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Abstract: - Moroccan cactus exhibits high genetic variability with several cultivars. The 'Dellahia' prickly pear 

variety, prevalent in northern Morocco and noted for its green pulp, is among the least valued cactus varieties, 

primarily consumed fresh. This study aimed to assess the impact of altitude on total phenolic acids and flavonoid 

content (TPC and TFC) and the antioxidant activity of 'Dellahia' prickly pear juice from northern Morocco. 

Significant differences in TPC ranged from 91.29 to 130.45 mg GAE/Kg of juice from the Mestassa and Wahran 

sites (at 119 m and 482 m altitude, respectively). TFC also varied slightly, from 18.8 to 19.1 mg RE/Kg of juice. 

Variations in antioxidant activity were evident in both DPPH• and ABTS+ assays, with DPPH• inhibition 

percentages ranging from 8.85% to 19.14% and ABTS+ inhibition from 41.07% to 54.35%. However, the influence 

of altitude on these parameters was inconclusive, as samples from higher altitudes did not consistently yield lower 

or higher values. Other factors such as soil composition, sunlight, and farming practices may influence these 

results. 
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1  Introduction 
There are over 1,500 species and 130 genera in the 

Cactaceaes family, 300 of which are in the Opuntia 

genus, [1]. The prickly pear cactus, Opuntia ficus 

indica, is found in the Mediterranean region, Central 

and South America, Central and South Africa, the 

Middle East, and India, [2], [3], [4]. Cactus has been 

used fresh or processed for human consumption, as 

well as a functional constituent for food and 

pharmaceutical products due to the important content 

of bioactive compounds like polyphenols, [5], [6], 

[7], [8]. The edible pulp and pericarp of the fruit 

might be soft green, greenish-white, canary yellow, 

lemon yellow, red, cherry red, or purple, [9]. The 

cactus pear crop has several ecological and economic 

benefits.  Unfortunately, Morocco's output suffers a 

significant loss due to a lack of monetization 

opportunities. Cactus pear is also gaining popularity 

in numerous countries because of its ecological, 

environmental, and socioeconomic benefits, 

including erosion and desertification control, and 

fruit-producing feed, [10]. Its ecological benefits are 

due to its crassulacean acid metabolism, which 

facilitates CO2 absorption at night, reducing water 

loss during photosynthesis, [1], [4], [11]. Cactus pear 

is suited for growth in marginal dry and semi-arid 

environments because of its low water requirements 

and high-water use efficiency ratio, [12], [13]. The 

Food and Agriculture Organization recommends 

cactus pear as a potential crop in light of global 

climate change, [12], [14]. According to [15], cactus 

pear is a low-input crop that can be grown 

sustainably and yield fruits and cladodes that are 

edible to both people and animals. There are many 

different species of Moroccan cacti, and they exhibit 

a high degree of genetic variation, [10]. They are 

categorized according to the following: when they 

flower (early or late), what color the blossoms are 

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT 
DOI: 10.37394/232015.2024.20.51

Koalaga Yewaga Dramane, 
Messaoudi Zerhoune, Ibriz Mohammed, 

Ait Haddou Lhoussain

E-ISSN: 2224-3496 519 Volume 20, 2024



 

(yellow, orange, or pink), what color the fruit and 

pulp are (green, yellow, orange, red, or purple), what 

shape the fruit is (oval, round, or rectangular), what 

their organoleptic characteristics are [16], and how 

much antioxidant they contain, [17], [18]. The 

‘Dellahia’ prickly pear, which is common in northern 

Morocco, is distinguished by its green pulp. Because 

of the poor oil content of its seeds, it is one of the 

least valuable cactus kinds. As a result, its fruits are 

mostly consumed raw. The purpose of this study is to 

discuss the effect of altitude on total polyphenols and 

flavonoid content, and antioxidant activity in the fruit 

juice of this variety in northern Morocco to 

reevaluate the many options for reducing the loss of 

excess production. 

 

 

2 Materials and Methods 
 

2.1 Vegetal Materials 
Prickly pear fruits were collected in August 2016 

from four sites at different altitudes in northern 

Morocco as shown in Table 1 (Appendix). The global 

view of the study region and the sampling sites are 

shown respectively in Figure 1 and Figure 2.   

 

 
Fig. 1: View of the study region 

 

 
Fig. 2: Sampling sites    

2.2 Chemicals and Reagents 

Folin-Ciocalteu reagent (2N), DPPH• (2,2-Diphenyl-

1-picrylhydrazyl), ABTS+ (2,2' Azinobis -3 

Ethylbenzothiazoline 6 Sulfonic Acid), rutin, gallic 

acid and methanol were obtained from Sigma Aldrich 

Corp. (Merck KGaA, Darmstadt, Germany). Sodium 

carbonate (Na2CO3), sodium nitrite (NaNO2), sodium 

hydroxide (NaOH), potassium persulphate (K2S2O8), 

aluminum chloride (AlCl3) and Trolox (6-hydroxy-

2aluminumtramethylchroman-2-carboxylic acid, 

purity ≥ 97%) were purchased from Fisher Scientific 

SA. (Boulevard Sebastien Brant - F67403 Illkirch 

Cedex – France). All of the other reagents were of 

analytical grade unless otherwise stated. 

 

2.3 Determination of Total Polyphenols and 

Flavonoid Content 
 

2.3.1 Determination of Total Polyphenols 

Content (TPC) 

The total polyphenols content of samples (TPC) was 

determined spectrophotometrically using the Folin-

Ciocalteu reagent method depicted by [19] with 

minor modifications. Indeed, this reagent is reduced 

to tungsten and molybdenum oxide in an alkaline 

medium giving a blue color in the presence of 

polyphenols. Briefly, the assay was carried out by 

adding 1 mL of Folin-Ciocalteu reagent (50%) to 0.2 

mL of sample extract into a 10 mL test tube. After 

shaking well, the mixture, 0.8 mL of 7.5% sodium 

carbonate solution (Na2CO3) was added to the 

mixture. The final mixture was incubated in the dark 

at room temperature for 30 minutes. Then, we 

measured the absorbance at 765 nm with an S-22 

UV/VIS spectrophotometer. A calibration curve was 

established using gallic acid. The gallic assay is 

prepared using various concentrations of gallic acid 

solutions (from 0 to 1 µg/mL). The gallic range 

undergoes the same treatment as the sample to be 

analyzed. Total polyphenol content is determined 

graphically using the gallic range calibration curve, 

which is a straight line with the following equation :  

 

Y = aX +b 

 

Where :  

- Y : measured absorbance  

- X : total polyphenol concentration required.  

- a and b : constants 

 

Then, we expressed the total polyphenols content 

(TPC) in mg gallic acid equivalent (mg GAE / Kg of 

juice). 
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2.3.2 Determination of Total Flavonoid Content 

(TFC) 

The total flavonoid content (TFC) of samples was 

determined spectrophotometrically following the 

method depicted by [19] with some minor 

adjustments. This method is characterized by the 

formation of a flavonoid-aluminum complex, whose 

maximum absorbance is 430 nm. The assay was 

carried out by adding 1 mL of sample extract to 4 mL 

of double distilled water into a 10 mL test tube. Then, 

we added 0.3 mL of 5% NaNO2 solution. After 5 

minutes, we added 0.3 mL of 10% methanolic AlCl3 

solution. At the 6th minute, we added 2 mL of 1M 

NaOH solution. The mixture was made up to 10 mL 

with double distilled water, and the final mixture was 

shaken very well. Then, we immediately measured 

the absorbance at 510 nm with an S-22 UV/VIS 

spectrophotometer. The calibration curve was 

established using rutin. A calibration curve was 

established using rutin. The rutin assay is prepared 

using various concentrations of rutin solutions (from 

0 to 1 µg/mL). The rutin range undergoes the same 

treatment as the sample to be analyzed. Total 

flavonoid content is determined graphically using the 

rutin range calibration curve, which is a straight line 

with the following equation :  

 

Y = aX +b 

 

Where :  

- Y : measured absorbance  

- X : total flavonoid concentration required.  

- a and b : constants 

 

Then, we expressed the total flavonoid content (TFC) 

as mg rutin equivalent (mg RE/Kg of juice). 

 

2.4 Determination of Antioxidant Activity 
 

2.4.1 Determination of Antioxidant Activity by 

the DPPH Method 

Free radical scavenging activity of the methanolic 

extracts was determined spectrophotometrically 

following the DPPH• stable radical method depicted 

by [20] with some minor adjustments. When reacting 

with an antioxidant compound, the DPPH• radical is 

reduced by donating hydrogen. This reduction is 

featured by color changes, from deep violet to dark 

yellow. Briefly, we added 3.9 mL of a freshly 

prepared methanolic DPPH• solution (0.1M) to 0.1 

mL of samples or positive control of Trolox. We used 

an equal amount of methanol (4 mL) as a negative 

control. We performed all measurements in triplicate. 

After incubating at room temperature in the dark for 

30 min, we measured the absorbance at 515 nm with 

an S-22 UV-Vis spectrophotometer. Then, we 

calculated the DPPH• inhibition percentage as the 

absorbance decrease of the antioxidant samples 

relative to the control. We determined the Trolox 

equivalent antioxidant capacity (TEAC) by using the 

equation established from linear regression after 

plotting known solutions of Trolox (20–800 μM). At 

last, we expressed the antioxidant activity as the 

DPPH• free radical inhibition percentage according 

to the following formula: 

 
           % Inhibition (DPPH•) = [(ODcont - ODsamp)/ODcont]×100 

 

With: 

- ODcont: Optical Density (absorbance) of the control 

(pure methanol) 

- ODsamp: Optical Density (absorbance) of the sample 

 

The effective concentration required to inhibit 

50% of the free radical (IC50) is calculated using the 

equation of the curve obtained by plotting the 

different inhibition percentages of free radical DPPH• 

as a function of different sample concentrations of 

total polyphenols contents. Generally, the equation of 

this curve is linear. We expressed the IC50 in mg/mL 

of juice. 

 

2.4.2 Determination of Antioxidant Capacity by 

the ABTS Method 

The antioxidant capacity was also determined using a 

second method based on the ABTS+ scavenging 

potential as depicted by [21] with some minor 

adjustments. First, we generated the ABTS+ radical 

by reacting 7 mM ABTS and 2.45 mM potassium 

persulphate (K2S2O8). After incubation in the dark at 

room temperature for 16 hours, we diluted the 

solution with 80% methanol to obtain an absorbance 

of 0.70 ± 0.02 at 734 nm. Then, we added 3.9 mL of 

this ABTS+ solution to 0.1 mL of the sample. The 

mixture was carefully stirred, and incubated at room 

temperature for 6 min. Then, we immediately 

measured the absorbance of the reactive mixture at 

734 nm with an S-22 UV-Vis spectrophotometer and 

compared it to the antioxidant power of Trolox used 

as a reference. We performed all determinations in 

triplicate.  We determined the inhibition percentage 

of ABTS+• free radical as the decrease in absorbance 

of the samples over the control. We also determined 

the Trolox equivalent antioxidant capacity (TEAC) 

by using the equation established from linear 

regression after plotting known solutions of Trolox 

(20–800 μM). At last, we expressed the antioxidant 

activity as the ABTS+• free radical inhibition 

percentage according to the following formula: 
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          %Inhibition (ABTS+) = [(ODcont- ODsamp)/ODcont]×100 

 

With:    

- ODcont: Optical Density (absorbance) of the control 

(pure methanol) 

- ODsamp: Optical Density absorbance of the sample 

 

The effective concentration required to inhibit 

50% of the free radical (IC50) for the ABTS+ assay 

was determined by the same graphical method 

described previously for the DPPH• assay. 

 

2.5 Statistical Analysis 
We used SPSS 20 software and Microsoft Excel 2019 

to perform descriptive statistical analysis (based on 

the calculation of the mean and standard deviation for 

each parameter studied), analysis of variance (one-

way ANOVA test of variation: "sites"), and 

comparison of means. We used the Student-Newman-

Keuls test to determine significant differences 

between means with a 95% confidence interval (P = 

.05). 

 

 

3 Results and Discussions 
 

3.1 Total Polyphenols (TPC) and Total 

Flavonoid Contents (TFC) 
Total polyphenols and flavonoid contents (TPC and 

TFC) exhibited by the different samples studied are 

displayed in Table 2 (Appendix). The calibration 

curves of gallic acid and rutin are displayed in Figure 

3 and Figure 4, respectively. 

Phenolic compounds, also known as polyphenols, 

are metabolic products widely distributed in plant 

foods; they possess many biological and 

pharmacological properties that may offer protection 

against chronic diseases. These compounds have an 

antioxidant effect superior to that of vitamins; they 

can neutralize the effects of oxidative free radicals 

[22]. For instance, studies have provided evidence 

that oral administration of citric acid during insulin-

induced hypoglycemia can attenuate increases in 

oxidative stress biomarkers in brain and liver tissue, 

reduce increases in serum aminotransferases, and 

provide histological protection against liver damage 

[23]. In our study, as displayed in Table 2 

(Appendix), we noticed no significant difference 

between the samples regarding the TPC, with values 

ranging from 91.29 ± 6.01 to 130.45 ± 12.31 mg 

GAE/Kg of juice for Mestassa (119 m asl) and 

Wahran (482 m asl) samples, respectively. This 

means that the effect of altitude on the total 

polyphenols content of 'Dellahia' prickly pear juice 

from the study area is not significant. The values 

found in our study are higher than those reported by 

[24] for the Moroccan prickly pear cultivar Moussa 

characterized by its yellow pulp (7.76 mg GAE/Kg of 

juice) and Moroccan cultivar El Asri with red pulp 

(15.34 mg GAE/Kg of juice). In recent studies, [25] 

and [26] reported higher values of total phenolic 

content in prickly pear juice ranging from 310.0 to 

511 ± 2.9 mg GAE/Kg of juice and 130 to 180 mg 

GAE/L of juice respectively. 

 

 
Fig. 3: Gallic acid calibration curve 

 

 
Fig. 4: Rutin calibration curve 

 

3.1.1 Total Polyphenols Content (TPC) 

Investigations on red and yellow cultivars from the 

Kingdom of Saudi Arabia showed that the pulps 

juices of red cactus contain high total phenolic 

contents equivalent to 1065.15 mg GAE/100 ml of 

juice, whereas the juices from the pulps of yellow 

cactus have lower total phenolic contents (667.82 mg 

GAE/100 ml of juice), [27]. These values remain 

higher than those found in our study. In general, our 

findings are in agreement with the literature 

considering that previous studies reported a content 

of phenolic compounds, in Opuntia spp. juice, 

ranging from a minimum of about 22 mg GAE/Kg to 

a maximum of about 660 mg GAE/Kg, [4], [26], 

[28], [29], [30], [31]. Fruits such as grapes, apples, 

pears, cherries, and berries contain up to 200-300 mg 

of polyphenols per 100 g of fresh weight. Products 

made from these fruits also contain significant 

amounts of polyphenols, [32], [33]. The TPC of 
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‘Dellalia’ prickly pear juice in the present study 
was less than that of the other juices such 
as turnip juice (772 mg/L), red grape juices 

(1728 mg/L), red wine (1869 mg/L) [34], and 

pomegranate (1284 to  9476 mg GAE/L of juice). In 

light of these values, prickly pear and its by-products 

remain interesting sources of TPC. 

 

3.1.2 Total Flavonoid Content (TFC) 

Flavonoids constitute the largest part of polyphenols 

(2/3), and phenolic acids such as gallic acid and 

caffeic acid represent the remaining part (1/3), [35]. 

Flavonoids are classified into several groups, 

anthocyanins, flavonols, flavones, and flavanones 

being the most important, [36]. Multiple types of 

flavonoids have been reported in the Opuntia cactus, 

their kinds and contents differ depending on the 

variety and degree of ripening, [37]. Today, the 

properties of flavonoids are widely studied in the 

medical field for their anti-viral, anti-tumor, anti-

inflammatory, anti-allergic, and anti-cancer activities, 

[38]. 

In our study, flavonoids constitute less than 1/5 

of total polyphenols. As displayed in Table 2 

(Appendix), we noticed a significant difference 

between the samples regarding their total flavonoid 

content. The samples from Tizakhte (highest altitude, 

713 m asl), show the highest total flavonoid content 

(19.1 ± 0.1 mg RE/Kg of juice) followed by the 

samples from Mestassa with 18.9 ± 0.2 mg RE/Kg of 

juice (lowest altitude, 119 m asl). The samples of 

Wahran and Boujibar situated at respectively 482 and 

572 m asl have the same flavonoid content (18.8 ± 

0.01 mg RE/Kg of juice). Based on this study, we can 

establish the effect of altitude on flavonoid content; 

however, the variability found between samples from 

different altitudes could also be due to other factors 

not investigated in our study such as growing 

conditions for example. 

TFC ranging from 50.24 to 52.58 mg RE/Kg 

respectively for Achefri and Amouslem cultivars at 

the Arbaa Sahel site in southern Morocco (327 m asl) 

and 67.02 to 69.95 mg RE/Kg for the same cultivars 

respectively from Asgherkis site also in south 

Morocco (709 m asl) have been reported by [10]. 

These values are higher than those found in our study 

but confirm that the effect of altitude on the flavonoid 

content of prickly pear fruits is significant. 

Investigations on red and yellow cultivars from the 

Kingdom of Saudi Arabia showed that the pulps 

juices of red cactus contain high total flavonoid 

contents equivalent to 159.49 mg RE/100 ml of juice, 

whereas the juices from the pulps of yellow cactus 

have lower total phenolic contents (80.35 mg RE/100 

ml of juice), [27]. These values remain higher than 

those found in our study. In recent studies, higher 

values of TFC in different cultivars of prickly pear 

juice have been reported ranging from 47 to 87 mg 

QE/Kg of juice, [25], [31]  

In general, the TFC reported in this study was 

lower than previously reported values in cactus pear 

fruits [25], [29], [39], [40], probably because we 

processed only the pulp without the skin, which 

should show a higher phenolic content. This 

explanation is in agreement with data reported in the 

literature on the polyphenol composition of the skin 

and pulp of several fruits [17], considering that 

polyphenols might tend to accumulate in the dermal 

tissues of the plant body due to their potential role in 

protection against UV radiation, acting as attractants 

in fruit dispersal, and as chemical defense against 

pathogens and predators, [41]. The TFC of ‘Dellalia’ 
prickly pear juice in this study was less than that 
of apple juice (92 mg RE/L of juice) [42], but pretty 

similar to pomegranate juice TFC (14,45 to 56.99 mg 

RE/L of juice), [43]. In light of these values, prickly 

pear and its by-products remain interesting sources of 

TFC. 

 

3.2 Antioxidant Activity 
Antioxidants are compounds that protect cells from 

the oxidative effects of reactive oxygen species, and 

an imbalance between these reactive oxygen species 

and antioxidants results in oxidative stress. Oxidative 

stress can cause cellular damage associated with a 

variety of diseases, including diabetes, cancer, 

cardiovascular disease, neurodegenerative disorders, 

and aging. Oxidative stress can also damage many 

biological molecules, with proteins and DNA 

molecules being important targets of cellular damage. 

Antioxidants protect cells from damage caused by 

these free radicals by interfering with the radical-

generating systems and enhancing the function of 

endogenous antioxidants, [44]. Phenolic compounds, 

and polyphenols in particular, are natural molecules 

with numerous physiological properties, given their 

ability to protect cells against damage caused by free 

radicals, [45], [46]. From a dietary point of view, 

their intake has a beneficial effect on human health, 

improving intestinal inflammation, [47], [48] and 

indirectly interfering with specific signaling proteins, 

which mediate gene regulation in response to 

oxidative stress and inflammation, [49], [50]. 

In general, in this work, the antioxidant activity 

with ABTS+• was higher than that obtained with 

DPPH• radical (Table 3, Appendix) with a percentage 

of inhibition of ABTS+• radical ranging from 41.07 ± 

4.47 and 54.35 ± 0.37 respectively for Tizakhte (713 

m asl) and Mestassa (119 m asl) samples while the 

percentage of inhibition of the DPPH- radical ranged 

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT 
DOI: 10.37394/232015.2024.20.51

Koalaga Yewaga Dramane, 
Messaoudi Zerhoune, Ibriz Mohammed, 

Ait Haddou Lhoussain

E-ISSN: 2224-3496 523 Volume 20, 2024

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/turnip
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/red-wines


 

from 8.85 ± 1.13 to 19.14 ± 2.73 respectively for 

Boujibar (572 m asl) and Tizakhte (713 m asl) 

samples.  These tests showed that the richest sample 

in total phenolic content was not the one that showed 

the highest value in free radical scavenging activity 

against both free radicals ABTS+• and DPPH•. The 

different behavior against both free radicals, which 

was also observed in other fruits’ extracts, could be 

explained by the fact that many antioxidants react 

rapidly while other radicals may react slowly, or even 

be inert, to DPPH• due to their steric inaccessibility, 

[51]. Overall, the results obtained are of the same 

order as those previously reported [17], [51], [52], 

but do not confirm that fruits with the highest level of 

total polyphenols have the greatest free radical 

scavenging capacity. Indeed, this apparent 

relationship between total polyphenols and 

antioxidant capacity was not found in some Mexican 

Opuntia fruits, [28].  

In addition, a pairwise correlation between TPC, 

TFC, antioxidant activity, and altitude was performed 

to obtain an overall perspective of the free radical 

scavenging capacity and respective chemical 

components on the one hand, and the effect of 

altitude on the different parameters on the other hand 

(Table 4, Appendix). The Pearson correlation test 

was used for this purpose. This correlation test 

showed that the chemical parameter with a significant 

correlation with the ABTS+• test was total flavonoid 

(R=0.885). In contrast, the ABTS+• and DPPH• test 

values were not significantly correlated with TPC 

(correlation coefficients of 0.411 and 0.400, 

respectively). Our results are in contrast to the data 

reported in the literature by [53] who showed that the 

correlations between ABTS+• and DPPH• tests with 

TPC and TFC were also high, demonstrating that 

both tests can be considered to measure the free 

radical scavenging capacity of these fruits. The same 

author reported that the chemical parameter with the 

highest correlation with the ABTS+• test was TPC 

(0.9818), while the DPPH• test had the highest 

correlation with TFC (0.9735). 

The effective concentration to inhibit 50% of the 

free radical (IC50) was calculated using the equation 

of the curve obtained by plotting the different 

percentages of free radical inhibition as a function of 

TPC sample concentrations. No significant 

differences were noticed regarding the IC50 values for 

the ABTS+• test. The values found ranged from 90 ± 

13 to 120 ± 16 mg GAE/g of juice for Mestassa (119 

m asl) and Tizakhte (713 m asl) samples, 

respectively. As for the IC50 of the DPPH• test, a 

significant difference was noticed between the 

samples, with Tizakhte fruits being more effective 

(0.222 ± 0.013 mg/mL juice) while Boujibar fruits 

being the least effective (0.765 ± 0.034 mg/mL 

juice). Overall, the IC50 values obtained from the 

ABTS+• assay ranged from 0.090 ± 0.013 to 0.120 ± 

0.016 mg/mL of juice for the Mestassa (119 m asl) 

and Tizakhte (713 m asl) samples, respectively. 

These values are lower than those obtained by the 

DPPH• assay, demonstrating that all samples are 

more efficient in free radical scavenging capacity by 

the ABTS+• assay than by the DPPH• assay.  

Overall, the correlation between the studied 

parameters and altitude was not significant according 

to the Pearson correlation test at 95% and 99% 

confidence intervals. As shown in Table 4 

(Appendix), the correlation coefficients between 

altitude and the studied parameters ranged from 

0.038 and 0.557 for the inhibition percentage of 

ABTS+• and DPPH•, respectively. In light of these 

results, the effect of altitude on TPC and TFC, and 

antioxidant activity could not be determined. 

 
 

4  Conclusions  
In summary, our study confirmed that prickly pear 

fruit juice is an important source of polyphenols and 

flavonoids. Values found are relatively higher or 

lower than those reported in the literature. A 

significant difference in total polyphenols, and 

flavonoid content was observed. Nevertheless, the 

effect of altitude on these phytochemicals’ content 

could not be established because samples from the 

highest altitude did not present the lowest or highest 

content of phytochemicals. For instance, Tizakhte 

samples located at the highest altitude (713 m) 

contain 110.96± 9.76 mg GAE/Kg of juice while 

Boujibar, Wharan, and Mestassa samples respectively 

located at 572m, 482m, and 119 m above sea level 

contain respectively 109.66±6.79, 130.45±12.31, and 

91.29±6.02 mg GAE/Kg of juice. As for free radical 

scavenging activity, the same observation was made 

using both tests, ABTS+ and DPPH•: a significant 

difference was noticed between samples but this 

difference is not relevant to the altitude. Indeed, the 

Pearson correlation test shows that the parameters 

studied in our assay are not correlated to the altitude. 

Several factors could probably explain this lack of 

correlation as growth conditions like the influence of 

dew on crops from high altitude, that make them 

grow at similar conditions as if they were at sea level. 

Other factors as soil composition or sunlight might 

probably influence these parameters. Further 

investigations should be carried out with a disposal 

able to master the influence of external factors. 

 

 

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT 
DOI: 10.37394/232015.2024.20.51

Koalaga Yewaga Dramane, 
Messaoudi Zerhoune, Ibriz Mohammed, 

Ait Haddou Lhoussain

E-ISSN: 2224-3496 524 Volume 20, 2024



 

Acknowledgments: 

The authors extend their appreciation to the National 

School of Agriculture of Meknes and the Ibn Toufail 

University of Kenitra. 

 

 

References: 

[1] M. Mulas and G. Mulas, “Potentialités 

d’utilisation stratégique des plantes des genres 

Atriplex et Opuntia dans la lutte contre la 

désertification,” Short and Medium-Term 

Priority Environmental Action Programme 

(SMAP). Université des études de SASSAR, 

vol. 112, 2004, [Online]. 

https://citeseerx.ist.psu.edu/document?repid=r

ep1&type=pdf&doi=70b652023d12e2abc085

8d591077e194aef69bac (Accessed Date: 

February 5, 2024). 

[2] M. Aragona, E. R. Lauriano, S. Pergolizzi, 

and C. Faggio, “Opuntia ficus-indica (L.) 

Miller as a source of bioactivity compounds 

for health and nutrition,” Nat Prod Res, vol. 

32, no. 17, pp. 2037–2049, Sep. 2018, doi: 

10.1080/14786419.2017.1365073. 

[3] M. A. Hussien and Z. F. R. Ahmed, “Plant 

extracts treatment along with flower bud 

thinning promotes cactus pear production and 

fruit quality,” Acta Hortic., no. 1216, pp. 127–

134, Oct. 2018, doi: 

10.17660/ActaHortic.2018.1216.16. 

[4] F. C. Stintzing, K. M. Herbach, M. R. 

Mosshammer, R. Carle, W. Yi, S. Sellappan, 

C. Akoh, R. Bunch, and P. Felker, “Color, 

Betalain Pattern, and Antioxidant Properties 

of Cactus Pear (Opuntia spp.) Clones,” J. 

Agric. Food Chem., vol. 53, no. 2, pp. 442–

451, Jan. 2005, doi: 10.1021/jf048751y. 

[5] E. De Santiago, M. Domínguez-Fernández, C. 

Cid, and M.-P. De Peña, “Impact of cooking 

process on nutritional composition and 

antioxidants of cactus cladodes (Opuntia 

ficus-indica),” Food Chemistry, vol. 240, pp. 

1055–1062, Feb. 2018, doi: 

10.1016/j.foodchem.2017.08.039. 

[6] G. Rocchetti, M. Pellizzoni, D. Montesano, 

and L. Lucini, “Italian Opuntia ficus-indica 

Cladodes as Rich Source of Bioactive 

Compounds with Health-Promoting 

Properties,” Foods, vol. 7, no. 2, Art. no. 2, 

Feb. 2018, doi: 10.3390/foods7020024. 

[7] R. I. Ventura-Aguilar, E. Bosquez-Molina, S. 

Bautista-Baños, and F. Rivera-Cabrera, 

“Cactus stem (Opuntia ficus-indica Mill): 

anatomy, physiology and chemical 

composition with emphasis on its 

biofunctional properties,” J Sci Food Agric, 

vol. 97, no. 15, pp. 5065–5073, Dec. 2017, 

doi: 10.1002/jsfa.8493. 

[8] K. El-Mostafa, Y. El Kharrassi, A. 

Badreddine, P. Andreoletti, J. Vamecq, M. S. 

El Kebbaj, N. Latruffe, G. Lizard, B. Nasser, 

and M. Cherkaoui-Malki, “Nopal Cactus 

(Opuntia ficus-indica) as a Source of 

Bioactive Compounds for Nutrition, Health 

and Disease,” Molecules, vol. 19, no. 9, Art. 

no. 9, Sep. 2014, doi: 

10.3390/molecules190914879. 

[9] M. M. De Chávez, A. Chávez, V. Valles, and 

J. A. Roldán, “The nopal : a plant of manifold 

qualities,” Plants in Human Nutrition, vol. 77, 

pp. 109–134, 1995, doi: 

https://doi.org/10.1159/000424468. 

[10] Z. Bouzoubaâ, Y. Essoukrati, S. Tahrouch, A. 

Hatimi, S. Gharby, and H. Harhar, 

“Phytochemical study of prickly pear from 

southern Morocco,” Journal of the Saudi 

Society of Agricultural Sciences, vol. 15, no. 

2, pp. 155–161, Jun. 2016, doi: 

10.1016/j.jssas.2014.09.002. 

[11] K. Winter and J. A. C. Smith, “Crassulacean 

Acid Metabolism: Current Status and 

Perspectives,” in Crassulacean Acid 

Metabolism: Biochemistry, Ecophysiology and 

Evolution, K. Winter and J. A. C. Smith, Eds., 

in Ecological Studies. , Berlin, Heidelberg: 

Springer, 1996, pp. 389–426. doi: 

10.1007/978-3-642-79060-7_26. 

[12] G. Barbera, P. Inglese, and E. Pimienta-

Barrios, “Agro-ecology, cultivation, and uses 

of cactus pear,” 1995, [Online]. 

https://www.semanticscholar.org/paper/Agro-

ecology%2C-cultivation%2C-and-uses-of-

cactus-pear-Barbera-

Inglese/a6e79a030624e6f8521ef8cc78dea718f

7ba8308 (Accessed Date: June 16, 2024). 

[13] P. S. Nobel, “Environmental biology,” in 

Agro-ecology, cultivation and uses ofs of 

cactus pear, FAO Plant Production and 

Protection Paper., Rome : FAO, 1995, pp. 36–

48. 

[14] P. S. Nobel and A. A. Israel, “Cladode 

development, environmental responses of 

CO2 uptake, and productivity for Opuntia 

ficus-indica under elevated CO2,” Journal of 

Experimental Botany, vol. 45, no. 3, pp. 295–

303, Mar. 1994, doi: 10.1093/jxb/45.3.295. 

[15] C. M. G. Reis, L. C. Gazarini, T. F. Fonseca, 

and M. M. Ribeiro, “Above-ground biomass 

estimation of Opuntia ficus-indica (L.) Mill. 

for forage crop in a Mediterranean 

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT 
DOI: 10.37394/232015.2024.20.51

Koalaga Yewaga Dramane, 
Messaoudi Zerhoune, Ibriz Mohammed, 

Ait Haddou Lhoussain

E-ISSN: 2224-3496 525 Volume 20, 2024

https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=70b652023d12e2abc0858d591077e194aef69bac
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=70b652023d12e2abc0858d591077e194aef69bac
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=70b652023d12e2abc0858d591077e194aef69bac
https://doi.org/10.1159/000424468
https://www.semanticscholar.org/paper/Agro-ecology%2C-cultivation%2C-and-uses-of-cactus-pear-Barbera-Inglese/a6e79a030624e6f8521ef8cc78dea718f7ba8308
https://www.semanticscholar.org/paper/Agro-ecology%2C-cultivation%2C-and-uses-of-cactus-pear-Barbera-Inglese/a6e79a030624e6f8521ef8cc78dea718f7ba8308
https://www.semanticscholar.org/paper/Agro-ecology%2C-cultivation%2C-and-uses-of-cactus-pear-Barbera-Inglese/a6e79a030624e6f8521ef8cc78dea718f7ba8308
https://www.semanticscholar.org/paper/Agro-ecology%2C-cultivation%2C-and-uses-of-cactus-pear-Barbera-Inglese/a6e79a030624e6f8521ef8cc78dea718f7ba8308
https://www.semanticscholar.org/paper/Agro-ecology%2C-cultivation%2C-and-uses-of-cactus-pear-Barbera-Inglese/a6e79a030624e6f8521ef8cc78dea718f7ba8308


 

environment by using non-destructive 

methods,” Experimental Agriculture, vol. 54, 

no. 2, pp. 227–242, 2016, doi: 

10.1017/S0014479716000211. 

[16] M. Boujghagh and L. Chajia, “The cactus: a 

drought management tool in southern 

Morocco (“Le cactus : outil de gestion de la 

sécheresse dans le Sud Marocain”), Terre et 

Vie, vol. 52, pp. 1–7, 2001, [Online]. 

http://www.abhatoo.net.ma/content/download/

9922/151325/version/1/file/Le+cactus+outil+

de+gestion+de+la+s%C3%A9cheresse+dans+

le+sud+marocain.pdf (Accessed Date: 

October 5, 2024). 

[17] J. O. Kuti, “Antioxidant compounds from four 

Opuntia cactus pear fruit varieties,” Food 

Chemistry, vol. 85, no. 4, pp. 527–533, May 

2004, doi: 10.1016/S0308-8146(03)00184-5. 

[18] L. Tesoriere, D. Butera, A. M. Pintaudi, M. 

Allegra, and M. A. Livrea, “Supplementation 

with cactus pear (Opuntia ficus-indica) fruit 

decreases oxidative stress in healthy humans: 

a comparative study with vitamin C123,” The 

American Journal of Clinical Nutrition, vol. 

80, no. 2, pp. 391–395, Aug. 2004, doi: 

10.1093/ajcn/80.2.391. 

[19] A. Djeridane, M. Yousfi, B. Nadjemi, D. 

Boutassouna, P. Stocker, and N. Vidal, 

“Antioxidant activity of some algerian 

medicinal plants extracts containing phenolic 

compounds,” Food Chemistry, vol. 97, no. 4, 

pp. 654–660, Aug. 2006, doi: 

10.1016/j.foodchem.2005.04.028. 

[20] G. Boskou, F. N. Salta, S. Chrysostomou, A. 

Mylona, A. Chiou, and N. K. Andrikopoulos, 

“Antioxidant capacity and phenolic profile of 

table olives from the Greek market,” Food 

Chemistry, vol. 94, no. 4, pp. 558–564, Mar. 

2006, doi: 10.1016/j.foodchem.2004.12.005. 

[21] V. Baltrušaitytė, P. R. Venskutonis, and V. 

Čeksterytė, “Radical scavenging activity of 

different floral origin honey and beebread 

phenolic extracts,” Food Chemistry, vol. 101, 

no. 2, pp. 502–514, Jan. 2007, doi: 

10.1016/j.foodchem.2006.02.007. 

[22] F. Shahidi, P. K. Janitha, and P. D. 

Wanasundara, “Phenolic antioxidants,” 

Critical Reviews in Food Science and 

Nutrition, vol. 32, no. 1, pp. 67–103, Jan. 

1992, doi: 10.1080/10408399209527581. 

[23] O. M. E. Abdel-Salam, E. R. Youness, A. A. 

Sleem, and F. A. Morsy, “Citric Acid 

Administration Protects Against Insulin-

Induced Hypoglycemic Brain and Liver 

Injury,” WSEAS Transactions on Biology and 

Biomedicine, vol. 19, pp. 31–40, 2022, doi: 

10.37394/23208.2022.19.5. 

[24] O. Khatabi, H. Hanine, D. Elothmani, and A. 

Hasib, “Extraction and determination of 

polyphenols and betalain pigments in the 

Moroccan Prickly pear fruits (Opuntia ficus 

indica),” Arabian Journal of Chemistry, vol. 

9, pp. S278–S281, Sep. 2016, doi: 

10.1016/j.arabjc.2011.04.001. 

[25] R. Palmeri, L. Parafati, E. Arena, E. 

Grassenio, C. Restuccia, and B. Fallico, 

“Antioxidant and Antimicrobial Properties of 

Semi-Processed Frozen Prickly Pear Juice as 

Affected by Cultivar and Harvest Time,” 

Foods, vol. 9, no. 2, Art. no. 2, Feb. 2020, doi: 

10.3390/foods9020235. 

[26] R. M. Ferreira, R. A. Amaral, A. M. S. Silva, 

S. M. Cardoso, and J. A. Saraiva, “Effect of 

High-Pressure and Thermal Pasteurization on 

Microbial and Physico-Chemical Properties of 

Opuntia ficus-indica Juices,” Beverages, vol. 

8, no. 4, Art. no. 4, Dec. 2022, doi: 

10.3390/beverages8040084. 

[27] E.-S. S. Abdel-Hameed, M. A. Nagaty, M. S. 

Salman, and S. A. Bazaid, “Phytochemicals, 

nutritional, and antioxidant properties of two 

prickly pear cactus cultivars (Opuntia ficus 

indica Mill.) growing in Taif, KSA,” Food 

Chemistry, vol. 160, pp. 31–38, Oct. 2014, 

doi: 10.1016/j.foodchem.2014.03.060. 

[28] R. A. Chavez-Santoscoy, J. A. Gutierrez-

Uribe, and S. O. Serna-Saldívar, “Phenolic 

Composition, Antioxidant Capacity and In 

Vitro Cancer Cell Cytotoxicity of Nine 

Prickly Pear (Opuntia spp.) Juices,” Plant 

Foods Hum Nutr, vol. 64, no. 2, pp. 146–152, 

Jun. 2009, doi: 10.1007/s11130-009-0117-0. 

[29] F. Dehbi, A. Hasib, A. Ouatmane, H. Elbatal, 

and A. Jaouad, “Physicochemical 

characteristics of Moroccan prickly pear juice 

(Opuntia ficus indica L.),” International 

Journal of Emerging Technology and 

Advanced Engineering, vol. 4, no. 4, pp. 300–

306, 2014. 

[30] E. M. D. Medina, E. M. R. Rodríguez, and C. 

D. Romero, “Chemical characterization of 

Opuntia dillenii and Opuntia ficus indica 

fruits,” Food Chemistry, vol. 103, no. 1, pp. 

38–45, Jan. 2007, doi: 

10.1016/j.foodchem.2006.06.064. 

[31] A. Sakhraoui, N. Touati, and S. Hihat, “Effect 

of Time and Temperature Storage on the 

Quality of unpasteurized Prickly Pear Juice 

Enriched with Hydro-soluble Opuntia ficus 

indica seeds Extract,” Turkish Journal of 

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT 
DOI: 10.37394/232015.2024.20.51

Koalaga Yewaga Dramane, 
Messaoudi Zerhoune, Ibriz Mohammed, 

Ait Haddou Lhoussain

E-ISSN: 2224-3496 526 Volume 20, 2024

http://www.abhatoo.net.ma/content/download/9922/151325/version/1/file/Le+cactus+outil+de+gestion+de+la+s%C3%A9cheresse+dans+le+sud+marocain.pdf
http://www.abhatoo.net.ma/content/download/9922/151325/version/1/file/Le+cactus+outil+de+gestion+de+la+s%C3%A9cheresse+dans+le+sud+marocain.pdf
http://www.abhatoo.net.ma/content/download/9922/151325/version/1/file/Le+cactus+outil+de+gestion+de+la+s%C3%A9cheresse+dans+le+sud+marocain.pdf
http://www.abhatoo.net.ma/content/download/9922/151325/version/1/file/Le+cactus+outil+de+gestion+de+la+s%C3%A9cheresse+dans+le+sud+marocain.pdf


 

Agriculture - Food Science and Technology, 

vol. 11, no. 10, Art. no. 10, Oct. 2023, doi: 

10.24925/turjaf.v11i10.1817-1824.5968. 

[32] A. Scalbert, C. Manach, C. Morand, C. 

Rémésy, and L. Jiménez, “Dietary 

Polyphenols and the Prevention of Diseases,” 

Critical Reviews in Food Science and 

Nutrition, vol. 45, no. 4, pp. 287–306, Jun. 

2005, doi: 10.1080/1040869059096. 

[33] J. P. E. Spencer, M. M. A. E. Mohsen, A.-M. 

Minihane, and J. C. Mathers, “Biomarkers of 

the intake of dietary polyphenols: strengths, 

limitations and application in nutrition 

research,” British Journal of Nutrition, vol. 

99, no. 1, pp. 12–22, Jan. 2008, doi: 

10.1017/S0007114507798938. 

[34] M. Gatti, S. Civardi, M. Zamboni, F. Ferrari, 

D. Elothmani, and L. Bavaresco, “Preliminary 

results on the effect of cluster thinning on 

stilbene concentration and antioxidant 

capacity of Vitis vinifera L. Barbera wine,” 

Vitis, vol. 50, no. 1, pp. 43–44, 2011, 

https://doi.org/10.5073/vitis.2011.50.43-44. 

[35] J. B. Harborne and C. A. Williams, “Advances 

in flavonoid research since 1992,” 

Phytochemistry, vol. 55, no. 6, pp. 481–504, 

Nov. 2000, doi: 10.1016/S0031-

9422(00)00235-1. 

[36] J. A. Ross and C. M. Kasum, “DIETARY 

FLAVONOIDS : Bioavailability, Metabolic 

Effects, and Safety,” Annual Review of 

Nutrition, vol. 22, no. 1, pp. 19–34, 2002, doi: 

10.1146/annurev.nutr.22.111401.144957. 

[37] R. S. Wallace, “Biochemical taxonomy and 

the Cactaceae: an introduction and review,” 

Cactus and succulent journal (USA), 1986, 

ISSN: 0007-9367. 

[38] M. Elliott and K. Chithan, “The impact of 

plant flavonoids on mammalian biology: 

implications for immunity, inflammation and 

cancer,” in The Flavonoids Advances in 

Research Since 1986, Routledge, 1994. 

[39] L. Tesoriere, M. Fazzari, M. Allegra, and M. 

A. Livrea, “Biothiols, Taurine, and Lipid-

Soluble Antioxidants in the Edible Pulp of 

Sicilian Cactus Pear (Opuntia ficus-indica ) 

Fruits and Changes of Bioactive Juice 

Components upon Industrial Processing,” 

Journal of Agricultural and Food Chemistry, 

vol. 53, no. 20, pp. 7851–7855, Oct. 2005, 

doi: 10.1021/jf050636f. 

[40] F. A. Tomás-Barberán, M. I. Gil, P. Cremin, 

A. L. Waterhouse, B. Hess-Pierce, and A. A. 

Kader, “HPLC−DAD−ESIMS Analysis of 

Phenolic Compounds in Nectarines, Peaches, 

and Plums,” J. Agric. Food Chem., vol. 49, 

no. 10, pp. 4748–4760, Oct. 2001, doi: 

10.1021/jf0104681. 

[41] R. K. Toor and G. P. Savage, “Antioxidant 

activity in different fractions of tomatoes,” 

Food Research International, vol. 38, no. 5, 

pp. 487–494, Jun. 2005, doi: 

10.1016/j.foodres.2004.10.016. 

[42] C. Guo, J. Wei, J. Yang, J. Xu, W. Pang, and 

Y. Jiang, “Pomegranate juice is potentially 

better than apple juice in improving 

antioxidant function in elderly subjects,” 

Nutrition Research, vol. 28, no. 2, pp. 72–77, 

Feb. 2008, doi: 10.1016/j.nutres.2007.12.001. 

[43] I. Hmid, D. Elothmani, H. Hanine, A. 

Oukabli, and E. Mehinagic, “Comparative 

study of phenolic compounds and their 

antioxidant attributes of eighteen pomegranate 

(Punica granatum L.) cultivars grown in 

Morocco,” Arabian Journal of Chemistry, vol. 

10, pp. S2675–S2684, May 2017, doi: 

10.1016/j.arabjc.2013.10.011. 

[44] N. Srivastava and R. Bezwada, “Flavonoids: 

The Health Boosters,” White Paper. 

Hillsborough, NJ: Indofine Chemical 

Company, 2015. 

[45] H. Sies, “Polyphenols and health: Update and 

perspectives,” Archives of Biochemistry and 

Biophysics, vol. 501, no. 1, pp. 2–5, Sep. 

2010, doi: 10.1016/j.abb.2010.04.006. 

[46] R. Zheng, Y. Shi, Z. Jia, C. Zhao, Q. Zhang, 

and X. Tan, “Fast repair of DNA radicals,” 

Chem. Soc. Rev., vol. 39, no. 8, pp. 2827–

2834, Jul. 2010, doi: 10.1039/B924875G. 

[47] F. Biasi, M. Astegiano, M. Maina, G. 

Leonarduzzi, and G. Poli, “Polyphenol 

Supplementation as a Complementary 

Medicinal Approach to Treating Inflammatory 

Bowel Disease,” Current Medicinal 

Chemistry, vol. 18, no. 31, pp. 4851–4865, 

Nov. 2011, doi: 

10.2174/092986711797535263. 

[48] B. Romier, Y.-J. Schneider, Y. Larondelle, 

and A. During, “Dietary polyphenols can 

modulate the intestinal inflammatory 

response,” Nutrition Reviews, vol. 67, no. 7, 

pp. 363–378, Jul. 2009, doi: 10.1111/j.1753-

4887.2009.00210.x. 

[49] M. I. Covas, P. Gambert, M. Fitó, and R. de la 

Torre, “Wine and oxidative stress : Up-to-date 

evidence of the effects of moderate wine 

consumption on oxidative damage in 

humans,” Atherosclerosis, vol. 208, no. 2, pp. 

297–304, Feb. 2010, doi: 

10.1016/j.atherosclerosis.2009.06.031. 

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT 
DOI: 10.37394/232015.2024.20.51

Koalaga Yewaga Dramane, 
Messaoudi Zerhoune, Ibriz Mohammed, 

Ait Haddou Lhoussain

E-ISSN: 2224-3496 527 Volume 20, 2024

https://doi.org/10.5073/vitis.2011.50.43-44


 

[50] C. G. Fraga, M. Galleano, S. V. Verstraeten, 

and P. I. Oteiza, “Basic biochemical 

mechanisms behind the health benefits of 

polyphenols,” Molecular Aspects of Medicine, 

vol. 31, no. 6, pp. 435–445, Dec. 2010, doi: 

10.1016/j.mam.2010.09.006. 

[51] R. L. Prior, X. Wu, and K. Schaich, 

“Standardized Methods for the Determination 

of Antioxidant Capacity and Phenolics in 

Foods and Dietary Supplements,” Journal of 

Agricultural and Food Chemistry, vol. 53, no. 

10, pp. 4290–4302, May 2005, doi: 

10.1021/jf0502698. 

[52] A. Piga, A. D. Caro, I. Pinna, and M. 

Agabbio, “Changes in ascorbic acid, 

polyphenol content and antioxidant activity in 

minimally processed cactus pear fruits,” LWT 

- Food Science and Technology, vol. 36, no. 2, 

pp. 257–262, Mar. 2003, doi: 10.1016/S0023-

6438(02)00227-X. 

[53] J. A. Fernández-López, L. Almela, J. M. 

Obón, and R. Castellar, “Determination of 

Antioxidant Constituents in Cactus Pear 

Fruits,” Plant Foods for Human Nutrition, 

vol. 65, no. 3, pp. 253–259, Sep. 2010, doi: 

10.1007/s11130-010-0189-x. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Contribution of Individual Authors to the 

Creation of a Scientific Article (Ghostwriting 

Policy) 

Conceptualization : D.Y.K., Z.M., M.I. and L.A.H; 

Data curation : D.Y.K., L.A.H, and Z.M. ; Formal 

analysis : D.Y.K., Z.M., and M.I. ; Investigation : 

K.Y.D., Z.M., and L.A.H. ; Project administration : 

Z.M., and M.I. ; Methodology : D.Y.K., Z.M., and 

L.A.H. ; Resources : Z.M., M., and D.Y.K. ; 

Software : Z.M., and D.Y.K. ; Supervision : Z.M., 

and M.I. ; Validation : Z.M., and M.I. ; Writing—

original draft : D.Y.K. All authors  

have read and agreed to the published version of the 

manuscript. 

 

Sources of Funding for Research Presented in a 

Scientific Article or Scientific Article Itself 

No funding was received for conducting this study. 

 

Conflict of Interest 

The authors declare that they have no conflict of 

interest. 

 

Creative Commons Attribution License 4.0 

(Attribution 4.0 International, CC BY 4.0) 
This article is published under the terms of the 

Creative Commons Attribution License 4.0 

https://creativecommons.org/licenses/by/4.0/deed.en_

US 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT 
DOI: 10.37394/232015.2024.20.51

Koalaga Yewaga Dramane, 
Messaoudi Zerhoune, Ibriz Mohammed, 

Ait Haddou Lhoussain

E-ISSN: 2224-3496 528 Volume 20, 2024

https://creativecommons.org/licenses/by/4.0/deed.en_US
https://creativecommons.org/licenses/by/4.0/deed.en_US


 

APPENDIX 

 
Table 1. Geographic coordinates and climatic characteristics of the study sites 

  Altitude (m) Latitude Longitude Mean Temperature (°C) Annual Rainfall (mm) 

Tizakhte  713 35.00597 -4.47130 10 – 30 700 – 800 

Boujibar  572 35.01616 -4.46961 10 – 30 600 – 700 

Wahran 482 35.03564 -4.46452 10 – 30 500 – 600 

Mestassa 119 35.10460 -4.41633 10 – 30 400 – 500 

 

 

Table 2. Total Polyphenols and Flavonoid contents (TPC and TFC) (Mean ± SD; n = 3) 

Values in the same line followed by the same letter are not significantly different with a 95% confidence interval. 

 

 

Table 3. Inhibition percentage and IC50 for DPPH• and ABTS+ assays (Mean ± SD; n = 3) 
 Mestassa Wahran Boujibar Tizakhte 

% Inhibition DPPH• 10.29 ± 1.37a 16.4 ± 3.52b 8.85 ± 1.13a 19.14 ± 2.73b 

% Inhibition ABTS+ 54.35 ± 0.37a 54.17 ± 2.42a 45.95 ± 5.70a,b 41.07 ± 4.47b 

DPPH• IC50 (mg/mL) 0,326 ± 0,017a 0,634 ± 0,019b 0,765 ± 0,034c 0,222 ± 0,025d 

ABTS+ IC50 (mg/mL) 0,090 ± 0,013a 0,094 ± 0,090a 0,090 ± 0,011a 0,120 ± 0,016a 
Values on the same row followed by the same letter are not significantly different with a 95% confidence interval 

 

 

Table 4. Pearson Correlation matrix for TPC, TFC, free radical scavenging capacity, and altitude 
 % Inhibition 

DPPH• 

TPC % Inhibition 

ABTS+ 

TFC Altitude IC50_ABTS+ IC50_DPPH• 

% Inhibition 

DPPH• 

1       

TPC 0.400 1      

% Inhibition 

ABTS+ 

0.179 0.411 1     

TFC 0.074 0.316 0.885** 1    

Altitude 0.557 0.510 0.038 0.091 1   

IC50_ABTS+ 0.693* 0.101 0.335 0.405 0.509 1  

IC50_DPPH• 0.343 0.406 0.860** 0.776** 0.122 0.509 1 
* P-value = .05; statistically significant correlation at the 95% confidence level 

** P-value = .01; statistically significant correlation at the 99% confidence level 

 

 Mestassa Wahran Boujibar Tizakhte 

Total Phenol Content (TPC) 91.29 ± 6.02 a 130.45 ± 12.31 b 109.66 ± 6.79 c 110.96 ± 9.76 c 

Total Flavonoid Content (TFC) 18.97 ± 0.2 a,b 18.81 ± 0.1 a 18.80 ± 0.1 a 19.11 ± 0.1 b 
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