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The pupunheira (Bactris gasipaes Kunth) is a palm tree native to the Amazon rainforest, and its fruits 

have high nutritional quality and are highly appreciated by the population where the fruits occur. One of 

the ways of processing this raw material is the production of flour, which expands the possibilities of 

industrial application. Therefore, the objective of this study was to produce peach palm fruit flour, 

evaluate its physical-chemical, properties technological, antioxidant activity, and carotenoid content, 

elaborate snack-type biscuit formulations with different concentrations of peach palm flour in substitution 

for corn flakes, and evaluate the physical-chemical characteristics and carotenoid content of the biscuits. 

Peach palm flour had low moisture content (6.15%), protein (4.82%), and fiber (5.07%); however, it had 

a considerable carbohydrate content (77.62%), energy value (386,84 kcal), and carotenoids. The 

technological properties showed a high rate of water and oil absorption and emulsifying activity; 

however, it did not show foaming capacity or gel formation. The replacement of corn flakes by peach 

palm flour showed an increase in fiber, ash, lipids, and carotenoids and intensified the orange color of the 

cookies. 

Palavras-chave: carotenoids, Amazonian fruits, snacks. 

 

A pupunheira (Bactris gasipaes Kunth) é uma palmeira nativa da floresta amazônica, seus frutos são de 

alta qualidade nutricional e bastante apreciados pela população onde há ocorrência dos frutos. Uma das 

formas de beneficiamento desta matéria-prima é a produção de farinha, na qual amplia as possibilidades 

de aplicação industrial. Neste sentido, o objetivo desse estudo foi produzir uma farinha dos frutos de 

pupunha, e avaliar a sua composição físico-química, propriedades tecnológicas, atividade antioxidante, 

teor de carotenoides, e elaborar formulações de biscoitos tipo salgadinho com diferentes concentrações da 

farinha de pupunha em substituição ao floco de milho, bem como, avaliar as características físico-

químicas e o teor carotenoides dos biscoitos. A farinha da pupunha apresentou baixos teores de umidade 

(6,15%), proteínas (4,82%) e fibras (5,07%), no entanto, apresentou um considerável teor de carboidratos 

(77,62%), valor energético (386,84 kcal) e carotenoides. Quanto às propriedades tecnológicas mostrou 

elevado índice de absorção de água e de óleo, e atividade emulsificante, entretanto não apresentou 

capacidade espumante nem formação de gel. A substituição do floco de milho pela farinha de pupunha 

mostrou aumento nos teores de fibras, cinzas, lipídios e carotenoides e intensificou a coloração alaranjada 

dos biscoitos. 

Palavras-chave: carotenoides, frutos amazônicos, salgadinho. 

1. INTRODUCTION 

The peach palm (Bactris gasipaes Kunth) is a palm tree (Arecaceae) native to the Amazon 

biome that produces small elliptical fruits with different colors (green, yellow, orange, and red), 
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whose fruit pulp usually represents 72% of its weight, followed by seeds with 21% and 6% of 

the bark [1]. 

The fruits of peach palm have good nutritional and energetic quality, especially concerning 

pro-vitamin A, calcium, phosphorus, iron, B complex, carbohydrates and unsaturated fats [2], 

however, these fruits should not be consumed in nature due to the presence of calcium oxalate 

crystals, which irritate the mucous membrane of the mouth and inhibit the digestion of proteins, 

especially in children [3]. 

The presence of high levels of bioactive compounds with antioxidant properties, such as 

phenolic compounds and carotenoids, has been frequently investigated to expand knowledge 

about the beneficial potential of this fruit for human health, as well as stimulating the 

development of functional products contributing to the valorization of peach palm in the 

Amazonian scenario [1, 2, 5]. 

The fruits of peach palms are marketed in nature and adhered to the bunches, which makes 

their postharvest life period short, being commonly the waste of much of their production [6]. 

Therefore, it is important to apply conservation techniques to take better advantage of these 

fruits, such as dehydration. The dehydration or drying of food, in addition to preserving it for 

prolonged periods, concentrates substances, preserves their nutritional value, and facilitates 

transport and handling [7]. 

Thus, some studies show the potential for using peach palm fruits to produce flour [8, 9]. 

Due to its nutritional quality, some research highlights the feasibility of applying peach palm 

flour in the preparation of bakery products, such as cookies [4, 10, 11, 12, 13], cakes [2], 

extruded cereals [14] and also in the production of lager beers [15]. 

Given the above, the work aimed to produce and characterize peach palm flour as well as to 

analyze its incorporation in formulations of snack cookies. 

2. MATERIALS AND METHODS 

2.1 Materials 

The fruits of peach palm in natura, were acquired in Medicilândia – PA (03°26'46" S, 

52°53'20" W and 151 m altitude) Brazil in February 2022 and transported to the Food 

Technology Laboratory (LATECA), where the experiment was conducted. 

2.2 Obtaining peach palm flour 

The fruits were selected, sanitized with sodium hypochlorite at 100 ppm for 15 minutes, and 

rinsed in running water. The pulp and peel fractions of the fruits were used and then subjected 

to the cooking process for 30 minutes after the fruits were grated and dehydrated in an oven 

with air circulation at 65 °C (TECNAL, model Te-394/2) for approximately 48 hours (Figure 1). 

 

Figure 1. Obtaining flour and peach palm: pulp and bark (A); cooking (B); drying (C); and flour (D). 
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After cooling, the dry fractions were crushed in a knife mill (Willey SL-31) to obtain flour 

with fine granulometry (0.42 mm). The flour elaborated was packed in zippered metalized bags, 

thus keeping it protected against the incidence of luminosity in the refrigerator (8 °C). 

2.3 Physicochemical characterization 

The proximal composition of peach palm flour followed the methods established by the 

Association of Official Analytical Chemists (AOAC, 2012) [34], for moisture content at 105 °C 

to constant weight (method 934.06), considering 6.25 proteins as nitrogen conversion (920.152), 

lipids with Soxhlet extractor (method 920.85) and ashes with the incineration of the material in 

muffle at 550 °C (method 940.26). 

Total crude fiber was digested in a fiber determiner in H2 SO4 1.25% w/v and NaOH 1.25% 

w/v (method 962.09). The content of available carbohydrates was calculated by the difference 

between one hundred and the sum of the contents of the proximal composition previously 

obtained. The energy value was determined from the relationship established by Atwater and 

Bryant (1900), where each gram of protein or carbohydrate releases 4 kcal of energy, while for 

each gram of lipid, this value is 9 kcal. 

The total soluble solids content was determined using a portable refractometer (VXO-90, 

Vodex), and the result was expressed in °Brix. The pH was measured using a previously 

calibrated benchtop pH meter (Incoterm PHB 550). The total titratable acidity was determined 

by the 16/IV method of the Adolfo Lutz Institute (2008) [16]. The titration was performed with 

0.0 1 M sodium hydroxide solution until pink staining, and the results are expressed in % of 

citric acid. 

The instrumental color parameters were determined using a colorimeter (Konica Minolta, 

CR 410), and the results were expressed using the CIE LAB scale: L *, A *, b *, chroma (C *), 

and hue angle (° h). The extraction of carotenoids was performed according to Higby (1962) 

[17], and readings taken at 450 nm. The results were expressed in mg/100 g. 

2.4 Characterization of the technological properties of peach palm flour 

The water absorption index (IAW), oil absorption index (IAO), and water solubility (SA) 

were calculated according to the methodology proposed by Okezie and Bello (1988) [18] and 

according to the description of Equations (1), (2) and (3). 

 

𝐼𝐴𝑊 =
𝐴𝑏𝑠𝑜𝑟𝑏𝑒𝑑 𝑤𝑎𝑡𝑒𝑟

𝑆𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ (𝑔)
(1) 

 

𝐼𝐴𝑂 =
𝐴𝑏𝑠𝑜𝑟𝑏𝑒𝑑 𝑜𝑖𝑙

𝑆𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ (𝑔)
(2) 

 

𝑆𝐴 =
𝐸𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 𝑟𝑒𝑠𝑖𝑑𝑢𝑒

𝑆𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ (𝑔)
× 100(3) 

 

The emulsifying activity and emulsion stability were determined using the methodology 

described by Yasumatsu et al. (1972) [19] and were calculated according to Equations (4) and 

(5). 

 

𝑬𝒎𝒖𝒍𝒔𝒊𝒇𝒚𝒊𝒏𝒈 𝒂𝒄𝒕𝒊𝒗𝒊𝒕𝒚 =
𝑬𝒎𝒖𝒍𝒔𝒊𝒇𝒊𝒆𝒅 𝒍𝒂𝒚𝒆𝒓(𝒎𝒍)

𝑻𝒐𝒕𝒂𝒍 𝒗𝒐𝒍𝒖𝒎𝒆 ∈ 𝒕𝒉𝒆 𝒕𝒖𝒃𝒆(𝒎𝒍)
(𝟒) 

 

𝑬𝒎𝒖𝒍𝒔𝒊𝒐𝒏 𝒔𝒕𝒂𝒃𝒊𝒍𝒊𝒕𝒚 =
𝑹𝒆𝒎𝒂𝒊𝒏𝒊𝒏𝒈 𝒆𝒎𝒖𝒍𝒔𝒊𝒇𝒊𝒆𝒅 𝒍𝒂𝒚𝒆𝒓(𝒎𝒍)

𝑬𝒎𝒖𝒍𝒔𝒊𝒇𝒊𝒆𝒅 𝒍𝒂𝒚𝒆𝒓 ∈ 𝒕𝒉𝒆 𝒕𝒖𝒃𝒆(𝒎𝒍)
(𝟓) 
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The sparkling capacity and gel formation capacity were determined by the methodology of 

Coffman and Garcia (1977) [20], and calculated by Equation (6). 

 

% 𝑰𝒏𝒄𝒓𝒆𝒂𝒔𝒆 𝒐𝒇 𝑽𝒐𝒍𝒖𝒎𝒆 =
𝑭𝒊𝒏𝒂𝒍 𝒗𝒐𝒍𝒖𝒎𝒆 − 𝑰𝒏𝒊𝒕𝒊𝒂𝒍 𝒗𝒐𝒍𝒖𝒎𝒆

𝑰𝒏𝒊𝒕𝒊𝒂𝒍 𝒗𝒐𝒍𝒖𝒎𝒆
× 𝟏𝟎𝟎(𝟔) 

 

For the gel formation capacity, dispersions of different concentrations (2%, 4%, 6%, 8%, 

10%, 12%, 14%, 16%, 18%, and 20%) were prepared in 20 ml of water and heated to 90 °C for 

30 minutes. The dispersions were then cooled to room temperature and refrigerated at 4 °C for 

2 hours. The tubes were inverted and analyzed for gel formation. 

2.5 Determination of antioxidant capacity and phenolic compounds 

Initially, preliminary tests were carried out with different solvents (80% methyl alcohol, 70% 

acetone, and 50% methanol + 70% acetone) to verify the best extracting solution. The extract 

was obtained by weighing 5 g of peach palm flour and adding 80 ml of 70% acetone, the sample 

was homogenized and kept away from light for two hours at room temperature (30 °C). The 

extract was then filtered and transferred to a volumetric balloon, stored in amber flasks, and 

frozen until the analyses, following the methodology of Rufino et al. (2007) [21]. 

The antioxidant capacity was determined using DPPH (2,2-diphenyl-1-picrylhydrazil), 

following the methodology of [21], and the results were expressed as the percentage of free 

radical scavenging (SRL%). The determination of total phenolic compounds was performed 

using the Folin-Ciocalteu reagent, according to the methodology described by Waterhouse 

(2002) [22]. The results were expressed in milligrams of gallic acid equivalent (EAG)/100 g of 

sample. 

2.6 Formulations crunchy snacks 

After preliminary tests, four formulations of crunchy snacks were elaborated with the 

addition of peach palm flour, one control, and the others with the substitution of corn flake and 

wheat flour, as shown in Table 1. 

Table 1. Formulations of the biscuits with peach palm flour. 

Makings F1 F2 F3 F4 

Cornflake 70.00 g - - - 

Wheat flour 68.50 g 68.50 g 34.25 g - 

Pupunha flour - 70.00 g 104.25 g 138.50 g 

Olive oil 10 ml 10 ml 10 ml 10 ml 

Salt 4 g 4 g 4 g 4 g 

Onion Powder 3.77 g 3.77 g 3.77 g 3.77 g 

Garlic Powder 5.23 g 5.23 g 5.23 g 5.23 g 

Cumin Powder 0.2 g 0.2 g 0.2 g 0.2 g 

Clove Powder 0.1 g 0.1 g 0.1 g 0.1 g 

Parsley 1.63 g 1.63 g 1.63 g 1.63 g 

Water 100 ml 110 ml 135 ml 200 ml 

F1 – Control; F2 – Total replacement of cornflake by peach palm flour; F3 – Total replacement of 

cornflake and partial replacement of wheat flour by peach palm flour; F4 – Total replacement of 

cornflake and wheat flour by peach palm flour. 

After weighing the dry ingredients, the liquids were added to the mixture. Upon reaching a 

homogeneous and uniform consistency, the dough was shaped into triangular shapes with a 

thickness of 3 mm. The cookies were banked in an electric oven at 180 °C for 30 minutes. 
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2.7 Experimental design and statistical analysis 

The results of the physicochemical and technological characterization and antioxidant 

activity of peach palm flour were obtained from the analysis of three replications, and the data 

were expressed as an average ± standard deviation. The experiment of the development of 

biscuit formulations was conducted in a completely randomized design (DIC) containing three 

replications, and the data of the analysis of the physicochemical composition and total 

carotenoids were submitted to analysis of variance (ANOVA) and the comparison of means by 

Tukey's test at 5% significance in the statistical program SISVAR version 5.6. 

3. RESULTS AND DISCUSSION 

3.1 Physicochemical composition of peach palm flour 

Table 2 describes the values found for the physicochemical composition and colorimetric 

parameters of peach palm flour. The moisture of the flour is linked to the quality and stability of 

the product during storage. The peach palm flour presented a moisture content of 6.15%, 

compliance with the RDC legislation N° 726 of 01 July the 2022, which recommends a 

moisture content of less than 12% for farinaceous [23]. 

Table 2. Physicochemical composition of peach palm flour. 

Parameters Peach palm flour 

Moisture content (%) 6.15 ± 0.06 

Ashes (%) 1.97 ± 0.56 

Lipids (%) 6.34 ± 0.37 

Crude fiber (%) 5.07 ± 0.28 

Proteins (%) 4.82 ± 0.29 

Carbohydrate1 (%) 75.65 ± 0.43 

VET (kcal) 378.94 ± 0.52 

ph 6.31 ± 0.10 

°Brix2 9.00 ± 0.35 

Total acidity3 0.99 ± 0.01 

L* 58.03 ± 1.88 

a* 6.85 ± 0.72 

b* 31.25 ± 6.41 

Chroma 38.33 ± 3.51 

Hue 79.10 ± 1.12 

1Obtained by the difference of the other components; 2Total soluble solids; 3Citrus acid (%). Data are 

reported as the mean ± standard deviation. 

The ash content found in the present study was 1.97%, higher than that recorded by Prado et 

al. (2022) [9] (1.52%) and Souza et al. (2022) [8] (1.40%). Higher percentages of ash may 

indicate high mineral contents. In a study conducted with Amazonian fruits, Araujo et al. (2021) 

[24] showed that peach palm is an important source of manganese, potassium, and iron and a 

good source of zinc, since 100 g of pulp offers 36.6, 8.2, 4.0 and 4.0% of the recommended 

daily intake of these minerals, respectively. 

Regarding the lipid content, it was observed that peach palm flour presented a lower fat 

content (6.34%) when compared to the contents reported by Prado et al. (2022) [9] when 

reported 13%, and Souza et al. (2022) [8], which found approximately 12.92%. It is worth 

mentioning that fruits with high lipid content are not interesting for flour production because 

they can oxidize food easily and quickly, making them a better choice of varieties with lower 

lipid percentages [25]. 
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Fiber concentrations in peach palm flour can range from 1.70 to 11.10% due to the wide 

variety of peach palm genotypes and soil types [9, 26]. The average percentage for crude fiber 

was 5.07%, which is close to that found by Souza et al. (2022) [8], with an average of 5.19%. 

According to the Normative Instruction N° 75/20, for a given food to be classic as a protein 

source, it must contain at least 5 g of the nutrient in 100 g of the food, which represents 10% of 

the recommended daily intake in 100 g of food [27]. Thus, peach palm flour reached 4.82% 

protein, lower than the minimum amount indicated by the legislation classified as a protein 

source. Other authors have also reported low percentages of proteins in peach palm flour [4, 8, 

9]. 

Carbohydrates are important sources of energy and make up the structural part of cells. The 

amount of carbohydrates available was 75.65%, and this value corroborates the values reported 

by Pires et al. (2019) [4] and Santos et al. (2023) [26], which reported 75.02% and 86.35%, 

respectively.  

The energy value of peach palm flour (378.94 kcal) was close to that of buriti bark flour 

(358.78 kcal) [28]. This high energy value comes from carbohydrates (75.65 g 100 g-1), which 

are responsible for 79.85 g 100 g-1 of the calories present in flour, while the content of lipids and 

proteins together correspond to 20.14 g 100 g-1. Therefore, this result suggested the use of this 

flour as an ingredient in formulations for the energy enrichment of processed products. 

The pH of peach palm flour presented a mean value of 6.37, while Prado et al. (2022) [9], 

obtained a lower mean value (3.99), and low levels of soluble solids were also observed with a 

mean of 9° Brix. The peach palm flour presented a low acidity of 0.99%, meeting the standard 

established by Brazilian legislation that recommends a maximum value of acidity of 2% in 

flours [29]. 

In addition, the colorimetric parameters of peach palm flour were also evaluated. The 

luminosity (L*) was 58.03, the parameter (a*) was 6.85, and the parameter (b*) was 31.25. The 

chromaticity was 38.33, with the predominance of intensity in the orange region, certified by the 

value of the hue angle (79.10). The flour has a bright color with an orange tone, which was 

expected due to the coloration of the fruit. 

A similar hue was reported by Prado et al. (2022) [9] in peach palm flour, with values of 

67.4 (L*), 8.6 (a*), 71.2 (b*), 71.7 (C*), and 44.8 (h°), where it obtained a lighter flour with a 

yellowish color. 

3.2 Technological properties and antioxidant activity 

Table 3 shows the results for the technological properties of peach palm flour, antioxidant 

activity determined by the DPPH method, total phenolics, and carotenoids. 

Table 3. Technological properties, antioxidant activity and bioactive compounds of peach palm flour. 

Parameters Peach palm flour 

IAA (g 100 g-1) 3.33 ± 0.70 

IAO (g 100 g-1) 3.33 ± 0.35 

ISA (%) 14.78 ± 1.01 

Emulsifying activity (%) 54.59 ± 2.71 

Emulsion stability (%) 55.33 ± 2.56 

Sparkling capacity (%) – 

Foam stability (%) – 

Gel formation (%) – 

Total phenolics (Mg EAG 100 g-1) 51.44 ± 2.87 

Total carotenoids (μg 100 g-1) 2410.00 ± 0.06 

DPPH (% SRL) 11.13 ± 1.95 

Values expressed as the mean ± standard deviation. 
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Peach palm flour had the same water and oil absorption capacity of 3.33 g 100 g-1, as shown 

in Table 3. In a study with buriti peel flour, the authors found results close to these [28]. 

The water absorption index and the oil absorption index are important properties in the study 

of the use of flour as an ingredient in formulations of meat and bread products, as it allows the 

addition of water to facilitate the handling of the dough and avoid drying out during processing 

[30]. 

The ISA found was 14.78%, which is higher than those reported by Prado et al. (2022) [9] at 

7.98% and Rigon et al. (2022) [31] at 4.48%, who also analyzed peach palm flour from other 

varieties. One of the characteristics that must be observed is the ISA parameter, through which 

the degree of cooking of the starch can be checked and the solubility conditions in an aqueous 

medium can be assessed. 

Peach palm flour showed a high emulsifying activity of 54.59%, which makes it interesting 

for the food industry. Values close to this were found in commercial golden flaxseed (55.56%) 

and white bean (52.22%) flours [30]. 

For the emulsion stability parameter, peach palm flour presented 55.33%. The emulsifying 

properties are usually influenced by the amounts of soluble proteins in the flour and provide 

greater stability in the emulsion [30]. 

Peach palm flour did not present foam formation, which was also observed by Santana et al. 

(2017) [30] for oatmeal, golden and brown flaxseed, and grape flours. According to Porte et al. 

(2011) [32], flours that do not present this technological property are not intended for the 

preparation of foods that require this property, such as for use in the manufacture of ice creams 

and mousses. 

The flour under study did not present the gel formation capacity in the tests performed, 

which may limit its usefulness in the manufacture of porridges and creams that depend on 

consistent and continuous gelation. 

Phenolic compounds participate in the defense mechanisms of fruit against adverse biotic 

and abiotic factors. Rufino et al. (2010) [33] classified the phenolic content present in fruits into 

three categories: low (< 100 mg EAG 100 g-1), medium (100–500 mg EAG 100 g-1), and high 

(> 500 mg EAG 100 g-1). According to this classification, the content of phenolic compounds 

found in peach palm flour is in the low concentration range with an average value of 51.44 mg 

EAG 100 g-1. [5], evaluated the phenolic compounds in three Amazonian fruits, and for the 

peach fruit he found 46.96 mg of EAG 100 g-1, also falling into the low concentration range.  

Chisté and his collaborators (2021) [1] traced the profile of phenolic compounds in peach 

palm fruits with different pulp colorations and quantified the stateside as the majority compound 

in the yellow (45%) and orange (32%) varieties, while vicenin-2 was detected in high relative 

concentration (21%) in orange pulp fruits, in contrast to the 6% found in yellow pulp fruits, both 

of which are compounds with known biological potential. 

As for carotenoids, it was observed that peach palm flour has a high content of total 

carotenoids, 2410.00 µg/100g, when compared to the levels reported by Monteiro et al. (2022) 

[35], who reported that orange-colored flour contained more carotenoids than the yellow color, 

being 105.39 µg/g and 13.89 µg/g respectively. It is worth highlighting that the health benefits 

of carotenoids are attributed to their bioaccessibility and bioavailability [36]. 

The antioxidant activity by DPPH presents the values for the capture of free radicals, and the 

lower the value found, the greater the antioxidant activity of the sample [37]. Considering these 

factors, peach palm flour showed considerable antioxidant activity by the free radical capture 

method of 11.13 %SRL. 

3.3 Physicochemical composition of crunchy snacks 

The values of the physicochemical composition obtained for the biscuit samples with the 

addition of peach palm flour are shown in Table 4. The average moisture values obtained in the 

biscuit formulations ranged from 1.98% to 4.36%, and sample F1 differed significantly only 

from sample F2 (Table 4); however, all formulations had low moisture contents. 
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According to Maroli et al. (2022) [38], the reduction of moisture in bakery products is of 

great importance, as this parameter is related to product conservation, directly influencing its 

sensory characteristics, such as texture and crispness. 

Concerning ash content, it was observed that sample F1 differed significantly and had lower 

values (2.79%), indicating that peach palm flour contributed to the increase in total minerals in 

the biscuit samples. 

As reported by Santos et al. (2023) [26], peach palm flour contains minerals such as 

manganese (0.6 g/kg), potassium (9.5 g/kg), iron (165.1 mg/kg), and a good source of zinc 

(35.8 mg/kg), which may contribute to the nutritional quality of the final product. 

Table 4. Physicochemical composition of the crunchy snacks with the addition of peach palm flour. 

Parameters F1 F2 F3 F4 

Moisture content 

(%) 

2.76 ± 1.11b 4.36 ± 0.08a 3.04 ± 0.19ab 1.98 ± 0.06b 

Ashes (%) 2.79 ± 0.06c 3.62 ± 0.01b 3.96 ±0.01a 3.68 ± 0.01b 

Lipids (%) 5.17 ± 0.64d 8.29 ± 0.23c 10.01 ± 0.17b 13.40 ± 0.07a 

Crude fiber (%) 0.61 ± 0.11c 2.69 ± 0.07b 4.18 ± 0.53a 3.71 ± 0.41a 

Protein (%) 7.89 ± 0.32a 7.49 ±0.11a 6.37 ± 0.02b 4.22 ± 0.11c 

Carbohydrate1 (%) 80.78 ± 1.25a 73.55 ± 0.23b 72.44 ± 0.84b 73.01 ± 0.23b 

VET (kcal) 401.21 ± 4.90b 398.77 ± 1.24b 405.33 ± 4.44b 429.52 ± 1.10a 

Total carotenoids 

(μg/100 g) 

125 ± 3.00d 520 ± 0.00c 1315 ± 4.00b 1562 ± 2.00a 

L* 74.90 ± 0.01a 68.75 ± 0.01c 68.96 ± 0.01b 68.43 ± 0.01d 

a* 6.12 ± 0.01d 11.50 ± 0.01b 11.32 ± 0.01c 12.62 ± 0.01a 

b* 24.94 ± 0.02d 30.54 ± 0.01c 31.33 ± 0.01b 37.06 ± 0.01a 

1Obtained by the difference of the other components; F1 – Control; F2 – Total replacement of the 

cornflake by peach palm flour; F3 – Total replacement of the cornflake and partial replacement of wheat 

flour by peach palm flour; F4 – Total replacement of cornflake and wheat flour by peach palm flour. 

Equal letters in the same line do not differ from each other by Tukey's test at the level of 5% significance 

(p ≤ 0.05). 

Regarding the lipid content of the formulated products, the levels increased significantly 

with the increase in the proportion of peach palm flour added. In this context, the literature 

highlights that peach palm flour has approximately 39.67% monounsaturated fatty acids and 

6.59% polyunsaturated fatty acids, of which 5.18% linoleic acid and 1.17% linolenic acid fatty 

acids that have a beneficial effect on health [39]. 

Concerning crude fiber contents, sample F1 presented significantly lower values (0.61%), 

indicating that the addition of peach palm flour contributed to a significant increase in fiber 

contents. There was no significant difference between formulations F3 (4.18%) and F4 (3.71%). 

A similar result was reported by Santos et al. (2020) [19], who observed an increase of 

approximately 4.4 times in fiber content when compared to the control formulation. 

Regarding the protein contents, it was observed that the addition of peach palm flour in total 

replacement to the corn flake preserving the initial concentration of wheat flour did not cause a 

significant change in its values; however, the partial replacement of wheat flour by peach palm 

flour or the addition of 100% peach palm flour significantly reduced the protein values of the 

biscuits. 

Concerning carbohydrate contenting, it was observed that the control sample (F1) had a 

significantly higher value (80.78%), and there was no significant difference between the 

formulations with the addition of peach palm flour, with lower carbohydrate content in the 

snacks with the addition of Cabotiá pumpkin seed (70.63%), as analyzed by [38]. 

The addition of peach palm flour significantly increased the total carotenoid contents of the 

samples, with the addition of 100% peach palm flour replacing corn flakes and wheat flour 
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causing an increase of approximately 12 times in total carotenoid contents when compared with 

the control sample (F1) (Table 4). 

Regarding the evaluation of staining, it was observed that all samples differed significantly 

for all variables (L*, a*, and b*). For the values of L*, it is possible to verify that the control 

sample presented significantly higher values (74.90), which is consistent with a lighter 

coloration of this formulation when compared to the formulations with the addition of peach 

palm. For the variables a* (intensity of + red and –green) and b* (intensity of + yellow and –

blue), sample F4 with the addition of 100% peach palm flour presented the highest mean values, 

differing statistically from the other samples. 

 
Figure 2. Snack biscuit formulations. F1 – Control; F2 – Total replacement of the corn flake by peach 

palm flour; F3 – Total replacement of corn flake and partial replacement of wheat flour by peach palm 

flour; F4 – Total replacement of cornflake and wheat flour by peach palm flour. 

The color of the biscuit is an important parameter since it is the first eye contact that the 

consumer has with the product, and the incorporation of peach palm flour in the formulations 

attributed a tone to the cookies, leaving them more attractive dispensing with the addition of 

food dyes (Figure 2). 

4. CONCLUSION 

Pupunha flour has high nutritional potential with an emphasis on its energy value and 

carotenoid contents. For the technological properties, it showed a high index of water and oil 

absorption and emulsifying activity; however, it did not present foaming capacity or gel 

formation. 

The substitution of cornflake for peach palm flour in cookies showed an increase in fiber, 

ash, lipid, and carotenoid contents. It is also possible to completely replace wheat flour and 

cornflake with peach palm flour in the preparation of biscuits, increasing carotenoid contents 

and intensifying the orange coloration, avoiding the addition of dyes in the products. 
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