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INTRODUCTION 
 

Antimicrobials, such as antibiotics, are 
essential to treat infections that are caused by 
pathogenic microorganisms. However, their abusive 
or excessive use in veterinary and human medicine 
should be correlated with the urgency and spread of 
resistant bacteria, which render the treatment of 
infectious diseases ineffective on animals and 
humans. 

Because of this problem, researchers are 
turning increasingly to traditional medicine as a 
source of new drugs [1]. Herbal medicines are an 
essential part of healthcare around the world. 
Medicinal plants are important for pharmacological 
research and drug development, when not only the 
plant constituents are directly used as therapeutic 
agents, but also as raw materials for drug synthesis or 
as models for pharmacologically active compounds. 
In order to ensure the conservation and availability of 
these plants for the future, the regulation of their 
exploitation and export is essential, as is the 
cooperation and coordination at an international level 
[2]. 

Among these medicinal plants, we are 
interested in the plant Quercus robur L. which is 
defined as one of the species of Fagaceae family, 
whose leaves are used against hemorrhages, diarrhea 
and incontinence. 
In this context, the objective of this work is to 
highlight the antimicrobial activity of two methanolic 
and aqueous macerates of Quercus robur L leaves on 
some uropathogenic microbial strains. 
 

MATERIALS AND METHODS 
 

Our work has focused on the 
characterization, on the one hand, of the 
phytochemical properties of pedunculate oak leaves 
of "Quercus robur L.", and on the other hand, the 
antimicrobial activity of two macerates on some 
pathogenic microbial strains. 

The isolation and identification of the microbial 
strains were carried out at the level of Dr. Benchaib 
S. Md's medical analysis laboratory (Bechar-Algeria) 
while the phytochemical analysis and the various 
antimicrobial tests were carried out at the level of Dr. 
Hamid KADI’s biological laboratory at Tahri 
Mohammed University of Bechar (Algeria). 

Vegetable material 
Harvesting the plant 
The pedunculate oak leaves (Quercus robur 

L.) were collected at the level of the Mezi mountain 
of Djeniene Bourezg in the region of Ain-Sefra 
(Province of NAAMA-Algeria) during the month of 
October 2017 (Figure 1). 
 

 
 

Figure 1. Geographical location of collection site of 
the plant in Djeniene Bourezg (Province of 

NAAMA-Algeria) [3]. 
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Preparation of plant material 
The pedunculate oak leaves (Q. robur L.) are 

washed and dried at room temperature and protected 
from light. Then the dry plant is coarsely ground in 
an electric mixer (IKA® Werke M20, Germany) and 
stored at room temperature in a closed jar to preserve 
their original quality. 

Qualitative phytochemical analysis 
Regarding the tri-phytochemical study, three 

extractions were performed according to the protocol 
developed by Georgievskii et al., [4]. The crude 
extracts were obtained by successive extractions with 
solvents of increasing polarities. In this order, 
petroleum ether, methanol and distilled water were 
used. The preparation of the extracts made it possible 
to carry out a qualitative phytochemical analysis. 

Extraction processes 
The aqueous and methanolic macerates of the 

studied plant were extracted by maceration, the 
method is described below: 

Preparation of macerates 
A test sample of 10 g of the dried plant was 

mixed with 100 mL of distilled water. The mixture is 
stirred for 24 hours. After filtration through a filter 
paper, the filtrate is evaporated by steam evaporation 
in rotary flask evaporator (Buchi Rotavapor R-210, 
Switzerland), dried under reduced pressure at 100 °C 
to obtain the aqueous macerate residue. 

However, for the methanolic macerate, a test 
sample of 5 g of the dried plant was mixed with 85 
mL of methanol. The mixture is stirred for 24 hours. 
After filtration, the filtrate is evaporated, dried under 
reduced pressure at 65 °C. 

The obtained residues are determined by 
weight to calculate the yield of aqueous, methanolic 
and etheric macerates [5]. 

Yield of macerates 
The yield of the macerate was determined 

after the total evaporation of the solvent. The yield of 
the extract is defined as the ratio between the mass of 
the plant material to be treated and the mass of the 
obtained extract [6]. This yield is calculated 
according to the following formula: 

           R = (M / M0) × 100 
R: Yield expressed in %. 
M: Mass in a gram of the obtained dry extract. 
M0: Mass in a gram of the plant material to be 
processed. 

Microbial strains 
The evaluation of the extracts’ antimicrobial 

activity was carried out in accordance with official 
methods. However, the tested microorganisms were 
isolated from the pathological samples (urine and 
vaginal discharge) by cyto-bacteriological exam of 
urine and vaginal discharge in women. These 
analyzes were carried out at the level of Dr. 
Benchaib’s medical analysis laboratory (Bechar-
Algeria) and Boudjemaa TOURABI 240 beds’ public 
Hospital (Bechar-Algeria), where we focused more 
on hospitalized patients. 

For this study, we selected urine samples with 
significantly bacteriuria greater than or equal to 105 
CFU/mL. 

The isolated strains were firstly subjected to 
macroscopic identification of colonies on nutrient 
agar phenotypic and microscopic characterization by 
fresh state observation between slide and coverslip, 
and differential Gram staining; secondly, 
identification of biochemical characteristics (classical 
gallery using IMVIC test, oxidase test, catalase test, 
miniaturized gallery API 20E, staphylocoagulase test 
and API Staph). The fungal strain Candida albicans 
is isolated on Sabouraud-chloramphenicol medium 
and undergoes the blastosis test (filamentation test). 
The isolated and identified microorganisms were 
eleven (11) strains in total, distributed as follows: 
Three (03) strains of Escherichia coli, three (03) 
strains of Staphylococcus aureus, Klebsiella 
pneumoniae, Enterococcus faecalis, Salmonella sp 
and Pseudomonas aeruginosa. 

Antimicrobial tests 
The colonies that have been isolated from 

young cultures on nutrient agar medium (Fluka, 
India) incubated at 37 °C for 18 to 24 hours are 
transferred into tubes containing sterile physiological 
saline water (0.9 % NaCl), in order to prepare 
bacterial suspensions having an equivalent turbidity 
of 0.5 McFarland. Then, the bacterial suspension, 
previously prepared, was seeded with a sterile swab 
on the entire surface of a Mueller-Hinton agar 
medium (Himedia, India) by tight property streaks. 

Agar diffusion method (disc and well): 
The antimicrobial resistance profile study 

towards antibiotics was carried using the MH agar 
diffusion method, with loaded antibiotic discs as 
recommended by the National Committee on Clinical 
Laboratory Standards (NCCLS) [7]. 

Antibiotic discs, used for disc diffusion 
method, were the first rank for Escherichia coli, 
Klebseilla pneumoniae and Salmonella sp as follows: 
cefoxitin, cefazoline, chloramphenicol, amoxicillin-
clavulanic acid, ampicillin, ofloxacin, imipenem, and 
cefotaxime; secondly for Staphylococcus aureus: 
penicillin, oxacillin, vancomycin, fosfomycin, fusidic 
acid, erythromicin, amikacin, gentamycin; thirdly for 
Pseudomonas aeruginosa: ofloxacin, tobramycin, 
imipenem, rifampin, ticarcillin, fosfomycin, amikacin 
and cefotaxime; and finally for Enterococcus 
faecalis: vancomycin, tetracycline, gentamicin, 
erythromicin and ampicillin. 

The antimicrobial activity of the extracts was 
determined by the disc diffusion method on agar 
medium and well diffusion method [9,10]. The first 
method consists in substituting the antibiotic discs 
with other discs confined from Wattman paper 
impregnated with the extract which concentrations 
were prepared as follows (0.18g/mL, 0.15 g/mL, 0.1 
g/mL, 0.05 g/mL; 0.03 g/mL, 10 mg/mL, 5 mg/mL 
and 1 mg/mL) for the methanolic macerate, and two 
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concentrations for the aqueous macerate (0.15 g/mL, 
0.06 g/mL). 

Each inoculated Petri dish contains the 
impregnated discs with dimethyl sulphoxide 
(DMSO), methanol and diethyl ether which they used 
as a control. Finally, the dishes were incubated at 37 
°C for 24 h 

The second method was described by 
Vlietinck and Vanden Berghe [11] which we applied 
to confirm the action of the tested extracts. This 
method consists of cutting a circular hole in the MH 
agar; the solution of each extract is poured with a 
volume of 10 µl into the well. The radially diffused 
of the extract gives a circular inhibition zone on the 
surface of the agar seeded with the bacterial 
suspension by streak swabbing. 

Broth dilution method 
The MIC is the lowest concentration of 

antimicrobial agent that completely inhibits the 
growth of the microorganisms in tubes visible to the 
unaided eye. 

Broth macro-dilution method is one of the 
basic methods for antimicrobial susceptibility testing. 
The procedure involves the preparation of different 
dilutions of the tested antimicrobial agent in a liquid 
growth medium dispensed into tubes containing a 
minimum volume of 2 ml (macro-dilution). Then, 
each tube is inoculated with a microbial inoculum 
prepared in the same medium after standardization of 
the microbial suspension to 0.5 McFarland [12,13]. 

Statistical Analysis 
In this study, the inhibitory zones means of 

three experimental tests of antimicrobial activity as 
well as the standard deviation were calculated using 
Excel software, from which we are going to release 
graphical presentations as a histogram for antibiotic 
susceptibility and antimicrobial testing. 
 

RESULTS AND DISCUSSIONS 
 

Yields of macerates 
The extraction of the compounds obtained 

from the leaves by maceration, allowed us to obtain 
two raw macerates: aqueous macerate and 
methanolic macerate. The extraction yield of the 
leaves is shown in Figure 2 below. 

The yield of macerates is variable for leaves 
from one macerate to another. It ranges from 8.5 to 
22.4 %. The yield of the methanolic macerates was 
higher compared to the aqueous macerates. 

Qualitative phytochemical analysis 
Phytochemical tests consist in detecting the 

different chemical families in the leaves of Quercus 
robur L. This detection is based on the constituent 

solubility test, precipitation reactions, turbidity and a 
specific color change. The results of the 
phytochemical analysis are given in Table 1 below: 

The carried out phytochemical analysis 
revealed the presence of seven major chemical 
groups in the leaves: tannins, coumarins, fatty acids, 
reducing compounds, sterol glycosides, saponins and 
alkaloid salts (Figure 3), with absence of starch, 
anthocyanins, anthracenosides, flavonoids, free 
quinones, terpenoids, sterols or triterpenes, emodols 
and basis alkaloids. 

 
Table 1 (a, b, c): Qualitative phytochemical analysis 

of Quercus robur L leaves 
 

(a) Etheric extract 
 

Components leaves 
CN 

(Petroleum 
ether) 

Coumarins + - 
Fatty acids + - 

Starch - - 
Basis alkaloids - - 

Emodols - - 
Sterols or triterpenes - - 

Free quinones - - 
Terpenoids - - 

 
(b) Aqueous extract 

 

Components leaves 
NC 

(Distilled 
water) 

Alkaloid salts + - 
Reducing compounds + - 

Tannins +++ - 
Saponins + - 

Starch - - 
 

(c) Methanolic extract 
 

Components leaves NC 
(Methanol) 

Alkaloid salts + - 
Tannins +++ - 

Reducing compounds + - 
Flavonoids - - 

Sterol glycosides + - 
Coumarins + - 

Anthocyanins - - 
Anthracenosides - - 

(-): Negative test; (+): Positive test; (+++): strongly positive; (NC): 
Negative Control 
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Figure 2. Yields of leaves macerates of Q. robur L. AM: Aqueous macerate; MM: Methanolic macerate 
Results of three tests (mean ± standard deviation) 

 

 
 

Figure 3. Photographic illustration of qualitative phytochemical tests of Quercus robur L leaves 
(a): Alkaloids salts; (b): Tannins; (c): fatty acid; (d): Triterpene steroid heterosides; 

(e): Reducing compounds; (f) Coumarines; (g) Saponins. 
 
 

Tested uro-bacterial strains 
The antimicrobial resistance profile results of 

bacterial strains carried out by diffusion method on 
Mueller-Hinton agar are reported in Table 2 (a, b), 
and Figure 4. 

These results reveal that the bacterial 
resistance is relatively important, with several 
antibiotics namely ampicillin, amoxicillin+clavulanic 
acid for enterobacteria (the three strains of 
Escherichia coli and Salmonella sp); in addition to 
these two antibiotics, Klebsiella pneumoniae strain 
was resistant to amoxicillin. The three strains of 

Staphylococcus aureus were resistant to fusidic acid, 
penicillin and oxacillin. While Enterococcus faecalis 
was resistant to fusidic acid, penicillin, oxacillin and 
ticarcillin. Pseudomonas aeruginosa strain of 
iatrogenic origin was resistant to ticarcillin, 
ceftazidime and cefotaxime. 

The results of the antimicrobial testing by disc 
and well diffusion method for both macerates of Q. 
robur L. are presented in Tables 3 and 4, and Figure 
5, 6 and 7. 
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Table 2 (a, b). Diameters and percent inhibition values of inhibition zones (I %) of antibiotics against tested uro-

bacterial strains 
(a) 

E. coli 1 E.coli 2 E. coli 3 K. pneumoniae Sal.  sp 
   

Bacterial 
              strains 
 
ATBs 

D 
(mm) 

I 
(%) 

P. 
ATB 

D 
(mm 

I 
(%) 

P. 
ATB 

D 
(mm) 

I 
(%) 

P. 
ATB 

D 
(mm) 

I 
(%) 

P. 
ATB 

D 
(mm) 

I 
(%) 

P. 
ATB 

Amoxicillin 32 35.56 S 30 33.33 S 22 24.44 S 6 6.66 R 39 43.33 S 
Amoxicillin +  
clavulanic acid 6 6.66 R 6 6.66 R 6 6.66 R 6 6.66 R 6 6.66 R 

Cefalexin 22 24.44 S 25 27.78 S 19 21.11 S 20 22.22 S 24 26.67 S 
Ofloxacin 30 33.33 S 52 57.78 S 30 33.33 S 42 46.67 S 42 46.67 S 
Ampicillin 6 6.66 R 6 6.66 R 6 6.66 R 6 6.66 R 6 6.66 R 
Imipenem 36 40 S 34 37.78 S 39 43.33 S 26 28.89 S 39 43.33 S 
Cefazolin 32 35.56 S 25 27.78 S 35 38.89 S 29 32.22 S 37 41.11 S 

Chloramphenicol 38 42.22 S 28 31.11 S 38 42.22 S 21 23.33 S 45 50 S 
Cefoxitin 27 30 S 26 27.89 S 25 27.78 S 29 32.22 S 18 20 S 

Cefotaxime 27 30 S 30 33.33 S 25 27.78 S 22 24.44 S 30 33.33 S 

 
(b) 

S. aureus 1 S. aureus 2 S. aureus 3 E. faecalis P. aeruginosa    
Bacterial 

       strains 
 
ATBs 

D 
(mm) 

I 
(%) 

P. 
ATB 

D 
(mm) 

I 
(%) 

P. 
ATB 

D 
(mm) 

I 
(%) 

P. 
ATB 

D 
(mm) 

I 
(%) 

P. 
ATB 

D 
(mm) 

I 
(%) 

P. 
ATB 

Fusidic acid 14 15.56 R 12 13.33 R 18 20 R 6 6.66 R - - - 
Fosfomycin 6 6.66 R 6 6.66 R 6 6.66 R 6 6.66 R - - - 
Penicillin 6 6.66 R 6 6.66 R 6 6.66 R 6 6.66 R - - - 
Oxacillin 30 33.33 S 28 31.11 S 6 6.66 R 6 6.66 R - - - 

Vancomycin 25 27.78 S 24 26.67 S 14 15.55 S 15 16.67 S - - - 
Cefalexin 25 27.78 S 24 26.67 S 25 27.77 S 26 28.89 S 17 18.89 S 
Amikacin 24 26.67 S 22 24.44 S 31 34.44 S 32 35.56 S 18 20 S 
Ticarcillin - - - - - - -  - 6 6.66 R 6 6.66 R 
Imipenem - - - - - - - - - - - - 24 26.67 S 

Ciprofloxacin - - - - - - - - - - - - 25 27.78 S 
Ceftazidime - - - - - - - - - - - - 16 17.78 R 
Cefotaxime - - - - - - - - - - - - 19 21.11 R 

 
Table 3. Diameters values of inhibition zones by disc diffusion method of methanolic and aqueous macerates 

towards the tested uro-microbial strains 
 

Methanolic macerate Aqueous macerate 

       Concentration 
 
  MS 

 
1 

mg/mL 

 
5 

mg/mL 

 
10 

mg/mL 

 
0.03 

g/mL 

 
0.05 

g/mL 

 
0.1 

g/mL 

 
0.15 

g/mL 

 
0.18 

g/mL 

 
0.06 

g/mL 

 
0.15 

g/mL 
E.coli 1 - - 8.5±2.12 10±1.14 15±0.0 15.5±0.7 18.5±0.7 18.5±0.7 12.5±0.7 15.5±0.7 

E.coli 2 - - 7±1.41 12±4.24 17±1.41 17.5±3.53 20±0.0 20±0.0 11.5±0.70 23.5±2.12 

E.coli 3 - - 9.5±0.7 9.5±2.12 14.5±0.7 15.5±0.7 17±2.82 15.5±0.7 13.5±0.70 17±1.4 

S.aureus 1 - - - - 9.5±0.70 15±0.0 20.5±2.12 22.5±3.53 - - 

S. aureus 2 - - - - 8.24±0.0 9±0.0 10.5±0.0 22±3.53 - - 

S. aureus 3 - - 10±1.41 13±1.41 16.5±2.12 21±1.41 25±1.41 24.5±3.53 13±1.41 17±1.41 

E. faecalis - - 7.5±2.12 8.5±0.70 14±2.82 16.5±0.70 18±1.41 20±1.41 - 16.5±0.70 

C. albicans - - - - - 13.5±2.12 13.5±0.70 12.5±2.12 10±0.0 16±0.0 

K. p - - - 9.5±2.12 14±1.41 15.5±3.53 18.5±0.70 21±1.41 - - 

P. a - - - - - - - - - - 

Sal. sp - - - 12.5±2.12 16.5±2.12 16±4.24 21±1.41 22±0.0 11.5±2.12 18.5±0.70 

(MS): Microbial strains; (D): Diameter of inhibition zones in (mm), I (%): Percent inhibition, (P.ATB): Antibiotic resistance profile, (S): 
Susceptible, (R): Resistant, (I): Intermediate, ATBs: antibiotics, E. coli: Escherichia coli, P. a: Pseudomonas aeruginosa, E. faecalis: 
Enterococcus faecalis; Sal. sp: Salmonella sp; S. aureus: Staphylococcus aureus, K. p: Klebseilla pneumoniae. Ac.: Acid 
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Table 4. Diameters values of inhibition zones by well diffusion method of methanolic and aqueous macerates 

against the tested uro-microbial strains 
 

Methanolic macerate Aqueous macerate 

 
Concentrations 
 
  MS 

 
1 

mg/mL 

 
5 

mg/mL 

 
10 

mg/mL 

 
0.03 

g/mL 

 
0.05 

g/mL 

 
0.1  

g/mL 

 
0.15  
g/mL 

 
0.18 

 g/mL 

 
0.06 

g/mL 

 
0.15 

g/mL 

E.coli 1 - - - - 13±0.0 16±0.0 17±0.0 19±0.0 13±0.0 18±0.0 

E.coli 2 - - - 10±0.0 12±0.0 17±0.0 20±0.0 19±0.0 12.5±0.70 18.5±0.70 

E.coli 3 - - - 14±0.0 14±0.0 17±0.0 20±0.0 23±0.0 12±0.0 15.5±0.70 

S.aureus 1 - - - 10±0.0 12±0.0 19±0.0 20±0.0 19±0.0 14.5±0.70 18±1.41 

S. aureus 2 - - - 11±0.0 15±0.0 19±0.0 20±0.0 10±0.0 14±1.41 19±1.41 

S. aureus 3 - - - 10±0.0 13.5±2.12 16.5±4.94 20.5±3.53 22.5±3.53 13±0.0 16±0.0 

E. faecalis - - - 9±2.82 14.5±0.70 18±2.80 20.5±2.12 24±0.0 14.5±0.70 19.5±0.70 

C. albicans - - - 12±0.0 15±0 17±0 20±0.0 24±0.0 17±1.41 18±2.82 

K. p - - - 9.5±2.12 14±1.41 15.5±3.53 18.5±0.70 21±1.41 13.5±0.70 12±0.70 

P. a - - - 12±0.0 13±1.41 15±2.82 19.5±0.70 22±0.0 19±0 20±0.0 

Sal. sp - - - 10±0.0 12±0.0 17±0.0 21±0.0 24±0.0 14.5±0.70 18.5±2.12 

 
 

 
 

Figure 4. Antibiogram assay of tested uro-bacterial strains on Mueller-Hinton agar 
(a) E.coli 2 ; (b) E. coli 3 ; (c) : E. faecalis ; (d) : K. pneumoniae ; (e) : P. aeruginosa ; (f) : S. aureus;  

(g) : Salmonella sp. 
 



  13

 
 

Figure 5. Antimicrobial activity of the methanolic macerate against tested uro-bacterial strains on Mueller-
Hinton agar (disc diffusion method). (a) E.coli 1 ; (b) E. coli 2 ; (c) : E. coli 3 ; (d) : E. faecalis ; (e) : Salmonella 

sp ; (f) : S. aureus  P. aeruginosa ; (g) : K.pneumoniae. 
 

 
 

Figure 6. Antimicrobial activity of methanolic macerate against tested uro-microbial strains on Mueller-Hinton 
agar (well diffusion method). (a): C. albicans; (b) E. coli 1; (c) : E. coli 2; (d) : E. coli 3; (e) : E. faecalis; (f) : 
K.pneumoniae ; (g) : P. aeruginosa ; (h) : Salmonella sp ; (i) : S. aureus 1; (j) : S. aureus 2 ;  (k) : S. aureus 3. 
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Figure 7. Antimicrobial activity of the aqueous macerate against tested uro-microbial strains on Mueller-Hinton 
agar (well diffusion method). (a) : Salmonella sp; (b) : S. aureus 1; (c) : S. aureus 2; (d) : S.aureus 3; (e) : C. 

albicans; (f) : P. aeruginosa; (g) : K.pneumoniae. 
 

 
Discussion 
The search for new antimicrobial agents 

becomes an obligation before the development of 
many diseases and resistance of microorganisms to 
antibacterial and antifungal molecules. 

According to the extraction yield results, the 
yield of the methanolic extract is greater than the 
aqueous extract. This result proves that the 
methanolic extract contains more phytochemical 
compounds of analyzed oak leaves [14]. 

The phytochemical results are similar with 
those given by Uddin and Rauf [15] where the 
species has a high concentration of phenolic 
compounds, coumarin, tannins, fatty acid; triterpene 
steroid heteroside and alkaloids [16-18]. 

The antibiotic resistance profile results of E. 
coli strains showed resistance to amoxicillin 
+clavulanic acid and ampicillin. These results reveal 
the sensitivity of isolated E. coli uropathogenic 
strains, not ESBL producing, compared to several 
authors who sound the alarm on the risk of the multi-
resistance of strains involved in urinary tract 
infection and which also considerably limits the 
therapeutic options and constitutes a real public 
health problem. 

We note the work of Elbouamri et al., [19] 
where they isolated 1472 uropathogenic 
Enterobacteriaceae where 924 non-repetitive of E. 
coli strains had an overall isolation frequency of 
63%. 

The antimicrobial resistance of isolated E. coli 
strains revealed variable levels of resistance to 

amoxicillin, sulfamethoxazole - trimethroprim, 
amoxicillin + clavulanic acid, ciprofloxacin, 
gentamicin, nitrofuran, amikacin and fosfomycin. In 
addition, the work of El Bakkouri et al., [20] showed 
a significant increase in resistance to ampicillin and 
norfloxacin by the analysis of 799 E. coli 
uropathogenic community strains where the 
consumption of antibiotics - a non-negligible risk 
factor favoring the evolution of these resistances- is a 
real problem. 

K. pneumoniae strain was resistant to 
amoxicillin, amoxicillin+clavulanic acid and 
ampicillin. Nori and Ziadi Chibane's study [21] on 
the antibiotic resistance of K. pneumoniae isolated in 
the hospital’s environment, where isolated strains 
from urine were more than 50 % of the other 
pathological samples where all the studied strains 
were resistant to amoxicillin and ticarcillin (natural 
resistance). 

However, these strains had variable resistance 
to amoxicillin+clavulanic acid, to cefazolin and to 
cefotaxime. In addition, imipenem, cefoxitin and 
colistin remain the most active molecules. Moreover, 
the emergence of multi-resistant pathogenic strains 
requires effective therapeutic strategies that must be 
defined with preservation of molecules that seem 
more active. 

Urinary infection with non-typhoid Salmonella 
occurs on a predisposed terrain, such as a state of 
cellular immune-depression or acquired uropathy 
(lithiasis, schistosomiasis) or congenital uropathy. 
Moreover, this type of infections has no specificity in 
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their clinical presentation compared to other Gram-
negative infections [22]. The isolated Salmonella sp 
was resistant to the combination of 
amoxicillin+clavulanic acid and ampicillin, the work 
of Weill et al. [23] showed resistance to amoxicillin 
and to ampicillin. 

Isolated Staphylococcus aureus strains were 
resistant to oxacillin, fusidic acid and penicillin. The 
resistance to the latter molecule is probably due to 
the acquisition of a plasmid penicillinase where this 
resistance was initially restricted to the hospital 
environment which spread quickly in the community 
and currently affects more than 90 % of S. aureus 
strains. During the 1950’s, those S. aureus multi-
resistant strains appeared [24]. 

Enterococcus faecalis strain was resistant to 
fusidic acid, penicillin, oxacillin, and ticarcillin. 
According to studies by Stucki et al., [25] because of 
their natural resistance to several classes of 
antibiotics and the increase in resistance to penicillin, 
E. faecalis should be recognized, including prior 
treatment with antibiotics such as cephalosporins or 
quinolones. A restriction in the empirical use of 
cephalosporins or quinolones and antibiogram-
targeted antibiotic therapy are essential measures to 
prevent the emergence of resistant enterococci 
strains, particularly resistant to vancomycin. 

In the studies of Hernández et al., [26], which 
concern the molecular characterization of P. 
aeruginosa strains isolated from patients at Del Niño 
Hospital, Republic of Panama, where the percentage 
of resistant isolates to ceftazidime, to imipenem and 
to gentamicin was 14; 16 and 16 % respectively. 
Only one strain presented a multi-resistance. 

According to the results of disc diffusion 
method, S. aureus 3 strain was very sensitive to the 
methanolic extract with an average inhibition 
diameter of 10 mm at a concentration of 10 mg/mL. 
Then for E. coli 3, the inhibition zone was 9.5 mm at 
the same concentration, and for the tested aqueous 
extract, E.coli 3 was even more sensitive with an 
average inhibition diameter of 13.5 mm at the 
concentration of 0.06 g/mL. 

According to our results, the absence of the 
antibacterial activity of the aqueous extract of 
Q.robur leaves against K. pneumoniae strain is noted. 
In contrast, according to the work of Mladenovic et 
al., [27], the aqueous extract of Q. robur showed a 
good antimicrobial activity against K. pneumoniae 
strain with an inhibition diameter of 15.4 mm at a 
concentration of 30 mg/disc. This difference is 
probably due to various conditions including 
temperature, location and drying time, genotype and 
geographical origin. 

The results of the antibacterial activity of the 
aqueous extract against the tested strains S. aureus, 
Escherichia coli and E. faecalis are similar to those 
of Mladenovic et al., [27]. However, methanolic 
macerates have a broad activity against both Gram-
positive and Gram-negative bacteria. 

These results corroborate the work of Satish et 
al., [28] where the antibacterial activity of the 
methanolic extract of Q. robur was greater against 
Staphylococcus aureus, Streptococcus faecalis, 
Salmonella paratyphi A and Salmonella paratyphi B 
strains with inhibitory zones of 15.2; 14.3; 13.3 and 
12.8 mm respectively compared to the aqueous 
extract that has a low activity. 

Studies by Andrensek et al., [29] confirm the 
antimicrobial activity of the methanolic extract 
against the species of Staphylococcus aureus, 
Enterobacter aerogenes and Candida albicans that 
was moderate and variable bactericidal, fungicide to 
bacteriostatic fungistatic. This antimicrobial activity 
is probably attributed to phenolic compounds such as 
tannins, terpenoids and flavonoids whose studies 
have shown the antibacterial activity of tannins. 
These molecules have been reported as bacteriostatic 
or bactericidal against several bacterial strains 
namely: Enterococcus faecalis, Staphylococcus 
aureus, Klebsiella pneumoniae and Pseudomonas 
aeruginosa ... etc. 

However, many tannin molecules have been 
reported for their actions to reduce the mutagenicity 
of several mutagens. The tannins also have anti-
carcinogenic activity and as an inhibitory effect on 
fungal, bacterial and viral species. Tannins in food 
plants serve as a natural defense mechanism against 
microbial infections. Thus, tannins can theoretically 
serve as natural regulators of the microbial 
population in different habitats, including the human 
gastrointestinal tract [30]. 

According to Bouhadjera et al., [31], 
flavonoids that have a very broad and diverse 
antibacterial activity depending on the 
microorganism and the ecosystem they are able to 
inhibit the growth of different types of bacteria 
namely Staphylococcus aureus, Escherichia coli and 
Enterococcus faecalis. Terpenoids also showed 
strong activity against Staphylococcus aureus, and 
low effect against Gram-negative bacteria. 
 

CONCLUSION 
 

Medicinal plants are an inexhaustible source 
of bioactive natural substances and compounds. 
Among these plants we have selected Q. robur L., 
which belongs to the family of Fagaceae. The 
methanolic macerate of its leaves was found to be 
rich in phytochemical compounds with a higher 
extraction yield compared to aqueous macerate. 

The antibio-resistance profile of the tested 
strains showed different degrees of sensitivity where 
the resistance rate of bacterial strains is relatively 
important to several antibiotics namely 
amoxicillin+clavulanic acid and ampicillin for 
Enterobacteriaceae (E. coli and Salmonella sp), while 
S. aureus strains exhibited resistance to fusidic acid, 
penicillin and oxacillin. However, E. faecalis 
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exhibited resistance, in addition to the latter two 
antibiotics, to ticarcillin. 

The antibacterial activity of aqueous and 
methanolic macerates was more active against Gram-
positive bacteria than against Gram-negative 
bacteria, with the particularity that the methanolic 
extract has a broad activity spectrum compared to the 
aqueous extract where S. aureus strains showed high 
sensitivity from a concentration of 10 mg/mL of the 
methanolic extract. 
 

ABSTRACT 
 

The medicinal value of the plants is due to 
their chemical components that bring a definite 
physiological action on the human body to prevent 
the diseases.  

In this work, we investigated the antimicrobial 
activity of leaves’ extracts of Quercus robur L., 
collected from the Algerian upper highlands, on ten 
bacterial strains and one fungal strain known to be 
pathogenic. 

Firstly, we performed a qualitative 
phytochemical analysis, and secondly, antimicrobial 
activity tests performed by agar diffusion method 
(disc and well) with the determination of MIC by 
broth macro-dilution method. 

Given the results, it appears that obtained 
macerates of Q. robur L. were rich in bioactive 
phytoconstituents such as alkaloids, anthraquinones, 
saponins, tannins and other components. The yield of 
aqueous and methanolic macerates of leaves was 
8.5±1.41 and 22.4±4.36 % respectively. 

The bacterial resistance was relatively 
important to several antibiotics namely ampicillin, 
amoxicillin+clavulanic acid for strains of Escherichia 
coli and Salmonella sp. However, Staphylococcus 
aureus strains were resistant to fusidic acid, to 
penicillin and to oxacillin; while Enterococcus 
faecalis was resistant to fusidic acid, penicillin, 
oxacillin and ticarcillin. 

The antibacterial activity of the macerates 
towards tested microbial strains showed that the 
aqueous and methanolic macerates of the leaves were 
proportional to the tested concentration and active 
not only against Gram-positive and Gram-negative 
bacteria, but also on the fungal species Candida 
albicans. 

The estimated MIC for Escherichia coli, 
Enterococcus faecalis and Staphylococcus aureus 
was in the order of 10 mg/mL, which seems more 
effective than towards Salmonella sp, Klebseilla 
pneumoniae, Pseudomonas aeruginosa and C. 
albicans which were in the order of 30 mg/mL.  

These preliminary results confirm that the part 
of the studied plant had a very good antimicrobial 
activity that was proportional to the serial 
concentrations of the tested extracts. 
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