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Deacidification of Vegetable Oils by Solvent Extraction
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Abstract: The refining of edible oils requires a series of purification steps, with the most important being the decrease of
the free fatty acid level of the crude oil. This step is very important for the quality of the final product and has a major
impact on the economic feasibility of the whole process. Several techniques, alternative to the conventional caustic or
steam distillation methods, are suggested in the literature, such as supercritical extraction, membrane technology and
solvent extraction. In the present paper we discuss the main aspects related to the solvent extraction technique, coupled or
not with the conventional methods. The reviewed patents indicate various advantages of a purification process based on
the selective extraction of free fatty acids using short chain alcohols. Its technical feasibility is due to the differences in
solubility of free fatty acids and neutral oil in the proposed solvents. This alternative technique does not generate waste
products and can preserve nutraceutical compounds in the refined oil.

Keywords: Oil deacidification, free fatty acid extraction, ethanol, oil refining, vegetable oil or edible oil, oil extraction, short

chain alcohols, isopropanol or n-propanol.

INTRODUCTION

Oilseeds are the major source for the production of edible
oils that are regarded as an important component of the diet,
an important source of energy, of essential fatty acids (such
as linoleic acid), and of fat-soluble vitamins (such as
vitamins A and E). The total world production of major
oilseeds in 2004 was 380.3 million metric tons with a world-
wide vegetable oil consumption of 105.6 million metric tons
[1].

The crude oil that is extracted from the oilseeds is a
mixture of triacylglycerols, partial acylglycerols, free fatty
acids, phosphatides, pigments, sterols and tocopherols (com-
pounds that present vitamin E activity) [2]. The complete
steps of treatment to make the oil suitable for edible use is
called refining and usually refers to the operations of pre-
treatment, deacidification, bleaching and deodorization [2].

The removal of free fatty acids (deacidification) is the
most difficult step of the oil purification process, mainly
because it has the maximum economic impact on oil
production. Deacidification of oils is industrially performed
by chemical, physical or miscella methods. However, for oils
with high acidity, chemical refining causes high losses of
neutral oil due to saponification and emulsification. The
physical method is also a feasible process for deacidification
of highly acidic oils, since it results in a loss of neutral oil
that is lower than the chemical method, but more energy is
consumed. Moreover, in some cases, the refined oil is
subject to undesirable alterations in color and to a reduction
of stability to oxidation [3].

The refining of crude oil in the solvent extraction plant,
prior to solvent stripping, is termed miscella refining. Tirkay
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and Civelekoglu [4,5] investigated the liquid-liquid extrac-
tion of sulfur olive oil miscella in hexane with aqueous
ethanol solutions. This method has been applied to a variety
of oils but commercially it is used almost exclusively for the
refining of cottonseed oil [6]. This technique makes possible
the production of a light-colored cottonseed oil at a reduced
cost, and with a low refining loss [7]. In spite of the advan-
tages, the miscella refining requires high initial investments
with explosion-proof equipments that limit the application of
this deacidification method.

New approaches for deacidification of vegetable oils
have been proposed in literature, such as biological
deacidification, chemical reesterification, supercritical fluid
extraction, membrane processing, and solvent (or liquid-
liquid) extraction.

Biological deacidification or biorefining can be accomp-
lished in two different ways: by the use of microorganisms
or by enzymatic deacidification. According to Cho, Kwon
and Yoon [8], microorganism system selectively assimilates
free fatty acids (FFA) for its own growth. The disadvantage
of this method is that linoleic acid and short-chain fatty acids
(carbon number less than 12) are not utilized by the
microorganism and sometimes these fatty acids even inhibit
their growth. Studies about enzymatic deacidification have
also gained importance over the years [9-14]; such process
involves the unique ability of some microbial lipases to
esterify FFA into triacylglycerols. Although this process
results in low-energy consumption and high neutral oil yield,
it presents as limitation, the high cost of the enzymes [15].

Chemical reesterification is also a deacidification method
in which FFA is reesterified with the free hydroxyl groups
remaining in the oil (or with added hydroxyl groups from
glycerol) at a high temperature, and in an inert atmosphere,
with or without a catalyst system [16]. Studies about
chemical reesterification of FFA at high temperatures have
been developed since the 19" Century [15], but in a work
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published almost twenty years ago, its combination with the
conventional alkali neutralization was also suggested [17].
Although it provides a high oil yield, this chemical reaction
brings the disadvantage of being random, in contrast with the
enzymatic method. Moreover, the high temperatures used in
this process (until 270 °C) make chemical reesterification a
costly process [18].

The use of carbon dioxide at temperatures and pressures
above its critical point (supercritical fluid extraction, SCFE)
has also been tested as an alternative deacidification process
for oils with high acidity [19]. Such process presents high
selectivity, minimum oil losses and can be accomplished at
low temperatures. On the other hand, SCFE is an expensive
process, and its use is only justified for deacidifying special
oils and fats with high initial acidity, in which the quality
and purity of the extracted components are of great
importance [15].

In the membrane technology, components are separated
by their molecular weight differences. Many works sugges-
ting the use of membranes for deacidification of vegetable
oils, with and without solvents, by using porous or nonpo-
rous membranes, have been found in the literature [20-24].
In fact, membrane process can be accomplished at room
temperature, with low-energy consumption and without
addition of chemicals, providing retention of nutrients and
other desirable components. In contrast, studies have shown
some limitations of this method, because of the small
difference between triacylglycerols and FFA molecular
weights that makes the separation process difficult, and
because of the non-availability of membranes with high
selectivity [15].

The aim of the present review is to discuss aspects
related to deacidification of vegetable oils by the solvent
extraction technology. This paper is based on the application
of such technique to different fatty materials, reported in
patents and articles and on the thermodynamic study, which
guides the liquid-liquid extraction process.

THE SOLVENT EXTRACTION PROCESS

The difference of solubility of fatty acids and neutral
triacylglycerols in an appropriate solvent is the basis of
liquid-liquid extraction for oil deacidification [25,26]. This
process has been receiving attention due to its advantages in
comparison to the physical and chemical refining. As this
process is normally carried out at room temperature and
atmospheric pressure, less energy is consumed and the oil is
submitted to softer treatments. Besides, the liquid-liquid
extraction has the advantages of avoiding the formation of
waste products and reducing the loss of neutral oil. Further-
more, solvent stripping from deacidified oil and solvent
recovery from extract stream can be easily carried out,
because of the high difference between the boiling points of
the solvent, fatty acids and triacylglycerols. In fact, these
operations can be accomplished by evaporation or distilla-
tion at relatively low temperatures, in most cases being lower
than 80°C [27].

The use of solvent extraction for deacidification of
vegetable oils was first proposed by Bollmann [28]. In this
patent the author suggests the use of methyl alcohol, ethyl
alcohol, amyl alcohol, acetone or acetic ester diluted or not
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with water. The suggested process consists in contacting oil
and solvent in successive stages. After each stage, the oil
phase is separated from the solvent before flowing to the
next stage. In every successive stage, the oil repeatedly
encounters pure solvent, so that the process suggested by
Bollmann [28] can be characterized as a crosscurrent one.
The author tested the suggested process for deacidifying
3,000 kg of rape oil with 12 % of free fatty acids using 9,000
kg of 96% alcohol. In another test, 3,000 kg of coconut oil
containing 15% free fatty acids were deacidified by
extraction using 10,500 kg of 92 % methanol.

van Dijck [29] suggested a process combining liquid-
liquid extraction and alkali refining. Free fatty acids from fat
or oils were neutralized by adding a base such as ammonia,
and subsequently the soaps were removed by countercurrent
extraction with a suitable solvent such as ethanol. The free
fatty acid content may be selectively neutralized and the
resulting soaps removed with minimum loss of desirable
triacylglycerols. In fact, the presence of the alcohol prevents
the formation of emulsion and makes easier the separation of
fatty acid salts and triacylglycerols.

Another invention based on liquid-liquid extraction
associated with alkali refining was patented by Nestlé Co.
[30]. The aim of the invention is to provide an industrially
applicable process that selectively and quantitatively
removes the free fatty acids without the disadvantages asso-
ciated with alkali or physical refining. According to the
inventors, free fatty acids are removed by controlled neutrali-
zation in an aqueous medium containing an alcohol or a
polyol. Experimental tests were accomplished in batch
reactors/extractors with controlled conditions of pH and
temperature, leading to the partition of free fatty acids
between a lipid phase and an alcoholic phase. A decisive
advantage of the proposed invention, according to the
authors, is that, in contrast to conventional refining proces-
ses, it is not necessary to add alkali in excess for the
neutralization. This fact avoids the alkaline hydrolysis of the
triacylglycerols and diminishes the losses of neutral oil. The
experiments were conducted in a laboratory scale, for
example using 100 g of coffee oil containing 4.85 % of free
fatty acids and 100 mL of 94 % aqueous ethanol. In another
case, 100 g of rice bran oil containing 9.14 % of free fatty
acids and 150 mL of aqueous ethanol were used.

Swoboda [31] reported a process for refining palm oil
and palm oil fractions. According to the invention of
Swoboda [31], refining of palm oil or palm oil fraction can
be accomplished subjecting the oil to solvent extraction with
an alcohol, optionally in admixture with up to 25% by
weight of water, and bleaching the raffinate of the said
solvent extraction or oil derived therefrom. The extracting
solvent should be mixtures of ethanol and water, or
isopropanol and water, preferably with a composition near
the azeotropic one. According to the author, azeotropic
mixtures are preferred due to the advantages of recycling the
solvent. In this invention, the experiments were carried out
continuously in a countercurrent configuration. Crude palm
oil subjected to solvent extraction may produce a raffinate
containing a concentration of carotenoids similar to, or even
larger than, the concentration of carotenoids in original
source. The author suggests a subsequent alkali washing in
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order to remove phosphorous compounds of non-polar
nature and in order to remove color or color precursors. The
solvent extracted palm oil may be of considerable value
without further substantial refining by virtue of its high
carotenoid content, absence of odor and flavor, and low free
fatty acid level. Since the oil at this stage generally has a
pronounced red color, it may be employed as a coloring
material of natural origin. It may also be employed to
provide a dietary source of vitamin A precursor [31].

A Japanese Patent application by Nippon Oils and Fats,
cited by Hamm [32], suggested that is possible to produce
fish oil fractions enriched in eicosapentaenoic acid (EPA) by
extraction with aqueous acetone. An increase of 85 % in
eicosapentaenoic acid content was achieved by extracting the
original oil, containing 12.88 % of this fatty compound with
ten times its weight of a 9:1 acetone-water mixture.

According to the invention suggested by Plonis and
Trujillo-Quijano [33], the deacidification of palm oil by
liquid-liquid extraction may produce an olein (the fraction of
the palm oil enriched in unsaturated fatty acids) with a
carotene content of 750-1000 mgg™. The proposed solvents
are short chain alcohols or ketones, preferred ethanol,
containing 1 to 25 % (in volume) of water and about 1% of
citric acid. It was also mentioned that the suggested process
may generate a deacidified oil with an enhanced flavor and
aroma, and containing high levels of carotene and reduced
amounts of diacylglycerols and free fatty acids.

Besserman et al. [34] reported a countercurrent liquid/
liquid extraction process for fractionating complex mixtures
of medium and long chain fatty acid triacylglycerol. Medium
chain fatty acid, as used herein, is meant a saturated fatty
acid, unsaturated fatty acid, or mixture thereof, having 6 to
10 carbon atoms and by long chain fatty acid is meant a
saturated fatty acid, unsaturated fatty acid, or mixture
thereof, having 18 to 24 carbon atoms. This application
suggests the countercurrent liquid/liquid extraction for remo-
ving or separating out “light” and “heavy” impurities from
such mixtures in order to provide preferred reduced calorie
fats. The solvent stream used is a polar solvent, such as
anhydrous methanol, aqueous ethanol and methanol/ ethanol
mixtures.

A European Patent application by Matsumoto and co-
workers (cited by Besserman et al. [34]) discloses a process
for removing partial acylglycerols and/or free fatty acids
from fats. The free fatty acids were removed by liquid-liquid
extraction using solvents such as furfural, n-propyl alcohol,
propionitrile, hexane, acetone, methanol and ethanol. This
liquid-liquid extracted material is then subjected to fractional
crystallization with acetone to remove the partial acyl-
glycerols. This application points out that the liquid-liquid
extraction and fractional crystallization do not cause a
change in the triacylglycerols composition.

With the purpose of obtaining rice bran oil enriched with
high levels of tocols - tocopherols and tocotrienols - and
gamma-oryzanol, Cherukuri et al. [35] suggested a liquid-
liquid extraction process using lower aliphatic alcohols (C1
to C6, preferably methanol, ethanol, or isopropanol). The
process involves mixing rice bran oil and alcohol, separating
the alcohol layer and subsequently distilling this layer in
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order to recover enriched rice bran oil. The process was
developed based on experimental runs performed in
separation funnels in a laboratory scale.

In order to enhance the content of polyunsaturated fatty
acids in the edible oil, Parson [36] developed an invention
based on liquid-liquid extraction by selective solvents. The
edible oil increases its polyunsaturated fatty acid content by
a process comprising the contact of the oil with an organic
polar solvent, such as amides containing two lower alkyl
groups, each containing up to 4 carbon atoms attached to the
nitrogen atom of the amide group, particularly N-lower alkyl
pyrrolidones, or methyl derivates and dimethyl formamide.
This invention is based on the observation that triacyl-
glycerols of highly unsaturated fatty acids, commonly found
in natural oils, such as linoleic and linolenic acids, are more
soluble in polar solvents than saturated and monounsaturated
fatty acids. The two liquid phases formed consist of a
fraction of oil rich in linoleic acid, which is preferably
dissolved in the polar solvent, and a lean fraction comprising
the residual oil. The two fractions are separated and the polar
solvent removed from the rich fraction in order to recover oil
enriched in linoleic acid.

PHASE EQUILIBRIUM

The extraction of free fatty acids from fatty materials
using solvents has a long history and several studies had
already shown that, in principle, this process is feasible using
short-chain alcohols as solvent, especially ethanol [25,26,
37-47]. Ethanol has low toxicity, easy recovery in the
process, good values of selectivity and distribution
coefficient for free fatty acids [42, 48-52] and low losses of
nutraceutical compounds [53-56].

Nevertheless, the development of such a deacidification
process and its future use in a industrial scale requires a
systematic study of the corresponding phase equilibrium
involving several oils of commercial and nutritional interest,
as well as studies of the continuous process in a pilot scale.
For this reason our research group is engaged for a long time
in the development of such a deacidification process. Some
of our research works reported equilibrium data for systems
composed by several vegetable oils (canola, corn, palm, rice
bran, cottonseed, garlic, grape seed, sesame seed, Brazil nut
and macadamia nut oils), and saturated, mono and
diunsaturated free fatty acids, such as stearic, palmitic, oleic
and linoleic acids [48-56]. Besides the acquisition of
experimental equilibrium data, our investigations involve the
thermodynamic modeling using group contribution methods
(UNIFAC, ASOG) and molecular models (NRTL, UNIQ-
UAC), the simulation of the deacidification process and
experimental runs in the continuous equipments [27].

Batista et al. [48] reported liquid-liquid equilibrium data
for the systems containing canola oil, oleic acid and short
chain alcohols (such as methanol, anhydrous -ethanol,
isopropanol, n-propanol and aqueous ethanol) at different
temperatures. Figure 1 presents the binodal curves for sys-
tems using solvents such as anhydrous methanol, anhydrous
ethanol or anhydrous isopropanol, at 20°C. The information
about mutual solubility of canola oil and solvent is contained
in the base tie-line of each system. Figure 1 shows
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Fig. (1). Binodal curves for the systems refined canola oil
+ commercial oleic acid + solvents: (-m-) anhydrous methanol;
(- - ®--) anhydrous ethanol; (A) anhydrous isopropanol; at 20 °C.

that the mutual solubility increases and the two-phase region
decreases with an increase in the length of carbon chain. For
anhydrous isopropanol the region of two-phase coexistence
is very small, so that only the mutual solubility oil-solvent
was measured.

Figure 2 shows the heterogeneous regions and the tie-
lines for the system composed by refined canola oil (1) +
commercial oleic acid (2) + solvent (anhydrous ethanol) (3)
at different temperatures (20°C and 30°C). The decrease in
temperature from 30 to 20°C caused an increase in the two-
phase region and only slight changes in the distribution
coefficient.

Oleic Acid (mass %)

Ethanol (mass %)

Fig. (2). Experimental tie-lines and binodal curves for the systems
refined canola oil + commercial oleic acid + solvent (anhydrous
ethanol) at 20 °C (- - m- -) and at 30°C (- ® -).

All the experimental data obtained in this work were
correlated by the NRTL and UNIQUAC models. Although
this system was in fact a multicomponent and very complex
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one, it was simplified, from the thermodynamical point of
view, to a pseudo-ternary one, containing hypothetically a
unique triacylglycerol equivalent to the edible oil. Despite
this simplification, both models, NRTL and UNIQUAC,
were able to describe reasonably well the liquid-liquid
equilibrium data and the corresponding activity coefficients.
Experimental data for systems containing canola oil, oleic
acid, and anhydrous isopropanol at 20°C or anhydrous n-
propanol at 10°C were also measured, but in these cases only
a restricted range of concentrations generates a two-phase
system, so that a solvent extraction process using such
anhydrous solvents was not recommended. The addition of
water to the solvent causes a high impact in the liquid-liquid
equilibrium, mainly decreasing the mutual solubility oil-
alcohol, enlarging the concentration range of phase splitting,
but also decreasing the distribution coefficient of the fatty
acids.

One feasible alternative that can extend the available
liquid-liquid experimental data to other vegetable oils is the
utilization of group contribution methods, such as UNIFAC
and ASOG. Batista et al. [57] readjusted some group
interaction parameters for both models using the experi-
mental data available for systems composed by triolein, oleic
acid or stearic acid and ethanol. Using the new parameters
the predictions of liquid-liquid equilibrium systems
composed by vegetable oils, fatty acids and ethanol were
quite successful.

Gongcalves et al. [49] reported liquid-liquid equilibrium
data for the system corn oil + oleic acid + ethanol + water at
25 °C and different water content (Fig. 3). The authors
showed that a water content in the range of 4 to 6 mass %,
added to the solvent, is appropriate for deacidification by
solvent extraction, since it provides values of fatty acid
distribution coefficient around unity, high values for the
solvent selectivity and minimizes the loss of neutral oil. Such
results were corroborated by Rodrigues et al. [51, 52] in the
phase equilibrium investigations of systems composed by

Oleic Acid (mass %)

Solvent (mass %)

Fig. (3). Binodal curves for the systems refined corn oil +
commercial oleic acid + solvent (ethanol + water): (®) anhydrous
ethanol; (m) ethanol with 5 water mass %; (A) ethanol with 8 water
mass %,; (V) ethanol with 12 water mass %; (#) ethanol with 18
water mass %, at 25 °C.
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macadamia nut, Brazil nut, garlic, grape seed and sesame
seed oils, fatty acids and hydrated ethanol. All the
experimental data obtained in these works were correlated by
the NRTL and UNIQUAC models, resulting always in a
good description of the liquid-liquid equilibrium behavior.

Phase equilibrium data for the system refined rice bran
oil + commercial oleic acid + ethanol + water were
experimentally determined at 25 °C by Rodrigues et al. [53].
The data sets were correlated by the NRTL and UNIQUAC
models, and the adjusted parameters were used in the
prediction of liquid-liquid equilibrium for systems composed
by crude rice bran oil + aqueous ethanol. Despite the
difference in composition of the crude and refined rice bran
oils, both molecular thermodynamic models allow a good
prediction of phase equilibrium. The presence of water in the
solvent minimizes the loss of neutral oil, making the
extraction process more attractive from an economic point of
view. Furthermore, the preliminary studies presented in this
work on the minor component partition show that it is
possible to refine rice bran oil by liquid-liquid extraction
with a minimum loss of nutraceutical compounds, g-oryzanol
(Fig. 4) and tocols (tocopherols and tocotrienols). Fig. 4
shows that the distribution coefficient values for oryzanol are
less than unity and as the water content in ethanol increases
the distribution coefficient decreases, minimizing the loss of
the nutraceutical component.
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0.00

T b T % 1 8 T ; T il T

0 2 4 6 8 10 12 14
Water Content in the Solvent (mass %)

Fig. (4). Distribution coefficient of oryzanol (k) at 25°C for the
systems degummed rice bran oil + free fatty acids + ethanol +
water: (m) experimental; (-----) UNIQUAC model.

In a subsequent work, Rodrigues et al. [54] focused the
behavior of g-oryzanol and tocols in fatty systems containing
crude or refined rice bran oil, free fatty acids, ethanol and
water. Parameters for the NRTL and UNIQUAC models
were adjusted and they describe with accuracy the phase
compositions for the systems investigated. The interaction
parameters between tocols and the others components of the
system were adjusted for the UNIQUAC model using the
approach of infinite dilution. The parameters obtained in this
work, with the parameters published in a previous paper
[53], were tested in the prediction of phase equilibrium for a
system composed by crude rice bran oil from Thailand.
Despite the differences in composition of rice bran oils from
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different sources both thermodynamic models showed
similar results for correlating as well as for predicting
purposes, although the UNIQUAC equation slightly overe-
stimates the extraction of free fatty acids and underestimates
the extraction of nutraceutical compounds. These results
confirm that the approach considering the fatty systems
composed by pseudo-compounds may be successfully used
in the correlation of complex multicomponent liquid-liquid
equilibrium data. The adjusted parameters allow for the
estimation of nutraceutical compound losses during the
deacidification of rice bran oil by liquid-liquid extraction.

Gongalves and Meirelles [50] reported liquid-liquid
equilibrium data for model systems containing palm oil +
palmitic acid + ethanol + water and palm oil + oleic acid +
ethanol + water at 45°C, with different water contents. The
experimental data set was used to adjust the parameters of
the NRTL and UNIQUAC models. The adjusted interaction
parameters were used to predict the liquid-liquid equilibrium
of real systems composed by bleached palm oil (which
contains free oleic and free palmitic acids, mainly) +
aqueous ethanol. It was found that the main free fatty acids
(palmitic and oleic) presented experimental distribution
coefficients close to unity.

Liquid-liquid equilibrium data for the system refined
cottonseed oil + commercial linoleic acid + ethanol +water,
at 25°C, was published by Rodrigues et al. [55]. In this paper
the influence of the solvent on the distribution coefficient of
tocopherols was also studied (Fig. 5). Figure 5 shows that the
distribution coefficient values for tocopherol are less than
unity and as the water content in ethanol increases, the
distribution coefficient decreases, minimizing the loss of the
nutraceutical component. UNIQUAC and NRTL interaction
parameters between tocopherols and the other pseudocom-
ponents were determined assuming that the nutraceutical
compound is present at infinite dilution in the liquid-liquid
equilibrium system.
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Fig. (5). Distribution coefficient of tocopherols (k) at 25°C for the
systems cottonseed oil + commercial linoleic acid + ethanol +water.
Free fatty acids content in the oil: (m) 0 mass %; (D) 2.5 mass %;
(®) 5 mass %,; () 10 mass %; ('¥) 15 mass %; (O) 20 mass %; (-
- -) NRTL model
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Gongalves et al. [56] studied the partition of nutraceutical
compounds in the deacidification of palm oil by solvent
extraction. Figure 6 shows that the addition of water to the
ethanolic solvent decreases the distribution coefficients of
carotenoids. This means that increasing the concentration of
water, the capacity of the solvent to extract this nutraceutical
compound decreases. It can be also observed that for all
aqueous ethanol solutions used, the distribution coefficient
of carotenoids was less than unity, indicating their preference
for the oil phase. This effect is benefic, since it demonstrates
that most of the carotenoids remain in the deacidified oil.
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Fig. (6). Distribution coefficient of carotenoids (k) at 45°C for the
systems palm oil + free fatty acids + ethanol + water: (®)
experimental; (-++-) UNIQUAC model.

Pina and Meirelles [27] investigated the deacidification
of corn oil by continuous liquid-liquid extraction in a
rotating disk column (RDC), using ethanol with approxi-
mately 6 mass % of water. The dispersed phase holdup
observed in the equipment increased with the increase of the
rotor speed and of the oil phase flow, suggesting that the
mass transfer area also increases as a consequence of those
changes in the operational conditions. Volumetric mass
transfer coefficients were also measured, as a function of
rotor speed and of oil/solvent ratio, so that a preliminary
basis for designing continuous equipment for oil deacidi-
fication by solvent extractions is now available. The results
proved that it was feasible to obtain deacidified oil with an
oleic acid content lower than 0.3 mass % [58] using a
column with a extraction zone of 1 m high and a feed oil
with acidity not higher than 3.5 mass %. In these
experiments, the loss of neutral oil dissolved in the solvent
phase varied in the range of 2.0 to 5.9 % of the amount of
neutral oil fed into the column. This loss of neutral oil is
significantly lower than the results reported in the literature
for alkali or physical refining of corn oil [3, 59].

Hamm [32] reported that a reduction of the free fatty acid
content to a value of 1 % can easily be accomplished in a
contactor having ten to fifteen theoretical stages, provided
that solvent to crude oil flow ratio of at least 2 is used and
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that the remaining free fatty acids is removed by
neutralization with alkali after desolventization.

Batista et al. [60] simulated the deacidification of crude
corn oil by liquid-liquid extraction using aqueous ethanol as
solvent. The crude oil feed in the extractor was composed by
14 main triacylglycerols, 12 main diacylglycerols and 9 fatty
acids. The solvent to crude oil flow ratio, the number of
stages and the water percent in ethanol could be selected to
guarantee minimum free fatty acid content in the refined oil
with minimum loss of neutral oil in the solvent phase. The
optimization study was carried out by surface response
analysis based on the results from a factorial design and
regression analysis of the simulation results. The best
combination of operational and constructive conditions for
guaranteeing a minimum loss of neutral oil and a
concentration of free fatty acid lower than the required value
of 0.3 mass % in the refined oil [58] was the following: a
solvent to crude oil flow ratio of 1.27 in a column with ten
theoretical stages and ethanol with 5.75 mass % of water as
solvent. They selected a value for the solvent to oil flow ratio
lower than that suggested by Hamm [32] and obtained a
lower level of free fatty acids in the refined oil, so that a
subsequent alkali deacidification step was not required. In
the specified optimal conditions, the loss of neutral oil
reported by Batista et al. [60] was equal to 2.4 %, much
lower than the values presented in literature [3, 59], and 60.7
% of diacylglycerols feed in the extractor was transferred to
the solvent phase.

A recent work published by Rodrigues et al. [61] reports
the influence of process variables on the losses of g-oryzanol,
tocols and neutral oil, and on the transferred amount of free
fatty acids during the deacidification process of rice bran oil
by liquid-liquid extraction. The influence of variables such
as acidity content in the oil, water content in the ethanolic
solvent and oil to solvent ratio were analyzed using the
response surface methodology. The main goal was to
maximize the transfer of free fatty acids and minimize the
losses of neutral oil and nutraceutical compounds. In general,
the results showed that the total deacidification of rice bran
oil by liquid-liquid extraction is possible, and the losses of
neutral oil and nutraceutical compounds are controlled by the
water concentration in the solvent.

The mentioned patents and research works confirm the
technical feasibility of oil deacidification by solvent
extraction. Furthermore, the experimental equilibrium data,
the corresponding thermodynamic modeling for estimation
of activity coefficients, and the mass transfer data obtained
in continuous equipments will certainly help in designing
industrial-scale equipments for oil deacidification by solvent
extraction. Nevertheless, oil refining involves a series of
purification steps, such as degumming, bleaching, dewaxing,
deodorization that are interconnected with the deacidification
step. Unfortunately, the influence of the deacidification by
solvent extraction upon the whole sequence of purification
steps was not investigated with the required depth. This
aspect helps to explain the reason why this technique was not
tested in an industrial scale until now, despite its technical
feasibility.

Another aspect is its economic feasibility. The deacidi-
fication by solvent extraction involves at least three
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equipments, a liquid-liquid extraction column, a stripper for
desolventising the refined oil and a column for recovering
the solvent of the extract stream. Besides the capital costs,
the energy requirement for evaporating the solvent must be
taken into account. Such capital and energy costs must be
compared with the costs of a high vacuum and high
temperature equipment used in the physical refining and with
the costs of centrifuging and waste treatment required in the
chemical refining.

CURRENT & FUTURE DEVELOPMENTS

The present review indicates that oil deacidification by
solvent extraction is a feasible process from a technical point
of view. The selection of an appropriate solvent, particularly
ethanol, and the addition of low amounts of water to this
solvent guarantee a low loss of neutral oil without comp-
romising the solvent capacity of extracting free fatty acids.
The loss of nutraceutical compounds is also minimized.
Nevertheless, the use of such a process in an industrial scale
requires further investigations. Aspects related to the
combination of the deacidification step by solvent extraction
and other steps of the whole refining process (degumming,
bleaching, dewaxing, deodorization) should be considered.
The quality of the final product must be investigated in depth
and the recovery of the solvent from the raffinate and extract
streams should also be evaluated. At last, an economic
analysis is necessary in order to estimate the eventual cost
benefits of replacing the conventional caustic or steam
distillation methods by the alternative solvent extraction
technique.
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