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Abstract 

Piper betle (locally known as, Paan) have long been in use in the Indian local system of medicine for its antioxidant 

and antimicrobial properties. In the present study, acetone extract of Piper betle L. stem  was  analysed  for phytochemical  

studies  and  antibacterial  activity  against  human  pathogenic bacteria namely Escherichia coli, Vibrio cholerae, 

Staphylococcus aureus, Bacillus subtilis. Antibacterial  activity  the MTCC  producing  strains  was  done  by  well  diffusion  

method (Tetracycline 30 µg)  according  to  the  methods  of  (Bennet et al., 1966;  Janssen et al., 1987; Magaldi et al., 

2004). Broth  dilution  method  was  used  for  the  determination  of  antimicrobial  parameters  (MIC). The zone of 

inhibition was found to be more in case of Escherichia coli when compared with Staphylococcus aureus, Vibrio cholera, 

Bacillus subtilis. Antibacterial activity showed least value of 1 mg/mL in Bacillus subtilis when compared with 

Staphylococcus aureus, Vibrio cholerae, Escherichia coli (MIC). Phytochemical screening showed the presence of phenol, 

flavonoid, tannins, phlobatannins, saponin, steroids, terpenoids and glycosides. 
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Introduction 

The Piper betle Linn. (Piperaceae) is an edible 

plant with leaves that have been traditionally used in 

India, China, and Thailand. The betle plant is an 

evergreen and perennial, creeper, with glossy heart 

shaped and white catkin. The genus Piper is largely 

distributed in tropical and subtropical region of the 

world. Piper betle is cultivated in India, Sri Lanka, 

Malaysia, Indonesia, Philippines Island and East Africa 

(Parmer et al., 1997). The plant has got large number of 

biomolecules which show diverse pharmacological 

activity. The leaves and stem of Piper betle possess wide 

range of bioactivities namely antioxidant, antifungal, 

antiulcerogenic, antiplatelet, antidiabetic, anti-

inflammatory, antifilarial, and antimicrobial activity 

(Nagori et al., 2011; Rai et al., 2011). The Piper betle 

leaf has been described to have Piperol-A, Piperol-B, 

methyl piper betlol and they also have been isolated 

(Chopra et al., 1956).  The betle leaves and stem  have 

starch, sugars, diastases and an essential oil composing 

of terpinen-4-ol, safrole, allyl pyrocatechol monoacetate, 

eugenol, eugenyl acetate, hydroxyl chavicol, eugenol, 

piper betol and the betle oil contains cadinene carvacrol, 

allyl catechol, chavicol, p-cymene, caryophyllene, 

chavibetol, cineole, estragol, etc. as the key components 

(Sugumaran et al., 2011).  

The leaves of P. betle have been used for a long 

time in India as traditional medicine. These leaves have 
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antimicrobial activity towards bacteria in mouth (i.e.) 

Streptococcus viridans, Staphylococcus aureus and 

Streptococcus mutans and also heals many bacterial 

diseases. These compounds are assumed to inhibit food 

borne pathogens as well as food spoilage 

microorganisms. Bioassays have demonstrated the 

toxicity of extracts from different plants. Essential oils of 

the P. betle Linn contained phenolic compounds such as 

cavicol, cavibetol, carvacrol, eugenol and 

allilpyrocatechol. In the present work, stem powder was 

subjected to phytochemical screening and was found to 

contain phenol, flavonoid, tannins, phlobatannins, 

saponin, steroids, terpenoids, glycosides and the 

antibacterial activity of acetone extract of Piper betle  

stem were analysed against human pathogenic bacteria 

(both gram-positive and gram-negative) namely 

Staphylococcus aureus, Escherichia coli, Vibrio 

cholerae, Bacillus subtilis. 

Materials and Methods 

Plant material 

The plant material of Piper betle stem was 

collected and identified in and around Guindy.  The wet 

stem was shade dried and crushed into fine powder with 

electric blender. The powdered sample was sealed in 

polythene bags and was stored in desiccators until further 

uses. 

Physical appearance 

By visual appearance and dissolving powder in 

appropriate volume of Glass Distilled (GD) water colour 

was identified for stem powder. 

Determination of Moisture   

Five grams of the powdered sample were taken 

separately in tarred aluminium dish with a cover having a 

diameter of at least 50 mm and a depth of about 40 mm. 

The cover was removed and the dish was placed in a hot 

air oven maintain at 135±2ºC and dried for at least 2 hrs. 

Then the dish was covered with the cover, cooled in 

desiccators and weighed. The process of heating, cooling 

and weighing was repeated until the difference in mass 

between two successive weighing was less than 1 mg. 

Calculation 

Percentage of moisture (%) = 100 × (M1-M2) / 

M1-M 

M1= mass in g of the dish with the material before 

drying, M2= mass in g the dish with the material after 

drying and M= mass in g of the empty dish. 

Preparation of acetone extract 

Dried and powdered betle stem (500 g) were 

Soxhlet extracted with 100% acetone (1:5 W/V) for 

about 72 hrs. The crude plant extract extracted in solvent 

was removed from the Soxhlet and was concentrated to 

dryness in rotary vacuum evaporator below 50°C and 

stored until needed for the bioassays at -4°C. 

Phytochemical screening 

 Chemical tests were carried out on the acetone 

extract of the powdered sample using standard 

procedures to identify the constituents as described by 

Sofowara (1993), Trease and Evans (1989) and Harborne 

(1973). 

Test for Tannin 

About 0.5 g of the dried powdered sample was 

boiled in 20 mL of water in a test tube and then filtered. 

A few drops of 0.1% ferric chloride was added and 

observed for brownish green or a blue-black colouration. 

Test for Phlobatannins: Deposition of a red precipitate 

was formed when the extract of the plant sample was 

boiled with 1% aqueous hydrochloric acid was taken as 

evidence for the presence of phlobatannins. 
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Test for Saponin 

About 2 g of the powdered sample was boiled in 

20 mL of distilled water in a water bath and then filtered. 

10 mL of the filtrate was mixed with 5 mL of distilled 

water and shaken vigorously for a stable persistent froth. 

The frothing was mixed with 3 drops of olive oil and 

shaken vigorously, then observed for the formation of 

emulsion. 

Test for Flavonoids 

Three methods were used to determine the 

presence of flavonoids in the plant sample (Sofowara, 

1993; Harbrone, 1973). A 5 mL of dilute ammonia 

solution were added to a portion of the aqueous filtrate of 

the plant extract followed by addition of con. H2SO4. A 

yellow colouration in extract indicates the presence of 

flavonoids. The yellow colouration disappeared on 

standing. 

Few drops of 1% aluminum solution were added to 

a portion of each filtrate. A yellow colouration was 

observed indicating the presence of flavonoids. A portion 

of the powdered plant sample in each case was heated 

with 10 mL ethyl acetate over a steam bath for 3 minutes. 

The mixture was filtered and 4 mL of the filtrate was 

shaken with 1 mL of dilute ammonia solution. A yellow 

colouration was observed indicating a positive test for 

flavonoids. 

Test for steroids 

Two mL of acetic anhydride was added to 0.5 g of 

extract with 2 mL H2SO4. The colour changed from 

violet to blue or green in samples indicating the presence 

of steroids. 

Test for terpenoids (Salkowski test) 

Five mL of the extract was mixed in 2 mL of 

chloroform and con.H2SO4 (3 mL) was carefully added to 

form a layer. A reddish brown colouration of the 

interface was formed to show positive results for the 

presence of terpenoids. 

Test for cardiac glycosides 

Five mL of the extract was treated with 2 mL of 

glacial acetic acid containing one drop of ferric chloride 

solution. This was under-layered with 1 mL concentrated 

sulphuric acid. A brown ring of the interface indicates 

deoxy ribose sugar characteristics of cardenolides. A 

violet ring may appear below the brown ring, while in the 

acetic acid layer, a greenish ring may form just gradually 

throughout thin layer. 

Estimation of Total phenol 

  Total phenol of acetone extract of stem was 

determined with the Folin-Ciocalteu reagent by Singleton 

et al. (1977). 100 mg of stem acetone extracts were 

dissolved in 10 mL of acetone and diluted by taken and 1 

mL and made upto 10 mL acetone. The diluted sample 

was used to measure the total phenol contents. A 1 mL of 

diluted sample was mixed with 1 mL of Folin-phenol 

reagent (1:1 v/v) and 2 mL of sodium carbonate (2% 

w/v). The reaction mixture was incubated at room 

temperature for 2 hrs with intermittent shaking. The 

absorbance of sample was measured at 760 nm using 

spectrophotometer. Results were expressed as milligrams 

of Gallic acid equivalent per gram of dry weight (mg 

GAE/g DW) using formulae equivalent 

            OD sample × A760 × V× D.F ×100 /  W × 1000 

Where A760 is absorbance at 760 nm, V is volume 

made up, D.F is dilution factor and w is weight of sample 

in grams 

Estimation of Flavonoid 

Aluminum chloride colorimetric method was used 

for flavonoid determination (Chang et al., 2002). A 100 
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mg of stem acetone extract were dissolved in 10 mL 

acetone and diluted by taken and 1 mL and made upto 10 

mL acetone. The diluted samples were used to measure 

the total flavonoid contents. The extract of stem (0.5 mL) 

in acetone was separately mixed with 1.5 mL of acetone, 

0.1 mL of 10% aluminum chloride, 0.1 mL of 1 M 

potassium acetate and 2.8 mL of distilled water. It was 

kept at room temperature for 30 minutes. The absorbance 

of the reaction mixture was measured at 415 nm using 

spectrophotometer. Results were expressed as milligrams 

of Quercetin equivalent per gram of dry weight (mg 

GAE/g DW) using formulae equivalent 

           OD sample × A415 × V× D.F ×100 / W × 1000 

Where, A415 is absorbance at 415 nm, V is volume 

made up, D.F is dilution factor and w is weight of sample 

in grams 

Microbial strains and inoculum preparation 

The microorganisms used in this study were 

human pathogens namely Escherichia coli, Vibrio 

cholera, Bacillus subtilis, Staphylococcus aureus. 

Bacterial strains stock cultures were maintained at 

4°C on Muller Hinton Agar medium. Active cultures 

were prepared by inoculating fresh nutrient broth 

medium with a loopful of cells from the stock cultures at 

37°C for overnight. To get desirable cell counts for 

bioassays, overnight grown bacterial cells were 

subcultured in fresh Muller Hinton Broth at 37°C. 

In-vitro antibacterial screening 

In vitro antibacterial activity of the acetone stem 

extracts of Piper betle was screened against a total of 

four above mentioned bacterial strains. 

Well diffusion method  

The well diffusion test (Bennet et al., 1966; 

Janssen et al., 1987; Magaldi et al., 2004) was performed 

using MHA medium. The medium was prepared and 

autoclaved at 15 lbs pressure (121ºC) for 15 mins 

immediately cooled in a 50-55ºC water bath after 

removed from the autoclave. The cooled medium was 

poured into sterile petriplates to a uniform depth of 4 

mm; this is equivalent to approximately 25 mL in a 90 

mm plate. Once the medium was solidified, then the 

culture was inoculated on the medium. Within 15 mins of 

adjusting the density of the inoculum, a sterile cotton 

swab was dipped into the standardized bacterial 

suspension. The sterile swab was used to streak on the 

surface of the MHA containing plates. The plates were 

allowed undisturbed for 3 to 5 min to absorb the excess 

moisture. Sterilized 9 mm cork borer was used to make 

agar wells 25, 50 and 75 μg of extract stock solutions 

were placed into each wells and 100% DMSO as a 

control. Positive control was made by tetracycline 30 μg 

which were suspended in 100% DMSO solvent. Zone of 

inhibition (ZI) were measured by 1mm accuracy scale 

prescribed method and calculated the zone of inhibition 

percentage also by the following formula, 

Percentage of inhibition = I/diameter of the 

petriplate in mm×100 

Minimum Inhibitory Concentration (MIC) 

 Acetone extract of stem of P.betle showed 

significant zones of inhibition which were chosen to 

assay for MIC by broth dilution method. MIC was 

determined by the standard method (Wariso and Ebong, 

1996). Nutrient broth was prepared and sterilized using 

autoclave. One mL of the prepared broth was dispensed 

in to the test tubes numbered 1-9 using sterile 

micropipette. A stock solution containing 2 mg/mL of the 

extract was prepared in DMSO. Then 1 mL of the 

solution was dispensed into the tubes numbered 1. 
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Subsequently, from tube 1, serial dilution was carried out 

and 1 ml from tube 1 was transferred up to tube number 7 

and 1 mL from the tube 7 was discarded. Tube 8 was 

control for sterility of the medium and tube 9 for viability 

of the organisms. An overnight culture (inoculum) of 

each of the test isolates was prepared in sterile nutrient 

broth. 1 mL of the inoculum was transferred into each 

tube from tube 1 to tube 9 with exception of tube 8, to 

which another sterile nutrient broth was added. The final 

concentration of the acetone extract in each of the test 

tubes numbered 1-7 after dilution 2.0, 1.0, 0.500, 0.250, 

0.125, 0.060, and 0.030 mg/mL were  incubated  at  37°C  

for  24 hrs  and  examined  for  growth. The last tube in 

which growth failed to occur was the MIC tube. 

Table 1. Physiochemical composition of the stem 

powder of P. betle 

 

Table 2. Qualitative analysis of P. betle stems powder 

Phytochemicals Test P.betle 

          1 Flavonoid + 

          2 Tannin + 

          3 Phlobatannin + 

          4 Saponin + 

          5 Terpenoids + 

          6 Glycosides + 

          7 Steroids + 

 (+) - Presence 

Results 

In Table 1, physiochemical composition of P. betle 

stem powder the physical appearance, sieve size and 

moisture content were observed. (a) Physical 

appearances: The fine powder of P. betle stem was light 

green in colour as such when it was dissolved in glass 

distilled water it shows pale yellow colour. (b) 

Determination of sieve size: The size of the powder 

particle plays a vital role during extraction process. It 

was found to observe that sieve size ranges 750 µ in stem 

powder. (c) Determination of moisture: moisture content 

of all the samples should not be more than 10% limit. 

The moisture content of stem powder was found to be 

9.4%. 

Table 2 shows the preliminary screening of 

secondary metabolites obtained in P. betle stem acetone 

extracts possess high concentration of phenols, 

flavonoids, sterols and tannins. Table 3 represents the 

content of total phenolics in the extract of P. betle was 

determined using Folin ciocalteau reagent. The assay 

calculated from the formulae equivalent the R2 value was 

found to be 0.987 and is expressed as GAE equivalent 

and the flavonoid contents of the extract was expressed 

in terms of Quercetin equivalent. Table 4 shows 

antibacterial activity of four different extracts of P. betle 

stem. Three concentration of extracts were taken (25, 50, 

75 µg/ mL) and tested against four different bacteria 

namely (Escherichia coli, Staphylococcus aureus, Vibrio 

cholera, Bacillus subtilis). The zone of inhibition of the 

following was measured in mm. Significant increase in 

zone of inhibition was observed in increasing the 

concentration of extracts. The maximum zone of 

inhibition was seen against E. coli with 23.2 mm while 

only mild zone of inhibition were examined in S. aureus, 

V. cholera and least  zone of inhibition  was  seen  in  B. 

subtilis with 13.3 mm (Table 4 and Figure 1)  

respectively. From the well diffusion method it clearly 

shows that E. coli shows the greater zone of inhibition. In 

this present work, minimum inhibitory concentration of 

Parameters Piper betle stem 

Physical  appearance  of  powder Light  green colour 

Physical  appearance  in  water Pale yellow colour 

Sieve  (µ micron) 750 

Moisture  (% )  9.4 
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the stem extract was determined by broth dilution 

method. The MIC for the bacterial strains was in the 

range of 0.030 mg/mL to 2 mg/mL. The  MIC of the B. 

subtilis was  found  to  be  least  with  1 mg/mL  while  

for  E. coli,  S. aureus,  V. cholera  it  was  approximately 

2 mg/mL (Table 5). 

Table 3. Analysis of total phenol and flavonoid of stem acetone extracts of P. betle 

Name of  the plant  Total  phenols (mg/g)DW Total flavonoid (mg/g) DW 

      

      Piper betel 

                        Leaf                       Leaf 

           658.82 ± 46.11          958.01 ± 67.06  

              DW - Dry Weight;    Values are mean ± standard deviation of triplicates 

Table 4.  Zones of inhibition of acetone extract stem of P. betle 

         ZI- Zone of inhibition, ZI % Zone of inhibition percentage 

Table 5. Minimal Inhibitory Concentration of acetone extracts of stem of P. betle against human pathogens 

 

 

 

 

Fig. 1. Zone of Inhibition of acetone extracts of stem of 

P. betle 

 

Discussion                                                                                    

In the present investigation, P. betle stem were 

collected and dried under shadow then it was powdered 

aseptically. Simple solvent extraction methods were 

applied on powdered stem extract of P. betle. Acetone 

used as solvent for entire study. The extracts obtained 

were examined for its antimicrobial activity using the 

well diffusion method. There was a significant difference 

observed in well diffusion method. The maximum 

 

 

Bacterial  strains 

Concentration of acetone extracts (µg)  

 

Tetracycline 25 50 75 

 

ZI 

 

ZI% 

 

ZI 

 

ZI% 

 

ZI 

 

ZI% 

Escherichia coli 13±1.52 14.81 17±1.00 18.88 22±1.00 23.22       30±0.92 

Vibrio cholera 11±0.57 11.11 12±0.57 13.70 12±0.57 14.44       29±0.50 

Bacillus subtilis 10±0.00 12.96 11±0.57 12.59 13±0.57 13.33       16±0.71 

Staphylococcus  aureus 11±0.00 12.22 11±0.57 12.96 12±0.58 14.07       29±0.14 

 

Name  of the Organisms 

Minimum Inhibitory 

Concentration (mg/mL)          

Leaf 

Escherichia coli MTCC 1687 2.0 

Vibrio cholerae MTCC 3906 2.0 

Bacillus subtilis MTCC 41 1.0 

Staphylococcus aureus MTCC  96 2.0 
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antibacterial activity observed in crude extract only. 

Results of the present study were concluded that the 

minimal concentration of extracts does not inhibit the 

growth of all test bacterial cultures. In case of well 

diffusion method, significant level of inhibition was 

noticed in all cultures. The physical appearance of 

powdered stem appeared light green colour while in 

dissolved state in water it appeared pale yellow colour. 

The size of the powdered particle plays a vital role during 

extraction process. It was found to observe that sieve size 

ranges 750 µ in stem powder. A ≤ 750 µ was not suitable 

and the powder did not pass through the sieve. All the 

commercial products should have less than 10% moisture 

content. Moisture content of all the samples should not 

be more than 10% of limit. In the present study, the 

moisture content of stem powder was within limits. 

 In  earlier  study, different medicinal compounds in 

P. betle  leaves  and  stem suggest that  phytochemical 

test such as alkaloids, glycosides, steroids, reducing 

sugar and tannins were present and  flavonoids were 

absent (Gupta et al., 2010; Periyanayagam et al., 2012). 

The extracts also contained high concentration of 

flavonoids and polyphenols. According to Buhler et al. 

(2000) it is well documented that flavonoids are the 

polyphenolic compounds which showed potential 

beneficial effects on human health and posses antiviral, 

anti inflammatory, antitumour, antihaemolytic and 

antioxidative activity. In the present study the flavonoid 

content is more when compared with total phenol 

content. Multidrug resistance of the microorganism is a 

major medical problem, screening of natural product in a 

search for new antimicrobial agents that would be active 

against the microorganism is the need. In the present 

study, antimicrobial activity of P. betle acetone extract 

was checked against clinically important bacterial strains. 

The activity of stem extract had been compared with 

standard antibiotic, tetracycline. DMSO was taken as a 

negative control. The result suggested that the 

antibacterial property helps the bacteria to interact 

strongly with the treatment of many bacterial diseases. 

The natural products are in great demand due to its 

extensive biological properties and provide a source for 

the discovery of many types of effective bioactive 

compounds. P. betle has been recognized for their many 

pharmacological activities like antibacterial properties. 

So, P. betle are known to affect biological functions and 

have been traditionally used for many disorders (Ridley, 

1983). The pattern of antibacterial activity varied with 

the microorganisms studied. The extract showed the 

maximum activity against E. coli followed by V. cholera, 

S. aureus, B. subtilis (Figure 1 and Table 4). This may be 

due to the presence of flavonoids. Antimicrobial studies 

revealed that the acetone extract of P. betle possess a 

significant antimicrobial activity. 
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