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Tea is one of the medicinal plants that is used all over the world. In the preparation of green tea, the leaves are 
dried after harvesting and then used without fermentation. Tea extract has antimicrobial properties, but there 
is little information about this. The leaves of three clones of 100, seed hybrid and Assam were collected from 
tea gardens, and then the collected leaves were dried. Three solvents; aqueous, methanolic and ethanolic, were 
used for extraction. The effect of these extracts on the proliferation of five bacteria Clavibacter michiganensis, 
Xanthomonas arboricola, Pseudomonas syringae, Dikeya zeae and Pectobacterium carotovorum was inves-
tigated by the paper disc method by measuring the non-growth halo. The results showed that the highest dilu-
tions of aqueous, ethanolic and methanolic extracts (50%) were the most effective dilutions on the investigated 
bacteria. All extracts had the ability to control bacteria. The extracts obtained from clone 100 showed the high-
est inhibition rate on the studied bacteria. Among the extracts and clones, the highest amount of inhibition on 
Gram-positive bacteria C. michiganensis was by water extract. On average, aqueous extract showed the most 
effect and ethanol extract showed the least effect on bacteria. D. zeae showed the highest resistance against 
the extracts. It seems that different factors such as type of solvent, concentration, types of microorganisms are 
effective in the inhibition rate of green tea extract.
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IntroductionIntroduction
Tea (Camellia sinensis) is among the most Tea (Camellia sinensis) is among the most 

common and important soft drinks consumed in common and important soft drinks consumed in 
the world, especially in Iran. The composition the world, especially in Iran. The composition 
of green tea leaves differ and vary with climate, of green tea leaves differ and vary with climate, 
season and the type of tea itself. The beneficial of season and the type of tea itself. The beneficial of 
green tea extracts are attributed due to the pres-green tea extracts are attributed due to the pres-
ence of polyphenolic compounds, polysaccha-ence of polyphenolic compounds, polysaccha-
rides, Vitamin B, C, E and amino acids (Sarwa rides, Vitamin B, C, E and amino acids (Sarwa 
et al., 2013). Antibiotics provide the mainstay of et al., 2013). Antibiotics provide the mainstay of 
treatment for microbial infections. Recently, an-treatment for microbial infections. Recently, an-
tibiotic resistance is one of the biggest problems tibiotic resistance is one of the biggest problems 
in the antibiotic industry in the world, various re-in the antibiotic industry in the world, various re-
sistant strains have emerged after the discovery sistant strains have emerged after the discovery 
of antibiotics more than 50 years ago (Chatterjee of antibiotics more than 50 years ago (Chatterjee 
et al., 2009; Adil et al., 2018; Adil et al., 2019). et al., 2009; Adil et al., 2018; Adil et al., 2019). 
Excessive use of antibiotics has led to the emer-Excessive use of antibiotics has led to the emer-
gence of multidrug resistance of several microor-gence of multidrug resistance of several microor-
ganisms. Therefore, in this increase of antibiot-ganisms. Therefore, in this increase of antibiot-
ic-resistant microbes, there is a great demand to ic-resistant microbes, there is a great demand to 
find new antimicrobial agents. The use of herbal find new antimicrobial agents. The use of herbal 
medicines has increased worldwide (Pandey et medicines has increased worldwide (Pandey et 
al., 2016). The medicinal value of plants is due al., 2016). The medicinal value of plants is due 
to some chemical compounds. Some of these bi-to some chemical compounds. Some of these bi-
ologically active components in plants include ologically active components in plants include 
flavonoids, alkaloids, phenolic compounds and flavonoids, alkaloids, phenolic compounds and 
tannins (Gupta et al., 2014; Pérez-Burillo et al., tannins (Gupta et al., 2014; Pérez-Burillo et al., 
2021). Green tea leaves contain polyphenolic 2021). Green tea leaves contain polyphenolic 
compounds, such as theaflavin and thearubigin, compounds, such as theaflavin and thearubigin, 
with antimicrobial effects (Nataro, 2006). The with antimicrobial effects (Nataro, 2006). The 
amount of polyphenol oxidase enzyme activity in amount of polyphenol oxidase enzyme activity in 
different clones is different from each other. This different clones is different from each other. This 
value for clones varied between 16 and 46 units. value for clones varied between 16 and 46 units. 
Research has shown that the inhibitory effect of Research has shown that the inhibitory effect of 
tea is directly related to its antioxidant power, tea is directly related to its antioxidant power, 
and tea polyphenols act as prooxidant in certain and tea polyphenols act as prooxidant in certain 
conditions by producing hydrogen peroxide, and conditions by producing hydrogen peroxide, and 
in this way, exert their inhibitory effect on the in this way, exert their inhibitory effect on the 
growth of bacteria (Sugita et al., 1999). Among growth of bacteria (Sugita et al., 1999). Among 
the tested catechins, EGCG (the tested catechins, EGCG (Epigallocatechin Epigallocatechin 
gallategallate) and EPCG (export promotion capital ) and EPCG (export promotion capital 
goods) showed the highest inhibitory activity goods) showed the highest inhibitory activity 
(Graham, 1992). Most of the methods adopted in (Graham, 1992). Most of the methods adopted in 
recent years have not been based on sustainable recent years have not been based on sustainable 
agriculture. The most common method to control agriculture. The most common method to control 
plant diseases is the use of chemical pesticides. plant diseases is the use of chemical pesticides. 
However, the side effects of pesticides make it However, the side effects of pesticides make it 

necessary to find alternative methods to control necessary to find alternative methods to control 
plant diseases, including the use of beneficial plant diseases, including the use of beneficial 
microorganisms, extracts and plant products microorganisms, extracts and plant products 
(Rahanandeh et al., 2014). In this research, the (Rahanandeh et al., 2014). In this research, the 
extracts of three tea clones were extracted with extracts of three tea clones were extracted with 
three solvents and their effects on five types of three solvents and their effects on five types of 
plant pathogenic bacteria were investigated. The plant pathogenic bacteria were investigated. The 
main purpose of this research was to investigate main purpose of this research was to investigate 
the antibacterial effects of green tea extract on the antibacterial effects of green tea extract on 
important plant pathogenic bacteria.important plant pathogenic bacteria.
Materials and MethodsMaterials and Methods
Collecting leaves of various green plants and Collecting leaves of various green plants and 
tea flowerstea flowers

Green tea leaves were collected from clone Green tea leaves were collected from clone 
100, seed hybrid and Assam plants in spring. 100, seed hybrid and Assam plants in spring. 
In order to deactivate the polyphenol oxidase In order to deactivate the polyphenol oxidase 
enzyme, the collected leaves were immediately enzyme, the collected leaves were immediately 
placed in the oven at 105 °C for 24 hours. The placed in the oven at 105 °C for 24 hours. The 
dried green leaves were ground for more uni-dried green leaves were ground for more uni-
formity. Tea flowers were also collected from tea formity. Tea flowers were also collected from tea 
bushes in autumn and dried by the leaf method.bushes in autumn and dried by the leaf method.
ExtractionExtraction
Preparation of ethanol extract of green tea Preparation of ethanol extract of green tea 
leavesleaves

The percolation method with 70% ethanol The percolation method with 70% ethanol 
was used. First, 10 grams of each tea sample was was used. First, 10 grams of each tea sample was 
transferred to different Erlenmeyer along with transferred to different Erlenmeyer along with 
200 ml of 70% ethanol. After 48 hours of incu-200 ml of 70% ethanol. After 48 hours of incu-
bation at 60 °C, the resulting mixture was passed bation at 60 °C, the resulting mixture was passed 
through Whatman number two filter paper. Then, through Whatman number two filter paper. Then, 
200 ml of 70% ethanol was added to the pressed 200 ml of 70% ethanol was added to the pressed 
pulp and the previous steps were repeated. After pulp and the previous steps were repeated. After 
re-purification, the obtained extracts were con-re-purification, the obtained extracts were con-
centrated with the rotary evaporation until the centrated with the rotary evaporation until the 
volume of each of them reached 2 ml (Chou & volume of each of them reached 2 ml (Chou & 
Chung, 1999).Chung, 1999).
Preparation of aqueous extract of green tea Preparation of aqueous extract of green tea 
leavesleaves

Ten grams of each tea sample was added to Ten grams of each tea sample was added to 
different Erlenmeyer flasks containing 100 ml of different Erlenmeyer flasks containing 100 ml of 
sterile distilled water and heated on the flame for sterile distilled water and heated on the flame for 
30 minutes. Then, using Whatman filter paper 30 minutes. Then, using Whatman filter paper 
No. 2, the tea grounds were separated from each No. 2, the tea grounds were separated from each 
sample. The liquid obtained from different tea sample. The liquid obtained from different tea 
samples was transferred to the ceramic crucibles samples was transferred to the ceramic crucibles 
that had been sterilized in the oven for 24 hours that had been sterilized in the oven for 24 hours 
and placed on steam for one hour to dry, then and placed on steam for one hour to dry, then 
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transferred to the oven at 103 °C and left for 24 transferred to the oven at 103 °C and left for 24 
hours. After this time, the ceramic crucibles were hours. After this time, the ceramic crucibles were 
removed from the oven and the dried extract was removed from the oven and the dried extract was 
shaved and weighed with a spatula.shaved and weighed with a spatula.
Preparation of methanol extract of green tea Preparation of methanol extract of green tea 
leavesleaves

Ten grams of the ground tissue was placed on Ten grams of the ground tissue was placed on 
a shaker in 100 ml of 80% methanol for 24 hours a shaker in 100 ml of 80% methanol for 24 hours 
at a temperature of 20 °C, after this period, 75 ml at a temperature of 20 °C, after this period, 75 ml 
of the solution was removed and 25 ml of sterile of the solution was removed and 25 ml of sterile 
distilled water was added. Then its volume in-distilled water was added. Then its volume in-
creased to 100 ml, and the equivalent of hexane creased to 100 ml, and the equivalent of hexane 
added. This mixture was placed on the shaker for added. This mixture was placed on the shaker for 
2 hours, then the different parts were separated 2 hours, then the different parts were separated 
and the methanol part placed under the hood for and the methanol part placed under the hood for 
evaporation and extract extraction.evaporation and extract extraction.
Preparation of tea flower aqueous extractPreparation of tea flower aqueous extract

In order to extraction of aqueous extract from In order to extraction of aqueous extract from 
tea flowers, 10 grams of dried flowers were add-tea flowers, 10 grams of dried flowers were add-
ed to different Erlenmeyer flasks containing 100 ed to different Erlenmeyer flasks containing 100 
ml of sterile distilled water and heated on a flame ml of sterile distilled water and heated on a flame 
for 30 minutes. Then, it was filtered using What-for 30 minutes. Then, it was filtered using What-
man filter paper No. 2 and the procedure was man filter paper No. 2 and the procedure was 
similar to the preparation of aqueous green tea similar to the preparation of aqueous green tea 
leaf extract.leaf extract.
Dilution of extractsDilution of extracts

For the dilution of ethanolic, methanolic, For the dilution of ethanolic, methanolic, 
aqueous green tea leaf and tea flower extracts, 2 aqueous green tea leaf and tea flower extracts, 2 
ml of the concentrated extracts of each tea sam-ml of the concentrated extracts of each tea sam-
ple were completely dried by incubation at 50 ple were completely dried by incubation at 50 
°C and then scraped with a spatula and ground °C and then scraped with a spatula and ground 
in a mortar. Four sterile test tubes were selected in a mortar. Four sterile test tubes were selected 
and 0.5 ml of sterile distilled water was added and 0.5 ml of sterile distilled water was added 
to each. Then 0.5 ml of tea sample extract was to each. Then 0.5 ml of tea sample extract was 
added to the first test tube. Then serial dilution added to the first test tube. Then serial dilution 
was prepared from this solution. Thus, for each was prepared from this solution. Thus, for each 
tea sample, dilutions of 0.5 (50%), 0.25 (25%), tea sample, dilutions of 0.5 (50%), 0.25 (25%), 
0.125 (12.5%), 0.0625 (6.25%), and 0.03125 0.125 (12.5%), 0.0625 (6.25%), and 0.03125 
(3.125%) ml extracts in ml water were prepared (3.125%) ml extracts in ml water were prepared 
separately, the resulting solution was poured into separately, the resulting solution was poured into 
capped vials and stored at 4 °C.capped vials and stored at 4 °C.
Cultivation conditionCultivation condition

In this study, nutrient agar medium was used In this study, nutrient agar medium was used 
for culturing and maintaining bacteria, bacterial for culturing and maintaining bacteria, bacterial 
suspension and putting discs soaked in ethanolic, suspension and putting discs soaked in ethanolic, 
methanolic and aqueous extracts in disc-diffu-methanolic and aqueous extracts in disc-diffu-
sion method.sion method.

Preparation of bacterial strainsPreparation of bacterial strains
The bacteria used in this research were pure The bacteria used in this research were pure 

strains of plant pathogenic bacteria, all of which strains of plant pathogenic bacteria, all of which 
were obtained from the Iranian Research Insti-were obtained from the Iranian Research Insti-
tute of Plant Protection (IRIPP) and included; tute of Plant Protection (IRIPP) and included; 
Xanthomonas arboricola sp. Juglandis, Pseu-Xanthomonas arboricola sp. Juglandis, Pseu-
domonas syringae, Dickeya zeae, Pectobacteri-domonas syringae, Dickeya zeae, Pectobacteri-
um carotovorum sub sp. carotovorum, Clavibac-um carotovorum sub sp. carotovorum, Clavibac-
ter michiganensis sub sp.michiganensis.ter michiganensis sub sp.michiganensis.
Preparation of discs containing differ-Preparation of discs containing differ-
ent extracts by disc-diffusion methodent extracts by disc-diffusion method

Plank discs manufactured by Padtan Teb Iran Plank discs manufactured by Padtan Teb Iran 
Company were inoculated with 25 μl of differ-Company were inoculated with 25 μl of differ-
ent dilutions of 0.5 (50%), 0.25 (25%), 0.125 ent dilutions of 0.5 (50%), 0.25 (25%), 0.125 
(12.5%), 0.0625 (6.25%), and 0.03125 (3.125%) (12.5%), 0.0625 (6.25%), and 0.03125 (3.125%) 
of tea samples by using sampler. Then, they were of tea samples by using sampler. Then, they were 
placed in an incubator at a 37 °C to dry for one placed in an incubator at a 37 °C to dry for one 
hour to prepare for disking. Discs of sterile dis-hour to prepare for disking. Discs of sterile dis-
tilled water and antibiotics; ciprofloxacin, tetra-tilled water and antibiotics; ciprofloxacin, tetra-
cycline, cefotaxime, and ampicillin were used as cycline, cefotaxime, and ampicillin were used as 
controls. The prepared discs were placed on the controls. The prepared discs were placed on the 
passaged plates and the plates were placed in an passaged plates and the plates were placed in an 
incubator at 27 °C for 24 hours in order to create incubator at 27 °C for 24 hours in order to create 
favorable conditions for the bacteria. The mini-favorable conditions for the bacteria. The mini-
mum inhibitory concentration (MIC) was deter-mum inhibitory concentration (MIC) was deter-
mined as the lowest dilution capable of inhibiting mined as the lowest dilution capable of inhibiting 
any visible growth by measuring the diameter of any visible growth by measuring the diameter of 
the halo of non-growth of bacteria around the the halo of non-growth of bacteria around the 
disks containing the extract of tea samples (BBL disks containing the extract of tea samples (BBL 
manual of products & laboratory procedures, manual of products & laboratory procedures, 
1973).1973).
Data analysisData analysis

These experiments were performed with a These experiments were performed with a 
completely randomized design with three repli-completely randomized design with three repli-
cations. The analysis of variance was calculated cations. The analysis of variance was calculated 
with SAS (9.2) and the comparison of means was with SAS (9.2) and the comparison of means was 
done by LSD with a significance threshold of 5%.done by LSD with a significance threshold of 5%.

ResultsResults
In this research, the effect of aqueous, etha-In this research, the effect of aqueous, etha-

nolic and methanolic extracts of three tea clones nolic and methanolic extracts of three tea clones 
on 5 types of plant pathogenic bacteria was in-on 5 types of plant pathogenic bacteria was in-
vestigated.vestigated.

The results of the inhibitory effect of aqueous The results of the inhibitory effect of aqueous 
extract of tea clones on bacterial growth: The re-extract of tea clones on bacterial growth: The re-
sults of the evaluation of aqueous tea extract on sults of the evaluation of aqueous tea extract on 
the investigated bacteria showed that they have the investigated bacteria showed that they have 
inhibitory ability on all bacteria at least at a di-inhibitory ability on all bacteria at least at a di-
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Table 1. Comparison of the average interaction effect of aqueous extract in tea clones against pathogenic bacteria in laboratory tests

According to Tukey’s test, means with similar letters do not have a significant difference at the 1% probability level
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According to Tukey’s test, means with similar letters do not have a significant difference at the 1% probability level

Table 2- Comparison of the average interaction effect of once filtered ethanolic extract in tea clones against pathogenic bacteria 
in laboratory tests.
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lution of 0.5 (50 %) ml/ml. Among tea clones lution of 0.5 (50 %) ml/ml. Among tea clones 
examined in aqueous extract, clone 100 had the examined in aqueous extract, clone 100 had the 
most effect on three bacteria most effect on three bacteria C. michiganensisC. michiganensis, X. , X. 
arboricola and arboricola and P. syringae P. syringae at a dilution of 50%. at a dilution of 50%. 
The Assam clone showed the highest inhibitory The Assam clone showed the highest inhibitory 
effect on effect on P. syringae P. syringae and P. carotovorum at the and P. carotovorum at the 
first dilution. The seed hybrid clone showed the first dilution. The seed hybrid clone showed the 
greatest inhibitory effect on greatest inhibitory effect on D. zeaeD. zeae bacteria at  bacteria at 
the first dilution (Table 1).the first dilution (Table 1).

The results of the inhibitory effect of ethanol The results of the inhibitory effect of ethanol 
extract of tea clones on bacterial growth. The extract of tea clones on bacterial growth. The 
evaluation results of tea ethanol extract on the in-evaluation results of tea ethanol extract on the in-
vestigated bacteria showed that they have inhibi-vestigated bacteria showed that they have inhibi-
tory ability on all bacteria at least at a dilution of tory ability on all bacteria at least at a dilution of 
0.5 (its unit). Among the tea clones examined in 0.5 (its unit). Among the tea clones examined in 
the ethanolic extract, clone 100 on three bacteria, the ethanolic extract, clone 100 on three bacteria, 
C. michiganensisC. michiganensis, X. arboricola, , X. arboricola, D. zeae D. zeae and P. and P. 
carotovorum had the greatest effect at a dilution carotovorum had the greatest effect at a dilution 
of 0.5 ml in one ml. The seed hybrid clone has the of 0.5 ml in one ml. The seed hybrid clone has the 
greatest inhibitory effect on C. michiganensis, X. greatest inhibitory effect on C. michiganensis, X. 
arboricola, arboricola, P. syringae P. syringae and and D. zeae D. zeae showed in showed in 
the first dilution. Ethanol extract of Assam clone the first dilution. Ethanol extract of Assam clone 
only in only in P. syringae P. syringae species and at a dilution of species and at a dilution of 
50%, its effect was placed in group A (Table 2).50%, its effect was placed in group A (Table 2).
The results of the inhibitory effect of The results of the inhibitory effect of 
the methanol extract of tea clones on the methanol extract of tea clones on 
bacterial growthbacterial growth

The results of the evaluation of the methanol The results of the evaluation of the methanol 
extract of tea on the investigated bacteria showed extract of tea on the investigated bacteria showed 
that they have inhibitory ability on all bacteria at that they have inhibitory ability on all bacteria at 
least at a dilution of 0.5. Among the investigated least at a dilution of 0.5. Among the investigated 
tea clones, the methanolic extract of clone 100 tea clones, the methanolic extract of clone 100 
had the greatest effect on three bacteria C. mich-had the greatest effect on three bacteria C. mich-
iganensis, iganensis, D. zeae D. zeae and and P. syringae P. syringae at a dilution at a dilution 
of 50%. The methanolic extract of hybrid seed of 50%. The methanolic extract of hybrid seed 
clone did not have a good effect on bacteria and clone did not have a good effect on bacteria and 
it was only on it was only on D. zeae D. zeae bacteria in the first dilution bacteria in the first dilution 
with two other clones in the same group (a). The with two other clones in the same group (a). The 
methanolic extract of Assam clone at a dilution methanolic extract of Assam clone at a dilution 
of 50% had the most inhibitory effect on X. arbo-of 50% had the most inhibitory effect on X. arbo-
ricola, ricola, D. zeae D. zeae and P. carotovorum species.and P. carotovorum species.

According to Tukey’s test, means with the According to Tukey’s test, means with the 
same letters do not have a significant difference same letters do not have a significant difference 
at the 1% probability level.at the 1% probability level.
The results of the inhibitory effect of tea flow-The results of the inhibitory effect of tea flow-
er extract on bacterial growther extract on bacterial growth

The results showed that tea flower extract had The results showed that tea flower extract had 

inhibitory power on four other bacterial species inhibitory power on four other bacterial species 
except except Pseudomonas syringae Pseudomonas syringae only at a dilution only at a dilution 
of 50%.of 50%.
DiscussionDiscussion

Tea is known as a medicinal plant (anti-in-Tea is known as a medicinal plant (anti-in-
flammatory, antimicrobial, anti-oxidative, an-flammatory, antimicrobial, anti-oxidative, an-
ti-aging and anti-tumor) (Sharma et al., 2012). In ti-aging and anti-tumor) (Sharma et al., 2012). In 
the preparation of green tea, the leaves are first the preparation of green tea, the leaves are first 
dried and then used without fermentation. Green dried and then used without fermentation. Green 
tea contains 30 to 40 types of polyphenols, while tea contains 30 to 40 types of polyphenols, while 
black tea contains 3 to 10 types of polyphenols. black tea contains 3 to 10 types of polyphenols. 
(Archana & Abraham 2011). Various factors (Archana & Abraham 2011). Various factors 
such as: geographical area where tea is grown, such as: geographical area where tea is grown, 
soil type, extraction method, type of solvent and soil type, extraction method, type of solvent and 
inhibition measurement method have an effect on inhibition measurement method have an effect on 
the inhibitory power of green tea extract (Sarti-the inhibitory power of green tea extract (Sarti-
ni et al., 2015). Tea polyphenols are effective on ni et al., 2015). Tea polyphenols are effective on 
gram positive and negative bacteria (Reygaert, gram positive and negative bacteria (Reygaert, 
2014). In this study, it was shown that green tea 2014). In this study, it was shown that green tea 
extract with different solvents have different kill-extract with different solvents have different kill-
ing abilities on 5 types of plant pathogenic bac-ing abilities on 5 types of plant pathogenic bac-
teria. Green tea contains polyphenols and other teria. Green tea contains polyphenols and other 
compounds that have different solubility in dif-compounds that have different solubility in dif-
ferent solvents; therefore, their inhibitory ability ferent solvents; therefore, their inhibitory ability 
is different (Sartini et al., 2015). In the present is different (Sartini et al., 2015). In the present 
study, it was observed that aqueous extract was study, it was observed that aqueous extract was 
more effective than methanolic and ethanolic ex-more effective than methanolic and ethanolic ex-
tracts in controlling bacteria. In a study conduct-tracts in controlling bacteria. In a study conduct-
ed by Nihal on extracts of green tea with three ed by Nihal on extracts of green tea with three 
solvents, water, ethanol and methanol, the aque-solvents, water, ethanol and methanol, the aque-
ous extract had the highest inhibitory power on ous extract had the highest inhibitory power on 
bacteria (Sartini et al., 2009). Based on the sta-bacteria (Sartini et al., 2009). Based on the sta-
tistical results, methanolic extract was more ef-tistical results, methanolic extract was more ef-
fective than ethanolic extract, which is consistent fective than ethanolic extract, which is consistent 
with past research (Cumar et al., 2012; Fakoori with past research (Cumar et al., 2012; Fakoori 
et al., 2020). Catechins in green tea extract pre-et al., 2020). Catechins in green tea extract pre-
vent the pathogenicity of Xanthomonas camp-vent the pathogenicity of Xanthomonas camp-
estris pv. citri, pv. vesicatoria and estris pv. citri, pv. vesicatoria and Pseudomonas Pseudomonas 
syringae syringae pv. Tomato have been effective on citrus pv. Tomato have been effective on citrus 
fruits and tomatoes (Kodama et al., 1991). Am-fruits and tomatoes (Kodama et al., 1991). Am-
lording to the research of Fukai et al., tea extract lording to the research of Fukai et al., tea extract 
was effective on different strains of plant path-was effective on different strains of plant path-
ogenic bacteria such as Erwinia, Pseudomonas, ogenic bacteria such as Erwinia, Pseudomonas, 
Clavibacter, Agarobacterium and Xanthomo-Clavibacter, Agarobacterium and Xanthomo-
nas. These bacteria were pathogenic on different nas. These bacteria were pathogenic on different 
products such as lettuce, tomato, eggplant, carrot, products such as lettuce, tomato, eggplant, carrot, 
Irish potato, onion and grape. Different dilutions Irish potato, onion and grape. Different dilutions 
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Table 3- Comparison of the average interaction effect of methanol extract in tea clones against pathogenic bacteria in laboratory tests.

According to Tukey’s test, means with the same letters do not have a significant difference at the 1% probability level.
Table 4. Comparison of the average effect of tea flower extract against pathogenic bacteria in laboratory tests.

Amlording to Duncan’s test, means with similar letters do not have a significant difference at the probability level of one percent
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of the extract had different effects so that its ef-of the extract had different effects so that its ef-
fectiveness increased with increasing concentra-fectiveness increased with increasing concentra-
tion (Fukai et al., 1991). In another study, it was tion (Fukai et al., 1991). In another study, it was 
observed that tea extract had an inhibitory effect observed that tea extract had an inhibitory effect 
on different species of Pseudomonas (on different species of Pseudomonas (P. syrin-P. syrin-
gae gae pv. pisi race 1, pv. pisi race 1, P. syringae P. syringae pv. pisi race 2 and pv. pisi race 2 and 
P. syringae P. syringae pv. phaseolicola) (Alstrom, 1992). pv. phaseolicola) (Alstrom, 1992). 
Polyphenol extract of tea has the ability to reduce Polyphenol extract of tea has the ability to reduce 
the growth of bacteria the growth of bacteria P. syringae P. syringae pv.lacrymans, pv.lacrymans, 
X. campestris pv. citri, X. c. pv. vesicatoria and X. campestris pv. citri, X. c. pv. vesicatoria and 
R. solanasearum (Kodama et al., 1991). The re-R. solanasearum (Kodama et al., 1991). The re-
sults of the present study were completely con-sults of the present study were completely con-
sistent with previous studies. There are many sistent with previous studies. There are many 
materials related to the effect of green tea extract materials related to the effect of green tea extract 
on human pathogenic bacteria, but there is not on human pathogenic bacteria, but there is not 
much material on the effect on plant bacteria and much material on the effect on plant bacteria and 
the mechanism of effect (Yang & Zhang, 2019)). the mechanism of effect (Yang & Zhang, 2019)). 
Despite the many researches that have been done Despite the many researches that have been done 
on the effect of tea extracts on bacteria (Sartini et on the effect of tea extracts on bacteria (Sartini et 
al., 2009), this is the first research on the effect of al., 2009), this is the first research on the effect of 
green tea extract on 5 genera of plant pathogenic green tea extract on 5 genera of plant pathogenic 
bacteria with three solvents: water, ethanol and bacteria with three solvents: water, ethanol and 
methanol.methanol.

The authors declare that there is no conflict of The authors declare that there is no conflict of 
interest.interest.
ACKNOWLEDGEMENTSACKNOWLEDGEMENTS

The authors of the article would like to thank The authors of the article would like to thank 
the National Tea Research Institute for providing the National Tea Research Institute for providing 
the laboratory.the laboratory.
ReferencesReferences

Adil M, Baig MH & Rupasinghe HV (2019) Im-Adil M, Baig MH & Rupasinghe HV (2019) Im-
pact of citral and phloretin, alone and in combination, pact of citral and phloretin, alone and in combination, 
on major virulence traits of Streptococcus pyogenes. on major virulence traits of Streptococcus pyogenes. 
Molecules 24 (23), 4237. Molecules 24 (23), 4237. 

Adil M, Khan R & Rupasinghe HV (2018) Appli-Adil M, Khan R & Rupasinghe HV (2018) Appli-
cation of medicinal plants as a source for therapeutic cation of medicinal plants as a source for therapeutic 
agents against Streptococcus pyogenes infections. agents against Streptococcus pyogenes infections. 
Curr. Drug Metab. 19 (8), 695–703.Curr. Drug Metab. 19 (8), 695–703.

Alstrom S (1992) Antibacterial Activity of Tea Alstrom S (1992) Antibacterial Activity of Tea 
and Coffee Wastes against Some Plant Pathogenic and Coffee Wastes against Some Plant Pathogenic 
Pseudomonas syringae Pseudomonas syringae Strains. J. Phytopathology. Strains. J. Phytopathology. 
136, 329–334. 136, 329–334. 

Archana S & Abraham J (2011) Comparative Archana S & Abraham J (2011) Comparative 
analysis of antimicrobial activity ofanalysis of antimicrobial activity of

leaf extracts from fresh green tea, commercial leaf extracts from fresh green tea, commercial 
green tea and black tea on pathogens. J. of Applied green tea and black tea on pathogens. J. of Applied 
Pharmaceutical Science. 01 (08); 149-152.Pharmaceutical Science. 01 (08); 149-152.

Baltimore Biological Laboratory (1973) Division Baltimore Biological Laboratory (1973) Division 
of Becton, Dickinson and Company. BBL Manual of of Becton, Dickinson and Company. BBL Manual of 

Products and Laboratory Procedures. Baltimore.. PP: Products and Laboratory Procedures. Baltimore.. PP: 
84-405.84-405.

Chatterjee SK, Bhattacharjee I & Chandra G Chatterjee SK, Bhattacharjee I & Chandra G 
(2009) In vitro synergistic effect of doxycycline & (2009) In vitro synergistic effect of doxycycline & 
ofloxacin in combination with ethanolic leaf extract ofloxacin in combination with ethanolic leaf extract 
of Vangueria spinosa against four pathogenic bacte-of Vangueria spinosa against four pathogenic bacte-
ria. Indian J. Med. Res. 130 (4), 475.ria. Indian J. Med. Res. 130 (4), 475.

Chou CL & Chung KT (1999) Antimicrobial ac-Chou CL & Chung KT (1999) Antimicrobial ac-
tivity of tea as affected by the degree of fermentation tivity of tea as affected by the degree of fermentation 
and manufacturung season. Int. Jour Food Microbial. and manufacturung season. Int. Jour Food Microbial. 
48:125-130. 10.1016/S0168-1605(99)00034-348:125-130. 10.1016/S0168-1605(99)00034-3

Cumar A, Arvind CP & Jeyaseelan AT (2012) Cumar A, Arvind CP & Jeyaseelan AT (2012) 
Built-up, vegetation extraction, and density mapping Built-up, vegetation extraction, and density mapping 
using WorldView-II. Geocarto International. 27(7). using WorldView-II. Geocarto International. 27(7). 
10.1080/10106049.2012.65769510.1080/10106049.2012.657695

Fakoori H, Rafiei karahroudi Z & Sedaghatfar E Fakoori H, Rafiei karahroudi Z & Sedaghatfar E 
(2020) Insecticide effect of Rosmary and Lavander (2020) Insecticide effect of Rosmary and Lavander 
essential oils on adult stage of Callosobruchus macu-essential oils on adult stage of Callosobruchus macu-
latus. Bioagrica. 1(1): 1-9.latus. Bioagrica. 1(1): 1-9.

Fukai K, Ishigami T & Hara Y (1991) Antibacterial Fukai K, Ishigami T & Hara Y (1991) Antibacterial 
Activity of Tea Polyphenols against Phytopathogenic Activity of Tea Polyphenols against Phytopathogenic 
Bacteria. Agricultural and Biological Chemistry. 55, Bacteria. Agricultural and Biological Chemistry. 55, 
1895–1897. 10.1080/00021369.1991.108708861895–1897. 10.1080/00021369.1991.10870886

Graham HN (1992) Green tea composition, Graham HN (1992) Green tea composition, 
consumption, and polyphenol chemistry. Preview consumption, and polyphenol chemistry. Preview 
Medicine Journal.  21: 334-350. 10.100.16091-Medicine Journal.  21: 334-350. 10.100.16091-
7435(92)90041-F.7435(92)90041-F.

Gupta D, Bhaskar D, Gupta R, Karim B, Jain A & Gupta D, Bhaskar D, Gupta R, Karim B, Jain A & 
Dalai D (2014) Green tea: a review on its natural an-Dalai D (2014) Green tea: a review on its natural an-
ti-oxidant therapy and cariostatic benefits. Biol. Sci. ti-oxidant therapy and cariostatic benefits. Biol. Sci. 
Pharm. Res 2, 8–12.Pharm. Res 2, 8–12.

Kodama S, Yuji I, Atsushi T, Yoko N, Atsushi Y, Kodama S, Yuji I, Atsushi T, Yoko N, Atsushi Y, 
Satoshi C, Kentaro S, Tomohisa Y, Tomoko K. & Satoshi C, Kentaro S, Tomohisa Y, Tomoko K. & 
Kazuichi H (2008) A Fast and Simple Analysis of Kazuichi H (2008) A Fast and Simple Analysis of 
Glyphosate in Tea Beverages by Capillary Electro-Glyphosate in Tea Beverages by Capillary Electro-
phoresis with On-Line Copper(II)-Glyphosate Com-phoresis with On-Line Copper(II)-Glyphosate Com-
plex Formation.   J. of Health Science.  52:602-606. plex Formation.   J. of Health Science.  52:602-606. 
10.1248/jhs.54.60210.1248/jhs.54.602

Minakshi  Nl Haseeb A, Imtiaz A, Siddiqui H., Ni-Minakshi  Nl Haseeb A, Imtiaz A, Siddiqui H., Ni-
hal A & Gary S W. (2009) Epigallocatechin-3-gallate hal A & Gary S W. (2009) Epigallocatechin-3-gallate 
(EGCG) sensitizes melanoma cells to interferon in-(EGCG) sensitizes melanoma cells to interferon in-
duced growth inhibition in a mouse model of human duced growth inhibition in a mouse model of human 
melanoma.Cell cycle. 8(13).melanoma.Cell cycle. 8(13).

Nataro JP. (2006) A typical enters pathogenic Es-Nataro JP. (2006) A typical enters pathogenic Es-
cherichia coli typical pathogens. Energy. Infect. Dis..  cherichia coli typical pathogens. Energy. Infect. Dis..  
12: 60-69.12: 60-69.

Pandey AK, Singh P & Tripathi NN. (2016). Pandey AK, Singh P & Tripathi NN. (2016). 
Chemistry and bioactivities of essential oils of some Chemistry and bioactivities of essential oils of some 
Ocimum species: An overview. Asian Pacific Journal Ocimum species: An overview. Asian Pacific Journal 
of Tropical Biomedicine, 4(9), 682-694.of Tropical Biomedicine, 4(9), 682-694.

Pérez-Burillo S, Navajas-Porras B, López-Mal-Pérez-Burillo S, Navajas-Porras B, López-Mal-
donado A, Hinojosa-Nogueira D, Pastoriza S & Ru-donado A, Hinojosa-Nogueira D, Pastoriza S & Ru-



Biotechnological Journal of Environmental Microorganisms(BJEM) 2(7) 2024 381-389

389

fián-Henares JÁ (2021) Green tea and its relation to fián-Henares JÁ (2021) Green tea and its relation to 
human gut microbiome. Molecules 26 (13), 3907.human gut microbiome. Molecules 26 (13), 3907.

Rahanandeh H & Moshaiedy M.(2014) Potency Rahanandeh H & Moshaiedy M.(2014) Potency 
evaluation of Pseudomonas aeroginosae and Pseu-evaluation of Pseudomonas aeroginosae and Pseu-
domonas fluorescens as biocontrol agents for root-domonas fluorescens as biocontrol agents for root-
knot nematodes in Iran - International Journal of Bio-knot nematodes in Iran - International Journal of Bio-
sciences.5. 147-153. 10.12692/ijb/5.8.147-153sciences.5. 147-153. 10.12692/ijb/5.8.147-153

Reygaert WC. (2014) The antimicrobial possibil-Reygaert WC. (2014) The antimicrobial possibil-
ities of green tea. Frontiers in Microbiology. 5.434.2.  ities of green tea. Frontiers in Microbiology. 5.434.2.  
doi: 10.3389/fmicb.2014.00434doi: 10.3389/fmicb.2014.00434

Sartini S, Natsir DM, Muhammad NA. & Andi Sartini S, Natsir DM, Muhammad NA. & Andi 
DP. (2020) Phenolic-rich green tea extract increases DP. (2020) Phenolic-rich green tea extract increases 
the antibacterial activity of amoxicillin against Staph-the antibacterial activity of amoxicillin against Staph-
ylococcus aureus by in vitro and ex vivoylococcus aureus by in vitro and ex vivo

studies. J. of Pharmacy & Pharmacognosy Re-studies. J. of Pharmacy & Pharmacognosy Re-
search. 8 (6), 491-500.search. 8 (6), 491-500.

Sarwa KK, Rudrapal M, Debnath M. (2013) Ex-Sarwa KK, Rudrapal M, Debnath M. (2013) Ex-
traction of green tea leaves: the use of different meth-traction of green tea leaves: the use of different meth-
ods, their optimization and comparative evaluation. ods, their optimization and comparative evaluation. 
Biosci. Biotechnol. Res. Asia 10 (1), 383–386.Biosci. Biotechnol. Res. Asia 10 (1), 383–386.

Sharma  A, Sonal G, Indira PS, Shweta D & Reema Sharma  A, Sonal G, Indira PS, Shweta D & Reema 
G. (2012) Green tea extract: Possible mechanism and G. (2012) Green tea extract: Possible mechanism and 
antibacterial activity on skin pathogens. Food Chem-antibacterial activity on skin pathogens. Food Chem-
istry. 135,672-675. 10.1016/j.foodchem.2012.04.143istry. 135,672-675. 10.1016/j.foodchem.2012.04.143

Sugita K, Amana F, Okubot A & Iwaki M. (1999) Sugita K, Amana F, Okubot A & Iwaki M. (1999) 
Epigallocatechin gallateEpigallocatechin gallate and gallocatechin gallate in  and gallocatechin gallate in 
green tea catechins inhabit extra cellular relrase of green tea catechins inhabit extra cellular relrase of 
Vero pesticide from enterohemorr haggis Escherichia Vero pesticide from enterohemorr haggis Escherichia 
coli . 0157: 117. Biochim. Biophys. Acta. 1472: 42-coli . 0157: 117. Biochim. Biophys. Acta. 1472: 42-
50. 10.1016/s0304-4165(99)00102-6.  50. 10.1016/s0304-4165(99)00102-6.  

Nakamura T, Nakazawa Y, Onizuka S, Satoh S, Nakamura T, Nakazawa Y, Onizuka S, Satoh S, 
Chiba A, Sekihashi K & Sasaki YF (1997). Antimuta-Chiba A, Sekihashi K & Sasaki YF (1997). Antimuta-
genicity of Tochu tea (an aqueous extract of Eucom-genicity of Tochu tea (an aqueous extract of Eucom-
mia ulmoides leaves): 1. the clastogen-suppressing mia ulmoides leaves): 1. the clastogen-suppressing 
effects of Tochu tea in CHO cells and mice. Mutation effects of Tochu tea in CHO cells and mice. Mutation 
Research/Genetic Toxicology and Environmental Research/Genetic Toxicology and Environmental 
Mutagenesis, 388(1), 7-20.Mutagenesis, 388(1), 7-20.

Yang  Y & Tong Z. (2019) Antimicrobial Activ-Yang  Y & Tong Z. (2019) Antimicrobial Activ-
ities of Tea Polyphenol on Phytopathogens. Mole-ities of Tea Polyphenol on Phytopathogens. Mole-
cules. 24, 816. 10.3390/molecules24040816cules. 24, 816. 10.3390/molecules24040816


