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a b s t r a c t

The present work reports the influence of some process variables on the losses/transfer of fatty com-
pounds during the deacidification of palm oil by liquid–liquid extraction. The response surface method-
ology (RSM) was used to analyze the effect of the mass ratio of oil to solvent and the water content in the
solvent, aiming to minimize the losses of neutral oil and maximize the transfer of free fatty acids plus
carotenoids preservation. By using appropriate conditions observed in RSM analysis (mass ratio of oil
to solvent equal to 0.74 and water content around 6 mass%), the deacidification of palm oil by continuous
liquid–liquid extraction was performed in a perforated rotating disc contactor (PRDC). The experimental
results indicate that it is possible to obtain refined palm oil with a free acidity lower than 0.1 mass% by
continuous liquid–liquid extraction.

� 2016 Elsevier B.V. All rights reserved.

1. Introduction

The rapid expansion in world production of palm oil over the
last decades has attracted the attention of the oils and fat industry.
Crude palm oil is extracted from the fresh mesocarp of the palm
fruit and contains a small amount of undesirable components
and impurities, such as mesocarp fibers, free fatty acids (FFA),
phospholipids, trace metals, oxidation products, and odoriferous
substances. Thus, as a consequence, palm oil is normally refined
to obtain a stable product, which can be used for direct consump-
tion or for formulation of edible products [1].

Two methods are available for refining crude palm oil: chemical
and physical refining. They differ basically in the manner in which
the free fatty acids are removed (deacidification step). Chemical
refining, which involves neutralization of FFA with a solution of
sodium hydroxide, is not recommended for oils with high acidity,
such as palm oil, because it causes high losses of neutral oil by
saponification and emulsification. Because of its efficiency and
simple effluent treatment, physical refining is the major processing
route for removing FFA from palm oil. However, the drastic condi-
tions in which this process is carried out (temperature in the range
240–260 �C and pressure in the range 1–3 mmHg) led to the com-
plete destruction of carotenoids [2] and to a significant reduction
of tocopherols [3], both important components that confer to palm

oil a high nutritional value, and promote several benefits to human
health [4]. Nevertheless, some studies indicate that the use of
alternative technologies [5] or optimized conditions in the deodor-
ization step of refining [6] can lead to retention of significant
amounts of these important nutraceutical compounds.

The deacidification of oils by liquid–liquid extraction using an
appropriate solvent, such as ethanol, can be an alternative tech-
nique for refining palm oil. As this process is carried out at room
temperature and atmospheric pressure, less energy is consumed
and the oil is submitted to softer treatments, potentially preserving
the nutraceutical compounds. This technique is based on the dif-
ference of solubility of FFA and triacylglycerols in an appropriate
solvent [7]. Previous works indicate the decrease of FFA content
in the oil submitted to solvent extraction, as well as, the losses of
neutral oil and nutraceutical compounds during this process are
also reported [7–15]. Literature also provides liquid–liquid equilib-
rium data for systems containing triacylglycerols (TAG), free fatty
acids (FFA) and short chain alcohols, which are essential to plan-
ning and developing liquid–liquid extraction process [16–26]. In
our prior works [20,21], liquid–liquid equilibrium data of systems
containing palm oil, fatty acids (palmitic and oleic acids), aqueous
ethanol and nutraceutical compounds were measured and
correlated by thermodynamic models.

The present work reports the influence of process variables on
the losses of neutral oil, the transfer of free fatty acids and the
preservation of carotenoids during the deacidification of palm oil
by liquid–liquid extraction. The response surface methodology
(RMS) was used to analyze the effect of process variables, such as
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mass ratio of oil to solvent and water content in the solvent, aiming
to minimize the losses of neutral oil and maximize the transfer of
free fatty acids plus carotenoids preservation. By using appropriate
conditions observed in RSM analysis, the deacidification of palm oil
by continuous liquid–liquid extraction was performed in a perfo-
rated rotating disc contactor (PRDC).

2. Material and methods

In this study, two different samples of bleached palm oil (kindly
supplied by the Agropalma, Pará, Brazil) were used. Both oils were
analyzed by gas chromatography of fatty acidmethyl esters, accord-
ing to the official method Ce 1–62 [27], given that the samples were
prepared in the form of fatty acid methyl esters according to the
official method Ce 2–66 [27]. An HP 5890 gas chromatograph with
a flame ionization detector and an integrator was used under the
following experimental conditions: capillary fused silica column
of cyanopropylsiloxane (60 m � 0.25 lm � 0.32 mm), hydrogen as
the carrier gas at a rate of 2.5 ml min�1, an injection temperature
of 548.2 K, a column temperature of 448.2–498.2 K (1.3 K min�1),
and a detection temperature of 578.2 K. The fatty acidmethyl esters
were identified by comparison with the retention times of NU
CHECK Inc. standards (Elysian, IL, USA) and the quantification was
accomplished by internal normalization.

Fatty acid composition of the bleached palm oil used in the
liquid–liquid equilibrium experiments (for composing the
experimental design) has already been reported by Gonçalves
and Meirelles [20]. Such sample presented 3.88 ± 0.01 mass% of
free fatty acids, determined by titration (official method 2201 of
IUPAC) [28] with an automatic burette (Metrohm, model Dosimat
215, Herisan, Switzerland) and 255 ± 0.01 mg kg�1 of total carote-
noids, determined by spectrophotometry (model Lambda 40, Per-
kin Elmer, Waltham, MA, USA) at 450 nm, according to the
method developed by the Palm Oil Research Institute of Malaysia
(Porim Test Methods) [29], using hexane (Merck, Germany) as sol-
vent and b-carotene 99% (Sigma) as standard. The solvents used
were anhydrous ethanol (from Merck, Germany), with purity
greater than 99.5%, and alcoholic solutions containing 1.91 ± 0.03,
5.76 ± 0.02, 10.00 ± 0.05 and 12.41 ± 0.01 mass% of water, prepared
by the addition of deionized water (Milli-Q, Millipore) to anhy-
drous ethanol. The water concentration in the solvent was deter-
mined by Karl Fisher titration, according to the official method
Ca 23–55 [27].

For the PRDC experiments, a bleached palm oil (BPO) containing
4.23 ± 0.01 mass% of free fatty acids and 225 ± 0.01 mg kg�1 of
total carotenes was utilized. In addition, such sample was charac-
terized in relation to mono-, di-, triacylglycerols and polymerized
triacylglycerols by gel permeation HPLC according to the official
method Cd 22-91 [27] (HPLC system Perkin Elmer model 250,
refractive index detector Sicon Analytic, columns Jordi Gel DVB
300 mm � 7.8 mm id, 0.01 and 0.05 lm, mobile phase tetrahydro-
furane, sample solution 1% (w/v) in tetrahydrofurane); peroxide
value, according to the official method Cd 8b-90 [27]; iodine and
saponification values calculated from fatty acid composition, fol-
lowing AOCS methods Cd 1c-85 and Cd 3a-94, respectively [27];
total tocopherols (tocopherols and tocotrienols) by HPLC (AOCS
official method Ce 8-89 [27]; HPLC system Perkin Elmer model
250, fluorescence detector Shimadzu RF-10 AXL with excitation
wavelength at 290 nm and emission wavelength at 330 nm, col-
umn Merck Li Chrosorb Si 60, 5 lm, 250 mm � 4 mm id, mobile
phase isopropanol in hexane 1:99 (v/v)); total carotenoids,
according to Porim Test Methods [29]; and Lovibond color read
in a Lovibond Tintometer model E in a 5.2500 cell and expressed
in units of yellow (Y), red (R) and blue (B). For the experiments
in the PRDC, neutral ethanol (containing 5.8 mass% of water), food

grade, purchased from Usina Ester (Cosmópolis, Brazil) was used as
solvent.

Physical properties of the oils samples at 45 �C were also mea-
sured. The density measurements were performed using a DMA 58
Density Meter (Anton Paar, Graz, Austria). The dynamic viscosity
data were obtained by an AMV 200 Viscometer (Anton Paar, Graz,
Austria).

In order to compare the characteristics of oils submitted to dif-
ferent steps of refining process. the analysis described above were
also performed in a crude palm oil (CPO), in a refined palm oil
(RPO), both supplied by Agropalma (Pará, Brazil), and in the palm
oil deacidified by liquid–liquid extraction (RPO-LLE) obtained in
this work.

2.1. Response surface methodology

Liquid–liquid equilibrium experiments were accomplished by
mixing bleached palm oil with ethanolic solvents (water content
in solvent varying from 0 to 12 mass%) at different oil to solvent
mass ratios (O/S varying from 0.36 to 2.77). The components were
weighed on an analytical balance (Adam, model A250L, Milton
Keynes, United Kingdom), accurate to 0.0001 g, and placed in
polypropylene tubes (15 ml, Corning Inc., Lowell/MA, USA). The
tubes were vigorously stirred for at least 15 min and left to rest
for 24 h in a thermostatic bath (Cole-Parmer, model 12101-05,
Chicago, IL) at 45 ± 0.1 �C, temperature in which the palm oil
samples were completely in liquid state.

After phase equilibrium is established, samples of both phases
were taken and analyzed. The concentration of free fatty acids
was determined by titration according to IUPAC official method
2201 [28], using an automatic burette (Metrohm, model Dosimat
715, Herisan, Switzerland). The total solvent concentration was
determined by evaporation at 65.0 �C in a vacuum oven (Napco,
model 5831, New York, USA), with an inner absolute pressure
equal to 126 mmHg. The water concentration was determined by
Karl Fischer titration, according to AOCS official method Ca 23-55
[27], with a KF Titrino (Metrohm, model 701, Herisan, Switzer-
land). The quantification of total carotenoids was determined by
spectroscopy at 450 nm, according to Porim Test Methods [29]
[28]. The neutral oil (or triacylglycerol) concentration was deter-
mined by difference. All measures were performed at least in
triplicate.

The response surface methodology was used to investigate the
effect of the oil to solvent mass ratio (O/S) and the water content
in solvent (%Water) on the carotenoids maintenance (CaroteneOil),
losses of neutral oil (LNO) and on the free fatty acid transfer (TFFA)
during one equilibrium stage of the deacidification process by liq-
uid–liquid extraction.

The TFFA and the LNO were calculated by Eq. (1).

TFFA or LNOð%Þ ¼ 100 � m
AP �wAP

i

mOil �wOil
i

ð1Þ

where m is mass, w is mass fraction, AP is alcohol phase and i is free
fatty acid or neutral oil, given thatmOil is the initial mass of palm oil
and mAP is calculated by mass balance.

The carotenoids maintenance was expressed as the respective
content remaining in oil (Caroteneoil, in mg kg�1) after one stage
of equilibrium (Eq. (2)).

CaroteneOilðmg kg�1Þ ¼ 1�wOP
solv

� � � CaroteneOPðmg kg�1Þ ð2Þ
where solv is the solvent (ethanol plus water) and OP is oil phase.

The experimental set was planned to obtain a quadratic model,
consisting of 22 trials plus a star configuration with three
repetitions in central point [30,31]. Response surfaces were built
using the quadratic model for the statistically significant variables.
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