
Remedy Publications LLC.

Journal of Dentistry and Oral Biology

2022 | Volume 7 | Issue 3 | Article 11971

Introduction
People all over the world drink hot and cold plants extracts in the form of infusions and 

macerations. These drinks are often not consumed just a beverage, but as therapeutic agents for the 
prevention or cure of some diseases. Among the plant extracts taken as a beverage are tea leaves 
extracted from a plant called Camellia sinensis. Camellia sinensis is a species of evergreen shrubs or 
small trees in the flowering plant family. Theaceae whose leaves and leaf buds are used to produce 
tea. Tea has been consumed for centuries and is the most consumed beverage in the world after 
packaged water [1]. In fact, it has been reported to be consumed by a third of the world’s population 
[1]. Tea that is consumed in its various forms can be broadly classified into 3 groups based on 
the processing of harvested leaf as: Black (fermented), green (non-fermented) and oolong (semi-
fermented) [1,2].

Human and laboratory studies have shown that this plant that have been consumed for centuries 
by humans and possesses significant antimicrobial, antioxidant, antimutagenic, anticarcinogenic, 
antioxidative, anti-inflammatory, antihypertensive, neuroprotective, cholesterol-lowering, 
and thermogenic properties and could protect humans against the risk of cancer [2-6]. Recent 
scientific investigations suggest that tea and its bioactive polyphenol constituents have numerous 
beneficial effects on health, including the prevention of diseases such as cancer, diabetes, arthritis, 
Cardiovascular Disease (CVD), stroke, genital warts and obesity [2,3]. While much has been 
reported on the beneficial effects of tea, especially the green tea, there are few reports on its adverse 
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Abstract
Background: Apart from dental caries, periodontal diseases constitute the second major reason for 
dental consultation. Tea and extracts from tea leaves is the most consumed beverage worldwide but 
the impact of tea on oral bacteria has not been widely studied. The purpose of the present study was 
to evaluate the antibacterial activities of Camellia sinensis (tea leaves) on bacteria responsible for 
periodontal diseases.

Methods: This was an in-vitro laboratory study on green and black tea leaves carried out at the 
laboratory of the Université des Montagnes Teaching Hospital in Cameroon. The leaves were 
subjected to two extractions techniques: One by maceration in 95% ethanol and the other by 
infusion in water.

Results: The yields obtained were 13.85% and 10.50% ethanolic extracts of the leaves of green tea 
and black tea respectively and 22.98% and 19.49% for the ethanolic and their aqueous extracts by 
infusion of green tea and black tea respectively. Phytochemical screening demonstrated the presence 
of polyphenols such as flavonoids, coumarins, tannins, sennosides, quinones, phenols, as well as 
alkaloids, terpenoids and cardiac glycosides. The ethanolic extracts showed higher polyphenol 
contents than the respective aqueous extracts (37.82 and 17.43 mgEqAT/g of extract versus 18.36 
and 14.79 mgEqAT/g of extract).Polyphenols were higher in green tea leaves compared to black 
tea. Extracts from green tea leaves had bactericidal activity on all the strains of the isolated bacteria 
unlike black tea extracts that had bacteriostatic activity on all strains.
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effects or toxicity.

The oral cavity serves as a transient zone in which food and 
beverages pass to the intestines, where they are finally processed 
to provide nutrients to the body. Diseases of the oral hard and soft 
tissues are among the most prevalent diseases in the world and 
affect all age groups [7]. The Global Burden of Disease (GBD) study 
in 2017 estimated that oral diseases affect about 3.5 billion people 
worldwide, with dental caries of permanent teeth being the most 
common condition [7]. Periodontal diseases and dental caries are the 
two most prevalent oral infections affecting mankind worldwide [8]. 
Bacteria found in dental plaque are the main cause of dental caries 
and periodontal diseases.

The World Health Organization (WHO) reported that 15% 
to 20% of middle-aged adults (aged between 35 to 44 years), suffer 
from severe periodontitis, which can cause tooth loss [8]. In Low To 
Medium Income Countries (LMIC), where there are limited financial 
resources and poor access to oral health care, plants and plants 
extracts have been used to treat many dental diseases [9,10].

In the time that tea spends in the mouth before being swallowed, it 
has been assumed that secondary metabolites (especially polyphenols 
responsible for its anti-oxidant and anti-bacterial properties) can 
destroy oral microorganisms. Clinical studies have shown that tea 
could have an inhibitory effect on oral microorganisms by reducing 
the deposition of plaque in the tooth and gingival surface [11].

The objectives of the present study was to chemically characterize 
the ethanoic and aqueous extracts of black tea and green tea leaves 
harvested from the Western Highlands of Cameroon, and to evaluate 
their antibacterial activities on isolated and identified target bacteria 
that cause periodontal diseases.

Material and Methods
This was an experimental study carried out between December 

2018 to June 2019 at the Chemistry and Microbiology Laboratories 
of Université des Montagnes teaching hospital for plant extraction, 
phytochemical analysis and antibacterial activities of Camellia sinensis. 
Included in the study were patients diagnosed with periodontitis who 
were consulted at the Dental Clinic of the “Cliniques Universitaires 
des Montagnes” (CUM) and who gave their informed consent to 
participate in the present study. Patients on antimicrobial treatment, 
use of mouthwash, herbal medicine administration from traditional 
workers were excluded in the study. A total of 10 patients were 
recruited in the study.

Study material
The plant material used in the present study consisted of leaves 

of green tea and black tea which were respectively harvested from the 
Cameroon Tea Estates (CTE), a plantation of Djutitsa, a locality of 
the district of Dschang, in the Menoua Division of the West Region 
of Cameroon. The leaves were harvested in January (dry season) 
and identification and authentication of the plant was made at the 
National herbarium of Cameroon under the voucher number 43103/
HNC (REMIC, 2019).

Extraction procedure
Drying and grinding of green tea leaves: After harvesting, the 

fresh green tea leaves were washed in distilled water to remove dust 
and debris and then dried in a dry, clean, ventilated room away from 
light for a period of two weeks. Thereafter the dried leaves were 

reduced to a fine powder using an electric blender (Royalty line®), to 
break down the cell membranes, the extracellular matrix and release 
the organelles and molecules contained in the cell so as to increase 
their contact surface with the different solvents used and to improve 
the extraction yield.

Preparation of crude ethanolic extracts for maceration: Each 
ethanolic extract was obtained by 2 successive macerations at room 
temperature ± 25ºC by using 500 g of plant powder from green tea 
leaves and 500 g of black tea in a volume of 2000 ml each of ethanol 
(for a powder-ethanol ratio of 1/4), then incubated for 24 h and 48 h 
respectively. The extract was filtered using Whatman No. 2 paper. The 
residue obtained was taken up for a second extraction with renewal of 
the ethanol at the same volume. The mixture was then filtered using 
Whatman No. 2 paper and the dry residue was discarded. The two 
collected filtrates were mixed and evaporated using a rotavapor at a 
temperature of 35°C to remove the ethanol. The rest of the solvent 
was removed by drying at 40°C in an oven for 48 h to obtain the 
powder extract that was used for the present study.

Preparation of aqueous extracts by infusion: A total of 5000 ml 
of distilled water at 80°C was poured over 500 g of green tea leaves 
and 500 g of black tea (powder-water ratio of 1/10). The mixture 
was stirred and the powder left to infuse for 20 min in a covered 
container (to prevent the volatile substances contained in the plant 
from evaporating during the infusion). The mixture was filtered with 
Whatman No. 2 paper and the filtrate was collected, and then dried 
in an oven at 50°C for 48 h to obtain the powder that was used in the 
present study.

The yield of the plant extracts were calculated using the formula: 
R% = m/M × 100 

Where, R% = Percentage yield, m = Weight of the dry extract and 
M = Weight of the starting plant material

The summary procedure for the plant extraction process is 
depicted in Figure 1.

Phytochemical screening of extracts: This was carried out by 
standard procedures described by Bruneton [12]. The ethanolic and 
aqueous extracts of green tea leaves and black tea were subjected to 
phytochemical screening in order to identify the presence of some 
main groups of secondary metabolites such as alkaloids, polyphenols, 
tannins, coumarins, phenols, saponins, flavonoids, quinones terpenes 
and cardiac glycosides.

Determination of total polyphenols: The method used was 
the Folin-Ciocalteu, described by Singleton and Rossi [13] and was 
validated by checking the repeatability and linearity. Repeatability 
was performed by preparing the calibration range three [3] times 
under the same conditions and the optical densities for each of 
the concentrations were determined. For Linearity, the tannic acid 
calibration line was obtained by linear regression of optical densities 
made on three measurements for concentrations between 0.025 g/L 
to 0.125 g/L. According to Singleton and Rossi [13], this method is 
based on the reduction in alkaline medium of the phosphotungstic 
and phosphomolybdic mixture of Folin reagent by reducing groups 
of phenolic compounds, leading to the formation of products of 
blue color reduction whose intensity is proportional to the number 
of polyphenols present in the sample. These had an absorbance 
wavelength maximum at 760 nm. Figure shows the sequence of 
analyses carried out with plant extracts (Figure 1).
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Antibacterial Activity of Camellia sinensis
Sample collection of periodontal bacteria

This was carried out on patients with clinical evidence of active 
periodontitis, assessed and confirmed by 2 clinicians for consistency 
in diagnoses. After considering different clinical parameters, the 
sampling site was chosen from a quadrant having a pocket depth of 
at least ≥ 4 mm.

The supragingival plaque was first removed with curettes, the 
sulcus dried with gauze, an air jet and normal saline on light pressure. 
After cleaning, the selected site was isolated from saliva by salivary 
cotton rolls and air-dried. Using a sterile college tweezer, a sterile 
absorbent paper point was introduced into the pocket or gingival 
sulcus. After 10 sec to 20 sec the tip was carefully removed from the 
sulcus and the oral cavity making sure it did not come into contact 
with saliva, pus or the oral mucosa. The absorbent paper point was 
transferred into a brain heart infusion contained in test tubes and 
conveyed immediately the laboratory for microbial screening. All 
isolations and identifications were performed according to the 
reference guides.

Bacterial culture and identification
Once in the laboratory, the samples were first shaken by a vortex 

after which anaerobiosis was created near a Bunsen burner by 
introducing few drops of mineral oil into the tubes containing the 
samples. The samples were then seeded on culture medium (chocolate 
agar) and bacterial growth was carried out at 37°C in anaerobic 
condition for 24 h.

Since most of the pathogens responsible for periodontal diseases 
are anaerobic, it was necessary to grow them in an enclosure creating 
their living environment and for cariogenic pathogens. While most 
of them are facultative aerobes, they also grow well in anaerobic 
conditions. Anaerobiosis was obtained under the jar for a culture 
time of 24 h at 37°C.

First, a culture of isolation of the bacteria of the different samples 
was performed. Then transplantation on chocolate agar was carried 
out with isolated bacteria to get only pure cultures. These cloned 
bacteria were used for identification tests. A simple microscopic 
examination of the unfixed preparation (mobile or immobile, aspect 
of colonies) where the morphologic characteristic of the bacterial 
present on the agar was identified. The preparation was then stained 
with standard stains such as Gram stain. Microscopically, Gram 
negative bacteria appeared in pink whereas those that were Gram 
positive exhibited a violet color.

The information collected on the size and morphology of 
colonies and their pigmentation was used to confirm the type 
of microorganisms. The diagnosis was confirmed by the use of 
standardized test for each family of bacteria. Catalase test and oxidase 
tests were used to characterize the microorganisms.

Antibacterial Tests
The antibacterial activity was evaluated by looking at 
three parameters

The Minimum Inhibitory Concentration (MIC), Minimum 
Bactericidal Concentration (MBC) and the inhibition diameter of the 
different extracts. The antibiotic, Amoxicillin was used as the control, 
for its frequent use in dental practice.

Preparation of the plant extracts
The stock solutions of the different extracts of the plant were 

prepared at concentrations of 800 mg/ml for the leaves and distilled 
water was used as the dilution solvent.

Preparation of bacteria inoculums
Near the flame of a Bunsen burner, for each bacterial strain, some 

colonies of 18 h to 24 h of life were collected using a platinum loop. 
They were then introduced into sterile physiological saline (NaCl 
9/1000) to obtain a turbidity similar to that of 0.5 McFarland scale, 
corresponding to the concentration of 1.5 × 108 Colony Forming 
Units/ml (CFU/mL) [14].

Sensitivity Test
Determination of the minimum inhibitory concentration of 
C. sinenis

The Minimum Inhibitory Concentration (MIC) was determined 
as the lowest concentration of the C. sinenis extract that inhibited 
the growth of the tested microorganisms. It was determined using 
the broth micro-dilution method. A stock solution was prepared at 
800 mg/ml of each crude extract. Next, 2 ml of each extract at 800 
mg/ml was introduced into the first tube of the dilution range. For 
this, a series of tubes were prepared with broth to which various 
concentrations of the C. sinenis extracts were added viz., 0 mg/ml 
(negative control), 0.78 mg/ml, 1.56 mg/ml, 6.25 mg/ml, 12.5 mg/
ml, 25 mg/ml, 100 mg/ml, 200 mg/ml and 400 mg/ml. The antibiotic 
gentamycin was taken as positive control (0.08 µg/ml). Then, 15 µL 
of bacterial inoculum was added to each test tube and incubated at 
37°C. The tests tubes were examined and the MIC was determined. 
All sets were read visually and MIC values were recorded as the lowest 
concentration of the C. sinenis that had no visible turbidity.

Determination of minimum bactericidal concentrations 
(MBC)

The Minimum Bactericidal Concentration (MBC) is the 
minimum concentration corresponding to the lowest concentration 

Figure 1: Analysis flow chart of plant materials.
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of substance capable of killing more than 99.9% of bacterial inoculums 
(i.e. less than 0.1% of survivors) after 18 h to 24 h of incubation at 
a temperature of 37°C. The MBC determination was based on the 
subculture from the MIC on an agar medium. About 5 µL of the 
dilutions of the extract in which no bacterial growth was recorded 
were streaked on MHA supplemented with 5% sheep blood. The 
streaked preparations were incubated an aerobically under 5% CO2 
at 37°C for 18 h to 24 h. The MBC for each extract was recorded as 
the lowest concentration at which no culture was observed on MHA 
at the end of incubation. These experiments were also conducted in 
triplicate.

Evaluation of the ratios MBC/MIC 
These ratios make it possible to confirm the bacteriostatic or 

bactericidal character of a substance. When these ratios are greater 
than or equal to 4, the substance is said bacteriostatic; if these ratios 
are less than 4, the substance is considered bactericidal. If they are 
equal to 1, then it is called "absolute bactericidal".

Measurement of Inhibition Diameters
Antimicrobial assay

Antibacterial activity was determined by the well diffusion method 
according to the NCCLS [15]. The test organisms were inoculated on 
Mueller Hinton agar plates and spread uniformly to form a lawn. 
Wells (5 mm in diameter) were cut into the agar. The measurement 
of the inhibition diameters by the solid medium diffusion method 
was performed from the MIC and MBC concentrations for each 
strain. This test was performed on each strain thrice. Sterile discs 
of 6 mm in diameter cut from Whatman paper N°1, impregnated 
with 15 µl of the different extracts of known concentration solutions 
(MICs and MBCs) were gently deposited on the surface of Mueller 
Hinton agar previously seeded by swabbing with bacterial inoculums. 
An Amoxicillin antibiotic disc (30 µg) was deposited at the centre 
of the disk. Upon application, the disc of the different extracts and 
amoxicillin diffuse from the disc in a uniform way in the agar. After 
15 min at room temperature followed by incubation in the oven at 
37°C for 18 h to 24 h, the disks were surrounded by circular zones 
of inhibition corresponding to an absence of culture. The negative 
control consisted of a disc impregnated with MHB (Figure 2).

After incubation, the inhibition diameter was measured in 
millimeters using a graduated ruler, the diameter of each disk 
included. This test was repeated three times for each strain. According 
to Moreira et al. [16], sensitivity to different extracts is classified 
according to diameter of the inhibition zones (Figures as follows),

•	 Not sensitive (-) or resistant: Diameter <8 mm

•	 Sensitive (+): Diameter between 8 mm to 13.9 mm

•	 Very sensitive (++): Diameter between 14 mm to 19 mm

•	 Extremely sensitive (+++): Diameter >19 mm

Ethical considerations
Approval to carry out this study was obtained from the 

Institutional Review Board of the Université des Montagnes, together 
with authorization of study from the management of Clinique 
Universitaire des Montagnes. Informed consent was obtained from 
the patients. Participation in the study was voluntary and the patients 
could withdraw from the study at any time without any penalty. Strict 
confidentiality of the patient’s data was kept at all times.

Results
Extraction yields

The ethanoic extract of the green tea leaves exhibited a yield 1.32 
times greater than the ethanoic extract of black tea. The aqueous 
extract by infusion of green tea leaves exhibited a yield 1.18 times 
higher than the aqueous extract by infusion of black tea. The aqueous 
extract by infusion of the green tea leaves exhibited a yield 1.66 times 
higher than that obtained by its ethanoic extract. The aqueous extract 
by infusion of black tea had a yield 1.86 times greater than that 
obtained by its ethanoic extract (Table 1).

Phytochemical screening: Nine (09) secondary metabolites 
of different concentrations were found in extracts of C. sinensis, in 
abundance from flavonoids, tannins, coumarins, in ethanolic green 
tea leaves, saponins, quinones, terpenoids in aqueous extracts of 
black tea and green tea (Table 2).

Total Polyphenols
Validation of the assay method

The optical densities and their averages, followed by their 
standard deviation for each concentration in the calibration range 
showed validation of the assay method is shown in Table 3.

Linearity
The tannic acid calibration line was obtained by linear regression 

of the optical densities made on three measurements for the 
concentrations between 0.025 g/L to 0.125 g/L. The equation of the 
line was Y=0.9653X + 0.0001 and the correlation coefficient R2=0.9994 
as shown in Figure 3.

Total polyphenol content of each extract
The highest polyphenol content was obtained from the ethanolic 

extract of the green tea leaves (37.82 mg EAT/g of extract). This 
concentration was 2 times that obtained in the aqueous extract 
by infusion (18.36 mg EAT/g of extract). The content of total 
polyphenols in black tea extracts were lower than those obtained in 
extracts of green tea leaves with both ethanol and water. However, 
a high concentration was observed in the ethanolic extract of black 
tea (17.43 mg EAT/g of extract) compared to that obtained in the 
aqueous extract by infusion (14.79 mg EAT/g of extract) (Figure 4).

Legend
Amount of polyphenols in the ethanoic extract of Green Tea 

Leaves (GTE);

Amount of polyphenols in the ethanoic extract of Black Tea Black 
Tea (BTE);

Amount of polyphenols in the aqueous extract of Green Tea 
Leaves (GTA)

Amount of polyphenols in the aqueous extract of Black Tea 
(BTA).Figure 2: Illustration of sensitivity test.
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Isolation of Periodontal Disease-Causing 
Bacteria

Prevotella intermedia, Fusobacterium nucleatum and 
Aggregatibacter actinomycetemcomitans were isolated and sub-
cultured on Muller Hinton agar.

Antibacterial activity of Camellia sinensis
The values of the MICs varied from 12.5 mg/ml to 100 mg/

ml. The MIC for both green and black tea leaves on Prevotella 
intermedia and Fusobacterium nucleatum was 12.5 mg/ml. The MIC 
for ethanolic extracts of green and black tea on Prevotella intermedia 
and Fusobacterium nucleatum was 50 mg/ml. The MIC of ethanolic 
extracts of green tea on Aggregatibacter actinomycetemcomitans was 
50 mg/ml and hat of black tea was 25 mg/ml. The highest MIC of 
(100 mg/ml) was observed with the aqueous extract by infusion of the 
green tea leaves on Aggregatibacter actinomycetemcomitans.

 Extracts
Ethanoic Aqueous

Green tea Black tea Green tea Black tea

Mass of powder used (g) 500 500 500 500

Mass of the dry extract obtained (g) 69.25 52.49 114.91 97.46

Extraction efficiency (%) 13.85 10.5 22.98 19.49

Table 1: Extraction yields.

Secondary metabolites Ethanolic extract of green 
tea Ethanolic extract of black tea  Aqueous extract of green tea  Aqueous extract of black tea

Flavonoids +++ ++ ++ +

Tannins +++ ++ ++ +

Coumarins +++ ++ ++ +

Phenols +++ ++ ++ +

Saponosides + - +++ ++

Quinones + ++ ++ +++

Alkaloids + + ++ ++

Terpenoids + - +++ ++

Cardiac glycosides - - + +

Table 2: Phytochemical composition of Camellia sinensis extracts.

(+++) Strongly positive test; (++) Moderately positive; (+) Weak positive test; (-) Negative test

Tubing Tannic acid concentration (g/l) OD1 OD2 O D3 Mean OD Standard deviation

1 0.025 0.024 0.021 0.025 0.0233333 0.00208167

2 0.050 0.05 0.049 0.05 0.0496667 0.00057735

3 0.075 0.067 0.075 0.077 0.073 0.0052915

4 0.1 0.097 0.1 0.09 0.0956667 0.0051316

5 0.125 0.121 0.12 0.122 0.121 0.001

Table 3: Results of the repeatability of the calibration range of Optical Density (OD).

Bacterial Strains 
Ethanolic extract of green 

tea Ethanolic extract of black tea Aqueous extract of green 
tea 

Aqueous extract of black 
tea

MIC MBC R MIC MBC R MIC MB C R MIC MBC R

Prevotella intermedia 50 100 5 50 200 4 12.5 12.5 1 12.5 50 4

Fusobacterium nucleatum 50 50 1 50 200 4 12.5 25 2 12.5 50 4
Aggregatibacter 
actinomycetemcomitans 50 100 2 25 200 8 100 200 2 25 100 4

Table 4: Determination of Minimal Inhibitory Concentrations (MIC), Minimal Bactericidal Concentrations (MBC) and MBC/MIC ratios of the different ethanolic and 
aqueous extracts of Camellia sinensis leaves on isolated bacterial strains.

MIC: Minimum Inhibitory Concentration; CBM: Minimum Bactericidal Concentration; R: MBC/MIC

Bacterial strains

Ethanolic extract of green tea 
leaves 

Ethanolic extract of 
black tea

Aqueous extract of green tea 
leaves 

Aqueous extract of 
black tea Reference

MIC MBC MIC MBC MIC MBC MIC MBC Amoxicillin

(Ø ± σ) (Ø ± σ) (Ø ± σ) (Ø ± σ) (Ø ± σ) (Ø ± σ) (Ø ± σ) (Ø ± σ) (Ø ± σ)

Prevotella intermedia 9.67 ± 0.58 15.33 ± 0.58 8 ± 0 10.67 ± 1.53 10 ± 0 14 ± 1 10 ± 0 12.33 ± 1.53 36.33 ± 3.51

Fusobacterium nucleatum 10 ± 0 12.33 ± 1.53 11 ± 1 12 ± 1.73 12.67 ± 0.58 12.3 ± 1.53 10 ± 1 12.33 ± 2.08 9.33 ± 0.58
Aggregatibacter 
actinomycetemcomitans 10.67 ± 1.53 17.33 ± 0.58 10 ± 1 11.67 ± 1.53 11.67 ± 1.53 13.3 ± 0.58 9 ± 0 14.67 ± 0.58 30 ± 0

Table 5: The MIC and MBC inhibition diameters of the extract compared to that of amoxicillin.

The diameters are presented on average followed by their standard deviation (Ø ± σ); MIC: Minimum Inhibitory Concentration; MBC: Minimum Bactericidal Concentration
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The MBC values varied between 12.5 mg/l and 200 g/ml; the 
lowest concentration (12.5 mg/ml) was observed with the aqueous 
extract by infusion of the green tea leaves on the strain of Prevotella 
intermedia; while the greatest concentration (200 mg/ml) was 
observed with the ethanolic extract of black tea on the three strains 
and the aqueous extract by infusion of the green tea leaves on the 
strain of Aggregatibacter actinomycetemcomitans.

The ethanolic and aqueous extracts of the green tea leaves were 
all bactericidal on the three strains (CMB/MIC<4), with an absolute 
bactericidal effect (MBC/MIC=1) for the ethanolic and aqueous 
extracts of the green tea leaves respectively on Fusobacterium 
nucleatum and Prevotella intermedia . On the other hand, the 
ethanolic and aqueous extracts of black tea were all bacteriostatic on 
the three bacterial strains tested (MBC/MIC > =4) as shown in Table 
4.

The MIC and MBC inhibition diameters of the extract 
compared to that of amoxicillin

All the bacterial strains tested were sensitive to Camellia 
sinensis extracts with their different MIC and MBC. The Prevotella 
intermedia and Aggregatibacter actinomycetemcomitans strains were 
very sensitive to the ethanolic extract of green tea leaves at their 
respective MBCs (inhibition diameter Ø: 15.33 mm and 17.33 mm). 
The Aggregatibacter actinomycetemcomitans strain was also more 
sensitive to the MBC of the aqueous extract of black tea with an 
inhibition diameter of 14.67 mm. We also noted that the different 
diameters obtained with amoxicillin were high compared to those of 
the extracts with the exception of its diameter on the Fusobacterium 
nucleatum strain (9.33 mm), which was less than the diameters of all 
extracts from this same strain (Table 5).

Table 5 diameters of inhibition of ethanolic and aqueous extracts 

of Camellia sinensis.

Discussion
The present study found that tea leaves as a universal beverage 

has encouraging antibacterial properties on periodontopathic 
microorganisms. Generally, the majority of tea is used as infusions. 
The present study showed that there was a higher yield in aqueous 
extracts than that of hydroethanolic extracts. The yields of 13.85%, 
10.50%, ethanolic extracts of the leaves of green tea and black tea 
respectively and 22.98%, 19.49% for their aqueous extracts by 
infusion found in the present study is similar to a that reported by 
Gramza-Michalowska [17]. On the extracts of leaves of Camellia 
sinensis, which obtained yields of 12.61%, 6.67%, 24.49% and 19.17% 
respectively for the same extracts. The high yield in the aqueous 
extract could be due to the richness of Camellia sinensis leaves in 
compounds of high polarity including phenolic compounds, given 
their richness in hydroxyl groups [17].

With regard to the phytochemical screening of Camellia 
sinensis extracts, nine secondary metabolites, were screened, namely 
flavonoids, tannins, coumarins, phenols, saponosides, quinones, 
alkaloids, terpenoids and cardiac glycosides. All the metabolites 
were found to be present in high quantities in the aqueous extracts 
by infusion of the two types of tea. This could be attributed to the 
polarity and solubility of these metabolites in the aqueous solvents.

In the present study, polyphenols were found to be higher in 
ethanolic extracts compared to their respective aqueous extracts. 
Polyphenols have been found to exhibit antioxidant properties in 
most food items. Tea polyphenol activity in scavenging superoxide 
radicals has been reported and could play an important role in 
reducing oxidative stress that is related disease prevention [17-19]. 
The present study also demonstrated that polyphenols were higher 
in green tea leaves compared to black tea. It has been reported that 
the plant extract purification processes results in a decrease of total 
polyphenols content, however without a decrease in its antioxidant 
activity [17]. This confirms that green tea may offer protection 
against development of cancers, cardiovascular diseases, diabetes, 
osteoporosis and neurodegenerative diseases [18,20], due its anti-
oxidants and antibacterial properties derived from polyphenols.

The quantification of total polyphenols in the present study 
revealed a higher polyphenol content in ethanolic extracts of green 
tea and black tea leaves when compared to their aqueous extracts by 
infusion. These results concur with Gramza-Michalowska [17], who 
obtained polyphenol contents but at higher levels [17].

Saponosides, quinones, alkaloids and terpenoids were weakly 
present in the ethanolic extracts of the leaves of Camellia sinensis 
compared to their aqueous extracts. Saponosides, terpenoids and 
cardiac glycosides were absent in the ethanolic extract of black tea. 
The ethanolic extract of the green tea leaves was devoid of cardiac 
glycosides. This might be due to the fact that in the course of processing 
the plant material, ethanol may have denatured these metabolites. 
The same metabolites contents were reported by Anita et al. [18], 
but at different degrees. This could be explained by the variation in 
the geographical location of the plant, notably the climate and the 
type of soil. Indeed, environmental conditions would have a great 
influence on the nature and concentration of secondary metabolites 
present in plants [21]. The high polyphenol content in the extracts 
from the previous work could be explained by the fact that they used 
catechin as a standard for the evaluation of polyphenols, unlike the 

Figure 3: Calibration curve of tannic acid.

Figure 4: Comparative diagram of the polyphenol contents of the ethanolic 
and aqueous extracts of green tea leaves and black tea.
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present study that used tannic acid. This shows us the richness of 
tea leaves in catechin type polyphenol compared to tannic acid type. 
The extraction with ethanol allows the dissolution of the majority of 
phenolic compounds [14,16], and this could explain the high content 
of polyphenols in ethanolic extracts compared to aqueous extracts. 
Another study by Nwuha et al. [20] on the analysis of the solubility 
of the components of the tea leaves demonstrated that the catechins 
which are the main polyphenols had a great solubility in ethanol at 
99.5°C than in a hydroalcoholic solution with ethanol at 50°C. The 
work of Lee et al. [21] in Korea on the change of the main phenolic 
compounds in the leaves of Camellia sinensis during the production 
of black tea found that the amount of polyphenols in tea leaves 
decreased with the fermentation process. This may be one of the 
reasons why green tea may contain more polyphenols than black tea.

Antibacterial activities
The present study demonstrated that ethanolic and aqueous 

extracts of Camellia sinensis has antibacterial activity. Indeed, previous 
work has reported antioxidant, anti-inflammatory and antimicrobial 
properties [22]. It has been reported that the inhibitory activity of 
tea is due to the presence of polyphenols, particularly catechins. 
These substances are said to be capable of causing alterations in the 
morphology of the bacteria that results in the disturbance in cell 
division [23].

Antibacterial tests performed with extracts show that the 
susceptibility of microbial strains varies from one strain to another 
depending on the type of extract and the type of tea. Likewise, the 
results differ according to the concentrations of extracts used. The 
different extracts acted on the strains isolated to different degrees. 
The values of the MICs varied from 25 mg/ml to 100 mg/ml for the 
ethanolic extracts; the lowest concentration was obtained with black 
tea on Aa and the highest concentration was observed with green tea 
leaves on all strains as well as with black tea on Pi and Fn.

The MICs of the aqueous extracts by infusion varied from 12.5 
mg/ml to 100 mg/ml; the lowest concentration was observed with 
green tea leaves on Pi and Fn, as well as with black tea on the same 
strains, while the highest concentration was obtained with green tea 
leaves on Aa. 

The MBC values varied between 50 mg/ml and 200 mg/ml for the 
ethanolic extracts; the lowest concentration was obtained with green 
tea on Fn and the highest concentration was observed with black tea 
on all strains. The MBC values varied from 12.5 mg/ml to 200 mg/
ml for the aqueous extracts by infusion; the lowest concentration was 
observed with green tea leaves on Pi and the highest concentration 
always obtained with green tea on Aa. According to these results and 
contrary to what one might expect, the bacterial strains were more 
sensitive to the aqueous extracts by infusions of Camellia sinensis 
compared to the respective ethanolic extracts, with the exception of 
the strain of Aa, which was more sensitive to the ethanolic extract 
of green tea leaves compared to its aqueous extract by infusion. 
Likewise, the strain of Aa was more sensitive to the MIC of the 
ethanolic extract of black tea compared to that of the leaves of green 
tea; the same strain was more sensitive to the aqueous extract by 
infusion of black tea compared to that of green tea leaves. This could 
be explained by the different susceptibility of each strain to extracts 
regardless of the solvent used and the type of tea. Moreover, the other 
secondary metabolites present in the extracts of Camellia sinensis 
apart from polyphenols can also be responsible for the antibacterial 
activity on the isolated strains because let us remember that during 

phytochemical screening, the saponosides, quinones, alkaloids and 
terpenoids were more abundant in aqueous extracts ; with an absence 
of saponosides and terpenoids in the ethanolic extract of black tea 
and of cardiac glycosides in the ethanolic extracts of the two types of 
tea. The ethanolic and aqueous extracts of the green tea leaves were 
bactericidal on all three strains (MBC/MIC<4), with an absolute 
bactericidal effect (MBC/MIC=1) for the ethanolic and aqueous 
extracts of the green tea leaves respectively on Fn and Pi. On the 
other hand, the ethanolic and aqueous extracts of black tea were all 
bacteriostatic on the three bacterial strains tested (MBC/MIC > =4).

Studies on the activity of Camellia sinensis extracts on periodontal 
pathogens are rare; however, a study by Abdolmehdi et al. [24] in Iran 
reported that the MICs obtained with the aqueous extracts of green 
tea leaves were 12.5 mg/ml for Pi, which was similar to the result 
obtained in the present study and 6.25 mg/ml for Aa, a value which 
was very low compared to ours which was 100 mg/ml.

These results are in general in agreement with those of 
Araghizadeh [24], who had suggested the use of Camellia sinensis 
extracts in the prevention of periodontitis. The values of the inhibition 
diameters obtained were proportional to the values of MIC and MBC. 
They varied from one bacterial type to another, probably in relation 
to the different degree of sensitivity of each strain compared to the 
extracts, which in turn have different activities depending on the 
secondary metabolites they contain. It appears that all the bacterial 
strains tested were sensitive to Camellia sinensis extracts with their 
different MIC and MBC. The Pi and Aa strains were the most sensitive 
to the ethanolic extract of green tea leaves at their respective MBCs 
(inhibition diameter Ø: 15.33 mm and 17.33 mm). The Aa strain was 
also more sensitive to the MBC of the aqueous extract of black tea 
with an inhibition diameter of 14.67 mm. It was also noted that the 
different diameters obtained with amoxicillin were high compared to 
those of the extracts with the exception of its diameter on the strain 
of Fn (9.33 mm), which was less than the diameters of all the extracts 
on this on this strain.

The results of the present study suggest that Camellia sinenesis 
extracts could be an asset in the management of periodontal diseases, 
in the sense that they can be combined with mechanical plaque 
control to give satisfactory results. Moreover, a comparative clinical 
study conducted by Priya [25], in India on the effectiveness of 
chlorhexidine and mouthwash made from ethanolic extract of green 
tea leaves in the management of plaque gingivitis, has recommended 
the use of green tea mouthwash as well as Chlorhexidine as a safe anti-
inflammatory and antimicrobial for controlling gum inflammation 
and maintaining good gingival and oral health.

It would therefore be interesting to pay particular attention to 
this plant that although well known to the population as a popular 
beverage, could in the near future be used to protect the oral flora. 
There is the need for future studies on Camellia sinensis to determine 
Proof of Safety (POS) which should include: A toxicity evaluation and 
other pharmacological and biochemical studies on the antioxidant, 
antiviral and anti-inflammatory activities of Camellia sinensis. The 
use of the constituents of Camellia sinensis as active ingredients in 
mouthwash formulations and improved traditional medicines of 
Category 2 Phytodrugs for preventive and curative treatment of 
periodontal diseases should be encouraged.

Conclusion
The present study demonstrated that the extracts of Camellia 
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sinensis contained secondary metabolites such as polyphenols 
including flavonoids, coumarins, tannins, saponosides, quinones, 
phenols, as well as alkaloids, terpenoids and cardiac glycosides. The 
evaluation of the antibacterial activity of the different extracts by 
determination of the MIC, the MBC, the MBC/MIC ratio as well as 
the inhibition diameters revealed that at different concentrations, the 
extracts of Camellia sinensis are endowed with inhibitory properties 
against the growth of Prevotella intermedia, Fusobacterium nucleatum 
and Aggregatibacter actinomycetemcomitans. The ethanolic and 
aqueous extracts of the green tea leaves was bactericidal on all the 
strains tested, unlike the ethanolic and aqueous extracts of black 
tea that were all bacteriostatic on all the strains tested. The results 
obtained, although preliminary, allow us to conclude that Camellia 
sinensis has antibacterial activity on the bacterial strains tested 
responsible for periodontal disease.
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