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ABSTRACT 
 
Natural extracts contain a variety of phenolic compounds which have an antioxidant and antibacterial capacity; 
they can successfully replace antibiotics that show their inefficiencies against multi-resistant bacteria. In this 
context, this study was intended as a contribution to the understanding and evaluation of the bioactive potential of 
methanolic, hydro-methanolic and aqueous extracts of Mentha viridis. The qualitative analysis revealed the 
presence of polyphenols and flavonoids, which were confirmed-by-quantitative-analysis. The extracts of Mentha 
viridis expressed an important anti-production activity of the Exopolysaccharides by all pathogens strains. The 
amount of exopolysaccharides (EPS) produces by bacteria decreased considerably with all extracts comparatively 
to control (without extracts). The extracts showed strong properties to trap molecules of free radical DPPH with an 
inhibition power ranging from 45 to 85%. 
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INTRODUCTION 
 

The infantile gastroenteritis and food poisonings represent major health problems, although drugs exist to treat these 
diseases, those are not always effective; because of appearance of bacteria resistant to antibiotics and toxicity of the 
products [1]. Since thousands of years, humanity used various plants found in its environment, in order to treat and 
to look after all kinds of diseases, these plants represent an immense tank of potential compounds allotted to the 
secondary metabolites which have the advantage of being of a great diversity of chemical structure and they have 
very a wide range of activities biological. The search for new therapeutic molecules equipped with antibacterial and 
antioxidant activity proves consequently necessity to return towards the naturalness became more than essential [1]. 
The role of phenolic acids, their derivatives and flavonoids involves the ability to scavenge radicals through electron 
transfer with reactive oxygen species (ROS). However the evaluation of these activities remains a very interesting 
task which can in vivo make the interest of many studies like in vitro [2]. In this context this present research task 
fits, of which the principal goal is to study the antibacterial and antioxidant activities in vitro of various extracts and 
essential oil of Mentha viridis: plant largely used throughout the world; there exists more than thousand two hundred 
varieties cultivated out of the five continents, it belongs has the family of the Lamiaceae and it present many virtues 
[1]. Because of the importance of the bacterial adhesion - which constitutes a stage necessary for the gastro-
intestinal colonization of the tract, the aim of this study was to evaluate in vitro antioxidant activity and the 
exopolysaccharide’s production of multiresistant bacteria responsible of gastroenteritis and food poisoning, in 
presence of Mentha viridis extracts. 
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EXPERIMENTAL SECTION 
 

Preparation of the extracts 
The pulverized plant material was cold extracted in methanol (20 g of fine powder in 200 ml of methanol) for 
methanolic extract, another 20g was extracted in mixture of methanol/water (80/20) (v/v) to constitute 
hydromethanolic extract and the third one 20 g of plant material was extracted in water for aqueous extract [3].The 
separated extracted were then filtered through Whatman’s No. 1 filter paper and the methanol filtrate were 
separately concentrated to dryness in vacuo using a rotary evaporator (at 60°c) to remove the methanol. The aqueous 
extract was lyophilized to obtain a dry powder extract [4] 
 
Total phenolics content 
The amount of total polyphenols was determined using the Folin–Ciocalteu’s method. Briefly, 1 ml of the 
methanolic extract was mixed with 1 ml of 1/10th Folin–Ciocalteu reagent. After 5 min, 10 ml of aqueous Na2CO3 
(7%, w/v) were added. The mixture was allowed to stand for 90 min at 23 1C and then absorbance was read at 750 
nm (JENWAY IC 6400 UV/ visible). A standard curve was prepared using gallic acid over a range of 0 to 1 mg/ml. 
Total polyphenols values are expressed in gallic acid equivalents (GAE) per gram of dry weight (mg GAE g-1 DW) 
[5]. 
 
Total Flavonoids Content 
Method of the aluminium trichloride (AlCl3) [6] is employed to determine the content of flavonoid total in the 
various extracts. A calibration curve (y= ax+b) established by the catechine (0-40ug/ml), realized under the same 
operating conditions that the samples, will be used for the quantification of the flavonoid. The content of flavonoid 
is expressed in microgram of equivalent of catechine per milligram of extract [6]. 
 
Antioxidant activity: DPPH radical scavenging assay: 
The antioxidant activity of the M. viridis extracts were assessed by measuring their scavenging abilities to 2,2´-
diphenyl-1-picrylhydrazyl stable radicals. The DPPH assay was performed as described by Gachkar et al. [7]. 100µl 
of samples (studied extract) from 100µg/ml to 1000µg/ml were mixed with 2.9ml of DPPH solution (2.4mg in 
100mL of MeOH). After 30min of incubation at a room temperature, the absorbance of the reaction mixture was 
measured at 517 nm. Scavenging of DPPH free radical in percent (%) was calculated in following way: 
 
DPPH radical scavenging (%) = 100 × (Ablank-Asample/Ablank) where Ablank is the absorbance of the control reaction 
mixture excluding the test compounds and A sample is the absorbance of the test samples. IC50 values, which 
represented the concentration of studied extracts that caused 50% neutralization of DPPH radicals, were calculated 
from the plot of inhibition percentage against concentration. 
 
Bacterial strains 
Pathogenic bacteria frequently implied in infantile gastroenteritis: Clostridium difficile isolated from beef meat and 
the cow's milk, along with Staphylococcus aureus, Escherichia coli, Klebsiella oxytoca, strains isolated from ill 
children’s stools were provided by the Laboratory of Medical Analysis in the Wilaya of Mascara. Strains were 
maintained on nutrient agar slopes at +4°C. Before experimental use, cultures were subcultured twice in nutrient 
broth (peptone 15.0 g, yeast extract 3.0 g, sodium chloride 6.0 g, D (+) glucose 1.0 g, distilled water 1 L) 
 
In vitro evaluation of antibacterial activities of Mentha viridis 
 1. Antibiogram (method of Diffusion agar) 
Inoculation of 106cfu/ml of bacterial culture of each strain sown on the agar surface, after incubation at 37°C during 
24h ; we proceed to the determination of the diameter of inhibition zone (expressed in mm) formed around each disc 
[8]. The antibiotics used are: colistin (CT), aztreonam (ATM), gentamicin (CN), oxacillin (OX), cefazolin (CZ) and 
the spiramycin (SP). 
 
2. Exopolysaccharides Content (EPS)  
Immobilization of bacteria was done by exposing the suspensions bacteria to the ultrasounds waves (52 khz /10 
minutes). Add the extracts. After incubation at 37°C for 24h, the extraction of the exopolysaccharides (EPS) was 
carried out [9]. The cells were harvested by centrifugation at 5000g/15min after boiling at 80°C, precipitate the EPS. 
Filter the supernatant at 4°C. Add three volumes of ethanol, then centrifuge at 10.000g /20min at 4°C.Resuspended 
in sterile physiological water. The quantification of exopolysaccharides (EPS) was carried out by the essay of total 
sugars described by [10]. Add to 1ml solution of EPS, 1ml of phenol and 5ml of sulfuric acid. The absorbance (A) 
was measured after vortexing the mix at 490nm comparing to control (without extract). 
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Statistical analysis 
All experiments were made in duplicate. All data are presented as means ±SD. 
 

RESULTS AND DISCUSSION 
 

Yield  
 The greatest yield was observed with the aqueous extract (10%), followed by the methanolic extract (9%) then the 
hydro-methanolic extract (6%) respectively.  
 
Total polyphenols Content 
The content of phenolic compounds of each extract was calculated and expressed in milligrams of equivalent gallic 
acid per gram of dry weight (mg EGA/g DW).The total polyphenols content of the various extracts shows that the 
methanolic and aqueous extract presents a high content 16.72 ± 6.10 mg EGA/g DW and 16.61 ± 0.51 mg EGA/g 
DW respectively followed by the hydro-methanolic extract 10.40 ± 2.22 mg EAG/g DW (fig. 1). The extracts 
of Mentha pulegium, showed that the total polyphenols content borders 15% [11]. The distribution of the secondary 
metabolites can change during the development of the plant. This can be related to the hard climatic conditions (the 
high temperature, solar exposure, drought, salinity), which stimulate the biosynthesis of the secondary metabolites 
such as the polyphenols [12]. Indeed, the phenolic content of a plant depends on a certain number of intrinsic factors 
(genetic) and extrinsic (climatic conditions, cultural practices, maturity with harvest and conditions of storage) [12]. 
The solvent of extraction carries nonphenolic substances like sugars, the proteins and them dyes which can interfere 
during any phenolic evaluation [13].  
 
Total Flavonoid content  
The content of the flavonoid was carried out according to the trichloride method of aluminium by using like 
standard the catechine. The content of flavonoid is expressed in milligram of equivalent of catechine per gram of 
extract (mg EC/g DW). The methanolic extract is also richest in flavonoid with 2.2. ± 0.06 mg EC/g of extract 
followed by the aqueous extract with 1.35 ± 0.04 Mg EC/g and the hydro-methanolic extract with 0.98 ± 0.02 mg 
EC/g of extract (fig.1). Mentha pulegium of southern Spanish obtained either 28mg± 0.06EC/g for the alcoholic 
extract or 24 ± 0.01 for the aqueous extract while the contents approach for the extract hydo-alcoholic [14]. The 
explanation of this difference concerning the rate of the flavonoid, can lie in made that they are synthesized in 
abundance at certain parasitized plants, to push back certain insects by their unpleasant tastes or to protect 
themselves from the attack from a close plant [15]. However, it is difficult to compare these results with those of the 
bibliography because the use of various methods of extraction and the differences climatic and the conditions in 
storage, reduced the reliability of a comparison between the studies [15]. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
. 
 
 
TPC:Total polyphenol content ,TFC: total flavonoid content, mg: milligram, EGA: equivalent gallic acid, DW: dry weight 

Fig.1Total polyphenol and flavonoid content in the extracts of M. viridis 
 
In  vitro antioxidant activity of Mentha viridis (reduction of DPPH)  
The antioxidant activity of extracts of M. viridis tested with radical DPPH was evaluated by spectrophotometer 
with 517 nm by comparing it with the vitamin E and while following the reduction of the DPPH which is 
accompanied by its passage by the color violet to the yellow color. The variation of the power of reduction 
according to the concentration of the extracts enables us to calculate IC50 parameter (the effective concentration of 
the substrate (extracts), necessary to reduce 50% of the free radicals in the reactional medium). The IC50 values were 
calculated graphically; where the X-coordinate is represented by the concentration of the compounds tested and the 
ordinate by the power of reduction expressed as a percentage [16]. Among the three extracts of Mentha viridis, the 
aqueous extract represents the most active extract with a PR of 68% (of 400 with 1000ug/ml) and an IC50 of 440 
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ug/ml, followed by the methanolic extract with a PR of 60% (800 and 1000ug/ml) and an IC50 of 650ug/ml and in 
the last, the hydromethanolic extract with a PR about 43% (800 and 1000ug/ml) and IC50 of 950ug/ml (fig.2). 
It seems according to these results that the vitamin C is the most effective antioxidant compared to the 
extracts studied (fig. 3) with an IC50 of 220µg/ml and a power of reduction going until the 90.94% with 1000ug/ml. 

 

. 
 

Fig. 2: antioxidant activity of studied extracts compared to vitamin C 
 
Almost 90% of the studies on the antioxidant activity use the method of the DPPH: this method is simple but 
strongly sensitive [17].It is reported that the phenolic compounds can give a hydrogen atom to the free radicals 
stopping of this fact the chain reaction of propagation during the process of oxidation [18]. Many studies established 
relations between the chemical structures of the flavonoïds and their antioxidant capacities; the activity of these 
molecules to trap the free radicals depends primarily on their structures. The tannin also has a radicalising action of 
trapping on the radical 1-1 diphényl-2-picrylhydrazyl (DPPH).  

 

. 
 

Vit C: vitamin C, AE: aqueous extract, ME: methanolic extract, HME: hydro-methanolic extract 
Fig. 3: IC50 values of vitamin C and extracts of M. viridis 

 
Results of in vitro antibacterial activities of Mentha viridis 
 
1.Antibiogram 
According to the recommendations of the committee of the antibiogram of the French company of Microbiology 
[19], results of this test indicates that the response to antibiotics tested varied from a bacterial strain to another 
(Table 1) 
 

Table 1: Antimicrobial activity profile of selected antibiotics (expressed as diameter of inhibition zone in mm) 
 

                 antibiotic 
Bacteria                        

 
      CT 

 
    ATM 

 
     CN 

 
    OX 

      
     CZ 

      
     SP 

E. coli     S (24)     S (45)    S (35)     R (6)     R (5)     R(5) 
Klesbsiella oxytoca     S (15)      R(8)    R (14)     R (8)     R (5)     R(6) 
Staphylococcus aureus     R (5)     R(15)    S (20)    S (24)     S (15)     I (20) 
Clostridium difficile   S (12)    R (10)    S (15)     R(7)     R(8)     R(8) 

R: resistant, S: sensible, CT: colistin, ATM: aztreonam, CN: gentamycin, OX:oxacillin, CZ: cefazolin, SP: spiramycin 
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2. Quantification of the Exoplysaccharides without treatment 
The amount of exopolysaccharids (EPS) varied from 0, 8 to 3,2 mg/l (fig. 4). In vivo, the production of the EPS is 
strongly competing; the EPS give to the bacteria a competitive advantage, to allow them to be maintained and makes 
them more resistant to the desiccation and the attacks by the antibiotics. It was also shown that the matrix of EPS 
could physically prevent the entry of some antimicrobial agents inside the biofilm, while acting like an ion exchange 
for example, and thus reducing the diffusion of composed since the external medium towards the interior of the 
biofilm [20]. 
 

. 
 

Fig.4. Exopolysaccharides content of pathogens strains 
 

3.  Quantity of the EPS from pathogens strains after treatment by M. viridis extracts 
The extracts of Mentha viridis expressed an important anti-production activity of the EPS by al pathogens strains 
(fig.5). Various factors can affect this production such as the concentration in divalent cations, the ratio carbon-
azotes and the availability in certain substrates. Indeed, the production of EPS required much energy and it thus 
appears improbable that bacteria used as much energy and substrate without an advantage gains [21]. 
 

. 
 

EPS: exopolysaccharides, ME: methanolic extract, HME: hydromethanolic extract, AE: aqueous extract 
Fig.5. Exopolysaccharides content of pathogenic strains with Mentha viridis extracts 

 
CONCLUSION 

 
The medicinal herbs constitute true chemical plants from which it is necessary to gain the maximum of profit. For 
obtaining various extracts, an aqueous maceration (extracted aqueous) and an organic extraction (methanolic and 
hydro-methanolic extracts) were carried out. Our extracts presented a remarquable yield (6, 9 and 10% for the 
hydro-methanolic, methanolic and aqueous extract successively).Our results indicate that M. viridis extracts have an 
important inhibiting capacity of bacterial adhesion, according to decreases of the EPS production. Extracts of 
Mentha viridis have an important antibacterial qualities; for the treatment of the gastroenteritis in the children and 
the infants. Also, an antiradical effect was observed with all extracts tested comparing to vitamin C. Complementary 
tests will be necessary and have to be able to confirm the performances put in obviousness’s. We think of showing 
through this work which plants constitute a tank very interest for research in the future. 
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