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RESUMO: Pereskia aculeata Mill., popularmente conhecida como ora-pro-
-nobis e “carne-de-pobre”, devido ao teor de proteína das folhas, é considerada 
planta alimentícia não-convencional (PANC). O trabalho teve como objetivo a 
caracterização físico-química das folhas de P. aculeata e a avaliação da ativi-
dade antioxidante e conteúdo de compostos fenólicos em seu extrato. As folhas 
foram liofilizadas e realizada a caracterização físico-química determinando 
umidade, proteínas, cinzas, lipídeos e minerais. Para avaliação do potencial 
antioxidante e dos compostos fenólicos totais foi realizada a extração assistida 
por ultrassom durante 1 hora a 40, 60 e 80ºC, em água. Nas folhas de P. aculeata 
foram encontradas quantidades significativas de proteínas (18,56%) e minerais 
(15,17%), principalmente cálcio (8.012,83 mg/100g) e potássio (10.693,80 
mg/100g) e baixas concentrações de lipídeos (4,28%) e umidade (1,32%).  A 
extração de 1 hora em ultrassom (40 kHz, 132 W) a 60ºC, foi suficiente para 
obter extratos com potencial antioxidante (0,291 mg/mL) e alta concentração 
de compostos fenólicos totais (4,209 mgEAG/100g). Os resultados referentes 
ao teor de proteína e compostos com propriedades antioxidantes indicam a 
utilização das folhas de P. aculeata, tanto para a alimentação in natura, como 
para uso de seus extratos em formulações de alimentos industrializados para 
aumento de seu valor nutricional.
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 ABSTRACT: Pereskia aculeata Mill., popularly known as ora-pro-nobis 
and “poor meat”, due to the protein content of the leaves, is considered a 
non-conventional food plant (UFPs). The objective of this work was the physi-
cochemical characterization of P. aculeata leaves and the evaluation of the an-
tioxidant activity and content of phenolic compounds in its extract. The leaves 
were lyophilized, and physical-chemical characterization was performed, 
determining moisture, proteins, ash, lipids and minerals. In order to evaluate 
the antioxidant potential and total phenolic compounds, ultrasound-assisted 
extraction in water was performed for 1 hour at 40, 60 and 80ºC. In P. acu-
leata leaves, significant amounts of proteins (18.56%) and minerals (15.17%) 
were found, mainly calcium (8,012.83 mg/100g) and potassium (10,693.80 
mg/100g) and low concentrations of lipids (4.28%) and moisture (1.32%). 
The 1- hour ultrasound extraction (40 kHz, 132 W) at 60ºC was sufficient to 
obtain extracts with antioxidant potential (0.291 mg/mL) and high concentra-
tion of total phenolic compounds (4.209 mgGAE/100g). The results regarding 
the protein content and compounds with antioxidant properties indicate the 
use of P. aculeata leaves both as in natura food and the use of its extracts in 
industrialized food formulations to increase their nutritional value.
Keywords: ora-pro-nobis. Lyophilization. Protein. Antioxidant.  Phenolic.

protein content, with about 15 to 28%, whi-
ch is higher compared to other vegetables 
(MERCÊ et al., 2001; ALMEIDA; COR-
REA, 2012; SOUZA, 2014). P. aculeata is 
considered a nutritional supplement due to 
its protein, fiber, iron, calcium content, as it 
also has high mucilage content and presence 
of arabinogalactan biopolymer, arousing the 
interest of the food and pharmaceutical indus-
tries (DUARTE; HAYASHI, 2005; SOUSA 
et al., 2014).

In some species of the Cactaceae family, 
the presence of phenolic compounds and 
antioxidant activity were identified. Among 
these species, P. aculeata has benefits asso-
ciated with antioxidant potential, which are 
correlated with the presence of phenolic acids 
(SOUSA et al., 2014, MORAES et al., 2020).

Introduction

Pereskia aculeata Mill. (Cactaceae), po-
pularly known as ora-pro-nobis, is a fleshy 
plant, dark green in color, consisting of high 
levels of protein compared to other uncon-
ventional vegetables, and can be consumed in 
natura or in the form of flour. It is considered 
an “Unconventional Food Plant” (UFPs), that 
is, it is part of a group of plants that have 
one or more edible parts, being spontaneous 
or cultivated, native or exotic and are not 
frequently used  in cooking (SANTOS et al., 
2012; SOUZA, 2014; CUNHA et al., 2021).

UFPs are rich in nutrients and can play 
an important role in the adoption of heal-
thier eating habits. An important nutritional 
characteristic of ora-pro-nobis leaves is their 
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Antioxidants are substances that have the 
ability to protect cells against the effects of 
free radicals produced by the body; they may 
favor immunity increase and prevention of 
diseases such as rheumatoid arthritis, some 
types of cancer, cardiovascular diseases and 
those related to aging, such as Alzheimer’s, 
among others. Classes of natural compounds 
with high antioxidant potential are phenolic 
acids, flavonoids and polyphenolic compoun-
ds. The presence of phenolic groups in these 
compounds promotes the stabilization of free 
radicals due to the resonance structures that 
can be formed, which is why they have high 
antioxidant activity (GHASEMZADEH; 
GHASEMZADEH, 2011).

Extraction methods that facilitate the pro-
cess of obtaining bioactive compounds from 
leaves of P. aculeata were investigated by 
Torres et al. (2022), where extraction metho-
ds were evaluated using Soxhlet, pressurized 
liquid and supercritical fluid, demonstrating 
that the use of water as solvent becomes an 
alternative to avoid the degradation of bio-
active compounds. 

The use of ultrasound-assisted extraction 
has been studied by Lago et al. (2019) for 
the preparation of oil-in-water nanoemul-
sions from samples produced with mucilage 
extracted from leaves of P. aculeata, which 
were subjected to boiling, grinding, heating 
and centrifugation processes. Therefore, the 
application of ultrasound-assisted extraction 
has been considered a “green” technology, 
as it offers advantages in terms of selectivi-
ty, better quality, less use of chemicals and 
energy efficiency. It is considered suitable for 
the extraction of bioactive compounds from 
plant materials, which generally requires 
large amounts of organic solvents (PERE-
RA; ALZAHRANI, 2021). This technique is 
based on extraction from high shear forces 
(cavitation), causing fragmentation of macro-
molecules and permeabilization of cell walls, 
presenting good results in the extraction of 

bioactive molecules (ALVES, 2020; PERE-
RA; ALZAHRANI, 2021).

Although this species is studied, there are 
few works in the literature gathering the eva-
luation of the physicochemical characteristics 
of the leaves and the chemical composition 
and biological properties of extracts obtained 
by ultrasound. Thus, the present work aimed 
at the physical-chemical characterization 
of the leaves of ora-pro-nobis (P. aculeata 
Mill.) and the protein fractions of the extracts 
obtained as well as the ultrasound-assisted 
extraction, aiming at the evaluation of the 
antioxidant potential and total phenolic 
compounds.

Material and methods 

Plant material
The leaves of ora-pro-nobis were collec-

ted in Erechim-RS, Brazil, under coordinates 
27.656426 S and 52.307774 W, in January 
2020 and recorded in the Herbarium Padre 
Balduíno Rambo HPBR 12.647 confirming 
the species Pereskia aculeata Mill. (Cactace-
ae). The leaves were manually pre-selected 
and taken to the freezer (Brastemp) at -18ºC. 
After 24 h, the samples were submitted to 
lyophilization process (Edwards lyophilizer), 
for 72 h and then they were crushed and 
stored in amber bottles at room temperature.

Physical-chemical characterization of 
the leaves of P. aculeata

The following physicochemical parame-
ters of ora-pro-nobis leaves were determined: 
moisture, proteins, lipids, mineral residue 
(ash), quantification of minerals and deter-
mination of protein fractions.

Moisture
Moisture was determined by the gravi-

metric method, where 2g of sample were 
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subjected to direct drying in oven with air 
recirculation (Fanem, model 320-SE) at 105 
ºC until constant weight (AOAC, 2000).

Total Protein
The total nitrogen in the samples was de-

termined by the Kjeldahl method, according 
to methodology n° 920.123 of the AOAC 
(2005). The samples were digested in a 
Kjeldahl digester system (Scientifica model 
DK20), using sulfuric acid and a catalyst 
pellet (3.5 g of K2SO4 and 3.5 mg of Se, 
FOSS). Then, distillation was carried out in a 
Kjeldahl still system (Tecnal TE-0364), using 
4% boric acid solution with mixed indicator 
as the distilled ammonia receiving solution. 
Afterwards, the titration of the ammonium 
borate formed with 0.1 N HCl solution was 
performed. To quantify the protein, the nitro-
gen content was multiplied by the nitrogen-
-to-protein conversion factor of 6.25.

Lipids
The ether extract was determined accor-

ding to the Soxlet method (New Technique 
model NT 340), using ±2 g of sample and 
petroleum ether as organic solvent (AOAC, 
1995).

Mineral Residue (Ash)
The total mineral content (ash content) 

was determined according to the methodo-
logy described by AOAC (2005). Initially, 
the samples (±2 g) were evaporated, pre-
-carbonized on an electric plate, later incine-
rated in a muffle furnace (Fornos Lavoisier 
model 400C) at 550°C for approximately 8 h 
(ash appearance) and then quantified by the 
gravimetric method.

Quantification of minerals
The mineral residue obtained was diluted 

in 1M nitric acid solution for subsequent 
quantification of minerals. For mineral 

components Sodium (Na) and Potassium (K) 
(with standard concentration of 100 mg/mL) 
a microprocessed digital flame photometer 
(Analyser model 910) was used. For the 
components Zinc (Zn), Manganese (Mn), 
Magnesium (Mg), Copper (Cu), Calcium 
(Ca), and Cadmium (Cd), the Sanvantaa fla-
me atomic absorption spectrometry method 
was used (model 6BC 3.11 A), according to 
the methodology described by AOAC (1995).

Determination of protein fractions
Protein fractions were evaluated by elec-

trophoresis following the methodology of 
Laemmli (1970) with modifications, using 
15% sodium dodecyl sulfate polyacrylamide 
gel (SDS-PAGE) and molar mass standard 
from 3.4 to 100 kDa (PageRuler, 4-20% 
Trisglycine SDS-PAGE). The extracts obtai-
ned from the ultrasound-assisted extraction 
technique were diluted in water and subjected 
to constant current of 300 mA and voltage of 
250V for approximately 60 min. The protein 
bands present were visualized using bright 
blue dye solution (Blue R-250).

Ultrasound-assisted extraction
Two grams of sample and 150 mL of dis-

tilled water in Erlenmeyer were added and 
taken to the ultrasonic bath (UNIQUE®, mo-
del USC 1800A), operating at a frequency of 
40 kHz, power 132 W for one hour, at tempe-
ratures of 40, 60 and 80 °C, using maximum 
power (100%), in triplicate. Subsequently, the 
samples were filtered with qualitative filter 
paper 60 x 60, 80g Whatman and the extracts 
obtained were placed in amber flasks and kept 
in a refrigerator (eight degrees).

Determination of phenolic compounds 
content

The determination of total phenols was 
performed using the Folin-Ciocalteau me-
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thod, using gallic acid as reference standard, 
as described by Singleton, Othofer & Lamue-
la-Raventos (1999) with modifications. One 
mL of extract, 0.5 mL of Folin-Ciocalteau 
reagent, 2.5 mL of distilled water and 1 mL 
of 20% sodium carbonate (w/v) were added 
to the test tubes. The tubes were shaken and 
kept at room temperature, in the absence of 
light, for 10 minutes. Absorbance was me-
asured using a spectrophotometer (Agilent 
Technologies, model 8453E) at 760 nm. The 
results were calculated from the standard 
curve of gallic acid (0.78 to 200 µg.mL-1), 
and were expressed in milligrams gallic acid 
equivalent (mgEAG)/100g of dry residue. 
Analyses were performed in triplicate.

Antioxidant activity (DPPH radical 
scavenging capacity)

The technique for determining the an-
tioxidant activity consisted of measuring 
the absorption of the 2.2 diphenyl-1-picryl 
hydrazyl (DPPH) radical at 515 nm using 
a spectrophotometer (Logen LS-7052), 
through incubation for 30 min of 500 μL of 
solute containing increasing concentrations 
of the sample (0.1; 0.25; 0.5; 0.75; 1; 1.25; 
5; 7.5; 10 mg/mL) in ethanol (scientific 
exodus 96% purity). For control, 500 μL of 
DPPH with 500 μL of ethanol were used. 
The percentage of DPPH radical uptake was 
calculated in terms of percentage of antiox-
idant activity (AA%) according to Equation 
1 (MIRANDA; FRAGA, 2006):

AA % = (100-(Sample Abs-Blank Abs))/(Control Abs) x 100    (1)

Where: Abs is the absorbance given in 
nanometers; AA: Antioxidant activity.

After evaluating the ideal concentration 
range, the concentration necessary to cap-
ture 50% of the DPPH free radical (IC50) 
was calculated by linear regression analysis 
(SILVESTRI et al., 2010).

Statistical analysis
Data on antioxidant activity and total 

phenolic content of extracts obtained by 
ultrasound-assisted extraction at different 
temperatures were subjected to analysis of 
variance (ANOVA) followed by Tukey’s test 
with 95% confidence, using the software Past 
version 2.17c.

Results and discussion 
The results obtained for the physicoche-

mical composition of the leaves of P. aculeata 
are shown in Tables I and II.

Table I - Physicochemical characterization of P. aculeata 
leaves

Component Concentration1 (%)
Moisture 1,32 ± 0,06
Protein 18,56 ± 0,58
Lipids 4,28 ± 0,19
Ash 15,71 ± 0,04

 1 Data show mean of three repetitions ± standard deviation.

The moisture found for leaves of P. acu-
leata in our study was four times lower than 
that found in the work by Alves (2020). It 
should be noted that high humidity values 
can influence both storage and packaging 
and food processing (CECCHI, 2007). Thus, 
the moisture content is related to its tendency 
to deterioration, and its partial elimination 
is important to reduce or inhibit growth of 
microorganisms, as well as to reduce the 
occurrence of enzymatic reactions (DALA 
PAULA, 2021).

The protein content found (18.56%) is wi-
thin the limits reported in the literature, which 
indicates 15 to 28% variation, depending 
on cultivation conditions, climate, soil and 
region (MAZIA; SARTOR, 2012, GIRÃO 
et al., 2003; ALVES, 2020).
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In our study, the lipid content was (~4%) 
lower than that found by Alves (2020) 
(6.49%) and Almeida et al. (2014) (5.07%). 
Thus, for the protein extraction process, the 
amount of lipids is a relevant parameter, since 
their high concentration in a food matrix can 
inhibit the access of water to proteins and 
cause reduction in the amount of extracted 
proteins (FEYZI et al., 2015; ALVES, 2020).

As for the ash content (15.71%) it is also 
within the limits reported in the literature 
(ALVES, 20120; ALMEIDA et al. 2014) 
showing ora-pro-nobis leaves as a substan-
tial and important source of minerals, with 
calcium (8,012.83 mg/100g) and potassium 
(10,693.80 mg/100g) as the minerals found 
in greater amounts (Table II).

The concentration of calcium and po-
tassium in analyzed samples was much 
higher when compared to values ​​found by 
Almeida et al. (2014) (1,346.67 and 3,910.00 
mg/100g) and Rodrigues (2016) (3,883 
mg/100g and 2,683 mg/100g) respectively, 
although variations in mineral content may 
also be related to growing conditions and 
collection site (MAZIA; SARTOR, 2012).

Table II - Mineral composition of P. aculeata leaves

Mineral mg/100g 1

Zinc 5.37 ± 0.20
Manganese 162.06 ± 1.07

Calcium 8,012.83 ± 46.59
Magnesium 4,837.36 ± 0.23

Copper 1.70 ± 0.36
Cadmium *
Sodium 497.39 ± 0.62

Potassium 10,693.80 ± 1.74

1 Data show mean of three repetitions ± standard deviation.
*Not identified in the samples.

The levels of manganese, magnesium and 
copper were also higher than those reported 
by Oliveira et al. (2013) where 5.9, 2.8 and 

0.9 mg/100g and lower zinc content (5.9 
mg/100g) were obtained. Variations in nu-
trient contents and differences in the botanical 
structure of native plants are attributed, as 
they are collected in natural environments 
with no control over environmental factors 
such as water, light and temperature (SU-
BRAMANIAN et al., 2012; BARREIRA et 
al., 2021).

As they are calcium source plants, ora-
-pro-nobis leaves can improve nutritional 
quality, becoming a fundamental food species 
for food strategies and nutritional security of 
family groups whose eating habits are direc-
tly related to the consumption of this species 
(BARREIRA et al., 2021).

Based on medical advice, an adult, regar-
dless of gender, needs to consume 4,700 mg/
day of potassium, 420 mg/day of magnesium, 
1,300 mg/day of calcium, 0.9 mg/day of co-
pper and 2.3 mg /day of manganese (NRC, 
1989; DRIs, 2001). Through our study it was 
possible to verify that 100 g portions of fresh 
ora-pro-nobis leaves supply 100% of these 
daily needs and the inclusion of these species 
in the menu can help to reduce the nutritional 
deficiencies of the population.

Figure 1 shows the results of the SDS 
PAGE analysis of the leaves and the extract 
obtained by ultrasound-assisted extraction.

The presence of 5 kDa proteins was ob-
served in all extracts obtained (Figure 1). The 
results are close to those obtained by Takeiti 
et al. (2009), where peptides smaller than 
6.5 kDa were found. Low molecular weight 
proteins can have different properties, and 
can be classified into proteases, peptones and 
peptides (FOOD INGREDIENTS BRASIL, 
2012).

Table III shows the results of antioxidant 
activity expressed in IC50 values (necessary 
concentration of extract to inhibit 50% of the 
DPPH radical) and the content of total phe-
nolic compounds (expressed in milligrams 
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of gallic acid equivalent (mg EAG) per 100 
g of plant material) of the extracts obtained 
by the ultrasound maceration method at tem-
peratures of 40, 60 and 80 ºC.

	
Figure 1 - SDS-PAGE analysis of the ultra-sound extract 
obtained at 40°C (A), 60°C (B), and 80°C (C), from ora-pro-
-nobis (OPN) leaves and standard (S) 3.4-100 kDa.

Table III - Antioxidant activity and total phenolic content of 
extracts obtained by ultrasound-assisted extraction at diffe-
rent temperatures

Temperature 
(ºC)

mgEAG/100g IC50 (mg/mL)

40 2.188b ± 1.865 0.491a ± 0.027
60 4.209a ± 3.068 0.291c ± 0.014
80 0.831c ± 0.849 0.329b ± 0.015

Means ± standard deviations followed by different letters di-
ffer from each other by Tukey’s test (p<0.05).

The extract obtained by maceration with 
ultrasound at 60°C for 1 hour showed better 
results in terms of concentration of total 
phenolic compounds and consequently antio-
xidant activity, an expected fact, since most 
phenolic derivatives are good antioxidant 
agents (BOROSKI et al., 2015; MORAES 
et al., 2020). An extract with high potential 

to scavenge free radicals has low IC50 value, 
requiring a small amount of extract to de-
crease the initial concentration of the DPPH 
radical by 50%.

The use of water as solvent was reported 
in the work by Rodrigues (2016) where IC50 
of 1.78 mg/mL was found for the sample 
subjected to a temperature of 95 °C for 1 
hour, under agitation. This result was almost 
7 times worse when compared to the IC50 
value found in our study (0.291 mg/mL). This 
points to temperature as an important process 
variable, indicating that high extraction tem-
peratures should be avoided to minimize the 
decomposition of thermosensitive substances 
with antioxidant properties. In the study by 
Torres et al. (2022), it was possible to obtain 
extract with good antioxidant activity (IC50 
of 0.31 mg/mL) using pressurized liquid ex-
traction at 10 mPa and 4 mL/min and lower 
temperature (80 °C).

The ultrasound-assisted extraction tech-
nique was also efficient in obtaining extracts 
with antioxidant activity, as it can increase 
the diffusibility between solvent and bio-
logical material without drastic increase in 
temperature.

Conclusion

Ora-pro-nobis leaves (Pereskia aculeata 
Mill.) are an important source of minerals and 
proteins, with low molecular weight peptides. 
The aqueous extracts obtained by ultrasound-
-assisted maceration at a temperature of 60°C 
for one hour of extraction present high con-
tent of total phenolic compounds and good 
antioxidant activity, suggesting their use as 
natural preservative and nutraceuticals in the 
food industry, aiming at a more balanced and 
healthy diet.
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