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Abstract: Antioxidants present in many fruit residues can play an essential role in the
prevention of diseases. The aim of this study was to determine nutritional and mineral
composition, fatty acids profile, anti-nutrients, bioactive compounds, antioxidant
activity and technological properties of flour from residues generated by umbu fruit
processing. Nutritional composition showed high levels of dietary fiber, especially
insoluble fiber (56.67%). The flour can be classified as a good source of calcium,
phosphorus and magnesium, and an excellent source of iron, zinc and copper. Palmitic
and stearic saturated fatty acids and oleic and linoleic unsaturated fatty acids were
identified. No potentially toxic substances were detected. Significant values of ascorbic
acid (44.78 mg/100g), carotenoids (463.73 pg/100g) and flavonoids (37.85 mg QE/100g)
were found, as well as very high levels of phenolic compounds (20357.26 mg GAE/100g).
Strong antioxidant activity was detected in the flour by three methods (ABTS, DPPH
and FRAP) demonstrating a linear positive correlation between phenolic content and
antioxidant activity. The flour showed high absorption of water, oil, emulsifying capacity
and emulsion stability presenting a great potential for use in foods, especially meat,
bakery and dairy products. These results indicate promising prospects to full use of
umbu as a functional ingredient.
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national territory, within its diverse ecosystems.
According to the study by the National Supply

Caatinga is an exclusively Brazilian biome
that occupies 11% of the national territory. It
encompasses the states of Alagoas, Bahia, Ceara,
Maranhao, Pernambuco, Paraiba, Rio Grande do
Norte, Piaui, Sergipe and northern Minas Gerais.
Rich in biodiversity, the caatinga has potential
for the conservation of environmental services,
sustainable use and bioprospectingwhich, if well
explored, will be decisive for the development
of the region and the country (MMA 2020). Brazil
has low commercialization of native products,
even though they are present throughout the

Company (Conab 2019), the failures in this market
occur mainly due to the lack of information in
the sector, or not very accurate. Many of the
native or non-native fruit species are part of
the food diversity in several local communities,
however, few scientific studies are available on
the nutritional importance, among these the
Umbu fruit.

Umbu (Spondias tuberosa Arr. Cam.) is an
endemic tropical fruit from semi-arid region of
Northeast Brazil. It is a small fruit with yellowish-
green color when ripe, refreshing and acidic
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flavor, velvety texture, rich in vitamin C and
bioactive compounds. In general, it is consumed
and commercialized in natura, as frozen pulp,
juice, ice cream, sweets, jelly or as the traditional
“umbuzada” (fruit pulp cooked with milk and
sugar). Popularly known as “umbuzeiro” or
“Imbuzeiro”, umbu tree presents an important
role in local economy, mainly during dry season,
since it's an alternative income source for the
population which survives from umbu extractive
practice. The process of harvesting is also a
cultural one, since this tradition is handed down
from generation to generation (Batista et al.
2015).
Umbuisaclimactericfruit of fast seasonality,
whose period of harvest is from December to
March. In this period, local population takes
advantage of umbu fruit availability for its
commercialization in street fairs, supermarkets,
and on roadsides. Data on umbu extraction
in Brazil showed that production grew 8% in
2015 over 2014, and in 2016 grew 12.6% over
2015. However, the development of this activity
between 1990 and 2016 indicated a loss of
almost 60% of the volume produced, from a
level of approximately 20 thousand tons to 8
thousand tons/year (Conab 2017). Some factors
corroborate for this; such as great loss during
production peak due to high perishability
(post-harvest life is only three days) associated
with the absence of adequate crop and post-
harvest infrastructure, as well as small umbu
commercial exploitation (Moura et al. 2013).
However, the most recent data showed that 7,465
tons of umbu were produced in 2017 in Brazil,
74% (that is, 5,508 tons) in Bahia. The forecast for
the 2018/2019 harvest was the highest of the last
three years, in an amount that can reach 80 tons
harvested between December / 2018 and April
/ 2019. This makes umbu, a symbol of Caatinga
fruits, one of the top ten in the list of main food
products from national plant extraction (PNUD
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2019). This might make production cease to be
interesting or render vulnerable the species
natural environment.

In this sense, there is a need to adapt
conventional technologies and develop
new technologies for umbu processing to
promote a more profitable and sustainable
use. Industrialization adds economic value,
minimizes production losses and meets the
consumer market demands. Although umbu is
already partially benefited on a small scale by
cooperatives, it is not a properly characterized
fruit yet, especially as regards to its potential for
industrialization. In these processing units, in
the period when a large production occurs, the
fruits are cooked and hot-filled in hermetical
recipients. This process guarantees long shelf
life during storage at room temperature. Thus,
products derived from umbu, as jellies and
sweets, continue to be manufactured and
marketed during off-season. However, research
carried out in umbu processing units evidenced
that there is no use of its residues, which are
simply discarded (Batista et al. 2015). Literature
studies were not found on residues from umbu
processing.

Banerjee et al. (2017) points out that fruit
industrialization generates a large amount of
waste, about 20% to 50%, consisting of peel,
seeds and bagasse. In general, waste is destined
for animal feed or fertilizer; however, most of it
is still disposed of without treatment, causing
potential problems of environmental pollution
and economic loss, as they represent losses
of raw material and energy. However, several
studies have shown that fruit residues contain
vitamins, minerals, fibers and antioxidant
compounds in their composition and this
content may be higher than that of the fruit
edible portion (Jacometti et al. 2015, Ledo et al.
2017, Sereno et al. 2018, Silva et al. 2014).
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Among the technologies used for agro-
industrial waste utilization, dehydration to
obtain flours shows some advantages, such
as increase in shelf life and safety due to
reduction of free water, facility to store at
room temperature, reduction of volume and
costs with transport and packaging and it is a
relatively inexpensive process. Simultaneously,
this process concentrates content of nutrients
and bioactive compounds in the final product
(Ledo et al. 2017). Flour manufacturing process
convenience and low cost can make possible to
increase family incomes of those who survive
from umbu extraction due to its greater added
value and diversity of application. Flours
can be used for nutritional supplementation,
enrichment, preservation, and partial or total
replacement of ingredients in food products,
which depends on its chemical composition and
technological properties (Martins et al. 2017).
Flour from fruit residues can be commercially
viableand emerge asan efficient strategy for food
integral use, taking advantage of its nutritional
properties, as well as waste reduction.

Taking into account the potential of fruit
residues, the aim of this study was to obtain
flour from residues generated by umbu
processing and determine nutritional and
mineral composition, fatty acid profile, anti-
nutrients, bioactive compounds, antioxidant
activity and technological properties, with the
purpose to explore its potential use as a new
functional ingredient in food products.

MATERIALS AND METHODS

Flour preparation

Umbu fruits (50 kg) were obtained in Campina
Grande, Paraiba, Brazil and selected by skin color
(partially dark green) and firm consistency pulp
(half-ripe stage). The fruits were sanitized with
200 mg/L sodium hypochlorite for 15 min and
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boiled until presented skin cracks and brownish
coloration (about 8-10 min). They were pulping
through a sieve (10 mesh) and the residues
(skin and seeds) were dried in a dryer with
forced air circulation at 60 * 2°C until constant
weight. Dried residues were ground in a knife
mill (Marconi, model MA340) coupled with a 20-
mesh sieve. The flour obtained was hermetically
packaged in placed in zipped bags (Royal Pack,
Brazil) and stored at 25 + 2°C. The Yield of the
flour was calculated by dividing the final mass of
product by the initial raw material and express
as % w/w. A sieve shaker (Produtest”) was used
to determine flour particle size, according to
NBR 7217 (ABNT 1987). A 100 g-portion of flour
was sieved for 15 min, using a set of five round
sieves, openings 10, 20, 30, 50 and 60-mesh. The
contents retained in each sieve were weighed
and expressed in retention percentages.

Proximate, physicochemical analysis and
mineral composition

Moisture and fixed mineral residue were
determined by gravimetric methods (AOAC
2005). Protein content was evaluated by Kjeldahl
method, using a correction factor of 6.25, and
lipids were quantified by Soxhlet method with
petroleum ether (AOAC 2005). Total, soluble
and insoluble dietary fibers were determined
by enzymatic gravimetric method (AOAC 2005).
Energy value (kcal/100 g) was calculated by lipids,
proteins and carbohydrates multiplied by 9, 4
and 4 kcal, respectively (Atwater & Bryant 1990).
Total and reducing sugars were determined by
Lane and Eynon method (IAL 2008).

The pH was determined by potentiometer
(MicroNAL, B474) in a homogenate, prepared
with 5 g of flour and 50 mL of distilled water.
Total titratable acidity was carried out by
titration with 0.1 N NaOH, to pH 8.2-8.4 (1AL 2008).
Water activity was directly measured using a
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water activity analyzer (Labtouch-aw, Novasina,
Switzerland) at 25 + 3°C.

The minerals potassium, calcium,
phosphorus, sulfur, zinc and copper were
analyzed by energy dispersive X-ray fluorescence
(EDXRF), using X-ray fluorescence spectrometer
(EDX-720, Shimatzu). Approximately 2 g of the
sample were weighed in a specific sample port
(31 mm Closed X-Cell - SPEX) using thin film of
polypropylene (thin film for XRF, 5 p-SPEX). The
measurements were conducted in accordance
with analytical conditions as follows: camera
pressure less than 30 Pa, 15 kV voltage for
elements K, Ca, P, S, 50 kV voltage for elements
Zn and Cu, Al filter for K, Ag filter for Zn, time
100 s, except sulfur (300 s), collimator 10 mm.
The standards used were SRM 8415 (whole egg
powder), SRM 1547 (peach leaves) and SRM 1573a
(tomato leaves) obtained from Sigma-Aldrich.
Magnesium and iron were determined by atomic
absorption spectrophotometry by flame (FAAS)
(varian model GTA 110), using a calibration
curve for each mineral. Analysis was carried out
after nitric-perchloric acid digestion (4:1 v/v) in
microwave (Mars-5 CEM) at 150°C for 30 min, and
75% of maximum power (1600 W). The results
were expressed in mg/100 g.

Fatty acids profile

Lipid fraction (25 mg) was obtained by cold
extraction using chloroform, methanol, and
water (2:2:1.8, v/v/v) according to Bligh & Dyer
method (1959). The lipidic fraction obtained was
transesterified to methyl esters, using potassium
hydroxide in methanol and n-hexane, according
to AOCS Ce 2-66 method (2009). The sample
was stocked in amber glass bottle, inertized
with nitrogen gas, and stored at -18°C until the
moment of analysis. Fatty acid methyl esters
(FAMEs) obtained were analyzed, using a gas
chromatograph (Agilent Technologies, 7890A),
equipped with a flame-ionization detector (FID),
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injector split and automatic sampler. FAMEs
were separated by using a DB-5ms column (30
m length x 250 um diameter x 0.25 pm). The
column oven temperature was initially held at
150°C for 4 min, heated at 4°C/ min until 280°C
and maintained at 280°C for 5 min. Injector and
detector temperatures were 300°C. Samples of
1.0 yL were injected adopting a split ratio of
1:10. Carrier gas was helium with a flow rate of
1 mL/min. FAMEs were identified by comparing
their retention times with those of pure
FAME standards (FAME Supelco™ mix C4-C24,
Bellefonte, PA, USA), under the same operating
conditions. The results were expressed as
percentages of individual fatty acids in the lipid
fraction (w/w).

Phytochemical screening and anti-nutritional
factors

Tannins, flavones, flavonols, xanthones,
anthraquinones, steroids, triterpenoids,
depsides, depsidonas, saponins and alkaloids
were qualitatively analyzed according to Matos
(1997). Extracts of flour were prepared in
triplicate as follows: 5 g of flour were sequentially
extracted with 30 mL of acetone (80% v/v), 30
mL of ethyl alcohol (80% v/v) and 30 mL of
methanol (80% v/v). Samples were stirred for 20
min at room temperature (25°C) and centrifuged
at 15,000 rpm for 15 min after each extraction
cycle. Supernatants were combined and final
volume was increased to 100 mL with distilled
water. Extracts were stocked in amber bottles
and stored at 4°C. These analyzes consisted
of observing color changes and /or precipitate
formation in the extracts when specific reagents
were used for each compound. Tannins were
identified using 1% (w/v) alcoholic ferric chloride
solution. Flavones, Flavonoids and Xanthones
were identified changing the pH of the extracts
with HCl and NaOH. To detect anthraquinones,
toluene and 10% ammonium hydroxide were
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used. Steroids and Triterpenoids were identified
by adding chloroform and acetic anhydride
to the extracts under agitation followed by
the addition of sulfuric acid. Depsides and
Depsidones were detected by adding ethyl
ether to the extracts, followed by evaporation
and addition of methanol and 1% (w/v) ferric
chloride. Saponins were identified by foaming
after vigorous stirring of the extracts and for
alkaloids, lugol and hydrochloric acid were used.

For the quantification of nitrate, 01 g of
the flour was dispersed in 10 mL of deionized
water and submitted to a water bath at 45 ° C.
The mixture was centrifuged at 2,500 rpm for
30 min. 0.5 g of activated carbon was added,
followed by manual stirring and resting for 10
min. The extract to be analyzed was obtained
after filtration on quantitative paper with slow
filtration and nitrate was quantified by salicylic
acid method using sodium nitrate as standard
(0-960 mg/L) (Cataldo et al. 1975).

To determine the tannins, 0.2 g of the flour
was homogenized with 10 mL of methanol
on a magnetic stirrer for 20 min, followed
by centrifugation at 4,000 rpm for 20 min.
The supernatant was transferred to a 10 mL
volumetric flask and the volume completed with
methanol. The tannins contained in the extract
were analyzed by Vanillin-HCl method using
catechin as standard (0-1000 ug/mL) (Price et
al. 1980).

Trypsin inhibitors were extracted with
NaOH 0.1 mol/L in magnetic stirring for 1 h in
the ratio 1:10 (w/v) at room temperature (25°C).
After centrifugation at 6,000 rpm for 5 min, an
aliquot of the supernatant was used in the
enzyme activity assay using trypsin and BApNA
substrate (benzoyl-DL-arginine-p-nitroanilide)
(Kakade et al. 1974). For lectins analysis, the flour
(1g) was suspended in 10 mL sodium chloride
solution 0.85 g/100 mL (pH = 7.4) and stirred for
3 h at room temperature (25°C). The extract was
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then filtered and the hemagglutinating activity
determined using microtiter plates, according to
Calderon de la Barca et al. (1985).

Bioactive compounds

Total carotenoids were extracted and quantified
according to Rodriguez-Amaya & Kimura
(2004). Briefly, samples of 2 g of flour were
added to 40 mL of ice-cold acetone (5 °C) and
homogenized manually; extraction was repeated
thrice until the sample become colorless. After
vacuum filtration, the extract was placed in a
separating funnel containing 20 mL of distilled
water and 30 mL of petroleum ether. After
washing with distilled water, the extract was
filtered on filter paper with anhydrous sodium
sulfate and transferred to a 50 mL volumetric
flask, making up the volume with petroleum
ether. Total carotenoids were quantified by
spectrophotometry at 450 nm and calculated
considering an absorption coefficient of 2500,
expressed as ug/100 g flour.

Ascorbic acid was determined by method
described by Strohecker & Henning (1967).
Briefly, 5 g of flour were homogenized with 50
mL of oxalic acid (1% w/v) followed by filtering;
an aliquot of 10 mL of this filtered was diluted
in 50 mL of oxalic acid (1% w/v), and 5 mL of this
extract was titrated using 2,6-dichlorophenol
indophenol and compared to the ascorbic acid
standard titration (50 pg/mL). The results were
expressed as mg ascorbic acid/100 g flour.

In order to determine the phenolics and
flavonoids, the flour extracts were obtained
in triplicate as described in item 2.4 for the
phytochemical screening. To determine the
phenolics, the extract (20 pL) was homogenizing
with 100 pL of Folin-Ciacouteu reagent (1:10).
After 3 min, 100 uL of 7.5% (w/v) calcium
carbonate was added. After 2 h of reaction at
room temperature (25 ° C), a spectrophotometer
reading was performed at 735 nm (Singleton &
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Rossi, 1965). Gallic acid (100-1000 pg/mL) was
used as standard, and the results were expressed
as mg gallic acid equivalent (GAE)/100 g flour.
Total flavonoid content was estimated in
the extract by AICl, method (Lamaison & Carnet
1990). Each extract (100 pL) was added to equal
volumes of a solution of 2% (w/v) AICL, in
methanol. The mixture was vigorously shaken,
and absorbance was read at 420 nm after 1 h of
incubation. The results were expressed as mg
quercetin equivalent (QE)/100 g flour through
the calibration curve of quercetin (10-60 pg/mL).

In vitro antioxidant activity

In vitro antioxidant activity of the extracts was
evaluated by DPPH, ABTS and FRAP assays.
DPPH radical scavenging activity was analyzed
according to Brand-Williams et al. (1995)
using the stable radical DPPH (11-diphenyl-2-
picrylhydrazyl), with adaptations for microplate
analysis. Briefly, an aliquot of 40 pL of extract in
different concentrations (3125, 6.25 and 12.5 mg/
mL) was added into wells of microplate followed
by 250 pL of DPPH methanolic solution (0.1 mM).
The mixture was incubated at room temperature
(25°C) for 25 min in the dark. Absorbance was
measured at 517 nm, using a control solution (01
mM DPPH) and a blank (methanol). Percentage of
DPPH radical scavenging activity was calculated
using equation 1: {[(Abs . - Abs_  )/Abs |
x 100}. The amount of antioxidant required to
decrease the initial concentration of DPPH by
50% (IC.,) in a fixed reaction time was determined
by linear regression.

ABTS radical scavenging activity was
measured according to Re et al. (1999) in
different concentrations of extract (3125, 6.25
and 12.5 mg/mL). The 2,2"-azino-bis (3, ethyl
benz-thiazoline-6-sulfonic acid) radical cation
(ABTS™) was obtained by reaction of 5 mL of
7 mM ABTS solution with 88 uL of 140 mM
potassium persulphate. The mixture was kept
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in the dark for 16 h before use and then diluted
with ethanol to obtain an absorbance of 0.7 =
0.05 at 734 nm. The samples (30 pL) were mixed
with 3 mL of the ABTS radical solution and the
absorbance at 734 nm was measured after 6 min
in the dark. Percentage of ABTS radical inhibition
was calculated using equation 1, previously
described. Trolox was used as standard (250-
2000 pM) and trolox equivalent antioxidant
capacity (TEAC) was expressed as pM trolox/g
flour.

Ferric reducing antioxidant power (FRAP)
assay was carried out according to Benzie &
Strain (1999) in different concentrations of
extract (3125, 6.25 and 12.5 mg/mL). FRAP reagent
(180 pL) was mixed with the extracts (20 pL),
incubated at 37°Cfor 30 min and the absorbance
determined at 593 nm. It was prepared by mixing
10 MM 2,4,6-tris (1-pyridyl)-5-triazine in 40 mM
HClwith @20 mM FeCl, solution and 0.3 M acetate
buffer (pH 3.6) in the proportion 1:1:10 (v/v/v).
Ferrous sulfate was used as standard (250-2000
HM). The results were expressed as puM ferrous
sulfate/g flour.

Technological properties

Water absorption capacity (WAC) was determined
according to Sosulski (1962). Oil absorption
capacity (OAC) was determined according to
Lin et al. (1974) and emulsifying capacity (EC)
and emulsion stability (ES) were determined
according to Dench et al. (1981), using soybean
oil.

Statistical analysis

All the experiments were carried out in triplicate.
The values of different parameters were
expressed as mean + SD (standard deviation).
The correlation between antioxidant capacity
and phenolic compounds were determined
using Pearson’s Correlation Coefficient Test.
Significance levels were set at p < 0.05.
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RESULTS AND DISCUSSION

Flour yield and particle size

Flour yield was 1314%. This value is equivalent
to umbu fruit percentage of seeds related by
Costa et al. (2015). To extract the umbu pulp in
the industry, especially with half-ripe fruits, peel
and pulp are homogenized together, not having
influence of peel thickness on the industrial
yield, in quantitative terms (Batista et al. 2015).
So, considering the large amount of fruit in
umbu harvest period, residue exploitation, a
renewable, abundant and low-cost resource,
could be carried out by cooperatives which
process umbu, with opportunities of added
value to the fruit, developing new products as
well as reducing industrial waste.

Most flour particles (80%) were retained on
sieves sized 50 mesh (0.30 mm), classified as fine
according to Zanotto & Bellaver (1996). Particle
size affects water absorption capacity and
mixing time as well as sensory characteristics
such as appearance, taste and texture, when
incorporated into food formulations. The
results found here indicate that this product
has potential to be used in bakery products,
because of fine and uniform particles promote
greater flour dispersibility in dough (Bressiani
et al. 2017).

Physicochemical analysis

Table | shows the results for proximate
composition and physicochemical
characteristics of the flour. Moisture content
obtained (7.64 + 0.01) is in accordance with
current Brazilian legislation for edible vegetable
flours, which stipulate a maximum of 15%
(Anvisa 2005). Moisture low values, water activity,
and pH associated to high acidity indicate low
susceptibility to the growth of microorganism
(Beuchat et al. 2013, Rousk et al. 2009). These
intrinsic characteristics can confer stability and
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Table I. Physicochemical composition of umbu
(Spondias tuberosa Arr. Cam.) processing waste flour.

Components Values

Moisture (%) 7.64 + 0.01

Ash (%) 2.63 + 0.09

Lipids (%) 7.53 + 1.06

Palmitic acid (C16:0) (%) 2418 + 019
Stearic acid (C18:0) (%) 13.07 + 0.04
Oleic acid (C18:1n-9) (%) 33.31+ 013
Linoleic acid (C18:2n-6) (%) 29.44 + 0.04
Proteins (%) 5.60 + 0.12
Carbohydrate (%) 15.39 + 0.94
Total sugars (%) 1179 + 0.75
Reducing sugars (% glucose) 9.99 + 0.72
Total Dietary Fiber (%) 61.21 + 0.47
Insoluble Dietary Fiber (%) 56.67 + 0.29
Soluble Dietary Fiber (%) 454 + 018
Energy (kcal/100 g) 151.75 + 5.55
Titratable total acidity (% citric acid) 496 + 0.05
pH 319 £0.38

Water activity at 25.7 + 0.3°C 0.51 + 0.00

Data represent the mean of triplicate determinations *
standard deviation.

safety at room temperature storage and prolong
product shelf life. Similar results were observed
in acerola flour, which presented high quality
and physicochemical stability during 75 days of
storage at room temperature (Reis et al. 2017).
These results show that residue processing as
flour allows less demanding storage conditions,
allowing cooperatives with fewer infrastructures
to be suitable for this processing.

Ash refers to total mineral content of a food
and is affected by several factors, such as cultivar,
soil, weather, agricultural practices and ripeness
stage (Almeida et al. 2009). Mineral analysis
(Fig. 1a-b) showed considerable amounts of
macrominerals: potassium (924.2 + 132.0 mg/100
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g), calcium (231.7 + 26.7 mg/100 g), phosphorus
(1971 + 151 mg/100 g) and magnesium (132.6 +
42 mg/100 g), as well as microminerals: iron
(12.3 + 11 mg/100 g), zinc (3.9 + 0.3 mg/100 g)
and copper (0.88 + 01 mg/100 g) in the flour.
As compared to umbu fresh pulp evaluated by
Almeida et al. (2009), the flour presented values
up to 22% higher values in minerals analyzed.
Data in literature corroborate that fruit by-
products present higher values of minerals
than the edible part (Gondim et al. 2005, Inada
et al. 2015). In addition, process of dehydration
to obtain the flour concentrates the minerals,
which increases their amounts per serving.
Minerals are wusually divided in
macrominerals and microminerals with organic
requirements >100 mg/day and <100 mg/day,
respectively (Padovani et al. 2006). The results
obtained in relation to a flour serving (50 g)

Calcium Phosphorus Magnesium Iron
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b Figure 1. Macromineral (a)
and microminerals (b) of
umbu (Spondias tuberosa
Arr. Cam.) processing by-
product flour and covering
(%) of the Recommended
Dietary Allowances (RDA)
for an adult in a serving
(50 g) (c, d). The error bars
indicate the standard
deviation from the mean

of three determinations.
Zinc Copper

Zinc Copper

ranged from 9.8% to 17.9% for macrominerals
and 20.5% to 48.9% for microminerals (Fig. 1 c-d),
regarding percentage contributions for minerals
by Recommended Dietary Allowances (RDA).
Foods are considered “excellent” or “good”
nutrient sources when a serving can supply at
least 20 or 10-20% of the RDA, respectively (FDA
1993). Thus, the flour obtained can be classified
as a good dietary source of calcium, phosphorus
and magnesium and an excellent source of iron,
zinc and copper.

lron, for example, is an important
micronutrient that, in Brazil, has been largely
used in food fortification programs for anaemia
prevention, because one of the strategies used
to prevent iron-deficiency is increased dietary
iron intake (Wong 2017). Considering that a flour
serving (50 g) contributes with 43.9% of RDA for
iron, certainly might be a low-cost alternative to
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supplement daily of iron intake, by applying in
food fortification, especially socially vulnerable
populations.

Total lipid content found in the flour (Table
1) can be considered economically attractive for
industrial extraction, especially when compared
with other raw materials, as corn, which have
lipid content of 3.1-5.7% (White & Johnson 2003).
Studies have shown that, depending on total
lipid content and fatty acid composition, agro-
industrial residues present great potential for
extraction of good quality oil, which is rich in
bioactive compounds (phytosterols, tocopherols,
carotenoids), with good yield for food and
pharmaceutical industry and even for biofuel
production (Luzia & Jorge 2013). Oils extracted
from agro-industrial wastes have showed similar
physicochemical characteristics to conventional
edible oils (soybean, sunflower, corn), so they
can be used as a source of oil extraction for use
in food preparations (Chivandi et al. 2016).

In general, seeds are rich in unsaturated
fatty acids, particularly oleic and linoleic
(Lachman et al. 2015, Pereira et al. 2017).
Palmitic, stearic, oleic and linoleic fatty acids
were detected in flour lipid fraction. The results
showed a higher proportion of unsaturated fatty
acids (62.75%), being oleic about 12% higher than
linoleic acid (Table 1). In relation to saturated
fatty acids, palmitic acid was predominant,
followed by stearic acid. Similar results were
reported by Borges et al. (2007) in umbu seeds
from two different varieties in the unripe and
ripe stages, obtained in Petrolina, Pernambuco,
Brazil. However, they also found arachidic acid
in low values. This difference can be attributed
to temperature, humidity, soil nature and other
climatic factors prevailing in cultivation locality
(Younis et al. 2000).

Linoleic acid (cis-912-Octadecadienoic acid,
C18:2n-6) is a polyunsaturated fatty acid (PUFA)
namely “essential fatty acid”, because it cannot
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be synthesized by human body and must be
supplied exclusively by diet (Dorni et al. 2018).
Like this, intake of flour serving (50 g) contributes
with 7.58% of RDA linolenic acid. Another
advantage of the flour is polyunsaturated (PUFA)
and saturated fatty acid (SFA) ratio, of 0.79; this
parameter shows that flour lipid fraction no
confer risk for cardiovascular diseases, being
considered beneficial to health. Diets presenting
ratio <0.45 are considered undesirable, because
they may lead to increased blood cholesterol
levels (Department of Health and Social Security
1984).

In relation to technological application, fatty
acid composition of an oil or fat is important
because it is related to oxidative stability, and it
makes possible to define the main application,
in terms of nutrition and culinary, as well as
the effects on human health. In general, high
degree of fatty acid unsaturation makes it
highly susceptible to oxidative deterioration
at high temperatures (Brinkmann 2000).
Vegetable oils with high quantity of oleic acid
are more appropriate in frying processes due to
highest stability during heating and for use in
industrialized foods, which require longer shelf
life and increase palatability, such as snacks,
crackers, cereals, dried fruit and bakery products
(Luzia & Jorge 2013).

Oleic acid percentage presented in flour
lipid fraction was higher than common edible
oils used in culinary and food products, such
as soybean (21.35%), corn (24.23%), sunflower
(15.26%) and cottonseed oils (16.61%) (Zambiazi
et al. 2007). This data is interesting because
extend the applications of this raw material.
Considering that industries of edible oils
have been concentrated in vegetable oils with
high content of oleic acid, flour can be a new
source of good quality and low-cost oil, when
compared to other raw-materials. It may be used
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as edible cooking or salad oils or for margarine
manufacture.

The flour presented high content of sugars
and dietary fiber and low energy value (Table
). According to Anvisa (2012), this flour can be
considered as good source of total sugars and
with high content dietary fiber, since it provides
about 5.8 g and 30.6 g, respectively, in a serving
(50 g). Approximately 20 to 30 g of the flour (2
to 3 tablespoons) is sufficient for supplying
half the dietary fiber recommended intake
(Padovani et al. 2006). This result indicates that
the flour can be a functional ingredient due to
beneficial effects of fibers on human health. It is
relatively difficult for most people to meet daily
fiber intake requirements; one way to increase
their intake is to enrich foods with high-fiber
ingredients such as cakes, cookies and other
products. Additionally, these foods could be
considered as foods with functional claims of
promote reduce the absorption of cholesterol
and sugar, weight reduction, regulate digestion,
prevent constipation, and improve the balance
of the intestinal microflora (Dai & Chau 2017).

Phytochemical screening and anti-nutritional
factors

The results of phytochemical screening of the
flourindicated the presence of tannins, flavones,
flavonols, xanthones, depsides and depsidones.
Presence of these compounds arouses the
interest for investigations on possible biological
activities of the flour, such as antimicrobial,
anti-inflammatory and antioxidant activities
(Ksouri et al. 2013). Anthraquinones, steroids,
triterpenoids, saponins and alkaloids were not
detected. According to Clerici et al. (2011), the
absence of alkaloids ensures safe use of this
product as food ingredient.

Nitrates are naturally present in the
environment and in plants, since the plant uses
them as a source of nitrogen for their growth.
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Studies have indicated that the consumption
may be harmful to human health, causing
methahemoglobinaemia and gastric cancer
(Campanella et al. 2017). The flour presented
low value of nitrate (Table I1). An Acceptable
Daily Intake (ADI) of 0-3.7 mg/kg body weight,
equivalent to 222 mg nitrate per day for a 60
kg adult (EFSA 2008). Thus, the intake of a flour
serving (50 g) does not pose risk to health,
because it contributes with only 6.96 mg.

Tannins are water-soluble polyphenolic
compounds linked to negative effects on
nutritional properties as a result of the ability
to complex and precipitate proteins in aqueous
solutions, reducing protein and amino acid
digestibility, as well as polysaccharides and
minerals (Schofield et al. 2001). In foods, tannins
may affect food color due to enzymatic browning
reactions and decrease its palatability due to
astringency (Medel-Maraboli et al. 2017). Tannin
content of flour (Table Il) was lower than the
values reported for cereals and grain legumes,
up to 7200 mg/100 g, by Gilani et al. (2012). This
low value would not imply deleterious effects on
protein digestibility and mineral bioavailability.

Another excellent result was absence of
trypsin inhibitors and lectins in flour. Protease
inhibitors cause pancreatic hypertrophy/
hyperplasia and lectins’ ability to bind
glycoprotein receptors to epithelial cells, lining
intestinal mucosa; inhibits growth by interfering
with the absorption of nutrients (Mohan et al.
2016). These factors are thermosensitive and
may have been inactivated during thermal
processing to which umbu fruits were submitted
to obtain flour.

Bioactive compounds

Ascorbic acid is an essential water-soluble
vitamin with great reducing properties and
high antioxidant activity due to free radical
neutralization and other reactive oxygen
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Table II. Anti-nutritional factors, bioactive compounds and antioxidant activity of umbu (Spondias tuberosa Arr.

Cam.) processing waste flour.

Anti-nutritional factors

Nitrate Ascorbic acid
13.93 £ 017
(mg/100 g) (mg AA/100 g)
Tannins Carotenoids
88.52 + 0.33
(mg/100 g) (ug/100 g)
Trypsin inhibitors d Total phenolics
(mgTi/g) o (mg GAE/100 g)
Lectin nd Flavonoids
(HU/ml) o (mg QE/100 g)

Bioactive compounds

Antioxidant activity

4478 + 555 DPPH 96.92 + 0.67
R (% inhibition) M
ABTS
463.73 + 35.80 o 99.66 + 0.03
(% inhibition)
TEAC
20357.26 + 128719 4245 + 0.02
(uM trolox/g)
FRAP
37.85+ 048 137.77 + 8.44

(UM ferrous sulfate/g)

Data represent the mean of triplicate determinations * standard deviation. Tl = Trypsin inhibitors. HU = Hemagglutinating units.
GAE = Gallic acid equivalent. QE = Quercetin equivalent. AA = Ascorbic acid. TEAC = Trolox equivalent antioxidant capacity. n.d.:
Not detected. Data represent the mean of triplicate determinations * standard deviation.

species. It is considered as the nutrient quality
indicator during processing and storage due
to its susceptibility to rapid degradation
(Skrovankova et al. 2015). Fruits can be classified
according to ascorbic acid content in three
categories: low (<30 mg/100 g), medium (30 - 50
mg/100 g) and high (>50 mg/100 g) (Ramful et al.
2011). According to this classification the umbu
flour included in medium category (Table I1).
Unlike what was observed in this work, Melo &
Andrade (2010) found a high content of ascorbic
acid when evaluated half-ripe umbu dried peels
(14491 mg / 100 g). This fact could be attributed
probably to the type of by-product used, since
those authors used only skin and the flour was
obtained from the skin and seed, as well as
still the probable degradation of ascorbic acid
during umbu fruit cooking in the process of
obtaining flour. However, the value obtained in
this work is higher than the content of ascorbic
acid reported in umbu pulp (121 mg/100 g) by
Almeida et al. (2011).

Carotenoids are pigments mostly
responsible for orange, yellow or red color
of vegetables and are important vitamin A
precursors. Studies indicate that carotenoids
may prevent cardiovascular diseases due to its

strong antioxidant activity based on quenching
singlet oxygen ('0,) and free radical scavenging
(Kulczynski et al. 2017). Humans are not capable
of synthesizing carotenoids; thus, they have to be
supplied by diet. The flour presented carotenoid
content (Table I1) similar to papaya by-product
(490.29 pg/100 g dry basis) and higher than other
tropical fruits by-products, such as pineapple,
acerola, cashew fruit, guava, mango and passion
fruit (Silva et al. 2014).

Phenolic compounds are a large class
of secondary plant metabolites that play
a fundamental role defend environmental
stresses, and are important constituents of
human diet due to its antioxidant power.
The high value of total phenolic compounds
obtained in flour (Table II), is much higher than
the displays found in the literature for other fruit
by-products like for example Kinnow seed and
peel, Litchi pericarp, Grape seed and Banana
peel (Babbar et al. 2011); seeds from 11 fruits
(Chen et al. 2016) and of by-products samples
containing different sessions of 12 tropical from
brazil fruit (Silva et al. 2014). This result shows
that antioxidant compounds should be located
mainly in umbu seeds, because umbu half-ripe
dried peels showed lower values (46617 mg
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GAE/100 g) (Melo & Andrade 2010). Therefore,
the flour can be considered an excellent source
of phenolic compounds. Flavonoid content was
higher than other Brazilian exotic fruit residues,
as achachairu (215 mg QE/100 g), araca-boi (2.52
mg QE/100 g) and bacaba (10.25 mg QE/100
g) (Barros et al. 2017). This finding provides
potential applications of the flour as source for
nutraceutical supplements, dietary additives
and/or pharmaceutical products.

Bioactive compounds production is the
result of secondary metabolism of plants and
depends on genetic and, mainly, environmental
factors. The greater the exposure of the plant to
adverse conditions, such as high sun incidence,
water stress and soil poor in nutrients, the
greater the production of these compounds
(Mohan et al. 2016). This may explain the very
high levels of phenolic compounds found in the
flour, since “umbuzeiro” is considered an icon
tree by rural communities of Caatinga biome,
a Brazilian northeast semi-arid area, because
trees blossom and bear fruits during dry season,
evidencing its high resistance even with low
rainfall or irrigation (Neto et al. 2010).

Antioxidant activity

Itis known that foods rich in antioxidants play an
essential role in the prevention of diseases. The
antioxidant capacity of fruits varies according
to the contents of ascorbic acid, flavonoids,
anthocyanins, and other phenolic compounds.
In this work the flour showed a high antioxidant
activity for all methods assayed (Table Il),
similar values to that obtained in dried peels of
half-ripe and ripe umbu (Melo & Andrade 2010).
Accordingto Hassimotto etal.(2005), percentages
of DPPH and ABTS inhibition were considered
high, because they were above 70% inhibition.
Low value (3.68 + 1.71 mg/mL) of IC,, indicates a
greater ability to neutralize free radicals. TEAC
value and FRAP assay showed good free radical
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scavenging ability when compared with other
fruit by-products (Babbar et al. 2011, Chen et al.
2016, Deng et al. 2012).

Phenolic compound content showed strong
linear correlations with DPPH (r = 0.74), ABTS (r =
0.99) and FRAP (r = 0.92) assays. Literature data
reported the same type of linear correlation
between antioxidant activities and phenolic
contents in fruits (Almeida et al. 2011, Gregoris et
al. 2013). The results show phenolic compounds
as one of the main components responsible for
antioxidant activity in flour and ABTS was the
most sensitive assay in measuring antioxidant
activity of flour, followed by FRAP and DPPH.
However, other antioxidant compounds, such as
carotenoids and ascorbic acid, can contribute
through synergic and antagonist effects to
antioxidant potential, evenin low concentrations
(Rufino et al. 2010).

Antioxidant activity results indicate that
flour is a promising material for the extraction
of bioactive compounds, with the possibility of
application in food, as a natural antioxidant,
contributing to avoid oxidative reactions that
occur in food systems, especially meat and fish
products, during storage, allowing preservation
and increase of quality (Kowalska et al. 2017).
Furthermore, food, rich in bioactive compounds
and high antioxidant activity can contribute
to health-promoting and disease-preventing
(Skrovankova et al. 2015).

Technological properties

Success in the application of fruit residue flours
in food products depends on technological
properties they present. These properties
are defined as intrinsic physicochemical
characteristics of the components, generally
related to interaction with water and oil, and
can be used to predict technological impact of a
particular ingredient on a food product (Martins
et al. 2017). The result of the water absorption
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capacity of the flour presented high value of
783.33 + 28.87%; result this can be directly related
to high dietary fiber content. Fibers have high
capacity of hydration and water holding because
of the abundance of hydrophilic groups in
chemical structure, especially soluble fiber (Cui
et al. 2011). Thus, flour finds useful applications
as functional ingredients to enhance viscosity
and softness in foods, reduce the cost, prevent
water syneresis, extend shelf life, and replace
fat in bakery products, sauces, soups (creams),
desserts and dairy (Elleuch et al. 2011).

Oil absorption capacity in flour was 255.28
+ 5.65%, slightly higher value than mango seed
flour (India cultivar) (215%) and melon peel
flour (226%) (Mallek-Ayadi et al. 2017, Okpala
& Gibson-Umeh 2013). This property is due to
the presence of hydrophobic groups, which can
bind to oil, as non-polar amino acid side chains
(Chandra et al. 2015). Flour ability to absorb oil
is important in food because it favors flavor
retention and improves palatability, yield and
shelf-life extension. High value presented makes
this flour appropriate for ingredient of food
with a high percentage of fat and emulsions,
particularly in bakery or meat products (Karaman
et al. 2017). Moreover, the high value of oil
absorption capacity in flour could be exploited
as a functional ingredient to fat replacer in
meat products, such as hamburgers, with the
advantage of adding considerable amounts of
antioxidants in relation to cereals fiber (Selani
et al. 2016).

Regarding to emulsifying capacity and
emulsion stability, flour presented values of 5417
+3.61% and 49.59 £ 2.36%, respectively. Emulsifying
capacity is related to surface properties,
ability of a substance to act as an agent which
facilitates solubilization or dispersion of two
immiscible liquids. These properties are related
to proteins, since high content carbohydrate
and fiber can reduce emulsion capacity
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(Jacometti et al. 2015). Emulsifying properties are
technological functional properties, important
in food formulations, such as comminuted meat
products, mayonnaise, sauces, soups, cream
cheese, and others.

CONCLUSIONS

Umbu processing waste flour can be considered
a new ingredient of interest to food industry due
to its high nutritional content, especially dietary
fibers and minerals, absence of potentially
toxic substances, high phenolic compounds
content, stronger antioxidant activity and great
technological properties, which can be exploited
in meat, bakery and dairy products. Furthermore,
incorporation into food products can confer
reducing caloric value by replacement of
fat in elaboration of new food products, with
functional appeal. Still, the flour also could be
used for production of functional ingredients
and dietary supplements by pharmaceutical
industries.
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