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Abstract: Functional ingredients rich in bioactive compounds can be added to conventional ingre-
dients for the formulation of food to increase its nutraceutical potential. Three prickly pear parts,
namely flowers, seeds, and seed cake were utilized in the current work as natural antioxidant re-
sources. The flower extract gave the best amounts of antioxidants as estimated by spectrophotometric
methods, which were 68.08 mg GAE/100 g DM for total phenolics; 6.91 mg QE/100 g DM for total
flavonoids; 13.05 mg QE/100 g of DM for flavonols; and 0.22 mg/100 g of DM for condensed tannins.
The three extracts showed a high proportion of antioxidant effect as determined by DPPH, ABTS,
FRAP, and TAA in vitro assays. Chemical analysis and sensory testing were performed on biscuits
that were made by adding powdered flowers, seeds, or seed cake. The biscuits made from the seed
cake gave a higher protein content (83.97 mg/100 g) and the biscuits made from the seeds had the best
ash concentration (3.21%), while the biscuits containing flower powder had the highest anti-radical
activity (81.04%). Sensory analysis disclosed the preference for biscuits formulated with flowers or
seeds (80%) by the experts. These findings demonstrated that the nutritional value of the biscuits was
improved by their enrichment with cactus parts powders, and they were appreciated by tasters.

Keywords: cactus pear; antioxidants; biscuits; physico-chemical analyses; sensorial analyses

1. Introduction

The Opuntia genus (Cactaceae family) is estimated to have >300 species, including
cactus pear (Opuntia ficus-indica L.). This plant is native to Mexico and extensively scattered
throughout the American hemisphere, while it was brought to Europe and North Africa
by the Spanish conquerors during the 15th century [1,2]. The cactus pear is found in all of
Algeria except the south of the country and is abundant, particularly in the east. Recently,
52,000 hectares of O. ficus-indica were planted in the four eastern departments, namely Oum
El Bouaghi, Tebessa, Khenchela, and Souk-Ahras [3]. However, cactus fruits do not attract
much attention from Algerian people since their use is still seasonal and they have little
commercial value [4]. However, cactus fruits are processed to make juice, juice concentrates,
jams, syrups, alcoholic beverages, natural liquid sweeteners, or fruit jellies, and this results
in an enormous amount of waste [5], including flowers, seeds, and seed cakes, which are
thrown away during industrial processing [6]. These by-products still have value since they
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contain antioxidants (flavonoids, phenolic acids, and ascorbate) and pigments (carotenoids
and betalains), which are recognized as bioactive compounds [7].

It is now believed that the great diversity of the chemical structures and the antioxidant
qualities of cactus parts are what give them their nutritional and health benefits and enable
them to find applications in various fields such as medicine, pharmacy, cosmetics, agri-food,
and biological control [8]. O. ficus indica flowers and seeds show a strong ability to scavenge
free radicals [9,10] and can be a valuable source for functional food formulation with their
contribution of antioxidants, dietary fiber, and minerals [11].

Cereal-based supplies have been extensively researched for functionalization due
to their widespread use worldwide [12]. Amongst these products, biscuits are highly
sought-after and can be found on the market in a variety of forms and recipes. Today, the
food industry, particularly the bakery food sector, is searching for innovative recipes to
create healthier foods that satisfy the demands of consumers [13]. The different parts of
the O. ficus-indica (OFI) plant have the potential for use in bakery products as high dietary
fiber and antioxidant content can improve their nutritional profile [11]. In this direction,
OFI cladodes powder has been used at 5% added to wheat flour, increasing the bread’s
antioxidant capacity and overall phenolic content without degrading its sensory appeal [14].
According to Dick et al. [15], crackers containing 5% cladode flour and 2% cactus mucilage
scored the highest attributes in sensory assessments, indicating that they could provide
tasty and wholesome substitutes for gluten-free crackers. The roasted cactus pear seed
flour added to bread dough impacted the nutritional and sensory aspects of bread [15]. The
dietary fiber, fat, and ash contents, as well as the phenolic concentration and antioxidant
activity, significantly increased, while the bread’s sensory qualities remained unaffected at
supplementation levels of up to 6% [16]. Cactus pear peels were used as of partial sugar
and gluten substitute in biscuits and they have improved their acceptability and textural
properties [17]. In recent papers [18,19], cladode flour from OFI was reported to be added
up to 25% and 15% in preparing cookies.

Nonetheless, as far as the authors are aware, there are no studies in the literature on
the fortification of biscuits with cactus by-products selected herein (flowers, seeds, and
seed cake) nor a comparison between them. In this study, an evaluation of OFI by-products
was conducted by analyzing the proximate composition, the phenolic contents, and the
antioxidant activities of flowers, seeds, and seed cakes of OFI, native from Algeria. The
biscuits were prepared by substituting partially wheat flour with cactus pear flower, seeds,
and cake powders. Physico-chemical parameters and anti-oxidative capacity of biscuits
were also assessed. To guarantee customer acceptability, the effect on sensory qualities was
also evaluated.

2. Materials and Methods
2.1. OFI By-Product Extract

The OFI by-products, namely flowers (F), seeds (S), and seed cake (SC), were offered by
a private company that processes and valorizes cactus products (Taghzouith locality, Bejaia
department, Algeria). The plant samples were dried in an air oven at 40 ◦C until a residual
moisture content <7% was reached (about 48 h), milled by an IKA grinder (A11 Basic
grinder, IKA Works, Petaling Jaya, Malaysia) with a mesh of ≤500 µm. For extraction, 10 g
of each powder sample was mixed with 100 mL of 36% aqueous ethanol, then immersed in
an ultrasonic bath (300 W) and irradiated with 50 Hz power at 53 ◦C for 60 min, as already
reported [10].

After extraction, the mixtures were filtered to recover the extracts, which were stored
at 4 ◦C.

2.2. Phenolics Quantification and Antioxidant Activity Assessment

The total phenolic content (TPC) was assessed by the Folin–Ciocalteu method. The
total flavonoids (TFC) and flavonol (FL) contents were determined by the aluminum
trichloride technique. The condensed tannins (CT) amount was evaluated by the vanillin
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method. The procedures for each dosage were already reported in our previous study [20].
TPC was expressed as mg gallic acid equivalent, GAE/100 g DM, TFC as a mg quercetin
equivalent, QE/100 g DM, FLC as a mg QE/100 g DM, and CTC as a mg catechin equivalent
(CE)/100 g DM.

All the results were expressed in milligrams of standard equivalent per 100 g of dry
matter (mg/100 g DM).

The antioxidant capacity of the extracts was measured spectrophotometrically using
the DPPH, ABTS, FRAP, and phosphomolybdate methods (for total antioxidant activity,
TAA), as already reported [10], and the results were expressed as IC50 (mg/mL).

2.3. Analysis of Flowers, Seeds, and Seed Cake Powders

Physicochemical characterization and proximal analysis of the samples were carried
out by the Association of Official Analytical Chemists’ methods [21] by evaluating water
content, ash content, pH, and soluble dry residue. For the protein contents and total
sugars, the procedures described by Bradford et al. and DuBois et al. [22,23] were adopted,
respectively. The functional properties of the samples were evaluated by determining
the apparent density (AD), water holding capacity (WHC), oil holding capacity (OHC),
swelling capacity, and foaming capacity by the methods reported by Bouazizi et al. [17].

2.4. Biscuit Production and Physicochemical Characterization

The following biscuit recipe was employed: 920 g whole soft wheat flour, 200 g white
sugar, 400 g margarine, 216 g eggs, and 40 g baking powder. Every ingredient was bought
locally. A portion of the wheat flour (30%) in the enriched biscuits was replaced with the F,
S, and SC powders. Using a home kneading machine, the dough was rolled and shaped
into round biscuits (5 cm in diameter and 0.5 cm in thickness), which were then baked for
11 min at 180 ◦C in an electric static oven. To evaluate the physicochemical properties of the
products, the biscuits were milled and sifted to obtain a powder <500 µm. The extraction
was carried out by mixing 1 g of biscuit powder with 9 mL of ethanol 50% (v/v) and stirring
for 10 min. The specimens underwent a 10-min centrifugation at 5000 rpm and 25 ◦C and
the upper phase was recovered [24].

The pH, protein, ashes contents, radical scavenging activity, and dry matter content
(drying at 105 ± 2 ◦C for 24 h) were evaluated.

2.5. Sensory Evaluation

At the University of Bejaia’s Sensory Laboratory, sensory analyses were performed
one day after manufacture to determine the differences between the sensory characteristics
of enriched and non-enriched biscuits and to identify those that were most appreciated by
a panel of 10 expert judges. The judges who participated in the research were staff of the
University aged between 30 and 52 years.

Each biscuit was arranged in a clear plastic container, sealed tightly, and labeled with
a code consisting of three digits. Samples were presented to subjects in a randomized and
balanced order at room temperature (25 ± 1 ◦C). Before starting the test and in between
samples, individuals were instructed to rinse their mouths.

To characterize the different biscuits prepared, 9 descriptors were selected: color, smell,
sweet taste, aftertaste, texture to the touch, thickness, texture, consistency, and reliability.

Then, an assessment of overall liking was made on a 9-point hedonic scale, from
“dislike extremely” (1) to “like extremely” (9).

2.6. Statistical Analysis

Results were reported as the mean values of three replicates along with the related
standard deviations. One-way analysis of variance (ANOVA) was performed on the
data using STATISTICA 10.0. Tukey’s post hoc test was used to differentiate means with
significant differences (p < 0.05). Correlations between different classes of phenolic amounts
and antioxidant capacities were also determined by achieving a Spearman’s correlation
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analysis. An Internal Preference Map (IPM) was produced for exploratory purposes using
Principal Component Analysis (PCA) on the overall liking data of all individuals. The
XLSTAT statistical software was used for all analyses of the sensory data.

3. Results
3.1. OFI By-Products Powders Analysis

All the samples were acidic but they differed significantly in this respect (p ≤ 0.05),
with F being the most acidic, followed by SC then S.

With regard to ash, OFI flowers had a highly significant content (p ≤ 0.05) of 6.54%
compared to seeds (2.20%) and seedcake (1.03%).

Seeds showed higher sugar content with respect to the flowers and the cake.
The trend for protein contents is the same as that of sugar since the seeds are richer

than the flowers and notably the cake.
In terms of technological characteristics, the cakes and the seeds were denser than the

flowers, which have the highest capacity to absorb both water and oil.
None of the three samples have the ability to swell. When compared to OFI flower

powder and cakes, the seed powder had a higher capacity for foaming (Table 1). The low
protein and starch composition may be the cause of the low foaming capacities.

Table 1. Physico-chemical analyses of the OFI by-products powders.

Sample F S SC

pH 4.532 ± 0.001 c 5.911 ± 0.001 a 5.552 ± 0.001 b

Ash content (%) 6.540 ± 1.130 a 2.200 ± 0.040 b 1.030 ± 0.010 c

Total sugars 328.950 ± 36.330 b 378.840 ± 34.970 a 285.900 ± 15.910 b

Total proteins 34.675 ± 3.217 c 58.675 ± 2.157 a 55.200 ± 1.838 b

Apparent density
(g/cm3) 0.355 ± 0.001 c 0.437 ± 0.002 b 0.522 ± 0.003 a

Water absorption
capacity (g/g) 5.395 ± 0.010 a 0.135 ± 0.001 c 0.425 ± 0.001 b

Oil absorption
capacity (g/g) 1.415 ± 0.010 a 0.830 ± 0.010 b 0.820 ± 0.010 b

Swelling capacity (%) 0.000 ± 0.000 b 1.000 ± 0.000 a 0.000 ± 0.000 b

Foaming capacity (%) 0.000 ± 0.000 b 4.000 ± 0.000 a 0.000± 0.000 b

Different superscript letters denote statistical differences at p < 0.05 (ANOVA, Tuckey HSD) on the same line. Total
sugars are expressed in an mg D-Glucose Equivalent/100 g Dry Matter and total proteins in mg Serum Albumin
Bovine Equivalent/100 g DM. F: flowers; S: seeds; SC: seed cake.

3.2. Phenolic Contents and Antioxidant Effects of OFI By-Product Extracts

The major antioxidant compound classes that exhibit antioxidant ability are general
phenolics, flavonoids (which comprise also flavonols), and tannins.

For flower extract, the total phenolic content (TPC) was 68.080 mg GAE/100 g DM. As
compared to the TPC value reported by other authors under other circumstances, this one
is deficient.

The samples’ flavonoid and flavonol concentrations were not exceptionally consider-
able. However, it is still the flowers that had significantly (p < 0.05) the best contents, which
were 13.050 and 6.910 mg QE/100 g DM, respectively.

The condensed tannins content was very low in all examined samples and comprised
between 0.120 and 0.220 mg CE/100 g DM.

According to the antioxidant capacity results (Table 2), all OFI by-products exert an
active role in scavenging free radicals, especially DPPH• and reducing metals (iron and
molybdenum in FRAP and TAA, respectively). In nearly every test, the OFI flower extract
with higher phenolic content was the most effective, showing the lowest IC50 values.
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Table 2. Total phenolic content (TPC) (expressed as mg gallic acid equivalent, GAE/100 g DM), total
flavonoids (TFC) (as mg quercetin equivalent, QE/100 g DM), flavonols content (FLC) (mg QE/100 g
DM), condensed tannins contents (CTC) (as mg catechin equivalent, CE/100 g DM), and antioxidant
activity (IC50 in mg/mL) of OFI by-product extracts.

Sample F S SC

TPC 68.080 ± 2.121 a 56.800 ± 0.453 b 51.200 ± 0.651 c

TFC 13.050 ± 0.350 a 7.820 ± 0.280 b 6.450 ± 0.600 c

FLC 6.910 ± 0.170 a 0.270 ± 0.020 c 0.500 ± 0.070 b

CT 0.220 ± 0.040 a 0.120 ± 0.000 c 0.200 ± 0.020 b

DPPH 31.615 ± 0.148 a 88.095 ± 1.888 b 76.250 ± 0.240 b

ABTS 155.399 ± 3.090 b 118.635 ± 2.906 a 181.87 ± 2.26 c

FRAP 113.210 ± 0.666 a 177.640 ± 1.640 b 213.215 ± 6.357 c

TAA 112.030 ± 1.863 a 126.360 ± 1.980 b 124.480± 2.130 b

Different superscript letters denote statistical differences at p < 0.05 (ANOVA, Tuckey HSD). F: flowers; S: seeds;
SC: seed cake.

The high phenolic content of the extracts may be the cause of the apparent antioxidant
capacity of the various parts of OFI. Indeed, it is possible to establish a link between the
content of phenolics and the free radicals−scavenging effect. For the OFI flower extract,
significant positive correlations were found between the TPC, ABTS, and FRAP tests as
well as between TFC, FLC, CTC, and DPPH (Figure 1A). Significant positive correlations
among TPC, TFC, and ABTS as well as between CTC and DPPH were discovered for seeds
(Figure 1B). With regard to seed cake extract, more significant positive correlations were
observed between FLC, CTC, DPPH, ABTS, and FRAP and to a lesser extent between TPC,
TFC, and TAA (Figure 1C).
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Figure 1. Correlograms of phenolic contents and antioxidant activities of OFI flowers (A), seeds
(B), and seed cake (C). The Spearman’s “r” coefficients were calculated: 0 < r < +1 showed direct
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correlations, while −1 < r < 0 inverse correlations. The red color indicates negative correlations, the
blue color positive correlations, and the white color the absence of correlations. TPC: total phenolic
content, TFC: total flavonoid content, FLC: flavonols content, CTC: condensed tannins content, DPPH:
scavenging of DPPH radical, ABTS: scavenging of ABTS radical, FRAP: antioxidant power, and TAA:
total antioxidant activity (TAA) determined by phosphomolybdate assay.

3.3. Biscuit Formulation with OFI By-Products
3.3.1. Physico-Chemical Parameters and Antioxidant Effect of the Biscuits

In comparison to the enriched biscuits, the control biscuit has a higher moisture
content (8.200%).

The ash content was significantly increased in the enriched biscuits; this could be
clarified through the enrichment powders’ high ash content (Table 3).

Table 3. Physico-chemical and antioxidant properties of control and enriched biscuits.

CB BFP BSP BSCP

Moisture (%) 8.200 ± 0.020 a 7.600 ± 0.010 b 7.200 ± 0.010 b 7.000 ± 0.010 c

Ash content (%) 2.169 ± 0.010 b 3.100 ± 0.010 a 3.210 ± 0.010 a 2.569 ± 0.010 b

Protein content (%) 13.111 ± 0.719 d 37.249 ±1.010 c 83.969 ± 2.919 a 57.500 ± 2.630 b

pH 7.317 ± 0.001 a 6.280 ± 0.001 c 7.100 ± 0.001 b 7.044 ± 0.001 b

◦Brix 1.159 ± 0.010 d 2.330 ± 0.010 a 1.729 ± 0.010 c 2.029 ± 0.010 b

DPPH-scavenging (%) 53.589 ± 0.300 d 81.039 ± 3.159 a 77.179 ± 1.800 b 71.700 ± 1.70 c

Different superscript letters denote statistical differences at p < 0.05 (ANOVA, Tuckey HSD). CB: Control Biscuit,
BFP: Biscuit with flowers powder, BSP: Biscuit with seeds powder, BSCP: Biscuit with seed cake powder.

Meanwhile, the biscuits enriched with seed powder had the highest protein content,
followed by those enriched with seed cake powder and flower powder. The biscuits made
with wheat flour had the lowest protein content of only 13.111 mg/100 g of biscuit.

When comparing the enriched biscuits to the control, the pH dropped noticeably.
As for the antioxidant activity, enriched biscuits showed much higher scavenging

activity than that of the control biscuits. Interestingly, the F biscuits exhibited the highest
activity against the DPPH radical followed by S and SC biscuits, while the C biscuit had
the least impact.

3.3.2. Sensorial Analysis

Samples of the biscuits prepared with the addition of OFI by-products are shown in
Figure 2.
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There were notable variations in the biscuits’ sensory profile across some characteristics
(Figure 3).
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Figure 3. Radar graph of sensory features of the biscuits obtained with wheat flour (control, CB)
and various parts of OFI powder (BFP: Biscuit with flowers powder, BSP: Biscuit with seeds powder,
BSCP: Biscuit with seed cakes powder).

In comparison to the control biscuits, the enriched biscuits had a stronger color,
aftertaste, and less consistency and texture. The resulting coloration of the OFI samples
was reflected in the sensory assessment of color; biscuits enriched with seed and seed
cake powders have a deeper color and hence displayed the highest scores of 5 and 3.8,
respectively. The odor was powerful in the enriched biscuits and nearly missing in the
control.

With respect to the overall acceptability, as shown in PREEFMAP (Figure 4), the
biscuits formulated with seed cake had a percentage between 20% and 40%, while the
biscuits enriched with flowers and seeds had a percentage between 80% and 100%.
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The control biscuit had a percentage between 40 and 60%. When compared to other
biscuits, the flower-based biscuit is distinguished more by its aftertaste and odor. The color
of the seed-based biscuit, the thickness and color of the cake-based biscuit, and the texture
and consistency of the control biscuit differentiated them.

4. Discussion

Before mixing OFI by-product powders with wheat flour to make biscuits, samples
were subjected to physicochemical and functional properties with phytochemical analysis.
A general correlation could exist between the studied by-product characteristics and those
of formulated biscuits.

Based on their proximate composition, the by-products under investigation are rich
in sugars, proteins, and minerals, which might be advantageous to biscuit formulation.
Nonetheless, the results obtained herein for the flower ash content are not in line with
those of Ennouri et al. [25]. There is an array of explanations for the disparities in ash
content that have been noted. The primary determinants of the ash content are soil type,
pH, accessibility to water, and location [26]. It is also greatly impacted by crop year and
genotype [27]. The dry ashing method to measure ash content in biomass is also crucial.
The correct combination of ashing temperature, ashing time, and sample size must be
chosen when utilizing dry ashing for ash analysis. For some samples, ashing at 550 ◦C for
6 h gave higher ash values than ashing at 550 ◦C overnight or ashing at 600 ◦C for 6 h [28].

Also, for seed, our values are different from those reported by Habibi [29] (0.072%).
The seed cakes’ ash content is comparable to that of the studies conducted by Borchani
et al. [30] and Borchani [31], which showed ash contents of 1.29% and 1.58%, respectively.
The extraction of edible oil or the application of high pressure may have contributed to the
cakes’ low ash content [32]. It is crucial to note that the mineral-rich sample is advantageous
for the formulation of baked products since some cations such as calcium and magnesium
enhance gluten’s mechanical properties to facilitate interactions with side groups of amino
acids [33].

Concerning the content of soluble solids (◦Brix), which is one of the indicators of sugar
content, it can be inferred that biscuits with the addition of flower powder were sweeter
than biscuits prepared with seed and seed cake powders. Ennouri et al. [25] report that OFI
flowers at the full-flowering stage have a high soluble sugar content of 0.60 ± 0.03 g/kg on
a dry weight basis.

For the sugar contents, the findings of other authors contrast with our results; hence,
in a study conducted in 2019, Berrabah et al. [34] established that low total sugar values
of 31, 44, 53, 36, 40, and 54 mg/100 g were acquired from Opuntia ficus indica flowers
belonging to six distinct areas of Algeria (Tizi Ouzou, Relizane, Ain Defla, Mascara, Tiaret,
and Msila). Reversely, higher levels, 1290 and 480 mg/100 g for the two red varieties of
Opuntia (Opuntia microdasys and Opuntia macrorhiza), were detected in the seeds [35].

The outcomes attained by other researchers for the protein amounts were better
than we estimated. Ennouri et al. [25] reported that the protein content of OFI flowers
is about 80 mg/100 g DM. Additionally, Borchani et al. [31] found that the seed cakes of
many cactus pear cultivars have exceptionally high protein levels, ranging from 6500 to
7650 mg/100 g DM. Nebbache et al. [36] discovered that the seeds have a protein concen-
tration of 4480 mg/100 g DM.

The variances in climate, cultivar, genetics, harvesting period, and soil characteristics
of the region where cactus pears grow could be the cause of the discrepancies in results
between this study and the other literature as reported by estimating the approximate
composition of Ethiopian cactus seeds [37].

Intrinsic physicochemical features known as functional properties are typically associ-
ated with the interaction of oil and water. These consist of swelling capacity (SWC), water
holding capacity (WHC), oil absorption capacity (OAC), and oil holding capacity (OHC). It
is possible to predict the technological effect of a component on a food product by looking
at its functional features. For example, higher OHC is better for stabilizing emulsions and
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high-fat food items, while high WHC prevents syneresis and modifies the viscosity and
texture of particular food products [38].

In this current investigation, flower flour demonstrated the highest capacity to absorb
both water and oil. WHC of flour is significant in the food formulation process since it
influences the final product’s physicochemical and sensory qualities (tenderness, friability,
etc.). This property is dependent on the structure of polysaccharides and proteins. In
addition, the use of flour in a food formulation is linked to its interaction with water and
water absorption is a very essential quality factor in bakery products [39]. The kind and
concentration of proteins, fibers, and starch, as well as the technological processes used in
the preparation of food powders, are all related to the capacity to hold onto oil [40]. Food
formulation relies heavily on an ingredient’s capacity to hold onto oil or fat to enhance
mouthfeel and preserve flavor. For baked products needing a high oil retention capacity,
flour with a high oil absorption capacity can be helpful [41].

On the other side, the phenolics known as potential antioxidants of cactus by-products
were estimated. As compared to the TPC value reported by other authors under other
circumstances, this one is deficient. Benayad et al. [42], who studied flowers and used
maceration and accelerated solvent extraction (ASE) techniques, found that the acetone ex-
tracts produced the highest quantities (285 and 318 mg GAE/100 g DM for both techniques,
respectively) in comparison to the methanolic extracts (234 and 240 mg GAE/100 g DM,
respectively). There were notable TPC levels in aqueous extracts of flowers from several
Algerian locations ranging from 752 to 1089 mg GAE/100 g [34].

Bousbia et al. [9], who used aqueous methanol (80%) for maceration, achieved a high
level of 737.76 mg GAE/100 g DM. Likewise, the TPC of the seed cakes we found is much
lower than the results found by Borchani et al. [31] who carried out a study on the seed
cakes of different varieties of cactus pear. Nonetheless, the TPC content of the seeds we
found (56.80 ± 0.45 mg GAE) was similar to that of the seeds of different varieties of
OFI, which can be identified by their color (green, yellow, orange, and red) [4,43]. Other
researchers found higher quantities of flavonoids either in the flowers [4,8,27,30,37,38] or
seed cakes [31]. Nevertheless, the levels of flavonols were not reported in the literature to
the best author’s knowledge. With regard to condensed tannins results, they are comparable
to the findings of some research on the seeds of various OFI varieties from Bejaia locality
(Algeria) [43] but are lower than those of another region either from Algeria (Souk Ahras) [4]
and flowers from many Algerian areas [34].

Following the measurement of phenolic substances, various in vitro experiments were
used to assess the antioxidant impact. The exploitation of the OFI by-product antioxidant
activity has been the subject of several studies, with variable results throughout the litera-
ture. Better findings were reported by several authors who employed the DPPH test for
both flowers from various regions [9,34] and seeds of different varieties [9,35,43]. In our
earlier study, OFI flowers were also more effective in scavenging the ABTS radical [10].
Likewise, the iron reduction was more significant in flowers [9,34], seeds [4,9,35], and
cake [31] assessed in other works.

The quantity of phenolics and antioxidant activity ranges significantly amongst plant
species as it varies depending on the season, the degree of maturity, and the stage of
vegetative development for a given species, with the added variation in the environmental
conditions [44]. Moreover, differences in the reported values of phenolic compounds in
plant extracts are influenced by the extraction solvents and methodologies applied.

Correlations are required to verify the implication of the various phenolics in the
various antioxidant assays. This enables us to differentiate between the antioxidant impact
of each by-product based on its phenolic composition. Our findings are not supported
by those of Bouaouich et al. [4]. The difference in the correlation rate between phenolics
and antioxidant activities may be due to the different compositions of flowers, seeds, and
cake hydroalcoholic extract. Platzer et al. [45] stated that the substituents of the phenolic
compounds play a major role in their antioxidant action, whereas their backbone has a
small effect. This could be clarified also through the fact that the actions are carried out



Resources 2024, 13, 124 10 of 14

by other components. For instance, orange cactus fruit scavenging DPPH radical was
associated with phenolics, ascorbic acid, and carotene while fresh purple fruit betalains
were associated with chelating activity [46]. Adding to that, the majority of phenolics have
been reported in the literature to have a high capacity to scavenge free radicals; however,
when examining a complex extract, synergic and antagonist effects must be taken into
account, as they rely on the combined action of all the constituents.

OFI by-products are a potentially health-promoting functional ingredient for use in
bakery products. The selection of biscuits as a food matrix was based on their widespread
availability, extended shelf life, and ease of export. Meanwhile, the mix between wheat flour
and OFI by-products was considered due to their intriguing nutrients and phytochemicals
components, which makes it suitable to meet the demand for healthier foods. The choice
of 30% was based on the subsequent work of Bouazizi et al. [17] who formulated biscuits
with 10, 20, and 30% cactus peel powder and discovered that the fragrance, taste, color, and
general acceptability of biscuits made with 30 g/100 g of prickly pear flour were higher.
In addition, a higher percentage (up to 30%) of F, S, and SC in the formula increased the
antioxidant potential of the proposed biscuits.

It is crucial to note that the selection of a single proportion is related to the fact that
we aimed to compare the relative efficacy of the cactus main by-products (F, S, and SC).
Consequently, in subsequent research, the most effective functional ingredient will undergo
more thorough testing.

After the formulated biscuit analysis, it turned out that the findings of Bouazizi
et al. [17] using various proportions of OFI peel flour corroborated the results obtained
herein. The higher protein content we found in OFI by-products added-biscuits is prob-
ably what caused the moisture content to decrease. Saadoudi [47] asserts that a negative
association exists between baked products’ protein content and their water content. Similar
findings were also reported by Pourmohammadi et al. [48], who developed innovative
dietary fiber-enriched biscuits using resistant starch from corn and wheat and found a high
level of moisture in control samples. The low water-holding capacity of the OFI by-product
powder made the dough drier and harder and enhanced the textural properties (crispiness
included) of the enriched biscuits [49]. However, one of the key elements that adversely
impacts the solubility and water absorption of cereal products is their degree of crystallinity.
The degree of crystallinity of wheat is about 27.7; it was most likely impacted by the pow-
dered OFI by-product added. Therefore, that difference could explain the higher moisture
content observed in the control sample with respect to enriched biscuits [50]. Diminished
moisture content is advantageous to the shelf life of biscuits since most unwanted microbes
might struggle to survive [51].

The ash content increased in our added biscuits, like in a previous work undertaken by
Bouazizi et al. [17] in biscuits enriched with OFI fruit peel flour. In their study, Ali et al. [16]
examined the effects of roasted cactus pear seed flour on the nutritional and sensory aspects
of bread. They discovered that the dietary fiber, fat, and ash contents significantly increased.
With regard to the pH value, our results agree with Menasra [39], who suggests that its
decrease may result from the enrichment of biscuit powders, changing their composition in
the process.

The incorporation of cactus by-products into biscuits could increase health benefits
by increasing antioxidant properties. From our results, it can be hypothesized that the
occurrence of appropriate phytocompounds in OFI by-products enhanced biscuits’ in vitro
antioxidant activity. A similar increase in radical scavenging effect was shown in biscuits
formulated with OFI fruit peel flour [17]. In addition to the richness of OFI fruit peel in
active and functional biomolecules, the presence of fibers and polyphenols gives biscuits
technological properties such as kneading ability, flavor retention, and antioxidant capac-
ity [17]. Msaddak et al. [14] observed that replacing wheat flour with cladode powder at
5% improved the total phenolics content and the bread’s antioxidant potential without
negatively affecting its sensory acceptability. The phenolic concentration and antioxidant
activity of the bread enriched with roasted OFI seed flour have also been considerably im-
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proved [16]. Refined wheat flour commonly used to make biscuits is high in starch but poor
in protein and fiber. The enrichment of biscuits with natural products significantly changes
their chemical composition and antioxidant capacity. In the recipe for biscuits, a variety of
food waste or by-products along with those of OFI, including peel, germs, and biomass
waste such as leaves, have been partially substituted for cereal flour. These products can
reduce calorie content while maintaining the functionalities of sucrose and fat and enhanc-
ing nutritional values (dietary fiber, proteins, minerals, and bioactive compounds) [52].
For instance, the use of carob by-products (germ and seed peel) improved, particularly
the amount of protein, fiber, minerals, essential fatty acids, and antioxidant potential of
biscuits [53]. The biscuits incorporated with 6% mandarin peel powder enhanced the DPPH
antioxidant activity from 23.72% in the control to 73% in the functionalized biscuits [54].
The antioxidant activity of muffin doughs containing pomegranate peel at 5%, 10%, and
15% was increased 10-, 21-, and 27-fold, respectively [55]. The enhancement of the biscuit’s
antioxidant effect is principally related to the phenolic compounds of the by-products.
They have a possible action in protecting lipids against the oxidation process [56]. Foods
enriched with polyphenols proved their ability to combat obesity by influencing adipocyte
differentiation, lipid metabolism, and energy and food needs [57].

By using sensory analysis, we may emphasize the judges’ appreciation. Interestingly,
the enriched biscuits were the ones that the judges preferred. According to Dick et al. [15],
crackers containing 5% cladode flour and 2% cactus mucilage scored the highest attributes
in sensory assessments, indicating that they could provide tasty and wholesome substitutes
for gluten-free crackers. The fortification with OFI by-products was associated with the
most increases in color, smell, and taste acceptance scores. This is likely because they
contain certain reducing sugars that can undergo non-enzymatic browning reactions and
have a better propensity for retaining smell.

Also, the prickly pear flour addition in cookie preparation showed a significant differ-
ence (in positive) for acceptance descriptors, particularly at a higher percentage of addition
(20 and 30 g/100 g) [17].

5. Conclusions

Overall, the findings showed that it is feasible to produce durum wheat biscuits
enhanced with OFI waste, notably flowers and seeds. We found that these by-products
contained a sustainable amount of nutritional (sugars, proteins, and ashes) and bioactive
compounds (polyphenolic compounds) and it was the flowers that exhibited the highest
contents. There was a correlation between phenolic class content, namely total phenolics,
total flavonoids, flavonols, and condensed tannins, with the outcomes of DPPH, ABTS,
FRAP, and TAA assays, pointing out that they are considered as a main contributor to
the antioxidant effect of the samples. After formulating biscuits, it was found that by
substituting wheat flour with powdered OFI flowers, seeds, and seed cakes, the nutritional
value of the biscuits was improved. So, we were able to produce biscuits that were
higher in sugar, protein, minerals, and greater antioxidant activity. The sensory analysis
showed the acceptability and appreciation of the judges of the biscuits with a particular
preference for the biscuit made from flowers or seeds, which had a percentage between
80% and 100%. Their execution could provide a new use for a widespread by-product of
the cactus manufacturing sector. To validate the tendencies found, a bigger sample size
and consideration of participant ethnicity must be included in a subsequent investigation.
Further studies should also focus on confirming that adding cactus by-products does
not affect the stability of the antioxidant compounds or the biscuits’ sensory attributes
over time.
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