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Resumo

A pupunha ¢ um fruto da regido amazonica ainda pouco aproveitado pela industria de alimentos.
Nesse sentido, no presente estudo foi realizada a otimizagao dos parametros de producao de farinha
de pupunha para a obten¢do de um produto com alto contetido de carotendides. Para alcangarmos
esse objetivo foram realizados testes de producao de farinha variando-se a composicao do fruto
(com casca e sem casca), uso de pré-tratamento térmico (com cocg¢do € sem coc¢ao), € a temperatura
de secagem (50,60 e 70 °C). Apo6s a otimizacao dos parametros de producao, a farinha de pupunha
foi avaliada quanto as caracteristicas fisico-quimicas e tecnoldgicas. Em geral, a presencga da casca
e o uso de temperaturas mais elevadas (70 °C) durante a secagem contribuiram para uma maior
retengdo de carotenoides nas farinhas, enquanto que o pré-tratamento por coccao reduziu o teor de
carotenoides no produto final. Os resultados evidenciaram que uma farinha produzida sem
cozimento, com casca e seca a uma temperatura de 70 °C apresentou maior retencao de carotenoides.
A farinha obtida da pupunha com casca e sem coc¢do a 70 °C apresentou valores elevados para
carotenoides totais (160 pg/g), fibra total alimentar (11,1%), vitamina C (18 mg/100 g), lipideos
(13%) e carboidratos totais (72,04%). A farinha apresentou elevada acidez titulavel (34,79 mg/100
g), baixo pH (3,99), indice de absor¢do de agua de 3,12 g/g e indice de solubilidade em agua de
7,98%. Os parametros de cor instrumental L (67,4), a* (8,6) e b* (71,2), indicaram uma farinha mais
escura ¢ alaranjada. Em conclusdo, os resultados deste trabalho demonstram que a farinha de
pupunha ¢ um produto rico nutricionalmente e que apresenta caracteristicas funcionais melhoradas,
constituindo um promissor ingrediente para inclusao em formulagdes alimenticias, como bolos, paes
e biscoitos.

Palavras-chave: Bactris gasipaes Kunth. Fibra alimentar. Carotenoides. Vitamina C.

Abstract

In this work a carotenoid-enriched peach palm flour was produced and characterized aiming to
value-add to peach palm fruit, a still commercial neglected Amazon fruit. The production of peach
palm flour allows the best use of the fruit as well as the supply of the product to the industry
throughout the year. Firstly, the process parameters for peach palm flour production were optimized
aiming to obtain a final product with high level of carotenoids. The optimization was carried out
varying the composition of the fruit (with or without peel), the pre-treatment (with or without
cooking), and the drying temperature (50, 60 and 70 °C). In general, the presence of peel and the
use of higher temperatures (70°C) during drying was able to provide a higher retention of
carotenoids in the flour. Nevertheless, the pre-treatment by cooking reduced the content of total
carotenoids in the produced flour. Thus, a flour obtained from fruits will preserved peel, without
pre-treatment and dried at 70 °C, showed greater retention of carotenoids. At these conditions, the
produced peach palm flour showed high content of total carotenoids (160 pg/g), total dietary fiber
(11.1%), vitamin C (18 mg/100 g), lipids (13%) and total carbohydrates (72.04%). The flour also
showed a high titratable acidity (34.79 mg/100 g), low pH (3.99), water absorption index of 3.12
0/g and water solubility index of 7,98%. Additionally, the instrumental color parameters L (67.4),
a* (8.6) and b* (71.2) indicated a darker and orange flour. In summary, the results evidenced that
peach palm flour is a promising healthy food product that can be used for the elaboration of foods
with improved nutritional and functional properties, with especial potentiality to be included in
gluten free products.

Keywords: Bactris gasipaes Kunth. Dietary fiber. Carotenoids. Vitamin C.
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1. Introduction

The demand for food products with high nutritional value have been growing in the last years,
and the changing in the consumer preferences stimulate the food industry to search for nutrients
with improved nutritional and functional properties. In this scenario, the use of raw non-
conventional food sources is an alternative to obtain ingredients with improved nutritious and
healthy potential to be used in food industry. The peach palm tree (Bactris gasipaes Kunth) is native
from the North region of Brazil, and is frequently industrially exploited with focus in the processing
of canned palm hearts (Divino; Pinto, 2013; Pimenta, 2011). However, the peach palm fruits are
still a neglected agro-industrial product, being considered an agricultural byproduct from the palm
heart production (Pires et al., 2021; Santamarina et al., 2022).

The peach palm fruits can present peel and pulp color varying from yellow to red as function
of the genetic variability of the specie. The diversity of colors observed in the fruits are a result of
a varied content of carotenoids, which are pigments found in plant foods with orange, yellow and
red color. Carotenoids are also considered precursor agents of vitamin A, which act as antioxidants,
and have the ability to neutralize free radicals in the human body, being capable of preventing or
even reducing the damage that these free radicals can cause to cells (Mezzomo, Ferreira 2016;
Santos et al., 2022).

The peach palm fruit is divided into three parts: the epicarp, which is a fibrous shell that
protects the inside of the fruit; the mesocarp, which is a pulp rich in starch and oil; and the endocarp,
which involves a fibrous and oily almond (seed) (Carvalho et al., 2013). Its pulp is a rich source of
lipids, proteins, starch, fibers, vitamin C, thiamine and carotenoids, having a pleasant flavor
(Menezes et al. 2019; Pires et al., 2021). For these reasons, peach palm pulp has the consumer’s
preference and it is considered a raw material with high potential to be used for the development of
functional foods, as it provides high content of bioactive compounds which can improve the
nutritional and healthy properties of the produced foodstuff (Ferreira, 2021; Silva et al., 2010).

Furthermore, the peach palm pulp has also as advantage to be gluten free, which allows its
use in bakery, for the development of cakes, cookies, breads and pasta, which can be consumed by
many people, including those with gluten intolerance or celiac disease or those who personally
choose gluten-free products (Reck; Miranda, 2016; Oliveira; Souza , Polesi, 2020). Many products
marketed today without the presence of gluten are formulated with other types of refined flours or
starches, presenting a low content of fiber and other micronutrients (Dias, 2021). In this scenario,
the use of peach palm flour is also advantageous since it presents higher content of nutrients and
fibers, contributing to increase the final quality of the produced foodstuff.

Despite its promising potential to be used in food industry, the seasonality of the fruit
(fructifying from December to April) is a drawback associated to a better exploitation of peach palm
fruit (Flores et al. 2019). To overcome the limitations associated to the seasonal fructifying period
of these fruits, technological processes involving drying and flour production can be employed
aiming to guarantee the availability of this material during whole year.

In this context, this work aimed to optimize the production process of peach palm flour,
evaluating the effect of the presence of peel, heat pre-treatment and drying temperature on the
content of carotenoids of the produced flour. Additionally, the optimized flour was characterized
regarding its physicochemical characteristics.
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2. Material and Methods

2.1 Preparation of the raw material and production the flour

The peach palm fruits used in this work were acquired in march 2021 from rural producers in
the city of Ariquemes — Rondonia.

The fruits were selected in order to eliminate the deteriorated ones, being discharged the fruits
with visible cracks, pulp crushing or even the presence of mold. Subsequently, they were cleaned
and sanitized (200 ppm of active chlorine) for 15 minutes and rinsed in running water to remove
excess chlorine. Aiming to obtain a peach palm flour with improved functional properties it was
evaluated the effect of (1) presence/absence of peel; (2) cooking procedure; (3) drying temperature
on the total content of carotenoids (Figure 1). The production of the flour and its characterization
were carried out at the Food Engineering Laboratory, at the Federal University of Rondonia,
Campus of Ariquemes, RO.

Peach palm
fruit (in natura)

l
! |

Uncf:oqked Cooked fruit
ruit
I N —
| | | |
With peel Wihouk With peel Withays
peel peel
| |
l I
Drying at 50 °C, Drying at 50 °C,
60 °C and 70 °C 60 °C and 70 °C

Figure 1 — Flowchart of the treatments used for the production of the peach palm flour.

For the flour production, the peach palm fruits were firstly divided according to the pre-treatment
condition: (a) uncooked; and (b) cooked (Figure 1). The peach palm fruits submitted to the pre-
treatment by cooking were put in a pan, covered with filtered water and left to boil for 20 min. After
cooking, the fruits were cooled at room temperature, had their seeds removed and were sliced into
pieces with thickness of approximately 0.5 cm (Figure 2B). For the peach palm fruits from the
uncooked group, the seeds were removed and the pulp was sliced as described above. After that, the
fruits were divided into two more groups: (a) with peel (Figure 2A); and (b) without peel (Figure
1). The peel of the fruit slices were manually removed using a bistoury. The sliced peach palm pulps
were dehydrated (Figure 1) in an oven with air circulation (temperatures of 50°C, 60°C or 70°C) to
obtain a dry material with moisture lower than 12% (Figure 2C). The dehydrated pulps were
grounded in a blender until to be reached a granulometry lower than 1.18 mm. The obtained peach
palm flour (Figure 2C) was packed in transparent polyethylene bags, covered with aluminum foil
and placed in a freezer at -18 °C, for further analysis.
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Figure 2 — Photographs of the (a) whole in natura fruits; (b) sliced palm peach fruits, with
thickness standardized to 0.5 cm; (c) sliced palm peach fruits after drying; and (d) peach
palm flour.

The flour production parameters that achieved the maximal retention of carotenoids at the end
of the drying process were selected to produced peach palm flour to be characterized regarding its
yield, proximate composition, titratable acidity, pH, vitamin C, granulometry, water absorption
index, water solubility index and instrumental color.

2.2 Content of total carotenoids

The content of total carotenoid was determined according to Rodriguez-Amaya (2001), with
modifications. Carotenoids extraction was performed by mixing 200 mg of sample with 100 mg of
celite and 5 mL of acetone. The mixture was kept under stirring in a thermal bath at 20 °C for 10
minutes and the final solution was filtered through a separatory funnel with filter paper. The material
retained on the filter paper was washed with ice-cold acetone until complete discoloration of the
sample.

To the filtrate it was added 5 ml of petroleum ether and homogenized manually and slowly.
Then, 60 mL of distilled water was slowly added, avoiding the formation of an emulsion. With the
addition of water, the phases were separated, one containing petroleum ether and carotenoids and
the other consisting of water and acetone. The clear liquid (water + acetone) was carefully discarded
to avoid loss of carotenoids. The phase containing carotenoids was transferred to a volumetric flask
and had its volume adjusted to 10 mL with petroleum ether.

The absorbance readings were performed in a UV-Vis spectrophotometer at 450 nm, using
petroleum ether as a blank. For the calculations, it was used an absorption coefficient of B-carotene
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in petroleum ether equal to 2592. The total content of carotenoids was calculated using the Equation
1.

10%.AV
2592.m

TC (ng.g™") = (1)
where TC is the concentration of total carotenoids (ug.g?), A is absorbance at 450 nm, V is the
volume of the flask used in the dilution (mL), and m is the mass of the sample (g).

2.3 Yield

The total yield was calculated as the ratio of the weight of the produced flour and the in natura
peach palm fruit. The fruit pulp yield was also calculated as the ratio between the weight of the pulp
that was dried and the in natura fruit. Finally, the percentage of flour in function of the pulp content
was calculate as the ratio between the weight of the produced flour and the fresh pulp.

2.4 Proximate composition

Moisture, protein, lipid, ash and dietary fiber contents were determined according to the
methodologies of AOAC (2006). Moisture content was determined by drying the sample in an oven
at 105 °C until constant weight. Nitrogen content was determined by the micro Kjeldahl method,
with a conversion factor for proteins of 6.25. The lipid content was determined in a Soxleth extractor
using hexane as a solvent. Ash content was determined after calcination in a muffle at 550 °C for 5
hours. Dietary fiber content was determined using the AOAC enzymatic-gravimetric method
985.29. Total and available carbohydrates were calculated by difference.

2.5 Titratable acidity and pH

The titratable acidity and pH were evaluated according to the methodologies of the Instituto
Adolfo Lutz (IAL, 2008). For the pH determination, 10 grams of sample were diluted with 100 mL
of distilled water in a beaker and the was pH measured in a pHmeter. Titratable acidity was
performed on 10 grams of sample diluted in 100 mL of water. Titration was carried out with a 0.01
M sodium hydroxide solution up to pH 8.3 using a pHmeter. The result was expressed in mg of
NaOH/100g.

2.6 Vitamin C content

The content of vitamin C was determined by the Tillmans titrimetric method, which is based
on the reduction of 2-6-dichlorophenol-indophenol (DCPIP) by ascorbic acid in the sample (1AL,
2008). The standardization of the Tillmans solution was performed with 1 mL of the standard
ascorbic acid solution (1mg.mL™) and 40 mL of 2% oxalic acid, titrated until reaching a slightly
pink color for 15 seconds. For the sample analysis, one gram of peach palm flour was added to 40
mL of 2% oxalic acid and titrated with Tillmans solution until the color changed. Results were
expressed as mg of ascorbic acid per 100 g of sample.

2.7 Granulometry

The granulometry was determined using a series of four analytical sieves (1.18, 0.500, 0.250,
and 0.125 mm). To perform the evaluation, the empty sieves were weighed and 100 g of flour was
added and stirred in a sieve shaker for 10 min. The content of peach palm flour retained on each
sieve are weighed and expressed as percentages.
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2.8 Water absorption index (WAI) and water solubility index (WSI)

WAI and WSI were determined according to the methodology of Anderson, Conway and
Griffin (1969), with some modifications. For the determination WAI and WSI, 500 mg of each
sample was weighed in tared centrifuge tubes and mixture with 6 mL of distilled water. The mixture
was shaken every 5 min at room temperature for 30 min, then centrifuged at 1800 x g for 10 min.
The supernatant liquid was carefully drained into tared Petri dishes and left to dry in an oven at
105 °C until constant weight. The remaining wet sediment from centrifugation process was also
weighed to the determination of WAI. WAI and WSI were determined using equations 2 and 3,
respectively:

ws
DS—-DSS

WAI =

)

where WA is the water absorption index (g.g™%) WS is weight of wet sediment (g), DS is the weight
of dry sample (g), and DSS is the weight of dry solids in supernatant (g).

wsI = 224100 (3)
DS

where WSI is the water solubility index (%), DSS is the weight of dry solids in supernatant (g), and
DS is the weight of dry sample (Q).

2.9 Instrumental color

To evaluate the instrumental color of the samples, the flour was placed in a Petri dish (& 100
mm) until it formed a 10 mm thick layer and the color was evaluated using the colorimeter
application (Lab Tools) for smartphones, version 1.6.6.3, developed by Research Lab Tools.

2.10 Statistical analysis

All experiments were conducted in a completely randomized order, with three replicates. The
results of total carotenoid content were submitted to analysis of variance (ANOVA) and Tukey's
test (p<0.05) to compare means.

3. Results and Discussion

3.1 Optimization of the parameters for obtaining peach palm flour

The time required to obtain a dried peach palm pulp with moisture lower than 12% is shown
in Table 1. As can be observed, the drying time reduced with the increase of the temperature. This
occurs because increasing temperature provides a greater amount of energy in the form of heat,
which makes the sample adjust more quickly to the temperature around it, reaching the equilibrium
water content in a shorter time than using lower temperatures (Araujo et al., 2021).

To obtain a peach palm flour with maximal carotenoids retention, all produced flours were
evaluated regarding their content of total carotenoids (Table 1). For the peach palm fruits (raw
material) it was observed a variation between 219 and 299 ug of carotenoids/g of dry matter, while
in the produced flours it was found values between 114 and 205 ug of carotenoids/g of dry matter.
Carvalho et al. (2013) found total carotenoids contents ranging from 19.9 to 339 pg/g of dry matter
in 21 different peach palm matrices. With regard to flour, the levels of total carotenoids found in the
literature range from 4.26 to 137.98 ug/g of dry matter (Carvalho et al., 2009; Ribeiro et al., 2021;
Sakurai et al., 2020). In addition, Silva, Furtado and Rodrigues (2020) evaluated the nutritional
quality of whole red peach palm fruits dehydrated at different temperatures and observed a decrease
in the content of total carotenoids after drying, being reported values of 47.64 pg/g (dry basis) for
in natura fruit and 30.42, 27.81 and 23.27 pg/g (dry basis) for dehydrated pulps at 45, 55 and 65 °C,



respectively. The authors also observed that the higher the temperature used for drying, the lower

the content of total carotenoids of the dehydrated fruits.
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Table 1 — Drying time at different temperatures to obtain the peach palm flour and the

content of total carotenoids of the flours obtained in the different treatments.

Temperature Drying time

Total carotenoids content

Treatment o (ug /g of dry matter)
(°C) (h) Fruit Flour
Uncooked, with peel 299 + 3.03 A 205 +2.99 %
Uncooked, without peel 50 7 240 + 1.25 A 122 +2.19 ¢®
Cooked, with peel 250 + 0.53 A 153 +7.05 %
Cooked, without peel 253 +0.88 A 132 +5.21 8
Uncooked, with peel 276 + 4.65 PA 128 + 6.78 ¢
Uncooked, without peel 60 55 226 + 7.78 %A 114 +357™
Cooked, with peel ’ 254 +0.43 °A 126 +1.33°®
Cooked, without peel 277 +2.33 A 148 + 4,96 &
Uncooked, with peel 282 + 3.65 PA 188 + 4,52 B
Uncooked, without peel 20 4 282 +4.09 bA 160 + 3.47 B
Cooked, with peel 219 +3.28 A 172 +2.10 >B
Cooked, without peel 219 + 2.68 A 113+2.72™®

Values reported as mean + standard deviation. Values followed by the same uppercase letter within a line and the same lowercase
letter within a column are not statistically significant according to Tukey’s test (p< 0.05).

Drying is a simple, easy and low-cost process, most used in the food preservation process.
However, the chemical characteristics of the food that will be subjected to this process must be
evaluated in order to stablish the appropriate drying temperature, aiming to avoid reactions such as
browning, protein denaturation and starch gelatinization, factors that can negatively influence the
quality of the dehydrated product (Pimenta, 2011).

The peach palm flours had a lower content of total carotenoids than the raw material. The
drying temperature may have been responsible for this reduction in carotenoids. Degradation of
carotenoids is common when food undergoes heat treatments because carotenoids are very prone to
oxidation as they are highly unsaturated. Heat treatment can cause different losses, depending on its
intensity and duration. In addition, other factors such as the food matrix, structure and food
composition might interfere with the degradation of carotenoids during heat treatments (Carvalho
et al., 2010; Fratianni et al., 2017; Rojas-Garbanzo et al., 2012).

On the other hand, it was observed an increase in the content of detectable carotenoids in the
peach palm fruits that had their peel remove, cooked and dried at 60°C, being observed values of
carotenoids 22.6% higher for the dried fruits and 29.88% for the produced flour. This increase can
be explained by the softening the cell walls and by the breakdown of carotenoid complexes with
proteins and fatty acids, which increases the availability of carotenoids (Carvalho et al., 2009; Costa;
Rodrigues; Silva, 2022; Rojas-Garbanzo et al., 2012).

For better understanding, the results were grouped according to cooking, presence of peel and
temperature (Table 2). In general, cooking prior to drying negatively affected the content of total
carotenoids in both fruits and flours. The presence of the peel during drying was responsible by a
higher retention of carotenoids in the flours, when compared to the flour from decorticated fruits.
The drying at 70 °C was more efficient to retain carotenoids from the raw material in the produced
peach palm flours. Thus, a flour produced with peach palm fruits without cooking, with the peel and
dried at a temperature of 70 °C should present the highest retention of carotenoids. According to
Matos et al. (2019), the peach palm peel has about ten times more carotenoids than the pulp, which
justifies the higher content of total carotenoids found in the treatments that kept the peel in the fruit.
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Table 2 — Total carotenoid content and reduction of carotenoid content with drying by
grouping the parameters.

Total carotenoid content

Parameter (ug /g of dry matter) Re?(t;g;[ lon
Fruit Flour

Uncooked 268 # 1532 42.9
Cooked 246" 141" 42.7
With peel 2632 162 @ 38.4
Without peel 2492 131° 47.4
Drying at 50 °C 2612 153° 41.4
Drying at 60 °C 2582 129 ¢ 50.0
Drying at 70 °C 251 P 158 @ 37.1

Values followed by the same lowercase letter within a column for the same parameter do not differ significantly according to
Tukey’s test (p< 0.05).

Considering these results, the optimized parameter processes to produce peach palm flour
were stablished as the use of peach palm pulp with peel, without a previous cooking and using a
drying temperature of 70 °C. The flour produced using these conditions was further characterized
regarding its physicochemical and functional characteristics.

3.2 Yield

The yield of peach palm flour production using the fruit with peel, without cooking and drying
at 70 °C is shown in Table 3. The yield of the whole fruit in pulp is related to the losses due to the
removal of small injured parts and the removal of seeds (large percentage of losses). Compared to
other values of pulp yield, the result found in our work are higher than those reported by Souza
(2010) and Santos (2012), which obtained pulp yield of 76.1 and 76.32%, respectively.

Table 3 - Yield of production of the peach palm flour.

Yield %

Whole fruit in pulp 83.0
Pulp in flour 45.6
Whole fruit in flour - total 39.2

The yield of flour from the pulp was 45.6%, this reduction is mainly due to the pulp drying
process, in addition to small losses that can occur during milling and sieving processes. This value
was very close to that found by Souza (2010) who reported a yield of 44.1%. Finally, considering
the total process yield, which refers to the conversion of the whole fruit in flour, the yield obtained
in this work (39.2%) was higher than those observed by Souza (2010) and Divino and Pinto (2013)
that reported total yield of 33.6 and 35.32%, respectively.

3.3 Proximate composition

Table 4 shows the characteristics of the proximate composition obtained for the peach palm
flour. As can be observed, the moisture content found in this work is in agreement with the literature
data, being observed moisture content ranging from 2.83 to 11.16% in peach palm flours, depending
on the peach palm fruit variety and the process parameters used to produce the flour (Carvalho et
al., 2009; Sakurai et al., 2020; Silva; Furtado; Rodrigues, 2020; Souza et al., 2022). If we consider
the feasibility of application of peach palm flour as food ingredient, we must to evaluate if their
moisture fits to the regulatory recommendations for flour production. According to the Brazilian
legislation (Brasil, 2005), the moisture of wheat flour must be a maximum of 15%. Thus, the
moisture content of peach palm flour (8.52%) is within the standard established for wheat flour.
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In addition, the low moisture content of the peach palm flour facilitates its storage and
transport, in addition to prolonging its shelf-life by hindering the development of spoilage
microorganisms and the spread of pests such as insects (Souza et al., 2022). According to Ferreira
and Pena (2003), the final moisture content of a product is extremely important, as the higher water
content favors the development of microorganisms and accelerates chemical or enzymatic reactions,
reducing the shelf life of the food.

Table 4 — Proximal composition of peach palm flour.

Parameter Peach palm flour
Moisture (%) 8.52 £0.26
Ash (%) 1.52 £0.06
Proteins (%) 4,92 +£0.18
Lipid (%) 13.00 £ 0.03
Total dietary fiber (%) 11.10 £ 0.50
Total carbohydrates (%) 72.04
Available carbohydrates (%) 60.94
Energetic value (Kcal/1009) 380.44

Values reported as mean =+ standard deviation.

The ash content obtained in this study for the peach palm flour (1.52%) was similar to that
1.4% reported by Ferreira (2021) and lower than those reported by Ribeiro et al. (2021) and Pimenta
(2011). These differences in the ash content may be ascribed to the variety of the fruit used and to
the methodology used to process the raw material (Pimenta, 2011). The ash content also complies
with the Brazilian legislation (Brasil, 2005), which establishes the ash content between 0.8 and 2.5%
for wheat flour.

The protein content of the peach palm flour (Table 4) was lower than those from Ribeiro et
al. (2011), which found protein content of 7.3%, and similar to that found by Carvalho et al. (2009),
Sakurai et al. (2020) and Souza et al. (2022), that reported values varying from 4.15 to 4.89%.
Although the content of protein in peach palm flour don’t meet the regulatory criteria stablish in the
Brazilian legislation to be used as a substitute of wheat flour (at least 7.5% protein in the
composition), protein content found in peach palm flour is higher than in cassava and potato flour
(Ferreira, 2021), which makes it an alternative to increase the nutritional value of bakery products.

Considering the lipid content (Table 4), the peach palm flour obtained in this work showed
similar values to that of 12.92% reported by Souza et al. (2022), and higher lipid values when
compared to the data found by Sakurai et al. (2020), which reported a lipid percentage of 7.89%. In
general, the differences observed in proximate composition of peach palm flour are a result of the
process parameters during the flour production and the variety of the fruit used in it. Additionally,
as carotenoids had a lipophilic nature, they are currently dissolved in the lipid molecules, which
make the content of lipids important to maintain the functional properties of carotenoids-containing
foods matrices (Rodriguez-Amaya, 2001). Lipids also contribute to the sensory properties of the
food, interfering with the color, flavor and texture of the final product. Furthermore, they are
important molecules to provide and store energy for human metabolism, are precursors of hormone
synthesis, and help in the absorption of fat-soluble vitamins (Damodaran; Parkin, 2018).

The peach palm flour presented 11.1% of total dietary fiber (Table 4), value similar to that
reported by Carvalho et al. (2009) and higher than that found by Sakurai et al. (2020). Moreover,
the fiber content reported in this work was higher than those found for other types of flour, such as
wheat (2.75%) and quinoa (5.52%) (Vieira et al., 2015). Bernaud and Rodrigues (2013) emphasize
that dietary fiber has functional properties, and a regular consumption of foods with high content of
fibers can offer health benefits, such as reduced risk of developing coronary heart disease,
hypertension, obesity, diabetes and colon cancer. Therefore, our results evidenced that peach palm
flour could be a promising alternative for the elaboration of food products with improved functional

properties, especially due to the high dietary fiber content.
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The total carbohydrate content (Table 4) corroborates the values between 65 and 72% found
in the literature (Sakurai et al., 2020; Silva; Furtado; Rodrigues, 2020; Souza et al., 2022). Besides
that, the available carbohydrate content in the peach palm flour was around 61% (Table 4), and the
caloric value was found to be 308.44 kcal/100 g. These results evidenced that peach palm flour can
be considered a product with a high energy value, and, therefore, could be an excellent alternative
of food ingredient to be used for the development of products targeted to children and elderly, as
long as it meets the different nutritional recommendations.

3.4 Titratable acidity and pH

The titratable acidity for peach palm flour was high, being found values of 34.79 + 2.0 mg
NaOH/100 g. Comparing our data with those from literature we found that the peach palm flour
produced in this work have higher titratable acidity values than those reported by Almeida et al.
(2011) and Pimenta (2011), which obtained peach palm flour with, respectively, 14.1 and 17.96 mg
NaoH/100g. This high value of acidity could be associated to the presence of a high content of oxalic
acid crystals commonly found in vegetal cells (Silva, 2013). Additionally, the high content of lipids
found in the peach palm fruit could contribute to increase the titratable acidity of the produced flour,
since the higher the lipid content, the higher the acidity values (Melo, 1941).

The peach palm flour also showed a pH value of 3.99 + 0.2, value lower than those found by
Souza et al. (2022), Sakurai et al. (2020) and Carvalho et al. (2009), who reported peach palm flour
with pH values ranging from 5.74 to 6.16. The pH is an important factor in foods products since it
is an indicator of the deterioration that can be caused by microorganisms and enzymatic activity,
also interfering with the sensory properties and shelf-life of the products.

3.5 Vitamin C content

Ascorbic acid (vitamin C) is a water-soluble and unstable compound found in fruits and
vegetables. It is considered a potent antioxidant agent and has important biochemical functions, such
as facilitating the absorption of iron and assisting in the production of collagen. However, it is highly
susceptible to degradation through oxidation, dehydration and polymerization to other non-
nutritional compounds in the presence of oxygen, high temperature and long-time light exposition
(Cardoso, 2021).

The vitamin C content found in peach palm flour was 18.6 mg/100 g, which was similar to
those values commonly observed in the peach palm pulp (Matos et al., 2010; Santos et al., 2015;
Spaki et al., 2021), which evidences the promising healthy potential of the peach palm flour.

3.6 Granulometry

The granulometry of peach palm flour is shown in Table 5. As can be observed, only 6% of
the peach palm flour particles passed through the 250 um mesh sieve, with the most of the particles
(66%) being retained in the 500 um mesh sieve. It is possible that the granulometry of the flour was
influenced by the lipid content, which could be responsible to the particle aggregation. The Brazilian
legislation (Brasil, 2005) for wheat flour establishes that 95% of the particles must pass through a
250 pum mesh sieve to be considered type 1 and 2, and for whole-wheat flour there is no
specification. In this case, the peach palm flour should be considered a whole-meal flour, since it
was produced using the whole peach palm pulp.
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Table 5 — Granulometry of peach palm flour.

Sieve opening (um) Retained flour (%0)
1180 2
500 66
250 26
125 6
Bottom pan 0

3.8 Water absorption index and water solubility index

The technological properties of the peach palm flour were evaluated with respect to its water
absorption index (WAI) and water solubility index (WSI). The flour showed WAI of 3.12 g/g
(x0.08) and WSI of 7.98% (£0.18). In general, WAI is related to the availability of hydrophilic
groups to bind to water molecules, indicating the amount of water absorbed by the swollen and/or
water-soaked flour (Carvalho et al., 2010; Rigon et al., 2022). On the other hand, the WSI is a
parameter that quantifies water-soluble molecules at room temperature (Rigon et al., 2022),
indicating the degree of severity of the heat treatment and the consequent debranching of the
structure of the molecules of lower molecular weight (Carvalho et al., 2010; Rigon et al., 2022). In
addition, the WAI and WSI values are also associated with the size of the flour particles, in which
the smaller particles proportionally absorb more water and faster than the larger particles.

3.9 Instrumental color

The results regarding the colorimetry parameters of the peach palm flour are shown in Table
6. As can be observed, the produced flour showed a high luminosity (L) value, indicating that the
structural organization of the components in peach palm flour had just a slight interference on the
absorption of light. However, as reported by Pires et al (2015), the presence of peel can cause some
reduction in the luminosity of peach palm flour, since its present high content of cellulose and
hemicellulose, which can increase the properties of light absorption in final product.

With respect to the color parameters a* and b*, results have shown that the color of peach
palm flour ranges from yellow to orange, with positive values for both parameters a* and b*. In
addition, the values of chroma and Hue are also in agreement with the visual aspect observed for
the produced flour showed in Figure 2D.

Table 6 — Instrumental color of the peach palm flour.

Parameters Peach palm flour
L 67.4+1.4
a* 86+1.0
b* 712+1.1
Chroma 71.7+1.2
Hue 44.8+0.4

4. Conclusion

In conclusion, peach palm fruit can be successfully used for flour production without the
necessity of peel removal or pre-treatment by cooking. Indeed, the presence of peel improved the
healthy quality of the produced flour by increasing the content of total carotenoids. Furthermore,
those flours produced using the fruit without cooking also showed a higher content of carotenoids.
Our results also demonstrated that the best drying temperature was 70°C, being observed the lowest
processing time and the higher retention of carotenoids in the flour. Altogether with the high content
of carotenoids, the produced flour showed high content of carbohydrate, lipids, dietary fibers and
vitamin C, which suggest that the peach palm flour is a product of high nutritional and functional
value. In summary, the results evidenced that peach palm flour is a promising healthy food product
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that can be used for the elaboration of foods with improved nutritional and functional properties,
with especial potentiality to be included in gluten free products.

Acknowledgements

The authors would like to thank Cargill Foundation (public notices 6th Edition) for the
financial support. CNS Silva also would like to thank CAPES for the fellowship support (Finance
Code 001).

References

Almeida, V. A., Souza, F. C. A,, Silva, M. F., Aguiar, J. P. L., Pontes, G. C., & Silva, P. H. F.
(2011). Analise sensorial e nutricional de pédes elaborados através do aproveitamento
alternativo da casca de pupunha (Bactris gasipaes Kunth). XX Jornada de Iniciacao
Cientifica PIBIC INPA-CNPg/FAPEAM.

Anderson, R.A., Conway, V.F.P., & Griffin, E. L. (1969). Gelatinization of corn grits by rolland
extrusion-cooking. Cereal Science Today, Minneapolis, 14(1), 4-7.

Araujo, K. T. A., de Melo Queiroz, A. J., de Figueirédo, R. M. F., da Silva, R. C., Amadeu, L. T.
S., & Paiva, Y. F. (2021). Cinética de secagem e determinacdo do coeficiente de difuséo
efetivo das polpas de noni e umbu. Research, Society and Development, 10(4),
e46710413985-e46710413985. http://dx.doi.org/10.33448/rsd-v10i4.13985

Association of official analytical chemistry — AOAC. (2006). Official methods of analysis of the
Association of Official Analytical Chemistry (18th ed.). Arlington: AOAC.

Bernaud, F. S. R., & Rodrigues, T. C. (2013). Fibra alimentar: ingestdo adequada e efeitos sobre a
satide do metabolismo. Arquivos Brasileiros de Endocrinologia & Metabologia, 57, 397-405.
https://doi.org/10.1590/S0004-27302013000600001

Brasil. Ministério da Agricultura, Pecuéria e Abastecimento. Instrugdo Normativa n° 8, de 02 de
junho de 2005. Aprova o regulamento técnico de identidade e qualidade da farinha de trigo.
Brasilia, DF, Brasil.

Cardoso, D. S. S. (2021). Compostos bioativos em bacaba e pupunha: uma revisdo. Trabalho de
Conclusdo de Curso, Universidade Federal de Rondonia, Ariquemes, RO, Brasil.

Carmo, A. F. S,, Eira, P. A,, Santos, R. D., Bernardi, A. C. C., Gomes, J. B. V., Oliveira, R. F.,
Lumbraras, J. F., Naime, U. J., Gongalves, A. O., Fidalgo, E. C. C., & Aglio, M. L. D. (2003).
Aspectos culturais e zoneamento da pupunha no estado do Rio de Janeiro. Embrapa Solos-
Documentos (INFOTECA-E).

Carvalho, A. V., Beckman, J. C., Maciel, R. A., & Farias Neto, J. T. (2013). Caracteristicas fisicas
e quimicas de frutos de pupunheira no estado do Para. Revista Brasileira de Fruticultura, 35,
763-768. https://doi.org/10.1590/S0100-29452013000300013

Carvalho, A. V., Vasconcelos, M. A. M., Silva, P. A., & Ascheri, J. L. R. (2009). Producéo de
snacks de terceira geracdo por extrusdo de misturas de farinhas de pupunha e mandioca.
Brazilian Journal of Food Technology, 12(4), 277-284.
http://bjft.ital.sp.gov.br/arquivos/artigos/v12n4391a.pdf

Carvalho, A. V., Vasconcelos, M. A. M., Silva, P. A., Assis, G. T., & Ascheri, J. L. R. (2010).
Caracterizacdo tecnoldgica de extrusados de terceira geracdo a base de farinhas de mandioca
e pupunha. Ciéncia e Agrotecnologia, 34(4), 995-1003.
https://www.scielo.br/j/cagro/a/RyKgtrVsqPv9Z79ShnVV4KDD/?lang=pt

Costa, R. D. S. D., Rodrigues, A. M. D. C., & Silva, L. H. M. D. (2022). The fruit of peach palm
(Bactris gasipaes) and its technological potential: an overview. Food Science and Technology.
https://doi.org/10.1590/fst.82721

Damodaran, S., & Parkin, K. L. (2018). Quimica de alimentos de Fennema. Artmed editora.

Dias, T. G. G. (2021). Abordagem dos aspectos tecnologicos, nutricionais e de consumo em
produtos de panificagdo adicionados de farinhas de frutos da regido amazonica e de plantas



http://dx.doi.org/10.33448/rsd-v10i4.13985
https://doi.org/10.1590/S0004-27302013000600001
https://doi.org/10.1590/S0100-29452013000300013
http://bjft.ital.sp.gov.br/arquivos/artigos/v12n4391a.pdf
https://www.scielo.br/j/cagro/a/RyKgtrVsqPv9Z7qShnV4KDD/?lang=pt
https://doi.org/10.1590/fst.82721

| The Journal of Engineering and Exact Sciences — JCEC

alimenticias ndo convencionais (PANC). Trabalho de Conclusdo de Curso, Universidade
Federal de Rondonia, Ariquemes, RO, Brasil.

Divino, B. C. A., & Pinto, V. C. (2013). Elaboracéo de biscoito com diferentes concentracgdes de
farinha de pupunha visando o enriquecimento nutricional. Trabalho de Concluséo de Curso,
Universidade Federal do Para, Belém, PA, Brasil.

Ferreira, A. J. S. (2021). Elaboracéo e caracterizagdo da pupunha de pupunha (Bactris gaisipaes
Kunth). Trabalho de Conclusao de Curso, Instituto Federal de Educacéo, Ciéncia e Tecnologia
do Amapa, Macapé, AP, Brasil.

Ferreira, C. D., & Pena, R. S. (2003). Comportamento hidroscépico da farinha de pupunha (Bactris
gasipaes). Food Science and Technology, 23(2), 251-255. https://doi.org/10.1590/S0101-
20612003000200025

Flores, W. B. C.,, Silva, W. D. P., Santos, J. G., & Alfaia, S. S. (2019). A Cultura da Pupunha:
cultivo e beneficiamento. Manaus: Editora INPA.

Fratianni, A., Niro, S., Messia, M. C., Cinquanta, L., Panfili, G., Albanese, D., & Di Matteo, M.
(2017). Kinetics of carotenoids degradation and furosine formation in dried apricots (Prunus
armeniaca L.). Food research international, 99, 862-867.
http://dx.doi.org/10.1016/j.foodres.2016.12.009

Instituto Adolfo Lutz — IAL. (2008). Métodos fisico-quimicos para anélise de alimentos.

Kaefer, S., Fogaca, A. O., Storck, C. R., & Kirsten, V. R. (2013). Bolo com farinha de pupunha
(Bactris gasipaes): andlise da composi¢do centesimal e sensorial. Revista Alimentos e
Nutricéo, 24(2), 347-352.

Lima, K. S. C., Lima, A. L., Freitas, L. C., Della-Modesta, R. C., & Godoy, R. L. (2004). Efeito de
baixas doses de irradiacao nos carotenoides majoritarios em cenouras prontas para 0 consumo.
Food Science and Technology, 24(2), 183-193. https://doi.org/10.1590/S0101-
20612004000200005

Matos, K. A. N., Lima, D. P., Barbosa, A. P. P., Mercadante, A. Z., & Chisté, R. C. (2019). Peels
of tucumad (Astrocaryum vulgare) and peach palm (Bactris gasipaes) are by-products
classified as very high carotenoid sources. Food Chemistry, 272, 216-221.
https://doi.org/10.1016/j.foodchem.2018.08.053

Matos, N. M. S., Facanha, R. V., Souza, K. O., Rufino, M. D. S. M., Alves, R. E., Brito, E. S., Alves,
V.D.S., & Maciel, V. T. (2010). Qualidade, compostos bioativos e atividade antioxidante em
frutos de uma selecdo de pupunheira sem sementes do Acre, Brasil. Embrapa Agroinddstria
Tropical- Resumo em anais de congresso (ALICE). In Congresso Internacional de
Horticultura, 28, 2010, Lisboa, Portugal. Livro de resumos. Lisboa: International Society for
Horticultural Science, 2010. p. 363.

Melo, M. S. (1941). Teores de acidez em farinhas. Revista do Instituto Adolfo Lutz, 1(2), 457 — 475.

Menezes, B. A. D, Pinto, V. C., Mattietto, R. A., & Lopes, A. S. (2019). Tecnologia para obtencao
de biscoito adicionado de farinha de pupunha. Embrapa Amazénia Oriental-Comunicado
Técnico (INFOTECA-E).

Mezzomo, N., & Ferreira, S. R. S. (2016). Carotenoids functionality, sources, and processing by
supercritical technology: a review. Journal of Chemistry, 2016.
https://doi.org/10.1155/2016/3164312

Morais, F. L. (2006). Carotendides: caracteristicas bioldgicas e quimicas. Monografia.
Universidade de Brasilia, Brasilia, DF, Brasil. https://bdm.unb.br/handle/10483/546

Oliveira, A. N., Oliveira, L. A., Andrade, J. S., & Chagas-Junior, A. F. (2007). Producdo de amilase
por rizébios, usando farinha de pupunha como substrato. Food Science and Technology, 27,
61-66. https://doi.org/10.1590/S0101-20612007000100011.

Oliveira, J., Souza, N. T., & Polesi, L. F. (2020). Elaboracéo de massa alimenticia sem glaten a
partir de farinha de babacu e pupunha. http://dx.doi.org/10.37885/200800849.

Pimenta, L. B. (2011). Propriedades tecnoldgicas, fisicas e quimicas da farinha de pupunha
(Bactris gasipaes). Dissertacdo de Mestrado, Universidade Federal do Pard, Belém, PA,

Brasil.



https://doi.org/10.1590/S0101-20612003000200025
https://doi.org/10.1590/S0101-20612003000200025
http://dx.doi.org/10.1016/j.foodres.2016.12.009
https://doi.org/10.1590/S0101-20612004000200005
https://doi.org/10.1590/S0101-20612004000200005
https://doi.org/10.1016/j.foodchem.2018.08.053
https://doi.org/10.1155/2016/3164312
https://bdm.unb.br/handle/10483/546
https://doi.org/10.1590/S0101-20612007000100011
http://dx.doi.org/10.37885/200800849

| The Journal of Engineering and Exact Sciences — JCEC

Pires, M. B., Amante, E. R., Lucia de Oliveira Petkowicz, C., Esmerino, E. A., Manoel da Cruz
Rodrigues, A., & Meller da Silva, L. H. (2021). Impact of extraction methods and genotypes
on the properties of starch from peach palm (Bactris gasipaes Kunth) fruits. LWT, 150,
111983. doi:https://doi.org/10.1016/j.lwt.2021.111983

Pires, M. B., Amante, E. R., Rodrigues, A. M. C., & da Silva, L. H. M. (2015). Caracterizacdo das
propriedades fisico-quimicas, tecnoldgicas e viscoamilogréaficas da farinha de pupunha
(Bactris gasipae Kunt). Blucher Chemical Engineering Proceedings, 1(2), 3402-34009.

Reck, I. M., & Miranda, N. L. (2016). Composi¢do quimica e qualidade microbioldgica de
formulacGes de biscoitos com farinha de polpa de pupunha. Uninga Review, 27(1), 15-18.
https://revista.uninga.br/uningareviews/article/view/1816

Rigon, E. E. S., Oliveira-Folador, G., Sora, G. T. S., Paula, L. C., & Polesi, L. F. (2022).
Physicochemical and functional composition of peach palm flour. In: Editora Cientifica
Digital. (Org.). Open Science Research: I. Guaruja: Cientifica Digital, 111-119.
https://doi.org/10.37885/211207084

Rodriguez-Amaya, D. B. (2001). A guide to carotenoid analysis in food. Washington: ILSI press.

Rojas-Garbanzo, C., Pérez, A. M., Castro, M. L. P., & Vaillant, F. (2012). Major physicochemical
and antioxidant changes during peach-palm (Bactris gasipaes HBK) flour processing. Fruits,
67(6), 415-427. https://doi.org/10.1051/fruits/2012035

Sakurai, Y. C. N., Rodrigues, A. M. D. C., Pires, M. B., & Silva, L. H. M. D. (2020). Quality of
pasta made of cassava, peach palm and golden linseed flours. Food Science and Technology,
40, 228-234. https://doi.org/10.1590/fst.091

Santamarina, A. B., de Souza Mesquita, L. M., Casagrande, B. P., Sertorio, M. N., Vitor de Souza,
D., Mennitti, L. V., . . . Pisani, L. P. (2022). Supplementation of carotenoids from peach
palm waste (Bactris gasipaes) obtained with an ionic liquid mediated process displays kidney
anti-inflammatory and antioxidant outcomes. Food Chemistry: X, 13, 100245.
doi:https://doi.org/10.1016/j.fochx.2022.100245

Santos, M. D. F. G., Mamede, R. V. S., Rufino, M. D. S. M., De Brito, E. S., & Alves, R. E. (2015).
Amazonian native palm fruits as sources of antioxidant bioactive compounds. Antioxidants,
4(3), 591-602. https://doi.org/10.3390/antiox4030591

Santos, M. F. G. (2012). Qualidade e potencial funcional da por¢do comestivel e do 6leo de frutos
de palmeiras nativas oriundas do amapa. Tese de Doutorado, Universidade Federal da
Paraiba, Areia, PB, Brasil.

Santos, O. V., Soares, S. D., Dias, P. C. S., Alves do Nascimento, F. d. C., Vieira da Conceicéo, L.
R., da Costa, R. S., & da Silva Pena, R. (2022). White peach palm (pupunha) a new Bactris
gasipaes Kunt variety from the Amazon: Nutritional composition, bioactive lipid profile,
thermogravimetric and morphological characteristics. Journal of Food Composition and
Analysis, 112, 104684. doi:https://doi.org/10.1016/j.jfca.2022.104684

SilvaRibeiro, G., Concei¢do Monteiro, M. K., Rodrigues do Carmo, J., da Silva Pena, R., & Campos
Chisté, R. (2021). Peach palm flour: production, hygroscopic behaviour and application in
cookies. Heliyon, 7(5), e07062. doi:https://doi.org/10.1016/j.heliyon.2021.e07062

Silva, M. I. O. (2013). Microrganismos da Amazénia com potencial para a producdo de etanol
utilizando fontes alternativas de carbono. Dissertacdo de Mestrado, Instituto Nacional de
Pesquisas da Amazonia, Manaus, AM, Brasil.

Silva, M. L. C,, Costa, R. S., Santana, A. S., & Koblitz, M. G. B. (2010). Compostos fendlicos,
carotenoides e atividade antioxidante em produtos vegetais. Semina: Ciéncias Agrarias,
31(3), 669-682. https://www.redalyc.org/pdf/4457/445744097017.pdf

Silva, R. F. da, Furtado, M. T., & Rodrigues, D. P. (2020). Qualidade nutricional de frutos da
pupunheira vermelha integral desidratados a diferentes temperaturas. Agropecuaria Técnica,
41(3-4), 101-108. https://doi.org/10.25066/agrotec.v41i3-4.54435

Souza, P. G. (2010). Elaboracéo de cervejas tipo lager a partir de farinha de pupunha (Bactris
gasipaes Kunth) como adjunto, em bioprocessos conduzidos com leveduras livres e



https://revista.uninga.br/uningareviews/article/view/1816
https://doi.org/10.37885/211207084
https://doi.org/10.1051/fruits/2012035
https://doi.org/10.1590/fst.091
https://doi.org/10.3390/antiox4030591
https://www.redalyc.org/pdf/4457/445744097017.pdf
https://doi.org/10.25066/agrotec.v41i3-4.54435

| The Journal of Engineering and Exact Sciences — JCEC

imobilizadas. Dissertacdo de Mestrado, Universidade do Estado do Amazonas, Manaus, AM,
Brasil.

Souza, P. G., Pantoja, L., dos Santos, A. S., Marinho, H. A., & Almeida, J. B. (2022). Avaliacédo
fisico-quimica da farinha de pupunha (Bactris gasipaes Kunth) para uso alimenticio. Brazilian
Journal of Science, 1(2), 65-74.
https://brazilianjournalofscience.com.br/revista/article/view/37/15

Spacki, K. D. C., Vieira, T. F., Helm, C. V., Lima, E. A, Bracht, A., & Peralta, R. M. (2021).
Pupunha (Bactris gasipaes Kunth): uma revisdo. In: Editora Cientifica Digital. (Org.).
Agricultura e Agroindustria no Contexto do Desenvolvimento Rural Sustentavel. Guaruja:
Cientifica Digital, 2021, p. 332-350. https://dx.doi.org/10.37885/210805875

Vieira, T. S., Freitas, F. V., Silva, L. A. A., & Barbosa, W. M. (2015). Efeito da substituicdo da
farinha de trigo no desenvolvimento de biscoitos sem glaten. Brazilian Journal Food
Technology, 18(4), 285-292. https://doi.org/10.1590/1981-6723.1815



https://brazilianjournalofscience.com.br/revista/article/view/37/15
https://dx.doi.org/10.37885/210805875
https://doi.org/10.1590/1981-6723.1815

