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Abstract
The “pau-cravo” (Dicypellium caryophyllaceum) is a tree species of the family Lauraceae, 
native to the Amazon rainforest. As a result of overexploitation during the last few centuries, 
D. caryophyllaceum has become extremely rare in Brazil. Taking into account the importance
of basic and advanced studies of seeds and the scarce information about this species, the 
goal of the present study was to define morphological markers of seed developmental 
stages and to understand the dynamics of reserve deposition in D. caryophyllaceum seeds. 
The species produces a drupe-like fruit due to the presence of a rigid endocarp, as revealed 
by anatomic examination. The analysis of biochemical properties in mature seeds of D. 
caryophyllaceum showed a lipid content of 19%, being classified as oleaginous. Changes 
were observed in the contents of proteins, sugars, and starch throughout the maturation 
stages, with the highest values of Total Soluble Sugars (4.01%) and Reducing Sugars (3.22%) 
observed in seeds at stage I. The highest values of amino acids (0.13%) and starch (9.5%) 
were detected in mature fruit (stage II). Biochemical and morphological information from 
the seeds is relevant for planning conservation, observation, and restoration strategies.

Palavras-chave:
•	 Nativa da Amazônia
•	 Desenvolvimento
•	 Espécies florestais
•	 Pau-cravo
•	 Maturidade Fisiológica

Resumo
O pau-cravo (Dicypellium caryophyllaceum) é uma espécie arbórea da família Lauraceae, 
nativa da floresta amazônica. Como resultado da superexploração durante os últimos séculos, 
D. caryophyllaceum tornou-se extremamente raro no Brasil. Levando em consideração a
importância de estudos básicos e avançados de sementes e as escassas informações sobre 
essa espécie, o objetivo do presente estudo foi definir marcadores morfológicos de estágios 
de desenvolvimento de sementes e entender a dinâmica de deposição de reservas em 
sementes de D. caryophyllaceum. A espécie produziu um fruto semelhante a drupa devido 
à presença de um endocarpo rígido, conforme revelado pelo exame anatômico. A análise 
das propriedades bioquímicas em sementes maduras mostrou um teor lipídico de 19%, 
sendo classificadas como oleaginosas. Foram observadas alterações nos teores de proteínas, 
açúcares e amido ao longo dos estádios de maturação, sendo os maiores valores de Açúcares 
Solúveis Totais (4,01%) e Açúcares Redutores (3,22%) observados nas sementes no estádio 
I. Os maiores valores de aminoácidos (0,13%) e amido (9,5%) foram detectados em frutos
maduros (estádio II). As informações bioquímicas e morfológicas das sementes são relevantes 
para o planejamento de estratégias de conservação, observação e restauração. 

Dhyene Rayne dos Santos Becker1,4, Raírys Cravo Herrera1,5,12, Tainá Teixeira Rocha1,6, 
Fábio Miranda Leão1,7, Alisson Rodrigo Souza Reis1,8, Roberto Cezar Lobo da Costa1,9, 

Lenaldo Muniz de Oliveira2,10 & Marilza Neves do Nascimento3,11

biochemistry of seeds of Dicypellium caryophyllaceum (Lauraceae) 
at different stages of fruit maturation. Rodriguésia 76: e00822024. 
DOI: 10.1590/2175-7860202576014

Area Editor: Dra. Ana Joffily
Received on September 13, 2024. Accepted on February 05, 2025.

Rodriguésia
Revista do Instituto de Pesquisas Jardim Botânico do Rio de Janeiro
<http://rodriguesia.jbrj.gov.br>
This is an open-access article distributed under the terms 
of the Creative Commons Attribution License.



Becker DRS et al.2 of 13

Rodriguésia 76: e00822024. 2025

Introduction
The family Lauraceae (Order Laurales, Class 

Magnoliopsida) belongs to the eudicotyledons 
clade (APG IV 2016), encompassing approximately 
50 genera and more than 2,500 species worldwide 
(De Souza Assis et al. 2005). In Brazil, this family 
is represented by nearly 27 genera and 467 species 
(Flora do Brasil 2020, continuously updated), 
including 239 taxa from four genera regarded as 
endemic. The laurels stand out among other plant 
families because of their economic importance, 
since several species are exploited for furniture (e.g., 
itauba - Mezilaurus itauba (Meisn.) Taub. ex Mez), 
cosmetics (e.g., Brazilian rosewood - Aniba rosadora 
Ducke), food (e.g., avocado - Persea americana Mill.), 
and spices (cinnamon - Cinnamomum verum J.Presl, 
“pau-cravo” - Dicypellium caryophyllaceum (Mart.) 
Nees), among other uses (Marques 2001).

Dicypellium caryophyllaceum is native to 
the Amazon forests of Brazil, Ecuador, and Peru 
(Salomão & Rosa 2012), being popularly known 
as “pau-cravo”, “cravo-do-Maranhão”, or clove 
bark as a reference to the clove-like scent produced 
by all parts of this plant (Salomão & Rosa 2012; 
Fausto 2013; Donini et al. 2016). This tree presents 
several uses, particularly in the cosmetic and 
perfume industry, and as food or phytotherapeutics 
(Fausto 2013). The main products derived from 
D. caryophyllaceum are wood and essential oils. 
Because of the historical overexploitation of 
native populations, this tree has become rare in 
Brazil (Salomão & Rosa 2012) and, therefore, little 
is known about this species. As a matter of fact, 
essential information (morphological, biometric, 
biochemical, germination, and development 
traits) to infer the diversity and aid in the design 
of effective policies for the conservation of 
germplasms and dispersal of this species remains 
largely overlooked. 

Basic studies about native forest plants are 
a building block of conservation programs and 
management of biological diversity. In this sense, 
determining the period and stages of physiological 
maturation in seeds is useful to understand 
their reproductive strategies and to define the 
best moment to harvest high-quality products 
(Fortado et al. 2021). A common indicator that is 
widely used to identify the maturity of some plant 
species, particularly those from forest habitats, is 
the changes in coloration, as reported in several 
forest trees, such as Anadenanthera colubrina (Vell.) 
Brenan (Fortado et al. 2021), Albizia niopoides (Spruce 
ex Benth.) Burkart (Ristau et al. 2020), Amburana 
cearensis (Allemão) A.C.Sm.. (Lopes et al. 2014), and 
Jatropha curcas L. (Rubio et al. 2013).

Morphoanatomical and biometric analyses 
of fruits and seeds also represent an important 

tool in studies about native species, since these 
data can be used in botanical identification and 
the propagation of species (Aquino et al. 2009). In 
turn, the evaluation of biochemical parameters 
allows us to infer the levels of reserve compounds 
present in seeds during each development stage 
(Henning et al. 2010). These reserves play a major 
role in both the maintenance and development of 
embryos until the formation of seedlings (Oliveira 
2015). The main reserve compounds in seeds 
include lipids, carbohydrates, and proteins. The 
proportion of these compounds varies among 
species, even within the same family, as each species 
differs in reserve mobilization pathways during 
the formation of physical structures in seeds and 
seedlings (Corte et al. 2006).

Most information about the maturation and 
biochemical composition of fruits and seeds has 
been obtained for species of agronomic interest, 
while few reports are available for forest species. 
According to Alves et al. (2023) studies are needed 
to elucidate not only the degradation of different 
reserves, but also the use of metabolites produced 
in native species. Therefore, understanding the 
physiological maturation processes and biochemical 
properties of native forest plants might potentially 
improve harvesting periods (De Oliveira et al. 2020), 
conservation efforts or the propagation of species, 
and the production of high-quality seedlings, 
since vigor and storage abilities are influenced by 
the content of compounds in seeds (Carvalho & 
Nakagawa 2012). Given the importance of basic 
and advanced seed analyses, the aim of the present 
study was to define morphological markers of 
seed developmental stages and to understand 
the dynamics of reserve deposition in Dicypellium 
caryophyllaceum seeds.

Material and Methods
Fruit samples of Dicypellium caryophyllaceum 

were obtained from February to March 2021, 
from five reproductively mature trees in the 
municipality of Vitória do Xingu in the state of Pará, 
northern Brazil (Fig. 1) located at 03º19’12.26”S and 
51º56’39.88”W (with permission SISBIO nº 68708-1).

Fruits were collected manually from each tree. 
After harvesting, the samples were transported 
to the Laboratory of Biotechnology - BIOTEC at 
Federal University of Pará, where only fruit samples 
free of mechanical injuries or plagues and diseases 
were selected. Furthermore, fertile and sterile 
branches of D. caryophyllaceum were collected for 
the preparation of exsiccates and deposited in the 
Herbarium Padre José Maria Albuquerque (HATM) 
at the Faculty of Biological Sciences, Campus of 
Altamira (code identification numbers 2325 to 
2332).
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Morphological, biometric
and anatomical analyses
The terminology and methodology used 

for the morphological study were based on the 
work of Barroso et al. (1999), through the pericarp 
layers. The classification of fruit coloration was 
performed according to the catalogue of colors 
developed by Munsell (1976).

For biometric analyses, the width, length, 
and weight of fruits and seeds were measured 
using a digital pachymeter and weighed on an 
analytical scale. Moisture values were estimated 
by drying the seeds in an oven at 105 ± 3 ºC for 24 
h (Brasil 2009). Two developmental stages were 
identified in samples of D. caryophyllaceum, based 
on morphological and color patterns associated 
with biometric parameters of the fruits and seeds, 
seed moisture, and content of reserve compounds. 
Since it is an endangered species and there are 
only five matrices in reproduction, 50 fruits and 
50 seeds of each stage were placed, with two 
replicates each.

For the anatomic studies, the seed samples 
from each stage were fixed in FAA (formaldehyde, 
glacial acetic acid, and ethanol 50% at a ratio of 
1:1:18, v/v) for 48 h and then stored in ethanol 

70%, according to the methodology described by 
(Johansen 1940). The anatomic characterization 
was based on longitudinal and transversal sections 
of seeds using slides followed by clarification in 
sodium hypochlorite diluted in distilled water 
(1:1). The final cuts were washed in distilled water, 
stained with toluidine blue 0.05% (pH 4.4) (O’Brien 
& Feder 1964), and mounted on glass slides and 
cover slips using glycerin.

Biochemical analyses of seeds
The seeds were dried in a bench oven at 65°C 

for 48 h. Subsequently, the material was milled for 
further biochemical analyses. The dried material 
was stored and sent to the Experimental Forestry 
Unit at the State University of Feira de Santana 
(UEFS), in Bahia, northeastern Brazil. 

The extraction for the quantification of Total 
Soluble Amino Acids (AA), Total Soluble Sugars 
(TSS), and Reducing Sugars (RS) was performed 
using 0.2 g of dried material homogenized in 
10 mL of 0.1 phosphate buffer (pH = 7). The 
ninhydrin test (Yemm & Cocking 1955) was 
used to quantify amino acids, using glycine as a 
standard sample. The reading was performed in 
a UV spectrophotometer at 570 nm.

Figure 1 – Collection sites of Dicypellium caryophyllaceum in the municipality of Vitoria do Xingu, Para, Northern Brazil.
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For the extraction of starch, 0.2 g of 
dried material was placed in a centrifuge tube, 
homogenized in 10 mL of 80% ethanol, and 
incubated at 40 ºC for 10 min. The amount of TSS 
and starch was determined based on the anthrone 
test, as described by Yemm & Willis (1954), using 
glucose as a standard carbohydrate and reading 
parameter at 620 nm in a UV spectrophotometer. 
The quantification of RS was accomplished based 
on the procedure reported by Miller (1959), using 
3,5-dinitrosalicylic acid (DNS) and glucose as a 
standard sample. The reading was performed at 
540 nm in a UV spectrophotometer.

The protein fractions from seeds were 
extracted according to their solubility (albumins, 
globulins, prolamins, and glutelins), following the 
methodology proposed and adapted by Osborne 
(1924). The protein fractions were determined 
according to Bradford (1976), using bovine serum 
albumin (BSA) as a standard sample, in a UV 
spectrophotometer at 595 nm.

The extraction and quantification of lipids 
were carried out in a Soxhlet-type apparatus using 
the cold extraction method with petroleum ether 
for 4 h, adapted from the method reported by 
Silva (1990).

All biochemical assays were performed in 
triplicate, with samples obtained after harvesting 
the fruits from the matrices, and mixed to obtain 
the amount of material necessary for the analyses.

Statistical analyses 
For analysis of the morphology of the fruits 

and seeds, and quantification of lipids, descriptive 

statistics were performed, showing the mean and 
standard deviation. The multiple comparisons of 
means of the biochemical parameters of fruit at 
both maturation stages was carried out based on 
the Scott-Knott clustering algorithm, with an error 
probability considered less than 5%. The analyses 
were performed in R language (R development 
core team 2020). 

Results
Morphological, biometric
and anatomical analyses
Two stages of maturation were defined 

according to the color pattern of the exocarp (Fig. 
2a), as follows: 5 GY 6/4 green (stage I) and 2.5 RP 
1/4 dark purple (stage II) (Tab. 1). 

The fruit exocarp is thin, smooth, and shiny, 
varying in coloration. At stage I, fruits were 20.65 
mm long and 12.89 mm wide on average, with 
an approximate weight of 2.23 g. At stage II, the 
mean length and width of fruit samples were 21.49 
mm and 13.42 mm, respectively, with an average 
weight of 2.40 g. These results are related to the 
development of fruit, even though no significant 
differences were observed between the two stages 
of maturation (Tab. 2). The size of the fruit was 
variable within each stage, with weight being 
the most variable trait, presenting a coefficient of 
variation of 24.66% at stage I.

The humidity values were higher in seeds 
from stage I (66.1%) than in seeds from stage II 
(48.7%) when the fruit is completely mature. In 
general, the seeds of D. caryophyllaceum are egg-

Figure 2 – a-b. Color patterns in fruits of Dicypellium caryophyllaceum at the two stages of maturation, according to Munsell 
1976; Stage I - 5 GY 6/4 green and Stage II - 2.5 RP 1/4 purple – a. coloration of fruits with the presence of the cupule, Ep 
= epicarp; b. coloration of seeds of D. caryophyllaceum at the two stages of maturation; Tg = Tegument.

a b5 mm5 mm
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shaped, with a small pore close to their apex, 
corresponding to the micropyle (Fig. 3a). In 
addition, the seeds lack endosperm (exalbuminous 
type), presenting a smooth, dark, and membranous 
tegument attached to the endocarp. The cotyledons 
are flat-convex and whitish, being surrounded by 
the tegument (Fig. 3b). After cutting the seeds, 
the cotyledons underwent oxidation, turning 
brown (Fig. 3c). The embryo is axial (Fig. 3d), 
comprising a large cotyledon (Fig. 3e) and plumule, 
a cotyledonary node, and a very reduced hypocotyl-
radicle axis, as observed in Figure 3f.

The seeds at stage I presented a mean length 
of 16.29 mm, a mean width of 10.53 mm, and a mean 
weight of 1.20 g; in seeds at stage II, these values 
corresponded to 19.72 mm, 11.88 mm, and 1.62 g, 
respectively. The seeds at stage II were larger and 
heavier than those from stage I (Tab. 3). Moreover, 
the seeds from stage I presented wide variation in 
their weight (CV = 31.59%), this being one of the 
most variable traits of the analyzed seeds.

The main structures observed in the pericarp 
of D. caryophyllaceum are shown in Figure 4a. The 
outer mesocarp is wide, with most of the fruit 
wall being composed of cells of different sizes, 
while the inner mesocarp is more restricted, being 
composed of a layer of three small, elongated, and 
structured cells (Fig. 4b). In this layer, secretory cells 
were observed along the mesocarp, characterized 

by notable oleaginous content. The endocarp 
encompasses prismatic cells arranged in palisades. 
The cotyledon cells (Fig. 4c-d) presented a round 
shape and distinct dimensions, and were also 
characterized by the presence of oil cells.

Biochemical Analyses
The compound content values found in seeds 

of D. caryophyllaceum from each stage of maturation 
are presented in Figure 5.

The content of total soluble (TSS) and 
reducing (RS) sugars during the development of 
seeds of D. caryophyllaceum are shown in Figures 
5a and 5d. Values of 40.10 mg TSS/g and 19.50 mg 
AST/g were observed in seeds from stages I and II, 
respectively. In relation to the reducing sugars, we 
reported a similar decrease, with values of 32.23 mg 
RS/g for seeds from stage I and of 12.07 mg RS/g 
for seeds from stage II, with significant differences 
between the two stages.

Figure 5b presents the starch content 
during the development stage in seeds of D. 
caryophyllaceum. The highest value was observed 
during the last stage of maturation (95.04 mg/g), 
compared to a value of 76.62 mg/g at stage I, with 
significant differences between the stages.

The content of amino acids in seeds at distinct 
stages of maturation are shown in Figure 5c. The 
lowest value was observed at stage I (0.5 mg of 

Stages Pigmentation Coloration

I Green 5 GY 6/4

II Dark purple 2.5 RP 1/4

Table 1 – Description of epicarp coloration in fruit samples according to Munsell (1976).

Stage Mean Min. V Max. V S CV (%)

Length (mm)

I 20.65 15.10 23.03 2.17 10.508475

II 21.49 17.76 23.56 0.88 4.0949279

Width (mm)

I 12.89 9.36 14.66 1.32 10.240497

II 13.42 10.18 14.9 1.00 7.4515648

Weight (g)

I 2.23 0.81 2.87 0.55 24.663677

II 2.40 1.98 2.86 0.19 7.9166667

Table 2 – Descriptive statistics of fruit traits at each stage of maturation (Min. V = minimum value; Max. V = maximum 
value; S = standard deviation; CV = coefficient of variation).
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Figure 3 – a-f. Overall appearance of fruits of D. caryophyllaceum – a. longitudinal; b transversal; c-d. sections of seeds of 
D. caryophyllaceum, the cotyledon (Co), the tegument (Tg), the endocarp (En), the mesocarp (Me), and epicarp (Ep); e. the 
transversal section of seeds showing the embryonic axis (Ex); f. the hypocotyl-radicle axis (Hr), the cotyledonary node 
(Nc), the plumule (Pl).

5 mm 5 mm

5 mm5 mm

5 mm 5 mm

c

a b

d

e f

AA/g). The highest accumulation of amino acids 
(1.3 mg of AA/g) was observed during the final 
development stage, in mature seeds.

The peak in the amount of Total Soluble 
Proteins (TSP) was detected during stage I (15.7 
mg PST/g), followed by stage II (13.7 mg PST/ 
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g), but without significant differences between the 
two stages (Fig. 5e). The content of protein fractions 
(albumins, globulins, prolamins, and glutelins) in 
seeds of D. caryophyllaceum are shown in Figure 6. 
Glutelins represented the most abundant fraction 
in both development stages, with values ranging 
from 11.6 mg/g to 9.9 mg/g, without significant 
differences between the developmental stages.

Analysis of the biochemical composition in 
mature seeds of D. caryophyllaceum revealed that 
lipids are one of the main reserves, representing 
19% of the seed content, followed by starch (9.5%), 
TSS (1.95%), TSP (1.31%), RS (1.20%), and total 
soluble amino acids (0.13%).

Discussion
The coloration of the fruit of D. caryophyllaceum 

underwent changes during the development stages 
(Fig. 2). According to Anese & Fronza (2015), 
modifications in fruit color result from the synthesis 
of pigments by oxidative processes and enzymatic 
activities in the tegument. Several reports relate 
fruit coloration to physiological maturity, as 
described for the forest species Albizia hassleri 
(Ristau et al. 2020) and Albizia niopoides (Spruce ex 
Benth.) Burkart (Barbeiro et al. 2018). These studies 
observed that the seeds obtained from brown fruits 
(mature) present increased germination and vigor 
rates, leading to the production of well-developed 
seedlings. 

The species D. caryophyllaceum produces 
small, fleshy, and monocarpic fruit, typical of 
Lauraceae, encompassing a double-edged cupule 
and persistent tepals (Fig. 2a), as similarly reported 
by Vicentini et al. (1999) in fruit of Dicypellium 
manausense W.A.Rodrigues. The coloration of the 
cupules varied according to the maturation stage 

of the fruit, being red in green fruit and dark purple 
when the fruit was mature. The color pattern of 
seeds obtained at different stages also varied (Fig. 
2b), presenting either light or dark coloration in 
green and mature fruit, respectively. 

As pointed out by Silva et al. (2012), harvesting 
seeds at the appropriate time of maturation is one of 
the key factors to determine their quality, since these 
seeds should present high physiological potential. 
Furthermore, color variation can be regarded as a 
good indicator of the best periods of harvesting, 
since it allows rapid identification of mature seeds 
in the field (Lopes et al. 2014). This is particularly 
useful to avoid predation of mature fruit by insects, 
as observed in ripe samples of D. caryophyllaceum. 

Fruits and seeds of D. caryophyllaceum showed 
significant differences in biometric parameters. 
Large variations were observed in both length 
and diameter, with weight being the most variable 
trait. The highest values for these parameters 
were observed in the fruit at stage II, regarded 
as mature. Similar results were observed in Inga 
laurina (Sw.) Willd. (Schulz et al. 2014), since 
increased diameter and length were found in fruit 
with yellow colorations, corresponding to stage 
III of maturation. According to Abud et al. (2015), 
variable values in the biometric data are related to 
the maturation process, which increases both the 
weight and size of fruits.

The humidity of the seeds was higher (> 
66%) at the initial stage (fruits of green color) and 
then reduced drastically as the maturity process 
took place, reaching 48.7%. Similar results were 
reported by Carvalho (2006), evaluating the 
humidity content of seeds in green and dark fruit 
of Nectandra lanceolata Nees (Lauraceae), with 
values of 51.0% and 39.1%, respectively. The water 
content also decreased in seeds during maturation 

Stage Mean Min. V Max. V S CV (%)

Length (mm)

I 16.29 11.88 20.31 2.56 15.71

II 19.72 16.92 21.12 1.16 5.88

Width (mm)

I 10.53 7.84 13.08 1.63 15.47

II 11.88 10 13.61 1.16 9.76

Weight (g)

I 1.20 0.58 1.78 0.38 31.59

II 1.62 1.18 2.17 0.22 13.57

Table 3 – Descriptive statistics of seed traits at each stage of maturation (Min. V = minimum value; Max. V = maximum 
value; S = standard deviation; CV = coefficient of variation).
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of fruit in Anadenanthera colubrina (Vell.) Brenan 
(Pires-Neto et al. 2016), Inga laurina (Schulz et al. 
2014), and Jatropha curcas (Silva et al. 2012). The 
highest humidity is required at the beginning of 
maturation so the photosynthesized products from 
leaves are translocated to the formation of seed 
reserves (Carvalho & Nakagawa 2012; Ducca et 
al. 2015; Silva et al. 2020), known as a source-drain 
relationship between leaves and seeds.

The high moisture content observed in 
samples from the current study suggest that 
the seeds of D. caryophyllaceum are recalcitrant. 
Recalcitrant seeds are characterized by the absence 
of natural desiccation in the mother plant during 
maturation, thus being dispersed with high water 

content, which, when drastically reduced, leads 
to rapid loss of viability and even the death of 
the seeds (Costa 2009). Similarly, the seeds of tree 
species from the genera Nectandra and Ocotea were 
also classified as recalcitrant by Carvalho et al. 
(2008).

The species of the family Lauraceae are usually 
characterized by the production of berry-like fruit, 
comprising a single seed of highly variable shape 
and size inside the receptacle, which is transformed 
into a dome (Vicentini et al. 1999; Barroso et al. 
1999). On the other hand, studies in Ocotea puberula 
(Rich.) Nees and Nectandra megapotamica (Spreng.) 
Mez, both representatives of Lauraceae, revealed 
that the sclerenchymatous tissue that surrounds 

Figure 4 – a. Transversal section of fruit and seed of Dicypellium caryophyllaceum. b. Mesocarp of D. caryophyllaceum, the 
Endocarp (En), the Outer mesocarp (Om), the Inner mesocarp (Im), and Tegument (Tg). c. Cotyledon of D. caryophyllaceum the 
Cotyledon (Co), the Outer mesocarp (Om). d. Cotyledon of D. caryophyllaceum the Secretory cells (Cs) and the Cotyledon (Co).

20 µm

20 µm 20 µm

50 µm a b

c d
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the seed is the endocarp, and this unique structure 
is commonly found in drupes (Souza & Moscheta 
2000). While berry-type fruits have a fleshy pericarp 
and resistant tegument, drupe-type fruits are 
characterized by a seed protected by a hard and 
woody endocarp (De Paula et al. 2016). The latter 
pattern was observed in D. caryophyllaceum, in 
which a rigid endocarp remained attached to the 
tegument when the seed was removed from the 
mature fruit (Fig. 3e). Therefore, D. caryophyllaceum 
can be considered a species that produces drupe-
type fruit. In addition, the anatomical examination 
revealed a large amount of oil cells in both fruit 
and seeds, as also reported by Souza and Moscheta 
(2000), corroborating the high ethereal level of lipids 
in the seed analysis.

The concentrations of TSS and RS were 
higher in seeds obtained from immature fruit of 
D. caryophyllaceum. These data are in agreement 
with those reported by Duarte et al. (2020) in seeds 
of Lecythis lurida (Miers) S.A.Mori from early 
developmental stages. Moreover, these authors 
pointed out that high levels of sugars during the 
initial stages of seed maturation also account for the 
increased concentration of water at the beginning 
of development, besides assisting the seed growth. 
During the first embryonic stages, carbohydrates 
tend to accumulate earlier than other reserves (e.g., 
proteins and lipids) and then reduce along the 
development of the embryos (Souza et al. 2018). 

This pattern is related to the importance of available 
sugars during early maturation stages in promoting 
embryonic growth, development, and germination 
(Smeekens et al. 2010). 

The amounts of TSS and RS were lower at 
the final development stages of D. caryophyllaceum, 
showing an inverse relationship with starch 
content, which increased during the maturation 
of seeds, thus suggesting that a portion of sugars 
were directed to the synthesis of starch. Similar 
results were reported during development in other 
species, like Pongamia pinnata (L.) Pierre (Pavithra 
et al. 2014) and Hevea brasiliensis (Willd. ex A.Juss.) 
Müll. Arg. (Souza et al. 2018), both characterized 
by increased levels of starch at the final stages of 
seed maturation. This phenomenon is putatively 
associated with the preparation of seeds for 
germination, since they depend on a readily 
available supply of energy, while the breakdown 
of lipids takes longer and usually occurs after the 
depletion of sugars, particularly starch (Souza et 
al. 2018).

Total soluble amino acids were the organic 
compounds that presented the lowest percentage 
in seeds of D. caryophyllaceum (approximately 
0.05% and 0.13% at stages I and II, respectively, as 
shown in Figure 5). Furthermore, the content of 
amino acids in the studied species was higher in 
seeds obtained from stage II, regarded as mature. 
In general, increased amino acid levels are related 

Figure 5 – a-e. Biochemical properties of seeds of Dicypellium caryophyllaceum from each maturation stage – a. total soluble 
sugars; b. starch; c. amino acids; d. reducing sugars; e. total soluble proteins. * Same letters do not differ statistically at 5% 
probability (p < 0.05) Scott-Knott test.

a

b

c

e

d



Becker DRS et al.10 of 13

Rodriguésia 76: e00822024. 2025

to protein degradation (Azevedo-Neto et al. 2009), 
indicating that the rate of proteolysis was higher 
than the biosynthesis of proteins at the final 
maturation stage in seeds of D. caryophyllaceum (Fig. 
3a). According to Galili et al. (2014) the amino acids 
are used in protein synthesis as the main precursors 
of multiple secondary metabolites, thus facilitating 
the production of energy in developing seeds.  

During fruit maturation in D. caryophyllaceum, 
the levels of proteins were slightly modified, 
reaching higher values at the initial stage of seed 
development (Fig. 5). The reduction in protein 
content during the seed development is likely to be 
related to the intense use of proteins in metabolic 
processes, mainly related to cell division and the 
formation of new substances (Duarte et al. 2020). 
A similar result was reported in Jatropha curcas 
by Silva et al. (2018), who also described reduced 
amounts of protein during the maturation of seeds. 

The protein fractions, divided into glutelins, 
prolamins, albumins, and globulins play a key 
role in seed development and germination, since 
they are used for the formation of new tissues in 
embryos (Marcos-Filho 2015; Silva 2019). Prolamins 
are more abundant in grasses, while glutelins are 
found in cereals, and globulins and albumins are 
predominant in dicotyledons (Souza et al. 2012). 
Understanding the relationships among these 
proteins and other biochemical compounds is 
essential to infer the strategies of energy availability 
and the potential viability of seeds. Interestingly, 

glutelins, recognized as the major reserve proteins 
in monocotyledonous species but uncommon in 
dicotyledonous plants, were predominant in seeds 
of D. caryophyllaceum, with higher values being 
observed during stage I. Similarly, studies about the 
chemical composition of seeds of Mezilaurus itauba 
(Meisn.) Taub. ex Mez, another native Amazonian 
species from the family Lauraceae, also revealed 
high content of glutelins (86.24 mg.g-1) in seeds, 
suggesting a species-specific pattern (Souza et al. 
2012).

According to Pupin et al. (2017), the glutelins are 
high-quality proteins, rich in essential amino acids 
such as lysine and tryptophan, thus representing 
a valuable compound in food. In addition, 
biochemical evaluation during maturation stages 
allows the detection of the amounts of substances 
that, from an ecological point of view, would attract 
or avoid dispersers and predators (Oliveira 2012). 
In the current study, D. caryophyllaceum proved 
to be particularly vulnerable to predation by 
insects, suggesting a close relationship between 
the chemical composition of the fruit and insect 
behavior.

The seeds of D. caryophyllaceum were classified 
as oleaginous, inasmuch as they presented 19% of 
lipids. Similar results were reported by Simeone et 
al. (2009) in Ocotea porosa (Nees & Mart.) Barroso, 
another species of Lauraceae native to Brazil, whose 
seeds were characterized by a lipid content of 19.9%. 
On the other hand, the amounts of proteins and 

Figure 6 – a-d. Protein fractioning in seeds of Dicypellium caryophyllaceum from both stages of maturation – a. albumins; b. 
globulins; c. prolamins; d. glutelins. * Same letters do not differ statistically at 5% probability (p < 0.05) Scott-Knott test.
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b

c

d



Morphoanatomy and biochemistry of  seeds of  Dicypellium caryophyllaceum 11 of 13

Rodriguésia 76: e00822024. 2025

carbohydrates in mature seeds of O. porosa were 
lower than those reported in the species from the 
current study, since the former presented values of 
3.38% to 2.9% for proteins and 21.20% to 33.4% for 
carbohydrates (Tonin et al. 2006; Simeone et al. 2009). 

The lack of published data in D. caryophyllaceum 
reveals that little is known about this species. This 
tree was characterized by the presence of oleaginous 
seeds because of their high ether content, while 
starch represented the second most abundant 
compound (9.5%) in mature seeds. Furthermore, the 
rates of proteins, sugars, and starch changed during 
the maturation process, since seeds from immature 
fruit at stage I presented increased levels of Total 
Soluble Sugars (4.01%), Reducing Sugars (3.22%), 
and Total Soluble Proteins (1.57%). Inversely, the 
highest values of amino acids (0.13%) and starch 
(9.5%) were observed in seeds from mature fruit 
(stage II). The visual indicators of maturation 
proved to be effective under field conditions, being 
helpful to the early harvesting of fruit with high-
quality seeds, and thus avoiding damages by insect 
predation. 

Acknowledgements
The authors are grateful to the research 

team from the Biotechnology Laboratory at UFPA, 
campus Altamira and to Norte Energia S.A. This 
research was supported by Coordenação de 
Aperfeiçoamento de Pessoal de Nível Superior - 
Brasil - CAPES (financial code 001) and PROCAD-
AM/CAPES.

Data availability statement
I n  a c c o r d a n c e  w i t h  O p e n  S c i e n c e 

communication practices, the authors inform that 
there is no data sharing of this manuscript.

References
Abud HF, Araújo EF, Araújo RF, Araújo AV & Pinto 

CMF (2013) Physiological quality of malagueta and 
biquinho pepper seeds during ontogeny. Brazilian 
Agricultural Research 48: 1546-1554.

Alves DF, Alves DSH, Avelino AP, Nunes LJ & Voigt 
EL (2023) Reserve mobilisation exhibits a biphasic 
pattern during seedling establishment in the Caatinga 
pioneer species Pityrocarpa moniliformis. Rodriguésia 
74: e00122022. <https://doi.org/10.1590/2175-
7860202374014>.

Anese RO & Fronza D (2015) Postharvest physiology in 
fruit growing. UFSM, Polytechnic College: Rede e-Tec 
Brasil, Santa Maria. 130p.

APG IV - Angiosperm Phylogeny Group (2016) An update of 
the Angiosperm Phylogeny Group classification for the 
orders and families of flowering plants: APG IV. Botanical 
Journal of the Linnean Society 181: 1-20. DOI: https://
doi.org/10.1111/boj.12385

Aquino NF, Ajala MC, Dranski JA, Ignácio VL, Matos 
Malavasi M & Malavasi UC (2009)  Morfometria 

de sementes de Jatropha curcas L. em função da 
procedência.  Revista de Ciências Agroveterinárias 
8: 142-145.

Azevedo Neto AD, Prisco JT & Gomes Fi lho 
E (2009)  Changes in soluble amino-N, soluble 
proteins and free amino acids in leaves and roots 
of salt-stressed maize genotypes. Journal of Plant 
Interactions 4: 137-144.

Barbeiro C, Firmino TP, Novaes AHO, Romagnolo MB 
& Pastorini LH (2018) Germination and growth of 
Albizia niopoides (Bentham) Burkart (Fabaceae). Acta 
Scientiarum 40: 1-7.

Barroso GM, Morin MP, Peixoto AL & Ichaso CLF 
(1999) Fruits and seeds. Morphology applied to the 
systematics of Dicotyledons. Editora UFV, Viçosa. 
443p. 

Bradford MM (1976) A rapid and sensitive method 
for the quantitation of microgram quantities of 
protein utilizing the principle of protein-dye 
binding. Analytical Biochemistry 72: 248. 

Brasil - Ministério da Agricultura, Pecuária e Abastecimento 
(2009) Rules for seed analysis. Ministry of Agriculture, 
Livestock and Supply. Secretary of Agricultural 
Defense. MAPA/ACS, Brasilia. 395p.

Carvalho LD (2006) Conservation of seeds of species of the 
genera Nectandra, Ocotea e Persea (Lauraceae) Doctoral 
Thesis. Universidade Federal de Lavras, Lavras. 75 p.

Carvalho LRD, Davide AC, Silva EAAD & Carvalho 
MLMD (2008) Classification of seeds of forest species 
of the genera Nectandra and Ocotea (Lauraceae) 
according to storage behavior. Brazilian Seed 
Magazine 30: 1-9.

Carvalho NM & Nakagawa J (2012) Seeds: science, 
technology and production. Funep, Jaboticabal. 590p.

Corte VB, Borges EEDL, Pontes CA, Leite ITDA, Ventrella 
MC & Mathias ADA (2006) Mobilization of reserves 
during seed germination and seedling growth of 
Caesalpinia peltophoroides Benth.(Leguminosae-
Caesalpinoideae). Revista Árvore 30: 941-949.

Costa CJ (2009) Armazenamento e conservação de 
sementes de espécies do Cerrado. Embrapa Cerrados-
Documentos (INFOTECA-E). 30p.

Costa EM & Paula R (2012) Preliminary survey of insects 
associated with Albizia polycephala Benth seeds in 
Vitória da Conquista-BA. Scientia Plena 8: 5.

Da Silva MP, Sá ME, Abrantes FL & Souza LCD 
(2012) Influence of molybdenum and seed applicator 
on peanut protein fractions cv.  iac 886.  Semina, 
Ciências Agrárias 33: 2099-2108. 

De Souza Assis LC; Forzza RC & Werff HVD (2005) The 
Lauraceae family in the Represa do Grama Biological 
Reserve, Descoberto, Minas Gerais, Brasil. Boletim de 
Botânica da Universidade de São Paulo 23: 113-139.

De Oliveira FS, Souza SYJ, Souza SGT, Paula LC, Polesi 
LF & Oliveira FG (2020) Determination of quality 
parameters of fruits from the Amazon region during 
ripening. In: Realities and perspectives in food 
sciences [electronic resource]. Pantanal Publisher, 
Nova Xavantina. 120p. 

De Paula SRP, Nogueira AC & Angelo AC (2016) 
Morphological characterization of the fruit, seed, 
germination stages and seedling of Ocotea paranaensis. 
Journal of Agroveterinary Sciences 15: 103-108.

Donini CVZS, Fiori MM & Santos CFM (2016) Until the 
last tree: extraction, trafficking and consumption 



Becker DRS et al.12 of 13

Rodriguésia 76: e00822024. 2025

of pau-cravo (Dicypellium caryophyllaceum) in the 
Amazon in the 18th century. Electronic proceedings 
of the 15th National Seminar on the History of Science 
and Technology, Florianópolis. Pp. 1-9.

Duarte EF, Almeida DS, Santos JA, Santos CHB, Azevedo 
Neto AD, Cruz CRP & Peixoto CP (2020) Maturation 
of fruits and seeds of inhaíba (Lecythis lurida-
Lecythidaceae). Revista de Biologia Neotropical/
Journal of Neotropical Biology 17: 15-34. DOI: 
https://doi.org/10.5216/rbn.v17i1.57700

Ducca CA, Souza NMD & Prete CE (2015) Physiological 
quality and total lipids of physic nut (Jatropha 
curcas L.) seeds as a function of harvesting times. 
Brazilian Journal of Agricultural and Environmental 
Engineering 19: 364-368.

Fausto A (2013) Pau-cravo and the legacy of Belo Monte. 
Highlight Amazon. Information from the Emílio 
Goeldi Museum of Pará 29: 2.

Flora do Brasil (2020) Lauraceae. Jardim Botânico do Rio 
de Janeiro. Available at <http://floradobrasil.jbrj.
gov.br/>. Access on 21 December 2020.

Fortado VCMS, Matos MM, Pinguelli RAC, Contro MU 
& Lopes DJA (2021) Seed maturity of Anadenanthera 
colubrina (Vell.) Brenan. Forest Science 31: 18. 

Galili G, Avin WT, Angelovici R & Fernie AR (2014) The 
role of photosynthesis and amino acid metabolism 
on energy status during seed development. Frontiers 
in plant science 5: 447.

Henning FA, Mertz LM, Jacob Junior EA, Machado RD, 
Fiss G & Zimmer PD (2010) Chemical composition 
and reserve mobilization in high and low vigor 
soybean seeds. Bragantia 69: 727-734.

Johansen DA (1940) Plant microtechnique. McGraw-Hill, 
New York. 523p. 

Lopes IS, Nóbrega AMFD & Matos VP (2014) Maturation 
and harvest of Amburana cearensis (Allem.) AC Smith. 
Forest Science 24: 565-572. 

Marcos-Filho J (2015) Physiology of seeds of cultivated 
plants. Abrates, Londrina. 37p. 

Marques CA (2001) Economic importance of the family 
Lauraceae Lindl. Forest and Environment 8: 195-206.

Miller GL (1959) Use of dinitrosalicylic acid reagent 
for determination of sugar reduction. Analytical 
Chemistry 31: 426-428.

Munsell AH (1976) Munsell book of color. Macbeth, 
Baltimore. 40p.

O’Brien TP, Feder N & Mc Cull ME (1964) Polychromatic 
staining of plant cell walls by Toluidine Blue O. 
Protoplasma 59: 364-373. DOI: doi.org/10.1007/
BF01248568

Oliveira AS, Bonjorno II, Alves PF, Moraes MA, Freitas 
MLM, Moraes MLT & Polizeli M (2009) Genetic 
variation in biochemical traits in seeds of two natural 
populations of Genipa americana L.: 1-Individual and 
univariate analyses. Scientia Forestalis 37: 71-78.

Oliveira OS (2012)  Forest seed technology: native species. 
UFPR, Curitiba. 404p.

Oliveira LEM (2015) Types of reserve substances. Topics 
in plant physiology. UFLA, Lavras, MG. Available 
at <http://www.ledson.ufla.br/metabolismo-da-
germinacao/mobilizacao-de-reservas/tipos-de-
substancias-de-reserva/>. Access on 18 December 
2021.

Osborne TB (1924) The vegetable proteins. Green and 
Company, Longmans. Pp. 1859-1929.

Pavithra HR, Gowda B & Shivanna MB (2014) Biochemical 
changes in the composition of developing seeds of 
Pongamia pinnata (L.) Pierre. Industrial Crops and 
Products 53: 199-208.

Pires-Neto PAF, Pires VCM, Moraes CB, Oliveira LMD, 
Portella ACF & Nakagawa J (2016) Physiological 
maturation of angico [Anadenanthera colubrina 
(Vellozo) Brenan] seeds. Journal of Seed Science 38: 
155-161.

Pupin S, Ribeiro Júnior WA, Alzate MAL, Moraes MA, 
Silva JRD & Moraes MLT (2017) Genetic variation 
for biochemical compounds in mastic seeds from an 
anthropized population. Nativa 5: 349-354.

Reis DS, Lima DT, Machado LG, Mendonça VZ & Jorge 
LG (2019) Fruit borer - avocado key pest requires 
extra care. Campo & Negócios Hortifrúti Magazine  
2: 55-59.

Ristau ACP, Cruz MSF, Vasconcelos ES, Matos MM & 
Malavasi UC (2020) Physiological maturation of 
Albizia hasslerii (Chodat) Burkart seeds. Cadernos de 
Agroecologia 15: 14.

Rubio F, Meneghel AP, Gomes LFS & Matos MM 
(2013) Stages of fruit maturation on germination 
performance and oil content of Jatropha curcas Linn 
seeds. Seminar, Agricultural Sciences 34: 663-668. 

Salomão RP & Rosa NA (2012) Pau-cravo: ‘sertão drug’ in 
danger of extinction. Science today 49: 46-50.

Schulz DG, Oro P, Volkweis C, Malavasi MDM & Malavasi 
UC (2014) Physiological maturity and morphometry 
of seeds of Inga laurina (Sw.) Willd. Forest and 
Environment 21: 45-51. 

Silva DJ (1990) Food analysis - chemical and biological 
methods. Universidade Federal de Viçosa, Viçosa. 
165p.

Silva LJD, Dias DCFDS, Milagres CDC & Dias LADS 
(2012) Relationship between fruit maturation stage 
and physiological quality of Jatropha seeds (Jatropha 
curcas L.). Science and agrotechnology 36: 39-44.

Silva LJD, Dias DCFDS, Sekita MC & Finger FL (2018) 
Lipid peroxidation and antioxidative enzymes in 
Jatropha curcas L. seeds stored at different maturation 
stages. Acta Scientiarum, Agronomy 40: 10.

Silva GR (2019) Seed production, technology and storage. 
Educational Publisher and Distributor, Londrina. 
192p.

Silva DF, Santos DLA, Neves JCL & Matos FS (2020) Oil 
and protein content in jatropha seeds harvested at 
different maturation stages and plant parts. Acta 
Iguazu 9: 103-112.

Simeone MLF & Kalil Filho AN (2009) Chemical 
composition of the fruit of Imbuia (Ocotea porosa) 
native to the city of Colombo, PR. Embrapa Florestas-
Article in an indexed journal (ALICE) 58: 29-34.

Smeekens S, Ma J, Hanson J & Rolland F (2010) Sugar 
signals and molecular networks controlling plant 
growth. Current Opinion in Plant Biology 13: 273-278.

Souza LAD & Moscheta IS (2000) Morpho-anatomy 
of fruit development in Ocotea puberula (Rich) 
nees and Nectandra megapotamica (Spreng) mez 
(Lauracea). Acta Científica Venezolana 51: 84-89. 

Souza LCD, Sá ME, Moraes B, Maria S, Camillo CMA, 
Silva MP & Abrantes FL (2012) Chemical composition 
and nutrients in seeds of the forest species Pente 
de Macaco, Flor de Paca, Itaúba, Jatobá and Murici 
Manso. Bioscience Journal 28: 478-483.



Morphoanatomy and biochemistry of  seeds of  Dicypellium caryophyllaceum 13 of 13

Rodriguésia 76: e00822024. 2025

Souza GA, Dias DC, Pimenta TM, Cardoso AA, Pires RM, 
Alvarenga AP & Pícoli EA (2018) Morphoanatomical, 
physiological and biochemical changes in rubber tree 
seeds. Annals of the Brazilian Academy of Sciences 
90: 1625-1641.

Tonin GAP & Perez SCJG (2006) Physiological quality of 
Ocotea porosa (Nees et Martius ex. Nees) seeds after 
different storage and sowing conditions. Brazilian 
Seed Magazine [online] 28: 26-33.

Vicentini A, Van DWH & Nicolau S (1999) Lauraceae. In: 
Ribeiro JELS, Hopkins MJG, Vicentini A, Sothers 

CA, Costa MAS, Brito JM, Solza MA, Martins LHP, 
Lohmann LG, Assunção PACL, Pereira EC, Silva CF, 
Mesquita MR & Procópio LC (orgs.) Flora of Ducke 
Reserve. Identification guide for vascular plants 
in a terra-firme forest in Central Amazonia. INPA, 
Manaus. 150-179p.

Yemm EW & Willis AJ (1954) The estimation of 
carbohydrates in plant extracts by anthrone. 
Biochemical Journal. Colchester 57: 508-514.

Yemm EW & Cocking EC (1955) The determination of 
amino acids with Ninhydrin. Analyst 80: 209-213.


