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Introduction 

Complete elimination of microorganism from the root 

canal system is the most important objective of the root 

canal treatment. For many years, intracanal irrigants have 

been used as an adjunct to enhance the antimicrobial 

effect of cleaning and shaping of the root canal (1). 

Irrigants can augment mechanical debridement by flushing 

out debris, dissolving tissue, and disinfecting the root 

canal system. Thus, irrigation becomes one of the most 

important determinant in the healing of the periapical 

tissues (2). Substantial number of bacteria have been 

identified in the infected root canal but Enterococcus 

faecalis which is a gram positive facultative anaerobic 

bacteria, often survives in the root canal as a single 

microorganism without the support of the other bacteria 

and multiply causing infection that stimulates local bone 

resorption. Enterococcus faecalis is responsible for the 

failure of root canal treatment and is resistant to calcium 

hydroxide due to its proton pump. They also have the 

capability to invade the dentinal tubules and adhere to the 

collagen in the presence of the human serum (3). A 

constant increase in the antibiotic resistant strains and 

tissue toxicity of the conventional irrigants has therefore, 

prompted researchers to look for herbal alternatives (4), 

due to their antimicrobial activity, biocompatibility, anti-

inflammatory and antioxidant properties (5).    

Azadirachta indica (Neem) is a commonly seen medicinal 

tree in India, which is considered holy. It is well known in 

India and its neighboring countries for more than 2000 

years as one of the most versatile medicinal plants having 

a wide spectrum of biological activity (6,7) Several 

pharmacological activities and medicinal applications of 

various parts of neem are well known (5,7). Interest on 

this substance is based on its properties like antibacterial, 

antifungal, antiviral, antioxidant, anti-inflammatory, 

antipyretic, analgesic and immuno-stimulant activity (6,7). 

Furthermore, it also has an anti-adherence activity by 

altering bacterial adhesion and ability of organism to 

http://ijmsir.com/
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colonize. It has been shown that neem is highly effective 

in the treatment of periodontal disease. Its 

biocompatibility to human periodontal ligament 

fibroblasts is an important factor favoring its clinical 

application (6).  

Turmeric [Curcuma longa] is extensively used as a spice, 

food preservative and coloring material in India, China 

and South East Asia. It has been used in traditional 

medicine for the treatment of numerous diseases. A recent 

report suggested that curcumin exhibits phototoxic effect 

against gram positive and gram negative bacteria (6,8). 

Curcumin [diferuloylmethane], the main yellow bioactive 

component of turmeric has been shown to have a wide 

spectrum of biological actions, including antimicrobial, 

anti-inflammatory and antioxidant activities (5,8) The aim 

of the present study was to give a comparative evaluation 

of the antimicrobial efficacy of  Neem, Turmeric,  

combination of  neem and turmeric, in their various 

concentrations at varying time intervals against  E. 

faecalis when compared with 2% chlorohexidine. 

Methodology 

 

The in-vitro study was carried out in the Department of 

Conservative Dentistry & Endodontics, Saraswati Dental 

College, Lucknow, India in collaboration with the Post 

Graduate Department of Microbiology, King George’s 

Medical University, Lucknow, Uttar Pradesh.  

Preparation and Collection of Plant Extracts 

Fresh Rhizomes of Circuma longa grown organically 

without the use of pesticides and fresh Neem Leaves were 

procured from the lush gardens of Saraswati Dental 

College and Hospital, Lucknow.The Extraction procedure 

was carried out at Biotech Park in Biotechnology City, 

Lucknow. 

Fresh Leaves of Neem (Azardica indica) (130 g) were 

dried in a tray drier (55 g) and then ground in a grinder 

and underwent soxlet extraction followed by filtration of 

the crude extract. solvent recovery (aqueous) was done  in 

rotavapour at 60oc in vacuum (9) Thus the pure extract (10 

g) was in the ratio herb: extract = 5:1.Similarly Fresh 

Rhizomes of Turmeric (Curcuma longa) (280g) were 

Dried in a Trey Drier (50g) and Ground in a grinder and 

underwent soxlet extraction followed by filtration of the 

crude extract. Solvent recovery (aqueous) was done in 

rotavapour at 60oc in vacuum (9) Thus the pure extract (12 

g) was in the ratio herb:extract = 5:1.The prepared Neem 

extract was considered 100%. 1 g of the extract was 

measured on the electronic weighing machine, which was 

then brought to workable consistency by adding 1 ml of 

distilled water. Hence the dilution percentage stood by at 

50% This was further diluted to 25% by adding the 

Nutrient Broth containing the microbial inocula (10-

12,5,4) The prepared Turmeric extract  was considered 

100%. 1 g of the extract was measured on the electronic 

weighing machine, which was then brought to workable 

consistency by adding 1 ml of Dimethyl Sulfoxide 

(DMSO), because the active component of Circuma longa 

is soluble in organic solvents only (13-16,5,17,4)  Hence 

the dilution percentage stood by at 50%. This was further 

diluted to 25% by adding the Nutrient Broth containing 

the microbial inocula. Preparation of Neem + Turmeric 

Extract was prepared by adding equal parts of 25% of 

Neem and Turmeric extracts in their soluble forms. Brain 

Heart Infusion Broth, Blood agar, Macconkey agar media 

plates were prepared (18-20) and stored in a refrigerator 

till further use. 

Strain of Enterococcus faecalis (ATCC29212) was 

obtained in single use disposable vials from American 

Type Culture Collection (Manassas,VA) by Hi media 

Laboratory (Mumbai, India). It was subcultured in BHI 

broth and incubated at 37oC for 24 hours in aerobic 

conditions. The broth was visualized for the presence of 

 



 Dr. Abhinay Agarwal, et al. International Journal of Medical Sciences and Innovative Research (IJMSIR) 
 

 
© 2016 IJMSIR, All Rights Reserved 
 
                                

Pa
ge

12
3 

Pa
ge

12
3 

Pa
ge

12
3 

Pa
ge

12
3 

Pa
ge

12
3 

Pa
ge

12
3 

Pa
ge

12
3 

Pa
ge

12
3 

Pa
ge

12
3 

Pa
ge

12
3 

Pa
ge

12
3 

Pa
ge

12
3 

Pa
ge

12
3 

Pa
ge

12
3 

Pa
ge

12
3 

Pa
ge

12
3 

Pa
ge

12
3 

Pa
ge

12
3 

Pa
ge

12
3 

  

turbidity indicating the bacterium growth, which was then 

maintained in the Department of Microbiology, KGMU 

till further use. 

For morphologically similar colonies, BHI broth 

containing E. faecalis was touched using a sterile wire 

loop and the growth was transferred to Blood agar plate by 

streak method and incubated at 37oC in an incubator for 

about 24 hours in aerobic conditions. This stock culture 

plate was stored in the refrigerator for further culture 

preparations and stored in a refrigerator till further use. 

(18-20) 

The density of the selected test organism i.e. Enterococcus 

faecalis (S/C 519114) (Fig.5) was to adjusted equal to that 

of 0.5 McFarland standards (1.5×108 CFU) by adding 

them to Nutrient Broth (Brain Heart Infusion) for 

Enterococcus faecalis (S/C 519114).A 24 hour old culture 

was used for the preparation of bacterial suspension, 0.5 

McFarland standards (1.5×108 CFU) were used as a 

reference to adjust the turbidity of the microbial 

suspension (18-20).  

  

The microbial analysis was done by using:- 

A) The Broth micro-dilution test for MIC values and then 

visualization of turbidity in the inoculated tubes to 

check for bacterial growth (18-20). 

B) The Broth macro-dilution (Tube dilution) 

susceptibility test for MBC    values and  then sub-

culturing on an  Macconkey Agar medium (18-20).  

A) Determination of Minimum Inhibitory 

Concentration (MIC) –  

This was done using the Broth micro-dilution MIC testing 

(18-20) and stored in a refrigerator till further use. 

The alcoholic extract of Turmeric and  the aqueous extract 

of Neem and Neem + Turmeric were serially diluted to 

four different concentrations of 25%, 12.5%, 6.25% and 

3.125% to find out their antibacterial activity against 

Enterococcus faecalis (S/C 519114) by using the Broth 

dilution method, where the test tubes containing the 

extracts in different dilutions were then inoculated with 

0.1ml suspension of the test organism.2% Chlorhexidine 

Digluconate was taken as the positive control group, 

which was introduced into the inoculated test tubes instead 

of the plant extracts. Nutrient broth was used as the 

Negative Control group. After 24 hours of incubation at 

37oC, the test tubes were observed for turbidity. The least 

concentration where no turbidity is observed, was 

determined and noted as the Minimum Inhibitory 

Concentration value (18-20).  

B) Determination of Minimum Bactericidal 

Concentration (MBC) –  

This was done using the Broth macro-dilution (Tube 

dilution) susceptibility test (18-20) and then by sub-

culturing on Macconkey Agar medium (19) and stored in a 

refrigerator till further use. In this technique, the content 

of the test tubes containing the extract in their serial 

dilution of 25%, 12.5%, 6.25% and 3.125% respectively 

were inoculated with 0.1ml suspension of the test 

organism for periods of 15 mins, 30 mins, 45 mins and 1 

hour respectively and then the contents of the tubes were 

streaked using a sterile wire loop on the Macconkey Agar 

plates and incubated at 37oC for 24 hours and then 

checked for the growth of the bacterial colony forming 

units  (20) 0.2% Chlorhexidine Digluconate was taken as 

the positive control group and was introduced into the 

inoculated test tubes instead of the plant extracts for time 

intervals of 15 mins, 30 mins, 45 mins and 1 hour 

respectively. The lowest concentration for each of the 

extracts and the positive control group, which showed no 

bacterial growth was recorded and noted as the Minimum 

Bactericidal Concentration (18,19)  

Results 
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Tables 1, 2, 3 and 4 represent the Minimum Bacterial 

Concentration in Neem extract, Turmeric extract, 

combination of Neem and turmeric extract and 

Chlorhexidine Group respectively. 

Table 1: Minimum Bacterial Concentration in Neem Extract (Group I) 

Time Interval Concentration Colony Forming Units 

15 min 25% 100 

30 min 25% 200 

45 min 25% 200 

1 hr 25% 100 

15 min 12.50% 200 

30 min 12.50% 200 

45 min 12.50% 200 

1 hr 12.50% 180 

15 min 6.75% 200 

30 min 6.75% 200 

45 min 6.75% 200 

1 hr 6.75% 200 

15 min 3.13% 200 

30 min 3.13% 200 

45 min 3.13% 250 

1 hr 3.13% 200 

Number of specimens 16 

Minimum 100 

Maximum 250 

Mean 189.37 

Standard deviation 37.50 

Median 200 

Kolmogorov-Smirnov test K=0.424; p<0.001 

Table 2: Minimum Bacterial Concentration in Turmeric Extract (Group II) 

Time Interval Concentration Colony Forming Units 

15 min 25% 0 

30 min 25% 0 

45 min 25% 0 

1 hr 25% 0 

15 min 12.50% 0 

30 min 12.50% 0 
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45 min 12.50% 0 

1 hr 12.50% 0 

15 min 6.75% 2 

30 min 6.75% 50 

45 min 6.75% 50 

1 hr 6.75% 50 

15 min 3.13% 200 

30 min 3.13% 50 

45 min 3.13% 50 

1 hr 3.13% 100 

Number of specimens 16 

Minimum 0 

Maximum 200 

Mean 34.50 

Standard deviation 53.83 

Median 1.00 

Kolmogorov-Smirnov test K=0.290; p=0.001 

Table 3: Minimum Bacterial Concentration in Neem+Turmeric Extract (Group III) 

Time Interval Concentration Colony Forming Units 

15 min 25% 150.00 

30 min 25% 150.00 

45 min 25% 200.00 

1 hr 25% 200.00 

15 min 12.50% 150.00 

30 min 12.50% 200.00 

45 min 12.50% 200.00 

1 hr 12.50% 180.00 

15 min 6.75% 150.00 

30 min 6.75% 200.00 

45 min 6.75% 150.00 

1 hr 6.75% 150.00 

15 min 3.13% 150.00 

30 min 3.13% 200.00 

45 min 3.13% 250.00 

1 hr 3.13% 200.00 
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Number of specimens 16 

Minimum 150 

Maximum 250 

Mean 180 

Standard deviation 30.55 

Median 190 

Kolmogorov-Smirnov test K=0.274; p=0.002 

 

Table 4: Minimum Bacterial Concentration in 2% Chlorhexidine (Control) 

Time Interval Concentration Colony Forming Units 

15 min 2% 2 

30 min 2% 0 

45 min 2% 0 

1 hr 2% 0 

15 min 2% 2 

30 min 2% 0 

45 min 2% 0 

1 hr 2% 0 

15 min 2% 0 

30 min 2% 0 

45 min 2% 0 

1 hr 2% 0 

15 min 2% 0 

30 min 2% 0 

45 min 2% 0 

1 hr 2% 0 

Number of specimens 16 

Minimum 0 

Maximum 2 

Mean 0.25 

Standard deviation 0.68 

Median 0.00 

Kolmogorov-Smirnov test K=0.518; p<0.001 

  

Table 5: Minimum Bacterial Concentration (Overall) in different groups 



 Dr. Abhinay Agarwal, et al. International Journal of Medical Sciences and Innovative Research (IJMSIR) 
 

 
© 2016 IJMSIR, All Rights Reserved 
 
                                

Pa
ge

12
7 

Pa
ge

12
7 

Pa
ge

12
7 

Pa
ge

12
7 

Pa
ge

12
7 

Pa
ge

12
7 

Pa
ge

12
7 

Pa
ge

12
7 

Pa
ge

12
7 

Pa
ge

12
7 

Pa
ge

12
7 

Pa
ge

12
7 

Pa
ge

12
7 

Pa
ge

12
7 

Pa
ge

12
7 

Pa
ge

12
7 

Pa
ge

12
7 

Pa
ge

12
7 

Pa
ge

12
7 

  

Group Number of 

specimens 

Mean Standard 

deviation 

Minimum 

CFUs 

Maximum 

CFUs 

Group I 16 189.38 37.50 100 250 

Group II 16 34.50 53.83 0 200 

Group III 16 180.00 30.55 150 250 

Control 16 0.25 0.68 0 2 

Total 64 101.03 92.29 0 250 

 

Discussion 

Enterococcus faecalis has been the focus of increased 

interest both in medicine and dentistry (21). A recognized 

pathogen in post-treatment endodontic infections, E. 

faecalis is frequently isolated both in mixed flora and in 

monocultures. E. faecalis is probably the species that can 

best adapt to and tolerate the ecologically demanding 

conditions in the filled root canal. Eradication of E. 

faecalis from the root canal with chemomechanical 

preparation and using disinfecting irrigants and 

antibacterial dressings is difficult (22).  

 In endodontics, E. faecalis is rarely present in 

primary apical periodontitis, but it is the dominant 

microorganism in root-filled teeth presenting with post-

treatment apical periodontitis. It is often isolated from the 

root canal in pure culture, but it can also be found together 

with some other bacteria or yeasts Eradication of E. 

faecalis from the root canal remains a challenge, while 

chlorhexidine and combinations of disinfectants have 

shown some promise (22).  

Neem (Azadirachta indica) has been found to contain a 

vast array of biologically active compounds, which are 

chemically diverse and have got an enormous therapeutic 

potential (23-26)  

Although a large number of compounds have been 

isolated from various parts, a few have been studied. 

Nimbidin, a major crude bitter principle, extracted from 

A. indica demonstrated several biological activities 

(26,11). From this crude principle some 

tetranortriterpenes, including nimbin, nimbinin, 

nimbidinin, nimbolide and nimbidic acid have been 

isolated. Nimbidin and sodium nimbidate possess 

significant dose-dependent anti-inflammatory activity (25, 

26, 11). 

In this study, Neem was included as one of the 

experimental groups because previous studies (27,28, 12), 

have proven its anti-adherence activity by altering 

bacterial adhesion and the ability of organism to 

decolonize, resulting in Neem having the maximum 

reduction in adherence of E. faecalis to dentin.(15,29) The  

extract of Azadirachta indica exhibited pronounced 

activity against a wide spectrum of bacteria viz.  S. aureus, 

Enterococcus faecalis, Streptococcus mutans, 

Streptococcus salivarius, Streptococcus mitis, 

Streptococcus sanguis and even Streptomycin resistant 

strains (30,10-34)  

The leaves of Azadirachta indica possessed good anti 

bacterial activity, confirming the great potential of 

bioactive compounds useful for rationalizing the use of 

this plant extract as a potential endodontic 

irrigant.(25,11,30,24,35).The biocompatibility of Neem 

extract on human fibroblast cells was evaluated by 

Sudhakar Benjamin et al. and they concluded that the 

cytotoxic effects of neem extract were significantly less 

compared to that of conventional endodontic irrigants (35)  
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Turmeric (Curcuma longa) is a Rhizome which is used as 

a spice in Asia. It has been used in Ayurveda and Unani 

medicines for centuries. They have excellent anti-

inflammatory and anti-oxidant activies (36)  Results from 

previous studies have hypothesized that turmeric (6) has 

the potential to eliminate the EPS matrix and bacteria(37). 

Effectiveness of turmeric extract against E. faecalis 

biofilm in root canals were studied and compared to that 

with conventional irrigants to overcome the disadvantages 

of conventional irrigants such as unpleasant taste, toxicity, 

inability to remove smear layer, limited anti bacterial 

activity and dentrimental effect on dentins structural 

integrity (6,38,39,37)  

Future scope and research warrants that Curcumin the 

chief biological component of turmeric can be used as an 

irrigant and intra canal medicament (40,16, 41, 42)  

On the basis of findings from previous studies, the extract 

of turmeric was hence included in this study as one of the 

groups because of its anti-inflammatory, anti-oxidant 

properties, which basically highlight its 

biocompatibility(40,38) and also its anti-bacterial 

property, especially its efficacy against Enterococcus 

faecalis (17,38,40,39,37,16)  

. 

Chlorhexidine is a synthetic cationic bis-guanide that 

consists of two symmetric 4-cholorophenyl rings and two 

biguanide groups, connected by a central hexamethylene 

chain (43) Its antibacterial efficacy, especially against 

enterococcus faecalis is because of the interaction of the 

positive charge of the molecule and the negatively charged 

phosphate groups on microbial cell walls, thereby altering 

the cells’ osmotic equilibrium. This increases the 

permeability of the bacterial cell wall, which allows the 

CHX molecule to penetrate into the bacteria (43,44). In 

the present study, Chlorhexidine was taken as a positive 

control group because of its proven efficacy against the 

test organism of choice (Enterococcus faecalis) 

(45,46,47,48). 

Very few studies have been conducted, wherein the 

antibacterial efficacies of Neem, Turmeric and their 

combination have been tested against Enterococcus 

faecalis, as endodontic irrigants. In the present study, the 

100% extract of Neem, which was viscous in nature, was 

diluted with distilled water, in order to bring it to a 

workable consistency, in order to fulfill the prerequisites 

of the Broth Dilution Method to be used (17) The 100% 

extract of Turmeric required an organic solvent such as 

dimethyl sulfoxide(DMSO) for its dilution (17). DMSO 

has no antibacterial properties by itself and did not affect 

the properties of the extract of turmeric in any manner (17) 

The anti-microbial efficacy of the extracts was tested 

using the Broth Dilution Method, which is the standard 

technique for checking the minimum bactericidal 

concencentration (MBC) (18-20) 

The turbidity of the tested solutions was determined to 

check the minimum inhibitory concentration (MIC), as 

this is the standard procedure followed (18-20) Even 

though a vast number of studies have been conducted on 

extracts of  Neem and Turmeric using the Serial Dilution 

Method to check their anti-microbial efficacies against 

Enterococcus faecalis,(15,29,17,49) a very few studies 

have taken into account, certain important parameters such 

as their MBC at different time intervals of 15 minutes,  30 

minutes, 45 minutes and 1 hour. Hence, the present study 

focuses on this important aspect in order to simulate the 

clinical procedures. 

A combination of Neem and Turmeric has also been used  

as one of the experimental groups. This facet has not been 

explored till date in the context of newer herbal 

endodontic irrigants. 

The results of the present study suggested that, at a 

concentration of 12.5 and 25%, Turmeric was most 
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effective significantly at all time intervals of 15 mins, 30 

mins, 45 mins and 1 hour where no colonization was seen 

(p<0.001) followed by  2%Chlorhexidine, where few 

colony forming units were evident at the 15 minute time 

interval. Chlorhexidine was equally effective as Turmeric 

for the rest of the time intervals tested (p<0.001). The anti-

microbial efficacy of Neem extract was relatively less than 

that of Turmeric and Chlorhexidine, where colonization 

was observed at all the time intervals (p<0.001) .The anti-

microbial efficacy of the combination of extracts of Neem 

and Turmeric was observed to be the least among all the 

groups in all the tested time intervals (p<0.002). 

At a concentration value of 12.5% of the tested extracts, 

the same trend was observed, with Turmeric and 2% CHX 

at all the time intervals (p<0.001). As with the previous 

concentration, here also, the Neem extract (p<0.001) as 

well as the combination of extracts of neem and turmeric 

(p<0.002) were found to be relatively less effective 

(Fig.15-30). 

At a concentration of 6.25% of the tested extracts, 2% 

CHX was observed to be most effective among the tested 

solutions, as the extract of Turmeric had shown evidence 

of colonization at all the tested time intervals. The extract 

of neem and the combination of the extracts of neem and 

turmeric were relatively as ineffective as in the previously 

tested concentrations at all time intervals. 

At a concentration of 3.125% of the tested extracts, 2% 

CHX was again observed to be most effective among the 

tested solutions, (p<0.001) as the extract of Turmeric had 

shown multiple variance in levels of colonization, but still 

showed better anti-microbial efficacy compared to the 

extract of neem and the combination of extracts of neem 

and turmeric which as seen previously, were relatively the 

least effective in their respective groups at all the tested 

time intervals (p<0.159). 

As established in the above study, Turmeric attained its 

Minimum Bactericidal Concentration at 12.5% and was 

slightly more effective than 2% CHX at the 15 minute 

time interval and equally effective at the 30 minute time 

interval. 

The Minimum Bactericidal Concentration of Neem was 

observed to be at 25% at time intervals of 15 minutes and 

also at 1 hour, which was still relatively less effective 

when compared to turmeric and 2% CHX. 

However, the MBC for the combination of extracts of 

Neem and Turmeric was observed to be at a concentration 

of 25% at a time period of 30 minutes, and hence was 

relatively the least effective preparation among all the 

groups. 

This also suggested that, when turmeric was used in 

combination with neem, its anti-bacterial efficacy was 

significantly reduced and that turmeric as a separate entity 

is a better option.  

The Minimum Inhibitory Concentration was calculated by 

checking for turbidity of the solutions at a time period of 

24 hours, which suggested that 25% extracts of neem, 

turmeric and 2% CHX were equally effective, as no 

turbidity was observed. 

However, the combination of extracts of neem and 

turmeric showed turbidity, which was evidence of 

bacterial colonization after 24 hours, rendering it 

comparatively less effective. 

Conclusions 

Within the limitation of this study, it can  be concluded 

that the use of turmeric as an endodontic irrigant can be 

promising. Use of neem extract in elimination of E. 

feacalis is still debatable as complete elimination did not 

take place.  Combination of neem+turmeric extract was 

also relatively less effective in removing E. feacalis, thus 

suggesting that they might have no synergistic action. 
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Furthermore, studies on animal model and in-vivo are 

required to access the efficacy of herbal irrigants. 
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