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Abstract: Prickly pear peel makes up around half of the fruit and is typically thrown away, creating
an environmental issue. Due to its high bioactive chemical content, prickly pear peel can easily be
used as a functional and nutraceutical ingredient in several food recipes, such as baked products.
This study’s objective was to determine whether prickly pear peel flour (PPPF) could successfully be
combined (5, 10, and 15%) with wheat flour to make cakes, by analyzing the physical and chemical
characteristics of the cakes and performing a descriptive sensory analysis. Prickly pear peel flour
contains high amounts of fiber, ash, carbohydrate, phenolic, flavonoid compounds, or antioxidant
activity. In addition, PPPF contains high amounts of magnesium, calcium, sodium and potassium.
The ethanolic extract of prickly pear peel revealed the presence of 11 phenolic compounds using
UPLC-MS/MS. The main constituents in the peel extract were isorhamnetin (27.1%), eucomic acid
(19.6%), kaempferol (14.07%), 3-O-Methylquercetin (13.7%), Feruloyl-D-glucose (10.01%) and piscidic
acid (8.89%). Results showed that adding PPPF significantly enhanced the amount of fibers, total
polyphenols, flavonoids and minerals in the cakes prepared by the addition of 5, 10 and 15% PPPF as
compared to the control cake. Moreover, the addition of different levels of PPPF increased antioxidant
activity (DPPH and ABTS%) and decreased thiobarbituric acid reactive substances (TBARS) in cakes
as compared to the control cake. The descriptive sensory analysis ultimately revealed that cakes
made with 10% prickly pear flour received a higher score for their smell, taste or color. In conclusion,
prickly pear peel has antioxidant potential and contains biochemical compounds that can be utilized
in the enhancement of functional foods and also help to reduce the waste accumulation that causes
environmental issues.

Keywords: antioxidant activity; chemical composition; flavonoid; fiber; mineral; phenolic; prickly
pear peel

1. Introduction

The prickly pear, or opuntia or opuntia ficus indica (opuntia spp.), is frequently used
as food or in food products, and there is growing interest in using the cladode of the
prickly pear as an ingredient in functional foods [1]. Opuntia is a domesticated plant
found in many different civilizations [2], and it is thought to be among the most significant
cactus species in agricultural production, as well as being among the first fruit crops to
be adapted to a wide range of soil types [3]. The opuntia genus belongs to the plantae
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kingdom and the cactaceae family of cacti, and it is used as a crop and as an ornamental
plant. Opuntia has approximately 130 genera and 1500 species, and it may be farmed in
dry and semi-dry areas [4]. Commercial opuntia species are cultivated for both human and
animal consumption [5].

Among the many advantages of opuntia are its high fiber content, fruit freshness,
good taste, and high juicing production, which is preferred in processed foods such as
baked products [6]. Over the past ten years, researchers have turned their attention to
the phytochemical traits and total nutritional quality of opuntia, including in the food
industry and its products [7]. There are different concentrations of free amino acids in
opuntia, including arginine, alanine, asparagine, aspartic and glutamic acids, which are
more prevalent in juice [8]. Because the juice contains the entire fruit (skin, seeds and
flesh), it may have a higher amino acid concentration. In addition, opuntia is a great
source of polyphenols and bioactive substances, including flavonoids such as isorhamnetin,
kaempferol and derivatives of quercetin, as well as phenolic acids such as piscidic acid and
eucomic acid [9].

In addition to type 2 diabetes mellitus (T2DM), hypertension, high cholesterol, rheuma-
toid arthritis, gastric mucosa illnesses and asthma can all be prevented using opuntia, due
to its dietary items and chemical composition [10]. Due to their anti-inflammatory and
antioxidant characteristics, a number of opuntia substances have also been used as potential
remedies for easing the symptoms of ulcers, hyperglycemia and multiple sclerosis [11,12].
Opuntia is therefore thought to be an important and varied source of biologically active
chemicals and nutrients that can be incorporated into functional foods and low-calorie
substitutes for marmalade, juices, drinks, pasta, jams, biscuits and sweeteners [13,14]. It has
only recently been suggested that using opuntia to produce nutraceutical and functional
food products could help treat various ailments [15].

The fruit peel is typically discarded, but it can also be used to amend the soil and
benefit the livestock feed industry. Because the peel accounts for approximately 48% of the
weight of the entire fruit, the food processing industry is concerned about the significant
amount of waste caused by the peel, and the associated financial burdens [16]. Both families
and the food processing industry produce this waste. As a result, there is a significant issue
with how to dispose of this waste because it can have a negative impact on human health.
Utilizing this by-product properly could ease waste disposal issues and provide a potential
new supply of bioactive chemicals [16]. Therefore, researchers have recently started to
use fruit and vegetable waste as economic sources for important biological compounds,
and make use of this waste in many foods, pharmaceutical, and cosmetic industries, as
well as one of the ingredients in baking [17–22]. In fact, the baking industry in Egypt
has grown significantly in recent years as baking products are diversified through adding
various ingredients characterized by a high nutritional value [23,24]. Dietary fiber and
phytochemicals have drawn the most attention among the additional ingredients. Blending
flour with the powdered by-products of several plants, has reportedly led to improved
nutritional and functional qualities in cookies and bread [25].

Partly because it contains a high concentration of bioactive chemicals and partly
because of the general nature of PP peel, it is an important by-product produced from
the fruit [6]. PP peel is an intriguing ingredient for bread products due to the fact that it
contains proteins, dietary fiber [26], antioxidants [27], betalains [28] and flavonoids [29],
and has a high nutritional value. Opuntia peel has been considered to be a functional
ingredient for improving the physicochemical, structural, and nutritional properties of
cooked sausages [30], baked goods [16,31], yogurt [28], margarine [32] and gluten-free
snacks [33]. Anwar et al. [34] evaluated the use of very small amounts of prickly pear peel
(0.5, 1, and 2%) for the enhancement of pan bread quality and found that this vegetable
matrix might prolong the shelf life of bread and reduce staling.

Cakes are common bakery items that are consumed frequently all over the world. The
cake is a common food among consumers because of its pleasant flavor, variety, and airy
texture [35,36]. Dietary fiber refers to parts of fruits, vegetables, crops, nuts and legumes
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that cannot be digested by humans. It is a well-established fact that the consumption of
adequate amounts of dietary fiber significantly reduces the risk of degenerative diseases,
including diabetes, obesity, coronary heart disease, bowel cancer and gallstones [37–39].
Dietary fibers also have technological properties that can be used in the production of foods,
resulting in texture modification and the enhancement of the stability of the food during
production and storage [40]. Both the nutritional value and technological properties of
dietary fibers are important in the potential development of a wide range of fiber-enriched
foods (e.g., bakery products, snacks, sauces, drinks, cereals and biscuits) [41].

Accordingly, the objectives of this study were to describe the physical, chemical,
nutritional and antioxidant properties of prickly pear peel flour (PPPF), to assess the effects
of the addition of PPPF at various doses on the chemical and physical characteristics as
well as on the technological parameters of cake, to improve the sensory profile of cake
incorporating PPPF in comparison to the control cake, and to determine the amount of
bioactive compounds left over after cake cooking.

2. Materials and Methods
2.1. Raw Materials

Fruits (approximately 100 g each) were selected from a market in Cairo, Egypt, based
on the color development that was typical at the optimum time of harvest, which is 50%
color (orange and red) on the outer peel at which time the interior of the fruit would be
sufficiently soft (86% moisture) for this study. Waste materials (80% moisture) were used,
namely prickly pear (opuntia ficus indica) peel flour (PPPF).

2.2. Cake Ingredients

Sucrose (commercial grade), fat (palm oil), a fresh whole egg, baking powder, dry milk
powder, vanillin (pure vanillin) and soft wheat flour (72% extraction) were bought from
LuLu Market, Hufuf, Saudi Arabia.

2.3. Preparation of Prickly Pear Peel Powders

The prickly pear peel was removed from the freshly washed fruits, chopped into small
pieces, spread out in trays to soak up water, and dried in an air oven (Genlab Classic Ovens,
MINO/50 Genlab Limited, Cheshire WA8 0SR England) at 50 ◦C for 48 h, ground in a
laboratory mill for 2 min at 35,000 rpm (Huge Grinder Model No. E03407, China) to fine
powder, and then sifted through 60 mesh sieve to produce a fine powder (6.5% moisture).

2.4. Processing of Cake

The modified Ahmed [42] method was used to manufacture cake samples. Table 1
summarizes the cake’s ingredients and lists the various prickly pear peel powder (PPPF)
ratios employed in this investigation.

Table 1. Recipe of cake.

Ingredients Flour
(g)

Sugar
(g/100 g Flour)

Shortening
(g/100 g Flour)

Fresh Egg
(g/100 g Flour)

Milk (mL/100 g Flour)
(1.5% Fat)

Baking Powder
(g/100 g Flour)

Vanillin
(g/100 g Flour)

Cake control 100 60 50 65 50 4 2
Cake + PPPF 5% 95 60 50 65 50 4 2
Cake + PPPF 10% 90 60 50 65 50 4 2
Cake + PPPF 15% 85 60 50 65 50 4 2

Sugar and shortening were mixed for 3 min to make a control cake. After adding
them, the whole eggs and milk were mixed for two minutes. The batter was added, and after
adding baking powder and sifted flour, it was mixed for 4 min. The batter was stirred for an
extra minute after the bowl had been scraped clean. To make the replaced cake batters, the
flour in the formula was replaced with prickly pear peel flour in ratios of 5, 10 and 15%. The
mixing process was carried out in the same order as the control. Each pan (175 × 95 × 50 mm,
metallic, lard-coated pan) was filled with cake batter, which was baked in an electric oven
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(Berjaya, BJY-E20KW-2BD, 2 Decks, Malaysia) for 30 min at 180 ◦C. The cakes were baked,
taken out of the pans, and allowed to cool completely before being sealed in polyethylene bags
and kept at room temperature for 21 days. Following the removal from the pans, samples
were collected for analysis within an hour and frequently after one week.

2.5. Weight, Volume and Specific Volume of Cake Samples Determination

Weight and volume were determined in cakes after preparation with PPPF, and the
specific volume of the cake samples was determined after one hour of baking [43]. To
determine the specific volume, the weight-to-volume ratio was also calculated.

2.6. Color of Cake Samples Determination

Using a Minolta Calorimeter (CR 200 Japan), the color and crumb of a cake made
with prickly pear peel flour were assessed using the Francis tristimulus color scheme [44].
According to Hunter values for L*, a*, and b*, color readings were expressed. The color
differences among bread samples with different amounts of PPPF were expressed as ∆E,
which was calculated using the following equation:

∆E =

√
(Lx − L0)2 + (ax − a0)2 + (bx − b0)2 (1)

2.7. Descriptive Sensory Analysis of Cake Samples

Ten trained panelists (professors and students, male and female, aged between
35–55 years), with several years of tasting experience and who have been frequently used
in our previous studies, from the Food Science and Nutrition Department at King Faisal
University’s Faculty of Agriculture and Food Science were asked to detect and describe
differences among samples, indicate sensory attributes (appearance, crust color, crumb color,
crumb texture, taste and smell) in each sample and measure the intensity of those attributes
based on a scale of a 10-point numerical scale with 0.5 increments, where 0 means “none”
and 10 means “very strong”. Each sample of cake was labeled by randomized code. Sam-
ples were presented at room temperature between the hours of 10:00 a.m. and 11:00 a.m.
and the analysis was conducted under daylight illumination. Water was served between
samples to eliminate the residual taste of previous samples, according to A.A.C.C. [45].

2.8. Chemical Composition

According to the method outlined in A.O.A.C, the following substances were mea-
sured: moisture, protein, total lipids, crude fiber, ash, total carbohydrates, and reducing
sugars [46]. Moisture was determined in 5 g of sample using the oven method (Bender
ED-115, Tuttlingen, Germany) at 105 ◦C overnight then dryed until stable in weight, and
the crude protein content was measured in 1 g dried sample using the Kjeldahl method.
The ash content of the sample was determined in 1 g of dried sample using a muffle fur-
nace (Witeg FHT-14, Wertheim, Germany). Soxhlet fat extraction apparatus was used to
determine the total number of lipids in 5 g of the dried sample. Total carbohydrates were
measured spectrophotometrically using a phenol-sulfuric reagent, while reducing sugars
were measured in the 85% ethanolic extract using the phenol-sulfuric reagent. Ascorbic
acid was measured using the Asker and Treptow method [47]. Tobaruela et al. [48] used a
fully automated technique to identify crude fiber (FOSS-Fibertic 8000, Hilleroed, Denmark).
According to Jayaraman [49], free amino acids were measured in 85% ethanolic extract of
powdered samples using the ninhydrin reagent (ACS-Sigma Aldrich, St. Louis, MO, USA)
and optical density was measured at 570 nm using a spectrophotometer (Thermo Scientific
Evolution 350 UV-Vis spectrophotometer, Waltham, MA, USA). L-Glycine (10–100 µg/mL)
was used as the calibration standard curve.

2.9. Determination of P and K

The contents of the elements were determined in both the PPPF and the cakes ac-
cording to the A. O. A. C. [46] method. Using concentrated H2SO4 (Ultra-pure, Sigma,
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Berkshire, UK), 1 g of dried powder samples was digested in a closed microwave digestion
and extraction system (SINEO-MDS-6G SMART, Shanghai, China), and potassium content
was measured using a Flame photometer (BWB-Flash Photometer, Berkshire, UK). Phos-
phorus was determined spectrophotometrically using the Thermo Scientific Evolution 350
UV-Vis spectrophotometer (Waltham, MA, USA), and phosphorus content was calculated
from the standard calibration curve (P equivalent 0.01–10 mg/L).

2.10. Determination of Trace Element Levels
2.10.1. Microwave Digestion

Following the procedure outlined by Marin et al. [50], 1.0 g of the powdered sample
was digested with either 2 mL of H2O2 (30%, ultra-pure for AA, Carlo-Erba, Val de Reuil,
France) and 8 mL of HNO3 (65%, for ICP, Sigma-Aldrich, CA, USA) in a closed microwave
digestion and extraction system (SINEO-MDS-6G SMART, Shanghai, China). Prior to
ICP-OES analysis, the final mixtures were chilled and diluted to a volume of 25 mL using
ultrapure water from the Milli-Q system (Millipore, Val de Reuil, France).

2.10.2. Trace Element Levels Determination by ICP-OES

In order to maintain plasma and carrier gas, an autosampler of AS 93-plus Argon
(purity > 99.995%) was used. ICP-OES (Shimadzu 9800 Series—Tokyo, Japan) was used to
measure amounts of trace elements. To calibrate, all of the elements that were evaluated
were mixed into a 1000 mg/L multi-elemental standard solution from Sigma-Aldrich.

2.11. Total Phenolic Content Determination

The total phenolic content of PPPF and the powdered dried cake (10 g) was assessed
in an 85% ethanolic extract according to Goffman and Bergman [51] using a Folin-Ciocalteu
reagent. The absorbance was then read at 760 nm using a Thermo Scientific Evolution 350
UV-Vis spectrophotometer (Waltham, MA, USA). Gallic acid (GAE) was used to measure
the total phenolic content as a standard, and is represented as mg GAE/100 g DW.

2.12. Total Flavonoid Content Determination

Spectrophotometric analysis was used by Chang et al. [52] to determine the total
flavonoid content in 85% ethanolic extract by using AlCl3 and NaOH. The optical density
of the mixture was measured at 510 nm using a Thermo Scientific Evolution 350 UV-Vis
spectrophotometer (Waltham, MA, USA). In terms of quercetin (QE), the total flavonoid
content was represented as mg/100 g sample (DW).

2.13. Total Anthocyanin Content Determination

Total anthocyanins were determined in the methanolic extract and their amounts were
calculated using Abdel-Aal et al.’s [53] technique, using 1.5 N HCl. The optical density of
the mixture was read at 535 nm using a spectrophotometer against reagent blanks. The total
anthocyanin content was represented by mg Kuromanin (KE)/100 g (DW) of the sample.
The molar extinction coefficient (ε) was 25,700 M−1 cm−1 on average.

2.14. Total Carotenoids Content Determination

According to Wang et al. [54], total carotenoids were quantified spectrophotometri-
cally using β-carotene as a standard (2–10 mg/mL). The results were shown in terms of
mg/100 g DW.

2.15. Antioxidant Activity

Total antioxidant activity was measured using the ABTS [55], DPPH [56], and hy-
drogen peroxide methods described by Ruch et al. [57], with vitamin E (α-tocopherol)
as a reference solution. Results were shown as the percentage of inhibitory activity, and
once the percentage of activity was determined, the results were presented as the effective
concentration at 50% ROS scavenging (IC50).
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2.16. Ultra-High-Performance Liquid-Chromatography–Mass Spectrometry (UPLC-MS/MS)
Identification of Phytochemicals Compounds

The mobile phase of 75% methanol: 15% water was used to reconstitute the ethanolic
extract of prickly pear peel (10 g extract/l). Waters Acquity UPLC-I class in conjunction
with Xevo TQD MS (USA), Acquity UPLC BEH C18 1.7 µm–2.1 × 100 mm column flow
rate 0.8 mL min−1, the injection volume of 10 µL, Masslynix v 4.1 software with Mass
library, argon as a collision cell gas inlet 7 psi, and a nitrogen pressure of 60 psi were used to
identify individual total phenolic compounds. Using an atmospheric pressure electrospray
ionization (ESI) source, MS was configured to operate in either positive (event MS1) or
negative (event MS2) ion modes. With a nebulizing gas flow rate of 12 L/h, interface
temperature of 300 ◦C, and a desolvation temperature of 526 ◦C, the electrospray capillary
voltage was adjusted at 3000 Volts. Retention time Rt, isotopic data, and high mass accuracy
MS/MS spectra were used by the metabolite library to recognize and validate metabolites.

2.17. MDA Determination by TBARS

MDA was determined in the TCA extract of PPPF and dried cake using a thiaobrabutirc
acid reagent, according to Vyncke [58]. A Carry 50 UV/vis spectrophotometer from Varian
(Sint-Katelijne-Waver, Belgium) was used to measure the absorbance at 525 and 560 nm.

2.18. Statistical Analysis

SPSS version 16 [59] was used for an analysis of variance for all treatments, and Duncan’s
preference test was used to differentiate between the treatments [60]. The mean ± standard
deviation of three replicates was used.

3. Results and Discussion
3.1. Proximate Composition of Prickly Pear Peel Flour

The proximate chemical analysis of PPPF is illustrated in Table 2. PPPF had a moisture
content of approximately 6.58%. In fact, it is well known that foods with moisture contents
above 12% promote the growth and development of microorganisms and enzyme activity,
which hastens the decomposition of food [61]. The moisture content of the flour is used as
a storage indicator. In order to maintain maximum preservation, flour should have less
than 14% moisture [62]. This is beneficial because it extends the shelf life of the product by
reducing the moisture content, which prevents the formation of mold and other organisms
that can cause the product to spoil [62].

Table 2. Proximate analysis of prickly pear peel flour.

Parameters Prickly Pear Peels

Moisture% 6.58 ± 1.53
Ash% 10.81 ± 0.35

Lipid% 5.17 ± 0.40
Crude Protein% 3.69 ± 0.19
Carbohydrates% 49.93 ± 1.21

Crude Fiber% 25.79 ± 0.23
Reducing Sugar% 24.43 ± 0.99
Total Nitrogen% 0.59 ± 0.03

Free Amino Acids% 0.37 ± 0.01
Each value represents the mean (±SD) of three different replications.

The ash content in PPPF was about 10.81%. The PPPF contained lipid (5.17%), protein
(3.69%), and carbohydrate (49.93%). The percentage of proteins in the peel increased their
nutritional content but may also cause some negative reactions that could change the color
of the products, such as the creation of hydroxyl methyl furfural and/or the Maillard
browning reaction [61]. In addition, the PPPF revealed a high level of crude fiber (25.79%),
which is consistent with the findings of Anwar and Sallam [34]. Furthermore, Parafati
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et al. [16] discovered that the total fiber content of PPPF is around 33%, and that adding
15% and 20% PPPF to the bread results in a blend with a total fiber level of 8.01% and
9.48%, which is equivalent to whole wheat flour (8.4%). According to Sharoba [63], the
wheat flour usually used in cake preparation contains around 0.45% crude fiber. Fibers
are crucial for maintaining human health [34]. A fiber-rich diet aids in the prevention,
reduction, and treatment of certain diseases such as lowering blood pressure, assisting in
weight loss, improving immune function, and improving blood lipid concentrations [64].
PPPF contains 24.43% reducing sugars, 0.59% total nitrogen, and 0.37% free amino acids.
Because of these distinctive qualities of sugars, the cactus pear peel is sweeter and ideal as
a natural food or food additive for many different types of dishes [16]. Similar results were
reported by Parafati et al. [16].

3.2. Secondary Metabolites Content of Prickly Pear Peel Flour

The secondary metabolite contents of prickly pear flour are presented in Figure 1.
The analysis of secondary metabolites showed that PPPF contains a high concentration of
total phenolics (385.03 ± 4.66 mg GAE/100 g) and ascorbic acid (210.17 ± 0.92 mg/100 g).
Ascorbic acid is associated with a high total phenolic content [62]. Also, García-Cayuela
et al., [65] found that PPPF has high concentrations of phenolic compounds, betalain pig-
ments, and an antioxidant capacity. In addition, PPPF contains anthocyanins
(9.62 ± 0.29 mg KE/100 g), flavonoids (32.47 ± 1.78 mg QE/100 g), and carotenoids
(11.17 ± 0.61 mg/100 g). Similar findings were obtained by Hegazy et al. [66], who dis-
covered that PPPP’s methanol extract contained only trace amounts of anthocyanins and
carotenoids. Anthocyanins are one of the most important classes of plant pigments because
they are water soluble and significantly reduce oxidative damage [21]. Carotenoids which
are lipid-soluble C40 tetraterpenoids have an important role in the protection of lipoproteins
and cellular membranes from oxidative damage [66]. In addition, flavonoids can prevent
the peroxidation of free radicals by associating with lipids, proteins, and carbohydrates [67].
Furthermore, because of their abilities to stabilize and chelate iron, they can interact with a
variety of enzyme systems [68–72].
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Flavonoids have also been connected to antibacterial and antidiarrheal properties.
Different phytochemicals have different modes of action, including enhancing colonic
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reabsorption of water and electrolytes and decreasing intestinal motility, whereas some
substances have been found to inhibit particular pathogens [17]. Phytochemicals with
anti-inflammatory properties include phenolics and flavonoids [17].

The generation of neurotransmitters, hormones, immune system responses, and tissue
growth and maintenance are all impacted by vitamin C (ascorbic acid), which is a key
component of PPPF. Reactive oxygen species, which damage macromolecules such as lipids,
DNA and proteins, and are linked to cardiovascular disease, cancer, and neurological
illnesses, are less adversely affected by this significant antioxidant [17].

3.3. Antioxidants Activity of Prickly Pear Peel Flour

The antioxidant activity of PPPF is presented in Table 3. The data show that increasing
the concentration of PPPF from 25 to 150 µg/mL significantly increased the DPPH, ABTS,
and H2O2 scavenging activity. The most pronounced increases in DPPH and ABTS were
detected in 150 µg/mL PPPF by about 100% and 97.81%, respectively, as compared with
150 µg/mL Vit E, which was used as a standard. Furthermore, when compared to Vit E,
the highest values of H2O2 scavenging were observed at 150 µg/mL by approximately
97.21%. The IC50 of DPPH, ABTS, and H2O2 was about 23.41, 26.37 and 41.83 µg/mL,
respectively. Effective concentration at 50% ROS scavenging (IC50) reflects the antioxidant
activity, whereas the lower IC50 represents the higher antioxidant activity of the extracts. A
comparison with the IC50 of the standard vitamin E (2.49 µg/mL) showed that the PPPF
extract has a strong antioxidant activity (23.41, 26.37 and 41.38 µg/mL). These findings
corroborate those of El-Beltagi et al. [17], who discovered that DPPH radical scavenging
was boosted with boosting prickly peel extract levels from 40, 80, 120, and 150 µg/mL.
Several studies demonstrated a close connection between phenols and antioxidant activity
[73–76]. The ability to scavenge DPPH radicals and antioxidant activity both raise with an
enhancement in total phenolic content and phenolic compound hydroxylation level [31,77].

Table 3. Antioxidant activities of prickly pear peel flour (PPPF) extract and vitamin E as a standard
against DPPH, ABTS and H2O2.

Treatment Concentration
(µg/mL)

% Inhibition
of DPPH IC50 (µg/mL) % Inhibition

of ABTS IC50 (µg/mL) % Inhibition
of H2O2

IC50 (µg/mL)

PPPF

25 45.54 ± 0.43

23.41

40.78 ± 1.66

26.37

15.37 ± 1.57

41.38
50 76.52 ± 1.0 67.54 ± 2.26 25.16 ± 1.87
100 98.73 ± 0.52 87.98 ± 1.71 65.36 ± 0.77
150 100.00 ± 0.5 97.81 ± 0.50 97.21 ± 1.26

Vitamin E

25 12.84 ± 0.16

2.49

19.96 ± 0.07

1.86

16.79 ± 1.04

6.45
50 27.04 ± 0.36 54.73 ± 0.64 35.13 ± 0.69
100 66.46 ± 0.96 87.93 ± 0.97 60.14 ± 1.37
150 92.03 ± 1.32 100.00 ± 0.00 99.90 ± 0.14

Each value represents the mean (±SD) of three different replications.

The main flavonoids found in PPPF are responsible for the antioxidant benefits. Since
phenolic compounds can delay pro-oxidative effects in proteins, DNA and lipids by produc-
ing stable radicals, flavonoids are more effective antioxidants [73]. It has been demonstrated
that the polyphenolic chemicals in PPPF cause the plasma membrane to hyperpolarize and
increase the intracellular calcium pool in human Jurkat Tcell lines [17].

3.4. Mineral Content of Prickly Pear Peel Flour

Table 4 illustrates the mineral content of PPPF. It was clear that the PPPF contained
significant amounts of magnesium, calcium, sodium and potassium (963.2, 929.0, 911.5,
and 304.5 mg/100 g, respectively), which was followed by iron, manganese, zinc, and
copper (117.5, 99.5, 100.5, and 53.0 mg/100 g, respectively). Nickel, chromium, phosphorus,
and selenium had the lowest concentrations. As a result, PPPF is an excellent source
of the majority of dietary minerals. These results are in accordance with Mahfouz and
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Abd-Elnoor [31], who noted that prickly pear peel is an important source of magnesium,
calcium, and sodium, followed by potassium. The minerals in plant sources may differ
from one place to another because the mineral content of the soil varies according to the
site in which the plant is grown. However, many studies confirmed that PPPF powder is
rich in various minerals, along with its ability to bind with water and absorb fats [78,79],
and therefore it is suitable for manufacturing many products.

Table 4. The minerals content of prickly pear peel flour.

Minerals Contents mg/100 g DW PPPF

Mg 963.0 ± 2.0
Ca 929.0 ± 1.0
Na 911.5 ± 0.5
K 304.5 ± 0.41
Fe 117.5 ± 0.32
Mn 99.5 ± 0.24
Zn 100.5 ± 0.27
Cu 53.0 ± 0.15
Ni 0.07 ± 0.01
Cr 0.03 ± 0.002
P 0.01 ± 0.001
Se 0.00 ± 0.0

Each value represents the mean (±SD) of three different replications.

The first significant component of PPPF is magnesium, which is necessary for the
processes that turn vitamin D into its active form and, as a result, produce adenosine
triphosphate (ATP), a component that releases the parathyroid hormone and relaxes the
muscles [17]. Calcium is a key component of PPPF and is known to promote muscle
contraction, control the flow of nutrients through cell membranes, and help with insom-
nia [79]. In addition, bones serve as a key store for the body’s calcium, which makes up
three-quarters of all minerals in the body. Manganese, zinc, and copper are also present
in the peel, which are important because they are used for bone mineralization, muscle
contraction, nerve stimulus transmission, and act as a cofactor of many enzymes involved
in human metabolism. Furthermore, the presence of potassium is crucial because it helps
to mitigate the negative effects of high sodium consumption on blood pressure [17].

3.5. Polyphenolic Compounds of Prickly Pear Peels

Data in Table 5 and Figure 2 demonstrated that the ethanolic extract of prickly pear
peel contains 11 phenolic compounds using UPLC-MS/MS. The main constituents in
peel extract were isorhamnetin (27.1%), eucomic acid (19.6%), kaempferol (14.07%), 3-O-
Methylquercetin (13.7%), Feruloyl-D-glucose (10.01%) and piscidic acid (8.89%). These
findings are in line with those of Jiménez-Aguilar et al. [80], who discovered that the
peel of prickly pears contains phenolic compounds such as quercetin, kaempferol and
isorhamnetin. The amounts of five different types of flavonoids, including myricetin,
quercetin, luteolin, kaempferol and isorhamnetin, were detected in the ethanolic extract
of prickly pear fruits [81]. These phenolic and flavonoid substances are more effective as
antioxidants that can postpone protein, DNA, and lipid prooxidative effects by producing
stable radicals [82].
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Table 5. LC-Tandem MS of polyphenolic compounds of prickly pear peel, in negative mode (EI)-MS.

Phenolic Compound Base Beak m/z [M + H]− Ret. Time
[min] Relative % References

Gallic acid 125 169 1.862 2.72 ± 0.15 Alexandre, et al. [83]
Piscidic acid 193 255 2.191 8.98 ± 0.25 Alexandre, et al. [83]
Caffeic acid 135 179 2.334 0.83 ± 0.08 Alexandre, et al. [83]

Eucomic acid 179 239 25.130 19.59 ± 0.35 Procházková et al. [84]
Feruloyl-D-glucose 193 355 25.249 10.10 ± 0.16 Silva-Beltrán, et al. [85]

3-O-Methylquercetin 300 315 25.573 13.73 ± 0.23 Silva-Beltrán, et al. [85]
Catechin 289 289 25.887 2.00 ± 0.17 Kuti [86]

Kaempferol 185 285 26.121 14.07 ± 0.19 Kuti [86]
Cinnamic 129 147 27.167 0.39 ± 0.04 Slimen, et al. [87]
Coumarin 145 145 28.108 0.46 ± 0.01 Procházková et al. [84]

Isorhamnetin 311 315 28.469 27.10 ± 0.58 Alexandre, et al. [83]
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3.6. Proximate Analysis of Cakes Prepared by Replacing Flour with Various Levels of Prickly Pear
Peel Flour

The results in Figure 3 display the proximate analysis of the control cake as well as
the cake made by substituting wheat flour with various concentrations of PPPF (5, 10 and
15%). Moisture levels in the cake ranged from 8.46 to 13.46%. The cake prepared with
15% of PPPF contained lower amounts of moisture (8.46%) than the control cake. The
low moisture level is beneficial to preserving the cake for a long time without microbial
infection because most spoilage microbes might not be able to thrive at this low moisture
level [88]. To increase the shelf life of stored cakes and biscuits, the moisture content must
be within the acceptable range (0–14%) [62]. The moisture level of baked goods, which
measures stability and susceptibility to microbiological contamination as well as water
activity, directly correlates with shelf life [88].
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The control cake has a lower ash content (0.58%) compared to the cake prepared
with the addition of 15% of PPPF (2.28%). Meanwhile, there was a clear increase in the
fibers as a result of adding different concentrations of PPPF. The total fibers increased
from 2.43% in the control cake to 4.14% in the cake prepared with the addition of 15%
PPPF. These results are similar to those of Mahfouz and Abd-Elnoor [31], who reported
that the percentage of moisture, protein, ash and total dietary fiber content increased in
cake prepared with 10% PPPF as opposed to the control cake. These findings demonstrate
that the high concentration of bioactive chemicals in such studied by-products enables
them to play an important and essential role in food and medicinal applications. These
outcomes align with the findings of the research carried out by Anwar and Sallam [34],
who found that dietary fibers increase intestinal motility and aid in digestion and excretion,
and also bind to bile acids, which is one of the mechanisms that reduce plasma cholesterol.
Also, the moisture content was significantly decreased with the increase of the PPPF, as
was total protein content and total carbohydrates. However, ash, crude fiber and phenolic
compounds significantly increased as the effect of the presence of PPPF in the biscuits [6].

3.7. Phenolic Compounds of Cakes Prepared by Replacing Flour with Various Levels of Prickly Pear
Peel Flour

Figure 4 displays the findings relating to the bioactive components of cake samples
prepared by adding different levels of PPPF. The amount of total phenolic and flavonoid
compounds in the control cake and the cakes with 5, 10 and 15% PPPF differs signifi-
cantly. The highest values of total phenolics (64.0 ± 0.14 mg GAE/100 g) and flavonoids
(9.70 ± 0.38 mg QE/100 g) were observed in the cake prepared with the addition of
15% PPPF. In addition, these contents were smaller than the amounts reported in the
PPPF. This is because thermal treatment leads to the substantial thermal destruction of
these compounds, the polymerization of polyphenols and the decarboxylation of phenolic
acids [6]. Similar findings were reported by Mahfouz and Abd-Elnoor [31], who discovered
that replacing 10% of the wheat flour in the cake with prickly pear peel resulted in an
increase in total phenols and carotenoid content when compared to the control cake. It
may be better for food and health overall to substitute unsafe artificial ones with natural
food additives [89].
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3.8. Antioxidants Activity of Cakes Prepared by Replacing Flour with Various Levels of Prickly
Pear Peel Flour

The antioxidant activity of the control cake and cake prepared with the addition of
5, 10 and 15% PPPF are presented in Figures 5 and 6. The data show that increasing
the concentration of PPPF from 50 to 150 µg/mL significantly increased the DPPH and
ABTS scavenging activity. The most pronounced increases in DPPH and ABTS in cake
prepared with 15% PPPF were detected in 150 µg/mL PPPF by about 98.15% and 100%,
respectively, as compared with 150 µg/mL Vit E which was used as a standard. Similar
results are reported by Mahfouz and Abd-Elnoor [31], who found that adding 10% PPPF
to the preparation of cakes and biscuits increased antioxidant activity. DPPH activity is
related to total phenolic and flavonoid content. For example, DPPH increases as phenolic
compound content and phenolic compound hydroxylation increase [62,90].
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Figure 6. Antioxidants capacity % of cake treatments prepared by replacing flour with various levels
of prickly pear peel flour (50, 100, and 150 µg/mL of PPPF) against ABTS. Each value represents
the mean (±SD) of three different replications. Different letters on the same bar show a significant
difference according to Duncan’s test at p ≤ 0.05.

3.9. Minerals Content of Cakes Prepared by Replacing Flour with Different Levels of PPPF

The data in Table 6 show that the mineral content of the cake prepared with the
addition of different levels of PPPF (5, 10, and 15%) was significantly increased as compared
to the control cake. The most pronounced increases in mineral content were detected in
cake prepared with 15% PPPF. These results are in line with those of Mahfouz and Abd-
Elnoor [31], who found that when PPPF was added to cakes and biscuits, their mineral
content increased in comparison to control samples. In addition, cations like magnesium
and calcium improve the mechanical characteristics of gluten for interactions with amino
acid side groups [91].

Table 6. Minerals content of cakes prepared by replacing flour with various levels of PPPF.

Minerals Content mg/100 g DW Cake Control Cake + PPPF 5% Cake + PPPF 10% Cake + PPPF 15%

Mg 0.043 ± 0.003 d 41.97 ± 0.52 c 93.61 ± 1.10 b 136.94 ± 0.78 a

Ca 16.00 ± 0.12 d 56.65 ± 0.69 c 105.9 ± 0.63 b 148.5 ± 0.85 a

Na 0.045 ± 0.004 d 39.83 ± 0.58 c 88.17 ± 0.53 b 129.6 ± 0.74 a

K 0.260 ± 0.01 d 14.17 ± 0.21 c 29.70 ± 0.18 b 43.6 ± 0.25 a

Fe 3.60 ± 0.14 d 9.02 ± 0.13 c 14.98 ± 0.09 b 20.4 ± 0.12 a

Mn 0.57 ± 0.02 d 5.12 ± 0.08 c 10.19 ± 0.21 b 14.7 ± 0.1 a

Zn 0.79 ± 0.013 d 5.39 ± 0.7 c 10.59 ± 0.42 b 15.1 ± 0.09 a

Cu 0.001 ± 0.0 d 2.15 ± 0.04 c 5.18 ± 0.3 b 7.54 ± 0.04 a

Ni 0.001 ± 0.0 b 0.001 ± 0.0 b 0.003 ± 0.0 a 0.003 ± 0.001 a

Cr 0.00 ± 0.0 b 0.000 ± 0.0 b 0.002 ± 0.0 a 0.002 ± 0.0 a

P 0.130 ± 0.02 b 0.132 ± 0.001 b 0.132 ± 0.002 b 0.136 ± 0.001 a

Se 0.072 ± 0.001 a 0.073 ± 0.002 a 0.073 ± 0.001 a 0.074 ± 0.000 a

Each value represents the mean (±SD) of three different replications. Different letters on the same column show a
significant difference according to Duncan’s test at p ≤ 0.05.
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3.10. Evaluation of Cakes Prepared by Replacing Flour with Different Levels of PPPF
3.10.1. Physicochemical Characterization

Table 7 represents the physical characteristics of the cake prepared by replacing flour
with various levels of PPPF (5, 10 and 15%). Cakes with 10% PPPF exhibited the highest
values for height (cm), volume (cm3), and specific volume (cm3/g), followed by the control
and cake with 5% PPPF, while cakes prepared with an addition of 15% PPPF exhibited the
lowest values. These findings concur with those of Parafati et al. [16], who reported that
cake batter containing up to 15% of PPPF significantly decreased the volume of batter when
left to rise. This was likely to be because as the concentration of wheat flour was reduced in
each subsequent sample, the concentration of wheat gluten was also decreased, and as a
result, a corresponding decrease in the batter volume was observed.

Table 7. Weight, volume, and specific volume of cakes prepared by replacing flour with various
levels of PPPF.

Substitution Weight (g) Height (cm) Volume (cm3) Specific Volume (cm3/g)

Cake Control 230± 3.06 a 6.70 ± 0.20 b 685 ± 5.00 b 2.98 ± 0.02 b

Cake + PPPF 5% 230 ± 2.52 a 6.33 ± 0.21 c 658 ± 7.64 c 2.82 ± 0.02 c

Cake + PPPF 10% 233 ± 1.53 a 7.60 ± 0.26 a 715 ± 5.00 a 3.24 ± 0.03 a

Cake + PPPF 15% 233 ± 1.00 a 6.30 ± 0.15 c 633 ± 2.52 d 2.72 ± 0.01 d

Each value represents the mean (±SD) of three different replications. Different letters on the same column show a
significant difference according to Duncan’s test at p ≤ 0.05.

Mahloko et al. [62] demonstrated that the ability of additional banana and prickly
pear flour to bind oil, which slows down correct gluten synthesis, may be the cause of the
reduced height of biscuits. Similar findings were made by Chinma and Gernah [92], who
found that adding 10% soybean and 10% cassava flour reduced the biscuits’ height from
40.0 cm in control biscuits to 36.10 and 36.21 cm, respectively.

3.10.2. Color

The color parameter values for flour, PPPF, and cakes with several PPPF additions
are shown in Table 8 and were assessed on both crust and crumb sections. The crust of
cakes prepared with different levels of PPPF represented a decrease in lightness (L*) and
yellowness (b*) characteristics in contrast to the control cake, especially in cakes prepared
with 15% PPPF which showed lower values of L* and b*. In contrast, the cakes containing
10 and 15% PPPF showed a notable rise in the crust’s redness (a*).

Table 8. Color values of cakes prepared by replacing flour with various levels of PPPF.

Substitution
Crust Crumb

L* a* b* ∆E L* a* b* ∆E

Flour 94.68 ± 0.43 a 23.33 ± 3.21 a 9.51 ± 0.13 e - 94.68 ± 0.43 a 23.33 ± 3.21 a 9.51 ± 0.13 d -
PPPF 60.89 ± 1.72 c 9.41 ± 1.07 c 30.52 ± 1.44 d - 60.89 ± 1.72 d 9.41 ± 1.07 bc 30.52 ± 1.44 c -
Cake

Control 68.81 ± 1.14 b 11.58 ± 1.54 c 42.97 ± 1.13 a 0.00 c 77.09 ± 1.13 b 2.39 ± 0.28 c 29.93 ± 0.47 c 0.00 d

Cake + PPPF 5% 54.23 ± 2.27 d 12.58 ± 1.08 c 36.75 ± 0.33 bc 17.18 ± 2.74 a 64.20 ± 0.81 c 6.81 ± 2.39 d 36.54 ± 0.60 b 15.27 c ± 0.26
Cake + PPPF 10% 58.18 ± 3.08 c 16.75 ± 1.60 b 37.63 ± 0.49 b 12.50 ± 1.95 b 59.98 ± 0.99 d 7.84 ± 1.82 bc 37.14 ± 0.73 b 19.42 b ± 0.18
Cake + PPPF 15% 53.40 ± 2.10 d 12.2 ± 2.73 c 35.73 ± 1.12 c 16.36 ± 2.03 a 54.51 ± 1.05 e 11.19 ± 0.39 b 38.47 ± 0.20 a 25.7 ± 0.49 a

Each value represents the mean (±SD) of three different replications. Different letters on the same column show a
significant difference according to Duncan’s test at p ≤ 0.05.

The L* characteristics on crumbs showed a significant reduction in cakes containing
different levels of PPPF (5, 10 and 15%). On the other hand, increasing levels of PPPF
caused a significant increase in a*, and b* characteristics. These findings concur with those
of Parafati et al. [16]. In addition, Djeghim et al. [93] found that increased levels of dried
prickly pear peel (DPPP) caused an increment in the yellowness (b*) and redness (a*) of
the gluten-free bread crumb. The gluten-free color of the bread crumb supplemented
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with by-products was directly correlated with the ingredients used in the production of
the batter.

The color of the bread depends on the formulation or baking condition. Maillard
reactions and caramelization of the crust are responsible for the changes in the color
parameters between the crust and the crumb and the development of brown color on the
surface at high temperature, but the color given to the ingredients used in bread formulation
may mask this color [94].

The crust’s brightness decreased as the level of PPPF replacement increased, which was
the most obvious outcome (Table 8). This could be the result of both enzymatic browning
brought on by the presence of polyphenol oxidases and non-enzymatic browning brought
on by an increased quantity of reducing sugars [6].

3.11. Sensory Evaluation

The sensory evolution of the cake prepared by adding PPPF was assessed at percent-
ages of 5%, 10% and 15% (Table 9 and Figure 7). The control cake outperformed the cake
prepared by the addition of 5%, 10% and 15% of PPPF in terms of appearance, crumb
color, texture, crust color, and smell. The results also showed that the cake prepared by
adding 10% PPPF received the higher sensory scores regarding the appearance, flavor and
texture compared to the rest of the samples. In addition, there were significant differences
between cake samples in both the color of the crust and the color of the crumb, and this
may be due to the presence of carotene pigment in the PPPF, which affects the color [31].
The cake prepared with a 10% addition of PPPF received the highest sensory scores for
taste, followed by 5%, then control, and finally 15%. The texture of the cake prepared
by the addition of different levels of PPPF decreased significantly as compared to the
control cake. The texture revealed that as the substitution of PPPF increased, the texture
became stiffer and less elastic. These findings may be the result of interactions between the
polysaccharides from cladodes, peel, and wheat flour proteins and the dilution of gluten
proteins [16]. The highest concentration of prickly pear flour (15%) resulted in a decrease
in the cakes’ size. According to De Wit et al. [79], similar outcomes were obtained.

Table 9. Sensory analysis of cakes prepared by replacing flour with various levels of prickly pear peel
flour (PPPF).

Substitution Appearance Crust Color Crumb Color Texture Taste Odor

Cake Control 8.3 ± 0.48 c 8.7 ± 0.95 a 8.8 ± 0.63 a 8.3 ± 0.95 a 8.5 ± 0.71 c 8.4 ± 1.07 a

Cake + PPPF 5% 8.7 ± 0.95 b 8.0 ± 0.97 c 8.0 ± 1.06 c 7.9 ± 1.29 b 8.9 ± 1.17 b 8.3 ± 1.06 a

Cake + PPPF 10% 9.0 ± 0.95 a 8.3 ± 0.95 b 8.5 ± 0.67 b 7.8 ± 2.20 b 9.2 ± 1.07 a 8.2 ± 0.92 a

Cake + PPPF 15% 7.6 ± 0.88 d 7.7 ± 0.95 d 7.3 ± 0.82 d 7.4 ± 2.27 c 8.0 ± 0.82 d 8.0 ± 0.82 a

Each value represents the mean (±SD) of ten trained panelists. The different letters on the same column show a
significant difference according to Duncan’s test at p ≤ 0.05.

According to the results of the sensory analysis, fortifying wheat flour cakes with
10% PPPF can be carried out satisfactorily. According to El-Shahat et al. [95], lowering the
protein weakening index enhances the creation and stability of protein networks, while
boosting batter consistency during baking affects the final product’s texture [96]. The high
fiber content of 15% affected the cake’s appearance, texture, and flavor when compared to
the control and the other substitution. The findings of the sensory analysis showed that
10% PPPF can be used to successfully replace cakes made with wheat flour.
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3.12. Thiobarbituric Acid Reactive Substances (TBARS) Cakes Prepared by Replacing Flour with
Various Levels of PPPF during Storage (Days)

The data in Figure 8 show that TBARS increased significantly in the control cakes and
cakes prepared with different levels of 5, 10 and 15% of PPPF during the storage period (7,
14, and 21 days). In addition, the addition of different levels of PPPF caused a significant
decrease in TBARS as compared to the control cakes. The most pronounced reduction in
TBARS was detected in cakes prepared with 10 and 15% PPPF during the different storage
periods. The determination of TBARS values is one of the main measurements of inspecting
lipid oxidation. These findings suggest that bioactive compounds (flavonoids, polyphenols
and carotenoids) in prickly pear peel by-products have antioxidant potential [96]. Since
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samples with the lowest amounts of phenolics and flavonoids also had the lowest per-
centage of radical inhibition, phenolic substances appear to be the cause of the strong free
radical inhibition activity [97]. This is mostly caused by the high polyphenolic content of
powdered prickly pear peel.
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Figure 8. TBARS (µg/g) of cakes prepared by replacing flour with various levels of PPPF during
storage (days). Each value represents the mean (±SD) of three different replications. The different
letters on the same bar show a significant difference according to Duncan’s test at p ≤ 0.05.

4. Conclusions

Fruit flour can be produced from prickly pear peel, which is thought of as a by-product
and is rich in bioactive chemicals and has high antioxidant activity. In addition, it was
discovered that the PPPF is an excellent source of dietary fibers, which might enhance
the nutritional qualities of cake and make a useful product. According to the recovery of
bioactive substances, it can be said that adding 5, 10 and 15% of prickly pear peel flour to
the cake batter significantly increases the concentration of total polyphenols and flavonoids
after baking. The recipe that results in the strongest flavor and best results in terms of
specific volume is the one that substituted 10% PPPF of wheat flour. In addition, the trained
panel concluded that the cake elaborated with 10% PPPF obtained the highest sensory
analysis scores for the appearance, flavor and texture. According to the findings, PPPF is
regarded as a good source of natural antioxidants and, in addition to dietary fibers, caused
an inhibition in TBARS during storage; as a result, they can be used in the preparation of
many functional foods that are thought to be exceptionally rich in fibers. In conclusion,
cactus pear peel could be very suitable as a natural additive or substituted material in the
production of many foodstuffs.
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