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Abstract

The acai palm (Euterpe oleracea Mart.) is native to the Amazon region, with its berry containing 30% pulp and 70% seed.
While the pulp is widely consumed, the seed, which constitutes most of the fruit's mass, is typically discarded, generating
significant agro-industrial waste. This waste can be repurposed to reduce environmental impacts and promote circular economy
practices. Acgai berry seeds are rich in polyphenols and antioxidants, offering potential health benefits, such as preventing
obesity, hepatic steatosis, and cancer. This study aims to evaluate agai berry seed flour for its nutritional and antioxidant
properties, contributing to sustainability by using waste from the acai pulp production. Acai seeds were dried and ground into
flour. Then, they were analyzed for fiber content, phenolic compounds, and antioxidant activity. The results showed a high
content of insoluble fibers, including cellulose, hemicellulose, and lignin. The agai berry seed flour also exhibited significant
antioxidant activity, with an IC50% of 3.29 mg/mL, highlighting its potential as a valuable functional ingredient.

Keywords: acai seed flour; antioxidant activity; nutritional properties.

Practical Application: Use of agai seeds as a sustainable functional ingredient.

1 INTRODUCTION

The agai palm (Euterpe oleracea Mart.) is a palm tree
native to the Amazon region (Nascimento et al., 2008; Ol-
iveira et al., 2000). Its berry is a globular drupe, measuring
1 to 2 cm in diameter and weighing an average of 1.5g. The
epicarp, depending on the type, is purple at maturity or green
when not. The mesocarp and the epicarp together make up
7% of the fruit, surrounding the large, hard endocarp, which
is responsible for the shape of the fruit, containing the seed
inside. Commonly, what is referred to as the seed is actually
the pyrene, as the seed is still surrounded by the endocarp.
The seed exhibits a solid ruminated endosperm at maturity
and a small but developed embryo (Nascimento et al., 2008;
Oliveira et al., 2000; Pereira et al., 2021). Notably, 30% of the
acai berry corresponds to pulp, while 70% corresponds to the
seed (Monteiro et al., 2019).

Brazilian production of agai reached 1,696,485 tons in 2023
(Instituto Brasileiro de Geografia e Estatistica [IBGE], 2024).
According to the Consumer Expenditure Survey (POF) from

IBGE, there was a decrease in the consumption of fruits such
as pineapple, orange, apple, and tangerine across all income
levels, while there was an increase in agai berry consumption
in all income quartiles (IBGE, 2025).

The large production and, therefore, the high consumption
of acai berry are due to its established nutritional, cosmetic, and
pharmaceutical properties (Laurindo et al., 2023; Magalhies
et al., 2020; Yamaguchi et al., 2015). A¢ai berry consumption
occurs mainly as pulp; however, the manufacturing process for
obtaining it generates approximately 85 to 93% waste. This sub-
stantial waste output indicates that the material still lacks ad-
equate economic disposal methods, leading to its stockpiling
around industrial facilities (Laurindo et al., 2023; M. A. C. N.
Silva et al., 2023; Monteiro et al., 2019; M. S. Silva et al., 2023;
Santos et al., 2020).

Utilization of classified waste products, such as agai seeds,
is recognized as an effective measure to enhance the reduction
of environmental impacts and encourage public policies for
circular economies (Barbosa et al., 2019; Martinez et al., 2018;
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Agai seed flour: sustainable functional ingredient

Martins et al., 2021; Teixeira & Mendes, 2023; Zavarize & Ol-
iveira, 2021).

Studies on the utilization of agai berry seeds have been con-
ducted from a nutritional perspective, focusing on the treatment
and prevention of diseases, primarily due to the higher amount
of polyphenols compared to its pulp (Alencar, 2020; Soares
et al., 2020). Hence, acai seeds have been associated with the
prevention of obesity (Santos et al., 2020) and obesity-induced
hepatic steatosis (Silva et al., 2021). Due to their high antioxidant
capacity, they may also be related to cancer prevention (Martinez
etal, 2018; M. S. Silva et al., 2023; Silva et al., 2021).

The great amount of waste produced by the high con-
sumption of agai pulp requires a more effective management.
Ther fore, this research aimed to analyze agai seed flour as a
source of nutrients derived from unconventional parts—-in
terms of human consumption--reducing environmental im-
pacts, creating financial resources, and exploring new applica-
tions for the waste, thereby contributing to sustainability in the
production and marketing of this berry.

1.1 Relevance of the work

The present work promotes the utilization of the agai seed,
an abundant and usually discarded by-product. By character-
izing the flour obtained from a¢ai seeds, this study contrib-
utes to the valorization of agro-industrial residue, aligning
with sustainable development goals. The results highlight the
potential of acai seed flour as an ingredient with antioxidant
potential to be used for human consumption, promoting
innovation, sustainability, and upgraded value to the agai
production chain.

2 MATERIAL AND METHODS

2.1 Raw material

The berries were pulped at an agricultural facility in the
State of Para (Northern region of Brazil), and their seeds were
supplied to be used in this study. After being solar dried, they
were sent packaged in cardboard boxes to the Food Processing
Laboratory (LAPAL) of the Josué de Castro Institute of Nutrition
(INJC) - UFR], Rio de Janeiro (Southeastern region of Brazil).

2.2 Production of agai berry seed flour

Initially, the agai seeds were sanitized in potable water and
dehydrated in a ventilated oven at 60 °C for 40 h. After drying,
the central seed was removed, and the remaining material was
ground in a hammer mill (TECNAL TE-360). The obtained flour
was packaged in plastic bags made of nylon and polyethylene,
providing high protection against water vapor and atmospheric
oxygen. Once vacuum-sealed, the bags were labeled and stored
under refrigeration (Lima et al., 2021).

2.3 composition (characterization) of agai berry seed flour

« Total Fiber (Soluble and Insoluble): The dietary fiber
fractions were determined according to the recommendations

of the Physico-Chemical Methods for Food Analysis from the
Adolfo Lutz Institute (Instituto Adolfo Lutz, 2008).

« Glucose, Cellulose, Hemicellulose, and Lignin: Their con-
tent was established according to the methodologies established
by Sluiter et al. (2008) and Ververis et al. (2007).

« Total Anthocyanins: The total anthocyanin content was
measured via spectrophotometric reading of the extract in
buffers at pH 1.0 and pH 4.5, based on the sensitivity of these
compounds to pH (Fuleki & Francis, 1968a, 1968b).

o Analysis of Cyanidin-3-O-Glucoside and Cyani-
din-3-O-Rutinoside: The extraction conditions used methanol
at 100 °Cand 10.3 MPa pressure in a solvent-assisted extractor..
The obtained extracts were analyzed for cyanidin-3-O-glucoside
and cyanidin-3-O-rutinoside using the liquid chromatography
coupled with tandem mass spectrometry (LC-MS/MS) method
(Dupureur et al., 2012).

o Antioxidant Activity by the ABTSe+ Radical Scavenging
Method [2,2-Azino-bis (3-ethylbenzothiazoline)-6-sulfonic
Acid]: Antioxidant activity equivalent to Trolox was deter-
mined according to the procedure proposed by Re et al. (1999),
with modifications. Initially, the ABTS+ radical was generated
from the reaction of 7 mM ABTS with 140 mM potassium
persulfate, homogenized, and stored at room temperature
and in the absence of light for 16 h. After this period, the
solution was diluted in ethanol until an absorbance of 0.70 nm
(£0.02) was obtained. For the analyses, a 30 uL aliquot of each
dilution of the extract was added to test tubes containing 3.0
mL of the ABTS-+ radical and homogenized in a tube shaker.
The reading (734 nm) was taken after 6 min of mixing, using
ethanol as a blank to calibrate the spectrophotometer. As a
standard solution, the synthetic antioxidant Trolox was used
at concentrations ranging from 100 to 2000 mM in ethanol.
The results were expressed in mM of Trolox per gram of sample
(Alves et al., 2013).

o Antioxidant Activity: The methodology used to de-
termine total activity was adapted from the descriptions
by Brand-Williams et al. (1995), Rufino et al. (2007), and
Sanchez-Moreno et al. (1998). Extracts were prepared from
the samples using 80% methanol at 70 °C for 10 min, ho-
mogenized and filtered through repeated operations, and
subsequently concentrated in a rotary evaporator at 40 °C
for 15 min. Absorbance was measured at 517 nm after 15,
30, and 60 min of reaction.

o Total phenolics: The determination of total phenolics
in ASF followed the methodology described by Singleton &
Rossi (1965). A 500 UL aliquot was mixed with 2.5mL of 10%
Folin-Ciocalteu reagent, allowed to stand at room temperature
for 2 min, and then 2mL of sodium carbonate solution was
added. The tubes were homogenized in a vortex and placed in
a water bath at 50 °C for 15 min. Subsequently, the tubes were
placed in an ice bath for 30 s, and absorbance was measured at
760 nm. The time between the addition of the Folin solution
and the spectroscopic reading did not exceed 30 min. The total
phenolic content was calculated using a gallic acid standard
curve. The results were expressed in g/100g of gallic acid per
sample on a dry weight basis.
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2.4 Scanning electron microscopy

A small portion of the ASF was taken and examined un-
der a scanning electron microscope (SEM) for microstructure
analysis. The microscope used for sample visualization was
the JSM-6460LV Scanning Electron Microscope. The images
generated by secondary electrons, accelerated at a voltage of 5
kV, were evaluated. The images were captured in digital format
(Toneli et al., 2008).

2.5 Nuclear magnetic resonance

For the analysis, a Bruker Avance DRX300 nuclear magnetic
resonance (NMR) spectrometer was used, equipped with a7 mm
cross-polarization with magic angle rotation (CPMAS) probe.
The ASF was ground to obtain a fine powder of 500 mm. It was
placed in a 7 mm rotor and centrifuged at 5 kHz. The operat-
ing frequency was 300.13 MHz for protons and 75.48 MHz for
carbon (Dixon et al., 1982).

2.6 Statistical analyses

The analysis of variance and mean comparison test, including
the Tukey test, were conducted using the XLSTAT software (2021).

3 RESULTS AND DISCUSSION

Brazil is a major producer of fruits and vegetables; however,
the processing of these edibles generates by-products such as
seeds, peels, and pulp, which are generally discarded or used as
fertilizers. If not properly utilized, they can cause environmental
problems due to their organic matter composition (Aratjo &
Santos, 2022; Sette et al., 2020). Studies indicate that the compo-
sition of agai berry seeds is valuable, as they contain compounds
of great interest to the pharmaceutical industry. If effectively
exploited, instead of being disposed of into the environment,
causing pollution side effects, they could bring notable advan-
tages (Magalhdes et al., 2020; Miranda et al., 2022).

Therefore, in this study, agai berry seeds were used to pro-
duce a flour that stood out for its insoluble fiber content, total
phenolics, and antioxidant capacity. Thus, it can be an alternative
for the enrichment of food products, such as beverages (Melo
etal., 2021).

Table 1 presents the composition (g/100g) of fibers in the
ASF, emphasizing the significant content of total insoluble fiber,
hemicellulose, and lignin.

The total fiber content of the ASF was lower than that found
in the study conducted by Melo et al. (2021), which reported

86%. However, the insoluble fiber content found in the ASF
(62.13%) is higher than that observed in flours obtained from
residues, such as tangerine peel flour (48.94%), grape pom-
ace flour (36.27%), green banana flour (7.3%), eggplant flour
(34.22%), acerola seed flour (26.54%), and mango peel flour
(17.25%) (Ramos et al., 2020, 2021, 2023).

The cellulose content found in the ASF was 5.4 g%, the
hemicellulose 33.25g%, and the lignin 23.41g%. These values
are higher than the hemicellulose content of grape pomace
(5.2%), apple pomace (10.6%) (Sette et al., 2020), apple biomass
(27.77%), grape biomass (6.9%), pineapple leaf (19.5%), and
mango peel (14.51%) (Gowman et al., 2019).

Table 2 provides the values of 2,2 diphenyl-1-picrylhydra-
zyl (DPPH) reduction according to the dilution, as well as the
equation of the line used to calculate the IC50%. The observed
IC50% was 3.29 mg/mL. The results were expressed as the ca-
pacity to capture/reduce the DPPH radical in percentage and by
the IC50 value, which is an indicative parameter of the inhibitory
concentration needed to reduce the free DPPH radical by 50%
(Arbos et al., 2010).

The results shown in Table 2 indicate that there was no
significant difference (p < .05) between the time intervals and
the concentration of the analyzed extract; however, a greater
efficiency in the sequestration of the free radical was observed
at a concentration of 0.1 mg/mL of extract after 30 min.

Table 3 reports the average values of phenolic compounds
and antioxidant activity of the ASE. No cyanidin 3-O-glucoside
and cyanidin 3-O-rutinoside were detected in the methanolic
extracts obtained from the ASE. The antioxidant capacity of the
ASE, expressed in DPPH consumption, indicated this product
as an excellent source of antioxidants (94.9 + 0.4).

Regarding total phenolics, the ASF showed higher levels
than residues from zucchini, eggplant, broccoli, cabbage, and
green beans (Vasconcelos et al., 2023). It also presented high-
er levels than those found in pineapple peel powder extract
(Souza et al., 2021). When compared to avocado seeds, the

Table 1. Fiber composition of the agai berry seed flour.

Component ASF (g/100 g)
Total soluble fiber 0.86 £0.02
Total insoluble fiber 62.13£1.19
Cellulose 5.47%1.15
Hemicellulose 33.25+1.55
Lignin 23.41£0.16

ASF: agai berry seed flour.

Table 2. Antioxidant capacity as % of 2,2 diphenyl-1-picrylhydrazylconsumed from different concentrations of agai seed extract after 15, 30, and

60 minutes of reaction with 2,2 diphenyl-1-picrylhydrazyl.

Extract (mg/mL)

% 2,2 diphenyl-1-picrylhydrazyl consumed

15 min
1 86.33+0.11
0.1 9491 £0.11
0.01 94.36 = 0.45

30 min 60 min
86.25+0.22 85.72 £0.50
94.94+0.44 94.39+0.51
94.87 £0.42 94.04 +£0.78

There was no statistical difference between the times and concentrations studied according to analysis of variance and Tukey test (p <.05).
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ASF exhibited higher contents of phenolic compounds and
antioxidants, with 57.3 mg GAE/g for avocado seeds and 410.7
umol TE/g for avocado seeds (Daiuto et al., 2014).

The antioxidant capacity of the ASE expressed as DPPH
consumption, identified this product as an excellent source of
antioxidants. However, this antioxidant capacity can be con-
sidered lower when compared to the hydroalcoholic extract of
guava pulp (0.421 mM.g™), acerola (0.743 mM.g™"), soursop
(0.136 mM.g™"), bacuri (0.0735 mM.g™"), and cupuagu (0.240
mM.g™") (Vieira et al,, 2011).

Small polyhedral bodies ranging from 1 to 50 pm were
observed on the surface of ASF (Figure 1), which are electron-
ically charged and are distinguished from the main matrix by a
significant contrast. Based on the fiber content found through
chemical analyses, it is suggested that these may be fibers, par-
ticularly cellulose or lignin.

The NMR spectra of hydrogen H'-decoupled C'*-MAS (Mag-
ic Angle Spinning) CPMAS (cross-polarization with magic angle
rotation) performed on the ASF are shown in Figures 2 and 3.

The MAS spectra produced peaks with greater intensity
due to the presence of aliphatic carbon atoms; in contrast, the
CPMAS spectra showed better sensitivity and resolution for the
other peaks. In Figures 2 and 3, we can observe peaks corre-
sponding to C=0 (172 ppm), C=C (104-153 ppm), glycosidic
(56-104 ppm), and aliphatic carbons (14-34 ppm). In contrast,
peaks of relatively different sizes were observed due to the gly-
cosidic characteristics of the sample, attributable to the presence
of cellulose and hemicellulose, also detected in the chemical
fiber analyses and scanning electron microscopy of this study.
The glycosidic carbon peaks are larger when compared to the
other peaks.

As described by Aradgjo et al. (2023), scanning electron
microscopy of agai berry seeds detected a hexagonal-shaped

Source: Author, 2024.

1: C=0; 2: C=G; 3: glycosidic C-O; 4: aliphatic carbons.

Figure 2. C** magic angle spinning nuclear magnetic resonance of the
acai berry seed flour.

Source: Author, 2024.

1: C=0; 2: C=C, 3: glycosidic C-O; 4: aliphatic carbon.

Figure 3. H'-decoupled C"*-magic angle spinning nuclear magnetic
resonance of the acai berry seed flour.

Table 3. Phenolic compounds and antioxidant activity of agai berry seed flour.

Analyses Results
Total anthocyanins (mg/100g) 2.8+0.1
Total phenolics(mg gallic acid/100g) 8966.5 £ 38.0
Antioxidant activity (Lmol Trolox/g) 456.6 +27.0
Antioxidant capacity (% 2,2 diphenyl-1-picrylhydrazyl consumed)' 94.9+0.4

12,2 diphenyl-1-picrylhydrazyl 30 min, extract concentration 0.1.

Source: Author, 2024.
Figure 1. Micrograph of acai berry seed flour.
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lignocellulosic surface structure, with some fibers scattered
throughout the biomass structure.

Thus, the scanning electron microscopy and NMR analyses
indicated the presence of hemicellulose and lignin in the ASE,
which could enable the utilization of seeds for obtaining xylitol
and activated charcoal, respectively (Leal et al., 2025; M. A. C.
N. Silva et al., 2023 ; Rambo et al., 2021). Consequently, there
is a promising research trend focusing on the use of agai berry
seeds, a by-product still considered a significant technological
challenge, but one that could generate jobs and income and
reduce the environmental impacts of the uncontrolled disposal
of seeds (Leal et al., 2025).

4 CONCLUSIONS

Agai consumption and production have experienced sig-
nificant growth in Brazil, but its pulp is the most used part,
generating waste that is still underused. Nevertheless, the low
cost and high availability of these residues, when used appro-
priately, could generate jobs and income, as well as contribute
to reducing environmental impacts.

The analyses conducted in the study indicated that ASF
contains significant levels of fiber and phenolic compounds
and antioxidant capacity, making it suitable for the production
of food and cosmetic products, as well as an alternative for
energy generation.

REFERENCES

Alencar, A. K. N. (2020). Antioxidant Effects of Euterpe Oleracea Mart.
(Agai) on Myocardial Ischemia-Reperfusion Injury in Rats: Would
it Represent a Good Way To Follow? Arquivos Brasileiros de Car-
diologia, 114(1), 87-89. https://doi.org/10.36660/abc.20190770

Alves, A. M., Alves, M. S. O., Fernandes, T. O., Naves, R. V., & Naves,
M. M. V. (2013). Caracterizagdo fisica e quimica, fenolicos totais
e atividade antioxidante da polpa e residuo de gabiroba. Revista
Brasileira de Fruticultura, 35(3), 837-844. https://doi.org/10.1590/
S0100-29452013000300021

Aratjo, I. C. S., & Santos, E. R. M. (2022). Aproveitamento de subpro-
dutos do processamento de frutas e hortaligas. Revista Brasileira
de Agrotecnologia, 12(1), 9-16. https://www.gvaa.com.br/revista/
index.php/REBAGRO/article/view/9373

Aratijo, S. S., Santos, G. T. A., Tolosa, G. R., Hiranobe, C. T., Budemberg,
E.R,, Cabrera, F. C,, Silva, M. J., Paim, L. L., Job, A. E., & Santos, R. J.
(2023). Acai Residue as an Ecologic Filler to Reinforcement of Nat-
ural Rubber Biocomposites. Materials Research, 26(Suppl. 1), Arti-
cle €20220505. https://doi.org/10.1590/1980-5373-MR-2022-0505

Arbos, K. A,, Freitas, R. J. S., Stertz, S. C., & Carvalho, L. A. (2010).
Seguranca alimentar de hortaligas orgéanicas: aspectos sanitarios e
nutricionais. Food Science and Technology, 30(Suppl.1), 215-220.
https://doi.org/10.1590/50101-20612010000500033

Barbosa, A. M., Rebelo, V. S. M., Martorano, L. G., & Giacon, V. M.
(2019). Caracterizac¢io de particulas de acai visando seu potencial
uso na construcao civil. Revista Matéria, 24(3), Article e-12435.
https://doi.org/lO.1590/51517-707620190003.0750

Brand-Williams, W., Cuvelier, M. E., & Berset, C. (1995). Use of a
free radical method to evaluate antioxidant activity. LWT - Food
Science and Technology, 28(1), 25-30. https://doi.org/10.1016/
S0023-6438(95)80008-5

Food Sci. Technol, Campinas, 45, €559, 2025

Daiuto, E. R., Tremocoldi, M. A., Alencar, S. M., Vieites, R. L., & Min-
arelli, P. H. (2014). Composi¢do quimica e atividade antioxidante
da polpa e residuos de abacate ‘Hass. Revista Brasileira de Fruticul-
tura, 36(2), 417-424. https://doi.org/10.1590/0100-2945-102/13

Dixon, T. W,, Schaefer, J., Sefcik, D., Stejskal, E. O., & McKay, R.
(1982). Total suppression of sidebands in CPMAS C-13 NMR.
Journal of Magnetic Resonance (1969), 49(2), 341-345. https://
doi.org/10.1016/0022-2364(82)90199-8

Dupureur, C. M., Sabaa-Srur, A. U. O., Tran, K., Shejwalker, P. S,,
& Smith, R. E. (2012). ORAC Values and Anthocyanin Con-
tent of Brazilian and Floridian Acai (Euterpe oleraceae
Mart.). The Natural Products Journal, 2(2), 99-103. http://doi.
org/10.2174/2210315511202020099

Fuleki, T., & Francis, E J. (1968a). Quantitative Methods for Antho-
cyanins: Determination of Total Anthocyanin and Degradation
Index for Cranberry Juice. Journal of Food Science, 33(1), 78-83.
https://doi.org/10.1111/j.1365-2621.1968.tb00888.x

Fuleki, T., & Francis, F. J. (1968b). Quantitative Methods for Anthocy-
anins: Purification of Cranberry Anthocyanins. Journal of Food
Science, 33(3), 266-274. https://doi.org/10.1111/j.1365-2621.1968.
tb01365.x

Gowman, A. C., Picard, M. C., Lim, L.-T., Misra, M., & Mohanty, A. K.
(2019). Fruit waste valorization for biodegradable biocomposite
applications: A review. BioResources, 14(4), 10047-10092. https://
doi.org/10.15376/biores.14.4.Gowman

Instituto Adolfo Lutz. (2008). Métodos fisico-quimicos para andlise de
alimentos (4th ed.). IAL.

Instituto Brasileiro de Geografia e Estatistica. (2024). Produ¢do
de Agai (cultivo). IBGE. https://www.ibge.gov.br/explica/
producao-agropecuaria/acai-cultivo/br

Instituto Brasileiro de Geografia e Estatistica. (2025). Pesquisa de Or¢a-
mentos Familiares: POF 2017-2018. IBGE. https://www.ibge.gov.
br/estatisticas/sociais/populacao/24786-pesquisa-de-orcamen-
tos-familiares-2.html?=&t=0-que-e

Laurindo, L. E, Barbalho, S. M., Aratjo, A. C., Guiguer, E. L., Mondal,
A., Bachtel, G., & Bishayee, A. (2023). Acai (Euterpe oleracea
Mart.) in Health and Disease: A Critical Review. Nutrients, 15(4),
Article 989. https://doi.org/10.3390/nu15040989

Leal, J. E. C., Rambo, M. C. D., Pedroza, M. M., Cardoso, R. A. Q,,
Fagnani, H. M. C,, Sousa, V. E, Co¢lho, A. S., & Rambo, M. K. D.
(2025). Thinking about Alternatives to A¢ai Waste in Amazonia
Communities. Journal of the Brazilian Chemical Society, 36(1),
Article e-20240098. https://doi.org/10.21577/0103-5053.20240098

Lima, E. C. S., Manhides, L. R. T., Santos, E. R,, Feijé, M. B. S., &
Sabaa-Srur, A. U. O. (2021). Optimization of the inulin aque-
ous extraction process from the acai (Euterpe oleracea, Mart.)
seed. Food Science and Technology, 41(4), 884-889. https://doi.
0rg/10.1590/fst.24920

Magalhaes, T. S. S. A., Macedo, P. C. O., Converti, A., & Lima, A.A.N.
(2020). The Use of Euterpe oleracea Mart. As a New Perspective
for Disease Treatment and Prevention. Biomolecules, 10(6), Article
813. https://doi.org/10.3390/biom10060813

Martinez, R. M., Guimaraes, D. A. B., Berniz, C. R., Abreu, J. P, Rocha,
A.P.M.,Moura, R.S., Resende, A. C., & Teodoro, A.J. (2018). Acai
(Euterpe oleracea Mart.) Seed Extract Induces Cell Cycle Arrest
and Apoptosis in Human Lung Carcinoma Cells. Foods, 7(11),
Article 178. https://doi.org/10.3390/foods7110178

Martins, L. S., Silva, N. G. S., Claro, A. M., Amaral, N. C., Barud, H.
S., & Mulinari, D. R. (2021). Insight on agai seed biomass econo-
my and waste cooking oil: Eco-sorbent castor oil-based. Journal


https://doi.org/10.36660/abc.20190770
https://doi.org/10.1590/S0100-29452013000300021
https://doi.org/10.1590/S0100-29452013000300021
https://www.gvaa.com.br/revista/index.php/REBAGRO/article/view/9373
https://www.gvaa.com.br/revista/index.php/REBAGRO/article/view/9373
https://doi.org/10.1590/1980-5373-MR-2022-0505
https://doi.org/10.1590/S0101-20612010000500033
https://doi.org/10.1590/S1517-707620190003.0750
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1590/0100-2945-102/13
https://doi.org/10.1016/0022-2364(82)90199-8
https://doi.org/10.1016/0022-2364(82)90199-8
http://doi.org/10.2174/2210315511202020099
http://doi.org/10.2174/2210315511202020099
https://doi.org/10.1111/j.1365-2621.1968.tb00888.x
https://doi.org/10.1111/j.1365-2621.1968.tb01365.x
https://doi.org/10.1111/j.1365-2621.1968.tb01365.x
https://doi.org/10.15376/biores.14.4.Gowman
https://doi.org/10.15376/biores.14.4.Gowman
https://www.ibge.gov.br/explica/producao-agropecuaria/acai-cultivo/br
https://www.ibge.gov.br/explica/producao-agropecuaria/acai-cultivo/br
https://www.ibge.gov.br/estatisticas/sociais/populacao/24786-pesquisa-de-orcamentos-familiares-2.html?=&t=o-que-e
https://www.ibge.gov.br/estatisticas/sociais/populacao/24786-pesquisa-de-orcamentos-familiares-2.html?=&t=o-que-e
https://www.ibge.gov.br/estatisticas/sociais/populacao/24786-pesquisa-de-orcamentos-familiares-2.html?=&t=o-que-e
https://doi.org/10.3390/nu15040989
https://doi.org/10.21577/0103-5053.20240098
https://doi.org/10.1590/fst.24920
https://doi.org/10.1590/fst.24920
https://doi.org/10.3390/biom10060813
https://doi.org/10.3390/foods7110178

Agai seed flour: sustainable functional ingredient

of Environmental Management, 293, Article 112803. https://doi.
org/10.1016/j.jenvman.2021.112803

Melo, P.S., Selani, M. M., Gongalves, R. H., Paulino, J. O., Massarioli, A.
P, & Alencar, S. M. (2021). Agai seeds: An unexplored agro-indus-
trial residue as a potential source of lipids, fibers, and antioxidant
phenolic compounds. Industrial Crops and Products, 161, Article
113204. https://doi.org/10.1016/j.indcrop.2020.113204

Miranda, L. V. A,, Mochiutti, S., Cunha, A. C., & Cunha, H. E A. (2022).
Descarte e destino final de carogos de agai na Amazonia Orien-
tal - Brasi. Ambiente & Sociedade, 25, Article e01382. https://doi.
0rg/10.1590/1809-4422as0¢2020138r2vu2022L2A0

Monteiro, A. F, Miguez, L. S,, Silva, ]. P. R. B., & Silva, A. S. (2019).
High concentration and yield production of mannose from agai
(Euterpe oleracea Mart.) seeds via mannanase-catalyzed hydroly-
sis. Scientific Reports, 9(1), Article 10939. https://doi.org/10.1038/
$41598-019-47401-3

Nascimento, R. J. S., Couri, S., Antoniassi, R., & Freitas, S. P. (2008).
Composi¢ao em dcidos graxos do 6leo da polpa de agai extraido
com enzimas e com hexano. Revista Brasileira de Fruticultura, 30(2),
498-502. https://doi.org/10.1590/50100-29452008000200040

Oliveira, M. S. P, Carvalho, J. E. U,, & Nascimento, W. M. O. (2000).
Agai (Euterpe oleracea Mart.). FUNEP.

Pereira, J. A. E, Coutinho, I. A. C., Soares, E. L., Soares, A. A., Caeta-
no, A. P. S., & Campos, E A. P. (2021). Morphoanatomical and
histochemical studies of the seed development of Euterpe olera-
cea (Arecaceae). Rodriguésia, 72, Article €01832019. https://doi.
org/10.1590/2175-7860202172048

Rambo, M. K. D,, Nemet, Y. K. S., Junior, C. C. S., Pedroza, M. M., &
Rambo, M. C. D. (2021). Comparative study of the products from
the pyrolysis of raw and hydrolyzed baru wastes. Biomass Conver-
sion and Biorefinery, 11(5), 1943-1953. https://doi.org/10.1007/
s13399-019-00585-0

Ramos, R. V. R,, Oliveira, R. M., Teixeira, N. S., Souza, M. M. V., Man-
hées, L. R. T., & Lima, E. C. S. (2020). Sustentabilidade: Utilizagdo
de vegetais na forma integral ou de partes alimenticias ndo con-
vencionais para elaborag¢do de farinhas. DEMETRA: Alimentagdo,
Nutrigdo & Satide, 15, Article e42765. https://doi.org/10.12957/
demetra.2020.42765

Ramos, S. A., Oliveira, L. E, Silva, M. R., & Capobiango, M.
(2023). Reaproveitamento de residuos alimentares: Desen-
volvimento e caracterizagdo de farinha de casca de tan-
gerina (Citrus reticulata). Scientia Plena, 19(4), Article
041501. https://doi.org/10.14808/sci.plena.2023.041501

Ramos, S. A, Silva, M. R,, Jacobino, A. R., Damasceno, I. A. N., Ro-
drigues, S. M., Carlos, G. A., Rocha, V. N., Augusti, R., Melo, J.
O. E, & Capobiango, M. (2021). Caracterizag¢do fisico-quimi-
ca, microbioldgica e da atividade antioxidante de farinhas de
casca e améndoa de manga (Mangifera indica) e sua aplicagdo
em brownie. Research, Society and Development, 10(2), Article
€22310212436. https://doi.org/10.33448/rsd—v10i2.12436

Re, R., Pellegrini, A., Proteggente, A., Pannala, A., Yang, M., &
Rice-Evans, C. (1999). Antioxidant activity applying an improved
ABTS radical cation decolorization assay. Free Radical Biology
and Medicine, 26(9-10), 1231-1237. https://doi.org/10.1016/
$0891-5849(98)00315-3

Rufino, M. S., Alves, R. E., Brito, E. S., Morais, S. M., Sampaio, C. G.,
Pérez-Jiménez, J., & Saura-Calixto, F. D. (2007). Comunicado
Técnico 128: Metodologia Cientifica: Determinagdo da atividade
antioxidante total em frutas pela captura do radical ABTS+. Embra-
pa. https://www.infoteca.cnptia.embrapa.br/infoteca/bitstream/
doc/426954/1/Cot128.pdf

Sanchez-Moreno, C., Larrauri, J. A., & Saura-Calixto, E (1998). A
procedure to measure the antiradical efficiency of polyphenol.
Journal of the Science of Food and Agriculture, 76(2), 270-276.
https://doi.org/10.1002/(sici)1097-0010(199802)76:2<270::aid
-jsfa945>3.0.c0;2-9

Santos, I. B., Bem, G. E, Costa, C. A., Carvalho, L. C. R. M., Medeiros,
A.F, Silva, D. L. B., Romido, M. H,, Soares, R. A., Ognibene, D. T,
Moura, R. S., & Resende, A. C. (2020). Agai seed extract prevents
the renin-angiotensin system activation, oxidative stress and inflam-
mation in white adipose tissue of high-fat diet-fed mice. Nutrition
Research, 79, 35-49. https://doi.org/10.1016/j.nutres.2020.05.006

Sette, P, Fernandez, A., Soria, J., Rodriguez, R., Salvatori, D., & Mazza,
G. (2020). Integral valorization of fruit waste from wine and cider
industries. Journal of Cleaner Production, 242, Article 118486.
https://doi.org/10.1016/j.jclepro.2019.118486

Silva, M. A. C. N,, Costa, J. H., Pacheco-Fill, T., Ruiz, A. L. T. G., Vidal,
E C. B, Borges, K. R. A., Guimardes, S.]. A,, Azevedo-Santos, A.
P.S., Buglio, K. E., Foglio, M. A., Barbosa, M. C. L., Nascimento,
M. D.S.B., & Carvalho, J. E. (2021). Acai (Euterpe oleracea Mart.)
Seed Extract Induces ROS Production and Cell Death in MCF-7
Breast Cancer Cell Line. Molecules, 26(12), Article 3546. https://
doi.org/10.3390/molecules26123546

Silva, M. A. C. N,, Tessmann, J. W,, Borges, K. R. A, Wolff, L. A. S,,
Botelho, E D,, Vieira, L. A., Morgado-Diaz, J. A., Franca, T. C. C,,
Barbosa, M. C. L., Nascimento, M. D. S. B., Rocha, M. R., & Car-
valho, J. E. (2023). Agai (Euterpe oleracea Mart.) Seed Oil Exerts a
Cytotoxic Role over Colorectal Cancer Cells: Insights of Annexin
A2 Regulation and Molecular Modeling. Metabolites, 13(7), Article
789. https://doi.org/10.3390/metabo13070789

Silva, M. S., Viana, T. H. C., Gouveia, C. L., Peters, L. P, Maia, G. B.
S., & Rodriguez, A. F. R. (2023). Produgéo e aplicagdo de filtro de
baixo custo com carvao ativado a partir do residuo de carogo de
acai nativo. Ciéncia Florestal, 33(2), Article e71315. https://doi.
org/10.5902/1980509871315

Singleton, V. L., & Rossi, J. A. (1965). Colorimetry of Total Phenolics
with Phosphomolybdic-Phosphotungstic Acid Reagents. Amer-
ican Journal of Enology and Viticulture, 16(3), 144-158. https://
doi.org/10.5344/ajev.1965.16.3.144

Sluiter, A., Hames, B., Ruiz, R., Scarlata, C., Sluiter, J., Templeton, D., &
Crocker, D. (2008). Determination of structural carbohydrates and
lignin in biomass: Laboratory analytical procedure (LAP) (NREL/
TP-510-42618). National Renewable Energy Laboratory. https://
docs.nrel.gov/docs/gen/fy13/42618.pdf

Soares, R. A., Oliveira, B. C., Bem, G. FE, Menezes, M. P., Romao, M.
H., Santos, L. B., Costa, C. A., Carvalho, L. C. R. M., Nascimento,
A.L.R,, Carvalho, ].]., Ognibene, D. T., Moura, R. S., & Resende,
A.C.(2020). Acai (Euterpe oleracea Mart.) seed extract improves
aerobic exercise performance in rats. Food Research International,
136, Article 109549. https://doi.org/10.1016/j.foodres.2020.109549

Souza, M. E. A. O., Gomes, M. R., Candeias, V. M. S., Albuquerque
Junior, N. M., Janudrio, E. T. F, Lima, D. A., & Vilar, S. B. O.
(2021). Determinacio da capacidade antioxidante do extrato do
po da casca do abacaxi aplicando diferentes técnicas de extragao.
Research, Society and Development, 10(10), Article e155101018574.
https://doi.org/10.33448/rsd-v10i10.18574

Teixeira, T. A., & Mendes, E. B. (2023). Valoriza¢do dos residuos da
agroindustria de beneficiamento do agai: Uma revisdo. Research,
Society and Development, 12(11), Article e126121143799. https://
doi.org/10.33448/rsd-v12i11.43799

Toneli, J. T. C. L., Park, K. J., Murr, E. E. X., & Negreiros, A. A. (2008).
Efeito da umidade sobre a microestrutura da inulina em pé.

Food Sci. Technol, Campinas, 45, €559, 2025


https://doi.org/10.1016/j.jenvman.2021.112803
https://doi.org/10.1016/j.jenvman.2021.112803
https://doi.org/10.1016/j.indcrop.2020.113204
https://doi.org/10.1590/1809-4422asoc2020138r2vu2022L2AO
https://doi.org/10.1590/1809-4422asoc2020138r2vu2022L2AO
https://doi.org/10.1038/s41598-019-47401-3
https://doi.org/10.1038/s41598-019-47401-3
https://doi.org/10.1590/S0100-29452008000200040
https://doi.org/10.1590/2175-7860202172048
https://doi.org/10.1590/2175-7860202172048
https://doi.org/10.1007/s13399-019-00585-0
https://doi.org/10.1007/s13399-019-00585-0
https://doi.org/10.12957/demetra.2020.42765
https://doi.org/10.12957/demetra.2020.42765
https://doi.org/10.14808/sci.plena.2023.041501
https://doi.org/10.33448/rsd-v10i2.12436
https://doi.org/10.1016/s0891-5849(98)00315-3
https://doi.org/10.1016/s0891-5849(98)00315-3
https://www.infoteca.cnptia.embrapa.br/infoteca/bitstream/doc/426954/1/Cot128.pdf
https://www.infoteca.cnptia.embrapa.br/infoteca/bitstream/doc/426954/1/Cot128.pdf
https://doi.org/10.1002/(sici)1097-0010(199802)76
https://doi.org/10.1016/j.nutres.2020.05.006
https://doi.org/10.1016/j.jclepro.2019.118486
https://doi.org/10.3390/molecules26123546
https://doi.org/10.3390/molecules26123546
https://doi.org/10.3390/metabo13070789
https://doi.org/10.5902/1980509871315
https://doi.org/10.5902/1980509871315
https://doi.org/10.5344/ajev.1965.16.3.144
https://doi.org/10.5344/ajev.1965.16.3.144
https://docs.nrel.gov/docs/gen/fy13/42618.pdf
https://docs.nrel.gov/docs/gen/fy13/42618.pdf
https://doi.org/10.1016/j.foodres.2020.109549
https://doi.org/10.33448/rsd-v10i10.18574
https://doi.org/10.33448/rsd-v12i11.43799
https://doi.org/10.33448/rsd-v12i11.43799

LIMA etal.

Ciéncia e Tecnologia de Alimentos, 28(1), 122-131. https://doi.
org/10.1590/50101-20612008000100018

Vasconcelos, K. M. C. S. G,, Costa, J. G., Pavdo, J. M. S. J., Fonse-
ca, S. A., Miranda, P. R. B., Matos-Rocha, T. J., Freitas, J. D.,
Sousa, J. S., Melo, I. S. V., & Santos, A. F. (2023). Evaluation of
nutritional composition of flour residue of mangaba process-
ing. Brazilian Journal of Biology, 83, Article 248931. https://doi.
org/10.1590/1519-6984.248931

Ververis, C., Georghiou, K., Danielidis, D., Hatzinikolaou, D. G., Santas,
P, Santas, R., & Corleti, V. (2007). Cellulose, hemicelluloses, lignin
and ash content of some organic materials and their suitability

for use as paper pulp supplements. Bioresource Technology, 98(2),
296-301. https://doi.org/10.1016/j.biortech.2006.01.007

Food Sci. Technol, Campinas, 45, €559, 2025

Vieira, L. M., Sousa, M. S. B., Mancini-Filho, J., & Lima, A. (2011).
Fendlicos totais e capacidade antioxidante in vitro de polpas de
frutos tropicais. Revista Brasileira de Fruticultura, 33(3), 888-897.
https://doi.org/10.1590/S0100-29452011005000099

Yamaguchi, K. K. L., Pereira, L. E R., Lamardo, C. V,, Lima, E. S., &
Veiga-Junior, V. E. (2015). Amazon acai: Chemistry and biological
activities: A review. Food Chemistry, 179, 137-151. https://doi.
org/10.1016/j.foodchem.2015.01.055

Zavarize, D. G., & Oliveira, J. D. (2021). Brazilian agai berry seeds:
An abundant waste applied in the synthesis of carbon-based
acid catalysts for transesterification of low free fatty acid waste
cooking oil. Environmental Science and Pollution Research, 28(17),
21285-21302. https://doi.org/10.1007/s11356-020-12054-7


https://doi.org/10.1590/S0101-20612008000100018
https://doi.org/10.1590/S0101-20612008000100018
https://doi.org/10.1590/1519-6984.248931
https://doi.org/10.1590/1519-6984.248931
https://doi.org/10.1016/j.biortech.2006.01.007
https://doi.org/10.1590/S0100-29452011005000099
https://doi.org/10.1016/j.foodchem.2015.01.055
https://doi.org/10.1016/j.foodchem.2015.01.055
https://doi.org/10.1007/s11356-020-12054-7

