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Abstract 
Many efforts have been devoted to studying the inhibitory effect of Salvadora 
persica (Miswak) on oral microorganisms. However, information regarding 
its antibacterial activity against other human pathogens is rare. Particularly, 
against Pseudomonas aeruginosa, Acinetobacter baumannii and Enterobacter 
cloacae. The purpose of this piece of work was to evaluate the antioxidant 
power and in vitro antibacterial activities of Salvadora persica extract against 
the three bacterial clinical isolates mentioned above. Therefore, the action of 
Salvadora persica extract on the three germs, studied via the aromatograms 
method, has given an inhibition zone 20, 18 and 14 respectively on Pseudo-
monas aeruginosa, Acinetobacter baumannii and Enterobacter cloacae. The 
methanol extract of Salvadora persica using Soxhlet has given an output of 
19%. The antioxidant evaluation, which was performed using the DPPH 
(1,1-diphenyl-2-picryl-hydrazyl), free radical scavenging method, indicated 
that the methanol extract showed good antioxidant efficiency (IC50 = 15.47 
mg/ml) compared to ascorbic acid with (IC50 = 0.097 mg/ml).  
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1. Introduction 

A medicinal plant is any plant containing one or more active ingredients capable 
of preventing, relieving or curing diseases [1]. Beside the antibiotics most 
known, different aromatic plants are characterized by the synthesis of odorous 
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molecules which constitute the so-called essential oils or essences known, for a 
long time, for their antiseptic activities [2] and their therapeutic activities in tra-
ditional medicine [3]. It has shown that essential oils increase the level of oxygen 
and activate the immune system in animal cells [4]. In addition, they inhibit an 
effect on murine cancer cells in culture.  

The chemical composition of essential oils is quite complex [5], terpene and 
aromatic compounds represent the main constituents; including low concentra-
tions of organic acids, ketones and volatile coumarins. The nature of the main 
compound (phenol, alcohol, aldehyde, ketone…) plays a major role in the effec-
tiveness of their biological effects [6], as well as the minority compounds. The 
use of plant extracts for antimicrobial activity has shown that these plants 
represent a potential source of new anti-infection agents. Therefore, it consi-
dered useful to contribute to the study of this activity. 

Salvadora persica, also called Miswak, reported to have powerful effect for 
dental complaints. The roots of this tree have been used for cleaning teeth since 
antiquity. Moreover, they are the most used medicinal plants for oral hygiene 
among the Muslim community [7]. The tree used by many Islamic communities 
as toothbrushes. Thus, it has been scientifically proved to be very helpful in pre-
venting tooth decay [8], even when used alone and without other methods of 
cleaning teeth. A variety of chemical components has been identified in extracts 
of Salvadora persica, some of these biologically active chemical constituents such 
as Sterol, Phenol, Palmitic Acid, Carvacrol, Eugenol, and Oleic Acids [9]. The 
purpose of our research is to demonstrate the antibacterial power against 
drug-resistant bacteria and to know the antioxidant effect of Salvadora persi-
ca.  

2. Materials and Methods 
2.1. Extraction Methods 

Stems of Salvadora persica samples, imported from Saoudi Arabia, crushed with 
mortar and extracted by Soxhlet, with 80 g of Miswak powder and 750 ml of 
methanol, at a temperature of 60˚C for 12 hours until the solvent is colorless 
then, the extract obtained is concentrated in a rotary evaporator. Later, it kept at 
4˚C in the dark. 

2.2. Bacterial Strains 

Salvadora persica extract tested in the microbiology laboratory ISPITS flap on 
three strains of bacteria: Pseudomonas aeruginosa, Acinetobacter baumanni and 
Enterobacter cloacae. These bacterial strains obtained from Mohammed V Mili-
tary Hospital Instruction Laboratory in Rabat (city situated in North West of 
Morocco). 

2.3. Preparation of the Inoculum 

Species were pre-seeded, individually, in BHIB broth at 37˚C for 18 h to 24 h. 
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Then, 4 to 5 isolated bacterial colonies suspended in physiological water at 0.9% 
NaCl. Adjusted to the Mc Farland 0.5 standard (1.5 × 108 CFU/ml) using a spec-
trophotometer, corresponding to an optical density OD, between 0.08 and 0.1 at 
625 nm, corresponding to a suspension containing about 108 CFU/ml. 

2.4. Disk Diffusion Method 

1) Antibiogram and aromatogram 
Antibiogram involves flooding an agar plate with a bacterial strain of nutritive 

broth of a known title. Then, organized the sterile discs on the agar plate. These 
discs formed by sterilized filter paper 6 mm in diameter, possibly using antibiot-
ic discs as references to specify the effect of the extract in the test. 

On the other hand, the aromatogram to be carried out by the method of Vin-
cent, which consists of depositing the disks of filter paper impregnated with the 
extract. After incubation at 37˚C for 48 hours, zones of inhibition appear around 
these sterile disks. 

2) Determination of the Minimum Inhibitory Concentration (MIC) and 
Minimum Bactericidal Concentration (MBC) 

The minimum inhibitory concentration is the lowest concentration of extracts 
that inhibits the bacteria tested. It performed on liquid environment. Essential 
Oil Dilution series ranging from 20 to 0.15 μl/ml were prepared in test tubes 
containing Luria-Bertani broth with 0.15% of the agar. Each tube was inoculated 
with a bacterial suspension adjusted to 106 CFU/ml. Controls containing envi-
ronments with bacteria, i.e., only the essential oil was included. The tubes were, 
then, incubated at 37˚C for 24 hours. MIC values were defined as the lowest es-
sential oil concentrations at which no growth was recorded.  

Minimum Bactericidal Concentration (MBC) is the lowest concentration of 
extract that is able to kill more than 99.9% of the initial bacterial inoculum (less 
than 0.01% of survivors) [10]. Each test performed in triple. The same concen-
tration range, performed by the liquid macrodilution technique, used to deter-
mine the MIC and MBC of the extract to be tested. Samples were taken in the 
control tube and in each of the tubes without a bacterial pellet and then depo-
sited “streaked” on MH agar. The inoculated dishes were incubated for 24 hours 
at 37˚C. 

3) Evaluation of the antioxidant power 
The antioxidant activity of the various extracts was evaluated for reduction of 

the radical DPPH (1,1-diphenyl-2-picryl-hydrazyl), according to the protocol 
described by Sanchez-Moreno [11]. For this reason, solutions with increasing 
concentrations are prepared by dilution of stock extract solution and ascorbic 
acid (0 to 0.15 mg/ml) used as standard. The DPPH solution is prepared by so-
lubilizing 6 mg of DPPH in 200 ml of ethanol. Method consists in mixing in a 
tube, 2 ml of the freshly prepared DPPH solution with 100 ml of the solution. A 
negative (or white) control is prepared in parallel with methanol. The whole 
then incubated in the dark for 30 minutes and the absorbance measured at 517 
nm. Three optical density measurements were determined. 
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The evaluation of the antioxidant activity expressed as a percentage inhibition 
of the radical DPPH according to the following rule [12]. 

( )control sample
% PI 100

control
Abs Ab

Abs
−

= ×  

When, “% PI” is the inhibition percentage and “Abs” is the absorbance.  
This formula makes it possible to draw the straight line which represents the 

variation of the percentage of inhibition as a function of the different concentra-
tions of each sample (y = ax + b). From this, it is possible to deduce the concen-
tration that can reduce by 50% of DPPH for the sample studied and for ascorbic 
acid. This concentration generally called IC50, calculated according to the fol-
lowing equation: 

50IC50 b
a
−

=  

where “IC50” is the concentration needed to reduce by 50% on DPPH, “a” is the 
slope of the line and “b” is the interception of the straight line, and the IC50 
value determined graphically by linear regression. 

Moreover, the results were plotted in percentage trapping activity versus sam-
ple concentration. Inhibition concentration (IC50) defined as the amount of 
crude methanol extract required for 50% of the free radical scavenging activity. 
The IC50 value calculated from the plots, as the antioxidant concentration re-
quired providing 50% free radical scavenging activity. 

3. Results and Discussions 
3.1. Antibacterial Activity 

The antibacterial activities of methanolic extract of Salvadora persica against the 
three pathogenic organisms listed in Table 1. It observed that the three strains 
react differently to antibiotics, which shows that those strains are resistant to K, 
CTX, C and TIM, on the other hand, sensitive to FOS and CT. 

The extract of Salvadora persica was active with the three strains tested, the 
diameter of the zone of the least inhibition observed in Enterobacter cloacae. 
The results of the disk diffusion test showed higher antibacterial activity against 
the bacteria. Salvadora persica extract found to have better antibacterial activity 
than antibiotics to study, and these results are consistent with the results of other 
studies [14] [15]. 
 
Table 1. Diameters of antibiotic inhibition zones and Salvadora Persica extract (in mm). 

 
ANTIBIOTIC Extract of SP (mm) 

STRAINS K CTX FOS CT C TIM SP 

Enterobacter cloacae R R S S R R 14 

Acinetobacter baumanni R R S S R R 18 

Pseudomonas aeruginosa R R - S R R 20 

K: Kanamycin; CTX: Cefotaxim; FOS: Fosfomycin; CT: Colistine; C: Chloramphenicol; TIM: Ticarcilin. 
Results are scored according to standards (R: resistant strain, S: sensitive strain) [13]. 
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Additionally, Sofrata et al. identified a volatile compound: benzyl isothiocya-
nate in extracts of Salvadora persica. In their studies, benzyl isothiocyanate 
showed a fast and powerful bactericidal effect against the bacteria, the authors 
speculated that benzyl isothiocyanate could penetrate through the outer bacterial 
membrane and possibly interfere with bacterial redox systems; thus, hinder the 
bacterium’s ability to maintain its membrane potential [16]. 

3.2. Minimal Inhibitory Concentration and Minimal Bactericidal  
Concentration 

The dilution method consists in determining the lowest concentration of an an-
timicrobial agent necessary to inhibit the growth of a microorganism [17]. The 
effectiveness of the tested extract evaluated by measuring two concentrations: 
the MIC and the MBC. These concentrations allow us to know the nature of the 
antimicrobial activity of the extract: bacteriostatic or bactericidal. Table 2 shows 
the MIC and MBC extracts of Salvadora persica extract on Pseudomonas aeru-
ginosa, Acinetobacter baumanni and Enterobacter cloacae. 

Concerning MIC and MBC Enterobacter cloacae and Acinetobacter baumani, 
they are less sensitive than Pseudomonas aeruginosa. Meanwhile, the latter is the 
most sensitive (MIC = 0.02). It observed that these results reported high values; 
these emerging pathogens, are becoming a significant health problem because of 
their remarkable ability to flood and multi-class antimicrobial resistance and 
survive in nosocomial environments [18] [19]. 

3.3. Chemical Analyzes 

1) The Output: 
The extract obtained from Salvadora persica is brownish in color with a very 

strong and persistent odor. From 80 g of Miswak powder, we obtained about 
19% of organic matter extractable by methanol. 

2) Antioxidant activity 
The antioxydant activity of Salvadora Persica methanolic extract and the 

standard antioxidant (ascorbic acide), versus the DPPH radical, were evaluated 
using a spectrometer following the reduction of that radical along with the 
change from the color purple (DPPH) to the yellow one measurable at 517 nm. 
This reduction capacity is determined by a decrease in the absorbance induced 
by antiradical substances [20]. 

The value obtained allowed us to trace the test curves (absorbance versus 
concentrations) for ascorbic acid and Salvadora persica extract. These curves, 
showing an exponential pace, represented by two linear parts: a descending line 
representing the reduction of the radical DPPH and the horizontal which indi-
cates that the reduction of the DPPH is total. 

Figure 1 shows the DPPH reduction curve as a function of the concentration 
of ascorbic acid. Table 3 represents the IC50 value of Salvadora persica extract. 
These results show that ascorbic acid has a very strong anti-radical activity with 
IC50 [12] equal to 0.097 mg/ml, this value is close to that obtained by Bentabet  
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Figure 1. Reduction curve of DPPH as a function of the concentration of ascorbic acid. 
 
Table 2. MIC and MBC of the methanolic extract against microorganisms. 

Strains MIC (mg/ml) MBC (mg/ml) 

Enterobacter cloacae 0.08 0.08 

Acinetobacter baumanni 0.04 0.04 

Pseudomonas aeruginosa 0.02 0.02 

 
Table 3. IC50 value of Salvadora persica extracts. 

Extracts IC50 (mg/mL) 

Ascorbic acid 0.097 

Methanolic extract 15.469 

 
[21]. Which is of the order of 0.08 mg/ml. Comparing with ascorbic acid, the es-
sential oil has the lowest antioxidant power.  

According to the results found, the methanolic extract has a moderate anti-
oxidant capacity. Their IC50 is 15.47 mg/ml which is much higher than that of 
ascorbic acid whose value is of the order of 0.097 mg/ml. ml (Figure 1). 

4. Conclusion 

Salvadora persica proved to be a useful natural source with high effective results 
in cleaning the oral cavity. It protects from tooth decay and prevents every peri-
odontal disease. Besides, it has several other biological effects. This study, there-
fore, illustrates the moderate and the strongest antibacterial activities of the 
Miswak’s methanol extracts against the tested pathogens. Consequently, further 
studies needed in vivo and in vitro on a large number of clinical isolates of the 
three bacteria, mentioned in this piece of work, to continue researches in this 
field, also to standardize the inhibitory effects of the Miswak extracts against 
those emergent pathogens.  
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