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Pentaclethra macroloba (Willd.), whose common name is “pracaxi,” is naturally found in the Amazon region. The present study is
aimed at analyzing the anatomy, seed histochemistry, and chemical composition in fatty acid profile of P. macroloba seed oils.
Seeds were collected in the cities of Belém, Marituba, and São Domingos do Capim-PA. For the study in light microscopy,
scanning electron microscopy, and histochemistry, seeds were sectioned in cross and longitudinal sections of the embryonic
axis and fixed in formaldehyde, acetic acid, and 50% ethyl alcohol; neutral-buffered formalin; and formaldehyde and ferrous
sulfate and stored in 70% ethyl alcohol. For the anatomical study, the seeds were subjected to the usual techniques of plant
anatomy. Histochemical tests were performed on plant material, freehand sectioned, and embedded in histological paraffin
with DMSO. The fatty acid profile was determined for gas chromatography (GC-FID). Integument is divided into three strata,
monoseriate exotesta, mesotesta formed by several layers of parenchyma cells, and monoseriate endotesta, formed by
compressed cells. Cotyledons are composed of thin-walled parenchyma cells with several secretory cavities and secretory
idioblasts. The main metabolic classes are lipids, phenolic compounds, carbohydrates, proteins, and alkaloids. The main fatty
acids found in P. macroloba oil are oleic, behenic, lignoceric, and linoleic. P. macroloba seeds have important anatomical
characteristics for their circumscription in Leguminosae and also in Caesalpinioideae, and their oil is rich in fatty acids
essential to the human diet, providing many benefits to the human health, such as fatty acids belonging to the omega family
(linoleic, oleic).

1. Introduction

Leguminosae Juss. is a cosmopolitan organism, with about
19,500 species distributed in 770 circumscribed genera in
six subfamilies: Duparquetioideae, Cercidoideae, Detarioi-
deae, Dialioideae, Papilionoideae, and Caesalpinioideae [1].
It circumscribes numerous species of economic interest that

are used as ornamental, medicinal, food, and green manure
plants [2]. Within these, we highlight Pentaclethra macro-
loba (Willd.) Kuntze (Caesalpinioideae), also known as “pra-
caxi,” “paracaxi,” and “mulateiro” [3].

This species occurs naturally in várzea (floodplain), solid
ground, and igapó forests [4–6]. Its geographical distribution
includes the Brazilian Amazon, Venezuela, Guianas, and

Hindawi
International Journal of Food Science
Volume 2023, Article ID 1446972, 15 pages
https://doi.org/10.1155/2023/1446972

https://orcid.org/0000-0002-9488-7532
https://orcid.org/0000-0002-0296-5231
https://orcid.org/0000-0003-0640-7496
https://orcid.org/0000-0002-4076-2443
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2023/1446972


Central American countries, Trinidad and Tobago [7].
Fruits are leguminous, dry, dehiscent, green (immature),
dark brown (ripe), woody pericarp, laterally flattened, and
falcate; their seeds have a thin, slightly wrinkled integument,
green to brown in different maturation stages [8, 9].

From an ecological point of view, it stands out for being
a perennial species of constant leaf replacement, a pioneer
of fast growth and widely used in the recovery of degraded
areas, as it is a N2 fixing species, and, consequently, presents
a great potential for the restoration of C, N, and F in the
soil [10, 11].

Its applicability also includes the use of wood to build
furniture, replacing mahogany, andiroba, and freijo [10–12].
The oil from its seeds has great potential due to its medici-
nal properties, such as healing and anti-inflammatory prop-
erties [13, 14], and it is composed of bioactive fatty acids,
behenic acids, and oleic acids, which promote moisturizing
and emollient action, widely used for skin and capillary
treatment [15].

Pracaxi oil also has insecticidal potential against Aedes
(Stegomyia) aegypti (L.) larvae, a vector of dengue fever, urban
yellow fever, chikungunya, and zika virus [16, 17]. Anatomical
and histochemical studies make it possible to determine the
nature of chemical substances stored in secretory structures,
such as idioblasts, isolated, hypertrophied cells larger than
neighboring cells, in addition to cavities, secretory channels,
and glandular trichomes, as well as to determine reserve
compounds and secondary metabolite [18–21].

Several studies have been carried out involving the histo-
chemistry of oilseeds [22–24], as the structural and chemical
characteristics of its fruits and seeds constitute safe criteria
in taxonomic, phylogenetic, ecophysiological, and biotech-
nological studies [25, 26].

Currently, a small number of substances present in the
Pentaclethra macroloba seed oil have been studied, such as
oleic, linoleic, and behenic acids, for the treatment of dia-
betic ulcers, as a healing agent, and in cosmetic products
[26, 27]. Therefore, the purpose of this study was to describe
the anatomical aspects and to identify the main classes of
reserve compounds present in Pentaclethra macroloba
(Willd.) Kuntze seeds through histochemical tests and the
composition of fatty acids.

2. Materials and Methods

The Pentaclethra macroloba matrices selected for this study
are located in the municipalities of Belém, Marituba, and
São Domingo do Capim-Pará (Figure 1), located in a várzea
forest. The species was identified by Dr. Olívia Domingues
Ribeiro, and the ripe fruits were collected in January 2021,
from mother plants located in the dense ombrophilous allu-
vial forest, in the cities of São Domingos do Capim (04/01/
2021) (geographic coordinates -1.784919, -47.787479), in
Belém (01/11/2021) (-1.470654, -48.44813), and in Marituba
(01/14/2021) (-1.461247, -48.293850), all located in the
Northeast of the state of Pará. The fertile botanical samples
were incorporated into the collections of the Herbarium
João Murça Pires (MG), at the Museu Paraense Emílio
Goeldi (voucher number MG-243963).

Collections were carried out with the aid of a pruner,
before dehiscence, directly in the canopy of the matrices.
After collection, the fruits were shade dried, and seed extrac-
tion was manually performed, eliminating malformed seeds
and seeds with mechanical injuries.

2.1. Anatomical Analyses in Light Microscopy (LM) and
Scanning Electron Microscopy (SEM). For anatomical analy-
ses in light microscopy, using a light microscope (Leica®
DM750) with a coupled video camera (Leica® ICC50 HD)
(Leica Microsystems, Heerbrugg, Switzerland), and scanning
electron microscopy, using a scanning electron microscope
and LV-FE-SEM TESCAN Mira3 XMU (TESCAN, Brno,
Czech Republic) coupled to an EDAX Team (EDAX, Mah-
wah, USA) and EDS system (EDAX Apollo XPP Silicon Drift
Detector), seeds were soaked in distilled water for 24 hours,
sectioned transversally and longitudinally to the embryonic
axis (Figure 1), fixed in 50% FAA (formaldehyde, acetic acid,
ethyl alcohol, 50% 1 : 1: 18 v/v) for 24 hours under vacuum
and stored in 70% ethyl alcohol [28]. The parts of the selected
seeds for anatomical and histochemical study are presented
in Figures 1(a) and 1(b), where we can observe the cross-
sectional and longitudinal cuts, respectively.

For the structural study, seeds previously stored in
70% alcohol were subjected to dehydration in increasing
butyl series (tertiary butyl alcohol) for inclusion in histo-
logical paraffin with DMSO (Paraplast®, ©Leica Biosystems,
USA) [28].

Cross section and longitudinal section of 10μm to 12μm
were obtained with the aid of a rotating microtome (Leica®
RM 2245 model, Leica® Biosystems, Heidelberg, Germany)
and then stained with astra blue and safranin [29] and
mounted in colorless Canada balsam [30].

For scanning electron microscopy (SEM), cross and lon-
gitudinal sections of seeds stored in 70% ethanol were dehy-
drated in a growing ethylic series [31] and processed in a
critical point dryer using CO2 as transition liquid, fixed with
graphite on metal supports (studs), and metallized with car-
bon and gold [32].

2.2. Histochemical Analysis. Seeds were fixed for compound
detection: (i) hydrophilic (FAA50 for 24 hours [28], (ii) lipo-
philic (NBF—neutral-buffered formalin for 48 hours) [33],
and (iii) total phenolics (SFF—formaldehyde, ferrous sulfate,
and distilled water for 48 hours) [28] and later stored in 70%
ethyl alcohol.

Histochemical tests were applied to the exotesta cuticle
and to the secretory structures present in the integument,
cotyledon mesophyll, and embryonic axis, performed on
freehand sectioned samples, and embedded in histological
paraffin with DMSO [34]. Table 1 shows the tests performed
to detect the main groups of metabolites.

Control tests were performed according to the recom-
mendations of the respective authors of the applied tests.
For each test performed, samples were assembled and
photographed before the reagent (blank) was applied, aim-
ing to identify the seed natural appearance.

Photomicrographs in light microscopy and histochemistry
were obtained using a microscope (Leica DM6B, GermanyW)
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with a coupled digital camera (Leica Application Suite, LAS,
V4. 12) duly calibrated with micrometer slides according to
the manufacturer, located in the Microscopy Laboratory at
the Botany Coordination of the Museu Paraense Emilio
Goeldi Research Campus. And the electromicrography was
obtained with a TESCAN Mira3 microscope, with micro-
metric scales projected under the same optical conditions,
located in the Scanning Electron Microscopy Laboratory of
the Museu Paraense Emílio Goeldi.

2.3. Phytochemical Analysis. Fixed oil extraction was carried
out by using a Soxhlet-type apparatus, with 10 g of seeds and
150mL of hexane as solvent [44]. Extraction was performed
for 5 hours. Subsequently, lipid esterification was performed
according to [45].

Esterification was performed using the AOCS Official
Method Ce 2-66 [46], to destroy epoxy, hydroperoxy, cyclo-
propenyl, cyclopropyl, and possibly hydroxyl and acetylenic

fatty acids for the preparation of fatty acid methyl esters
[47]. The oils were analyzed for chemical composition using
gas chromatography coupled to a flame ionization detector
(GC-FID), as described by [48]. Fatty acid composition
was determined using a gas chromatograph (Varian model
CP 3380) equipped with a flame ionization detector and a
CP-Sil 88 capillary column (60m in length, 0.25mm internal
diameter, and 0.25μm film thickness; Varian Inc., USA).
This method considers the conversion of fatty acids into
fatty acid methyl esters (FAME).

The gas chromatograph used FID detector and injector
(split ratio 1 : 100), temperatures of 250°C, and helium as
carrier gas at a 0.9mL/min flow rate. Column temperature
was adjusted to 80°C for 4min and increased to 205°C at
a 4°C/min rate. Varian Star 3.4.1 software was used for
standard fatty acid chromatograms and known mixtures
(Nu-Chek-Prep, Inc., USA) to quantify fatty acids. Fatty
acid content was expressed as relative percentages of total

(a) (b)

Figure 1: Sections for fixing QI, QII, QIII, QIV, and QV (parts of seeds selected for anatomical sections and histochemical studies): (a) cuts
in cross sections and (b) cuts in longitudinal sections.

Table 1: Histochemical tests applied to detect the main classes of metabolites.

Metabolic groups Reagents Reaction

Alkaloids Dragendorff’s reagent [35] Reddish brown

Starch Lugol’s solution [28] Black

Total phenolic compounds Ferric chloride III SFF [28] Black 1932

Calcium oxalate crystals Hydrochloric acid [36] Total dissociation of crystals

Lignin Acid phloroglucinol [28] Pink

Acid lipids Nile blue A [37] Blue

Total lipids
Sudan III [28] Orange

Sudan black [38] Black

Acidic mucilage
Toluidine blue pH4.7 [39] Purple

Ruthenium red [28] Pink

Pectic compounds Ruthenium red [28] Pink

Total polysaccharides Schiff test/periodic acid-PAS [40] Pink

Total proteins Xylidine ponceau [41] Red

Tannin Vanillin-hydrochloric acid [42] Red

Terpene Nadi reagent [43]

Blue (essential oil)

Red (resin oil)

Purple (mixture)
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fatty acids. In general, three injections (n = 3) were per-
formed, and the samples did not show standard deviation.

3. Results

3.1. Seed Anatomical Description. In scanning electronic
microscopy, we observed wax plaques on the integument
surface (Figure 2(a)).

The integument is composed of exotesta (epidermis),
mesotesta (mesophyll), and endotesta (internal epidermis)
(Figure 2(b)). In the cross section, exotesta is monostratified
with juxtaposed cuboidal cells, with different sizes and thick
walls covered by a smooth and thin cuticle. In longitudinal
section, exotesta cells have the same shape as in cross section
(Figure 2(c)).

Mesotesta is formed by approximately 18-20 layers of
parenchyma cells that are large and horizontally elongated,
with thick walls, which decrease in size in the inner layers
(Figures 2(d) and 2(e)). In the central region of the meso-
testa, there are amphicribal vascular bundles that can be
observed in different regions of the integument (Figure 2(d)).
In cross section, mesotesta cells have a slightly rounded
shape (Figure 2(f)).

Endotesta consists of a monoseriate layer of rectangular,
compressed cells with thickened walls (Figure 2(e)).

In cross section, the cotyledon epidermis is monoseriate,
with rectangular cells, with thickened walls, and covered by a
smooth cuticle (Figures 3(a) and 3(b)). In longitudinal sec-
tion, the monostratified mesoderm with an external peri-
clinal wall covered by wax can be seen (Figure 3(c)).

The cotyledon mesophyll is filled with parenchyma tissue
with reserve characteristics, being consisting of polygonal,
heterodimensional cells with thin walls (Figures 3(d)–3(f)).
In longitudinal section, mesophyll cells present a slightly
elongated format in relation to that observed in cross sec-
tions (Figures 3(g) and 3(h)).

The vascular tissues are organized in collateral vascular
bundles, dispersed in the cotyledon mesophyll (Figure 3

(i)). In cross section, the secretory cavities are composed of
monoseriate secretory epithelium, formed by thin-walled
tabular cells, delimiting the isodiametric lumen (Figures 3
(j) and 3(k)). Secretory idioblasts are found throughout the
mesophyll (Figure 3(l)).

The embryo is cotyledonary, and in cross section, the
protoderm of the embryo is monostratified with rectangular
cells and thin periclinal walls (Figures 4(a) and 4(b)).

The cortical ground meristem comprises approximately
20 layers of thin-walled, slightly elongated, heterodimensional
polygonal cells, where an abundance of secretory cavities
and idioblasts can be seen (Figure 4(b)). The procambium
shows little cell differentiation, consisting of approximately
12-15 slightly elongated polygonal cells smaller than cortical
and medullary tissue cells (Figures 4(b), 4(c), and 4(e)).

The medullary fundamental meristem occupies the larg-
est volume of the embryo, formed by heterodimensional
polygonal cells, with thin walls, and throughout the length
of the medulla, there are secretory idioblasts (Figure 4(d)).
Collateral vascular bundles are located in the region of the
embryo cotyledons (Figure 4(f)).

In the embryonic axis, secretory idioblasts were identi-
fied (Figure 4(g)); the secretory cavities are constituted by a
monoseriate secretory epithelium, formed by tabular cells
with thin walls, isodiametric lumen similar to those found
in the cotyledon mesophyll (Figure 4(h)). In the cortical
and medullary tissue regions, small prismatic crystals are
observed (Figure 4(i)).

The embryo in longitudinal section consists of two coty-
ledons and the elliptical-basal axis, straight, with epicotyl,
hypocotyl, and radicle (Figure 4(j)).

The root cap presents monostratified epidermis formed
by cuboidal cells and covered with smooth and thin cuticle
(Figure 4(k)). In longitudinal section, the plumule is poorly
differentiated (Figure 4(l)).

3.2. Seed Histochemistry. Positive reactions were observed
for lipids, terpenes, total phenolic compounds, tannin,

(a) (b) (c)

(d) (e) (f)

Figure 2: Pentaclethra macroloba (Willd.) Kuntze seed integument. Cross section: external surface in scanning electron microscopy (SEM)
(a); general view of the integument in light microscopy (LM) (b); exotesta detail (LM) (c); mesotesta detail (LM) (d); endotesta detail (LM)
(e); integument in longitudinal section (LM) (f). Caption: ce: wax; en: endotesta; ex: exotesta; me: mesotesta; fv: vascular bundle. Bar: 20μm
(a); 50μm (c, f); 100 μm (b, d, g).
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mucilage, pectin, polysaccharides, starch, proteins, alkaloids,
lignin, and calcium oxalate crystals in the embryonic axis
region. These results are organized in Table 2 and their reac-
tions in Figures 5–7.

3.3. Analysis of Fatty Acids. Results referring to the fatty acid
composition of the three studied populations demonstrated
that P. macroloba oil is rich in unsaturated and saturated
fatty acids, especially the oleic unsaturated fatty acid (59%),
while behenic acid with concentration ranging between
13% and 14% among the analyzed populations was the main
saturated fatty acid. Lignoceric and linoleic fatty acids
showed concentrations ranging from 9% to 11% and 7% to
9%, respectively. To a lesser extent, stearic acid (2.5% to
3%), arachidic acid (0.76 to 3%), palmitic acid (0.94 to

2.3%), erucic acid (0.80% to 0.94%), and tricosanoic acid
(0.12%) were found in all populations.

Some differences in the composition of fatty acids were
observed, such as the presence of palmitoleic acid present
in the chemical composition of the Belém population and
Marituba population and absent in the chemical composi-
tion of São Domingos do Capim population. Margaric acid
was only present in the population of Marituba, and linole-
nic acid was absent in the population of Belém (Table 3).

4. Discussions

In the current investigation, we examined the structural
characteristics evident in the integument of P. macroloba.
However, the exotesta cell invagination process, which

epe epi

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

(j) (k) (l)

Figure 3: Pentaclethra macroloba (Willd.) Kuntze seed cotyledons: (a) detail of the cotyledon outer epidermis in cross section (LM); (b)
detail of the cotyledon inner epidermis in cross section (LM); (c) detail of the mesoderm in longitudinal section (SEM); (d) cotyledon
mesophyll in cross section (LM); (e) idioblasts in the cotyledon mesophyll (LM); (f) cotyledon cells (SEM); (g) cotyledon mesophyll in
longitudinal section (LM); (h) secretory cavities in longitudinal section (LM); (i) detail of the vascular bundle; (j) secretory cavities in
cross section (SEM); (k) detail of the cavity in light microscopy (LM); (l) secretory idioblast. Caption: cs: secretory cavity; epe: outer
epidermis; epi: internal epidermis; ep: secretory epithelium; id: idioblast; lu: lumen; me: mesoderm. Bar: 20 μm (c, f, h, j); 100μm (a, b, d,
e, g, i, k, l, d). SEM: scanning electron microscopy; LM: light microscopy.
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results in the formation of cavities reported by [3], was not
noticed in the present study.

Anatomically, P. macroloba seeds do not have the com-
plex anatomical structure normally described for the Legu-
minosae family, such as an exotesta formed by palisade
cells, called Malpighian cells (macrosclereids), light line,
mesotesta formed by hourglass cells (osteosclereids), and
endotesta by several layers of parenchyma cells [49–53].

The anatomical characteristics of the P. macroloba integ-
ument were also observed for some seeds of species belong-
ing to the genus Bauhinia L. by [54], in which they observed
that the species Bauhinia aculeata L., Bauhinia purpura L.,

and Bauhinia variegata L. have an exotesta formed by cuboi-
dal cells and a mesotesta by parenchyma cells, while other
species of the genus follow the pattern already described
for the family.

The structural characteristics observed in the P. macro-
loba integument may suggest the absence of physical dor-
mancy for the species, since Orwa et al. (2009) describe
the P. macroloba seeds as intermediate, unlike what occurs
in some species of Bauhinia L. [54, 55], Piptadenia monili-
formis [56], and Cenostigma Tul. [57]. Thus, the anatomical
organization of the P. macroloba integument can provide
important subsidies for the species identification in the

(a) (b) (c)

(d) (e) (f)

(g)
(h) (i)

(j)
(k) (l)

Figure 4: Pentaclethra macroloba (Willd.) Kuntze seed embryonic axis: (a) general view of the axis in cross section (LM); (b) detail of the
embryo in cross section (LM); (c) detail of the procambium (LM); (d) detail of the medullary region; (e) secretory cavities (LM); (f) vascular
bundle (LM); (g) SEM; (h) detail of cavities without cross section (LM); (i) prismatic crystal (LM); (j) general view of the embryo in
longitudinal section (LM); (k) hypocotyl radicle in longitudinal section (LM); (l) plumule in longitudinal section (LM). Caption: c:
fundamental cortical meristem; cs: secretory cavity; d: protoderm; fv: vascular bundle; m: medullary ground meristem; p: procambium;
cr: crystals. Bar: 50μm (i), 20μm (e, g), 100μm (a, b, c, d, f, h, k, l), and 500μm (j). SEM: scanning electron microscopy; LM: light
microscopy.
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Leguminosae family, as observed by [58] when anatomi-
cally comparing seed integuments of Senna occidentalis
(L.) Link (Fabaceae-Caesalpinioideae) and Phyllanthus nir-
uri L. (Euphorbiaceae).

The vascular bundles present in the P. macroloba meso-
testa can be found throughout the entire length of the integ-
ument, quite different from what was described for Senna
spectabilis (D.C.) Irwin & Barneby var. excelsa (Schrad)
Irwin & Barneby, in which they remain in the micropyle
and chalaza [59]. As for the embryo, it consists of two coty-
ledons and the elliptical-basal axis, straight with epicotyl and
short radicle hypocotyl; some of these characteristics were
also observed by [60] when studying species belonging to
the Leguminosae subfamilies. These features are commonly
found in the Caesalpinioideae subfamily [49].

Histochemical analyses of P. macroloba seeds revealed
the presence of lipids and pectic compounds in the cuticles
covering the exotesta and in the epidermis of the seed coty-
ledons. The cuticle that covers all plant epidermis cells can
act as a protective barrier against excessive water loss and
entry of pathogens, insects, and agrochemicals [61, 62].

The presence of cuticle in the seeds of species belonging
to the Leguminosae is constantly described in the literature
[63–65]. The cuticles present in plants are made up of lipo-
philic cutin and hydrophobic compounds called waxes, in
addition to a varied number of polysaccharides [66–68]. It
is worth mentioning that both the presence and the orna-
mentation of the cuticle have a great taxonomic value for
the species [69].

Lipid compounds are present in all regions of P. macro-
loba seeds, in the cotyledon mesophyll and in the embryonic
axis, and are produced and stored in the secretory cavities, as
well as in idioblasts. This information regarding the lipid
compound production and localization for the species under
study was also pointed out by [8].

In oilseeds, it is common to store lipids and fats in lipid
bodies usually found in reserve tissues, such as cotyledons or

endosperm, providing carbon during cellular respiration and
acting as an energy source in the germination process, in
addition to contributing to the seedling adaptation to less
illuminated environments [70, 71].

Acidic lipids are found in abundance in P. macroloba;
the acidic nature of lipids is directly linked to the fatty acids
present in the oil; the reserve lipids found in seeds are tri-
glycerides, and the most common fatty acids are oleic acids,
linoleic acids, and linolenic acids [72, 73]. There are differ-
ences regarding the lipid composition of P. macroloba seeds;
the positive reaction to the Nadi reagent showed the pres-
ence of terpenes of different molecular weights, such as
essential oils and resin oil.

Essential oils are compounds (mono- and sesquiterpenes
and phenylpropanoids) that attribute organoleptic characteris-
tics and have phytotherapeutic actions in the human body—by
presenting analgesic, antibacterial, and antioxidant action
[74–76]—while resins are (di-, tri-, or tetraterpenes) and
provide the plant with protection against herbivory [77].

In P. macroloba, phenolic compounds are present in all
regions of the seed. In the cotyledon mesophyll and in the
embryonic axis, they can be observed in the idioblasts and
in the secretory cavities. The presence of phenolic com-
pounds in the cavities proves the mixed nature of the chem-
ical substances that the oil cavities produce, in general,
terpenes and phenolic compounds. The same secretory
structure can secrete different chemical substances depend-
ing on its origin or developmental stage of the tissue where
it is located [78, 79].

Phenolic compounds can be found in several plant spe-
cies [80]. This chemical group also includes flavonoids and
tannins. Histochemical tests for flavonoids were not per-
formed in this study, as tannin is only present in the P.
macroloba seed integument. Tannins have several benefits,
such as antioxidant and antimicrobial benefits [81]. Flavo-
noids are antioxidant, anti-inflammatory, antimicrobial,
and antiallergic [82].

Table 2: Results of histochemical tests performed on Pentaclethra macroloba seeds.

Reagent
Seed structure

Metabolites Integument Cotyledon mesophyll Embryonic axis Secretory cavities Idioblasts

Dragendorff Alkaloids + + + - +

Lugol Starch + + + - -

Iron chloride Phenolics compounds + + + + +

Ruthenium red Pectin + + + - -

Hydrochloric acid Calcium oxalate crystals n n + n +

Acid phloroglucinol Lignins + n n n n

Nile blue A Acid lipids + + + - +

Sudan III Sudan black Total lipids + + + + +

Toluidine blue Acidic mucilage + + + - +

PAS Neutral polysaccharides + + + - -

Xylidine ponceau Total proteins + + + - -

Vanillin-hydrochloric acid Tannin + - - - +

Nadi Terpenes + + + + +

Note: n: not applied; +: positive reaction; -; negative reaction.
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In plants, phenolic compounds represent the main bio-
actives present in oils, and they act to protect against micro-
organisms, especially fungi and herbivores [83–85], in
addition to participating in the control and absorption of
water and in the entry of oxygen in some seeds [86, 87];

besides, integument coloration has also been linked to phe-
nolic compounds [88].

Starch is distributed throughout all regions of the P.
macroloba seed, similarly to what has been observed for
other species of Leguminosae [88, 89]. The starch stored in

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

(j) (k) (l)

(m) (n) (o)

Figure 5: Histochemical tests, positive reactions for different classes of metabolites present in the Pentaclethra macroloba (Willd.) Kuntze
seed integument: (a) integument not submitted to tests (LM); (b) detection of total lipids with Sudan black (LM); (c) detection of total lipids
with Sudan III (arrow) positive reaction for lipids in the cuticle (LM); (d) positive reaction for acid lipids (LM); (e) positive reaction for
terpene oil resin in idioblasts (LM); (f) terpene reaction in idioblasts (LM); (g) positive reaction for total phenolic compounds; (h)
positive reaction for lignin in the vascular bundle (LM); (i) positive reaction for tannin (LM); (j) positive reaction for pectin (LM); (k)
positive reaction for pectin in the cuticle of the exotesta (arrowhead) and acidic mucilage (∗) (LM); (l) positive reaction for neutral
polysaccharides (LM); (m) starches (LM); (n) total proteins (LM); (o) idioblast with alkaloids (LM). Caption: al: alkaloids; am: starch;
cf: phenolic compounds; li: lipids; tn: tannin; pn: total polysaccharides. Bar: 50 μm (d, l, n, h), 100 μm (b, c, e, f, g, h, i, o), 100 μm (a),
and 200 μm (m).
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the seeds is an insoluble polysaccharide consisting of amy-
lose and amylopectin [90]. In the P. macroloba seeds, a large
accumulation of lipids was observed; however, for some
Leguminosae seeds, the accumulation of lipid compounds
is inversely proportional to the starch [89].

Therefore, reserve carbohydrates stored in some legume
seeds can be applied as taxonomic characteristics, since they
do not occur regularly between subfamilies [88, 91].

The proteins present in P. macroloba seeds are lipopro-
teic, as they divide the cell cytoplasm with lipids. The pres-
ence of proteins in the cotyledons for some Leguminosae
species may be related to desiccation tolerance [89, 92].
Proteins are the main source of nitrogen and sulfur and
act in the synthesis of other compounds [93]. Alkaloids,
in turn, can be found in all regions of P. macroloba seeds.
Alkaloids play an important role in protecting against

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

(j) (k) (l)

(m) (n) (o)

Figure 6: Histochemical tests applied to Pentaclethra macroloba (Willd) Kunze seed cotyledons: (a) cotyledon mesophyll in white (LM); (b)
positive reaction for total lipids with Sudan black evidenced, droplets in the secretory epithelium of the cavity (∗) (LM); (c) positive reaction
for total lipids with Sudan III (LM); (d) total lipids in the cotyledon mesophyll (LM); (e) positive reaction for acid lipids (LM); (f) positive
reaction for terpenes, showing essential oil (LM); (g) cavity secreting terpenes (LM); (h) phenolic compounds in the lumen and in the
secretory epithelium of the cavity, detected by the SFF fixative (LM); (i) phenolic idioblasts detected by ferric chloride (LM); (j) pectic
compounds in cell walls (LM); (k) idioblasts with acidic mucilage (∗) (LM); (l) neutral polysaccharides (LM); (m) starch (LM); (n) total
proteins; (o) alkaloids (LM). Caption: al: alkaloids; cf: phenolic compounds; cp: protein bodies; li: lipids; pn: neutral polysaccharides. Bar:
50μm (b, c, d, e, f, g, h, i, j, k, l, m, n, o); 100μm (a).
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herbivory, as well as having medicinal properties, such
as anesthetic, antitumor, myorelaxant, and antimicrobial
action [94, 95].

Regarding the composition of fatty acids, we verified that
P. macroloba oil is rich in saturated and unsaturated fatty

acids. A composition similar to that described in this study
was reported by [14, 96]. However, lower concentrations
were described for oleic acid (47%) and higher concentra-
tions for behenic acid (22%) and arachidic acid (12%) by
[97]. Teixeira et al. [98] also reported a lower value of oleic

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

(j) (k) (l)

(m) (n) (o)

Figure 7: Histochemical tests applied to the embryonic axis of Pentaclethra macroloba (Willd): (a) cross section showing the blank embryo
(LM); (b) positive reaction for total lipids with Sudan III (LM); (c) positive reaction for total lipids with Sudan black (LM); (d) total lipids in
the embryo cotyledon (LM); (e) positive reaction for acid lipids in the embryo cotyledons (LM); (f) positive reaction for terpenes, showing
oil resin in the idioblasts in the procambium region (LM); (g) terpenes in the lumen of the secretory cavity, showing essential oil (LM); (h)
phenolic compounds detected by the SFF fixative (LM); (i) phenolic idioblasts detected in the cortical ground meristem (LM); (j) pectic
compounds in the cell walls (LM); (k) idioblasts with acidic mucilage in the medullary region (∗) (LM); (l) neutral polysaccharides; (m)
starch (LM); (n) total proteins (LM); (o) alkaloids (LM). Caption: al: alkaloids; cf: phenolic compounds; cp: protein bodies; li: lipids. Bar:
50μm (b, c, e, f, g, h, i, k, l, n, o); 100μm (a, d, j, m).
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acid (53%). Furthermore, Pereira et al. [99] reported an
increase for linolenic acid (37%).

Variations in the chemical concentrations of the oils may
be related to the origin of the seeds, as well as natural factors
and methods of extracting the seeds for oil production [100].
In the present study, lauric and myristic acids were not
found in the composition of fatty acids, already reported in
previous studies [14, 96, 97, 99]. As well as the presence of
margaric fatty acid in the composition of the oil from the
P. macroloba population from the Municipality of Marituba,
it had not yet been reported in other studies. Regarding
erucic acid, its concentration ranges from 0.80% to 0.94%
among the studied populations of P. macroloba, a value close
to that reported by [99].

5. Conclusion

The study of Pentaclethra macroloba seeds has revealed sig-
nificant anatomical characteristics that are crucial for distin-
guishing this species within the Caesalpinioideae family.
Notably, the unique structure of the integument sets it apart
from the typical pattern observed in legume species. Fur-
thermore, the investigation into anatomical, histochemical,
and phytochemical features has contributed to expanding
our knowledge of this species. These findings are particularly
valuable for supporting research in the field of seed technol-
ogy, particularly in areas such as storage and biotechnology.
One noteworthy aspect of the research is the recognition of
the substantial oil content in Pentaclethra macroloba seeds.
This oil serves as a rich source of bioactive compounds that
have been shown to have health benefits. These findings
have the potential to drive further research into the utiliza-
tion of these bioactives for various applications, including
medicinal and dietary purposes. Additionally, this study
underscores the importance of species conservation and
the sustainable use of Pentaclethra macroloba. By gaining a
deeper understanding of the species’ characteristics and
potential applications, we can better appreciate the ecologi-
cal and economic significance of preserving and responsibly
utilizing this plant. Overall, the findings shed light on the

value of biodiversity and the potential benefits it can offer
to both science and society.

Data Availability

Data are available on request from the corresponding
author.

Conflicts of Interest

The authors declare that there is no conflict of interest for
the publication of this article.

Authors’ Contributions

Zelina Ataíde Correia and Olivia Ribeiro performed the
experiment, analyzed the data, and prepared the manuscript;
Ely Simone Cajueiro Gurgel, Ana Cristina de Andrade,
Ravendra Kumar, Eloisa Helena de Aguiar Andrade, and
Mozaniel Santana de Oliveira contributed in structuring
the manuscript, supervision, review, and editing; Luis
Adriano Santos do Nascimento contributed to the experi-
ment design.

Acknowledgments

The authors would like to thank PDPG-POSDOC—
Programa de Desenvolvimento da Pós-Graduação (PDPG)
Pós-Doutorado Estratégico and Coordenação de Aperfeiçoa-
mento de Pessoal de Nível Superior (CAPES) for the schol-
arship with process number 88887.852405/2023-00 and
scholarship with process number 001.

References

[1] N. Azani, M. Babineau, C. D. Bailey et al., “A new subfamily
classification of the leguminosae based on a taxonomically
comprehensive phylogeny: the Legume Phylogeny Working
Group (LPWG),” Taxon, vol. 66, no. 1, pp. 44–77, 2017.

[2] M. Wink, “Evolution of secondary metabolites in legumes
(Fabaceae),” South African Journal of Botany, vol. 89,
pp. 164–175, 2013.

[3] R. N. Soares, R. O. dos Santos, and B. M. S. Silva, “Morpho-
logical aspects and anatomy of the fruit, seeds and seedlings
of Pentaclethra macroloba (Willd.) Kuntze (Fabaceae),” Jour-
nal of Seed Science, vol. 41, no. 4, pp. 452–460, 2019.

[4] P. Parolin and F. Wittmann, “Tree phenology in Amazonian
floodplain forests,” in Amazonian Floodplain Forests Eco-
physiology, Biodiversity and Sustainable Management, P. P.
W. J. Junk, M. T. F. Piedade, F. Wittmann, and J. Schöngart,
Eds., pp. 105–126, Springer Nature, Cham, Switzerland, 1st
edition, 2010.

[5] T. M. Condé and H. Tonini, “Fitossociologia de uma Floresta
Ombrófila Densa na Amazônia Setentrional, Roraima, Bra-
sil,” Acta Amazonica, vol. 43, no. 3, pp. 247–259, 2013.

[6] A. R. Dantas, L. C. Marangon, M. C. Guedes, A. L. P. Feli-
ciano, and A. C. Lira-Guedes, “Spatial distribution of a
population of Pentaclethra macroloba (Willd.) kuntze in a
floodplain forest of the amazon estuary,” Revista Árvore,
vol. 41, no. 4, 2017.

Table 3: Chemical composition and fatty acid content of fixed oil
extracted from P. macroloba seeds.

Compounds São Domingos Marituba Belém Ret. time

1 Palmitic 2.3103 2.1946 1.7464 17.589

2 Palmitoleic — 0.0734 0.0856 17.843

3 Margaric — 0.0405 — 18.541

4 Stearic 3.1020 2.5301 2.5948 19.528

5 Oleic 59.2053 59.4308 58.6091 19.755

6 Linoleic 7.9605 9.1528 8.4813 20.098

7 Linolenic acid 0.3205 0.0643 — 20.632

8 Arachidic 2.5002 0.7677 1.4979 21.402

9 Behenic 13.6552 13.5324 14.7712 23.222

10 Erucic 0.8492 0.9401 0.8051 23.439

11 Tricosanoic 0.1273 0.1190 0.1363 24.354

12 Lignoceric 9.9696 11.1544 11.2723 25.896

11International Journal of Food Science



[7] M. L. Nobre Lamarão, L. M. M. C. Ferreira, D. Gyles Lynch,
L. R. B. Morais, J. O. C. Silva-Júnior, and R. M. Ribeiro-Costa,
“Pentaclethra macroloba: a review of the biological, pharma-
cological, phytochemical, cosmetic, nutritional and biofuel
potential of this Amazonian plant,” Plants, vol. 12, no. 6,
p. 1330, 2023.

[8] Y. Rouphael, G. Colla, M. Giordano, C. El-Nakhel, M. C.
Kyriacou, and S. De Pascale, “Foliar applications of a
legume-derived protein hydrolysate elicit dose-dependent
increases of growth, leaf mineral composition, yield and fruit
quality in two greenhouse tomato cultivars,” Scientia Horti-
culturae (Amsterdam), vol. 226, pp. 353–360, 2017.

[9] A. R. Dantas, M. C. Guedes, C. D. C. Da Cruz Vasconcelos
et al., “Morphology, germination, and geographic distribu-
tion of Pentaclethra macroloba (Fabaceae): a hyperdominant
Amazonian tree,” Revista de Biología Tropical, vol. 69, no. 1,
2021.

[10] W. D. Eaton, C. Anderson, E. F. Saunders, J. B. Hauge, and
D. Barry, “The impact of Pentaclethra macroloba on soil
microbial nitrogen fixing communities and nutrients within
developing secondary forests in the northern zone of Costa
Rica,” Tropical Ecology, vol. 53, no. 2, pp. 207–214, 2012.

[11] D. J. Shebitz and W. Eaton, “Forest structure, nutrients, and
Pentaclethra macroloba Growth after deforestation of Costa
Rican lowland forests,” ISRN Ecology, vol. 2013, Article ID
414357, 10 pages, 2013.

[12] E. M. Flores, “Pentaclethra macroloba (Willd.) Kuntze,”
Tropical Tree Seed Manual. Agricultural Handbook, vol. 721,
no. 138, p. 2, 2000.

[13] D. Banov, F. Banov, and A. S. Bassani, “Case series: the effec-
tiveness of fatty acids from pracaxi oil in a topical silicone
base for scar and wound therapy,” Dermatology and Therapy,
vol. 4, no. 2, pp. 259–269, 2014.

[14] M. N. F. dos Santos Costa, M. A. P. Muniz, C. A. B. Negrão
et al., “Characterization of Pentaclethra macroloba oil,” Jour-
nal of Thermal Analysis and Calorimetry, vol. 115, no. 3,
pp. 2269–2275, 2014.

[15] N. G. A. S. S. Chandana and G. E. Morlock, “Comprehensive
bioanalytical multi-imaging by planar chromatography in
situ combined with biological and biochemical assays high-
lights bioactive fatty acids in abelmosk,” Talanta, vol. 223,
article 121701, Part 1, 2021.

[16] G. M. P. Santiago, F. A. Viana, O. D. L. Pessoa et al., “Avalia-
ção da atividade larvicida de saponinas triterpênicas isoladas
de Pentaclethra macroloba (Willd.) Kuntze (Fabaceae) e Cor-
dia piauhiensis Fresen (Boraginaceae) sobre Aedes aegypti,”
Revista Brasileira de Farmacognosia, vol. 15, no. 3, pp. 187–
190, 2005.

[17] L. da Silva Hartmann and R. S. Rodrigues, “Morfologia de
plântulas de Martiodendron excelsum e sua relevância siste-
mática em Dialiinae (Leguminosae, “Caesalpinioideae”),”
Rodriguésia, vol. 65, no. 3, pp. 577–586, 2014.

[18] L. E. Muravnik, O. V. Kostina, and A. A. Mosina, “Glandular
trichomes of the leaves in three Doronicum species (Senecio-
neae, Asteraceae): morphology, histochemistry, and ultra-
structure,” Protoplasma, vol. 256, no. 3, pp. 789–803, 2019.

[19] W. Ouyang, X. Yin, J. Yang, and P. C. Struik, “Comparisons
with wheat reveal root anatomical and histochemical con-
straints of rice under water-deficit stress,” Plant and Soil,
vol. 452, no. 1–2, pp. 547–568, 2020.

[20] J.-X. Duan, Q.-X. Duan, S.-F. Zhang, Y. M. Cao, C. D. Yang,
and X. D. Cai, “Morphological, physiological, anatomical and

histochemical responses of micropropagated plants of Tri-
chosanthes kirilowii to hydroponic and soil conditions dur-
ing acclimatization,” Plant Cell, Tissue and Organ Culture,
vol. 142, no. 1, pp. 177–186, 2020.

[21] G. Dastagir, F. Hussain, and N. U. Uza, “Anatomical and his-
tochemical characterization of some highly medicinal plants
as a tool for quality control,” Microscopy Research and Tech-
nique, vol. 86, no. 8, pp. 966–990, 2023.

[22] C. Han, M. Yu, Q. Wang et al., “Leaf structure and seed
histochemistry analyses provided structural insights into
the improved yield and quality of tree peony seed under
light shading conditions,” Scientific Reports, vol. 10, no. 1,
p. 4328, 2020.

[23] S. C. França, S. Deketelaere, O. Leroux, and M. Höfte, “Plant
responses upon infection with Verticillium longisporum O1
and Verticillium isaacii Vt305: a histochemical study in cau-
liflower and broccoli,” Journal of Plant Diseases and Protec-
tion, vol. 129, no. 2, pp. 283–292, 2022.

[24] R. A. C. Jones, M. Sharman, P. Trębicki, S. Maina, and B. S.
Congdon, “Virus diseases of cereal and oilseed crops in
Australia: current position and future challenges,” Viruses,
vol. 13, no. 10, p. 2051, 2021.

[25] K. C. P. da Costa, J. F. de Carvalho Gonçalves, A. L.
Gonçalves et al., “Advances in Brazil nut tree ecophysiology:
linking abiotic factors to tree growth and fruit production,”
Current Forestry Reports, vol. 8, no. 1, pp. 90–110, 2022.

[26] H. El-Ramady, P. Hajdú, G. Törős et al., “Plant nutrition for
human health: a pictorial review on plant bioactive com-
pounds for sustainable agriculture,” Sustainability, vol. 14,
no. 14, p. 8329, 2022.

[27] M. S. Nestor, B. Berman, and J. L. Jones, “Comparison of
Safety and Efficacy of a Silicone-Based Gel Containing Pra-
caxi Oil (Pentaclethra macroloba) Versus a Silicon-Based
Gel Containing Cepalin Onion Extract for the Treatment
of Post-Surgical Hypertrophic Scars,” Skin (Los Angeles),
vol. 2, no. 6, pp. 380–388, 2018.

[28] D. A. Johansen, Plant Microtechnique, McGraw-Hill Book,
New York, NY, USA, 1940.

[29] H. Augsten, “Dieter Gerlach, Botanische Mikrotechnik. Eine
Einführung. 298 S., 45 Abb. (in 64 Einzeldarstellungen).
Stuttgart 1969: Georg Thieme Verlag DM 11, 80,” Zeitschrift
für Allgemeine Mikrobiologie, vol. 10, no. 6, pp. 446-447,
1970.

[30] J. E. Kraus and M. P. P.-S. Arduin,Manual básico de métodos
em morfologia vegetal, EDUR, Seropedica, Brazil, 1st edition,
1997.

[31] P. B. Gahan, Plant Histochemistry and Cytochemistry : An
Introduction/Peter B. Gahan, Academic Press, Orlando, FL,
USA, 1984.

[32] A. L. Cohen, “Electron microscopy: principles and techniques
for biologists. John J. Bozzola, Lonnie D. Russell,” The Quar-
terly Review of Biology, vol. 67, no. 2, pp. 247–249, 1992.

[33] R. D. Lillie, “Histopathologic technic and practical biochem-
istry,” Southern Medical Journal, vol. 48, no. 3, pp. 316–323,
1955.

[34] D. Demarco, “Histochemical analysis of plant secretory
structures,” in Methods in Molecular Biology, vol. 1560,
pp. 313–330, Humana Press Inc., 2017.

[35] A. B. Svendsen and R. Verpoorte, Chromatography of Alka-
loids, Part A, CRC Press, Taylor & Francis, Boca Raton, FL,
USA, 1st edition, 1983.

12 International Journal of Food Science



[36] C. J. Chamberlain, “The gymnosperms,” The Botanical
Review, vol. 1, no. 6, pp. 183–209, 1935.

[37] A. J. Cain, “The use of Nile blue in the examination of
lipoids,” The Quarterly Journal of Microscopical Science,
vol. S3-88, no. 3, pp. 383–392, 1947.

[38] A. G. E. Pearse, Histochemistry, Theoretical and Applied: Pre-
parative and Optical Technology, Churchill Livingstone, 1st
edition, 1968.

[39] T. P. O’Brien, N. Feder, and M. E. McCully, “Polychromatic
staining of plant cell walls by toluidine blue O,” Protoplasma,
vol. 59, no. 2, pp. 368–373, 1964.

[40] J. F. A. McManus, “Histological and histochemical uses of
periodic acid,” Stain Technology, vol. 23, no. 3, pp. 99–108,
1948.

[41] B. C. de Vidal, “Dichroism in collagen bundles stained with
Xylidine-Ponceau 2R,” Annales d'Histochimie, vol. 15, no. 4,
pp. 289–296, 1970.

[42] M. E. Mace and C. R. Howell, “Histochemistry and identi-
fication of condensed tannin precursors in roots of cotton
seedlings,” Canadian Journal of Botany, vol. 52, no. 11,
pp. 2423–2426, 1974.

[43] R. David and J.-P. Carde, “Coloration différentielle de
inclusions lipidique et terpéniques des peseudophylles du
Pin maritime au moyen du réactif Nadi,” Comptes Rendus
Hebdomadaires des Séances de l'Académie des Sciences,
vol. 258, no. 13, pp. 1338–1340, 1964.

[44] W. A. D. Costa, F. W. F. Bezerra, M. S. D. Oliveira et al.,
“Supercritical CO2 extraction and transesterification of the
residual oil from industrial palm kernel cake with supercriti-
cal methanol,” The Journal of Supercritical Fluids, vol. 147,
pp. 179–187, 2019.

[45] G. Rabbani Khan and F. Scheinmann, “Some recent advances
in physical methods for analysis and characterization of poly-
unsaturated fatty acids,” Progress in the Chemistry of Fats and
Other Lipids, vol. 15, no. 4, pp. 343–367, 1977.

[46] American Oil Chemists Society, “AOCS official method Ce2-
66,” Preparations of Methyl Esters of Fatty Acids, pp. 2–66,
1997.

[47] J. B. Aboim, D. T. de Oliveira, V. A. de Mescouto et al., “Opti-
mization of light intensity and NaNO3 concentration in
Amazon cyanobacteria cultivation to produce biodiesel,”
Molecules, vol. 24, no. 12, p. 2326, 2019.

[48] F. W. F. Bezerra, W. A. D. Costa, M. S. D. Oliveira, E. H. D.
Aguiar Andrade, and R. N. D. Carvalho, “Transesterification
of palm pressed-fibers (Elaeis guineensis Jacq.) oil by super-
critical fluid carbon dioxide with entrainer ethanol,” The
Journal of Supercritical Fluids, vol. 136, pp. 136–143, 2018.

[49] R. C. Barneby and C. R. Gunn, “Fruits and seeds of genera in
the subfamily Mimosoideae (Fabaceae),” Brittonia, vol. 37,
no. 4, p. 424, 1985.

[50] B. P. Mainali, H. J. Kim, Y. N. Yoon, I. S. Oh, and S. Do Bae,
“Evaluation of different leguminous seeds as food sources for
the bean bug Riptortus pedestris,” Journal of Asia-Pacific
Entomology, vol. 17, no. 2, pp. 115–117, 2014.

[51] S. Shea Miller, L. A. Bowman, M. Gijzen, and B. L. Miki,
“Early development of the seed coat of soybean (Glycine
max),” Annals of Botany, vol. 84, no. 3, pp. 297–304, 1999.

[52] E. Werker, Seed Anatomy/by Ella Werker, Gebrüder Born-
traeger, Berlin, 1997.

[53] P. Smýkal, V. Vernoud, M. W. Blair, A. Soukup, and R. D.
Thompson, “The role of the testa during development and

in establishment of dormancy of the legume seed,” Frontiers
in Plant Science, vol. 5, 2014.

[54] S. F. Ponomarenko and M. E. Pavlova, “Seed structure in the
genus Bauhinia L. (fam. Fabaceae Lindl.) in the context of
taxonomy,” Biology Bulletin of the Russian Academy of Sci-
ences, vol. 30, no. 4, pp. 361–369, 2003.

[55] F. Ilkiu-Borges and M. S. de Mendonça, “Morfo-anatomia da
semente de Bauhinia monandra Kurz: (Leguminosae-caesal-
pinioideae),” Revista Brasileira de Sementes, vol. 31, no. 4,
pp. 168–174, 2009.

[56] G. A. de Azeredo, R. C. de Paula, S. V. Valeri, and F. V. Moro,
“Superação de dormência de sementes de Piptadenia monili-
formis Benth,” Revista Brasileira de Sementes, vol. 32, no. 2,
pp. 49–58, 2010.

[57] M. C. Warwick and G. P. Lewis, “A revision of Cenostigma
(Leguminosae–Caesalpinioideae–Caesalpinieae), a genus
endemic to Brazil,” Kew Bulletin, vol. 64, no. 1, pp. 135–
146, 2009.

[58] G. A. de Bitencourt, U. M. Resende, and S. Favero, “Morpho-
anatomic description of seeds of Senna occidentalis (L.) Link.
(Fabaceae-Caesalpinoideae) and Phyllanthus niruri L.
(Euphorbiaceae),” Revista de Biologia e Farmácia, vol. 3,
no. 1, pp. 38–44, 2008.

[59] G. F. D. A. Melo-Pinna, M. S. M. Neiva, and D. C. D. A.
Barbosa, “Structure of the seed coat in four species of the
Leguminosae (Caesalpinioideae), occuring in the caatinga
(PE Brazil),” Revista Brasileira de Botânica, vol. 22, no. 3,
1999.

[60] D. M. T. Oliveira, “Morfologia de plântulas e plantas jovens
de 30 espécies arbóreas de Leguminosae,” Acta Botanica Bra-
silica, vol. 13, no. 3, pp. 263–269, 1999.

[61] S. O. Procópio, E. A. Ferreira, E. A. M. Silva, A. A. Silva, R. J.
N. Rufino, and J. B. Santos, “Estudos anatômicos de folhas de
espécies de plantas daninhas de grande ocorrência no Brasil:
III - Galinsoga parviflora, Crotalaria incana, Conyza bonar-
iensis e Ipomoea cairica,” Planta Daninha, vol. 21, no. 1,
pp. 1–9, 2003.

[62] L. M. Silva, Y. Alquini, and V. J. Cavallet, “Inter-relações
entre a anatomia vegetal e a produção vegetal,” Acta Botanica
Brasilica, vol. 19, no. 1, pp. 183–194, 2005.

[63] Z. Wang, G. Shi, B. Sun, and S. Yin, “A new species of Ormo-
sia (Leguminosae) from the middle Miocene of Fujian,
Southeast China and its biogeography,” Review of Palaeobo-
tany and Palynology, vol. 270, pp. 40–47, 2019.

[64] G. E. Geisler, T. T. Pinto, M. Santos, and M. T. S. Paulilo,
“Seed structures in water uptake, dormancy release, and ger-
mination of two tropical forest Fabaceae species with physi-
cally dormant seeds,” Brazilian Journal of Botany, vol. 40,
no. 1, pp. 67–77, 2017.

[65] G. E. Burrows, R. Alden, and W. A. Robinson, “The lens in
focus – lens structure in seeds of 51 Australian Acacia species
and its implications for imbibition and germination,” Austra-
lian Journal of Botany, vol. 66, no. 5, p. 398, 2018.

[66] E. A. Fich, N. A. Segerson, and J. K. C. Rose, “The plant poly-
ester cutin: biosynthesis, structure, and biological roles,”
Annual Review of Plant Biology, vol. 67, no. 1, pp. 207–233,
2016.

[67] T. Ichino and K. Yazaki, “Modes of secretion of plant lipo-
philic metabolites via ABCG transporter-dependent trans-
port and vesicle-mediated trafficking,” Current Opinion in
Plant Biology, vol. 66, article 102184, 2022.

13International Journal of Food Science



[68] G. Philippe, D. De Bellis, J. K. C. Rose, and C. Nawrath, “Traf-
ficking processes and secretion pathways underlying the for-
mation of plant cuticles,” Frontiers in Plant Science, vol. 12,
2022.

[69] P. Nunes, S. C. Nunes, R. F. P. Pereira et al., “The leaf of Aga-
panthus africanus (L.) Hoffm.: a physical-chemical perspec-
tive of terrestrialization in the cuticle,” Environmental and
Experimental Botany, vol. 208, article 105240, 2023.

[70] R. Miray, S. Kazaz, A. To, and S. Baud, “Molecular control of
oil metabolism in the endosperm of seeds,” International
Journal of Molecular Sciences, vol. 22, no. 4, p. 1621, 2021.

[71] Q. Thien Nguyen, A. Kisiala, P. Andreas, R. J. Neil Emery,
and S. Narine, “Soybean seed development: fatty acid and
phytohormone metabolism and their interactions,” Current
Genomics, vol. 17, no. 3, pp. 241–260, 2016.

[72] J. Golijan, D. D. Milinčić, R. Petronijević et al., “The fatty acid
and triacylglycerol profiles of conventionally and organically
produced grains of maize, spelt and buckwheat,” Journal of
Cereal Science, vol. 90, article 102845, 2019.

[73] A. H. Banskota, A. Jones, J. P. M. Hui, and R. Stefanova, “Tri-
acylglycerols and other lipids profiling of hemp by-products,”
Molecules, vol. 27, no. 7, p. 2339, 2022.

[74] K. D. Mesquita, B. D. Feitosa, J. N. Cruz et al., “Chemical
composition and preliminary toxicity evaluation of the essen-
tial oil from Peperomia circinnata Link var. circinnata.
(Piperaceae) in Artemia salina Leach,” Molecules, vol. 26,
no. 23, p. 7359, 2021.

[75] M. M. Cascaes, O. d. S. Carneiro, L. D. d. Nascimento et al.,
“Essential oils from Annonaceae species from Brazil: a sys-
tematic review of their phytochemistry, and biological activi-
ties,” International Journal of Molecular Sciences, vol. 22,
no. 22, p. 12140, 2021.

[76] M. M. Cascaes, S. G. Silva, J. N. Cruz et al., “First report
on the Annona exsucca DC. Essential oil and in silico
identification of potential biological targets of its major
compounds,” Natural Product Research, vol. 36, no. 15,
pp. 4009–4012, 2022.

[77] S. D. Tetali, “Terpenes and isoprenoids: a wealth of com-
pounds for global use,” Planta, vol. 249, no. 1, pp. 1–8, 2019.

[78] R. Li, K. Liu, X. Huang et al., “Bioactive materials promote
wound healing through modulation of cell behaviors,”
Advanced Science, vol. 9, no. 10, article 2105152, 2022.

[79] H. Massalha, E. Korenblum, D. Tholl, and A. Aharoni, “Small
molecules below-ground: the role of specialized metabolites
in the rhizosphere,” The Plant Journal, vol. 90, no. 4,
pp. 788–807, 2017.

[80] M. L. C. Silva, R. S. Costa, A. D. S. Santana, and M. G. B.
Koblitz, “Compostos fenólicos, carotenóides e atividade anti-
oxidante em produtos vegetais,” Semina: Ciências Agrárias,
vol. 31, no. 3, p. 669, 2010.

[81] V. Caprarulo, C. Giromini, and L. Rossi, “Review: chestnut
and quebracho tannins in pig nutrition: the effects on perfor-
mance and intestinal health,” Animal, vol. 15, no. 1, article
100064, 2021.

[82] A. Rakha, N. Umar, R. Rabail et al., “Anti-inflammatory and
anti-allergic potential of dietary flavonoids: a review,” Bio-
medicine & Pharmacotherapy, vol. 156, article 113945, 2022.

[83] S. Leontopoulos, P. Skenderidis, and I. K. Vagelas, “Potential
use of polyphenolic compounds obtained from olive mill
waste waters on plant pathogens and plant parasitic nema-
todes,” in Plant Defence: Biological Control, J. Mérillon and

K. Ramawat, Eds., pp. 137–177, Springer, Cham, Switzerland,
22nd edition, 2020.

[84] M. Wink, “Modes of action of herbal medicines and plant
secondary metabolites,” Medicine, vol. 2, no. 3, pp. 251–286,
2015.

[85] S. Metsämuuronen and H. Sirén, “Bioactive phenolic com-
pounds, metabolism and properties: a review on valuable
chemical compounds in Scots pine and Norway spruce,”
Phytochemistry Reviews, vol. 18, no. 3, pp. 623–664, 2019.

[86] Y. Arif, P. Singh, A. Bajguz, and S. Hayat, “Phytocannabi-
noids biosynthesis in angiosperms, fungi, and liverworts
and their versatile role,” Plants, vol. 10, no. 7, p. 1307,
2021.

[87] D. C. Fontana, S. de Paula, A. G. Torres et al., “Endophytic
fungi: biological control and induced resistance to phytopath-
ogens and abiotic stresses,” Pathogens, vol. 10, no. 5, p. 570,
2021.

[88] V. B. Corte, E. E. d. L. e. Borges, C. A. Pontes, I. T. d. A. Leite,
M. C. Ventrella, and A. d. A. Mathias, “Mobilização de reser-
vas durante a germinação das sementes e crescimento das
plântulas de Caesalpinia peltophoroides Benth. (Legumino-
sae-Caesalpinoideae),” Revista Árvore, vol. 30, no. 6,
pp. 941–949, 2006.

[89] V. B. Corte, M. C. Ventrella, E. E. L. Borges, C. A. Pontes, and
D. Pinho, “Histochemical and ultrastructural study of Caesal-
pinia peltophoroides Benth. (Leguminosae-Caesalpinoideae)
seeds,” Revista Árvore, vol. 33, no. 5, pp. 873–883, 2009.

[90] D. Bede and L. Zaixiang, “Recent developments in resistant
starch as a functional food,” Starch-Stärke, vol. 73, no. 3-4,
article 2000139, 2021.

[91] N. S. Macêdo, Z. . S. Silveira, A. H. Bezerra et al., “Caesalpinia
ferrea C. Mart. (Fabaceae) phytochemistry, ethnobotany, and
bioactivities: a review,” Molecules, vol. 25, no. 17, p. 3831,
2020.

[92] J. Delahaie, M. Hundertmark, J. Bove, O. Leprince,
H. Rogniaux, and J. Buitink, “LEA polypeptide profiling of
recalcitrant and orthodox legume seeds reveals ABI3-
regulated LEA protein abundance linked to desiccation toler-
ance,” Journal of Experimental Botany, vol. 64, no. 14,
pp. 4559–4573, 2013.

[93] A. Francioso, A. Baseggio Conrado, L. Mosca, and
M. Fontana, “Chemistry and biochemistry of sulfur natural
compounds: key intermediates of metabolism and redox biol-
ogy,” Oxidative Medicine and Cellular Longevity, vol. 2020,
Article ID 8294158, 27 pages, 2020.

[94] S. Bhambhani, K. R. Kondhare, and A. P. Giri, “Diversity in
chemical structures and biological properties of plant alka-
loids,” Molecules, vol. 26, no. 11, p. 3374, 2021.

[95] M. Heinrich, J. Mah, and V. Amirkia, “Alkaloids used as
medicines: structural phytochemistry meets biodiversity—
an update and forward look,” Molecules, vol. 26, no. 7,
p. 1836, 2021.

[96] R. D. Teixeira, P. R. Rocha, H. C. Polonini, M. A. Brandão,
M. D. Chaves, and N. R. Raposo, “Mushroom tyrosinase
inhibitory activity and major fatty acid constituents of Ama-
zonian native flora oils,” Brazilian Journal of Pharmaceutical
Sciences, vol. 48, no. 3, pp. 399–404, 2012.

[97] C. V. Bezerra, A. M. . C. Rodrigues, P. D. de Oliveira, D. A. da
Silva, and L. H. M. da Silva, “Technological properties of
amazonian oils and fats and their applications in the food
industry,” Food Chemistry, vol. 221, pp. 1466–1473, 2017.

14 International Journal of Food Science



[98] G. L. Teixeira, L. G. Maciel, S. Mazzutti, C. B. Gonçalves, S. R.
S. Ferreira, and J. M. Block, “Composition, thermal behavior
and antioxidant activity of pracaxi (Pentaclethra macroloba)
seed oil obtained by supercritical CO2,” Biocatalysis and
Agricultural Biotechnology, vol. 24, article 101521, 2020.

[99] E. Pereira, M. C. Ferreira, K. A. Sampaio, R. Grimaldi, A. J. .
A. Meirelles, and G. J. Maximo, “Physical properties of Ama-
zonian fats and oils and their blends,” Food Chemistry,
vol. 278, pp. 208–215, 2019.

[100] M. Dąbrowska, E. Maciejczyk, and D. Kalemba, “Rose hip
seed oil: methods of extraction and chemical composition,”
European Journal of Lipid Science and Technology, vol. 121,
no. 8, article 1800440, 2019.

15International Journal of Food Science


	New Information of the Anatomy and Phytochemical Screening of Pentaclethra macroloba (Willd.) Kuntze (Caesalpinioideae-Leguminosae) Seeds
	1. Introduction
	2. Materials and Methods
	2.1. Anatomical Analyses in Light Microscopy (LM) and Scanning Electron Microscopy (SEM)
	2.2. Histochemical Analysis
	2.3. Phytochemical Analysis

	3. Results
	3.1. Seed Anatomical Description
	3.2. Seed Histochemistry
	3.3. Analysis of Fatty Acids

	4. Discussions
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments



