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Abstract - The seed by-products of pequi pulp processing have a kernel in its core which is not 
used due to the difficulty of its extraction from the spinous endocarp. However, this kernel has high 
quality oil which can be used for human consumption. Thus, the kernel and the oil composition as 
well as the conditions to obtain the kernel oil by hydraulic pressing were evaluated in this study. The 
kernel showed high lipid content (55.76%), therefore being a good source for obtaining oil. The oil 
extraction by hydraulic pressing presented a higher yield at 5.5 tons to 6.0 tons of force and 9% to 
10% moisture. Oil recovery was 75%. The pequi kernel oil showed low acid (0.17 mg KOH/g) and 
peroxide (1.22 mEq O2/kg) values. The kernel oil also presented high levels of oleic acid (42.47%). 
The results indicate that the kernel oil extraction is an alternative form for using seeds to increase 
the producer/processor income and to decrease residue volumes in the pequi processing industry.
Index terms: Caryocar coriaceum, Lipid, Oil recovery, Oil yield.

Extração de óleo de amêndoa do Pequi por prensagem 
hidráulica e sua caracterização

Resumo- Os caroços, subprodutos do processamento da polpa de pequi, têm em seu núcleo uma 
amêndoa que não é utilizada devido à dificuldade de sua extração a partir do endocarpo espinhoso. 
No entanto, essa amêndoa possui óleo de alta qualidade que pode ser usado para consumo humano. 
Neste trabalho, avaliaram-se a composição da amêndoa e do óleo, bem como as condições de obtenção 
do óleo da amêndoa por prensagem hidráulica. A amêndoa apresentou alto teor lipídico (55,76%), 
sendo boa fonte de obtenção de óleo. A extração de óleo por prensagem hidráulica apresentou maior 
rendimento nas faixas de 5,5 ton a 6,0 ton de força e 9% a 10% de umidade. A recuperação de óleo 
foi de 75%. O óleo de amêndoa de pequi apresentou baixos valores de índice de acidez (0,17 mg 
KOH / g) e peróxidos (1,22 mEq O2 / kg). Além disso, o óleo de amêndoa apresentou altos níveis 
de ácido oleico (42,47%). Esses resultados indicam que a extração de óleo de amêndoa é uma forma 
alternativa de utilização de caroços para aumentar a renda do produtor / processador e para diminuir 
o volume de resíduos no processamento de pequi.
Termos para indexação: Caryocar coriaceum, lipídeo, recuperação de óleo, rendimento em óleo.
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Introduction

The pequi tree belongs to the Caryocaraceae 
family and the C. coriaceum species mainly occurs in 
the Mid-North of Brazil (Maranhão and Piauí States) 
and in the States of Ceará, Bahia, Pernambuco and 
Goiás (LORENZI, 1992; RAMOS; SOUZA, 2011). 
However, the C. coriaceum species has not received due 
attention from researchers. Few studies are available in 
the literature involving the production and chemical-
nutritional characterization of fruits of this species 
(SILVA; MEDEIROS FILHO, 2006; OLIVEIRA et al., 
2010a, OLIVEIRA et al. 2010b, RAMOS; SOUZA, 2011).

The edible pequi kernel is considered a by-product 
mainly due to the difficulty in extracting it from the spiny 
endocarp. The kernel can be used in oil extraction, as an 
ingredient in flour and sweets, or as a snack in salty or 
sweet form (DAMIANI et al., 2013; ALVES et al., 2014).

Ramos and Souza (2011) reported that pequi fruit 
seeds (Caryocar coriaceum) from the Maranhão and 
Piauí regions have an average weight of 25.9 g, and its 
kernels are 1.8 g. Araújo et al. (2018) reported proximate 
composition of pequi kernels (Caryocar coriaceum) as 
50.0% lipids, 5.8% ash, 33.3% protein, 5.0% fiber and 
5.7% carbohydrates. 

Lima et al. (2007) found four major components 
in pequi kernels (Caryocar brasiliense): lipids (51.5%), 
proteins (25.3%), carbohydrates (8.3%) and dietary fiber 
(2.2 %), with a low moisture content (8.7%) and a high 
mineral content represented by ashes (4.0%). According 
to these authors, the main fatty acids of the pequi kernel 
are palmitic (43.76%) and oleic (43.59%).

Aguilar et al. (2011) studied the effect of a diet 
supplemented with pequi (Caryocar brasiliense) on blood 
lipid and glycemic levels and liver histology in mice. The 
authors observed that total cholesterol serum and HDL-
cholesterol were significantly higher in mice fed diets 
containing pequi kernels at 33%. However, there was 
no change in blood levels of triglycerides, atherogenic 
fraction and glucose. Torres et al. (2016) reported that 
pequi kernel oil (Caryocar brasiliense) extracted by cold 
pressing attenuates liver damage induced in rats by carbon 
tetrachloride due to its antioxidant and anti-inflammatory 
properties. Oliveira et al. (2010b) also reported the topical 
anti-inflammatory action of pequi kernel oil (Caryocar 
coriaceum) and the accelerated recovery of skin lesions.

Therefore, the objective of this work was to 
evaluate the extraction of pequi (Caryocar coriaceum) 
kernel oil by hydraulic pressing and to characterize its 
contents. The oil obtained from the pequi kernel is an 
alternative use for the by-product generated in the pequi 
pulp industrial process.

Material and Methods

Pequi kernel
Pequi seeds (Caryocar coriaceum) were obtained 

in Chapada do Araripe, Ceará, Brazil as a residue from 
pulp extraction. They were washed in running water 
and sanitized in chlorinated solution (200 mg/L) for 15 
min, followed by oven drying at 60 °C for 24 h. Kernels 
were obtained by cutting the seeds in halves with a 
guillotine and manually removing the skin. Kernels were 
characterized for moisture, ashes, total lipids, proteins (N 
x 6.25) and total carbohydrates (by difference) with the 
analysis determined in triplicate (INSTITUTO ADOLFO 
LUTZ, 2008).

Extraction of kernel oil by hydraulic pressing
As the moisture is one of the experimental design 

variable the pequi kernels were ground (Robot Coupe 
R502V.V, Vincennes, France) and dried at 110ºC for two 
hours in order to allow subsequent moisture adjustment. 
Moisture was determined (INSTITUTO ADOLFO LUTZ, 
2008) in the ground kernels and water (m/m) was added 
to adjust the moisture according to the values of the 
experimental design detailed below. The samples with the 
added water were kept for 24h in sealed multilayer bags 
for moisture homogenization. For the pressing tests, 35g 
of samples were packed in TNT60 bags that remained in 
an oven for 15 min at 40 ºC for temperature stabilization. 
The bags were placed in a stainless steel cylinder (18 cm² 
of base area) and pressed by a piston until the test force, 
remaining at this force for 3 min (hydraulic press Skay, 
Apiguana, Fortaleza, Brazil). The yield was calculated 
as the ratio between the amount of oil obtained and the 
amount of kernels, expressed by percentage (%, m/m).

 A central composite design was implemented 
for the tests with two independent variables (moisture 
and force) and three repetitions in the central point (2² 
+ 2(2) + 3 CP), totaling 11 trials (Table 1). The yield 
(%, m/m) was used as the dependent variable (answer). 
Statistical analyses of the data were performed by ANOVA 
(analysis of variance) using Protimiza Software (2020) to 
determine the variables which had significant effects on 
the dependent variables at p<0.10.
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Table 1. Values and levels used in the central composite design to evaluate pequi (Caryocar coriaceum) kernel oil 
extraction by hydraulic pressing.

Variables Levels
-1.41 -1 0 +1 +1.41

Moisture (%) 2.0 3.2 6.0 8.8 10.0
Force (ton) 2.0 2.6 4.0 5.4 6.0

Pequi kernel oil analysis
Oil obtained in the best conditions determined in 

the experiment described previously was analyzed for acid 
and peroxide values (AOCS, 1988). Calculated iodine 
value was determined using the fatty acid composition 
of the oil and factors approved by AOCS (1988). The 
saponification value was estimated from the fatty acid 
composition by recalculating the average molecular 
weight of the fatty acids, considering that three moles of 
KOH are needed to saponify one mole of triacylglycerol. 
Fatty acid composition was determined through the methyl 
esters (FAMEs) obtained according to Hartmann and Lago 
(1973). FAMEs were determined by gas chromatography 
using a Shimadzu 2010 Plus device, equipped with a 
flame ionization detector (FID), a SP2560 column (100% 
bis-cyanopropyl polysiloxane; Supelco Bellefonte, USA) 
with dimensions of 100 m x 0.25 mm id x 0.20 µm df. 
The carrier gas (hydrogen) flow rate was 1.5 mL/min. The 
temperatures of the injection port and detector were 220 ºC 
and 230 ºC, respectively. The GC oven was programmed 
as follows: column initial temperature of 80 °C, increasing 
at the rate of 11.0 °C/min to 180 °C, then at 5.0 °C/min 

to 220 ºC and held for 9 minutes. FAMEs were identified 
by comparing the retention time of samples and the 
appropriate fatty acid methyl ester standards purchased 
from Supelco (Bellefonte, USA). Each fatty acid was 
expressed in percentages of relative area, obtained by area 
normalization (fatty acid peak area relative to the total area 
of the chromatogram).

Results and Discussion

Physico-chemical characterization of pequi 
kernel

The proximate composition of the pequi kernel 
is shown in Table 2. For pequi kernels from Caryocar 
coriaceum Ramos and Souza (2011) reported 2.4% ash, 
48.5% lipids, 27.1% proteins and 21.9% of carbohydrates 
(on a dry basis), while Araújo et al. (2018) reported 5.8% 
ash, 50.0% lipids, 33.3% protein, 5.0% fiber, and 5.7% 
carbohydrates. Despite the variations between the results, 
it can be observed that the kernel is characterized by its 
high lipid content, therefore being a potential raw material 
for obtaining edible oil.

Table 2. Proximate composition of dried pequi kernel (Caryocar coriaceum) (n=3).
Determination % (± sd)

Moisture 0.65 (± 0.05)
Ashes 0.28 (± 0.03)

Proteins 29.24 (± 0.74)
Lipids 55.76 (± 0.65)

Carbohydrates 14.07 (± 0.80)

Pequi kernel oil extraction by hydraulic pressing

The values obtained in the central composite 
design in which the influence of force and moisture on 
the kernel oil yield was studied are shown in Table 3. The 
linear and quadratic regression coefficients for force and 
linear regression coefficients for moisture were significant 
(p<0.10) (Table 4). The analysis of variance showed that 
the variation percentage explained by the model was 
93.5% (Table 5). The results showed that both force and 
moisture influenced the oil extraction yield, and observing 
the contour plot (Figure 1) enables us to conclude that 
the optimal range for extraction is 5.5 ton to 6.0 ton of 
force and 9% to 10% moisture. The values were at the 
end of the scales, however preliminary tests showed that 

greater forces broke the TNT bag, thereby invalidating 
the process and higher moisture produces a paste which 
cannot be pressed. The yield was approximately 42% in 
relation to the pequi kernel weight, which was 75% of the 
total kernel oil content. The results were higher than those 
found by Lima et al. (2018) who reported 29% to 32% 
yield in the extraction of cashew kernel oil, and Navarro 
and Rodrigues (2016) who reported 35% to 40% yield for 
macadamia oil, both by pressing.
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Figure 1. Contour plot for yield (%, m/m) in pequi (Caryocar coriaceum) kernel oil extraction by hydraulic pressing.

Table 3. Central composite design matrix and experimental results for pequi (Caryocar coriaceum) kernel oil extraction 
by hydraulic pressing.

Essay Coded levels Decoded levels Yield
(%, m/m)Force (ton) Moisture (%)

1 -1 -1 2.6 3.2 29.32
2 1 -1 5.4 3.2 41.24
3 -1 1 2.6 8.8 31.52
4 1 1 5.4 8.8 41.55
5 -1.41 0 2.0 6.0 29.66
6 1.41 0 6.0 6.0 42.03
7 0 -1.41 4.0 2.0 34.84
8 0 1.41 4.0 10.0 40.82
9 0 0 4.0 6.0 36.33
10 0 0 4.0 6.0 38.83
11 0 0 4.0 6.0 39.19

Table 4. Central composite design regression coefficients for yield (%, m/m) in pequi (Caryocar coriaceum) kernel 
oil extraction by hydraulic pressing.

Regression coefficients Standart error calculated t p-value
Mean 37.76 0.62 61.05 0.0000

x1 4.93 0.52 9.47 0.0000
x1

2 -1.26 0.59 -2.12 0.0713
x2 1.37 0.52 2.63 0.0337

  x1 = Force (ton); x2 = Moisture (%).

Table 5. ANOVA for yield (%, m/m) in pequi (Caryocar coriaceum) kernel oil extraction by hydraulic pressing 
(R2 = 93.5%).

Variation source Sum of squares Degrees of freedom Mean square Fcalc p-valor
Regression 219.3 3 73.1 33.7 0.00016
Residuals 15.2 7 2.2
Lack of fit 10.3 5 2.1 0.9 0.61838
Pure error 4.9 2 2.4

Total 234.5 10
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Characteristics of the pequi kernel oil
The acid value (0.17 mg KOH/g) observed was 

smaller than the maximum limit allowed for cold-pressed 
and unrefined oils in Brazilian legislation and in Codex 
Alimentarius (4.0 mg KOH/g) (ANVISA, 2005; CODEX 
ALIMENTARIUS, 2003). Likewise, the peroxide value 
observed (1.22 mEq O2/kg) was smaller than the limit in 

those legislations (15 mEq O2/kg). Both results reflected 
good quality oil (Table 6). Calculated iodine value was 
lower than the values ranging from 74.2 to 113.8 g I2/ 100g 
oil reported by Moodley et al. (2007) for other kernels oils 
(macadamia, pecan, brazil, walnut and almond), which 
reflects the high saturated fatty acids content of the pequi 
kernel oil. The saponification value was also out of the 
range of 182.5 to 193.7 mg KOH / g oil reported by those 
authors for common kernels oils.

Table 6. Chemical characteristics and fatty acid composition of pequi (Caryocar coriaceum) kernel oil extracted by 
hydraulic pressing.

Determination mean ± sd
Acid value (mg KOH/g) 0.17 ± 0.02
Peroxide value (mEq/kg) 1.22 ± 0.02
Iodine value* (g I2/100g) 54.13

Saponification value* (mg KOH/g) 209.65
Fatty acid (%)

Miristic (C14:0) 0.22 ± 0.03
Palmitic (C16:0) 39.49 ± 3.03
Estearic (C18:0) 1.63 ± 0.13
Oleic (C18:1 cis) 42.47 ± 2.11

Linoleic (C18:2 cis, cis) 10.17 ± 0.55
Not identified 6.02
∑ Saturated 41.34

∑ Unsaturated 52.63
   *calculated from the fatty acids average percentages

The major fatty acids in pequi kernel oil were oleic 
(42.47%) and palmitic (39.49%), followed by linoleic acid 
(10.17%) (Table 6), which agrees with the results reported 
by Lima et al. (2007) and Torres et al. (2016). In addition to 
the benefits of consuming oils with high monounsaturated 
fatty acids content to prevent cardiovascular diseases 
(ALVES et al., 2016), some authors have reported anti-
inflammatory action related to the consumption of pequi 
kernel oil (TORRES et al., 2016), as well as its topical 
use (OLIVEIRA et al., 2010b).

Conclusions

Pequi kernel have 55.76% of lipids, therefore 
being a good source for edible oil. The optimum ranges 
for oil extraction by hydraulic pressing are 5.5 ton to 6.0 
ton of force and 9% to 10% moisture, with oil yield of 
approximately 42% in relation to the pequi kernel weight, 
representing 75% of oil recovery. In addition, pequi kernel 
oil is an excellent source of monounsaturated fatty acids 
for human consumption. Thus, the use of this by-product 
from pequi pulp production can became a new income 
source for the producing regions.
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