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Abstract: The reduction in meat consump-
tion and the growing number of vegetarian,
vegan, and flexitarian consumers have in-
tensified the demand for nutritionally ade-
quate plant-based products made with na-
tural ingredients and lower environmental
impact. In this context, unconventional edi-
ble plants (PANC), such as Pereskia aculeata
Miller (ora-pro-nobis), stand out due to their
high content of proteins, fiber, and micro-
nutrients. This study aimed to develop a ve-
gan burger based on chickpea flour enriched
with ora-pro-nobis powder and to evaluate
its nutritional and sensory characteristics.
After standardizing the formulation, con-
taining 8.12% ora-pro-nobis, centesimal
analyses identified 55.07% (£0.05) moistu-
re, 3.26% (+0.01) ash, 10.31% (+0.05) pro-
tein, 8.11% (+0.01) lipids, 5.02% (+0.20)
fiber, and 18.20% (+0.22) carbohydrates,
enabling the elaboration of nutritional in-
formation in accordance with current regu-
lations. Sensory analysis conducted with 76
participants showed good acceptance for fla-
vor (78%), odor (89%), texture (78%), and
overall impression (78%), while appearance
received 67%, possibly due to the green co-
loration characteristic of the plant. Overall,
the burger exhibited favorable nutritional
and sensory characteristics, particularly in its
protein and fiber content, which was achie-
ved without supplementation, positioning
it as an adequate and promising plant-based
alternative. The formulation contributes to
encouraging the use of PANC in food and
meets the growing demand for healthier and
more sustainable plant-based products.

Keywords: Vegan burger; chickpea; ora-
-pro-nobis; PANC; unconventional edible
plants.
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INTRODUCTION

Interest in diets with a lower propor-
tion of animal-derived products has increa-
sed due to concerns related to health, well-
-being, and the environmental impact of
food systems (Silva et al., 2021; Gradinar,
2022). Meat production, especially beef, is
recognized for its demand for large amou-
nts of natural resources and for generating
emissions associated with the greenhouse
effect, which underscores the need for nu-
tritionally adequate alternatives with a lower
environmental impact.

Vegetarianism and veganism, adopted
for ethical, cultural, religious, environmen-
tal, and health reasons (Denis, 2021; Har-
greaves et al., 2021), have grown globally
and are associated with higher consump-
tion of plant foods and lower prevalence of
chronic diseases, although poorly planned
diets may result in nutritional deficiencies
(Bakaloudi et al, 2020; Marrone et al.,
2021). This movement has expanded the
market for plant-based products, although
many still contain additives and low-quality
ingredients (Moro ez al., 2021). Neverthe-
less, studies show a continuous increase in
the number of vegetarian, vegan, and fle-
xitarian consumers (Ipec, 2021; The Good
Food Institute, 2021), driving demand for
products that combine convenience, flavor,
and adequate nutritional composition.

In this context, plant-based burgers
formulated with legumes emerge as viable
technological alternatives to reduce meat
consumption without compromising sen-
sory attributes (Boukid; Castellari, 2021).
Chickpea (Cicer arietinum L.) stands out
for its high protein content, neutral fla-
vor, and technological functionality, which
make it suitable for use in plant-based pre-
parations (Jukanti ez a/., 2012; Zhang ez al.,
2024).
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In parallel, there is an increasing in-
terest in unconventional edible plants
(PANC), valued for their nutritional poten-
tial, low production costs, and contribution
to food biodiversity (Ranieri, 2017). Ora-
-pro-nobis (Pereskia aculeata Miller) has high
concentrations of proteins, fiber, vitamins,
and minerals, and is considered promising
for enriching plant-based preparations (Al-
meida ez al., 2014; EMBRAPA, 2017).

The use of ora-pro-nobis flour in plant-
-based burgers represents an opportunity to
add nutritional value and expand the diver-
sity of products with lower environmental
impact. However, its inclusion may alter
texture, color, and flavor, making physico-
chemical and sensory evaluation of the for-
mulation essential (Teixeira, 2009).

Therefore, this study aimed to develop
a vegan burger based on chickpeas with the
addition of ora-pro-nobis (Pereskia aculeata
Miller), as a way to encourage the use of
PANC by the population and as an alter-
native preparation for individuals who have
reduced or stopped consuming meat.

MATERIALS AND METHODS

This study involved the development
and evaluation of a vegan burger formulat-
ed with chickpea and enriched with orz-pro-
nobis flour. The preparation steps, physico-
chemical analyses, and sensory evaluation
were conducted at the Food Analysis and
Technology Laboratory of the University
of Ribeirao Preto (UNAERP), in Ribeirao
Preto, Sao Paulo, Brazil. The study was ap-
proved by the Institutional Ethics Commit-
tee (CAAE n° 67914323.0.0000.5498), and

all participants provided informed consent.
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The centesimal composition of the
formulation was determined through mois-
ture analysis (oven drying at 105 °C), ash
content (incineration in a muffle furnace at
550 °C), fiber content (Weende method),
protein content (Micro-Kjeldahl method),
lipid content (Goldfish method), and car-
bohydrate content by difference, according
to methodologies described by the Instituto
Adolfo Lutz (IAL, 2008) and by Galvani
and Gaertner (2006). All determinations
were performed in triplicate, and results
were expressed as mean + standard devia-
tion. Based on the values obtained in the
centesimal analysis, the nutritional informa-
tion of the product was elaborated.

Subsequently, sensory analysis was
conducted with 76 adult individuals of
both sexes, voluntarily recruited on campus.
Participants aged between 18 and 60 years
were included, and those with smoking ha-
bits, respiratory problems, or wheat allergy/
intolerance were excluded. The evaluations
were conducted individually in sensory boo-
ths using a nine-point hedonic scale for sen-
sory attributes and a seven-point purchase
intention scale (IAL, 2008). The data were
analyzed using the acceptability index (Al),
calculated as the ratio of the mean score ob-
tained to the maximum possible score, ex-
pressed as a %. Values equal to or greater
than 70% were considered satisfactory (Tei-
xeira, 2009).

RESULTS AND DISCUSSION

After standardizing the recipe, the
centesimal analysis of the chickpea bur-
ger with the addition of ora-pro-nobis flour
(8.12%) showed 55.07% (+0.05) moisture,
3.26% (+0.01) ash, 10.31% (£0.05) pro-
tein, 8.11% (0.01) lipid, 5.02% (£0.20)
fiber, and 18.20% (+0.22) carbohydrates, as
shown in Table 1.
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According to the results, the burg-
er containing 8.12% ora-pro-nobis flour
showed a higher proportion of mois-
ture (55.07%), followed by carbohy-
drates (18.20%), protein (10.31%), lipids
(8.11%), fiber (5.02%), and ash (3.26%).
When comparing these values to those
reported by Moro ez al. (2021) for burg-
ers containing 10% 0m—pm-no/7i.v, similar
moisture content was observed (55.07%
vs. 46.80%), along with higher protein and
fiber contents in the present study. Differ-
ences in carbohydrate (18.20% vs. 36.21%)
and lipid levels (8.11% vs. 3.82%) may be
related to the proportions of ingredients
used by the authors, influencing macronu-
trient distribution.

When compared to the vegan burgers
evaluated by Marchi ez 4/ (2021), similar
moisture contents were observed (60.91%
vs. 55.07%), as well as identical ash values
(2.52% vs. 3.26%). The fiber content found
(5.02%) corresponded to the highest value
reported by the authors. The higher protein
contents described in their formulations
are attributed to the use of protein supple-
ments, which were not included in the pres-
ent preparation. The lipid content obtained
(8.11%) was close to the lower limit report-
ed by Marchi ez al. (2021) for the samples
evaluated.

In comparison to the burger without
ora-pro-nobis developed by Lima (2018), a
higher protein content (10.31% vs. 7.20%)
and lower carbohydrate content (18.20%
vs. 27.96%) were observed. The absence of
rice flour in the present study may explain
this difference.

The nutritional information, elaborat-
ed from the centesimal analysis data (Table
1), the Brazilian Food Composition Table
(TBCA, 2020), and current regulations
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RDC n° 429/2020 and IN n° 75/2020
(ANVISA, 2020a; ANVISA, 2020b), is pre-
sented in Table 2.

The sodium content of the product
(395 mg/100 g) is below the threshold
that characterizes a “high sodium content,”
according to IN n° 75/2020 (ANVISA,
2020b), suggesting a favorable alternative
when compared with animal-based burgers,
which frequently show elevated levels of this
mineral (Ambiel; Pinho, 2022). The satura-
ted fat content (1.2 g/100 g) was also lower
than that of several commercial vegetarian
and vegan burgers, which may reach up
to 13 g/100 g, especially when formulated
with coconut oil (Boukid; Castellari, 2021).
In the present study, the use of extra-virgin
olive oil, rich in unsaturated fats, contribu-
ted to a lower saturated fat content. In con-
trast, Marchi ez al. (2021) reported higher
levels in formulations containing refined
coconut oil.

The nutritional profile obtained aligns
with characteristics valued by consumers of
plant-based products, including adequate
protein content, lower levels of saturated
fat, and the use of natural ingredients (The
Good Food Institute, 2021). Plant-based
products of this nature are frequently asso-
ciated with more sustainable food choices
and reduced environmental impact, reinfor-
cing the potential of the burger developed
in the present study.

Sensory analysis conducted with 76
participants revealed good acceptance for
flavor (78%), odor (89%), texture (78%),
and overall impression (78%). In contrast,
appearance presented a lower score (67%),
reflecting the greenish color conferred by
ora-pro-nobis (Figure 1).
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Determinations (%) Hamburguer

Moisture 55.07 (+0.05)
Ash 3.26 (+0.01)
Protein 10.31 (+0.05)
Lipid 8.11 (0.01)
Fiber 5.02 (x0.20)
Carbohydrate 18.20 (+0.22)

Table 1 - Centesimal composition of the chickpea burger with added ora-pro-nobis, performed at
the Food Analysis and Technology Laboratory of the Nutrition Program at the University of Ribeirdo
Preto, Ribeirao Preto, 2024.

Note: Mean (+ DP).

NUTRITIONAL INFORMATION
Serving size: 80 g (1 unit)
100 g 80g %VD*

Energy value (kcal) 185 151 8
Carbohydrates (g) 18 15 9

Total sugars (g) 1.3 1

Added sugars (g) 1 0.8 2

Proteins (g) 10 8.2 16
Total fats (g) 8.1 6.5 10

Saturated fats (g) 1.2 0.9 5

Trans fats (g) 0 0 0
Dietary fiber (g) 5 4 16
Sodium (mg) 395 316 16
*Percent daily values provided per serving.

Table 2 - Nutritional information of the chickpea burger with added ora-pro-nobis flour, based on the
centesimal analysis and the food composition table, Ribeirdo Preto, 2024.
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Figure 1 — Acceptance index of the chickpea burger with added ora-pro-nobis by participants (n = 76),
obtained through sensory analysis, Ribeirdo Preto, 2024.
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These findings are consistent with the
results of Moro et al. (2021), who also re-
ported higher acceptance in formulations
containing 10% ora-pro-nobis, with reduced
average scores when higher concentrations
were used due to the characteristic bitterness
of the plant. Appearance was cited by the
authors as one of the most sensitive attri-
butes to the inclusion of ora-pro-nobis, due
to the color changes. In the study by Lima
(2018), the chickpea burger without ora-
-pro-nobis showed higher visual acceptance
(75.93%), reinforcing that the greenish co-

lor may negatively influence this attribute.

Purchase intention reached 57%, a
value similar to that observed by Moro e#
al. (2021) in formulations with comparable
proportions of ora-pro-nobis. Although part
of the public does not have a regular habit
of consuming alternative plant-based pro-
ducts, the nutritional profile of the formu-
lation — with good protein content, lower
saturated fat content, and no additives —
makes the product attractive to flexitarian
consumers, who seek healthy and conve-
nient plant-based options (The Good Food
Institute, 2021).

CONCLUSION

The standardization of the chickpea
burger with added ora-pro-nobis flour
(8.12%) (Pereskia aculeata Miller) demons-
trated that the formulation presents good
nutritional and technological potential as
a plant-based alternative to traditional bur-
gers. The product stood out due to its ade-
quate protein and fiber contents, as well as
its low saturated fat content and the exclu-
sive use of natural ingredients. These cha-
racteristics align with the demands of con-
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sumers seeking healthier options with lower
environmental impact.

Sensory analysis indicated good accep-
tance for flavor, odor, texture, and overall
impression, reinforcing the feasibility of the
formulation. The lower acceptance of appe-
arance and the moderate purchase intention
may be related to the green color conferred
by ora-pro-nobis, which may generate un-
familiarity among individuals who are not
accustomed to this unconventional edible
plant (PANC). Nevertheless, the results su-
ggest that the product has potential to be in-
corporated into the daily diet of vegetarian,
vegan, and flexitarian consumers, offering a
nutritious and functional alternative.

Thus, the study highlights the nutri-
tional and technological value of ora-pro-
-nobis in the development of plant-based
products and reinforces its applicability in
formulations aimed at consumers seeking
more balanced, natural, and sustainable
plant-based preparations that are aligned
with current demands for environmentally

friendly foods.
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