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SUMMARY. Commercial products derived from the acai fruit
(Euterpe oleracea Mart.) are available in Brazil, but in Venezuela, it
is only known by ethnic indigenous groups of the Amazon. In this
study, acai flour was made by solar dehydration and the effect of
processing on the composition, microbiological quality, and
antioxidant properties of such flour were evaluated. The fruit was
purchased in Puerto Ayacucho, Venezuela, and a portion was manually
pulped. Microbiological quality, proximal composition, minerals,
polyphenols, tannins, anthocyanins, and antioxidant capacity were
evaluated. The remaining portion of fruit was blanched in a solution
of ascorbic acid and citric acid at 98ºC for 1min in the same manner,
manually pulped, dried by solar dehydration and the acai flour was
also analysed. From the composition of the acai flour, its high content
of fat (22.9%), protein (13.7%), dietary fibre (20.5%), total
polyphenols (1.60 g/kg) and antioxidant capacity (79.97%) stood
out. The blanching of the fruit and the solar dehydrating of the acai
pulp did not modify the composition, but they improved its
microbiological quality and reduced phenolic compounds and
antioxidant capacity. The flour obtained is stable and innocuous and
could be used to diversify the diet of the indigenous people of the
Amazon region.
Key words: Acai, manaca, antioxidant capacity, Amazon,
polyphenols, anthocyanins.

RESUMEN. Impacto de la deshidratacion solar en la composición
y propiedades antioxidantes del acai (Euterpe oleracea Mart.). Los
productos comerciales derivados del  fruto del acai (Euterpe oleracea
Mart) están disponibles en Brasil, no así en Venezuela donde sólo los
grupos indígenas del Amazonas lo conocen y consumen. En este estudio
se elaboró una harina de acai mediante deshidratación solar y se evaluó
el efecto del procesamiento en la composición, calidad microbiológica
y propiedades antioxidantes de dicha harina. Los frutos fueron
adquiridos en Puerto Ayacucho, Venezuela y una porción de ellos se
despulpó manualmente y se le determinó calidad microbiológica,
composición proximal, contenido de minerales, contenido de
polifenoles, taninos, antocianinas y la capacidad antioxidante. La otra
porción del fruto se escaldó en una solución  de ácido ascórbico y
ácido cítrico a 98ºC por 1min, se despulpó manualmente y se eliminó
su humedad por deshidratación solar; a la harina de acai obtenida  se le
hicieron los mismos análisis que a la pulpa. De la composición del acai
resaltó su alto contenido de grasa (22.9%), proteína (13.7%), fibra
dietética (20.5%), polifenoles totales (1.60 g/kg-1) y su capacidad
antioxidante (79.97%). El lavado y escaldado de los frutos y la posterior
deshidratación solar de la pulpa del acai no modificó significativamente
su composición, pero si mejoró la calidad microbiológica y redujo los
compuestos fenólicos y la capacidad antioxidante. La harina obtenida
es estable e inocua y se podría utilizar para diversificar la dieta de los
indígenas de la región del Amazonas.
Palabras clave: Acai, manaca, capacidad antioxidante, Amazonas,
polifenoles, antocianinas.

INTRODUCTION

Acai (Euterpe oleracea Mart.), also known as assaí or
manaca, is a palm tree widely distributed in the Amazon region.
Its fruit is a round/oval berry, violet coloured when ripe (red
variety), with a diameter of about 1-1.5 cm and weight of 1.5
g (1). In Brazil, the sowing and harvesting of acai is performed
under controlled conditions (2,3) and products like frozen pulp,
juices prepared by dilution of the pulp, acai wine, ice creams,
acai-guarana pasteurised juice, etc., are commercialised
(2,4,5). In Venezuela, however, the manaca, as the acai is
generally known, is a wild fruit of the Amazon region,
harvested between the months of July and December. The
indigenous communities consume the acai fruit or prepare
juices, but unlike in Brazil, products are not commercialised.

In the acai composition, the high content of fibre,
unsaturated lipids and minerals (6, 7) and antioxidant
compounds such as total polyphenols, tannins and
anthocyanins (8) are outstanding. The antioxidant properties
of the Amazon plants and fruits are a topic of interest for several
researchers (8-10). According to Lichtenthaler et al. (11), the
products based on acai have a flavour similar to that of carrot
and beetroot, a faint aroma, with palatability difficult to define
and an oily appearance. Its high content of unsaturated fats
and initial high microbial load make the acai fruit prone to
deteriorate quickly, modifying its colour and flavour even
under refrigeration (5,12,13).

In Brazil (14), and in Venezuela (7), the dehydration of
acai as an alternative to preserve the fruit and diversify its use
has been investigated; it has also been added as ingredient in
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 the formulation of new products. To prepare the flour, the
fruit was not properly blanched prior to its dehydration in a
drum dryer. With the flour, biscuits and cookies of proven
acceptability by the indigenous people of two ethnic groups
of the Amazon region were prepared, but strange odours
developed during the storage of the products. Blanching fruits
and vegetables prior to dehydration prevents spoilage reactions
in flours obtained from them, caused by enzymes and
microorganisms. The addition of antioxidant and chelating
agents prevents the oxidation of the fat and preserves phenolic
compounds. If an acidifying agent such as ascorbic acid is
also used, the microbiological quality is improved and the
colour, the phenolic compounds and the antioxidant capacity
in the final product are preserved (15-17).

The Amazon region is characterized for having high
temperatures and high solar incidence and therefore, the use of
a food dehydrator powered by solar energy is an alternative of
interest for this area, mainly inhabited by indigenous people. Its
use will allow obtaining flours from acai, as well as from other
cultivated perishable products and therefore, the consumption
of the autochthonous resources of the region transformed into
stable flours would be increased, thus allowing the diversification
of the diet of the indigenous people, and even its enrichment
with nutrients very much required by the populations.

The objective of this study was to obtain acai flour (Euterpe
oleracea Mart.) by solar dehydration and to evaluate the effect
of processing on the composition, antioxidant properties, and
microbiological quality of such flour.

MATERIALS AND METHODS

Sample
The acai fruit (10 kg) was purchased at the local market of

Puerto Ayacucho (Amazonas State). The fruit was washed with
tap water, drained, and dried with absorbent paper to remove
excess moisture. A portion of the fruit (2 kg) was manually
pulped and kept in a plastic bag under refrigeration at 14°C
until its subsequent analysis.

Blanching
The remaining fruit (8 kg) was subjected to blanching in

an aqueous solution at 1% ascorbic acid and 0.6% of citric
acid (15-17). In a preliminary study (18), and using the
peroxidase test (19), the best blanching conditions were
determined to be heating at 98ºC for 1min. The fruit was placed
in the acid solution (citric and ascorbic mix) at 98ºC, at a 0.5
kg/L ratio; heating continued until the temperature of the
solution reached 98ºC and maintained at this temperature for
1min. The blanched fruit was drained and submerged in an
acid solution mix of equal concentration to the one used for
the blanching, at 10ºC, drained and the excess moisture
eliminated with absorbent paper.

Solar dehydration
The blanched fruit was manually pulped, its moisture

content was determined, and it was dehydrated using a solar
dryer designed by Sanchez et al. (20), consisting of the
following: a collector that captures solar energy to heat air, a
drying chamber, an extractor to promote circulation of hot
air, an opening for air inlet, and 3 metal mesh trays, the
dimensions of which were 30 cm long and 20 cm wide. The
pulp was uniformly distributed on the trays, forming a 0.5
mm thick layer. The initial weight of the pulp was recorded,
and it was subjected to solar drying for a 7.5 h period. During
drying, at 30 min intervals, the weight variation of each tray,
room temperature, dry bulb and wet bulb on  top and bottom
part of the equipment, inlet, outlet and surface collector
temperatures, the inner drying temperature and the airflow in
the intermediate area of the equipment were registered. To
measure the temperature, a thermocouple was used; for the
airflow, a manometer was used. The dehydration process
continued until a constant weight in the trays containing the
pulp was achieved. The dehydrated pulp from the three trays
was mixed, cooled until it reached room temperature and
ground to 250 microns granulometry. The yield of the process
was calculated. The dehydration was performed in triplicate
and three samples were analysed.

Analyses
The following analyses were determined to the acai pulp

and flour:

Moisture
According to the 925.09 AOAC method (21).

Proteins
According to the 960.52 AOAC method (21). For the

conversion of the nitrogen percentage to protein the factor
6.25 was used.

Fat
According to the 920.39 AOAC method (21), using

technical grade hexane as extraction solvent.

Ash
According to the 923.03 AOAC method (21).

Dietary fibre
The 985.29 AOAC method was used (21). For the

enzymatic hydrolysis, an enzymatic system formed by thermo-
stable amylase, protease, and amyloglucosidase was used.  The
fractions of soluble and of insoluble dietary fibre were
quantified and the total dietary fibre was calculated as the sum
of the two fractions.
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Minerals
According to the 984.27 AOAC method (21). From the

ashes, an acid solution was prepared, and the following
minerals were quantified: iron, copper, sodium, potassium,
phosphorous, magnesium, manganese, zinc, chromium, and
calcium. A Spectroflame XL ICP, (GBC, Australia), induced
plasma spectrophotometer (ICP) was used.

Antioxidant compounds
Total polyphenols, tannins, and anthocyanins were

determined in the previously defatted flour with 180 microns
granulometry. Total polyphenols were determined according
to the method of Singleton and Rossi  (22). For the calibration
curve, an standard solution of tannic acid was used; the reading
was made at a wavelength of λ= 765 nm, in a spectrometer
Spectronic 21D (Milton Roy Company, Analytical Products
Division New Cork, U.S.A). Total polyphenol content was
quantified as the sum of the polyphenol content of each fraction
analysed. For the determination of tannins, the colorimetric
method of Price and Butler 1997 (23) was used. For the
calibration curve, 25 mg of catechin were dissolved in 25 mL
of methanol. The results were expressed as catechin
equivalents/g of sample. For the determination of the
anthocyanins, the spectrophotometric method (24) that
quantifies total monomeric anthocyanins as cyanidin 3-
glucoside by the differential pH method was used.

Antioxidant capacity
The colorimetric method that uses DPPH (1,1-diphenyl-

2-picrylhydrazyl) was used, following the conditions of Wang
et al. (25). The equipment was calibrated using a mixture of
methanol:water (2:1). The absorbance at a wavelength of de
λ = 517 nm was measured. To quantify the % DPPH inhibition
of the sample, the following equation was used:

Microbiological analyses
Ten grams of the sample were taken in triplicate and placed

in polyethylene bags with 90 mL of solution of peptone water
at 0.1%; they were mixed and homogenised in a stomacher
(LAB-BLENDER mod. 400, Seward Laboratory, London) for
30 s to obtain the dilution 10-1, from which the dilutions 10-2,
10-3, 10-4 y 10-5 were prepared. In the non-blanched pulp,
aerobic mesophiles, total coliforms, faecal coliforms,
Staphylococcus aureus, moulds, and yeasts were determined.
In the flour, the presence of aerobic and anaerobic spore-
forming microorganisms was also determined.

Aerobic mesophiles
From the dilutions 10-3 and 10-5 pour plate count was

performed in standard plate count agar.  The incubation was
carried out at 37ºC for 24-48 h (26).

Total coliforms
From dilutions 10-1, 10-2, 10-3 and using lauryl sulphate

tryptose broth (LSTB), and with the technique of the most
probable number (MPN), a presumptive count of total
coliforms was performed. The tubes were incubated at 37ºC
for 24-48 h. The presence of turbidity and gas was considered
as positive (26).

Faecal coliforms
In the positive tubes of LBGBB, the presence of faecal

coliforms was determined. Escherichia coli broth (EC) was
used, and the tubes were incubated at 45ºC for 24 h; they
were considered positive by the presence of turbidity and gas
(26).

Moulds and yeasts
From the dilutions 10-3 and 10-5, pour plate count in potato-

dextrose agar (PDA) was performed. The incubation was
carried out for 5-7 days at 25ºC (26).

Staphylococcus aureus
From dilutions 10-2 and 10-3, the surface plating was made

on Baird Parker agar, BP (Difco brand), with added egg yolk
emulsion at 40% and potassium tellurite at 3.5%. The plates
were incubated at 37ºC for 24-48 h, and the presumptive
colonies, brilliant black in colour with a precipitation halo
around them, were counted (26).

Aerobic and anaerobic spore-forming microorganisms
The sample was homogenised in peptone water at 0.1%

for 30 s and heated at 94ºC for 20 min and the presence of
bacillus spores was detected. One mL of dilutions 10-2 and
10-3 was taken and plated in dextrose tryptone agar and
incubated at 37ºC for 24-48 h. For Clostridium-type spores, 1
mL of dilutions 10-2 and 10-3 was taken and plated in Millet-
Pricklet tubes containing “reinforced clostridium” media
(RCM), which were incubated in anaerobic conditions at 37ºC
for 24-48 h (26).

Statistical analysis
The results were reported as mean and standard deviation

of triplicates. A t-student test was applied to evaluate the effect
of blanching and dehydration of the pulp on the parameters
studied. The statistical software SPSS version 12.0 was used,
with the value P <0.05.

x 100% DPPH inhibition = Abs standard λ=517nm - Abs Sample λ=517nm

Abs standard λ=517nm

x 100% DPPH inhibition = Abs standard λ=517nm - Abs Sample λ=517nm

Abs standard λ=517nm
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RESULTS

On Table 1, the proximal compositions of the acai pulp
and of the flour are presented, expressed on dry basis for
comparative purposes. No significant differences in the content
of proteins, fat and dietary fibre of the pulp and of the flour
were observed       (P <0.05); the high protein content of both
is outstanding (14.5 and 13.7 g/100 g, respectively), which
agrees with that reported by other authors (3,10). The fat
content (24.0 and 22.9 g/100 g, respectively) is higher than
what has been reported (3,10). A significant decrease in the
content of ash and of minerals like zinc, iron, potassium,
calcium, and phosphorous of the flour respect to the pulp was
observed.

TABLE 1
Composition of acai pulp and flour, expressed on dry

basis (g/100g)

Pulp Flour

Proteins 14.5 ± 0.4a 13.7 ± 0.3a

Fat 24.0 ± 1.0a 22.9 ± 1.0a

Dietary fibre 20.9 ± 0.7a 20.5 ± 0.9 a

Carbohydrates 38.4 41.9
Ash 2.2 ± 0.4a 1.0 ± 0.2b

Minerals
Cr 0.004 ± 0.001a 0.003 ± 0.001a

Zn 0.006 ± 0.001a 0.002 ± 0.001 b

Fe 0.023 ± 0.002a 0.015 ± 0.007b

Cu 0.001 ± 0.001a 0.001 ± 0.001a

Mn 0.009 ± 0.021a 0.013 ± 0.030a

Na 0.066 ± 0.030a 0.069 ± 0.001a

K 0.697 ± 0.132a 0.466 ± 0.040b

Mg 0.112 ± 0.006a 0.079 ± 0.001a

Ca 0.373 ± 0.007a 0.182 ± 0.012b

P 0.200 ± 0.011a 0.092 ± 0.005b

Means and standard deviations of triplicates are reported. Equal letters
on the same row indicate no significant differences (P<0.05).
Carbohydrates are calculated by difference. Moisture of pulp was 45
and of flour 8 g/100g.

On Table 2, the microbiological quality of the acai pulp
and of the flour is shown. In the pulp, the count of all the
microorganisms investigated was high and in some of them,
uncountable; the presence of S. aureus was negative. The
highest microbial load of the pulp was of moulds and yeasts,
followed by total and faecal coliforms. The presence of latest
microorganisms indicates that the microbiological quality of
the pulp must be questioned (27).

TABLE 2
Microbiological quality of acai pulp and flour

Microorganism Pulp Flour

Aerobic mesophiles (CFU/g) 5.4 ´ 106 3.3 ´ 103

Total coliforms (MPN/g) > 1100 < 3
Faecal coliforms (MPN/g) > 1100 -
Moulds and yeasts (CFU/g) TNTC < 10
Staphylococcus aureus a a
Aerobic and anaerobic
spore-forming microorganisms (CFU/g) n a

TNTC: too numerous to count; n: not analysed; a: not detected

The antioxidant compounds of the polyphenolic type,
tannins, anthocyanins and antioxidant capacity of the pulp
and of the flour are shown on Table 3. The contents of
polyphenols and tannins of the pulp were significant greater
than that of the contents of polyphenols and tannins present
of the flour obtained by the sundrying process. However, no
significant difference was observed between the content of
anthocyanins of the pulp and of the flour. The correlation
between polyphenols, tannins and anthocyanins and the
percentage of inhibition by DPPH was calculated and shown
in Fig. 1; for the polyphenols, the value of r2 was 0.7217 (Fig
1a), for the tannins, it was 0.6803 (Fig. 1b), and for the
anthocyanins, it was 0.9061 (Fig.1c).

TABLE 3
Antioxidant compounds and antioxidant capacity

of the acai pulp and flour

Compound (g/100g dry basis) Pulp Flour

Total polyphenols 5.02 ± 0.14a 1.60 ± 0.32b

Tannins 1.02 ± 0.20a 0.7 ± 0.03 b

Anthocyanins 0.73 ± 0.10a 0.96 ± 0.22a

Antioxidant capacity
% DPPH inhibition 88.03 ± 0.32a 79.97 ± 0.04b

Equal letters on the same row indicate no significant differences (P <
0.05)

DISCUSION

The protein content of the acai pulp agrees with that
reported by previous authors, but the fat content of both
materials is higher than what has been reported (3,10).
According to published results (8,10), polyunsaturated fatty
acids predominate and represent 71% of the total lipids.
Regarding the changes in mineral content of the flour, it is
possible that the immersion of the acai in the ascorbic and
citric acid solution used during blanching promoted the loss
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or solubilisation of some minerals. Amaro et al. (28) reported
a significant reduction of iron and other minerals in asparagus
after washing and blanching.

FIGURE 1
Correlation between the antioxidant capacity of the acai

flour and content of polyphenols (a), tannins (b)
and anthocyanins (c)

It is important to bear in mind that the acai fruit is wild
and their collection from the plant, and from the ground, is
manual; later, it is taken to the local markets for its sale, without
refrigeration, which justifies the high count of
microorganisms. Microbiological deterioration, like the
chemical one, is related to the pulp composition. High content
of moisture, proteins, and unsaturated fats, together with a
high count of moulds, yeasts and coliforms are responsible
for the short useful life acai pulp and if it is used to prepare
other products where heat is not applied, these will deteriorate
rapidly (7). When the pulp was transformed into flour, the
count of the microorganisms investigated decreased, and in
some cases was zero. The presence of aerobic and anaerobic
spore-forming microorganisms (Bacillus and Clostridium,
respectively) was investigated because the acai fruit may have
been in contact with the soil and the flour was later obtained
by applying heat, but, fortunately, the presence of these
microorganisms was negative. Moulds and yeasts count of
flours must be less than 104 CFU g-1; aerobic mesophiles,
between 102-106 CFU g-1; coliforms less than 10 CFU g-1, and
spores less than 100 CFU g-1 (27). The acai flour obtained by
solar dehydration fulfils the established standards. Washing
of the fruit, blanching in an acid medium, thermal treatment
applied during blanching, added to that of solar dehydration
and the low moisture content of the flour turned to be effective
factors to inactivate or inhibit the growth of the
microorganisms initially present in the pulp. The acai flour is
a stable and innocuous product.

The results indicate an obvious degradation of the total
polyphenols, including tannins, as the effect of solar drying,
but this change was not observed for anthocyanins. This result
was not as expected because according to some authors,
anthocyanins are highly thermolabile, especially the type
cyanidin-3-rutinoside, which have been found in acai by other
authors . For a better explanation of the results, the use of
HPLC is required to differentiate the types of anthocyanins
present in the acai fruit and observe their behaviour under the
solar drying treatment. Decrease of the total polyphenols
lowered the antioxidant capacity of the flour, but nonetheless,
the values are high (88.03 and 79.97%, respectively). These
results are comparable to the ones reported for prepared acai
juices, with a pulp:water concentration ratio of 1:3 and 1:5
was 79.3 and 71.8%, respectively (30), while for commercial
mixes of acai and guarana juices, it was 58% (30). Several
authors (1,11,30-32) reported that the polyphenol type
predominant in the manaca is the anthocyanins, structurally
derived from condensed tannins, and that some of those
anthocyanins can become unstable in an acid medium.
Certainly, blanching, addition of ascorbic acid, and solar
dehydration are alternatives to stabilize acai fruit but they may
decrease antioxidant capacity. Other authors (10,11,33) have
calculated and discussed the correlation between polyphenols
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and other flavonoid compounds with the antioxidant capacity
of several vegetables. According to Anagnostopoulou et al.
(34), the correlation between polyphenols of the extract of
sweet oranges (Citrus sinensis) and the antioxidant capacity
measured with DPPH gave r2=0.4253, while Park et al. (29)
reported a lineal (r2=0.9951) and significant correlation
between the antioxidant capacity and the phenolic compounds
in dehydrated Manilkra sapota. This analysis suggest inferring
that anthocyanins and tannins are the main polyphenols
responsible for the antioxidant capacity of the acai flour, due
to the highest correlation presented in this study.

CONCLUSION

Acai or manaca, fruit of the Amazon with nutritional and
antioxidant properties but with a high microbial load can be
transformed by a technology accessible to etnic groups of the
area into stable and safety flour that can be used as ingredient
for prepare dishes and beverages. Therefore, diversification
of diet of etnics groups of the area would be achieved and
they could take full advantage of the acai properties, not only
the nutritional ones, but also as a functional food.
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