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Abstract

Several species of Arecaceae are widely distributed in tropical regions and are economically important as a source of veg-
etable oil and bioactive nutrients beneficial to health and human nutrition. In this work, the physical and chemical charac-
teristics of the oils and fruits from Syagrus romanzoffiana, Attalea phalerata, Mauritia flexuosa and for the first time for
Attalea dubia (Mart.) Burret were determined. All fruits were dimensioned according to the biometric analysis (size and
mass). Nutritional analysis showed high levels of lipids, proteins, sugars and fibers, as well as Ca, Mg, K, Cu, Mn, Fe and
Zn minerals. The composition of fatty acids showed the predominance of short and unsaturated fatty acids carbon chain. All
fruits presented high content of polyphenols and carotenoids (except for S. romanzoffiana). Moreover, all fruits demonstrate
antioxidant activity by direct capture of free radicals ABTS and DPPH. Finally, our results demonstrate that these fruits
have a relevant concentration of nutrients and bioactive compounds with importance for human health. Such data open up
promising prospects for the scientific exploration and use of these fruits as an alternative source to combat malnutrition as
well as to compose formulations of food products with functional properties. Finally, our results demonstrate that these fruits
present a relevant concentration of nutrients and bioactive compounds with importance for human health, with promising
perspectives for the scientific exploration and use of these fruits as an alternative source to avoid malnutrition as well as to
compose formulations of food products with functional properties.
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Introduction

Vegetable oils have been traditionally used by various cul-
tures as food source, alternative medicine, cosmetic, and
more recently in the chemical industry and as biofuels [1-3].
In South America, mainly in Brazil, there is a wide diver-

P4 Fernando Freitas de Lima sity of oleaginous species (native to different biomes, such
fifernando_@hotmail.com as Amazon, Cerrado, Pantanal, others) and this area offers
immense opportunities to increase agricultural production
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Dourados, Rodovia Dourados-Itahum, Km 12, PO Box 533, [4]. In the Cerrado region, which covers a large extent of the
Dourados CEP 79804-970, Brazil Brazilian territory, it is possible to find some species belong-
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University of Grande Dourados, Dourados, MS, Brazil the scientific community, for example, Syagrus romanzof-
3 Course of Chemistry, University of Mato Grosso do Sul, fiana (jeriva), Attalea dubia (Mart.) Burret (indaia), Attalea
Dourados, MS, Brazil phalerata (bacuri) and Mauritia flexuosa (buriti), described
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@ Springer


http://orcid.org/0000-0001-5889-8165
http://crossmark.crossref.org/dialog/?doi=10.1007/s11694-018-9742-3&domain=pdf

Nutritional and chemical characterizations of fruits obtained from Syagrus romanzoffiana,... 1285

Moreover, it has recently been shown that the fruits of Are-
caceae present important biological activities such as anti-
inflammatory properties (pulp oil from Attalea phalerata),
hypoglycemic effect (Syagrus romazoffiana) [10], phtopro-
tective and neuroprotector effects (Mauritia flexuosa) [11].
These fruits are traditionally used in folk medicine, for
example, the pulp oil of Attalea phalerata that is used as a
hair tonic, anti-dandruff and pulmonary congestion, without
cytotoxic effect [12]. The oil extracted from Mauritia flexu-
osa fruits is popularly used against burns and as a potent
vermifuge and the fruits are used for the control of choles-
terol, diabetes and inflammation. However, no data regard-
ing the nutritional composition and the potential antioxidant
action of Artalea dubia (Mart.) Burret fruits was found in
the literature.

Fruits and kernels, in general, are known as good sources
of dietary fiber, minerals, vitamins, and bioactive com-
pounds [13]. The benefits derived from the consumption of
these foods are diverse, and are widely highlighted in the
literature [14, 15]. The species belonging to the Arecaceae
family produce edible fruits, such as coconuts, which have a
yellow/orange color pulp and kernels surrounded by a rigid
endocarp. Arecaceae fruits are usually eaten raw (especially
kernels) or as ice cream and juices (pulp mainly). Studies
have shown that species belonging to the Arecaceae family
are a rich source of bioactive compounds such as pheno-
lics and carotenoids, specifically flavonoids and p-carotene
[5-8, 16]. These compounds possess antioxidant properties
which can be beneficially used to action, for example, free
radicals, which are associated with aging and are involved
in processes that unleash degenerative diseases [14, 15, 17].
In recent years an increasing number of studies have pointed
out that there is a need to modify the eating habits of the
Western population, since it is clear that the dietary habits in
Western societies might lead to the development of obesity,
dyslipidemia, diabetes, atherosclerosis, cancer and neuro-
logical diseases [18]. In addition, the addition of fruits from
Arecaceae family into human nutrition can be beneficial in
public policies against malnutrition.

The species belonging to the Arecaceae family are cul-
tivated in tropical regions and are consumed by the local
population. This study aimed to investigate the physical and
chemical properties of these fruits in order to highlight their
high nutritional and functional potential.

Materials and methods
Chemicals
Gallic acid, Folin—Ciocalteu reagent, ABTS (2,2'-azino-

bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium
salt), DPPH (2,2-diphenyl-1-picrylhydrazyl radical), Trolox

(6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid)
and potassium persulfate (di-potassium peroxodisulfate),
were purchased from Sigma-Aldrich Chemical Company
(St. Louis, MO). All the other chemicals used were of ana-
lytical grade.

Plant material and biometrical measurements

All species were collected in Mato Grosso do Sul state,
between October and December of 2015 Syagrus roman-
zoffiana was collected in Dourados, Attalea phalerata in
Bonito and Attalea dubia and Mauritia flexuosa in Campo
Grande. All fruits were collected at harvest maturity selected
according to the size and absence of damage, washed and
then sanitized with aqueous solution of 0.66% (v/v) sodium
dichloroisocyanurate dihydrate (content of active chlorine
3%). After biometrics measurements, fruits were pealed,
pulped deseeded, and the different interested parts of these
fruits were stored at —5 °C until analysis.

The biometric characterization of fruits, besides pro-
viding taxonomic distinction between plant species, is an
important tool for commercial applications through estima-
tion of size and uniformity of samples. To determine the
biometric parameters, 100 fruits of each species were used
to limit the occurrence of the sample error and to guarantee
reliable results for the analysis. The longitudinal and trans-
versal diameters of 100 fruits were determined with the aid
of a digital caliper (Mitutoyo). The mass of the whole fruit,
peel (epicarp), pulp (mesocarp), endocarp and kernel, was
determined using an analytical balance (Shimadzu-AUY?220)
using 100 fruits of sample set.

Nutritional composition

The pulp and kernel were characterized according to their
moisture content determined by gravimetry in a greenhouse
at 105 °C until constant weight and ash content by gravim-
etry in a muffle furnace at 550 °C [19]. Fat content was
determined by Soxhlet method and carbohydrates accord-
ing to the methods previously described [19]. Crude fiber
was quantified by acid and alkaline hydrolysis, and protein
content by quantifying total nitrogen, determined by the
Micro—Kjedahl method [19].

Minerals nutrients

The mineral levels, such as macro and micro nutrients, were
evaluated according to the traditional atomic spectrometry
methodology. The samples were crushed and homogenized,
followed by organic digestion using a mixture of hydrochlo-
ric acid and hydrogen peroxide, both concentrated, at high
temperatures, solubilizing macro and microelements. The
elements (Ca, Mg, K, Cu, Mn, Fe and Zn) were quantified by
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spectrometry using an atomic absorption spectrophotometer
(Varian-AA240FS) and acetylene gas. The quantification
was performed by comparison to standard curves.

Fatty acids characterization

The pulp was previously dehydrated at 40 °C in a tray dryer
(NG Scientific) with an air flow of 0.5 ms™' for 72 h. Oil
extraction was performed using Soxhlet method with hex-
ane solvent [20]. Fatty acid characterization was performed
by the trans methylation, using an ammonium chloride
and sulfuric acid solution in methanol as esterifying agent.
The treated samples were analyzed by gas chromatography
(Agilent HP-6890), equipped with automatic sampler (HP-
7683); split injector, 75:1 ratio; CP-SIL 88 capillary column
(100 m x 0.25 mm i.d., 0.20 mm of film); and flame ioniza-
tion detector (FID). The chromatographic conditions were
performed according to Fernandes et al. with adaptations:
initial temperature 120 °C/2 min, heating from 120 to 220 °C
on a gradient rate of 2.2 °C/min and from 220 to 270 °C on
a gradient rate of 2.0 °C/min; hydrogen carrier gas (flow
rate of 1 mL/min); make-up gas, nitrogen at 30 mL/min;
temperature detector, 270 °C; injection volume of 1 pL [21].
The identification of fatty acids was performed by compar-
ing the standard retention time of fatty acids with those of
the sample.

The detection limit was determined by injecting (n=35)
solutions of fatty acids of known concentration (0.1-100 pg/
mL) and then decreasing the concentrations of the standards
until detection of a peak with a signal/noise ratio of 3. The
corresponding concentration was considered the minimal
detectable concentration. The quantification limit was deter-
mined by performing the same methodology and, thus, the
quantification limit was defined as the peak having a signal/
noise ratio of 10.

The content estimation of the fatty acids (1-50 ug/mL) in
the samples was performed by external calibration. Speci-
mens with an analytic concentration exceeding the analyti-
cal curve were reassayed upon appropriate dilution of the
samples. The results were expressed in g/100 g of sample.

The extraction efficiency was determined by analyzing
aliquots of samples spiked with standards in the concentra-
tion of 20 pug/mL. The spiked samples were submitted to the
same procedure as described in extraction of samples.

Total polyphenols and carotenoids

Total polyphenol content was determined according to the
spectrophotometric method proposed by Folin—Ciocalteu,
using gallic acid as standard. First, a solution was prepared
(10 g sample + 50 mL acetone/water 70% v/v). Then, 0.5 mL
of the solution was diluted in 2.5 mL of the Folin—Ciocal-
teu’s reagent 10% v/v (diluted in water), and then 2.0 mL
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of sodium carbonate aqueous solution (7.5% v/v) was
added. This solution was incubated in water bath at 50 °C
for 15 min, and then cooled down using an ice bath. The
absorbance readings at 760 nm were performed in a bench
spectrophotometer (Varian Cary 50). The total carotenoids
content was determined used 2.5 g of sample was macer-
ated using acetone at 10 °C, it was added until extracting all
the pigment, and then the mixture was vacuum filtered. The
mixture was collected and transferred to a separatory funnel
containing 40 mL of petroleum ether. After, the mixture was
slowly washed with distilled water until complete removal
of the acetone. Finally, the material was transferred into a
volumetric flask and the volume completed with petroleum
ether to final volume of 50 mL, and readings of absorbance
at 450 nm were made in a bench spectrophotometer (Varian
Cary 50).

Antioxidant activity by DPPH method

The DPPH radical-scavenging activities of oils were deter-
mined according to the method previously proposed by
Brand-Wiliams et al. [22]. A volume of 0.5 mL of each sam-
ple was diluted in 0.5 mL of DPPH solution at 0.04 mmol/L
and 1.5 mL of ethanol. The mixture was shaken and kept at
room temperature e.g. 25 °C for 10 min. Antioxidant activ-
ity was measured by recording the absorbance intensity at
517 nm using a spectrophotometer (Varian Cary50), and
ethanol was used as the blank.

Antioxidant activity by ABTS method

The ability of the oils to eliminate the ABTS free radicals
was determined according to the conventional methodol-
ogy proposed by Rufino et al. [23]. A standard curve was
prepared using Trolox (6-Hydroxy-2,5,7,8-tetramethylchro-
mane-2-carboxylic acid) in different concentrations (100,
500, 1000, 1500 and 2000 pumol/L). Reaction solutions,
containing 30 pL of the oil and 3 mL of reagent (potassium
persulfate at 2.45 mmol/L with ABTS at 7 mmol/L), were
incubated at 30 °C for 6 min, and then the absorbance at
734 nm was read. The inhibition concentration was based
on the Trolox standard curve and the results were expressed
in pmol/L Trolox/g oil.

Statistical analyses

The results were expressed as mean + standard deviation
(SD). One-way ANOVA followed by the Tukey test was
performed using GraphPad Prism (Version 6.0 - GraphPad
Software, San Diego, CA) in order to evaluate possible dif-
ferences between groups.
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Results and discussion
Physical characterization of fruits

The biometric characteristics, dimensions and masses of
parts of the fruits of S. romanzoffiana, A. dubia, A. phaler-
ata and M. flexuosa are presented in Table 1. The fruit of
A. dubia was the one that presented the largest transverse
diameter (56.03 mm), followed by fruits of M. flexuosa
(36.32 mm) and A. phalerata (30.65 mm), the lowest value
was observed for S. romanzoffiana (28.21 mm). In terms of
longitudinal diameter, the highest value was observed for
A. dubia (63.65 mm), followed by A. phalerata (59.25 mm)
and M. flexuosa (51.60 mm), and the smallest longitudinal

diameter observed for S. romanzoffiana (24.27 mm). In sum-
mary, S. romanzoffiana is approximately spherical fruits,
with great elongation (oval shape) for A. phalerata, A. dubia
and M. flexuosa.

The comparison (dimensional and weight) can be easily
visualized in Figs. 1 and 2. Figure 1 shows the shape of the
fruits for each oleaginous species. The general form of the
fruits is an oval geometry, with S. romanzoffiana more flat-
tened and the others elongate. The smallest fruits are from S.
romanzoffiana and the largest from A. dubia. It is interesting
to note that the growth occurs mainly in the longitudinal axis
compared to the transversal axis. This should be an easy
criterion to identify the oleaginous species in function of the
fruit, or to identify the origin of an unknown fruit.

Table 1 Biometric

o . Biometric parameter S. romanzoffiana A. dubia A. phalerata M. flexuosa
characteristics of the fruits from
Arecaceae Transversal diameter (mm) 28.21+1.15* 56.03+6.22° 30.65+1.36% 36.32+2.60*
Longitudinal diameter (mm) 24.27 +£1.40* 63.65+5.32° 59.25+1.42% 51.60+1.83*
Whole fruit (g) 10.55+1.06* 98.20+3.58° 39.00+3.76¢ 55.75+ 1.40¢
Peel (g) * 27.30+2.20* 8.39+1.44° 1436 +1.12°
27.80% 21.51% 25.76%
Pulp (g) 6.97+£0.9%2 12.70+1.03* 9.07 +£2.33* 14.73 £0.50%*
66.07% 12.93% 23.26% 26.42%
Seed (g) 2.73+0.22* 57.70+2.51° 18.58 +0.34° 26.62+0.92¢
25.88% 58.76% 47.64% 47.75%
Kernel (g) 0.85+0.23 nd 2.42+0.50° nd
8.06% 6.21%

Italic values indicate percentages express a ratio of each part of the fruit to the whole fruit weight

Values are means+ SD (n=100). Mean values on the same line followed by different superscripts indicate
significant differences (p <0.05). Seed: sum of the kernel and its shell

nd not determined
*Very thin peel adhered to pulp

Fig. 1 Dimensions of the
fruits from tropical oilseeds.

a Longitudinal and transverse
correlation to different species.
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Fig.2 Mass of the fruits and the percentage contributions of the con-
stituent parts. a Mass of whole fruits and b fractioned in their specif-
ics parts. Seed: sum of the kernel and its coating peel. (Color figure
online)

Figure 2a presents the size of the fruits and the percentage
distribution in their constituent parts. The largest of the A.
dubia fruits also have larger mass, which is due to peel and
its seed. In lighter and smaller fruits (S. romanzoffiana) the
pulp represents most of the mass of the fruits and the heavier
and larger fruits (A. phalerata, A. dubia and M. flexuosa)
the seed (kernel sum and its coating shell) represents the
major part of the mass of these fruits, besides a significant
contribution of the peel.

In general, compared to the biometric values available
in the literature, the fruits of S. romanzoffiana had slightly
higher yield values when compared to those found by previ-
ous studies developed by Goudel et al. [24]. The fruits of M.
flexuosa had pulp yield higher than those found in a previous
study conducted by Barbosa et al. [25] and Carneiro et al.
[26], and values similar to those determined by Carvalho
et al. [27].

Nutritional composition

The knowledge of the nutritional characteristics of the fruits
is of great relevance for understanding the nutritional and
nutritional functions. The nutritional composition of the
fruits is presented in Table 2. In fresh fruits, the average
moisture content is between 65 and 95%, only the pulps of S.
romanzoffiana (69.62%) and M. flexuosa (73.45%) have val-
ues within this range, the other fruits presented lower values,
among which the lowest value was observed for A. dubia.
The kernels that presented the highest moisture values were
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of A. dubia (19.64%) and S. romanzoffiana (18.29%). The
content of fixed mineral residues for fruit pulp varied from
1.13% (S. romanzoffiana) to 2.91% (A. dubia), in addition,
kernels showed variations between 1.28% (A. dubia) and
1.65% (S. romanzoffiana).

In relation to the Fats value, both fruit pulps and kernels
presented high content, unlike most of the more traditional
tropical fruits. In general, the kernels of the fruits present
relative content of total fats higher than the one determined
for the pulps. Specifically, the pulp with the highest per-
centage content of fats was S. romanzoffiana (21.67%), and
lower content mainly for A. dubia (9.47%). The fruits with
the highest fat content in the kernel were those with high fat
content in the pulp S. romanzoffiana (40.68%). On the other
hand, the lowest fat contents were obtained from A. dubia
kernel (30.56%).

In general, the kernel of all fruits has a higher content
of total proteins in relation to their respective pulps. The
kernels with the highest protein content are the fruits of S.
romanzoffiana (13.53%) and A. dubia (14.77%). The protein
content in the pulps is lower for A. dubia (3.60%) and higher
for A. phalerata (5.81%). In relation to the total sugar con-
tent, it is observed that the kernels present a higher amount
of this nutritional constituent, mainly for S. romanzoffiana
(25.85% in kernel and 3.70% in pulp) and A. phalerata
(36.61% in kernel and 6.87% in pulp). It is worth noting the
high amount of sugars in both parts of the fruits of A. dubia,
above 30% in composition, in kernel (33.75%) and pulp
(32.41%). These fruits present significant amounts of fiber,
especially for A. dubia (21.72%) and S. romanzoffiana pulp
(26.94%) and lower contents for M. flexuosa (8.32%) and A.
phalerata (6.33%). In addition, the kernel of A. phalerata
was the part of the fruit with greater percentage of fibers
totaling 33.22%. Differences with values reported in previ-
ous studies might be attributed to soil, climatic conditions,
collection period and other factors [20].

The physical and chemical characterization of those fruits
is not sufficient to consider them with high nutritional value,
since the bioavailability of the nutrients is essential to deter-
mine the nutritive value of the food [28]. However, the Cer-
rado fruits, here analyzed can considerably contribute to the
recommended dietary intake, being alternative sources of
several nutrients.

Minerals content

Table 3 shows the mineral composition of fruit pulp. Among
the macronutrient elements, potassium had the highest con-
centration found in A. dubia (17.85 mg/g) and S. romanzof-
fiana (14.60 mg/g) pulps. It is interesting to observe that A.
dubia, despite having high levels of potassium, has low con-
tents of calcium and magnesium compared to other oilseeds.
The fruits from A. phalerata were the only ones to present



Nutritional and chemical characterizations of fruits obtained from Syagrus romanzoffiana,... 1289
Table 2 Nutritional composition of the fruits from Arecaceae. (Color table online)
Nutritional parameter (%) S. romanzoffiana A. dubia A. phalerata M. flexuosa
Moisture
Pulp 69.62+1.97* 51.61+2.22° 57.91+1.90° 73.45+0.43%
Kernel 18.29+0.01* 19.64 + 1.44* 15.41+£047%¢
Fixed mineral residue
Pulp 1.13+£0.13* 2.91+0.02° 1.78 +£0.16° 1.41+0.15%¢
Kernel 1.65+0.08* 1.28+0.47° 1.33+0.06
Total fats
Pulp 21.67+0.10* 9.47+0.59° 16.41+0.23¢ 13.75+0.56
Kernel 40.68 +2.21* 30.56+1.15° 36.01 +1.30%°
Total proteins
Pulp 3.88+0.57 3.60+0.23 5.81+0.50° 4.30+0.09*°
Kernel 13.53+0.96* 14.77£0.51* 8.95+1.31°
Total sugars
Pulp 3.70+0.69° 32.41+0.76° 6.87+1.23% 3.08 +£0.66*
Kernel 25.85+0.81° 33.75+0.89° 36.61+1.12¢°
Total fiber
Pulp 26.94+1.42° 21.72+3.18" 6.33+0.95° 8.32+1.25°
Kernel 12.33+1.86* 14.77+0.51% 33.22+1.20°
Summary diagram
Pulp
)

Kernel

—%

Values are means +SD (n=3). Mean values on the same line followed by different superscripts indicate significant differences (p <0.05). Sum-
mary diagram legend: black (moist); red (fixed mineral residue); green (total fats); blue (total proteins); cyan (total sugars); magenta (total fiber)

Table 3 Mineral contents in the
pulp of Arecaceae fruits

considerable amounts such as copper, manganese, iron and
zinc micronutrients. Fruits from M. flexuosa presented high
levels of manganese, a very important micronutrient in the
formation of bones and an enzyme involved in amino acid,
cholesterol and carbohydrate metabolism [29]. However,

Fruits S. romanzoffiana A. dubia A. phalerata M. flexuosa
Minerals
Macronutrients
Calcium (mg/g) 1.36 +0.03 0.41+0.02° 1.02 +0.06° 3.11+0.05¢
Magnesium (mg/g) 1.40+0.03* 0.69+0.02° 1.13+0.03¢ 1.27+0.09*¢
Potassium (mg/g) 14.60+0.56 17.85+0.37 <LQ <LQ
Micronutrients
Copper (ug/g) <LQ <LQ 3.02+0.17 <LQ

Values are means +SD (n=3). Mean values on the same line followed by different superscripts indicate
significant differences (p <0.05). LQ limit of quantification: Zn 0.03 pg/g, Cu 0.09 pg/g, Fe 0.01 pg/g, K

0.1 mg/g

such fruit is poor in cooper and iron. A similar profile was
found in fruits from Acrocomia aculeate [30-32].

Our results reinforce previous studies that mention
Cerrado fruits as nutritional source of minerals, both for
traditional feeding and for the control of malnutrition, for
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example, that affects needy populations in tropical regions
[33]. Fruit pulps can be considered as a source of miner-
als, since they present significant levels of some macro and
micronutrients such as potassium, copper, iron and manga-
nese. Such chemical elements participate in important cellu-
lar regulatory pathways and in the structural construction of
proteins [34], which highlights the importance of ingestion
of these micronutrients. On the other hand, mineral defi-
ciency has been pointed out as favorable causes for several
chronic diseases, such as cancer and obesity [35, 36]. It is
known that the main cellular electrolytes in the human body
are sodium, potassium, magnesium, phosphate and calcium
in less amount, which are easily supplied by fruit intake
as well as the intake of milk and its derivatives [37]. The
Arecaceae family, which was investigated in this study, pro-
vides an alternative source of micro and macro nutrients.
These results show how the consumption of these oleagi-
nous plants could help to prevent degenerative diseases and
malnutrition.

Fatty acids composition

The calibration curves were determined by linear regres-
sion with coefficients of determination between 0.9992
and 0.9996 for fatty acids. Recovery results were between
94.06 and 97.93% showing that the procedure employed was
efficient with a relative standard deviation lower than +5.
The detection limits were 5.0-8.5 ug/mL and quantification
limits were 16.7-28.3 pg/mL for fatty acids (Table 4). The
efficiency of each analytical procedure was evaluated by cal-
culating the recovery values. Recovery results were between
91.17 and 94.62%, showing that the procedure employed
was efficient in the extraction.

The fatty acids found in the pulp oil of four species of
Arecaceae fruits are shown in Table 5. The oils are com-
posed of saturated fatty acids (values ranging from 17.87 to
33.76%) and unsaturated fatty acids (values ranging from
66.02 to 81.26%). The content of saturated fatty acids is
higher in fruits of A. phalerata (33.76%), followed by A.
dubia (30.35%) while M. flexuosa fruits (17.87%) showed
the lowest content. The palmitic acid is the most abundant
saturated fatty acid in the pulp of all fruits, with contents
varying from 16.12% (M. flexuosa) to 26.55% (A. dubia).
All fruits presented significant levels of stearic acid (C18:0),
contents > 1%. It is intereseting to observe that significant
amounts of lauric acid (C12:0) and myristic acid (C14:0)
were found in A. phalerata, 4.88 and 4.15% of each fatty
acid, respectively. Long chain saturated acids are only
observed in small amounts in S. romanzoffiana, behenic acid
(C22:0) 0.78% and lignoceric acid (C24:0) 1.15%.

The content of unsaturated fatty acids is higher in the
fruits of M. flexuosa (81.26%), with lower contents for A.
dubia (69.19%) and A. phalerata (66.02%). The fruits of
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Table 4 LOD and LOQ of the fatty acids

Free fatty acids LOD (ug/mL) LOQ (ug/mL)
Caproic (C6:0) 5.0+0.1 16.7+0.2
Caprylic (C8:0) 5.7+0.1 19.0+0.1
Capric (C10:0) 5.0£0.1 16.7+0.3
Lauric (C12:0) 5.0+0.1 16.7+0.2
Myristic (C14:0) 5.7+0.1 19.0+0.4
Pentadecanoic (C15:0) 5.0+0.1 16.7+0.3
Palmitic (C16:0) 5.0+0.1 16.7+0.2
Palmitoleic (C16:1) 7.0+0.3 23.3+0.1
Margaric (C17:0) 5.0+0.1 16.7+0.1
Heptadecenoic (C17:1) 6.0+0.1 20.0+0.2
Stearic (C18:0) 5.0+0.1 16.7+0.4
Linoleic (C18:2) 7.0+0.2 23.3+0.3
a-linolenic (C18:3) 8.5+0.1 28.3+0.2
Arachidic (C20:0) 5.0+0.1 16.7+0.3
Gadoleic (C20:1) 6.0+0.1 20.0+0.3
Behenic (C22:0) 6.0+0.2 20.0+0.8
Lignoceric (C24:0) 7.0+0.1 23.3+0.5

Values are means +SD (n=3)
LOD limit of detection, LOQ limit of quantification

S. romanzoffiana presented saturated and unsaturated fatty
acids contents in the approximate ratio of 1/4. It is interest-
ing to observe that the pulps of all fruits presented high
content of the monounsaturated oleic fatty acid (C18:1),
with percentages above 50% for all fruits, except S. roman-
zoffiana (31.77%). However, S. romanzoffiana is the spe-
cies with the highest levels of linoleic (C18:2, 26.32%) and
alpha-linolenic (C18:3, 13.11%) polyunsaturated fatty acids.
In addition, the other species had contents around 1% of
alpha-linolenic acid. However, linoleic fatty acid can be
found in significant contents in A. dubia (9.61%) and A.
phalerata (12.71%).

Previous studies have demonstrated how unsaturated fatty
acids have physiological benefits such as to the maintenance
of the immune system in inflammatory processes [38], and
are able to perform an antimicrobial action [39]. In this
regard, it can be suggested that the consumption of the pulp
oil of Arecaceae fruits, rich in those beneficial compounds,
may play an important role in the prevention of chronic dis-
eases and in inflammatory processes. These data corroborate
with the study carried out by Hiane et al. [40] and for Coim-
bra and Jorge [41], for the Arecaceae family, where the pulps
were rich in monounsaturated fatty acids.

Several medicinal properties have been attributed to
the oils from Arecaceae, such as antibacterial, antifungal,
antiviral, antiparasitic, antioxidant, hypoglycemic, immu-
nostimulant, and hepatoprotective attributes, among others
[39]. Such properties are often correlated with the constitu-
ent fatty acids together with secondary compounds such as
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Table 5 Perceptage comp o§ition Free fatty acids saturated (%) S. romanzoffiana A. dubia A. phalerata M. flexuosa
of the fatty acids of the oil in
the fruit pulps of Arecaceae Caproic (C6:0) _ _ 0.08+0.01 _
Caprylic (C8:0) - - 0.57+0.04 -
Capric (C10:0) 0.11+0.01* 0.18+0.01* 0.63+0.05° 0.11+0.01%
Lauric (C12:0) 0.42+0.02* 0.12+0.01° 4.88+0.06° 0.11+0.014°
Myristic (C14:0) 0.45+0.01° 0.19+0.01° 4.15+0.01° 0.11+0.01¢
Pentadecanoic (C15:0) - - 0.05+0.00 -
Palmitic (C16:0) 22.47 +0.49% 26.55+0.52° 20.48 +0.0° 16.12+0.04¢
Palmitoleic (C16:1) 0.39+0.01* 0.78 +0.02%° 0.87+0.01* 0.54+0.01%¢
Margaric (C17:0) - - 0.09+0.04 -
Heptadecenoic (C17:1) - - 0.08 +0.01 -
Stearic (C18:0) 1.93+0.02* 2.48+0.13° 2.31+0.01°° 0.99+0.01¢
Total saturated 27.72 30.35 33.76 17.87
Monounsaturated
Oleic (C18:1) 31.77+0.83 57.90+1.22°  51.07+0.01°  78.48+0.91¢
Polyunsaturated
Linoleic (C18:2) 26.32 +.86% 9.61+0.16° 12.71+0.02° 1.78+0.03¢
a-linolenic (C18:3) 13.11+0.13% 0.79 +.02°¢4 0.93 +0.00° 0.78+0.01¢
Arachidic (C20:0) 0.41+£0.01* 0.57+0.03° 0.34+0.01° 0.12+0.01°¢
Gadoleic (C20:1) 0.33+0.01* 0.11+0.01° 0.36 +0.02*¢ 0.28+0.01*
Behenic (C22:0) 0.78 +0.02? 0.12+0.01° 0.18+0.01%¢ 0.20+0.01¢
Lignoceric (C24:0) 1.15+0.48* 0.15+0.01* 0.22+0.04* 0.11+0.01*
Total polyunsaturated 39.43 10.40 13.64 2.56
Total unsaturated 71.92 69.19 66.02 81.86

Values are means +SD (n=3). Mean values on the same line followed by different superscripts indicate

significant differences (p <0.05)

polyphenols and carotenoids [42, 43]. A number of specific
examples of biological activity associated with fatty acids
can be mention such as the reduction in blood pressure
observed with oleic acid, and the role of docosahexaenoic
acid and eicosapentaenoic acid in the prevention of cardio-
vascular disease and cancer [44]. The beneficial effects asso-
ciated with unsaturated fatty acids of plant origin motivate
researchers to seek new sources of these biomolecules. As
demonstrated by the present and also other studies, a great
number of native species of tropical regions are rich in ben-
eficial fatty acids, therefore their nutraceutical potential can
be further explored.

The health benefits of Arecaceae oil include reducing the
risk of arterial thrombosis and atherosclerosis, inhibiting of
endocrine cholesterol biosynthesis, platelet aggregation and
lowering blood pressure [43]. Specifically, fatty acids have
been associated with benefits in coronary disease, especially
polyunsaturated fatty acids [45—47].

Polyphenols, carotenoids and antioxidant activities
The content of total polyphenols in fruit pulps, shown in

Table 6, is 197.0, 1092.0, 783.0 and 484.0 mg of GAE/100 g
in the pulps of S. romanzoffiana, A. dubia, A. phalerata and

M. flexuosa, respectively. In a previous work, Rufino et al.
[23] found total polyphenol values of 755 mg GAE/100 g
of pulp of jucara (Euterpe edulis), 454 mg GAE/100 g of
acai pulp (Euterpe oleracea) and 338 mg GAE/100 g of
carnauba pulp (Copernicia prunifera), all of them belong-
ing to the same Arecaceae family. These values are similar
to those described in this paper, except for S. romanzoffi-
ana, which has relatively low polyphenol content (197.0 mg
GAE/100 g). It is worth noting that polyphenols are often
associated with health promotion and prevention of diseases
related to acute inflammation, cell differentiation, inactiva-
tion of pro-carcinogens, maintenance of DNA, protection
against N-nitrosamines formation, estrogen metabolism, in
addition to the well-known antioxidant effect due to their
ability to neutralize free radicals [48, 49].

The analysis of the total carotenoid content in the fruit
pulp varied widely, ranging from 1.12 to 636.79 ug/g,
depending on the oil content, and the fruits of M. flexu-
osa presented the highest concentrations of carotenoids.
This property must be correlated with the fact that this
fruit is one of the major sources of provitamin A. On the
other hand, the lowest levels were found in S. romanzoffi-
ana. However, in general, fruits from Arecaceae are good
sources of carotenoids. Regarding the biological effects
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Table 6 Content of polyphenols
compounds, carotenoids and
antioxidant activities of pulps

Arecaceae fruits

Antioxidants compounds/activities

Total polyphenols (mg

Total carotenoids

Antioxidant activities

fruits from Arecaceae GAE/100 g DW) (ug/g DW)
ABTS (umol/L of DPPH (EC50) g
Trolox/g oil) sample/g DPPH
S. romanzoffiana 197.0+0.10° 1.12+0.02° 2.86+0.537 45.81+1.03
A. dubia 1092.0+1.80° 46.77 +0.16 45.36+2.62° 1.30+0.02°¢
A. phalerata 783.0+0.90° 150.12+0.11° 6.70£0.019 33.24+0.01°
M. flexuosa 484.0+1.60¢ 636.79+9.51¢ 13.02+1.15¢ 1.86+0.08¢

Values represent the mean+SD (n=3). The mean values within the same column followed by different
superscripted letters indicate significant differences (p <0.05)

GAE galic acid equivalent, DW dry weight

of carotenoids, these are considered as potent agents
in reducing the risk of cancer, inflammation and in the
treatment of atherosclerosis. These physiological activi-
ties have been attributed to their antioxidant properties,
specifically, to the ability to sequester singlet oxygen and
interact with free radicals [50, 51].

Free radical sequestration methods DPPH and ABTS
can be used to evaluate the antioxidant activity of spe-
cific compounds or an extract/oil in a short period of
time [52, 53]. The potential of the different samples to
sequester free radicals was expressed as the final extract
concentration required to inhibit the 50% oxidation (ECs)
of the DPPH radical. For the radical ABTS the values
are expressed as the antioxidant capacity equivalent to
1 pymol/L of Trolox. The values obtained by the ABTS
and DPPH methods indicate that A. dubia has the highest
antioxidant activity (45.36 pmol/L of Trolox/g oil and
1.30 g sample/g DPPH) whereas S. romanzoffiana has
the lowest antioxidant activity (2.86 umol/L of Trolox/g
oil and 45.81 g sample/g DPPH). Such result may be
associated with its low polyphenols and carotenoids con-
tents. Concerning the antioxidant activity of the other
three species, they show intermediate values, M. flexuosa
and A. phalerata (values from 6.70 to 13.02 pumol/L of
Trolox/g oil). In general, the greatest antioxidant activi-
ties were found for A. dubia and M. flexuosa, which can
be explained by the higher content of polyphenols content
in the fruits of both species.

Bioactive components such as total polyphenols (phe-
nolic and flavonoids) and carotenoids are important anti-
oxidants which prevent chronic diseases [54]. There is a
strong correlation between polyphenols and carotenoids
content with antioxidant activity and pharmacological
properties. As recently noticed, antioxidant activities and
beneficial properties attributed to phenolic and carotenoid
compounds may be due to a synergic action of various
compounds present in different parts of the tropical fruits
[55-57].

@ Springer

Conclusions

In conclusion, the results demonstrate that the fruits from
Syagrus romanzoffiana, Attalea dubia, Attalea phalerata
and Mauritia flexuosa (Arecaceae) present a rich and varied
nutritional and mineral composition (Ca, Mg, K, Cu, Mn, Fe
and Zn), where Mn was the major mineral among the evalu-
ated ones. Moreover, fruit pulps have high concentrations of
fatty acids important for health, such as oleic, linoleic and
a-linolenic acids. Additionally, it was found that all fruits
have high antioxidant activity, which is possibly related to
the polyphenols and carotenoids contents. A general analysis
of the results shows that these fruits are excellent sources
of nutritional and bioactive compounds, indispensable for
human nutrition. Therefore, it is suggested that the multi-
mixture of these fruits can be used as an alternative source
to avoid malnutrition as well as to compose formulations of
food products with functional properties.
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