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Abstract: The emergence of multi-resistant bacteria (BMR) 

represents a major health problem worldwide. Among these bacteria, 

the most encountered are those that express beta-lactamase (ESBL) 

extended spectrum. The alternative therapy implementation 

represents an alternative solution to fight against this health risk. The 

purpose of this study is to investigate the bacterial diversity, 

antimicrobial resistance, types of beta-lactamases and evaluate the 

antibacterial effect of the extract of A. halimus on pathogens resistant 

bacteria isolated from clinical infection , food and environmental. 

115 pathogenic strains were isolated from different samples 

(Staphylococcus aureus, E. coli, Salmonella sp, Clostridium sp), 

respectively. All isolates are strains of beta-lactamase. The three 

Atriplex hamilus extracts, essential oil, hydrometanolic and acetate 

have a low return linked to the characteristics of the plant itself. The 

extracts showed higher antibacterial activity. The essential oil exerts 

an antagonistic effect on all strains pathogenic with 200 ul / ml while 

the extract of hydrometanolic acetate and showed an inhibitory effect 

at a concentration of 300 mg / ml depending on the strain tested. the 

results suggest that the extracts of Atriplex hamilus could be a 

potential treatment alternative for resistant bacteria. 

 

Keywords: Atriplex halimus extract, beta-lactamase, an 

antibacterial activity. 

I. INTRODUCTION 

The phenomenon of bacterial antibiotic resistance has 

been a strong interest in the scientific community since it 

represents a risk to public health. It reduces the effectiveness 

of antibiotics used as first-line and complicates the 

management of the patient. The development of resistance in 

bacteria animals can lead to food borne infections 

(Salmonella, Campylobacter) or opportunists (E. coli, 

Enterococcus sp., Staphylococcus aureus) is monitored in the 

context of an approach global public health. It is time to 

allocate efforts to find an alternative to the emergence of 

microbial resistance by new bioactive natural compounds 

from traditional plant medicine. Atriplex hamilus species are 

dominant in many arid and semi-arid regions of the world, 

particularly in habitats that combine relatively high soil 

salinity with aridity [1][2]. The plant is traditionally used in 

Algeria especially in folk medicine in the treatment of many 

diseases and infections. 
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The aim of this study is to describe the bacterial diversity from 

clinical infection and food samples, antimicrobial resistance, 

types of beta-lactamases and to evaluate the effect of the 

extracts of Atriplex halimus on pathogenic multi drug resistant 

bacteria isolated from clinical infection and food samples. 

II. MATERIALS AND METHODS 

A. Plant Materials   

Fresh Atriplex halimus leaves were collected from the region 

of Mascara in west Algerian in April 2014. The plant material 

was identified according to African flowering plants database, 

and by local expert. A voucher specimen (#226) (Fig.1) was 

deposited at the herbarium center of the department of 

Biology, Mascara University (North West of Algeria) for 

future reference. The leaves were dried for 3 weeks in 

darkness at room temperature.  

 

 
Fig. 1 : Fresh Atriplex halimus cultivated Mascara (North 

West of Algeria) 

 

Preparation of extract 

For extraction of the essential oils, the dried plant material 

(1kg) was subjected to hydro-distillation using a Clevenger-

type extraction device. This technique is based on the power 

which has water vapor transport to the essential oils by stream 

distillation of water for 2h at 95°C [3]. The methanolic  and 

acetate extracts were prepared according to the method 

described by Escarpa and Gonzalez [4]with little modification 

.The plant (50gr) were grinded and homogenized in a blinder 

and extracted with 250 ml of 80% methanol or 60% acetone 

containing 1%   of 2,6-du-tert-butyl-4-methylphenol, using an 

ultrasonic bath. The extraction was repeated three times. The 

same extracts were pooled and filtered through Whatman No 1 

filter paper and evaporated by using a rotary evaporator to 

give the crude dried extract.  The yield of each extract was 
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estimated according the equation:  Y (%)= (m/mo)x100 [3].  

Finally the extracts obtained were sterilized by filtration, kept 

in sterile tube and protected from light at +4°C. 

B. Microbial samples collection  

Clinical samples were isolated from patients (aged 

between55 and 65 with varied pathology) in surgical service 

(Table). Food samples were carried out under aseptic 

conditions from three different sources (Table 1).  All samples   

were caught during a period between Mars and September 

2013. They were collected aseptically and transported to the 

laboratory in a cooler at +4 ° C for Microbial analysis.  
 

TABLE 1: ORIGIN OF MICROBIAL STRAINS 

Site Clinical infection Food Samples 

 

 

Sampling 

Nature 

anal fissure raw milk 

Urinary infection poultry meat 

Water consumption 

Bone abscess Fish intestine  

Bovine  intestine 

 

Identification of pathogenic strains 

Samples were analyzed for aerobic bacterial content by 

cultures on a series of non-selective and selective media 

(Blood agar, Chapman medium, Hektoen medium, Nutritive 

agar medium, MRS medium), incubated at 37°C for 24 h, 48 h 

and up to72 h according to the investigated strains and with 

anaerobic condition  in the atmosphere for Clostridium. 

Followed by Gram coloration and biochemical test using 

automate microbiological system identification (API system).   

The strains isolated from these standard culture procedures 

were identified with commercials kits (API Staph, API 20 E 

and others biochemical tests for Clostridium sp [5].   

 

Inoculums’ preparation  

Nutriment broth [5] was used for growing strains and 

diluting suspensions. Bacterial strains were grown to 

exponential phase in nutriment broth at 37°c for 18 h and 

adjusted to a final density of  2x 108 CFU by diluting fresh 

cultures and comparison to Mac Farland standards 

(OD650=0.7) [6] 

 

Antibiotic susceptibility testing   

Resistance towards antibiotics was assessed for each strain 

with the disc diffusion method [7] and bacterial growth on 

Muller Hilton Agar plates . The antibiotic tested  for 

Staphylococaceae, were Oxacillin  (10

(15µg), Spriramycin (10µg), Chloramphenicol (30µg), 

Tetracyclin (30 µg) , for  Enterobacteriaceae  were Ampicillin 

(10µg), Gentamicin  (10µg), Aztreonam (30µg), Colistin 

(10µg ), Tetracyclin (30µg), Chloramphenicol (30µg), for 

Clostridiaceae  were Cefazolin(10µg)  Nalidixic Acid (30µg), 

Amoxicillin. (10µg),  Colistin (10µg).  

 

 

 

 

 Search of beta-lactamases  

Only strain resistant to one or more than antibiotic was 

selected for beta-lactamases research. Phenotypic 

demonstration of the presence of a β-lactamase extended 

spectrum in Enterobacteriaceae  is to highlight an image of a 

disk synergy between third-generation cephalosporin and 

clavulanic acid. Apply on Mueller Hinton agar [5]previously 

seeded with the test strain, a disc of ceftazidime, aztreonam or 

cefotaxime and amoxicillin + clavulanic acid disk (AMC), a 1 

½ cm. 

Search beta-lactamases in Staphylococcus sp was   

conducted   by iodometric test [8]. It consists of a complex of 

iodine discoloration-starch due to the reduction of iodine by 

penicilloic acid from the hydrolysis of penicillin G by beta -

lactamase.  

 

Antimicrobial activity assay byMinimum Inhibitory 

Concentration (MIC)  

The minimal inhibition concentration (MIC) values were 

determined in all strains isolated from clinical infection and 

food using a microdilution method according to Howaida [9] 

using 96 well microtiter plates. The MIC was defined as the 

lowest concentration of the extracts inhibiting the growth of 

microbial strains. The growth media employed was nutrient 

broth.  The highest concentration of extracts (essential oil = 

500µl, methalolic and acetate=500mg). Nutrient broth (50µl) 

according to strain tested were distributed from  the 2nd to the 

12th well, a volume of sterile extracts  of Atriplex hamilus was 

added into the 1st test well, and the 50µl of scalar dilution  

was transferred from 2nd to the 12th well. Finally, 50µl of 

calibrated bacterial suspension were added to each well.  

Erythromycin (10µg/ml) was used as positive control, 

methanol served as negative control. Growth was estimated by 

measuring well optical density at 620nm using a microplate 

Absorbance Reader Sunrise (Tecan Australia GmbH 

RC/TS/TS) comparatively to control wells (nutriment both + 

inoculum). The plate were agitated and incubated at 37°C for 

48h. The lowest concentration showing no culture was 

considered as the MIC and it’s express as (µl/ml, or mg/ml). 

3. Statistical analysis 

The tests were conducted twice for each sample and the mean 

of Colony Forming Unit (CFU) count was determined. The 

results are presented as the mean +- SD of three replicates. 

For antimicrobial activity, we consider Log CFU more than 

Log 1 as significant.   

 

5-Microdilution method: 

The MIC of each extract was determined by the 

microdilution method using a 96 then. 

- 50 L of sterile nutrient broth was then distributed in all, 

then added in the years two then 50 L of the extract A. halimus 

has a concentration After homogenization, taken 50 L in the 

third well by performing a dilution decreasing by ½ and so on 

until the twelfth well. In the end, 10 .mu.l of the microbial 

suspension (106 CFU / ml) is placed in each and. 
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- The microplate is covered incubated at 37 ° C for 24 to 48 

hours. 

Positive Control 

      Making a positive control by the antibiotic erythromycin 

(15μg) for bacterial strains and gentamicin for Gram-positive 

bacilli. 

Negative Control 

    The methanol will and DMSO are considered as a negative 

control to ensure that the negative effect of these two solvents 

on microbial growth. 

     Incubation in the same previous conditions. The 

absorbance is measured by a microplate reader (PRINTER). 

Determination of CMI 

       The MIC (minimum inhibitory concentration) is the 

lowest concentration responsible for the inhibition of 

microbial growth (Guinoiseau. 2010). It is determined after 

having carried out the kinetics of microbial growth curves. 

Determination of CMB 

       The MBC (minimum bactericidal concentration) is the 

lowest concentration able to kill more than 99.9% of the initial 

microbial inoculum (less than 0.01% of survivors). 

The MIC and MBC are determined each microbial growth 

without well then deposited "streaked" on a nutrient agar for 

bactériennes.les cash boxes are seeded 24 hours at 37 ° C. 

6-Mechanisms of action of Atripex halimus extracts on multi-

resistant strains 

 

6-1 Lyse strains after contact with extracts of A. halimus 

 Principle 

  To appreciate the release of cell contents to 260 nm, the 

washed bacterial suspension is treated with extracts inhibitory 

concentration (essential oil, polyphenolic compound). 

Applying the technique (K.S Rosenthal et al., 1976). 

1. Wash the tested strains 

     Bacterial culture obtained after 24 hours of incubation was 

centrifuged at 400g for 25 minutes, the supernatant is removed 

and the bacterial pellet is resuspended in a volume of sterile 

PBS phosphate buffer (Appendix) equal to the initial volume 

of the bacterial culture. The suspension thus obtained is called 

washed suspension. 

2. Setting ET on the tested strains 

     To verify the adsorption of essential oils and their 

constituents on the strains studied, the washed suspensions 

were treated for 20 minutes in a concentration of ET 

subinhibitrice A. halimus, then centrifuged at 12,000 g for 2 

minutes. 

The absorbance at 280 nm of the supernatant is measured 

in comparison with EOs suspensions or polyphenolic extracts 

spun down in the same way without prior contact with 

bacteria. 

3. Microscopic examination of strains tested 

 Microscopic verification is done after Gram staining. 
  

Observation of bacteria treated with a scanning electron 

microscope (SEM). 

      After an hour of treatment with bactericidal concentrations 

of extracts of the plant, bacteria are prefixed with a 

glutaraldehyde solution diluted to 2% in PBS for one hour at 4 

° C. A post-fixation is done by osmium tetroxide 2% diluted in 

PBS for 30 minutes at 4 ° C. After each fixation, bacteria were 

washed twice in PBS buffer. 

Then, the bacteria are dehydrated '' at the critical point '' in the 

presence of liquid CO2 under a pressure of 95 bar. The 

samples are covered with a gold layer by sputtering using a 

metallizer before being examined with a scanning electron 

microscope  

 

 

 

 

 

 

 

 

 

 

 

Method of synergy between the antibiotic and the extract 

A. halimus (method FIC) 

Principle 

     In order to seek a possible synergy (plant extract + ATB), 

combinations between the plant extract (ET, EM, EA) e 

antibiotics (amoxicillin, penicillin) were tested to calculate the 

FIC index (Fraction Inhibitory Concentration). (Remmal A. et 

al., 1993) 

 Processing solid medium (preliminary test) 

     The Petri dish is first seeded on the surface by a fresh 

suspension of the test strain (24 hour culture) and then 

proceed to the development of cavities with sterile cookie 

cutter in the agar medium cast and solidified box . Filling 

these cavities with a volume of 100 .mu.l of ET or 

polyphenolic extracts and ATB (inhibitory concentration) that 

will diffuse into the agar and incubation is performed after the 

observation of inhibition diameters. 

 Micromethod 

Technique 

- Prepare different concentrations of extracts (essential oil, 

methanoic extract and aqueous extract) and the antibiotic (B), 

the first column and the last row of the microtiter plate are 

provided for MIC determination of every single antibacterial 

agent ; 

Then horizontally distribute 50 ml of each concentration of A 

vertically and 50 ml of each concentration B finally add 90 

.mu.l of nutrient broth. 

 Preparation of bacterial inoculum 

Prepared from a pure culture of bacteria in the exponential 

phase, a suspension of the strain to be studied, in 5 to 10 ml of 
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sterile saline (or BN), a density equivalent to 0.5 MF (108 

CFU / ml); dilute this suspension opacity 0.5 MF 10-1; then 

inoculate the wells of the microplate with 10 .mu.l of bacterial 

suspension to a final concentration of 5.105 CFU / ml at the 

end incubated at 37 ° C. 

After 18 hours of incubation, each note in the first row tube 

containing A + B, without visible growth; 

-To Determine, in each of these wells fractions inhibitory 

concentrations FIC A and B or A and FIC FIC B; 

-The Value of the association is quantified by the FIC index; 

FIC A: corresponds to the IJC report of A and B on the MICs 

single A; 

FIC B: is the ratio of the MIC B with A on the MIC B alone; 

FIC = FIC A + FIC B = (MIC A with B / MIC alone A) + 

(MIC B with A / B MIC only) 

  

If the FIC index is less than 0.75, the combination is 

synergistic, 

It is additive if it is equal to 1, 

Indifferent if it is between 1 and 2, 

Antagonist if it is greater than 2. 

 

 II. Statistical analysis 

All experiments were performed in duplicate, the frequency of 

isolation of germs was determined in percentage, the results 

were expressed as X ± SEM 

For the determination of the antibacterial activity of plant 

extracts (H.E, E.M, E.A), a difference of 1 log CFU / ml is 

considered significant (Rooly et al., 1993). 

III. RESULTS AND DISCUSSION  

A. Extraction of Essential oil   from Atriplex halimus  

The essential oil of Atriplex halimus obtained from the 

aerial part is yellow, liquid appearance with a strong odor 

resulting from the salinity. The plant has a low yield of 0.06% 

with neutral pH of 7.1. The low yield may be due to various 

factors such as the characteristics of the plant as it grows in 

saline soils [10] which may affect the growth and yield of the 

plant [11]. Furthermore, salinity causes an increase in the 

epidermal thickness, the thickness of the mesophyll, palisade 

cells of the length, the diameter of palisade cells of the leaves 

in Atriplex halimus [12]. Salinity also reduces the intercellular 

space in the sheets [13]. In addition, low levels of essential oil 

may be due to the method of extraction or the time and place 

of harvest. This species originated in Bechar provided with the 

same method of extracting essential oil content of 0.02% of 

the aerial part of the plant [14]. These differences may be due 

to factors related to the ecosystem (climate, soil type, rainfall, 

etc.), the time of harvest and drying time.  

B. Methanolic and Acetate extraction  

The result of this experiment allowed the production of 

two different extracts its appearance and color with pH 6.63. 

The methanol extract is dark green with a solid look after 

evaporation, with a yield equal to 0.84%. A study was made 

by BELYAGOUBI [15] indicating that 24% yield of the same 

species and the same part used for extraction. This difference 

in the level of performance always goes to the origin and 

characteristics of the plant. While the acetate extract obtained 

is brown with a yield of 0.052% and a pH of 8.07. This results 

were similar than obtained by CHIKHI ILYAS,[14] 

C. Bacterial Species distribution 

13 Strains from clinical infection and Food samples were 

isolated and described in Table 2 

 
TABLE II: PATHOGENIC BACTERIA ISOLATED FROM CLINICAL INFECTION AND 

FOOD 

Site samples Pathogenic   strain 

isolate 

Denomination 

Clinical 

infection 

anal fissure Clostridium sp Clostridium .sp 

Urinary 

infection 

E.coli E.coli .1 

Bone abscess Staphylococcus 

aureus 

S. aureus .1 

 

 

Food 

Samples 

raw milk Staphylococcus 

aureus 

S. aureus .2 

poultry meat Staphylococcus 

aureus 

E.coli 

Salmonella sp 

S. aureus.3 

E.coli. 2 

Salmonella sp .1 

Water 

consumption 

Staphylococcus 

aureus 

E.coli 

S.aureus.4 

E.coli. 3 

Fish intestine Staphylococcus 

aureus 

E.coli 

S. aureus.5 

E.coli.4 

Bovine  

intestine 

Salmonella sp  

E.coli 

Salmonella sp. 2  

E.coli. 5 

D. Antibiotic susceptibility test 

According to the table 3, the bacterial strains isolates 

were multidrug-resistant to 100%. This level of resistance is a 

consequence of many factors, including misuse of antibiotics; 

increased severity of the status of hospitalized patients; lack of 

adherence; too short or sub-therapeutic dose; unconfirmed 

bacterial infection and improper use of antibiotics [16]. 

Table 3: 
  Results of  

 

Antibiotic 

Susceptibility tests 

bacteria 

Antibiotics Test 

sensibility 

S. aureus 1, 2, 3,4,5 Ampicillin R 

Oxacillin 

Erytromycin 

Gentamycin 

Spiramycin  

E.coli 1,2,3,4,5 Gentamicin R 

Colistin 

Amoxicillin 

 

 

Salmonella sp 1,2 Gentamicin R 

Colistin 

Amoxicillin 

 

Clostridium.sp Colistin R 

Nalidixic Acid 

Cefazolin 

Amoxicillin  
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E. Determination of beta-lactamases  

The search for beta-lactamase was performed only in  E. 

coli and Staphylococcus aureus with resistance to antibiotics 

are 100%. According to the results, all tested strains from 

E.coli of produce BLSEs. These enzymes are responsible for 

the multidrug resistance strains overlooked different 

antibiotics.  This result shows the prevalence of the emergence 

of antibiotic-producing bacteria including BLSEs 

Enterobacteriaceae [17]. Producing strains BLSEs were often 

associated with nosocomial outbreaks associated with several 

risk factors such as ICU admission. The spread of plasmids 

(plasmid epidemics) and / or other mobile genetic elements is 

among the main causes for the emergence of BLSEs 

producing bacteria [18]. Because of the abundance and 

ubiquity of E. coli, several recent studies have mounted it is 

the species most affected by the emergence of new BLSEs 

[19]. While, in Staphylococcaceae, the presence of enzyme 

was achieved through the iodometric test which proved 

positive for strains with penicillinase phenotype. These 

enzymes may also acquire resistance acquired through mobile 

genetic elements (plasmids, transposons or integrons). 

Penicillin’s production strains showed resistances to 

antibiotics belong to the family of amino pinicilines (AMX 

example) [20].  Study of antibacterial activity by the 

combination of extracts A. halimus and antibiotics (test 

FIC) 

Method of Dissemination 

       In order to improve efficiency and the antibacterial effect 

of antibiotics on pathogens and producing bacteria of BLSEs, 

we conducted a test combination of extracts A. halimus and 

tested antibiotics in antibiogram. According to the primary 

results shows an improvement in the inhibition zones (see 

Table 11), we can deduce that there is a synergy between the 

extracts and antibiotics 

 
TABLE III: DIAMETERS OF INHIBITION ZONES AFTER THE ASSOCIATION 

BETWEEN EXTRACTS AND ANTIBIOTICS. 

 
 

    An improvement appeared in the inhibition exercised by the 

association between essential oil and antibiotic on the tested 

strains (E.coli, E.coli of milk origin, Salmonella.sp, 

Shegilla.sp, S.aureus, SA.IMM, Clostridium.sp) where the 

diameter increased by 2 mm is realized between 10 and 12 

mm. 

     For the methanol extract, a positive association was 

established with the antibiotic that is reflected in an 

improvement in the inhibition diameter reaches 12 mm in 

S.aureus and varied between 9 and 10 mm for other strains 

tested. This study is approved by the A.Elbashiti Tarek et al 

(2011), synergy was found between the methanol extract and 

Amikacin on the E. coli strain with a zone of inhibition of 22 

mm. On S.aureus, a synergistic effect is shown between the 

methanol extract and some antibiotics whose most remarkable 

combination with minocycline where the zone of inhibition 

reaches 48 mm. 

     To the aqueous extract, inhibition is exerted by the 

combination of the extract and antibiotics on Clostridium.sp, 

Shegilla.sp, Salmonella.sp, E.coli, S.aureus and SA.IMM 

whose diameter is varied between 9 and 12 mm. The study 

A.Elbashiti Tarek and his staff on S. aureus and E. coli (2011), 

indicates by aillor no inhibitory effect when there is an 

association between the aqueous extract with the antibiotic 

tested. 

       
 

 

 

 

     
 

 

 
Plate 13: synergy test applied on the strains tested 

 

 

 

 

Technic of microdilution  

 To verify the nature of relationship between the extracted 

A. halimus and tested antibiotics was applied a microdilution 

then calculate the fraction inhibition (FIC) and compare with 

the standards of this test. 

 
Plate 14: Test FIC (inhibition fraction). 

 

FIC calculation of each extract with the antibiotic 

       To determine the type of relationship between each 

extract and antibiotics, we calculate what is called the 

fractional inhibition (FIC) (see tables below if). 

 

 

 

 

 

 

 

H.E + ATB 1 E.M + ATB1 

1 

E.A + ATB 1 

H.E + ATB 2 H.E + ATB 2 H.E + ATB 2 

ATB 1 : Pinicilline  
ATB2 :Amoxicilline 
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1. Essential oil 

 
TABLE IV: MIC VALUES OF E.O WITH  THE ANTIBIOTIC 

strains MIC of  

E.O 

(µl/ml) 

MIC of 

ATB 

(µg/ml) 

MIC of E.O 

with ATB 

(µl/ml) 

MIC of  

l’ATB 

with E.O 

(µg/ml) 

SA 200 1 100 (100/1) 0.5 

(0,5/50) 

SA.IVM 200 1 100 (100/1) 0.5 

(0,5/50) 

SA.IMM 200 1 100 (100/1) 1(1/100) 

Clostridiu

m.sp 

200 8 100 (100/4) 2(2/50) 

E.C 200 8 100 (100/4) 2 (2/50) 

E.C (lait) 200 4 100 (100/4) 4(4/100) 

Shegilla.s

p 

200 4 100 (100/4) 2 (2/50) 

Salmonel

la.sp 

200 4 100 (100/4) 2 (2/50) 

 
TABLE V: CALCULATION OF THE FIC INDEX BETWEEN H.E AND ATB  

 

The association between the extracted A. halimus and 

antibiotics adds a good effect for the inhibition of the strains 

tested. Synergy appeared in the combination of antibiotics and 

essential oil on Clostriduim.sp E.coli and hospital-acquired. 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Methanolic extract 

 
TABLE VI: MIC VALUES FOR M.E WITH THE ANTIBIOTIC 

Strains   MIC of 

M.E 

(mg/ml) 

MIC of 

ATB 

(µg/ml) 

MIC of 

M.E 

With 

ATB 

(mg/ml) 

MIC of ATB 

with M.E 

(µg/ml) 

SA 200 2 50 

(50/0,5) 

0,5 (0,5/50) 

SA.IVM 25 2 50 

(50/0,5) 

0,25 (0,25/25) 

SA.IMM 25 2 100 

(100/1) 

0,25 (0,25/25) 

Clostridi

um.sp 

100 8 50 (50/2) 1(1/25) 

E.C 200 8 100 

(100/4) 

1(1/25) 

E.C 

(lait) 

50 8 25 (25/1) 2 (2/50) 

Shegilla.

sp 

200 8 100 

(100/4) 

8 (8/200) 

 

. TABLE VII:  CALCULATION OF THE FIC INDEX BETWEEN M.E AND 

ATB . 

 
To the methanolic extract, the efficiency of the association 

between them and antibiotics has resulted in improving the 

inhibitory effect on Clostridium.sp, E.coli, E.coli and S.aureus 

of dairy origin. 

 

 

 

 

 

 

 

 

 

 

Strains  FICEO FICATB FICend Nature of the 

relation between 

E.O and ATB 

SA 0,5 0,5 1 Additive 

SA.IVM 0,5 0,5 1 Additive 

SA.IMM 0,5 1 1,25 Indifferent 

Clostridium.sp 0,5 0,25 0,75 Synergetic 

E.C 0,5 0,25 0,75 Synergetic 

E.C (lait) 0,5 1 1,5 Indifferent 

Shegilla.sp 0,5 0,5 1 Additive 

Salmonella.sp 0,5 0,5 1 Additive 
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3. Aqueous extract 
TABLE VIII: MIC VALUES ON E.A.U WITH THE ANTIBIOTIC 

 
TABLE 18: CALCULATION OF THE FIC INDEX BETWEEN A.E 

AND ATB . 

 

       To the aqueous extract, a positive relationship gives a 

better effect on the majority of pathogenic strains including 

Salmonella.sp, Shegilla.sp, hospital origin of E.coli, 

Clostridium.sp, S.aureus, SA.IMM. 

      The efficiency of the effect of synergy between antibiotics 

and different halimus Atriplex extracts can get to the increase 

in salinity in the aerobic part of the plant (12% Na +). 

     This test gives an idea about the importance of alternative 

medicine to fight against the emergence of multidrug 

resistance of bacteria to antibiotics. 

IV. CONCLUSION 

In conclusion, the emergence of multidrug-resistant 

bacteria infections is a serious threat to humans and 

environment   worldwide.  In this study, samples from Clinical 

infection and   Foods allowed to isolate different  strains Gram 

positive and Gram negative bacteria pathogenic, multidrug 

resistant  and producing beta-lactamases.   

The results of the antibacterial activity of different extracts of 

Atriplex halimus demonstrate strongest inhibitory effect 

against all pathogenic strains producing beta-lactamase. 

Further physiochemical researches are required to identify the 

active molecules responsible for the inhibition effect, and to 

determine the mechanism of action of the plant extract on the 

pathogenic strains  for further application as an alternative 

natural therapeutic antimicrobial agent . 
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