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ABSTRACT

The extractives are responsible for some characteristics of wood, such as color, smell, natural
resistance to rot, taste, and abrasive properties. In addition, its content and composition vary
between wood species. The objective of this work was to present a phytochemical analysis of
wood extractives of native species from the Atlantic Forest, aiming at the characterization
of some classes of secondary metabolites. Phytochemical tests for the detection of classes of
metabolites present in Croton Urucurana Baill, Pelthoforum dubium (Spreng.) Taub., Jacaranda
cuspidifolia Mart., and Hymenaea courbaril L. were carried out with crude wood, hydrophilic
extract (methanol), and lipophilic extract (cyclohexane). Phytochemical analysis detected the
presence of alkaloids, phenolic compounds, and triterpenoids in all the hydrophilic extracts of
the species studied. Saponins were only detected in P. dubium and J. cuspidifolia. Phytochemical
analysis permitted the identification of several metabolites, suggesting possible pharmacological
actions of the species studied.
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1. INTRODUCTION

Wood is composed of cellulose, hemicelluloses, and
lignin, in addition to a smaller number of extractives and
inorganic materials (Valette et al., 2017). The extractives
play an important role in the use of wood, influencing its
physical, aesthetic, and resistance properties to insects
and fungi due to its phenolic nature (Fu et al., 2018).

Extractives are chemicals in wood that can be
extracted using different solvents, for example: water,
neutral organic solvents, or steam volatilization.
The extractives are present in the bark, leaves and
needles, flowers, fruits, and seeds, and almost always, the
quantities in these parts of the tree are proportionally
larger than in the inner parts of the tree (Todaro et al.,
2017; Fu et al.,, 2018). The extractives are often
responsible for certain characteristics of wood, such
as: color, smell, natural resistance to rot, taste, and
abrasive properties. The content and composition of
extractives vary among wood species (Verpoorte et al.,
1999; Valette et al., 2017).

As for chemical composition, the extractives are
generally composed of terpenes, essential oils, resins,
phenols, tannins, fatty acids, and dyes (Wink, 2013).
Several authors have suggested the importance of
chemical and pharmacological studies in tropical
plants due to the intense production of secondary
metabolites in species from these ecosystems (Gottlieb,
1981). The investigation of the extracts obtained from
both the wood and the bark, seeds, and leaves of the
plants can lead to the characterization and isolation of
metabolites with biological activities and new materials
for the cosmetics, food, timber, and other applications.
Brazil has scientific knowledge about a percentage,
albeit low, of plants intended for medicinal use, and
Brazilian companies have the necessary training to
generate technological processes (Klein et al., 2009).

The first stage of the chemical studies with plants
involves the phytochemical analysis of the extracts
for the presence of the most relevant groups or classes
of metabolites, which includes isolation, structural
elucidation, and identification (Barbosa et al., 2006).
Chemical substances or compounds that occur quite
frequently in woody plants are phenols, flavonoids and
derivatives, terpenes, alkaloids, cyanogenic compounds,
quinones, and others (Wink, 2013).

Brazil has six large biomes, which together have
one of the largest biodiversity on the planet, sheltering
55 thousand cataloged species and 4 thousand species
of plants that are used for medicinal purposes. Among
these biomes is the Atlantic Forest, which is the second
largest tropical rainforest in Brazil. It is one of the
most important and richest, biodiverse biomes on the
planet, where thousands of plant species live, some
of which are endemic. However, it is one of the most
threatened, and many plant species are in extinction
due to deforestation (Ribeiro et al., 2009).

The study of the native species of this biome and
its medicinal potential is essential. Among the known
species that have medicinal properties are Piptadenia
gonoacantha (Mart.) J. E. Macbr (Pau-jacaré), in which
phytochemical studies found several classes of chemical
components such as aspefenamato, terpenoids, and
flavonoids (Carvalho et al., 2010). Flavonoids are
responsible for anti-inflammatory and anti-allergic
effects. Among the medicinal potentials of the species,
apigenin, which acts in the fight against cancer, is
also outstanding. Myroxylon peruiferum Linnaeus
(Cabretva), from which Peruvian balsam is extracted,
is used in folk medicine as an analgesic for urinary and
respiratory tract infections, diabetes, and against the
gram-negative Helicobacter pylori microbacterium, in
addition to being used by cosmetics and perfumery
(Esmaeili et al., 2012; Sartori et al., 2015).

Considering the importance of better understanding
for new applications of extractives present in wood, this
work had the objective of performing a phytochemical
analysis of wood extractives of native species from
the Atlantic Forest, aiming at the characterization of
possible classes of secondary metabolites.

2. MATERIAL AND METHODS

2.1. Origin and sampling of arboreal
individuals

The wood samples were obtained from tree
individuals collected at the Experimental Station of Forest
Sciences of Anhembi, SP, belonging to the University
of Sdo Paulo (LCF/ESALQ/USP). Wood samples were
collected from four(4) 14-years-old individuais from
each of the respective species: Croton urucurana Baill
(Sangra D’agua), Pelthoforum dubium (Canafistula),
Jacaranda cuspidifolia (Jacaranda-de-minas), and



Floresta e Ambiente 2019; 26(Spec No 1): €20180381

Phytochemical Analysis of Extracts... 3/8

Figure 1. (a) Specimen of Croton urucurana Baill; (b) Specimen of Pelthoforum dubium; (c) Specimen of Jacaranda

cuspidifolia; (d) Specimen of Hymenaea courbaril.

Hymenaea courbaril (Jatobd) (Figure 1). Samples were
taken from the base and from four different positions
(25,50, 75, and 100%) of the total height of the trunk.
These samples were pulverized and homogenized
to form a compound sample (by species) for the

subsequent analyses.

2.2. Preparation of organic extracts

The soxhlet apparatus was used for the extraction,
using 6.00 g of wood sample. The material was conditioned
in a cartridge made of filter paper and placed inside the
extraction tube. The solvent was placed in a 1000 mL
flask. The extraction time for each solvent (cyclohexane,
ethyl acetate, and methanol) was 48 hours uninterrupted.
Right after this period, the flasks containing the soluble
material were concentrated in a rotary evaporator,
achieving the concentration of the soluble material
(evaporation of the solvent). The concentrates were
transferred to a vessel until complete evaporation of

the solvent at room temperature (Abreu et al., 2006).

2.3. Phytochemical analysis

The phytochemical tests for identification of the
components present in the wood in this study were
carried out following the methodologies proposed
by Costa (1995), Matos (1997), and Rodrigues et al.
(2010). The analyses were performed with wood,
hydrophilic extract (methanol), and lipophilic extract
(cyclohexane). All tests were performed in duplicate.

From the wood, tests were carried out to detect
cyanogenic heterosides and alkaloids (Reaction with
Dragendorff and Mayer). The hydrophilic extract
was tested for phenols and tannins (reaction with
ferric chloride), anthocyanins, anthocyanins, and
flavonoids (pH variation test with sodium hydroxide
and hydrochloric acid) (Table 1), leucoantocyanidins,
catechins and flavones (pH variation test and heating
with sodium hydroxide and hydrochloric acid) (Table 2),
flavanones, flavanones and xanthones (Shinoda test),

steroids and triterpenoids (Lierbemann-Burchard test),
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Table 1. Reactions to identify anthocyanins, anthocyanidins, and flavonols.

Constituents pH3
Anthocyanins and Anthocyanidins Red
Flavones, Flavonols, and Xanthones -
Chalcones and Auronas Red

Flavanonols =

pH 8.5 pH11

Blue

Purple

- Yellow
Red

Purple
Red

Orange

Lilac

Table 2. Reactions to identify leucoanthocyanidins,
catechins, and flavones.

Constituents pH 3 pH11

Leucoantocianidines Red
Catechins Yellowish brown -

Flavanones - Red-Orange

saponins (foam test), resins (turbidity test of the extract),
and alkaloids (reaction with Dragendorff and Mayer).

The lipophilic extract was tested for alkaloids,
phenolic constituents, steroids, and triterpenoids using
anthraquinones (reaction with NH,OH) and coumarins
(fluorescence test under UV light), using the reactions
mentioned above. The results were evaluated qualitatively
through the results of colorimetric reactions, foaming,
precipitation, and fluorescence appearance.

3. RESULTS AND DISCUSSION

The cyanogenic heterosides were not detected
in the extractives of the species studied (Table 3).
Plants that have these compounds become toxic to
humans because the compound can be converted
into its byproducts (glucose, cyanide, and acetone)
by the enzymatic action produced by the intestinal
flora. The cyanide released in the reaction inhibits the
essential cytochrome oxidase enzyme in the process
of cellular respiration (Camara et al., 2014).

It can be observed that alkaloids, phenolic
compounds, and triterpenoids were found in all the
hydrophilic extracts of the species studied (Table 4).

The alkaloids are very active in plants and represent
the class of secondary metabolites with the greatest
structural diversity. This class is known for the presence of
substances that have a marked effect on the nervous system,
many of them being used as poisons or hallucinogens
(Kabera et al., 2014). In some cases, alkaloids work in

plants as protective agents against pests and diseases.
They also present a wide range of anesthetic, analgesic,
antipyretic, anticholinergic, antitussive, and central
nervous system stimulant properties, among others
(Barbosa-Filho etal., 2006). Triterpenes are compounds
of great interest in traditional medicine (Silva & Lima,
2016). Terpenoids are antibacterial, antifungal, antiviral,
and anti-protozoal (Mayer et al., 2017).

Among the phenolic compounds, the presence of
tannins in Pelthoforum dubium and Jacaranda cuspidifolia
was identified (Table 4). The tannins are composed of
a complex polyphenolic structure and occur in most
bark and in some woods; however, they are in sufficient
quantity for economic exploitation in only a few species.
They present higher production in woody plants of
the group of Angiosperms and are responsible for the
resistance of plants against the attack of pathogenic
microorganisms (Cornwell et al., 2009). The presence
of tannins is related to the medicinal action for
gastrointestinal diseases, since its astringent characteristic
is effective in the treatment of diarrhea (Almeida et al.,
1995). Tannins also present antimicrobial, antiviral,
antifungal, antiseptic, anti-infective, anti-bacterial, and
antiprotozoal properties, as well as influencing tissue
repair, enzymatic and protein regulation, phagocytic
cell stimulation, and tumor action (Monteiro et al.,
2005; Bessa et al., 2013).

The test for flavones, flavonols, and xanthones
was positive for all species (Table 4). In the tests for
identification of flavanonols, the presence of these
compounds was not observed. Flavonols, flavanones,
flavanonols, and xanthones were positive for all species
except Jacaranda Cuspidifolia. For this species, only
the presence of flavones was detected (Table 4).

Flavonoids are widely distributed throughout the
plant kingdom and are notable for their diverse biological
actions, including the ability to act on inflammation
and on the immune system (Coutinho et al., 2009).
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Table 3. Results of phytochemical analysis in wood of the species studied.

Constituents Croton urucrana Pelthoforum ]aca‘ra‘ndc.l Hymenae.zu
dubium cuspidifolia courbaril
Cyanogenic Heterosides ND ND ND ND
Alkaloids D D ND

D = compound detected; ND = compound not detected.

Table 4. Phytochemical analysis in hydrophilic extract of the species studied.

Constituents Croton urucrana

Alkaloids D
Tannins ND
Phenols D
Anthocyanins and Anthocyanidins ND
Flavones, Flavonols, Xanthones D
Chalcones, Auronas ND
Flavanonols ND
Leucoantocianidines ND
Catechins D
Flavanones, Flavanones, Flavanones

and Xanthones D
Steroids ND
Triterpenoids D
Saponins ND
Resins ND

Pelthoforum Jacaranda Hymenaea
dubium cuspidifolia courbaril
D D D
D D ND
D D D
ND ND ND
D D D
ND ND ND
ND ND ND
ND ND ND
ND D
D ND
ND ND ND
D D D
D D ND
ND ND ND

D = compound detected; ND = compound not detected.

Several functions are attributed to flavonoids in plants,
such as protection of plants against the incidence
of ultraviolet rays and the visible spectrum, against
herbivores, fungi, viruses, and bacteria, as well as
serving to attract pollinating animals and acting as
antioxidants, hormones, allelopathic agents, and inhibitors
of enzymes (Kabera et al., 2014). Flavonoids also have
antiulcerogenic, cytotoxic, antineoplastic, antihepatotoxic,
antihypertensive, hypolipidemic, anti-inflammatory,
and antiplatelet properties (Machado et al., 2008).

Only Pelthoforum dubium did not present
catechin. In addition, the flavonoids of the flavanols
class are considered intermediates, together with the
leucoanthocyanidins, in the synthesis of condensed
tannins (Neiva et al., 2003; Salminen & Karonen,
2011). Catechins are potent antioxidants, free radical
scavengers, metal chelators, and lipid peroxidation
inhibitors (Schmitz et al., 2005).

Saponins are present in Pelthoforum dubium and
Jacaranda cuspidifolia. They are characterized by their
tensioactive properties and can form complexes with
proteins and phospholipids of the cell membrane,

determining their biological actions (Table 4). This
property may alter the permeability of membranes, which
may aid in the absorption of substances or destroy it,
indicating a toxic characteristic (Piasecka et al., 2015).
The hemolytic activity of saponins, which is part of the
plant’s protection system against predators (insects,
viruses, fungi and bacteria), is linked to many of the
antibacterial, antifungal, and spermicidal activities.
In addition to these activities, saponins have activities
against other microorganisms, such as viruses and

nematodes (Soetan et al., 2014).

Although chalcones have not been detected in
the studied species (Table 4), these compounds are of
great importance in the metabolism of the plants that
possess them, as they are intermediates in the formation
of all the flavonoids. Chalcone can also be converted
to aurone, another flavonoid compound that has not

been found in any of the species (Costa, 1995).

Table 5 shows the constituents observed in the
lipophilic extracts of the four species studied. It can

be observed that there was no detected presence of
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Table 5. Phytochemical analysis in lipophilic extract of the species studied.

Constituents Croton urucrana

Alkaloids ND
Tannins ND
Phenols D
Anthocyanins and Anthocyanidins ND
Flavones, Flavonols, Xanthones ND
Chalconas, Auronas ND
Flavanonols ND
Leucoantocianidines ND
Catechins ND
Flavanones, Flavanones, Flavanones, ND
and Xanthones

Steroids ND
Triterpenoids ND
Anthraquinones ND
Cumarinas ND

Pelthoforum Jacaranda Hymenaea

dubium cuspidifolia courbaril
ND D D
ND ND ND
ND ND ND
ND ND ND
ND ND ND
ND ND ND
ND ND ND
ND ND ND
ND ND ND
ND ND
ND ND
ND ND ND
ND ND ND
ND ND ND

D = compound detected; ND = compound not detected.

Croton Pelthoforum Jacaranda Hymenaea
urucrana dubium cuspidifolia courbaril
Alkaloids, Alkaloids, | Alkaloids, | Alkaloids,
Phenols and Phenols and Phenols and Phenols and
Terpenoids Terpenoids | Terpenoids | Terpenoids

N

Saponin

J

~

Saponin

J

Figure 2. Summary of the classes of constituents present in the species studied.

secondary metabolic classes for most of the tests
performed.

The presence of phenols in Croton urucrana was
detected, confirming the previously obtained result
for the hydrophilic extract. The same occurred for
Jacaranda cuspidifolia and Hymenaea courbaril, in
which the presence of alkaloids was detected.

In Pelthoforum dubium, the presence of steroids,
which are part of one of the largest groups of secondary
metabolites (terpenes), has been observed. There are
references indicating that compounds of this class
exhibit cytotoxic, antitumor, antiviral, antioxidant, and
anti-inflammatory activity. Plant steroids are important
anti-inflammatory agents and may have antiseptic and
analgesic properties similar to aspirin (Aratjo, 2014).

A very widespread class of substances not identified

(Table 5) by the tests performed were coumarins.
These have marked effects on plant physiology, affect

photosynthesis and photophosphorylation, reduce
glucose synthesis, and inhibit the initial steps of
chlorophyll biosynthesis. Among the physiological
effects, alteration in the normal plant growth and seed
germination are included (Costa, 1995).

It can be verified that the classes of constituents
present in Croton urucrana and Hymenaea courbaril
were alkaloids, phenols, and terpenoids. Pelthoforum
dubium and Jacaranda cuspidifolia presented saponin,
in addition to those compounds (Figure 2).

The phenolic constituents are derived from secondary
plant metabolism and may occur in the cell wall of plant
tissues, functioning as a substrate for peroxidases and
polyphenoloxidases (Silva et al., 2016). The occurrence
of these constituents is generally associated with the
herbivory responses (Heng-Moss et al., 2004), which
comprise the polymerization of these compounds in
the cell wall and are the fastest line of plant defense
against lesions and infections (Matern & Kneusel,



Floresta e Ambiente 2019; 26(Spec No 1): €20180381

Phytochemical Analysis of Extracts... 7/8

1988). Slow-growing species occur in sites with
limited resources for favorable development and low
reutilization of plant matter through the process of
senescence (Chapin, 1980). This fact is due to the
predominant occurrence of lignins and tannins in
plant tissues. Thus, such compounds at least guarantee
sufficient protection in the development of plant tissues
despite herbivore evolution, while being expensive
to the individual’s metabolism. This protection is
characterized by greater rigidity, consequently, greater
difficulty in eating, and the constitution of less palatable
plant tissues. As a result, there is less demand for such
plant resources by herbivores in the long term (Chapin,
1980; Osunkoya et al., 2008).

4. CONCLUSIONS

Phytochemical analysis detected the presence of
alkaloids, phenolic compounds, and triterpenoids in all
the hydrophilic extracts of the species studied. Saponins
were only detected in P. dubium and J. cuspidifolia.

Some extractives are widely used commercially
in the pharmaceutical and cosmetic industries in
the form of creams, lotions, gels, and others. Despite
these applications, many biochemical and molecular
aspects of extractives are still poorly understood. This
study may suggest possible pharmacological actions of
the species studied, in addition to allowing for better
identification of its active principles.
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