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ABSTRACT 
 
Aims:  This study was designed to evaluate the antibacterial and antioxidant activities of methanolic, 
ethanolic, ethyl acetate and n-hexanic extract from the leaves of Strawberry tree (Arbutus unedo L.) 
growing in Morocco.  
Study Design: Determination of total phenol and flavonoids content, in vitro antioxidant activity and 
antibacterial study of extracts.  
Place and Duration of Study: Department of Biology (Faculty of Sciences), between July 2015 and 
November 2015. 

Original Research Article 
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Methodology: The extracts were prepared using solid-liquid extraction. The total phenolic content 
was assessed by the Folin-Ciocalteau assay, total flavonoid content was assessed by aluminium 
chloride (AlCl3) colorimetric assay. The antibacterial activity of extracts was tested against five 
reference strains, Escherichia coli K12 MBLA, Staphylococus aureus CECT 976, Listeria 
monocytogenes serovar 4b CECT 4032 and Pseudomonas aeruginosa IH using the agar well 
diffusion method and the micro-dilution assays. The antioxidant activity was assessed by measuring 
the ability of the extracts to scavenge the 2,2-diphenyl-1- picrylhydrazyl (DPPH). 
Results: The total phenol content of strawberry tree five extracts ranged between 94.51±0.08 and 
141.72±0.56 mg GAE/g extract, and the flavonoid content ranged between 17.48±1.02 and 
31.61±0.59 mg QE/g extract. All of the extracts presented antioxidant capacity assessed by DPPH 
scavenging method, but at different levels depending on the concentration and the extraction 
solvent are found. In addition, all extracts exhibited an antibacterial activity at different levels against 
strains reported as the causal agents of food borne diseases.  
Conclusion:  Results suggest the potential use of tested A. unedo extracts as bio-preservatives in 
the functional food industry. 
 

 
Keywords: Arbutus unedo; antibacterial activity; antioxidant activity; phytochemical screening. 
 
1. INTRODUCTION 
 
Oxidation is the transfer of electrons from one 
atom to another and represents an essential part 
of both aerobic life and our metabolism, since 
oxygen is the ultimate electron acceptor in the 
electron flow system that produces energy in the 
form of ATP. However, problems may arise when 
the electron flow becomes uncoupled (transfer of 
unpaired single electrons), generating free 
radicals [1]. Antioxidants are important in living 
organisms as well as in food because they may 
delay or stop formation of free radical by giving 
hydrogen atoms or scavenging them. Oxidative 
stress is involved in the pathology of cancer, 
atherosclerosis, malaria and rheumatoid arthritis. 
An antioxidant can be defined in the broadest 
sense of the word, as any molecule capable of 
preventing or delaying oxidation (loss of one or 
more electrons) from other molecules, usually 
biological substrates such as lipids, proteins or 
nucleic acids [2,3].   
 
The bacterial organisms including gram positive 
and gram negative like different species of 
Escherichia, Staphylococcus, Listeria and 
Pseudomonas are the main source to cause 
severe infections in humans [4]. Resistance to 
antimicrobials is a significant and growing 
problem, limiting treatment options, especially for 
serious infections. These are the major cause of 
worldwide outbreaks of both hospitals and the 
community infections [5]. The spread of 
multidrug-resistant (MDR) strains of bacteria 
necessitates the discovery of new classes of 
antibacterials and compounds that inhibit these 
resistance mechanisms [6].  

The use of traditional medicine is widespread in 
Morocco and plants are indeed the first source 
for preparing remedies in this form of alternative 
medicine. The North-west of Morocco (Ouezzane 
province) is rich in medicinal and a few studies 
was carried-out of them reveled antibacterial 
activity [7]. Among the various compounds found 
in plants, antioxidants are of particular 
importance because they might serve as leads 
for the development of novel drugs. On other 
hand the use of some plants in nutriment system 
can prevent and/or protect against diseases [8]. 
Several plants used as anti-inflammatory, 
digestive, antinecrotic, neuroprotective, and 
hepatoprotective properties have recently been 
shown to have and antioxidant and/or antiradical 
scavenging mechanism as part of their activity 
[9,10]. The search for natural sources of 
medicinal products that also have antioxidant 
and antibacterial activities is on the rise [7,11,12].  
 
Arbutus unedo L. that belongs to Ericaceae 
family’s is an evergreen shrub or small tree, and 
it is widely distributed in the Mediterranean 
region and in the North Africa. It is widely used in 
traditional medicine in Morocco as astringent, 
urinary tract antiseptic, anti-diarrheal and 
depurative properties [13,14].  
 
Several studies have shown the biological 
properties of A. unedo. Others studies showed 
that an aqueous extract of A. unedo exhibited 
antihypertensive [15,16], while Rosato et al.  [17] 
showed vaso-relaxant properties. Furthermore, 
an in vitro study indicated that diethyl-ether and 
ethyl acetate extracts of A. unedo leaves have an 
anti-aggregating effect on human platelets 
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[17,18]. This effect is likely mediated by its 
antioxidant activity [18-20].  
 
We report here the antimicrobial and antioxidant 
properties and the phenols content of five 
extracts of A. unedo (leaves). The antibacterial 
activity of extracts was evaluated on five 
reference strains, Escherichia coli K12 MBLA, 
Staphylococus aureus CECT 976, Listeria 
monocytogenes serovar 4b CECT 4032 and 
Pseudomonas aeruginosa IH. We determined 
the zone of growth inhibition, minimum inhibitory 
and bactericidal concentrations (MIC and MBC).  
The antioxidant activity was tested by using 
scavenging DPPH method and the IC50 was 
determined graphically.  
 
2. MATERIALS AND METHODS  
 
2.1 Plant Materials 
 
The leaves of A. unedo used in this research 
were collected in July 2015 North-West of 
Morocco from Ouezzane Province (34° 47’ 50” N 
and 5° 34’ 56” W). Plant was authenticated by 
Pr. ENNABILI Abdesalam (National Institute of 
Medicinal and Aromatic Plants, Taounate, 
Morocco). Samples were further transported to 
the laboratory. Samples were air dried under the 
shade and then milled into powder (using an 
electric grinder) for extraction. 
 
2.2 Extraction 
 
The investigated dried powdered plant materials 
were extracted by maceration. The powder (25 g) 
of leaves was placed in an Erlenmeyer flask in 
100 ml ethanol (EtOH), methanol (MeOH), and n-
hexane for 72 h. The plant extracts were filtered 
by Whatman No. 1 filter paper and the combined 
filtrate was then dried under vacuum using                    
a rotary evaporator (Heidolph Collegiate, 
LV28798826, New Jersey, USA) at a 
temperature not exceeding 45°C. The methanol 
concentrated extract was dissolved in distilled 
water and extracted with ethyl acetate to obtain 
ethyl acetate fraction (EtOAc). All extracts were 
stored in a dark bottle for investigation at 2 - 8°C. 
 
2.3 Determination of Total Phenolic 

Content (TPC) 
 
The concentration of the phenolic in the plants 
extracts was determined using the Folin 
Ciocalteu assay [21], with some modifications. In 
brief, the extract was diluted to the concentration 

of 1 mg mL-1, and aliquots of 100 µl or a standard 
solution of gallic acid (20, 40, 60, 80 and 100 mg 
L-1) were mixed with 500 µl of Folin-Ciocalteu 
reagent (previously diluted 10-fold with distilled 
water) and 400 µl of Na2CO3 (7%). After 40 min 
of incubation at room temperature (23±2), the 
absorbance was measured at 760 nm using a 
Spectro-photometer (J.P. Selecta, sa 4120007, 
Barcelona, Spain) against a blank sample. The 
total phenolic content was calculated using a 
calibration curve for gallic acid (R2= 0.998). The 
results were expressed as the gallic acid 
equivalent per gram of dry weight of extract (mg 
of GAE/g of extract). Alls samples were analyzed 
in triplicate. 
 
2.4 Determination of Total Flavonoids 

Contents (TFC) 
 
The total flavonoid content of the extracts was 
determined using the aluminium chloride (AlCl3) 
colorimetric method described by Brighente et al. 
[22] with minor modifications. Briefly, 1 mL of the 
extract (1 mg mL-1 in methanol) or a standard 
solution of quercetin (20, 40, 60, 80 and 100 mg 
L-1) was mixed with 1 ml of 2% AlCl3 in 
methanol. After 40 min of staying at room 
temperature (23±2°C), the absorbance against 
blank was measured at 430 nm using a 
Spectrophotometer (J.P. Selecta, sa 4120007, 
Barcelona, Spain). The total flavonoid content 
was calculated using a calibration curve for 
quercetin (R2= 0.985). The results were 
expressed as the quercetin equivalent per gram 
of dry weight of extract (mg of QE/g of extract). 
All samples were analyzed in triplicate.  
 
2.5 Antioxidant Activity  
 
2.5.1 Diphenyl-1-picrylhydrazyl (DPPH) 

radical scavenging capacity assay  
 
The ability of the plant extracts to scavenge 
DPPH free radicals was assessed using the 
standard method with some modifications [23]. In 
brief, Aliquots (0.2 mL) of various concentrations 
(30,125–1000 µg mL-1) of the plant extracts 
samples were added to 1,8 mL of a 0.004% 
methanolic solution of DPPH. After an incubation 
period of 30 min in darkness at room 
temperature (23±2°C), the absorbance was 
recorded against a blank at 517 nm with a 
spectrophotometer. Absorption of a blank sample 
containing the same amount of methanol and 
DPPH solution acted as the control. Samples 
were analyzed in triplicate. 
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Where Abs (blank) is the absorbance of the 
control and Abs (sample) is the absorbance of 
the sample.  
 
Trolox and ascorbic acid was used as positive 
control and the concentration providing 50% 
inhibition (IC50) was calculated from the graph of 
inhibition percentage plotted against the extract 
concentration. Relationships between antioxidant 
capacity (IC50) and total phenol content or 
flavonoid content of extract were evaluated by 
correlation coefficients. This correlation was 
determined by modeling the antioxidant capacity 
versus total phenol content or flavonoids content.  
 
2.6 Antibacterial Activity  
 
2.6.1 Bacteria strains  
 
In order to evaluate the antibacterial activity of 
the various extract of A. unedo, the flowing 
bacteria were used: Escherichia coli K12 MBLA 
(Laboratory of Food Microbiology, UCL, Belgium: 
MBLA), Staphylococus aureus CECT 976, 
Listeria monocytogenes serovar 4b CECT 4032 
(Spanish Type Culture Collection: CECT), and 
Pseudomonas aeruginosa IH (Institute of 
hygiene, Rabat, Morocco: IH). Strains are 
maintained on an inclined agar medium at 4°C. 
Before use, the bacteria were revived by two 
subcultures in an appropriate culture medium: 
Lysogeny broth (LB) (Biokar Diagnostics, 
Beauvais, France) at 37°C for 18 to 24 h. For the 
test, final inoculums concentrations of 106 CFU 
mL-1 bacteria were used according to the 
National Committee for Clinical Laboratory 
Standards, USA (NCCLS 1999). 
 
2.6.2 Antibacterial susceptibility test: Agar-

well diffusion assay  
 
A basal layer was prepared by Muller-Hinton 
agar. After the agar plates were solidified, sterile 
8 mm diameter cylinders were deposited. Six ml 
of LB medium in superfusion containing 0.8% 
agar were inoculated by a fresh culture of 
indicator bacterial strain (a final concentration 
was 106 CFU mL-1). After solidification, the wells 
were filled with 50 µl of diluted extracts at 25 mg 
mL-1. After incubation at appropriate temperature 
for 24 h, all plates were examined for any zone of 
growth inhibition, and the diameter of these 
zones was measured in millimeters. All the tests 
were performed in triplicate. 

2.6.3 Determination of minimal inhibitory 
concentration (MIC)  

 
MICs were determined using the broth micro-
dilution assay, as previously described by Ismaili 
et al. [24], with a slight modification: agar at 
0.15% (w⁄v) was used as stabilizer of the extract–
water mixture and resazurin as bacterial growth 
indicator. 50 µl of Bacteriological Agar (0.15% 
w⁄v) was distributed from the 2nd to the 8th well of 
a 96-well polypropylene microtitre plate. A 
dilution of the each extract was prepared in 
DMSO (10%), to reach a final concentration of 32 
mg mL-1; 100 µl of these suspensions was added 
to the first test well of each microtitre line, and 
then 50 µl of scalar dilution was transferred from 
the 2nd to the 7th well. The 8th well without extract 
added was considered as growth control. Then, 
we added 50 µl of a bacterial suspension to each 
well at a final concentration of approximately 106 
CFU mL-1. The final concentration of the extract 
was between 16 and 0.25 mg L-1. After 
incubation at 37°C for 18 h, 10 µl of resazurin 
was added to each well to assess bacterial 
growth. After further incubation at 37°C for 2 h, 
the MIC was determined as the lowest essential 
oil concentration that prevented a change in 
resazurin color. Bacterial growth was detected by 
reduction in blue dye resazurin to pink resorufin. 
A control was carried out to ensure that, at the 
concentrations tested, the extract did not cause a 
color change in the resazurin. Experiments were 
performed in triplicate. 
 
2.6.4 Determination of minimal bactericidal 

concentration (MBC)  
 
The minimum bactericidal concentration (MBC) 
corresponded to the lowest concentration of the 
essential oil yielding negative subcultures after 
incubation at appropriate temperature for 24 h. It 
is determined in broth dilution tests by sub-
culturing 10 µl from negative wells on plate count 
agar (PCA) medium. All the tests were performed 
in triplicate. 
 
2.7 Data Analysis  
 
The statistical analysis was performed by a one-
way ANOVA analysis of variance followed by 
Duncan’s test, and results were considered to be 
statistically significant with a 95% confidence 
level (p < 0.05). The measurements of total 
phenolic compounds, total flavonoids, DPPH 
radical scavenging activity, and antibacterial 
activity were carried out for three replicates. The 
results are expressed as mean ± SD. 



 
 
 
 

Bouyahya et al.; BBJ, 14(3): 1-10, 2016; Article no.BBJ.26488 
 
 

 
5 

 

3. RESULTS AND DISCUSSION 
 
3.1 Total Phenolic Content  
 
Total phenol content was estimated by the Folin-
Ciocalteu colorimetric method in comparison with 
standard gallic acid and the results were 
expressed in terms of mg GAE/g extract. The 
organic extracts of A. unedo had an important 
charge of phenols and their values varied widely 
for both used organic solvent. Among the 
extracts investigated, total phenolic content 
ranged from 94.51±0.08 to 141.72±0.56 gallic 
acid equivalents (GAE mg/g extract) (Table 1). 
The methanol extracts showed highest phenol 
content (141.72±0,56 GAE mg/g extract). While 
n-hexane extracts have the lowest phenol 
content by 94.51±0,08 GAE mg/g extract). 
 
Phenolic compounds are secondary metabolites 
that can act as antioxidant agents that have been 
widely investigated in many medicinal plants, 
fruits, and vegetables [25]. This antioxidant 
activity due to their redox properties [26], which 
play an important role in adsorbing and 
neutralizing free radicals [27], to donate 
hydrogen, quench singlet oxygen, act as metal 
chelators [28] and decomposing peroxides [29].  
 
Ours results concerning phenols contents are 
higher than other study that have reported the 
phenols compounds  leaves extracts of A. unedo 
collected from Montenegro [30]. Others searches 
carried out in Croatia have shown that leaves 
extract are rich in phenols compounds and 
reported that the concentrations of these 
compounds changed over the year [31]. The 
highest concentration of total phenols content 
could be explained by the Mediterranean climate 
of North-West of Morocco that can induce 
modulations of the secondary metabolism 
pathways of plants. 
 
3.2 Total Flavonoids  
 
The total flavonoid content was estimated by a 
colorimetric method using quercetin as standard 
flavonoid. As in the case of total phenolic 
content, the concentration of flavonoids in the 
extracts was dependent on solvent extract. Their 
values ranging from 17.48±1.02 to 31.61±0.59 
quercetin equivalents of dry weight of extract (QE 
mg/g extract) (Table 1). As in the case of total 
phenolic content, the methanolic extracts showed 
higher (p < 0.05) flavonoids content (31.61±0.59 

mg QE/g extract) than the other extracts, which 
showed similar levels (p > 0.05). While, on the 
contrary of the case of total phenol content, the 
ethyl acetate extracts had the lowest yielded of 
flavonoid content (17.48±1.02 mg QE/g extract), 
but no significantly difference (p > 0,05) has 
detected between flavonoid content of ethanol, n-
hexane and ethyl acetate extract. These effects 
are related with an antioxidant potential of 
flavonoids. Our result are in consonance with 
other study reported by Mendes et al. [32] who 
have revealed that leaf extracts of A. unedo 
collected from the Natural Park of Montesinho 
(Bragança, Northeast of Portugal) were shown to 
have highest concentration of flavonoids. 
 
3.3 Antioxidant Activity 
 
The reduction capability of DPPH radicals was 
determined by the antioxidant-induced decreases 
in its absorbance at 517 nm, which is visually 
noticeable as a discoloration from purple to 
yellow. This average absorbance was used to 
calculate the DPPH scavenging capacity. 
Therefore, DPPH was used as a substrate to 
evaluate the antioxidant activity of methanol, 
ethanol, n-hexane and ethyl-acetate extracts of 
A. unedo from leaves at various concentrations 
(0-500 µg mL-1). All the plant extracts were found 
to be capable of scavenging DPPH radicals. Fig. 
1 shows the results obtained, a significant 
decrease in the concentration of DPPH radical 
due to the scavenging ability of A. unedo extracts 
and standards was detected. Indeed, at 60.25 µg 
mL-1, the ascorbic acid and Trolox showed a high 
radical scavenging activity (100 and 98.29%, 
respectively), while the activity of the methanol, 
ethanol, n-hexane and ethyl-acetate extracts 
were respectively 39.42, 18.19, 47.53 and 19.52 
%. The various extracts activity was significantly 
lower than ascorbic acid and Trolox (p < 0.05). In 
all case, we have found that the activity to 
scavenge DPPH radical increases significantly 
with increasing extract concentration (p < 0.05). 
 
Our results revealed that n-hexane and methanol 
extract showed the highest inhibition in all 
concentration than ethyl-acetate and ethanol 
extract (p < 0.01). In the other hand, none 
significantly difference between n-hexane and 
methanol extract activity was detected (p > 0.01). 
From this assay, it is clear that the n-hexane and 
methanol extracts of leaves from A. unedo 
showed the highest radical scavenging             
activity. 
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Fig. 1.  DPPH radical scavenging activities (%) of standard antioxidants (Trolox and ascorbic 
acid) and Arbutus unedo extracts (MeOH: Methanolic extract, EtOH: Ethanolic extract,  EtOAc: 

Ethyl acetate extract and n-hexanic extract)  
Values are means ± standard deviation of three determinations 

 
Table 1.  Total phenolic content (TPC) and total fl avonoid content (TFC) of A. unedo extracts 

 
 Extracts  

MeOH EtOH n-hexane  EtOAc  
TPC (mg GAEa/g extract) 141,72±0,56  133,61±0,45  94,51±0,08  107,84±2,04  
TFC (mg QEb/g extract) 31,61±0,59  21,61±1,65  24,76±0,70  17,48±1,02  

TPC and TFC values are mean ± standard deviation of three separate experiments. 
a Gallic acid equivalents and b Quercetin equivalents. 

MeOH: Methanolic extract, EtOH: Ethanolic extract and EtOAc: Ethyl acetate extract 
 
The IC50 value was defined as the concentration 
of sample that scavenged 50% of the DPPH. It 
was calculated from the percentage inhibition of 
DPPH versus the concentrations of the extracts 
and standards using the exponential equation. 
The inhibition capacity (IC50) of the positives 
controls, Trolox and ascorbic acid, was 
respectively 27.20 and 43.72 mg mL-1. This 
values were lowest than IC50 of leaves extracts. 
On other hand, The results showed that inhibition 
capacity of the n-hexane and methanol extract 
was significantly difference (p < 0,05) than 
ethanol and ethyl acetate extracts (Table 2). The 
significant difference of antioxidant capacity 
between EtOH and MeOH extracts shows that 
antioxidant activity is not depending directly to 
phenol and flavonoids content, but also others 
molecules participate in this functional biological 
of extracts. Others studies have demonstrated an 
antioxidant activity moderated than ours results. 
In effect, Orak and all found that the methanolic 
extract of A. unedo leaves has an IC50=423 µg 
mL-1 [33]. 

Table 2. IC50 (µg mL -1) values of A. unedo  
extracts and standard 

 
Extracts  IC50 (µg mL -1) 
MeOH 95.25  
EtOH 280.50  
n-hexane 73.73  
EtOAc 276.15  
Trolox 43.72 
Ascorbic acid 27.20 
MeOH: Methanolic extract, EtOH: Ethanolic extract 

and EtOAc: Ethyl acetate extract. 
Ascorbic acid and Trolox are the standard antioxidants 
 
The DPPH assay is a very common 
spectrophotometric method to determine the 
activity of any antioxidant. The advantage of this 
method is that the antioxidant activity is 
measured at ambient temperature, and thus, the 
risk of the thermal degradation of the molecule 
tested is eliminated [34]. Free-radical scavenging 
is one of the known mechanisms by which 
antioxidants inhibit lipid oxidation [35]. Ours 

0

50

100

0 30.125 60.25 125 250 500

%
 o

f s
ca

va
ng

in
g 

ra
d

ic
a

l D
P

P
H

Concentration (µg mL-1)

MeOH

EtOH

n-hexane

EtOAc

Ascorbic acid

Trolox



 
 
 
 

Bouyahya et al.; BBJ, 14(3): 1-10, 2016; Article no.BBJ.26488 
 
 

 
7 

 

results are in consensus with others studies 
demonstrating the antioxidant activity of A. unedo 
[33,20,36-39]. Generally, the differences of the 
results obtained by several searches due 
essentially to type solvents extracts, chemical 
contents of extracts and method used for 
evaluating antioxidant activity. 
  
3.4 Antibacterial Activity  
 
Initial screening of the antibacterial activity of the 
investigated extracts was studied against five 
tested microorganisms using the agar well 
diffusion assay. The results obtained (Table 3) 
showed that extracts of A. unedo exhibited an 
antibacterial effect against Gram negative and 
Gram-positive tested bacteria; expect                            
P. aeruginosa which we see clearly that the 
antibacterial activity was moderate. 
 
Significant difference of activities of the 
investigated extracts against the tested bacterial 
strains was observed (P = 0.000). The n-hexanic 
extract showed the highest activity against all the 
tested microorganisms, especially against                       
S. aureus and L. monocytogenes (zones of 
inhibition ranged from 34.42±0.26 mm to 40±0.19 
mm). While, a moderate activity was observed 
against P. aeruginosa and E. coli, with zones of 
inhibition ranging from 19±0.97 mm to 23±0 mm. 

Maximum activity was conferred against S. 
aureus 41±0.67 and 40±0,19 mm for EtOH and 
n-hexane extract respectively, while lower activity 
observed  against  E. coli 21±1.09 mm for EtOH 
extract. 
 
Furthermore, the micro-titration assays were 
conducted to determine the MICs and MBCs of 
extracts. The MICs and MBCs of the extracts 
against the tested strains are presented in 
Tables 4 and 5. The MICs and MBCs values 
confirmed the results obtained by the agar well 
diffusion method. Hexanique and MtOH extract 
had the lowest MICs (0.25-0.5 mg mL-1) and 
MBCs (0.5-0.5 mg mL-1) against S. aureus, while 
L. monocytogenes was inhibited at MICs ranging 
from 0.25 to 1 mg mL-1 and MBCs varied 
between 1 and 4 mg mL-1. Moreover, the EtOH 
extract was less active against all the tested 
microorganisms with MICs and MBCs between 1 
and 8 mg mL-1. In generally, Gram positive 
bacteria are more sensitive than Gram negative 
bacteria [7]. The minor susceptibility of Gram-
negative bacteria may be attributed to an outer 
membrane surrounding the cell wall which 
restricts diffusion of hydrophobic compounds 
through the lipo-polysaccharide. Moreover, the 
periplasmic space contains enzymes, which are 
able to break down foreign molecules introduced 
from outside [40]. 

 
Table 3. Inhibition zones of extracts against tested  bacteria 

 
Extracts Inhibition zones diameter a (mm) (mean values ± SD) 

Bacteria b 
E. coli  S. aureus  L. monocytogenes  P. aeruginosa  

MtOH  12±0,91 14±0,72 27±1,04 13±0,95 
EtOH 9±1,35 17±0,51 41±0,67 - 
EtOAc  21±1,09 14±0,19 38±0,84 - 
n-hexane  23±0,00 34±0,26 40±0,19 19±0,97 

a The diameter of the well (Ø=8 mm) was included 
b Final bacterial density was around 106 CFU mL-1 

 
Table 4. Minimal inhibitory concentration (MIC) of extracts against tested bacteria 

 
Extracts MIC a (mg mL -1) 

Bacteria b 
E. coli  S. aureus  L. monocytogenes  P. aeruginosa  

MtOH  8 0,5 0,5 0,5 
EtOH >8 1 1 8 
EtOAc  - - - - 
n-hexane  2 0,25 0,25 1 

a MIC: minimum inhibitory concentration (as mg mL-1). 
b Final bacterial density was around 106 CFU mL-1 
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Table 5. Minimal bactericidal concentrations (MBC) of extracts (mg mL -1) against tested 
bacteria 

 
Extracts  MBC a (mg mL -1) 

Bacteria b 
E. coli  S. aureus  L. monocytogenes  P. aeruginosa  

MtOH  >8 0,5 1 2 
EtOH > 4 4 >8 
n-hexane 4 0,5 1 1 

a MBC: minimum bactericidal concentration (as mg mL-1). 
b Final bacterial density was around 106 CFU mL-1 

 
Also from this study, it appears that Gram-
positive bacteria are more sensitive to this oil 
than Gram-negative bacteria, likewise some 
strain tested have a big inhibition zone but their 
MIC is lower or the contrary as reported that the 
bacteria demonstrating the biggest inhibition 
zones by diffusion method are not always the 
one that present the lowest MIC [41]. 
Antibacterial activity was also reported with 
leaves extracts of A. unedo [42]. In other study 
conducted by Orak and all, the strawberry tree 
leaves methanolic extract has exhibited 
antibacterial activity against Staphylococcus 
aureus but there was no inhibitory effect against 
Escherichia coli [33]. A wide variety of phenols 
and flavonoids are known to possess 
antimicrobial properties and in many cases, this 
activity is due to the presence of active 
constituents.  Bacteria are major source for food 
industry contamination. The use of natural 
agents as plants extracts could prevent and/or 
minimize these contaminations.  
 
4. CONCLUSION  
 
In this study, A. unedo leaves collected from 
North-west of Morocco has showed significant 
antibacterial and antioxidant activity and could be 
therefore a useful source in the discovery of new 
antibacterial and antioxidant compounds. On 
other hand, this application in food functional 
industry is strongly recommended as new agent 
for conservation. Others studies on antibacterial 
and antioxidant activities of A. unedo leaves 
extract in food system should be made in future.   
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