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A B S T R A C T   

The Brazilian cerrado has a range of unexplored plant species with high technological potential for the food 
industry. The edible fraction of baru (Dipteryx alata Vog.) is the nut, while agro-industrial by-products (endocarp, 
mesocarp, and epicarp) are still rarely used in human nutrition. This study evaluated the nutritional composition, 
bioactive compounds, and antioxidant activity of baru nuts and its agro-industrial by-product (mesocarp or 
pulp). Hence, to determine the nutritional enrichment, cookies were produced with different concentrations of 
baru pulp powder, and the proximate composition, bioactive compounds, and antioxidant activity were inves-
tigated. The results obtained demonstrate that the baru nut presented a high lipid (31.80 ± 0.65 g 100 g−1) and 
protein (22.38 ± 0.37 g 100 g−1) content. The baru agro-industrial by-product was rich in phenolic compounds 
(276.56 ± 13.16 mg 100 g−1), flavonoids (19.59 ± 0.30 mg 100 g−1), and tannins (137.21 ± 31.21 mg 100 g−1), 
which reflected its high antioxidant capacity. The replacement of wheat flour by baru agro-industrial by-product 
in the formulation of cookies improved the protein, phenolic compounds, flavonoids, tannins, and antioxidant 
activity. Therefore, the application of baru agro-industrial by-product is a viable alternative as a cookie ingre-
dient, while the use of baru in foods can contribute to the exploration of regional products to promote the 
sustainable development of unexplored plant species.   

1. Introduction 

In Brazil, there are six large biomes (Amazon, Atlantic Forest, Cer-
rado, Caatinga, Pampa, and Pantanal). The Brazilian Cerrado has a high 
level of naturalness and biodiversity richness, where several fruit species 
are found with great importance for local consumption in natural form 
or through processed products [1]. The fruits from the Brazilian Cerrado 
show sui generis flavors and important nutrients for human metabolism, 
such as sugars, proteins, minerals, and fatty acids [2]. 

The most popular fruits from the Cerrado are cashew (Anacadium 
othanianum Rizz.), baru (Dipteryx alata Vog.), cagaita (Eugenia dysen-
terica), Cerrado pear (Eugenia klotzschiana Berg), mangaba (Hancornia 
speciosa), and pequi (Caryocar brasiliense Camb.) [3]. The baru stands 
out for its multifunctionality (Fig. 1) [4]. Baru consists of a thin, dark 
shell of brown color, pulp with sweet and astringent flavor that houses a 
hard and edible kernel [5,6]. Baru nuts have considerable market value, 
reacing US$ 5.1 million in 2022, where Brazil is the largest exporter and 

accounts for more than 50% of cultivation [7,8]. The conventional 
consumption of baru occurs mainly through the nut, which is rich in 
proteins, fatty acids, fibers, minerals, and bioactive compounds with 
strong antioxidant and anti-inflammatory activity [8]. However, the 
agro-industrial by-products of baru (endocarp, mesocarp, and epicarp) 
are still rarely used in human food [9]. Considering that the pulp 
(mesocarp) can be used for other purposes (e.g., food processing in new 
formulations such as cakes, biscuits, and bread), the percentage of 
useable fruit yield increases to more than 50% [10], which can be an 
alternative to avoid the incorrect deposition of this valuable fruit. The 
application of agro-industrial by-products into food products guarantees 
nutritional enrichment at a low cost, as well as the important task of 
reusing these by-products generated during processing [11]. 

Cookies produced with different formulations are accepted and 
consumed by people of any age, which can be produced in large quan-
tities and are widely distributed due to their high shelf life [12]. 
Therefore, this study evaluated the nutritional composition, bioactive 
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compounds, and antioxidant activity of baru nuts and its agro-industrial 
by-product (mesocarp or pulp) generated during food industry pro-
cessing. Hence, different formulations of cookies were produced by 
replacing wheat flour with baru agro-industrial by-product (pulp pow-
der), which were characterized to determine the nutritional enrichment, 
bioactive compounds, and antioxidant capacity. 

2. Materials and methods 

2.1. Plant material 

The fruits of baru (approximately 5 kg) were collected at the species 
maturation point in the Brazilian Cerrado (São Salvador, Tocantins, 
Brazil). The fruits were manually separated into peel, pulp, and nuts. 
Approximately 200 g of pulp and nut were homogenized for the chem-
ical analyses. The pulp of baru was used for the formulation of a powder, 
which was used in the formulation of cookies. For this, the pulp was 
sanitized using NaClO (2 mg L−1) and placed in an oven with forced air 
circulation (60 ± 2 ◦C) for one week. The dried pulp was submitted to a 
knife mill to reduce the diameter of the particles. The baru pulp powder 
(BPP) was homogenized and stored (6 ± 2 ◦C) for further character-
ization and application in the formulation of cookies. 

2.2. Baru yield 

Baru’s whole fruit yield was calculated by weight, size, and width. 
For this, 15 representative fruits were selected and measured using an 
analytical balance and a digital electronic caliper with 0.001 mm ac-
curacy. After this, samples were individually separated into peel, pulp, 
and nuts, and the weight of each fraction was quantified to calculate the 
yield of each fraction. 

2.3. Formulation of cookies with baru pulp powder addition 

Cookies were produced with different proportions of BPP in the 
replacement of wheat flour. Fig. 2 shows a flowchart for the cookies 
preparation. The control sample was produced with 200 g wheat flour, 
27 g soy oil, 2.5 g baking soda, 2.5 g yeast powder, 100 g brown sugar, 1 
egg (50 g), and 50 mL water. This study investigated the replacement of 
wheat flour by BPP in cookie formulations. For this, different concen-
trations of BPP (7.5, 15, 30, and 50%, w/w) were added in relation to the 
mass of wheat flour. A control was prepared without BPP addition. After 
the complete homogenization of the dough, the cookies were baked in 
an electric oven at 200 ◦C for 30 min. The cookies were coded as follows: 

control cookie without BPP (BPP-Control); cookie with the addition of 
7.5% BPP (BPP-7.5%); cookie with the addition of 15% BPP (BPP-15%); 
cookie with the addition of 30% BPP (BPP-30%); and cookie with the 
addition of 50% BPP (BPP-50%). 

2.4. Proximate composition 

Moisture, ashes, crude protein, lipids, and carbohydrates were 
quantified according to the AOAC methods [13]. The moisture content 
was determined by drying the samples at 105 ◦C for 24 h. The ash 

Fig. 1. Overview of baru (Dipteryx alata Vog.) fruit. Reproduced from Alves-Santos et al. [4], with permission from Elsevier.  

Fig. 2. Flowchart for cookie preparation.  
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content was quantified by calcination of the dried samples at 550 ◦C for 
12 h. Crude protein was quantified following the methodology of Micro 
Kjeldahl (Nitrogen × 6.25). Total lipids were determined by cold 
extraction [14]. Total carbohydrates were calculated by the difference 
method (carbohydrate = 100 − (moisture + ash + protein + lipid). Total 
calories were determined by using the values recommended for lipids (9 
kcal g−1), proteins (4 kcal g−1), and carbohydrates (4 kcal g−1) [15]. All 
analyses were conducted in triplicate. 

2.5. Extraction and quantification of bioactive compounds and 
antioxidant activity 

The quantification of bioactive compounds and antioxidant activity 
were determined after extraction with ethanol:water solution (70:30, v/ 
v) [16,17]. The extracts of baru nuts, pulp, BPP, and cookies were pre-
pared using a solid:liquid ratio of 1:10 (w/v). Extracts were kept under 
refrigeration (6 ± 2 ◦C) for one week, filtered on qualitative filter paper, 
and stored in a dark amber bottle for further analysis. 

2.5.1. Phenolic compounds 
The total phenolic compounds were determined according to Swain 

and Hillis [18], with modifications. The reaction was composed of 104 
μL of the sample extract diluted in 1667 μL of deionized water. 
Folin-Ciocalteu reagent (104 μL, 0.25 mol L−1) was added to the reac-
tion, followed by incubation (3 min) in a dark environment. Then, so-
dium carbonate (208 μL, 1 mol L−1) was added to the reaction, and after 
2 h, the absorbance was measured in a spectrophotometer (UV–Vis 
752D, Labman, China) at 725 nm. A standard curve was prepared using 
different concentrations of gallic acid, and the results were expressed as 
mg gallic acid equivalent (GAE) per 100 g of sample (mg GAE 100 g−1). 

2.5.2. Flavonoids 
Total flavonoids were quantified according to Park et al. [19], with 

modifications. The reaction was composed of 250 μL of the sample 
extract and diluted with 2150 μL of an ethanolic solution (80%, v/v). 
Then, 50 μL of aluminum nitrate (10%, w/v) and 50 μL of potassium 
acetate (1 mol L−1) were added to the reaction. After 40 min of incu-
bation, the absorbance was measured in a spectrophotometer (UV–Vis 
752D, Labman, China) at 415 nm. A standard curve was prepared using 
different concentrations of quercetin, and the results were expressed as 
mg quercetin equivalent (QE) per 100 g of sample (mg QE 100 g−1). 

2.5.3. Tanins 
Total tannins were measured by the method reported by Nasar- 

Abbas et al. [20], with modifications. First, 1 mL of extract was 
diluted with 1 mL of water and 100 mg of polyvinyl polypyrrolidone. 
The samples were vortexed and cooled at 5 ◦C for 15 min. The samples 
were centrifuged at 7500×g for 15 min. The supernatant (non-tannic 
TPC) was quantified according to the methods described in Section 
2.5.1. The concentration of total tannins was obtained by subtracting the 
content of non-tannic TPC from the content of TPC previously quantified 
in the sample. The analysis was conducted in triplicate, and the results 
were expressed as mg tannins 100 g−1. 

2.5.4. Antioxidant activity by DPPH assay 
The antioxidant activity was determined by the removal of the 

radical DPPH (2,2-diphenyl-1-picrylhydrazyl), according to the meth-
odology of Brand-Williams, Cuvelier and Berset [21]. The reaction was 
composed of 150 μL of extract and 2850 μL of DPPH 0.1 mmol L−1 so-
lution. After 24 h of incubation in a dark environment, the measurement 
was conducted in a spectrophotometer (UV–Vis 752D, Labman, China) 
using 515 nm as the wavelength. A calibration curve was carried out 
with Trolox, and the results were expressed as mg of Trolox equivalent 
antioxidant capacity (TEAC) per 100 g (mg TEAC 100 g−1). 

2.5.5. Antioxidant activity by ABTS assay 
Antioxidant activity through the removal of the radical ABTS (2,2′- 

azino-di-(3-ethylbenzthiazoline sulfonic acid)) was determined accord-
ing to Re et al. [22], with modifications. The reaction was composed of 
30 μL of extract and 3000 μL of ABTS solution. After 6 min in the dark, 
the absorbance was measured at 734 nm in a spectrophotometer 
(UV–Vis 752D, Labman, China), and the Trolox standard was used as a 
calibration curve. The results were expressed as mg TEAC 100 g−1. 

2.5.6. Antioxidant activity by FRAP assay 
Antioxidant activity through FRAP was determined according to 

Benzie and Strain [23] and Arnous, Makris and Kefalas [24]. The reac-
tion was composed of 100 μL of extract, 100 μL of ferric chloride (3 
mmol L−1) and 1800 μL of TPTZ (2,4,6-Tris (2-pyridyl)-s-triazine) (1 
mmol L−1). After 30 min in a water bath (37 ◦C), the absorbance was 
measured at 620 nm (UV–Vis 752D, Labman, China), and Trolox was 
used for the calibration curve. The results were expressed as mg TEAC 
100 g−1. 

2.6. Statistical analysis 

The results were expressed as the mean values ± standard de-
viations. Analysis of variance (ANOVA) and Tukey’s test (p < 0.05) were 
carried out to identify significant differences between the samples. All 
statistical analyses were conducted with Statistica® software (Statsoft 
Inc., version 10.0, Tulsa, OK, USA). 

3. Results and discussion 

3.1. Yield of baru 

The whole fruit of baru used in this study presented an average 
weight of 33.65 ± 3.56 g, length of 52.40 ± 1.97 mm, and width of 
39.28 ± 0.97 mm. The literature demonstrates that baru presents a mass 
of 38.11 ± 9.36 g, length of 61.17 ± 7.98 mm and width of 31.30 ±
2.64 mm [25]. Moreover, the sum of the epicarp (peel) and mesocarp 
(pulp) of baru is responsible for 49% of the total yield of the fruit, while 
the endocarp represents 49% of the total fruit mass. Finally, the nut, 
which is the conventional edible part of baru, represents 2% of the fresh 
weight. In the agro-industrial processing of baru, the amount of 
by-products generated is high, mainly because the edible fraction rep-
resents approximately half of the total fruit mass. Therefore, the 
by-products of this fruit present huge potential for insertion into new 
food products, being a potential alternative to the reduction of vegetable 
residues. 

3.2. Characterization of baru and its agro-industrial by-product 

Table 1 shows the physicochemical characterization of baru nut, 
pulp, and BPP. The analysis of the unconventional parts of fruits is 
crucial for the elaboration of new products since it is desired to verify 
and quantify the macronutrients in the sample. 

Table 1 
Nutritional composition of baru nut, pulp, and pulp powder.  

Parameters Nut Pulp BPP Unit 
Moisture 6.70 ± 0.08c 14.11 ± 0.02a 8.95 ± 0.01b g 100 g−1 

Ashes 3.21 ± 0.03b 4.01 ± 0.24b 14.74 ± 1.87a g 100 g−1 

Proteins 31.80 ± 0.65a 10.05 ± 0.37b 8.79 ± 0.34c g 100 g−1 

Lipids 22.38 ± 0.37a 1.79 ± 0.01b 1.41 ± 0.10b g 100 g−1 

Carbohydrates 35.88 ± 0.35c 70.05 ± 0.09a 66.06 ± 1.49b g 100 g−1 

Calories 472.18 ±
2.23a 

336.49 ±
0.94b 

312.07 ±
8.20c 

kcal 100 
g−1 

Label: The results are expressed as the average ± standard deviation (analysis 
performed in triplicate, n = 3). Different letters in each row represent a signif-
icant difference by Tukey’s test (p < 0.05). BPP, baru pulp powder. 
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The moisture content in the baru samples presented a significant 
difference (p < 0.05), and the pulp had a higher moisture content (14.11 
± 0.02 g 100 g−1), differing from BPP (8.95 ± 0.01 g 100 g−1) and nut 
(6.70 ± 0.08 g 100 g−1). Studies have shown that the moisture content 
in baru nuts can range between 5.80 and 6.10 g 100 g−1 [26], which is 
consistent with that obtained in this study. According to the Brazilian 
Health Regulatory Agency [27], to frame a food as flour, it should have 
less than 15 g moisture 100 g−1, and the BPP produced in this study is 
framed in the current Brazilian legislation. The ash content was higher 
for BPP (14.74 ± 1.87 g 100 g−1) when compared with the nut (3.21 ±
0.03 g 100 g−1) and pulp (4.01 ± 0.24 g 100 g−1). The literature dem-
onstrates that the ash content in baru nuts ranges between 2.70 and 4.34 
g 100 g−1 [25,26]. 

The baru nuts presented 31.80 ± 0.65 g proteins 100 g−1. The agro- 
industrial waste in fresh matter (pulp) presented 10.05 ± 0.37 g 100 
g−1, and after drying, the BPP presented 8.79 ± 0.34 g 100 g−1. The 
literature demonstrates that baru is a rich source of proteins, especially 
raw nut (19.72–30.0 g 100 g−1) [28]. In addition, the pulp and peel 
contain a lower protein content than the nut, with an average of 3.8 g 
100 g−1 for the pulp and 2.5 g 100 g−1 for the peel [29,30]. This study 
demonstrated that BPP is a rich source of proteins, and its incorporation 
into food products can be an alternative in the context of new 
plant-based market products [31,32]. 

Evaluating the lipid content, the baru nut (22.38 ± 0.37 g 100 g−1) 
presented a higher content (p < 0.05) when compared with the pulp 
(1.79 ± 0.01 g 100 g−1) and BPP (1.41 ± 0.10 g 100 g−1). The literature 
has shown that the lipids obtained from baru nuts are composed of 
75.58 g 100 g−1 unsaturated fatty acids and 22.92 g 100 g−1 saturated 
fatty acids [33]. The major unsaturated fatty acids are oleic (47.15%), 
linoleic (25.51%) and gadoleic (2.71%) acids, while the major saturated 
fatty acids are palmitic acid (6.10%), stearic acid (5.27%), and behenic 
acid (4.39%) [4,26]. Given that a diet high in unsaturated fatty acids 
decreases risk factors and the mortality associated with cardiovascular 
diseases, the fatty acid profile of the baru nut is advantageous for health 
when consumed in appropriate concentrations [4,34]. 

Finally, the carbohydrate content demonstrated that the pulp (70.05 
± 0.09 g 100 g−1) and the BPP (66.06 ± 1.49 g 100 g−1) presented 
values higher when compared with the nut (35.88 ± 0.35 g 100 g−1). 
This fact can be associated with the presence of lignocellulose com-
pounds in the agro-industrial by-product of baru [35,36]. In addition, 
the dried pulp is composed of dietary fibers (29.5 g 100 g−1), soluble 
fibers (1.3 g 100 g−1), insoluble fibers (28.2 g 100 g−1), and starch (38.1 
g 100 g−1) [4]. Otherwise, the baru nut presented the highest calories 
(472.18 ± 2.23 kcal 100 g−1) when compared with the pulp (336.49 ±
0.94 kcal 100 g−1) and BPP (312.07 ± 8.20 kcal 100 g−1). 

Table 2 shows the content of total phenolics, flavonoids, tannins, and 

antioxidant activity by DPPH, ABTS, and FRAP assays in baru nut, pulp, 
and BPP. The nut of baru presented the highest values of total phenolic 
compounds (529.50 ± 12.44 mg GAE 100 g−1) and flavonoids (29.47 ±
1.76 mg QE 100 g−1). In this study, the values of phenolic compounds in 
the pulp (202.15 ± 1.88 mg GAE 100 g−1) are similar to those obtained 
by Togashi and Sgarbieri [10] for baru pulp (292 mg GAE 100 g−1). 
Moreover, the drying of the baru pulp to obtain the BPP favored the 
concentration of phenolics and flavonoids. For instance, the fresh pulp 
presented 202.15 ± 1.88 mg GAE 100 g−1, and the BPP presented 
276.56 ± 13.16 mg GAE 100 g−1, an increase of 1.36-fold. The tannin 
content was higher for the BPP (137.21 ± 31.21 mg 100 g−1), indicating 
that it is an adstringent material. The tannin content obtained in this 
study is lower than the value reported in the literature [4]. The anti-
oxidant capacity of the nut was higher than that of the pulp and BPP in 
the DPPH (636.34 ± 22.49 mg TEAC 100 g−1), ABTS (2404.41 ± 17.71 
mg TEAC 100 g−1), and FRAP (4163.03 ± 109.6649 mg TEAC 100 g−1) 
assays. In addition, the analysis of the antioxidant activity by the FRAP 
assay presented the highest values. Finally, the production of BPP pro-
moted a concentration in the antioxidant capacity, which was statisti-
cally higher when compared with the raw pulp. This fact must be related 
to the presence of bioactive compounds, which were higher in the BPP 
and lower in the fresh pulp. 

Recently, studies have demonstrated that combating oxidative stress 
in human metabolism is directly associated with the consumption of 
food containing bioactive compounds with antioxidant properties [37]. 
The presence of antioxidant molecules (e.g., phenolics, flavonoids, and 
tanins) helps in the mechanism of defense and control of cellular damage 
caused by free radicals [38]. The consumption of these compounds has 
been associated with the prevention and treatment of obesity, cardio-
vascular disease and diabetes [39,40]. In addition, the application of 
baru and its by-products in food products can be an alternative to pro-
mote a healthy diet [41]. 

3.3. Characterization of cookies with the addition of baru agro-industrial 
by-product 

The BPP formulated by drying the agro-industrial by-product of baru 
(pulp) was used in the formulation of cookies. For this, up to 50% of BPP 
was included in the cookie formulation and nutritionally compared with 
the cookie without the addition of BPP. BPP was added to replace wheat 
flour, which is the conventional flour used in cookie formulations. The 

Table 2 
Bioactive compounds (phenolic, flavonoids, and tannins) and antioxidant ac-
tivity (DPPH, ABTS, and FRAP assays) of baru nut, pulp, and pulp powder.  

Parameters Nut Pulp BPP Unit 
TPC 529.50 ±

12.44a 
202.15 ±
1.88c 

276.56 ±
13.16b 

mg GAE 100 
g−1 

TF 29.47 ± 1.76a 17.17 ± 0.34c 19.59 ± 0.30b mg QE 100 
g−1 

TT 55.59 ± 9.45c 98.64 ±
15.39b 

137.21 ±
31.21a 

mg 100 g−1 

DPPH 636.34 ±
22.49a 

509.36 ±
16.37b 

592.79 ±
20.10b 

mg TEAC 
100 g−1 

ABTS 2404.41 ±
17.71a 

467.73 ±
9.50c 

653.73 ±
16.66b 

mg TEAC 
100 g−1 

FRAP 4163.03 ±
109.66a 

2715.75 ±
314.80c 

3335.83 ±
417.72b 

mg TEAC 
100 g−1 

Label: The results are expressed as the average ± standard deviation (analysis 
performed in triplicate). Different letters in each row represent a significant 
difference by Tukey’s test (p < 0.05). TPC, total phenolic compounds; TF, total 
flavonoids; TT, total tanins; BPP, baru pulp powder. 

Table 3 
Nutritional composition of cookies produced with different concentrations of 
baru pulp powder.  

Parameters BPP- 
Control 

BPP- 
7.5% 

BPP- 
15% 

BPP- 
30% 

BPP- 
50% 

Unit 

Moisture 12.71 
± 0.38a 

6.41 ±
0.11b 

6.35 ±
0.50b 

10.23 
± 0.03a 

9.23 ±
0.02a 

g 
100 
g−1 

Ashes 2.31 ±
1.10a 

2.33 ±
0.01a 

2.67 ±
0.02a 

2.44 ±
0.01a 

2.47 ±
0.08a 

g 
100 
g−1 

Proteins 10.46 
± 0.06d 

12.38 
± 1.11c 

13.65 
± 0.12b 

14.79 
± 0.01b 

17.36 
± 0.19a 

g 
100 
g−1 

Lipids 5.42 ±
0.86a 

5.33 ±
0.13a 

5.51 ±
0.36a 

5.37 ±
0.42a 

5.07 ±
0.05a 

g 
100 
g−1 

Carbohydrates 68.84 
± 0.77b 

73.64 
± 0.98a 

71.80 
± 0.28a 

67.09 
± 0.52b 

65.84 
± 0.10c 

g 
100 
g−1 

Calories 365.80 
± 4.70c 

397.01 
± 0.64a 

391.45 
± 3.85a 

375.81 
± 1.73b 

388.45 
± 0.04b 

kcal 
100 
g−1 

Label: The results are expressed as the average ± standard deviation (analysis 
performed in triplicate). Different letters in each row represent a significant 
difference by Tukey’s test (p < 0.05). 
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results of the physicochemical characterization of the cookies are pre-
sented in Table 3. 

Regarding the moisture content, it was observed that there was a 
significant difference between the different concentrations of BPP used 
in the cookie formulation. The moisture content ranged from 6.35 to 
12.71 g 100 g−1 for BPP-15% and BPP-control, respectively. The mois-
ture results corroborated those of Ishimoto et al. [42], who obtained a 
moisture content of approximately 6.39 g 100 g−1 when incorporating 
passion fruit peel flour in the production of cookies. The Brazilian Health 
Regulatory Agency establishes that a cookie must have a maximum 
moisture content of 14 g 100 g−1 [43]. Therefore, all cookies produced 
are within the current legislation. The presence of BPP can be an alter-
native to promote the development of cookies with lower water activity 
and a safe limit for safe storage [44,45]. In addition, the variation in the 
moisture content of the cookies produced with BPP can be associated 
with the complex interaction between proteins and carbohydrates, 
where possible aggregation can change the viscosity of the dough and 
increase the release of water during the oven cooking process [46,47]. 

There was no statistically significant difference regarding the ash 
content in the formulated cookies, where an average content of 2.5 g 
100 g−1 was obtained. The ash content obtained in this study is below 
the maximum limit (3 g 100 g−1) stipulated by the Brazilian Health 
Regulatory Agency [43]. The BPP presented an ash content of 14.74 ±
1.87 g 100 g−1, and the addition of this product in food could be a 
problem due to the high ash content. However, the addition of up to 50% 
BPP promoted a suitable value of ashes in the developed cookies. 

The lipid content of wheat flour (1.7 g 100 g−1) was similar to the 
lipid content of BPP (1.4 g 100 g−1). Therefore, there were non- 
significant differences in the cookies produced with the addition of 
BPP. A similar value of lipids was observed in the literature with the 
addition of vegetable residues to substitute wheat flour [48]. 

The highest protein content was obtained for the cookie with the 
addition of 50% BPP (17.36 ± 0.19 g 100 g−1), which can be considered 
an advantage regarding protein functionalization when compared with 
the BPP-Control (10.46 ± 0.06 g 100 g−1). The cookies produced in this 
study also showed a high concentration of protein, similar to the liter-
ature [25,49]. The consumption of high-protein cookies implies their 
potential use as a food, with the aim of contributing to essential amino 
acid intake [50]. The presence of high protein content can be associated 
with other characteristics of cookies, such as higher foaming capacity 
and stability due to protein and carbohydrate aggregation [51]. 

BPP addition affected the carbohydrate and caloric contents of the 
cookies. The addition of 7.5% BPP promoted the highest content of 
carbohydrates (73.64 ± 0.98 g 100 g−1) and calories (397.01 ± 0.64 
kcal 100 g−1). The replacement of wheat flour with BPP at concentra-
tions higher than 30% decreased the carbohydrate content of the 
cookies, which can be associated with the decrease in the amount of 
starch used in the cookies. The consumption of cookies with high fiber 
and protein content can be an advantage to the formulation of functional 
foods, and BPP was demonstrated to be a promising material for that. 

Table 4 shows the content of bioactive compounds (phenolic, fla-
vonoids, and tannins) and antioxidant activity (DPPH, ABTS, and FRAP 
assays) of the cookies produced with different concentrations of BPP. As 
the level of BPP increased in the formulation of the cookies, the content 
of bioactive compounds and antioxidants significantly increased. The 
formulation BPP-50% was composed of phenolic compounds (72.11 ±
1.21 mg GAE 100 g−1), flavonoids (12.43 ± 0.97 mg QE 100 g−1), and 
tannins (32.54 ± 0.56 mg 100 g−1). The antioxidant capacity by DPPH 
(139.54 ± 3.12 mg TEAC 100 g−1), ABTS (325.93 ± 3.25 mg TEAC 100 
g−1), and FRAP (428.14 ± 9.65 mg TEAC 100 g−1) was expressive and 
suitable for the formulation of active food products. Hence, the addition 
of BPP as a flour fortifier and as an ingredient in the production of 
functional foods is recommended [52,53]. These results indicate that 
BPP can be considered a suitable product for food functionalization, as 
demonstrated by its application in cookies. 

Finally, the use of baru in foods can contribute to the exploration of 

regional products, as well as the diversification of products with func-
tional appeal to promote the sustainable development of native areas 
[50,54]. The application of agri-food by-products in food products can 
be an alternative source of nutrients to support the global demand for 
functional foods and as one of the strategies to reduce waste [55,56]. 

4. Conclusion 

This study evaluated the nutritional composition, bioactive com-
pounds, and antioxidant activity of baru nuts and its agro-industrial by- 
product (pulp). Hence, to determine the nutritional enrichment, cookies 
were produced with different concentrations of BPP by replacing wheat 
flour, and the proximate composition, bioactive compounds, and anti-
oxidant activity were investigated. The sum of the epicarp (peel) and 
mesocarp (pulp) of baru is responsible for 49% of the total yield of the 
fruit, while the endocarp represents 49% of the total fruit mass. The nut 
represents only 2% of the whole fruit, which represents a high genera-
tion of by-products during processing. The BPP presented high ash 
(14.74 ± 1.87 g 100 g−1), protein (8.79 ± 0.34 g 100 g−1), and carbo-
hydrate (66.06 ± 1.49 g 100 g−1) contents. In addition, the baru agro- 
industrial by-product is rich in phenolic compounds (276.56 ± 13.16 
mg 100 g−1), flavonoids (19.59 ± 0.30 mg 100 g−1), and tannins 
(137.21 ± 31.21 mg 100 g−1), which reflected its high antioxidant ca-
pacity by DPPH (592.79 ± 20.10 mg TEAC 100 g−1), ABTS (653.73 ±
16.66 mg TEAC 100 g−1), and FRAP (3335.83 ± 417.72 mg TEAC 100 
g−1) assays. Hence, the physicochemical composition, bioactive com-
pounds, and antioxidant activity demonstrate that BPP is a promising 
alternative for application in food products. The formulated cookies 
demonstrate that it is possible to replace wheat flour with BPP up to 50% 
(w/w). The main advantage in the use of BPP is the increase in the 
protein content from 10.46 ± 0.06 to 17.36 ± 0.19 g 100 g−1 for BPP- 
Control and BPP-50%, respectively, which can contribute to the daily 
intake of essential amino acids. In addition, the cookies produced with 
50% BPP presented a high content of total phenolics (72.11 ± 1.21 mg 
GAE 100 g−1), flavonoids (12.43 ± 0.97 mg QE 100 g−1), and tanins 
(32.54 ± 0.56 mg 100 g−1), which is associated with the high 

Table 4 
Bioactive compounds (phenolic, flavonoids, and tannins) and antioxidant ac-
tivity (DPPH, ABTS, and FRAP assays) of cookies produced with different con-
centrations of baru pulp powder.  

Parameters BPP- 
Control 

BPP- 
7.5% 

BPP- 
15% 

BPP- 
30% 

BPP- 
50% 

Unit 

TPC 6.29 ±
1.45e 

37.28 
± 3.23d 

54.23 
± 2.54c 

67.92 
± 2.13b 

72.11 
± 1.21a 

mg 
GAE 
100 
g−1 

TF 1.35 ±
0.97e 

5.97 ±
0.63d 

7.42 ±
0.83c 

9.51 ±
0.15b 

12.43 
± 0.97a 

mg QE 
100 
g−1 

TT n.d. 12.53 
± 0.98d 

19.73 
± 0.14c 

25.36 
± 0.73b 

32.54 
± 0.56a 

mg 
100 
g−1 

DPPH 14.98 
± 1.23e 

64.24 
± 2.78d 

79.64 
± 2.47c 

98.36 
± 3.23b 

139.54 
± 3.12a 

mg 
TEAC 
100 
g−1 

ABTS 67.24 
± 2.34e 

126.97 
± 4.12d 

187.76 
± 6.94c 

209.32 
± 3.25b 

325.93 
± 3.25a 

mg 
TEAC 
100 
g−1 

FRAP 98.56 
± 3.84e 

179.14 
±

10.97d 

257.87 
±

13.28c 

321.56 
± 9.67b 

428.14 
± 9.65a 

mg 
TEAC 
100 
g−1 

Label: The results are expressed as the average ± standard deviation (analysis 
performed in triplicate). Different letters in each row represent a significant 
difference by Tukey’s test (p < 0.05). TPC, total phenolic compounds; TF, total 
flavonoids; TT, total tanins; n.d., not detected. 
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antioxidant capacity of the cookies. Therefore, the application of baru 
agro-industrial by-product is a viable alternative as a cookie ingredient. 
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