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ABSTRACT

Pachira aquatica Aubl., popularly known in Brazil as
Monguba, is an unconventional food plant (UFP) found
in tropical regions of Central and South America. In the
Amazon region, its seeds are traditionally consumed
boiled, roasted, or fried and may also be incorporated
into cakes and sweets. Despite this cultural use and the
nutritional potential of its seeds, commercial exploitation
remains limited. This study aims to assess physicochem-
ical disparities between ripe and unripe Monguba seeds.
In the physical characterization, the main differences were
in the seeds: unripe seeds exhibited a higher mucilage
content (1.3 g) and denser pericarp (4.5 g), while ripe
seeds presented more pulp (12.9 g) and darker coloration.
Chemically, ripe and unripe seeds contained high lipid and
protein levels (35.6-32.5% and 13.0—12.7%, respectively).
Ripe seeds showed an increase in carbohydrates (45.8%)
and minerals, like calcium (82.3 mg.100 g'), magnesium
(65.2 mg.100 g'), manganese (1.4 mg.100 g'), and zinc
(2.1 mg.100 g"), while unripe seeds showed higher acidity
(23.9%) and lower °Brix (12.8). FTIR spectra revealed
differences in polysaccharide hydrolysis and cell wall
lignification during ripening. These findings emphasize
the importance of exploring the various stages of plant
development.

Keywords: Pachira aquatica Aubl., unconventional food
plants, oilseed, alternative protein, oil, Fourier Transform

Infrared Spectroscopy.
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INTRODUCTION

In recent years, the search for alternative and little-explored
food sources has grown due to the concern and search for
a more sustainable diet that values local biodiversity. In
this scenario, fruits native to tropical regions have attracted
attention for their nutritional and health-promoting benefits.
One of them is Pachira aquatica Aubl., popularly known as
Monguba, which stands out for being highly adapted to the
local climate, with fruits that produce seeds rich in nutrients,
with emphasis on lipid and protein composition, in addition
to bioactive compounds that exert antioxidant activity. Native
to Central and South America, its fruits are found in many
countries, such as Guatemala, Guyana, and Panama, and
its seeds have always been consumed in various ways, like
cooked, fried, or roasted, mainly by the population of the
Amazon region. Its fruit has a high potential for use in the
food sector, such as cakes, cookies, and sweets, although they
are still underutilized.V

Although there are recent studies, such as those by Rezende
et al,? Silva et al.,® Rodrigues et al., and Becker et al.,®
which address the composition of the Monguba fruit, focus
mainly on the ripe fruit. However, it is essential to recognize
the importance of investigating the different stages of a fruit's
maturation, as each stage can reveal valuable information
about its nutritional properties and bioactive compounds.©

Understanding the mechanisms of the fruit ripening pro-
cess is instrumental to improving their sensory and nutritional
qualities and reducing postharvest losses.” This becomes
even more crucial in the case of Monguba, a climacteric fruit
whose final stage of maturation is confirmed by the sponta-
neous opening of the fruit."” This process occurs on the tree
or after harvesting, which, like other fruits, can reflect in a
number of significant biochemical and physiological changes
in its profile.©®

Therefore, the objective of this study was to evaluate the
difference in physicochemical composition between ripe and

unripe Monguba seeds.
MATERIALS AND METHODS

Fruits samples

The Monguba fruits were collected during the months
of January and April 2023 in the municipality of Camagari,
state of Bahia, on coordinates -12.851161828325086,
-38.28364324552152. After the collection, all the fruits
were washed and sanitized. The fruits were separated into

two groups: The unripe fruits, characterized 24 hours after

harvesting, and the ripe fruits, which were characterized
at the first sign of fruit opening, demarcating their total
ripening. A total of 10 unripe fruits and 10 ripe fruits were
collected, obtained from at least three independent trees,

ensuring biological representativeness.
Fruit ripening stage

To determine the stage of fruit maturation between
unripe and ripe, multiple criteria were used to define the
samples. Initially, fruit opening was monitored both spon-
taneously and manually since spontaneous opening is an
indication of complete ripening. Furthermore, the matura-
tion stage was determined using the °Brix/acidity ratio and

fruit color as the seed shells darken during ripening.

Physical characterization analyses

First, the whole fruit mass was determined, and its
height and length were measured using a caliper (It Blue,
LE-1997, Brazil). For the Monguba seeds characterization,
the unripe fruits were forcibly opened and manually sep-
arated into pericarp, mucilage, and Monguba seeds. For
the ripe samples, the collection of the Monguba seeds was
carried out manually after their spontaneous opening. All
Monguba seeds and mucilages were counted, weighed, and
measured in height and length. The determination of color
variables (L, a*, b*, C*, H*) by the CIELAB system was
performed on the Monguba seeds using a CR-400 colorim-
eter (Konica Minolta, Tokyo). From each of the 10 fruits
per stage, 3 seeds were selected (total of 30 seeds per stage)
and used as biological replicates for seed characterization,
while pericarp and mucilage were only subjected to physi-

cal characterization.

Fruits treatment

After the physical characterization, the 30 seeds from
each maturation stage were separately processed in a home
juicer (Philips Walita, Ri 7632, Brazil) and frozen in an
ultra-freezer at - 80° C. After 24 hours, the samples were
freeze-dried (Terroni, LS3000, Brazil) for 48 hours. At the
end of the treatment, the resulting sample was stored in a
conventional freezer at -18 °C inside hermetically sealed

containers, protected from light, until further analysis.

Chemical composition analyses

The chemical composition were determinated following
the official methods of analysis of AOAC International:®
moisture (method n° 925.26), ashes (n° 940.26), crude
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fat (n® 933.05), crude protein (n° 920.87), total titratable
acidity (TTA) (method n°® 942.15), pH (method n° 970.21)
and the total soluble solids (TSS) (method n°® 932.12). Total
carbohydrates were performed using the phenol-sulfuric
acid methodology according to Nielsen.” The water ac-
tivity (Aw) was evaluated manually using a water activity
analyzer (OEM, Model: HD-6, China). The hemicellulose,
cellulose, and lignin fractions were analyzed according to
Van Soest et al.,"” carried out using the reagents and filter
Ankom filter bag system bags (Ankom, Technol. Corp.,
USA). The total energy value was estimated by considering
the conversion factors of 4 kcal.g! for protein and carbohy-

drate and 9 kcal.g! for lipids.

Determination of minerals

For the determination of Zn, Fe, Cu, and Mg, the di-
gestion of the samples was carried out according to Doner
& Age,"V with some modifications. Freeze-dried Monguba
ripe and unripe Monguba seeds (2 g each) were accurately
measured, subjected to smoke removal, and then placed
into a preheated muffle furnace, heated up to 550 °C, and
kept at this temperature for 4 hours. After this time, 1 mL
of nitric acid was added, and the samples were placed on
a hotplate until complete evaporation, returning to the
muffle for another 4 hours. This process was repeated until
a total white ash was obtained. The residue was dissolved
in 5 mL of 1% nitric acid, transferred, and swelled in a
10 mL flask. For Ca and Mn, at the end of the digestion, 1
mL of the sample, together with 1 mL of lanthanum oxide,
was increased in a 10 mL flask."® Digested and diluted
samples were stored in test tubes, under refrigeration, until
reading. All the minerals were determined using a flame
atomic absorption spectrometer (FAAS) (Varian, model AA
240 Fast Sequential, USA) and expressed in mg.100 g''.

Fourier Transform Infrared Spectroscopy (FTIR)

The ripe and unripe fruits were analyzed by Fourier
transform infrared spectroscopy (FTIR) spectra. The
samples were mixed with KBr (spectroscopy grade)
and then pressing the mixture into a 3 mm pellet. FTIR
spectrum was recorded (16 scans) in the transparent mode
from 4000 to 400 cm™ using a Spectrum 400 spectrometer
(Perkin-Elmer, Ink., MA, USA).

Statistical analyzes

Analyses were carried out in triplicate, and the data are

reported as the mean values + standard deviation. These
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triplicates refer to technical replicates performed on the ho-
mogenized sample obtained from 30 seeds per maturation
stage, and thus do not correspond to independent biological
replicates. Biological replicates were represented by the
10 fruits collected per stage, from which the seeds were ob-
tained. The Student’s #-test was applied between the results
of the unripe and ripe samples to evaluate a significant dif-
ference between the maturation stages. A 5% significance

level and the Microsoft Excel program (USA) were used.
RESULTS AND DISCUSSION

Physical characteristics

The physical characterization of a species is widely
used as the first step in a study due to its easy and fast
application. This type of analysis is important to detect the
specific traits of the plant and to avoid duplication when
identifying an accession, with the objective of increasing
the efficiency of collection efforts and improving the orga-
nization of populations for the conservation of Monguba
at both ripe and unripe stages.!'®

In Brazil, the trees of Monguba are found all over the
country, from the Amazon region to the southern states.!® The
height of the tree varies from 6 to 20 meters,!® while the trunk
diameter can reach up to 40 cm,'® with a dense alternating
treetop and usually five or six leaves per branch, in dark
green color (Fig. 1d). The flowers have an exotic shape,
characterized by elongated petals that radiate from the center
in a star-shaped arrangement, displaying yellow, brown, and
red hues, and occurring always solitarily (Fig. 1c), and they
bloom mainly in September to November.'©

The Monguba fruits have a large and rounded shape, with
an average length of 252.0 mm and a diameter of 104.1 mm
and a pericarp brown and velvet, similar to cocoa (Fig. 1a).
The fruit pericarp didn’t present much difference in size
or color between the ripe and unripe samples (Table 1), as
also observed by Azizah et al.'¥ The unripe fruit presented
258.3 mm of length, while the ripe one showed a very
similar value (252.0 mm), with 104.1 mm and 117.7 mm
in diameter, respectively. These values show fruits bigger
than those found by Silva et al.® and Camacho et al.,*”
which measured approximately 195.0 to 211.0 mm in length
and 78.16 mm in diameter. Consequently, the fruits also
presented a bigger mass, with 789.9 g for unripe and 779.7 g
for ripe fruits, while Silva et al.® registered 578 g, Camacho
et al."" observed 781.9 g, and Azizah et al.’® found 289 g in

its heaviest fruit.
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Figure 1. a) Fruit; b) Unripe fruit open; c) Flower; d) Tree leaf; e) Monguba ripe seed; f) Monguba unripe seed; g) Ripe fruit open; h)
Monguba ripe seed; 1) Monguba unripe seed open. Source: authors' personal collection.

Table 1. Physical characterization of Pachira aquatica Aubl. fruits and seeds and colorimetric variables

Fruit Seed
Component Unripe Ripe p-value Component Unripe Ripe p-value
Pericarp (g) 531.4+18.9*% 516.0+18.2* 0.037 Pericarp (g) 4.5+0.9* 2.0+0.2% p <0.001
Seeds (g) 2549+ 19.5 263.7+8.5 0.41 Pulp (g) 6.7+ 1.6* 129+ 1.1* p <0.001
Number of seeds per fruit 19.7+£19 19.3+29 0.24 Mucilage (g) 1.3+0.5* 0.1 £0.03* 0.0286
Total mass (g) 789.9 £ 5.6* 779.7 £ 17.0* 0.0028 Total mass (g) 125+1.8 149+1.3 0.37
Length (mm) 252.0+0.3 2583+1.0 0.44 Length (mm) 38+0.5 39+03 0.21
Diameter (mm) 104.1+1.2 117.7+0.6 0.57 Diameter (mm) 28+0.3 28+0.3 0.057
Variables Unripe Seed Ripe Seed p-value

L 24.9 +0.02* 24.75 +0.6* 0.50

a 2.6 £0.08* 5.1+ 0.04* 0.051

b 9.1+0.03* 12.3+£0.6* 0.48

C 9.4+ 0.05* 13.3+0.6* 0.37

H 73.9+0.02 66.0£ 1.0 0.024

Color variables were determined using the CIELAB system (L: luminosity; a*: red—green component; b*: yellow—blue component; C*: chroma;
H*: hue angle). The asterisk indicates statistical significance between the ripe and unripe values, using Student’s t-test: *A probability of 0.05 or less

was considered significant.

The pericarp of the Monguba fruit accounts for most
of its total mass, with 531.4 g for the unripe fruit and
516.0 g for the ripe fruit, representing 67.3 % and 66.2 %,
respectively. Because of this, some authors carried out
studies and proposed possible uses beyond seeds. This part
has demonstrated pharmacological properties, which are
being used to treat diseases, such as earache, cholesterol,
and conjunctivitis.('®

Furthermore, the pericarp has lignocellulosic biomass

with the potential for application in thermochemical energy

due to its low moisture, ash, volatile matter, and density
content.!® In a study carried out by Nascimento ef al.,"” its
pericarp was applied to produce charcoal, demonstrating an
efficient material for biosorption of metallic ions in efflu-
ents, such as Fe**, Ni?*, and Cd**. Fruit shells produce large
quantities of organic waste, representing an ecological and
financial burden for the process industry. Therefore, finding
solutions for its use is necessary in the food industry.®”
According to Silva et al.® and Camacho et al.'?, the

seeds range from 34 to 28% of the fruit mass, with almonds
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that represent 199 g per fruit. Despite the unripe (254.9 g)
and ripe fruit (263.7 g) presenting higher values for seed
mass, the percentages per fruit were very similar to those
found by the authors, being 32.3 % for unripe and 33.8 %
for ripe fruit. The unripe and ripe fruits had an average of
19.7 and 19.3 units, while the authors found an average of
21 to 40 units per fruit.

As can be seen in Figures 1b and lg, the main differ-
ence between unripe and ripe fruits is in the seed. While the
seeds of unripe fruits are mostly white, as the fruit matures,
its seeds will have a brownish skin. The interior of unripe
seeds is mainly filled with colorless mucilage (Fig. 1i),
and the mature ones (Fig. 1h) have a solid interior with a
minimal film of mucilage that keeps the seed attached to
the skin.

The unripe seeds presented a denser and heavier peri-
carp, with 4.5 g compared to 2.0 g of the pericarp of ripe
seeds. Regarding the pulp, the unripe seeds presented a
much higher amount of mucilage than that present in the
ripe seeds, with 1.3 g and 0.1 g of mass, respectively. On
the other hand, ripe seeds had a greater amount of pulp,
with 12.9 g, compared to 6.7 g of unripe seeds.

According to the values described by Silva et al.,®
almonds range from 34 mm in length to 23 mm in diameter
and mass of 6.36 g. The values found for the height of
unripe and ripe fruits were 38 mm and, 39 mm, and 28 mm
in diameter for both samples. Despite being very similar
values to those found by Silva et al.,® the total mass of
seeds in the two stages of ripening was much higher than
that found by the author, with 12.5 g for unripe and 14.9 g

for ripe ones.

Color parameters

After the Monguba seeds undergo the initial process
for the analyses, their color change highly noticeable. Its
pulp changes from a very light beige color, almost white
(Fig. 1i and 1h), to a brownish tone. As seen in Table 1,
the L* values were very similar between the unripe and
ripe samples, both much smaller than those found for the
fresh samples of Silva et al.®, of 90.16. This demonstrates
a large difference between the untreated fruits and the
studied samples. The color analysis of the fruits after the
treatment is important to evaluate the impact of processing
on the visual characteristics of the seeds.?” In the studied
samples, as well as other seeds, presented a significant
negative correlation with the L variable, that is, lower L*

corresponds to darker samples.??
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This change in hue can be attributed to the enzymatic
browning caused by the oxidative reactions of polyphenol
oxidase, an enzyme present in most plant-based foods.
Through mechanical damage, such as the processing of
Monguba seeds, browning gradually becomes more intense
due to the exposure of the inner part of the fruit to oxygen.
Although this reaction is undesirable in some cases, such
as for fresh fruits and flours,?® in other products, such
as during chocolate processing, this reaction becomes a
quality parameter.®?

For the intensity of green and red (a*), the samples
tended slightly towards red, mainly the ripe fruit. The unripe
fruit, being closer to 0, indicated a little more neutrality in
relation to these colors than the ripe fruit. Despite this, the
value of fresh fruit found by Silva et al.® indicates that there
is almost no green or yellow pigment in the Monguba seeds
(0.12). On the other hand, the value of the roasted Monguba
seeds, probably due to the Maillard reaction, tended a little
more towards a red color, from 8.89%% to 10.81.®

Regarding the b* variable, which analyzes the intensity
of blue and yellow, both fruits showed values slightly more
inclined towards yellow, especially the ripe fruit. When
compared to samples from other authors, the Monguba al-
monds showed significantly reduced values, with 21.66 for
fresh samples® and 24.41 - 34.86 for roasted samples.*¥

The chroma values of both samples did not show high
differences due to their maturation time, and the ripe sam-
ples obtained a slightly more intense color than the unripe
samples. Despite this, fresh samples showed a higher
color intensity (24.30), with values for roasted Monguba
almonds being even higher (38.84).®

The variable that obtained the greatest variation be-
tween the unripe and ripe samples was the Hue angle (H),
with a difference of 12 % between the samples. With regard
to fresh fruit, this was the variable that came closest to the
value found by Silva et al.,”) of 89.39, and with a higher
value for the unripe samples than that found for the roasted
fruit (71.98). This demonstrates that, even with treatment
variations, the Hue angle continues to tend toward a red-
dish color.

Chemical characteristics

To our knowledge, there are no reports on the basic
chemical composition of unripe Monguba seeds. However,
the chemical characteristics in ripe Monguba seeds were
previously analyzed by other authors.
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For the purpose of this study, the Monguba seeds were
lyophilized. Both the unripe and ripe seeds presented very
similar moisture values after lyophilization, of 5.0% and
4.8%, respectively (Table 2). These reduced values are the
result of the sample pre-treatment process. Very similar
humidity values could be observed in studies by Rodrigues
et al.®, 5.3%, in which the ripe Monguba seeds were
also freeze-dried. Lara Lopez et al.*® determined even
lower values, of 3.2%, with Monguba seeds that also went
through a drying process to carry out the analyses. Rezende
et al.® even applying a drying process at 40°C, slightly
higher humidity values were obtained, at 11.4%.

Due to the chosen pre-treatment method, the water ac-
tivity (aw) of the Monguba seeds also gave very low values
(0.30). Despite having presented higher humidity values,
the aw measured by Rezende et al.? gave a similar value
(0.41). This similarity indicates that the water present in
these fruits is not easily available for chemical reactions
or the growth of microorganisms, which can contribute to
the stability and commercial life of these food products.
Therefore, although moisture differs between fruits, the
similar water activity suggests that both are relatively dry
and stable foods in terms of spoilage and food safety.?®

Regarding acidity variable, the pH value of Monguba
ripe almonds was slightly higher (6.1) when compared to
Monguba unripe almonds (5.1). Similar values (6.69) were

found by Rodrigues et al.®)

Titratable acidity (TTA) and pH are two interrelated
concepts in the analysis of foods that deal with acidity,
where TTA is inversely proportional to the pH value. In
other words, if the pH value decreases, the total titratable
acidity will increase, exactly as observed in Monguba
seeds. Although both variables work with acidity, each
provides its own insights into food quality.

When compared to other studies values for TTA
of Monguba seeds, authors such as Rezende et al.,®
Rodrigues et al., and Lara Lopez et al.*® found values
of 1.3%, 0.9%, and 4.3%, respectively. Contrary to the
values obtained for pH, TTA tended to decrease with fruit
ripening, going from 23.9% to 11.5%. During the ripening
process of a fruit, acidity tends to decrease due to several
biochemical changes that occur as the fruit ripens. In the
early stages of ripening, unripe fruits contain high levels
of organic acids like citric, malic, and tartaric acids, which
are gradually broken down by natural enzymes into sugars
such as sucrose and glucose as the fruit matures.”

Consequently, °Brix tends to be a better variable for
predicting the ripeness of a fruit, as it tends to increase
over time, something observed with Monguba seeds.
Similar °Brix values were found for ripe Monguba al-
monds by Rodrigues et al.® and Silva et al.®, of 24° and
21.3°Brix. Total soluble solids (TSS) offer a partial view of
the ripeness level of a fruit, as they indicate the amount of

sugars present in it.?®

Table 2. Proximal composition and chemical characteristics of Pachira aquatica Aubl. ripe and unripe seed (DW)

Component Unripe seed Ripe seed p-value
Moisture (%) 5.0£0.1% 4.8 +0.07* p <0.001
Lipid (%) 35.6+0.7* 325+ 1.1*% p <0.001
Protein (%) 13.0+0.2 12.7+4.0 0.28
Ash (%) 42407 42406 0.36
Carbohydrate (%) 422405 458+0.8 0.056
pH 51+1.5 6.1+0.9 0.36
Water activity 0.30+0.1 0.30+0.01 0.24
Total soluble solid (°Brix) 12.8£0.1%* 24.6 +0.04* p <0.001
Total titratable acidity (%) 23.9+3.7* 11.5+3.1* 0.0048
SS / TA ratio 0.5+ 1.1%* 2.2+0.9* p <0.001
Moisture (%) 5.0£0.1* 4.8+0.07* p<0.001
Total Fiber 7.2 4+0.2% 183 +1.3* 0.0017
Cellulose 5.4+0.7* 15.4 £ 1.4* p <0.001
Hemicellulose 1.2+0.2 14+0.6 p <0.001
Lignin 0.4+0.2* 1.7£0.1%* p<0.001
Total Energy Value (kcal.100 g') 5412409 526.5+0.7 0.44

The asterisk indicates statistical significance between the ripe and unripe values, using Student’s t-test: *A probability of 0.05 or less was considered
significant. SS/TA ratio, where SS denotes soluble solids (°Brix) and TA denotes titratable acidity (%).
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The increase in the °Brix acidity index is mainly due
to the increase in the total soluble solids of the fruit over
time,?” but in the case of Monguba almonds, both the acid-
ity decreased, and the °Brix increased between the unripe
and ripe samples, varying from 0. 5 to 2.2. This higher
variation indicates a greater proportion of total soluble
solids in relation to acidity, and when it comes to fruits or
agricultural products, this is an indication of greater matu-

rity and sweetness of the sample.G?

Macronutrients

Monguba seeds, as well as other oilseeds, have been
shown to be a possible source of vegetable protein, where
the stage of fruit maturation has not been shown to impact
the total concentration of this macronutrient. The values
found in the study (12.7% - 13.0%) were similar to those
of Brazil nuts (Bertholletia excelsa H.B.K), 14.5% and
walnuts (Carya illinoinensis (Wangenh.) K. Koch.), 14%.
6D Rezende et al.® determined 11.68% protein for Mongu-
ba seeds, while Rodrigues et al.® and Lara Lopes et al.®>
found 12.0% and 11.74%, respectively.

The concentration of proteins in Monguba seeds allows
them to add nutritional and technological value to the fruit.
Nowadays, new food possibilities are being evaluated by
scientists and industry for partial replacement of protein
from animal sources with vegetable sources, contributing
to improving the pro-health values of meat products and
corresponding to the need of many scientists, activists,
and governments who aims to reduce meat production for
ethical and environmental reasons.*?

The primary essential amino acids found in other
studies were leucine, valine, and lysine, corresponding to
7.97, 7.16, and 5.17 g per 100 g of protein, respectively.
©3 These leucine values were similar to those found for
cashew kernels (4dnacardium occidentale L.) (7.33 g/100g)
and higher for lysine (6.09 g.100g"') and valine (3.63
2.100g") (Olatidoye et al., 2020). This class of amino acids
is not synthesized by the body, and among those found in
Monguba, leucine, and valine are known to have branched
chains (BCAAs), representing, together with isoleucine,
40% of the body's total amino acid needs.

Among the primary non-essential amino acids, glutam-
ic acid and aspartic acid represented 17.11 g and 12.70 g,®¥
similar to those found by Olatidoye et al.,®¥ 15.27g.100g™
and 12.20g.100g™!, respectively. These amino acids are
crucial in tumor metabolism, regulating redox status,

antioxidant systems, and serving as precursors for macro-
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molecule biosynthesis, post-translational, and epigenetic
modifications.®>

In addition to the presence of protein, Monguba seeds
also presented considerable amounts of oil, with values
of 35.6% and 32.5% for unripe and ripe samples. These
results are similar to the study by Silva et al.,® which
recorded a content of 31.35%, and that of Rezende et al.?,
with 38.9%. However, there is a difference in relation to the
studies by Rodrigues et al.) with 43.4% and Lara Lopes et
al ® with 52.7%, which recorded higher levels.

Compared to other nuts and seeds, Monguba presented
lower concentration than those found for almonds (Prunus
dulcis (Mill.) D.A. Webb), cashews (Anacardium occiden-
tale L.), and coconuts (Cocos nucifera L.), which range
between 42.0% and 47.3%.6D However, safflower (Cartha-
mus tinctorius L.) presented a similar value (32.0%), while
seeds such as cotton (Gossypium spp.), corn (Zea mays
L.), wheat germ (Triticum aestivum L.), and olive (Olea
europaea L.) presented lower concentrations (10.3 - 27%),
sources traditionally used for oil extraction.®

The main fatty acids found in its oil include palmitic
acid (49.3 - 82.1%), linoleic acid (6.3 - 11.2%), and oleic
acid (5.5 - 18.7%), being mostly saturated (62.7 - 85.6%),
which justifies its melting point and high thermal stability.
M Tt can also be observed in studies such as that by Lara
Lopes et al.,® the presence of y-tocopherol, stigmasterol,
and [-sitosterol, bioactive compounds with potential for
protection against lipid oxidation.®”

Fruits have always been used as important sources
of energy due to their carbohydrate levels, including the
presence of starch, soluble sugars, and dietary fiber.®
The concentration found for both the unripe (42.89%)
and ripe fruit (40.71%) were very similar, indicating that
the ripening period had no impact on the concentration of
total carbohydrates. These concentrations were higher than
those found by Rodrigues et al.® (35.03%), Lara Lopez
et al.® (27.99%), and Rezende et al.® (31.76%), which
can be justified by a greater presence of lipids in the au-
thors' samples.

When compared to other nuts and seeds, the Monguba
fruit presents similar oil concentration to linseed (Linum
usitatissimum L.) (43.3%) and pine nuts (Pinus spp.)
(43.9%), being higher than almonds (Prunus dulcis (Mill.)
D.A. Webb) (29.5%) and cashew nuts (Carya illinoinensis
(Wangenh.) K. Koch.) (29.1%).GD

Ripe Monguba almonds presented greater content than

those found for Monguba unripe total fiber almonds, with
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18.3%. Compared to the daily fiber intake needs, 100g
of ripe Monguba almonds (DW) meets 47% and 72% of
adult men's and women's needs, respectively.®® As with
total carbohydrates, this concentration was also higher than
that found by Rezende et al.® and Silva et al.®, 12.2%
and 17.7%. When compared to other oilseeds and seeds,
ripe Monguba almonds had higher total fiber content than
Brazil nuts (Bertholletia excelsa H.B.K) (7.9%), coconut
(Cocos nucifera L.) (5.4%), sesame (Sesamum indicum
L.) (2.9%), walnut (Juglans regia L.) (2.1%) and linseed
(Linum usitatissimum L.) (3.7%).GD

In Monguba fruit, ripe and unripe almonds had a very
similar hemicellulose content, of 1.2% and 1.4%, respec-
tively. In addition to the health benefits that dietary fiber
can provide, the use of hemicellulose as a renewable mate-
rial has gained attention in recent years and is now used in
many sustainable bio-based processes. This demonstrates
the versatility of this fiber and the importance of investigat-
ing different sources containing this nutrient.

In relation to cellulose, ripe Monguba almonds have
a very high content (15.4%) when compared to unripe
Monguba almonds (5.4%). During the ripening process,
a biochemical transformation may occur in the fruits,
which leads to a greater proportion of cellulose in the
cell walls. This process, added to the fruit's tendency to
reduce hemicellulose levels, means that the fruit tends to
change its firmness during maturation. This entire process
is associated with changes in the composition of the cell
wall as a result of changes in the structure and composition
of carbohydrates, such as hemicellulose and cellulose.“”
Both ripe and unripe samples of Monguba almonds showed
lignin content, being higher in mature samples (1.7%). This
increase in lignin is a natural process during fruit matu-
ration, as lignification strengthens cell walls and provides
mechanical protection to the seeds.®

As can be seen, the ripe Monguba almonds had a value
of 526.5 kcal.100g!, with the unripe Monguba almonds
obtaining a slightly higher value of 541.2 kcal.100g". This
difference can be explained by the lower concentration of
lipids, followed by the concentration of proteins, mainly
in the Monguba unripe seeds. Very close calorie values
can be found in almonds (581 kcal.100g™"), cashew nuts
(570 kcal.100g"), and linseed (495 kcal.100g™").®) This
high caloric density can be beneficial when it comes to
high-calorie diets, such as for hospitalized patients or those

undergoing hypertrophy.“?

Micronutrients

As can be seen in Table 2, the ash content did not vary
between the unripe and ripe samples. This content corre-
sponds to that found in the literature, which ranges between
4.1 and 8.4%.*2 This variable represents the total amount
of minerals present in a food sample,“® and although its con-
centrations does not demonstrate an influence on the matura-
tion time, the specific analysis of the minerals demonstrated
a significant difference between ripe and unripe samples.

The main macrominerals found in Monguba almonds
were calcium and magnesium (Figure 2). 100g of ripe
Monguba almonds supply 8.5% of the daily calcium needs
for adult human beings, while magnesium supplies 2.01%
for women.®® These minerals were also the main ones
determined in the study by Rodrigues et al., although the
authors found higher concentrations for calcium and magne-
sium, of 158.2 mg.100g" and 303.9 mg.100g"!, respectively.
A similar concentration to that of unripe Monguba seeds was
found for calcium by Becker et al.,® of 55.9 mg.100g™, al-
though the authors also found higher content for magnesium
(87.5 mg.100g™M).

Regarding microminerals, the main ones found in the
study were manganese and zinc, with concentration similar
to those found by Rodrigues et al., of 1.01 mg.100g"!
and 2.58 mg.100g"!, respectively. When compared to the
microminerals analyzed by Becker et al.,® the values found
in their study were lower for manganese, zinc, copper, and
iron, at 0.20, 0.99, 0.75, and 0.44 mg.100g™", respectively.
The differences observed among other authors may be re-
lated to the form of cultivation, genetic factors, ecological
conditions, different maturation periods, and harvest time.“

The content of manganese and zinc found in the study are
equivalent to 98% and 19.7%, respectively, for adult women
and 77.8% and 14.6% for men's daily needs, per 100g of
seeds.®” When compared to other oilseeds, the Monguba
almond presented values higher than Brazil nuts (Berthol-
letia excelsa H.B.K) and coconut (Cocos nucifera L.) in
manganese (1.0 - 1.1 mg/100g) and also higher than coconut
in zinc (0.9 mg.100g™"). Almonds (Prunus dulcis (Mill.) D.A.
Webb) and linseed (Linum usitatissimum L.) presented cop-
per values similar to those found in the study for Monguba,
0.93 mg.100g" and 1.09 mg.100g™".GYH

As can be seen in Figure 2, there was an increase in the
concentration of calcium, manganese, copper, and zinc as
the fruit matured, whereas only iron showed the opposite
behavior. During the ripening period, a considerable

accumulation of micronutrients occurs, varying during the
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initial development of the fruit and remaining until harvest,*>
which could justify an increase in the concentration of most

micronutrients.

Fourier Transform Infrared Spectroscopy (FTIR)

As can be seen in Figure 3, the FTIR spectrum of
the ripe and unripe Monguba seed is quite complex and
contains several bands resulting from the contribution of
different functional groups belonging to lipids, proteins,
carbohydrates, among others.

Typically, in the FTIR spectra, the broad bands in the
3400 cm! regions are due to OH stretching vibrations,

*Ca: 57.55 mg.100g"

...... Macro
*Mg: 6.91 mg.100g7  :
*Fe: 0.91 mg.100g"! Unripe
e |y
*Cu: 0.82 mg.100g™! Micro

*Mn: 0.51 mg.100g!

arising from hydrogen bonding, attributed to water and
hydroxyl groups.“® As it can be observed this band is more
pronounced in the unripe Monguba seed, since, during the
fruit ripens, there is a hydrolysis of polysaccharide chains
to synthesis of simple sugars, like sucrose, with many
hydroxyl groups. This fact could also explain why the °Brix
measurement nearly doubles in the ripe Monguba seed. In
the same way, the region of 2918 and 2850 cm™ contains
two vibrations, attributed to the asymmetric and symmetric
stretching of CH2, respectively.“? Vibration intensities
decrease in the FTIR spectrum of the ripe seed, which

can be attributed to the loss of specific primary wall

*Ca: 85.82 mg.100g"

*Mg: 6.58 mg.100g"

*Fe: 0.55 mg.100g™!
*Zn: 1.58 mg.100g"
*Cu: 0.96 mg.100g™"!

*Mn: 1.79 mg.100g1

Figure 2. Macro and micromineral content of Monguba (Pachira aquatica Aubl.) ripe and unripe seeds (mg.100!' g DW). Ca: Calcium;
Mg: Magnesium; Fe: Iron; Zn: Zinc; Cu: Copper; Mn: Manganese. Asterisks denote significant differences between ripe and unripe
samples according to Student’s t-test: ¥P-value < 0.05. Source: authors' personal collection.
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Figure 3. Fourier Transform Infrared Spectroscopy (FTIR) spectra of Monguba seeds at ripe and unripe stages. The main absorption
bands observed include O-H stretching (~3300 cm™), C—H stretching (~2920 and 2850 cm™), C=O0 stretching (~1740 cm™), and C-O
stretching (~1050-1150 cm™), corresponding to functional groups typically associated with lipids, proteins, and carbohydrates.
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components, such as pectin, during the fruit maturation
process, followed by the predominance of cellulose in the
secondary wall, which justifies the higher concentration of
cellulose found in the ripe seed.“®

In both spectra, the sharp and narrow band observed at
1743 cm! can be attributed to the C=0 stretching vibration
of ester groups in triacylglycerol or phospholipid, and the
bands at 1465 cm™! are due to the CH absorption bending
vibration of CH2 groups, which is correlated with the
content of fatty acid chains,® justifying the high lipid con-
tent of the samples. In the same region, the spectral peaks
located at 1637 and 1546 cm™ correspond to the vibrations
of amides I and I in structural proteins, respectively. The
absorption peak of amide I mainly indicates the stretching
movements of the carbonyl group (C=0) within the amide
bonds of the protein. Meanwhile, the amide II absorption
peak originates from the combination of amide N-H group
vibrations coupled with C-N stretching vibrations within
the polypeptide and protein structure. In addition, the
different peaks at the region around 1200 to 00 cm™ can

represents the fingerprint of carbohydrates.®?

CONCLUSIONS

Although the size and mass variables did not
demonstrate significant changes between the maturation
stages, there was a greater presence of mucilage in unripe
Monguba seeds and a higher percentage of pulp in ripe
seeds. These differences may influence the possible nutri-
tional and technological applications of Monguba. As for
chemical composition, despite the differences between
the maturation stages, Monguba seeds maintained their
moisture, water activity, and protein variables, which sug-
gests that the maturation process does not influence these
components. Monguba almonds are an excellent source of
oil, which, due to its constitution, provides good thermal
stability, with similar amounts between samples. The main
difference observed between the maturation stages was the
minerals, with the majority of those analyzed growing in

ripe Monguba seeds.
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