International Food Research Journal 23(3): 998-1004 (2016)

nternational

b——

Journal homepage: http://www.ifij.upm.edu.my

Chia (Salvia hispanica L.) oil extraction using different organic solvents: oil
yield, fatty acids profile and technological analysis of defatted meal

"Silva, C., 'Garcia, V.A.S. and *Zanette, C.M.

!Department of Technology, Department of Technology, Maringa State University (UEM),

Umuarama, PR, Brazil, 87506-370

’Department of Food Engineering., Department of Food Engineering, Midwestern State University

Article history

Received: 2 March 2015
Received in revised form:

8 September 2015

Accepted: 17 September 2015

Keywords

Salvia hispanica L
Linolenic fatty acid
Oil content
Technological analysis

(UNICENTRO),Guarapuava, PR, Brazil 85040-080

Abstract

The aim of this study was to extract oil from the seeds of Chia (Salvia hispanica L.) using
different solvents (ethyl acetate, isopropanol and n-hexane) and varying the seed to solvent
ratio. The fatty acids profiles of the oils were determined and technological analysis of the
defatted meal was carried out. In relation to the oil extraction, higher yields were obtained
with n-hexane and ethyl acetate and it was observed that increasing the amount of solvent had
little influence on the oil yield in the experimental range considered. The major components of
chia oil are linolenic acid (~62%), linoleic acid (~19%), palmitic acid (~9.3%) and oleic acid
(~6.2%). The fatty acids profiles of the oils obtained employing different solvents and seed to
solvent ratios showed no significant differences (p>0.05). For the defatted meal, higher values
for the oil-holding capacity and emulsification activity were observed with the removal of the
oil; however, the nature of the solvent extracts did not affect these properties. Also, the water-
holding capacity was not affected by the extraction process.
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Introduction

Chia (Salvia hispanica L.) is an annual
herbaceous plant which is native to southern Mexico
and northern Guatemala. It is sensitive to daylight
and produces small seeds which vary from white to
dark brown in color. Chia has been cultivated in the
region for thousands of years (Ixtaina et al., 2008;
Ayerza and Coates, 2009; Borneo et al., 2010; Ayerza
and Coates, 2011; Capitani et al., 2012). In recent
years, chia seeds have been included in the human
diet due to the health benefits associated with their
composition (Borneo et al., 2010; Ixtaina et al., 2011;
Capitani et al., 2012). Coorey et al. (2012) reported
that chia is an excellent food, since it is one of the
largest botanical sources of linoleic acid, and it can
easily be added to commercial products. According
to Ixtaina et al. (2008) and Marineli et al. (2014),
chia has been investigated and recommended for use
due to its high percentage of fatty acids which are
beneficial to health, proteins, antioxidants and dietary
fiber.

Early studies on chia seeds mainly reported the
high oil content and the fatty acid composition of
seeds grown under different climatic conditions in
various geographical locations (Palma et al., 1947;
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Taga et al., 1984; Ayerza, 1995; Ayerza and Coates,
2004; Ixtaina et al., 2008; Borneo et al., 2010; Ayerza
and Coates, 2011; Capitani et al., 2012; Pizarro et al.,
2013). According to Borneo et al. (2010) chia seeds
have 25% to 35% of oil, especially polyunsaturated
fatty acids, ~22% of fiber and ~24% of protein
(Ayerza and Coates, 2005; Capitani et al., 2012).

The major constituents of chia oil are
polyunsaturated fatty acids (PUFAs, linolenic and
linoleic acids) (Ayerza and Coates, 1995; Martin et
al., 2006; Peiretti and Gai, 2009; Ixtaina et al., 2011;
Martinez et al., 2012). Essential PUFAS can not be
produced by the human body and must be obtained
from the diet (Pizarro et al., 2013). According to
Ayerza (1995) and Dauksas et al. (2002) chia oil is
a product with variable chemical composition, this
being dependent on factors such as the cultivation
environment and the extraction system used.

In relation to the extraction of vegetable oils, with
the development of the concepts of green chemistry,
the efficiency of solvents which are less harmful to
the environment and provide acceptable yields when
used in low quantities has become a main research
challenge. Since chia oil is mainly used as a food,
the extraction solvents must be compatible with the
requirements of the food industry. In this regard,
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recent studies have highlighted the use of ethyl
acetate (Almeida et al., 2012; Tian et al., 2013),
ethanol (Freitas et al., 2008; Dutta et al., 2014) and
isopropanol (Seth et al., 2007; Dutta et al., 2014;
Ramluckan et al., 2014) for the extraction of vegetable
oils. Also, emphasize the hexane to extract vegetable
oils, considered a less toxic solvent and low boiling
point, which decreases the decomposition of the oil
(Ramalho and Suarez, 2013).

Craig and Sons (2004) reported that the oil
extraction from chia seeds produces a subfraction with
a high content of dietary fiber, which has antioxidant
activity and compounds that confer functional
characteristics when used in other foods. Chia meal
(the seed residue remaining after oil extraction) is a
good source of proteins (19.0-23.0%), dietary fiber
(33.9-39.9%), and compounds with antioxidant
activity (Marineli et al., 2014). It also exhibits some
interesting functional properties which would be
beneficial for its use in the food industry. Functional
properties are generally associated with the presence
of proteins and also dietary fiber (Reyes-Caudillo et
al., 2008; Capitani et al., 2012).

In this context, the objective of this study was
to extract oil from the chia seeds using different
solvents (ethyl acetate, n-hexane and isopropanol)
and evaluate the fatty acids profile of the extracts and
the technological characteristics of the defatted meal.
The experiments were carried out, using an orbital
shaker, with different seed to solvent ratios (1:4, 1:6
and 1:8) at 40 °C and 40 rpm and with an extraction
time of 4 h.

Materials and Methods

Materials

Seed samples of Salvia hispanica L. were
obtained from a local market in Umuarama (PR,
Brazil). The proximate composition of the seeds is
shown in Table 1, determined according to methods
described by Adolfo Lutz Institute (2008). The seeds
were milled using an electric mill (Marconi, MA
750), classified using a Tyler sieve (Bertel, ASTM)
and the fraction classified as 48 mesh was used in
the experiments. For the extractions the following
solvents were used: ethyl acetate (Vetec), n-hexane
(Quimex) and isopropanol (Nuclear). All solvents
and reagents used in this study were of analytical
grade. The standard methyl heptadecanoate (>99%
purity) and derivatives of boron trifluoride-methanol
were obtained from Sigma-Aldrich Chemical Co.

Oil extraction
The extraction of oil from the seeds was carried

Table 1. Proximate chemical composition (%) of chia
seeds

Chemical composition Mean + standard deviation

Moisture 7.82£0.06
Ash 4.77£0.09
Crude protein 18.65 £0.06
Total lipids 35.80 £0.15
Crude fiber 22.78 £0.98

g 100g™" dry base

out in an orbital shaker (Marconi, MA 839/A), where
five grams of chia seeds were placed in Erlenmeyer
flasks with glass stoppers (250 mL) and the solvents
added to give seed mass:volume of solvent ratios
of 1:4, 1:6 and 1:8. The extraction temperature was
40°C, stirring speed 40 rpm and extraction time 4
h, these conditions being selected after preliminary
tests. The extraction method was chosen based on the
results obtained by Oliveira et al. (2013) and Oliveira
et al. (2014) for oil extraction from passion fruit
seeds. After the extraction period the excess solvent
was evaporated in an evaporator (Marconi, MA120)
and the residue remaining was dried in an oven until
constant weight. The extracts were stored under
refrigeration until the time of analysis, which was
performed in duplicate. The oil yield was calculated
as the ratio of oil mass extracted and seed mass used.

Fatty acids determination

In order to determine the total fatty acids
content by gas chromatography, derivatization
of the oil was conducted using BF /methanol
following the AOAC standard method Ce 2-66
(AOCS, 1990). The quantification of fatty acids
in the chia oil was performed using an Agilent
GC 7890 gas chromatograph coupled with a mass
detector MS 8990, fitted with a capillary column
(ZBWAX, 30 m x 0.25 mm x 0.25 um) using the
chromatographic method reported by Garcia et al.
(2012). The compounds present in the chia seed oil
were identified by comparing spectral data with those
provided by the Wiley library. For the quantification
of fatty acids, methyl heptadecanoate was used as the
internal standard.

Technological analysis of defatted meal

After extraction of the oil, the meal samples were
ground and then sieved through a Tyler sieve (Bertel,
ASTM) and the fraction classified as fine flour (100
mesh) was used for the analysis. The values for
the water-holding (WHC) and oil-holding (OHC)
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Table 2. Results for oil yield extracted from chia seeds (g 100g™" of seeds)!

Ratio Solvent
(seeds to solvent) Ethyl Acetate n-hexane Isopropanol
14 30.2320.46% 30.82+0 47+ 23.98+0.53
1:6 289720 66% 31.79+0.52=4 24.28+0.79%¢
18 29.04+0 73 33.55+0.6%4 25.56+0.70%C

Means followed by same lowercase letters (same solvent) and uppercase letters (same conditions)

did not differ statistically (p>0.05).

capacity were determined according to the method
of Bencini (1986). Samples (2 g) were mixed with
20 mL of distilled water or corn oil (Soya) in 50 mL
centrifuge tubes. Each slurry was vortexed for 1 min,
allowed to stand for 30 min and then centrifuged at
2208 x g for 30 min. The values for the water- and
oil-holding capacity are expressed as the number
of grams of water and oil held by 1 g of sample,
respectively. All measurements were carried out in
triplicate.

The emulsification activity was investigated
applying the method described by Dench ez al. (1981).
Samples (5 g) were suspended in 40 ml of distilled
water and the pH was adjusted to pH 7.0 using 0.1
mol L' NaOH. After stirring for 15 min, the pH was
checked and adjusted if necessary, and the volume
made up to 50 ml. Soya oil (50 ml) was added and
blended for 3 min. The emulsion was divided between
two 50 mL centrifuge tubes and centrifuged (1300 g
for 5 min). The ratio of the height of the emulsified
layer to the total height of the fluid was calculated
and the emulsification activity expressed at this ratio
x 100.

Results and Discussion

Extraction yields

The results obtained for the oil yields under the
experimental conditions for the different solvents
tested are shown in Table 2. The solvent with the
highest extraction efficiency was n-hexane, followed
by ethyl acetate and isopropanol, with yields of
33.55%, 30.23% and 25.56%, respectively, and it was
verified that the effect of the solvent on the oil yield
was statistically significant (p<0.05). The results for
the yields are comparable with those reported in the
literature using different extraction methods. Ixtaina
et al. (2011) reported yields of 33.6% and 24.8% for
oil extraction from chia seeds using solvent extraction
at 80°C for 8 h and pressing, respectively. Ixtaina et
al. (2010) reported, for oil extraction using carbon
dioxide as the solvent under supercritical conditions,
~30% vyield at 80°C and 450 bar applying 5 h of
extraction.

The solvents n-hexane, ethyl acetate and
isopropanol have dielectric constants of 1.88, 6.27 and
18, respectively. The dielectric constant of vegetable
oils is in the range of 2 to 4 and these molecules have
a greater affinity for molecules of low or no polarity
(Damodaran et al., 2007). Galvao et al. (2013)
reported that the more polar component has a lower
affinity for oil. Thus, n-hexane, which provided the
highest oil yield, has the lowest dielectric constant
(Monson, 1971).

Another factor to be considered is the polarity of
the solvent, n-hexane is a nonpolar solvent and ethyl
acetate and isopropanol have polarity indexes of 4.4
and 3.9, respectively. It can thus be noted that the
highest oil yields for the extraction from chia seeds
appear to be associated with the use of nonpolar
solvents and polar solvents with a high polarity
index. The efficiency of n-hexane as a solvent in the
extraction of vegetable oils is well known, since it is
traditionally used in this process. The efficiency of
ethyl acetate has been reported by Tian et al. (2013)
for the extraction of pomegranate (Punica granatum
L.) seed oil and the extraction yields (~20%) were
similar to those obtained with n-hexane at 30°C with
an extraction time of 30 min, ultrasonic power of 100
W and 1:10 seed mass:volume of solvent ratio.

From the results reported in Table 2 it can be
observed that the amount of solvent used in the
extraction has a significant effect (p<<0.05) in the
case of n-hexane and isopropanol, and with the use
of ethyl acetate an increased in the amount of solvent
in contact with the seeds did not increase the oil yield
(p>0.05). The results indicate that oil yields of around
30% can be obtained with low amounts of solvent
(1:4) when n-hexane and ethyl acetate are used.

Quantification of total fatty acids in the extracts

The fatty acids composition of the chia seed oil is
reported in Table 3. On average, the fatty acids can be
ranked in the following order of abundance: linolenic
acid (C18:3) > linoleic acid (C18:2) > palmitic acid
(C16:0) > oleic acid (C18:1) > stearic acid (C18:0).
Ixtaina ef al. (2011) reported a similar distribution
between the fatty acids for chia oil obtained from
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Table 3. Quantification of fatty acids in the chia seed oils obtained with different solvents

Solvent Ethyvl A cetate n-Hexane Isopropanol
Ratio (seeds to solvent) 1:4 1:6 1:8 1:4 1:6 1:8 1:4 1:6 1:8
Fatty acids’ Palmitic 918" 995 9048 938 990° 951* 913* 976% 9.65°
Stearic 2.94° 292 298 296 291* 298 293° 289 299°
Oleic 6.22° 635 6127 638 665 6107 656 6877 6.09°
Linoleic 19.44* 1813 18.65° 19.58° 18.10° 1889 19.76 18.23* 18.99°
Linolenic 6148 6233% 62.42° 61.68° 62.42° 62.36° 62.88° 62.92% 62.13°
SFA® 12,12 1287 1246 1234 1281 1249 1206 1265 1264
MUFA® 622 6.35 6.12 6.38 6.65 6.10 6.56 6.87 6.09
PUFA* 80.92 8046 8107 81.26 8052 8115 8164 B8l.15 8llIl2
PUFASFA 6.67 6.25 6.50 6.58 6.28 6.50 6.77 6.41 6.41
06203 031 0.29 0.29 0.21 0.29 0.30 031 0.29 0.30

'Results in g 100 g! of oil

2 SFA - saturated fatty acids

3 MUFA - monounsaturated fatty acids
4PUFA — polyunsaturated fatty acids

solvent extraction (n-hexane) and pressing.

The major components of the oils obtained
under the different experimental conditions were
linolenic acid (®3) and linoleic acid (w6) and it
was reported that the nature of the solvent and the
seed to solvent ratio showed no significant influence
(p>0.05) on the composition of the extracts. The
w6:m3 ratios obtained for the chia oils ranged from
0.28 to 0.31. According to Guimaraes et al. (2013),
the determination of the w6:m3 ratio is important in
relation to assessing the potential health benefits,
since the excessive consumption of w6 accompanied
by the ingestion of low amounts of ®3 is a risk factor
for cardiovascular disorders. The WHO (1995)
stipulates that to maintain a healthy condition, the
human diet must provide w6:w3 ratios of between 5:1
and 10:1. Martin et al. (2006) highlights the need to
reduce the w6:m3 ratio in modern diets due to clinical
outcomes.

Ixataina et al. (2011) noted that the incorporation
of chia seeds in the diet would be very beneficial
due to the high content of PUFAs present in their
composition. In this study, as reported in Table 3,
the PUFA levels in the oils ranged from 80.46%
to 81.64% of the total composition. According to
Bowen and Clandinin (2005) the consumption of
oils with high levels of PUFAs can provide health
benefits. Siriwardhana et al. (2012) highlighted that
n-3 PUFAs are known to have a variety of health
benefits against cardiovascular diseases, including a
well-established hypotriglyceridemic effect.

For the oil extracted from the chia seeds the
polyunsaturated fatty acid/saturated fatty acid

(PUFA/SFA) ratios were >6.28, which is considered
suitable for food products (Matsushita et al., 2006,
2010; Marino et al., 2008; Ramos-Filho et al,
2008; Franca et al., 2011). Diets with a PUFA:SFA
ratio below 0.45 are considered inadequate for this
purpose (London, 1984) because of their potential to
increase blood cholesterol levels. Guimaraes et al.
(2013) reported a PUFA:SFA ratio of 0.79 for sesame
oil and 5.25 for flaxseed oil indicating that these oils
have a good fatty acids balance. In general, the values
for the w6:03 and PUFA:SFA ratios obtained in this
study are similar to those reported in the literature,
for instance, by Ixtaina et al. (2010), Ixtaina et al.
(2011), Uribe et al. (2011) and Marineli et al. (2014).

Technological characteristics of defatted meal

Table 4 shows the values for the water-holding
capacity (WHC), oil-holding capacity (OHC) and
emulsifying activity of the chia defatted meal
obtained from the extraction with different solvents
and without oil extraction. It can be observed that
the defatted meals obtained from the extraction with
the solvents n-hexane, ethyl acetate and isopropanol
showed no significant difference in relation to their
water-holding capacity (WHC), oil-holding capacity
(OHC) and emulsifying activity.

WHC is the ability of a moist material to retain
water when subjected to an external centrifugal
gravity force or compression (Alfredo ef al., 2009).
The chia defatted meals exhibited a WHC of 9.2
to 10.13 g g' and the removal of oil did not have
a significant effect on this property (p>0.05). These
WHC values are higher than those reported by
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Table 4. Water-holding capacity (WHC), oil-holding capacity (OHC) and emulsifying activity for
the defatted meal and seeds without oil extraction (seed to solvent ratio of 1:8)

Without extraction Ethyl Acetate n-Hexane Isopropanol
WHC (zg™) 924037 9.64+0.47 10.13 £0.08° 9.99+0.02¢
OHC (gg™) 1.94=0.09° 2.88+0.04° 2.75 +0.01° 3.07+0.35°
Emulsification activity (%) 66.60° 100.00° 100.00* 100.00°

Mean followed by same letters (on the same line) did not differ statistically (p > 0.05).

Bolanho ef al. (2013) for peach palm stem flour (7.36
g g'!) and Joshi et al. (2015) for defatted seed flours
obtained from black gram, peanut, soybean and rice
(2.66, 2.03, 3.53 and 1.54 g g, respectively). The
high WHC values can be attributed to the presence
of mucilage in the chia seeds, which has excellent
water retention properties (Capitani et al., 2012).
Alfredo et al. (2009) reported that the fiber structure
and high proportions of hemicellulose and lignin
may contribute to the high WHC values obtained for
chia seeds and their derivatives. The WHC values
reported in this study are similar to those reported
by Capitani ef al. (2012) for chia meal obtained after
oil extraction using a solvent (n-hexane) in a Soxhlet
apparatus at 80 °C with an extraction time of 8§ h and
lower than those obtained by Alfredo et al. (2009)
for the fiber-rich fraction obtained from chia seeds.
The WHC results of chia deffated meal suggest the
application in products requiring hydration, viscosity
development and conservation of freshness, such as
baked goods.

The values for the oil-holding capacity and
emulsification activity reported in Table 4 indicate
that the removal of oil contributed to an increase in
these properties. Alfredo et al. (2009) reported that
the fiber-rich chia fraction showed a low oil-holding
capacity (2.2 g g'). The OHC of defatted chia meals
is considered to be low when compared with soya
(3.66 g g") (Chau and Huang, 2003) and high when
compared with the values of 1.03, 2.17 and 1.61 g
g' reported for defatted seed flours of black gram,
peanut and soybean, respectively (Joshi et al., 2015).
The OHC values for this study were below those
reported for the protein isolate of chia seeds and
glutelins of chia seeds, that is, 4.04 and 6.23 g g/,
respectively (Olivos-Lugo et al., 2010).

The emulsifying activity was 100 mL"', which is
similar to the value reported by Capitani et al. (2012)
for chia meals. The high protein content of the chia
meals may contribute to the emulsifying activity,
since most proteins are strong emulsifying agents.

Conclusions

In summary, this study showed that higher
yields for the extraction of chia oil were obtained
with n-hexane and ethyl acetate, and the increased
amount of solvent used had a low influence on the
oil yield. However, the fatty acids composition of
the extracts was not influenced by the solvent used.
The defatted meal showed higher values for the oil-
holding capacity and emulsification activity, but the
process of removing the oil did not affect the water-
holding capacity. It was found that the technological
characteristics of the meals were not influenced by
the type of solvent used for the extraction.

References

Alfredo, V.O., Gabriel, R.R., Luis, C.G. and David, B.A.
2009. Physico chemical properties of fibrous fraction
from chia (Salvia hispanica L.). LWT - Food Science
and Technology 42: 168-173.

Almeida, P.P., Mezzomo, N. and Ferreira, S.R.S. 2012.
Extraction of Mentha spicata L. Volatile Compounds:
Evaluation of Process Parameters and Extract
Composition. Food and Bioprocess Technology 5:
548-559.

Ayerza, R. and Coates, W. 2004. Composition of
chia (Salvia hispdnica) grown in six tropical and
subtropical ecosystems of South America. Tropical
Science 44: 131-135.

Ayerza, R. and Coates, W. 2005. Ground chia seed and
chia oil effects on plasma lipids and fatty acids in the
rat. Nutrition Research 25: 995-1003.

Ayerza, R. and Coates, W. 2009. Influence of environment
on growing period and yield, protein, oil and
a-linolenic content of three chia (Salvia hispanica L.)
selections. Industrial Crop and Products 30: 321-324.

Ayerza, R. and Coates, W. 2011. Protein content, oil
content and fatty acid profiles as potential criteria
to determine the origin of commercially grown chia
(Salvia hispanica L.). Industrial Crop and Products
34: 1366-1371.

Ayerza, R. 1995. Oil content and fatty acid composition
of chia (Salvia hispanica L.) from five northwestern
locations in Argentina. Journal of the American Oil
Chemists Society 72: 1079-1081.

Bencini, M.C. 1986. Functional properties of Drum-Dried



1003

Chickpea (Cicerarietinum L.) flours. Journal of Food
Science 51: 1518-1521.

Bolanho, B.C., Danesi, E.D.G. and Beleia, A.P. 2013.
Peach palm (Bactris gasipaes kunth) characterization
and the potential of by-products flour processing. Food
Science and Technology Research 19: 1061-1069.

Borneo, R., Aguirre, A. and Leén, A.E. 2010. Chia (Salvia
hispanica L) gel can be used as egg or oil replacer
in cake formulations. Journal of the Academy of
Nutrition and Dietetics 110: 946-949.

Bowen, R.A.R. and Clandinin, M. T. 2005. Maternal dietary
22:6n_3 is more effective than 18:3n_3 in increasing
content in phospholipids of glial cells from neonatal
rat brain. British Journal of Nutrition 93: 601-611.

Capitani, M.I., Spotorno, V., Nolasco, S.M. and Tomas,
M.C. 2012. Physicochemical and functional
characterization of by-products from chia (Salvia
hispanica L.) seeds of Argentina. LWT — Food Science
and Technology 45: 94-102.

Chau, C.F. and Huang, Y.L. 2003. Comparison of
the Chemical Composition and Physicochemical
Properties of Different Fibers Prepared from the
Peel of Citrus sinensis L. Cv. Liucheng. Journal of
Agricultural and Food Chemistry 51: 2615-2618.

Coorey, R., Grant, A. and Jayasena, V. 2012. Effect of
Chia flour incorporation on the nutritive quality
and consumer acceptance of chips. Journal of Food
Research 1: 85-95.

Craig, R. and Sons, M. 2004. Application for approval
of whole chia (Salvia hispanica L.) seed and ground
whole chia as novel food ingredients. Advisory
committee for novel foods and processes. Ireland:
Company David Armstrong 1: 1-29.

Damodaran, S. and Parkin, K., Fennema, O.R. 2007.
Fennema’s food chemistry, 4th ed.

Dauksas, E., Venskutonis, P.R., Sivik, B. and Nilson, T.
2002. Effect of fast CO2 pressure changes on the
yield of lovage (Levisticumofficinale Koch.) and
celery (Apiumgraveolens L.) extracts. Journal of
Supercritical Fluids 22: 201:210.

Dench, J.E., Nilo, R.N. and Caygill, J.C. 1981. Selected
functional properties of sesame (Sesamun indicum L.)
flour and two protein isolates. Journal of the Science
of Food and Agriculture 32: 557-564.

Dutta, R., Sarkar, U. and Mukherjee, A. 2014. Extraction of
oil from Crotalaria Juncea seeds in a modified Soxhlet
apparatus: Physical and chemical characterization of a
prospective bio-fuel. Fuel 116: 794-802.

Franga, P.B., Aguiar, A.C., Montanher, P.F., Boroski, M.,
Souza, N.E. and Visentainer, J.V. 2011. Incorporation
and fatty acid composition in liver of Nile tilapia fed
with flaxseed oil. Acta Scientiarum. Technology 33:
221-225.

Freitas, L.S., Jacques, R.A., Richter, M.F., Silva, A.L. and
Camardo, E.B. 2008. Pressurized liquid extraction of
vitamin E from Brazilian grape seed oil. Journal of
Chromatography A 1200: 80-83.

Garcia, V.A.S., Cabral, V.F., Zanoelo, E.F., Silva, C. and
Cardozo Filho, L. 2012. Extraction of Mucuna seed
oil using supercritical carbon dioxide to increase the

Silva et al./IFRJ 23(3): 998-1004

concentration of L-Dopa in the defatted meal. Journal
of Supercritical Fluids 69: 75-81.

Galvao, A.C., Boschi, R., Coelho, K.A., Machado, D.C.,
Zuqui, V. and Robazza, W.S. 2013. Methanol, etanol
and isopropanol solubility in vegetable oils at different
temperatures and atmospheric pressure. Science and
Natura 35: 311-317.

Guimaraes, R.C.A., Macedo, M.L.R., Munhoz, C.L., Filiu,
W., Viana, L.H., Nozaki, V.T. and Hiane, P.A. 2013.
Sesame and flaxseed oil: nutritional quality and effects
on serum lipids and glucose in rats. Food Science and
Technology 33: 209-217.

Adolfo Lutz Institute. 2008. Physical and chemical
methods for food analysis. S3o Paulo: Adolfo Lutz
Institute 1: 1020.

Ixtaina, V.Y., Martinez, M.L., Spotorno, V., Mateo, C.M.,
Maestri, D.M., Diehl, B.W.K., Nolasco, S.M. and
Tomas, M.C. 2011. Characterization of chia seed oils
obtained by pressing and solvent extraction. Journal of
Food Composition and Analyses 24: 166-174.

Ixtaina, V.Y., Veja, A., Nolasco, S.M., Tomas, M.C.,
Gimeno, M., Barzana, E. and Tecante, A. 2010.
Supercritical carbon dioxide extraction of oil
from Mexican chia seed (Salvia hispanica L.):
Characterization and process optimization. Journal of
Supercritical Fluids 55:192-199.

Ixtaina, V.Y., Nolasco, S.M. and Tomas, M.C. 2008.
Physical properties of chia (Salvia hispanica L.)
seeds. Original Research Article. Industrial Crop and
Products 28: 286-293.

Joshi, A.U., Liu, C. and Sathe, S.K. 2015. Functional
properties of select seed flours. LWT - Food Science
and Technology 60: 325-331.

London. 1984. Department of Health and Social Security.
Diet and cardiovascular disease. Report on Health and
Social Subjects 1: 28.

Marineli, R.S., Moraes, E.A., Lenquiste, S.A., Godoy,
A.T., Eberlin, M.N. and Maroéstica-Jr, M.R. 2014.
Chemical characterization and antioxidant potential
of Chilean chia seeds and oil (Salvia hispanica L.).
LWT — Food Science and Technology 59: 1304-1310.

Marino, R., Albenzio, M., Annicchiarico, G., Caroprese,
M., Muscio, A., Santillo, A. and Sevi, A. 2008.
Influence of genotype and slaughtering age on meat
from Altamurana and Trimeticcio lambs. Small
Ruminant Research 78: 144-151.

Martin, C.A., Almeida, V.V., Ruiz, M.R., Visentainer,
J.E.L., Matshushita, M., Souza, N.E. and Visentainer,
J.V. 2006. Acidos graxos poliinsaturados 6mega-3 e
Omega-6: importancia e ocorréncia em alimentos.
Revista Nutricional 19: 761-770.

Martinez, M.L., Marin, M.A., Faller, C.M.S., Revol,
J., Penci, M.C. and Ribo, P.D. 2012. Chia (Salvia
hispanica L.) oil extraction: Study of processing
parameters. LWT - Food Science and Technology 47:
78-82.

Matsushita, M., Justi, K.C., Padre, R.G., Milinsk, M.C.,
Hayashi, C., Gomes, S.T.M., Visentainer, J.V. and
Souza, N.E. 2006. Influence of diets enriched with
different vegetable oils on the performance and fatty



Silva et al./IFRJ 23(3).: 998-1004

acid profile of Nile tilapia (Oreochromis niloticus)
fingerlings. Acta Scientiarum and Technology 28:
125-131.

Matsushita, M., Martins-Jr, A.C., Gomes, S.T.M.,
Macedo, F.A.F., Visentainer, J.V. and Souza, N.E.
2010. Influence of slaughter weight on the proximate
composition and fatty acid profile of feedlot fattened
Lamb meat. Acta Scientiarum and Technology 32:
315-318.

Monson, R.S. 1971. Advanced Organic Synthesis —
Methods and Techniques. Academic Press 1-209.
Oliveira, R.C., Barros, S.T.D. and Gimenes, M.L. 2013.
The extraction of passion fruit oil with green solvents.

Journal of Food Engineering 117: 458-463.

Oliveira, R.C., Guedes, T.A., Gimenes, M.L. and Barros,
S.T.D. 2014. Effect of process variables on the oil
extraction from passion fruit seeds by conventional
and non-convention techniques. Acta Scientiarum and
Technology 36: 87-91.

Olivos-Lugo, B.L., Valdivia-Lopez, M.A. and Tecante, A.
2010. Thermal and Physicochemical Properties and
Nutritional Value of the Protein Fraction of Mexican
Chia Seed (Salvia hispanica L.). Food Science and
Technology International 16: 89-96.

Palma, F., Donde, M. and Lloyd, W.R. 1947. Fixed oils of
Mexico. Part 1. Oil of chia - Salvia hispanica. Journal
American Oil Chemistry Society 24: 27-28.

Peiretti, P.G. and Gai, F. 2009. Fatty acid and nutritive
quality of chia (Salvia hispanica L.) seeds and plant
during growth. Animal Feed Science and Technology
148: 267-275.

Pizarro, P.L., Almeida, E.L., Samman, N.C. and Chang,
Y.K. 2013. Evaluation of whole chia (Salvia hispanica
L.) flour and hydrogenated vegetable fat in pound
cake. LWT — Food Science and Techology 54: 73-79.

Ramalho, H.F. and Suarez, P.A.Z. 2013. The chemistry
of oils and fats and their extraction processes and
refining. Virtual Journal of Chemistry 5: 2-15.

Ramluckan, K., Moodley, K.G. and Bux, F. 2014. An
evaluation of the efficacy of using selected solvents
for the extraction of lipids from algal biomass by the
Soxhlet extraction method. Fuel 116: 103-108.

Ramos-Filho, M.M., Ramos, M.L.L., Hiane, P.A. and
Souza, E.M.T. 2008. Lipid profile of four species of
fish from the Pantanal region of Mato Grosso do Sul.
Ciéncia e Tecnologia de Alimentos 28: 361-365.

Reyes-Caudillo, E., Tecante, A. and Valdivia-Lopez, M. A.
2008. Dietary fibre content and antioxidant activity of
phenolic compounds present in Mexican chia (Salvia
hispanica L.) seeds. Food Chemistry 107: 656-663.

Siriwardhana, N., Kalupahana, N.S. and Moustaid-
Moussa, N. 2012. Chapter 13 — Health Benefits of n-3
Polyunsaturated Fatty Acids: Eicosapentaenoic Acid
and Docosahexaenoic Acid. Advances in Food and
Nutrition Research 65: 211-222.

Seth, S., Agrawala, Y.C., Ghoshb, P.K., Jayasb, D.S.
and Singh, B.P.N. 2007. Oil extraction rates of soya
bean using isopropyl alcohol as solvent. Biosystems
Engineering 97: 209-217.

Taga, M.S., Miller, E.E. and Pratt, D.E. 1984. Chia seeds

1004

as a source of natural lipid antioxidants. Journal of
American Oil Chemistry Society 61: 928-931.

Tian,Y., Xu, Z., Zheng, B. and Lo, Y.M. 2013. Optimization
of ultrasonic-assisted extraction of pomegranate
(Punica granatum L.) seed oil. Ultrasonics
Sonochemistry 20: 202-208.

Uribe, J.A.R., Perez, J.IN., Kauil, H.C., Rubio, G.R. and
Alcocer, C.G. 2011. Extraction of oil from chia seeds
with supercritical CO2. Journal of Supercritical Fluids
56: 174-178.

Official methods and recommended practices of the
American Oil Chemists’ Society (Method AOCS Ce
2-66). 4th ed. Champaign: American Oil Chemistry
Society.

World Health Organization. 1995. Joint Consultation: fats
and oils in human nutrition. Nutrition Reviews 53:
202-205.



