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Abstract   

Retama monosperma is an endemic plant of the Mediterranean region that 

has been traditionally used in folk medicine to treat various ailments. It  

contains a variety of bioactive phytochemicals and exhibited several bio-

logical activities. This study aimed to assess the phytochemical screening, 

total phenolic, total flavonoid, and total tannin compounds, as well as the 

antioxidant capacity and antimicrobial activity. The phytochemical screen-

ing involved color reactions, characteristic reagents, and precipitation 

methods. Total phenolic, flavonoid, and tannin compounds were quantified 

using colorimetric methods across four fractions. Antioxidant capacity was 

assessed using 2,2-Diphenyl-1-picrylhydrazyl radical scavenging, ferric    

reducing antioxidant power, 2,2’-azino-bis(3-ethylbenzothiazoline-6-

sulfonic acid) radical scavenging, and phosphomolebdenum assay. The  

antimicrobial activity was evaluated through disc diffusion method and the 

microdilution assay. Qualitative phytochemical tests revealed the presence 

of flavonoids, tannins, terpenoids, alkaloids, and sterols. Quantification of 

total phenolic, flavonoid, and tannin compounds confirmed the richness of 

polyphenolic compounds in all fractions. The antioxidant capacity measure-

ments revealed that the ethanol fractions exhibited the highest antioxidant 

capacity in 2,2-Diphenyl-1-picrylhydrazyl, ferric reducing antioxidant power 

assays, and phosphomolebdenum assay. Conversely, the aqueous fraction 

showed highest activity in the 2,2’-azino-bis(3-ethylbenzothiazoline-6-

sulfonic acid) assay. Regarding antimicrobial activity, the ethyl acetate   

fraction demonstrated superior efficacy against Staphylococcus aureus, and 

Bacillus cereus. These findings suggest that R. monosperma could serve as a 

valuable source of antioxidant and anti-infective phytocompounds.   

 

Keywords   

Retama monosperma; polyphenols; flavonoids; tannins; antioxidant capacity;                   
antimicrobial activity  

 

Introduction   

Retama monosperma or Genista monosperma (common local name: R’tem), 

is a leguminous shrub belonging to Fabaceae family. It features small white 

flowers, deciduous leaves, and photosynthetic cladodes. This species grows 
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spontaneously and abundantly in many Moroccan natural 

forests and coastal areas with sandy soils, where it has 

long been recognized for its medicinal plant (1). The genus 

Retama comprises four species (Retama monosperma (L.) 

Boiss., Retama raetam (Forssk.) Webb., Retama sphaero-

carpa (L.) Boiss., and Retama dasycarpa Coss.). These spe-

cies are geographically distributed across the Canary Is-

lands, North Africa, and the    Mediterranean Basin (2, 3). 

The populations of various countries in North Africa and 

the Mediterranean Basin have traditionally used these 

plants in folk medicine to treat a wide range of diseases. 

They are commonly         employed for skin care, joint pain, 

and inflammation, as well as for aiding in the healing of 

circumcisions, treating rheumatism, and alleviating ecze-

ma (4). The Retama     genus is administered in small doses 

to treat hyperlipidemia, diabetes, and hypertension (4). 

Additionally, it is known for its calming properties in the 

treatment of local wounds and for its functions as an abor-

tifacient, purgative, antihelminthic, and vermifuge (1, 5). 

 Several studies on the chemical composition of 

different parts of R. monosperma have reported its        rich-

ness in various bioactive substances. The main constitu-

ents of this species includes dipiperydine and                  

quinolizidine alkaloids such as Sparteine, Ammodendrine, 

Cytisine, and Anagyrine (6), as well as aglycons and glyco-

sides of flavonoids including Kaempferol, Genistin, 

Genistein, Luteolin, Rutin, and Daidzin (3), along with     

pinitol as a cyclitol (7). Previous pharmacological studies 

have indicated that extracts obtained from different parts 

of R. monosperma exhibit a variety of pharmacological 

activities. Alkaloids have demonstrated antifungal activity 

(8), antibacterial properties (9), in vitro antioxidant         

capacity (10), anticancer activity against cervical cancer 

cell lines (11), in vivo anti-inflammatory effect (12), and the 

anti-aging capacity (3). 

 Hence, the current study aims to investigate the 

antioxidant activity using four complementary methods, 

each employing different mechanisms. The DPPH and 

ABTS assays are based on electron and proton H transfer, 

while FRAP and PMA are based on electron transfer        

reaction. Additionally, the study aims to evaluate the anti-

microbial activities in vitro by two methods: the disc diffu-

sion method and the microdilution assay. This investiga-

tion focuses on an endemic herbal plant of the Mediterra-

nean basin, R. monosperma, as well as conducting phyto-

chemical screening and determining its total phenolic, 

flavonoids, and tannin contents.   

 

Materials and Methods 

Study area and identification of the plant         

The stems of Retama monosperma were collected from the 

Mehdia forest (Rabat-Sale-Kenitra region) in Morocco in 

July 2021. The plant material was authenticated by a bota-

nist from the Herbarium of the Botany Department at the 

Scientific Institute of Rabat, Morocco (Voucher       Speci-

men: RAB113533), and it was deposited in the Institute’s 

Herbarium. The stems were cleaned and dried at room 

temperature, powdered, and stored in glass bottles kept in 

the dark to preserve them from light and moisture until 

future use. 

Preparation of the extracts          

The collected stems of R. monosperma were shade-dried 

and powdered. 50 g of the powdered material were intro-

duced into a cotton cellulose cartridge and then extracted 

using the Soxhlet apparatus with 400 mL of different      

solvents. Primarily, we used hexane, followed by ethyl  

acetate from the pomace of the stems of R. monosperma, 

and finally ethanol to obtain three fractions. The termina-

tion of Soxhlet extraction was determined by the appea-

rance of colorless solvents in the siphon tube, which        

occurred after 6 hrs for hexane and 8 hrs for ethyl acetate 

and ethanol, following the method described by a previous 

study with some modifications (13). Additionally, the  

pomace was macerated with 1000 mL of distilled water for 

8 hrs in the dark at room temperature. The crude extracts 

obtained were filtered through Whatman filter paper and 

concentrated using a rotary evaporator at a bath tempera-

ture of 35-40°C and reduced pressure with a rotational 

speed of 120 rpm. Subsequently, the concentrated       

aqueous extract was frozen at -80°C for 24 hrs and then 

freeze-dried to obtain the extract in powder form. The frac-

tions obtained were stored at 4°C until use. 

Phytochemical screening        

The preliminary phytochemical screening of the vegetable 

powder and hexane, ethyl acetate, ethanol, and aqueous 

fractions (1 mg/mL) of R. monosperma stems was condu-

cted using standard procedures for flavonoids (14), tan-

nins (15), anthocyanins (16), coumarins (17), quinones (18), 

terpenoids (17), alkaloids (19), anthraquinones (20),       

saponins (14), and sterols (21). The qualitative phyto-

chemical screening aimed to detect the presence or       

absence of various bioactive compounds, and the results 

were analyzed accordingly. 

Phytochemical assays        

Determination of total phenolic content        

The total phenolic content (TPC) of each fraction of stems 

of R. monosperma was determined spectrophoto-

metrically using the Folin-Ciocalteu colorimetric method, 

as described in a previous study with some modifications 

(22). Briefly, a 200 µL aliquot of the extract solution was 

mixed with 1000 µL of 10% of Folin-Ciocalteu reagent and 

800 µL of 7.5% sodium carbonate Na2CO3 solution. The 

reaction was incubated in the dark at room temperature 

for 30 min. The absorbance of each sample was measured 

against the blank at 765 nm using UV/VIS Spectrophoto-

meter (Model: UV-1800APC). A calibration curve was      

prepared using gallic acid as a phenol standard to deter-

mine the concentration of total polyphenols. The results of 

TPC were expressed in milligrams of gallic acid equivalent 

per gram of extract (mg GAE/g extract). 

Determination of total flavonoid content      

The aluminum chloride colorimetric assay, as described in 

a previous study with some modifications, was used to 

determine the total flavonoid content (TFC) (23). Initially, 

500 µL of aluminum chloride AlCl3 solution (2%) was added 
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to 500 µL of each fraction or standard solution of            

quercetin. After incubating at room temperature for an 

hour, the absorbance was recorded at 420 nm against a 

blank using a UV/VIS Spectrophotometer (Model: UV-

1800APC). The TFC was expressed as milligram equivalent 

of quercetin per gram of extract (mg EQ/g extract) using 

quercetin as the standard curve. 

Determination of total tannin content       

The procedure described by (24) was utilized to determine 

the total tannin content (TTC) of each fraction. In this 

method, 1.5 mL of a 4% methanolic solution of vanillin and 

750 µL of concentrated hydrochloric acid (HCl, 37%) were 

mixed with aliquots of 50 µL from each extract. After incu-

bating for 20 min at ambient temperature in the dark, the 

absorbance was measured at 500 nm using a UV/VIS Spec-

trophotometer (Model: UV-1800APC) against a blank.            

A standard curve was prepared using catechin, and the 

TTC was expressed as milligrams of catechin equivalent 

per gram of extract (mg EC/g extract). 

Antioxidant capacity        

DPPH free radical-scavenging activity       

The free radical scavenging capability of the four fractions 

against the DPPH radical was tested according to the      

procedure described by (25) with some modifications. In 

this method, a methanolic solution of DPPH (0.0023%), 

was prepared, along with separate preparations of all       

fractions, and ascorbic acid as an antioxidant standard. 

Briefly, 50 µL of each extract, ascorbic acid (positive       

control) at different concentrations, or methanol (negative 

control) was mixed with 2 mL of DPPH solution. After     

homogenization, the samples were kept in the dark at  

ambient temperature for 20 min. The color changed from 

dark violet to bright yellow, and the absorbance of the 

samples was measured against a blank at 517 nm using a 

UV/VIS Spectrophotometer (Model: UV-1800APC). The   

following equation was used to calculate the percentage 

of inhibition (I%) of radical scavenging capacity: 

I%= [(A control-A sample) /A control] X 100 .................(Eqn. 1) 

A control: Absorbance of negative control; 

A sample: Absorbance of the sample. 

 

Ferric reducing antioxidant power assay      

The antioxidant capacity of R. monosperma fractions was 

also investigated using the ferric reducing antioxidant 

power (FRAP) assay, employing the ferricyanide-ferric 

chloride method as previously described by (26). Briefly, 

2.5 mL of phosphate buffer (pH = 6.6; 0.2M) was added to 

0.2 mL of each fraction and catechin as a positive control, 

which were previously prepared with different concentra-

tions. This mixture was then combined with 2.5 mL of 1% 

potassium ferricyanide (K3Fe (CN)6). After incubating at   

50°C for 20 min in a water bath, the reaction was stopped 

by adding 2.5 mL of 10% trichloroacetic acid. Finally,        

2.5 mL of distilled water and 0.5 mL of 0.1% iron chloride 

(FeCl3) were added to 2.5 mL of the reaction mixture. The 

absorbance of the reaction mixtures was measured at    

700 nm using a UV/VIS Spectrophotometer (Model: UV-

1800APC). 

ABTS radical scavenging assay          

The experiments were conducted using an improved ABTS 

(2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonicacid)) de- 

colorization test following the method described by (27). 

The ABTS.+ radical cation was generated by reacting  7 mM 

ABTS and 70 mM potassium persulfate in methanol. The 

mixture was allowed to sit for 16 hrs at room temperature 

in the dark before usage. Methanol was added to the ABTS 

reaction solution to adjust the absorbance at 734 nm to a 

range between 0.700 and 0.734 before use.  

 Appropriate volumes of the ABTS solution (2 mL) 

were mixed with 100 µL of each test sample and the       

control blank. After 1 min of incubation at room tempera-

ture, the absorbance was measured at 734 nm using a     

UV/VIS Spectrophotometer (Model: UV-1800APC). Ascorbic 

acid was used as the standard inhibitor. The 50% inhi-

bitory concentration (IC50) values of the ABTS radical    

scavenging activity were calculated following the method 

described for the DPPH test. 

Phosphomolebdenum assay          

The total antioxidant capacity (TAC) of each                            

R. monosperma fraction was evaluated using the phospho-

molebdenum assay (PMA) according to the method         

described by (28). An aliquot of 0.2 mL of each extract was 

mixed with 2 mL of the reagent solution (0.6 M sulfuric  

acid, 4 mM ammonium molybdate, and 28 mM sodium 

phosphate). The mixture was then heated to 95°C in a   

water bath for 90 min. The absorbance of each sample was 

measured using a UV/VIS Spectrophotometer (Model: UV-

1800APC) at 695 nm against a blank. Ascorbic acid was 

used to create the standard curve, and the results were 

expressed in milligrams of ascorbic acid equivalent per 

gram of extract (mg EAA/g extract). 

Antimicrobial activity         

The antimicrobial effects of R. monosperma stem fractions 

were evaluated in vitro by two methods: disk diffusion for 

qualitative assessment and broth microdilution for the 

determination of minimal inhibitory concentration (MIC) 

and minimal lethal concentration (MLC). 

Test organisms        

The fractions of R. monosperma were examined for their 

antimicrobial activity against five bacteria strains and one 

yeast strain (Table 1). The pathogens were obtained from 

the Moroccan Coordinated Collection of Microorganisms 

(CCMM). The bacterial strains were cultivated at 37°C on 

Muller-Hilton agar plates, while the yeast strain was culti-

vated at 28-30°C on Sabouraud dextrose agar plates. 

Antimicrobial screening        

The bacterial suspension was prepared, and the suscepti-

bilities of the fractions were determined using the disc 

diffusion method on Mueller Hilton agar and Sabouraud 

dextrose agar, as modified from the method described by 

(29). The recommendations of the National Committee to 

Clinical Laboratory Standards were used to interpret the 

results (30). Consequently, 100 µL of the microbial suspen-
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sions, with approximately equal concentration or density 

as 1 McFarland standards, were evenly spread on nutrient 

agar plates. The fraction’s solution (10 µL) was absorbed 

into sterile standard blank discs (6 mm) in sterile petri 

dishes. The plates were then incubated at 37°C for 24 hrs. 

and 28°C for 48 hrs. for bacteria and fungi, respectively. For 

negative control, solvents (30% of DMSO) alone were in-

cluded, while Penicillin (10 µg/mL), Tetracycline                 

(30 µg/mL), Ampicillin (10 µg/mL), and Amphotericin B 

(250 µL) were used as a positive control. After incubation, 

the antimicrobial activity was determined by comparing 

the zones of inhibition, including the diameter of the disc 

measured in millimeters produced by R. monosperma  

fractions with those of the controls. 

Determination of minimum inhibitory concentration         

The determination of the minimum inhibitory concentra-

tion (MIC) was carried out through microdilution using the 

(3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bro- 

mide) (MTT) colorimetric method, as previously                 

described (31). For the analysis, 96-well microplates were 

used. The wells were filled with 160 µL of Muller Hilton 

broth, and 20 µL of each fraction solution was added to the 

wells in the first row. From the first well, 90 µL was trans-

ferred from well to well in double dilution. Each well      

received 10 µL of a bacterial suspension adjusted to             

1 McFarland. A negative control was included. Similarly, 

serial dilutions of antibiotics (Ampicillin and Tetracycline) 

were prepared in distilled water and used as positive con-

trols. After 24 hrs of incubation at 37°C, the MICs of the 

samples were detected by the addition of 10 µL of MTT at 

0.4 mg/mL and incubation for 10 to 30 min at 37°C. Viable 

bacteria transformed the yellow compound into a           

blue-violet color. The minimum inhibitory concentration 

(MIC) was defined as the lowest sample concentration that 

prevented the color change and completely inhibited    

microbial growth. 

Determination of the minimum bactericidal concentra-

tion         

To determine the minimum bactericidal concentration 
(MBC) (32), a portion of the liquid from each well that did 
not change the color of MTT was streaked on solidified 

nutrient agar plates, then incubated at 37°C for 24 hrs. The 
lowest concentration of the extract that yielded no growth 
after this sub-culturing was considered bactericidal. 

Statistical analysis        

Experiments were conducted in triplicate, and the results 
were expressed as mean±SD. Statistical analysis and com-
parison of means were performed using one-way analysis 
of variance (ANOVA) followed by the Tukey test.            
Differences between the mean values were considered 
statistically significant when p < 0.05. The analysis was 
carried out using GraphPad Prism 8.   

 

Results and discussion  

Phytochemical screening         

The present study demonstrated that the powder of           
R. monosperma stems and their fractions were rich in    
various classes of the secondary metabolites. The results 
of the phytochemical screening analysis are presented in 
Table 2. Various chemical tests were performed, revealing 
the presence of different bioactive secondary metabolites, 
namely, flavonoids, tannins, coumarins, quinones, terpe-
noids, alkaloids, and sterols in the four fractions and stem 
powder. Saponins were found only in the ethanol extract, 
aqueous fraction, and vegetable powder. Anthocyanins 
and anthraquinones were absent in the stem powder and 
their fractions. 

 These findings are consistent with previous studies, 

which have reported that the Retama genus is very rich in 

secondary metabolites such as flavonoids, alkaloids,     

terpenoids, and saponins in R. raetam (33, 34). The metha-

nol crude extract of R. monosperma stems was found to be 

devoid of anthraquinones, quinones, and coumarins but 

rich in alkaloids, flavonoids, tannins, saponins, and terpe-

noids (35). These various secondary metabolites exhibit a 

wide range of biological properties, including antioxidant, 

antimicrobial, anti-inflammatory, and antidiabetic activity. 

  Names of strains CCMM 
code ATCC 

Bacterial 
species 

Gram-
positive 

Staphylococcus 
aureus B804 ATCC 43300 

Bacillus             cere-
us B1167 ATCC 14579 

Enterococcus fae-
calis B392 ATCC 19433 

Gram 
negative 

Escherichia          coli B803 ATCC 11775 

Pseudomonas 
aeruginosa B612 ATCC 90027 

Yeast species Candida            
albicans L60 - 

Table 1. Strains of microorganisms used for testing the antimicrobial activity.  

  
Vegeta-
ble 
powder 

Hexane 
fraction 

Ethyl 
acetate 
fraction 

Ethanol 
fraction 

Aqueous 
fraction 

Flavonoids + + + + + 

Tannins + + + + + 

Alkaloids + + + + + 

Quinones + + + + + 

Coumarins + + + + + 

Terpenoids + + + + + 

Sterols + + + + + 

Saponins + - - + + 

Anthocyanins - - - - - 

Anthraqui-
nones - - - - - 

Table 2. Secondary metabolites contents in stems of R. monosperma  and 
their extract.  

+: present; -: absent.  
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Total phenolic, flavonoid, and tannin contents         

The extraction yield (%w/w) for the stems of                            

R. monosperma was 2.46% for the hexane fraction, 4.61% 

for the ethyl acetate fraction, 10.50% for the ethanol      

fraction, and 18.12% for the aqueous fraction. The           

contents of total phenols, flavonoids, and tannins were 

determined from the calibration curves (y=0.009×+0.0958; 

R2=0.9923), (y=0.0293×+0.028; R2=0.996) and 

(y=0.00005×+0.0212; R2=0.9901) using Gallic acid,            

Quercetin, and catechin as standard, respectively.          

Depending on the number of phenolic groups, flavonoids, 

and tannins present, different reactions can be observed in 

terms of the color change due to the reaction with the rea-

gents used. This color change can be detected by a spec-

trophotometer and quantified in terms of mg Gallic Acid 

Equivalent per gram of extract (mg GAE/g extract),            

mg Quercetin Equivalent per gram of extract (mg QE/g 

extract), and  mg Catechin Equivalent per gram of extract 

(mg CE/g extract), for the total phenols, flavonoids, and 

tannin    content, respectively. The total TPC, TFC and TTC 

of   different fractions of the stems of R. monosperma  are 

summarized in Table 3.  

 All the fractions were found to be important sources 

of phenolic compounds, known for exhibiting significant 

biological activities. The quantitative estimation of the 

total phenolic contents revealed that the highest amount 

was found in the aqueous fraction (236.31±1.57 mg GAE/g 

extract), followed by the ethanol fraction, ethyl acetate, 

and hexane fraction 212.75±0.34 mg GAE/g extract, 

218.95±0.22 mg GAE/g extract, and 47.11±0.55 mg GAE/g 

extract, respectively. The concentration of flavonoids in all 

fractions ranged from 8.89 to 75.73 mg QE/g extract. A high 

concentration was determined in the ethyl acetate frac-

tion, accounting for 75.73±0.05 mg QE/g extract, while  

concentrations of 26.38±0.14, and 21.98±0.12 mg QE/g  

extract were found in the ethanol and ethyl acetate frac-

tions, respectively. The lowest flavonoid concentration 

was    determined for the aqueous fractions (8.89±0.44 mg 

QE/g extract). Additionally, the fractions of R. monosperma 

also contained significant tannin contents. The highest 

tannin content was recorded in the hexane fraction 

(79.36±0.59 mg CE/g extract) compared to the other frac-

tions, with 35.68±0.96 mg CE/g extract, 7.14±0.18 mg CE/g 

extract and 4.70±0.15 mg CE/g extract in the ethyl acetate, 

ethanol, and aqueous fraction, respectively. 

 The polyphenol content generally varies depending 

on the solvent used and its polarity. It’s evident that all 

fractions of R. monosperma stems contain an important 

source of phenolic compounds, with variability among the 

four fractions. Differences in polarity and extractability of 

antioxidants can explain variations in extraction yield and 

antioxidant capacity. Furthermore, the solvent polarity is a 

crucial factor in increasing the solubility of phenolic com-

pounds (36). Comparing with other studies, our results are 

similar to those obtained by (10), although the tannin    

content in our study is lower than the analysis carried out 

by (35). Our results are also approximately similar to those 

found in R. raetam. According to these authors, the        

fraction extracted with ethyl acetate has the highest       

concentration of flavonoids and tannin compounds (37). In 

another study, the hydromethanolic extract from stems of 

R. sphaerocarpa was found to be richer in total phenolic 

content compared to hydromethanolic extracts from 

seeds, with values of 336.5±0.8 and 125.8±2.0 mg GAE/g 

extract, respectively (38). In addition to the solvent type, 

genotypic traits, and current environmental conditions 

such as temperature, precipitation, and altitude, may    

impact the synthesis of metabolites (39, 40). Phenolic   

substances function as reducing agents, enabling them to 

act as antioxidants. Their free radical scavenging activity is 

enhanced by hydroxyl groups, and the phenolic concentra-

tion could be used as a basis for rapid screening of antioxi-

dant capacity. Flavonoids, as secondary metabolites of 

plants, exhibit antioxidant capacity dependent on the 

presence of OH groups, particularly 3-OH (41). 

Antioxidant capacity        

In the present study, the four fractions extracted from the 

stems of R. monosperma with different solvents, increa-

sing in polarity, underwent screening for possible antioxi-

dant capacity using four complementary methods: DPPH 

and ABTS assays, which are based on electron and proton 

H transfer mechanism, while FRAP and PMA are based on 

electron and transfer reaction. The results of the antioxi-

dant capacity tests are illustrated in Table 4.  

 The four methods clearly demonstrated that the 
studied fractions of R. monosperma possess considerable 

antioxidant and antiradical properties. Overall, all                   

fractions were able to reduce the stable violet DPPH and 

blue-green ABTS.+ radical to the yellow DPPH-H and color-

less ABTS with decreasing absorbance at wavelengths of 

517 nm and 734 nm, respectively, except for the hexane 

fraction. In the FRAP assay and PMA, the yellow color of 

the test solution turns green, depending on the reducing 

power of each sample. The effective concentration for  

reducing 50% of DPPH was 125.40±0.55, 121.55±0.90, and 

  Hexane fraction Ethyl acetate fraction Ethanol fraction Aqueous fraction 

Yield of extraction % 2.46 4.61 10.50 18.12 

TPC (mg GAE/g extract) 47.11±0.55a 218.95±0.22b 212.75±0.34c 236.31±1.57d 

TFC (mg QE/g extract) 21.98±0.12a 75.73±0.05b 26.38±0.14c 8.89±0.44d 

TTC (mg CE/g extract) 79.36±0.59a 35.68±0.96b 7.14±0.18c 4.70±0.15d 

Table 3. Total phenolic, flavonoid and tannin content of R. monosperma fractions.  

Different letters in the same line (a to d) indicate the significant difference (p < 0.05). values were compared by using one way ANOVA followed by multple       
comparison test.   TPC: total phenolic content; TFC: total flavonoid content; TTC: total tannin content; mg GAE/g extract: mg Gallic Acid Equivalent per  gram of    
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234.98±0.79 µg/mL for the ethyl acetate fraction, ethanol 

fraction, and aqueous fraction, respectively. Compared to 

the antioxidant standard, all extracts were less effective 

than ascorbic acid with IC50 = 1.67±0.01 µg/mL for the 

DPPH assay. The IC50 values of FRAP test were 417.94±3.80 
µg/mL for the hexane fraction, 255.39±2.88 µg/mL for the 

ethyl acetate fraction, 247.10±1.32 µg/mL for the ethanol 

fraction, and 1059.53±4.12 µg/mL for the aqueous fraction. 

The results were compared with the commercially availa-

ble antioxidants catechin (IC50 = 19.54±0.24 µg/mL). For 

ABTS, the IC50 values were 319.34±0.29, 353.10±0.23, and 

208.58±0.77 µg/mL for the ethyl acetate fraction, ethanol 

fraction and aqueous fraction, respectively. The IC50 of 

ascorbic acid was 2.59±0.02 µg/mL. For PMA, the values 

were expressed in micrograms of ascorbic acid equivalent 

per gram of extract (mg EAA/g extract), with values of 

114.90±1.08 mg EAA/g extract, 155.49±0.96 mg EAA/g     

extract, 216.66±0.87 mg EAA/g extract, and 42.00±0.39 mg 

EAA/g extract for the hexane, ethyl acetate, ethanol and 

aqueous fraction, respectively.  

 However, in the three antioxidant assays DPPH, 

FRAP and PMA, the ethanol fractions demonstrated higher 

antioxidant potency than the other fractions, while the 

aqueous fraction exhibited the highest scavenging activity 

for the ABTS.+ test. Moreover, the lowest activities were 

noted for the aqueous fraction in the DPPH, FRAP, and 

PMA assays, while the ethanol fraction showed lower     

activity for ABTS assay. 

 In general, antioxidant capacity is a complex        

process that occurs through various mechanisms and is 

influenced by a variety of factors. It cannot be fully         

described by a single method. Thus, it is essential to deter-

mine antioxidant capacity using two or more methods to 

account for the different mechanisms of antioxidant action 

(42). 

 The difference observed between the fractions in 

antioxidant capacity may be attributed to variations in 

chemical composition. To the best of our knowledge, only 

one study has been conducted regarding the antioxidant 

capacity of R. monosperma stems. According to a study 

performed in Algeria, the ethyl acetate fraction showed 

significant antioxidant capacity, with an IC50 value of 

0.15±0.11 mg/mL for DPPH assay and 197.95±0.98 mg EAA/g 
extract for PMA (10). Furthermore, Zefzoufi et al        

demonstrated the antioxidant capacity of the ethyl acetate 

extract of seeds, ether diethyl extract of flowers, and     

isolated flavonoids (genistein, quercetin, 6-methoxy-

kaempferol, and kaempferol). The antioxidant capacity 

was tested using several methods such as DPPH scaveng-

ing activity, conjugated diene scavenging activity, and 

H2O2 scavenging assay (3). Additionally, there have been 

numerous publications on the antioxidant capacity of   

various Retama species. The fruits of R. sphaerocarpa    

extracts and the aerial parts of R. raetam extracts show 

antioxidant capacity in DPPH, FRAP, ORAC, and TEAC    

assays (33, 43). The presence of such compounds in       

extracts may explain the potent antioxidant activity       

observed. Phenolic chemicals are responsible for the    

majority of the antioxidant properties of plant origin (44). 

However, there are suggestions that phenolic compounds 

are not solely responsible for antioxidant capacity. Other 

secondary metabolites, in combination with a synergistic 

effect, could explain this behavior (45). 

 

 

Correlation between antioxidant capacity and total phe-

nolic, flavonoid, and tannin contents        

Pearson's correlation coefficients among TPC, TFC, TTC, 

DPPH, ABTS, FRAP, and PMA are showed in the Table 5. 

Correlation coefficients may be characterized as low corre-

lation (r < 0.5), moderate (0.7 > r > 0.5), high (0.9 > r > 0.7), 

and particularly high (r > 0.9). 

 From the presented coefficients, it might be noticed 

that the majority of coefficients were particularly high and/

or high, with correlation coefficients higher than 0.7. There 

were also coefficients among TPC and TTC, DPPH, and 

ABTS, as well as between DPPH and FRAP and PMA.       

Negative correlation among TPC, TFC, and TTC and anti-

oxidant capacity suggests that activity increased with the 

content of those compounds (46). 

Antimicrobial activity         

Disc diffusion method         

The antimicrobial activity of R. monosperma fractions 
(Hexane, ethyl acetate, ethanol, and aqueous fraction) was 

assessed against three Gram-positive bacterial strains: 

Staphylococcus aureus, Bacillus cereus, and Enterococcus 

faecalis, and two Gram-negative bacteria: Escherichia coli 

and Pseudomonas aeruginosa, as well as one yeast,       

Candida albicans. The evaluation was conducted using the 

disc diffusion method to determine their MIC and MBC  

values. Table 6 presents the antimicrobial activity            

  Hexane fraction Ethyl acetate fraction Ethanol fraction Aqueous fraction Ascorbic acid Catechin  

DPPH  IC50 (µg/mL) ND 125.40±0.5a  121.55±0.9b  234.98±0.79c 1.67±0.0d  - 

FRAP  IC50 (µg/mL) 417.94±3.80a  255.39±2.88b  247.10±1.32b  1059.53±4.12c  - 19.54±0.24d  

ABTS  IC50 (µg/mL) ND 319.34±0.29a 353.10±0.23b 208.58±0.77c 2.59±0.02d   

PMA  (mg AAE/g extract) 114.90±1.08a  155.49±0.96b  216.66±0.87c  42.00±0.39d  - - 

Table 4. Antioxidant capacity of R. monosperma fraction by DPPH, ABTS, FRAP test expressed as median inhibitory concentration (µg/mL) and PMA methods 
expressed as mg AAE/g extract.  

ND: not determined; Different letters in the same line (a to d) indicate the significant difference (p < 0.05). values were compared with the standard by using one 
way ANOVA followed by multiple comparison test.  DPPH: DPPH Free Radical-Scavenging Activity; FRAP: Ferric Reducing Antioxidant Power Assay; ABTS: ABTS 
Radical Scavenging Assay; PMA: Phosphomolebdenum Assay.  
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expressed as inhibition zone diameters (IZD) of                      

R. monosperma fractions. The hexane and ethyl acetate 

fractions exhibited IZDs at 165.5 and 333 mg/mL, respec-

tively, while for the ethanol and aqueous fractions, the 

IZDs were at 250 and 500 mg/mL. These were tested 

against the five bacterial strains and oneyeast, and       

compared to penicillin, ampicillin, tetracycline, and       

amphotericin B. The ethyl acetate and ethanol fractions 

were found to effectively inhibit the growth of S. aureus,  B. 

cereus, and P. aeruginosa. The ethyl acetate fraction 

demonstrated inhibitory effects on S. aureus, B. cereus, 

and P. aeruginosa, with IZDs of 11.5, 10.5, and 9.5 mm, re-

spectively, at a concentration of 333 mg/mL. Additio-nally, 

the ethanol fraction exhibited antibacterial activity against 

B. cereus and P. aeruginosa, with IZDs of 7.0 and 7.5 mm, 

respectively, at 500 mg/mL. However, no activity was ob-

served for all fractions against E. faecalis, E. coli, and C. 

albicans, indicating resistance of these pathogens to the 

four fractions. It is noteworthy that all three positive con-

trols (penicillin, ampicillin, and tetracycline)        demon-

strated broad-spectrum antibacterial effects against all 

bacteria tested, except for P. aeruginosa. E. coli exhibited 

varying degrees of resistance against Penicillin. Moreover, 

as expected, the solvent used as the negative control 

showed no significant effect. 

Determination of minimum inhibitory concentration      

The MIC values are presented in Table 7, indicating that 
the ethyl acetate fraction exhibited the lowest MIC value 

(the best MIC value) at 0.52 mg/mL against S. aureus and  

B. cereus, compared to the other extracts. Additionally, the 

MIC values of the ethanol fraction against B. cereus and    P. 

aeruginosa were 25 mg/mL. However, the MIC values of 

tetracycline against S. aureus, P. aeruginosa, and B. cereus 

were 0.12 µg/mL (Table 7). 

Determination of the minimum bactericidal concentra-

tion          

Further analysis using the MBC test (Table 8) revealed that 

the lowest MBC value was observed for the ethyl acetate 

Test TPC TFC TTC DPPH ABTS FRAP PMA 

TPC 1             

TFC 0.2004 1           

TTC -0.9237 0.1502 1         

DPPH 0.9747 -0.6799 -0.5341 1       

ABTS -0.9995 0.5256 0.3639 -0.9812 1     

FRAP 0.2412 -0.6324 -0.3439 0.9998 -0.9767 1   

PMA 0.0460 0.4352 -0.0485 -0.9488 0.9919 -0.9003 1 

Table 5. Pearson's correlation coefficients among TPC, TFC, TTC, DPPH, ABTS, FRAP, and PMA.  

TPC: total phenolic content; TFC: total flavonoid content; TTC: total tannin content; DPPH: DPPH Free Radical-Scavenging Activity; ABTS: ABTS Radical Scaveng-
ing  Assay; FRAP: Ferric Reducing Antioxidant Power Assay; PMA: Phosphomolebdenum Assay.  

Fractions 

Diameter of the zone of inhibition (mm) 

Bacterial species Yeast  spe-
cies   Gram-positive Gram-negative 

  *CC Staphylococcus 
aureus 

Bacillus cere-
us 

Enterococcus fae-
calis Escherichia coli Pseudomonas aeru-

ginosa 
Candida 
albicans 

Hexane fraction 
333 NE NE NE NE NE NE 

165.5 NE NE NE NE NE NE 

Ethyl acetate fraction 
333 11.5±0.5a 10.5±0.5a NE NE 9.5±0.5a NE 

165.5 9.5±0.5 b 8.0±0.0b NE NE 8.0±0.0b NE 

Ethanol fraction 
500 NE 7.0±0.0c NE NE 7.5±0.5c NE 

250 NE 7.0±0.0d NE NE 7.0±0.0d NE 

Aqueous fraction 
500 NE NE NE NE NE NE 

250 NE NE NE NE NE NE 

Penicillin 10 8.0±0.0c 7.5±0.5e 17.5±0.5a NE NE - 

Ampicillin 10 8.5±0.5d 9.0±0.0f 20.5±0.5b 11.5±0.5a NE - 

Tetracycline 30 27.5±0.5e 20.5±0.5g 24.5±0.5c 7.0±0.0b NE - 

Amphotericin B 250 - - - - - NE 

Table 6. Antimicrobial activity of R. monosperma fractions expressed as inhibition zones diameters (mm).  

NE: no effect; *Concentration of the fractions in mg/mL and Concentration of the antibiotic and antifungal in µg/mL; Different superscript letters in the same 
column (a to g) indicate the significant difference (p < 0.05). values were compared with the standard by using one way ANOVA followed by multiple        compari-
son test.  
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fraction against B. cereus (0.52 mg/mL), while                 16.65 

mg/mL was determined against S. aureus and             P. ae-

ruginosa. The MBCs of the ethanol fraction were        25 mg/

mL and more than 50 mg/mL for B. cereus and          P. aeru-

ginosa, respectively. Additionally, the MBC of tetracycline 

against S. aureus, P. aeruginosa, and B. cereus were 0.47, 

0.94, and 0.12 µg/mL, respectively (Table 8). 

 Our results demonstrate that the antibacterial    

capability varies depending on the nature of the solvent. 

Overall, the ethyl acetate fraction has the best activity 

against B. cereus, S. aureus, and P. aeruginosa compared 

to other extracts, followed by the ethanol fraction.          

According to study by Kuete in 2010, antimicrobial activity 

can be classified as weak activity (MIC > 625 µg/mL),     

moderate activity (100 < MIC < 625 µg/mL), and significant 

(MIC < 100 µg/mL) (47). According to this classification, it 

can be concluded that the ethyl acetate fraction exhibited 

moderate activity against S. aureus and B. cereus, with the 

same MIC value (520 µg/mL). The antibacterial activity of 

the R. monosperma fractions, as depicted in Tables 2 and 

3, can be attributed to the presence of various bioactive 

compounds. Additionally, it may be explained by the     

synergistic effects of these secondary metabolites. In fact, 

previous investigations led to the identification of a variety 

of secondary metabolites which found effective antimicro-

bial effects against a wide array of micro-organisms. For 

instance, flavonoids for example taxifolin, genistin,       

apigenin, and kaempferol (3), and alkaloids such as      

sparteine, ammodendrine, and anagyrine (8).                         

R. monosperma, rich in quinolizidine alkaloids, demon-

strated significant activity against various bacterial strains, 

including B. subtilis, S. aureus, and P. aeruginosa (48). 

 Based on a literature review of R. monosperma, 

there are few studies dealing with the antifungal effect (8), 

and the antibacterial effect by using the disc diffusion of 

the different parts of R. monosperma (stems, seeds, leaves, 

and flowers) (9, 35), but there is no report on its antibacte-

rial activity with the determination of MIC and MBC. Conse-

quently, the current study reveals for the first time the MIC 

and MBC against tested bacterial strains of the R. mono-

sperma extracts. Previous studies have        reported the 

antimicrobial activity of various extracts from plants in the 

genus Retama against human bacterial    pathogens. Mari-

em and colleagues reported that the ethyl acetate extract 

of aerial part of R. raetam showed an     appreciable anti-

bacterial activity against E. coli and             B. cereus with an 

inhibition zone diameter (IZD) of 12 mm (37). Furthermore, 

(49) have shown that R. sphaerocarpa displayed more  an-

tibacterial effect against S. aureus, and R. raetam has an 

interesting activity against S. aureus. Moreover, the  essen-

tial oil obtained from the aerial part of R. raetam, during 

the fresh fruiting stage, exhibited excellent activity against 

E. coli, B. cereus, and P. aeruginosa, with an inhibition zone 

diameter of 10 mm (50). The hydromethanolic extracts of 

R. raetam exhibited strong activity against the Gram-

negative Aeromonas hydrophila, Vibro alginolyticus, Vibro 

vulnificus, and Vibro cholerae, as well as the Gram-positive 

Enterococcus faecalis, Listeria monocytogenes, and Micro-

coccus luteus. However, they showed no activity against E. 

coli, S. aureus, P. aeruginosa, and  Staphylococcus epider-

midis (50).   
 

Conclusion   

In this study, we investigated the phytochemical screen-

ing, polyphenolic contents, antioxidant capacity, and    

MIC 
    

Staphylococcus aureus Bacillus cereus Enterococcus faecalis Escherichia coli Pseudomonas aeruginosa 

Hexane fraction (mg/mL) - - - - - 

Ethyl acetate fraction (mg/mL) 0.52a 0.52 a - - 16.65a 

Ethanol fraction (mg/mL) - 25b - - 25b 

Aqueous fraction (mg/mL) - - - - - 

Ampicillin (µg/mL) 0.63b >20c 0.04a 0.63a 5c 

Tetracycline (µg/mL) 0.12c 0.12d 0.12b 0.12b 0.12d 

Table 7. Minimum inhibitory concentration of R. monosperma fractions and antibiotics against microorganisms.  

Different letters in the same column indicate the significant difference (p < 0.05). values were compared with the standard by using one way ANOVA followed by 
multiple comparison test.  

MBC 
    

Staphylococcus aureus Bacillus cereus Enterococcus faecalis Escherichia coli Pseudomonas aeruginosa 

Hexane fraction (mg/mL) - - - - - 

Ethyl acetate fraction (mg/mL) 16.65a 0.52a - - 16.65a 

Ethanol fraction (mg/mL) - 25b - - ≥ 50b 

Aqueous fraction (mg/mL) - - - - - 

Ampicillin (µg/mL) 5b >20c 20a 0.63a >20c 

Tetracycline (µg/mL) 0.47c 0.12d 7.5b 0.12b 0.94d 

Table 8. Minimum bactericidal concentration of R. monosperma fractions and antibiotics against microorganisms.  

Different letters in the same column indicate the significant difference (p < 0.05). values were compared with the standard by using one way ANOVA followed by 
multiple comparison test.  
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antimicrobial activity of the hexane, ethyl acetate, ethanol, 

and aqueous fractions of R. monosperma stems, a plant 

widely used in traditional medicine worldwide. The phyto-

chemical screening of the four fractions of R. monosperma 

stems, based on specific tests, allowed the characteriza-

tion of several bioactive secondary metabolites, including 

flavonoids, tannins, coumarins, quinones, terpenoids,  

alkaloids, and sterols, known for their remarkable thera-

peutic effects. Analysis of the concentrations of total poly-

phenolic contents revealed richness in all fractions with 

TPC, TFC, and TTC. Assessment of its antioxidant capacity 

in vitro using four methods (DPPH, FRAP, ABTS, and PMA) 

showed that all the fractions possess significant antioxi-

dant and antiradical activities. Furthermore, the fractions 

tested in vitro against five bacterial strains and one yeast, 

exhibited variable antimicrobial activities. Specifically, the 

ethyl acetate fraction demonstrated moderate activity 

against Staphylococcus aureus and Bacillus cereus.            To 

further improve our understanding, more studies, both in 

vivo and in vitro, should be encouraged to explore the 

pharmaceutical values of R. monosperma through exten-

sive research methods to determine its safety and toxicity. 

Moreover, isolating bioactive compounds would aid in 

ascertaining its potency and safety as a lead candidate of 

antioxidants and antibacterial for pharmaceutical use.   

 

Acknowledgements    

The authors thank Pr. Hamid Khamar from the Botanical 
Department of the Scientific Institute of Rabat, Morocco, 

for the authentication of the plants.    

 

Authors’ contributions   

FZB designed the study, conducted the statistical analysis, 

and drafted the manuscript. AM, LO, MF, HB, and AD      

contributed to the statistical analysis. AZ ensured the for-

mal analysis and supervised the process. All authors read 

and approved the final manuscript.   

 

Compliance with ethical standards   

Conflict of interest: Authors do not have any conflict of 

interests to declare.    

Ethical issues: None. 

 

References   

1. Benkhouili FZ, Moutawalli A, Benzeid H, Doukkali A, Zahidi A. 

Retama monosperma (L.) Boiss.: A review of its uses in tradition-
al medicine, chemical constituents and pharmacologic activi-

ties. Phy Plu. 2022;100349. https://doi.org/10.1016/
j.phyplu.2022.100349  

2. Greuter W, von Raabe-Straube E. Med-checklist: A critical inven-

tory of vascular plants of the Circum-Mediterranean Countries. 
Optima. Dicotyledones (Lauraceae-Rhamnaceae). Vol. 4. Gene-

va, Switzerland: Med-Checklist; 1981.  

3. Zefzoufi M, Fdil R, Bouamama H, Gadhi C, Katakura Y, Mouzda-
hir A et al. Effect of extracts and isolated  compounds derived 

from Retama monosperma (L.) Boiss. on anti-aging gene      ex-

pression in human keratinocytes and antioxidant activity. J 

Ethnopharmacol. 2021;280:114451. https://doi.org/10.1016/
j.jep.2021.114451 

4. Benrahmoune I, Dubruille C. Invitation à l’amour des plantes–
Réserve biologique de Sidi-Boughaba. Éd Scriptra. Imprimerie 

Al maarif al Jadida, Rabat; 2003.  

5. Bellakhdar J. The traditional Moroccan pharmacopoeia: Ancient 
Arabic medicine and popular knowledge. Le Fennec: Casablan-

ca. 1997;397-99.  

6. Fdil R, El Hamdani N, El Kihel A, Sraidi K. Distribution des alca-
loïdes dans les parties aériennes de Retama monosperma (L.) 

Boiss. du Maroc. Ann Toxicol Anal. 2012;24(3):139-43. https://
doi.org/10.1051/ata/2012016   

7. González-Mauraza NH, León-González AJ, Espartero JL, Gallego-
Fernández JB, Sánchez-Hidalgo M, Martin-Cordero C. Isolation 
and quantification of pinitol, a bioactive cyclitol, in retama spp. 

Nat Prod Commun. 2016;11(3):405-06. https://

journals.sagepub.com/doi/pdf/10.1177/1934578X1601100321 

8. El Hamdani N, Filali-Ansari N, Fdil R, El Abbouyi A, El Khyari S. 
Antifungal activity of the alkaloids extracts from aerial parts of 
Retama monosperma. Res J Pharm Biol Chem Sci. 2016;7(2):965. 

https://www.rjpbcs.com/pdf/2016_7(2)/[133].pdf 

9. Selaimia A, Azouz M, Chouikh A, Zga N, Besbes N. Phytochemical 
study, antioxidant and antimicrobial activities of flavonoids and 

diethyl ether extracts from leaves and seeds of medicinal plant 

of algeria \r\nFlora: Retama monosperma (L.) Boiss. PONTE 
Int J Sci Res. 2020;76(4):12. https://doi.org/10.21506/

j.ponte.2020.4.4  

10. Belmokhtar Z, Harche MK. In vitro antioxidant activity of Retama 
monosperma (L.) Boiss. Nat Prod Res. 2014;28(24):2324-29. 

https://doi.org/10.1080/14786419.2014.934237  

11. Merghoub N, Benbacer L, Terryn C, Attaleb M, Madoulet C, Ben-
jouad A et al. In vitro antiproliferative effect and induction of 

apoptosis by Retama monosperma L. extract in human cervical 
cancer cells. Cell Mol Biol. 2011;57(2):1581-91. http://

www.cellmolbiol.org/index.php/CMB/article/view/944/288  

12. González-Mauraza H, Martín-Cordero C, Alarcón-de-la-Lastra C, 
Rosillo M, León-González AJ, Sánchez-Hidalgo M. Anti-

inflammatory effects of Retama monosperma in acute ulcerative 
colitis in rats. J Physiol Biochem. 2014;70(1):163-72. https://

doi.org/10.1007/s13105-013-0290-3 

13. Rahman MA, Akhtar J. Evaluation of anticancer activity of Cordia 
dichotoma leaves against a human prostate carcinoma cell line, 

PC3. J Tradit Complement Med. 2017;7(3):315-21. https://
doi.org/10.1016/j.jtcme.2016.11.002  

14. Bouabid K, Lamchouri F, Toufik H, Sayah K, Cherrah Y, Faouzi 

MEA. Phytochemical screening and in vitro evaluation of alpha 
amylase, alpha glucosidase and beta galactosidase inhibition 

by aqueous and organic Atractylis gummifera L. extracts. Plant 
Sci Today. 2018;5(3):103-12. https://dx.doi.org/10.14719/

pst.2018.5.3.393  

15. Hussain I, Khattak MUR, Ullah R, Muhammad Z, Khan N, Khan FA 
et al. Phytochemicals screening and antimicrobial activities of 

selected medicinal plants of Khyberpakhtunkhwa Pakistan. Afr 
J Pharm Pharmacol. 2011;5(6):746-50. https://

academicjournals.org/journal/AJPP/article-abstract/
AE2967030417  

16. Jayaprakash A, Sangeetha R. Phytochemical screening of Puni-
ca granatum Linn. peel extracts. J Sci Ind Res. 2015;4(5):160-62. 
http://jairjp.com/OCTOBER%202015/04%20SANGEETHA.pdf  

17. Farhan H, Rammal H, Hijazi A, Badran B. Preliminary phyto-

chemical screening and extraction of polyphenol from stems 
and leaves of a Lebanese plant Malva parviflora L. Int J Curr 

Pharm Res. 2012;4(1):55-59. https://innovareacademics.in/
journal/ijcpr/Issues/Vol4Issue1/456.pdf.  

https://doi.org/10.1016/j.phyplu.2022.100349
https://doi.org/10.1016/j.phyplu.2022.100349
https://doi.org/10.1016/j.jep.2021.114451
https://doi.org/10.1016/j.jep.2021.114451
https://doi.org/10.1051/ata/2012016
https://doi.org/10.1051/ata/2012016
https://journals.sagepub.com/doi/pdf/10.1177/1934578X1601100321
https://journals.sagepub.com/doi/pdf/10.1177/1934578X1601100321
https://www.rjpbcs.com/pdf/2016_7(2)/%5b133%5d.pdf
https://doi.org/10.21506/j.ponte.2020.4.4
https://doi.org/10.21506/j.ponte.2020.4.4
https://doi.org/10.1080/14786419.2014.934237
http://www.cellmolbiol.org/index.php/CMB/article/view/944/288
http://www.cellmolbiol.org/index.php/CMB/article/view/944/288
https://doi.org/10.1007/s13105-013-0290-3
https://doi.org/10.1007/s13105-013-0290-3
https://doi.org/10.1016/j.jtcme.2016.11.002
https://doi.org/10.1016/j.jtcme.2016.11.002
https://dx.doi.org/10.14719/pst.2018.5.3.393
https://dx.doi.org/10.14719/pst.2018.5.3.393
https://academicjournals.org/journal/AJPP/article-abstract/AE2967030417
https://academicjournals.org/journal/AJPP/article-abstract/AE2967030417
https://academicjournals.org/journal/AJPP/article-abstract/AE2967030417
https://innovareacademics.in/journal/ijcpr/Issues/Vol4Issue1/456.pdf
https://innovareacademics.in/journal/ijcpr/Issues/Vol4Issue1/456.pdf


BENKHOUILI  ET AL   410     

https://plantsciencetoday.online 

18. Deyab M, Elkatony T, Ward F. Qualitative and quantitative anal-

ysis of phytochemical studies on brown seaweed, Dictyota di-
chotoma. Int J Eng Res Dev. 2016;4(2):674-78. https://

www.ijedr.org/viewfull.php?&p_id=IJEDR1602118  

19. Raffauf RF, Altschul SVR. The detection of alkaloids in herbari-
um material. Economic Botany. 1968;267-69. https://

www.jstor.org/stable/4252963  

20. Yadav R, Khare R, Singhal A. Qualitative phytochemical screen-
ing of some selected medicinal plants of Shivpuri district (MP). 

Int J Life Sci Scienti Res. 2017;3(1):844-47. https://
doi.org/10.21276/ijlssr.2016.3.1.16 

21. Tadhani M, Subhash R. Preliminary studies on Stevia rebaudi-
ana leaves: Proximal composition, mineral analysis and phyto-

chemical screening. J Med Sci. 2006;6(3):321-26. https://

doi.org/10.3923/jms.2006.321.326   

22. Brighente I, Dias M, Verdi L, Pizzolatti M. Antioxidant activity and 
total phenolic content of some Brazilian species. Pharm Biol. 

2007;45(2):156-61. https://doi.org/10.1080/13880200601113131  

23. Abdu K, Erahioui R, Moutawalli A, Zahidi A, Khedid K, Ahmed SI. 
Evaluation of antioxidant activity of fresh lemon (Citrus lemon 
L.) peel in Marrakech, Kenitra cities of Morocco and Taiz of Yem-

en. Mediterr J Chem. 2020;10(6):585-94. https://

doi.org/10.13171/mjc10602006261379ka  

24. Hayat J, Akodad M, Moumen A, Baghour M, Skalli A, Ezrari S et 
al. Phytochemical screening, polyphenols, flavonoids and tan-

nin content, antioxidant activities and FTIR characterization of 
Marrubium vulgare L. from 2 different localities of Northeast of 

Morocco. Heliyon. 2020;6(11). https://doi.org/10.1016/
j.heliyon.2020.e05609  

25. Joshi S, Iwuala E, Alam A. Analysis of the antioxidant activity 

and caffeine content of Barbula indica (Hook.) Spreng. 
(Bryophyta; Pottiaceae). Plant Sci Today. 2023;10(2):376-81. 

https://doi.org/10.14719/pst.2240  

26. Bouabid K, Lamchouri F, Toufik H, Faouzi MEA. Phytochemical 
investigation, in vitro and in vivo antioxidant properties of aque-

ous and organic extracts of toxic plant: Atractylis gummifera L. J 
Ethnopharmacology. 2020;253:112640. https://doi.org/10.1016/

j.jep.2020.112640  

27. Adebanke O, Babatunde A, Franklyn I, Keleeko A, Joseph O, 
Olubanke O. Free radical scavenging activity, pancreatic lipase 

and a-amylase inhibitory assessment of ethanolic leaf extract of 
Phyllanthus amarus. Plant Sci Today. 2023;10(2):20-26. https://

doi.org/10.14719/pst.1809  

28. Prieto P, Pineda M, Aguilar M. Spectrophotometric quantitation 
of antioxidant capacity through the formation of a phosphomo-

lybdenum complex: Specific application to the determination of 
vitamin E. Anal Biochem. 1999;269(2):337-41. https://

doi.org/10.1006/abio.1999.4019  

29. Meléndez P, Capriles V. Antibacterial properties of tropical 
plants from Puerto Rico. Phytomedicine. 2006;13(4):272-76. 

https://doi.org/10.1016/j.phymed.2004.11.009  

30. Wikler MA. Methods for dilution antimicrobial susceptibility 
tests for bacteria that grow aerobically: Approved standard. Clsi 

(Nccls). 2006;26:M7-A7.  

31. Eloff JN. A sensitive and quick microplate method to determine 
the minimal inhibitory concentration of plant extracts for bacte-

ria. Planta Med. 1998;64(08):711-13. https://doi.org/10.1055/s-
2006-957563 

32. Adetitun DO, Araoye HK, Akinyanju JA, Anibijuwon II. Antimicro-

bial effect of the leaf extracts of Moringa oleifera on some select-
ed clinical bacterial isolates. Agro Search. 2013;13(1):95-114. 

https://doi.org/10.4314/agrosh.v13i1.10  

33. Chouikh A, Fatma A. Phytochemical properties, antibacterial 
and anti-free radical activities of the phenolic extracts of Reta-

ma raetam (Forssk) Webb. & Berthel. collected from Algeria 

Desert. Ovidius Univ Ann Chem. 2021;32:33-39. https://

doi.org/10.2478/auoc-2021-0005   

34. El-Darier SM, El-Kenany ET, Abdellatif AA, Abdel Hady ENF. Alle-
lopathic prospective of Retama raetam L. against the noxious 
weed Phalaris minor Retz. growing in Triticum aestivum L. fields. 

Rend Lincei Sci Fis Nat. 2018;29:155-63. https://doi.org/10.1007/

s12210-018-0675-x  

35. El Hamdani N, Filali-Ansari N, Zefzoufi M, Derhali S, El Abbouyi A, 
El Khyari S et al. Preliminary phytochemical analysis and anti-

bacterial potential of organic extracts from aerial parts of Reta-
ma monosperma. J Mater Environ Sci. 2018;9:1889-98. https://

www.jmaterenvironsci.com/Document/vol9/vol9_N7/226-JMES
-3308-%20El-Hamdani.pdf  

36. Naczk M, Shahidi F. Phenolics in cereals, fruits and vegetables: 

Occurrence, extraction and analysis. J Pharm Biomed Anals. 
2006;41(5):1523-42. https://doi.org/10.1016/j.jpba.2006.04.002   

37. Mariem S, Hanen F, Inès J, Mejdi S, Riadh K. Phenolic profile, 

biological activities and fraction analysis of the medicinal halo-
phyte Retama raetam. S Afr J Bot. 2014;94:114-21. S Afr J Bot. 

2014;94:114‑21. https://doi.org/10.1016/j.sajb.2014.06.010  

38. Touati R, Santos SA, Rocha SM, Belhamel K, Silvestre AJ. Phe-
nolic composition and biological prospecting of grains and 

stems of Retama sphaerocarpa. Ind Crops Prod. 2017;95:244-55. 
https://doi.org/10.1016/j.indcrop.2016.10.027   

39. Chaves JO, De Souza MC, Da Silva LC, Lachos-Perez D, Torres-
Mayanga PC, Machado AP da F et al. Extraction of flavonoids 
from natural sources using modern techniques. Front Chem. 

2020;8:507887. https://doi.org/10.3389/fchem.2020.507887   

40. Francisco M, Cartea ME, Butrón AM, Sotelo T, Velasco P. Environ-
mental and genetic effects on yield and secondary metabolite 

production in Brassica rapa crops. J Agric Food Chem. 2012;60
(22):5507-14. https://doi.org/10.1021/jf301070q  

41. Blundell R, Ajmal Shah M, Azzopardi JI, Iqbal S, Akhtar R, Mujta-
ba Shah G. Butylated hydroxytoluene,. In: Antioxidants effects 
in health. Seyed Mohammad Nabavi, Ana Sanches Silva Elsevier. 

2022;195-200. https://doi.org/10.1016/B978-0-12-819096-
8.00033-1  

42. Aruoma OI. Methodological considerations for characterizing 
potential antioxidant actions of bioactive components in plant 
foods. Mutation Research. 2003;523:9-20. https://

doi.org/10.1016/S0027-5107(02)00317-2  

43. Boussahel S, Cacciola F, Dahamna S, Mondello L, Saija A, Cimino 
F et al. Flavonoid profile, antioxidant and antiglycation proper-

ties of Retama sphaerocarpa fruits extracts. Nat Prod Res. 
2018;32(16):1911-19. https://

doi.org/10.1080/14786419.2017.1356835  

44. Sethiya NK, Trivedi A, Mishra S. The total antioxidant content 
and radical scavenging investigation on 17 phytochemical from 

dietary plant sources used globally as functional food. Biomed 
Prev Nutr. 2014;4(3):439-44. https://doi.org/10.1016/

j.bionut.2014.03.007  

45. Ćetković GS, Čanadanović-Brunet JM, Djilas SM, Tumbas 

VT, Markov SL, Cvetković DD. Antioxidant potential, lipid peroxi-

dation inhibition and antimicrobial activities of Satureja mon-
tana L. subsp. kitaibelii extracts. Int J Mol Sci. 2007;8(10):1013-

27. https://doi.org/10.3390/i8101013   

46. Gayathri G, Bindu N, Babu V. Scavenging of free radicals and 
total phenols of methanol extract of Azima tetracantha Lam. Int 

J Pharm Pharm Sci. 2014;6(9):347-51. https://
journals.innovareacademics.in/index.php/ijpps/article/

view/1894/23145  

47. Kuete V. Potential of cameroonian plants and derived products 
against microbial infections: A review. Planta Med. 2010;76

(14):1479-91. https://doi.org/10.1055/s-0030-1250027   

https://plantsciencetoday.online
https://www.ijedr.org/viewfull.php?&p_id=IJEDR1602118
https://www.ijedr.org/viewfull.php?&p_id=IJEDR1602118
https://www.jstor.org/stable/4252963
https://www.jstor.org/stable/4252963
https://doi.org/10.21276/ijlssr.2016.3.1.16
https://doi.org/10.21276/ijlssr.2016.3.1.16
https://doi.org/10.3923/jms.2006.321.326
https://doi.org/10.3923/jms.2006.321.326
https://doi.org/10.1080/13880200601113131
https://doi.org/10.13171/mjc10602006261379ka
https://doi.org/10.13171/mjc10602006261379ka
https://doi.org/10.1016/j.heliyon.2020.e05609
https://doi.org/10.1016/j.heliyon.2020.e05609
https://doi.org/10.14719/pst.2240
https://doi.org/10.1016/j.jep.2020.112640
https://doi.org/10.1016/j.jep.2020.112640
https://doi.org/10.14719/pst.1809
https://doi.org/10.14719/pst.1809
https://doi.org/10.1006/abio.1999.4019
https://doi.org/10.1006/abio.1999.4019
https://doi.org/10.1016/j.phymed.2004.11.009
https://doi.org/10.1055/s-2006-957563
https://doi.org/10.1055/s-2006-957563
https://doi.org/10.4314/agrosh.v13i1.10
https://doi.org/10.2478/auoc-2021-0005
https://doi.org/10.2478/auoc-2021-0005
https://doi.org/10.1007/s12210-018-0675-x
https://doi.org/10.1007/s12210-018-0675-x
https://www.jmaterenvironsci.com/Document/vol9/vol9_N7/226-JMES-3308-%20El-Hamdani.pdf
https://www.jmaterenvironsci.com/Document/vol9/vol9_N7/226-JMES-3308-%20El-Hamdani.pdf
https://www.jmaterenvironsci.com/Document/vol9/vol9_N7/226-JMES-3308-%20El-Hamdani.pdf
https://doi.org/10.1016/j.jpba.2006.04.002
https://doi.org/10.1016/j.sajb.2014.06.010
https://doi.org/10.1016/j.indcrop.2016.10.027
https://doi.org/10.3389/fchem.2020.507887
https://doi.org/10.1021/jf301070q
https://doi.org/10.1016/B978-0-12-819096-8.00033-1
https://doi.org/10.1016/B978-0-12-819096-8.00033-1
https://doi.org/10.1016/S0027-5107(02)00317-2
https://doi.org/10.1016/S0027-5107(02)00317-2
https://doi.org/10.1080/14786419.2017.1356835
https://doi.org/10.1080/14786419.2017.1356835
https://doi.org/10.1016/j.bionut.2014.03.007
https://doi.org/10.1016/j.bionut.2014.03.007
https://doi.org/10.3390/i8101013
https://journals.innovareacademics.in/index.php/ijpps/article/view/1894/23145
https://journals.innovareacademics.in/index.php/ijpps/article/view/1894/23145
https://journals.innovareacademics.in/index.php/ijpps/article/view/1894/23145
https://doi.org/10.1055/s-0030-1250027


411 

Plant Science Today, ISSN 2348-1900 (online) 

48. Küçükboyaci N, Ozkan S, Adigüzel N, Tosun F. Characterisation 

and antimicrobial activity of Sophora alopecuroides L. var. alo-
pecuroides alkaloid extracts. Turk J Biol. 2011;35(3):379-85. 

https://doi.org/10.3906/biy-0910-113 

49. Hammouche-Mokrane N, León-González AJ, Navarro I, Boulila F, 
Benallaoua S, Martín-Cordero C. Phytochemical profile and 

antibacterial activity of Retama raetam and R. sphaerocarpa 
cladodes from Algeria. Nat Prod Commun. 2017;12

(12):1934578X1701201211. https://journals.sagepub.com/doi/
pdf/10.1177/1934578X1701201211   

50. Saada M, Oueslati M, Msaada K, Snoussi M, Hamami M, Ksouri R. 

Changeability in Retama raetam essential oils chemical compo-
sition, antioxidant and antimicrobial properties as affected by 

the physiological stage. Plant Biosyst. 2018;152(6):1248-55. 
https://doi.org/10.1080/11263504.2018.1435579  

https://doi.org/10.3906/biy-0910-113
https://journals.sagepub.com/doi/pdf/10.1177/1934578X1701201211
https://journals.sagepub.com/doi/pdf/10.1177/1934578X1701201211
https://doi.org/10.1080/11263504.2018.1435579

