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1 Introduction
Faveleira (Cnidoscolus quercifolius) is a species found in 

the Caatinga in Brazil (Silva et al., 2014). It stands out among 
other species for its high resistance to drought (Santos et al., 
2017). The faveleira seed has high nutritional and industrial 
value (Medeiros et al., 2018) and is an oilseed with lipid levels 
(Ribeiro et al., 2017) higher than those in soybean, an oilseed 
of global importance (Anwar et al., 2016).The faveleira oil has 
potential for use as edible oil, high antioxidant activity and 
good thermal and oxidative stability (Santos et al., 2017), and 
predominance of unsaturated fatty acids (Ribeiro et al., 2017).

There is currently a large commercial demand for vegetable 
oils rich in compounds beneficial to health because of consumer 
interest in reducing disease risk and promoting health through 
improved nutrition (Jing et al., 2016). In addition, compounds 
that can protect foods against deterioration by extending their 
shelf life are also of interest in the food industry (Xu et al., 2015). 
Among these compounds, vitamin E is a major lipid-soluble 
antioxidant (Gharby et al., 2017).

The term “Vitamin E” encompasses, among other compounds, 
tocopherols and tocotrienols (Traber, 2012). Tocopherols are 
the main lipophilic antioxidants found in oilseeds and are 
extracted during the processing of these seeds. This makes 
tocopherols a naturally occurring antioxidant in most vegetable 
oils (Gharby et al., 2017). There are four homologs within the 
tocopherol group: alpha (α), beta (β), gamma (γ), and delta 

(δ) (Traber, 2012), which differ in their antioxidant activities 
(Gharby et al., 2017). Alpha-tocopherol has the highest in vivo 
biological activity and the gamma-tocopherol has the most 
activity in food lipids (Tuberoso  et  al., 2007). Consequently, 
foods with tocopherols may be beneficial to human health and 
promote the stability of foods (Flakelar et al., 2015).

Santos et al. (2017) identified and quantified the levels of 
alpha-, gamma- and delta-tocopherols in the extracted faveleira 
oil using a Soxhlet extractor (0.87, 15.09 and 3.15 mg/100 g oil, 
respectively). Vegetable oil can be obtained by various methods, 
which may influence some of its properties such as quality, oxidative 
stability, and other physicochemical properties (Gharby et al., 
2017). The Soxhlet method has high efficacy and is widely used. 
However, heating, exposure to oxygen for a long time, and use 
of toxic solvents during this method alter the composition of 
the oil and also degrades the quality (Brum et al., 2009).

An alternative to the Soxhlet method is the methodology 
described by Bligh & Dyer (1959). Authors claim that the latter 
is not harmful to the quality of the oil. This method can be very 
efficient, since the solvent mixture used (methanol, chloroform, 
and water) and the vigorous homogenization process allow an 
efficient extraction of polar and apolar lipids (Brum et al., 2009). 
However, it is a method that also uses toxic solvents.

Cold-pressing stands out in the extraction of oils from 
plant seeds. Cold-pressing neither involves the use of toxic 
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solvents nor does it employ high temperatures. Consequently, 
the physicochemical characteristics of the oil and the bioactive 
compounds, such as tocopherols, are not significantly affected by 
the processing condition. This ensures high quality cold‑pressed 
oils, which do not have to go through refinement to be consumed 
(Teh & Morlock, 2015). The amount of oil extracted, however, is 
lower than the amount obtained by solvent extraction.

No study compared the resultant characteristics of faveleira 
seed oils extracted by these different methods. This study is 
relevant because faveleira oil has great potential for use in human 
consumption and is obtained from an oilseed that, although 
underexplored, is already used by the population. This study 
evaluated the physicochemical properties and tocopherol content 
in faveleira seed oil extracted using three different methods.

2 Materials and methods
2.1 Samples

Fruits of Cnidoscolus quercifolius were collected from São José 
do Seridó, a municipality in the State of Rio Grande do Norte, 
Brazil. A specimen of faveleira (no. 20064) was deposited in the 
Herbarium of the Federal University of Rio Grande do Norte. 
Several fruits were harvested and pooled to form a single sample. 
Seeds were removed manually from the fruits, and 2.4  kg of seeds 
was obtained. These seeds were equally divided into three groups 
(800 g of seeds to be subjected to each extraction method) and 
stored at -20 °C until oil extraction. The percent yield of each 
extraction method was calculated by dividing the weight of the 
oil extracted by the weight of the seeds used and multiplying the 
result by 100. All the extractions were performed in triplicate.

Extraction by Soxhlet method

For extraction according to the Soxhlet method (American 
Oil Chemists’ Society, 1995), the seeds were initially crushed and 
dried at 105 °C to a constant weight and transferred to a Soxhlet 
extractor (Solab, SL 145 V, Piracicaba, Brazil), where they were 
refluxed for 8 h with hexane to extract the oil. The extracted 
faveleira oil using a Soxhlet extractor (FOSox) was maintained 
at -20 °C until further analysis.

Extraction by Bligh-Dyer method

The seeds underwent the process of grinding and drying 
described in section 2.1.1 and were subsequently subjected to 
extraction by the Bligh-Dyer method (Bligh & Dyer, 1959), with 
modifications. To every 50 g of the sample, 50 mL of chloroform, 
100 mL of methanol and 50 mL of distilled water were added. 
The contents were shaken for 30 min. Fifty milliliters of 1.5% 
sodium sulfate was added and stirred for 2 min. The contents 
were filtered with filter paper and the residue washed with 
50 mL of chloroform. After 30 min the methanolic layer was 
discarded. The other layer was filtered with filter paper and 1 g 
of sodium sulfate. A speed vacuum (Eppendorf, Concentrator 
5301, São Paulo, Brazil) at 60 °C for 30 min and an oven with 
forced air ventilation at 60 °C for 20 min were used to evaporate 
the solvents. The extracted faveleira oil using the Bligh-Dyer 
method (FOBD) was maintained at -20 °C until analysis.

Extraction by cold-pressing

Cold-pressing was performed by subjecting the seeds 
in natura to a force of up to 8 t using a hydraulic press (MARCON, 
MPH-10, Palmital, Brazil) at ambient temperature of 23 °C. 
The pressing was performed in four batches, with 200 g of seeds 
in each batch. The extracted oil was centrifuged (FANEM, Excelsa 
4 R 280, São Paulo, Brazil) at 20 °C for 15 min at 2500 ×g, and the 
supernatant (extracted faveleira oil using cold-pressing, FOCP) 
was maintained at -20 °C until analysis.

2.2 Physicochemical properties

The acidity level, peroxide and saponification values, 
refractive index, moisture content and volatile content (American 
Oil Chemists’ Society, 2009) were measured. The density was 
analyzed using a densitometer (Anton Paar, DMA 4500 M, São 
Paulo, Brazil) at 25 °C. The viscosity was measured at 25 °C 
using a rheometer (Thermo-Scientific, Haake Mars Rheometer, 
Massachusetts, USA), and the flow curves were obtained at shear 
rates varying from 5 to 1010 s−1. All analyses were carried out 
in triplicate.

2.3 Sample preparation for high-performance liquid 
chromatography

The samples were prepared by adding 160 μL of oil sample 
extracted by each one of the three methods to 840 μL of 
dichloromethane and stirring for 1 min. Dichloromethane was 
used as the solvent because both oil and methanol (the solvent 
used in the mobile phase) are highly soluble in dichloromethane 
(Grilo et al., 2014). This dilution was performed in triplicate for 
each extraction method.

2.4 Determination of tocopherols by using high-performance 
liquid chromatography

Alpha-, beta-, and gamma-tocopherol levels were determined 
using high-performance liquid chromatography (HPLC). 20 µL of 
the diluted solution described in section 2.3 was injected directly 
into a Shimadzu chromatograph consisting of an LC‑20 AT pump 
coupled to an SPD-20A UV-VIS detector, reverse phase column 
Luna 5μm C18 (2) 100 ÅPhenomenex (250 mm × 4.6 mm), and 
a computer with the LC solution software for data processing 
(Shimadzu, Quioto, Japan). The mobile phase used was 100% 
methanol in an isocratic system at a flow rate of 1 mL/min 
and a wavelength of 292 nm. Ultraviolet detection used in the 
chromatographic method was standardized in accordance with 
the IUPAC standards and AOCS (Cert et al., 2000).

Beta-tocopherol could not be separated from gamma‑tocopherol 
by reverse phase-chromatography (Kornsteiner  et  al., 
2006). For   that reason, the results were described together 
(beta + gamma-tocopherol). According to Gliszczynska‑Swigło 
& Sikorska (2004), vegetable oils either do not contain 
beta‑tocopherol or contain relatively small amounts when 
compared to the levels of gamma-tocopherol. Thus, to identify 
the retention time of the beta + gamma-tocopherol, the standards 
for gamma-tocopherol were used. The retention time and area 
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of the alpha- and gamma-tocopherols standards were used for 
the identification and quantitation of tocopherols.

The concentration of the standards was confirmed using 
the specific extinction coefficient (ɛ 1%, 1 cm=75.8 at 292 nm 
for alpha-tocopherol and ɛ 1%, 1 cm=91.4 at 298 nm for 
gamma‑tocopherol) in absolute ethanol (Nierenberg & Nann, 1992; 
Podda et al., 1996). The test samples as well as the standards were 
prepared at approximately 25 °C, protected from light exposure.

Calibration curves for alpha- and gamma-tocopherols were 
used to assess the linearity of the method: linear regressions 
were constructed (concentrations of the standards × standard 
area) and R2=0.9993 and 0.9992 were obtained for alpha- and 
gamma-tocopherols, respectively. The limits of detection and 
quantification, based on standard curve linearity, were 2.5 ng/20 μL 
and 4.9 ng/20 μL, respectively, for both homologs analyzed.

2.5 Statistical analysis

All data were subjected to the Shapiro–Wilk test for normality. 
The data for yield and physicochemical properties were subjected 
to analysis of variance (ANOVA), and Tukey’s test was used as a 
post-hoc test. The difference between the homologs for FOBD and 
FOCP was calculated using a t-test. The significance level for all 
tests was set at p < 0.05, and all statistical analyses were carried 
out using the Action 2.7 software (Estatcamp, São Carlos, Brazil).

3 Results and discussion
3.1 Yields of the different extraction methods

The differences in the yields of the different extraction 
methods were statistically significant (p < 0.05), as shown in 
Figure 1. The two methods that employed solvents had higher 
yield percentages, which may be attributed to the increased 
ability of the organic solvents (when compared to that of 
cold‑pressing) to extract most of the lipid components in the seed 

(Perdomo et al., 2013). Chloroform, methanol, and hexane are 
generally considered the best extraction solvents in a laboratory 
setting for most oils (Gharibzahedi et al., 2013).

The Soxhlet extraction resulted in a higher yield percentage 
than Bligh-Dyer extraction (p < 0.05). Several factors may 
have influenced this result, such as the solvents employed. It is 
likely that the hexane used in the Soxhlet method can more 
effectively extract lipid components in seeds than the mixture 
of chloroform and methanol used in the Bligh-Dyer method. 
In addition, the high temperatures used and the duration of 
extraction in the Soxhlet method might have favored higher 
yield. Teixeira et al.  (2018) also observed higher yields from 
sapucaia nuts when using the Soxhlet extraction method than 
when using Bligh-Dyer extraction. The cold-pressing of faveleira 
seeds generated low percent oil yield; this low yield was also 
reported for the cold-pressing of walnut (Gharibzahedi et al., 
2013) and castor seeds (Perdomo et al., 2013).

3.2 Physicochemical properties

Table 1 shows physicochemical properties of faveleira seed oil 
(Cnidoscolus quercifolius). FOCP showed better quality since low 
acidity level and peroxide values indicate better quality of edible 
oils (Ribeiro et al., 2017). FOCP showed lower acidity (p = 0.000), 
probably because it was not subjected to high temperatures during 
the process. Heating promotes the hydrolysis of triglycerides by 
increasing the amount of free fatty acids (Perdomo et al., 2013). 
Ponphaiboon et al. (2018) also corroborate the effects of the 
extraction method on oil stability, affirming that temperature 
affects the acidity level. The peroxide value was lower in FOCP 
than that of FOSox (p = 0.001) and FOBD (p = 0.028). High 
temperatures and exposure to oxygen (Brum et al., 2009) promote 
the formation of peroxides, and methods employing solvents 
are more susceptible to these conditions.

FOSox showed a lower saponification value than FOCP (p = 0.004). 
Since this value is inversely proportional to the average molecular 
weight of fatty acids (Tavakoli et al., 2018), the difference found 
in this study indicated that the fatty acids in FOSox have higher 
molecular weight. This was probably because of the solvent’s 
ability to penetrate the food matrix and more easily extract the 
high-molecular-weight fatty acids.

The higher refractive index (p=0.000) was found in FOCP. 
One factor that affects this index is the degree of unsaturation 
of the oils; in other words, the greater the number of double 
bonds, the greater this index (Tavakoli et al., 2018). Taking this 
observation into consideration, along with the fact that unsaturated 
fatty acids lose their unsaturation at high temperatures, and 
the knowledge that the FOCP sample had not been exposed to 
high temperatures, we inferred that this oil contained more 
unsaturated fatty acids.

The percentage moisture and volatile content of FOCP was 
lower than that of FOSox (p = 0.000) and FOBD (p = 0.000). This was 
probably because evaporation of the solvents used for extraction 
in the latter samples. Consequently, the oil that showed more 
reliable values was FOCP, because it was not influenced by the 
use of solvents in the method.

Figure 1. Mean ± standard error (n = 3) of the percentage yield of 
faveleira seed oil extracted using different methods: Soxhlet (FOSox), 
Bligh-Dyer (FOBD), and cold-press (FOCP). Different lowercase letters 
above the columns indicate statistically significant differences (p < 0.05) 
between the yields according to Tukey’s test.
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Each of the three oils had different density values; the 
lowest density was found in FOSox (p = 0.000) and the highest in 
FOBD (p = 0.000). Since the densities of hexane and chloroform 
are very different (0.655 g/mL and 1.498 g/mL, respectively) 
(Al‑Hamamre et al., 2012), the densities of FOSox and FOBD may 
have varied because of the presence of traces of hexane and 
chloroform, respectively. Perdomo et al. (2013) reported different 
density values for oils extracted using different methods, and 
they affirmed that some solvents found in the oil might cause 
density values to vary. These same authors found that the oil 
extracted by the Soxhlet method and using hexane presented 
lower density than the oil extracted mechanically by pressing.

The viscosity values of oils extracted using solvent were 
lower (p = 0.000) than those found in FOCP. It can be the impact 
of solvent residues in the oil. Other authors also noted that the 
cold-pressing method produced oil with higher viscosity than 
those obtained from solvent extraction (Perdomo et al., 2013).

From the results, it is clear that the extraction methods for 
obtaining vegetable oils are influenced by factors such as time, 
temperature, whether solvent is used, and type of solvent used, 
which in turn influences the physicochemical properties of the 
oil. The results show that the cold-pressing method is the least 
influenced by these factors. Thus, cold-pressing is the most 
useful method when the quality and use of the oil are considered.

3.3 Tocopherols

The quantity of alpha- and beta + gamma-tocopherols in 
faveleira seed oil varied with the extraction method (Figure 2). 
No alpha- and beta + gamma-tocopherols content was noted 
in FOSox. FOCP showed the greatest amount of homologs, which 
may be attributable to the fact that cold-pressing does not use 
high temperatures, which degrade tocopherols (Wang  et  al., 
2010). Teh & Morlock (2015) also reported that tocopherols in 
cold pressed oils are not significantly affected by the processing 
conditions.

The alpha-tocopherol content in FOCP was lower than 
that observed in Brazil nut, macadamia nut, hazelnut, and 
almond oils, but was higher than that observed in pecan oil 
(Castelo‑Branco et al., 2016) and flaxseed oil (Obranović et al., 
2015). The beta + gamma-tocopherol content in FOCP was lower 
than that in pumpkin seed oil (Rabrenović et al., 2014).

A significantly lower amount of homologs (p < 0.05) was 
noted in FOBD than in FOCP. When comparing these two oils, 

the percentage loss of alpha-tocopherols was 68%, while that of 
beta + gamma-tocopherol was 58%; this occurred because of the 
high temperatures used in seed drying and evaporation of the 
solvent. The higher percentage loss of alpha-tocopherol is because 
of its lower stability than that of beta and gamma‑tocopherol, 
as demonstrated by Wang  et  al. (2010). The amount of 
alpha‑tocopherols found in FOCP and FOBD was lower than that 
beta + gamma-tocopherol (Figure 2). Rabrenović et al. (2014) 
also observed this trend in pumpkin seed oil.

No alpha- and beta + gamma-tocopherols content was noted 
in FOSox, suggesting that prolonged high temperatures during 
the oil extraction process, in addition to the high temperatures 
during seed drying, affected the levels of these tocopherols in the 
extracted oils. Other authors also showed that high temperatures 
increase the degradation of tocopherols in oils (Wang et al., 2010).

Soxhlet extraction also resulted in the absence of tocopherols 
in macadamia oil (Kornsteiner  et  al., 2006). However, 

Table 1. Effect of the extraction method on physicochemical properties of faveleira seed oil (Cnidoscolus quercifolius).

Physicochemical properties FOSox
1 FOBD

2 FOCP
3

Acidity (% oleic acid) 4.68 ± 0.02a 3.79 ± 0.03b 1.56 ± 0.01c

Peroxide (mEq/1000 g) 3.33 ± 0.83a 2.00 ± 0.40a 0.45 ± 0.09b

Saponification value (mg KOH/g) 215.63 ± 1.62b 220.33 ± 2.02ab 224.03 ± 2.03a

Refraction index at 40 °C 1.4594 ± 0.0002c 1.4611 ± 0.0002b 1.4645 ± 0.0006a

Moisture and volatile content (%) 3.81 ± 0.34a 3.07 ± 0.09b 0.15 ± 0.05c

Density at 25 °C (kg/m3) 903.2 ± 0.1c 927.9 ± 0.2a 913.8 ± 0.0b

Viscosity at 25 °C (Pa·s) 0.0346 ± 0.0136b 0.0282 ± 0.0100c 0.0525 ± 0.0106a

1FOSox: faveleira seed oil extracted by Soxhlet method; 2FOBD: faveleira seed oil extracted by Bligh and Dyer method; 3FOCP: faveleira seed oil extracted by cold-pressing method. Means 
with different lowercase letters in the same row are statistically different (p < 0.05). The values are shown as means ± standard deviation in triplicates.

Figure 2. Mean ± standard error (n = 3) of alpha- and beta + gamma‑tocopherol 
concentrations in faveleira seed oil extracted using Bligh‑Dyer (FOBD), 
and cold-press (FOCP) methods. Different lowercase letters above the 
columns indicate statistically significant differences (p < 0.05) among 
different extractions methods according to the t-test.
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Santos et al. (2017) detected tocopherols in faveleira seed oil 
obtained using Soxhlet extraction. These authors analyze seeds 
from another state of Brazil. Environmental conditions might 
have influenced the tocopherol content. Factors such as soil, 
pluviometric conditions, and environmental temperature influence 
the composition of plant phytochemicals (Björkman  et  al., 
2011). In addition, Santos et al. (2017) extracted the oil from 
the faveleira seed by the Soxhlet method for 6 h and without 
subjecting the seeds to drying. As tocopherol can be degraded 
at high temperatures (Wang et  al., 2010), the longer Soxhlet 
extraction and seed drying at 105 °C might have resulted in 
higher degradation of these compounds.

The autoxidation of oils during processing and storage is 
primarily responsible for the deterioration of food quality, from 
both organoleptic and nutritional points of view (Tuberoso et al., 
2007). Considering the loss of alpha- and beta + gamma-tocopherols 
in faveleira seed oil reported herein, it is essential that an efficient 
control of oil oxidation and tocopherol degradation be maintained 
in the food industry (Wang et al., 2010).

4 Conclusions
We conclude that cold-pressing extraction resulted in oil with 

better physicochemical properties for use in human food and leads 
to the best tocopherols content. Therefore, mechanically extracted 
oils can be more stable and less susceptible to autoxidation than 
those extracted using solvents.
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