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Abstract 

Dental caries is the most prevalent and chronic diseases among dental problems like 
periodontal, tooth loss, gingivitis, toothache, mouth ulcers, gum bleeding and 
toothache. It is mainly caused by sugar content in diet and bacteria such as 
Streptococcus and Staphylococcus. Different methods are used for the prevention of 
dental caries such as chemical and natural methods. However, the present study was 
carried out to compare the antibacterial activity of aqueous preparation extract of 
dried and fresh leaves of Punica granatum, Eucalyptus, Mangifera indica and Acacia 
nilotica at 0.40% and 0.60% against the dental microflora of tobacco chewers plus 
smoking, tobacco chewers, smokers and normal persons (who are neither tobacco 
chewers nor smokers). Antibacterial activity of Punica granatum, Eucalyptus, Mangifera 
indica and Acacia nilotica have been determined by using agar well diffusion method 
against the sample. Out of the aqueous preparation of dried leaves extract of Punica 
granatum, Eucalyptus, Mangifera indica and Acacia nilotica, Punica granatum was found 
more effective at 0.40% concentration and Acacia nilotica was found least effective at 
0.40%. But at 0.60% concentration, Eucalyptus was found more effective and Acacia 
nilotica was least effective. While, in case of aqueous extract prepared from fresh 
leaves of the selected plants, Eucalyptus was found more effective at 0.40% 
concentration, while at 0.60% concentration, Punica granatum was found more 
effective and Acacia nilotica was least effective. On the basis of quick response, Punica 
granatum was found more effective in comparison to other tested plant species (i.e. 
Eucalyptus, Mangifera indica, Acacia nilotica). Punica granatum showed zone of activity 
within 1days after implementation while other extracts showed zone of activity after 
6-7 days.   
 
Keywords: Quorum Quenching, Dental caries, Herbal extract, Biofilm formation, 
Antibacterial activity. 
 



Shailee Jain & Tarun Upadhyay / Quorum Quenching of Bacteria Causing Dental Caries 
Through Herbal Formulation 

 

~ 64 ~ 
 

 
1. INTRODUCTION 
 
Dental caries is considered as a multifactorial, microbial infectious, chronic infectious, 
biofilm-dependent, site specific and transmissible disease [1, 2, 3] that results in localized 
dissolution and detoriation of the calcified tissues [4]. 
 
G.V. Black classified carious lession into six classes based on their location- Class I: caries 
lession on the occlusal areas or bucccal areas or lingual pits on the tooth surface; Class II: on 
the posterior occlusal and interior proximal surface of the teeth; Class III: on the anterior 
inter-proximal surface of tooth; Class IV: on the anterior inter-proximal surface of the tooth 
including the incisal corners; Class V: on the gingival third of the crown on facial or lingual 
surface of the tooth; Class VI: on tip of the cusp of posterior teeth. 
 
Stages of Dental Caries  
 
Dental caries occurs across a series of stages or a continuum of disease. 
 
Initial Stage 
Characterised by the first clinically non-cavitated visual changes in enamel on clean dry teeth. 
These lesions can be controlled and potentially reversed with changes to diet and personal 
dental hygiene practices, supplemented by fluorides [5].  
 
Moderate Stage  
Characterized clinically either by a localized enamel breakdown (without clinical visual signs 
of dentinal involvement) or an underlying dark shadow from dentine.  
 
Extensive Stage 
Characterized by an extensive distinct cavity with visible dentin involving more than half of 
the tooth surface. 
 
There are several factors that can be responsible for dental caries such as biofilm formation, 
diet high rich in sugar and starch, bacteria in the mouth, stain (tobacco and smoking), poor 
oral hygiene, dry mouth, tooth size and shape, tooth position, thickness of enamel, poor 
calcium buffering capacity of saliva, high acid foods and drinks [6, 7, 8]. Out of these, biofilm 
play a major role in the development of dental caries [9]. 
 
Biofilm formation occurs into five distinct phases– (i) adsorption of host and bacterial 
molecules to the tooth surface, (ii) passive transport of oral bacteria to the pellicle-coated 
tooth surface, (iii) co-aggregation (co-adhesion) of later colonizers to already attached early 
colonizers, (iv) multiplication of attached microorganisms to produce confluent growth, (v) 
detachment [10].  
 
Dental caries can be characterized by the appearance of a chalky white, brown, dark brown 
and shiny spot on teeth, bad breath, foul tastes, tooth sensitivity and toothache [7,8]. Dental 
caries can be influenced by several factors such as sex, age, socio-economic status, dietary 
patterns and oral hygiene habit, ethnic group [11, 12]. It can be transmitted either through 
caregivers, mothers by mouth-to-mouth transmission, by sharing a cup, utensil, toothbrush or 
even a shared toy that are contaminated with cariogenic bacteria [13]. 
 
Dental caries can be prevented by disturbing quorum sensing between bacteria within the 
biofilm and the phenomenon of the inhibition of quorum sensing called quorum quenching 
[14]. However, different methods are adopted to inhibit quorum sensing including behavior 
modification, chemical methods and natural method. Behavior modification includes dental 
health education, history of oral hygiene routine, dietary habit include sugar and starch 
consumption and regular dental check-up. While chemical method includes topical varnishes, 
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use of fluoride tablets, chlorhexidine, casein phosphopeptide–amorphous calcium phosphate, 
magnesium, gelatin, root canal treatment, use of restoration material (include dental 
amalgam, composite resin, porcelain, gold and mercury filling), toothpaste containing 
fluorine, triclosan and remineralisation [7, 15) and natural method includes the use of herbs 
and herbal toothpaste powder (dant rattan herbal product, miswak toothpaste etc). 
 
However, dental treatment is highly expensive remedy because of the utilization of the 
chemical agents like triclosan, chlorexidine and amine based fluoride, antiseptics and 
antibacterial agents but their utilization has been limited due to their drawbacks such as 
toxicity, side effect, unaffordable, unsafe and uneconomic. While the major drawback of 
chemicals that they can alter oral micro biota such as vomiting, diarrhea, burning sensation 
and tooth staining [16]. Due to adverse effects of chemical based remedies, plant based 
products emerged out as a best alternative. 
 
Medicinal plants have been used as traditional treatments for numerous human diseases from 
thousands of years in many parts of the world. In rural areas of the developing countries, 
they continue to be used as the primary source of medicine. About 80% of the people in 
developing countries use traditional medicines for their health care. The natural products 
obtained from plants contain very rich biologically active constituents which have great 
potential against bacterial species and they act as main ingredient in various pharmaceutical 
products. A number of plants are used as chewing sticks in various parts of world which help 
in cleaning the buccal cavity.  
 
There are approximately 5, 00, 000 plant species occurring worldwide, of which only 1% has 
been phytochemically investigated. Thus, there is great potential for discovering novel 
bioactive compounds. There have been numerous reports of the use of traditional plants and 
natural products for the treatment of oral diseases. Many plant-derived medicines used in 
traditional medicinal systems have been recorded in pharmacopeias as agents used to treat 
infections and a number of these have been recently investigated for their efficacy against oral 
microbial pathogens [17]. 
 
Herbs are alkaline in nature with high antibacterial activity and help to maintain acid alkaline 
balance of saliva, decrease plaque, calculus formation, inhibit the growth of oral pathogens, 
influence the adhesion of bacteria to surfaces and reduce the symptoms of oral diseases. 
While, the plant extracts essential oils and purified photochemical have the potential to be 
developed into agents that can be used as preventative or for the treatment of oral diseases. 
Commercial mouthwashes containing essential oils are useful in the long-term control of 
plaque and mild- to-moderate gingivitis and are preferred those containing chlorhexidine for 
long-term daily use [18, 19].  
 
Plants like Miswak has been used as chewing stick in many parts of world in various cultures 
with different names such as Miswak or Arak in Middle East, Datan in India and Pakistan. A 
number of plants like orange tree, lime tree have been used in Africa as chewing sticks 
whereas roots of plant like Senna were used in American continent. Neem plant has been 
widely used as chewing stick in the maintenance of oral hygiene throughout the Indian 
subcontinent. Some other plant parts are also used to maintain the oral hygiene such as 
Eucalyptus leaves are used to mask the bad mouth odour, onion and lime juices are used as 
gargles and to relieve in toothache. The use of medicinal plants belonging to the family of 
Fabaceae, Ebenaceae, Bombaceae and Anonnaceae has been reported for treatment of oral 
diseases [20]. 
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2. MATERIALS AND METHODS 
 
A total of sixteen persons were randomly selected as volunteers for the present study. Out of 
sixteen persons, four persons known to be tobacco chewer plus smoking, four tobacco 
chewers, four smokers and four were normal persons (who were neither smoker nor tobacco 
chewers). The plaque were removed with the help of sterile tooth picks from the oral cavity of 
each volunteers comes under these categories. Then the plaque samples from a given 
volunteer were placed in separate test tubes. In this way, four test tubes were used to collect 
the plaque samples from the volunteers of one category. Similarly, this process was repeated 
for the collection of plaque samples from the other three categories. All the four test tubes of 
each category were immediately brought to the laboratory for further processing. 
 
 Isolation and selection of bacteria from dental plaque samples 
All the plaque samples from a given volunteer were transferred aseptically to a test tube 
containing 10 ml of sterile water and crushed using sterile glass rod to obtain a suspension of 
plaque particles. 1ml of this suspension was transferred to another test tube containing 9 ml 
of sterile water to obtain 1:100 dilution of this suspension. From this, further dilutions of 
1:1000 and 1:10000 were obtained and the original stock suspension was discarded.1ml of 
suspension from the test tube containing 1:100 dilution was transferred aseptically to each of 
four Petri dishes pre-sterilized in an oven at 160°C for 4hrs. The Petri dishes were gently 
rotated to ensure uniform spread of the inoculums. 20 ml of sterilized and cooled nutrient 
agar medium were added to each Petri dish. Similar procedure was repeated for the other 
two dilutions i.e., 1:1000, 1:10000. The Petri dishes were incubated at 37°C for 24-48hrs. The 
remaining samples from other three categories volunteers were also proceed in similar 
manner. Then, the bacteria were selected on the basis of morphology and frequency. Selected 
culture of bacteria were transferred into cooled autoclaved nutrient agar broth and incubated 
at 37°C for 24 to 48hrs.  
 
Identification and characterization of bacteria 
Different types of bacterial cultures growing on the Petri plates were recognized as S1, S2 … S33 
which contained 33 strains of bacteria. Each Petri plate was considered as a unit of study like 
a quadrate and the frequency percentage of each strain as well as the number of isolates of 
each strain were calculated. 24 hrs old cultures of all the 33 strains were used to study the 
Gram’s reaction and morphological characteristics. 
 
The strain S1 was found most frequently and highly dominant in the dental plaques of normal 
persons, S2 was found most frequently and highly dominant in the dental plaque of smokers, 
S3 was found most frequently and highly dominant in the dental plaque of tobacco chewers 
and S4 was found most frequently and dominant in the dental plaque of tobacco chewers plus 
smoking. Biochemical tests were performed to find out the difference exists between different 
strains with reference to biochemical properties. These include IMVIC test such as indole test, 
methyl red test, voges-proskauer test, citrate utilization and catalase test. 
 
Collection and preparation of leaves extract 
Sufficient amount of fresh leaves of Punica granatum, Eucalyptus, Mangifera indica, Acacia 
nilotica were collected from Tapovan, C.C.S. University, Meerut. Two methods were used to 
prepare leaves extract:  
 
Extract Prepared from Dried Leaves 
The collected leaves were washed with running tap water to remove the possible dust or 
surface contamination. The washed materials were dried at room temperature for 6 to 8 days 
under shade. After drying, the materials were powered using electric blender. Then, five 
gram powder of plant leaves were dissolved separately in 100ml of sterilized distilled water 
in Erlenmeyer flask of 250 ml and shake for 24hrs at a constant speed of 200rpm on a rotator 
shaker. The solution were filtered through muslin cloth and centrifuged at 8000rpm at 4°C for 



Bio-Science Research Bulletin / Volume 33 Number 2 / July-December 2017 
 

~ 67 ~ 
 

20 min. Supernatants were separately collected and filtered aseptically in the inoculation 
chamber with the help of bacterial filters, the filtrate were collected and make it up to 500ml 
with sterilized distilled water. 
 
Extract Prepared from Fresh Leaves 
Freshly collected leaves washed with double distilled water and cut into small disc. Five 
gram of leaves disc dissolved in 100ml double distilled water by boiling for 15 min and 
filtered through Whatman Number-1-filter paper. The filtrate was collected and makes it up 
to 500ml with sterilized distilled water. 
 
Antibacterial activity of aqueous leaves extract of plants 
Antibacterial activity of the aqueous solution of plant extracts were determined by using agar 
well diffusion bioassay. For this, 1ml of the bacterial suspension was poured in each of 
sixteen pre-sterilized petri plates for one plant extract i.e., Punica granatum. Luke warm NAM 
(Nutrient Agar Medium) was poured in each sixteen petri dish inoculated with 1ml bacterial 
suspension. After solidification of the medium, each petri dish was punched to make three 
wells of 0.8cm diameter with the help of sterilized cork-borer. In each petri dish, 50µl of the 
selected extract was added to two wells and 50µl of the autoclaved distilled water was added 
to the remaining third well. Well with distilled water was served as control. The plates were 
incubated overnight at 37°C for 24hrs. The antibacterial activity was interpreted from the size 
of the diameter of zone of inhibition measured in cm, it was evaluated as the clear zone 
appeared surrounding the well filled with extract. The remaining three plant extracts 
(prepared from Eucalyptus, Mangifera indica, Acacia nilotica) were also preceded in a similar 
way.  
 
Statistical analysis 
Data were expressed as mean±SEM of three-independent experiments.  
 
3. RESULTS AND DISCUSSION 
 
The present study was conducted to assess the difference among the bacteria colonizing 
dental plaques of tobacco chewers with smoking, tobacco chewers, smokers and normal 
persons (non-smoker and non-chewer).   
 
Total isolates (TI), percentage isolates (PI), frequency (F) and frequency class (FC) of 
isolated oral microflora 
A total 33 strains of bacteria were isolated from all the samples. In all, 5009CFU were isolated 
from the dental plaque of chewers with smokers, 5820 CFU were isolated from dental plaques 
of tobacco chewers, 7148 CFU were isolated from the dental plaques of smokers while 7286 
CFU were isolated from normal persons. The total isolates, percentage isolates, frequency and 
frequency class of all the 33 strains are represented in the table 1. Although a lot of work has 
been carried out in the past to observe the effect of smoking on oral bacteria and dental 
plaque formation but there is limited information on the relationship between smokeless 
tobacco user and periodontal diseases in reference to the role of microbes. Saini et al. (2009) 
reported a substantial reduction in the normal oral microbiota of the persons who are chronic 
tobacco eaters taking 25-30 gutkas per day (1431) as compared to (7910) in normal ones [21]. 
Rani (2010) also isolated 27 strains of bacteria from dental plaques. In all, 7910 CFU were 
isolated from dental plaque of normal persons and 1431 CFU from tobacco chewers [22]. 
While, Singh (2010) isolated 24 strains of bacteria from dental plaques. In all, 7901 CFU were 
isolated from dental plaque of normal persons and 1295 CFU were isolated from tobacco 
chewer [23]. Chandrabhan et al. (2012) isolated total of 39 bacteria from the dental plaques of 
persons belong to different age groups (1 - 20, 21 - 40, 41 - 60 year and above) [24]. Sapkota et 
al. (2010) observered more than 90% of the tobacco samples from the cigarettes contained 
Actinetobacter, Bacillus, Burkholderia, Closteridium, Klebsiella, Pseudomonas aerogenosa and Serratia 
[25]. 
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Table 3.1: Total isolate (TI), percentage isolate (PI), frequency (F) and frequency class (FC) of bacterial strains isolated from dental plaque of normal 
persons, smokers, chewers and chewers with smokers. 
 

Bacterial 
 strain 

           Normal persons                    Smokers 
 

            Tobacco Chewers                
           

  Chewers with Smokers 
 

  TI PI 
 

F FC TI 
 

PI 
 

F FC TI 
 

PI 
 

F FC TI 
 

PI 
 

F FC 

S1 1002 13.75 100 V 888 12.42 87.5 V 600 10.30 87.5 V 725 14.47 89.58 V 

S2 985 13.52 89.58 V 782 10.94 93.75 V 800 13.74 83.33 V 666 13.29 87.5 V 
S3 885 12.14 95.83 V 625 8.74 79.17 IV 1012 17.38 97.91 V 555 11.08 83.33 V 
S4 995 13.66 93.75 V 850 11.89 85.42 V 725 12.45 93.75 V 900 17.96 93.75 V 
S5 150 2.05 66.66 IV 72 1.00 58.33 III 55 0.94 52.08 III - - - - 
S6 402 5.52 81.25 V 226 31.61 68.75 IV - - - - 156 3.11 66.66 IV 
S7 55 0.75 60.42 IV 225 3.15 75 IV 5 0.08 4.16 I 125 2.49 60.14 IV 
S8 185 2.54 79.12 IV 15 0.20 12.5 I 225 3.86 39.58 II 56 1.11 27.08 II 
S9 - - - - - - - - - - - - 355 7.08 77.08 IV 
S10 45 0.62 45.83 III 2 0.02 2.08 I 25 0.42 25 II - - - - 
S11 105 1.44 75 IV 185 2.59 37.5 II 55 0.94 35.14 II 66 1.31 54.16 III 
S12 333 4.57 81.25 V 194 2.71 70.83 IV 9 0.15 8.33 I 2 0.03 2.08 I 
S13 46 0.63 58.33 III 39 0.54 27.08 II 125 2.14 72.91 IV 225 4.49 58.33 III 
S14 8 0.10 8.33 I - - - - 75 1.28 54.16 III 55 1.09 45.83 III 
S15 444 6.09 66.66 IV 345 4.82 87.5 V 225 3.86 79.16 IV 5 0.09 4.16 I 
S16 89 1.22 75 IV 355 4.96 81.25 V - - - - - - - - 
S17 112 1.54 64.59 IV - - - - 255 4.38 72.91 IV 7 0.13 6.25 I 
S18 15 0.20 14.59 I 455 6.36 83.33 V 45 0.77 39.58 II - - - - 
S19 25 0.34 25 II 85 1.18 56.25 III 3 0.05 2.08 I - - - - 
S20 77 1.05 43.75 III - - - - 125 2.14 56.25 III 55 1.09 39.58 II 
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S21 88 1.20 54.17 III 295 4.12 66.66 IV - - - - 2 0.03 4.16 I 
S22 9 0.12 8.33 I 189 2.64 52.08 III 67 1.15 66.66 IV 95 1.89 81.25 V 
S23 186 2.55 33.33 II 403 5.63 60.41 IV 160 2.74 75 IV - - - - 
S24 66 0.90 66.66 IV 17 0.23 8.33 I 33 0.56 25 II 298 5.94 72.91 IV 
S25 205 2.81 72.92 IV 195 2.72 70.83 IV 95 1.62 68.75 IV 23 0.45 31.25 II 
S26 175 2.40 52.09 III 110 1.53 47.91 III 325 5.58 91.66 V 75 1.49 54.16 III 
S27 18 0.25 12.5 I 11 0.15 12.5 I 255 4.38 77.08 IV 105 2.09 64.58 IV 
S28 5 0.07 4.17 I 75 1.04 39.58 II 25 0.42 22.91 II 215 4.29 70.83 IV 
S29 23 0.32 27.09 II - - - - 95 1.63 81.25 V - - - - 
S30 69 0.95 37.5 II - - - - 15 0.25 14.58 I 55 1.09 37.5 II 
S31 91 1.25 2.09 III 105 1.46 54.17 III 36 0.61 29.16 II 1 0.01 2.08 I 
S32 188 2.58 66.66 IV 255 3.56 89.58 V 95 1.63 58.33 III - - - - 
S33 195 2.68 79.16 IV 150 2.09 50 III 255 4.38 79.16 IV 187 3.73 56.25 III 
Total 7286    7148    5820    500

9 
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As we can observed from the table 1, a total of 1002 isolates (100%) of the bacterial strain. S1 
was isolated which is highly dominant in the plaques of healthy persons with a total of 888 
isolates (87.5%). Bacterial strain S2 was isolated from the dental plaque which is highly 
dominant in the plaques of smokers with total of 1012 isolates (97.91%). Bacterial strain S3 
was isolated which is highly dominant in the plaques of tobacco chewers, while the dental 
plaques of chewers with smokers were highly dominated by the bacterial strain S4 with total 
isolates of 900 with (93.75%) frequency. All the isolated and tested strains were gram positive. 
 
 Tentative characterization of tested bacterial strains 
   

 Fig 1: Biochemical test of selected bacterial strains- (a) Indole test, (b) Methyl red test, (c) 
Voges-proskauer test, (d) Catalase test     
   
Different biochemical test (Table 2 and Fig. 1) were  performed  on the four selected strains of 
bacteria i.e., S1, S2, S3 and S4 to characterize them by performing gram staining reaction, 
indole test, methyl red, Voges-proskauer test, citrate utilization test and catalase test.  
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Table 2: Biochemical test of four selected strain of bacteria 
 

 

 
 
All four strains gave positive test except citrate utilization test by giving pink colour for 
indole test and methyl red, orange colour for voges-proskauer test and bubble formation for 
catalase test. All the isolated strains of bacteria were characterized as gram-positive by 
performing gram staining. Singh (2010) observed all the isolated strains of bacteria from 
dental plaques were gram positive and stated that Staphylococcus and Streptococcus were 
commonly occurring strains of bacteria in dental plaque. Out of which Staphylococcus was 
dominated in the dental plaque of normal persons and Streptococcus was dominated in the 
dental plaque of tobacco chewers [23]. Rani (2010) also observed that isolated strains of 
bacteria from dental plaques were gram positive and observed Staphylococcus and 
Streptococcus were two dominated bacterial strains in dental plaque. Out of which 
Staphylococcus was dominated in the dental plaque of normal persons and Streptococcus was 
dominated in the dental plaque of tobacco chewers [22]. 
 
Antibacterial activity of different plant extracts on tested bacterial strains 
However, the present study was carried out to compare the antibacterial activity of aqueous 
preparation of dried and fresh leaves extract of Punica granatum, Eucalyptus globulus, 
Mangifera indica and Acacia nilotica against the dental microflora of tobacco chewers plus 
smoking, tobacco chewers, smokers and normal persons (who are neither tobacco chewers 
nor smokers)  by agar well diffusion method. 
 
Aqueous preparation of dried and fresh leaves extract of Punica granatum, Eucalyptus globulus, 
Mangifera indica and Acacia nilotica were applied at concentration of 0.40% and 0.60% against 
the dental microflora and their effectiveness were determined by measured the zone of 
inhibition at concentration of 0.40% and 0.60% as given in table 3, 4, 5 and 6 and fig. 2, 3, 4, 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

BIOCHEMICAL TESTS REACTIONS 
Indole test + 
Methyl red test + 
Voges–Proskauer test + 

Citrate utilization test - 
Catalase  test + 
Gram staining + 
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Fig 2: Zone of inhibition caused by dried leaves extract of Punica granatum (a), by 
Eucalyptus globulus (b), by Mangifera indica (c), by Acacia nilotica (d) 
  
  
 
Table 3: Zone of inhibition by aqueous preparation of dried leaves extract of Punica 
granatum, Eucalyptus globulus, Mangifera indica and Acacia nilotica 
 

Test 
bacterial 
Strains 

Punica granatum Eucalyptus 
globules 

Mangifera indica Acacia nilotica 

 0.40% 0.60% 0.40% 0.60% 0.40% 0.60% 0.40% 0.60% 
S1 0.4 0.6 0.55 0.25 0.2 0.4 0.7 0.7 
S2 0.3 0.4 0.75 0.6 0.55 0.65 0.65 0.75 
S3 0.45 0.7 0.55 0.55 0.55 0.45 0.4 0.5 
S4 0.25 0.2 0.45 0.2 0.4 0.5 0.6 0.75 
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Fig 3: Zone of inhibition caused by fresh leaves extract of Punica granatum (a), by 
Eucalyptus globulus (b), by Mangifera indica (c), by Acacia nilotica (d)  
 
Table 4: Zone of inhibition by fresh leaves extract of Punica granatum, Eucalyptus 
globulus, Mangifera indica and Acacia nilotica 
 

Test 
bacterial 
Strains 

Punica granatum Eucalyptus 
globulus 

Mangifera indica Acacia nilotica 

 0.40% 0.60% 0.40% 0.60% 0.40% 0.60% 0.40% 0.60% 
S1 0.2 0.3 0.30 0.7 0.75 0.45 0.45 0.35 
S2 0.3 0.4 0.35 0.6 0.5 0.6 0.45 0.55 
S3 0.5 0.4 0.35 0.20 0.6 0.4 0.6 0.7 
S4 0.2 0.4 0.1 0.15 0.7 0.5 0.75 0.5 

 
 
Table 5: Percentage of inhibition by aqueous preparation of dried leaves extract of Punica 
granatum, Eucalyptus globulus, Mangifera indica and Acacia nilotica 
 

Test 
bacterial 
Strains 

Punica 
granatum 

Eucalyptus 
globulus 

Mangifera indica Acacia nilotica 

 0.40% 0.60% 0.40% 0.60% 0.40% 0.60% 0.40% 0.60% 
S1 50 25 31.25 68.75 75 50 12.5 12.5 
S2 62.5 50 62.5 25 31.25 18.75 18.75 6.25 
S3 43.75 12.5 31.25 31.25 31.25 43.75 50 37.5 
S4 68.75 75 43.75 75 50 37.5 25 6.25 
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Fig 4: Percentage of inhibition caused by dried leaves extract of Punica granatu (a), by 
Eucalyptus globulus (b), by Mangifera indica (c), by Acacia nilotica (d) 
 
 
Table 6: Percentage of inhibition by fresh leaves extract of Punica granatum, Eucalyptus 
globulus, Mangifera indica and Acacia nilotica 
 

Test 
bacterial 
Strains 

Punica granatum Eucalyptus 
globulus 

Mangifera indica Acacia nilotica 

 0.40% 0.60% 0.40% 0.60% 0.40% 0.60% 0.40% 0.60
% 

S1 75 62.5 62.5 12.5 6.25 43.75 43.75 56.25 
S2 62.5 50 56.25 25 37.5 25 43.75 31.25 
S3 37.5 50 56.25 75 25 50 25 12.5 
S4 75 50 87.5 81.25 12.5 37.5 6.25 37.5 
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Fig 5: Percentage of inhibition caused by fresh leaves extract of Punica granatum (a), by 
Eucalyptus globulus (b), by Mangifera indica (c), by Acacia nilotica (d) 
 
Out of the aqueous preparation of dried leaves extract of Punica granatum, Eucalyptus globulus, 
Mangifera indica and Acacia nilotica, Punica granatum was found more effective at 0.40% (50%, 
62.5%, 43.75%, 68.75%) extract concentration followed by Mangifera indica (75%, 31.25%, 
31.25%, 50%), Eucalyptus globulus (31.25%, 62.5%, 31.25%, 43.75%) and Acacia nilotica (12.5%, 
18.75%, 50%, 25%) was found least effective at 0.40%. But at 0.60% extract concentration, 
Eucalyptus globulus (68.75%, 25%, 31.25%, 75%) was found more effective followed by Punica 
granatum (25%, 50%, 12.5%, 75%), Mangifera indica (50%, 18.75%, 43.75%, 37.5%) and Acacia 
nilotica (12.5%, 6.25%, 37.5%, 6.25%). 
 
In case of aqueous extract prepared from fresh leaves of the selected plants, Eucalyptus 
globulus (62.5%, 56.25%, 56.25%, 87.5%) was found more effective followed by Punica 
granatum (75%, 62.5%, 37.5%, 75%), Acacia nilotica (43.75%, 43.75%, 25%, 6.25%) and Mangifera 
indica (6.25%, 37.5%, 25%, 12.5%) at 0.40% extract concentration, while at 0.60% extract 
concentration, Punica granatum (62.5%, 50%, 50%, 50%) was found more effective followed by 
Eucalyptus globulus (12.5%, 25%, 75%, 81.25%), Mangifera indica (43.75%, 25%, 50%, 37.5%) and 
Acacia nilotica (56.25%, 31.25%, 12.5%, 37.5%). Thus, dried leaves extract of Acacia nilotica was 
found least effective at 0.40% and 0.60%. But in case of aqueous leaves extract, Mangifera 
indica was found least effective at 0.40% and Acacia nilotica at 0.60%. On the basis of quick 
response, Punica granatum was found more effective plant in comparison to other tested plant 
species (i.e. Eucalyptus globulus, Mangifera indica, Acacia nilotica). Punica granatum showed zone 
of activity within 1-2 days after implementation while other extracts showed zone of activity 
after 4-5 days.   
 
Hegde Chaitra et al. (2012) observed that the chloroform and ethyl acetate extracts exhibited 
maximum inhibition against S. aureus (10 ±0.05 mm and 16 ± 0.20 mm, respectively) and  
methanolic extract was found to exhibit better inhibition against the gram-positive bacteria 
than the gram-negative ones, with the highest inhibitory zone against B. cereus (30 ± 0.32 
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mm)[26].  Braga et al. (2005) studied that pomegranate extract at a higher concentration (1%, 
v/v) was found to completely inhibit the growth of Staphylococcus aureus FRI 722 and 
subsequent enterotoxin production [27]. Machado et al. (2003) observed that the ethylacetate 
extract revealed a zone of 16 ± 0.20 mm in the present study, whereas, the highest activities 
were previously found in the ethyl acetate fraction when tested against different S. aureus 
strains [28]. Prashanth (2001) observed that extracts prepared from flowers showed better 
results than those of leaves and also observed that the acetone extracts had more antibacterial 
effect than the methanol extracts [29]. Mathabe et al. (2005) reported that methanol, ethanol, 
acetone and water extracts obtained from pomegranate were effective against the tested 
microorganisms (S. aureus, E. coli, S. typhi, Vibrio cholerae, Shigella dysenteriae, S. sonnei, S. 
flexneri, S. boydii) showing inhibition zones between 12-31 mm[30].  
 
Janani and Estherlydia (2013) observed that methanolic rind extract showed highest 
antimicrobial activity against Staphylococcus epidermis at the concentration of 100 mg/ml with 
zone of inhibition of 14mm. While, aqueous rind extract showed highest antimicrobial 
activity against Staphylococcus aureus at the concentration of 100mg/ml with the diameter of 
zone of inhibition of 22mm [31]. Menezes et al. (2006) investigated an antibacterial effect of 
hydroalcoholic extract of Punica granatum fruit (HAEP) against dental plaque microorganisms 
and was found to be effective against Staphylococcus, Streptococcus, Klebsiella and Proteus 
species, as well as E. coli and the ellagitannin and  punicalagin are thought to be  fraction 
responsible for pomegranate’s antibacterial activity[32]. 
 
Singh et al. (2002) reported that extracts of Punica granatum peel in different concentrations 
were effective against S. epidermidis, S. aureus, S. mutans, S. sanguinis and S. salivarius. He also 
demonstrated that antibacterial activity is related to the presence of hydrolysable tannins and 
polyphenolics in the pomegranate extract specifically punicalagin and gallagic acid [33]. 
Reddy et al. (2007) and Naz et al. (2007) demonstrated that gallic acid (a tannic acid) has the 
highest anti-bacterial effect against tested sensitive strains even at low concentrations [34, 35]. 
Kote et al. (2011) showed that pomegranate juice is effective against dental plaque 
microorganisms. It decreased the CFU by 32% and showed 23% reduction in the growth of 
Streptococci and 46% reduction in the growth of Lactobacillus after rinsing with 30 ml of 
pomegranate juice [36]. While, Trivedi and Kazmi (1979) using extracts of fruit barks and 
observed  antibacterial activity of pomegranate extract against Bacillus anthracis and Vibrio 
cholera[37]. Menezes et al. (2006) observed that the hydroalcoholic extract from pomegranate 
fruit decreased the colony formation unit (CFU) per milliliters of dental plaque by 84%[32]. 
Sastravaha et al. (2005) observed the effect of pomegranate fruit extract on periodontal 
therapy and also observed that a gel containing extracts of Cenetella asiatica and Punica 
granatum was an effective adjunct to conventional periodontal therapy [38]. 
 
Abdollahzadeh et al. (2011) showed that methanolic extract of pomegranate might be used in 
control of common oral pathogens responsible for caries stomatitis and periodontal diseases 
[39]. George and Sumathy (2012) observed that pomegranate peel on Lactobacillus sp. showed 
highest inhibition when compared to the antibiotics used except Chloramphenicol [40]. 
Menezes et al. (2006) and Pereira et al. (2006) also studied the antimicrobial activity of P. 
granatum [32, 41]. Machado-Thelma et al. (2002) and Haghighati et al. (2003) observed the 
antimicrobial activity of methanolic and acetone extracts on both gram-positive and gram-
negative non-oral bacteria [42, 43]. 
 
Mc-Carrell and coworkers (2008) found aqueous macerated extract of pomegranate rind 
inhibits growth of Staphylococcus aureus and Pseudomonas aeurginosa and the extract of Punica 
granatum rind had an effect on C. albicans in all concentrations, while the pith and seed did 
not have any effect. The antibacterial activity of Punica granatum may be related to polyphenol 
structures because polyphenols may affect the bacterial cell wall, inhibit enzymes by oxidized 
agents, interact with proteins and disturb co-aggregation of microorganism. Thus, 
pomegranate fruit as a whole has superior bioactivity against oral pathogens as compared to 
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its purified polyphenols, which illustrates the chemical synergy of the whole fruit's multiple 
compounds compared to single, purified, active ingredients [44]. 
 
Ishnava et al. (2013) observed that the distilled water extract of E. globules leaf extracts is active 
against L. acidophilus. Ethyl acetate extracts are active against all the selected bacterial strain 
but show maximum activity against L. acidophilus, S. mutans and L. casei with the zone of 
inhibition is 13mm, 13mm and 11mm respectively. Hexane extracts of E. globules are also 
active against all selected microorganisms but the maximum zone of inhibition was obtained 
against L. acidophilus, S. mutans and L. casei is 12mm, 8mm and 10mm respectively. While the 
maximum activity of methanolic extract of plant leaves against L. acidophilus, L. casei and S. 
mutans is 12mm, 12mm and 13mm respectively [45]. Ghalem and Mohamed (2008) reported 
the E. globules activity against Staphylococcus aureus Gram (+) and Escherichia coli Gram (–) 
bacteria [46]. 
 
Badrunnisa et al. (2011) observed that the ethanol leaf extracts of Eucalyptus tereticornis 
showed highest activity against Pseudomonas aeruginosa (zone inhibition 19.50 ± 0.71mm, n = 
3), followed by Bacillus thurangenisis (13.00 ± 2.12mm, n = 3) and Bacillus cereus (12.75 ± 
0.35mm, n = 3)[47]. Nezhad et al. (2009) reported that the antibacterial activity of Eucalyptus 
extracts was due to the components such as 1, 8-cineole, citronellal, citronellol, citronellyl 
acetate, p-cymene, eucamalol, limonene, linalool, β- pinene, γ-terpinene, α- terpinol, 
alloocimene and aromadendrene [48]. 
 
Sirivan et al. (2008) reported that the volatile oils showed good antimicrobial activity against 
Propionibacterium acnes (MIC, MBC = 9.38 mg/ml for eucalyptus oil) [49]. Kachhiya (2008) 
observed that the methanolic extract of Eucalyptus globules stem is effective against 
anticariogenic bacteria [50].  
 
Rakotonirainy and Lavedrine (2005) reported the previous study of the growth inhibition 
ability of Eucalyptus sp. against of both Gram-positive and Gram-negative bacteria and also 
studied the antimicrobial activity methanol extracts of Eucalyptus globules against four Gram-
negative and nine Gram-positive bacterial strains including Pseudomonas aeruginosa and 
Staphylococcus sp. with zone inhibition ranging from 10-20 mm [51]. Badrunnisa et al. (2011) 
concluded that the methanol and ethanol extracts of Eucalyptus tereticornis produced 
outstanding antibacterial activity against Pseudomonas aeruginosa, Bacillus cereus, Bacillus 
thurangenisis isolated from used steel industry coolants. Although, the MIC against 
Pseudomonas aeruginosa (2 mg/ml) was higher than that for Bacillus cereus (0.5 mg/ml) and 
Bacillus thurangenisis (0.2mg/ml) while the ethanol leaf extract showed highest zone of 
inhibition of 19.50 ± 0.71mm in Pseudomonas aeruginosa at a concentration of 50 mg/ml, while 
the same extract concentration produced a zone inhibition of only 12.75 mm ± 0.35 (52.9 % 
less) and 13.00 ± 2.12 (50% less) with Bacillus cereus and Bacillus thurangenisis respectively[47].  
 
Ayepola and Adeniyi (2008) observed that the methanol extracts of Eucalyptus camaldulensis 
showed greater activity against Klebsiella sp. (15-16 mm) than Pseudomonas aeruginosa and 
Staphylococcus aureus (13-14 mm). Ayepola and Adeniyi (2008) observed that the methanol 
extracts of E. camaldulensis showed greater activity against Salmonella typhi, Staphylococcus 
aureus and Bacillus subtilis (15 -16mm) than Klebsiella sp., Yersinia enterocolitica and 
Pseudomonas aeruginosa (14mm). While, the dichloromethane fraction exhibited higher activity 
against Klebsiella sp., Salmonella typhi, Yersinia enterocolitica and Bacillus subtilis (15–16mm) 
than Staphylococcus aureus and Pseudomonas aeruginosa (13-14mm) and the methanol residue 
had a lower activity against all the test organisms except Klebsiella sp. and Salmonella typhi 
[52]. Akin-Osanaiye et al. (2007) observed the antibacterial activity of E. camaldulensis extracts 
against Staphylococcus aureus [53]. Babayi et al. (2004) observed that the methanol extract of E. 
camaldulensis has been found to be effective against staphylococcus aureus and Bacillus subtilis 
[54]. 
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Ghalem and Mohamed (2008) observed that the growth of Staphylococcus aureus and 
Escherichia coli were not inhibited at low concentrations (i.e. 1 and 2 μl) of eucalyptus oil from 
E. camaldulensis and E. globules while the increasing amount of essential oil gave a distinct 
zone of inhibition [46]. The similar result was found by Cimanga et al. (2002) and Nair et al. 
(2008) [55, 56]. Some researchers reported that the antimicrobial activity of an essential oil is 
linked to its chemical composition. 
 
Sartorelli et al. (2006), Mohammadreza (2008), Maksimovi et al. (2008) observed that the 
antimicrobial activity of plants are due to the presence of  functional groups of some 
compounds such as alcohol, phenols, terpenes and ketones [57,58,59].  
 
Bachir and  Benali (2012) observed that the essential oil showed antibacterial activity with 
varying magnitudes, depending on the size of inoculums and the concentration of essential 
oil. Diameter of inhibition zone of essential oil of E. globulus leaves varied from 8 to 26 mm. 
The largest zone of inhibition was obtained for E. coli (10-3 dilution) with 100% concentration 
of essential oil of E. globulus and the lowest for S. aureus (10−1 dilution) with 25% 
concentration of essential oil leaves [60]. These similar results was also observed Ait- 
Ouazzou (2011), Bachheti et al. (2011); Elaissi et al. (2011)[61,62,63]. While, Nagata et al. (2008) 
reported that the Macrocarpals A, B, C are the major components of Eucalyptus globules leaf 
demonstrate relatively strong anticariogenic bacterial activity against Streptococcus mutans and 
Streptococcus sobrinus [64].  
 
Hannan et al. (2013) observed that size of zone of inhibition against S. typhi was directly 
proportional to the increased concentration of acetone mango leaf extracts (AMLE). S. 
typhimurium (ATCC14028) and S. aureus (ATCC 25923) showed the largest zone of inhibition 
(20 ± 1.5mm) at the lowest concentration of extract (50mg/ml) followed by MDR and 
antibiotic sensitive S. typhi (18 ± 1.5mm). They also observed that S. typhi isolates showed 
zone of inhibition >12mm at all concentrations of AMLE (i.e. at 50mg/ml, S. typhi showed 
15.5 ± 3.5, MDR S. typhi showed 15.25 ± 3.75, Antibiotic sensitive S. typhi showed 15.5 ± 3.5, 
ATCC S. aureus showed 20.0 ± 1.5, ATCC S. typhimurium showed 20.0 ± 1.5. While at 
100mg/ml, they showed 17.25 ± 3.75, 17±3.5, 17.5±3.5, 22.0±1.5 and 20.0 ± 1.5. At 150mg/ml, 
they showed 18.0 ± 4.0, 17.5 ± 3.5, 18.5 ± 3.5, 24.0 ± 1.5, 22.0 ± 1.5. At 200mg/ml, they showed 
18.5 ± 3.5, 18.25 ± 3.25, 18.5 ± 3.5, 26.0 ± 1.5, 22.0 ± 1.5 and at 250mg/ml, they showed 19.75 ± 
3.75, 19.75 ± 3.75, 19.75 ± 3.75, 26.0 ± 1.5, 24 ± 1.5). These results against MDR S. typhi compared 
with Nigerian that showed zones of 4.0, 7.0, 9.0, 12.0, 14.0 mm at concentrations of 50, 100, 
150, 200 and 250 mg/ml respectively and demonstrated that acetone extract of mango leaf 
exerted highest activity against S. typhi compared to aqueous and methanolic extracts of 
mango leaves (Doughari and Manzara, 2008)[65,66].  
 
 
Zakaria et al. (2006) observed in the study conducted in USA that ethanolic and methanolic 
extract of mango leaf showed relatively high zones of inhibition against S. typhi. Both 
ethanolic and methanolic extract of mango leaf showed inhibition zones of >13.0 mm and 
<16.0 mm at 50 and 100 mg/ml [67].  
 
Doughari and Manzara (2008) observed that the differences in the activities of various 
extracts may be due to varying degrees of solubility of the active constituents in the solvent 
used. And also documented that different solvents have different solubility capacities for 
different phytoconstituents [66]. Thus, the study conducted by Hannan et al. (2013) showed 
that high inhibition zones against S. aureus (ATCC 25923) followed by S. typhimurium (ATCC 
14028) [65] but the previous study showed the high inhibition zones against S. aureus (ATCC 
25923) followed by S. typhimurium (ATCC 14028) (Zakaria et al., 2006; Doughari and Manzara, 
2008) [67, 66].  
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Zakaria et al. (2006), observed that this may be due to presence of lipopolysaccharides (LPS) 
in the Gram- negative bacteria [67]. 
 
Bharti (2003) in her study observed the antimicrobial activity of different extract of Mangifera 
indica against nine bacteria (Salmonella typhi, Klebsiella pneumoniae, Enterobacter aerogens, 
Mycobacterium tuberculosis, Streptococcus pyrogens, Pseudomonas aeuroginosa, Proteus vulgaris, 
Escherichia coli and Staphylococcus aureus). He observed that the methanol extract showed 
maximum zone of inhibition against Entrobacter aerogens (1.3 cm). The acetone extract showed 
a maximum zone of inhibition against Salmonella typhi (3.0cm). The hexane extract showed 
maximum zone of inhibition against Mycobacterium tuberculosis (0.5 cm). The ethyl acetate 
extract showed maximum zone of inhibition against Enterobacter aerogens (1.9 cm). The 
hexane-ethyl acetate extract showed maximum zone of inhibition against Streptococcus 
pyrogens (2.6 cm) and also against Salmonella typhi (2.5 cm) [68]. 
 
Sahrawat et al. (2013) observed that the methanol extract of Mangifera indica leaves showed 
maximum growth inhibition i.e. 18.5% against Salmonella typhi and minimum growth 
inhibition i.e. 0% against Pseudomonas fluorescens. The Ethanol extracts of Mangifera indica 
leaves showed maximum growth inhibition 20% against Pseudomonas fluorescens and 
minimum growth inhibition -28.75% against Klebsiella pneumoniae. The Benzene extract of 
Mangifera indica leaves showed maximum growth inhibitions 85.1% against Pseudomonas 
fluorescence and also showed minimum growth inhibition 18.51% against Shigella flexneri [69].  
 
Parvathi et al. (2012) showed the presence of alkaloids, phenols, flavonoids, carbohydrates 
and absence of saponins in ethanolic flower extract of Mangifera indica. Luka and Mohammed 
(2012) showed the presence of alkaloids, carbohydrates, phytosterols, flavonoids and protein 
in ethanolic leaves extract [70]. 
 
 Abdalla et al. (2007) observed that seed kernel of mango extract showed inhibitory effect 
against coliform and E. coli [71]. GM et al. (2007) observed that mango extract at 50% 
concentration showed maximum zone of inhibition on Streptococcus mitis [72].  
 
Rahman et al. (2012) observed that the leaves extract of A. nilotica was an effective inhibitors 
of bacterial and fungal growth and also observed that the extract showed varying degrees of 
activity against Gram-positive and Gram-negative bacteria as well as fungi. It showed 
inhibitory zones ranging from 4 to 29mm against E. coli, S. aureus, P. aeruginosa, K. pneumonia 
and B. subtilis [73]. 
 
Mahesh et al. (2008) observed that the methanolic extracts of Acacia nilotica showed highest 
antibacterial activity against B. subtilis and Staphylococcus aureus with inhibition zone 15 ± 
0.66mm while its leaf extract showed highest activity against Bacillus subtilis with inhibition 
zone 20 ± 1.20mm [74].  Rahman et al. (2012) observed the antimicrobial activity of methanolic 
extract of A. nilotia showed highest activity against E. coli followed by K. pneumonia, B. subtilis 
and P. aeruginosa [73]. 
 
Banso (2009) found that the ethanolic stem bark of A. nilotica L. produced antimicrobial 
activity against Streptococcus viridians, B. subtilis, S. aureus, E. coli and Shigella sonnei. He 
observed MIC value against B. subtilis and E. coli was 35 and 45mg/ml [75]. While Rahman et 
al. (2012) observed the antimicrobial activity of ethanolic extract of A. nilotica against E. coli 
and B. subtilis was 1mg/ml [73].   
 
Sharma et al. (2014) observed that at 5% concentration of babool extract showed no 
antimicrobial activity, but its babool extract showed antimicrobial activity while maximum 
antimicrobial activity was found with 50% concentration with mean zone of inhibition of 1.4 
mm [76].  
 



Shailee Jain & Tarun Upadhyay / Quorum Quenching of Bacteria Causing Dental Caries 
Through Herbal Formulation 

 

~ 80 ~ 
 

Saini et al. (2008) found that the antimicrobial activity of babool may be due to hydrophilic 
compounds such as polyphenols, gums (poly-saccharides) and tannins while secondary 
compounds includes anti-cancer (triterpenoid and saponins), diuretic (glucosides), natriuretic 
(glucosides), important nutraceutical (poly-saccaride and gum) anti-digestive disorder 
(saponins, tannins and flavanoids), anti-oxidant (polyphenols), anti-plasmodial (treptamine, 
tannins, organic acids and saponins [77]. 
 
4. CONCLUSION 
 
Conclusively, the study revealed that Bacteria are considered as causative agents of dental 
caries. It might occur either in healthy, smokers, chewers as well as chewers with smokers. 
Dental caries can be caused by both Gram positive and Gram negative bacteria, but Gram 
positive bacteria play a major role in causing dental caries. General oral microflora was high 
in healthy persons followed by smokers, chewers and chewers with smokers. But, as per our 
observation, caries causing microorganism were more present in smokers followed by 
chewers, chewers with smokers while the least numbers found in healthy persons. The dried 
leaves extract of Punica granatum was found more effective and Acacia nilotica was effective at 
0.40% concentration. But in case of fresh leaves extract, Eucalyptus globulus was found more 
effective and Mangifera indica was least effective at 0.40% concentration. The dried leaves 
extract of Eucalyptus globulus was found more effective and Acacia nilotica was least effective 
at 0.60% concentration. But in case of fresh leaves extract, Punica granatum was found more 
effective and Acacia nilotica was least effective at 0.60% concentration. 
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