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Caryocar villosum: bioactivity of extracts and oils on
phytopathogens
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The piquiazeiro has great importance in the Amazon, as well as used in cooking, is used in the cosmetic
industry, and empirically as a medicinal product, but little is known about its potential for obtaining
fungitoxic substances. This study evaluated the chemical analysis and in vitro antifungal activity of
ethanolic extracts and oils of Caryocar villosum. The chemical profile of the extracts was obtained from
the Thin Layer Chromatography (TLC), while the vegetable oil profile was analyzed by Gas
Chromatography coupled to Mass Spectrometry (GC-MS). Different concentrations of the extracts and
vegetable oils were used in biological tests. The experimental design was completely randomized in a
factorial scheme with replication. The presence of flavonoids was confirmed in all extracts. The major
components of the artisanal oil were oleic acid, palmitic acid, and ethyl oleate, and the major component
of the industrialized oil was (Z)-9,17-octadecadienal, (Z)-octadecenal and B-sitosterol. In general, the
extract of young leaves and industrialized oil showed the highest reductions in fungal colonies, and the
concentrations of 40% of the extracts and 3.75 uL.mL of oils caused the lowest growth of the challengers.
Keywords: antifungal activity, phytochemical screening, natural products.

O piquiazeiro apresenta grande importancia na Amazonia, pois além de utilizado na culinéria, é empregado
na industria cosmética, e empiricamente como produto medicinal, mas pouco se sabe sobre seu potencial
para obtencéo de substancias fungitdxicas. Este estudo avaliou a andlise quimica e a atividade antifingica
in vitro de extratos etanoélicos e 6leos de Caryocar villosum. O perfil quimico dos extratos foi obtido por
Cromatografia em Camada Delgada (CCD), enquanto o perfil do dleo vegetal foi analisado por
Cromatografia Gasosa acoplada a Espectrometria de Massas (GC-MS). Diferentes concentraces dos
extratos e 6leos vegetais foram utilizadas nos testes bioldgicos. O delineamento experimental foi
inteiramente casualizado em esquema fatorial com replicacdo. A presenga de flavonoides foi confirmada
em todos os extratos. Os componentes majoritarios do 6leo artesanal foram &cido oleico, &cido palmitico e
oleato de etila, e o componente majoritario do o6leo industrializado foi (Z)-9,17-octadecadienal,
(2)-octadecenal e B-sitosterol. Em geral, o extrato das folhas jovens e o 6leo industrializado apresentaram
as maiores reduc@es nas col6nias fingicas, e as concentragdes de 40% dos extratos e de 3,75 uL.mL dos
o6leos ocasionaram os menores crescimentos dos desafiantes.

Palavras-chave: atividade antiflingica, triagem fitoquimica, produtos naturais.

1. INTRODUCTION

The use of synthetic fungicides to control fungi during storage is not ideal, especially in family
farming because they can cause complications or food poisoning, in addition to being inaccessible
for practicing in communities with few resources, where grains and other products are consumed
during the storage period [1].

Various pathogens are responsible for causing plant disease, including Bipolaris oryzae (Breda
de Haan) Shoemaker which causes brown spots on rice, and its control is carried out by the
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application of chemicals because there are few cultivars available with resistance to the pathogen
[2], which increases production costs and damages the environment and human health [3, 4].

Fungi of the Fusarium genus can be found and live for long periods in the soil or plant debris,
and also in air, water, plants, and insects [5], they adapt very well in tropical and subtropical
climates. The diversity of species is wide, being considered one of the most important pathogenic
groups [6].

The genus Pestalotiopsis comprises species considered cosmopolitan and found in
saprophytic, phytopathogenic, and endophytic forms [7]. They cause disease in a variety of
cultivars, such as apple, coconut, chestnut, grapevine, guava, and mango trees [8-10]. Signs and
symptoms include canker lesions, shoot death, leaf spot, needle rust, tip rust, gray rust, itchy
canker, severe chlorosis, and rot, and are also harmful post-harvest fungi [11-15].

Rhizoctonia solani J.G. Kihn causes disease in many cultivated species, being more
aggressive in moist soils and at temperatures between 15 and 18 °C [16]. The infection even
produces deep cankers in the seedlings, leading to strangulation and causing pre- and post-
emergence damping-off [17]. All these diseases affect the quality and productivity of plants.

Extracts and oils obtained from plants generally have low toxicity to mammals and have been
investigated for their potential in controlling fungi that cause various plant diseases [18], or in
pest control, such as repellents and insecticides [19]. These products can be important in
agricultural production, mainly as an alternative to the use of synthetic fungicides [20].

Caryocar villosum (Aubl.) Pers. is a species popularly known in the Amazon as piquia
(piquiazeiro), belongs to the Caryocaraceae family, and has a neotropical distribution, occurring
more commonly in the Guianas and Central Amazon [21]. Its fruits can produce substances with
antifungal properties, as well as topical anti-inflammatory activity [22]. In vitro, studies have
shown that aqueous and hydroalcoholic extracts of Caryocar villosum have antioxidant action
related to their content of phenolic compounds [23].

However, as research and publications on this species are relatively scarce, this study aimed
to evaluate the chemical analysis and in vitro antifungal activity of three ethanol extracts and two
oils of Caryocar villosum on the mycelial growth of disease causing fungi in plant species of
socioeconomic importance and occurrence in the region.

2. MATERIALS AND METHODS

2.1 Plant material and extraction methods

The research was registered in the National System of Genetic Resource Management and
Associated Traditional Knowledge (SisGen, Brazil) under protocol A1B0150. The Caryocar
villosum extracts were obtained from the bark of the adult tree and the leaves of adult and young
trees (Figures 1A and 1B). The plant material was collected during the rainy season in the rural
community of Belterra (Para, Brazil), in November 2013. In this same community, artisanal oil
was acquired after boiling the fruit in water (Figure 1C) and scraping the pulp and homogenization
of the mass for decantation in a sloping gutter containing cotton at the base by which after five
days the vegetable oil was obtained (Figure 1D). Industrialized vegetable oil, also obtained from
artisanal extraction of the fruit pulp, was extracted and sold by a homeopathic pharmacy located
in the city of Santarém, Par, Brazil.
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Figure 1: Caryocar villosum (Aubl.) Pers. A) Adult Piquié tree; B) Young piquié tree; C) Fleshy fruit,
dupra type, yellowish-brown color, oblong-globose shape, weight of approximately 500g;
D) Longitudinal section showing the edible mesocarp (fruit pulp) and the woody endocarp. Source: B. C.
M. Sousa.

After collection, the leaves and bark were washed in running water, and they were immersed
in a 2% sodium hypochlorite solution for five minutes, followed by rinsing in distilled sterile
water and drying on sterile paper towels. Subsequently, all material was dried at 40 °C for 72 h
in a forced-air oven. Once dry, the material was weighed and crushed (Figure 2). The weights of
mature leaves collected from adult and young trees were 29.6 g and 25.7 g, respectively. The
weight of the crushed bark was 30.0 g.

M s “

Figure 2: A) Weighing of a dry sample of leaves and bark; B) Dried and crushed leaves; C) Dried and
crushed peels. Source: B. C. M. Sousa.
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The crude extracts were obtained by hot extraction, using 500 mL of 96% P.A. ethanol as the
solvent. The procedure was performed in a soxhlet apparatus with a total period of eight hours for
each extraction (Figure 3). The ethanolic solutions resulting from this process were subjected to
a rotary evaporator, and after that the extracts were weighed to obtain yields of 35.2% for the
leaves of the adult tree, 21.5% for the leaves of the young tree, and 6.6% for the bark of the adult
tree, following an adapted methodology [24].

Figure 3: A) Ethanol extraction of young piquié leaves; B) Ethanol extraction of adult piquié leaves;
C) Ethanol extraction of piquia adult bark. Source: B. C. M. Sousa.

2.2 Chemical composition of plant extracts and oils

The chemical analysis of the ethanolic extracts obtained from the bark and leaves of Caryocar
villosum was obtained by Thin Layer Chromatography (TLC). This analysis required the use of
aluminum chromatoplates (12 cm x 10.5 cm), silica gel 60 mesh, UV fluorescent indicator in
254 nm, and a layer thickness of 0.20 mm. Aliquots of 100 pL of methanolic solution of the crude
extracts were applied at a concentration of 2000 ppm to the chromatographic plate at distances of
0.5 cm each. Standards of phenolic compounds (chlorogenic acid, rutin, quercetin, caffeic acid,
and gallic acid) were added to confirm the flavonoids. The plate was eluted using a solvent
mixture containing ethyl acetate: formic acid: acetic acid: water (100: 11: 11: 26) until the solvent
reached 9.5 cm, and then, it was dried and developed with a methanolic solution with 1%
2-aminoethyl diphenylborinate (w/v), for flavonoids revelation [25]. The retention factors (Rf)
were calculated [24].

The chemical analysis of Caryocar villosum oils was obtained using Gas Chromatography
coupled to Mass Spectrometry (GC-MS), using an HP-6890 chromatograph, HP-5MS capillary
column (30 m x 0.25 mm x 0.25 pm), and detector operating at 70 eV with linear scanning in the
range of 30 to 500 amu. The chromatographic conditions were: injector temperature at 200 °C,
helium as carrier gas (1.0 mL.min), temperature programming from 60 °C to 240 °C at a rate of
3 °C.min, and oil injection of 10 uL. The compounds were identified by comparison with the
NISTOS library [26].

2.3 In vitro antifungal activity

The effects of extract crude and oils and the fruit pulp of Caryocar villosum were evaluated
on the mycelial growth of phytopathogenic fungi: Bipolaris oryzae (Breda de Haan) Shoemaker
obtained from rice (Oryza sativa L.) seeds (Figure 4A), Fusarium spp. from corn (Zea mays L.)
seeds (Figure 4B) and bell pepper (Capsicum annuum L.) fruits (Figure 4C), Pestalotiopsis sp.
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from cupuacu (Theobroma grandiflorum (Willd. Ex Spreng.) K. Schum.) leaves (Figure 4D), and
Rhizoctonia solani J.G. Kuhn from soybean (Glycine max (L.) Merr.) root (Figure 4E).

The ethanolic extracts were solubilized in a 1:1 solution (crude extract: distilled and sterilized
water). Then, polyvinylpyrrolidone (PVP) was added in a 1:4 (extract/oils: PVVP) proportion
(previously tested products to confirm that its use does not interfere with the growth of fungi).
The solution was filtered and added to a potato-dextrose-agar (PDA) culture medium to obtain
concentrations of 10, 20, 30, 40, and 50%. The oils were previously filtered on a Millipore®
membrane (0.45 um) and added to a PDA medium (approximately 45 °C), adjusted to
concentrations of 0.25; 0.50; 0.75; 1.25; 2.5; 3.75; and 5.0 uL.mL™,

After adding in PDA liquid, the extractives were homogenized and poured into Petri dishes (6
x 1.5 cm). One disk (0.4 cm) containing the fungus structures was placed in the center of each
dish. The Petri dishes were incubated at 25 °C with a 12 h photoperiod. The control treatment
consisted of fungi only in the PDA medium. The average diameter of the fungal colonies was
measured for five days [27].

The experiments followed a completely randomized design (CRD). The factorial scheme for
the extracts was 3x6x5 (three extracts; six concentrations, including the control (zero); and five
phytopathogens) with three replicates. The factorial scheme for oils was 2x8x5 (two oils; eight
concentrations, including control (zero); and five phytopathogens) with four replicates. Data were
subjected to normality and homogeneity of variance and analysis of variance (ANOVA). The
treatment means were compared by Tukey’s test (p < 0.05), by the statistical program SISVAR
5.6 [28].

Figure 4: A) Control of Bipolaris oryzae isolated from rice; B) Witness of the genus Fusarium sp. corn
isolate; C) Fusarium sp. from bell pepper; D) Witness of the genus Pestalotiopsis sp. isolated from the
cupuagu species; E) Control of Rhizoctonia solani isolated from soybean. Source: B. C. M. Sousa.

3. RESULTS AND DISCUSSION

The TLC analysis confirmed the presence of flavonoids in all ethanolic extracts of Caryocar
villosum, due to the similarity of retention factors (Rf) found in extracts with at least one of the
standards used to identify this class (Table 1).

Plant extracts contain active substances, such as fatty acids, alkaloids, phenols, flavonoids,
glycosides, tannins, and terpenoids, which may have a variety of biological activities, including
antifungal [29]. The class of flavonoids belonging to the phenolic compounds, and has already
been reported in ethanolic extracts from the leaves of Caryocar brasiliense [30]. This class
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contains substances with diverse biological activities, such as antifungal, antiviral, antibacterial,
antiparasitic, immunomodulatory, anti-inflammatory, and antioxidant [31].

Table 1. Retention factor obtained by Thin Layer Chromatography of ethanolic extracts of Caryocar
villosum compared to standards for flavonoids.

Bark Leaves Leaves
Standards Reffxcnce (adult tree) (adult tree) (young trees)
Rf Rf Rf

Rutin 0.47 - 0.47 0.47

Chlorogenic acid 0.63 - 0.68 0.68
Quercetin 0.86 0.86 - -
Caffeic acid 0.87 - - -
Gallic acid 0.89 - - -

*Rf = retention factor.

The artisanal and industrialized oils of C. villosum showed variation in their chemical
compositions. In total, 14 components were detected in artisanal oil, 10 were identified and three
substances had the highest percentages, ethyl oleate (19.9%), palmitic acid (21.5%), and oleic
acid (24.7%), considered the majority constituent. The substances (Z)-octadecenal, ethyl
hexadecanoate, (Z)-9,17-octadecadienal, (Z)-ethyl octadecenoate, B-sitosterol, squalene, and
14-methyl-pentanoic acid presented percentages below 5.2% (Table 2).

Twelve compounds were detected in the industrialized oil, eight were identified and three
substances stood out, p-sitosterol (14.2%), (Z)-octadecadienal (15.5%), and (Z)-9,17-
octadecadienal (19.7%), with the latter being the majority. The substances 3-tocopherol, (Z)-ethyl
octadecenoate, squalene, palmitic acid, and methyl hexadecanoate presented percentages below
5.2% (Table 2).

Table 2. Chemical constituents of artisanal and industrialized oils of Caryocar villosum.

Substance Artisanal oil Industrialized oil
RT (min) Rel. % *RT (min) *Rel. %
14-methyl-pentanoic acid 24.73 0.8 - -
methyl hexadecanoate - - 24.75 1.3
palmitic acid 25.59 21.5 25.45 1.6
ethyl hexadecanoate 26.05 51 - -
oleic acid 28.81 24.7 - -
ethyl oleate 29.42 19.9 - -
(2)-ethyl octadecenoate 30.69 2.3 30.69 3.9
*n.i. 31.45 2.9 31.46 4.5
*n.i. - - 33.54 14.3
(2)-9,17-octadecadienal 33.60 3.8 33.61 19.7
*n.i. - - 34.29 135
(2)-octadecenal 34.35 52 34.36 155
*n.i. 34.86 3.3 - -
*n.i. 37.60 55 - -
squalene 39.52 2.1 39.53 1.8
B-tocopherol - - 43.05 5.2
*n.i. 43.89 0.6 43.91 4.2
B-sitosterol 49.15 2.3 49.18 14.2
Total 100 99.7

*RT (min) = retention time in mintes; Rel. % = relative percentage; n.i. = not identified.
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The fruit of the piquia tree is composed of 65% peel, 30% pulp, and 5% almond. The pulp is
composed of 72% oil, 3% protein, 14% fiber, and 11% other carbohydrates [32]. To obtain the
fixed oils, it is generally necessary to process the seeds, squeeze them, boil them and let them rest
[33], as was the case with obtaining the artisanal oil used in this work, and the final product can
be used for pharmacological purposes, industrial and nutritional.

The chemical analysis of the pulp and seeds of Caryocar villosum also indicated the presence
of palmitic acid (44.63% in the mesocarp and 44.84% in the seeds) and oleic acid (43.66% for the
mesocarp and 33.62% for the seeds) [34].

Other species of the genus, such as Caryocar brasiliense Cambess., also showed high lipid
content in the pulp and almonds, highlighting the presence of fatty acids, predominantly oleic acid
(55.87% in the pulp and 43.59% in the almond) and palmitic (35.17% in the pulp and 43.76% in
the almond), in addition to components such as stearic, linoleic, palmitoleic acids, among others
[35]. For oil from the pulp of Caryocar coriaceum Wittm. the presence of oleic acid (56.34%),
palmitic acid (27.63%), linoleic acid (5.2%), and linolenic acid (4.42%) was verified [36], and for
the seeds of this species the presence of oleic acid (57.15%), palmitic acid (35.53%), stearic acid
(4.0%), and linoleic acid (2.38%) was detected [37]. Recent research has shown percentages of
42.47% for oleic acid, 39.49% for palmitic acid, and 10.17% for linoleic acid for C. coriaceum
seeds [38].

In this sense, the composition of the artisanal oil extracted from the fruits of C. villosum
presented the major compounds commonly found and described in the literature for the species
genus (Figure 5).
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Figure 5: Chromatogram of artisanal Caryocar villosum oil.

The chromatographic profile of industrialized piquia oil showed differences in the chemical
constitution when compared to artisanal oil, such as the absence of oleic acid, suggesting a
detailed study of this product (Figure 6). The environment in which the plant species grows, the
temperature, the relative humidity of the air, the total duration of exposure to the sun, and the
wind regime, influence the chemical composition of the oils and extracts and, consequently, their
biological activity [39, 40]. Anthropogenic action also interferes with these factors, from the
choice of types of cultivation and processing of plant material to obtaining the final product.

Regarding the biological activities of Caryocar villosum, there is a lack of scientific
production, with only research using its products for activities such as antioxidant [41],
anti-inflammatory [42], larvicide, cytotoxic, photoprotective, and antigenotoxic [43].

In this sense, the data presented in this study are unprecedented regarding the evaluation of the
antifungal activity of piquié extracts and oils.
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Figure 6: Chromatogram of industrialized Caryocar villosum oil.

In the biological tests for C. villosum extracts, there was a statistically significant difference
for the isolated factors (plant parts, concentration, and phytopathogens), and for all interactions
between them (p < 0.05). An average reduction of 15.9% in the Bipolaris oryzae growth was
observed at 40% and 50% concentrations of extracts obtained from the bark. The leaf extract
obtained from the adult trees, in 40% concentration, inhibited 18.2% of the B. oryzae colony. The
young tree left extract reduced the growth of this fungus by 13.6% and 25.0% at 40% and 50%
concentrations, respectively (Table 3).

In studies of antifungal activity of extracts and oils on the phytopathogens analyzed for
Caryocar villosum, it was found that rosemary extract (Rosmarinus officinalis L.), for example,
caused a reduction in the mycelial growth of Bipolaris oryzae with increasing concentrations
tested [44].

All concentrations of the extracts obtained from bark and leaves from young trees reduced the
average diameter of Fusarium spp. obtained from corn and bell pepper, respectively. The
C. villosum bark extract also reduced the mean diameter of Pestalotiopsis sp. at all concentrations
(Table 3).

Ethanolic extracts of two species of cumaru (Dipteryx odorata e Dipteryx punctata) were
evaluated for antifungal action against Fusarium spp. isolates from lettuce and kale, being the
concentrations of 40% and 50% of the extract of the endocarps of D. odorata the ones that
provided the biggest reductions in the average diameter of their colonies. As for D. punctata,
Fusarium sp. lettuce isolate was more sensitive to the action of the leaf extract, obtaining the
lowest averages of mycelial growth at concentrations of 30%, 40%, and 50%. And for Fusarium
sp. obtained from kale, the concentration of 10% of the seeds extract showed a promising result
[45].

Different species of the Fusarium genus showed distinct inhibition when confronted with
extracts of medicinal plants; the cinamomum (Melia azedarach L.) extract caused 97% inhibition
of Fusarium proliferatum (Matsush.) Nirenberg and the combined extracts of river bushwillow
(Combretum erythrophyllum (Burch.) Sond.) and sawtooth oak (Quercus acutissima Carruth.)
inhibited Fusarium verticillioides (Sacc.) Nirenberg by 96%, Fusarium proliferatum by 67% and
Fusarium solani (Mart.) Sacc. by 56% [1].

For the phytopathogen Rhizoctonia solani, the concentration of 30% of the bark extract did
not differ from the control treatment; whereas, the other concentrations tested increased mycelial
growth of this phytopathogen. Concentrations of 20% and 40% of extracts from the leaves of
adult trees were effective in reducing mycelial growth. For the extract obtained from the leaves
of young trees, from the concentration of 20%, there was a reduction in the growth of R. solani,
compared to the control (Table 3). The reduction in the average diameter of the fungus colonies,
caused by the extracts of leaves from adult trees, at a concentration of 40%, and from leaves of
young trees at a concentration of 50%, was 26.4%.
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The ethanol extract of jurubebdo fruits (Solanum grandiflorum Ruiz & Pav.) showed a
fungicidal activity against Rhizoctonia solani [46]. The quantity and longevity of the compounds,
as well as the relationship between them, can result, at certain times, in greater or lesser inhibition
of the phytopathogens; a fact that may be associated with the presence of substances with
antifungal activity or with activities that stimulate the growth of phytopathogens [18].

Table 3. Mean diameter of plant pathogen colonies subjected to five concentrations of extracts from
different parts of Caryocar villosum.

Mean diameter of plant pathogen colonies (cm)
Bipolaris  Fusarium Fusarium Pestalotiopsis  Rhizoctonia

Parts Concen-
of the tration

0 oryzae sp. sp. sp. solani
plant (%) (rice) (corn) (bell pepper) (cupuagu) (soybean)
Control 0 4.4 bD 49aC 5.5aB 5.9aA 5.3dB
10 4.1bC 4.4bC 5.4 aB 5.3bB 7.1aA
Bark 20 4.1bC 4.3bC 5.2aB 5.2bB 7.0 aA
(adult 30 4.1bC 4.4bC 5.0 bB 5.2bB 5.6 dA
tree) 40 3.7¢cD 4.2bC 4.9bB 4.9 bB 6.7 aA
50 3.7¢cD 4.2bC 4.9bB 5.1bB 7.2aA
10 4.6 aC 4.7 aC 5.2aB 5.2bB 6.5 bA
Leaves 20 4.3bB 4.6 aB 5.0 bA 5.4 bA 5.0eA
(adult 30 4.8 aB 45bC 5.1bB 5.6 aA 6.0 cA
tree) 40 3.6¢cD 4.1bC 49bB 5.5bA 3.9¢C
50 45aC 4.4bC 4.9 bB 5.5 bA 5.4 dA
10 4.3bC 45bC 49bB 5.4 bA 5.6 dA
Leaves 20 4.1 bD 4.6 aC 5.1bB 5.8 aA 4.7 fC
(young 30 4.7 aC 4.4DbC 4.9 bB 5.4 bA 5.0eB
trees) 40 3.8¢cC 4.1bC 4.8bB 5.2 bA 4.29C
50 3.3cC 4.1bB 4.7 bA 5.1 bA 3.9¢gB
*CV% 4.8

*CV% = coefficient of variation. Means followed by the same lower case letters in the columns and the
same upper case letters in the rows are not significantly different by the Tukey test (p < 0.05).

As for the vegetable oil test, it was found that the reduction in the diameter of the fungus
colonies ranged from 0.1 to 0.5 cm for the artisanal oil and from 0.2 to 1.1 cm for the industrialized
oil (Table 4).

The C. villosum oils analyzed accelerated the growth of Bipolaris oryzae and had no significant
effect on Fusarium spp. There was a reduction in the mycelial growth of Pestalotiopsis sp. in the
highest concentration of artisanal oil of C. villosum. The concentrations of 0.25, 0.75, 1.25, 2.50,
and 3.75 pL.mL? of industrialized oil significantly reduced the growth of the fungus
Pestalotiopsis sp., with the greatest reduction being obtained in the concentration of 2,
50 uL.mL%, 9.4% inhibition (Table 4).

Except for 2.50 pL.mL™, the other concentrations of artisanal oil of C. villosum reduced the
mean diameter of Rhizoctonia solani. The concentrations of 0.25, 2.50, and 3.75 uL.mL? of
industrialized oil reduced the diameter of R. solani, with the greatest reduction caused by the
industrialized oil at 3.75 pL.mL, with inhibition of 20.7% compared with the control (Table 4).

Oils of copaiba (Copaifera langsdorffii Desf.) and castor (Ricinus communis L.) (indus-
trialized and artisanal) were evaluated on mycelial growth of five isolates of Pestalotiopsis spp.
obtained from different tree species. The highest percentages of growth inhibition were observed
in colonies submitted to industrialized oils, and there was a reduction of 28.9% and 5.7% for
copaiba and castor beans, respectively [47]. The essential oil of Lippia alba (Mill) N. E. Brown
showed a fungicidal effect from a concentration of 0.50 pL.mL? to a concentration of
1.25 pL.mL™ for Rhizoctonia solani [48].
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In this study, different results were observed for the products tested, with fungistatic effects
on the growth of some phytopathogens as well as stimulation on the growth of others. This fact
may be related to several factors, such as the part of the plant used, the chemical composition of
the products, and the phytopathogen. Fungi may behave differently both in terms of the product
used and the lethal dilution or dilution necessary to inhibit their growth [40, 49]. Some
phytopathogens are capable of biotransforming compounds from plants, leading to partial
inhibition of the fungitoxic effect of the extract, converging to nontoxic substances; however, it
is not possible to state whether the detoxification effect can be the cause of mycelial growth
stimulation in certain concentrations, when there is partial inhibition in others, requiring further
research, including the characterization of the compounds for a better understanding of the
mechanisms involved [44].

More in-depth tests are important to confirm the effectiveness of natural products under field
conditions, as well as adjust production and dosage, and determine their toxicity to both the
environment and human health [50].

Table 4. Mean diameter of plant pathogen colonies subjected to artisanal and industrialized oils of
Caryocar villosum in different concentrations.

Mean diameter of plant pathogen colonies (cm)

Ol Concen-  Bipolaris Fusarium Fusarium Pestalotiopsis Rhizoctonia

tration oryzae sp. sp. sp. solani
(ML.mL™) (rice) (corn)  (bell pepper)  (cupuagu) (soybean)
Control 0.00 45cB  53aA 5.4 aA 5.3aA 5.3aA
0.25 53aA 54aA 5.4 aA 5.3aA 4.8 dB
0.50 53aA 54aA 5.4 aA 5.3aA 49cB
0.75 53aA 54aA 5.4 aA 5.3aA 5.2 bA
Artisanal 1.25 54aA 54aA 55aA 5.4 aA 5.1bB
2.50 53aA 54aA 5.4 aA 5.5aA 5.4 aA
3.75 55aA 54aA 5.2aA 5.4 aA 5.2bB
5.00 53aA 53aA 5.4 aA 5.0 bB 5.2bB
0.25 47cC 54aA 55aA 5.1bB 5.2bB
0.50 49bB 54aA 5.4 aA 5.3aA 5.4 aA
Industria- 0.75 5.0 bB 5.4 aA 5.4 aA 5.1bB 5.4 aA
lized 1.25 51bB 54aA 5.4 aA 5.1bB 5.3aA
2.50 52bB 5.4aA 5.4 aA 4.8cC 5.2bB
3.75 46cB  53aA 5.2 aA 5.1 bA 4.2eC
5.00 50bB  53aA 5.4 aA 5.2aA 5.3aA
*CV% 2.6

*CV% = coefficient of variation. Means followed by the same lower case letters in the columns and the
same upper case letters in the rows are not significantly different by the Tukey test (p < 0.05).

4. CONCLUSIONS

The flavonoid class was confirmed in Caryocar villosum extracts by TLC. The presence of
chemical marking compounds of the genus Caryocar, such as fatty acids and their esters, was
observed mainly in artisanal oil. None of the extracts and oils had a fungicidal effect. The
reduction or increase in growth varied with plant extracts, oil type, concentration, and
phytopathogen. Future research is needed to verify the isolation of substances, chemical analysis,
and the spectrum of action through conducting tests in vitro and in vivo with phytopathogens.
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