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INTRODUCTION

Chamaerops humilis L. is considered among 
the medicinal plants largely used in traditional 
medicine. It is known for its antibacterial and an-
tioxidant activities, as it constitutes a promising 
source of bioactive molecules that play a major 
role in treating bacterial infections (El Cadi et 
al., 2021; Blumenthal et al., 1998). Chamaerops 
humilis L. is characterized by its history in popu-
lar Moroccan medicine; it has been used because 

of its nutritional and pharmaceutical properties 
(Emad et al., 2021). In addition, the fruits of this 
species are known to be rich in nutritional ele-
ments; also, they are generally astringent due to 
their high tannin content (Bnouham et al., 2010; 
Bouhafsoun et al., 2019). It is abundant in south-
ern Europe and North Africa (Freitag, 1971). This 
species is reported to have diverse biological 
properties, such as antidiabetic, antimicrobial, an-
ti-inflammatory, anabolic, antilithic, and diuretic 
effects (Hasnaoui et al., 2016; Benmehdi et al., 
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2011). The main phytochemical compounds that 
characterize this plant are polyphenols, flavo-
noids, tannins, terpenoids, and saponins, which 
have contributed to the control of various human 
physiological processes and protection against 
oxidative stresses, inflammation, microbes and 
cancer (El-Beltagi et al., 2018; Faten, 2009).

Free radicals contribute to their role in trig-
gering chronic degenerative diseases, including 
cancer, autoimmune diseases, inflammatory dis-
eases, cardiovascular diseases, neurodegenerative 
diseases and aging in general (Seyfried, 2007; 
Aruoma, 2003; Surh et al., 2001). As a result of 
these facts, synthetic and natural products have re-
ceived increased attention in biological research, 
medicine, and pharmacy due to their antioxidant 
activity (Seyfried, 2007 ; Goodman et al., 2011).

The control of bacterial infections is realized 
mainly by the use of antibiotics; these means of 
treatment are sometimes inappropriate because of 
the resistance of microorganisms to antibiotics, 
hence the interest to direct studies toward alterna-
tive medicine, which constitute a source of new 
natural molecules with important antimicrobial 
properties (Billing & Sherman, 1998).

The present study aimed to evaluate the sci-
entific corpus of the therapeutic effects of hu-
milis. For this purpose, a quantification of the 
chemical compounds present in this plant and 
the implementation of its antioxidant and anti-
bacterial power were evaluated. The results of 
this study will be a source of information on this 
plant for better valorization and to maintain its 
sustainable development.

MATERIALS AND METHODS

Sample preparation

The parts of humilis (leaves, fruits and pulp) 
were collected in 2020. The plant was identified 
by botanist Amina Bari, under voucher number 
CH185181S1 (FSDM, USMBA, Fez, Morocco). 
The plant material was dried in the oven at 40°C 
until a constant weight was obtained, then ground 
to powder using a hand blender and sieved 
through a sieve of diameter < 2 mm.

Extraction procedure

The extraction was performed by the sonica-
tion technique with the selected extraction sol-
vent: the solvent composed of ethanol, water and 

methanol for the leaf part, the hydroethanol sol-
vent for the fruit part and the hydromethanol sol-
vent for the pulp part. The obtained solution was 
concentrated in the rotavapour, until a solid was 
obtained, and stored at -20°C until use.

Phytochemical tests

Determination of the total phenolic content

The total polyphenol content of hydroalcohol-
ic extracts was determined by the Folin – Ciocal-
teu method described by Singleton et al., (1999) 
with some modifications. Firstly, 50 µL of the ex-
tract was mixed with 450 µL of Folin – Ciocalteu 
reagent (0.2 N); after 5 min, 450 µL of Na2CO3 so-
lution (75 g L-1) was added to the mixture, then the 
whole was incubated in the dark for 2 h at room 
temperature. The absorbance was measured at 760 
nm in a Jenway 6505 UV/visible scanning spec-
trophotometer. The results are expressed as mg 
gallic acid equivalent (GAE) g-1 dry weight

Determination of the total flavonoid content

The amounts of total flavonoids in the ex-
tracts were determined according to the method 
described by (Miguel et al., 2010) with minor 
modification. Initially, 200 µL of the extract was 
mixed with 100 µL of AlCl3 (10%), and after 
vortexing, 700 µL of distilled water was added. 
The mixture was incubated for 40 min in the 
dark at room temperature. The absorbance was 
measured at 420 nm. Total flavonoid content was 
calculated as mg quercetin equivalents (QE) per 
gram (g) of dry weight.

Biological activities

Antioxidant activities

DPPH free radical-scavenging activity

The free radical scavenging activity of all ex-
tracts was determined by the method described by 
(Aazza et al., 2011). Briefly, 50 µl of extract from 
the different dilutions were added to 950 µl of a 
methanolic solution of DPPH (60 µM). After 60 
min of incubation at room temperature, the absor-
bance was measured at 517 nm. The percentage 
of inhibition of the free radical scavenging activ-
ity of the extracts was calculated as follows:

 % Inhibition =
[(Abs control – Abs sample / Abs control) · 100] (1)
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Total antioxidant capacity

The total antioxidant capacity (TAC) of the ex-
tracts was evaluated by the formation of the green 
phosphomolybdenum complex, according to (Pri-
eto et al., 1999). An amount of 50 µL of the sample 
was mixed with 1 mL of reagent solution (0.6 M 
sulfuric acid, 28 mM sodium phosphate and 4 mM 
ammonium molybdate) in test tubes. The mixture 
was incubated in a water bath at 95°C for 90 min. 
The test tubes were cooled to room temperature, 
and the mixture absorbance was measured at 695 
nm against a blank in a Jenway 6505 UV/visible 
scanning spectrophotometer. The calibration curve 
for the aqueous ascorbic acid solution included a 
concentration series of 5.0 to 0.0039 mg ml-1. The 
results showed (antioxidant activity in ascorbic 
acid equivalents) are mean values expressed as (g) 
ascorbic acid equivalent (EAA) g-1 dry weight.

Antimicrobial activities

The conducted investigation consisted in 
evaluating the antimicrobial effect of the extracts 
of leaves, fruits, and pulp of Chamaerops humilis 
L. by determining the minimum inhibitory con-
centration (MIC) and the minimum bactericidal 
concentration (MBC), as well as the diameter of 
the zone of inhibition (DI) using the microplate 
method and the well method.

Bacterial strains and inoculum preparation.

The microorganisms used in this study were 
Gram positive bacteria, Bacillus subtilis IL-
P1428B, Staphylococcus aureus CIP543154, and 
Gram negative bacteria, Pseudomonas aeruginosa 
ATCC27653, Escherichia coli CIP5412 which 
were collected from the American Type Culture 
Collection (CATC) and the Institut Pasteur Collec-
tion (CIP). Bacterial growth was realized at 37°C 
in LB medium. The bacterial suspension (inocula) 
was prepared by picking a few colonies with a ster-
ile loop and transferring them into 10 ml of physi-
ological saline (0.9% NaCl). The resulting bacte-
rial suspension was homogenized using the vortex. 
The density was adjusted to saturation of 0.5 Mc-
Farland, which corresponds to an optical density 
of 0.08–0.10 measured at a wavelength of 625 
nm. The final concentration of the inoculum was 
around 108 CFU/ mL (Dimitrijevic et al., 2012).

Agar well diffusion method

The antimicrobial power of leaf, fruit and 
pulp extracts of Chamaerops humilis L. was 

examined by the well diffusion method (Hindi, 
2013; Clinical and Laboratory Standards In-
stitute, 2012). The bacterias were subjected to 
antibacterial effect according to the method 
mentioned above. Approximately 50 ml of LB 
medium was poured into Petri dishes; each Pe-
tri dish was inoculated with bacterial inoculum 
consisting of 0.5 McFarland (1–2)·108 CFU/ mL, 
which was prepared in physiological saline buf-
fer, 100 μL of leaf, fruit and pulp extract of the 
studied plant was placed in wells formed in the 
agar of each Petri dish. Negative control wells 
were filled with sterile physiological water. After 
24 h of incubation at 37°C, the diameter of the 
inhibition zones was measured in mm. Each 
experiment was performed in triplicate.

Minimum inhibitory concentration (MIC)

The minimum inhibitory concentration is the 
lowest concentration of the extract that is able to in-
hibit bacterial growth, Following the NCCLS meth-
od (Clinical and Laboratory Standards Institute. 
2012). The MIC of each extract was determined. 
This technique was performed by a series of dilu-
tions of the leaf, fruit, and pulp extracts of the plant 
studied, with concentrations ranging from 0.048 and 
100 mg/mL, 50 μL of each concentration was mixed 
in a 96-well plate with 50 μL of LB medium and 
50 μL of bacterial inoculums (5·105 CFU/mL). In 
parallel, a positive control which contains 50 μL of 
bacterial inoculums plus 50 μL of LB medium, and 
a negative control which consists 50 μL of L medi-
um, were prepared. After incubating the microplates 
at 37°C, 15 μl of resazurin developer was added 
to each well and incubated for 30 min. Microbial 
growth is revealed by the absence of purple color 
after the addition of resazurin.

Minimal bactericidal concentration (MBC)

MBC is defined as the low concentration nec-
essary to kill 99.9% of the inoculated bacteria 
(Dimitrijevic et al., 2012). In order to determine 
the MBC, each of the present concentrations (> 
or = (MIC) was sub-cultured onto LB agar and 
incubated at 37°C for 24 h. In fact, if the MBC/
MIC=1-2, the antibacterial effect is bactericidal; 
if the MBC/MIC = 4 to 16, it is a bacteriostatic 
effect (Berche et al., 1991).

Statistical analysis

All experiments were performed three times 
using triplicate samples. The data are presented 
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as mean ± standard deviationff. The differences 
were evaluated using an analysis of variance 
(ANOVA) with a p < 0.05 significance level. 
All statistical analyses were performed using 
SPSS (version 25, IBM SPSS Statistics 25), and 
when the effect was revealed to be significant, the 
Tukey test was performed for means separation at 
a significance level of P < 0.05. Pearson correla-
tion test and PCA were performed using XLSTAT 
2014.5.03 software.

RESULTS

Bioactive compounds

Total polyphenol content

The results represented in Table 1 highlight 
the variation of the total polyphenol content at the 
level of the plant parts (leaves, fruits and pulp). 
On the one hand, the optimized extract of leaves 
is the richest in polyphenols with a rate of 116, 
209±1.58 mg GAE/g dry weight. The fruit extract 
also has a significant level of polyphenols equal to 
78.621±1.06 mg GAE/g dry weight. On the other 
hand, the pulp extract accumulates a lower con-
centration than the other studied extracts, equal 
to 15.848±0.27 mg GAE/g dry weight. The sta-
tistical comparison showed that the total phenolic 
content of different samples was significatively 
different (p < 0.05).

Total flavonoid content

The results of the flavonoid content of the 
three optimized extracts of the studied parts 
(leaves, fruits and pulp) are reported in Table 1. 
The leaf extract recorded a high flavonoid con-
centration (2.313±0.02 mg GAE/g dry weight). 
The two extracts represent the lowest flavonoid 
contents, which are in the order of (0. 425±0.0227 
and 0, 208±0.01 mg GAE/g dry weight) for the 
fruit and the pulp, respectively. Statistical analy-
sis of the obtained results showed highly signifi-
cant differences (P ≤ 0.01) between leaf, fruit and 

pulp extracts (F = 6.919; df*=1). In turn, there 
was no significant difference between fruit and 
pulp extract (p ≥ 0.05), (F = 4.965; df* =1).

Biological activities

Evaluation of the antioxidant activity

Antioxidant compounds play a major role in 
preventing several diseases, including neurode-
generative diseases, because they neutralize the 
oxidative stress that produces free radicals (Tabet, 
2006). The search for antioxidants from natural 
sources is of global interest, as they are less toxic 
and more potent than synthetic antioxidants (Ab-
del-Hameed et al., 2014). Several medicinal plants 
have been studied as potential sources of natural 
antioxidants (Nile et al.; Suluvoy & Grace, 2017). 
In the conducted study, the antioxidant activity of 
three extracts of Chamaerops humilis L. (leaves, 
fruit and pulp). was studied using DPPH and CAT 
tests; the results are presented in Table 2.

The antioxidant capacity of the extracts of 
different studied parts was determined from the 
IC50, which is the necessary concentration to re-
duce 50% of free radicals. The values of IC50 are 
inversely related to the antioxidant capacity of a 
compound; the antioxidant power is proportional 
to IC50; the lower the value of IC50, the stronger 
the antioxidant power of the extract tested (Hebi 
& Eddouks, 2016). The IC50 values obtained 
from the studied parts of the extracts are repre-
sented in Table 2. The IC50 recorded for ascor-
bic acid ( 3.191±0.07 mg/ml) used as a reference 
molecule is higher than the different studied ex-
tracts. The leaf and fruit parts have an IC50 of 
about (4.006±0.36 and 4.967±0.41 mg/ml), re-
spectively. In contrast, the pulp part records a 
higher concentration (5.526±0.29). Thus, the 
leaves present the most active part. The statistical 
treatment of the IC50 values revealed highly sig-
nificant differences between the different studied 
parts (p ≤ 0.001), (F = 4.351; df* =1). The results 
obtained showed that the leaf extract revealed 

Table 1. Total phenolic and flavonoid determining contents of Chamaerops humilis L. extracts
C. humilis Polyphenols  mg GAE / g d.w Flavonoides mg GAE / g d.w

Leaves 116. 209 ± 1.58 a 2.313 ± 0. 02 a

Fruit 78. 621 ± 1.06 b 0. 425 ± 0.02 b

Pulp 15. 848 ± 0.27 c 0. 208 ± 0.01 b

Note: values are expressed as means ± SD (n = 3). Values followed by different letters are significantly different at 
p < 0.05; GAE = gallic acid; d.w = dry weight, df* = degrees of freedom.
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a better total antioxidant activity than the fruit 
and pulp extracts. The antioxidant concentra-
tion in the leaf extract is (119.702 mg AGE/g dry 
weight). However, the pulp extract has the lowest 
antioxidant concentration (18.887 mg AGE/g dry 
weight). Statistical analysis of the results reveals 
a highly significant difference between the three 
studied extracts (F= 4.60; df* =1 ; P ≤ 0.001).

Evaluation of the Antimicrobial activity

The bioactive substances of medicinal plants 
have a therapeutic capacity against microbes. 
Chemical compounds, including flavonoids, sa-
ponins, alkaloids, tannins and terpenoids, pres-
ent strong antimicrobial activity against fungi 
and bacteria (Oladeji, 2016). Table 3 presents 
the sensitivity of the tested bacterial strains to 
the extracts of different parts of the studied plant 
(leaves, fruits and pulp) by measuring the inhibi-
tion zones in mm.

The inhibitory capacity of the evaluated leaf 
and fruit extract revealed a positive effect against 
the tested bacterial strains with a range of inhi-
bition zones between (9.01±0.02 and 16.26±0.03 
mm). In contrast, the pulp extract had no effect, 
but only on the bacterial strain Bacillus subtilis the 
inhibition diameter is (11.1±0.01 mm). The leaf 
extract was the most effective against all strains 
tested as it inhibited the growth of all isolates 
with an inhibition zone ranging from (12.03±0.2 
mm) for Escherichia coli to (16.26±0.03 mm) for 
Bacillus subtilis. The lowest inhibitory effect was 
registered for the fruit part against the bacterium 

Pseudomonas aeroginosa with an inhibition di-
ameter of (9.01±0.02 mm).

Table 4 presents the results of minimum in-
hibitory concentrations (MIC), and minimum 
bactericidal concentrations (MBC) of each part of 
Chamaerops humilis L. against all studied Gram-
positive and negative isolates, as well as the type of 
effect that characterizes each extract. Evaluation of 
the antibacterial activity of extracts of different parts 
of Chamaerops humilis L. (leaves, fruits and pulp) 
indicated a large spectral antibacterial activity.

The MIC values of the leaves, fruits and pulp 
ranged from 0.195 mg /mL to 25 mg/mL on four 
bacterial strains and the MBC values ranged from 
0.39 mg /mL to 50 mg/mL. The antibacterial ac-
tivity results revealed that the highest MIC of pulp 
extract (25 mg/mL) was observed against Pseu-
domonas aeruginosa, Escherichia coli and Staph-
ylococcus aureus. However, the lowest MIC of 
leaf extract (0.195 mg/ml) was recorded against 
Bacillus subtilis. Similarly, the fruit extract has an 
antimicrobial power against the different strains 
studied. The lowest MIC was recorded against 
Staphylococcus aureus at a concentration of 
3.125 mg/ml, and the highest MBC was obtained 
against Bacillus subtilis at a concentration of 50 
mg/ml.Therefore, it can be argued that the three 
extracts of leaves, fruit and pulp have an antimi-
crobial effect against the different bacterial strains 
studied. Among the bacterial strains tested, Ba-
cillus subtilis was the most sensitive to leaf and 
pulp extracts, while the Staphylococcus aureus 
strain was equally sensitive to the fruit extract. 

Table 2. Antioxidant activity of different parts of Chamaerops humilis L. determined using 1,1-diphenyl-2-
picrylhydrazyl (DPPH) and total antioxidant capacity (CAT) assays

Plant part DPPH  (IC50, mg/ml d.w) TAC (mg AGE/g d.w)

Leaves 4.006 ± 0.36 c 119.702 ± 1.59a

Fruit 4.967 ± 0.41 b 83.256 ± 1.79b

Pulp 5.526 ± 0.29 a 18.887 ± 0.42c

Note: values are expressed as means ± SD (n=3). Values with different letters are significantly different at p < 0.05. 
Reference in DPPH assay, Ascorbic acid : IC50  = 3.191±0.07 mg/ ml; d.w = dry weight; TAC = total antioxidant 
capacity; DPPH = 2,2-diphenyl-1-picrylhydrazyl.

Table 3. Diameters of inhibition zones (DI) of different parts of Chamaerops humilis L.

C. humilis
(100 mg/mL)

Pseudomonas 
aeroginosa 

(ATCC27653)

Escherichia coli 
(CIP5412)

Staphylococcus aureus 
( CIP543154)

Bacillus  subtilis
( ILP1428B)

Leaves 13.06 ± 0.04 12.03 ± 0.2 14.09 ± 0.02 16.26 ± 0.03

Fruit 9.01 ± 0.02 11.19 ± 0.05 13.2 ± 0.02 14.14 ± 0.04

Pulp --- --- --- 11.1 ± 0.01

Note: DI – diameters of inhibition zones.
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In contrast, the Escherichia coli strain showed a 
very marked resistance to the samples examined.

Table 4 shows the MBC values of the three 
studied extracts. In fact, the highest MBC was 
0.39 mg/ml, shown against Bacillus subtilis by 
the leaf extract. For the fruit extract, the most 
interesting MBC was against Staphylococcus au-
reus, while the MBC of Staphylococcus aureus, 
Escherichia coli, and Pseudomonas aeruginosa 
were 6.25 mg/ml, 12.5 mg/ml and 25 mg/ml, 
respectively. The pulp extract had an MBC of 
3.125 mg/ml against Bacillus subtilis and 25 mg/
ml against Pseudomonas aeruginosa. However, 
against Staphylococcus aureus and Escherichia 
coli, the MBC was 50 mg/ml. According to the 
MBC/MIC ratio, it appears that the extracts of 
different parts of C. humilis had a bactericidal ac-
tivity on the studied strains.

Correlation

The correlations between phytochemical pa-
rameters and antioxidant and antimicrobial ac-
tivities are presented in Table 5. Almost all cor-
relations are highly significant (r > 0.900 ; p < 
0.0001). A strong positive correlation was regis-
tered between bioactive compounds (TPC, TFC), 
TAC and DI of P. aeruginosa, E. coli and S. au-
reus. Similarly, TPC and MIC of E.coli had a 
strong correlation (r = 0.969; p = 0.001). Howev-
er, a negative correlation was observed between 
TPC, TFC, TAC and IC50% DPPH, MIC of P. 

aeruginosa, E. coli and S. aureus. This suggests 
that this group of chemical compounds can play 
an interesting role in the biological activities of 
the extracts of the studied plant parts (leaves, 
fruits and pulp Chamaerops humilis L).

Multivariate analysis

In order to highlight the relationships be-
tween the presence of phenolic compounds (poly-
phenols, flavonoids) and the antioxidant activity 
of the studied extracts by chemical tests DPPH 
and TAC, as well as the antibacterial activity by 
DI and MIC. It is essential to use all the statis-
tical tools, such as the PCA, which is an effec-
tive way to determine the relationship between 
variables and similarities between parts (Forina, 
et al., 1987). Figure 1 shows the principal com-
ponent analysis (PCA), carried out on all the pa-
rameters studied, taking into account the three 
organs of the plant. In the present study, the first 
two principal components (F1 and F2) expressed 
the maximum information contained in the initial 
data matrix (87.89% and 12.11%, respectively). 
The first principal component (PCA), which ag-
gregates most of the information, was positively 
correlated with the TFC and TPC parameters and 
the diameter of inhibition zone results. In con-
trast, a negative correlation was noticed between 
the same main component and the antibacterial 
and antioxidant activities. PCA allowed the for-
mation of three distinguished groups; the first one 

Table 4. MICs and MBCs values of Chamaerops humilis L.samples generated against different bacterial strains

C. humilis
Pseudomonas 

aeruginosa 
(ATCC27653)

Escherichia coli 
(CIP5412)

Staphylococcus aureus
(CIP543154)

Bacillus subtilis
(ILP1428B)

Leaves

CMI (mg/ml) 3.125 6.25 3.125 0.195

CMB (mg/ml) 6.25 12.5 3.125 0.39

CMB/ CMI 2 2 1 2

Effet type Bactricidal Bactricidal Bactricidal Bactricidal

Note: CMI – minimum inhibitory concentration; CMB – minimum bactericide concentration.

Table 5. Pearson correlation matrix of phytochemical parameters, Diameter of inhibition (DI) and MICs of leaf, 
fruit and pulp extracts

DPPH
(IC50)

DI
P. aeruginosa

DI
E. coli

DI
S. aureus

DI
B. subtilis

CMI
P. aeruginosa

CMI
E. coli

CMI
S. aureus

CMI
B. subtilis

TPC - 0.893** 0.964*** 0.890** 0.888** 0.979*** - 0.918*** 0.969*** -0.864** -0.072

TFC -0.814** 0.805** 0.641 0.637 0.865** - 0.693* - 0.820** -0.593 -0.481

TAC - 0.930*** 0.998*** 0.953*** 0.952*** 0.998*** - 0.972*** -0.999*** -0.933*** 0.054

Note: ***Correlation is significant at the 0.001 level, **correlation is significant at the 0.01 level, *correlation is 
significant at the 0.05 level.
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is constituted by the leaf part, which is charac-
terized by high polyphenol and flavonoid content 
and, consequently, high antioxidant and antibac-
terial activity. This group is located on the nega-
tive side of the F2 axis. The fruit part is located 
on the positive side of the F2 axis and is charac-
terized by the DPPH antioxidant and antibacte-
rial activity. However, the pulp part is present on 
the negative side of the F1 axis, and characterized 
only by the antibacterial power.

DISCUSSION

Total phenolic compounds are a group of 
plant compounds of importance in the biotech-
nological and industrial sectors and are the main 
contributors to different biological activities 
of plants (Robards et al., 1999). Phytochemi-
cal analysis of leaf, fruit and pulp extracts of 
Chamaerops humilis L, by quantitative determi-
nation of polyphenols, revealed that the highest 
polyphenol content was registered in the leaf and 
fruit extract, whereas the lowest was in the pulp 
extract. This important presence of polyphenols 
can be explained by the fact that the leaves and 
fruits are more exposed to UV rays than the pulp 
part. The obtained results are in accordance with 
(Gonçalves et al., 2018) who reported that the 

highest phenolic content was found in the leaf 
extract, and the lowest in the pulp extract. The re-
sults of the polyphenol content of the fruit of this 
plant is clearly higher (78,621 mg/g dry matter) 
than the ones found by (Mohamed et al., 2010) ( 
64.9 GAE/g d.w). In comparison with other stud-
ies, the obtained results of polyphenol content 
at the leaf level are high compared to the values 
found by (Khoudali et al., 2014) (99.8 mg EAG/g 
(sample). In addition, it was noted that the ex-
tract of the analyzed leaves shows a polyphenol 
content superior to that found by (Bengag, 2009) 
(25.2 µg EAG/mg extract) and lower than the one 
obtained by (Coelho et al., 2017) (153.1 µg EAG/
mg extract). Flavonoids are largely distributed in 
the plant world and they also have different bioac-
tive properties. A study carried out on Chamae-
rops humilis L. showed that the highest flavonoid 
content was found in the leaf extract, and the low-
est in the pulp extract (Gonçalves et al., 2018), the 
same results were obtained in authors’ own work. 
The gathered results agree with those obtained 
in the literature, the highest flavonoid contents 
in the leaves of Chamaerops humilis L. (Coelho 
et al., 2017). The high presence of this chemical 
compound in the aerial parts (leaves and fruits) is 
explained by the fact that flavonoids ensure the 
protection of plant tissues against the effects of 
UV radiation since they absorb these radiations 

Figure 1. Principal component analysis (PCA) of leaves (L), fruit (Fr) and pulp (P) of the 
studied plant using the evaluated parameters: TPC, TFC, IC50 DPPH, TAC, DI and MIC
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and act as solar filters, hence the high presence 
of flavonoids in the plant parts exposed to the sun 
(leaves and fruits) than those in the shade (pulp) 
(Acherrat, 2016). In the presented study, flavo-
noids were found only in minimal amounts (0, 
425 mg/g d.w.) in the fruits of this plant compared 
to the work conducted by (Mohamed et al., 2010) 
which showed an important amount of flavonoids 
in the fruit extract (46.28 mg/g d.w). The differ-
ence that was found between the obtained results 
and those presented by the authors is generally 
due to several factors, including, the extraction 
method, the period of collection of different parts 
of the plant (leaves, fruit and pulp) and the stage 
of development of the plant (Belhaoues, 2018). 
This difference can also be explained by the in-
trinsic physiological and morphological charac-
teristics of the plant and the growing conditions. 
All these factors taken together may influence the 
performance of the three parts of the plant with 
respect to phytochemical content.

Concerning the antioxidant capacity, it is 
recommended to base on multiple antioxidant 
test models (Alam et al., 2013 ; Singh & Singh, 
2008). In the present study, the studied extracts 
were examined by two different methods: DPPH 
and TAC. The DPPH test is a rapid, easy, eco-
nomical and largely used method. It is based on 
the reduction of the violet radical of 2,2-diphenyl-
1-picryl-hydrazyl-hydrate (DPPH-) to the yellow 
non-radical diphenylpicrylhydrazine (DPPH-H) 
in the presence of the antioxidant hydrogenator 
(Singh & Singh, 2008;  Pisoschi & Negulescu. 
2011). The total antioxidant test (TAC) is carried 
out at acidic pH. It is based on the reduction of 
Mo(VI) to Mo(V) by the analyzed sample and the 
thereafter formation of a green phosphate/Mo(V) 
complex (Prieto et al., 1999). The conducted 
study showed that the leaf extracts of Chamae-
rops humilis L. revealed strong DPPH piecing 
activity, and the fruit extract showed significant 
antioxidant activity. These results indicate that 
these extracts notably affect the trapping of free 
radicals. The obtained results are in accord with 
(Lantto et al., 2009; Wang et al., 2009). (Eldah-
shan et al., 2009) also showed that aqueous-eth-
anolic extract of this plant’s leaves seems to cap-
ture reactive oxygen species fully. Similarly, the 
leaf extracts were identified as having the highest 
antioxidant activity with the TAC test, followed 
by the fruit and pulp parts. The existence of great 
differences between the antioxidant capacity in 
the parts of the plant can be due to their richness 

in phenolic compounds (Simonne et al., 1993). 
He noted that phenolics are responsible for the 
antioxidant activity of plant materials (Hsu et 
al., 2006 ; Rice-Evans et al., 1996). Studies have 
suggested the role of phenolic compounds as the 
principal sources of natural antioxidants in plant 
foods (Hagerman et al., 1998). In the conducted 
study, the fruit extract showed potent antioxi-
dant activity. This high free radical scavenging 
activity could be due to its richness in phenols 
and flavonoids (Chua et al., 2013). The results 
obtained are in agreement with (Cook et al., 
1998) having reported that the aqueous extract 
of the fruit part of Chamaerops humilis L. re-
vealed antioxidant activity ; this is generally due 
to the substantial quality of their phenolic. It is 
well known that the plants rich in flavonoids are 
a good source of antioxidants (Bouterfas et al., 
2016 ; Djeridane et al., 2006).

According to scientific research, several studies 
have reported many active functions of Chamae-
rops humilis L., including antibacterial activities 
(Belhaoues, 2018; Medjati, 2014). The present 
work aimed to evaluate the antibacterial power of 
leaf, fruit and pulp extracts of the studied plant, 
as well as to predict the sensitivity and resistance 
of Gram- and Gram+ bacteria to the studied ex-
tracts. The results of the conducted study showed 
that the extracts of leaves, fruit and pulp are ac-
tive to various degrees and revealed an interesting 
antibacterial activity. The phenolic composition 
could influence the antibacterial effect of these 
extracts; indeed, these molecules are gifted with 
an important antibacterial power on the different 
gram-positive and gram-negative bacterial strains 
(Olivier et al., 2017; Al Akeel et al., 2014; Martins, 
et al., 2013). In addition, (Cowan, 1999) reported 
that several classes of polyphenols, such as phe-
nolic acids and flavonoids, serve as plant defense 
mechanisms against pathogenic microorganisms. 
Among the bacterial strains tested, Bacillus sub-
tilis was the most sensitive to plant leaf and pulp 
extracts. The obtained results do not concord with 
those obtained by (Acherrat, 2016), which revealed 
that the strain Pseudomonas aeruginosa having a 
sensitivity towards butanolic extracts of the two 
parts, leaves and stipe heart. Chaturvedi and  Ta-
leb-Contini (Chaturvedi et al., 2010; Taleb-Contini 
et al., 2003) pointed out that all flavonoid extracts 
have important antimicrobial activity against all 
tested bacterial strains. The antibacterial activity 
results also revealed that Staphylococcus aureus 
showed high sensitivity to Chamaerops humilis L. 
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fruit extract. This could explain the richness of the 
fruit extract in polyohenols and flavonoids and its 
efficiency against the studied strains. The obtained 
results are coherent with those of (Emad et al., 
2021) found that this plant’s methanolic fruit ex-
tract is most active against Staphylococcus aureus. 
Staphylococcus aureus is a causal agent of various 
human infections such as bacteremia, infective en-
docarditis, osteoarticular, pleuropulmonary, skin 
and soft tissue infections (Tong et al., 2015). In ad-
dition, several studies have reported the effective 
and remarkable antibacterial activity of different 
fruit extracts of Chamaerops humilis L.; the activ-
ity includes both Gram positive and Gram negative 
microorganisms (Auwal et al., 2013; Mohamed 
et al., 2010). Similar anterior studies support the 
obtained results: the hexanic extract of the stud-
ied plant fruit revealed a substantial antibacterial 
activity against intestinal microflora and potential 
pathogens related to constipation, while the aque-
ous extract showed a moderate activity (Ewansiha 
et al., 2021). In the conducted investigation, it ap-
pears that Escherichia coli (Gram-) is the most 
resistant bacterium to all extracts tested to other 
strains (Gram+). This is due to the different wall 
structures of the bacteria. In effect, the cell walls 
of Gram+ bacteria are composed of a single layer, 
while those of Gram- bacteria have a multilayer 
structure, bound by an external cell membrane 
(Shtayeh et al., 1998). This renders the Gram- bac-
teria more resistant. It is well known that the effi-
ciency of the antimicrobial activity depends on the 
nature of the phytochemicals that constitute each 
plant; therefore, their antimicrobial power can be 
varied from one plant to another against one organ-
ism to another (Mobina & Sudip, 2021).

CONCLUSIONS

This study presented a significant quantity 
of data concerning the leaves, fruits and pulp of 
C. humilis These three parts have distinct chemi-
cal and biological properties. The highest levels 
of polyphenols and flavonoids suggest that the 
leaves, fruits, and pulp may have applications 
in pharmacological and nutritional sciences. 
The highest levels of antioxidant activity and 
the highest efficiency of antibacterial activity 
of leaves, fruits and pulp offer good antioxidant 
and microorganism safety. Therefore, the results 
of this investigation should stimulate the interest 
of this plant for use in the pharmaceutical sector, 
food and other industries.
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