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Assai pulp juice 12% solids (SP4). The statistical analysis of the data used R development core
team software. In addition, we also apply principal component analysis (PCA). We found that the
sample SCC1 obtained the best result with 335.68 mg EAG/g for EPP, and SCC2 obtained 769.33
mg/100g of MACAN. SCC3 sample obtained the highest TAA with 15.47 uM Trolox/g. Analysis
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The first studies were carried out by Rufino er al. (2010),
analyzing fruits such as assai (Euterpe oleracea), acerola
(Malpighia punicifolia) and cashew (Anacardium occidentale
L.). In addition, the main researches related to assai are
associated with fruit pulp. For instance, in the paper by Rufino
et al. (2010), the assai pulp, especially the insoluble, has high
levels of dietary fiber, anthocyanin and fatty acids (oleic and
linoleic). Therefore, it stands out as an energy source, thus
being an excellent alternative to be added to diets. Thus, it is of
utmost importance to advance further research related to the
macroantioxidant potential, especially of functional drinks
such as clarified juice. The clarification process consists in
removing suspended material (lipids and insoluble solids) and
is carried out by separating the membranes and filtering to
remove suspended particles. The process allows the acceptance
of the product on the market, with the same characteristics as
the fruit and the possibility of using juice for the preparation of
new products. Rocha et al. (2015) already described that the

INTRODUCTION

Scientific evidence on the effects of antioxidants on human
health has been established only on phenolic compounds and
antioxidant activity with low molecular weight. With the
advancement of new methodologies, it is possible to detect that
plant foods have high concentrations of antioxidants, high
molecular weight and are called macromolecular or
macroantioxidant compounds (SAURA-CALIXTO, 2017).
These compounds have high biological activity, as they exhibit
benefits in relation to the health of the human body. They
differ to low molecular weight antioxidants by having some
specific physiological characteristics and some mechanisms of
action that, with increased consumption, prevent chronic and
degenerative diseases (ZURITA et al.; 2012). In Brazil, few
studies seek to 1identify these compounds as macro-
antioxidants.
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pulp and clarified juice of assai have the potential to be used as
functional supplements in diets, due to the high content of
antioxidant dietary fiber (soluble and insoluble), which makes
the consumer look for a natural product. Assai, in its various
forms of commercialization, is rich in fibers and helps the
human body in intestinal transit, where the low consumption of
these compounds in the diet can cause serious problems, such
as cancer and cardiovascular diseases (RUFINO et al., 2010).
As mentioned above, there are two types of soluble fibers
(pectins, gums, mucilages and hemicelluloses) that help to
reduce the level of cholesterol in the bloodstream, in addition
to insoluble ones (lignins, celluloses and hemicelluloses),
which prevent the body from acquiring certain types of cancer.
Both pulp and assai oil have a great antioxidant potential,
attributed to the compounds present such as anthocyanins and
flavonoids (RUFINO ef al., 2011). Therefore, this work aims
to analyze the pulp and clarified assai juice from the industry,
by quantifying the total extractable polyphenols, the
antioxidant activity and the macroantioxidant compounds
(MACAN).

MATERIALS AND METHODS

Research Location: The research was carried out at the
Tropical Fruit Laboratory of the Food Engineering Department
(DEAL), at the Federal University of Ceara, in Fortaleza-CE
(Latitude: 3°73°73’S, Longitude: 38°'57'33"W), and at the
Biochemistry Laboratory of the University of International
Integration of Afro-Brazilian Lusophony in Redengao-CE
(Latitude: 6°56'33"S, Longitude: 38°'58'03"W). The samples
were provided in October 2018 by a juice industry, located in
the State of Ceara. In total, there were four samples: three of
clarified juice and one of assai pulp juice, whose processing is
dated between March and July 2018. They were kept in
polyethylene bottles and stored in a freezer at - 20 °C.

Chemical reagents: The reagents Folin-Ciocalteu, Trolox (6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), gallic
acid, and ABTS (2,2-azino-bis 3-ethylbenzothiazoline-6-
sulfonic), were acquired from Sigma-Aldrich. Other reagents
used, such as potassium persulfate, sulfuric acid, hydrochloric
acid, 70% acetone, 50% methyl alcohol, 99.8% ethyl alcohol
and butanol, were purchased from Neon. In addition, we also
used gallic acid from Dinamica and FeCl; from Exodo
Cientifica. All the reagents used were of analytical grade.
Condensed tannin concentrate from Mediterranean carob pods
was supplied by Nestlé Ltd (Vers-chez-les Blancs,
Switzerland).

Preparation and analysis of polyphenol fractions: Each
sample was extracted using organic solvents (methanol and
acetone) through the method developed by Rufino er al.
(2007), in which 0.5 grams were used per sample of clarified
juice and juice from the assai pulp.

Total extractable polyphenols (EPP): This analysis followed
the protocol developed by Montreau (1972) with adaptations
by Rufino et al. (2007). 50 pL aliquots of assai clarified juice
extracts and assai pulp juice were added in test tubes, adding
up to a total of 0.5 mL. For this, distilled water was added and,
in the same test tubes, 0.5mL of the Folin-Ciocalteau reagent,
1.0mL of Na,CO; 20% g.100mL"'(Neon brand) and 1.0mL of
distilled water. Then, they were homogenized, remaining at
rest for a period of 30 minutes. In the same conditions, the
reagents were blanched, but the extract was not added, only

distilled water. After resting, readings were taken on a
spectrophotometer (model UV 1800-Shimadzu) at 700nm.
And the curve was made with gallic acid. The results were
expressed in mg of gallic acid per 100 g of sample.

Antioxidant activity by the free radical scavenging assai
(ABTS ¢ +): The antioxidant activity was determined by the
method developed by Miller et al. (1993), with adaptations by
Rufino et al. (2007a). In test tubes aliquots of the clarified
juice extract and juice of the assai pulp of 30, 20 and 10 pL
were used, and 3 mL of the ABTS radical were added and then
homogenized. Readings were taken after 6 minutes. The
results were expressed in uM Trolox/g.

Non-extractable polyphenols or MACAN: The method used
was developed by Pérez-Jiménez et al. (2015). 0.5 grams of
each sample of industrial juice was used, similarly to that
performed in the EPP analysis, adding aqueous organic
solvents to obtain the extracts of HPP and NEPA (SAURA-
CALIXTO, 2012). For the methodology of hydrolyzable
polyphenols (HPP), the samples were submitted to a
temperature of 85°C for one hour, after being cooled, they
were added dropwise to the methanol and sulfuric acid of the
Sigma brand. (HARTZFELD et al., 2002). After that, the pH
of the samples was adjusted to 5.5. Then, they were read on a
spectrophotometer at 750 nm. The calibration curve was
constructed from gallic acid as a sample standard. As for the
procedure for the analysis of proanthocyanidins (NEPA), the
fractions used were the same and the samples underwent a heat
procedure in a water bath at 100°C for one hour. After cooling,
a solution composed of butanol/HCl/FeCl; was added to the
samples, both solutions were made by the Sigma brand the
readings were performed on a spectrophotometer, at 450 and
555 nm wavelengths. For the calibration curve, the commercial
standard of proanthocyanidin (Ceratonia siliqua I.), provided
by Nestlé Ltda. The sum of the HPP and NEPA values are
called macro-antioxidants (MACAN) and expressed in
mg/100g.

Statistical Analysis: The data were submitted to analysis of
variance and comparisons of means through the Tukey test at
the level of 5% with the aid of the R software (R
DEVELOPMENT CORE TEAM, 2009). Principal Component
Analysis (PCA) was carried out in order to identify if there
were any chemical pattern between the different samples of
clarified assai juice and non-clarified assai pulp, as well as to
verify which chemical variable is predominant in the
identification of the samples.

RESULTS

Determination of Extractable Polyphenols — EPP: The
levels of total extractable polyphenols in the clarified juice and
in the pulp of the assai juice varied between 102.07 to 335.68
mg EAG/g. Among the samples analyzed, the SCC1 sample
stood out, with 335.68 mg EAG/g. This result may be
associated with the concentration of assai pulp used in the
clarified juice, which can be proven by comparing the results
of the other samples. An example is the SCC2 sample, which
has similar concentrations of assai with the sample mentioned
above and obtained a result of 318.90 mg EAG/g. The
percentage of the coefficient of variance was 3.11%. The other
samples obtained inferior results compared to the samples
mentioned above, as shown in Table 1.
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Table 1. Quantification of total extractable polyphenols by
samples of clarified juice and pulp of assai juice expressed in mg
equivalent of gallic acid/100g*

Sample Total extractable polyphenols
(SCC1) 335,68 °
(SCC2) 318,90°
(SCC3) 210,19°
(SP4) 102,07 ¢

*Mean value n = 3, Turkey test at 5% level.

Determination of Antioxidant Activity — ABTS: The results
of the samples of clarified juice and pulp of assai juice varied
between 8.90 to 15.47 uM trolox/g (Table 2), the samples that
had the highest results were SCC2 and SCC3 with their
respective values 11.36 and 15,47 uM trolox/g, both with the
same brix grade. The percentage of the variance coefficient
was 6.85%.

Table 2. Quantification of antioxidant activity in samples of
clarified juice and pulp of assai juice by the ABTS method
expressed in pM Trolox/g*

Sample ABTS
(SCC1) 11,13°
(SCC2) 11,36°
(SCC3) 15,47°

(SP4) 8,90 ¢

* Mean value n = 3, Turkey test at 5% level.

Determination of Macroantioxidants — MACAN: The
results of the content of hydrolyzable polyphenols present in
the clarified juice and pulp of the assai juice in the analyzed
samples varied between 76.68 to 443.10 mg/100g, with the
percentage of the variance coefficient of 2.49%. In the results
of the content of proanthocyanidins, the values varied between
68.24 to 337.01mg/100g, with the percentage of the variance
coefficient of 0.5%. In the results of the Macroantioxidant
content, which is the sum of the results of the HPP + NEPA
values, the values were 152, 14 to 780.11 mg/100g. The
samples that had the most expressive results regarding the
study carried out were SCC2 and SP4, with respective values
780.11 and 574.49 mg/100g (Table 3).

Table 3. Quantification of the non-extractable polyphenols
(MACAN) of the elaborated extracts of clarified juice and pulp of

assai juice
Sample HPP NEPA MACAN
(SCC1) 76,68 © 75,46 ¢ 152,14
(SCC2) 443,10° 337,01° 780,11
(SCC3) 86,47 68,24 ¢ 154,71
(SP4) 393,23 ° 181,26° 574,49

*Mean value n = 3, Turkey test at 5% level.

Principal component analysis (PCA): Principal Component
Analysis is a method that has a basic purpose, in which
statistical data is used in a linear way that find the eigenvalues
and eigenvectors of the data covariance matrix. Through the
result, one can perform a dimensional reduction of the data and
analyze the main patterns of variability present. It is one of the
most widely used and known multivariate methods in data
reduction (LYRA et al.; 2010). The data used already exists
and the results of the analysis of this EPP, ABTS, HPP and
NEPA research were used. Below in Figure 1 is the
relationship between the sample scores and the weight of the
variables of the main components.

05
A3

PC-2 (28%)
o

05

A2
.

-1 -0,5 0 05 1
PC-1 (58%)

Figure 1. Bi-plot graph relates the graph of the sample scores and
weights of the variables of the main component analysis, with
70% explanation in the first two components (A1 = SCC1; A2 =
SSC2; A3 =SCC3 and A4 = SP4)

DISCUSSIONS

Total Extractable Polyphenols: These results corroborate the
research carried out by Vissoto et al. (2013), in which frozen
pulps of various tropical fruits were analyzed, including assai,
with pulps produced in Belém-PA, whose results were 251 +
64 mg EAG/g. In addition, in the work of Neves et al. (2015),
whose assai pulp processed by hand, obtained values between
512.75 to 558.56 mg EAG/g. Canuto et al. (2010) analyzed
several fruits from the Amazon, including assai, from the
south-central region of Roraima, and found in the pulp of fruits
harvested in the maturation stage about 408.28 mg EAG/g
pulp. Studies by Rufino et al. (2010), evaluated the fresh pulp
of assai and found results of 454 mg EAG/g. Another study,
recently conducted by Camacho et al. (2018), in which fresh
tropical and non-tropical fruits were evaluated, one of them
being assai, presented a result of 454.0 mg EAG/g; these
values are higher than those obtained in this research. This
variation in value can be attributed to the various processes to
which the fruit was subjected (CEDRIM, 2018). This research
is in line with other studies carried out, where the results allow
to affirm that the pulp of the juice and the clarified juice of
assai are rich in phenolic compounds; these, in turn, help the
human body to fight and prevent chronic diseases, anti-
inflammatory, anti-hypertensive, anti-allergic among others
(LOBO et al .; 2016).

Total Antioxidant Activity: In the research by Canuto et al.
(2010), in which assai fruits were processed into pulps, the
values found were 10.0 uM trolox/g. In the work of Coutinho
et al. (2017), frozen assai pulps from two companies located in
the state of Pard and Minas Gerais were analyzed, and their
results were between 4.45 to 11.83 uM trolox/g. In another
study, designed by Rufino et al. (2010), in which fresh assai
fruits were analyzed, the results were 15.10 uM trolox/g. The
inconsistency of the levels of antioxidant activity, given by the
different methods used to analyze its results, depending on the
polarity of the reaction medium, exert different actions with
each methodology, presenting different characteristics.
Because of this, it was not possible to find just one method that
is efficient to demonstrate accurate and safe results and that
point out the exact amount of this substance in a fruit sample
(MELO, 2011).

Macroantioxidants: In a study by Pérez-Jiménez; Diaz-
Rubio; Saura-Calixto (2013) the content of non-extractable
polyphenols in various red fruits was evaluated, among them
fresh assai, obtaining results of 1,240 mg/100g of dry matter
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for the content of hydrolyzed polyphenols (HPP). In the same
study, the content of proanthocyanins (NEPA) in assai samples
in dry matter was evaluated and values of 1210 mg/100g were
obtained. Since there is not much research related to a specific
fruit, we compare the research presented here with studies of
other ones. Similarly, to this study, the one carried out by
Rufino et al. (2010) also presents non-extractable polyphenols
in tropical fruits, in which they analyzed fruit residues such as
acerola and cashew. In this study, values of 12.1 g.Kg" of dry
matter for content of (HPP) for cashew. In the acerola residues,
3,9 g.Kg' of dry matter were obtained in the same analysis.
For the NEPA content there were no results for acerola,
however the cashew obtained contents of 52,0 g.Kg' of dry
matter. In another study designed by Silva (2018), samples of
grape marc from the wine industries were evaluated in
different cycles, with results between 261.14 to 610.7mg/100g.
Research on macroantioxidant compounds in foods and
beverages is still limited when compared to extractable
polyphenols, making further studies necessary, especially with
tropical fruits and their by-products.

Principal component analysis (PCA): As shown in Figure 1,
using the horizontal axis (which explains 58% of the data
variability), samples SCC1 and SCC3 differ from samples
SCC2 and SP4 in the following aspects: samples SCC1 and
SCC3 have similarity due to the greater influence of
concentration of Polyphenols and ABTS. SCC2 and SP4
samples have similarity due to the greater influence of the
concentration of HPP and NEPA. Using the vertical axis
(which explains 28% of the data variability), the SCC2 and
SCC1 samples have similarity because they are generally
richer in NEPA and Polyphenols than the SCC3 and SP4
samples. The SP4 sample is noticeably poorer in relation to the
total content of the parameters, with the HPP being the only
parameter with any influence. The data presented by the
analysis of main components confirm the results presented in
the others; in which it is identified that the samples analyzed
are rich in bioactive compounds and antioxidant activity.

Conclusions

The SCC2 sample showed high levels of extractable and non-
extractable polyphenols, and antioxidant activity. This result,
different from the other samples, is influenced by the
processing date, batch, and other factors. The data from the
analysis carried out corroborate with the results presented in
the principal component analysis (PCA), in which it is proven
that the samples of clarified juice (SCC1, SCC2 and SCC3)
showed significant results in the analysis of EPP, ABTS and
HPP and NEPA. Only the juice sample from the SP4 pulp has
a smaller amount of bioactive compounds than the other
samples.
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