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Cagaiteira, the fruit popularly known as cagaite, belongs to the Myrtaceae family. Seed oil 
cagaite (Eugenia dysenterica DC) was obtained by three methods of extraction, extraction using an 
ultrasound (OCU), extraction by mechanical pressing (OCP) and extraction with Soxhlet extractor 
(OCS) in 3 different times (3, 6 and 9 h) and the content of fatty acids and physicalchemical 
properties were compared. The rate of saturated fatty acids ranged from 19.46% (OCP03) to 
31.18% (OCS09), while the amount of unsaturated fatty acids ranged from 54.72% (OCP03) to 
67.64% (OCS09). Linoleic and linolenic acids, important in nutrition food, varied between 32.22-
38.11 and 5.55-8.78%, respectively. For oxidative stability, OCUAq (heated ultrasound extraction) 
samples showed the highest induction periods, showing a positive correlation with antioxidant 
activity and phenol content, demonstrating the efficiency of the use of ultrasonic extraction to 
obtain quality oils from cagaite seeds.
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Introduction

The cagaiteira (Eugenia dysenterica DC) belonging to 
the family Myrtaceae, is a fruit tree of the Cerrado biome, 
which reaches up to 10 meters in height, and is widely 
found in this biome and in the states of Goiás, Minas Gerais 
and Bahia and can be found in large groupings. The fruit, 
popularly known as cagaite, is spherical in shape with a 
diameter of 3 to 5 cm and a light-yellow color, with a weight 
varying from 14 to 20 g and the seeds are cream color, oval 
in shape, with a diameter of 0.8 to 2.0 cm.1-3 

Some studies on the content of fatty acids of cagaite 
are available in the literature. de Almeida1 studied the 
nutritional composition of cagaite and verified its high 
water content, high content of essential polyunsaturated 
fatty acids and that the linoleic acid presented greater 
quantity than olive oil and palm oil. Also, the linolenic acid 
found exceeds the oil of corn, sunflower, peanut, soybean, 

oil palm and olive. Martinotto et al.4 studied cagaite 
fruits and detected the fatty acids linoleic acid (10.5%) 
and linolenic acid (11.86%). Jorge et al.5 evaluated the 
centesimal composition, antioxidant activity, fatty acids 
and tocopherols in cagaite seed oils obtained from ethyl 
alcohol extraction for 30 min and found a large amount of 
carbohydrates, considerable antioxidant activity and high 
content of phenolic compounds. The fatty acids in greater 
quantity were oleic acid and linoleic acid. Camilo et al.6 
carried out an investigation of the variation of the fatty acid 
components of the cagaite seed oil, gathering 440 samples 
of different plant seedlings and obtaining oils with 27% of 
saturated fatty acids and 73% of unsaturated acids for the 
samples analyzed.

Thus, considering the high levels of fatty acids present 
in cagaite, it is interesting to produce oils with the highest 
quality. However, the extraction process is a step that 
requires caution and care. There are several techniques 
of extraction of vegetable oils and the most used are 
by mechanical pressing or extraction using solvents.7 
Extraction using organic solvents presents higher yields, 
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but they are unfavorable to the environment since they 
emit gases in the atmosphere, and operationally, steps are 
needed to remove this solvent, increasing operating costs 
and reducing its quality, because when subjected to high 
temperatures, some properties may be lost.8,9

The extraction of oils by mechanical pressing is a safer, 
lower cost method and better quality oil is obtained.10 
However, low yields are obtained by this method.11 
Thus, other forms of extraction of the oils are necessary. 
Extraction using ultrasound is an alternative. In this method, 
ultrasound waves cause physical and chemical changes 
in the samples due to pressure changes, which leads to 
cavitation.12,13 Cavitation allows greater contact of the 
solvent with the intracellular product.14 In the ultrasound, 
a more efficient contact between sample-solvent is allowed 
thanks to the stirring of the solvent during the extraction, 
increasing the penetration of the solvent in the sample.15 
Thus, the use of ultrasound increases the yields during 
extraction and presents potential for applications in the 
extraction of oils.15 Some studies have been conducted 
for the production of oils using ultrasonic extraction from 
pomegranate,16,17 winter melon,18 papaya,19 orange peel,20 
grape,21 papaya22 and canola.23

Until the present moment, there were no reports in 
which the fatty acid profile was compared, physicalchemical 
properties of cagaita seeds were compared using the three 
extraction techniques. Therefore, this work investigated 
and compared the results with the purpose of obtaining an 
oil of the seeds of cagaite of better quality. 

Experimental

Collection of cagaite fruits and obtaining the seed powder 
for extraction

10.5 kg of cagaite (Eugenia dysenterica DC) fruits were 
collected in the botanical reserve of the Instituto Federal de 
Mato Grosso do Sul, Nova Andradina campus, MS, Brazil 
(22º 04’ 50’’ S 53º 27’15” W) in October 2017, and placed 
for drying in an oven at 50 °C for 24 h. The fruits were 
opened and the seeds removed. The seeds were then ground 
in a knife mill (WILLY MACRO-SV-1, Belo Horizonte, 
Brazil), obtaining at the end of this stage, 2.3 kg of cagaite 
seed flour that was used for oil extraction.

Extraction of the oil of the seeds of the cagaite using Soxhlet

In the extraction of the oil using the Soxhlet extractor 
(MyLabor, São Paulo, Brazil), 100 g of the fine powder of 
the seeds of the cagaite was used with the same volume of 
250 mL of hexane (Dinâmica, MS, Brazil), maintaining 

the heating at 70 ºC. The extraction time was 3 h (OCS03), 
6 h (OCS06), or 9 h (OCS09). After the extraction was 
complete, the extractor was allowed to come to room 
temperature and then the solvent was evaporated using the 
rotary evaporator.

Extraction of oil from the seeds of the cagaite using 
mechanical pressing

In the method of mechanical pressing, 100 g of seeds 
were weighed and placed in a stainless steel cylinder and 
pressed under pressure of 8 tons for 3 h (OCP03), 6 h 
(OCP06), or 9 h (OCP09). At the end of the extraction time, 
the oil obtained was weighed and stored under refrigeration.

Extraction of oil from the seeds of the cagaite using 
ultrasound

For the extraction of the oil, the ultrasonic equipment 
L100-Schuster (Santa Maria, Brazil) with ultrasonic 
frequency of 42  kHz was used with thermostated bath. 
To study also the influence of temperature, the extractions 
were first made with the temperature of the bath at room 
temperature (25 °C). Thus, 100 g of the seed powder of the 
cagaite was placed in an Erlenmeyer flask and the volume of 
250 mL of hexane was added. The extractor vial was capped 
with a layer of plastic film. Thereafter, each sample was left 
at extraction time of 3 h (OCUAm03), 6 h (OCUAm06), or 
9 h (OCUAm09). Then, other extractions were performed 
with the bath temperature at 70 °C, and the procedures 
described above were carried out, thus obtaining OCUAq03, 
OCUAq06 and OCUAq09 after 3, 6 and 9 h of extraction, 
respectively. After extraction, the flask was removed and 
allowed to cool to room temperature for 1 h. Thereafter, 
the oil was separated from the remaining plant material and 
evaporated from the solvent in the rotary evaporator.

Extraction yield (O%)

The yield of the different extractions in terms of the 
percentage of the oil was calculated according to equation 1, 
where Moil is the mass of the oil obtained and Mscg is the 
mass of the seeds initially used for the extraction.

  (1)

Determination of the composition of fatty acids

To identify and quantify the fatty acids present in 
the samples, the methyl esters were prepared according 
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to ISO  5509:200024 using gas chromatography coupled 
with flame ionization detector (GC-FID). An aliquot of 
250 mg of each esterified sample was mixed with 5 mL of 
10 mg mL-1 methyl heptadecanoate solution, used as the 
internal standard, and then injected into a Varian CP-3800 
gas chromatograph (Walnut Creek, USA) with automatic 
injector and ionization detector in flame (FID). The column 
used was a BPX 70 (SGE Analytical Science, Pflugerville, 
USA) measuring 30 m in length, 0.25 mm internal diameter 
and 0.25 μm film. Chromatographic parameters are shown in 
Table 1. A previous injection with chromatographic standards 
was performed to identify the peaks, define the quantification 
interval and to identify the retention time of the internal 
standard (C17) (Sigma-Aldrich, St. Louis, USA).

Physical chemical properties of cagaite seed oils

The official methods of the American Oil Chemists’ 
Society (AOAC) were used to measure the following 
parameters: acidity index (AI), peroxide value (PI), iodine 
value (IV) and refractive index (RI) of the oil samples 
obtained by the different extraction methods to compare 
their values.

Antioxidant activity and phenolic content of the oils of the 
seeds of cagaite

The free radical DPPH (2,2-diphenyl-1-picryhydrazyl) 
(Sigma-Aldrich, St. Louis, USA) method was used to 
evaluate the antioxidant activity of the oils obtained in 
each extraction, according to the methodology described 
by Brand-Williams et al.25 0.1 mL aliquot of each sample 

was diluted and added to 3.9 mL of a methanolic solution 
of DPPH (0.001 M) and after 30 min, the absorbance 
measurement was performed at the wavelength of 517 nm. A 
control measure of DPPH was made without any oil sample. 
The test was performed in triplicate. The calculation of the 
antioxidant activity was determined by equation 2:

 (2)

Acontrol is the absorbance of the DPPH solution and 
Asample is the absorbance of the sample.

The content of phenolic compounds was also measured 
using the Folin-Ciocalteu method described by Liu et al.26 
The amount of 2.50 g of oil from each oil was solubilized 
in 5 mL of hexane and extracted using a 80:20 (v/v) 
methanol:water solution (Dinâmica, MS, Brazil). Upon 
separation of the aqueous phase, it was collected, 
centrifuged and dried at room temperature. In a 50 mL 
volumetric flask, the dried sample was transferred using 
5 mL of methanol and 2.5 mL of the Folin-Cicateou reagent 
(Sigma-Aldrich, St. Louis, USA) and 10 mL of sodium 
carbonate (Sigma-Aldrich, St. Louis, USA) were added, 
adjusting the volume thereafter using deionized water. 
After 30 min, absorbance readings were taken at 765 nm. 
This measure was performed in triplicate. The results are 
expressed as mg equivalents of gallic acid per 100 g of oil 
(mg GAE kg-1).

Oxidative stability of the cagaite seeds oils

The oxidative stability of the oils was measured using 
the METROHM equipment (Model Rancimat 873, Newark, 
USA) using the methodology described by Tabee et al.27 
Thus, 2.5 g of oil samples were analyzed in heating of 
110 °C and constant air flow of 20 L h-1. The temperature 
correction factor (ΔT) was set at 0.9 °C. The products 
formed by the decomposition were carried by a flow of air 
to a conductivity measuring cell that dissolves the volatile 
acids of the oil in deionized water. The induction time (h) 
is measured when there is an abrupt increase in electrical 
conductivity and this property is automatically calculated 
by the equipment’s software.

Statistical analysis

All extractions and measurements of the oil properties 
obtained from the seeds of the cagaite by the different 
extraction methods used in this work were in triplicate. 
After obtaining all the data, we performed the analysis of 
variance (ANOVA) followed by the Duncan multiple range 

Table 1. Chromatographic parameters of GC-FID analysis of the samples 
of the oils of the cagaite seeds

Injector and detector parameters

Injection volume / μL 1

Temperature of the injector / °C 200

Detector FID

Injection mode split

Split reason 1:100

Temperature of the detector / °C 250

Parameters of oven compartment

Heating rate / (°C min-1) 4

Isotherm / min 10

Total running time / min 52

Temperature / °C 80

Drag gas helium

Flow / (mL min-1) 1

FID: flame ionization detector.
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procedure, at a level of 95% significance (p > 0.05) using 
Minitab software version 17.1.28

Results and Discussion

Extraction yield and physicalchemical quality of cagaite 
seeds oil

Table 2 shows the yield and quality of the oils obtained 
by the different types and times of extraction using the fine 
powder of cagaite seeds oil.

As the extraction time increased, there was an increase 
in the oil yield in all extraction methods tested, and Soxhlet 
extraction (OCS) proved to be more efficient in relation 
to the oil mass obtained from ultrasound extraction. The 
extraction by pressing was the least efficient of the three 
methods used, when compared with yields obtained with 
the same extraction time but different extraction methods. 
The extractions using ultrasound showed the best yield 
with heating, reaching 68.23% yield after 9 h of extraction 
(OCUAq09) and was lower in extractions performed 
in ultrasound without heating, compared to the same 
extraction time (OCUAm09-66.71%). In turn, the OCUAq 
yields were higher than the values of the OCP samples, 
which shows the increase in the yield and efficiency of 
extractions using ultrasound. Jorge et al.5 carried out a 
study using dehydrated and crushed seeds of cagaite with 
ethyl alcohol at 40 °C as the extracting solvent, obtaining 
a yield extraction of 3.75%. Ixtaina et al.29 investigated the 
yield of raw chia seed oils using pressing and extraction 
with hexane, achieving approximately 30% more oil in 
this method than pressing. Bhuiya et al.30 studied the 
extraction of Australian Native Beauty Leaf Seed oil and 
obtained the best yields using chemical extraction with 

hexane. Chielle et al.31 optimized the oil yield of papaya 
seeds under different conditions, obtaining seed oil with 
19.23% yield.

The physicalchemical quality of the cagaite seeds oils 
obtained in these three different extraction methods was 
evaluated through parameters such as AI, PV, IV and RI. 
The AI provides a relevant information on the state of 
conservation of the oil and demonstrates its decomposition 
evaluated by the amount of free fatty acids. PV measures 
the amount of oxygen in the peroxide form in the sample 
and is the result of oxidation.32 The Agência de Vigilância 
Sanitária (ANVISA) stipulates that the values for AI and 
PV do not exceed the maximum limit of 4.0 mg KOH 
per g and 15 meq O2 per kg oil, respectively.33 There 
were significant differences in the AI and PV in the oils 
obtained by the different extraction methods (p > 0.05) 
and all presented AI and PV below the limit established by 
ANVISA. The AI and PV were higher for OCS samples 
(OCS09-0.60 mg KOH per g and 0.67 meq O2 per kg oil) 
and the samples obtained by ultrasound showed the lowest 
acidity values (OCUAm03-0.29 mg KOH per g) and the 
sample that presented lower PV was obtained by pressing 
(OCP03-0.19  meq O2 per kg oil), indicating the low 
presence of free fatty acids and reactive radicals in the oils 
of the cagaite seeds.

The IV evaluates the amount of unsaturations of fatty 
acids present in samples of oils and RI is associated 
with saturations of the bonds and is affected by several 
factors such as amounts of free fatty acids, oxidation 
and heat treatment.31 IR is widely used to evaluate the 
quality of vegetable oils.34 The peroxide and refractive 
index are important parameters, since they show the 
oxidation of oils and fats and the presence of some 
flavors and odors in these samples demonstrate their 

Table 2. Extraction yield and physicalchemical properties of cagaite seeds oil obtained by different extraction methods

Extraction Extraction yield / %
Acidity index / 

(mg KOH per g oil)
Peroxide value / 

(meq O2 per kg oil)
Iodine value / 

(g I per 100 g oil)
Refractive index 

(25 °C)

OCS03 64.84 ± 0.44 0.46 ± 0.18 0.43 ± 0.02 141.57 ± 0.21 1.4643 ± 0.0002

OCS06 70.12 ± 0.23 0.55 ± 0.14 0.54 ± 0.02 143.09 ± 0.29 1.4644 ± 0.0005

OCS09 73.11 ± 0.19 0.60 ± 0.11 0.67 ±0.04 145.18 ± 0.41 1.4646 ± 0.0006

OCP03 49.01 ± 0.22 0.32 ± 0.19 0.19 ± 0.01 138.01 ± 0.19 1.4622 ± 0.0002

OCP06 56.37 ± 0.38 0.48 ± 0.17 0.21 ± 0.02 140.37 ± 0.27 1.4634 ± 0.0003

OCP09 62.58 ± 0.51 0.53 ± 0.16 0.33 ± 0.04 142.74 ± 0.35 1.4642 ± 0.0003

OCUAm03 53.27 ± 0.37 0.29 ± 0.11 0.24 ± 0.03 118.13 ± 0.12 1.4617 ± 0.0002

OCUAm06 60.29 ± 0.31 0.37 ± 0.08 0.31 ± 0.02 121.09 ± 0.18 1.4621 ± 0.0003

OCUAm09 66.71 ± 0.39 0.42 ± 0.08 0.35 ± 0.02 126.17 ± 0.21 1.4623 ± 0.0003

OCUAq03 58.44 ± 0.35 0.38 ± 0.12 0.37 ± 0.02 122.13 ± 0.28 1.4618 ± 0.0003

OCUAq06 64.21 ± 0.28 0.41 ± 0.09 0.41 ± 0.02 126.42 ± 0.32 1.4624 ± 0.0004

OCUAq09 68.23 ± 0.31 0.44 ± 0.06 0.53 ± 0.03 129.25 ± 0.35 1.4631 ± 0.0006
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deterioration.35 The IV showed higher values in the 
OCS samples, especially in the sample with the longest 
extraction time (OCS09-145.18  g  I  per  100  g oil) and 
the lowest values were obtained by extraction using the 
ultrasound at room temperature with lower extraction time  
(OCUAm03-118.13 g I per 100 g oil). The OCUAq samples 
presented lower IV than the OCP samples, when comparing 
the same extraction times, which shows that the ultrasound 
extraction with heating was more effective in the extraction 
of saturated fatty acids. The VI values obtained in this work 
are similar with some values found for palm, soybean, 
sunflower and corn oils.36,37 The values of IR were not 
influenced by the different extraction methods (p > 0.05), 
since the values varied between 1.4673 and 1.4682 and 
are values found for oils of other seeds available in the 
literature.38

Composition of the fatty acids of the oils of cagaite seeds

Initially, a research was done in the literature to 
find previous works in which the content of fatty acids 
present in the oils of the cagaite seeds was investigated. 
Martinotto  et  al.4 studied cagaite fruits and found the 
contents of 10.5 and 11.86% for linoleic acid and linolenic 
acid, respectively. Jorge et al.5 studied the fatty acid profile 
of dehydrated and crushed seeds of cagaite using ethyl 
alcohol as an extractor, obtaining 37.66% of saturated fatty 
acids and 62.34% of unsaturated fatty acids. Camilo et al.6 
carried out an investigation of the variation of the fatty acid 
components of the cagaite seed oil, gathering 440 samples 
of different plant seedlings and obtained oils with 27% of 

saturated fatty acids and 73% of unsaturated acids, with no 
significant variation between the analyzed samples.

In this work, three different oil extraction methods 
were performed and in each method, the extraction time 
was further varied. The fatty acid profile obtained and 
its proportions in the samples were investigated and are 
presented in Table 3. 

The samples obtained by the three extraction methods 
had a significant change in the amount of acid present in 
each oil. The lowest values of fatty acids were obtained 
by pressing, being 74.18% for OCP03 and 80.09 and 
82.37% for samples OCP06 and OCP09, respectively. The 
extraction using Soxhlet had the highest levels of fatty acids 
with 98.62% in the OCS09 sample. 

The three fatty acids present in higher quantities, C18:2 
(linoleic acid), C18:1 (oleic acid) and C16:0 (palmitic acid), 
were also found by Jorge et al.5 and Camilo et al.,6 but the 
percentages were different, and factors such as genotype, 
growth condition, extraction method, among others may be 
the causes for these diferences.39 The rate of saturated fatty 
acids varied from 19.46% (OCP03) to 31.18% (OCS09) 
while the amount of unsaturated fatty acids ranged from 
54.72% (OCP03) to 67.64% (OCS09). The levels of linoleic 
and linolenic acid, important in the diet, varied between 
32.22-38.11% and 5.55-8.78%, respectively.

The OCUAq samples presented smaller amounts of fatty 
acids than those found in the OCS samples, but still, samples 
with good amounts of fatty acids were obtained. Comparing 
the samples obtained at room temperature, OCUAm 
samples (OCUAm03-79.05 ± 0.24%) had a higher yield 
of fatty acids than the samples obtained by cold pressing 

Table 3. Composition of fatty acids of cagaite seed oils extracted by different extraction methods

Fatty 

acids

Composition of fatty acids / %

OCS03 OCS06 OCS09 OCP03 OCP06 OCP09 OCUAm03 OCUAm06 OCUAm09 OCUAq03 OCUAq06 OCUAq09

C10:0 2.89 ± 0.02 3.02 ± 0.01 3.09 ± 0.04 2.13 ± 0.02 2.38 ± 0.01 2.43 ± 0.03 2.47 ± 0.01 2.71 ± 0.03 2.97 ± 0.02 2.54 ± 0.02 2.82 ± 0.02 3.01 ± 0.01

C16:0 16.01 ± 0.01 17.89 ± 0.02 18.93 ± 0.02 11.67 ± 0.02 12.79 ± 0.05 13.33 ± 0.04 12.36 ± 0.01 14.65 ± 0.03 15.03 ± 0.06 14.14 ± 0.03 15.58 ± 0.02 16.38 ± 0.05

C16:1 0.98 ± 0.01 1.06 ± 0.01 1.13 ± 0.02 0.91 ± 0.01 0.98 ± 0.02 1.11 ± 0.02 0.86 ± 0.02 0.88 ± 0.02 0.95 ± 0.02 0.89 ± 0.02 0.96 ± 0.02 1.02 ± 0.03

C18:0 1.76 ± 0.02 1.92 ± 0.01 2.06 ± 0.01 1.02 ± 0.02 1.26 ± 0.04 1.33 ± 0.02 1.18 ± 0.02 1.27 ± 0.04 1.52 ± 0.03 1.25 ± 0.01 1.36 ± 0.04 1.58 ± 0.02

C18:1 18.98 ± 0.01 19.54 ± 0.02 19.62 ± 0.01 16.04 ± 0.02 17.76 ± 0.01 18.37 ± 0.04 15.68 ± 0.04 16.21 ± 0.03 18.19 ± 0.02 1.89 ± 0.04 17.88 ± 0.04 18.42 ± 0.02

C18:2 36.16 ± 0.02 38.01 ± 0.05 38.11 ± 0.02 32.22 ± 0.01 33.93 ± 0.02 34.21 ± 0.06 34.51 ± 0.02 34.66 ± 0.01 35.08 ± 0.04 34.76 ± 0.01 35.34 ± 0.02 36.02 ± 0.01

C18:3 8.64 ± 0.01 8.72 ± 0.02 8.78 ± 0.02 5.55 ± 0.02 5.68 ± 0.03 5.91 ± 0.01 7.15 ± 0.04 7.42 ± 0.05 7.75 ± 0.03 7.43 ± 0.02 7.65 ± 0.01 7.88 ± 0.01

C20:0 1.52 ± 0.02 1.73 ± 0.03 1.78 ± 0.01 1.08 ± 0.01 1.25 ± 0.03 1.36 ± 0.02 1.09 ± 0.02 1.17 ± 0.02 1.25 ± 0.02 1.13 ± 0.04 1.26 ± 0.03 1.38 ± 0.01

C24:0 2.38 ± 0.02 2.54 ± 0.01 2.63 ± 0.01 1.53 ± 0.02 1.88 ± 0.01 2.09 ± 0.02 1.74 ± 0.04 2.02 ± 0.05 2.43 ± 0.03 1.98 ± 0.05 2.22 ± 0.03 2.51 ± 0.03

C22:0 2.48 ± 0.03 2.66 ± 0.03 2.69 ± 0.01 2.03 ± 0.04 2.19 ± 0.03 2.23 ± 0.03 2.01 ± 0.02 2.11 ± 0.03 2.33 ± 0.04 2.03 ± 0.02 2.28 ± 0.02 2.44 ± 0.02

SFA 27.04 ± 0.12 29.76 ± 0.11 31.18 ± 0.10 19.46 ± 0.13 21.75 ± 0.17 22.77 ± 0.16 20.85 ± 0.12 23.93 ± 0.20 25.53 ± 0.20 23.07± 0.17 25.52 ± 0.16 27.30 ± 0.14

MFA 19.96 ± 0.02 20.60 ± 0.03 20.75 ± 0.03 16.95 ± 0.03 18.74 ± 0.03 19.48 ± 0.06 16.54 ± 0.06 17.09 ± 0.05 19.14 ± 0.04 17.78 ± 0.06 18.84 ± 0.06 19.44 ± 0.05

PFA 44.80 ± 0.03 46.73 ± 0.07 46.89 ± 0.04 37.77 ± 0.03 39.61 ± 0.05 40.12 ± 0.07 41.66 ± 0.06 42.08 ± 0.06 42.83 ± 0.07 42.19 ± 0.03 42.99 ± 0.03 43.90 ± 0.02

UFA 64.76 ± 0.05 67.33 ± 0.10 67.64 ± 0.07 54.72 ± 0.06 58.34 ± 0.08 59.60 ± 0.13 58.20 ± 0.12 59.17 ± 0.11 61.97 ± 0.11 59.97 ± 0.09 61.83 ± 0.09 63.34 ± 0.07

TFA 91.80 ± 0.17 97.09 ± 0.21 98.62 ± 0.17 74.18 ± 0.19 80.09 ± 0.25 82.37 ± 0.29 79.05 ± 0.24 83.10 ± 0.31 87.50 ± 0.31 83.04 ± 0.26 87.35 ± 0.25 90.64 ± 0.21

SFA: saturated fatty acids; MFA: monounsaturated fatty acids; PFA: polyunsaturated fatty acids; UFA: unsaturated fatty acids, TFA: total fatty acids.
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(OCP03-74.18 ± 0.19%). García-Ayuso et al.40 evaluated 
the extraction of soybean, rapeseed and sunflower oil using 
a microwave-assisted Soxhlet extractor and compared 
the results with those obtained through conventional 
Soxhet extraction. Szentmihályi et al.41 studied various 
extraction methods (traditional solvent extraction with 
ultrasonic, microwave, sub and supercritical extraction) of 
oil from rose hip seeds and all extraction methods proved 
to be more efficient (higher yield) when compared to the 
traditional Soxhlet extraction. Cravotto et al.42 evaluated 
different unconventional techniques for obtaining kiwi 
seed oil and all unconventional techniques evaluated 
(power ultrasound (US), microwaves (MWs; closed 
vessels) and MW-integrated Soxhlet) proved to be fast, 
effective and safe. Tambunan et al.43 studied the effects of 
mechanical extraction on the physicalchemical properties 
of Jatropha curcas oil and concluded that crushing the seed, 
higher temperatures and preheating help to increase the 
extraction yield when compared to conventional extraction 
using Soxhlet. Samaram et al.44 investigated the yield, 
antioxidant activity and oxidative stability of papaya seed 
oil obtained by ultrasound-assisted extraction (UAE) and 
obtained a higher recovery of papaya seed oil with the most 
desirable antioxidant activity and stability. Some studies45-48 
comparing different extraction methods are available in the 
literature with other seed oils.

Antioxidant activity, phenolic content and oxidative stability 
of cagaite seed oils

The antioxidant activity and the phenol content present 
in cagaite seeds oil through the different extraction methods 
are presented in the Table 4.

The values for antioxidant activity ranged from 51.78 
to 72.11%. The oils obtained by pressing presented the 
highest percentage of antioxidant activity, as well as 
the highest total phenol content present in the sample, 
compared to the values obtained by the other extraction 
methods. The OCS samples showed the lowest antioxidant 
activity and the lowest total phenol content. Phenolic 

substances, derived from the secondary metabolism of 
plants, constitute the most important and abundant group, 
occurring in plants contributing to the antioxidant and 
sensory properties of fruits, honey and vegetables.49 The 
decrease in antioxidant activity and total phenol content 
in the OCUAq and OCS samples can be attributed to the 
extraction temperature, since phenolic compounds can be 
degraded when subjected to high temperatures and long 
extraction times, thus contributing to the significant loss 
of their activity antioxidant. In the OCUAm samples, the 
antioxidant activity and the phenol content increased as the 
extraction time was increased, the inverse behavior of the 
OCUAq samples, thus proving that there is a significant 
loss in the antioxidant properties of the oil samples when 
extracted using high temperature.

The antioxidant substances can eliminate the free 
radicals of the oils and prevent their oxidation.44 Thus, to 
evaluate the oxidative stability, the samples were submitted 
to the Rancimat method in which the time in which the 
samples are able to withstand oxidation is evaluated, 
evaluating the so-called induction period (in hours). The 
values for the samples OCS, OCP, OCUAm and OCUAq 
in the three extraction times, are in the graph of Figure 1.

Table 4. Antioxidant activity and phenol content present in the oils 
obtained from the cagaite seeds

Sample
Antioxidant activity 

(AA) / % 
Phenolic content / 

(mg GAE kg-1)

OCS03 62.42 138.43

OCS06 60.89 135.54

OCS09 58.88 133.12

OCP03 56.32 101.67

OCP06 53.61 104.35

OCP09 51.78 100.08

OCUAm03 59.54 125.65

OCUAm06 54.33 113.18

OCUAm09 53.92 107.44

OCUAq03 72.11 140.42

OCUAq06 68.16 136.96

OCUAq09 65.22 133.50

GAE: equivalents of gallic acid.

Figure 1. Induction periods (h) of the cagaite seed oils obtained by the Rancimat method.
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The period of induction of the oils of the cagaite seeds 
submitted to the types of extraction in times of 3, 6 and 9 h 
varied from 5.33 h (OCS09) to 7.18 h (OCUAm09). The 
higher the amount of antioxidant and phenolic substances 
in the samples, the longer the induction period was found, 
thus demonstrating a positive correlation between the value 
of the antioxidant activity by the DPPH method, the results 
of the phenolic content and the Rancimat method. 

Al Juhaimi et al.50 obtained higher values for the 
antioxidant activity and the phenolic content of almond, 
apricot, cashew, hazelnut, peanut, pistachio, pecan and 
walnut in the cold pressing extraction when compared 
with the Soxhlet extraction. Some papers are available in 
the literature that demonstrate the resistance to oxidation 
of oils obtained by seeds extracted with ultrasound and 
other methods. Dias et al.51 studied different extraction 
techniques (supercritical fluid extraction (SFE), Soxhlet 
and ultrasound-assisted extraction (UAE)) to obtain oil 
from umbu (Spondias tuberosa) seeds and evaluate yields, 
free fatty acid composition, total phenolic content and 
antioxidant activity. The highest yields were obtained by 
UAE with ethanol/water mixtures and by Soxhlet with 
ethanol and the antioxidant activity was higher in extracts 
obtained with polar solvents. Mohammadpour et al.52 
studied and compared UAE with the Soxhlet method of 
Moringa peregrina seed oil using the response surface 
methodology (RSM) to achieve the highest yield and 
evaluate the variables of the extraction process.

The OCS and OCUAq samples presented decreasing 
induction periods as the time of extraction of oils increased. 
This can be attributed to the fact that many antioxidant 
substances are decomposed with the action of high 
temperature over a period of time. In these samples, the oils 
obtained with longer extraction time had lower antioxidant 
activity and lower induction periods indicating the 
degradation of these antioxidant substances. The OCUAm 
samples showed an increase in the induction periods as 
the extraction time was increased, thus demonstrating 
that in the extraction using ultrasound with the bath at 
room temperature, the time contributed to the increase of 
antioxidant substances in the oils.

Conclusions

In this work, the fatty acid content and the 
physicalchemical properties of cagaite seed oil 
(Eugenia  dysenterica DC) obtained by three extraction 
methods, Soxhlet (OCS), mechanical press extraction (OCP) 
and room temperature ultrasound extraction (OCUAm) and 
with heating ultrasound extraction (OCUAq) were studied. 
In all these methods, the extraction times were standardized 

at 3, 6 and 9 h. OCS samples showed the highest yield, 
followed by OCUAq. All samples showed good acidity 
values   and the iodine value was within the limit stipulated 
by ANVISA. The rate of saturated fatty acids ranged from 
19.46% (OCP03) to 31.18% (OCS09), while the amount 
of unsaturated fatty acids ranged from 54.72% (OCP03) to 
67.64% (OCS09). Linoleic and linolenic acids, important in 
food nutrition, ranged from 32.22-38.11% and 5.55-8.78%. 
On the other hand, regarding the oxidative stability, the 
OCUAm samples presented the longest induction periods, 
showing a positive correlation with the antioxidant activity 
and the phenolic content and the efficiency of the method 
in the production of oil from cagaite seeds of considerable 
quality.
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