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Abstract Mineral content, total phenolic compounds
(TPC), and antioxidant capacity were determined in three
samples of purple-agai (coarse-PAC, medium-PAM, and
fine-PAF), and one of white-acai (coarse-WAC) and their
respective bioaccessible fractions. TPC content differed in
all samples, with PAC (583.79 mgAGE/100 g) having the
highest content; however, PAM showed higher bioacces-
sibility (32.27%). PAC presented higher antioxidant
capacity in the FRAP tests (74.34 pM FeSO,/g) and ABTS
(55.05 pM Trolox/g). However, no differences were found
in DPPH between PAC (1986.66 EC50) and PAM (2408.88
EC50) samples. Antioxidant capacity was decreased in all
samples after digestion. Potassium was in the highest
proportion (7121.90 mg/100 g-PAC), followed by Ca
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(349.92 mg/100 g-PAM), and Mg (169.41 mg/100 g-
PAM), in all the samples. However, Ca presented the
highest bioaccessible fraction, followed by Mg and Mn,
with the highest percentages observed in WAC samples
(90.30, 74.30, and 64.52%, respectively).

Keywords Arecaceae - Bioaccessibility - Total phenolic -
Potassium - White-agai

Introduction

The search for a food, adundant in nature and minimally
processed, led to an increase in the consumption of fruits,
mainly tropical, due to their nutritional values, contents of
secondary compounds of phenolic nature, and pleasant
sensorial characteristics. Among the many tropical fruit
trees, the acaizeiro (Euterpe oleracea Mart.), an atypical
palm, native to the Brazilian Amazon, is found mainly in
lowland and flooded forest lands of the Amazon River
estuary (Neri-Numa et al. 2018).

The agaizeiro belongs to the family Arecaceae, and
presents clusters of globular drupe or lightly fast, rounded,
and fibrous with 1-2 c¢m in diameter and weighing between
0.8 and 2.3 g. The epicarp is characterized by a hard and
thin layer that can, when ripe, present a green (white-agai)
or purple (purple-agai) colour, according to the botanical
variety of the species. In contrast, the mesocarp has a
thickness of 1-2 mm, is pulpy and is of variable colour,
which may originate purplish pulps when originating from
the purple-acai or cream/greenish when coming from the
white-acai; the endocarp corresponds to 85-95% of the
fruit, exhibiting a hard, brownish yellow seed (Dall’ Acqua
et al. 2015; Neri-Numa et al. 2018).
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The fruits of Eutepe oleracea, when ripe, are used
commercially for the production of the juice of the acai
tree, popularly known as “acai” or “agai drink”. In Brazil,
the production of agai pulps is regulated by the Ministry of
Agriculture, Livestock and Supply, which defines as agai
the product obtained from the extraction with water of the
edible part of the mature fruit of the E. oleracea and
Euterpe precatoria vegetable species (Brasil 2018); and
classify them into: coarse agai pulp which is the pulp that
presents total solids percentages above 14%; medium agai
pulp that presents contents between 11 and 14% and fine
acai pulp with percentages between 8 and 11% of total
solids (Brasil 2000).

Microscopically, E. oleracea pulps can be identified by
the existence of stony cells dispersed below the epicarp and
aggregated cells in the mesocarp (Atui et al. 2012). Thus,
macroscopically and/or microscopically, the absence of
foreign matter in acgai pulps is recommended by the
National Sanitary Surveillance Agency (Brasil 2014).

In addition to socioeconomic factors, purple-acgai is a
product of high nutritional benefit, due to the high energy
value that is directly related to its high lipid and protein
contents (Schauss et al. 2006). In the present study, it was
found that the minerals such as potassium, calcium, and
magnesium (Carvalho et al. 2017; Gordon et al. 2012); and
phenolic compounds such as anthocyanins, flavonoids and
phenolic acids (Dantas et al. 2019) are present in this fruit.
Due to the large presence of bioactive compounds, studies
suggest that purple-agai may exert protective effects, due to
its antioxidant activity (Garzén et al. 2017). In contrast,
studies involving the composition of white-acai are scarce.

However, many of these studies that involve the com-
position of foods have neglected physicochemical changes
that occur during the digestive process in the body, making
it important to assess the bioaccessibility of these
metabolites, since many of these components may be
unavailable for absorption (Celep et al. 2017). According
to literature, bioaccessibility can be defined as the fraction
of the food matrix released in the gastrointestinal tract that
is available for absorption (Alminger et al. 2014).

The evaluation of these parameters can be performed by
means of in vivo or in vitro studies. As in vivo studies,
usually performed in humans and animals are time con-
suming, expensive, and require evaluation for ethics;
in vitro studies, which simulate the physiological condi-
tions of the human digestive tract have been developed, to
investigate the effects of digestion on the nutrients and
bioactive compounds. Such studies make it possible to
examine the release of substances from the food matrix, to
study bioaccessibility, and to assess changes in profiles of
substances before absorption (Minekus et al. 2014).

Thus, the objective of this study was to determine the
bioaccessibility of minerals, total phenolic compounds and

antioxidant capacity of commercial pulps of purple and
white acai. Considering that few studies refer to the dif-
ferent types of acai commercial pulps, especially with
regard to white acai pulp, this is the first study, at least to
our knowledge, which evaluates the bioaccessibility of
bioactive compounds and minerals in these matrices.

Materials and methods

Chemicals and reagents

Folin-Ciocalteu  phenol, 2.4,6-tris(2-pyridyl)-s-triazine
(TPTZ), 2,2-diphenyl-1-picrylhydrazyl (DPPH), 6-hy-
droxy-2,5,7,8-tetramethylchromane-2-carboxylic acid

(Trolox), 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt (ABTS), and bovine bile were
purchased from Sigma-Aldrich. Ferric chloride hexahy-
drate, sodium bicarbonate was obtained from Merck; gallic
acid from Neon Comercial and the ferrous sulphate hep-
tahydrate from Quimica Moderna. Pancreatin from MP
Biomedicals, pepsin from Dinamica. Standard solutions of
minerals; sodium, potassium, calcium, magnesium, copper
and manganese were purchased from Inorganic Ventures.

Samples

Four samples of acai pulp, three of purple-acai, marketed
as coarse acai-PAC, medium agai-PAM and fine acai-PAF;
and a sample of white-acai, marketed as coarse acai-WAC
were acquired from the Central Market of Belo Horizonte,
Minas Gerais, Brazil (SisGen registration number-
A0287A7). These samples were stored at — 27 °C until
analysis. All samples were from the same brand and from
the same supplier; according to information presented on
the label, all pulps were produced in the state of Para-
Brazil.

However, it should be noted that the samples differ by
the total solids content (coarse, medium and fine), by the
botanical varieties (purple/white) and by the production lot.
According to information obtained from the manufacturer,
pulp production follows an annual industry calendar, in
which pulps classified as coarse (PAC-August and WAC-
September), followed by the medium pulps (PAM-Octo-
ber) and fine (PAF-December).

Histological analysis and research of foreign matters

To verify the conformity of the agai pulps with the
parameters of identity and quality required by the Brazilian
legislation (Brasil 2000, 2018), the histological identifica-
tion of the pulps is described in the standard plant anatomy
techniques (Kraus and Arduin 1997).
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We used these techniques for this study. Initially, 2 g of
the samples were added to 10% cold sodium hypochlorite
individually, to lighten the material, for later filtration
using a qualitative filter paper. After preparation of the
samples, the slides were assembled and observed under an
optical microscope (Olympus-CX41), coupled with a dig-
ital camera (Olympus-QColor5), with polarized light and
under 200x magnification.

From the identification of the characteristic histological
elements of the agai, a comparison was made with the
reference material corresponding to the macerated agai
fruit, through the image bank of the Service of Microscopy
of Products-SMCP belonging to the Laboratory of Food
Microscopy of the Fundag¢do Ezequiel Dias-Funed, from
the SMCP laminaria-Alil13.

For analysis of foreign material in the acai pulps, a
trap bottle flotation method is described by Atui et al.
(2012). Using this method, the obtained material was
evaluated under a stereoscopic microscope (Zeiss-
Stemi2000) with 10x magnification, the foreign matter
was observed under an optical microscope with an
increase from 40x to 57x magnification, for taking
photographs.

In vitro gastrointestinal digestion (IVGD) procedure

To perform IVGD, the protocol developed by Minekus
et al. (2014), a method that simulates the oral, gastric and
small intestine phases during digestion was used. Because
the samples of agai pulps were in a liquid state and not
have a high content of starch, they were not exposed to the
in vitro oral phase of digestion, that is, the process of
digestion was initiated directly in the gastric phase. All
steps were performed in triplicate.

Gastric phase

First, the enzymatic pepsin solution (2000 U/mL) was
prepared by dissolving 0.45 g of pepsin in 60 mL of sim-
ulated gastric fluid (pH3.0), prepared by adding 0.514 g
KCI; 0.122 g KH,POy; 2.10 g NaHCO3; 2.761 g NaCl;
0.020 g MgCl,(H,0)g; 0.075 g of CH3NOj3 and 0.022 g of
CaCl,(H,0), in 1,000 mL of distilled water.

To simulate the gastric phase, 4 g of each sample
were weighed and added to 50 mL falcon tubes and 5 ml
of the pepsin enzyme solution was added, adjusting pH
to 3.0 & 0.1; the samples were then incubated for 2 h at
37 £ 1.0 °C under agitation on an orbital shaker (Kasvi-
K40-3020) at 20,9625xg in a greenhouse (Nova Etica-
403/3 N), adjusting pH again after 1 h of incubation.
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Simulation of phase of the small intestine

The enzymatic solution of bile (100 U/mL) was prepared
by dissolving 1.93 g of bovine bile in 60 mL of simulated
intestinal fluid (pH7.0), prepared by the addition of:
0.507 g KCI; 0.109 g KH,PO,; 7.14 g NaHCO3; 2.246 g
NaCl; 0.067 g MgCl,(H,0)e; and 0.088 g of CaCl,(H,0),,
in 1000 mL of distilled water. Additionally, the enzymatic
solution of pancreatin (3.6 mmol/mL) was prepared by
dissolving 6.81 g of pancreatin in 60 mL of simulated
intestinal fluid.

To simulate the small intestine phase, 5 mL of bile
enzyme solution was added to the samples, followed by the
addition of 5 mL of the pancreatin enzyme solution. At this
stage, pH was adjusted to 7.0 &= 0.1 and the samples were
incubated for further 2 h under the same conditions as in
the previous step, by adjusting pH again to 7.0 & 0.1 after
1 h of incubation.

To terminate the IVGD process the falcon tubes were
centrifuged for 30 min at 5000xg (Centrilab-
cod8011154V); the supernatants were collected and stored
at — 27 °C until further analysis.

Bioaccessibility

The percentage of bioavailable fraction (%BF) was defined
as the proportion of the compound released in the IVGD
process compared to the compound content in the sample,
according to the formula below (Leufroy et al. 2012).

Content present in the bioaccessible fraction

%BF = :
Content present in the pulp

x 100

Extraction of antioxidants

To determine the total phenolic compounds (TPC) content
and antioxidant capacity, samples of acai pulps, and the
bioaccessible fractions of all samples obtained after IVGD,
were weighed in centrifuge tubes and extracted with 4 mL
methanol:water (50:50v/v) for 1 h at room temperature.
After a resting period, the tubes were centrifuged for
15 min (Fanem-204RN) at 25,407 x g and the supernatant
was recovered in a 10 mL volumetric flask. From the
residues from the first extraction, 4 mL of acetone:water
(70:30v/v) were added to the tubes, homogenized and
allowed to stand for 1 h at room temperature. Subse-
quently, the tubes were centrifuged again for 15 min at
25.407x g, the supernatants were collected, added to the
methanolic extract and the volume of the flasks were
diluted with distilled water (Rufino et al. 2010).
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Total phenolic compounds (TPC)

The determination of TPC was performed according to the
methodology described by Singleton et al. (1998). A vol-
ume of 1000pL of the extracts diluted in 70% acetone were
added to 5 mL of the 10% Folin-Ciocalteu solution,
maintained for 1-8 min, followed by the addition of 4 mL
of 7.5% sodium carbonate solution and incubation for 2 h
at room temperature in the absence of light. After the
incubation period, readings were obtained at 760 nm in a
UV-visible absorption spectrophotometer (Micronal-
AJX1900) using 70% acetone as blank. The whole analysis
was performed in triplicates, and the results were expressed
in gallic acid equivalent [mgGAE/100 g-F.W. (fresh
weight)] calculated from a standard curve of gallic acid.

Determination of total antioxidant activity

All analyses of antioxidant capacity were carried out in
triplicate and protected from light, according to the
methodologies described by Rufino et al. (2010).

Iron reduction method (FRAP)

Initially, the FRAP reagent solution was prepared by
combining 0.30 M sodium acetate buffer (pH 3.6), 10 nM
TPTZ solution and 20 nM aqueous ferric chloride solution
in the ratio of 10:1:1 respectively. Subsequently, three
dilutions were prepared at different concentrations of the
extracts. A 90 pL aliquot of each dilution was added to
270 pL of distilled water and 2.70 mL of FRAP reagent,
homogenized and incubated for 30 min at 37 °C in a Maria
(Fanem-M100) bath.

After the incubation period the reading was carried out
at 595 nm in a UV-visible absorption spectrophotometer
using only the FRAP reagent as blank. The results were
expressed in pM FeSO,/g-F.W_, calculated from a standard
ferrous sulphate curve.

Free radical capture method ABTS *

Initially, the ABTS™ radical was prepared by from the
reaction of 5 mL stock solution of 7 nM ABTS with 88uL
of 140 nM potassium persulfate solution in dark and at
room temperature for 16 h. Subsequently the radical
ABTS" was diluted in ethyl alcohol until it reached an
absorbance of 0.70 nm =+ 0.05 nm at 734 nm. Later, three
dilutions were prepared at different concentrations of the
extracts. Thirty pL of each dilution was added to test tubes,
together with 3 mL of the solution containing the ABTS ™
radical, homogenized and after 6 min readings were mea-
sured in a UV-visible absorption spectrophotometer at
734 nm, using ethyl alcohol as blank. The results were

expressed in pM Trolox/g-F.W., calculated from the stan-
dard Trolox curve.

Free radical capture method DPPH

Three dilutions were initially prepared at different con-
centrations of extracts; subsequently, a 0.10 mL aliquot of
each dilution was added with 3.90 mL of the 0.06 mM
DPPH solution and homogenized. The UV-visible
absorption spectrophotometer readings were then measured
every minute, at 515 nm, using methyl alcohol as blank;
observing the reduction of the absorbance until its stabi-
lization. The antioxidant capacity was evaluated as the
antioxidant concentration required to reduce the initial
amount of free radicals by 50% (ECS50), with the final
result expressed in g/gDPPH-F.W.

Analysis of minerals by ICP-OES
Acid digestion

To determine the content of the minerals, such as Na, K,
Mg, Cu, and Mn in the acai pulp samples and in the
respective bioaccessible fractions, acid digestion of the
samples was first performed according to the methodology
described by the Instituto Adolfo Lutz (2008). One grams
of each sample was weighed and oven-dried at 105 °C
(Marconi-MAO035) to reduce the moisture content. Subse-
quently, the samples were carbonised and placed in at
Muffle chamber at 550 °C (Vulcan-3-1750), where they
remained for 8 h. Later, the samples were removed from
the flask, cooled, added to 1 mL of 37% nitric acid and
placed in the flask again. This procedure was repeated until
the samples were completely mineralized. The ashes were
then dissolved in 1 mL of hydrochloric acid and quantita-
tively transferred with MilliQ water (Millipore Water-
Rivers Purifier and gradient) to a 25 mL volumetric flask.
The whole experiment was performed in triplicate using a
blank sample.

The same procedure described above was performed in
duplicate with a reference sample with known content of
the following minerals: Na (32.80 mg/L); K (28.20 mg/L);
Ca (34.10 mg/L); Cu (24.10 mg/L); Mn (23.50 mg/L). The
reference sample is normally used as a re-test sample at the
Funed Metallic Contaminants Laboratory to evaluate the
reproducibility of the mineral determination method.

Determination of mineral content
The mineral content in the acai samples and in the
respective bioaccessible fractions was estimated using the

inductively coupled argon plasma optical emission spec-
trometer (ICP-OES) (Perkin Elmer, Optima2000DV
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Sampler-As90plus). The ICP-OES parameters used were as
follows: radio frequency power of 1,330watts; plasma
argon flux rate of 15 L/min; auxiliary argon flow rate of
0.20 L/min; nebulizing gas flow rate of 0.60 L/min; ori-
entation of the plasma relative to the axial optical path;
sample flow rate 1.50 mL/min. Replica 1 and monitored
spectral lines at: 589,592 nm (Na); 766.490 nm (K);
422.673 nm (Ca); 280.271 nm (Mg); 327.393 nm (Cu),
and 257.610 nm (Mn).

The determination of the mineral content by ICP-OES
was performed using a calibration curve prepared in the
following concentrations: Na (5-50 mg/L); K, Ca and Mg
(0.50-5 mg/L); Cu and Mn (0.05-0.50 mg/L). The limits
of detection and quantification were: Na (5 mg/L); K, Ca
and Mg (0.50 mg/L); Cu and Mn (0.05 mg/L).

The results were presented in mg/100 g of samples
expressed as fresh weight (F.W.) and dry weight (D.W.).
For conversion of the D.W results, the samples were sub-
mitted for moisture analysis at 105 °C (Instituto Adolfo
Lutz 2008).

Statistical analysis

All results regarding TCF content, antioxidant capacity,
and minerals content are presented as mean & SD for the
four samples, and in the respective bioaccessible fractions.
The results were subjected to analysis of variance
(ANOVA) and Tukey test to 5% of significance through the
statistical program Sisvar, version 5.6.

Results and discussion
Histological analysis and research of foreign matters

Fragments of agai fruit pulp formed by the thick-walled
cell structures and stone cells can be observed in all the
samples (Fig. 1). The stone cells were checked under
polarized light.

The results found in the microscopic evaluation of the
acai pulps are in agreement with the studies described in
literature (Paula 1975; Atui et al. 2012) as well as with the
reference material used in this research.

Therefore, the four agai pulps have shown compliance
with the current legislation, which establishes the identity
and minimum quality characteristics of vegetables, fruit
products and edible mushrooms (Brasil 2005); and also
with Normative Instruction No. 37 of October 01, 2018,
which establishes identity and quality standards for pulps
(Brasil 2018).

As for the presence of foreign matter in the pulps, only
one PAM sample, with an insect fragment and a uniden-
tified fragment; and one WAC sample, with four insect
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fragments (Fig. 2) presented nonconformity with the cur-
rent legislation; which recommends the absence of soils as
fragments of insects and rodent hair in 100 g of sample
(Brasil 2014). The presence of insect fragments specific to
the acai crop and the storage site considered as foreign
matter, although indicative of failures in good manufac-
turing practices, is without risk to human health.

Total phenolic compounds before and after in vitro
digestion

The content of TPC of the agai pulps and the respective
bioaccessible fractions, as well as the bioaccessible per-
centage of the samples are presented in Table 1. Examin-
ing the data presented, it is verified that all the samples
differed with respect to the TPC content before IVGD, the
PAC sample (583.79 mgGAE/100 g-F.W.) being the one
with the highest content of TPC and the WAC sample
(180.55 mgGAE/100 g-F.W.) with the lowest content.
Results similar to the one found for the PAM sample
(400.33 mgGAE/100 g-F.W.) were reported by Rufino
et al. (2010), when evaluating purple-agai pulp
(454 mgGAE/100 g-F.W.).

As for the TPC content of the white-acai pulp-WAC, a
lower result than the present study was presented by Sil-
veira et al. (2017) who, when evaluating a sample of lyo-
philized white-agai juice, obtained an average of
11.20 mgGAE/100 g. However, the inferiority of the WAC
sample in relation to the other purple-acai samples (PAC,
PAM and PAF) is emphasized. This fact may be related to
the absence of anthocyanin compounds in white-agai (Sil-
veira et al. 2017), since these pigments are one of the main
phenolic compounds present in purple-acai (Carvalho et al.
2017; Gordon et al. 2012). Nevertheless, the observed
differences between the samples may also be related to the
processing of the pulps, since the samples are commer-
cially distinct as to the total solids content.

After digestion, only the PAC (133.65 mgGAE/100 g-
F.W.) and PAM (129.12 mgGAE/100 g-F.W.) samples did
not differ statistically. However, it is possible that the TPC
content reduced in all the samples after being processed by
IVGD. This reduction can be justified by the chemodiver-
sity of the phenolic compounds, since during the digestion
process, these compounds are constantly exposed to dif-
ferent physical as well chemical and biochemical condi-
tions, which may promote structural and chemical changes,
resulting in variations in biological activity and conse-
quently affecting the bioaccessibility and bioactivity of the
compounds (Celep et al. 2015).

The bioaccessibility of TPC ranged from 22.89 to
32.27%. The pulp with the highest bioaccessible fraction
was PAM with 32.27%, differing statistically from the
others (Table 1). Schulz et al. (2017) also verified that in
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«Fig. 1 Histological elements of pulps of purple and white acai and
reference material (200x magnification). a Stone cells under the
optical microscope, b stone cells under polarized light and ¢ thickened
wall cells of the pericarp are indicated by red arrows

Euterpe edulis of 79.98 mg of phenolics/100 g~' of dry
matter to was reduced to 19.71 mg of phenolics/100 g ' of
dry matter using LC-ESI-MS/MS before and after IVGD.
Following the same reasoning used in this work to calcu-
late the %BF, only 24.64% of the phenolics quantified by
Schulz et al. were available after the digestion process, a
result consistent with that found in our research, confirming
that gastrointestinal conditions directly affect sample
composition.

On the other hand, Chen et al. (2014) observed an
increase in the TPC content of 25 fruits, by performing
literature search for 33 fruits before and after IVGD. The
fruits that showed the highest increase in TPC content were
pear (Pyrus serrulata), increasing from 1520 to
127.23 mgGAE/100 g after IVGD, followed by melon
(Cucumis melo) from 56.27 for 106.64 mgGAE/100 g, and
apple (Malus pumila) from 56.89 to 106.64 mgGAE/100 g.

These observed differences among the studies may be
the result of variations of methods used to simulate IVGD
and quantifications of the content of phenolic compounds
in different food matrices. However, it is believed that such
differences may also be related to the physicochemical and
biological properties of each food studied, since it is
probable that a certain proportion of phenolic compounds
will have different structures with different chemical
characteristics during the digestive process. These proper-
ties, therefore, would increase the amount of these com-
pounds of certain matrices in some cases, while reducing
them in others (Celep et al. 2017).

Antioxidant activity before and after in vitro
gastrointestinal digestion

Table 2 shows the antioxidant capacity of pulps and their
respective bioaccessible fractions, according to the FRAP,
ABTS and DPPH methods. Observed that the PAC sample
presented higher antioxidant capacity in the FRAP and
ABTS tests. Only in the DPPH test, its antioxidant capacity
did not differ from the PAM sample, either before or after

Fig. 2 Anatomical parts of insects identified in the purple-acai medium—PAM a samples under the optical microscope (40x magnification),

and white-agai coarse—WAC [b (1) and b (2)] (57 x)

Table 1 Total phenolic compounds content and bioaccessible fraction of purple-agai and white-agai pulp samples

Acai samples

Total phenolic compounds (mgGAE/100 g F.W.)

Bioaccessible fraction (%BF)

Pulps

Bioaccessible fraction

583.79 + 3.43°
400.33 + 10.82°
312.33 + 1.82°
180.55 + 1.51¢

Coarse purple (PAC)
Medium purple (PAM)
Fine purple (PAF)
Coarse white (WAC)

133.65 £ 11.67° 22.89°
129.12 + 10.96° 32.27°
84.50 + 3.02° 27.05°
4636 + 2.53 8 25.69°

Values expressed in columns before and after in vitro digestion followed by different letters indicate statistical difference (p < 5%)

Values expressed in the column bioaccessible fraction followed by different letters indicate statistical difference (p < 5%)

Mean values = SD (n = 3)
GAE Gallic acid equivalent, F.W. Fresh weight
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Table 2 Antioxidant capacity before in vitro gastrointestinal digestion by the FRAP, ABTS and DPPH methods of purple-agai and white-agai

pulp samples

Acai Samples FRAP (uM ferrous sulphate/g

ABTS (uM Trolox/g F.W.)

DPPH (EC50 expressed in g of pulp/g of

FW) DPPH F.W.)
Pulps Bioaccessible Pulps Bioaccessible Pulps Bioaccessible fraction
fraction fraction
Coarse Purple 7434 £ 147" 1448 £ 0.79° 55.05 &= 2.83*  11.94 + 0.54 < 1986.66 + 87.417  13,651.87 + 358.44°
(PAC)
Medium Purple 45.80 &+ 1.77° 12.00 & 0.78° 48.68 4 2.17° 9.14 + 0.43¢ 2408.88 + 56.75"  13,711.40 + 750.38°
(PAM)
Fine Purple (PAF)  24.69 + 1.90°  7.63 % 0.34' 1149 + 0.13 ¢ 509 + 0.34° 3167.14 & 217.18°  28,060.03 + 2147.17°
Coarse White 1974 + 1.19%  6.14 £ 0.23" 13.69 £ 0.63° 3.94 £ 0.21° 4673.15 £ 251.62%  47,369.00 + 3263.88°

(WAC)

Values expressed by different letters in each method indicate statistical difference (p < 5%)

Mean values = SD (n = 3)

F.W. Fresh weight, EC50 Amount of sample required to reduce the initial concentration of the DPPH radical by 50%

IVGD. The WAC sample presented lower antioxidant
capacity in the FRAP and DPPH tests and did not differ
from the PAF sample both before and after the IVGD in the
ABTS test.

All the samples had different antioxidant capacities
regarding the FRAP test before digestion, but after the
IVGD the PAC (1448 uM FeSO,/g-F.W.) and PAM
(12.00 uM FeSO4/g-F.W.) did not differ, which was also
observed for the PAF samples (7.63 pM FeSO,/g-F.W.)
and WAC (6.14 uM FeSO4/g-F.W.).

In the ABTS test, the PAF and WAC samples did not
differ statistically either before or after IVGD, however the
PAC sample after digestion (11.94 pM Trolox/g-F.W.) did
not differ from PAF samples (11.49 uM Trolox/g-F.W.)
and WAC (13.69 uM Trolox/g-F.W.) prior to IVGD.
Similarly, the PAM after digestion (9.14 uM Trolox/g-
F.W.) did not differ from the PAC sample and the PAF
before IVGD.

Rufino et al. (2010), evaluated the antioxidant capacity
of a sample of purple-agai by the FRAP method, and
obtained a lower value (32.10 pM FeSO,/g-F.W.) than in
our study for the PAC sample (73.34 uM FeSO,/g-F.W.)
and PAM (45.80 uM FeSO,/g-F.W.) but higher for PAF
pulps (24.69 UM FeSO4/g-F.W.) and WAC (19.74 uM
FeSO4/g-F.W.).

Silva et al. (2017), when evaluating the antioxidant
capacity by the ABTS method, obtained a mean of
17.15 uM Trolox/g-F.W., lower than the values obtained in
this study for the PAC samples (55.05 pM Trolox/g-F.W.)
and PAM (48.68 uM Trolox/g-F.W.) prior to IVGD.
Despite this, the results of Silva et al. were similar to those
that we obtained for PAF (11.49 uM Trolox/g-F.W.) and
WAC (13.69 uM Trolox/g-F.W.) samples. However, the
antioxidant capacity by the ABTS method presented by the

pulps prior to IVGD in this study was superior to that found
by Garzon et al. (2017) which, when evaluating the purple-
acai pulp produced in Colombia, obtained a mean of
3.10 uM Trolox/100 g-F.W.

Rufino et al. (2010) also evaluated processed purple-acai
by the DPPH method, and obtained a lower result (4,265 g/
gDPPH-F.W.) than the present study when comparing PAC
(1986.66 g/gDPPH-F.W.), PAM (2,408.88 g/gDPPH-
F.W.) and PAF (3167.14 g/gDPPH-F.W.), but obtained a
very similar result to that for WAC sample (4673.15 g/
gDPPH-F.W.). With respect to the DPPH test, it is
emphasized that the lower the EC50 average presented by a
sample, the greater the antioxidant stability of the sample.

After IVGD, a decrease in the antioxidant capacity of all
pulps and in all the tests was observed. Regarding the
FRAP method, the highest reduction was found in the PAC
sample, followed by PAM, PAF and WAC. In the ABTS
method, the highest reduction in antioxidant capacity was
observed in the PAM sample, followed by the PAC, PAF
and WAC. As for the DPPH method, the PAM sample
presented the lowest percentage of increase in the value of
the EC50, followed by the PAC, PAF, and WAC samples
as shown in Fig. 3.

Celep et al. (2015) found a reduction of 47% in
antioxidant capacity of the digested sample of blackberry
wine compared to the sample digested using by the DPPH
method. Schulz et al. (2017), evaluating the antioxidant
capacity before and after the IVGD of E. edulis at different
stages of maturation, observed a decrease of 64—78% in
DPPH elimination capacity and 55-67% in antioxidant
capacity by the FRAP method. Dantas et al. (2019)
observed a reduction of 15.72% in the FRAP test and an
increase in the value of EC50 of 90,166.66% when eval-
uating a pulp of purple-acai, higher values than those
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Fig. 3 Percent reduction of Acai Samples
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obtained in this study for FRAP and lower than that for
DPPH.

In addition to the reduction in the content of TPC, fac-
tors such as changes in pH and interferences of other
dietary constituents released during the digestion process,
such as iron, minerals, fibres or dietary proteins can pro-
mote changes in the antioxidant capacity of food. In
addition, neutral conditions and the presence of oxygen in
most models of IVGD can also promote non-enzymatic
degradation of some phenolic compounds; and conse-
quently affect their bioaccessibility, leading to a reduction
of antioxidant capacity (Alminger et al. 2014).

Mineral content before and after digestion
gastrointestinal in vitro

The mineral content of acgai pulp samples, as well as the
bioaccessible fraction of minerals, except for Na and K,
because they are present in large concentrations in the
fluids used to simulate IVGD, are presented in Table 3.

Of the six minerals evaluated in this study, K is the
mineral present in the highest proportion, followed by Ca
and Mg in all samples. However, the K content in the PAC
sample differs from PAF and WAC, whereas the PAM
sample shows no significant difference compared to WAC.
Regarding the Ca content, only the PAC and PAF samples
did not differ, whereas all samples differed in the Mg
content.

In addition to our findings, Menezes et al. (2008) eval-
vated 25 minerals in lyophilized purple-agai pulp. The
highest mineral content was K (900 mg/100 g), followed
by Ca (330 mg/100 g), and Mg (124.40 mg/100 g). The

@ Springer

results were similar to those reported by Bichara and Rogez
(2011), wherein the levels of K (119 mg/100 g), Ca
(37 mg/100 g) and Mg (21.50 mg/100 g) were found in
purple-acai juice. However, both results are lower than
those demonstrated in our study.

As observed in Table 3, it is possible to verify that the
Na content present in the PAC sample is not statistically
different from the PAM, as the PAF sample is statistically
similar to the WAC; the same is observed for the Mn
content between the PAF and WAC samples. However, the
Cu content did not present statistical difference between
the samples.

The results were lower than that of K (108 mg/100 mL),
Ca (23 mg/100 mL), Mg (8 mg/100 mL), Cu (0.01 mg/
100 mL) and Mn (0.40 mg/100 mL) than those reported by
Llorent-Martinez et al. (2013) when evaluating four purple-
acai juices from different brands marketed in Spain. When
comparing the results of this research with those reported
in the Brazilian Table of Food Composition (TACO 2011),
it is possible to verify that the levels of Na (5 mg/100 g-
FW.), K (124 mg/100 g-F.W.), Ca (35 mg/100 g-F.W.)
and Mg (17 mg/100 g-F.W.) obtained in these studies are
superior to those described, whereas Cu content (0.18 mg/
100 g-F.W.) were lower (Table 3).

To date, only one stud (Smith et al. 2012) referring to
the mineral content of different purple-agai pulps when
evaluating the content of K, Ca, Mg and P in lyophilized
thick, medium and fine acai pulps, obtained results lower
than those obtained in our study. The contents of K ranged
from 277 to 271 mg/100 g; those of Ca around 195 mg/
100 g; with respect to Mg, the contents varied between
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1321 to 1,197 mg/100 g and the P between 162 to 153 mg/
100 g.

To date, there are still no studies in literature evaluating
the content of minerals as well as the bioaccessibility of the
white-acai pulp. The data obtained in our research, with
those reported in the literature can also be related to the
sampling of the analysed pulps. Menezes et al. (2008), for
example, used only a sample of agai-purple pulp found in
the local market of Belém-Brazil. Another important point
is that, with the increase in the demand for acai, it has
started being cultivated instead of exclusively extracted in
Brazil. As this system is based on good agricultural prac-
tices related to the management, regarding fertilization,
irrigation, and use of genetically improved plants with high
productivity; the fruits of acai palms can present higher
nutritional value and, consequently, so can their derivatives
(Nogueira and Santana, 2016).

The findings of the present study reinforce that the
evaluation of the bioaccessibility of minerals can help to
predict the possible nutritional effects related to the con-
sumption of acai pulps. However, the number of studies on
the bioaccessibility assessment of acai pulp has been lim-
ited to some minerals such as Cu; for example. Ruzik and
Wojcieszek (2016) evaluated the bioaccessible fraction in
purple-acai and reported that 100% of Cu present is
bioaccessible, concluding that acai can be treated as a
natural source of copper, a result superior to that of our
study.

Among the minerals evaluated for bioaccessibility it is
possible to verify in Table 3 that Ca is the mineral with the
highest bioaccessible fraction, followed by Mg and Mn.
The highest percentages of these were observed in the
WAC sample (90.30; 74.30; 64.52%) and the lowest per-
centage in the PAM sample (14.66; 25.42; 14.47%).

Schulz et al. (2017), when evaluating E. edulis pulp,
obtained higher values than those obtained in this study
regarding %BF of Ca (65.50%) and Mn (35.10%) with
respect to PAC and PAM, and lower for the PAF and WAC
samples. Regarding Mg, they presented lower BF%
(44.90%) than that obtained in this study for the PAC, PAF
and WAC samples.

A value similar to that obtained for the WAC sample as
%BF of Ca was presented by Biluca et al. (2017) when
evaluating thirteen samples of honey bee multiflorosa
(Meliponinae), when they obtained a mean of 90.10%.
Pereira et al. (2018) when evaluating the bioaccessibility of
minerals in blackberry. In raspberry, blueberry and straw-
berry; %BF was 36, 37, 10, and 52% respectively for Mn,
results close to those obtained in this study.

Although the our study presents new data on the effect
of IVGD on the total phenolic compounds, antioxidant
capacity and mineral content of the different commercial
acai pulps; the work has some limitations. Analysis of the
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phenolic profile, as well as a study on the effect of IVGD
on phenols, would complement the data. Another point
would be a more comprehensive analysis of other minerals,
such as the heavy metals class, since the minerals analysed
in this study demonstrated high values.

Conclusion

According to the histological analyses, it can be concluded
that the samples used in the present study are actually agai.
Microscopic analysis of extraneous matter alerts us to the
need for more effective monitoring of good manufacturing
practices in the agai production chain, since agai pulps are
increasingly consumed. As for the phenolic compounds
content and the antioxidant capacity of the different acai
pulps, the results of this study demonstrate that they were
statistically lower after IVGD. In addition, the results
indicate that the PAC and PAM samples are relatively
superior to the PAF and WAC sample regarding the phe-
nolic compounds content and antioxidant capacity. Among
the evaluated minerals, the content of K, Ca and Mg in all
the samples were increased. As for bioaccessibility, Ca was
the mineral that presented the highest bioaccessible frac-
tion. To date, according to literature, this is the first study
to evaluate the effects of IVGD on total phenolic com-
pounds, antioxidant capacity, and mineral content in
commercial acai pulps; especially, in relation to the pulp of
white-acai, thus elucidating that despite having different
colours, the compounds evaluated did not differ signifi-
cantly from each other. Future studies, especially using
clinical trials, will be relevant to assess the bioaccessibility
and biological activity of phenolic compounds and miner-
als. Therefore, although in vitro static models are much
simpler and do not reproduce all the dynamic aspects of the
gastrointestinal tract, they are increasingly useful in esti-
mate in vivo digestion. Thus, they offer food and health
professionals with robust, ethics-free and relatively high
tools for investigation the digestibility of food and under-
standing the effect of acting conditions on the digestive fate
of certain food constituents.
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