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The polyunsaturated fatty acids of Sacha Inchi seeds are important in the development of food 
products with healthy and nourishing properties. The aim of this study was to evaluate the effect of 
Sacha Inchi (Plukenetia volubilis L) on a prototype convenience food. The nutritional composition and 
sensory acceptance was evaluated using a completely randomized experimental design. Fixed effect-
balanced factorial multiple correspondence analyses were used for the different treatments. Four 
formulations were developed for the prototype type setting (F0, F5, F7.5 and F10) using Sacha Inchi 
almonds characterized according to their nutritional composition. The fatty acid composition of the 
total lipids of the seed was determined by gas chromatography. In the food draft type, sensory 
parameters such as color, odor, flavor and texture in all treatments were evaluated. The results 
obtained showed a content polyunsaturated fatty acids of 33.74% in the seed. In addition, the 
acceptance of sensory parameters evaluated by consumers in the draft prototype was greater than 
80%. It was observed that lipid content increased up to 3 times and the content of polyunsaturated fatty 
acids, 4 times in the treatment of F10 with regard to white F0. About 10% almond Sacha Inchi can be 
effectively incorporated into draft products with suitable timing sensory characteristics and nutritional 
value, thus, allowing the foods declared under the Colombian law as a high and good source of omega 
3. 
 
Key words: Prototype, Plukenetia volubilis L, polyunsaturated fatty acids, draft. 

 
 
INTRODUCTION 

 
Sacha inchi plant is a plant native to the Amazon región, 
it is known by various names, such as “Gold Inka”, “Inca  
Inchi” o “Inca peanut”, is a plant of the Euphorbiaceous 
family  and volubilis species is a climbing plant, semi- 
ligneous, fruits in capsule,  with  4  seeds  oval  and  dark 

brown (Manco 2006). The flour and oil from the seeds are 
commonly used by the Peruvian natives. The seeds 
contain approximately, on average, 48% oil and 27% 
proteins that are rich in essential amino acids (Maurer et 
al., 2012). The nutritional  composition  of  sacha  inchi  is 
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characterized by high levels of essential fatty omega 3 
(ω-3) and omega 6 (ω-6),), which have been documented 
to have effects on the human health by preventing 
various diseases like arthritis , coronary heart disease , 
diabetes, hypertension , attention deficit hyperactivity, 
and inflammatory skin diseases.(Hanssen and Schmitz-
Hübsch, 2011) (Gogus and Smith, 2010), according to 
this context , the use of almonds extracted from the 
seeds of Sacha inchi has a high potential for 
nutraceuticals industry (Guillén et al., 2003). 

The development, design and innovation of products to 
help the world population, have spurred the search for 
alternatives to the production of food with functional 
properties; hence, the seeds of Sacha inchi (Plukenetia 
volubilis L.) was proposed for use in the oil and cosmetic 
industries, with little use in the manufacture of food 
products for human consumption (Guillén et al., 2003), 
several authors have reported the development of foods 
with added Sacha inchi as sausage type Frankfurt  
(Romo, 2015), beverage with cake Sacha inchi   
(Cárdenas, 2015) and energy bar with addition of seed. 
(Baéz and Borja, 2013 a). The United Nations 
Organization for Food and Agriculture (FAO, 2008) has 
recommended increasing the intake of fatty acids (ω-3) to 
the general population, and to comply with this 
recommendation, they enriched a variety of food products 
such as eggs, yogurt, milk, and spreadable foods 
(Riediger et al., 2009). Developed countries currently 
have among other challenges for the populations, the 
offer to consumers who have little time to prepare their 
food, through options of healthy processed foods ready 
for consumption, known as food ready to-eat or 
convenience (Dutcosky et al., 2006), that are oriented to 
the trend of snack foods; that are characterized by having 
a higher energy density and sodium, with high content of 
carbohydrates and significant sensory characteristics 
such as taste and texture. 

On the basis of the interest of consumers to purchase 
foods that have a positive impact on human health, in 
Colombia, they are developing foods from new sources of 
nutrients with foods considered promising, low production 
costs and cultivated with few agronomic requirements 
(Peralta, 2010), This is the case of the seed of Sacha 
inchi  from the biodiversity of Latin American countries, 
with high nutritional potential (Guillén et al., 2003). The 
aim of this study is to evaluate the effect of adding Sacha 
inchi seeds, to a prototype of convenience food draft, on 
the nutritional composition and sensory acceptance. 
 
 
MATERIALS AND METHODS 
 
3 kg  of  seeds  were  collected  of  P. volubilis  L.  sedes  from   the  

 
 
 
 
Municipality of Santo Domingo, Antioquia-Colombia, with 
characteristics of healthy seed grain without broken bark or 
exposed almond, was used. 
 
 
Physico-chemical analysis 
 
The following parameters were analyzed: Protein by AOAC No. 
954.01, moisture by GTC 1.14, ashes by AOAC No. 923.03, total 
fat by GTC 6.1. 996.06 total carbohydrates calculated on the basis 
of its components by difference. 
 
 
Fatty acid profile of sacha inchi seed 
 
Lipid phase extraction of the Sacha Inchi seed was performed and 
0.5 mL of hexane was added to 1.5 mL of the Sacha Inchi extract 
which was derivatized with 5 mL of boron trifluoride BF3 
methylation (Ackman, 1998) in methanol for the trans methylation 
fatty acids present. The fatty acids were determined using a gas 
chromatograph (Agilent 7890 B with detector FID, with auto sampler 
7963 A), equipped with a split injector relation: 100:1, with a 
capillary column of silica TRCN-100 (60.0 m x 0.25 mm i.d x 0.20 
µm) (brand TEKNOKROMA) and a flame ionization detector; The 
gases used was Hydrogen (H2) and air, gas makeup: Nitrogen (N2). 
The volume of injection was 1.0 μL. The injector and detector 
temperatures were 250 and 260°C, respectively. Initial oven 
temperature of 100°C was gradually increased to 145°C at 8°C/min. 
Helium was used as carrier gas at a linear flow of about 1.5 ml/min. 
The retention times and peak areas were processed using 
OpenLab CDS ChemStation software. For identification of fatty acid 
retention time and peak areas of the samples with mixture of 
reference standards, Food Industry FAME mix (37 parts) Mark 
RESTEK components, diluted in 30 mg/ml of dichloromethane. 
Fatty acids were quantified through a percentage of the peaks with 
the total area. All reagents used in the extractions were reagent 
grade and in the chromatography separation, HPLC grade. 
 
 
Prototype development of the draft food type 
 
Sacha inchi seeds were hulled for the almond and pre-toasted in a 
convection oven (brand: UNOX reference BakerTop XBC615), 
between 80 ± 5°C for 15 min. Then the seeds were finely cut to a 
particle size between 1.0 and 2.0 mm. The protocol for the 
development of the prototype food was adapted and standardized 
in laboratory conditions accordingly (Marpalle et al., 2014). 
Ingredients such as whole wheat flour, water, brown sugar, instant 
dry yeast, dietary salt all trademark, obtained from local 
supermarkets were used. 

The ingredients were weighed separately, mixed in a blender 
(Mixer Spartan reference mark SP500, engine 750W, 110 V / 60Hz, 
10vel) for 20 min in a speed of 5 rpm to form a gluten network, and 
then the Sacha inchi pre-toasted almonds were added at different 
concentrations and chopped, with respect to whole wheat flour (F5): 
5%; (F7.5): 7.5% and (F10) 10%, mixing them for 2 min, except 
(F0): 0% (white) that had no addition of almonds (Table 1). The 
mass is left to rest for 40 min and then cut into squares of 2 x 2 cm. 
It was taken to camera fermentation (brand Javar) with a 
temperature of 35 ± 5°C and relative humidity of 80% for 1 h to 
double its size. Subsequently, they were baked at 165°C for 11 min, 
and finally achieved a  draft  at  90°C  for  30 min  (Figure  1).  They 
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Table 1. Ingredients for treatment of the prototype food. 
 

Ingredients F0 F5 F7.5 F10 

Whole wheat flour (g) 100 100 100 100 

Sacha inchi (pieces) (g) 0 5 7.5 10 

Brown Sugar (g) 6 6 6 6 

Instant dry yeast (g) 1.7 1.7 1.7 1.7 

Dietary salt (g) 0.3 0.3 0.3 0.3 

Water (ml) 65 65 65 65 
 
 
 

 
Figure I. Preparation of food draft prototype 

 
(a) 

 
 (b) 

 
(c) 

 
(d) 

 

(a) Enlistment (b) Sacha inchi Pieces (c) Rolling and cutting (d) Baked snack 

 
 

Figure 1. Preparation of food draft prototype. (a) Enlistment (b) Sacha inchi 
Pieces (c) Rolling and cutting (d) Baked snack. 

 
 
 

were cooled on trays for packaging in foil bags, to avoid 
hygroscopicity and oxidation of fats in the prototype food type 
setting (Marpalle et al., 2014). 
 
 
Analysis of the chemical constituent of the prototype food 
 
The following parameters were analyzed: fat by Soxhlet extraction 
method (NTC 668), moisture by thermo gravimetric method (based 
on ISO 6496) and protein by Kjeldahl (NTC 4657), the latter worked 
with a factor of (N × 6.25), the ash by direct incineration method 
(AOAC 942.05). 
 
 
Fatty acid profile of the prototype food 
 
They weighed between 1.0 to 2.0 g of the prototype food milled and 
homogenized. Then hydrolysis of the fat from the seed was 
conducted with 1,000 g of Celite, 100 mg of BHT and 120 ml of 4N 
HCl, stirring for 2 min. 2.0 ml Glyceryltriundecanoate of the internal 
standard (C11: 0) was added to 5.0 mg/ml to start the hydrolysis 
unit (FOSS reference mark 1047) for 1 h; rinsed and the 
supernatant was filtered. Subsequently, it was taken to the 
extraction   unit   for   removal  of   Soxtec   fat   (Brand:   Reference  

FOSS 1047) with 50 mL of hexane. The extracted fat was cooled in 
a desiccator and then the fatty acid profile was analyzed by gas 
chromatography with flame ionization detector (GC-FID). 
 
 
Sensory analysis of the prototype food 
 
Affective method was applied, using a binomial hedonic scale 
acceptance test (Sancho et al., 2002), evaluating the attributes of 
color, taste, smell and texture, to analyze the differences between 
them. 

The samples of the prototype food type setting (F0, F5; F7.5; 
F10) were evaluated by 120 non-regular users of the product of 
both sexes, in age ranges of 15 to 25; 26 to 35; 36 to 45; 45 to 55, 
and greater than 55 years, and they were classified into 4 groups 
chosen at random, each consisting of 30 people who completed the 
survey type format after consuming the product. The samples were 
presented in thermo forming packaging (reference AL69P). 
Statistical analysis entailed applying the multivariate technique 
called factorial analysis of multiple correspondence (ASM) with 
additional variable (treatment) using the SPAD version 3.5 program. 
This analysis allows determining the similarities or dissimilarities 
between individuals concerning the attributes evaluated in sensory 
analysis. 
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Table 2. Nutritional composition of sacha inchi seed (P. volubilis L). 
 

Parameter *Mean ± SD 

Humidity (%) 4.7 ± 0.04 

Total mineral (%) 2.7 ± 0.04 

Total fat (%) 42.3 ± 0.02 

Total Protein (%) 25.6 ±1.27 

Total carbohydrates (%) 24.5 

Total calorie (Kcal / 100 g 481.5 
 

* Dry basis amounts expressed in percentage (%). 

 
 
 

Table 3. Fatty acid profile of sacha inchi seed (P. volubilis L). 
 

Fatty acid profile Fatty acids *Percentage ± De 

Saturated fat 

Myristic acid 0.02 ± 0.0007 

Palmitic acid 1.85 ± 0.001 

Heptadecanoic acid 0.04 ±0.0003 

Stearic acid 1.26 ±0.002 

Behenic acid 0.01 ±0.0001 

   

Monounsaturated fat 

C16: 1 (palmitoleic acid) 0.03 ± 0.001 

C18: 1n9c (oleic acid) 3.4 ± 0.009 

C20: 1n9 (cis-11-eicosenoic acid) 0.17 ±0.001 

   

Polyunsaturated fat 

C18: 2n6c (linoleic acid) 13.7 ± 0.05 

C18: 3n3 (a-linolenic acid) 19.9 ± 0.06 

Cis-11,14-eicosadienoico 0.02 ± 0.001 
 

* Dry basis amounts expressed in percentage (%). 

 
 
 
Experimental design 
 
There was a design of completely randomized experimental 
classification of fixed effect, balanced with a single Sacha inchi 
seed, with four levels of treatments (F0, F5, F7.5, and F10). The 
prototype draft type food was taken as experimental unit; physico-
chemical analysis was performed with fatty acid profile that was 
analyzed statistically by multivariate analysis of variance MANOVA. 
The results were generated using SAS University Edition (SAS 
Institute, 2011), with a confidence level of 95%. 

 
 

RESULTS 
 
Physicochemical analysis 
 
Physicochemical data seed Sacha inchi is shown in 
Table 2. 
 
 
Fatty acid profile of sacha inchi seed  
 
Values were found of polyunsaturated fatty acids such as 
linolenic acid (n-3) of 19.94% and linoleic acid (n-6) with 
13.77%  in   Sacha   Inchi;   the   values   were   equally 

highlighted as a percentage of palmitic fatty acids 
Saturated with 1.85 ± 0.005. The monounsaturated oleic 
acid percentage of 3.40 ± 0.009 was obtained (Table 3). 
 
 
Chemical analysis of the prototype food 

 
The analysis of the prototype chemical properties for the 
different treatments is shown in Table 4, with values of 
humidity between 10.3% for F0 and 3.7% for F10; fat 
showed 0.83% in the treatment of F0 and 4.82 in the 
treatment of F10. The percentage of protein is found 
between 15.1% for F0 and 15.8% in F10. 

 
 
Fatty acid profile of the prototype food 
 
A significant statistical difference (p<0.05) (Table 5) 
between treatments for fatty acids (lauric, palmitic, 
stearic, palmitoleic, oleic, Cis-11-eicosenoic, linoleic, α-
linolenic) was found, with the highest content of the n6 
linoleic fatty acid in treating F10. The values obtained 
from  the  profile  for  the  treatment  of  F0  (white)   were  
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Table 4. Compositional analysis food type prototype by treating Sacha inchi. 
 

Parameter  F0 F5 F7.5 F10 

Fat (%) 0.83 3.15 3.82 4.82 

Protein (%) 15.1 15.8 14.9 15.8 

Humidity (%) 10.3 6.0 6.6 3.7 

Ash (%) 4.80 4.35 5.20 4.50 

 
 
 

Table 5. Acid profile of fatty food type prototype by treating Sacha inchi. 
 

Fatty acid profile Fatty acids 
Treatments 

F0 F5 F7,5 F10 

Saturated fat 

C14: 0 (lauric acid) 0.0102 
c
 0.015

b
 0.0193ª 0.0091

d
 

C16: 0 (myristic acid) 0.02ª 0.0216ª 0.0222ª 0.0224ª 

C17: 0 (palmitic acid) 0.5358
d
 0.6051

c
 0.6686

b
 0.7281ª 

C18: 0 (stearic acid) 0.2044
d
 0.253

c
 0.3006

b
 0.3517ª 

      

 

Monounsaturated fat 

C16: 1 (palmitoleic acid) 0.0426ª 0.0318
c
 0.0298

c
 0.0399

b
 

C18: 1n9c (oleic acid) 0.3961
d
 0.5472

c
 0.6929

b
 0.8102ª 

C20: 1n9 (cis-11-eicosenoic acid) 0.0127
d
 0.0155

c
 0.0182

b
 0.0324ª 

      

Polyunsaurated fat 
C18: 2n6c (linoleic acid) 1.0611

d
 1.5899

c
 2.0425

b
 2.6315ª 

C18: 3n3 (a-linolenic acid) 0.0747
d
 0.9324

c
 1.6381

b
 2.4355ª 

 

*Amounts expressed in percentage (%) dry basis. Media in the same row with different letters indicate statistically significant difference (p< 
0.05). 

 

 
 

Table 6.  Percentage of acceptance of the prototype food. 
 

Parameter  F0 F5 F7.5 F10 

Color 100.0
a
 96.7

a
 97.0

a
 100.0

a
 

Odor 100.0
a
 90.0

a
 100.0

a
 100.0

a
 

Flavor 92.9
a
 83.3

a
 94.1

a
 84.4

a
 

Texture 85.7
a
 90.0

a
 91.1

a
 90.6

a
 

 

Different superscripts indicate significant statistical difference (p <0.05). 

 
 
 
0.7704 ± 0.0032; 0.4514 ± 0.0010 and 1.1358 ± 0.0002; 
while for the treatment of 10, values obtained were 
1.1113 ± 0.0013; 0.8825 ± 0.0007 and 5.0670 ± 
0.0154for total saturated fatty acids, monounsaturated 
(MUFA) and polyunsaturated PUFA, respectively. 
Similarly, an increasing trend of saturated fatty acids was 
found (MUFA and PUFA) in each of the treatments with 
regard to white (F0). 
 
 
Sensory analysis 
 
No statistical difference between treatments was 
detected by applying multivariate technique MANOVA,  to 

jointly evaluate the sensory variables (p> 0.05). 100% of 
the consumers accepted the color and odor for the F0 
and F10. It was also observed that the flavor and texture 
in general presented percentages of acceptance that 
ranged between 83.3 and 92.9% for the different 
treatments (Table 6). 
 
 
DISCUSSION 
 
The moisture content in the seed of Sacha inchi is within 
the range of 0 to 13% as reported by (James, 1995), who 
described this value as suitable for the storage and 
processing   without   degradation    of    triaglycerols    by  
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microorganisms. The protein content of the seed of 
Sacha Inchi analyzed in this study was similar to that 
reported by (Gutiérrez et al., 2011) with 24.7% and was 
slightly lower than that found by (Cisneros et al., 2014) 
with 27% w/w. These percentages can be related to other 
oil seeds such as sesame (~25%), peanut (23% w/w) and  
sunflower (24% w/w) (Bodwell and Hopkins, 1985) to 
help meet the daily protein requirements for adults (0.66 
g/kg per day), as suggested by the World Health 
Organization (Joint FAO, World Health Organization, 
2007). 

The lipid content of the Sacha inchi are consistent with 
those reported by other authors  (Bondioli et al., 2006) 
and (Follegatti-Romero et al., 2009) that found the 
characteristic values of oil seeds to be between 30 and 
54% ( McKevith, 2005). Notably, the Sacha inchi 
analyzed in this work has high lipid content as found with 
regard to chia seeds (26.7 to 35%), safflower (27.5%) 
and soybeans (16.5%) (Chirinos et al., 2013).The values 
of Polyunsaturated Fatty acids (PUFA), linolenic (n-3) 
and linoleic acid (n-6) found in this study are lower than 
those reported by other authors (Gutiérrez et al., 2011)  
and (Garmendia et al., 2011). The differences can be 
attributed to weather conditions and physiological 
maturity of the fruit (Ruiz et al., 2013). According to 
Gebauer et al.(2006), in relation to the recommendations 
of ω-3 and source food with benefits for cardiovascular 
health, about 2 g/day are suggested; which implies that 
the seed itself may be a food source of ω-3 cardio-
protective benefits. Considering the effect of the addition 
of Sacha inchi in treatments, these increased to 3 times 
the total lipid content and about 4 times the content of 
PUFA in the treatment of F10 with regard to white (F0). 
Similarly, there was a decrease in the percentage of 
moisture in the prototype food draft type, which can 
reduce microbial growth as an indicator of the useful shelf 
life of the product. 

In relation to the data obtained in the fatty acid profile of 
the prototype, the food draft showed significant 
differences (p<0.05) in the values of ω-3 between 
treatments F0: 0.07%; F5: 0.9%; F7.5: 1.6% and F10: 
2.4%; and for ω-6 and there were significant differences 
(p<0.05) between treatments F0: 1.0%; F5: 1.6%; F7.5: 
2% and F10: 2.6%. Baéz Pazmiño et al. (2013 b), 
developed an energy bar with addition of Sacha inchi 
seed and other lipid materials reporting values of ω-3  
(6.2%) and ω-6 (3.1%) (46), which when compared with 
the values of ω-3 and ω-6 were lower compared to those 
found in this study. However, prototype of the drafted 
food developed from the treatment of F5 can be 
considered high and a good source of omega 3, 
according to resolution 333 of 2011 requirements for 
nutrition labeling of the Ministry of Social Protection in 
Colombia  (Resolución 333 de 2011).  Addition of Sacha 
inchi seed does not significantly change the acceptance 
of consumers who evaluated the prototype of the drafted 
food type; even by permitting the  addition  of  this oilseed  

 
 
 
 
with high nutritional value without altering the sensory 
characteristics by up to 10% food. Similarly, Marpalle et 
al. (2014), developed functional bread with added 
flaxseed flour, where they found acceptance in the 
sensory parameters evaluated with 10% added of wheat 
flour flaxseed. 
  
 
Conclusion 
 
The Sacha inchi is a food containing polyunsaturated fats 
and a good source of protein. Incorporating Sacha inchi 
seeds in a new prototype of food such as a snack could 
be considered as a novel and nutritious ingredient. Levels 
from 5% Sacha inchi seed are allowed for declaring the 
foodstuff as a high and good source of ω-3. The sensory 
evaluation revealed an acceptance of the prototype food 
developed, which added up to 10% of Sacha inchi seeds, 
which can be a potential health benefit due to the content 
of ω-3, to which they have been described a protective 
effect against cardiovascular diseases. 
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Bauhinia ungulata L. species, belongs to the genus Bauhinia, popularly known as pata de vaca, is 
among the species of medicinal employ in Brazil, used to treat diabetes. The aim of this study was to 
characterize the chemical composition, antimicrobial activity, toxicity on Artemia salina and 
acetylcholinesterase enzyme inhibition by essential oil from B. ungulata L. The chromatographic 
analysis revealed 18 components, the majority were the β-caryophyllene (15.9%), caryophyllene oxide 
(9.2%), α-humulene (8.1%), epi-γ-eudesmol (7.5%), α-bisabolol (4.7%), copaene (3.5%), nerolidol (3.3%), 
α-bisabolol oxide B (2.5%), spathulenol (2.1%). The essential oil showed high toxicity compared to the 
tests with Artemia salina and inhibited 95.96%±0.62 of the acetylcholinesterase enzyme. The 
microorganisms show antimicrobial inhibition with Candida albicans (85%), Bacillus cereus (65.5%) and 
Staphylococcus aureus (66.4%), Salmonella typhimurium (68.7%) and Citrobacter freundii (46.1%). The 
oil showed great potential when tested in bioassays. 
 
Key words: Volatile oil, cytotoxicity on microcrustacean, antifungal, antibacterial, neurodegenerative disease. 

 
 
INTRODUCTION 
 
Among many medicinal plants, there is the Bauhinia 
ungulata L. species, belonging to the genus Bauhinia 
belonging of Fabaceae family (Caesalpinioideae 

subfamily) one of the largest of angiosperms, which can 
be found mainly in tropical areas, with about 250-300 
species (Souza and Lorenzi, 2008; Joly, 1993, 1998). 



 
 
 
 

In Brazil this species is popularly known pata de vaca, 
unha de boi, pé de boi, escada de macaco, unha de 
jaboti and mororó (Silva and Cechinel, 2002; Lorenzi and 
Matos, 2002). It is applied in the treatment of diabetes 
mellitus, cholesterol control as diuretic and expectorant 
(Correa, 1998). It was also reported the use of B. 
ungulata by Tapebas Indians in Ceará state, Brazil for the 
treatment of diabetes, and this species most frequently 
studied for its hypoglycemic action (Silva et al., 2002; 
Pepato et al., 2002; Morais et al., 2005).  

Species of this genus have shown molluscicidal activity 
(Singh et al., 2012), larvicidal activity against Aedes 
aegypti L. (Gois et al., 2011), antiviral against Arbovirus 
mayaro MAYV (Santos et al., 2014), antioxidants (Santos 
et al., 2014; Port's et al., 2013; Paula et al., 2014), 
inhibition of the acetylcholinesterase enzyme (Santos et 
al., 2011), antibacterial action (Cechinel-Filho, 2000, 
2009), anti-helminth, in B. variegata against Ferentima 
posthuma and Ascardia galli (Bairagi et al., 2012) and 
antitumor activity tested in rats (Rajkapoor et al., 2003). 

In addition to the genus activities, aforementioned, 
there are the major compounds and compounds 
highlighted, folow. The essential oil from the leaves of 
another species, B. acurana, has as main constituents 
spathulenol, sesquiterpenes, epi-α-cardinol and 
caryophyllene oxide (Gois et al., 2011). The major 
constituents of essential oil from B. ungulata are 
spathulenol and caryophyllene oxide (Gramosa et al., 
2009). 

Essential oils are a lipophilic moiety of the chemical 
composition of a plant. Generally, consisting of 
sesquiterpenes, monoterpenes and phenylpropanoids 
(Cunha et al., 2004). Aromatic drugs are frequently used 
to destroy infection causing agents such as bacteria and 
pathogenic fungi (Costa, 2002). They are also used in 
industries, food and cosmetics (Bizzo, 2009). 

This study aims to characterize the main volatile 
chemical constituents using gas chromatography and 
biological activities by essential oil from B. ungulata 
leaves. 
 
 
MATERIALS AND METHODS 
 
Plant material and essential oil extraction 
 
The leaves of B. ungulata were collected along the Água Boa River, 
near the BR 174, at 11 Km in Boa Vista, Roraima, Brazil, in January 
2016 (dry season). The plant material was identified by José 
Ferreira Ramos (National Institute for Research in the Amazon, 
INPA), and a voucher specimen (272558) was deposited at the 
INPA Herbarium.  

Fresh leaves (600 g) were cut into smaller pieces with scissors 
and putting in a Clevenger apparatus to obtain the  essential  oil  by  
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hydrodistillation. Water droplets were removed from the essential oil 
by anhydrous sodium sulfate and stored at -20°C before analysis 
(Rubiolo et al., 2010; Sefidkon, 2002). 
 
 

GC/FID analysis 
 
The essential oil was analyzed on a HP 7820A Gas Chromatograph 
(GC) equipped with a flame ionization detector (FID) using a 
capillary column (HP5 30 m × 0.32 mm × 0.25 µ, Agilent). Column 
temperature: 50°C (0 min) at 3°C min-1 up to 230°C. Gun: 250°C 
Split (1:30). FID Detector: 250°C. Carrier gas: hydrogen at 3 mL 
min-1. Vol injection: 1 μL mL-1. Essential oil was diluted at 1% in 
chloroform. Data acquisition software used was Compact EZChrom 
Elite (Agilent). The quantitative analysis was accomplished using 
standard areas from the chromatograms obtained by GC-FID. 
 
 
Gas chromatography/mass spectrometry analysis 
 
A GCMS-QP2010 ULTRA (Shimadzu) was used. Column: Rxi-1MS, 
30 m × 0.25 mm × 0.25µ (Restek). Column Temperature: 50°C (3 
min), 3°C min-1 to 250°C. Injector: 250°C Split (1:10), GC-MS 
interface at 250°C. MS detector (electron impact at 70 eV) 
temperature was 250°C. Carrier gas: helium at 1.5 mL min-1. Vol 
injection: 1 μL. Essential oil was diluted at 0.1% in chloroform. Data 
acquisition software used was GC-MS Solution (Shimadzu) 
together with NIST11 library. Identification of peaks was made by 
comparison of the mass spectra obtained by GC-MS spectra with 
the NIST11 library and also by comparing the Kovats indices 
calculated by GC-FID and literature data. 
 
 

Determination of toxicity on Artemia salina 
 
The essential oil was solubilized in Tween 20 (1%) and saline 
supplemented with water to give concentrations (1000, 500, 250 e 
125 μL mL-1). They were transferred to tubes (3 mL) and added 10 
organisms (nauplii Artemia salina). The tests were performed in 
triplicate for each concentration. Saline without extract was used as 
negative control also in triplicate and was subjected to the same 
experimental procedure. This system was incubated at room 
temperature for 24 h, with aeration and other tubes kept under 
illumination. After 24 h, the number of dead and live larvae in each 
tube was counted. Thereafter, the probability of mortality was 
calculated according to the formula: 
 

 
 
Where: r = number of dead nauplii; n = total number of A. salina in 
each tube. 

It was given the lethal concentration 50% LC50, using the 
statistical program Microsoft Excel 2010 (Meyer et al., 1982; 
Mclaughlin et al., 1993). 
 
 

Acetylcholinesterase (AChE) inhibition assay 
 

Aliquots of a working solution (25 μL) (sample in 
Tween/DMSO/30%) was added to microplate wells, positive and 
negative  controls  were  also  prepared.  To  the  first  five  wells  of
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a column (positive control), 25 μL of an eserine solution prepared at 
10 mg mL-1 (in Tris/HCl at pH 8.0) was added. Thereafter, 25 μL of 
acetylthiocholine iodide (ATChI, Sigma A5751); the reaction 
mixture, 125 μL of 5'.5-dithio-bis (2-nitrobenzoate) (DTNB, Sigma 
D8130) and 50 μL of Tris/HCl (pH 8) containing 0.1% (m/v) bovine 
serum albumin were added to each well. Absorbance was 
measured at 405 nm every 1 min for 8 times. Then 25 μL (0.226 U 
mL-1) of Electric eel AChE (type VI-S) provided by Sigma (C3389-
500UN) in Tris/HCl were added to each well. Absorbance was 
measured at 405 nm by 9 times (Frank and Gupta, 2005; Ellman et 
al., 1961). Percentual inhibition was calculated using the formula: 
 

 
 
Where PCA = (absorbance of the sample with enzyme - 
absorbance of the sample without enzyme); PSA = (absorbance of 
negative control with enzyme - absorbance of negative control 
without enzyme). 
 
 
Antibacterial and yeast assay 
 
Two Gram-negative: Salmonella typhimurium (ATCC 13311) e 
Citobacter Freundii (ATCC8090), two bacterium Gram-positive: 
Staphylococcus aureus (ATCC 25923), and Bacillus cereus (ATCC 
11778) and one fungus (yeast) Candida albicans (ATCC 18804) 
yeast were used in the assay. Concentrations assayed were 250, 
125, 62.5, 31.25, 15.6, 3.9 and 1.95 μg mL-1 (Zacchino and Gupta, 
2007). Samples were weighed and dissolved in DMSO to 500 mg 
mL-1. 124 μL of this solution was added to a flask containing 2976 
μL of BHI (Brain Heart Infusion) broth (working solution) for 
bacterium and 2976 μL of Sabouraud for yeasts. A pre-inoculum 
was prepared in which the bacteria and the yeast, stored under 
refrigeration, were transferred with a platinum loop to test tubes 
containing 3 mL of freshly made BHI broth. The tubes were 
incubated at 37°C for 24 h. Then, the pre-inoculum (500 μL) was 
transferred to tubes containing 4.5 mL of sterile distilled water. The 
tubes were homogenized and the concentration adjusted to 0.5 of 
McFarland turbidity standard (108 CFU mL-1), thereby obtaining the 
inocula used in the bioassays.  

Assays were performed in 96-microwell plates in triplicate. 100 
μL of BHI broth was added to each well. In the first well, 200 μL of 
working solution were also added. The solution was homogenized 
and 100 μL transferred to the next well and so on until the last well, 
from where 100 μL was discarded. Then, 100 μL of microorganism 
inocula were added to wells. Eight different concentrations of each 
sample were tested. A positive control devoid of the working 
solution allowed us to examine microorganism growth. A negative 
control, which lacked the inoculum made it possible to discount the 
color coming from the working solution. A control plate containing 
100 μL of BHI culture medium and 100 μL of sterile distilled water 
were added to the experiment as a control of BHI broth sterility. 

Another control was also prepared, containing the standard 
antibiotics Ampicillin (antibacterial), miconazole and nystatin 
(antifungals) to observe the activity of these antibiotics over the 
microorganisms. Microorganism growth was measured in ELISA 
plate reader (492 nm) immediately after ending the experiment (0 
h). They were incubated at 37°C and read again after 24 h of 
experiments, ending the test. Results were calculated as percentual 
inhibition using the formula:  
 

 
 
AC1 = absorbance of the sample; AC2 = absorbance of control 
sample; AH = absorbance of microorganisms in the control control 
and AM = absorbance of culture medium control. 

 
 
 
 
RESULTS AND DISCUSSION 
 
The yield of essential oils of B. ungulata in this study was 
0.066%, higher than that obtained by Gramosa et al. 
(2009) who in their study developed this species in the 
Northeast, which was 0.007%. The yields of essential oils 
obtained from the genus Bauhinia varies between 
bauhinia rufa with 0.37% (Silva and Camara, 2014) and 
B. acuruana with 0.01% (Gois et al., 2011).  

Table 1 shows the chemical components identified by 
chromatographic analysis GC-FID and GC-MS with their 
Kovats index and mass and Figure 1 shows chemical 
structures of the major constituents identified in the 
essential oil in B. ungulata. 

The nine major components identified in this study are 
β-caryophyllene (15.9%), caryophyllene oxide (9.2%), α-
humulene (8.1%), epi-γ-eudesmol (7.5%), α-bisabolol 
(4.7%), copaene (3.5%), nerolidol (3.3%), α-bisabolol 
oxide B (2.5%), spathulenol (2.1%). The structures are 
shown in Figure 1. 

Figure 2 shows the chromatographic profile for B. 
ungulata oil. 18 components corresponding to 65.5% of 
essential oil composition were identified. Among the 
compounds identified, nine are majority corresponding to 
61.1%.   

In Boa Vista, Roraima, Brazil compared to studies 
Gramosa et al. (2009), the composition varies mainly in 
the major constituents. Secondly, according to Oliveira et 
al. (1998), plant species, in general, may present 
variations in relation to the yield and chemical 
composition of essential oils according to the part of the 
plant studied as well as their interactions with the 
environment, climate, micro-organisms and also genetic 
factors. 

Gramosa et al. (2009) identified 13 compounds, which 
represent 95.9% of the essential oil content, the majority 
were spathulenol (47.7%), caryophyllene oxide (18.3%), 
humulene epoxide II (5.2%), β-caryophyllene (4.2%), α-
humulene (3.5%) and α-copaene (2.9%). 

Duó-Bartolomeu et al. (2014) identified: germacrene-D, 
biciclogermacrene, β-elemene, trans-cariofilene, α-
humulene, espatulenol, trans-nerolidol, β-ionone, e β- 
elemene. 

It is observed so spathulenol presented itself as the 
main constituents for the essential oil of B. ungulata in 
studies of Gramosa et al., (2009), with a percentage of 
47.7. However in the present study this compound 
presents a lesser amount (2.1%). 

According to Figueiredo et al. (2008) and Simões et al. 
(2004), depending on the part of the plant, type of 
collection, climatic conditions and extraction methods, 
essential oils, may suffer variations in their income. 

In this study it was found that the highest percentage 
constituent was the β-caryophyllene (15.9%), a fact 
equivalent to the study of Neto (2006), where this 
substance was also the majority with 25.65%. 

Oils   with    high    concentrations    of    β-caryophyllene 
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Figure 1. Chemical structures of the major constituents from essential oil from leaves of B. ungulata L. 

 
 
 

Table 1. Chemical composition (%) of essential oils from fresh leaves of  B. ungulata L. 
leaves. 
 

Peak Compounds Kovats Index Area % 

1 α-pinene 972 228798 0.8 

2 β-pinene 996 53858 0.2 

3 copaene 1370 999332 3.5 

4 β-elemene 1389 502121 1.8 

5 β-caryophyllene 1413 4531553 15.9 

6 α-humulene 1447 2302563 8.1 

7 γ-muurolene 1480 305438 1.1 

8 γ-elemene 1499 363997 1.3 

9 δ-cadinene 1510 302924 1.1 

10 cubenol 1522 388178 1.4 

11 spathulenol 1549 611896 2.1 

12 caryophyllene oxide 1575 2611601 9.2 

13 nerolidol 1600 941423 3.3 

14 aromadendrene 1618 287445 1.0 

15 α-Bisabolol oxide-B 1672 711066 2.5 

16 α-bisabolol 1691 1333254 4.7 

17 farnesol 1713 327718 1.2 

18 epi-γ-eudesmol 1760 2122981 7.5 

 
Others 

 
9548036 33.5 

 
Identified 

 
18926146 66.5 

 
Total 

 
28474182 100.0 

 
 
 
showed good correlation with the free radical scavenging 
by dpph, and acetylcholinesterase inhibition (Alcântara et 
al., 2010); in vivo tests reduced cell death in 
neurodesgenerativas diseases such as Parkinson's and 
Alzheimer (Ferreira, 2014). 

The α-bisabolol (4.7%) was not identified in other 
regions for the species B. ungulate, indicating that it  may  

have been the formation of a new chemotype for this 
species in Boa Vista, RR. 

The α-bisabolol compound has correlation with activity 
against acetylcholinesterase. According to Nurulain et al. 
(2015), the compound binds directly to the receptor a7-
nAChRs, leading to inhibition of acetylcholine.  

It also has anti-inflammatory action  (Kim  et  al.,  2011) 
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Figure 2. Chromatogram of total ions essential oil from leaves of B. ungulata L. 

 
 
 

and biological activity against bacteria and fungi, 
as well as, Aedes aegypt, S. aureus, 
Pseudomonas aeruginosa, Microsporum 
gypseum, Trichophyton mentagrophytes and 
Trichophyton rubrum (Vila et al., 2010). The 
Figure 3 shows the bioactivity of essential oil from 
B. ungulata leaves for A. salina.  

Interpretations of the results of toxicity were 
carried out taking into account the above 
literature, which can be classified as highly toxic 
LC50 values between 0-500 µg mL

-1
; moderate 

toxicity between 500-1000 µg mL
-1

 and low 
toxicity or nontoxic values above 1000 µg mL

-1 

(Meyer et al., 1982; Lopes et al., 2002;  Rodriguez
 

et al., 2004).  
Through the straight equation formula Y = A + 

BX, we can calculate the CL50. Considering Y = 
50, A = 42.183 e B = 0.054, is the value of X is 
equal to 144.75 µg mL

-1
. It can be considered that 

the essential oil of B. ungulata has high toxicity, 
based  on   the   LC50   value   found   to   be   less 
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Figure 3. Curve ahead activity of A. salina for essential oil from leaves of 
B. ungulata L.  

 
 
 

Table 2. Results of inhibition of acetylcholinesterase and 
their respective standard deviations. 
 

Sample % Inhibition 

B. ungulata 95.96 ± 0.62 

Eserine 91.93 ± 1.30 

Galantamine 94.36 ± 1.14 

 
 
 

Table 3. Antimicrobial activity of the essential oil from B. ungulata leaves 
 

Microorganisms 
% inhibition of growth (μg mL

-1
) 

250 125 62.5 31.25 15.62 7.81 3.90 1.95 

C. albicans  80.13 84.76 85.44 56.95 57.29 29.02 26.90 27.18 

B. cereus  65.55 51.67 46.82 46.25 34.74 25.02 15.72 19.41 

S. aureus 66.41 65.08 66.41 64.71 58.84 58.69 59.56 54.16 

S. typhimurium 68.78 67.32 52.48 58.83 55.03 52.96 52.73 36.51 

C. freudii  46.16 45.76 41.66 41.41 22.31 24.64 12.19 15.69 

 
 
 
than 500 µg mL

-1
. 

According to Amarante et al. (2011), the plant extracts 
and derivatives that have a high toxicity against A. salina 
are high potential indications for biological activities. This 
finding reinforces the importance of the method as it is 
very useful to use this bioassay, when you want to 
develop biological studies. The results of the inhibition 
tests for acetylcholinesterase essential oil B. ungulata are 
as shown in Table 2. 

The oil showed a good inhibitory potential, 
corresponding to 95.96%, and can see that the standards 
used for Eserine and galantamine showed inhibition of 
91.93 and 94.36%, respectively, which were lower than 
the inhibition of essential oil. Savalev et al. (2003) 
observed synergistic interactions among the  components 

(1.8-cineole, camphor, α-pinene, β-pinene, borneol, 
caryophyllene oxide, linalool and bornyl acetate) which 
come from the species Salvia lavandulaefolia. Among 
those components mentioned above was found the 
essential oil of B. ungulata in the presence of α-pinene, β-
pinene and caryophyllene oxide; certainly there was 
synergism of compounds present in the oil of the species 
studied by high inhibition of the enzyme, highlighting the 
chemical components β-caryophyllene and α-bisabolol, 
which has a close relationship with neurodegenerative 
diseases and reported by Nurulain et al. (2015), Ferreira 
(2014), Alcantara et al. (2010) and Santos et al. (2015). 

Another biological activity of essential oil of B. ungulata 
leaves deserves attention as well as the bioactivity 
against the pathogenic microorganisms (Table 3). 
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Figure 4. Activity curve for essential oil from leaves of B. ungulata (L) front of the A) Candida albicans; B) Bacillus cereus; C) Staphylococcus 
aureus; D) Salmonella typhimurium. 

 
 
 

Graphs were plotted with the aid of software origin 8.0, as 
can be seen in Figure 4 and using equation Y = A2 + (A1-
A2) / (1 + (x/x0) ^p) was calculated from IC50. 

By analyzing the percentages of inhibition and IC50, it 
can be seen that there has been satisfactory inhibition of 
four of the tested microorganisms, whereas inhibition was 
greater than 50%. Checking greater emphasis on the S. 
aureus which was inhibited in all eight concentrations 
tested and showed a IC50 < 1.95 µg mL

-1
 as well as C. 

albicans to inhibit the microorganism concentration 15.62 
μg mL

-1
 of essential oil, this value was found to be in 

agreement with the IC50 (16.4 µg mL
-1

). It is noteworthy 
that the three highest concentrations were those that had 
greater inhibition ranging from 80-85%. 

The Figure 4 shows graphs of the minimum inhibitory 
concentrations of the essential oil to the front 
microorganisms studied. The bacterium C. freundii 
showed an inhibition of 46.16%, thus less than 50%, not 
showing satisfactory results.  

Species    of    this    genus     Bauhinia     action     also 

demonstrated inhibition of acetylcholinesterase (Santos 
et al., 2011), antibacterial action (Cechinel-Filho, 2000, 
2009), anthelmintic (Bairagi et al., 2012) and antitumor 
activity (tested in rats) (Rajkapoor et al., 2003). 
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The antifungal activities of the crude ethanolic extract of Anacardium othonianum (Anacardiaceae) leaves 
(EE) and the n-hexane (HF), EtOAc (EF), n-BuOH (BF) and hydromethanolic (HMF) fractions were assayed 
against Candida albicans (ATCC 64548) and Trichophyton rubrum (Tr1). Additionally, the cytotoxicities 
were also evaluated against normal human lung fibroblasts (GM07492A). The EE yielded minimum 
inhibitory concentration (MIC) values of 78.12 and 312.50 µg/mL for C. albicans and T. rubrum, respectively, 
and no cytotoxicity was observed. The EF and BF fractions exhibited enhanced antifungal activities 
when compared with the MIC values obtained for the EE fraction, and no cytotoxicity was observed for 
either fraction. Thus, the EF fraction, which displayed the higher antifungal activity, was purified, leading 
to the isolation of the following compounds: amentoflavone (1), gallic acid (2), protocatechuic acid (3), 
and ethyl 3,4,5-trimethoxybenzoate (4). HPLC analysis confirmed the presence of compounds 1-4 and 1-
3 in the EF and BF fractions, respectively, in different proportions. The results suggest that the 
antifungal activities of the EE, EF and BF fractions may be attributed mainly to the actions of 1, 2 and 3. 
 
Key words: Anacardium othonianum extract, antifungal and cytotoxicity activities, HPLC analysis. 

 
 
INTRODUCTION 
 
Anacardiaceae consists of approximately 76  genera  and 600 species, which are divided into five tribes: 
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Anacardieae, Dobineae, Rhoeae, Semecarpeae and 
Spondiadeae (Vogl et al., 1995). The genus Anacardium 
(Anacardieae) consists of 10 species typically found in 
tropical climates (Mitchell and Mori, 1987). Anacardium 
othonianum Rizz., which is known in Brazil as “caju-de-
árvore-do-cerrado”, “cajuzinho”, and “cajuí”, is native to 
the Brazilian savannah. This species is regionally 
important and has widespread acceptance as a food 
product (Bessa et al., 2013). The Brazilian traditional 
medicine has allusions to the employment of A. 
othonianum, which has mainly been used in the treatment 
of inflammation, diabetes, pain and respiratory diseases, 
such as coughing and the flu (Vieira et al., 2006). 
Chemical examinations of the Anacardium species have 
revealed the major presence of tannins, phenolic acids, 
sterols, flavonoids, biflavonoids, phenolic lipids and 
saponins (Konan and Bacchi, 2007; Luiz-Ferreira et al., 
2010; Dinda et al., 1987; Correia et al., 2006; Arya et al., 
1989). 

Dermatomycoses are common dermatological 
conditions of the skin, hair and nails caused by superficial 
fungal infections, affecting more than 20-25% of the 
people in the world, mainly in tropical and subtropical 
regions. These diseases alter the individuals’ quality of 
life and are considered a public health issue (Havlickova 
et al., 2008; Simonnet et al., 2011). The etiologic agents 
of dermatomycoses comprise dermatophytes, yeasts and 
non-dermatophytic filamentous fungi. Epidemiological 
studies have verified that most patients with superficial 
fungal infections had dermatophytes or yeast depending 
on the geographic location (Silva et al., 2014; Kemna and 
Elewski, 1996). The treatment available for 
dermatomycoses includes both topical and systemic 
antifungal drugs, such as the allylamines (terbinafine), 
triazoles (fluconazole, itraconazole and voriconazole), 
imidazoles (ketoconazole) and griseofulvin (Meis and 
Verweij, 2001). The resistance to the available 
therapeutic agents, for example, in the case of 
terbinafine, has led to the need for new drugs (Mukherjee 
et al., 2003). Plant crude extracts have demonstrated 
antifungal activity in many studies (Kuete et al., 2009; 
Mbaveng et al., 2008). 

Antifungal effects have not been reported for A. 
othonianum. Therefore, herein, the authors described the 
antifungal activities of the crude ethanolic extract (EE); 
the n-hexane (HF), EtOAc (EF), n-BuOH (BF), and 
hydromethanolic (HMF) fractions; and isolated 
compounds of interest against the following 
microorganisms: Candida albicans and Trichophyton 
rubrun. Additionally, the cytotoxicities of these 
compounds were also evaluated. 
 
 
MATERIALS AND METHODS 
 
General 
 
1H- and 13C-NMR spectra were recorded in CD3OD  on  Bruker  400  
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and 500 NMR spectrometers using tetramethylsilane (TMS) as an 
internal standard. A positive-ion mode HRESIMS spectrum was 
obtained on a Bruker Daltonics HRMS ultrOTOF-Q-ESI-TOF 
instrument using electrospray ionization. Analytical and preparative 
HPLC analyses were performed on Shimadzu LC-20AD and LC-
6AD systems, with a degasser DGU-20A5, an SPD-M20A series 
PDA detector or an SPD-20A series UV-VIS detector, a CBM-20A 
communication bus module, and a Reodyne manual injector or SIL-
20A autosampler. A SHIMADZU Shim-pack ODS (particle diameter 
= 5 μm, 250 × 4.60 mm, and 250 × 20 mm) column equipped with a 
pre-column were used in the HPLC separations. The MeOH 
employed was of HPLC grade (J. T. Baker), and ultrapure water 
was obtained from Millipore Direct-Q UV3 system. Sample 
preparation was accomplished using silica gel 90 reverse-phase 
ODS (Fluka, 230-400 mesh). 
 
 
Plant 
 
The leaves of A. othonianum Rizz. were obtained from the Brazilian 
Cerrado in the Goiás State in the city of Montes Claros de Goiás 
(17°48′15.9ʹʹ S and 50°54′19.5ʹʹ W), in September 2012. A voucher 
specimen (HJ3793) was deposited in the Herbarium Jataiense 
Germano Guarim Neto of the Universidade Federal de Goiás, Brazil 
(Herbarium HJ). 

 
 
Extraction and isolation 
 
The powdered air-dried leaves of A. othonianum (1.17 kg) were 
extracted with ethanol, and the solvent was eliminated under 
reduced pressure producing 30.8 g of the crude extract. The crude 
extract (EE, 24 g) was then resuspended in MeOH:H2O (2:8, v/v) 
and partitioned with n-hexane, EtOAc and n-BuOH. The solvent of 
the obtained phases was removed using a rotary evaporator, 
yielded 0.2, 1.9, 12.4, and 1.2 g, respectively. The EtOAc fraction 
(1.9 g) was purified by solid phase extraction with a silica gel 90 
reverse-phase ODS chromatographic column using MeOH:H2O 
(30:70 v/v, 50:50 v/v) and 100% MeOH as eluents, yielded three 
fractions. Fraction 3 (1.2 g) yielded compound 1. Fraction 1 was 
dissolved in MeOH:H2O (35:65, v/v) and subjected to preparative 
RP-HPLC purification using MeOH:H2O:Acetic acid (58:41.9:0.1, 
v/v/v), UV detection at 254 nm, and a 9.0 mL/min flow rate, which 
yielded seven fractions. Fractions 3, 4 and 6 gave compounds 2 
(140 mg, retention time (tR)= 3.54 min), 3 (260 mg, tR= 7.75 min) 
and 4 (200 mg, tR= 14.45 min), respectively. 

 
 
Amentoflavone (1) 

 
1H-NMR (400 MHz, CD3OD) δ: 7.83 (d, J=2.3, 1H, H-2ʹ), 7.79 (dd, 
J=2.3 and 8.6, 1H, H-6ʹ), 7.41 (d, J=8.8, 2H, H-2''' and H-6'''), 7.01 
(d, J=8.6, 1H, H-5ʹ), 6.61 (d, J= 8.8, 2H, H-3''' and H-5'''), 6.50 (s, 
1H, H-3''), 6.48 (s, 1H, H-3), 6.29 (d, J=2.0,1H, H-8), 6,26 (s, 1H, H-
6ʹʹ), and 6.07 (d, J=2.0, 1H, H-6).13C-NMR (100 MHz, CD3OD) δ: 
184.2 (C-4), 183.8 (C-4''), 165.9 (C-2), 165.0 (C-7, C-2'' and C-7''), 
162.0 (C-5 and C-5''), 161.0 (C-4'''), 159.4 (C-4'), 159.0 (C-9), 156.5 
(C-9''), 132.8 (C-2'), 129.3 (C-2''' and C-6'''), 128.9 (C-6'), 123.0 (C-
1'), 123.1 (C-1'''), 121.0 (C-3'), 117.4 (C-5'), 116.8 (C-3''' and C-5'''), 
105.0 (C-10, C-8'' and C-10''), 104.0 (C-3''), 103.4 (C-3), 100.1 (C-
6''), 100.0 (C-6), and 95.1 (C-8). HR-ES-MS m/z 539.0936 
(calculated for C30H18O10 [M+H]+, 539.0978). 

 
 
Gallic acid (2) 

 
1H-NMR (500 MHz, CD3OD)  δ: 6.95  (s, H-2  e H-6,  2H).  13C-NMR  
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(100 MHz, CD3OD) δ: 170.4 (C-7), 146.4 (C-3 and C-5), 139.6 (C-
4), 121.9 (C-1) and 110.3 (C-2 and C-6). 
 
 

Protocatechuic acid (3) 
 
1H-NMR (500 MHz, CD3OD) δ: 7.45 (d, J= 2.0, 1H, H-2), 7.44 (dd, J 
= 8.0 and 2.0 Hz, 1H, H-6) and 6.81 (d, J= 8.0 Hz, 1H, H-5). 13C-
NMR (100 MHz, CD3OD) δ: 170.5 (C-7), 151.6 (C-4), 146.1 (C-3), 
123.9 (C-6), 123.4 (C-1), 117.8 (C-2), 115.8 (C-5). 
 
 

Ethyl 3,4,5-trimethoxybenzoate (4) 
 
1H-NMR (500 MHz, CD3OD) δ: 6.93 (2H, s, H-2 and H-6), 4.16 (q, 
J= 7.1 Hz, 2H), 3.38 and 3.10 (OCH3), 1.24 (t, J= 7.1 Hz, 3H). 13C-
NMR (100 MHz, CD3OD) δ: 168.6 (C-7), 146.5 (C-3 and C-5), 139.7 
(C-4), 121.7 (C-1), 110.0 (C-2 and C-6), 61.7 (C-1ʹ), 50.0, 50.0 and 
49.9 (OCH3), 14.6 (C-2ʹ). 
 
 

Chromatographic studies 
 
Chromatographic separations of the samples were carried out on a 
Phenomenex Gemini C18 (Octadecylsilane) (5 μm, 250 x 4.60 mm) 
column with a pre-column. For the experiments, the elution 
conditions were as follows: methanol/water (0.1% acetic acid) 
gradient from 5 to 100% methanol for 30 min, then elution with 
100% methanol for 10 min, oven at 40°C, and flow = 1.0 mL/min. 
The analysis also includes 3 min to regress to the initial conditions 
and 15 min of equilibration. The chromatogram wavelength was set 
at 254 nm, and UV data were recorded between 190 and 500 nm. 
The 1-mg samples (EE, EF, BF and 1-4) were weighed and 
dissolved in 1 mL of methanol. The sample solutions were filtered 
and then transferred to a vial. 
 
 
Antifungal assay 
 
The following microorganisms were employed for evaluation of the 
antifungal activity: Candida albicans (ATCC 64548) and 
Trichophyton rubrum (Tr1, earlier identified by Profa. Dra. Ana 
Marisa Fusco Almeida). The T. rubrum strain was preserved and 
cultured in Petri dishes having Sabouraud agar. It was incubated 
and subcultured for 7 days at 28°C. The strain was suspended in 
0.85% saline solution, counted in a Neubauer chamber and final 
concentration of 5.0 x 103 CFU/mL was achieved by dilution in 
RPMI medium (Ghannoum et al., 2006). The strain C. albicans was 
cultivated in RPMI-1640. The inoculum was adjusted to 0.5 
McFarland scale to yield a cell concentration of 1×106-5×106 
yeast/mL (CLSI, 2008a). The extracts, fractions and compounds 1-4 
were resuspended in dimethyl sulfoxide (DMSO) to concentrations 
of 4 mg/mL and subsequently diluted in RPMI medium with L-
glutamine (pH 7.2) with 0.165 mol/L morpholine propane sulfonic 
acid (MOPS) complemented with 2% glucose. Amphotericin B 
(Sigma Chemical Co. Saint-Louis, USA) was prepared in DMSO 
and tested in the concentrations of 0.00625 to 32 μg/mL. Minimum 
inhibitory concentration (MIC) values for each sample were 
obtained in triplicate using document M-38 A2 adapted to 96-well 
microplates for T. rubrum (CLSI, 2008b). Each well contained 100 
μL of a twofold serially diluted sample and 100 μL of RPMI medium, 
with 100 μL being transferred to the next well, sequentially. Then, 
100 μL of the T. rubrum inoculum was added to obtain a final 
sample volume of 200 μL with concentrations ranging from 1250 to 
2.44 μg/mL. For amphotericin B, 100 μL of the twofold sample 
dilution was added to 100 μL of the inoculum. The microplates were 
incubated in an orbital shaker at 120 rpm and 28°C for 7 days. The  
MIC was determined as the  minimum  concentration  of  the  tested 

 
 
 
 
sample for which no growth was visualized, and then 30 μL of a 
0.01% resazurin aqueous solution (Sigma-Aldrich) was added to 
determine the microorganism viability. The minimum inhibitory 
concentration (MIC) values against C. albicans for each sample 
were determined in triplicate using the reference method M-27 A3 
(CLSI, 2008a) with modifications. Each well contained 100 μL of a 
twofold serially diluted sample and 100 μL of RPMI medium, with 
100 μL being transferred to the next well, consecutively. Then, 100 
μL of the C. albicans inoculum was added to obtain a final sample 
volume of 200 μL with concentrations ranging from 1250 to 2.44 
μg/mL. For amphotericin B, 100 μL of the twofold drug dilution was 
added with 100 μL of the microorganism. The orbital shaker at 120 
rpm and 35°C for 2 days was used to incubate the microplates. 
Then, the viability of C. albicans was determined by the addition of 
a 2.0 % 2,3,5-triphenyltetrazolium chloride aqueous solution (Sigma-
Aldrich). The MIC was characterized as the smallest concentration 
of the tested sample for which no development was observed. 
 
 
Cytotoxicity assay 
 
The cytotoxicity was measured using the in vitro Toxicology 
Colorimetric Assay Kit (XTT; Roche Diagnostics) according to 
manufacturer´s instructions, using a normal human lung fibroblasts 
(GM07492A), and as previously described (Alvarenga et al., 2015). 

 
 
Statistical analysis 

 
Inhibitory concentration at 50% cell growth inhibition (IC50) was 
obtained with the GraphPad Prism 5 software. One-way ANOVA 
was used for the comparison of means (p ˂ 0.05). 

 
 
RESULTS AND DISCUSSION 
 
The effects of the crude ethanolic extract from the leaves 
of A. othonianum (EE) on the growth of the selected fungi 
are shown in Table 1. The lowest MIC value was 
obtained for C. albicans (MIC= 78.12 μg/mL), and the EE 
showed no cytotoxicity. Once, Suffness and Pezzuto 
(1990), extracts that present IC50 values lower than 30 
μg/mL indicated cytotoxic action. In addition, the EE 
displayed a MIC of 312.5 μg/mL against T. rubrum. 

Among the four fractions, including the n-hexane (HF), 
EtOAc (EF), n-BuOH (BF), and hydromethanolic (HMF) 
fractions, achieved by liquid-liquid partitioning of the EE, 
the EtOAc fraction (EF) displayed the highest antifungal 
activity, with MIC values of 4.88 and 39.06 μg/mL against 
C. albicans and T. rubrum, respectively, and no 
cytotoxicity was observed for this fraction.  

According to these results, the EF fraction exhibits 
promising activity. The n-BuOH fraction (BF) also 
exhibited potential antifungal activity against C. albicans 
and T. rubrum (MIC= 19.53 and 39.06 μg/mL, 
respectively) and did not significantly inhibit the growth of 
the normal cell line.  

When compared with the EE, the n-hexane fraction 
(HF) provided inferior antifungal activity against C. 
albicans (MIC ˃ 1250 μg/mL). However, HF displayed the 
same MIC value against T. rubrum (MIC= 312.5 μg/mL), 
but HF was considered cytotoxic when compared with the  
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Table 1. Minimum inhibitory concentration (MIC) values and cytotoxic activities obtained for the 
crude ethanolic extract of A. othonianum, fractions and isolated compounds. 
 

Samples 
MIC [μg/ml] Cell line GM07492A

a
 

C. albicans T. rubrum TR1 IC50
b
 [μg/ml] IC50

b
 [μM] 

EE 78.12 312.50 ˃ 400 - 

HF > 1250 312.50 235.3
c 

- 

EF 4.88 39.06 ˃ 400 - 

BF 19.53 39.06 ˃ 400 - 

HMF 78.12 156.25 ˃ 400 - 

1 19.53 312.50 - ˃ 400 

2 312.50 9.76 - ˃ 400 

3 > 1250 39.06 - ˃ 400 

4 > 1250 625.00 - ˃ 400 

Amphotericin B 0.25 0.25 - n.t. 
 
a
GM07492A (human lung fibroblasts); 

b
IC50 50% cytotoxic concentration values for the cell line after 24 

h of treatment. Significantly different from the negative control (P< 0.05). 
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Figure 1. Chemical structures of the isolated compounds. 
 
 
 

other fractions and the crude extract, with an IC50 value of 
235.3 μg/mL. Although, this IC50 compared with the 
reference (Suffness and Pezzuto, 1990) did not indicate 
promising cytotoxic activity.  

The hydromethanolic fraction (HMF), when compared 
with the EE, displayed an equal MIC value against C. 
albicans. Meanwhile, the result obtained for the HMF 
against T. rubrum was  superior  (MIC= 156.25 μg/mL)  to 

that of EE, and no cytotoxic effects were observed for 
HMF. Thus, the HF and HMF fractions are not promising 
antifungal agents against the strains tested in this work 
when compared with the EF and BF fractions. 

The EF fraction was purified by chromatography, 
yielding four compounds, namely, amentoflavone (1), 
gallic acid (2), protocatechuic acid (3) and ethyl 3,4,5-
trimethoxybenzoate  (4)  (Figure 1),   as   established   by
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Table 2. Area (%) of the isolated compounds 1-4 in the crude ethanolic extract (EE) of A. 
othonianum, the EtOAc fraction (EF) and the n-BuOH fraction (BF). 
 

Samples 1 (%) 2 (%) 3 (%) 4 (%) 

EE 18.9 (7.8)
a 

2.45 (1.0)
a
 3.87 (1.6)

a
 2.44 (1.0)

a
 

EF 24.8 (14.9)
a
 1.67 (1.0)

a
 4.48 (2.68)

a
 2.56 (1.5)

a
 

BF 17.4 (6.6)
a 

2.64 (1.0)
a
 2.76 (1.0)

a
 n.d.

b 

 
a
Percent relative to the lower area (%); 

b
not detected. 

 
 
 
NMR spectra and comparisons with earlier recorded data 
(Markham et al., 1997; Gottlieb et al., 1991; Hur et al., 
2003; Wu and Darcel, 2009). To the best of the authors’ 
knowledge, this is the first report on compounds 1-4 in A. 
othonianum. 

Regarding the antifungal activities of the compounds, 
only 1 displayed significant inhibitory effects against C. 
albicans, with a MIC value of 19.53 μg/mL. Compounds 2 
and 3 presented significant inhibitory effects against T. 
rubrum TR1 (MIC values of 9.76 and 39.06 μg/mL, 
respectively). Again, no cytotoxicity was observed for the 
isolated compounds (IC50 ˃ 400 μM). However, the 
isolated compounds displayed weaker antifungal 
activities when compared with amphotericin B, which was 
used as a positive control (Table 1). Additionally, 
compounds 1-4 have previously been shown to possess 
antifungal activities (Mbaveng et al., 2008; Leal et al., 
2009; Kuete et al., 2009; Soares et al., 2014). Flavonoids 
have been found to be active against a wide range of 
microorganisms; their mechanism of action is possibly 
due to their capacity to complex with proteins and with 
bacterial cell walls (Cowan, 1999).  

The structures of gallic acid (2) and ethyl 3,4,5-
trimethoxybenzoate (4) were quite related, differing in the 
occurrence of three free hydroxyl substituents and an 
acidic moiety in 4 versus 3 methoxy groups and an ethyl 
acetate group in 4. The presence of three methoxyl 
groups in the latter compound might cause a decrease in 
the activity, suggesting that the three free OH groups 
could play a role in the antifungal activity. This finding is 
in accordance with the data obtained by Leal et al. 
(2009). Additionally, the mechanism of action of phenolic 
compounds comprises enzyme inhibition (Cowan, 1999). 

Protocatechuic acid (3) and gallic acid (2) also showed 
related chemical structures, diverging only in the 
occurrence of two hydroxyl moieties in 3, which 
decreased the activity. Once more, these results 
suggested that the presence of the three free OH groups 
appears to be necessary for antifungal activity. 

Regarding the chemical composition of the bioactive 
extract (EE) and fractions (EF and BF) (Figure 2a-c), an 
HPLC-DAD analysis was performed using a C18 column. 
The chromatograms were recorded using a 
methanol/water (0.1% acetic acid) gradient from 5 to 
100% methanol over 30 min, then elution with 100% 
methanol  for  10 min.  These  conditions   were   similarly 

employed to evaluate the presence of compounds 1-4 in 
the samples, based on an evaluation of retention times (λ 
= 254 nm) and UV spectra from a DAD detector of the 
compounds previously isolated from EF (Figure 2d). 

Compounds 1-4 were recognized in different 
proportions (Table 2) in the ethanol extract from the 
leaves of A. othonianum (EE) and the EtOAc fraction (EF) 
(Figure 2a and b). Additionally, compound 4 was not 
detected in the n-BuOH fraction (BF) (Figure 2c). 
Conversely, the amentoflavone (1) was always present at 
a higher concentration relative to 2, 3 and 4. Based on 
the data obtained from the chromatogram and MIC 
values of EF, BF and compounds 1-3, when compounds 
1-3 were combined in the fractions, the antifungal activity 
was improved, at least in the case of C. albicans. 

Thus, the data obtained suggest that the antifungal 
activity of A. othonianum may be mainly attributed to the 
effects of amentoflavone (1), gallic acid (2) and 
protocatechuic acid (3). Frequently plant extracts showed 
better activity than the isolated compounds, this situation 
can be explained by synergy effects (Wagner and Ulrich-
Merzenich, 2009). Although, in this study the isolated 
compounds displayed increased antifungal activity, when 
compared with the crude extract (EE).   
 
 
Conclusions  
 
To the best of the authors’ knowledge, the antifungal 
activity of A. othonianum and the occurrence of 
compounds 1-4 are reported for the first time in this work. 
Though, the antifungal activities of compounds 1-4 have 
been documented previously. In conclusion, the 
antimicrobial activity of the crude extract of the leaves of 
A. othonianum may be due to the occurrence of 
compounds 1-3. The evaluated extract, together with 
fractions EtOAc (EF) and n-BuOH (BF) and compounds 
1-3, could be beneficial for the research of new antifungal 
medications. Nevertheless, the toxicological and 
pharmacological studies of the analyzed samples will 
check this proposition. 
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Figure 2. HPLC-DAD chromatogram of (a) the crude ethanol extract from A. othonianum leaves, (b) the EtOAc 
fraction and (c) the n-BuOH fraction and (d) UV-DAD spectra of compounds 1-4. Chromatographic conditions: 
methanol/water (0.1% acetic acid) linear gradient from 5 to 100% methanol over 30 min and 100% methanol for 10 
min, including 3 min to return to the initial condition and 15 min of equilibration, oven at 40°C, and detection at λ = 254 
nm. The flow-rate was 1.0 mL/min. 
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