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Abstract
The number of people changing their eating habits towards healthier foods is increasing. Among foods, peanut butter is widely 
consumed all around the world. However, the lipid content of peanut butter is high, which ends up being a reason for restriction 
for some consumers. One strategy is to replace peanuts with baru almonds, an almond native to the Brazilian Cerrado, using ora-
pro-nóbis mucilage to maintain the characteristics. Therefore, the objective of this study was to develop and evaluate the spread 
with peanuts, baru almonds, and ora-pro-nóbis mucilage. Different baru almond and ora-pro-nóbis mucilage concentrations 
substituted the peanut concentration on the spread. Chemical, physical, technological, bioactive, and storage characteristics were 
evaluated. Spread with the highest amount of ora-pro-nóbis mucilage (0.2 g/100 g of butter) showed a 16% increase in protein 
content. The mineral profile was improved in the formulations developed compared with spreads. The firmness of the spread did 
not show a significant difference from the peanut-based control formulation. Furthermore, antioxidant activity was higher in a 
developed spread. During storage, up to 30 days, most formulations maintained their initial pH and acidity, with changes in color 
parameters. Spread showed great nutritional value, being an interesting food alternative to improve diet quality.

Keywords: vegetable cream; nutritional information; new products; Dipteryx alata; Pereskia aculeata.

Practical Application: Ora-pro-nóbis mucilage and baru are promising ingredients for more nutritious spreads.

Spread developed with peanuts, baru almonds, and ora-pro-nóbis mucilage: 
chemical, technological, and bioactive characteristics

Michelle Monteiro LIRA1 , Isabelly de Campos Carvalho CABASSA2 , 
Sibele Santos FERNANDES3* , Mariana Buranelo EGEA1,2 

1 INTRODUCTION
Among commercially available foods, nut-based pastes, espe-

cially peanuts, stand out as practical and tasty food. However, this 
oilseed has a very high lipid content of about 46.0% (Zhang et al., 
2022), meaning that high consumption of peanut-based pastes leads 
to health problems. In this sense, baru almonds could be regarded as 
a viable substitute due to the high concentrations of bioactive com-
pounds and beneficial nutritional profile (Campidelli et al., 2022).

Of the native flora of the Cerrado biome, the baru almond 
(Dipteryx alata Vogel) is the most valued portion of the fruit. 
Almonds are highly appreciated, especially by the gastronomic 
media, enhancing recognition and acceptance by society, which 
has become increasingly discerning of the foods they consume 
(Egea & Takeuchi, 2020).

 The nutritional potential and functional appeal of baru al-
monds have been widely explored by food science. It is considered 
a food source with a unique chemical composition in terms of 
proteins (31.8%), lipids (22.4%), vitamins (such as vitamin E con-
tent of 21.40 mg/ 100 g), minerals (mainly potassium) and fiber 
(12.6%). Furthermore, baru almonds contain significant amounts 
of bioactive compounds with antioxidant activity, e.g. phenols, 

phytates, and tannins (Egea & Takeuchi, 2020; Lima et al., 2021; Vi-
ana et al., 2023). Baru almonds have already been used in vegetable 
beverages (Silva et al., 2020), cereal bars (Lima et al., 2021), cocoa 
cream (Campidelli et al., 2022), and cookies (Viana et al., 2023).

Another vegetable raw material that stands out is ora-pro-
nóbis (Pereskia aculeata Miller — OPN). OPN is a non-con-
ventional food plant that is a species widely used by vegan and 
vegetarian consumers due to its high protein content. From 
OPN leaves, it is possible to extract mucilage, which has a dark 
gelatinous appearance, is soluble in water and alcohol, has good 
hydration and solubilization, and has excellent technological 
properties (Masugossa et al., 2023).

OPN mucilage contains approximately 15.0% proteins, 0.6% 
lipids, 2.5% fibers, and 63.4% carbohydrates (Nascimento et al., 
2023). The polysaccharide arabinogalactan predominates in 
mucilage, resulting in the potential to be used as a hydrocolloid, 
which can be applied as a thickener, gelling agent, emulsifier, 
stabilizer, and a source of protein in the food industry (Oliveira 
et al., 2019). This nutritional profile associated with the tech-
nological properties of OPN mucilage shows that this species 
is an alternative source of food ingredients.
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The demand for foods that provide health benefits and nutri-
ents is increasing along with population growth. Therefore, there 
is a constant search for plant-based foods to compose special diets. 
This study aimed to develop and evaluate spread with different 
concentrations of peanuts, baru almonds, and OPN mucilage and 
evaluate its chemical, technological, and bioactive characteristics.

2 MATERIAL AND METHODS

2.1 Material

The OPN leaves were collected at the Instituto Federal 
Goiano, Campus Rio Verde in Goiás, Brazil (17°48’17.1”S 
50°54’23.2”W). The roasted baru almond was obtained in 
Caiapônia, also located in Goiás, and was used in the skin. 
Roasted and shelled unsalted peanuts, 100% cocoa powder, 
cocoa nibs, and 100% natural xylitol were purchased in local 
shops in Brasília/DF (Brazil). 

2.2 Obtaining the ora-pro-nóbis mucilage

A batch of 1,200 g of OPN leaves was sanitized with 20 ppm 
sodium hypochlorite. The leaves were cut and homogenized in 
water in a ratio of 1.2:4 (leaves: water, m/v) and the suspension 
was heated at 60°C for 40 min (Lima Junior et al., 2013). Then, the 
suspension was filtered through sieves (10 mesh) and the super-
natant (mucilage) was lyophilized and stored in a freezer at -18°C.

2.3 Proximate composition and caloric value

The proximate compositions of OPN mucilage were performed 
according to Association of Official Analytical Collaboration (AOAC, 
2005), on a dry basis. The moisture (method number 935.29); ash 
(method number 923.03); protein (micro-Kjeldahl method N x 
6.25, number 920.87); and lipid content (Soxhlet method, number 
920.85) were determined. The carbohydrate content was obtained 
by the difference of 100 to the other components. The caloric value 
was calculated based on the Atwater caloric coefficients.

2.4 Spread development

Two control formulations were developed, one based on 
peanuts and the other on baru almonds. The test formulations 
were added with 0.05, 0.10, 0.15, and 0.20% OPN mucilage to the 
amounts of peanuts and baru almonds (concentrations obtained 
from preliminary tests). Table 1 presents the formulations of 
the spreads developed.

The peanuts and baru almonds were ground separately using a 
food processor (Walita, PowerChop, 750W) with knife-type metal 
blades for approximately 20 min for the baru almonds and 15 min 
for the peanuts. Afterward, the other inputs were incorporated and 
homogenized in a food processor for 5 min. The samples were stored 
in polypropylene containers at room temperature until analysis.

2.5 Spread characterization

2.5.1 Chemical characterization

The moisture, protein, ash, carbohydrate content, and caloric 
value of the spreads were determined according to the previous 
subsection, on a dry basis. Lipids were determined according to 
Bligh and Dyer (1959). Minerals (phosphorus, potassium, calcium, 
copper, manganese, magnesium, zinc, and iron) were determined 
using the perchloric nitric acid digestion method at 50°C for 15 min 
and 100°C to digest all the material. The reading was carried out on 
an atomic absorption spectrophotometer at 248.3 nm.

2.5.2 Water activity

The water activity of samples was determined in a LabTouch 
Novasina® water activity analyzer (Novasina, Model LabTouch, 
Switzerland) at room temperature.

2.5.3 Firmness

The firmness of spreads was determined using a Texture Ana-
lyzer (CT3-100, Brookfield Engineering Lab, Massachusetts, USA) 
with a capacity of 500 N. The texture analyzer probe (TA 17 cone 
24 mm D. 45°) was adjusted to penetrate the spreads in containers 
to a depth of 25 mm at a rate of 2.0 mm/s. The container measured 
5 cm in diameter. The firmness value was expressed in Newton (N).

2.5.4 Differential scanning calorimetry

The thermal characteristics of spreads were determined 
by differential scanning calorimetry (DSC) (Shimadzu, model 
DSC-60, Japan). DSC analysis was performed with the heating 
rate of 10°C/min, at the temperature range from 25 to 300°C, 
and a nitrogen atmosphere flow rate of 50 mL/min.

2.5.5 Determination of antioxidant activity

The extract used to analyze antioxidant activity was pre-
pared according to Larrauri et al. (1997) with adaptations: 1 g of 

Table 1. Formulations of spreads with different levels of peanuts, baru almonds, and ora-pro-nóbis mucilage.

Ingredients (%)
Formulation

C1 C2 F1 F2 F3 F4
Peanut 70.00 - 25.00 30.00 35.00 40.00
Baru almond - 70.00 44.95 39.90 34.85 29.80
Cocoa nibs 15.00 15.00 15.00 15.00 15.00 15.00
Xylitol 10.00 10.00 10.00 10.00 10.00 10.00
100% cocoa powder 5.00 5.00 5.00 5.00 5.00 5.00
Lyophilized OPN mucilage - - 0.05 0.10 0.15 0.20

OPN: ora-pro-nóbis.
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each spread was homogenized in 40 mL of 50% methanol and 
left to rest for 60 min at room temperature. Then, it was centri-
fuged at 25,500 g for 15 min. The supernatant was transferred 
to a 100 mL volumetric flask. From the residue of the first 
extraction, 40 mL of 70% acetone was added. Soon after, it was 
homogenized and left to rest for 60 min at room temperature. 
It was centrifuged again at 25,500 g for 15 min and the super-
natant was transferred to the volumetric flask containing the 
first supernatant. The volume was made up to 100 mL with 
distilled water.

The antioxidant activity was evaluated using the DPPH 
(2,2-diphenyl-1-picrylhydrazyl) and ABTS (2,2’-azino-bis 
[3-ethylbenzothiazoline-6-sulfonic acid]) methods. The anti-
oxidant capacity was determined through the sequestration of 
the DPPH radical and the capturing ability of the ABTS radical 
(Lemos et al., 2012). The DPPH free radical scavenging capac-
ity and capture of the ABTS radical were expressed relating to 
sample absorbance and absorbance without the sample.

2.5.6 Storage stability

The shelf-life of spreads was evaluated during storage for 
60 days at room temperature (~27°C). Samples were collected 
at times 0, 30, and 60 days. Stability was monitored through 
hydrogen potential (pH), acidity, and color analyses. 

The pH analysis was carried out according to the method 
of the Adolfo Lutz Institute (2008) using a digital pH meter 
(Kasvi, model K39-1420A). For acidity analysis, 50 mL of water 
was added to 5 g of each spread and 3 drops of phenolphthalein. 
The titration was carried out with 0.01 M sodium hydroxide 
solution until a pink color appeared. The results (units) were 
expressed as lactic acid. The colorimetric properties of spreads 
were determined using the Konica Chroma Meter CR — 400 
colorimeters. The analysis was based on the International Com-
mission on Illumination (CIE) L*a*b* system, defined in 1976, 
for determining the L* (lightness), a* and b* (chromaticity 
coordinates) values. From these values, the chroma parameter 
(intensity or purity of the color, C*), and the hue angle (true 
color, h°) were determined.

2.5.7 Statistical analysis

All determinations were done at least in triplicate. The data 
were analyzed using analysis of variance (ANOVA), and the 
average values obtained were compared using Tukey’s test, with 
statistical significance (α) set at p < 0.05.

3 RESULTS AND DISCUSSION

3.1 Ora-pro-nóbis mucilage characterization

The yield of obtaining lyophilized OPN mucilage was 
0.42%. Martin et al. (2017) obtained a yield of 1.6% and Ko-
bayasi et  al. (2023) achieved a yield of 4.2% using ethanol 
as a precipitating agent. In addition to the characteristics of 
the plant material, the method used to extract mucilage can 
influence the extraction yield and the chemical, physical, and 
nutritional characteristics. The OPN mucilage yield observed 
was lower than other mucilage, such as chia (10.9%) and lin-
seed (5.3%), when hot water extraction was used (Lira et al., 
2023), which may have occurred due to the moisture/dry 
nature of the material applied.

Table 2 presents the proximal composition, caloric val-
ue, and water activity of the mucilage obtained from the ex-
traction of OPN leaves and developed spreads. According to 
Table 2, a high moisture value was observed for OPN mucilage 
(17.33 g/100 g), possibly due to its hygroscopicity, which ab-
sorbed moisture after the freeze-drying process. 

The lipid (0.59 g/100 g) and protein content (17.17 g/100 g) 
obtained for OPN mucilage were smaller and higher compared 
with Oliveira et al. (2019) who reported 1.68 g/100 g of lipid 
and 8.89 g/100 g of protein contents, respectively. The low lipid 
content was also found in other types of mucilage, such as chia 
(0.91/100 g) by Fernandes and Salas-Mellado (2017). A high 
protein content is desirable as it can improve the mucilage’s 
emulsifying capacity, increasing the colloidal system’s viscosity 
and elevating the nutritional profile of food products (Silva 
et al., 2020). The low caloric value obtained for OPN mucilage 
is associated with the low lipid content found. Lipids generally 

Table 2. Proximal composition (g/100 g), caloric value (kcal/100 g), and water activity of lyophilized ora-pro-nóbis mucilage and the developed 
spread formulations containing baru almonds, peanuts, and ora-pro-nóbis mucilage.

OPN 
mucilage

Formulations
C1 C2 F1 F2 F3 F4

Moisture 17.33 ± 0.03 0.75 ± 0.22b 1.05 ± 0.13ab 1.11 ± 0.06a 1.05 ± 0.12ab 0.88 ± 0.11ab 1.21 ± 0.07a

Protein* 17.17 ± 0.56 21.92 ± 0.72c 20.06 ± 0.19d 22.46 ± 0.08c 20.70 ± 0.34d 26.01 ± 0.72a 24.06 ± 0.72b

Lipids* 0.59 ± 0.09 36.98 ± 0.98a 29.41 ± 0.52c 31.66 ± 0.00b 31.31 ± 0.23b 35.17 ± 1.38a 35.67 ± 0.17a

Ash* 37.17 ± 0.63 2.26 ± 0.03c 3.14 ± 0.04a 2.59 ± 0.40bc 2.94 ± 0.15ab 2.59 ± 0.16bc 2.84 ± 0.07ab

Carbohydrates* 27.74 38.53 46.86 42.43 44.22 35.89 36.95
Caloric Value 184.95 571.46 528.74 543.50 543.74 560.42 559.95
Water activity ND 0.338 ± 0.002a 0.340 ± 0.007a 0.329 ± 0.006a 0.350 ± 0.005a 0.338 ± 0.004a 0.344 ± 0.016a

*Dry basis; OPN: ora-pro-nóbis; ND: not determined; C1: control formulation containing peanuts, cocoa powder, xylitol, and cocoa nibs; C2: control formulation containing baru 
almonds, cocoa powder, xylitol, and cocoa nibs; F1: formulation containing baru almonds, peanuts, 0.05 g of ora-pro-nóbis mucilage, and other ingredients; F2: formulation containing 
baru almonds, peanuts, 0.10 g of ora-pro-nóbis mucilage, and other ingredients; F3: formulation containing baru almonds, peanuts, 0.15 g of ora-pro-nóbis mucilage, and other ingre-
dients; F4: formulation containing baru almonds, peanuts, 0.20 g of ora-pro-nóbis mucilage, and other ingredients. The average of three values with standard deviation (±), same letter 
in the line indicates that there is no significant difference between the means by Tukey’s test (p < 0.05).
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appear in small quantities in fruits and vegetables, which can 
also be related to the low caloric content found in these foods, 
as lipids are highly energetic molecules (9 kcal/g).

3.3 Characterization of spread

3.3.1 Chemical characterization

The moisture content of spreads ranged from 0.75 (C1) to 
1.21 (F4) g/100 g. This low content helps to avoid microbiological 
deterioration, as the moisture content of food is associated with 
greater storage stability (Horuz et al., 2018). To prepare the spread, 
dry roasting baru almonds, and peanuts contributed to developing 
characteristic aromas and flavors, reducing moisture levels from 
around 1 to 8%, allowing for the desired texture (Eker et al., 2023).

The highest protein content was obtained with formulation 
F3 (26.01 g/100 g), which compared to control formulations 
C1 and C2 showed increases of 15.7 and 29.6%, respectively. 
As expected, the formulations where OPN mucilage was added 
demonstrated an improvement in protein content except for F2 
possibly due to the replaced proportions of peanut and baru. Baru 
almonds have around 31.8 g/100 g of protein (Viana et al., 2023) 
while peanuts have around 23.7 g/100 g (Zhang et al., 2022). The 
test formulations (F1 to F4) proportionally increased the peanut 
content and reduced the baru almond content; however, the 
protein content was enhanced due to the increased amount of 
mucilage added, which presented 17.70 g of protein/100 g.

According to RDC no. 54 of November 12, 2012, established by 
the Brazilian Health Surveillance Agency (ANVISA), it is necessary 
to have at least 6 g of protein to be considered a “protein source” 
food, and at least 12 g of protein to be considered high protein (Bra-
sil, 2012). Thus, all spread formulations developed in the present 
work can be qualified products with high protein content.

Regarding lipids, the consumption of these macronutrients has 
the function of providing energy during long-term exercise and 

recovering energy systems after exercise (Liu et al., 2024). Formu-
lation C1 stood out with the highest lipid content (36.98 g/100 g), 
with no significant difference with formulations F3 (35.17 g/100 g) 
and F4 (35.67 g/100 g), since these spreads have peanuts as their 
main ingredient, which has a lipid content of 45.70 g/100 g (Zhang 
et al., 2022). The lowest lipid content was observed in formulation 
C2 (29.41 g/100 g). This is because the baru almond has a lipid 
content of around 22.40 g/100 g (Viana et al., 2023).

The ash content was higher in baru-control spread (C2) as 
it is the formulation with the highest amount of baru almonds. 
In addition, this base raw material was used with the shell, which 
has a more significant amount of minerals that affect the high ash 
content. Although the ash content is higher in OPN mucilage than 
the other ingredients, the added quantities were insufficient, not 
affecting the higher ash contents of spread formulations.

As for the total energy value, the calorie values ranged from 
528.74 to 571.46 kcal/100 g. The energy value of the peanut-con-
trol spread (C1) presented the highest caloric value because pea-
nuts have a high lipid content, 45.70 g/100 g (Zhang et al., 2022) 
which contributes most to this parameter. The energy value of 
the baru-control spread (C2) presented the lowest caloric value 
because the baru-control spread contains around 22.40 g/100 g 
of lipid content (Viana et al., 2023). Lise et al. (2021) found a 
reduction in energy value in processed mortadella meat when 
they added OPN mucilage in proportions of 0.05 and 0.10%.

Table 3 demonstrates the mineral values present in the devel-
oped spread formulations. In general, the F1 spread had a higher 
content of minerals such as phosphorus, magnesium, sulfur, 
copper, and zinc. The increase in these minerals in F1 spread 
occurred due to OPN mucilage. Among the other formulations 
tested (F2, F3, and F4), it was the one that contained the highest 
amount of baru almonds. Junqueira et al. (2019) determined the 
mineral analysis of OPN mucilage and found a high concentration 
of calcium (3.35/100 g), followed by potassium (2.42 g/100 g), 
phosphorus (1.13 g/100 g), magnesium (0.45 g/100 g), and sulfur 

Table 3. Mineral composition of the developed spread formulations containing baru almonds, peanuts, and lyophilized ora-pro-nóbis mucilage.

Mineral
Formulations

C1 C2 F1 F2 F3 F4
N (100 g/kg) 4.10 ± 0.13c 3.74 ± 0.03d 4.19 ± 0.01c 3.86 ± 0.06d 4.86 ± 0.13a 4.48 ± 0.13b

P (100 g/kg) 0.33 ± 0.00e 0.40 ± 0.00bc 0.43 ± 0.00a 0.41 ± 0.00b 0.36 ± 0.00d 0.39 ± 0.00c

K (100 g/kg) 0.27 ± 0.03c 0.37 ± 0.00a 0.33 ± 0.00b 0.33 ± 0.00b 0.34 ± 0.00ab 0.34 ± 0.00b

Ca (100 g/kg) 0.51 ± 0.00a 0.44 ± 0.00b 0.25 ± 0.00d 0.25 ± 0.00d 0.24 ± 0.00e 0.33 ± 0.00c

Mg (100 g/kg) 0.10 ± 0.00a 0.09 ± 0.00b 0.09 ± 0.00ab 0.09 ± 0.00ab 0.10 ± 0.00a 0.09 ± 0.00ab

S (100 g/kg) 0.19 ± 0.00c 0.23 ± 0.00a 0.24 ± 0.00a 0.20 ± 0.00b 0.20 ± 0.00b 0.20 ± 0.00b

Fe (100 mg/kg) 24.66 ± 0.07e 25.51 ± 0.07a 24.71 ± 0.07e 24.91 ± 0.07d 25.11 ± 0.07c 25.31 ± 0.07b

Mn (100 mg/kg) 1.02 ± 0.02e 2.51 ± 0.02a 2.17 ± 0.02c 1.84 ± 0.01d 2.25 ± 0.01b 1.83 ± 0.02d

Cu (100 mg/kg) 0.50 ± 0.01e 0.84 ± 0.02b 0.96 ± 0.01a 0.95 ± 0.00a 0.82 ± 0.14c 0.65 ± 0.04d

Zn (100 mg/kg) 2.24 ± 0.01d 2.34 ± 0.01b 2.87 ± 0.02a 2.29 ± 0.01c 2.28 ± 0.02c 2.26 ± 0.01cd

B (100 mg/kg) 1.99 ± 0.08b 1.68 ± 0.00c 1.61 ± 0.09c 1.30 ± 0.00d 1.93 ± 0.09b 2.24 ± 0.08a

N: nitrogen; P: phosphorus; K: potassium; Ca: calcium; Mg: magnesium; S: sulfur; Fe: iron; Mn: manganese; Cu: copper; Zn: zinc; B: boron; C1: control formulation containing peanuts, 
cocoa powder, xylitol, and cocoa nibs; C2: control formulation containing baru almonds, cocoa powder, xylitol, and cocoa nibs; F1: formulation containing baru almonds, peanuts, 0.05 g 
of ora-pro-nóbis mucilage and, other ingredients; F2: formulation containing baru almonds, peanuts, 0.10 g of ora-pro-nóbis mucilage, and other ingredients; F3: formulation contai-
ning baru almonds, peanuts, 0.15 g of ora-pro-nóbis mucilage, and other ingredients; F4: formulation containing baru almonds, peanuts, 0.20 g of ora-pro-nóbis mucilage, and other 
ingredients. The average of three values with standard deviation (±), same letter in the line indicates that there is no significant difference between the means by Tukey’s test (p < 0.05). 
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(0.98 g/100 g). Lima et al. (2021) found a high concentration 
of potassium (9.43 g/100 g), followed by calcium (6.38/100 g), 
phosphorus (3.31 g/100 g), sulfur (3.19 g/100 g), and magnesium 
(2.16 g/100 g) in the baru almond. The F3 spread had the highest 
nitrogen content, in line with the protein content determined in 
this formulation, which was the highest among the other samples.

Considering the recommended daily intake (RDI) for min-
erals, the spread formulations developed in this work contributed 
especially to iron and zinc contents. Iron is an essential nutrient 
needed for oxygen transport and cellular respiration, and iron defi-
ciency is the most common cause of anemia worldwide (Charlebois 
& Pantopoulos, 2023). Iron contribution to the F4 and C2 spreads 
was 36.14 and 36.42% in a 20 g portion, respectively. Zinc is an 
essential mineral that performs several functions in the body and 
the immune system, and its deficiency can lead to serious health 
consequences, such as growth retardation, reproductive dysfunc-
tion, weight loss, diarrhea, and alopecia (Maywald & Rink, 2022). 
The developed spreads demonstrated a contribution to the supply 
of zinc, emphasizing the F1 formulation, which was 8.14%. 

The water activity parameter helps predict microbial growth 
and shelf life of spreads, as they are products with high protein and 
energy values. There was no significant difference in water activity 
values among the developed spreads (Table 2). All formulations 
analyzed showed low water activity (< 0.450), which is a positive 
factor, as it is considered that below 0.60 there is practically no 
development of microorganisms. The low water activity obtained 
in spreads prevents microorganisms’ growth and spoilage reactions. 

Table 4 presents the firmness values of the developed spread 
containing baru almonds, peanuts, and OPN mucilage. In texture 
analysis, factors such as formulation, oil content present in the com-
position of spread and processing, as well as the distribution and size 
of particles in food, can influence this determination. Formulation 
C2 had the highest firmness value (22.16 N), which may be due to 
its integral baru composition. Baru almonds and shells are fiber-rich 
materials, which may have interacted with other constituents, such 
as lipids and hydrocolloids, reducing their mobility. This may help 
to justify the increase in firmness in C2 spread, as it is the formu-
lation with the largest amount of baru almonds. In addition to the 
shell, the visible presence of cocoa nibs in the samples may have 
caused a possible obstruction during penetration and removal of 
the probe from the analyzer.

Another factor that influenced the firmness of spread was the 
addition of OPN mucilage. Formulations F1 to F4 (with a gradual 
increase in the addition of OPN mucilage and a reduction in the 
amount of baru almond) did not show a significant difference 
from the peanut-based control. This means that although the high 
presence of baru almond tends to increase firmness, it does not 
occur due to the presence of OPN mucilage, thus ensuring that 
the technological characteristics of spread are maintained. Lise 
et al. (2021) also found that adding 0.1% chia mucilage to replace 
chicken skin in mortadella did not significantly change firmness.

The lipid content has an inverse impact on the spread 
firmness. Wagener and Kerr (2018) observed that the firmness 
of walnut spread was increased by reducing the oil content 

Table 4. Firmness and thermal analysis parameters (with differential scanning calorimetry) of spread formulations containing baru almonds, 
peanuts, and ora-pro-nóbis mucilage.

Formulations
C1 C2 F1 F2 F3 F4

Firmness (N) 11.21 ± 4.32b 22.16 ± 4.89a 14.17± 3.61ab 10.14 ± 2.86b 12.61 ± 3.71ab 10.16 ± 1.39b

T0 (°C) 177.83 85.67 77.13 79.16 82.71 75.61
Tp (°C) 206.97 93.47 90.61 89.53 91.79 91.90
Tf (°C) 220.76 96.18 95.27 94.01 95.51 95.14

ΔH (J/g) 37.18 46.42 30.94 11.91 28.91 55.91

T0: onset temperature; Tp: peak temperature; Tf: final temperature; ΔH: enthalpy; C1: control formulation containing peanuts, cocoa powder, xylitol, and cocoa nibs; C2: control for-
mulation containing baru almonds, cocoa powder, xylitol, and cocoa nibs; F1: formulation containing baru almonds, peanuts, 0.05 g of ora-pro-nóbis mucilage, and other ingredients; 
F2: formulation containing baru almonds, peanuts, 0.10 g of ora-pro-nóbis mucilage, and other ingredients; F3: formulation containing baru almonds, peanuts, 0.15 g of ora-pro-nóbis 
mucilage, and other ingredients; F4: formulation containing baru almonds, peanuts, 0.20 g of ora-pro-nóbis mucilage, and other ingredients. The average of three values with standard 
deviation (±), same letter in the line indicates that there is no significant difference between the means by Tukey’s test (p<0.05).

ABTS: 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid); DPPH: 2,2-diphenyl-1-pi-
crylhydrazyl);.C1: control formulation containing peanuts, cocoa powder, xylitol, and 
cocoa nibs; C2: control formulation containing baru almonds, cocoa powder, xylitol, and 
cocoa nibs; F1: formulation containing baru almonds, peanuts, 0.05 g of ora-pro-nóbis mu-
cilage, and other ingredients; F2: formulation containing baru almonds, peanuts, 0.10 g of 
ora-pro-nóbis mucilage, and other ingredients; F3: formulation containing baru almonds, 
peanuts, 0.15 g of ora-pro-nóbis mucilage, and other ingredients; F4: formulation contai-
ning baru almonds, peanuts, 0.20 g of ora-pro-nóbis mucilage, and other ingredients.

Figure 1. Antioxidant activity of ABTS and DPPH methods for diffe-
rent spreads formulations.
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Table 5. Hydrogen potential, acidity, and colorimetric parameters of spread formulations containing baru almonds, peanuts, and ora-pro-nóbis 
mucilage during storage.

Parameter
Days

0 30 60

pH

C1 6.66 ± 0.04a,B 6.57 ± 0.06ab,B 6.85 ± 0.05a,A

C2 6.44 ± 0.04cd,B 6.40 ± 0.00c,B 6.56 ± 0.02c,A

F1 6.38 ± 0.02d,B 6.47 ± 0.06bc,AB 6.54 ± 0.02c,A

F2 6.49 ± 0.03bc,B 6.67 ± 0.06a,A 6.58 ± 0.03bc,AB

F3 6.55 ± 0.03b,AB 6.50 ± 0.00bc,B 6.64 ± 0.08bc,A

F4 6.64 ± 0.04a,A 6.63 ± 0.06a,A 6.72 ± 0.10ab,A

Acidity

C1 0.23 ± 0.05ab,A 0.24 ± 0.03d,A 0.18 ± 0.02c,A

C2 0.22 ± 0.08ab,B 0.34 ± 0.03bc,B 0.69 ± 0.07a,A

F1 0.14 ± 0.03b,C 0.44 ± 0.01a,B 0.53 ± 0.03b,A

F2 0.24 ± 0.00ab,B 0.33 ± 0.05c,B 0.54 ± 0.05b,A

F3 0.33 ± 0.05a,B 0.43 ± 0.02ab,A 0.26 ± 0.03c,B

F4 0.22 ± 0.03ab,A 0.30 ± 0.05cd,A 0.22 ± 0.03c,A

L*

C1 30.39 ± 1.65c,A 32.89 ± 0.05a,A 20.65 ± 0.72ab,B

C2 33.62 ± 0.23ab,A 31.12 ± 3.38a,A 11.48 ± 0.50c,B

F1 28.63 ± 0.86c,B 31.72 ± 0.63a,A 23.71 ± 1.06a,C

F2 30.47 ± 0.55bc,A 30.18 ± 0.21a,A 20.94 ± 1.69ab,B

F3 35.09 ± 1.63a,A 32.79 ± 0.27a,A 17.89 ± 0.67b,B

F4 33.97 ± 1.27a,A 31.21± 0.20a,A 18.68 ± 1.52b,B

a*

C1 13.64 ± 0.78a,A 10.39 ± 0.20a,B 5.85 ± 0.92a,C

C2 13.30 ± 0.32ab,A 6.04 ± 1.14c,B 5.49 ± 0.18a,B

F1 10.20 ± 0.69d,A 8.46 ± 0.47b,B 4.96 ± 0.17a,C

F2 11.06 ± 0.24cd,A 8.83 ± 0.06b,B 5.40 ± 0.81a,C

F3 11.96 ± 0.48bc,A 9.50 ± 0.18ab,B 5.53 ± 0.43a,C

F4 11.75 ± 0.09c,A 8.64 ± 0.14b,B 6.12 ± 0.74a,C

b*

C1 12.84 ± 1.57ab,B 16.52 ± 0.20a,A 7.60 ± 1.14a,C

C2 13.06 ± 0.35a,A 10.96 ± 3.28c,A 8.77 ± 0.58a,B

F1 9.19 ± 0.98c,B 13.17 ± 0.71ab,A 6.74 ± 0.39a,C

F2 10.62 ± 0.40bc,B 13.12 ± 0.15ab,A 7.24 ± 1.02a,C

F3 12.24 ± 0.72ab,A 14.28 ± 0.31ab,A 7.91 ± 1.24a,B

F4 12.06 ± 0.44ab,B 13.81 ± 0.10ab,A 8.34 ± 0.16a,C

h°

C1 47.07 ± 2.35a,C 57.85 ± 0.19bc,A 53.00 ± 0.34b,B

C2 44.48 ± 0.40ab,C 62.32 ± 0.44a,A 58.18 ± 0.65a,B

F1 41.97 ± 2.02c,B 57.20 ± 0.96bcd,A 54.27 ± 0.68b,A

F2 44.09 ± 0.08ab,B 56.06 ± 0.13d,A 53.31 ± 2.09b,A

F3 45.63 ± 0.71a,B 56.37 ± 0.66cd,A 55.54 ± 1.42ab,A

F4 46.28 ± 0.43a,C 57.97 ± 0.62b,A 54.30 ± 1.17b,B

C*

C1 18.02 ± 1.72a,A 15.63 ± 0.81ab,A 9.59 ± 1.46a,B

C2 18.65 ± 0.46a,A 12.48 ± 5.83b,A 10.35 ± 0.58a,A

F1 13.73 ± 1.11c,B 17.15 ± 0.30ab,A 8.37 ± 0.41a,C

F2 15.34 ± 0.45c,A 16.30 ± 0.03ab,A 9.03 ± 1.26a,C

F3 17.12 ± 0.84ab,B 19.52 ± 0.28a,A 9.91 ± 0.85a,C

F4 16.84 ± 0.26ab,A 14.51 ± 0.06ab,B 10.32 ± 1.12a,C

pH: hydrogen potential; L*: brightness; a* and b*: chroma; h°: hue angle; C*: saturation; C1: control formulation containing peanuts, cocoa powder, xylitol, and cocoa nibs; C2: 
control formulation containing baru almonds, cocoa powder, xylitol, and cocoa nibs; F1: formulation containing baru almonds, peanuts, 0.05 g of ora-pro-nóbis mucilage, and 
other ingredients; F2: formulation containing baru almonds, peanuts, 0.10 g of ora-pro-nóbis mucilage, and other ingredients; F3: formulation containing baru almonds, peanuts, 
0.15 g of ora-pro-nóbis mucilage, and other ingredients; F4: formulation containing baru almonds, peanuts, 0.20 g of ora-pro-nóbis mucilage, and other ingredients. The average of 
three values with standard deviation (±), the same lowercase letter in the column indicates that there were no significant differences for each parameter between the means of each 
formulation and the same uppercase letter in the row indicates that there were no significant differences between the different storage times for each parameter evaluated in the same 
formulation, by Tukey’s test (p < 0.05).
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present in its composition—the same as found in this study 
in formulation C2.

Table 4 shows that the melting temperature occurred at 
similar values for all formulations except the peanut-based 
control (C1). The decrease in peak temperature in C1 with 
the increased concentration of added baru is due to the lower 
endothermic peak of baru. This behavior means that although 
different concentrations of OPN mucilage are added, the melting 
peak remains similar and has lower thermal stability.

Regarding enthalpy, it can be observed that it was reduced 
in formulations F2 and F3, indicating spreads that are less sta-
ble at temperature. During storage or transport, these spreads 
could undergo changes in their characteristics. Formulation F4 
presented the highest enthalpy, suggesting that this formulation 
was the most thermally stable. Compared to other spreads, more 
heat is needed to denature the sample, indicating its storage 
stability. This storage stability may have been caused by the 
higher amount of OPN mucilage in this formulation, which has 
thermal stability up to 151°C (Oliveira et al., 2019).

Figure 1 shows the percentage of antioxidant activity of the 
different spreads measured by ABTS and DPPH. Since antioxi-
dant activity often varies depending on different free radicals, it is 
recommended the application of at least two methods to estimate 
antioxidant capacity and ensure reliable results (Munteanu & Apetrei, 
2021). ABTS and DPPH results were expressed as a percentage of 
discoloration once antioxidants transfer a hydrogen atom to a radical 
cation and cause discoloration of the solution. Therefore, the higher 
the percentage of discoloration, the greater the antioxidant activity.

Based on Figure 1, it is possible to verify that formulation C1 
had the lowest antioxidant capacity in both methods. Regarding 
the results using the ABTS free radical capture method, C2 (46.2%), 
F2 (37.8%), and F4 (39.3%) spreads showed the highest antioxi-
dant activity. These results have already been expected since these 
formulations contain baru almonds, which have high antioxidant 
activity compared to the other ingredients (Viana et al., 2023).

The DPPH free radical scavenging capacity ranged from 65.6 
(C1) to 83.7% (F3) spreads. The results revealed that all samples 
presented antioxidant activity against radical scavenging, indicating 
the developed spreads with baru almonds and OPN mucilage (F1 to 
F4) as electron donors, capable of stabilizing the DPPH free radical. 
Furthermore, the different tested concentrations of the ingredients 
did not alter the antioxidant capacity. In general, it was observed that 
spreads formulated with peanuts, baru almonds, and OPN mucilage 
presented antioxidant activity, probably due to baru almonds.

3.3.2 Storage stability

Table 5 presents the pH values, titratable acidity parameters, 
and color of the developed spread formulations containing baru al-
monds, peanuts, and OPN mucilage for 60 days. The average values 
found for the pH for the different formulations showed significant 
differences during the days of storage evaluation, with pH varying 
from 6.38 (F1 at 0 days) to 6.85 (C1 at 60 days). All formulations 
showed an increase in pH over time, except F4. The values found 
in the foods developed in this study were close to neutrality (~7) 
within the 60 days of evaluation, which shows a positive result as 

this range helps in food conservation. Products with a more alkaline 
pH present a more conducive environment for the development of 
pathogenic microorganisms, thus accelerating their deterioration, 
and due to this process, sensory characteristics such as palatability, 
aroma, and texture may be impaired (Firmo et al., 2020). Lima 
et al. (2021) found similar pH results for baru almonds (6.24) and 
nutritional bars developed with baru almonds (6.31).

The titratable acidity in formulations C1 and F4 did not change 
over the 60 days of storage while formulations C2, F1, and F2, which 
contained greater amounts of baru almonds in their compositions, 
increased acidity over this same period. The increase in titratable 
acidity in almonds could have been caused by the breakdown of 
unsaturated acids present in lipid molecules (Lemos et al., 2012). 
However, C1, F3, and F4 spreads had lower acidity after 60 days of 
storage. Reis and Schmiele (2019) observed that in a storage period of 
42 days, baru almonds stored in different packages showed a reduc-
tion in acidity, having an initial acidity of 1.04% and a final of 0.58%.

C2, F3, and F4 spreads presented high initial luminosity due 
to the higher proportion of baru almonds since they were used 
in the shell, which is dark in color. This effect was also proven by 
Lima et al. (2021), who found that as the percentage of almond 
presence in nutritional bars increased, the luminosity parameter 
decreased. The authors found a luminosity of 46.47 bars with 
25% baru almonds and 32.32 bars with 100% baru almonds. 
The chroma a* values obtained showed a tendency towards red 
color (a+), and the chroma b* values showed a tendency towards 
yellow color (b+). Both chromas suffered a significant reduction 
after 60 days of storage, revealing that storage conditions influ-
ence color parameters. All samples exhibited darkening (lower 
L*) with storage time. Furthermore, the amount of mucilage 
added may have not affected the color.

4 CONCLUSION
Spreads with peanuts, baru almonds, and OPN mucilage pre-

sented an excellent nutritional profile, with increased protein, lipid, 
and mineral content, making them a promising alternative for those 
seeking alternative food products. The technological characteristics 
of these products were maintained in relation to the peanut-based 
control product, which is commercially available. The baru almond 
helped with the bioactive properties and the OPN mucilage, in addi-
tion to providing the product’s characteristic firmness and thermal 
stability. OPN mucilage has proven to be an excellent emulsifying 
ingredient, directly affecting the texture properties and final quality 
of products with a high protein content. Regarding storage stability, 
spread from 30 days onwards showed changes in pH, acidity, and 
color parameters due to reactions caused in the product by being 
kept at room temperature and light. Different individuals, including 
athletes, can consume the developed spread in the present study, 
as well as specific population groups, such as lactose intolerant, 
those allergic to cow’s milk protein, vegans, people with gluten 
restrictions, and those with celiac disease.
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