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SUMMARY: The aim of this work was to evaluate the effect of mechanical pressing on jussara oil yield, oxidative
stability and carotenoid profile with or without heat application. Firstly, jussara pulp was centrifuged for juice extrac-
tion, and the resulting cake was dried until reaching 10% moisture content. Then, oil extraction was performed in
an expeller press at 25 °C (cold pressing) and at 50 °C (hot pressing). The process performance was evaluated by the
oil yield, and the crude jussara oil was characterized for fatty acid composition, acid value, carotenoid profile and
oxidative stability. Jussara oil contained 74% unsaturated fatty acids, mainly oleic and linoleic acids (48% and 24%,
respectively). The oil yield was almost twice as high for the hot process as compared to the cold one. Additionally,
hot pressing resulted in 25% higher total carotenoid content as compared to cold pressing, with B-carotene as the
most abundant one. Hot and cold pressing showed no difference in oil oxidative stability and fatty acid composition.
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RESUMEN: Composicion quimica y estabilidad oxidativa del aceite de jussara (Euterpe edulis M.) extraido
mediante prensado mecdnico en firio y en caliente. El objetivo de este estudio fue evaluar el efecto del calor sobre
el rendimiento del aceite, la estabilidad oxidativa y el perfil de carotenoides del aceite de Jussara extraido por
prensado mecanico. En primer lugar, se centrifugo la pulpa de jussara para la extraccion del zumo, y la torta
resultante se seco para alcanzar el contenido de humedad de 10%. Posteriormente, la extraccion del aceite se
realizo en una prensa a 25 °C (prensado en frio) y a 50 °C (prensado en caliente). El desarrollo del proceso fue
evaluado mediante el rendimiento de aceite y en bruto y éste se caracterizdo mediante la composicion en acidos
grasos, indice de acidez, perfil de carotenoides y la estabilidad oxidativa. El aceite de jussara presento un 74%
de acidos grasos insaturados, principalmente acidos oleico y linoleico (48% y 24%, respectivamente). El ren-
dimiento del aceite para el proceso en caliente fue casi el doble, en comparacion con el proceso en frio. Ademas,
el prensado en caliente mostré un contenido total de carotenoides 25% mayor en comparacion con el prensado
en frio, siendo el B-caroteno, el carotenoide mas abundante. Las prensas en calientes y en frio no mostraron
diferencias en la estabilidad oxidativa del aceite ni en la composicion de acidos grasos.
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1. INTRODUCTION

The Euterpe edulis palm tree belongs to the
Arecaceae family and provides a fruit, known as
jussara, which is similar to the Euterpe oleraceae
fruit, the Amazonian agai. Although being widely
distributed in Brazil, jussara is considerably less
known and less consumed than agai (De Brito
etal.,2007). Itis a fruit native to the Atlantic Forest
which is being threatened with extinction due to
indiscriminate palm heart extraction. Thus, man-
agement of the fruits aiming to obtain new prod-
ucts is considered an important strategy to preserve
the species.

The centrifugation or filtration of jussara pulp,
usually applied as a pre-treatment in jussara pro-
cessing, results in a clarified juice and a cake. This
cake is a by-product which contains significant
amounts of fiber, phenolic compounds and unsat-
urated fatty acid-rich oil and therefore, represents
a valuable residue, which can become a potential
raw material for the recovery of vegetable oil and
bioactive ingredients.

Acgai oil has been recently characterized by
some authors, who found a composition of
around 73% unsaturated fatty acids and 27% satu-
rated fatty acids, being mainly composed of oleic
acid (C18:1), and in minor proportions, palmitic
and linoleic acids (C16:0 and C18:2, respectively)
(Batista et al., 2016; Rufino et al., 2011). Jussara oil
properties were evaluated by Borges et al. (2011),
which observed fatty acids composition similar
to agai oil. However, the carotenoid composition
and oxidative stability, which are important qual-
ity factors for edible oils, were never reported for
this oil.

Therefore, the objective of this work was to
evaluate the fatty acid composition, acid value,
carotenoid profile and oxidative stability of jus-
sara oil, as affected by heat during extraction by
mechanical pressing. The oil was obtained at room
temperature (cold pressing) or at 50 °C (hot press-
ing). Process yield and extraction efficiency were
also evaluated.

2. MATERIALS AND METHODS
2.1. Materials

Frozen jussara pulp was kindly donated by Jugai
(Serrinha do Alambari, RJ, Brazil). The moisture
content in the raw-pulp was determined gravi-
metrically in a vacuum oven SP-104/12 (SPLabor,
Presidente Prudente, Brazil) (method 969.38b,
A.O.A.C., 2000), and oil content was determined
with a Soxhlet apparatus Q308G22 (Quimis,
Diadema, Brazil) using petroleum-ether (99%
purity, lot 1109120R, Tedia, Brazil) for extraction
(method 920.39¢, A.O.A.C., 2000).

2.2. Oil extraction

For oil extraction, the pulp was thawed and
centrifuged in a SIZE 2 centrifuge (International
Equipment Company, Chattanooga, USA), at
406xg. The resulting cake was dried in a tray dryer
at 60 °C, until reaching 10% moisture content.
Then, oil extraction was performed by feeding the
dried cake into a CAS59G expeller press (Oekotec,
Nordrhein-Westfalen, Germany), operating at 25 °C
(cold pressing) or at 50 °C (hot pressing). The jus-
sara cake oil was stored at —20 °C until analysis.

Mechanical extraction performance was evalu-
ated by the oil extraction yield (EY) and oil extrac-
tion efficiency (EE), according to Equations (1)
and (2).

EY (%)= Massofext;iactedozl(g)XIOO (1)
Massof dried cake(g)
EE(%)= Massof extracted oil (g) 100 2)

Mass of total 0il (g)

2.3. Oil characterization

Fatty acid composition. The methyl esters were
prepared according to Hartman and Lago (1973)
and the fatty acid profile was analyzed by gas chro-
matography in Agilent 7890 equipment (Agilent
Technologies, Santa Clara, CA), fitted with a
HP-FFAP capillary column (25 m X 0.2 mm X
0.30 m). Initial column temperature was set at
150 °C and held for 1 min, increased to 180 °C at
30 °C/min, further increased to 200 °C at 20 °C/min
and finally increased to 230 °C at 3 °C/min and was
held for 10 min. Initial pressure was set at 15 psi
and held for 10 min, increased to 25 psi at 5 psi/
min and was held at 25 psi for 11 min. 1.0 pL of
sample was added to an injector operating at 250 °C
and split mode (1:50). FID detector was kept at 280
°C. Identification of FAME was based on the com-
parison of retention times with those of Nu-chek
standards and quantification was done by internal
normalization.

Acid value. The acid value was determined by
titration, according to the method Cd3d-63 of
A.O.C.S. (2012). Results were expressed in mg/g
KOH or in % oleic acid.

Carotenoid profile. Total carotenoid content and
profiles were determined according to Kimura and
Rodriguez-Amaya (2002) and Rodriguez-Amaya
(2001), respectively.

Total carotenoid was determined using a spec-
trophotometer UV-1800 (Shimadzu Corporation,
Kyoto, Japan) at 450 nm.
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The carotenoid profile was analyzed by HPLC
W600 (Waters, Milford, EUA) fitted with an auto-
matic injector 717 Plus using a YMC (Waters"™) C30
column and a photodiode array W26996 detector
at 450 nm. The oven temperature was set at 35 °C.
The flow rate of the mobile phase was 0.8 mL/min,
and the injection volume was 15 pL for both the
standard and sample extracts. The mobile phase
consisted of methanol (A): methyl-terc-butyl ether
(B). A gradient elution was employed with 80 mL
A/20 mL B, 0.0-0.5 min; 75 mL A/25 mL B, 0.5-
15.0 min; 15 mL A/85 mL B, 15.0-15.5 min; 10 mL
A/90 mL B, 15.5-16.5 min; and finally, 80 mL A/20
mL B, until 28 min had passed. Carotenoids were
identified based on their retention times and UV/
Vis absorption spectra, which were compared to the
retention times of the standard carotenoids.

Oxidative stability. Oxidative stability was mea-
sured in Rancimat 743 equipment (Metrohm AG,
Herisau, Switzerland) and the results were expressed
as the Induction Period (IP). Three grams of each
sample, in triplicate, were subjected to accelerated
oxidation at 110 °C with an air flow of 10 L/h.

Statistical analysis. Results were obtained in trip-
licate and statistically analyzed using the software
XLStat (Addinsoft, Paris, France). Mean difference
analysis was performed using Tukey’s test at p < 0.05.

3. RESULTS AND DISCUSSION
3.1. Drying and oil extraction

Jussara raw-cake presented an initial moisture
content of 69.8%, which was reduced to about 10%
after drying under convective air flow at 60 °C. This
water content was selected in preliminary tests with
the aim of achieving the highest oil recovery by
mechanical pressing. Lower moisture content could
lead to oil retention in the cake pores; while higher
moisture content could lead to an undesirable reduc-
tion in friction in the expeller and consequently to a
non-pressed cake.

Figure 1 shows the oil extraction yield and
extraction efficiency achieved with the cold and
hot mechanical pressing of jussara cake. The cake
subjected to hot pressing showed extraction yield
and extraction efficiency values of approximately
20 and 60%, respectively, twice as high as the values
observed for the cold-pressed cake, which indicates
that heating may have promoted cell breakdown,
making oil recovery easier. According to Paula
et al. (2015) and Savoire, Lanoisellé and Vorobiev
et al. (2013), temperature is a parameter that affects
the pressing performance in several ways. The
increase in temperature causes a decrease in oil vis-
cosity, favoring the oil flow, besides altering the cel-
lular structure and plasticity of the raw material.
However, although improving the oil yield, the use
of higher temperatures can also negatively affect the
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FIGURE 1. Oil yield and extraction efficiency of jussara oil
obtained by mechanical pressing (different letters indicate
significant difference between the extraction methods at p < 0.05).

oil quality, since it can accelerate undesirable reac-
tions such as lipid oxidation and degradation of
bioactive compounds.

Similar behavior was reported by Tambunan
et al. (2012) in the extraction of Jatropha seed oil.
The authors used different temperatures (ambient,
50 °C, 60 °C and 80 °C) and observed a significant
increase in oil yield and extraction efficiency when
temperature was increased up to 60 °C, which was
mainly attributed to the lower oil viscosity. The use
of temperatures above 60 °C, however, did not sig-
nificantly affect these parameters.

Although solvent extraction using hexane has
been widely applied in the oil industry, resulting in
higher oil yields, the low sustainability of this process,
together with issues associated to air pollution, toxic-
ity and consumer health, are leading to the search for
alternative green solvents and processes for oil extrac-
tion (Kumar et al., 2017). In this sense, expeller press-
ing and centrifugation have been highlighted from
the ecological point of view, and considered suitable
for edible oil production with no need for additional
refining. Pre-treatments such as enzymatic treatment
and/or different kinds of drying before extraction can
also be suggested in order to improve oil recovery, as
studied by Santana ez al. (2015).

3.2. Oil characterization

Fatty acid composition. Table 1 shows the fatty
acid composition of jussara oil extracted by cold
and hot mechanical pressing. The oils extracted
by both processes did not differ in their fatty acid
composition. Jussara oil presented 74% unsaturated
fatty acids, mainly oleic (C18:1) and linoleic (C18:2)
acids (48% and 24%, respectively), in addition to
24% palmitic acid (C16:0). These values are simi-
lar to those reported by Borges et al. (2011) in the
lipid fraction of jussara fruits collected in five dif-
ferent experimental stations and those reported by
Nascimento et al. (2008) in agai oil.
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TABLE 1. Fatty acid composition of jussara oil extracted

by cold and hot mechanical pressing

TABLE 2. Carotenoid profile of jussara oil extracted by cold

and hot mechanical pressing.

Extraction methods

Fatty acids Cold pressing (%) Hot pressing (%)
Cl16:0 23.75 23.85
Clé6:1 1.29 1.30
C18:0 227 2.25
C18:1 47.64 47.62
Cl18:2 24.15 24.09
Cl138:3 0.90 0.90
PUFA/SFA* 0.96 0.96

"PUFA/SFA = Polyunsaturated/Saturated ratio.

Schulz et al. (2015) also reported oleic acid as the
main fatty acid found in jugara fruit pulp (35-42%
of total fatty acids), followed by palmitic and lin-
oleic acids (25-30%), while stearic, palmitoleic and
alpha-linolenic acids were present in trace amounts.
According to the authors, there was an increase in
monounsaturated and polyunsaturated fatty acid
contents during ripening.

Rufino ez al. (2011) evaluated the fatty acid com-
position of ‘BRS-Para’ agai fruit pulp and verified
that it was composed of 27% saturated, 62% mono-
unsaturated and 11% polyunsaturated fatty acids
(PUFAs), indicating that the jussara oil obtained
in the present work was richer in PUFAs, mainly
C18:2.

In a recent study, Batista ef al. (2016) evaluated
the fatty acid contents of agai oil extracted by super-
critical CO, at different temperatures and pressures.
The authors verified that the amount of saturated
fatty acids varied from 26 to 99%, and the monoun-
saturated fatty acids varied from 0.3 to 70%, while
polyunsaturated fatty acids (12-15%) were only
found in the oil extracted under specific conditions
(50 °C/350 bar, 60 °C/190 bar and 70 °C/220 bar).
This large variation could be attributed to changes
in the solubility of the fatty acids promoted by tem-
perature and pressure in the case of supercritical
CO, extraction.

Regarding the polyunsaturated/saturated ratio
(PUFA/SAT), the oils obtained by both processes
showed the same ratio of 0.96. This value was lower
than those observed for cold pressed oils from
almond (3.19), Brazil nut (1.11), hazelnut (1.29)
and pecan (2.11) (Castelo-Branco et al., 2016).
However, it was higher than the value calculated for
agai oil (0.41), based on the composition reported
by Rufino et al (2011). The higher the PUFA/SAT
ratio, the lower the oxidative stability of edible oils
is. However, in the case of non-refined oils obtained
from fruits, additional factors such as the presence
of antioxidant compounds should be considered
for the estimation of oxidative stability, since they
can protect the oils against oxidation (Chen et al.,

Extraction methods

Cold pressing  Hot pressing
Carotenoids (ng/mL) (png/mL)
Lutein (ug/mL) 16.36 £ 3.85*  23.53 £3.49*
a-Carotene (ug/mL) 1423 £0.44° 1730 £ 0.64°
B-Carotene (ug/mL) 95.81+3.01° 116.61 +3.74
13-cis-B-Carotene (ug/mL) 3.67+0.19° 4.38 £0.52*
9-cis-B-Carotene (ug/mL) 12.86 £0.15°  15.62 +0.78°

Total carotenoids (ug/mL)  151.78 £7.22° 190.12 * 6.64*

Different letters indicate significant difference between the
extraction methods at p < 0.05.

2011), which is the case of carotenoids in jussara oil.
Moreover, according to Veldink ez al. (2007), dietary
intake of PUFAs decreases the risk of developing
amyotrophic lateral sclerosis.

Acid value. Cold and hot pressing resulted in
oils with acid values of 4.26%0.16 mg KOH/g
(2.68%0.10% oleic acid) and 4.29+0.11 mg KOH/g
(2.70£0.07% oleic acid), respectively. These results
are slightly above the limit accepted by Brazilian law
for pressed and crude oils (BRASIL, 2005), which
is 4 mg KOH/g. The high acid value found in jus-
sara oil may be attributed to the possible presence of
endogenous and exogenous enzymes that promote a
partial hydrolysis of triglycerides immediately after
the fruit harvest and, particularly, during jussara
pulp processing. In order to reduce this acid value,
one alternative could be to subject the fruit to a step
of enzyme inactivation with steam immediately after
harvest, which is the procedure generally adopted
before palm oil extraction (Wicke et al., 2008).

Ribeiro et al. (2012b) found an acid value of
5.44 mg KOH/g in pequi oil extracted in an expeller
press and observed that this value increased to 6.06
mg KOH/g after 180 days of storage. Aquino et al.
(2012) reported that the crude buriti oil had an acid
value of 4.27% oleic acid, while in the refined oil
this value was reduced to 0.21%. These values were
higher than those observed for jussara oil in the
present work and confirm the fact that the enzymes
present in fruits can contribute to the hydrolysis
of triglycerides in oils extracted from this type of
matrix, increasing their acid values.

Carotenoid profile. The carotenoids identified in
jussara oil and their respective quantifications, as
well as the total carotenoid content, are presented
in Table 2.

The most abundant carotenoid in jussara oil was
B-carotene, representing 66-67% of all the identified
carotenoids. The oil extracted at 50 °C was richer
in carotenoids when compared to the oil extracted
by cold pressing, showing higher amounts of all the
identified carotenoids. This can be attributed to the
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higher solubility of carotenoids with increasing oil
temperatures (Yuan ez al., 2008).

The carotenoid content of jussara oil was higher
when compared to oils extracted from some fruit
seeds, such as grape, guava, melon, passion fruit,
pumpkin, soursop and tomato, which varied from
4.4 to 11.9 mg/g (Da Silva and Jorge, 2014). Nunes
et al. (2015) observed higher carotenoid contents
(378 png/g) in crude macauba oil extracted by
mechanical pressing, and verified that this value
was drastically reduced to 9 mg/g during refin-
ing. Soltana et al. (2016) extracted the oil from the
achenes of Ficus carica and observed a f-carotene
content of 81.08 mg/g.

Ribeiro et al. (2012a) and Speranza et al. (2016)
found much higher values of total carotenoids for
commercial crude buriti oil (1800 and 782 mg/kg oil,
respectively), which is extracted from an Amazonian
fruit known as a good source of these pigments.
Pequi oil extracted by expeller pressing showed a
total carotenoid content of 24.96 mg/100g (or 249.6
mg/kg), while extraction using ethyl ether and ace-
tone resulted in even higher values (38.95 and 42.66
mg/100g, respectively). In this case, -carotene was
also the main carotenoid identified (Ribeiro et al.,
2012b).

The presence of carotenoids in edible oils is
considered a positive characteristic, mainly due to
their antioxidant properties, which can have func-
tions both in food technology, by increasing oxida-
tive stability, as in human health. Miranda-Vilela
et al. (2014) evaluated the effect of a carotenoid-
rich oil (pequi oil), instead of vitamins C and E,
on the reduction of chemotherapy adverse effects
to normal cells in Ehrlich solid tumor-bearing
mice. The authors observed that the treatments
with pequi oil provided before tumor inoculation
or in continuous and concurrent administration
with doxorubicin were more effective in containing
tumor growth, in addition to increasing immunity
and reducing the adverse side effects associated
with oxidative damage to normal cells.

Oxidative stability. The induction periods (IP) for
the oils extracted by cold and hot pressing were 9.90
+0.69 and 9.94 + 0.39 hours, respectively. These val-
ues are higher than those recommended for refined
oils (BRASIL, 2005).

Santana et al. (2015), studied the oil extraction
from avocado pulp by cold pressing and obtained
an [P of 7.03 hours, using the same conditions of
the present work (110 °C and a flow rate of 10 L/h)
when the pulp was oven dried at 60 °C before extrac-
tion. The authors observed that when the pulp was
oven dried at 45 °C and subjected to an enzymatic
treatment before extraction, the oil had higher oxi-
dative stability (IP of 10.78 hours). Furthermore,
when the pulp was microwave-dried, the oxida-
tive stability was considerably higher, reaching an
IP of 20.84 hours. These results suggest that the

pre-treatment of the material before extraction is an
alternative that should be carefully evaluated, since
it can significantly improve the properties and sta-
bility of the oil.

Compared to other vegetable oils extracted by
cold pressing such as almond, Brazil nut, hazelnut
and macadamia (Castelo-Branco et al., 2016), jus-
sara oil showed higher oxidative stability, with lon-
ger induction periods. This can be related to the
lower PUFA/SFA ratio in jussara oil as compared to
the above-mentioned ones. According to Méndez et
al. (1996), the PUFA/SFA ratio is a measure of the
extent of oil polyunsaturation and, consequently, of
its tendency to undergo autoxidation.

The high oxidative stability of jussara oil can
also be attributed to the carotenoids present in its
composition, which are considered natural antioxi-
dants. These compounds prevent the autoxidation
of oils and fats by providing their hydrogen to react
with the free radicals formed in the initiation and
propagation stages of autoxidation. Therefore, they
prevent the formation of radicals in two ways: by
scavenging them, or by promoting their decomposi-
tion (Young and Woodside, 2001).

4. CONCLUSIONS

Jussara oil extracted by hot and cold mechani-
cal pressing was characterized as an unsaturated
fatty acids-rich oil, mainly composed of oleic and
linoleic acids. Extraction yield was twice as high
for the process performed at 50 °C as compared to
cold pressing. Jussara oil was also characterized as
a carotenoid-rich oil, as compared to specialty oils
from native and tropical Brazilian fruits, which are
mainly composed of B-carotene. Regarding oxida-
tive stability, it was considered more stable than
these oils and this was related to its lower polyun-
saturated/saturated ratio, which expresses the oil’s
tendency to undergo autoxidation.
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