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APRESENTAÇÃO

Nessas últimas décadas as Pesquisas em Química têm apresentado grandes 
avanços com contribuições de estudos, tanto de natureza teórica como prática, 
conferindo especulações investigativas de aspectos, tanto fenomenológicos como 
metodológicos da ciência. 

Além disso, as pesquisas, no campo da Química, têm contado com inúmeros 
programas de pesquisas em todo país permitido uma abrangência de uma variedade 
de área, possibilitando assim, a contemplação de uma diversidade de debates que, 
por sua vez tem corroborado com a produção de produtos inovadores e de qualidade. 

Devido a isso, verifica-se que os inúmeros trabalhos científicos, decorrentes 
desses debates, têm apresentado uma grande contribuição para o avanço da 
ciência, com uma extrema relevância, no que diz respeito, principalmente, a sua 
aplicabilidade para o desenvolvimento da sociedade. 

O e-Book " A Diversidade de Debates na Pesquisa em Química" é composto 
por uma criteriosa coletânea de trabalhos científicos organizados em 33 capítulos, 
elaborados por pesquisadores de diversas instituições que apresentam seus debates 
em temas diversificados e relevantes. Este e-Book foi cuidadosamente editado 
para atender os interesses de acadêmicos e estudantes tanto do ensino médio e 
graduação, como da pós-graduação, que procuram atualizar e aperfeiçoar sua visão 
na área. Nele, encontrarão experiências e relatos de pesquisas teóricas e práticas 
sobre as mais variadas áreas da química, além da prospecção de temas relevantes 
para o desenvolvimento social e cultural do país.

Esperamos que as experiências relatadas neste e-Book contribuam para o 
enriquecimento do conhecimento e desenvolvimento de novas pesquisas, uma vez 
que nesses relatos são fornecidos subsídios e reflexões que levam em consideração 
perspectivas de temas atuais.

Juliano Carlo Rufino de Freitas
Ladjane Pereira da Silva Rufino de Freitas
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ABSTRACT: Acai, a palm fruit native to South 
America, is traditionally consumed in the 
Amazonian region as acai pulp, a viscous and 
dense purple colored liquid with creamy texture- 
obtained from ripe fruits, and has gained 
popularity abroad due to its nutritional value and 
functional properties. This work aimed to evaluate 
the chemical profiles obtained by 1H NMR and 
the antioxidant potential of wines produced 
by two process types: acai pulp and acai in 
natura maceration. The acai wines produced 
were submitted to analysis of the antioxidant 
potential by the assays scavenging capacity in 
ABTS and Ferric Reducing Antioxidant Power 
(FRAP) and Total Phenolic Content were total 
phenolic content was quantified. The acai wines 
were analyzed by the 1D and 2D NMR spectral 
analysis, in which the analyses of 1H NMR data 
by PCA and HCA have revealed a chemical 
differentiation of three of the four wines produced 
by the acai pulp method. These wines can be 
distinguished by the presence of the marked 
presence of carbinolic and aromatic hydrogens. 
The six wines produced by the acai maceration 
method revealed a more homogeneous 
chemical composition when compared to the 
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acai pulp method. The acai wines analyzed demonstrated a high antioxidant potential 
with results of scavenging capacity in ABTS from 5,878.9 to 20,152.2 µM TE, FRAP 
from 6,750.0 to 17,710.0 µM Fe (II) and total phenolic content from 636.5 to 2,432.8 
mgGAEL-1. Furthermore, it was observed that the antioxidant potential of the wines was 
greatly dependent on the maturation degree of acai fruits used in their production.
KEYWORDS: alcoholic beverage, phenolics compounds, ABTS, FRAP

DIFERENCIAÇÃO QUÍMICA E AVALIAÇÃO DO POTENCIAL ANTIOXIDANTE DE 
FERMENTADO DE AÇAI POR RMN E FERRAMENTAS QUIMIOMÉTRICAS

RESUMO: O açaí, fruto da palmeira nativa da América do Sul, é tradicionalmente 
consumido na região amazônica como polpa de açaí, um líquido viscoso e denso 
de cor púrpura com textura cremosa obtido a partir de frutos maduros, e ganhou 
popularidade no exterior devido ao seu reconhecido valor nutricional e propriedades 
funcionais. O objetivo deste trabalho foi avaliar o perfil químico obtido pela RMN de 
1H e o potencial antioxidante de fermentados produzidos pelo uso de polpa de açaí e 
maceração de açaí in natura. Os fermentados de açaí produzidos foram submetidos à 
análise do potencial antioxidante pelos ensaios da capacidade de sequestro de radical 
ABTS e Capacidade Redutora do Ferro (FRAP) e quantificação de Fenólicos Totais. 
Os fermentados de açaí foram analisados por RMN 1D e 2D, e os dados processados 
foram tratados por PCA e HCA. As análises revelaram uma diferenciação química 
de três dos quatro fermentados produzidos pelo método utilizando a polpa de açaí. 
Estes fermentados podem ser distinguidos pela presença de hidrogênios carbinólicos 
e aromáticos. Os seis fermentados produzidos pelo método de maceração de polpa 
de açaí revelaram uma composição química mais homogênea quando comparados ao 
método utilizando a polpa de açaí. Os fermentados de açaí analisados demonstraram 
elevado potencial antioxidante, com resultados de capacidade sequestrante de ABTS 
de 5.878,9 a 20.152,2 µM TE, teor de FT de 636,5 a 2.432,8 mg de EAG L-1 e FRAP 
de 6.750,0 a 17.710,0 µM Fe (II). Além disso, observou-se que o potencial antioxidante 
dos vinhos foi bastante dependente do grau de maturação dos frutos de açaí utilizados 
em sua produção.
PALAVRAS-CHAVE: bebidas alcoólicas, compostos fenólicos, ABTS, FRAP

1 |  INTRODUCTION

Arecaceae family has a pantropical distribution and about 200 genus and 2000 
species. In Brazil, the family is represented by 43 genus and 200 species recognized 
by the consumption of their fruits and palm hearts. Acai, a palm fruit native to South 
America, is traditionally consumed in the Amazonian region as pulp and the fruit must 
undergo an extraction process to produce a viscous and dense liquid with creamy 
texture obtained from ripe fruits (Figure 1). Both fruit and pulp are highly perishable, 
requiring a conservation process immediately after their extraction. Its purple color 



A Diversidade de Debates na Pesquisa em Química Capítulo 11 126

pulp has gained popularity abroad due to its nutritional value and functional properties 
(RIBEIRO et al., 1999).

Technological alternatives for the development of new products and innovation, 
as a strategy to add value to regional and native fruits, is a great demand in the 
interior of the Amazonas state. Among them, the alcoholic fermentation is a process of 
preservation relatively effi cient, increases the shelf life of a food product and reduces 
the need for refrigeration or other form of preservation technology. Currently, apart 
from a source of capital and labor generation, the elaboration of alcoholic beverages 
have been part of the culture, tradition and often characterizing their producing 
regions (RIBÉREAU-GAYON et al., 2006). 

This rationale leads to start the research to establish the technology for acai 
wine production. To established the technology for the acai alcoholic beverage 
elaboration, several experiments were performed to evaluate the most appropriate 
operations, considering the different variables  that can be employed in the upstream, 
fermentation and downstream processes, known to interfere in the quality of the fi nal 
product. It was evaluated two processes differentiated by the substrate used for the 
preparation of the fermented beverage. For one of the processes assessed it was 
used the acai in nature as raw material and for the other one it was used the acai 
pulp. In both the processes employed, due to nature of starting substrate, it was 
needed to use different upstream operations for the must preparation in the acai 
alcoholic beverage elaboration process.

This work aimed to evaluate the chemical profi les obtained by 1H NMR and 
the antioxidant potential of wines produced by two process of acai pulp and acai 
maceration. 

Figure 1. Acai fruits and must prepared from acai pulp

2 |  EXPERIMENTAL

The experimental part consisted of analyzing the acai wines for the chemical 
profi le by NMR and chemometric tools and evaluation of the antioxidant potential as 
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shown in the Figure 2.

Figure 2. Scheme of analyses of the acai wine by NMR and antioxidant potential.

2.1 Elaboration of acai wine

The acai samples for the acai wine’s preparation were collected from different 
regions of the Amazonas State, Brazil (SISGEN Access Register Nº AE766AC) (Table 
1). The acai wines were produced in the Food Technology laboratory of Campus 
Manaus Centro - IFAM. For the wines production, it was used the steps of selection, 
weighing and washing of the fruits, must preparation, maceration/fermentation, 
sulphation and fi lling. The acai fruit bottling. The fruit wash was performed in three 
stages, washing with water, sanitized by immersion for 15 minutes in 1% peracetic 
acid and washed with water. For the must preparation, it was used water, fresh acai, 
sugar to achieve a total soluble solid content (TSS) content between 18 ºBrix and 22 
ºBrix, 0.3 g L-1 thiazote (Laffort) to correct the nutrients and tartaric acid to correct the 
pH to values   between 3.0 and 4.0. The fermentation was conducted at 25ºC in glass 
bottles fi tted with airlock valves using Blastosel Grand Cru yeast (Perdomini). The 
evolution of fermentation was monitored by determining the TSS using a portable 
refractometer (Atago). Upon completion of maceration/ fermentation, the wines were 
bottled in glass bottles and capped with cork. 

The wines were elaborated by two processes, one using acai in nature called 
maceration process and the other using the acai pulp and called acai pulp process 
(Table 1). In the maceration process, it was used acai in nature and the fermentation 
fi nished in about eight days and the acai berries was maintained until twenty days in 
maceration (SIDRIM et al., 2018).  In the acai pulp process, the acai was macerated 
at 40 °C for 30 minutes and the pulp was extracted mechanically with 70% water 
addition. In the pulp, viscous and dense liquid with creamy texture, 40% water was 
added to make it liquid and it was vacuum fi ltered with earth fi ltration (BOEIRA et al., 
2020).
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Acai Wine Process Collection Locations
AW1 acai pulp Manaus
AW2 maceration Coari
AW3 acai pulp Coari
AW4 acai pulp Coari
AW5 acai pulp Mercado local
AW6 maceration Uarini
AW7 maceration Uarini
AW8 maceration Manaquiri
AW9 maceration Manaquiri
AW10 maceration Manaus

Table 1. The acai samples, process and collection locations

2.2 Wines basic parameters measurement

The basic parameters measured were pH, alcohol and total acidity. All the 
analysis was performed in triplicate. The pH was measured by pHmeter (Hanna 
Instruments), the alcohol content (%) by ebulliometry method and total acidity by 
titrating with 0.10 M NaOH (MAPA, 2012).

2.3 Antioxidant assay

The acai wines produced were submitted to analysis antioxidant potential from 
the ABTS radical scavenging assay (RE et al., 1999). In a microplate the acai wines 
(1:10) was mixed with ABTS solution (absorbance of 0.70) at a ratio 1:100. After 
incubation in the dark for 6 min at room temperature, it was read at 750 nm in microplate 
reader (Elx800, Biotek), whose results were expressed in Trolox Equivalents. 

Ferric Reducing Antioxidant Power (FRAP) was evaluated according to the 
adapted methodology (PULIDO; BRAVO; SAURA-CALIXTO, 2000). Acai wines (1:10) 
aliquot (90 μL) was mixed with 270 μL of ultrapure water and added to 2700 μL of the 
FRAP reagent. After incubation for 30 min at 37 °C, the absorbance was measured at 
593 nm using UV-Vis Spectrophotometer (Evolution 220, Thermo Scientific) and the 
results expressed in ferrous sulphate equivalents. 

The Total Phenolic Content (TPC) was quantified according to the adapted 
methodology of Velioglu et al. (1998). Acai wines 1:10 (20 μL) were added to 150 
μL phenol reagent and after 5 min it was added 150 μL of sodium bicarbonate (6%). 
The mixture was allowed to stand for 90 min in the dark and read at 750 nm using 
a Microplate Reader (Elx800, Biotek). The results were expressed in Gallic acid 
equivalent. All assays were carried out in triplicate.
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2.4 NMR analyses

A wine aliquot (467 μL) was added 133 μL of D2O with TMSP-d4 standard (4.0 
mM) and analyzed by the NMR spectrophotometer (Bruker Avance III HD, 500.13 
MHz, probe BBFO Plus SmartProbe™) to obtain NMR spectra at 298 K. The acai wine 
solution was analyzed by the 1D and 2D NMR spectral analyses. The pulse sequence 
NOESYGPPR1D was employed for water suppression signal, 64 kB time domain 
data points, spectral width of 10 kHz, relaxation delay of 2.6 seconds, acquisition 
time of 3.28 seconds, 64 numbers of scans with 4 dummy scans, free-induction decay 
resolution of 0.31 Hz, a constant receiver gain of 13 with offset frequency set 2347.95 
Hz. The 1H NMR spectra of samples were manually phased and automated baseline 
was corrected using TOPSPIN 3.5. For confirm the assignments, two-dimensional 
1H–13C HSQC and 1H–13C HMBC were performed using Bruker’s standard pulse 
program library. The assignments were further confirmed by comparing them with the 
existing literature values. 

2.5 Chemometrics tools

The spectra data were exported to RStudio software 1.0.44 and then they 
were tabulated using the OBA algorithm, after alignment followed by exclusion of 
the spectral regions of the TMSP-d4, ethanol and water signals. The OBA algorithm 
was used with bucket of 0.04 (50% freedom degree). After that, the Paretto method 
was employed (ESBENSEN; SWARBRICK, 2018). The PCA and HCA methods were 
employed using the Unscrambler software 10.3. In the PCA – Algorithm used: SVD 
and Validation method: Cross validation; to HCA – Ward’s method with Squared 
Euclidean distance. 

2.6 Statistical analyses

The results obtained for antioxidant potential were compared by One-Way 
ANOVA analysis, Tukey’s test (95%) using the Minitab® 18.1 software. The Pearson 
correlation coefficients were obtained with p < 0.05.

3 |  RESULTS AND DISCUSSION

The results obtained for the basic parameters of acai wines are demonstrated 
in Table 2.  The pH of alcoholic beverages produced varied from 3.3 to 3.8, which 
are in agreement to pH recommended to wines. The majority of the wines presented 
titratable acidity values considered intermediate to low in relation to the values 
allowed by the legislation (50 to 130 mEq L-1). The only exception was the sample 
AW2, with a titratable acidity value (180 mEq L-1) above the limit maximum. Silva et 
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al. (2008) reported higher values of titratable acidity for jabuticaba wines in relation 
to observed for acai wines. 
 

Acai Wine pH alcohol content
(%, v/v)

Total acidity
(mEq L-1)

AW1 3.3 9.9 80
AW2 3.7 11.2 180
AW3 3.5 8.3 96
AW4 3.4 9.3 94
AW5 3.4 12.4 92
AW6 3.8 11.2 56
AW7 3.7 9.4 60
AW8 3.7 9.8 78
AW9 - 9.8 78

AW10 3.7 9.9 78

Table 2. Analyses of the acai wine’s basic parameters

The analyses of 1H NMR data by PCA and HCA revealed a chemical differentiation 
of three of the four wines produced by the acai pulp method (Figure 3 A). These 
wines can be distinguished by the presence of marked presence of signal of phenolic 
compounds as flavonoids glycosylated, anomeric protons present in acai specie and 
characterized in samples of acai wine in the work developed by Boeira et al. (2020) 
hydrogens observed on loading values. The six wines (Group I) produced by the 
acai maceration method revealed a more homogeneous chemical composition when 
compared to the acai pulp method (Figure 3 B). The principal loadings values (shift 
in ppm) in negative side lead to differentiate groups formed by AW2, AW3 and AW4 
samples (Figure 3 C).
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Figure 3. Chemometric analyses from the acai wines: A) Principal Component Analysis (PCA); 
B) Hierarchical Clustering Analysis (HCA) (relative distance minor then 5% means better 

correlation between samples); C) Loading values of 1H NMR data (corresponding buckets to 
chemical shift). 

The acai wines evaluated demonstrated a high antioxidant potential with results 
of scavenging capacity in ABTS from 5,878.9 to 20,152.2 µM TE, values FRAP from 
6,750.0 to 17,710.0 µM Fe (II) and Total Phenolic Content from 636.5 to 2,432.8 
mg GAE L-1 (Figure 4). The values are close to the values of fermented beverages 
made with acai fruits from ten different regions of the Amazon (BOEIRA et al., 2020). 
Acai wines that deserve highlighting for demonstrating antioxidant potential in all 
trials were AW2, AW3 and AW10. The assays showed a good Pearson correlation: 
ABTS with FRAP (0.619) and TP (0.705) and FRAP with TP (0.733). Acai wines that 
presented lower antioxidant potential values in all trials were AW1, AW7 and AW8. 
It was observed that the antioxidant potential of the wines was greatly dependent 
on the maturation degree of acai fruits used in their production. Acai wine AW8 
was prepared with less ripe fruits which influenced the total phenolic content and 
consequently the antioxidant potential. In a study with acai juice showed good 
correlation of phenolic compounds with other assays that evaluate the antioxidant 
potential in vitro (OLIVEIRA et al., 2018).
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The results of this research were fundamental for the development of the work using 
the alcoholic fermentation of acai fruits pulp from ten different localities of Amazonas 
state. The chemical and sensorial characterization of the beverages was performed 
and the alcoholic beverages produced with acai from Manaus, Codajás, Carauari and 
Barcelos stood out in relation to all parameters analyzed (BOEIRA et al., 2020).

4 |  CONCLUSION

The six wines produced by the acai maceration method revealed a more 
homogeneous chemical composition when compared to the acai pulp method. The 
acai wines analyzed demonstrated a high antioxidant potential. It was observed that 
the antioxidant potential of the wines was greatly dependent on the maturation degree 
of acai fruits used in their production.
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Figure 4. Results of the antioxidant potential of the acai wine’s (AW). 
Different letters indicate signifi cant difference at p < 0.05 according to Tukey Test.
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