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Abstract: In this study, the characterization of fatty acids and secondary metabolites in seeds of
three cultivars of Opuntia ficus-indica L. (O. ficus-indica, yellow, orange, and green) harvested from the
Souk Ahras area in Northeast Algeria was performed. The antioxidant activity of seed extracts was
also assessed by using two methods, namely FRAP and DPPH tests. Results show that total phenolic
content (TPC) ranged from 63.02 to 81.80 mg gallic acid equivalents (GAE)/100 g of seeds. The yellow
cultivar had the highest TPC, followed by the orange and green cultivars. Concerning flavonoids
and tannins, the orange cultivar showed higher concentrations, corresponding to 2.97 mg quercetin
equivalent (QE)/100 g and 5.60 mg catechin equivalent (CE)/100 g, respectively. Analysis of the seed
extracts by HPLC revealed the presence of phenolic compounds, including gallic acid and chlorogenic
acid, while the GC analysis of oil showed that prickly pear oil is a major source of essential fatty acids
(C18:2). The antioxidant activities of extracts from the three cultivars were comparable. The EC50 for
the reduction of ferric iron was almost 0.05 g/mL for all extracts. Regarding the scavenging of DPPH,
green and yellow cultivars showed the highest capacity (EC50 = 0.26 g/mL). Linear correlations
between the content of some antioxidants (flavonoids, tannins) and different activities were observed,
indicating their participation in the latter. Above all, a significant inverse correlation between the
total flavonoid content and the EC50 calculated for the reducing activity of seed extracts was observed
(r = −0.657; p ≤ 0.05). Overall, the results indicate that the seeds of O. ficus-indica growing in Algeria
can be exploited as valuable sources of table oil, cooking oil, and antioxidants.
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1. Introduction

Plants represent abundant sources of bioactive natural substances. Among these, sec-
ondary metabolites have the advantage of being widely variable in chemical structure, thus
allowing potential applications in medical, pharmaceutical, cosmetic, and agro-food fields.
Members of the Opuntia genus are widely used as food but have also been investigated
for their potential usefulness in the prevention and treatment of several human diseases,
ranging from atherosclerotic cardiovascular diseases to cancer and microbial infections [1].
Opuntia ficus-indica L., commonly called “prickly pear” or “prickly fig”, is native to Mexico,
but it is also widely diffused in the Mediterranean basin thanks to its adaptation to the
climate of this region [2]. Although this plant has long been marginalized, its culture is now
growing and its socio-economic and environmental importance is increasing as a result [3].
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Indeed, modern medical research is rediscovering this plant, and there is an increasing
interest in its beneficial properties. In Algeria, despite its abundance, especially in the area
of Souk Ahras, prickly pear generates little interest: it is not valued, and its consumption
remains seasonal. The seeds of this plant are considered waste, although their importance
continues to grow in other countries such as Mexico, Argentina, Spain, and even in neigh-
boring countries like Morocco and Tunisia [4–6]. The content of their oil in unsaponifiable
materials and essential fatty acids explains why they are widely used in cosmetology and
as table oil or cooking oil [7,8]. The seeds also contain various phytochemicals such as
secondary metabolites (polyphenols, flavonoids, and tannins), which could justify their
industrial exploitation as a natural antioxidant [9,10]. Nevertheless, to the best of our
knowledge, few studies have been reported in the literature on the phenolic composition
and antioxidant properties of prickly pear seed oil [11]. Moreover, very little information
exists on seeds from O. ficus-indica growing in Algeria. Hence, the present study aims
to fill the gaps in the research by examining the composition and antioxidant activity of
phenolic compounds from Algerian prickly pear seed oil; the larger goal is to valorize
unexploited local natural sources. This is a comparative study carried out on three different
cultivars (i.e., orange, green and yellow) collected from the Souk Ahras area located in the
North-East of Algeria.

2. Materials and Methods
2.1. Plant Material Collection and Preparation

The study was performed on the seeds of three cultivars of O. ficus-indica L. (orange,
green, and yellow) harvested in August 2020 from the Souk Ahras area in Northeast Algeria.
Plant species were identified by an expert botanist from the Department of Plant Sciences
and Microbiology, using the protocol developed by García-Rollán [12]. Plants were selected
according to the presence or absence of thorns, color, and the shape of their fruits. The
fruits, whose morphological characteristics are reported in Table 1, were manually picked
at the same ripening stage and immediately transported to the laboratory. In this way,
a total of 20 fruits per cultivar were collected. One voucher of each cultivar is kept at the
Institute of Agriculture and Veterinary Sciences of the University of Souk Ahras, Algeria
(8◦1952751 E 36◦1537121 N). Collected prickly pears were rinsed thoroughly with running
water, then dried and peeled. The seeds were then separated from the pulp, rinsed, and
dried at room temperature for 24 h. The dried seeds were crushed using the electric grinder
A11 basic (IKA, Germany) until a fine powder was obtained. This latter was then stored in
jars protected from light and moisture for further analyses.

Table 1. Characteristics of the fruits of the different prickly pear cultivars collected from the Souk
Ahras area, Northeast Algeria.

Opuntia ficus-indica L. Cultivar Characteristics

Orange-colored Highly spiny orange cultivar. Weight of the fruit:
70–80 g

Green-colored Green-yellow, without prickles. Weight of the fruit:
140–160 g

Yellow-colored Yellow color. Weight of the fruit: 110–120 g

2.2. Extraction of Seed Oil by Using the Soxhlet Apparatus

Extraction of fat content in seeds was carried out in a Soxhlet-type apparatus using
n-hexane (Merck) as solvent. This technique ensures a hot extraction of fat contained in
a solid vegetable sample that is then placed in a cellulose cartridge and continuously soaked
by the vapours of a solvent chosen according to the polarity of the lipids to be extracted.
About 10 g of the ground sample was weighed in the cellulose tube, closed by carded
cotton, and fed into a Soxhlet. The extraction was carried out with 300 mL of solvent at
reflux for 8 h (distributed in 4 h + 2 h + 2 h). The procedure was performed in triplicate.
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Finally, the solvent was eliminated under reduced pressure at 45 ◦C, and the dried oil was
kept at −20 ◦C in amber glass flasks until analysis.

2.3. Determination of Fatty Acid Content in Seed Oil

The fatty acid content of the seeds’ oil was determined by gas chromatography (GC).
Before analysis, the oil underwent a trans-esterification in a methanol solution of potassium
hydroxide (KOH; Merck), following a previously published protocol [13].

Briefly, 2 mL of the KOH solution (2 M) was added to 0.1 g of seed oil. The mixture
was vigorously mixed, heated at 100 ◦C for 5 min in a water bath, and then cooled down at
room temperature. 2 mL of a BF3 solution in methanol (14% w/w, diluted from a 50 w/w
commercial solution; Sigma-Aldrich, St. Louis, MO, USA) was added and, after heating
at 100 ◦C for 30 min, the mixture was diluted with 1 mL of hexane. The organic fraction
containing the fatty acids methyl esters (FAMEs) was isolated by adding 5 mL of a saturated
NaCl solution to facilitate the phase separation. The organic layer was finally withdrawn,
concentrated under N2 flux, and used for chromatographic analysis. This was performed
by using an Agilent 7820A GC equipped with a capillary column RTX-2330 (Restek; 105 m
length, 0.25 mm i.d., 0.2 µm film thickness) and a flame ionization detector (FID). Injector
and detector temperatures were 260 ◦C and 280 ◦C, respectively. Column temperature
was set to 200 ◦C for 21 min, then increased to 250 ◦C at a rate of 10 ◦C/min; the final
temperature was held for 6 min. Helium was used as a carrier gas at a linear flow rate of
35 cm/sec. Individual FAMEs were identified using the Supelco 37 Component FAME Mix
(Sigma-Aldrich).

2.4. Extraction of Seeds for Phenol, Tannin, and Flavonoid Contents Determination

The method used was a solid-liquid extraction. The powder of prickly fig seeds was
extracted with 30 mL of ethanol 40% (diluted from ethanol 96%; Merck). The mixture was
stirred for 2 h in the dark and then filtered. A second extraction was carried out following
the same protocol to obtain a better rate of extracted material. The recovered filtrate was
concentrated by rotating evaporation at 40 ◦C until the solvent was completely removed
and stored in the freezer at −20 ◦C until analysis.

2.5. Determination of Total Phenolic Content

Folin-Ciocalteu reagent, consisting of a mixture of phosphotungstic acid (H3PW12O40)
and phosphomolybdic acid (H3PMo12O40), was reduced in the presence of phenolic com-
pounds into a mixture of blue tungsten oxides and molybdenum. The coloring was
proportional to the number of polyphenols present in plant extracts [14,15]. The total
phenolic content (TPC) was estimated using the method previously described by other
authors [16]. Briefly, it consisted of mixing 250 µL of a 1 mg/mL seed-extract solution in
methanol and 1.5 mL of Folin-Ciocalteu’s phenol reagent (Merck). After 5 min, 1.5 mL
of sodium carbonate (6%; Sigma-Aldrich) was added. Absorbance of the mixture was
measured at 760 nm after 1 h of incubation in the dark. The concentration of phenolic
compounds was determined using a calibration curve built with different concentrations
(0.02, 0.04, 0.06, and 0.08 mg/mL) of gallic acid (monohydrate, ≥98%; Sigma-Aldrich). The
results were expressed as mg equivalent of gallic acid/100 g of seeds (mg GAE/100 g). All
tests were conducted on the three varieties of O. ficus-indica.

2.6. Determination of Total Flavonoid Content

The total flavonoid content (TFC) was determined based on the formation of a complex
flavonoids-aluminum that absorbs at 430 nm [17]. According to the protocol described by
other authors [17], the seed extract was added to 1.5 mL of aluminum trichloride (AlCl3:
2%; Sigma-Aldrich). After incubation for 15 min at room temperature, the absorbance
of the mixture was read at 430 nm. The content of flavonoids in extracts was calculated
by reference to a calibration curve obtained by analyzing quercetin solutions prepared in
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30 mL of 70% ethanol in concentrations ranging from 0.5 to 4 µg/mL. The results were
expressed in mg of quercetin equivalent/100 g of seeds (mg QE/100 g).

2.7. Determination of Tannin Content

Condensed tannins were measured using the butanol-HCl method, developed by
Iqbal et al. [18], and based on a tannin depolymerisation reaction condensed in an acid
medium. This reaction led to the release of anthocyanidins (colored molecules) correspond-
ing to the cleaved monomers. The reaction medium, consisting of a known amount of each
seed’s extract (50 mg) dissolved in 25 mL reagent [n-butanol: HCl, 3:2 (v/v) and 0.385 mg
iron ammonium sulphate; solvent and reagents from Sigma-Aldrich], was placed in the
oven at 95 ◦C for 15 min. Afterwards, the absorbance of the same solutions was measured
at 530 nm, and the results were determined by the following formula [Equation (1)]:

TC = A × DF × MC × 1000/ε (1)

where TC = tannin concentration in mg/L; A = absorbance recorded at 530 nm; DF = dilution
factor; MC = molar mass of cyanidin (287.24 g/mol); and ε = molar extinction coefficient of
cyanidin (34,700 L/mol).

2.8. HPLC-DAD Analysis of Secondary Metabolites

A raw assessment of the content of secondary metabolites in prickly pear seeds
was performed by using an Agilent 1260 HPLC binary pump coupled to a 1260 diode
array detector (DAD). As stationary phase, a Thermo Eclipse ODS Hypersil C18 column
(150 × 4.6 mm, 5 µm) was used. The mobile phase consisted of a mixture of solvent A
(water + 0.1% formic acid; Merck) and solvent B (acetonitrile + 0.1% formic acid; Merck).
The elution gradient was 0–5 min: 95% A; 10 min; 90% A; 35 min, 50% A; 45 min, 95% A;
65 min, 95% A. The injection volume was 20 µL and the flow rate was 1 mL/min. DAD
was operating at detection wavelengths = 280 nm and 292 nm. Prior to analysis, all the
solutions of extracts and standards were filtered over 0.22 µm Millipore membranes to
avoid damage to the column and to limit interference due to impurities.

Peak identification of phenolic compounds was performed by comparing the reten-
tion times (R.T.) of eluted compounds with those of reference standards (Merck). Quan-
tification of secondary metabolites was performed by using calibration curves of gal-
lic acid and quercetin, obtained by analyzing standard solutions in concentration range
0.02–0.08 mg/mL.

2.9. Evaluation of the Antioxidant Activity of Seed Extracts
2.9.1. Ferric Reducing Antioxidant Power Assay (FRAP)

The assay measures the reduction of ferric ion (Fe3+)-ligand complex to the intensely
blue-colored ferrous (Fe2+) complex by antioxidants in an acidic medium [19,20]. The
reducing power of prickly pear seed extracts was determined according to the method
reported by Nagulendran et al. [21], with some modifications. Different concentrations
of extracts in methanol were first prepared (ranging from 0.027 to 0.1 g/mL). 0.5 mL of
each solution was mixed with 1.25 mL phosphate buffer (0.2 M and pH 6.6) and 1.25 mL
potassium ferricyanide [K3Fe(CN)6] at 1%. Reagents were purchased from Sigma-Aldrich.
After 20 min incubation at 50 ◦C, the reaction was stopped by adding 1.25 mL of trichlo-
racetic acid (10% TCA; Sigma-Aldrich). 1.25 mL of the mixture was taken and added to
1.25 mL of distilled water and 0.25 mL of chloride iron (FeCl3; Sigma-Aldrich) at 0.1%.
After incubation for 30 min, absorbance was measured at 700 nm against a calibration curve
prepared by analyzing standard solutions of ascorbic acid (Sigma-Aldrich) at different
concentrations (0.02; 0.04; 0.06 to 0.08 mg/mL). Results were expressed in mg ascorbic acid
equivalent/100 mg of extract (mg AAE/100 mg).
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2.9.2. DPPH Antiradical Activity

The method used DPPH (2,2-diphenyl 1-picrylhydrazyl) radical. The activity of the
DPPH radical was estimated according to the protocol described by Lopes-Lutz et al. [22].
Solutions of seed extracts at different concentrations were first prepared (ranging from 0.08
to 0.33 g/mL). Each test solution was mixed with 2.44 mL of DPPH solution (6 × 10−5 M).
Samples were placed in darkness and at room temperature for 1 h. The absorbance reading
was made at 517 nm against a white. The anti-radical activity was estimated by the
percentage inhibition of DPPH according to the following formula [Equation (2)] [23]:

I% = AC − AE/AC × 100 (2)

I%: percentage of inhibition; AC: absorbance of the DPPH solution; AE: absorbance units
of the sample.

The percentage inhibition was used to calculate the EC50 values, defined as the effective
concentration of the extract required to reduce the concentration of initial DPPH. The EC50
was determined graphically by linear regression of plots where the abscissa represented
the concentration of the samples and the ordinate the antiradical activity in percentage.
The antioxidant capacity of a sample was higher as its EC50 was small [24,25].

2.10. Statistical Analysis

The results were analyzed using the STATISTICA 5.5 software for Single Classification
Criterion Variance Analysis (ANOVA). The degree of significance of the data was taken at
the probability of p ≤ 0.05. Correlations between total phenolic, total flavonoid, and total
tannin contents and antioxidant activities were also studied by performing a Spearman’s
correlation analysis. The Spearman’s “r” coefficients were calculated: 0 < r < +1 indicated
direct correlations, while −1 < r < 0 inverse correlations.

3. Results and Discussion
3.1. Determination of Fatty Acid Content in Seed Oil

The assessment of fatty acid composition of prickly pear seed oil was carried out by
GC-FID after compound trans-esterification. The results are presented in Table 2. The
results show that the different cultivars of prickly pear seed oil have a maximum content
of linoleic acid (C18:2), followed by oleic acid (C18:1), palmitic acid (C16:0), stearic acid
(C18:0), and finally palmitoleic acid (C16:1), with the highest relative concentration being
around 1% in the oil from the yellow variety. Notably, the content of this latter in the yellow
cultivar was almost ten times higher than the other two, and hence it can be considered
as a characteristic factor of its seed oil. Nevertheless, further investigations are needed to
elucidate if this variability is related to genetic factors or to other conditions.

Table 2. Fatty acids composition of the seed oil from different cultivars (yellow, orange, and green) of
prickly pear (g/100 g oil).

R.T. (min) Fatty Acid Rel. % Yellow Rel. % Orange Rel. % Green

4.66 C14:0 0.079 0.061 0.069
5.61 C16:0 11.66 11.87 11.99
5.89 C16:1 0.99 0.11 0.13
7.31 C18:0 3.18 3.15 3.19
7.69 C18:1 20.36 19.99 20.14
8.49 C18:2 62.63 63.12 61.93
9.52 C18:3 0.24 0.19 0.21
10.29 C20:0 0.28 0.37 0.28
10.90 C20:1 0.53 0.61 0.59

R.T.: retention time.

Prickly fig seed oil, like most vegetable oils, belongs to the category of polyunsaturated
oils. Its chemical composition comprises mainly linoleic acid and oleic acid and is thus
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very similar in composition to corn oil. For this reason, it is therefore a good alternative
source for essential fatty acids compared to other vegetable and seed oils. Regarding these
main components, the amounts determined in the three prickly pear cultivars from the
Souk Ahras area reflect those already reported in the same plant species growing in Tunisia
(C18:1 = 19.96%; C18:2 = 67.60%) [26] and Algeria (specific region or area not specified;
C18:1 = 12.92%; C18:2 = 55.81%) [27], for example. Conversely, variations in respect to
other prickly pear seed oils were observed for the less abundant components. One of the
particularities of the prickly fig oils studied in this work was the presence of traces of
myristic acid. This data does not agree with the results of Ennouri et al. [5], Ramadan and
Morsel [28], or Kadda et al. [29], for example, which showed the absence of this fatty acid
in Tunisian prickly fig oil. However, small amounts of C14:0 (0.15%) have been reported in
seeds from species growing in Algeria (specific region or area not specified) [27]. Hence,
this could be a characteristic feature of Algerian prickly fig oil.

3.2. Determination of Antioxidants in Seeds

Prickly pear fruits have been largely characterized for their content in secondary
metabolites [15,30,31], and several of these have been associated with antioxidant effects
and anti-microbial activities in vitro [29,32–34]. Different antioxidant components have
also been described in prickly pear seeds, such as flavonoids and tannins, which account
for more than half of phenolic compounds [10]. However, interest has focused more on the
oil content of these seeds, and very little work has been done on antioxidants or to assess
their antioxidant activity, making it difficult to perform comparisons.

The results of the determinations of antioxidants (total phenolic compounds, flavonoids,
tannins) in the seed extracts of the three varieties of prickly pears, determined spectropho-
tometrically according to different protocols, are summarized in Table 3.

Table 3. Contents of total phenolic compounds, flavonoids, and tannins in the seeds of the three
cultivars of prickly pear, namely orange, yellow, and green. Values in the same column followed by
the same letter are not significantly different at p ≤ 0.05.

Sample (Cultivar)
Total Phenolic

Compounds (TPC)
(mg GAE/100 g)

Total Flavonoid
Content (TFC)
(mg QE/100 g)

Tannin Content
(mg CE/100 g)

Orange 76.04 ± 1.59 b 2.97 ± 0.11 a 5.60 ± 0.07 a

Yellow 81.80 ± 1.01 a 1.20 ± 0.01 b 4.10 ± 0.03 b

Green 63.02 ± 1.14 b 1.15 ± 0.06 b 4.74 ± 0.26 b

Values with the same letters within the same column do not differ significantly; a > b. GAE: Equivalent in Gallic
Acid. QE: Equivalent in quercetin. CE: Cyanidine equivalent.

3.2.1. Total Phenolic Compounds (TPC)

The TPC ranged from 63.02 ± 1.14 to 81.80 ± 1.01 mg GAE/100 g of seeds, in green
and yellow cultivars, respectively, compared to 76.04 ± 1.59 mg GAE/100 g in the orange
cultivar (Table 3). The highest value was recorded for the extract of the yellow cultivar,
followed by the extracts of the orange and green cultivars. These results revealed a signif-
icant degree of variability in both yellow and orange cultivars as compared to the green
cultivar. The statistical study revealed a variety effect at the threshold p ≤ 0.05. Our results
are in consonance with those reported by other authors in seeds of the same plant species,
as summarized by a recent review article [35]. However, other studies report higher TPC
values, for example in the seeds of O. ficus-indica growing in Egypt, where TPC = 504.825 mg
GAE/100 g [36]. This difference can be attributed to the method of extraction and analysis,
the geographical origin of the sample, degree of maturity, or storage conditions. Indeed,
the seeds used in this study derived from fruits that were harvested in August 2020 and it
is likely that, during their storage, the degradation of some compounds occurred.
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3.2.2. Total Flavonoid Content (TFC)

The colorimetric method used to estimate the TFC of O. ficus-indica seeds was based
on the reaction between flavonoids and aluminum (Al3+) chloride. The C-4 keto group and
either the C-3 or C-5 hydroxyl group of flavones and flavonols can chelate Al3+, and the
products formed showed a maximum absorption of UV-vis light at 432 nm. The UV-vis
absorption was proportional to the concentration of flavonoids present in the extracts, and
could be determined spectrophotometrically [15,37].

Results of TFC determination in seeds of the three cultivars of O. ficus-indica from
Algeria are reported in Table 3. In this case, these values are in line with those reported
by other authors in seeds of the same plant species [35], although a significant variability
is shown in the literature (e.g., [36]). It should be noted that the TFC is often expressed in
equivalents of different standards (qurcetin, rutin, catechin) and the nature of the standard
used could influence the final result, together with the factors mentioned above. Our results
show a TFC range comprised between 1.15 ± 0.06 mg GAE/100 g of seeds (green cultivar)
and 2.97 ± 0.11 mg GAE/100 g (orange cultivar).

3.2.3. Tannin Content (TC)

The astringency of fruits and drinks is often due to the interaction of tannins with
salivary proteins [38]. The tannin content (TC) of seed samples of the cultivars studied
ranged from 4.5 to 5.60 mg CE/100 g of seeds (Table 3). Seeds of the orange cultivar were,
once again, the richest in tannins, followed by the yellow cultivar, with a value equal to
4.79 mg CE/100 g. In turn, this value was not statically different from that of the green
one. These contents were also lower than those reported by other authors [36]. The type of
cultivar and the abovementioned factors may be related to these differences.

3.3. Phytochemical Assessment by HPLC Analysis

Polyphenol identification was performed by HPLC-DAD, comparing R.T. of chro-
matographic peaks of unknown compounds with reference standards. In Figure S1 of
Supplementary Material, a representative chromatogram of a standard mixture is reported,
while a representative chromatogram obtained from the analysis of 40% ethanol extract
of prickly pear seeds is reported in Figure S2. Results reported in Table 4 show that only
six of the 12 phenols monitored were detected and quantified in the seed extracts, and the
variability among the three cultivars was not significant.

Table 4. Identification of different constituents of Opuntia ficus-indica seed extracts in different plant
cultivars from the Souk Ahras area, Northeast Algeria.

Peak N. Compound µg/100 g in Yellow µg/100 g in Green µg/100 g in Orange

1. Chlorogenic acid 699.3 699.1 701

2. Gallic acid 102 101.9 101.5

3. Hydroquinone - - -

4. Resorcinol - - -

5. Pyrocatechol - - -

6. Catechin - - -

7. Hydrated catechin - - -

8. Syringic acid - - -

9. Caffeic acid - - -

10. P-coumaric acid 90.02 89.9 89.1

11. Ferulic acid 19.8 21.01 20.00

12. Sinapic acid 19.5 19.9 20.02

13. Rutin - - -

14. Naringenin 100.1 98.7 99.9

15. Quercetin - - -
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To the best of our knowledge, only a small amount of information is available about the
composition and concentration of phenolic compounds in prickly pear seeds, as opposed
to other plant parts. Regarding the phenols in seeds, available information has been
summarized in a recent review [35]. The studies here described show a high variability
among different fruit varieties, for instance, high amounts of chlorogenic acid have been
reported in O. ficus-indica seeds (885.31–1148.41 µg/g), but other compounds such as gallic
acid and p-coumaric acid have not been found. It must be pointed out that the content
of chlorogenic acid determined in our study is almost ten times lower than that reported
in [35]. Nevertheless, as reported above for the TPC determination, and as suggested by
other authors, all these variabilities can be attributed mainly to environmental factors, plant
origin, species, developmental stage, and age [35].

Another point should be raised. In our study, only a limited number of phenolic
constituents was monitored, and this contributed to the high discrepancy observed between
the TPC, TFC, and TC, and the low amounts of derivatives detected in the seed extracts.
Further studies will be performed for a deeper characterization of these constituents in
seeds from O. ficus-indica growing in Algeria.

3.4. Antioxidant Activities
3.4.1. FRAP Assay

This test measured the ability of extracts to reduce metal ions, iron (Fe3+) potassium
ferrocyanide to produce ferrous iron (Fe2+) [39]. Many authors consider the reductive
capacity of a compound a significant indicator of antioxidant potency [19,25,39,40]. The
results of the evaluation of the reducing power of seed extracts from the three cultivars of
O. ficus-indica from Algeria are illustrated in Figure 1.
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10. P-coumaric acid 90.02 89.9 89.1 

11. Ferulic acid 19.8 21.01 20.00 

12. Sinapic acid 19.5 19.9 20.02 

13. Rutin - - - 

14. Naringenin 100.1 98.7 99.9 

15. Quercetin - - - 
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Figure 1. Reducing power of the seed extracts from the three cultivars of prickly pear from the Souk
Ahras area, Northeast Algeria.

According to the results obtained, the reducing power increases with the increase in
concentration of seed extracts from all three varieties (Figure 1). This observation has been
confirmed by several authors [21,41,42]. The plotted curves evolve in the same way and
the values obtained oscillate between 8.89 and 30.1 mg AAE/100 g for all samples. Over all
the concentrations tested, significant differences were noted only at dilutions D1/8 and
D1/2, and the extracts of the seeds of the green and orange varieties are those with the best
reducing potential. From the different measurements, the EC50 values were deduced for
each sample and are presented in Table 5. As indicated, the EC50 was almost the same for
all the seed extracts (0.05 g/mL), and no significant differences were detected.
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Table 5. EC50 values (g/mL) measured for the reducing power (RP; FRAP assay) and radical
scavenging activity (DPPH assay) of seed extracts from the three cultivars of prickly pear. Values in
the same column followed by the same letter are not significantly different at p ≤ 0.05.

Cultivar EC50 RP EC50 DPPH

Orange 0.049 ± 0.000 a 0.350 ± 0.003 b

Yellow 0.053 ± 0.001 a 0.260 ± 0.003 a

Green 0.048 ± 0.000 a 0.260 ± 0.000 a

3.4.2. DPPH Assay

Results from the evaluation of the antiradical activity of the seed extracts from the
three O. ficus indica cultivars are illustrated in Figure 2 Based on the results obtained, the
anti-radical power of seed extracts from three cultivars increased dose-dependently [41].
The percentage of inhibition of the DPPH radical for the yellow, green, and orange cultivars
increased from 19.20 to 52.10%, 20.10 to 57.10%, and 19.21 to 57.90%, respectively, for
concentrations ranging from 0.064 to 0.4 g/mL. EC50 was also determined for each sample:
the results, reported in Table 5, indicated that the amounts required to reduce the DPPH by
50% were significantly lower for seed extracts from green and yellow cultivars.
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3.4.3. Correlations between Phenolic Constituents of Seeds and Antioxidant Activities

To get an overview of the possible involvement of the phenolic constituents of prickly
pear seeds in their antioxidant activities, correlations between these variables were assessed.
The correlation coefficients “r” are shown in Table 6. The results indicate a lack of significant
correlation between the TPC of seeds and their reducing power (r = 0.261). It should be
recalled that, in this case, the EC50 found for all three samples tested was the same, and
this could indicate that the type of effective molecules against ferric iron are identical. This
would explain the lack of a linear relationship between these two parameters. In contrast,
a strong positive correlation (r = 0.890; p ≤ 0.05) was observed between the content of these
compounds and the EC50 of seed extracts for antiradical activity. This result represents
an interesting aspect, since usually phenols are reported as effective radical-quenching
agents. Nevertheless, it must be considered that these compounds can respond differently
in antiradical assays depending on their chemical structures, and mainly on the number
of phenolic groups [43,44]. The correlations assessed between the antioxidant activities of
seed extracts and their TFC and TC further support this observation. In fact, considering
the DPPH assay, both TFC and TC were inversely correlated to the measured EC50 values.
Nevertheless, the results were not significant, although the correlation coefficient for the
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TFC (r = −0.520) could suggest a partial involvement of flavonoids in the activity. More
importantly, a significant inverse correlation was assessed between the TFC and the EC50
measured for the reducing power of seed extracts (r = −0.657; p ≤ 0.05), indicating in this
case that flavonoids are among those responsible for the observed effects.

Table 6. Results of the correlation analysis between measured antioxidant activities of prickly pear
seeds and the classes of antioxidants monitored.

Antioxidants Antioxidant Activities

EC50 RP EC50 DPPH

TPC 0.261 0.890 *
TFC −0.657 * −0.520
TC 0.742 * −0.320

EC50 RP - 0.042
*: p ≤ 0.05. RP: reducing power; TPC: total phenolic content; TFC: total flavonoid content; TC: tannin content.

Finally, the study of the correlation between the two assays performed (reducing
power and scavenging effect on the DPPH) did not reveal any linear effect, which might
suggest that reducing agents do not necessarily exert a significant antiradical activity and
vice versa [45].

4. Conclusions

Overall, the results of this study show that the seeds of three different cultivars of
O. ficus-indica from the Souk Ahras area of Algeria represent a valuable source of nutrients
and bioactive compounds. An oil rich in essential fatty acids can be extracted that can
be potentially used as table or cooking oil. Moreover, the results show that these seeds
contain significant levels of antioxidants. The concentration of total phenolic compounds
was higher in the yellow cultivar, while flavonoid and tannin contents were higher in
the orange one. The antioxidant activity of seed extracts is significant, but a variability
that depends on the cultivar was observed in the different assays performed. The green
and orange cultivars had a higher reducing power, while yellow and green cultivars had
higher anti-radical activity. Positive and negative correlations were observed between
the different activities and the concentrations of antioxidants measured, indicating that
these compounds participate, according to the concentration, in antioxidant and antiradical
effects. Also, these observations indicate that the concentration factor alone does not
explain the results obtained. Therefore, it would be desirable to purify and identify the
compounds present in seed extracts, apply more experimental protocols, and carry out the
test on other varieties of prickly pear.

Finally, for a complete valorization of this plant species in Algeria, the current study
should be integrated with analyses of other parts of the fig tree that are considered as
waste in the future, and with further bioactivity tests on whole extracts and isolated
chemical constituents.
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280 nm.
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