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ABSTRACT

The main problem faced by the food industry is the deterioration of food by microorganisms and oxidation,
and growing interest is widely given to identify new products with preservative characteristics with limited
impact on human health. In this field, we have investigated the potential benefits of C.ladanifer, collected
from the North of Morocco, by assessing the antibacterial, antifungal and antioxidant activities of extracts
obtained from dry plant leaves. All extracts were screened against three Gram-negative and Gram-positive
bacteria using the disc diffusion method and the microdilution assay. The extracts were notably active
against S. aureus (11 to 12 mm and MIC =8.75 to 17.5 mg/ml). Antibiofilm assay revealed that all tested
samples are capable of inhibiting at least 50% of the staphylococcal biofilm matrix, while the real time
bacterial growth measurements proved that dichloromethane extracts can exert a bacteriostatic effect on
the strain. The antifungal assay revealed the sensitivity of B.cinerea and C.albicans towards low doses of
dichloromethane extracts (100% inhibition at 1.25 mg/ml for B.cinerea and MIC of 17.5 mg/ml for the yeast
strain). On the other hand, a close relationship was obtained between the antioxidant capacity of the tested
extracts and their phenolic content. The aqueous extract exhibited a strong antioxidant activity and contains
a high amount of polyphenols. In conclusion, the present study revealed that the organic extracts of C.
ladanifer have an antimicrobial activity and the aqueous extract showed an antioxidant power making this
plant a strong candidate to be incorporated in new systems to prevent food contamination and extend its
shelf life.
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Introduction

For decades, the centralisation and globalisation of
foods increase the likelihood of foodborne diseases
and food security and safety have been considered
as the main challenge to ensure food availability
without risk for human health (King et al., 2017;
Sanders, 1999). In this field, contamination of food
by microorganisms has been at the forefront of pub-
lic health headlines. Food spoilage by microorgan-

isms manifests itself in many forms such as the pres-
ence of slimy textures, change of flavour, off putting
odour or acidity…. (Bautista, 2014). The occurrence
of these characteristics renders food unsuitable for
human consumption and therefore reduces effec-
tively its shelf life that will affect considerably the
economy of the country. Food deterioration is a re-
sult of chemical reactions between the spoilage mi-
croorganisms and food  substrates (Gram et al.,
2002).
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To prevent the proliferation of microorganisms in
foods and during food processing, many kinds of
additives are widely used and have an important
role in preventing damage or spoilage of the food-
stuff and are essential along the food chain (Surekha
and Reddy, 2014). Recently, their use in food pro-
cessing has been largely discussed raising a major
controversy around their application. Indeed, these
additives, mostly synthetics, have been the subject of
numerous studies highlighting their mutagenicity,
toxicity and their role in the induction of malforma-
tions on both human and animal models (Carocho et
al., 2014; Ciardi et al., 2012; Tsay et al., 2007; Yýlmaz
et al., 2009).

In the food industry, food oxidation is a major
concern with a great impact on food quality. Food
oxidation affects mainly lipids, carbohydrates, pro-
teins and nucleic acids, leading also to food deterio-
ration (Lopez et al., 2008). To avoid food oxidation,
synthetic antioxidants, including butyl-hydroxy-ani-
sole (BHA) and butyl-hydroxy-toluene (BHT), have
been widely used. Though, their use remains under
strict regulations and has been discouraged since
their effects after long-time consumption remains
unclear (Freitas and Fatibello-Filho, 2010; Imaida et
al., 1983).

During the last decades, a growing interest is
given to the use of green technologies aiming to
limit side effects of chemicals used as additives
and/or antioxidants and to enhance human
wellbeing. In this field, clean labeling and establish-
ing new substitutes most preferably deriving from
natural sources have been reported as the main op-
tions for food preservation (Gedikoðlu et al., 2019).

Scientific evidence has shown that extracts from
aromatic plants hold a large number of antibacterial
and antioxidant agents, and are considered easily
degradable with several extracts enjoying the GRAS
status (Generally Recognized as Safe)(Berahou et al.,
2007; Cowan, 1999; Duffy and Power, 2001; Mostafa
et al., 2018; Negi, 2012). Accordingly, numerous
studies have reported the antimicrobial (Aleksic
Sabo and Knezevic, 2019; Gupta et al., 2016; Kim et
al., 2011; Tekwu et al., 2012) and antioxidant
(Lizcano et al., 2010; Roby et al., 2013; Saeed et al.,
2012; Skotti et al., 2014) effects of many aromatic
plants and highlighted the potential use of these
plants in food preservation.

The Cistaceae family comprises of about 180 spe-
cies distributed among eight genera (Guzmán and
Vargas, 2009). Cistus ladanifer L. (C. ladanifer) of the

Cistus genera is a large shrub typically found along
the Mediterranean rim. It is largely abundant in the
mountainous Rif region in Morocco, as well as in
Beni-Znassen and the central region. Dry leaves of
C. ladanifer are used in Moroccan traditional medi-
cine as antidiarrheic, antiacid and antispasmodic
(Zidane et al., 2013). In addition, its application has
also been reported for the treatment of various skin
diseases, and as anti-inflammatory agents (Viuda-
Martos et al., 2011), therefore attesting to the impor-
tant position the plant holds in Moroccan traditional
practices. Thus, the present study was planned to
evaluate the antimicrobial and antioxidant proper-
ties of C. ladanifer for its potential use in food preser-
vation.

Materials and Methods

Chemicals and reagents used in this study

The solvents used for plant extractions, including
Hexane 97%, dichloromethane 99.8% and methanol
99%, have all been provided by Sigma-Aldrich
(Saint-Quentin Fallavier, France). Glycerol, DPPH,
Resazurin sodium salt, Folin-Ciocalteu reagent, Gal-
lic acid and Butylated Hydroxytoluene (BHT) were
also purchased from Sigma-Aldrich (Saint-Quentin
Fallavier, France). DMSO, sodium carbonate and
Tween 20 have been acquired from Merck KgaA
(Darmstadt, Germany). Microbial studies have been
carried out using Mueller Hinton Broth (MHB),
Brain Heart Infusion Broth (BHI broth), Potato Dex-
trose Agar (PDA) and bacteriological agar type A
which were purchased from Biokar Diagnostics
(Allonne, France).

Plant material and extraction

C. ladanifer was harvested from the northern region
of Morocco (Beni Mansour) in February 2019. The
leaves were dried in the darkness with active venti-
lation at 45 oC. To obtain organic extracts, dried
leaves were milled and 25g of fine powder was
placed in a soxhlet apparatus with 250 ml of n-hex-
ane, as a first solvent, and the extraction took place
at 50 oC until the plant material is fully exhausted by
the solvent. Extraction was then continued at 100 °C
with the dichloromethane, methanol and lastly dis-
tilled water. Obtained solutions were then filtered
with a Whatman No.3 filter paper before undergo-
ing in vacuum evaporation using a rotary evapora-
tor at 50 °C. The residual solvent was additionally
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dried in test tubes at 50 °C. The dry weight of each
extract was measured to determine its yield and
then stored in the dark at 4 °C until further use.

Antibacterial activity

Test microorganisms and growth conditions

In this study, antibacterial activity of C. ladanifer was
performed on 3 gram positive strains: Enterococcus
faecalis (ATCC19433), Listeria monocytogenes
(ATCC19144) and Staphylococcus aureus (B1), and 3
gram negative strains: Pseudomonas aeruginosa
(ATCC 27853), Salmonella typhimurium (ATCC14028)
and Escherichia coli (ATCC25922). All strains were
sustained in BHI broth with 25% glycerol and stored
at -20°C. Before each testing, all cultures were culti-
vated in BHI broth for 24 hours and adjusted to a
concentration of approximately 108 UFC/ml using
McFarland 0.5 standard.

In vitro screening of plant extracts on pathogenic
strains using the well diffusion method

Aliquots of 100 µl of each bacterial inoculum were
introduced and spread uniformly over Mueller
Hinton agar. Each plant extract was prepared in
three concentrations: 30 mg/ml, 60 mg/ml and 100
mg/ml. For testing, 50 µl of each concentration is
incorporated into wells of 5mm in diameter and the
inoculated plates were first incubated at +4°C dur-
ing 2h to ensure total diffusion in the medium, and
then transferred to 37°C for an overnight incubation.
For each test extract the corresponding negative con-
trol was used (10% DMSO, Tween20 + Distilled
water [2:1] and sterile distilled water). The antibac-
terial effects were assessed by measuring the inhibi-
tion zones obtained by the active extracts (well di-
ameter not included).

Screening for minimal inhibitory and minimal
bactericidal concentrations with microdilution
assay

Active extracts, displaying aninhibitory effect dur-
ing the initial testing, were additionally analysed to
evaluate the minimal inhibitory and bactericidal
concentrations (MIC/MBC). MIC/MBC evaluations
were done using the Mann and Markham method
with some modifications (Mann and Markham,
1998). Tested extracts were diluted several times to
obtain the extracts’ concentrations ranging from 4.37
to 40 mg/ml. Then, 180 µl of each concentration was
introduced in wells of a 96-well microtitration plate

along with 20 µl of each bacterial suspension. After
an overnight incubation at 37 °C,10 µl of resazurin
sodium salt at 0.01% was added, and then the plates
were left for 30 min. MIC is defined as the lowest
concentration giving a bacteriostatic effect illus-
trated by the non-discoloration of the resazurin dye.
MBC is defined as the lowest concentration giving a
bactericidal effect and was assessed by sub-cultur-
ing the broth dilution of  MIC tests on agar plates.
For each test, DMSO and Tween 20 were used as
negative controls.

Real-time antibacterial kinetics

The antibacterial kinetics of C. ladanifer hexanic,
dichloromethane and methanolic extracts have been
determined using a bioreactor to determine real
time bacterial growth in the presence of super-in-
hibitory concentrations of microbiologically active
extracts (2MIC). Extracts were re-suspended in their
respective solvents and then added to 10 ml of MH
broth containing the pathogen of interest (1x106

CFU/ml). The bioreactor in allows measurements of
bacterial growth to be taken at real-time by means of
OD850 taken at 15 min intervals. The bioreactor is
programmed at 2000 rpm and a reverse tube spin of
1s at 37 °C. The plotting of log10(OD) obtained over
24h allows the determination of kinetic parameters
using the following equations:
Bacterial growth rate (µexpo): Yf= Aie

kt
(with  k= µexpo)

Generation time (G): G =ln2 / µexpo

µexpo: Growth rate in the presence of plant extract
obtained from the exponential growth phase (h-1).

G: Generation time or the average time interval
allowing the doubling of the microbial population
(h).

Anti-cell adhesion assay

Anti-cell adhesion assay was performed on S. aureus
and C. albicans using the modified protocol of
Bazargani and Rohloff (2016). Overall, 100 µl of the
extract prepared in Mueller-Hinton broth at concen-
trations corresponding to 2MIC; MIC; ½ MIC were
added to an equal volume of S. aureus (1x106 CFU/
ml) and C. albicans (1x109 CFU/ml) in a 96-flat bot-
tom titration plates. After incubation at 37°C during
24h for S. aureus and 48h for C. albicans, the superna-
tants were discarded and the wells were washed 3
times and dried at 60 °C for 1h. Then, 200 µl of 0.4%
crystal violet was added to each well and left for
staining during for 15 min at room temperature.
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Wells were then washed twice and 150 µl of ethanol
was added to elute the dye from the formed
biofilms. Finally, 100 µl of the obtained solution was
transferred to a new plate and served to measure the
optical density at 590 nm using a microplate reader
(SPECTROstarNano, BMGlabtech). Cell suspensions
with extract-free medium and sterile MH broth
served as control and blank respectively. The
biofilm inhibition rate (IR) was evaluated as fellow:

OD (Negative control) - OD (Test sample)
IR(%) = × 100

OD (Negative control)

Antifungal activity of plant extracts

The antifungal effect was performed on 3 fungal
strains: Candida albicans, Botrytis cinerea and Fusarium
oxysporum, using the macro-dilution assay (Onaran
and Saglam, 2016). For C. albicans, the antifungal ac-
tivity has been explored using the well diffusion
method as described previously. For B. cinerea and F.
oxysporum, the percentage of the fungal growth inhi-
bition has been determined according to the proto-
col reported by Onaran and Saglam. Tested extracts,
prepared at concentration ranging from 0.02 mg/ml
to 10 mg/ml, were added to a 2 ml sterile PDA, kept
at a temperature of 50 oC to avoid agar solidification,
and then plotted onto 7 mm Petri-dishes. After the
solidification, 6 mm fungal discs were added to the
center of the plates. The inoculated plates were incu-
bated at 25°C for 7 days, the fungal growth was
identified by measuring the average radial growth
of the mycelia on a daily basis and the percentage of
the mycelial growth inhibition (I%) was calculated
using the following formula:

Dc–Dt
I(%) = × 100

Dc
Where: DC corresponds to the growth diameter of

the negative control (PDA medium supplemented
with DMSO alone or Tween 20+distilled water).
DTcorresponds to the growth diameter of the test
samples. Tests have been performed in duplicate
and the results are expressed as means ± SD.

Antioxidant activity

The antioxidant potential of C. ladanifer extracts was
evaluated using the DPPH free radical assay follow-
ing the protocol reported by Mensor et al.(2001).
Overall, 1 ml of DPPH solution in methanol
(0.3mM) was added to 2.5 ml of a dilution series of

test solutions ranging from 2 mg/ml to 0.0005mg/
ml (diluted in methanol). The absorbance of each
test concentration is measured at 518nm after 30min
of incubation in the dark. In this study, BHT was
used as a positive control. For each test, blanks con-
sisting of 1 ml of methanol and 2.5ml of each dilu-
tion concentration were included and are used for
the evaluation of the antioxidant activity (AA%) ac-
cording to the following formula:

(A) control – (A) sample
AA(%) = × 100

(A) control

Total polyphenol content

The phenolic content of the four extracts was deter-
mined with the Folin-Ciocalteu method using the
protocol reported by the International Organization
for Standardization (ISO)  (ISO 14502-1: 2005., 2005)
(Anesini et al., 2008). The Folin-Ciocalteu’s reagent
was prepared at a ratio of 1:10; 5 ml of this solution
was added to tubes containing 1 ml of each diluted
test sample. The solution was then left for 8 min be-
fore being supplemented with 4 ml of sodium car-
bonate 7.5% (w/v). The final mixture was incubated
at room temperature for 1h. The absorbance was
measured at 765 nm with distilled water as a blank.
The results were obtained through the standard
curve of gallic acid (10 to 50 µg/ml) and are ex-
pressed as a mg of gallic acid equivalent per 1g of
dry material (mg GAE /g material).

Statistical analysis

Tests were conducted in triplicates and results were
presented as means ± Standard Deviation (SD).The
means were analysed using a one-way ANOVA
analysis with student’s t-test along with Fisher’s
Least Significant Difference (LSD) test on
Statigraphic software (Fisher, 1935).

Results

Extract yield

Extraction yields of C. ladanifer were expressed in
percentage of dry extracts, obtained from each ex-
traction, and are presented in Table 1. Results indi-
cate that polar solvents produced higher amounts of
extracts than non-polar solvents. The highest yield
was obtained with the aqueous extracts (21.24%) fol-
lowed by methanol (15.84%). The lowest yield was
obtained with the hexane extraction (6.56%).



BAKRIM ET AL 1567

Qualitative and quantitative evaluation of the
antibacterial activity

The antibacterial activity of C. ladanifer extracts
against the 6 selected bacterial species representa-
tives of gram-negative and gram-positive strains
was qualitatively and quantitatively measured us-
ing the well diffusion and microdilution assays. The
results obtained are illustrated in Table 2 (inhibition
zone) and Table 3 (MIC/MBC values). The results
obtained revealed that most tested strains are resis-
tant to the actions of the tested extracts apart from
S.aureus B1 which showed sensitivity to hexanic
(11.67±0.57 mm) dichloromethane (10.6±1.15 mm)

and methanolic extracts (13±0 mm). Results of the
quantitative testing showed low MIC with hexanic
and methanolic extracts (8.75 mg/ml). Of particular
interest, the dicholoromethane exhibited both bacte-
riostatic and bactericidal effects at 17.5 mg/ml.

Antimicrobial kinetics

To further highlight the efficiency of C. ladanifer ex-
tracts on tested strains, we have proceeded to evalu-
ate the effect of extracts on microbial growth param-
eters. Table 4 details the results obtained which in-
dicate that the dichloromethane extract exerts a bac-
teriostatic effect on both sensitive strains (S. aureus
and C. albicans) and the methanolic extract is bacte-
riostatic only on C. albicans. The hexane extract ac-
tion mainly affects the growth kinetics by decelera-
tion of the microbial growth speed (µ) and conse-
quently delaying the generation time. Indeed, in
presence of hexanic extract, S. aureus grew with a
generation time of 2.51±0.17h and maximal growth
speed of 0.277±0.02h-1. However, the methanolic ex-

Table 1. Extraction yield of C. ladanifer organic extracts

Plant extracts Yield (%)

Hexanic 6,56
Dichloromethane 12,82
Methanolic 15,84
Aqueous 21,24

Table 2. Antibacterial activity of C. ladanifer extract against bacterial strains tested based on the well Diffusion Method
(mm)

Gram negative bacteria Gram positive bacteria
EC1 ST2 PA3 EF4 SA5 LM6

Concentration   (mg/ml) 30 60 100 30 60 100 30 60 100 30 60 100 30 60 100 30 60 100
Hexanic 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11.67±0.57 0 0 0
Dichloromethane 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10.6±1.15 0 0 0
Methanolic 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13±0 0 0 0
Aqueous 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 E. coli ATCC25922; 2:S. typhimurium ATCC14028;3 P.aeruginosa ATCC 27853; 4  E.faecalis ATCC 19433;
5 S. aureus B1;6 L. monocytogenes ATCC19144

Table 3. MIC and MBC values of C. ladanifer organic fractions against S. aureus

Plant extracts

Hexanic Dichloromethane Methanolic
MIC (mg/ml) MBC (mg/ml) MIC (mg/ml) MBC (mg/ml) MIC (mg/ml) MBC (mg/ml)

8.75 35 17.5 17.5 8.75 > 40

Table 4. Effect of C. ladanifer extracts of on microbial kinetic parameters

Plant extract/control S. aureus C. albicans
µexpo h

-1 G(h) µexpo h
-1 G (h)

Control (Tween20/Distilled water) 0.74 0.94 0.6 1.15
Control (DMSO) 0.6 1.16 0.16 4.28
Hexanic 0.277±0.02 2.51±0.17 - -
Dichloromethane 0 0 0 0
Methanol 0.047±0.005 14.85±1.7 0 0
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tract displayed a stronger action by reducing bacte-
rial reproduction at a rate of 0.047±0.005h-1 and ex-
tending the doubling time to 14.85±1.7h.

Anti-cell adhesion assay

In this study, inhibition of biofilm formation was es-
timated by the analysis of initial cell attachment.  All
tested extracts exerted an effect on tested biofilms
with a significant dose-effect, with inhibition rates
exceeding 50% at high concentrations (Table 5). The
hexanic extracts showed the most significant dam-
age on S. aureus biofilms at its highest concentration
of 17.5 mg/ml (83.57±0.33%) followed by
dichloromethane extracts with 67.61±3.36% inhibi-
tion at 35 mg/ml whilst the methanolic extract re-

vealed the lowest effect at 17.5mg/ml (51.9±2.02%).
For C. albicans, biofilm attachment has been re-

duced by both methanolic and dichloromethane ex-
tracts with inhibition rates exceeding 70% at
17.5mg/ml and 35 mg/ml respectively. Methanolic
extract is more likely to be more active against C.
albicans biofilm formation, inducing a biofilm inhibi-
tion at a rate of 74.26% at 17.5 mg/ml whereas a
71.02% inhibition rate was obtained with the
dichloromethane at 35 mg/ml.

Antifungal activity

The antifungal activity of the organic extracts is re-
ported in Figure 1. Overall, the dichloromethane ex-
tract of C. ladanifer was the most active inducing sig-

Table 5. Effect of hexanic, dichloromethane and methanolic extracts on biofilm formation

Extract Strain Concentration (mg/ml) Anti-biofilm effect (%)

Hexanic S.aureus 17.5 83.57±0.33
8.75 78.1±0
4.38 63.3±0

Dichloromethane S.aureus 35 67.61±3.36
17.5 55.47±4.37
8.75 14.76±4.04

C.albicans 35 71.02±0.9
17.5 70.53±0
8.75 61.78±4.8

Methanol S. aureus 17.5 51.9±2.02
8.75 22.61±3.7
4.38 26.9±7

C. albicans 17.5 74.26±0.27
8.75 72.2±2.9
4.38 45.1±0.8

Fig. 1. Percentage of fungal inhibition of C. ladanifer extracts against the selected  fungal strains: B. cinerea(A) and F.
oxysoporum(B)

(A) (B)
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nificant growth inhibition of both tested fungi. The
dichloromethane exhibited an 18% mycelia inhibi-
tion of B.cinerea at 0.15 mg/ml and total inhibition at
1.25 mg/ml, whereas on F. oxysoporum a dose-re-
sponse inhibition was obtained with a total inhibi-
tion at 10 mg/ml. The methanolic extract was also
active and showed total inhibition at 10 mg/ml on
both fungal strains. Hexanic and aqueous extracts
showed a reduced activity on fungal mycelia
growth with an inhibition not exceeding 15% at
higher doses.

For all tested concentrations, mycelia inhibition
has been recorded for both strains since the 2nd day
after incubation and the fungal response to C.
ladanifer extracts was dose dependant. At the con-
centration of 10 mg/ml both dichloromethane and
methanolic extracts showed a fungistatic effect
against the two fungal strains as it is illustrated in
Figures 2 and 3.

Dichloromethane and methanolic extracts were
also the active extracts against C.albicans with inhibi-

tion zones of 13.3 mm and 10.6 mm, respectively
(Table 6). The methanolic extract was more fungi-
cide and fungistatic with a MIC and MBC of 8.75
mg/ml. The MIC and MBC obtained with
dichloromethane was significantly higher (17.5 mg/
ml).

Total phenol content and antioxidant activity

Table 7 presents the results of the antioxidant activ-
ity of the C. ladanifer extracts molecule. Overall, a
close dose-dependent relationship was obtained
with all extracts. At a high dose (2mg/ml), the 4 ex-
tracts exhibited an interesting antioxidant activity
equivalent to that obtained with BHT, used as refer-
ence molecule. At 1 mg/ml, aqueous extract was the
most active followed by the dichloromethane, with
antioxidant activities of 86.34±0.03 and 69.92±0.009
respectively.  Of particular interest, at lower doses,
the methanolic extract exhibited a significant high
antioxidant activity, greater than that obtained with
the BHT.

Fig. 2. Mycelial growth kinetics of B. cinerea in presence of C. ladanifer extracts
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Polyphenolic analysis showed that the aqueous
extract displayed the highest levels of phenol com-
pounds (60.67±0.056 GAE). Dichloromethane and
methanolic extracts presented moderate levels of

polyphenolic contents: 16.53±0.015 GAE and
9.8±0.012 GAE, respectively (Figure 4). Comparison
between total phenol content and the antioxidant
activity showed a close relationship between the

Table 7. Antioxidant potential and efficiency (IC50) of C.ladanifer extracts in comparison with BHT

Concentration (mg/ml) 2mg/ml 1mg/ml 0.0312mg/ml 0.00048mg/ml IC50 (mg/ml)

Hexanic 95.87±0.01a 36.52±0.27b 10.8±0.03b 10.15±0.02b 1.04
Dichloromethane 93.02±0.005a 69.92±0.009b 15.88±0.01c 6.9±0.02d 0.84
Methanolic 93.69±0.001a 42.79±0.064b 39.64±0.01b 17.12±0.04b 0.81
Aqueous 95.15±0.02a 86.34±0.03b 26.81±0c 16,51±0.01d 0.6
BHT 93.81± 0.002a 92.86±0.003a 27.48±0.01b 10.61±0.1c 0.6

A,b,c,d:Means presented in  the same row with different letters denote a statistically  significant difference according
to Fisher’s Least Significant Difference test (p < 0.05).

Table 6. Antifungal effect of C. ladanifer extracts against C. albicans strain

Plant extracts Concentration (mg/ml) MIC MBC
30 60 100

Hexanic 0 0 0 - -
Dichloromethane 0 13.3±2.8      - 17.5 17.5
Methanolic 0 10.6±0.57 - 8.75 8.75
Aqueous 0 0 0 - -

Fig. 3. Mycelial growth kinetics of F. oxysporum in presence of C.ladanifer extracts
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phenolic status of the extract and free radical scav-
enging ability.

Discussion

In Morocco, medicinal and aromatic plants are
widely used for their potential as functional food, as
vegetable oil and as for primary care. Moreover,
growing interest is given to identify plants with po-
tential added values that could be used for human
wellbeing and to identify plants as sources of phar-
maceutical active substances(Aghraz et al., 2018;
Bouyahya et al., 2020). Thus, this study interferes
with the efforts made across the country for the pro-
motion of medicinal and aromatic plants and par-
ticipates in the socio-economic development of the
country.

In this perspective, we have evaluated the anti-
bacterial activity of C. ladanifer.  Results have clearly
shown that aqueous extract didn’t exhibit any effect
on selected bacteria but hexanic, dichloromethane
and methanolic extracts have an interesting effect on
S. aureus, a gram positive bacterium. The resistance
of selected Gram-negative bacteria could mainly be
due to their lipopolysaccharide cell wall limiting the
diffusion of the hydrophobic compounds (Erdogrul,
2002; Ouattara et al., 1997). In a previous study,
Benayad et al. reported that hexanic,
dichloromethane and methanol extracts of C.
ladanifer, collected from the Middle-Atlas region of
Morocco, inhibited S. aureus growth. However, they
have reported that the methanolic extract has an in-
hibitory effect also on E. coli and P. aeruginosa
(Benayad et al., 2013). This difference could be ex-
plained by the tested concentrations of the extract
and also the chemical composition that was reported
to be different according to the climate and soil com-

position (Messaoudi et al., 2019). Additionally, the
variable sensitivity profiles displayed by bacterial
strains towards chemical substances pertain to dif-
ferent resistance levels between the strains
(Erdogrul, 2002).

Of particular interest, dichloromethane extract
exerted a bacteriostatic effect on S. aureus strains and
explains the traditional medical application of C.
ladanifer to treat various infections caused by this
microbe.

Given the interest in biofilms and their role in
contaminations associated with the food industry
(Galié et al., 2018), a great interest is currently given
to identify natural compounds with anti-biofilm
potentialin the perspective to set up alternative op-
tions for food preservation that will limit the risk of
food deterioration on human health. In this context
we have evaluated the ability of C.ladanifer extracts
to reduce biofilm formation. For instance, the
hexanic extract exhibited the highest effect on S.
aureus biofilm at 17.5 mg/ml and the activity de-
creased in low concentrations. Interestingly, C.
ladanifer extracts are able to interfere with the mo-
lecular process of biofilm initiation even at low
doses and highlight the potential use of these ex-
tracts to limit the initiation and formation of biofilm
and therefore prevent spoilage of specific foods.

On the other hand, C. ladanifer extracts have
shown also an interesting antifungal activity on B.
cinerea, F. oxysporum and C. albicans.
Dichloromethane and methanolic extracts were the
most active extracts and have exhibited total growth
inhibition of both selected fungi. These results are in
agreement with already published data (Barros et
al., 2013; Greche et al., 2009), confirming the antifun-
gal capacity of C. ladanifer. Therefore.
Dichloromethane and methanolic extracts of C.
ladanifer could be considered as a significant source
of mycotoxins and their application may offer a re-
newable source for potentially effective, safe and
environment friendly fungicides. Their use as anti-
fungal preservatives may be of great interest to pre-
vent fungal induced spoilage.

Scientific evidence has shown that plants are a
source of numerous antioxidant agents. In this con-
text, we have evaluated the antioxidant power of C.
ladanifer and results clearly showed a highly signifi-
cant antioxidant activity of the aqueous extract, with
an IC50 similar to that obtained with BHT used as a
reference product (0.6 mg/ml). The extracts ob-
tained from C. ladanifer, collected from different re-

Fig. 4. Total polyphenol content of C. ladanifer extracts in
GAE (mg/g material)
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gions, have been previously documented as strong
antioxidant candidates (Amensour et al., 2010;
Andrade et al., 2009; Barrajón-Catalán et al., 2010;
Zidane et al., 2013).

Moreover, it’s widely accepted that there’s a
strong association between antioxidant activity and
total phenol content, and a positive correlation be-
tween phenolic content and free radical scavenging
activity (DPPH) has been reported (Khorasani
Esmaeili et al., 2015). In this context, we have as-
sessed the polyphenolic status of C. ladanifer extracts
and found, as expected, that the aqueous extract is
the richest source of polyphenols (TPC= 60. 67 mg
GAE/g). As already reported, a close relationship
was obtained between the antioxidant capacity of
the tested extracts and their phenolic content, con-
firming once again that the antioxidant activity of
plant extracts is mainly due to the presence of
polyphenols.

In the present study, results have shown that
dichloromethane and methanolic organic extracts
have antibacterial and/or antifungal activities
whereas the aqueous extract is rich in polyphenols
and exhibit a strong antioxidant activity. Extraction
with dichloromethane and methanol, known for
their low polarity, leads to obtain organic com-
pounds like sesquiterpene lactones, saponins,
tannins, and alkaloids widely reported for their an-
tibacterial and antifungal activities (Ahmed and
Abdelgaleil, 2005; Barrero et al., 2000; Sieberi et al.,
2020). On the other hand, the aqueous extraction
leading to select products with high polarity is used
selectively to obtain polyphenols widely reported as
antioxidant agents (Guerrero et al., 2008).

The present study is very instructive and brings a
lot of information of great interest: (1) C. ladanifer has
multiple biological activities; (2) Each extract has a
range of specific activities; (3) extraction with non-
polar solvents will give extracts with antimicrobial
activity whereas the extraction with a polar solvent
will lead to extract polyphenols with antioxidant ac-
tivity.  However, the main limitation of the study is
the absence of the chemical composition of each ex-
tract. Indeed, chemical composition will inform on
the available chemicals on each extract which would
be of great interest to identify the active compounds,
alone or under a synergic action, for the specific ac-
tivity.

Conclusion

The present study revealed that C. ladanifer contains

2 panels of products: organic compounds with anti-
bacterial and antifungal activities and polyphenols
with an interesting antioxidant activity, suggesting
the high opportunity of using this plant as an anti-
microbial agent and/or free radical scavenge rfor
control of plant diseases and food preservation.
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