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Abstract: This study investigates the use of flours derived from the leaves of Pereskia aculeata and
Pereskia grandifolia, commonly known as ora-pro-nobis, in pasta products. The motivation stems
from the search for nutritious and affordable dietary alternatives that promote food security. The
objective is to produce flours from the leaves of these species through convection drying and to
assess their physicochemical quality and potential application in spaghetti-type pasta. The leaves
were dehydrated and processed into flour, which was then incorporated into pasta formulations in
varying concentrations from 1% to 7%. The resulting samples underwent physicochemical,
antioxidant, toxicity, and mineral composition analyses. Significant differences were observed
between the flours of P. aculeata and P. grandifolia in terms of protein, lipid, carbohydrate, and
bioactive compound content. P. grandifolia was noted for its higher protein and mineral content,
while P. aculeata exhibited superior antioxidant activity. The pasta enriched with these flours
demonstrated improvements in nutrient content and changes in colorimetric properties. The study
concludes that ora-pro-ndbis flours possess high nutritional value and are viable for application in
pasta products, contributing to a healthier and more diversified diet without compromising the
sensory characteristics of the products.

Keywords: convection drying; food security; microstructure

1. Introduction

Food insecurity remains a persistent challenge in modern society, driving the search for
solutions that ensure the provision of quality and affordable food to the population. The rising food
prices, particularly after the Covid-19 pandemic, have further hindered access to healthy diets,
disproportionately affecting the most vulnerable families. In 2021, approximately 31 million people
were unable to afford a healthy diet, representing 42% of the global population [1]. In Brazil, in 2022,
approximately 703 million people were experiencing moderate food insecurity, while 211 million
were facing severe food insecurity [2].

The search for healthy and affordable dietary alternatives has led to an increased demand for
plant-based products, which can be easily incorporated into daily diets [3]. In this context, the
utilization of Non-Conventional Food Plants (NCFPs) has emerged as a promising alternative for
dietary diversification and nutritional enhancement. Among these NCFPs, Pereskia aculeata Miller
and Pereskia grandifolia Haw, commonly known as ora-pro-ndbis (OPN), stand out. These cacti,
native to Brazil, are rich in nutrients such as proteins, minerals, fibers, and bioactive compounds, and
are used both as vegetables and in the preparation of various food products [4,5].

The production of flours from Pereskia sp. offers a promising alternative to expand the variety
of nutritious foods available, allowing the addition of essential nutrients to a wide range of recipes.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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These flours are notable for various benefits, including the reduction of nutritional losses after
harvest, ease of access to the product in dry form, optimization of raw material use, and extension of
product shelf life. Recent studies have demonstrated the potential of flours made from Pereskia
aculeata and Pereskia grandifolia in the application of pasta products, with positive results in terms
of sensory acceptance and nutritional improvement of the developed products [6-11].

Given this, the present study aims to obtain flours from the leaves of P. aculeata and P. grandifolia
through convection drying, evaluating their physicochemical quality and potential for application in
pasta products.

2. Materials and Methods

2.1 Plant Material

The leaves of Pereskia (P. aculeata and P. grandifolia) were obtained from the Experimental Station
of the National Institute of the Semi-Arid (INSA), located in Campina Grande, Paraiba, Brazil. The
leaves were taken to the Post-Harvest Laboratory of INSA, where they were washed under running
water, sanitized in a 15% sodium hypochlorite solution, rinsed, and placed on trays for the removal
of surface water.

2.2 Flour Production

The dehydration of the leaves was carried out in an air circulation oven (Marconi, model
MAO035/3IN250) for 6 hours at 60 °C, a temperature chosen based on experimental tests. Subsequently,
the material was ground in a ball mill (Retsch MM200) and sieved through a 60 mesh sieve. The
obtained flour was stored in laminated packages and kept away from light.

2.3 Preparation of Spaghetti-Type Pasta

Nine pasta formulations were prepared and evaluated in four replicates, each weighing 50 g,
following the methodology of Rocha et al. (2008), with adaptations. The composition of each
formulation is described in Table 1: the control formulation (FC) without the addition of Pereskia
flour, and formulations with the addition of 1%, 3%, 5%, and 7% of P. aculeata (PA 1, PA 3, PA 5, and
PA 7) and P. grandifolia (PG 1, PG 3, PG 5, and PG 7) flour. The experimental design used was a
completely randomized design (CRD).

Table 1. Formulations of pasta with conventional flour and with the addition of P. aculeata and P.
grandifolia flour.

Formulation Wheat Flour Pereskia Flour Salt Olive Oil Egg
(%) (%) (%) (%) (%)

FC 63 0 1 6 30
PA 1 62 1 . . 0
PA3 60 3 1 6 30
PAS 58 5 1 6 30
PA7 56 7 . ‘ 0
PG 1 62 1 1 ‘ "
PG3 60 3 1 6 30
PG5 58 5 1 6 30
PG7 56a 7 1 6 30

*FC = control formulation; PA = formulation with Pereskia aculeata flour; PG= formulation with
Pereskia grandifolia flour.

The pasta was prepared following these steps: ingredient weighing, mixing, kneading,
extrusion, drying, and storage. The ingredients were weighed using an analytical balance to ensure
precision. After weighing the wheat and Pereskia flours, the ingredients were manually mixed until
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homogenization. The wet ingredients (egg and olive oil) were then slowly added until the dough
reached the kneading point. Manual kneading lasted approximately 30 minutes to achieve the
desired texture. The dough was then rested for one hour at room temperature, extruded using a
manual pasta machine (Clink brand), and dried at room temperature (2542 °C). Finally, the pasta was
packaged in polyethylene bags and stored at room temperature (252 °C).

2.4 Characterization of P. aculeata and P. grandifolia Flour and Spaghetti-Type Pasta

The flours were characterized by physical analyses, such as bulk density, tapped density, Carr’s
index, and Hausner’s factor, as well as analyses of water content, water activity, ash, proteins,
carbohydrates, total energy value, color, minerals, extractable polyphenols, antioxidants, toxicity,
thermographic analysis, and particle morphology. The pasta was evaluated for color, water content,
ash, proteins, carbohydrates, total energy value, minerals, and particle morphology.

2.4.1. Physical and Physicochemical Analyses and Antioxidant Activity of the Flours

Bulk Density: Determined by weighing the flour in a 10 mL graduated cylinder, without
compaction, to determine the total volume occupied by the solid, according to the method of Souza
et al. [12]. Tapped Density: Obtained by weighing the flour until a 10 mL graduated cylinder is filled
and manually tapping 50 times on a bench from a height of 10 cm [13]. Compressibility Index: A
simple method to indirectly assess the flow properties of powders by comparing bulk density (oa)
and tapped density (oc). Hausner’s Factor: Indirectly evaluates the flow properties of powders,
determined from the bulk (pa) and tapped (oc) densities, according to the methodology of Hausner
[14]. Solubility: Determined by the method [15] modified by Cano-Chauca et al. [16].

Water Content: Determined by the oven drying method at 105 °C to constant weight [17] Water
Activity: Measured using Labmaster-aw equipment, Novasina at 25 °C. Ash Content: Determined by
incinerating the sample in a muffle furnace at 550 °C until obtaining a residue free of carbon,
according to IAL [17]. Total Nitrogen Content: Determined by the Kjeldahl method, using a
conversion factor of 6.25 [17]. Fat Content: Determined by the Bligh-Dyer method [18], using
anhydrous sodium sulfate to remove water traces. Total Carbohydrates: Calculated by the difference
between 100 and the sum of moisture, protein, lipid, and ash percentages. Total Energy Value:
Calculated by multiplying the obtained values by the appropriate conversion factors: proteins and
carbohydrates by 4 Kcal/g and lipids by 9 Kcal/g. Color Analysis: Parameters determined by direct
reading using a portable colorimeter (Precise Color Reader, model WR-10QC, FRU®) in the CIELAB
system.

Total Extractable Polyphenols (TEP): Determined according to the methodology of Obanda and
Owuor [19]. Antioxidant Activity: Determined by the ABTS and DPPH methods, according to the
methodology of Rufino et al. [20]. Toxicological Properties: Evaluated according to the methodology
of Meyer et al. [21].

Mineral Composition: Samples (0.1 g) were weighed in digestion tubes, added with 5 mL of
nitric acid, digested in a microwave digester (MARS 6, CEM), and quantified by Microwave Plasma-
Atomic Emission Spectrometer (MP-AES, model 4200 Agilent).

2.5. Thermogravimetric Analysis (TG)

The thermogravimetric analysis (TG/DTG) of the flours was performed using a NETZSCH
instrument, model STA 449F3, under a nitrogen atmosphere (50 mL/min), with a heating rate of 5
°C/min, from room temperature to 600 °C, using approximately 3 mg of samples in an alumina
crucible.

2.6. Scanning Electron Microscopy (SEM)

The particle morphology of the flours and pasta was analyzed by scanning electron microscopy
(SEM). The samples were fixed on aluminum stubs, covered with double-sided carbon tape, sputter-

d0i:10.20944/preprints202409.0121.v1


https://doi.org/10.20944/preprints202409.0121.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 September 2024

4

coated with gold for 200 seconds (Ion Sputter Coater-G20), and observed under a Scanning Electron
Microscope (VEGA4, TESCAN).

2.7. Experimental Design and Statistical Analysis

A completely randomized design (CRD) with a 2 x 4 + 1 factorial scheme was used. The study
involved flour from two Ora Pro-nobis species and four flour concentrations, at 1%, 3%, 5%, and 7%.
Additionally, an absolute control treatment was included, with no addition of Ora Pro-nobis flour.

Statistical analysis of the data was conducted using R software, version 4.2.3 [22], with the
assistance of the “Tratamentos.ad’ package. The data were initially subjected to analysis of variance
(ANOVA) to verify the existence of significant differences between treatments. After establishing
significance by ANOVA, mean comparison tests were performed to explore differences between
groups.

To compare means between different species levels within each level of Ora Pro-nobis flour
concentration, the T-test was used. For comparing different flour concentration levels within each
species, the Student-Newman-Keuls (SNK) test was applied. Finally, to compare the absolute control
with each of the treatments, Dunnett’s test was employed.

3. Results and Discussion

3.1. Physicochemical Analysis of P. aculeata and P. grandifolia Flours

The results of the physicochemical evaluation of P. aculeata and P. grandifolia flours are
presented in Table 2.

Table 2. Physicochemical profile of Pereskia flours

Varidvei Flours
ariaveis Pereskia aculeata Pereskia grandifolia
Water content (%) 5.7+0.23 4.8+0.14
Aw 0.243 + 0.005 0.230 + 0.005
Ash content (%) 142 +0.22 159 +0.1
Proteins (%) 17.48 +0.01 21.86 £0.13
Lipids (%) 6.18 £+ 0.31 8.78 +0.13
Carbohydrates (%) 56.44 +0.03 48.66 + 0.1
TEV(Kcal) 351.32+0.1 361.08 +0.1
L 14.54 + 0.01 30.91 £ 0.01
-a* -0.23£0.01 -5.78 £0.01
b* 7.14 +£0.01 29.92 +0.01

TEV: Total Energy Value; L: Luminosity; -a*: Green Intensity; b*: Yellow Intensity

The results demonstrate that most of the evaluated parameters were superior for the species P.
grandifolia, except for the water and carbohydrate content, which were higher in P. aculeata. Similar
findings were reported by Santos [23].

The flours of P. aculeata and P. grandifolia exhibited moisture content of 5.7% and 4.8%,
respectively, complying with the maximum moisture range of 15% for flours as determined by
Brazilian standards. The water activity (Aw) decreased after dehydration, with values below 0.60,
limiting microbial growth and extending product shelf life [24].

The ash content ranged from 14.2% to 15.9% between the flours of P. aculeata and P. grandifolia,
respectively. P. grandifolia stood out with higher mineral content, indicating its potential as a
promising dietary source of minerals such as potassium, calcium, and magnesium.

The protein content in Pereskia flours was 17.48 g/100g (for P. aculeata) and 21.86 g/100g (for P.
grandifolia), which is higher than that of wheat flour (9.8 g/100g) [25]. The recommended daily intake
(RDI) of protein for adults is estimated at 50 g, and for children aged 7 to 10 years, it is 34 g [26]. Thus,
the incorporation of Pereskia flour in food preparations is advantageous for meeting these protein
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requirements. Similar results were reported by Manetta et al. [27], who assessed the composition of
dried ora-pro-nobis leaves and found protein levels ranging from 15.61 to 21.81%.

The lipid content in the flours was 6.18 g/100 g (for P. aculeata) and 8.78 g/100 g (for P. grandifolia).
Despite the lipid content, lipids are the least abundant macromolecule in the chemical composition
of Pereskia, with results consistent with other studies [7,9,23,28].

Carbohydrate values were 56.44% in P. aculeata and 48.66% in P. grandifolia. These levels are
higher than those found in other studies [6,10,27,29], indicating the energy potential of Pereskia
flours.

The analysis of the L parameter (luminosity) revealed that the flours have a darker coloration.
The drying method resulted in a significant color loss due to the degradation of certain pigments [30].
For the b* parameter, P. grandifolia flour exhibited a greater tendency towards yellowish coloration.
In general, Pereskia flours display a greenish and yellowish color, with P. aculeata showing a darker
shade.

3.1.1. Analysis of Total Extractable Polyphenols, Antioxidants, and Toxicity

The results of the analysis of total extractable polyphenols, antioxidant activity, and toxicity of
Pereskia flours are presented in Table 3, showing a significant concentration of total extractable
polyphenols (TEP) and antioxidant capacity.

Table 3. Determination of total extractable polyphenols, antioxidant activity, and toxicity of P.
aculeata and P. grandifolia flours.

1abl Flours
Variables Pereskia aculeata Pereskia grandifolia
TEP 485.61 +0.32 1129.59 + 0.43
ABTS 38.97+1.18 19.41 +0.80
DPPH 21.24+1.21 15.78 £1.26
Cytotoxicity DL50 2417.32 +0.01 971.49 +0.01

* TEP: Total Extractable Polyphenols (mg/100g); ABTS (uM of Trolox/g of sample); DPPH: EC50 (g of
sample/g of DPPH); DL50: Lethal Dose (pg/mL). *Values are expressed as means * standard
deviation.

The amount of polyphenols in P. aculeata flour was lower (485.61 mg/100g) compared to that
found in P. grandifolia flour (1129.59 mg/100g). Despite the same thermal treatment, the drying
method influenced the species differently.

P. aculeata flour showed higher antioxidant activity by the ABTS method (38.97+1.18 uM of
trolox/g), which may be related to better preservation of antioxidant compounds under the specified
drying temperature. According to Sommer et al. [10], drying time influences the preservation of
bioactive compounds. Thus, the sensitivity of antioxidant and phenolic compounds to higher
temperatures may cause their degradation, reducing antioxidant potential [31].

The DPPH assay identified higher antioxidant activity in P. grandifolia flour (15.78g), which also
showed a higher concentration of total polyphenols, with results expressed in EC50 (concentration of
extract capable of reacting with 50% of the radical present in the DPPH solution). A lower EC50
represents better antioxidant capacity [31].

The methods used for determining antioxidant activity yielded different results, which is related
to the properties of each method regarding the samples. Torres et al. [31] emphasize the importance
of multiple mechanisms for evaluating the antioxidant capacity of a sample. The DPPH mechanism
showed a correlation with the amount of TEP and antioxidant capacity. Variations in the total
polyphenol content and antioxidant activity by the ABTS method in the obtained flours were also
observed by Torres et al. [31], Almeida et al. [32], and Silva et al. [33] in studies related to the
determination of bioactive compounds and antioxidant activity in different species.

Overall, Pereskia, in addition to its nutritional properties, presents significant antioxidant
capacity due to the presence of bioactive compounds in the flours. Natural extracts with antioxidant
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capacity play an important role in combating oxidative stress, which causes imbalances and diseases
in the body. The antioxidant activity of bioactive compounds can prevent the development of
diseases such as cancer, cardiovascular diseases, and diabetes mellitus [34].

The evaluation of the toxicity of Pereskia flours is fundamental for the safety of food
consumption. The results indicated low or no toxicity, as shown in Table 2. P. aculeata flour did not
show cytotoxic activity, with DL50 > 1000 pg/mL, while P. grandifolia flour presented a low level of
toxicity (971.49 pug/mL), which may be associated with the concentration of phenolic compounds.
Recent studies on the cytotoxic activity of Pereskia spp. have shown the absence of toxicity [34,35].

3.2. Physical Analyses of P. aculeata and P. grandifolia Flours

The physical parameters evaluated in Pereskia flours were determined, showing approximate
values between the species P. aculeata and P. grandifolia, as presented in Table 4.

Table 4. Evaluation of the physical parameters of P. aculeata and P. grandifolia leaf flours.

Physical parameters Pereskia aculeata Pereskia grandifolia
Bulk density (g mL) 2.54+0.03 2.52+0.01
Compacted density (g mL") 4.12+0.05 3.71+0.55
Carr Index (%) 38.00+0.63 32.17+0.55
Hausner Factor 0.62+0.01 0.68+0.01
Solubility (%) 94.62+0.51 91.76+0.73

Regarding the density parameter, similar behavior was observed between the bulk and
compacted densities for P. aculeata flours, where both are higher than those found for P. grandifolia
flours, with values of 2.54 g/mL" and 4.12 g/mL-, respectively. Compacted density was higher than
bulk density in both flours. Density determination helps understand powder flow properties by
indirectly assessing flowability through Carr Index and Hausner Factor parameters. When the flow
is adequate, uniform particle packing and a constant mass-to-volume ratio are possible [36].

The Carr Index (CI) ranged between 32.17% and 38% in Pereskia flours, indicating poor
flowability since higher CI values correspond to lower flowability. According to Santhalakshmy et
al. [37], products with CI values below 15% exhibit excellent flowability. The Carr Index (CI) is related
to the study of the flow and compression of a solid [38], being an important parameter associated
with powder packing. The flours exhibited Hausner Factor values that indicate low cohesiveness.
Values between 1.00 and 1.11 (CI < 10%) indicate excellent flow [36], with the increase in the Hausner
Factor being associated with poor flow. The shape of the microstructures in the flours may interfere
with water absorption and particle compression.

The solubility parameter results showed values above 90% for the evaluated flours, with P.
aculeata flours reaching a solubility of 94.62%.

3.3. Analysis of Mineral Content in Pereskia spp. Flours.

Minerals play an important role in regulating cellular activities in animals and are essential
elements in plant development, which are the primary source in the food chain.

Table 5 presents the macronutrient and micronutrient content of Pereskia aculeata and Pereskia
grandifolia flours.

d0i:10.20944/preprints202409.0121.v1
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Table 5. Mineral composition of Pereskia flours

Parameters Pereskia aculeata Pereskia grandifolia
Calcium (mg/g) 23.91+0.20 23.6+1.35
Magnesium (mg/g) 14.32+0.21 22.60+1.08
Potassium (mg/g) 43.91+0.58 33.81+0.23
Sodium (mg/g) Nd 7.15+0.46
Copper (mg/g) 0.02+0.0005 0.01+0.0003
Zinc (mg/g) 0.01+0.001 0.03+0.0003
Iron (mg/g) 0.13+0.02 0.19+0.04
Manganese (mg/g) 0.160.008 0.14+0.02

Nd: not detected.

Among the minerals found, potassium was the most abundant, while copper and zinc were
present in the smallest quantities, indicating varied concentrations between macronutrients and
micronutrients. As these are two distinct species, the mineral content had specific values for each. P.
aculeata (43.91 mg/g) showed higher potassium levels compared to P. grandifolia (33.81 mg/g). This
result is similar to that observed by Almeida et al. [39], who reported potassium levels of 3910.00
mg/100 g and 3186.67 mg/100 g in P. aculeata and P. grandifolia flours, respectively. Both species
exhibited high levels of calcium and magnesium in their leaves, with P. grandifolia containing more
magnesium (22.60 mg/g). In studies by Takeiti et al. [7] and Barreira et al. [40], calcium and
magnesium values varied from 427.08 to 3420 mg/100 g for calcium and from 88.84 to 1900 mg/100 g
for magnesium.

Of the micronutrients, manganese concentration was higher in P. aculeata (0.16 mg/g), while
sodium was higher in P. grandifolia (7.15 mg/g), followed by higher iron content (0.19 mg/g). The
mineral concentrations also differed depending on the type of mineral (macro and micronutrient).
Thus, Pereskia becomes an indispensable food species for developing dietary strategies and ensuring
the nutritional security of consumers whose eating habits are directly related to the consumption of
this species [40].

3.4. Thermogravimetric Analysis (TGA) and Derivative Thermogravimetry (DTG)

Figure 1 presents the thermogravimetric curves (TGA) of P. aculeata and P. grandifolia flours,
indicating the mass loss as a function of temperature.

(A) 6% DTG W) (B) TG M DTG A

w/rin)

\J«\-\\\\ b | &,,\\\'\r\ - )
04 -~ { ) \\\‘\ > -

{4 0 P

- “ ’ 100 2% 360 400 ) 000
P—— - e e Temoweatura 'C

Figure 1. Thermogravimetric curve of Pereskia aculeata flour (A) and Pereskia grandifolia flour (B).

The data obtained from the thermographic curves of P. aculeata and P. grandifolia flours are
presented in Table 6.
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Table 6. Data obtained from TGA and DTG curves for ora-pro-nobis flour samples.

Sample Stages T (°C) Mass Loss (%) Residue at 600°C (%)
1st 25-100 5.73
P. aculeata 2nd 100 - 280 19.14
flour 3rd 280 - 349 16.50 42.65
4th 350 - 498 13.63
5th 498 - 600 2.35
1st 25-100 5.51
P. grandifolia 2nd 100 - 360 40.57 3796
flour 3rd 360 - 490 13.74 '
4t 490 - 600 1.93

The data obtained from the TGA and DTG curves demonstrated significant variations in mass
during the decomposition events of the samples. The use of thermogravimetric analysis provides a
deeper understanding of the thermal behavior of a product, especially concerning controlled time
and temperature conditions [41].

It was observed that the decomposition stages varied between the analyzed samples. P. aculeata
flour exhibited five distinct stages, with the highest mass loss (19.14%) occurring during the 2nd
stage, within the temperature range of 100°C to 280°C. Conversely, P. grandifolia flour also showed a
significant increase in mass loss during the 2nd stage, but over a broader temperature range, from
100°C to 360°C, resulting in a mass loss of 40.57%. Mass losses between 25°C and 100°C were lower
and were mainly related to the dehydration of the samples.

The residual mass of the samples at 600°C was greater than 50%, with the highest mass loss
recorded in P. grandifolia flour, where the remaining mass after heating processes was 37.26%. In P.
aculeata flour, the residual mass reached 42.65%. It is important to note that the rates of mass loss tend
to increase as the heating temperature rises. Overall, Pereskia flours exhibited similar thermal
stabilities, with decomposition peaks occurring approximately within the temperature range of 100°C
to 360°C.

These data indicate that both flours possess significant thermal stability, with P. grandifolia
exhibiting greater complexity in its thermal decomposition, possibly due to a higher content of
bioactive compounds and fibers.

3.5 Scanning Electron Microscopy (SEM)

Figure 2 presents the micrographs obtained by scanning electron microscopy (SEM) of Pereskia
aculeata and Pereskia grandifolia flour particles, with magnifications of 100x, 500x, 1000x, and 2000x.
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Figure 2. Scanning Electron Microscopy (SEM) micrographs: (A) P. aculeata flour at 100x
magnification; (B) P. aculeata flour at 500x magnification; (C) P. aculeata flour at 1000x magnification;
(D) P. aculeata flour at 2000x magnification; (E) P. grandifolia flour at 100x magnification; (F) P.
grandifolia flour at 500x magnification; (G) P. grandifolia flour at 1000x magnification; (H) P.
grandifolia flour at 2000x magnification.

The SEM images of P. aculeata flour samples (Figure 2) show the presence of particles of varying
sizes, with larger P. aculeata structures exhibiting more triangular shapes, while those of P. grandifolia
are more irregular and smaller. The micrographs of P. grandifolia reveal fissures in the structures
starting from 1000x magnification, indicating possible damage during the milling process. In contrast,
P. aculeata exhibits a more uniform structure, with fewer visible fissures.

According to Navaf et al. [42], particle size and shape significantly impact functional properties
such as digestibility, water absorption capacity, and swelling power. Smaller particles, due to their
surface area, demonstrate potential for better digestibility and higher enzymatic activity.

3.6. Characterization of Spaghetti-type Pasta
The results of the physicochemical analysis of the spaghetti-type pasta are presented in Figure 3.
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Figure 3. Physicochemical analysis of pasta enriched with P. aculeata and P. grandifolia. Lowercase
letters indicate significant differences between species within each concentration level — T-test.
Uppercase letters indicate significant differences between concentration levels within each species —
SNK test. * Indicates significant difference between the control and each species concentration level
A — Dunnett’s test. ¥ Indicates significant difference between the control and each species
concentration level B — Dunnett’s test.

The formulations enriched with P. aculeata (PA) and P. grandifolia (PG) flours resulted in an
increase in the analyzed components compared to the control sample. The moisture content was
found to be appropriate for most of the obtained formulations, being below the 13% moisture
threshold for dry pasta. The addition of Pereskia increased the moisture content in 5% concentrations,
particularly in the PG 5% formulation, where the moisture content exceeded the safe range and also
surpassed the control sample (12.77%). Moisture determination allows for the analysis of the impact
of technological procedures on the product and the favorable storage conditions [43].

The addition of Pereskia flours increased the ash content of the pasta, significantly increasing
its content (p < 0.01), with the highest ash content (4.49%) observed in the sample with 5% P. aculeata
flour. Sato et al. [44] incorporated 20% P. aculeata flour into pasta and obtained an ash content (5.00%)
five times higher than that of the control sample (1.02%). Cazagranda et al. [9] also observed an
increase in ash content in cookie formulations with the addition of ora-pro-nobis flour (formulations
with 2% and 5%), finding ash contents of 1.37% and 1.88%. The ash levels in the samples highlight
the potential of ora-pro-nobis as a mineral source.

Regarding proteins, the incorporation of ora-pro-noébis flour had an effect on the pasta,
significantly increasing its protein content (p < 0.05). The PA 7% sample had the highest protein
content at 16.39%, while the control sample (FC) averaged 14.34%. It was observed that increasing
the concentrations of flours resulted in higher protein levels in the pasta, which is due to the
significant protein content found in ora-pro-ndbis flours. Sato et al. [44] observed an increase in
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protein content in pasta with the addition of 10% and 20% ora-pro-nébis flour, obtaining 19.86% and
19.60% protein in the respective samples. Proteins play important roles in the body, acting as builders
in the formation of human tissues and as regulators of cellular activities. Therefore, a daily protein
intake is necessary to maintain an individual’s vital functions.

The lipid content showed little variation between means (p < 0.01), with lower lipid content in
most samples with P. aculeata flour and higher lipid content (13.98%) in pasta with 5% P. grandifolia
flour. Cazagranda et al. [9] observed a reduction in lipid content in cookie formulations. Thus, ora-
pro-ndbis may be an option for consumers seeking diets with lower fat concentrations.

Regarding carbohydrate content, all samples had lower concentrations than the control sample.
The pasta with 3% P. aculeata flour and 1% P. grandifolia flour had the highest levels.

Figure 4 presents the colorimetric analysis of spaghetti-type pasta enriched with P. aculeata (PA)
and P. grandifolia (PG) flours at different concentrations (1%, 3%, 5%, and 7%) compared to the control
formulation (FC).

¢ Control = - = P. aculeata —®— P. grandifolia
55
50
45
40
35
30
25
20
10 (B)

(A)
.

Flour (%)

Figure 4. Color values of spaghetti-type pasta. Lowercase letters indicate significant differences
between species within each concentration level — T-test. Uppercase letters indicate significant
differences between concentration levels within each species — SNK test. * Indicates significant
difference between the control and each species concentration level A — Dunnett’s test. ¥ Indicates
significant difference between the control and each species concentration level B — Dunnett’s test.

The formulations enriched with PA and PG showed a reduction in luminosity with increasing
flour concentration. This resulted in darker pasta, especially in formulations with 7% flour. The lower
luminosity may be attributed to the presence of phenolic compounds and natural pigments in Pereskia
spp- flours, which influence the final color of the product. This behavior was also observed by Ferreira
et al. [45], who reported a decrease in luminosity when adding ora-pro-nébis flour to pasta. This
confirms that the presence of natural pigments and phenolic compounds in Pereskia spp. flours
directly influences the color of food products.

The pasta showed variation in the a* parameter, which measures the intensity of green-red
color, with increasing concentrations of Pereskia flours. Formulations with higher concentrations of
PA and PG tend to show a greener hue. This is consistent with the presence of chlorophyll in Pereskia
spp. leaves, as reported by Alcorta et al. [46].
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The b* parameter, which measures the intensity of yellow-blue color, also varied with the
addition of Pereskia flours. Formulations with higher amounts of flour showed a greater intensity of
yellow, especially in PG formulations. This may be related to the presence of carotenoids in Pereskia

spp. flours.

Previous studies have shown that the addition of plant flours rich in bioactive compounds, such
as those of Pereskia spp., can significantly alter the colorimetric properties of food products. Sommer
et al. [10] observed that drying and processing of ora-pro-nobis leaves result in the preservation of
bioactive compounds that influence the color of final products.

Figure 5 presents the mineral concentrations in different formulations of pasta enriched with
Pereskia aculeata (PA) and Pereskia grandifolia (PG) flours at various concentrations (1%, 3%, 5%,

and 7%) compared to the control formulation (FC).
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Figure 5. Minerals present in spaghetti-type pasta. Ca, K, Mg, Na, Zn, Fe, and P are expressed in
mg/kg. Lowercase letters indicate significant differences between species within each concentration
level — T-test. Uppercase letters indicate significant differences between concentration levels within
each species — SNK test. * Indicates significant difference between the control and each species
concentration level A — Dunnett’s test. ¥ Indicates significant difference between the control and each

species concentration level B — Dunnett’s test.

The pasta enriched with Pereskia flour showed a progressive increase in calcium concentration
as the percentage of flour increased. The PA 7% and PG 7% formulations had the highest calcium
concentrations (242 mg/kg and 245 mg/kg, respectively). This increase is significant compared to the
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control formulation, which did not contain detectable calcium, indicating the effectiveness of Pereskia
flour in enhancing the mineral content of pasta.

A similar pattern to calcium was observed with magnesium (Mg) concentrations increasing as
the percentage of Pereskia flour increased. The magnesium concentration in PA 7% and PG 7% was
146 mg/kg and 149 mg/kg, respectively. It is noteworthy that pasta with PG flour consistently had
higher magnesium levels than those with PA flour. These data suggest that the inclusion of Pereskia
flour significantly contributes to magnesium intake, which is essential for various biological
functions.

The sodium (Na) concentrations in the enriched pasta are relatively low, ranging from 7 mg/kg
to 7.4 mg/kg. The sodium content is slightly higher in pasta with PG flour compared to PA. However,
the inclusion of Pereskia flour does not appear to significantly affect sodium levels in the pasta. This
aspect is beneficial considering concerns about excessive sodium intake in the modern diet.

The presence of copper (Cu) is minimal but detectable in the enriched formulations. The values
slightly increase with the flour concentration, reaching up to 0.024 mg/kg in PG 7%, with PG flour
consistently having slightly higher copper concentrations at all percentages.

Zinc (Zn) concentrations in the enriched formulations are low but significantly increase with the
percentage of Pereskia flour. The zinc content (Figure 5E) is slightly higher in pasta with PG flour.

Iron (Fe) content slightly increases with Pereskia flour concentration, with the highest being in
PG 7% (0.17 mg/kg). Pasta with PG flour has slightly higher iron content.

The enriched formulations show an increase in manganese (Mn) concentration, reaching 0.19
mg/kg in PG 7%. Manganese concentration is slightly higher in pasta with PG flour, important for
bone metabolism and connective tissue formation.

Figure 6 presents the micrographs of cross-sections of pasta enriched with P. aculeata and P.
grandifolia at different concentrations (1%, 3%, 5%, and 7%).

]

Figure 6 - Micrographs of cross-sections of pasta enriched with P. aculeata and P. grandifolia: (A) PA
1% - 1000x; (B) PA 3% - 1000x; (C) PA 5% - 1000x; (D) PA 7% - 1000x; (E) PG 1% - 1000x; (F) PG 3% -
1000x; (G) PG 5% - 1000x; (H) PG 7% - 1000x.
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In Figure 6, it is observed that enriching pasta with Pereskia flours did not result in significant
structural changes at the microscopic level when compared to the control sample. However, pasta
obtained with P. aculeata flour exhibits a slightly more porous structure compared to those obtained
with P. grandifolia flour, which have a more compact structure. This difference may be attributed to
the intrinsic characteristics of the flours used, where PA tends to form a less dense matrix.

Some studies indicate that the addition of plant flours, such as Pereskia spp., can significantly
alter the micro and macroscopic structure of food products. Navaf et al. [42] observed that particle
size and shape significantly impact functional properties, such as digestibility and water absorption
capacity. Smaller particles, like those observed in PG flour, may result in a larger surface area,
improving digestibility and enzymatic activity.

The micrographs showed starch granule aggregation in all formulations as well as in the control
sample. The discontinuous structure of the pasta is likely associated with a high degree of starch
gelatinization in the samples, which caused greater irregularity in the structure of the starch granules
[47]. This observation is consistent with the effect of adding flours rich in bioactive compounds and
fibers, which can influence the starch matrix during the cooking process.

The presence of a discontinuous structure and starch granule aggregation may be associated
with the drying process and the intrinsic properties of Pereskia flours. Mir et al. [47] report that starch
gelatinization is a crucial factor affecting the final texture of food products, being influenced by water
content and the drying process.

The micrographs showed a slight whitish layer covering the particles. According to Vernaza and
Chang [48], this layer represents the fat (oil) present in the formulations, which is used as an
ingredient to improve the texture and palatability of the pasta.

The presence of a whitish layer in the micrographs indicates the proper incorporation of fat in
the formulations, essential for the texture and flavor of the pasta. Vernaza and Chang [48] emphasize
that the uniform distribution of fat is critical for the sensory quality of food products.

4. Conclusions

The study conducted on the production and characterization of Pereskia aculeata and Pereskia
grandifolia flours demonstrated that both flours possess physicochemical and functional properties
that make them suitable for application in pasta products. The analyses indicated that P. aculeata flour
had higher carbohydrate content and antioxidant activity, while P. grandifolia flour stood out for its
higher levels of proteins, lipids, minerals, and bioactive compounds. These results highlight the
nutritional potential of Pereskia spp. flours, aligning with the trend of consuming natural and healthy
foods.

6. Patents
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