also be investigated. It is possible that the
company who made the green tea could have included some additives into their tea bags
or processed the tea leaves slightly more. This may have had a negative effect on the
polyphenols. Because polyphenols in green tea are most effective in their monomer state,
fermentation, which results from processing the tea leaves, would reduce the
polyphenols’ effects [19].

The brewing technique used is another area to be examined. Other experiments
showed that a concentration of 3 mg of green tea per 1 mL of water was enough to
produce a zone of inhibition [24]. However the ratio of 2.25 g of green tea per 225 mL of
boiled water used, almost four times greater, did not produce significant results. This can
be attributed to the brewing technique. When the tea bag was placed into the flask, it
floated on top of the water, instead of in the water as is usual in the household brewing of
tea. This continued for the duration of the brewing process. By decreasing the surface
area exposure of the green tea leaves to the water, the polyphenol content could have
been significantly reduced. Therefore, the polyphenol concentrations in the green tea
may not have been as high as those established in previous studies [7], which extracted
the polyphenols from the tea leaves using acetone and methanol instead of brewing the
tea in water [21, 7]. Also, the extraction using acetone and methanol may extract more
polyphenols than water alone if the polyphenols are more soluble in acetone and
methanol than water. The results of such experiments show that green tea is highly
effective against different strains of bacteria. However, these results may be exaggerated
as a result of the polyphenol extraction process, which concentrated and purified the
polyphenols. In future experiments, the tea bag should be either submerged into the
water or squeezed immediately after to release more of the tea’s compounds into the
water.

In future experiments, the green tea concentration should be increased, thus
increasing the concentration of the polyphenols in the solutions. This may be
accomplished by either brewing more teabags or by decreasing the ratio of milliliters of
water to grams of tea used, but these methods have to be proven in future studies.
Furthermore, the bacterial concentration should also be taken into account. Since S.
aureus is often found in low concentrations in the human body and on surfaces that
transmit the bacterium, the results may have been affected by the sheer number of
bacteria. It is possible that the S. aureus cultures had a significantly greater amount of
bacteria than in a real life situation because there were not enough resources to determine
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whether or not the bacteria count used in this study was representative of that on an
average countertop. Therefore, the polyphenols may have damaged the cell walls of
several colonies of bacteria, which would have an effect in real-life situations, and yet,
there could still be no visible results.

Even though the green tea did not significantly affect the zones of inhibition, it is
not necessarily ineffective as an antimicrobial. There are many improvements and
adjustments that can be made in future experiments to truly determine the effectiveness
of green tea polyphenols.

Although this study does not support green tea as a household cleaner, it still has
potential as an antibacterial. For instance, green tea polyphenols could be used as active
ingredients in toothpaste because polyphenols can act as anti-cavity agents by attacking
bacteria in the mouth. One such study conducted by Elvin-Lewis and Steelman have
reported a significant difference in the number of cavities between children who drank
green tea on a regular basis compared to the number of those who did not. Other sources
state that the catechins may be useful in mouth hygiene [4].

Another prospective use of green tea for anti-bacterial purposes is in deodorizers.
Since other studies have reported of green tea’s antimicrobial benefits, green tea can
potentially kill odor causing bacteria. However, further studies must be conducted to
confirm its effectiveness as an antibacterial. If this is true, it can also be utilized as an
organic alternative to artificial air fresheners [24].

Due to time and resource limitations, this study could not give supporting
evidence for the effectiveness of green tea as an antimicrobial agent in the household.
However, in spite of the inconclusive results obtained from this experiment, the unique
properties of green tea may still be applied for other household products. Future research
in this area may provide more conclusive results in favor of green tea as a potent
antibacterial substance to be incorporated into daily life.
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