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Abstract— Salvadora persica is widely used in dental field to improve dental health and promote dental hygiene. Although sodium 

hypochlorite is highly recommended and regarded as the most effective irrigant in root canal treatment to eliminate bacteria, it can 

cause harm to patients manifested by severe pain, rapid swelling and also obstruct breathing airway. However, it is believed that the 

chemical composition of Salvadora persica helps to treat and act as an antibacterial agent in root canal therapy. This study aims to 

obtain the crude compound from Salvadora persica by using the freeze drying method and to compare the antibacterial activity of the 

Salvadora persica and sodium hypochlorite against Enterococcus faecalis in aerobic condition. Antibacterial activity results showed that 

150 mg/ml of Salvadora persica give comparable effect with sodium hypochlorite against Enterococcus faecalis. It is believed that 60% 

of alcoholic Salvadora persica extraction is an effective antimicrobial agent to be utilized as an irrigant in root canal treatment. 
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I. INTRODUCTION 

It is generally accepted in endodontic practice that sodium 

hypochlorite (NaOCl) is the most suitable solution for irrigation 

of the root canal system. Sodium hypochlorite is selected 

because it is a strong base that acts as an organic solvent which 

give the effect on degradation on amino acid and hydrolysis 

through the production of chloramine molecules in root canal 

treatment [40]. In case of an endodontic infection, a highly 

effective irrigant needs to be utilised to ensure a clean root canal 

area and reduction of the microbial load. Opportunistic 

microbes such as Enterococcus faecalis at the surface area of 

crown will invade into the root canal system and reside in pulp. 

The main problems affecting pulp are cracked tooth, deep 

cavity, repeated dental treatment and also trauma the patient. 

Souto and Colombo, (2008) stated that, Enterococcus faecalis 

have been found to associate to the chronic endodontitis, 

inflammation of the dental pulp by forming colonization in oral 

cavity. 

In 1987, in order to overcome the side effects, the World 

Health Organization (WHO) encouraged the researchers to 

investigate the possible use of natural product such as herbs and 

plants extract [49]. Herb and plant extract shave been used in 

oral hygiene products for many years if not centuries [28]. It is 
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believe that, the chemical composition of the Salvadora persica 

can help treat and act as antibacterial properties. This is 

supported by Daurot et al., (2002) that Salvadora persica may 

have inhibitory effect on selective bacteria [16]. It is also 

proven that Salvadora persica  have antibacterial properties 

against oral pathogen where chemical compounds such as 

sulphate gave inhibitory effects on growth of Candida albicans 

[6], Streptococcus sp. and Staphylococcus aureus [7]. In 

addition, the growth of the most sensitive microorganism in the 

oral cavity, Enterococcus faecalias was affected by the use of 

Salvodora persica [9]. Different methods have been used to 

obtain the crude of Salvadora persica for antimicrobial 

activities against the oral microorganism. Al-Bayati and 

Sulaiman (2008) claimed that, the extraction of Salvadora 

persica by using aqueous and methanol solution gave different 

strengths of inhibition to oral pathogens [5]. Complementary to 

this, aqueous efficiently inhibited the activities of all selected 

oral pathogens as compared to methanol extract which was 

resisted by Lactobacillus acidophilus and Pseudomonas 

aeruginosa. Moreover, the strongest antibacterial activity 

against Enterococcus faecalis was shown by the aqueous 

extraction assay [5].  In addition, to reduced antibacterial 

activity in oral cavity, it was suggested by Mansour et al., (1996) 

that alcoholic extract is more effective than aqueous extract 

[29]. 

In this study, we obtained the crude compound from 

Salvadora persica using ethanol extraction method and 

compared the antibacterial activity of Salvadora persica and 

sodium hypochlorite. We expected a certain amount of 

concentration Salvadora persica that could give a comparable 

effect to the sodium hypochlorite in root canal treatment.  
 

 

II. MATERIAL AND METHOD 

The family name of this specimen is Salvadoraceae. It is 

scientifically called as a Salvadora persica. It is most commonly 

known as Mustard tree and Tooth brush tree by local name. 

Fresh Salvadora persica stems were used in this study. The 

barks were removed to eliminate the unwanted debris and 

fungus that could affect the experiment. It was sent to Kuliyyah 

of Pharmacy (IIUM) and undergone herbarium vouchering 

purposes. The registered number for vouchering specimen was 

PIIUM 0286.  

 

A.  Sample Preparation 

Firstly, the stems of the Salvadora persica were cleaned and 

washed with running tap water to remove dirt and soil. The 

barks were removed by using sharp knife.  

The stems of the Salvadora persica were weighed in order 

to prepare for plant extraction. The method of oven drying was 

used following the method from Chan et al., (2012) with slight 

modification by using freeze drying to get the plant’s crude. 

Three hundred and fifteen gram of Salvadora persica stems 

were weighed by using analytical balance. Oven drying method 

process was used based on the principle that dry air will absorb 

the moisture released from samples due to high temperature and 

carried away by the circulation. The temperature was set up at 

55ºC for 3 days according the recommendation of previous 

researcher. Temperatures between 50ºC to 60ºC are 

recommended for oven drying process in order to avoid 

destruction of phytochemical contained in the plant. The stems 

were dried until a constant was achieved. Next, the samples 

were cut into discs before being grounded into fine powder by 

using food blender. The fine powder of Salvadora persica 

helped  increase the surface area during the extraction process. 

 

 
Fig. 1  Diagram of preparation and extraction of Salvadora Persica  

  

            

B.   Media Preparation 

Thirty seven grams of BHI powder was dissolved in 1L of 

distilled water. The mixture was then sterilized by autoclave at 

121ºC for 15 minutes. The sterilized solution was poured into 

sterile agar plates and allowed to solidify for a few minutes. 

The plates were covered with Para film before kept in the 

refrigerator at 4ºC. Forty seven grams of BHI powder was 

dissolved in 1L of distilled water. The mixture was then 

sterilized by autoclave at 121 º C for 15 minutes. The sterilized 

broth was poured into 6 falcon tubes separately with 10 ml 

volume each. The falcon tubes and remaining broth in the 

Schott bottles were kept in the refrigerator at 4 ºC. 

The preparation of 5.0 ml culture was done in falcon tube. 

Sterile pipet tips and eppendorf tubes were used in this process. 

The eppendorf tubes were labeled with the information of 

bacteria and the prepared date. Then, 0.5 ml  out of 5ml culture 

prepared previously was taken and added into 1.5ml sterile 

eppendorf tube. Then, 0.50 ml of sterile glycerol solution was 

added into it and mixed well. The bacteria stocks were prepared 

in many tubes and quickly placed into -80 C. The Gram 

straining was done in order to confirm the growth of bacteria 

and to differentiate between gram - positive and gram – 

negative bacteria. First, the culture from BHI broth was plated 

onto BHI agar plate to grow the colony. After the incubation 

for 18 hours in 37ºC in incubator, the plate was taken out and a 

single colony was spread onto thin film over slide and diluted 

with one drop of distilled water.  The slide with the specimen 

was heat-fixed by passing it over a flame quickly. Then, the 

fixed smear slide was flooded with crystal violet for one minute 

where the slide was appeared in purple color. After that, the 

slide was rinsed off under running water and was flooded with 

iodine solution for one minute. Then, the slide was immersed 

in 95% alcohol for 20 seconds. Lastly, the slide was 

counterstained with safranin solution for one minute. The slide 

was left to dry before viewing under light microscope.  The 

slide was microscopically observed under a 100x objective with 
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one drop of immersion oil. Gram – positive bacteria stained 

with deep violet was observed during microscopically 

examination. 

 

C.   Sample Extraction 

Ethanol solution was used to extract the phytochemical 

component of Salvadora persica.  Salvadora persica powder 

were soaked into 60% of ethanol and wrapped up in aluminum 

foil. The alcoholic extract is more effective for antibacterial 

activity against the oral pathogen as compared to aqueous 

extract [29]. Salvadora persica extraction was placed in room 

temperature for 18 hours. The solution was stirred every 4 

hours to get the equivalent extract from the powder. Then, the 

extract was filtered through Whatman No.1 filter paper in order 

to separate the sedimentation. About 500ml of fresh solution 

was obtained during the process of filtration. The extract of 

Salvadora persica solution was sent to Natural Product 

Laboratory at Kulliyyah of Sciences to evaporate the solvent of 

alcohol by using Rotary evaporator. Freeze drying process took 

place after the evaporation of the solution. It is a special form 

of drying that removes all the moisture from a sample. The 

methanol extract was subjected to complete freezing at -85ºC 

for a few hours, resulting in a rigid product without 

denaturation of enzyme and any chemical changes. The extract 

was then evaporated overnight until the final crude of 

Salvadora persica was obtained at 16.55 grams.   

 

D.   Freeze Drying 

Freeze drying method was used in this experiment in order 

to get the high yield of the crude of Salvadora persica. The 

process of freeze drying includes the process of sublimation 

and removal of bounded water molecule in the solution via 

desorption process. By using this method, it keeps the product 

at low temperature along the process to avoid any changes from 

occuring in terms of product appearance and characteristic. 

From 315 grams of Salvadora persica at the earlier weight, the 

final crude obtained after freeze drying process was 16.55 

grams. The crude was stored in a beaker at room temperature 

and covered with aluminum foil to prevent evaporation and 

exposure to excessive light. 

 

E.   Preparation of Different Concentrations of Salvadora 

Persica 

The different concentrations of the Salvadora persica were 

prepared in a falcon tube. The working solution that has been 

prepared was 200 mg/ml. Two hundred milligram per milliliter 

of Salvadora persica was prepared by weighing 3 grams of the 

crude of Salvadora persica by using analytical balance and 

diluted in 15 ml of ultra-pure water in falcon tube. Then, the 

concentration was diluted to 150mg/ml, 125 mg/ml, 100 mg/ml, 

50 mg/ml and 25 mg/ml. The volume concentration of 

Salvadora persica was based on previous research with slightly 

modification. The preparation of different concentrations of 

Salvadora persica were calculated by using the formula MIV1= 

M2V2. It is the process of decreasing the concentration of 

solute in solution, usually by mixing with more solvent such as 

pure distilled water in this experiment. MIV1 is the moles 

before dilution and M2V2 is the moles after dilution. The 

remaining crude was stored in a dark place at room temperature 

for further use. 

 

F.   Bacteria Culture Activation 

Enterococcus faecalis (ATCC ®19433™) was purchased in 

May 2016. A little amount of the bacteria from the primary vial 

was inserted into the BHI broth and the tube was placed in an 

incubator for 18 hours at 37ºC. The Minimal Inhibitory 

Concentration of the Salvadora persica  extracts were determine 

based on a micro broth dilution method in 96 multi- well 

microtitter plate. The dissolved extracts were prepared from 

lowest concentration to highest concentration of Salvadora 

persica. 150 mg/ml, 125 mg/ml, 100 mg/ml, 75 mg/ml of 

concentration of Salvadora persica were prepared in a falcon 

tube. Hundred microliter of BHI broth were added to each well 

from the first well to the sixth well. Then, different 

concentrations were added into the ir respective wells (150 

mg/ml, 125 mg/ml, 100 mg/ml, and 50 mg/ml concentration of 

Salvadora persica). Ten microliter of bacteria was added into 

each well. Sodium hypochlorite served as a positive control in 

the sixth well while negative control in well seven contained 

broth and bacteria only. The microtitter plate was prepared for 

aerobic condition. After pipetting the prepared solution, the 

plates for aerobic condition were incubated at 37ºC for 18 hours. 

The lowest concentration at which colour change occurred was 

taken as the MIC value [5][14]. The determination was carried 

out in triplicate and repeated three times to ensure the results 

obtained were reliable. 

 

G.   MIC and MBC 

The Minimal inhibition concentration (MIC) was done first 

before proceeding with the Minimum Bactericidal 

Concentration (MBC). MIC is the lowest concentration of an 

antimicrobial agent that can inhibit the visible growth of the 

microorganism after an incubation of 18 hours. It was used to 

evaluate the efficacy of antibacterial used in this experiment. 

The multi-plate 96 – well was placed in the multi- plate reader 

to obtain the results. The lowest value of the MIC was selected 

and plated onto the agar plate. The MBC was carried after the 

lowest MIC was determined. Several serial dilutions were done 

before plating the sample onto the agar plate. Ten microliter 

from serial dilution was transferred from the tube to the BHI 

agar and incubated for 18 hours at 37ºC. The appeared colonies 

on the BHI agar plate were counted and the CFU/ml was 

calculated.  

 

 
Fig. 2  MIC was done in 96 -well multiplate 

 

 

H.   Statistical Analysis 

The statistical analysis of MIC value was carried out using 

ANOVA. Colonies of the bacteria formed on the agar plate 

after 18 hours of incubation were counted using  the CFU/ml 

formula.    
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III. RESULTS AND DISCUSSION 

A. Overview of general finding 

There is a continued effort in identifying the  Salvadora 

Persica’s efficiency in terms of antibacterial activity towards 

Entercoccus faecalis. Eventhough, there were studies on 

Salvadora persica previously, but it was performed on different 

types of bacteria which were Gram- negative and fungus and a 

few Gram-positive bacteria. Despite the fact that sodium 

hypochlorite is regarded as the most effective solution and the 

most widely used root canal irrigant, there is a chance that 

natural products could take part in root canal treatment. 

Moreover, the results of previous studies revealed that the 

ethanol extract of Miswak showed stronger anti-bacterial action 

than an aqueous extract [14].  

B. Comparison of Antibacterial Activity of Salvador Persica 

and Sodium Hypochlorite 

Normality tests was carried out for Week 4 until Week 6. 

Shapiro- Wilk was computed only when the sample size is less 

than 50 and the resultant p value was selected to determine the 

normality of distributed data. In the normality test, a large p - 

value was selected to conclude that the data is normally 

distributed. The data was normally distributed, with p- value > 

0.005 when normality tests were conducted for Week 4, 5 and 

6. 

ANOVA test of antibacterial activity was carried out to test 

the equality of the means in three or more independent groups. 

The results obtained were statistically significant at 0.001 

which was less than the p value at 0.05. This was continued 

with Post Hoc test to discover the significance between the 

groups. Previous in vitro studies revealed that the action of the 

bacterial activity was dependant on certain concentration that 

has been tested. Almas et al. (2005) shows that 10 mg/ml of 

Salvadora persica produced greater zone of inhibition in agar 

diffusion assay when compared to other concentrations. The 

following readings of the absorbance were taken using a micro 

plate reader. It is a method to measure the cells that contained 

in the sample solution by measuring the intensity of light as a 

beam of light passes through at certain ranges of wavelength. 

The optical density of the bacterial suspension was 

standardized using the micro plate reader at 600nm wavelength 

as suggested by Mehmet and Ayce (2016).  

In this study, the results show the lowest MIC among the 

concentration was at 50mg/ml 0.844±0.038 when compare to 

the positive control 0.094 ±0.015. Meanwhile at the 

concentration of 150 mg/ml, shows the highest absorbance at 

1.498±0.0674 among the tested concentration. The highest 

concentration may suggest that the absorbance reading of dead 

bacteria were included after 18 hours of incubation period as it 

was not an effective concentration that inhibits the bacteria 

growth. In addition, due to some technical error, the absorbance 

reading could be due to concentrations of Salvadora persica. 

The controls for each concentrations of Salvadora persica were 

not taken before the incubation procedure. Only the standard 

blank which contained broth was set up in this study. As the 

concentration of Salvadora persica increases, the higher the 

reading of absorbance were obtained. The reading of growth 

absorbance of bacteria treated with Salvadora persica showed 

increasing trend as compared to negative control which only 

contained broth and nutrient supply. It may suggest that the 

higher concentration does not inhibit the growth of bacteria.  

Regarding the effectiveness inhibition of bacteria, Colony 

forming unit (CFU/ml) was used to estimate the number of 

viable of Enterococcus faecalis in the sample. Counting the 

colony of the bacteria required a cell culture and only viable 

cells on the agar plate were counted. The serial dilution 10^4 and 

10^6 plates were selected, and streaked on BHI agar. The 

inhibition growth of Enterococcus faecalis, positive sample 

that tested with sodium hypochlorite shows 252.149 CFU/ml. 

It acts as a baseline to compare the effectiveness of different 

concentrations of Salvadora persica with positive control. 

150mg/ml of Salvadora persica represented the lowest 

inhibition of bacteria at 123.905 CFU/ml while 50 mg/ml of the 

concentration gave the highest CFU at 3502.475CFU/ml after 

18 hours of incubation at 370C.  The result of MIC in week 4, 

5, 6 were significant at 0.001 which was less than p<0.05. The 

test was continued with Post hoc test to discover the reasons of 

the significance. 

 

C. Future Work 

Studies on root canal irrigation are quite limited. There are 

a few scientific journals or papers published about the plant 

related to root canal irrigation and endodontics. Thus, there are 

insufficient data to be compared with the present findings. 

Secondly, there were budget constrains during the laboratory 

work. Regarding to the protocol and procedure, there was one 

missing step that was not done in this research which was the 

reading absorbance of control crude Salvadora persica. The 

only control that was set up in this research was the negative 

control which contained broth and bacteria and blank. In 

addition, laboratory work in performing the inhibition study by 

plating the bacteria onto the agar plate and plate counting 

procedure required extra effort. 

 

Fig. 3  Growth inhibition of Enterococcus Faecalis 
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TABLE I 

CONCENTRATION OF ENTEROCOCCUS FAECALIS GROWTH ABSORBANCE WITH DIFFERENT CONCENTRATIONS OF SALVADORA PERSICA AFTER 18 HOURS 

INCUBATION (N=9) 

Sample (mg/ml) Mean SD p – value 

Negative Positive 

50 0.84 0.04 0.001 0.001 

75 0.88 0.07 0.001 0.001 

100 1.10 0.08 0.001 0.001 

125 1.31 0.10 0.001 0.001 

150 1.50 0.07 0.001 0.001 

Control     

Positive 0.09 0.01 0.001  

Negative 0.64 0.22  0.001 

 

 

 

TABLE 2 

VIABILITY OF ENTEROCOCCUS FAECALIS ENUMERATED BY PLATE COUNT AFTER 18 HOURS OF INCUBATION (N=6) 

 Control Positive 50mg/ml 75mg/ml 100mg/ml 125mg/ml 150mg/ml 

 54 0.666 23.3 1.33 0 0 0 

 TMTC 1.33 . 15.5 4.67 2 3.66 

 TMTC 14.3 . . 47.3 18.3 6.77 

 TMTC 33.3 86.6 533.3 0 233 0 

 TMTC 1430 6700 2300 1330 1360 300 

Mean TMTC 252.15 3502.48 630.03 274.83 274.43 123.91 

SD # 577.21 3986.17 959.16 527.12 539.16 192.58 

N 6 6 6 6 6 6 6 
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TABLE 3 

GROWTH ABSORBANCE OF MICROBROTH DILUTION ASSAY 

No Control 150mg/ml 125mg/ml 100mg/ml 75mg/ml 50mg/ml Positive 

1 0.5845 1.599 1.431 1.097 0.892 0.895 0.087 

2 0.4539 1.582 1.436 1.153 0.948 0.862 0.103 

3 0.4131 1.559 1.394 1.153 0.938 0.878 0.115 

4 0.7921 1.411 1.173 0.986 0.768 0.803 0.092 

5 0.9366 1.45 1.363 1.182 0.834 0.818 0.066 

6 1.0334 1.478 1.195 1.22 0.777 0.836 0.081 

7 0.4883 1.436 1.266 1.017 0.918 0.789 0.098 

8 0.5787 1.463 1.268 1.042 0.944 0.831 0.108 

9 0.5107 1.504 1.251 1.087 0.94 0.885 0.095 

Mean 0.6435 1.498 1.3086 1.1041 0.8843 0.8441 0.0939 

SD 0.2232 0.0674 0.0997 0.0791 0.0728 0.0377 0.0148 

N 9 9 9 9 9 9 9 

SEM 0.074 0.022 0.033 0.026 0.024 0.013 0.005 

OD 100 132.8 103.4 71.58 37.43 31.18 -85.41 

 

 

IV. CONCLUSIONS 

From this study, it can be concluded that low yield crude of 

Salvodara persica were obtained by using freeze drying 

method. Antibacterial activity of Salvadora persica is 

comparable with sodium hypochlorite at the concentration 

150mg/ml based on growth of inhibition of Enterococcus 

faecalis. It is believed that 60% of alcoholic Salvadora persica 

extraction is an effective antimicrobial agent for utilize as an 

irrigant in root canal treatment to extract out the polar and non- 

polar molecule. 
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