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Abstract

This studyaimed to evaluate different techniques to obtain the baru water-soluble extract and characterize the most advantageous
extractin the production stage. The first part of the experiment was carried out in a factorial scheme (3 x 2) for 24 h. The almonds
were used under three physical conditions: A1) raw skin; A2) toast with film; and A3) toast without film, evaluated at two
absorption temperatures (25 and 80 °C). The almonds were assessed regarding the percentage of water absorption and water
absorption time. After weight stabilization, the extract was obtained and evaluated. The best treatment in this productive stage,
considering technological aspects, was nutritionally evaluated in macronutrients and micronutrients. The baru water-soluble
extract obtained showed characteristics similar to cow’s milk in physical terms. Regarding macronutrients, about 90% of the
product is water. The other 10%, in descending order of quantity, are lipids, proteins, carbohydrates, and mineral matter.
The mineral composition that deserves to be highlighted in the extract is copper, iron, and zinc. Therefore, it is possible to
obtain water-soluble baru extract with a good yield and good physical and nutritional aspects using roasted baru almonds

without skin.

Keywords: Cerrado fruit; seed; plants extract; vegetarian food; beverage.

Practical Application: Improving the processing of water-soluble baru extract and providing data on its composition to

the literature.

1. Introduction

Whether due to pathological causes or lifestyle changes,
specific dietary needs have challenged the food and beverage
industry to search for new ingredients and formulate products
with a health claim. Therefore, this market has driven the use of
vegetables mainly from the Amazon and Cerrado biomes, which
have good nutritional composition and findings of satisfactory
and diverse biological activity (Magalhaes et al., 2020).

Typical of the Brazilian Cerrado, the baru almond is an
example of a native Cerrado fruit with potential for agro-indus-
trial use that stands out nutritionally for its high composition
of mono and polyunsaturated fatty acids in addition to its high
protein content (up to 30%) of good quality and digestibility
and because it contains several minerals such as potassium,
magnesium, iron, and phosphorus (Reis & Schmiele, 2019;
Souza et al., 2019). The almond can be consumed fresh or roast-
ed. It is from it that the baru oil is extracted, and it is the raw
material for elaborating the water-soluble baru extract. As far
as our knowledge goes, there is no indication in the scientific
literature of commercial use of the water-soluble baru extract.

Plant extracts, such as the one mentioned above, are foods
obtained from protein parts of vegetable species and water

with an aqueous aspect, and the raw materials most used by
the industry today are soy and coconut (Nishinari et al., 2018;
Oliveira et al., 2016; Rahamat et al., 2019); alternatively, one can
also mention the use of almonds, chestnuts, and oats. Several
factors can influence the extraction process, such as the vege-
table matter used, the processing method, solvent, extraction
time, and temperature (Oliveira et al., 2016).

The use of the water-soluble extract from processing plant
species in human food as “substitutes” for animal milk can
be highlighted due to the absence of lactose. They are protein
sources, have a pleasant taste, and are rich in nutrients (Olivei-
ra et al., 2018). Given the above, this study aimed to evaluate
different techniques for obtaining the water-soluble extract
from baru almond under different physical conditions and
characterize the one that stood out as the most advantageous
in the production stage.

2. Material and methods

2.1. Obtaining the Raw Material

Baru fruits were collected in the vicinity of the IF Goiano,
Urutai Campus, Urutai City, State of Goids, Brazil (coordinates:
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17°27°51.83” Sand 48°12’12.51” W, and elevation of 779 m) and
transported to the Post-Harvest of Fruits and Vegetables Labo-
ratory on the Urutai Campus; the almonds were extracted from
the fruits using guillotine-type equipment. Based on the visual
selection, broken, chipped, and physical imperfections consid-
ered unsuitable for fresh consumption and without apparent
contamination were considered suitable for extract preparation.
These almonds were dry cleaned with a soft bristle brush and
submitted to the water absorption test.

2.2. Water absorption test and obtaining
the water-soluble baru extract

The experiment was carried out in a completely randomized
design (CRD) in a factorial scheme (3 x 2) for 24 h. The almonds
differed physically in three ways: A1) raw with skin; A2) roasted
with skin; and A3) roasted without skin, evaluated at two water
absorption temperatures, 25 (room temperature) and 80 °C (the
conventional temperature used in heat treatment of plant extracts).
It is essential to point out that the raw almond was not evaluated
without skin because removing it under these conditions is not fea-
sible because it is firmly adhered to the nut. The roasting treatment
(A2 and A3) of the almonds took place in an electric oven (Ford
brand, model F-945) where they were exposed to heat for 40 min
at a temperature of 100 °C. Later, a part of them went through the
manual friction process to remove the film (A3).

For the water absorption test, 100 g of almonds were im-
mersed in water at a ratio of 1:3 (one part almond to three parts
water) in a 500-mL Becker flask; were weighed at an interval of
1 h, until constant weight (considered after stabilizing 4 decimal
places). The entire experiment was performed in quintuplicate.
To perform the water absorption test at a temperature of 80 °C,
a water bath (Marconi brand, model MA156) was used. At 25
°C, the Becker flasks were kept in an acclimatized room at the
indicated temperature.

Each becker was considered a sampling unit, so the al-
monds were drained every hour with the aid of a stainless-steel
sieve, weighed on an analytical scale (WebLabor brand, model
M254Ai), and relocated in the same becker.

2.3. Preparation and characterization
of the water-soluble baru extract

After weight stabilization, the almonds were crushed with
boiling mineral water (100 °C) in a blender (Arno brand, model
NL-26 2V) ata ratio of 1:4 (one part almond to four parts water)
for 5 min, according to the method proposed by D’Oliveira
(2015). Then the liquid was filtered through a voile strainer.

The extract and residue weights were determined by weigh-
ing in an analytical balance (WebLabor brand, model M254Ai).
The extract yield was calculated considering the weight of the
baru almonds used and the weight of the final product obtained,
subtracting the weight of water added during processing as
described in Maia et al. (2006), using the Equation 1:

Extract weight — Weight of the added water
Inicial weight of the alomond

Yield = X 100% (1)

The nutritional composition of the extract was obtained
from the amino acid profile determination performed by the
HPLC technique according to a combination of the methodol-
ogies described by Hagen et al. (1989); Lucas and Sotelo (1980);
and White et al. (1986). The lipid profile was determined by
gas chromatography according to the Association of Analytical
Chemists (2005), method 996.06.

Moisture and crude protein were obtained according to
analytical methods 53 (loss on drying) and 45 (Dumas), respec-
tively, both from the Brazilian Compendium of Animal Feed
(2017). The ether extract was obtained by gravimetry according
to the method 12-12-05 (solvent extraction) of the American
Oil Chemists Society (AOCS, 2017). Carbohydrate was deter-
mined by the difference, including dietary fiber. The mineral
matter was quantified by atomic absorption according to the
Brazilian Compendium of Animal Feed (2017) method 40:
calcium, magnesium, sodium, potassium, copper, iron, and zinc,
whereas chromium was obtained by the same method (40) but
2013 methodology (Brazilian Compendium of Animal Feed,
2013). Phosphorus was determined by colorimetry according to
the Association of Official Analytical Chemists (2019) method
965.17 and selenium by a combination of the methods of the
Instituto Adolfo Lutz (2005) and the Association of Official
Analytical Chemists (1984), also by atomic absorption. Den-
sity was performed according to the technique of the World
Health Organization (2012) QAS/11450. Oxidative stability by
ML Oxipres version 2009.02.01 methodology (European Union,
2009). Vitamin E was assessed according to AOAC (2005) CH
45. The determination of the instrumental color was carried out
on a Minolta colorimeter, model CR-300, using the CIELAB
system. In the CIELAB colorimetric space, defined by the L*
coordinate, which corresponds to the luminosity, a* and b* refer
to the green (-) / red (+) or blue (-) chromaticity coordinates/
yellow (+), respectively.

Considering the same methods for similar analyses, the res-
idue generated in obtaining the extract, after being dehydrated
in a stove at 85 °C to a constant weight, was physiochemically
evaluated concerning its proximal composition and minerals.

2.4. Statistical analysis

To verify the difference between the treatments and the
interaction between the factors, an analysis of variance (ANO-
VA) was performed. Afterward, Tukey’s test was applied at
the 5% probability level. To verify the difference between the
temperatures, the Student’s T-test was applied at the 5% prob-
ability level. The percentage of water absorption was presented
in mean and standard deviation, as well as the composition of
macronutrients, micronutrients, and lipid profiles.

3. Results

3.1. Conditions for obtaining the extract

From the results obtained (Table 1), it was noted that the
different physical conditions of the almond and the tempera-
ture of the process were significant, and there is a significant
interaction between both factors, treatment and temperature.
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Table 1. Analysis of variance chart to compare mean water absorption in different treatments (roasted almond with skin, roasted almond wi-
thout skin, and raw almond with skin) at room temperature (25 °C) or 80 °C.

Variation sources Degrees of freedom (DF) Sum of squares (SM) Mean square (MS) Fvalue p>F
Treatment (Treat.) 2 10,364.3174 5,182.1587 1,830.5315 <0.001
Temperature (Temp.) 1 991.3973 991.3973 350.1985 <0.001
Interaction Treat. vs. Temp. 2 4,571.6021 2,285.8010 807.4301 <0.001
Error 94 266.1101 2.8310

After analyzing the effect of the treatments and temperature
alone (Table 2), the one that stood out among the treatments in
the percentage of water absorption was the raw almond with
skin, with 68%. Between temperatures, 80°C promoted better
water absorption conditions, around 60%. When combined, the
highest average for water absorption was from the raw almond
treatment with film at room temperature (CCA), approximately
76%. It was also observed that the temperature influence was
reflected in the best water absorption percentages for the other
treatments with roasted almonds.

It was observed from the analysis of the water absorption
evolution over time that the maximum time needed for these
almonds to absorb the maximum water limit under these ex-
periment conditions was 16 h. The treatment that absorbed the
greatest amount of water had the longest stabilization time (16 h)
to reach the plateau (Figure 1). On the contrary, the treatment
with a shorter stabilization time and greater water absorption
proportional to time (Table 2 and Figure 1) was the roasted
almond with a film at a temperature of 80 °C, which reached
its stabilization point at 5 h. It is also observed that the higher
absorption treatments at the beginning of the hydration process
were those heated to 80 °C. The best treatment regarding water
absorption percentage (CCA) took 11 h more to stabilize at
16% higher than the treatment of the roasted almond with a
film at 80 °C (TCQ). The treatment involving unpeeled roasted
almonds at 80 °C (TSQ) took only 1 h longer to stabilize hydra-
tion than the TCQ.

It is reported that the highest yield corresponded to the
treatment with higher water absorption (CCA) proportional
to time, as expected (Table 3). For this variable, the extracts of
roasted almonds without skin at 80 °C were better than those
with skin.

Therefore, the extract evaluated for nutritional composition
was the TSQ. For this decision, the hydration time, yield, and
visual aspects of the product were considered. The extract was
visually clearer for this treatment.

3.2. Extract features

The baru extract was liquid with a density of 0.98 g/cm’, a
viscosity of 0.912 cp at 25 °C, pH of 6.44, a soluble solids con-
tent of 4 °Brix, coloration with average values for lightness of
61.12, and a* and b* parameters of 7.60 and 19.57, respectively.
The oxidative stability measured was 537 days.

Regarding macronutrients, about 90% of the product is water
(Table 4). The other 10%, in descending order of quantity, are lip-
ids, proteins, carbohydrates (including fiber), and mineral matter.
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Table 2. Mean and standard deviation of the percentage of water ab-
sorption in almonds after stabilization, in grams, submitted to the wa-
ter absorption test in different treatments (roasted almond with skin,
roasted almond without skin, and raw almond with skin) at room
temperature or 80 °C*.

n Percentage (%)
Roasted almond Room 15 36.28+1.20¢
without skin 80 °C 20 53.04+0.95¢
Roasted almond with Room 15 48.83+2.11¢
skin 80 °C 15 63.79+1.96°
Raw almond with skin Room 1> 75.5612.24°
80 °C 20 62.92+1.50°
TREATMENT EFFECT
Roasted almond without skin 35 45.8618.48¢
Roasted almond with skin 30 56.31+7.86°
Raw almond with skin 35 68.3316.60*
TEMPERATURE EFFECT
Room 44 53.56%+16.67°

80 °C 55 59.56+5.20*

*Different lowercase letters in the same column and the same evaluative group indicate
differences between treatments and interactions (treatment x temperature) by Tukey’s
test (p<0.05) and between temperatures by Student’s t-test (p<0.05).

Regarding the amino acids characterizing the food protein
composition, tryptophan (0.04%) was highlighted as the most
important in this extract.

Regarding the lipid profile (Table 5), it can be highlighted
that most of the fatty acids that make up the extract are mono-
and polyunsaturated, with emphasis on the oleic (Omega 9) and
linoleic (Omega 6) compositions and in the ®-6/w-3 ratio of 117.

The mineral composition that deserves to be highlighted
in the extract is copper, iron, and zinc (Table 6). Vitamin E is
also present in high levels in this food.

3.3. Residue composition

When observing the results of macro- and micronutrients
of the residue generated after obtaining the extract (Table 7), it
is noted that the residue has a high protein and lipid content,
in addition to mineral composition, in some cases even higher
than that of the water-soluble extract.

4, Discussion

Given the conditions and procedures used to obtain the
water-soluble extract, it is understood that, although the raw
almond with skin has shown higher water absorption capacity,
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TSA: roasted almond without skin assessed at room temperature; TSQ: roasted almond without skin assessed at 80 °C; TCA: roasted almond with skin assessed at room temperature;
TCQ: roasted almond without skin assessed at 80 °C; CCA: raw almond without skin assessed at room temperature; CCQ: roasted almond without skin assessed at 80 °C; *the dotted
lines on the graph refer to the stability of the hydration process.

Figure 1. Evolution of water absorption by the baru almond*.

Table 3. Mean and standard deviation of the percentage yield of baru Table 4. Macronutrients, mineral matter, and moisture of baru wa-
almonds submitted to the water absorption test in different treat- ter-soluble extract.
ments (roasteq almgnd with skin, roasted almond without skin, and Macronutrients (%) Content
raw almond with skin) at room temperature or 80 °C*. -
b %) Raw protein 3.24
n ercentage (% Carbohydrates (including fibers) 2.12
Roasted almond Room 5 20.10+6.30% Eth 462
without skin 80 °C 5 24.9146.29° ther extract 6
. N
Roasted almond with Room 5 22.84+3.56" Mineral material (%) 0.24
skin 80 °C 5 11.86+0.64¢ Moisture and volatiles (%) 89.78%
R 5 35.75£3.97°
Raw almond with skin oom
80 °C 5 20.45+5.72b
TREATMENT EFEECT Table 5. Lipid profile of the water-soluble extract of baru.
Roasted almond without skin 10 22.51+6.46" Lipid profile (%)
Roasted almond with skin 10 17.3546.27° Total monounsaturated fat 2.44
Raw almond with skin 10 28.10£9.31° Total polyunsaturated fat 1.20
TEMPERATURE EFFECT Total saturated fat 0.99
Room 15 26.23%8.33° Specific composition
80 °C 15 19.07+7.23° Palmitic acid (C16:0) 0.34
*Different lowercase letters in the same column and the same evaluative group indicate Stearic acid (C18:0) 0.23
differences between treatments and interactions (treatment x temperature) by Tukey’s . . .
test (p<0.05) and between temperatures by Student’s t-test (p<0.05). Oleic acid (C18:1) 231
Linoleic acid (C18:2) 1.17
. . . L Alpha linoleic acid (C18:3) 0.01
the time for stabilizing this absorption is too long. Therefore, due Arzchi dic acid (C20:0) 0.06
to the difference of 16% and the yield results obtained, it is Behenic acid (C22 05 0'17
believed that it is more feasible, from a technical point of view, e ene ?_m ( - )
to treat roasted almonds without skin at 80 °C. In addition to C_ls'll’Efcose'nOIC acid (C20:1) 0.12
issues of absorption capacity, yield, and time, the literature has Lignoceric acid (C24:2) 0.18

4 Food Sci. Technol, Campinas, 43, €98522, 2023
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Table 6. Micronutrient profile of baru water-soluble extract.

Micronutrients
Minerals Content
Calcium (%) 0.01
Magnesium (%) 0.01
Sodium (%) 0.01
Potassium (%) 0.01
Copper (mg/kg) 2.87
Iron (mg/kg) <8
Zinc (mg/kg) 5.30
Selenium (mg/kg) <0.10
Phosphorous (%) <0.05
Chromium (mg/kg) <0.5
Vitamin
Vitamin E (mg/kg) 138.93

Table 7. Macro- and micronutrient profile of the dry residue genera-
ted in obtaining the water-soluble baru extract.

Micronutrients
Nutrients Content
Protein (%) 30.08
Lipids (%) 18.13
Carbohydrates (%) 18.51
Ashes (%) 1.50
Iron (mg/100 g)
Sodium (mg/100 g) 6.97
Zinc (mg/100 g) 4.84
Magnesium (mg/100 g) 24.19
Phosphorous (mg/100 g) 4720
Calcium (mg/100 g)
Potassium (mg/100 g)

already demonstrated the importance of roasting these almonds
for issues of palatability and inactivation of antinutrients (Santos
et al.,, 2012; Siqueira et al., 2015).

All treatments at which a temperature of 80 °C was used had
a greater capacity for initial water absorption proportional to
the immersion time and shorter stabilization times. This finding
leads to considering the temperature effects on the water ab-
sorption kinetics, mainly by affecting its viscosity (Marcos-Filho,
2015), justifying the process to be potentialized for treatment
at this temperature. Over time, it is believed that a probable
gelatinization of the starch present in almonds paralyzes the
water absorption process, as this process commonly starts at
59 °C (Choupina et al., 2018), which can be justified by the
existing starch in the chestnut being hydrophilic in hot water.

The density and viscosity of extract demonstrate the physi-
cal state and fluidity of products, which is expected for a popular
product known as “plant milk” Due to its lower saturated fat
content than cow’s milk, the water-soluble extracts’ appearance
is watery compared to animal milk. The light coloration allows
us to infer that the product is accepted in the consumer’s eyes,
as it could easily be compared to a conventional dairy drink.
This coloring also enables other products to flavor it or give color

Food Sci. Technol, Campinas, 43, €98522, 2023

to new formulations without significant problems in finding the
desired color nuances.

The value found in the extract for the soluble solids content
(4 °Brix) and pH (6.44) is similar to that found by Carneiro
etal. (2014) of 5 °Brix in a study carried out with water-soluble
babassu extract at pH 6.64 to 6.80 and close to the Vieira (2017)
study, which also evaluated baru extract, finding a pH of 6.67.
These values suggest a sweet taste to the food, not acid, of course.

The water-soluble extract characteristics were similar to
those of the raw material it was extracted from, which is a fact
when comparing the composition of the extract obtained in this
study (Table 4) with the almond described in the study by Reis
& Schmiele (2019). Baru extract can be considered a source of
protein, lipids, and minerals, like the almond itself. It should
be noted that, as it is dependent on the raw material, this com-
position can vary depending on the conditions that affect the
almond composition, such as climate, soil, and growing region.

According to the IOM (2006), the protein content that
should be ingested per day for adult men and women aged
13-70 years varies from 34 to 56 g/day (an average of 45 g/day).
Considering an average 200 mL serving of extract, this product
would contribute about 14% of an individual’s daily protein
requirements. It is also worth considering that this protein is
mainly composed of tryptophan, an amino acid considered
essential and a precursor of serotonin in the body.

Regarding the lipid content and profile of the extract, es-
pecially unsaturated, it is worth considering that according to
the IOM (2006), this profile is a great ally in the prevention of
chronic non-communicable diseases, and the quality of the
-6/m-3 relationship should be observed, which is very positive
for baru almond. According to Carrillo et al. (2012), oleic acid,
also called omega-9 and in higher proportion in this extract,
helps to control cell death and cancer cell proliferation, reducing
cancer risk. On the contrary, linoleic acid (omega 6), belonging
to a group of essential fatty acids, favors the decrease of low-den-
sity lipoproteins (LDL) and the risk of cardiovascular disease.

Regarding minerals, it is essential to emphasize that the
sodium content of the extract is low. This fact is vital from a
health point of view since there is a proven negative effect of
excessive sodium intake on blood pressure (Reinaldo et al.,
2017), one of the main non-communicable chronic diseases in
Brazil. Tureck et al. (2017) draw attention in their study to the
relevant micronutrients found in this extract, such as vitamin
E, copper, and zinc, with antioxidant potential in the body,
potentially reducing the free radicals’ oxidation action thus
preventing harmful effects. Vitamin E stands out in this study
since the content found in the extract, if a 200-mL portion were
consumed, would provide about 28 mg, a higher amount than
that indicated for adults of both sexes per day. This high con-
tent of tocopherol (vitamin E) also reflects the high oxidative
stability of the extract. Its antioxidant effect, already widely
reported in the literature, allows that even this food, which has
a high content of lipids in its matrix, does not readily oxidize.

The results obtained in the proximal composition of the
water-soluble extract analyzed in this work are similar to
those reported by D’Oliveira (2015) in his study, which also
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characterized the water-soluble extract from baru almonds and
found moisture values of 85.89%, proteins of 3.87%, and lipids
of 4.26%. By characterizing the water-soluble extract of babassu
coconut, Carneiro et al. (2014) found values for moisture of up to
76.11%, proteins ranging from 2.45 to 2.7%, and lipids from 19.5
to 20.3%. When comparing the values found for the proximate
composition of the water-soluble extract of baru almonds with
the water-soluble soy extract, which is more widespread and
widely consumed due to its high nutritional value and protein
quality, it is possible to observe that both have considerable
mineral values of 0.24 and 0.29%, respectively (Barros & Ven-
turini Filho, 2016; Felberg et al., 2004; Uliana & Venturini Filho,
2010). The water-soluble extract of baru also proved to be rich
in lipids (4.62%) when compared to the water-soluble extract
of soybean, which has a fat content ranging from 1.30 to 2.03%
(Barros & Venturini Filho, 2016; Felberg et al., 2004; Uliana &
Venturini Filho, 2010), and broken rice and brown rice extracts
with 0.41 and 0.59%, respectively (Carvalho et al., 2011).

The residue obtained from the production of the extract
has a good nutritional composition, similar to that of the baru
almond, highlighting protein content at the expense of lipids
and a good mineral matter profile. It is essential to consider that
the residue that has been dried influences the results of macro-
and micronutrients that will be concentrated in this material.

The most advantageous method for obtaining the water-sol-
uble baru extract, evaluating time, temperature, yield, and visual
appearance, is the one in which the almond is roasted without a
hydrated film at 80 °C. The physical characteristics of the extract
are similar to those of other extracts of almonds or chestnuts.
Their nutritional composition stands out for protein quality and
content, lipid profile quality, and mineral and vitamin E content.
Therefore, this product has agro-industrialization potential and
can compete in the water-soluble extracts market with other
almonds/chestnuts.

5. Conclusion

It is possible to obtain water-soluble baru extract with a
good yield and good physical and nutritional aspects using
roasted baru almonds without skin. The nutritional and physical
characteristics of the material allow us to consider that it could
be a good substitute for conventional dairy beverages in cases
of restriction to dairy products or the option for nutritious
vegetable beverages.

Funding

This study was supported by the Foundation for Research
Support of Goias State through the Public Call Notice Number
03/2015.

References

American Oil Chemists Society (AOCS). (2017). Official Procedure.
Rapid Determination of Oil/Fat Utilizing High Temperature Sol-
vent Extraction. Am 5-04. AOCS. p. 1-4.

Association of Analytical Chemists (2005). Official Methods of Analyses
(18. ed.). Association of Analytical Chemists.

Association of Official Analytical Chemists (AOAC). (1984). Official
Methods of Analysis of the Association of Analytical Chemists (14.
ed.). AOAC.

Association of Official Analytical Chemists (AOAC). (2005). Interna-
tional, Gaithenburg, Maryland 20877-2417 (v. 1, 18. ed.). AOAC.

Association of Official Analytical Chemists (AOAC). (2019).
Method 965.17 Phosphorus in Animal Feed and Pet Food (21
ed.). AOAC.

Barros, E. A., & Venturine Filho, W. G. (2016). Caracterizagio fisi-
co-quimica e sensorial de extrato hidrossoltvel de soja obtido por
diferentes métodos de processamento. Tecnologia ~ Agroindus-
trial, 10(1), 2038-2051. https://doi.org/10.3895/rbta.v10n1.2016

Carneiro, B. L. A., Arévalo-Pinedo, A., Scartazzini, L., Zuniga, A. D.
G., & Pinedo, R. A. (2014). Estudo da estabilidade do extrato hi-
drossolavel “leite” de babagu (Orbygnia speciosa) pasteurizado e
armazenado sob refrigeracdo. Revista Brasileira Fruticultura, 36(1),
232-236. https://doi.org/10.1590/0100-2945-334/13

Carrillo, C., Cavia, M. del M., & Alonso-Torres S. R. (2012). Anti-
tumor effect of oleic acid; mechanisms of action: a review, Nu-
tricion Hospitalaria, 27(5), 1860-1865. https://doi.org/10.3305/
nh.2012.27.6.6010

Carvalho, W. T,, Reis, R. C., Velasco, P, Soares Junior, M., Bassinello P.
Z., & Caliari, M. (2011). Caracteristicas fisico-quimicas de extratos
de arroz integral, quirera de arroz e soja. Pesquisa Agropecudria
Tropical, 41(3), 422-429.

Choupina, A., Lopes-da-Silva, M. F, Santos, L., & Beirdo-da-Costa, L.
(2018). Valorizagao de produtos na produgéo de extrudidos. Atas
do IX Congresso Ibérico de Agroengenharia. Braganca, Instituto
Politécnico de Braganga, p. 657-667.

Compéndio Brasileiro de Alimentagdo Animal (2013). Método 40.
MA-105 R2. Compéndio Brasileiro de Nutri¢do Animal.

Compéndio Brasileiro de Nutrigdo Animal (2017). Guia de Métodos
Analiticos. Compéndio Brasileiro de Nutrigdo Animal.

D’Oliveira, A. C. (2015). Desenvolvimento de bebida aromatizada da
améndoa de baru (Dipteryx alata Vog.). [Dissertagao de Mestrado
em Saude e Desenvolvimento na Regido Centro-Oeste]. Pds-grad-
uacido em Saude e Desenvolvimento na Regido Centro-Oeste,
Universidade Federal de Mato Grosso do Sul.

European Union (2009). Regulamento (CE) n° 152/2009 da Comissao,
de 27 de janeiro de 2009, que estabelece os métodos de amostra-
gem e analise para o controlo oficial dos alimentos para animais
(Texto relevante para efeitos do EEE) O] L 54, 26.2.2009.

Felberg, I., Deliza, R., Gongalves, E. B., Antoniassi, R., Freitas, S. C.,
& Cabral, L. C. (2004). Bebida mista de extrato de soja integral
e castanha-do-brasil: caracterizagao fisico-quimica, nutricion-
al e aceitabilidade do consumidor. Alimentos e Nutrigdo, 15(2),
163-174.

Hagen, S., Frost, B., & Augustin, J. (1989). Precolumn Phenylsothiocya-
nate Derivatization And Liquid-Chromatography of Amino-Acids
in Food. Journal of The Association of Official Analytical Chemists,
72(6), 912-916.

Institute of Medicine (IOM). (2006). Food and Nutrition Board. Dietary
Reference Intakes: the essential guide to nutrient requirements. The
National Academies Press. 543 p.

Instituto Adolf Lutz. (2005). Normas Analiticas do Instituto Adolfo Lutz
(v. 1, 4. ed.). Instituto Adolf Lutz.

Lucas, B., & Sotelo, A. (1980). Effect of alkalies, temperature and
hydrolysis times on tryptophan determination of pure proteins
and of food. Analytical Biochemistry, 109(1), 192-197. https://doi.
0rg/10.1016/0003-2697(80)90028-7

Food Sci. Technol, Campinas, 43, €98522, 2023


https://doi.org/10.3895/rbta.v10n1.2016
https://doi.org/10.1590/0100-2945-334/13
https://doi.org/10.3305/nh.2012.27.6.6010
https://doi.org/10.3305/nh.2012.27.6.6010
https://doi.org/10.1016/0003-2697(80)90028-7
https://doi.org/10.1016/0003-2697(80)90028-7

SILVA et al.

Magalhaes, T. S. S. A., Macedo, P. C. O., Converti, A., & Lima, A. A. N.
(2020). The Use of Euterpe oleracea Mart. As a New Perspective
for Disease Treatment and Prevention. Biomolecules, 10(6), 813.
https://doi.org/10.3390/biom10060813

Maia, M. J. L., Rossi, E. A., & Carvalho, M. R. B. (2006). Quality and
yield of the soymilk of the production unit of soy derivatives.
Alimentos e Nutrigdo, 17(1), 65-72.

Marcos-Filho, J. (2015). Fisiologia de sementes de plantas cultivadas.
Abrates. 660 p.

Nishinari, K., Fang, Y., Nagano, T., Guo, S., & Wang, R. (2018). Soy as
a food ingredient. Proteins in Food Processing, 149-186. https://
doi.org/10.1016/B978-0-08-100722-8.00007-3

Oliveira, J. C.S., Souza, V. K. S., de Souza, G. S. E, Cordeiro, S. A., Silva,
E. C. A, da Silva, E. C. A., Barros, A. L. S., & Martins, A. C. S.
(2018). Caracterizagéo Fisico-Quimica da Farinha de Améndoas
de Baru (Dipteryx Alata Vog.) para Celiacos: uma Breve Reviséo.
International Journal of Nutrology, 11(Suppl. 1), S24-S327.

Oliveira, V. B., Zuchetto, M., Oliveira, C. F.,, Paula, C. S., Duar-
te, A. E S., Miguel, M. D., & Miguel, O. G. (2016). Efeito de
diferentes técnicas extrativas no rendimento, atividade anti-
oxidante, doseamentos totais e no perfil por clae-dad de dick-
sonia sellowiana (presl.). Hook, dicksoniaceae. Revista Brasile-
ira de Plantas Medicinais, 18(1 suppl. 1), 230-239. https://doi.
0rg/10.1590/1983-084X/15_106

Rahamat, S. F, Manan, W. N. H. W. A. M., Shahdan, I. A,, Jalaludin,
A. A, & Abllah, Z. (2019). Plant-based milk in arresting car-
ies. Materials Today: Proceedings, 16(4), 2231-2237. https://doi.
org/10.1016/j.matpr.2019.06.115

Reinaldo, J. M., Resende, A. de S., & Sant Anna, M. de S. L. (2017).
Prevaléncia de hipertensio arterial e avaliagido da ingestdo de s6dio
em uma unidade de alimentagao e nutrigo. Revista da Associagdo
Brasileira de Nutrigdo, 8(1), 58-63.

Reis, A. F, & Schmiele, M. (2019). Caracteristicas e po-
tencialidades dos frutos do Cerrado na industria de

Food Sci. Technol, Campinas, 43, €98522, 2023

alimentos. Brazilian Journal of Food Technology, 22, €2017150.
https://doi.org/10.1590/1981-6723.15017

Santos, G. G., Silva, M. R,, Lacerda, D. B. C. L., Martins, D. M. O., &
Almeida, R. A. (2012). Aceitabilidade e qualidade fisico-quimi-
ca de pagocas elaboradas com améndoa de baru. Pesquisa Ag-
ropecudria Tropical, 42(2), 159-165. https://doi.org/10.1590/
$1983-40632012000200003

Siqueira, A. P. S., Pacheco, M. T. B., & Naves, M. N. V. (2015). Nutri-
tional quality and bioactive compounds of partially defatted baru
almond flour. Food Science and Technology, 35(1), 127-132. https://
doi.org/10.1590/1678-457X.6532

Souza, A. L. S., Miranda, J. S., & Sousa, R. C. S. (2019). Caracterizacio
fisico-quimica da améndoa e do dleo de baru submetido a ex-
tragdo solido-liquido com solventes alternativos. Brazilian Journal
of Development, 5(11), 26548-26556. https://doi.org/10.34117/
bjdv5n11-285

Tureck, C., Locateli, G., Corréa, V. G., & Koehnlein, E. A. (2017).
Avaliagdo da ingestdo de nutrientes antioxidantes pela popu-
lagdo brasileira e sua relagio com o estado nutricional. Re-
vista Brasileira de Epidemiologia, 20(1), 30-42. https://doi.
org/10.1590/1980-5497201700010003

Uliana, M. R., & Venturini Filho, W. G. (2010). Analise energética de
bebida mista de extrato hidrossoltvel de soja e suco de amora.
Energia na Agricultura, 25(3), 94-103. https://doi.org/10.17224/
EnergAgric.2010v25n3p94-103

Vieira, C. E S. (2017). Elaboragdo e caracterizagdo de iogurte de extrato
hidrossoliivel da améndoa de baru (Dipterix Alata Vog.). [Disser-
tacdo de Mestrado]. Palmas.

White, J. A., Hart, R. J., & Fry, J. C. (1986). An Evaluation of The
Waters Pico-Tag System For The Amino-Acid-Analysis of Food
Materials. Journal of Automatic Chemistry, 8(4), 170-177. https://
doi.org/10.1155%2FS1463924686000330

World Health Organization (WHO). (2012). Bulk density and tapped
density of powders. Document QAS/1450. WHO.


https://doi.org/10.3390/biom10060813
https://doi.org/10.1016/B978-0-08-100722-8.00007-3
https://doi.org/10.1016/B978-0-08-100722-8.00007-3
https://doi.org/10.1590/1983-084X/15_106
https://doi.org/10.1590/1983-084X/15_106
https://doi.org/10.1016/j.matpr.2019.06.115
https://doi.org/10.1016/j.matpr.2019.06.115
https://doi.org/10.1590/1981-6723.15017
https://doi.org/10.1590/S1983-40632012000200003
https://doi.org/10.1590/S1983-40632012000200003
https://doi.org/10.1590/1678-457X.6532
https://doi.org/10.1590/1678-457X.6532
https://doi.org/10.34117/bjdv5n11-285
https://doi.org/10.34117/bjdv5n11-285
https://doi.org/10.1590/1980-5497201700010003
https://doi.org/10.1590/1980-5497201700010003
https://doi.org/10.17224/EnergAgric.2010v25n3p94-103
https://doi.org/10.17224/EnergAgric.2010v25n3p94-103
https://doi.org/10.1155%2FS1463924686000330
https://doi.org/10.1155%2FS1463924686000330

