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Featured Application: In this paper we developed tablets made from Opuntia ficus-indica residues,
which can be used as a product of interest for the food supplement industry.

Abstract: Recently, industry has been focusing on the development of new products made from food
by-products in order to reduce and take advantage of food wastes. The objective of this study was
to evaluate tablet formulations developed by mixing two commercial excipients, microcrystalline
cellulose (M) and α-lactose-monohydrate (L), added with powder from residues (mesocarp and
pericarp) of green and red (G and R) cactus pear fruit (Opuntia ficus-indica L. Mill), having the
following formulations: green with microcrystalline cellulose (GM), green with lactose (GL), red with
microcrystalline cellulose (RM), and red with lactose (RL). The results showed lower disintegration
times for the tablets with microcrystalline cellulose. The fiber functional properties presented good
values for lipid and water holding capacity. There was a higher total phenolic content (TPC) in
formulations with green cactus pear residue powder with microcrystalline cellulose and lactose
(GM and GL, respectively), but the DPPH and ferric reducing/antioxidant power (FRAP) values were
higher in the formulations with red cactus pear residues (RM and RL), while ABTS values were
similar among all formulations. In conclusion, tablets made from Opuntia residues are proposed as a
product of interest for the food supplement industry because of the good quality parameters and the
functional and antioxidant properties that they provide.
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1. Introduction

Dietary supplements are important sources of nutrients widely used by the population, and
they play an essential role in disease prevention [1]. There are many kinds of dietary supplements,
such as vitamins, minerals, herbs, and oils, among others. A dietary supplement is defined “as a
product that contains one or more concentrated nutrients [2], with the objective of increasing the
intake of some nutrients in the daily diet”. These supplements are regulated by the Food and Drug
Administration (FDA) as food and not as drugs [3]. Nowadays, the supplement industry is growing
fast since people expect to find ready-to-eat products from natural sources such as fruits, vegetables, or
herbs with bioactive compounds which promote health [4]. However, several studies have reported
that different agro-food by-products such as fruit and vegetable residues, including Opuntia ficus-indica
L. Mill residues, possess bioactive compounds with a wide spectrum of pharmacological properties,
such as neuroprotective, antidiabetic, antioxidant, anti-inflammatory, hepatoprotective, and anticancer
activities, and can be used as raw materials for the development of nutraceuticals, medicines, food,
and cosmetics useful to the prevention or control of diseases [5,6].

In this context, the cactus pear fruit (Opuntia ficus-indica L. Mill.) is a product that has been
recognized for the health benefits that it can provide, and it has also drawn scientific interest for
several years. These species are grown in Mexico and are arborescent plants with elliptic cladodes.
Approximately >90% of the production of the fruit is of the yellow or green cultivars; the red type is less
abundant (7–8%) [7]. Cactus pear fruit is generally consumed fresh, but it has also the potential to be
processed into products like juices or jam [8]. The fruit has juicy pulp with numerous seeds immersed
in it, surrounded by a thick peel with small spines [9]. Consumption and processing generate residues
such as peels and seeds, which are nonedible portions of the fruit and represent 37% to 67% of the total
weight [10]. These residues constitute a problem for environmental pollution due to the high amount
of wastes produced and the associated fermentation phenomena [11].

The nonedible portion constituting the peel comprises two fractions, the mesocarp and pericarp,
which are rich in antioxidants, soluble sugars, and dietary fiber, as well as trace elements such as calcium,
magnesium, potassium, and manganese [12,13]. It has been reported that cactus pear peel has twice the
dietetic fiber content of the fruit pulp, with a high proportion of insoluble fiber which provides beneficial
effects for human health, such as lipid-lowering and hypoglycemic actions [14,15]. In addition, dietary
fiber can be linked to antioxidant compounds like polyphenols, flavonoids, or phenolic acids, becoming
bioactive in the human intestine once it is released from the food matrix [16]. Different products have
been developed with cactus pear residues, such as yogurts, snacks, and margarine [17–19], and some
other fruit wastes (pineapple, banana, or orange peels) have been used for the creation of dietary
supplements or products for the pharmaceutical industry [20–22].

The drugs or food supplements are introduced into the body through the mouth and are absorbed
in the digestive tract; among other dosage forms such as liquids, emulsions, or powders, tablets provide
a convenient and easy method of administration [23]. The tablet formulations must observe specific
quality parameters that allow the characteristics of the product to be preserved without physical
changes during transportation and packaging, as well as evaluation of the dissolution behavior in
the human body [24]. It has been widely reported that polymers isolated from fruit or vegetables
residues can be used as excipients; however, there has been little research in which the residues
are combined with an excipient in the same formulation. In this context, the aim of the present
study was to evaluate the quality parameters (uniformity, breaking force, friability, disintegration)
and the functional (lipid and water holding capacity) and antioxidant properties (total phenolic
content, antioxidant activity by ABTS, DPPH, and ferric reducing/antioxidant power (FRAP)) of tablet
formulations developed from cactus pear residues.
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2. Materials and Methods

2.1. Sample Preparation

Two varieties of cactus pear fruits were selected, green and red Opuntia ficus-indica L. Mill,
which were provided by the Mexican Association CoMeNTuna (Consejo Mexicano del Nopal y la
Tuna) in Hidalgo, Mexico. The cactus pear fruits were manually harvested (latitude of 20◦ 16′ 12” N,
longitude 98◦ 56′ 42” W, and altitude of 2600 m above sea level) during September 2015 and were
selected in agreement with the Mexican legislation for nonindustrialized food products relating to
the human use of cactus pear (Opuntia spp.) fruit, being of firm consistency, clean, free of foreign
matter, and free of damage caused by pests or diseases in addition to presenting a state of commercial
maturity, determined by the observation of the sinking of the fruit receptacle [25]. The fruits were
divided into three batches, washed, and manually peeled; the residues (mesocarp and pericarp) were
separated, then frozen to −32 ◦C and lyophilized (VWR26671-581 Labconco, Kansas City, MO, USA)
for 96 h at −55 ± 1 ◦C under a vacuum of 0.040 mbar. Samples were milled (Blender, 38BL52, LBC10,
Waring Commercial, Torrington, CT, USA) and sieved to a particle size of <500 µm.

Tablet Formulation

Formulations were produced as follows: Two commercial excipients, microcrystalline cellulose
(Avicel® PH200 FMC Corp., Spain) and α-lactose-monohydrate (Tabletose® 80 Meggle Milchindustrie
GMBH and Co. KG, Wasserburg, Germany), were used at 58%, mixed with 40% of cactus pear powder,
and four formulations were thus developed: green cactus pear residue with microcrystalline cellulose
(GM), green cactus pear residue with lactose (GL), red cactus pear residue with microcrystalline
cellulose (RM), and red cactus pear residue with lactose (RL). Additionally, 1% of talcum powder and
1% of magnesium stearate (Panreac-Montplet and Esteban, Barcelona, Spain) were added as lubricant
agents to improve the tablet quality. All components were mixed in a homogenizer (V-mill type MV-6;
Turu Grau S.A, Tarrasa, Spain) for 15 min and compacted using an eccentric tableting machine (Bonnals
B-40, Barcelona, Spain). These formulations were established according to preliminary tests where the
excipients were added until complete compaction was reached.

2.2. Quality Parameters

2.2.1. Mass Uniformity, Thickness, and Diameter

The uniformity analysis was carried out by randomly selecting 10 units of each formulation and
measuring their weight (g), thickness (mm), and diameter (mm) using a tablet tester (WHT-1 Pharma
Test, Hainburg, Germany) [26].

2.2.2. Tablet Breaking Force

The tablet breaking force is defined as the amount of force required to break a tablet under
a diametrical compression test. This was determined using a durometer (PT-B 311 Pharma Test,
Hainburg, Germany), applying pressure until the tablets broke. The results are expressed in Newtons
(N) [27].

2.2.3. Friability

Friability is the tendency of a tablet to lose particles due to abrasion, friction, or mechanical shock.
This was determined according to the American Pharmacopoeia Commission (USP 1217) standard
using a friability tester (ERWEKA, TA-UZ 127, Heusenstamm, Germany). Ten undusted and weighed
tablets were subjected to 100 drum rotations; then, the tablets were removed from the drum, the dust
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was brushed off, and the tablets were weighed again [28]. Friability is expressed as the percentage of
mass lost, calculated using Equation (1):

% Friability = ((starting weight −weight after test)/starting weight) × 100. (1)

2.2.4. Disintegration

This test is used to analyze the disintegration of tablets or capsules within the prescribed time
when placed in a liquid medium. Six tablets were tested using a disintegrator (ERWEKA, DT-60,
Heusenstamm, Germany) with a medium of 0.1 N hydrochloric acid at 37 ± 1 ◦C at 50 rpm. The test was
finished when no residue was observed in the bottom of the disintegrator glass, and the disintegration
time (min) was measured [29].

2.3. Scanning Electron Microscopy (SEM)

Micrographs were taken to establish structural comparisons between formulations. The morphology
of the cactus pear formulations was evaluated by SEM. Samples were deposited on a silicon wafer and
set into a sputter coater (Denton Vacuum Desk V, USA) for a thin-layer gold coating, applying 20 mTorr
and 20 mA for a duration of 4 min. Samples were observed under a scanning electron microscope
(JEOL JSM-6300, USA) at 250×magnification.

2.4. Functional Properties: Lipid and Water Holding Capacity

The lipid holding capacity (LHC) and water holding capacity (WHC) were measured by mixing
250 mg of the tablet powder with 10 mL of soybean oil or water in a centrifuge tube, shaking the
mixture for a duration of 10 min, and leaving it at room temperature for 24 h prior to centrifugation
(Hamilton Bell, VanGuard V6500 USA) at 3200 rpm for 10 min. The supernatants were decanted and
the pellets were weighted. The amount of lipids or water absorbed by the powder is reported as grams
of lipids or water retained per gram of sample on a dry basis (g/g db) [30].

2.5. Color Measurement

Color was measured by placing milled tablets on a circular white plate and using a colorimeter
(Minolta CM-80 500 SM-508D, Japan), using the D65 illuminant with an angle of observation of 10◦.
Color was recorded using the CIE–L*a*b* values, where L* indicates lightness (L* values of 0 and 100
indicate black and white, respectively), a* is the axis of chromaticity between green (−) and red (+),
and b* is the axis between blue (−) and yellow (+). Numerical values of L*, a*, and b* were used to
obtain the Hue angle (h◦) (h◦ = tg−1 (b/a)) and chroma (C = [a*2 + b*2]1/2) parameters [31].

2.6. Antioxidant Properties

2.6.1. Extraction of Antioxidants

To determine the antioxidant properties (total phenolic content (TPC), ABTS, DPPH, and FRAP)
aqueous extraction was carried out following the methodology described by Serrano and
Saura-Calixto [16]. Briefly, 250 mg of tablets was triturated and placed in tubes, 10 mL of methanol/water
(50:50, v/v) was added, and then the tubes were shaken (LabTech LSI-3016A, Korea) at 60 rpm for 1 h
at room temperature. After this, the tubes were centrifuged at 3200 rpm for 20 min (Hamilton Bell
VanGuard 6500, Montvale, NJ, USA) and the supernatant was recovered to perform a second wash in
the pellet, adding 10 mL of acetone/water (70:30, v/v). The shaking and centrifugation processes were
repeated, and both the methanolic and acetonic supernatants were combined and graduated to 25 mL
using a 1:1 methanol/water and acetone/water solution.
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2.6.2. Total Phenolic Content (TPC)

The total phenolic content was determined following the Folin–Ciocalteu method according to
Stintzing et al. [32]. An aliquot (100 µL) was mixed with 500 µL of diluted Folin–Ciocalteu reagent (1:10).
Then, 400 µL (7.5%) of sodium carbonate was added, and the mixture was incubated for 30 min at room
temperature. The absorbance of the mixture was measured at 765 nm (Power Wave XS UV-Biotek,
USA). For the standard curve, gallic acid was used as the reference standard, with concentrations of 0,
100, 200, and 300 mg of gallic acid/L. The results are expressed as milligrams of gallic acid equivalent
per 100 grams on a dry basis (mg GAE/100 g db).

2.6.3. Antioxidant Capacity by ABTS•+

The ABTS analysis was performed according to Kuskoski et al. [33], with some modifications.
The radical cation 2,2 azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS•+)
was produced by reacting 7 mM ABTS stock solution with 2.45 mM potassium persulfate under dark
conditions at room temperature for a duration of 16 h before use. The ABTS•+ solution was diluted
with deionized water until it reached an absorbance of 0.7 ± 0.1 at 754 nm. An aliquot of 100 µL
of sample was added to 900 µL of ABTS solution, and the absorbance at 754 nm (Power Wave XS
UV-Biotek, USA) was measured after 7 min of incubation at room temperature. The standard curve
was linear with concentrations of 0, 60, 120, 180, 240, and 300 µmol of Trolox/L, and the antioxidant
capacity is expressed as micromoles of Trolox equivalents per 100 grams on a dry weight basis (µmol
TE/100 g db).

2.6.4. Antioxidant Activity by DPPH•

Antiradical activity was analyzed using the 1,1-diphenyl-2-picrylhydrazyl (DPPH•) radical as
described by Aguirre et al. [34]. An ethanolic solution (7.4 mg/100 mL) of the stable DPPH radical
was prepared. Then, 100 µL of extract was taken into vials and 500 µL of DPPH solution was added;
the mixture was left to stand for 1 h at room temperature. Finally, the absorbance was measured at
520 nm using a microplate reader (Power Wave XS UV-Biotek, USA). A standard curve was constructed
with concentrations of 0, 50, 100, 200, and 300 µmol of Trolox/L. The inhibition percentage of the DPPH
cation was calculated using Equation (2):

% Inhibition DPPH = ((Ac − As)/Ac) × 100 (2)

where Ac is the absorbance of the control and As is the absorbance of the sample.

2.6.5. Ferric Reducing/Antioxidant Power (FRAP)

The FRAP assay was performed according to the method described by Zafra et al. [35]. The stock
solutions included 300 mM acetate buffer (sodium acetate trihydrate C2H3NaO2.3H2O and glacial acetic
acid C2H4O2), pH 3.6, 10 mM; TPTZ (2,4,6-tripyridyl-s-triazine) solution in 40 mM HCl; and 20 mM
FeCl3.6H2O solution. The fresh solution prepared by mixing 25 mL acetate buffer, 2.5 mL TPTZ solution,
and 2.5 mL FeCl3.6H2O solution was warmed at 37 ◦C before use. The sample (30µL) was mixed
with 90µL of distilled water and 900µL of the FRAP solution for 10 min in the dark. A quantity of
5 M ferrous sulfate (FeSO4) was used as the standard for the calibration curve (concentrations of 0,
200, 400, 600, 800, and 1000 µmol of FeSO4). Absorbance was measured at 593 nm (Power Wave XS
UV-Biotek, USA), and the results are expressed as micromoles of Fe(II) per 100 grams on a dry basis
(µmol Fe(II)/100 g db).

2.7. Statistical Analysis

All determinations were performed in triplicate, and the results presented correspond to the
average of the triplicate ± standard deviation. Statistical analyses were conducted using SPSS 23
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(SPSS® for WindowsTM Chicago Illinois), and comparisons between samples were carried out by
applying a multivariate analysis of variance (ANOVA). Differences between means were ranked by
Tukey’s comparison test at a significance level of p < 0.05.

3. Results and Discussion

3.1. Quality Parameters

The tablet form represents two-thirds of the worldwide pharmaceutical products commercialized
and is one of the most-consumed administration types of natural extracts and drugs [36]. In the
pharmaceutical manufacturing process, quality evaluations (of uniformity, hardness, friability, and
disintegration, among others) are performed to avoid variation from the pharmacopoeia limits [37].
The quality parameters of the cactus pear residue tablets are shown in Table 1.

Table 1. Quality and functional parameters of cactus pear residue tablet formulations.

GM GL RM RL

Weight (g) 0.7 ± 0 d 0.9 ± 0 b 0.8 ± 0 c 1 ± 0 a

Thickness (mm) 4.6 ± 0 c 4.8 ± 0 b 4.6 ± 0 c 5.6 ± 0 a

Diameter (mm) 14 ± 0 a 14 ±.0 a 14 ± 0 a 14 ± 0 a

Breaking force (N) 121 ± 8 b 162 ± 29 a 164 ± 29 a 96 ± 13 b

Friability (%) 0.3 ± 0 a 0.1 ± 0 b 0.3 ± 0 a 0.1 ± 0 b

Disintegration (min) 2 ± 0 c 66 ± 2 a 19 ± 1 b 67.3 ± 4 a

LHC (g/g) 5.3 ± 0 a 4.5 ± 0 b 4.5 ± 0 b 3.8 ± 0 c

WHC (g/g) 5.5 ± 0 a 4.2 ± 0 b 4.6 ± 0 b 3.6 ± 0 c

Mean values ± standard deviation (n = 3). a–d Superscript letters indicate significant differences (p < 0.05) between
tablet formulations. GM: green cactus pear residue with microcrystalline cellulose; GL: green cactus pear residue
with lactose; RM: red cactus pear residue with microcrystalline cellulose; RL: red cactus pear residue with lactose.
LHC: lipid holding capacity; WHC: water holding capacity.

The variations in these quality parameters depend directly on the pressing force and the punches
selected in the tablet compression machine [38]. The average weight of the tablets ranged from 0.7 to
1 g, RL tablets were significantly heavier, and weight variations from the average were of 0.01% to
0.05%; all tablets were within the tolerance limits for mass variation (<5%) established by the United
States Pharmacopoeia Commission [26]. The weight of the cactus pear residue tablets was higher
than those reported for tablets made in other studies, such as those containing orange peel pectin and
banana peel (0.4 and 0.2 g, respectively) [21,39]. The thickness values were between 4.6 and 5.6 mm,
and the RL tablets were significantly thicker (p < 0.05) than the other formulations.

Tablet diameter did not differ among the formulations (14 mm) and could be considered a good
size. According to the FDA, a size of >22 mm could propitiate a prolonged esophageal transit time,
difficulty swallowing, or even injury to the esophagus [40]. In addition, it has been reported that the
ideal size for tablets is between 7 and 8 mm [41].

Evaluation of the hardness parameter is relevant because it is directly related to the resistance
against mechanical impacts due to handling, manufacturing, packaging, and transport, and it is also
related with tablet disintegration [42]. The breaking force of the cactus pear residue tablets ranged from
96 to 164 N, with the values for GL and RM being higher. The cactus pear residue tablets presented
values higher than those reported in tablets made with orange peel pectin (17 to 29 N) [22] and banana
peel (19 to 22 N) [21].

The percentage of friability indicates the amount of loose particles on the tablet due to mechanical
shock. In all formulations, the loss of mass was below 1%, and according to Porter et al., tablets
with friability values of <1% are good, while high friability values lead to unacceptable loss of drug
content during processing, storage, and handling [43]. The tablets with microcrystalline cellulose
(GM and RM) had higher friability (both 0.3%) in comparison with the lactose tablets (0.1% for GL
and RL). These differences could be attributed to the greater resistance to impacts and cohesion force
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of α-lactose agglomerates, while cellulose tablets are characterized by a lower compressibility and
crushing strength since cellulose crystals are softer, weaker, and less elastic [24,44].

Disintegration is the first step in the bioavailability process, used to evaluate the behavior of
the product through the gastrointestinal tract [45]. The formulations with microcrystalline cellulose
had lower disintegration times (1.9 and 19.3 min for GM and RM, respectively), while lactose tablets
presented greater times (66 and 67 min for GL and RL, respectively). These differences may be related
to the low compressibility of microcrystalline cellulose and its rapid swelling in a humid environment.
However, if there is erosion on the tablets, it may explain why tablets of similar mass show little
difference in the dissolution profiles [46]. In comparison with other studies, slower disintegration
for tablets with lactose derivatives is reported [44]. Other studies on tablets made with pectin from
citrus peel exhibited disintegration times of between 12 and 15 min [39], and the times for banana
peel tablets were 8–10 min [21]. These differences can be explained by the geometry playing an
important role—tablets with larger surface area have faster drug release and disintegration [46]—and
the variation in particle size [45]. In this context, the GL tablet presented greater resistance to breakage,
less friability, and a longer disintegration time compared to the other excipients. These differences
can be explained by the influence of the different excipients analyzed and their physical and chemical
properties, given that several researchers have reported that the excipients are a critical factor in
the development of new pharmaceutical formulations with greater pharmacological functionality
(disintegration, dissolution, release, and bioavailability of the drug) [47,48].

3.2. Scanning Electron Microscopy (SEM)

SEM images of the cactus pear powder and formulations are shown in Figure 1. The structure of
the green and red cactus pear powders (Figure 1A,D) without excipients was continuous but with
irregular borders. Images of the GM and RM tablets (Figure 1B,E) also showed the structure of the
added excipients. The typical structure of microcrystalline cellulose (labeled “a” in the figure) was
observed as elongated filamentary structures with angular borders [49], while the lactose structures
(labeled “b”) were rather small, spherical and without angular edges. The structure of the matrix
by itself, in combination with the structure of an excipient, influences the behavior of the sample;
for example, the filamentous structures of the microcrystalline cellulose give greater force against
abrasion, while the spherical lactose structures provide greater cohesion between the particles, allowing
longer disintegration times [50–52].

3.3. Functional Properties: Lipid and Water Holding Capacity

In previous studies performed by Bensadón et al. on the same raw material of cactus pear
wastes used in this work, the amount of dietary fiber was reported as follows: for the green residues,
34.9 g/100 g insoluble fiber and 7.9 g/100 g soluble fiber; for the red residues, 19.3 g/100 g insoluble fiber
and 8.1 g/100 g soluble fiber [53]. Thus, the fiber content of each tablet is 0.24 g with green residues
and 0.15 g with red residues, approximately. According to the recommended daily intake of fiber for
adults (25–30 g/day) [54], in the present study, the daily portion of consumption would be six tablets
per day; therefore, the tablets would cover 5.7% (green tablets) and 2.6% (red tablets). Although the
content of fiber is low, the impact in terms of the physiological benefits and in the food industry could
be important. According to Cardenas et al., the fiber in the cactus pear fruit is characterized by a
high insoluble dietary fiber content and the presence of mucilages with high molecular weight which
interact in an entangled network, able to hydrate and increase the viscosity of the liquid phase in the
food system [55]. Therefore, the physicochemical properties of these samples could be affected in the
presence of water.
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Figure 1. Scanning electron microscopy images of cactus pear (Opuntia ficus-indica) residue tablets,
250×. (A) Green cactus pear powder (without excipient); (B) GM: green cactus pear residue with
microcrystalline cellulose; (C) GL: green cactus pear residue with lactose; (D) Red cactus pear residue
powder (without excipient); (E) RM: red cactus pear residue with microcrystalline cellulose; (F) RL: red
cactus pear residue with lactose. a: Aggregates of microcrystalline cellulose; b: Aggregates of lactose.

For the LHC and WHC parameters presented, the GM formulation had the highest values,
in contrast with the RL formulation, which had the lowest values for both parameters (Table 1). The lipid
and water holding capacity may be attributed to the high amount of insoluble fiber in the cactus pear
residue, which is capable of trapping oil and water particles in its structure [56,57]. The structure of the
microcrystalline cellulose fiber favors retention [44], and this could explain the faster disintegration
of these tablets compared to the lactose formulations (Table 1). Other studies on fibers from fruit
by-products have reported good water and lipid retention. For example, a fiber supplement from lemon
peel presented 5 g/g and 7 g/g WRC and LRC, respectively, while pineapple peel presented 11 g/g and
6 g/g WRC and LRC, respectively [20,58]. However, these properties have not been reported in other
dietary supplements in solid dosage forms, though they are physiologically important, since WHC
leads to the hydration of the intestinal content for soft and easy-to-pass stools, and LHC has clinical
significance in certain disorders of colonic function, obesity, and lipid blood concentrations [59].

3.4. Color

The four formulations presented a heterogeneous aspect and characteristic color corresponding to
the cactus pear residue variety used (Figure 2). Color is an important quality attribute that influences
consumer choices and preferences [31].
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The color parameters are shown in Table 2. Green tablets had the highest values (p < 0.05) for
luminosity (L*), having a brighter color than red tablets. For the green tablets, the a* values were
negative and b* values were positive, which places them in the green-yellow quadrant, while the red
tablets presented positive values for a* and b*, corresponding to the red-yellow quadrant.

Table 2. Color parameters of the cactus pear residue tablet formulations.

GM GL RM RL

L* 49 ± 0 a 48 ± 1 a 40 ± 1 b 41 ± 0 b

a* −2 ± 0 c
−2 ± 0 c 7 ± 0 b 9 ± 0 a

b* 16 ± 0 a 15 ± 0 a 4 ± 0 b 4 ± 0 b

h◦ 97 ± 0 a 98 ± 0 a 31 ± 1 b 25 ± 0 c

C* 16 ± 0 a 15 ± 0 a 9 ± 0 c 11 ± 0 b

Mean values ± standard deviations (n = 3). a–d Superscript letters indicate significant differences (p < 0.05) between
tablet formulations. GM: green cactus pear residue with microcrystalline cellulose; GL: green cactus pear residue
with lactose; RM: red cactus pear residue with microcrystalline cellulose; RL: red cactus pear residue with lactose.
L* values of 0 and 100 indicate black and white, respectively, a* is the axis of chromaticity between green (−) and red
(+), b* is the axis between blue (−) and yellow (+), h◦ indicate Hue angle and C* indicate chroma parameters.

The inclusion of binding agents within the same variety of cactus pear had no significant effect on
a* and b* values, so the characteristic color of the fruits was preserved by the peel color itself. Both GM
and GL tablets exhibited negative hue (h◦) values; according to McLellan, the addition of 180◦ to
a negative value allows us to achieve a positive one [60], and with this adjustment it was possible
to determine the yellowish tonalities for the GM tablets and reddish or pink ones for the RM and
RL samples. The chroma (C*) value estimates the quantitative attribute of colorfulness, with higher
chroma values indicating higher color intensity of samples as perceived by humans [31]. The green
cactus pear formulations (GM and GL) presented higher C* values, followed by RL and RM, so red
formulations had less intense tonalities. All samples preserved the color characteristic of the variety
used, and attractive colors were observed (Figure 2); therefore, it is not necessary to add artificial colors
to make them attractive to the consumer. Besides, cactus pear pigments have been widely used by the
food industry as an economical and stable source of pigments [61].

3.5. Antioxidant Properties

The antioxidant properties of the formulations are shown in Table 3. Despite reports that red cactus
pear has higher total phenolic content (TPC) in the pulp than in the peel and seeds [62], the results
in terms of phenolic compounds were higher (p < 0.05) in GL, followed by GM. The TPC in the red
cactus pear formulations (RM and RL) did not differ significantly; however, Cejudo et al. reported that
yellow varieties of whole cactus pear fruit have higher contents of phenolic compounds in the pericarp
and epicarp than in the pulp [63]. Regarding antioxidant activity by DPPH, the radical inhibition
of the red formulations was higher (24%) when compared to the green tablets (20%). Differences in
antioxidant activity between green and red cactus pear residues were also found by Ramirez-Moreno
et al., where seeds from green cactus pear showed greater antioxidant activity than the red variety [64].
These differences in antioxidant capacity could be linked to the antioxidants of lipophilic nature
associated with different cactus pear varieties, for instance, lipophilic compounds such as tocopherols
may increase the antioxidant activity measured by DPPH [33]. The antioxidant activity by ABTS was
similar (p > 0.05) among all the tablets. Finally, the RM formulation exhibited higher FRAP values
(p < 0.05). Although studies on the antioxidant properties of tablets with added fruit wastes are limited,
a study on effervescent tablets made with tangerine peel reported a 141 mg GAE/100 g total phenolic
content and 27% DPPH inhibition percentage [65], which are lower and slightly higher, respectively,
than the cactus pear residue tablets These results are interesting and are in accord with the study by
Bensandon et al.; cactus pear by-products have the potential to be used in the development of food
products because their high dietary fiber and antioxidant content can prevent the damage caused by
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free radicals [53]. The measures of antioxidant status help to determine why a diet high in antioxidants
is often more beneficial, since dietary antioxidants have the ability to inhibit the formation of both
reactive oxygen species (ROS) and reactive nitrogen species (RNS), which can adversely affect normal
cellular processes and physiological functions. It is well known that excessive oxidative stress could
affect proteins, lipids, or genetic material, leading to decreased immune competence and increased
inflammatory response, all linked to several diseases such as cancer, cardiovascular disease, obesity
and diabetes [66].

Table 3. The antioxidant properties of the cactus pear residue tablet formulations.

GM GL RM RL

TPC (mg GAE/100 g) 718 ± 11 b 734 ± 8 a 649 ± 12 c 651 ± 8 c

DPPH (% Inhibition) 20 ± 1 b 20 ± 2 b 24 ± 2 a 24 ± 1 a

ABTS (µmol TE/100 g) 4628 ± 412 a 4637 ± 242 a 4365 ± 392 a 4610 ± 326 a

FRAP (µmol Fe2/100 g) 17 ± 0 b 16 ± 1 c 19 ± 0 a 17 ± 0 b

Mean values ± standard deviation (n = 3). a–c Superscript letters indicate significant differences (p < 0.05) between
tablet formulations. GM: green cactus pear residue with microcrystalline cellulose; GL: green cactus pear residue
with lactose; RM: red cactus pear residue with microcrystalline cellulose; RL: red cactus pear residue with lactose.
Gallic acid (for total phenolic content (TPC)), Trolox (for DPPH and ABTS), and FeSO4 (for ferric reducing/antioxidant
power (FRAP)) were used as reference standards.

On the other hand, studies have been carried out regarding the safety of the consumption of
cactus pear fruit; for example, the presence of pesticide residues (malathion, chlorpyrifos, permethrin,
diazinon, dimethoate, spinosad, and abamectin) and heavy metals (copper, chromium, arsenic,
cadmium, lead, and selenium) has been demonstrated in levels less than the maximum limits of
toxic residues established by the North American Free Trade Agreement [67,68], indicating that these
phytotoxic elements do not trigger toxicological health risks.

4. Conclusions

Based on the results obtained, cactus pear residue is proposed as an interesting nutritional
supplement for the market due to its good quality parameters, fiber functional properties, acceptable
color for consumers, and high antioxidant activity, providing probable benefits to consumers. The GL
formulation presented better performance as a possible dietary supplement.

Further research on phytotoxicity is needed since there are no existing reports about that, as well
as, in vivo model studies in order to evaluate the health effects of a dietary supplement developed
from cactus pear by-products.
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Strengths and Limitations: The strengths of the present study consist of the use of an agricultural by-product,
through its use in a novel product, which may have beneficial effects on human health and which also represents
an economic benefit for the producers of the fruit. On the other hand, among the limitations, the cactus pear is
a seasonal fruit, so the residues must be collected and stored during the harvest season. It is also necessary to
subject the product to further in vitro tests in order to evaluate any positive or negative effects on human health.
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