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Introduction
 For decades, oxidative stress and microbial contamination have 
evolved to the point where they are currently a major and serious 
public health problem at the global level. The treatment of these prob-
lems is generally based on the use of synthetic antibiotics. The often 
use of these molecules has led to therapeutic failures, adverse and 
toxic side effects on human health [1]. Therefore their effectiveness 
decreases. That’s why today several populations use medicinal plants 
to treat themselves, because these plants have given very encouraging 
therapeutic results and with less effects, they are less aggressive and 
less harmful to the body owing to its natural molecules [2], such as 
secondary metabolites or active ingredients [3].

 Cactus (Opuntia stricta) a wild plant distributed firstly in Spain 
and later in South and North Africa [4]. It has been traditionally used 
for various medicinal purposes. Several studies in experimental mod-
els investigated that all parts of Opuntia stricta have demonstrated 
different potential activities including antioxidant and antibacterial 
activities [5] (fruit), protective effect against hypolipidaemic effect, 
and HepG2 cell death [6] (cladodes), reduces Blood Glucose [7] (cla-
dodes), anti-inflammatory and cytotoxic activities [8] (cladodes). In 
spite of these various studies, there is no research reported the com-
parison of the chemical composition, the antioxidant, and antimicro-
bial effect between the fruits peels and cladodes from Opuntia stricta. 
To improve knowledge, the current study was undertaken to deter-
mine and compare the polyphenols, flavonoids and tannins content, 
the antioxidant property such as DPPH, CAT, ABTS, FRAP, OH, NO 
assays and antimicrobial effect (against Bacillus subtilis, Bacillus ce-
reus, Staphylococcus aureus, Micrococcus luteus, Escherichia coli, 
Klebsiella pneumoniae , Salmonella Enteritidis, Pythium catenula-
tum, Fusarium oxysporum, Fusarium sp) of two different parts of 
Opuntia stricta (fruit peels and cladodes).

Materials and Methods
Plant material

 The fruits and cladodes of Opuntia stricta used in this study were 
collected in the last week of February 2020 from Sidi Bouzid, Tunisia 
(Latitude: 35 ° 02′17 ″ North, Longitude: 9 ° 29′05 ″, Altitude: 332 
m). This plant specimen was authenticated by Professor Mohamed 
Echaieb and deposited at the local herbarium of the biology depart-
ment of from faculty of science of Sfax, Tunisia.

Microorganisms material

 Microbiological material consist of seven pathogenic strains of 
bacteria and 3 strains of fungi including: Bacillus cereus (‘BC’ JN 
934390), Bacillus subtilis (‘BS’ JN 934392), Staphylococcus aureus 
(‘SA’ ATCC 6538), Micrococcus luteus (‘ML’), Escherichia coli 
(‘Ec’ATCC 25922), Klebsiella pneumoniae (‘Kp’), Salmonella En-
teritidis (‘Se’ATCC43972),Pythium catenulatum (‘Pc’JX391934),-
Fusarium oxysporum(‘Fo’AB586994), Fusarium sp (‘Fs’JX391934)
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 Opuntia stricta is a wild plant belonged to the Cactaceae family 
and used in traditional medicine such as a natural remedy. This work 
is a contribution to the study of the bioactive substances continuous 
in aqueous extracts of fruits peel and cladodes from Opuntia stricta 
from center Tunisia, specifically in Sidi Bouzid and quantifies their bi-
ological activities. In fact, these results demonstrated that fruit peels 
are richer in total polyphenols, flavonoids than cladodes extract, as 
confirmed by HPLC where the quinic acid and hyperoside were the 
most abundant in these various extracts. And, the antioxidant assays 
showed IC50 NO= 0.14 ±0.13 mg/mL and IC50 DPPH = 0.37±0.0 
mg/mL were the little values for aqueous extract of fruit peels com-
pared to aqueous extract of cladodes. FRAP (1.40± 1.31mg/mL), 
OH (34.02±0.01%) and TAC (62.73± 2.11 mg AAE/g) were the high-
est values noted in this extract. Similarly, the bacterial strains tested 
were most sensitive to fruit peels than especially against Staphy-
lococcus aureus with inhibition zones (DIZ), minimum inhibitory 
concentration (MIC) and minimum bactericidal concentration (MBC) 
values of 15.22±2.14 mm, 4.68 mg/mL and 37.5 mg/mL respectively. 
However, aqueous extract of cladodes have high antifongical activity 
particularly against Fusarium oxysporum with DIZ (20±0.2 mm), MIC 
(4.68mg/mL) and MFC (75 mg/mL) value.
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Preparation of extracts

 Fruits and cladodes of Opuntia stricta were initially rinsed with 
distilled water. In fact, the fruit was peeled to separate their peel from 
the pulp. Then the fruit peel and cladodes were cut into thin slices, 
dried at 50-60°C for 24 hours, and ground to a powder with a Nima 
electric grinder apparatus (nima ®, Japan).

 The extraction method used was maceration; it consists of soaking 
200 g of the powder obtained in water for 24 hours with continuous 
agitation. The macerates was centrifuged at 4500 rpm for 15 minutes, 
filtered by Whitman paper, and then lyophilized in a lyophilizer at 
4°C. Finally, the extracts were recovered dry and kept in the freezer
for further analysis

Phytochemical screening

 The phytochemical composition of Aqueous Extract of Fruits peel 
(AEF) and Aqueous Extract of Cladodes (AEC) was quantified as de-
scribed by Bakari et al., [9]. In fact, the total phenolic, flavonoid, con-
densed Tannin were determined using respectively the Folin Ciocal-
teu, the aluminum chloride and the vanillin methods whose described 
by Zourgui et al., [10]. Moreover, the absorbance was measured by a 
spectrophotometer (Thermo Fisher Scientific, Genesys, USA). And, 
results were declared firstly, as mg of gallic acid equivalents per g 
of dry matter (mg of GAE/g of dry extract weight) for total phenolic 
and flavonoid, and secondly, in mg of catechin equivalent per g of dry 
matter (mg CE/g of dry extract weight) for condensed Tannin.

HPLC analysis

 Polyphenols and flavonoids continuous in aqueous extract of fruit 
peels and cladodes from Opuntia stricta were extracted by the mod-
ified method described by Ayaz et al., [11]. In fact, 1 g of AEF and 
AEC were added to 20 ml of ultra pure water and let them at a room 
temperature. After 24h, the mixture were centrifuged at 4000 rpm for 
25 min, filtered and analyzed by the HPLC system. Finally, 0.5 mL of 
each samples were injected.

 The composition analysis was performed in a Shimadzu LC-
20ADXR pump with an automatic SIL-20AXR (40°C) sampler. And 
the separation is done at 75°C in a Disco Very BIO Wide Pore C18 
column (250 mm x 4 mm, 5 µm) according to a gradient program.

Determination of antioxidant activity

DPPH free radical-scavenging assay: The measurement of an-
tiradical activity on Opuntia stricta extracts was performed by the 
2,2’-Diphenyl-1-Picrylhydrazyl (DPPH) free radical scavenging test 
using the procedure described by Kadri et al., [12]. In fact, Reaction 
mixtures containing 200 µl of each extract at different concentrations 
(0.0125 to 5 mg/ml) and 3.8 ml of a DPPH solution. Then, the sam-
ples were incubated for 30 min at dark room and ambient tempera-
ture. And, the absorbance was measured at 517 nm against a control 
(vit C). Finally, for each concentration, the test was performed thrice.

FRAP assay: The antioxidant activity was carried out using the reduc-
ing power assay (FRAP) according to the method slightly modified by 
Bougandoura et al., [13].This method is based on the reduction of fer-
ric iron (Fe3+) to ferrous iron salt (Fe2+) by the antioxidants that give 
the colour blue [14]. In this test, 1 ml of AEF and AEC at different con-
centrations (0.5 to 10mg/ml) was combined with 2,5ml of phosphate 
buffer (0.2 M, ph= 6,6) and 2.5 ml of potassium ferricyanide K3Fe 
(CN)6 (1%). The mixture was incubated in a water bath at 50°C for  

20min. Then 2.5 ml of trichloracetic acid (10%) was added to stop the 
reaction. Then, 2,5ml of the mixture is combined with 2,5ml of dis-
tilled water and 0.5ml of aqueous solution of FeCl3 (0.1%). The ab-
sorbance of the reaction medium is read at 700nm against a similarly 
white prepared, by replacing the extract with distilled water which 
allows the apparatus to be calibrated (UV-VIS spectrophotometer).

Total Antioxidant Capacity (TAC) assay: The total antioxidant ca-
pacity was evaluated by phosphomolybdenum method as mentioned 
by Prieto et al., [15] that relies on the reduction of Mo (VI) to Mo 
(V) and formation of green phosphate/Mo (V) complex. In this assay, 
0.3 ml of AEF and AEC was mixed with 3 ml of reagent solution (sul-
furic acid (0.6 M), sodium phosphate (28 mM) and ammonium mo-
lybdate (4 mM)). Moreover, the reaction mixture and the control were 
incubated at 95°C for 90 min. After that the absorbance was measured 
at 695 nm. The total antioxidant activity was expressed as milligram 
ascorbic acid equivalents per gram dry matter (mg EAA/g extract).

Determination of antimicrobial activity

 The assessment of antimicrobial activities of Opuntia stricta ex-
tracts was done in vitro using two methods: the method of agar-well 
diffusion and the method of micro-dilution well.

Microorganisms and culture conditions

 The antimicrobial activities of AEF and AEC was tested against 
a large panel of microorganisms such as 7 strains of bacteria includ-
ing Bacillus subtilis (‘BS’ JN 934392),, Bacillus cereus (‘BC’ JN 
934390), Staphylococcus aureus (‘SA’ ATCC 6538), Micrococcus 
luteus (‘ML’), Salmonella Enteritidis (‘Se’ATCC43972), Escherichia 
coli (‘Ec’ATCC 25922), Klebsiella pneumoniae (‘Kp’) and 3 stains of 
fungi including Fusaruim oxysporum

 (‘Fo’AB586994), Pythium Catenulatum (‘Pc’JX391934) and Fu-
sarium sp (‘Fs’JX391934) These strains belong to the local culture 
collection from microbiology laboratory of the department of life sci-
ences of the faculty of science of Sfax, Tunisia.

 For the determination of these activities, bacteria and fungi strains 
were cultured on the surface of culture media (Mueller Hinton for 
bacteria and agar Sabouraud for fungi) and incubated at 37°C for 24 
hours and at 30°C for 36 hours respectively. Then, bacteria was inoc-
ulated in 3 mL of Mueller Hinton and incubated during 24 H, with an 
agitation of 200 rpm at 37°C whereas fungi was inoculated in 10 ml 
of sterile water containing 0.1% Tween 80. The optical density was 
adjusted to 0,08- 0,10 in order to obtain a solution equivalent to 106 
UCF/ml for bacteria and 106 spores/ml for fungi and all tests were 
performed at three resumes [16].

Antimicrobial activity detection by agar diffusion method

 The antimicrobial assay was detected firstly by agar diffusion 
method described by Daoud et al., [17]. In this well-known proce-
dure, the specific culture medium for each microorganism (Mueller 
Hinton for bacteria and agar Sabouraud for fungi) was cast in petri 
dishes under well-studied sterility conditions until they solidify. Then, 
100 µL for each suspension (107 CFU bacteria/ml and 106 spores/ml) 
were seeded on the culture media surface using a sterile flue brush. 
After that, a few 6 mm wells were installed in the culture medium so-
lidified with a sterile Pasteur pipette. Then, each well was filled with 
60 μl of each extract (150 mg/ml DMSO). A Positive test was out with 
chloramphenicol (15 µg/wells) and cycloheximide (20 µg/wells) and 
the DMSO has been used us negative test. Moreover, all petri dishes  
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have been have been added +4°C for 2 hours to facilitate the dissemi-
nation of extracts in the culture medium thereafter incubated at 37°C, 
during 24h and to 30°C, during 4-7 days, for the bacteria and fungi, 
respectively. Antimicrobial activity was determined by measuring the 
diameter of the zones inhibition in millimeters and all experiments 
were carried out in triplicate.

Antimicrobial activity detection by micro-dilution well 
method

 The Determination of minimum inhibitory concentration (MIC) 
and Minimum Bactericidal/Fongicidal Concentration (MBC/MFC) 
was used, according to Sen et al., [18]. For the antimicrobial activity 
of AEF and AEC. This method was determined using a sterile 96-well 
microplate. The first step corresponded to the refilling of each well 
with 90 μl of Mueller Hinton and Sabouraud agar for bacteria and 
fungi respectively with 100 μl of each dilution of the extract and 100 
μl of each dilution of the two extracts which were obtained by the 
dissolution of the extracts in the DMSO and preparation of the series 
of concentrations of 150 mg with 1.10 mg /ml. In step 2, plates were 
incubated at 37°C for 24 hours for bacterial strains and 30°C for 3 
days for fungal strains after homogenization. A negative and posi-
tive control wells were prepared simultaneously in separate wells. In 
this assay, the viability of bacteria and fungi becomes very clear after 
the addition of 25 μl of MTT (3-(4,5-dimethyl-2-thiazolyl)-2,5-di-
phenyl-2 H-tetrazolium bromide) to each cavity (an indicator of mi-
croorganism growth) and the mixture was incubated at 37°C for 30 
min. After incubation, cavities exhibit inhibition of microbial growth 
remains clear [19]. The lowest concentration of the extracts that in-
hibited growth was recorded as the MIC and MBC for bacteria and 
MFC for fungi.

Statistical analysis

 The results were expressed as a Standard Error Mean (MES) and a 
statistical analysis was performed using an SPSS. All values obtained 
represent mean values of 3.

Results and Discussion
Opuntia stricta fruits peel and cladodes extracts yields

 The yields of aqueous extracts of fruits peels and cladodes from 
Opuntia stricta were illustrated in table 1. In this table, is very re-
markable that the aqueous extract from the peel produces a major 
yield (0.32%) compared to that of cladodes (0.20%). Thus, a signifi-
cant difference was observed between the two parts of the plant. And, 
this difference can be attributed to the differences in the structure of 
phytochemical compounds [20].

Phytochemicals screening

 The compositional content of polyphenols, flavonoids, and con-
densed tannins was carried out on aqueous extracts prepared from 
fruits peel and cladodes of Opuntia stricta. In fact, the total polyphe-
nol content was determined by the Folin ciocalteu method where gal-
lic acid was used as a standard. Then, for flavonoids and condensed 
tannins, the assays were conducted using respectively the aluminum 
trichloride method and the method of vanillin where catechin used as 
a standard.

 The results of this study given in table 2 shown that in Opuntia 
stricta, polyphenols and flavonoids were highly accumulated in the 
peels than in the cladodes and there is no difference in condensed 
tannins. The fruits peel were richer in polyphenols with a concentra-
tion of 46.2 ±0.08 mg EAG/g MS and flavonoids with a concentra-
tion of 22.1 ± 0.28 mg EC/g MS than cladodes with 38.8 ± 0.01 mg 
EAG/g MS in polyphenols, 16.3 ± 0.18 mg EC/g MS in flavonoids. 
Also, the both extracts presented a low concentration in condensed 
tannins with 4.7 ± 0.3 mg EC/ g MS and 2.8±08 mg EC/g MS re-
spectively for fruits peel and cladodes. The current levels of poly-
phenol and flavonoids content in aqueous extract of fruit peels and 
cladodes was higher than the values found by firstly Beltaief et al., 
[21] confirmed that fruit peels and cladodes of Opuntia dellini contain 
respectively 15.00±0.09 mg GAE /g and 13.97±0.05 mg GAE/g dw 
of TP, 4.6±0.01 mg CATE/g and 6.45±0.23 mg CATE/g dw of TF and 
1.94±0.08 mg CAT/g and 1.64±0.08 mg CATE/g dw of TT. Accord-
ing to Aruwa et al., [22], the concentration of phenolic compounds in 
fruit peels of Opuntia ficus indica was 9.10±0.06 mg GAE/g of poly-
phenols and cladode Opuntia ficus indica is approximately 32.6 ± 0.8 
mg GAE/gdw of polyphenols, 18.6 ± 0.6 mg CE/g dw of flavonoids, 
1.5 ± 0.0 mg CE/g dw. It appears that Opuntia stricta contained more 
secondary metabolites than other spices.

High-performance liquid chromatography analysis (HPLC 
analysis)

 The qualitative and quantitative analysis of phenolic compounds 
of aqueous extracts prepared from fruit peels and cladodes of Opun-
tia stricta were determined by High-Performance Liquid Chroma-
tography (HPLC). In fact, the major bioactive compounds contained 
in AEF and AEC were expressed as ppm of content. Moreover, 6 
phenolic acids and 2 flavonoids are detected in the aqueous extract 
of fruits peel while the aqueous extract from the cladodes contains 
only 7 phenolic acids and 1 flavonoid presented in table 2. Data in 
this table indicates that the major compound was the Quinic acid 
(631.02 ppm and 69.25 ppm respectively for fruit peel and cladodes. 
As we can see, a high level of bioactive compounds in the aqueous 
extract of fruit peels than of cladodes. This allows concluding that 
there is a difference between two organs of Opuntia stricta and the 
content of phenolic was higher in fruit peels than those found previ-
ously in cladodes. Thus, these high levels make fruit peels richer in  

Aqueous extracts Yields %

Fruits peel 0.32±0.01

Cladodes 0.20±0.18

Table 1: The yields of the aqueous extracts of Opuntia stricta.

 No Compounds name Concentration 
(ppm)

Retention 
time

 
 1
 2
 3
 4
 5
 6
 7
 8
 

1
2
3
4
5
6
7
8

 EAF
Quinic acid Caffeic acid Syringic acid
P-coumaric acid
Trans ferrelic acid
Naringin
Cinnamic acid
Luteolin 

 EAC

Quinic acid
Protocatechuic acid
Cafeic acid
Syringic acid
P-coumaric acid
Naringin
Trans ferulic acid
Cinnamic acid 

 -
 631.02
 0.51
 0.70
 1.55
 0.82 
 0.89
 0.33
 0.05
 

-
69.25
0.56
0.22
0.01
0.2
2.99
1.23
0.36

 -
 2.02
15.12
19.54
23.02
26.30
30.58
33.46
36.81

-
1.76
5.03
16.35
22.01
23.33
24.96
28.32
33.42

Table 2: Chemical composition in the AEF and AEC by HPLC.
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antioxidant molecules especially as Quinic acid was the most domi-
nant. In literature, this compound was known to display the antioxi-
dant; antimicrobial, anticancer capacity [23]. In addition, caffeic acid 
possesses an effect against the oxidative stress, diabetes [24]. Also, 
studies have been demonstrated that p-coumaric acid was a major 
component in the fight against oxidative stress (in vivo), cancer, mi-
crobial strains [25].

Determination of Antioxidant activity

 The antioxidant activity of the two aqueous extracts of Opuntia 
stricta was evaluated DPPH free radical scavenging activity, the to-
tal antioxidant capacity (CAT), Ferric-Reducing Antioxidant Power 
(FRAP).

DPPH free radical-scavenging activity: To detect the anti-radical 
activity of AEF and AEC of O. stricta, we used 2,2 Diphenyl-2-Pic-
rylhydrazyl (DPPH). In fact, the results obtained are given as IC50 
and compared with a positive control. As shown in table 3, It was 
found that the aqueous extract of fruit peel was characterized by a low 
IC50 in the order of 0.37±0.0 mg/ml than the one of cladodes extract 
with IC50= 0.63±0.8 mg/ml whereas trolox had IC50 in the range of 
0.33±0.01mg/ml. So, we can conclude that fruit peel have a high anti-
oxidant power than the cladodes. In fact, a similar values obtained by 
Benltaief and al., [21] which founded that the aqueous extract of fruit 
peels of Opuntia dellini from Djerba (Tunisia) has a DPPH around 
IC50= 0.37 mg/mL. In contrast, [10] indicated that fruit peels of Opun-
tia streptacantha confirmed that the concentration able of inhibiting 
50% DPPH value at 0.61±0.002 mg/ml.

Total Antioxidant Capacity (CAT): The total antioxidant capacity 
ranges from 62.73± 2.11 mg EAA/g extracted in the aqueous extract 
from the peels to 55.32 ±1.24 mg EAA/g in the aqueous extract from 
the cladodes. The results obtained show that both extracts have the 
same total antioxidant capacity which was increased to 81.24±0.14 mg 
AAE/g for ascorbic acid. Therefore, these results show that the best 
total antioxidant activity was achieved with the standard (ascorbic 
acid) and that Aqueous Extract of Fruit peels (AEF) has the strongest 
total antioxidant capacity than Aqueous of Cladodes (AEC). The cur-
rent value was on one hand similarly than the report of Zourgui et al.,  

[10] which demonstrated that TAC of fruit peels Opuntia streptacan-
tha was in the order of 55.40±2.65 mg AAE/g dried extract and on the 
other hand were lower than those found previously in fruit peels of 
Opuntia dellini (64.18±0.67 mg AAE/g) according to Benltaief et al., [21].

Ferric-Reducing Antioxidant Power (FRAP): The reducing power 
of the different extracts was determined using the potassium ferricya-
nide method [26] and compared with ascorbic acid. This method was 
based on the ability of the extracts to reduce potassium ferricyanide 
Fe3+ to Fe2+. The product of the reaction is detectable at 700 nm. In 
fact, the higher absorbance indicated the greater the reducing power 
of an extract. The results presented in table 3. are expressed as absor-
bance and indicated that the ferric reducing antioxidant power of ex-
tracts was increased with increasing concentration and the maximum 
absorbance were about 1.18± 1.31 and 1.40±0.05 and 0.4 for AEF, 
AEC and ascorbic acid respectively at 1 mg/mL. Likewise, fruit peel 
of Opuntia streptacantha from Kasserine present the same ferric-re-
ducing antioxidant power which was 1.12±0.01 mg/ml [10].

 Finally, we can conclude that EFOS have a stronger antioxidant 
power. This antioxidant activity in the extract of the peel seems to be 
linked to their richness in polyphenols and flavonoids according to 
Olelaye and Rocha [27]. which report that cactus polyphenols signifi-
cantly protect against oxidative aggression and proved that the high 
antioxidant activity of cactus peel is related to the high content of 
phenolic compounds in this extract.

Determination of antimicrobial activity

 The determination of antimicrobial activity of Opuntia stricta 
extracts was determined by two complimentary methods: the agar 
diffusion method by measuring the diameters of the inhibition zones 
and the method of micro-dilution well by measuring the minimum in-
hibitory concentrations, the minimum bactericidal concentrations and 
the minimum fungicidal concentrations. In fact, the results obtained 
are reported in table 4 and compared to the chloramphenicol and cy-
cloheximide witch are the standard antibiotic. As shown in this table 
that AEF exhibits a significant antimicrobial activity against a panel 
of 7 bacteria (including four Gram+ and three Gram-) and 3 fungi than 
AEC.

 For the bacteria strain, the results showed that fruit peel possesses 
a strongest antibacterial power whereas AEC has almost little effect 
on bacteria. Moreover, the largest zone of inhibition produced by 
AEF of Opuntia stricta was registered mainly against Gram-positive 
bacteria such as Staphylococcus aureus (15.22±0.14), Micrococcus 
luteus (13±0.7). Our results was in line with other variety, Zourgui et 
al., [10] proved that Staphylococcus aureus is the most sensitive with 
15.22±2.14 mm for aqueous extract of fruits peel and 13.10 ±0.8 mm 
for aqueous extract of Opuntia stresptacantha.

 For the fungi strains, cladodes and fruits peel extracts have a high 
antifungical activity against Fusarium oxysporum (16.25± 0.5 mm 
for  AEF and 20±0.2 mm for AEC) and no antifungal effect was 
noted against Fusarium sp and Pythium Catenulatum. This lack of 
antifungal activity could be explained by the fact that these fungi have 
developed resistance mechanisms against the antifungal molecules 
present in the extract. It is also possible that the solvents used during 
extraction, which is the cause of the lack of activity of the extract of 
the plant. Undoubtedly, the solvent used may not have been able to 
retain the molecules sought because of its polarity.

DPPH
IC50 (mg/mL)

TAC *
(mg AAE/g)

FRAP *
(700nm)

AEF 0.37±0.0 62.73± 2.11 1.40± 1.31

AEC 0.63±0.8 55.32 ±1.24 1.12±0.05

Ascorbic acid 0.014±0.01b 81.24±0.14 2.41±0.01a

Trolox 0.33±0.01 Nd 1.86±0.01c

Table 3: Antioxidant activity of fruit peel and cladodes of Opuntia stricta 
and standards.

a,b,c : letters indicate significant differences (p<0.05).

DPPH: 2,2 diphenyl-2-picrylhydrazyl

TAC (Total antioxidant capacity

FRAP (ferric reducing antioxidant power) 

OH: hydroxyl radical

NO: Nitric oxide 

AAE: Ascorbic acid equivalent.

*The concentration of fruit peel extracts used in antioxidant activities 
(DPPH, TAC, FRAP, OH and NO) assays was 1mg/mL.
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 To better delve into the study of antimicrobial activity, we deter-
mine the MIC, MBC and MFC those considered criteria to measure 
also the antimicrobial activity. The results obtained were presented in 
table 5 and have shown that they are compatible with those recorded 
for the diameters of the inhibition zones. As presented in table 5, the 
lowest MIC and MBC were for Staphylococcus aureus (4.68 mg/ml 
and 37.5 mg/ml respectively) in the case of fruit peel extract and for 
cladodes extract (9.37 mg/ml and 75 mg/ml respectively). For fungal 
strains, Fusarium oxysporum presented the lowest MIC and MFC in 
AEF with 9.37 mg/ml and 75 mg/ml respectively; 4.68 mg/ml and 
75 mg/ml for AEC. Also, these results are in agreement with those  

obtained by Zourgui and al. 2020 where Fusarium oxysporum is the 
most sensitive than the other (18,63 ± 0.5 mm for AEF).

Conclusion
 In conclusion, the present study declared that fruits peel and cla-
dode of Opuntia stricta were marked by the variability in polyphenols 
and flavonoids. Then, aqueous fruits peel extract present a strong an-
tioxidant activity and exhibits a high antibacterial effect. While clado-
des present a strong antifungal activity.

 In the future, more extensive research will be demanded to de-
termine the purified compounds responsible for these activities and 
conduct in vivo studies on the antibacterial properties.
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DIZ (mm)

Strains  AEF AEC

Bacteria strains
Gram+
Bacillus cereus
Bacillus subtilis
Staphylococcus aureus
 Micrococcus luteus
Gram-
Salmonella enteritidis
Escherichia coli
Klebsiella pneumonia

8.30 ± 0,2 8.13±1.0
8.12 ± 0.6 8.0±0.6
15.22±2.14 13.10 ±0.8 
13±0.7 Ni

11±00 Ni
Ni Ni 
8,0±0.1 9.1±1.03

Chloramphenicol 

25.5 ± 0.7a
24.3 ± 0.2a
15 ± 0.6a
21.8 ± 1.5a
Chloramphenicol 

16.9 ± 0.6a
23.8 ± 0.7
22.8±0.5a

Fungal strains
 Fusarium oxysporum
 Fusarium sp
 Pythium Catenulatum

16.25± 0.5 20±0.2
 Ni Ni
 Ni 8.1±1.0

Cycloheximide 
20.2 ± 0.4a
19.5 ± 0.3
15.8 ± 0.6a

Table 4: Antimicrobial profile of fruit peel and cladodes extracts of Opun-
tia stricta.

a,b,c : letters indicate significant differences (p<0.05).

The data are expressed as mean ± S.D (n=3) 

DIZ: Diameter of inhibition zones of extract including diameter of well 
6 mm. 

Chloramphenicol: a standard antibiotic at a concentration of 15 µg/well. 
Cycloheximide: a standard antibiotic at a concentration of 20 µg/well.

 Concentration (mg/mL)

Strains AEF
 MIC /MBC

AEC
MIC/MBC

Gram+
Bacillus cereus
Bacillus subtilis

Staphylococcus aureus
Micrococcus luteus

Gram-
 Salmonella enteritidis

 Escherichia coli
 Klebsiella pneumonia

- / -
- / -

4.68/ 37.5
9.37/ 37.5

9.37/75
- / -
- / -

 
- / -
- / -

9.37 / 75 
- / -

 - / -
 - / -
 - / -

Fungal strains
Fusarium oxysporum

Fusarium sp
Pythium Catenulatum

 AEF
MIC/MFC

 9.37 / 75
 - / -
 - / -

AEC
MIC/MFC

 4.68/75
 - / -
 - / -

Table 5: MIC, MBC and MFC (mg/mL) of fruit peel and cladodes of 
Opuntia stricta extract.

MIC: Minimum Inhibitory Concentration

MBC: Minimum Bactericidal Concentration

MFC: Minimum Fongicidal Concentration
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