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Phase Equilibrium for Systems Composed by High Unsaturated Vegetable Oil$
Linoleic Acid + Ethanol + Water at 298.2 K

Christianne E. C. Rodrigues] Anderson Filipini,* and Antonio J. A. Meirelles**

Department of Food Engineering (ZEA-FZEA), University dfoJ2aulo (USP), P.O. Box 23, 13635-900 Pirassununga,
S@ Paulo, Brazil, and EXTRAE, Department of Food Engineering (DEA-FEA), State University of Campinas (UNICAMP),
P.O. Box 6121, 13083-862 CampinasoS2aulo, Brazil

This work reports experimental liquidiquid equilibrium data for model systems composed by refined vegetable
oils + linoleic acid+ ethanol+ water at 298.2 K. The experimental data were used for adjusting parameters of
the NRTL and UNIQUAC models. Global deviations between calculated and experimental data not higher than
1 % were obtained for all systems, showing the good descriptive quality of the models.

Introduction (kindly supplied by Campestre, Brazil) from grape seed, garlic,
and sesame seed] were analyzed by gas chromatography of fatty
acid methyl esters in order to determine the fatty acid composi-
tion, according to the official method (1-62) of the AOES.
The fatty samples were prepared in the form of fatty acid methyl
§ esters according to the official method (2-66) of the ACES.

A HP5890 gas chromatograph with a flame ionization detector

appropriate solveritSeveral studies show that deacidification W?s useld unde}r the foIIowir;g.Iexperimental conditions:zfuse
can be conducted using short-chain alcohols as sofvaht,  Silica column of cyanopropylsiloxane 0.28n, 60 m x 0.3

although ethanol has been suggested to be the best solvent fof?™M i-d-; hydrogen as the carrier gas at a rate of 2.5 mL/min;
the process. Ethanol shows low toxicity, ease of recovery in injection temperature of 548.2 K; column temperature of (448.2

the process, and good values of selectivity and distribution 1 498.2) K (rate of 1.3 K/min); detection temperature of 578.2
coefficient for free fatty acid& K. The fatty acids methyl esters were identified by comparison
Experimental data relating to the equilibrium of systems with external s.tgnd.ards purchased from Nu Qhecklnc. (Ely§|an,
composed by vegetable oil$ fatty acids+ solvents are I!_). The quar?t|f|cat|or_1 was accomplished by |nter_nal n_ormr?lllza-
necessary for the design of the equipment that make industrial-1°n- The residual acidity values, expressed as linoleic acid, for
scale liquid-liquid extraction feasible for refining oils. Previous ~ the grape seed oil, garlic oil, and sesame oil were 0.32 mass %,
papers reported equilibrium data for systems composed of 0-11 mass %, and 0.42 mass %, respectively.
vegetable oils and saturated or monounsaturated free fatty acids Experimental Procedure Model fatty systems containing
such as stearic, palmitic, and oleic aclds.%-13 fatty acids and triacylglycerols were prepared by the addition
The aim of the present work was to investigate and to of known quantities of linoleic acid to refined oils. The model
correlate with thermodynamic equations (UNIQUAC and NRTL fatty systems were mixed with the ethanolic solvents, in the
models) the phase equilibrium of vegetable oils with a high level mass ratio oil:solvent 1:1 at (298420.1) K, for determination
of unsaturated fatty acids linoleic acid+ ethanol+ water at of liquid—liquid equilibrium data used to adjust NRTL and
298.2 K. The oils chosen for this study were garlic oil, grape UNIQUAC parameters. In the systems containing garlic oil, pure
seed oil, and sesame seed oil. All these oils exhibit, besideslinoleic acid was used as the fatty acid source. In the case of
their high content of linoleic acid, antioxidant properties, grape seed and sesame seed oils, a commercial linoleic acid
characterizing them as healthy food solutiéhs$ was used.

Liquid—liquid equilibrium data were determined using polypro-
pylene centrifuge tubes (50 mL) (Corning Inc.). The components

Materials. The solvents used in this work were anhydrous Wwere weighed on an analytical balance Adam model AAA200,
ethanol from Merck with purity greater than 99.5 % and aqueous accurate to 0.0001 g. The tubes were vigorously stirred for at
solvents with different water contents (6, 12, and 18 mass %) least 15 min, centrifuged for 10 min at 45p(Tentrifuge Jouan,
prepared by the addition of deionized water (Milli-Q, Millipore) model BR4i), and left to rest fo2 h in athermostatic bath at
to the anhydrous ethanol. (298.2+ 0.1) K (Cole Parmer, model 12101-05). This contact

All fatty reagents used in this study [linoleic acid (99.9 mass time was stated based on a previous study that showed phase
%, Sigma), commercial linoleic acid (Fluka), and refined oils equilibrium was attained afitel h of rest!

After this treatment, the two phases became clear with a well-

The application of liquietliquid extraction technique for the
deacidification of vegetable oils has shown good results in
relation to decreasing the oil acidic value with low losses of
neutral oil and nutraceutical compounds.Liquid—liquid
extraction for oil deacidification is based on the difference o
solubility of free fatty acids and neutral triacylglycerols in an

Experimental Section

;%grz(s)ggnding author. E-mail: tomze@fea.unicamp.br. F&x55-19- defined interface, and the composition of both phases was
T University of S@ Paulo (USP). measured. The concentration of free fatty acids was determined
* State University of Campinas (UNICAMP). by titration (official method 2201 of the IUPAE) with an
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automatic buret (Metrohm, model Dosimat 715). The total The values ofr and q’', volume and area parameters
solvent concentration was determined by evaporation at 313.2necessary for the UNIQUAC model, were calculated via eq 4
K in a vacuum oven (Napco, model 5831). The water concen- where x; is the molar fraction of the triacylglycerols of the
tration was determined by Karl Fischer titration, according to refined oils or the fatty acids of the commercial linoleic acid,
AOCS method Ca 23-55 with a KF Titrino (Metrohm, model v is the number of groupkin moleculej, M; is the average
701). The triacylglycerol concentration was determined by molar mass of the vegetable oils or the fatty acidsis the
difference. number of compounds in the oil or in the fatty ac@,is the

In this work all measurements were performed at least in total number of groups, an& and Q; are van der Waals
triplicate. The uncertainties of the concentrations varied within parameters taken from Magnussen egal.:
the following ranges: (0.01 to 0.45) mass % for refined oils,
(0.01 to 0.28) mass % for fatty acids, (0.01 to 0.40) mass % for 1t & 0 18 & 0
ethanol, and (0.01 to 0.04) mass % for water, being the lowest = '\—/I_zszyk Re o' = '\—A_ZXjZUk Qx 4)
figures obtained for the lowest concentrations. i i

To test the validity of results obtained, the procedure
developed by Marcilla et & was followed. The composition
of all the components was analyzed in the two liquid phases,
and the corresponding triacylglycerol concentration was obtained
by balance in each phase. Consequerntipdependent com-
ponent balances can be written whéris the component of

The estimation of interaction parameters was based on the
minimization of the objective function of composition (eq 5),
following the procedure developed by Stragevitch and
d’Avila: 23

H D N C—1 W_OP,ex_ W_OP,caI 2
system given by inm inm
OF(w) = _—] +
_ ; Z Z Oyop
Moc(W)oc = MopW)op + Map(Wi) ap 1) nm o b cald 2
,eX ,cal

| o Wi~ W
whereMoc is the amount of the initial mixturélop and Map — | (5)
are the amounts of the oil phase and alcoholic phase, respec- Owpp,

tively; wioc is the mass fraction of componenin the initial
mixture; andwiop andwiap are the mass fraction of component whereD is the total number of groups of datd,is the total
i in the oil and alcoholic phases. With theisequations, it is number of tie lines, an€ is the total number of components

possible to calculate the values Mop and Map from the or pseudocompounds in the group of datd. (w is the mass
experimental valuesiop andwiap by a least-squares fitting. If  fraction; the subscripts n, andm are component, tie line, and
M is the matrix formed by the values aofioc, B is the group number, respectively; the superscripts OP and AP stand
transformation matrix (formed by the valueswabp andwiap), for oil and alcoholic phases, respectively; and ex and calc refer
andP is the matrix formed by the amounts of each phager( to experimental and calculated concentratiang, and o,e
andMap), then the previous system can be written as are the standard deviations observed in the compositions of the
two liquid phases.
M =B-P (2) In this work, the following parameters were adjusted:
. ) ) interaction parameters between refined garlic oil f1)pure
Mathematic calculations lead to the expression linoleic acid (4)+ ethanol (6)}+ water (7) and between refined
T grape seed oil (2} commercial linoleic acid (5} ethanol (6)
P=(B'B) B'M 3) + water (7). In the case of systems composed by refined sesame

oil (3) + commercial linoleic acid (5)+ ethanol (6)+ water

(7), the interaction parameters between compounds (5), (6), and
(7) were taken from the parameters adjusted for the grape seed
oil system, being only the interaction parameters with sesame

whereBT is the transpose matrix & and 8"B) ! is the inverse
matrix of B"B). So, the values oMop and Map (matrix P),
which minimize the errors of the previous system, have been

calculated. When the absolute vaIL_Je of the difference of the oil (3) submitted to a new adjustment. For all three adjusting
sum Mop + Map) to MOC_ was higher thar_l 05 %, the cases, the parameters between ethanol (6) and water (7) were
corresponding data were rejected and the tie line was repeated; o1 an from the previous studies on phase equilibrium of the
systems composed by vegetable eilcommercial oleic acid

+ ethanoH- water at 298.2= 0.1 K112 The deviations between

The experimental equilibrium data determined for the model experimental and calculated compositions in both phases were
systems were used to adjust the interaction parameters of thecalculated according to

NRTL and UNIQUAC models. Mass fraction was used as
concentration unit due to the large difference in molecular mass

Modeling Approach

N C
of the components in the systeéf!0121321Rodrigues et af. OP.ex_ . OP calg2 AP.ex_ AP calg2
show the activity coefficient equations, expressed in mass Z Z[(W"“ Wi Y+ oy wn Y1
fractions, according to the NRTL and UNIQUAC models. Aw =10
The adjustments were made by treating the model systems 2NC
refined vegetable oilg- fatty acids+ anhydrous ethanol as a (6)

pseudoternary one and the model systems refined vegetable 0"%{

+ fatty acids+ ethanoH water as pseudoquaternary ones. The esults

systems were considered as composed by a single triacylglycerol The fatty acid compositions of the refined oils are presented
having the refined vegetable oils average molar masses, ain Table 1. From this fatty acid composition, it was possible to
representative fatty acid with the molar mass of the commercial determine the probable triacylglycerol composition of the refined
linoleic acid in the case of systems composed by grape andoils (Table 2) by using the procedure suggested by Antoniosi
sesame oils, ethanol, and water. Filho et al?* In Table 2, the main triacylglycerol represents the



Table 1. Fatty Acid Composition of Refined Oils
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ma garlic oil grape seed oil sesame oil
symbol fatty acid gmol1 mol % mass % mol % mass % mol % mass %
M miristic Cl4:( 228.38 0.00 0.00 0.00 0.00 0.17 0.14
P palmitic C16:0 256.43 14.24 13.14 7.83 7.19 12.38 11.40
Po palmitoleic Ci16:1 254.42 0.00 0.00 0.00 0.00 0.12 0.11
S stearic C18:0 284.49 221 2.26 3.88 3.95 4.19 4.28
@) oleic Cci8:1 282.47 34.05 34.59 20.58 20.80 25.07 25.44
Li linoleic C18:2 280.45 47.86 48.27 66.51 66.72 51.15 51.53
Le linolenic Cc18:3 278.44 0.87 0.87 0.38 0.38 5.87 5.87
A arachidic C20:0 312.54 0.51 0.58 0.26 0.29 0.39 0.44
Ga gadoleic C20:1 310.52 0.26 0.29 0.07 0.08 0.29 0.33
Be behenic C22:0 340.59 0.00 0.00 0.49 0.59 0.37 0.46
aM = molar massP In Cx:y, x= number of carbons ang= number of double bonds.
Table 2. Probable Triacylglycerol Composition of Refined Oils
ma garlic ol grape seed oil sesame oil
main group triacylglycerol gnol1 mol % mass % mol % mass % mol % mass %
50: POP 833.37 1.89 181 1.08 1.04
50:2 PLiP 831.35 2.66 2.53 1.08 1.03 2.27 2.16
52:1 POS 861.45 0.60 0.59 0.74 0.73
52:2 POO 859.40 6.24 6.15 2.16 212 4.09 4.03
52:3 POLiI 857.39 15.24 14.98 7.04 6.89 10.84 10.65
52:4 PLiLi 855.37 10.97 10.77 11.41 11.14 12.15 11.91
52:5 PLelLi 853.37 2.59 2.54
54:2 Sele} 887.46 1.18 1.20 0.88 0.90 1.33 1.35
54:3 000 885.44 6.36 6.46
54:3 SLiO 885.44 4.40 4.59 5.35 5.43
54:4 OLiO 883.43 18.05 18.28 14.24 14.36 13.78 13.96
54:5 OLiLi 881.41 23.33 23.58 27.86 28.03 21.72 21.94
54:6 LiLiLi 879.43 11.60 11.70 30.21 30.33 18.03 18.17
547 LiLeLi 877.38 0.59 0.60 4.89 4.92
54:8 LiLeLe 875.38 0.53 0.53
56:3 OLIA 913.52 0.65 0.68
56:4 LiLiA 911.50 0.64 0.69 0.61 0.64
58:4 LiLiBe 939.55 0.71 0.79
aM = molar mass® In x:y, x = number of carbons (except glycerol carbons) grd number of double bonds.
Table 3. Fatty Acid Composition of Commercial Linoleic Acid Table 4. Average Molar Masses ), Boiling Points (T,), and
symbol  mol%  mass % symbol  mol%  mass % Structural Parameters (" and g)
b
M 0.22 0.8 Li 7208 7241 ME T
P 6.95 6.38 Le 0.41 0.41 compound gmol~t K rif g
° ez 3% A 0.16 018 refined garlic oil (1) 872.00 641.99 0.044035 0.035689
' ' refined grape seed oil (2) 876.07 639.81 0.043947 0.035595
o ) ) refined sesame oil (3) 872.39 640.09 0.043976 0.035628
component of greatest concentration in the isomer set with  pure linoleic acid (4) 280.45 0.044672 0.036676
carbons ang double bonds. commercial linoleic acid (5) 279.18 0.044839 0.036850
Table 3 he f id -, f ial ethanol (6) 46.07 0.055905 0.056177
able 3 presents the fatty acid composition of commercial \qer (7) 18.02 0.051069 0.077713

linoleic acid. This fatty acid was also analyzed by gas chro-

matograph using the methodology described above. The results 2 Oils average molar masses calculated using the procedure suggested
shown in Tables 2 and 3 allow us to calculate the average molarby Antoniosi Filho et ak*  Boiling points at low pressureX(= 1 kPa)
masses of the refined oils and commercial linoleic acid. The caculated according to Ceriani and Meirelfés.

molar masses values obtained as well as volume and areg,ocesses in the edible oil industry usually occur at low pressures

parameters values, calculated by eq 4, are presented in Tablgq 11 kPa)25 This additional information was calculated using

4. Refined grape seed oil, refined garlic oil, refined sesame olil, o procedure suggested by Ceriani and MeiréfeShe

and commercial linoleic acid were treated in this work @S .aicylated results indicate and show that the edible oils are very

pseudocompounds with the average molar masses indicated injmilar, differing only 1.2 K in their estimated boiling points.

Table 4. Tables 5 to 7 present the overall experimental composition
As can be seen in Table 4, the two free fatty acid sources of the mixtures and the corresponding tie lines for the pseudot-

used in this work, pure linoleic acid and commercial linoleic ernary (anhydrous ethanol as solvent) and pseudoquaternary

acid, are similar in terms of average molar masses and structura{aqueous ethanol as solvent) model systems composed by

parameters. According to the paper published by @lwes and
Meirelles!2the distribution coefficients of palmitic (C16:0) and
oleic (C18:1) acids in the systems composed by palm+toil
oleic or palmitic acid+ ethanol+ water are similar, despite

refined garlic oil + pure linoleic acid+ solvent (Table 5),
refined grape seed ot commercial linoleic acidt- solvent
(Table 6), and refined sesame @il commercial linoleic acid
+ solvent (Table 7). All concentrations are given as mass

the difference of two carbons and one double bond in the percentages.

carbonic chain of those fatty acids.

In Table 4, the predicted boiling points at low pressure of
vegetable oils used in this work are shown. Vapliguid

The tie lines based on the experimental data were determined
by linear regression of each corresponding set of overall, oil,
and alcoholic phase concentrations. Correlation coefficients
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Table 5. Liquid—Liquid Equilibrium Data for the System Refined Garlic Oil (1) + Linoleic Acid (4) + Solvent [Ethanol (6) + Water (7)] at
(298.2+ 0.1) K

oca oP AP
100w7¢ 100w 100w 100w 100n7 100w 100w 100w 100n7 100w 100w 100w 100n7
0 50.0 0.0 50.0 0.0 85.8 0.0 14.3 0.0 6.9 0 93.1 0.0
49.0 1.0 50.0 0.0 83.6 0.9 155 0.0 7.2 1.3 91.5 0.0
47.8 2.1 50.2 0.0 82.2 1.9 15.9 0.0 7.9 2.6 89.4 0.0
46.9 3.1 50.0 0.0 79.9 2.8 17.3 0.0 8.5 3.9 87.6 0.0
44.9 5.1 50.0 0.0 74.4 4.6 21.0 0.0 11.8 5.9 82.4 0.0
40.9 10.2 48.9 0.0 56.7 9.4 33.9 0.0 26.9 10.9 62.2 0.0
6.22 50.0 0.0 46.9 3.1 91.9 0.0 7.5 0.6 15 0.0 92.1 6.4
49.3 0.7 46.9 3.1 91.3 0.7 7.4 0.6 15 0.8 91.1 6.7
48.8 12 46.9 3.1 90.2 11 8.2 0.5 1.6 1.3 90.6 6.5
47.8 2.2 47.0 3.1 88.8 2.1 8.3 0.8 1.6 2.4 89.3 6.7
46.9 3.1 46.9 3.1 87.1 3.0 9.1 0.8 1.7 3.4 88.1 6.8
44.9 51 46.9 3.1 84.0 4.9 10.2 0.9 2.1 5.6 85.4 6.9
40.1 10.1 46.8 3.1 75.3 9.9 14.0 0.7 4.3 10.2 79.9 5.7
34.7 15.2 47.0 3.1 65.6 14.9 18.7 0.9 7.0 15.5 72.4 51
29.9 20.3 46.8 3.1 53.6 19.7 25.3 15 12.9 20.6 62.0 4.5
12.27 50.0 0.0 43.9 6.1 94.0 0.0 5.4 0.6 0.6 0.0 86.6 12.8
49.3 0.7 43.9 6.1 93.1 0.9 5.4 0.7 0.4 0.7 85.3 13.6
48.9 11 43.9 6.1 92.7 1.2 55 0.6 0.3 11 85.4 13.2
47.9 2.1 43.9 6.1 91.2 2.3 6.0 0.6 0.2 2.0 84.6 13.2
46.9 3.2 43.9 6.1 89.5 3.5 6.2 0.8 0.2 3.0 83.5 13.3
44.9 51 43.9 6.1 88.3 5.6 5.9 0.9 0.3 4.9 81.3 13.5
39.7 10.2 44.0 6.1 76.9 12.0 9.7 1.4 11 8.5 78.6 11.8
31.0 20.4 425 6.1 58.6 22.3 16.9 2.2 3.8 18.4 67.3 10.5
18.07 49.8 0.0 40.7 9.4 95.0 0.0 4.6 0.4 0.2 0.0 81.9 17.8
49.4 0.6 40.6 9.4 94.2 0.8 4.5 0.5 0.1 0.5 80.6 18.8
48.9 11 40.6 9.4 93.2 15 4.8 0.6 0.1 0.9 80.4 18.6
48.0 2.1 40.6 9.4 91.5 2.8 5.2 0.5 0.2 1.6 79.5 18.8
46.9 3.1 40.6 9.4 89.8 4.1 5.7 0.4 0.1 2.4 78.6 18.9
44.9 51 40.6 9.4 86.5 6.6 6.0 0.9 0.3 3.8 77.4 18.5
40.4 9.7 40.4 9.6 77.1 13.3 8.7 0.9 0.1 6.1 73.6 20.2
29.5 20.5 40.5 9.4 57.4 25.8 14.9 1.9 0.6 14.9 65.6 18.9

aQC = overall composition® OP = oil phase.° AP = alcoholic phase? 100w;s = water mass percentage in the ethanolic solvent.

25

Furthermore, it can be seen that the addition of water to
solvent expands the region of phase splitting, allowing the
refining of highly acidic oils by solvent extraction. In addition
to this, it can be observed that the addition of water to solvent
minimizes the losses of neutral oil to alcoholic phase and of
the solvent to oil phase (see the baseline in the Figures 1 and
2). This fact occurs due to the decrease of mutual solubility
10  Aicozcve-—A-asssnTol between oil and solvent by the presence of the water in the
system.

204 A== U W

Table 8 presents the adjusted parameters of the UNIQUAC
and NRTL models for the systems composed by garlic oil
(system A), grape seed oil (B), and sesame oil (C). The
deviations between experimental and calculated compositions

10 20 30

100(w,+w,) in both phases were calculated according to eq 6 and are shown
Figure 1. System of refined garlic oil (1¥ pure linoleic acid (4} 6.22 in Table 9.
% agueous solvent [ethanol water (7)] at (298.2+ 0.1) K: a, . T . . . .
eg(peqrimental; - NF[RTL modc(e?-n UNI(%J]AC n('nodel_ ) Figure 3 presents the distribution of linoleic acid and refined

oil between the phases for the system composed by refined garlic
around 99 % were obtained for all tie lines, indicating a good ©il 1 linoleic acid+ solvent. It can be observed that the addition
alignment between the experimental data relative to both overall Of Water reduces the solvent capacity of extracting free fatty
and phase concentrations. acids. On the other hand, the loss of neutral oil is highly
suppressed by the water content in the solvent. In this figure,
the good performance of NRTL model to describe the distribu-
tion of fatty compounds between the liquid phases can be noted.

Figures 1 and 2 show the experimental points and the
tie lines calculated using the NRTL and UNIQUAC models
for the systems refined garlic oit linoleic acid+ 6.22 mass
% aqueous ethanol and refined garlic-bilinoleic acid+ 12.27 Experimental and estimated distribution coefficients and
mass % aqueous ethanol, respectively. The equilibrium selectivities for the systems composed by refined grape
diagrams are plotted in triangular coordinates. To represent theseed oil+ commercial linoleic acidt- solvent are shown
pseudoquaternary systems in triangular coordinates, etHanol in Figure 4. These entities were calculated according to
water was admitted as a mixed solvent. Figures 1 and 2 indicateegs 7 and 8 below, where the subsciigs fatty acid and
that both thermodynamic models studied are able to describej is oil. In this case flash calculations were performed for a
with accuracy the phase compositions for the systems investi-model system containing 2 mass % of linoleic acid and dif-
gated. ferent water concentrations in the solvent, fixing the mass
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Table 6. Liquid—Liquid Equilibrium Data for the System Refined Grape Seed Oil (2) + Commercial Linoleic Acid (5) + Solvent [Ethanol (6)
+ Water (7)] at (298.2+ 0.1) K
oc oP AP
100wg 100wy 100w, 100ws 100wg 100wy 100w, 100ws 100wg 100wy

100w7¢ 100w,

H
o
g

0 50.0 0.0 50.0 0.0 86.1 0.0 13.9 0.0 6.2 0.0 93.8 0.0
48.9 11 50.0 0.0 84.7 1.0 14.4 0.0 6.4 1.3 92.3 0.0
47.8 2.2 50.0 0.0 82.7 1.9 15.5 0.0 7.1 2.6 90.3 0.0
46.8 3.2 50.0 0.0 80.1 2.8 171 0.0 6.1 3.7 90.1 0.0
45.0 5.1 49.9 0.0 74.4 4.6 21.0 0.0 11.8 5.7 82.4 0.0
39.8 10.3 49.9 0.0 56.7 9.4 33.9 0.0 26.9 10.9 62.2 0.0
6.22 50.0 0.0 46.9 3.1 93.6 0.0 5.9 0.5 1.4 0.0 91.9 6.7
49.2 0.8 46.9 3.1 91.9 0.8 6.9 0.5 0.8 0.8 92.1 6.2
48.8 12 46.9 3.1 92.4 1.2 5.8 0.6 0.7 1.4 91.0 6.7
47.7 2.2 47.0 3.1 90.9 2.1 6.4 0.6 1.3 2.4 90.1 6.3
46.8 3.2 46.9 3.1 87.9 3.2 8.3 0.6 0.1 35 90.3 6.1
44.7 5.3 46.9 3.1 85.0 5.1 9.5 0.5 1.2 5.6 87.9 5.3
40.1 10.0 46.8 3.1 75.3 9.9 14.0 0.7 4.3 10.2 79.9 5.7
34.8 15.3 46.8 3.1 65.6 14.9 18.7 0.9 7.0 15.5 72.4 51
30.8 20.1 45.9 3.1 53.6 19.7 25.3 15 12.9 20.6 62.0 4.5
12.27 50.0 0.0 43.9 6.1 94.9 0.0 4.7 0.3 0.5 0.0 87.5 12.0
49.2 0.8 43.9 6.1 94.0 1.0 4.7 0.4 0.1 0.8 87.1 12.0
48.8 12 43.9 6.1 93.4 13 4.9 0.5 0.2 1.0 86.7 12.1
47.8 2.2 43.8 6.1 91.9 2.4 51 0.5 0.6 2.0 85.5 11.9
46.8 3.2 43.9 6.1 90.2 3.6 5.9 0.3 0.5 2.9 84.6 12.1
44.8 5.2 43.9 6.1 87.0 5.8 6.6 0.6 0.1 4.7 83.7 11.6
39.6 10.3 44.1 6.1 76.9 12.0 9.7 1.4 11 8.5 78.6 11.8
30.0 20.3 43.6 6.1 58.6 22.3 16.9 2.2 3.8 18.4 67.3 10.5
18.07 50.0 0.0 40.6 9.4 97.6 0.0 2.1 0.3 0.1 0.0 81.9 18.1
49.0 0.8 40.8 9.4 94.9 0.9 3.9 0.3 0.5 0.5 80.1 18.9
48.7 1.3 40.6 9.4 95.0 1.6 3.0 0.4 0.4 1.0 80.6 18.1
47.9 2.1 40.6 9.4 94.4 2.8 2.5 0.3 0.4 1.6 80.0 18.0
46.8 3.1 40.7 9.4 90.8 4.1 4.8 0.4 0.3 2.3 79.7 17.8
44.7 5.3 40.6 9.4 86.8 6.8 6.1 0.4 0.3 3.8 77.5 18.5
40.2 9.9 40.8 9.1 77.1 13.3 8.7 0.9 0.1 6.1 73.6 20.2
29.2 20.6 40.6 9.6 57.4 25.8 14.9 1.9 0.6 14.9 65.6 18.9

aQC = overall composition® OP = oil phase.° AP = alcoholic phase? 100w;s = water mass percentage in the ethanolic solvent.

Table 7. Liquid-liquid Equilibrium Data for the System Refined Sesame Oil (3)+ Commercial Linoleic Acid (5) + Solvent [Ethanol (6) +
Water (7)], at (298.2£0.1) K

oca oP AP¢
100w, 100w3 100ws 100ws 100w, 100w3 100ws 100ws 100w 100w3 100ws 100ws 100w
0 50.0 0.0 50.0 0.0 85.3 0.0 14.7 0.0 6.6 0.0 93.5 0.0
48.5 15 50.0 0.0 82.7 1.5 15.8 0.0 7.0 1.9 91.1 0.0
47.5 2.4 50.1 0.0 81.0 2.3 16.7 0.0 7.5 3.1 89.4 0.0
46.8 3.3 50.0 0.0 79.0 3.1 18.0 0.0 8.2 4.1 87.7 0.0
44.7 5.1 50.2 0.0 74.4 4.6 21.0 0.0 11.8 5.9 82.4 0.0
40.6 10.2 49.2 0.0 56.7 9.4 33.9 0.0 26.9 10.9 62.2 0.0
6.22 49.9 0.0 47.0 3.1 92.7 0.0 6.7 0.6 15 0.0 91.7 6.8
49.1 0.9 46.9 31 91.2 0.9 7.4 0.5 1.2 1.0 91.2 6.5
48.8 1.2 46.9 3.1 91.5 1.1 6.7 0.7 1.3 1.2 90.6 6.9
47.7 2.3 46.9 3.1 89.3 2.1 8.0 0.5 1.0 2.3 90.1 6.6
46.7 3.3 46.9 3.1 87.2 3.1 9.0 0.6 0.3 3.5 89.4 6.8
44.7 5.3 46.9 3.1 84.6 4.9 9.9 0.7 2.0 5.5 86.3 6.2
40.4 10.0 46.6 31 75.3 9.9 14.0 0.7 43 10.2 79.9 5.7
34.7 15.2 47.0 3.1 65.6 14.9 18.7 0.9 7.0 15.5 72.4 5.1
29.9 20.2 46.9 3.1 53.6 19.7 25.3 15 12.9 20.6 62.0 4.5
12.27 50.0 0.0 43.9 6.1 94.8 0.0 4.8 0.4 0.4 0.0 86.6 13.0
49.2 0.8 43.9 6.1 94.5 0.9 4.2 0.5 0.0 0.7 86.4 12.9
48.6 1.4 43.9 6.1 92.2 1.6 5.7 0.5 0.4 15 85.5 12.7
47.5 25 43.9 6.1 90.9 2.7 5.9 0.5 0.3 2.2 84.9 12.5
46.7 3.3 43.9 6.1 89.6 3.5 6.3 0.6 0.3 2.8 85.4 11.6
44.7 5.3 43.9 6.1 86.3 5.6 75 0.6 0.3 45 82.9 12.3
40.0 10.1 43.9 6.1 76.9 12.0 9.7 1.4 1.1 8.5 78.6 11.8
29.9 20.3 43.8 6.0 58.6 22.3 16.9 2.2 3.8 18.4 67.3 10.5
aQC = overall composition? OP = oil phase.* AP = alcoholic phase? 100w;s = water mass percentage in the ethanolic solvent.
ratio between oil and solvent at the value 1:1: Figure 4 shows that the addition of water to ethanol
increases the solvent selectivity, reducing the loss of neutral
wP oil. On the other hand, the fatty acid distribution coef-
ki:_Wop () ficient is reduced with the increase of water content in

! the solvent. Based on this fact, it should be considered
K that a higher number of theorical stages would be neces-
Sy =E 8) iary in order to totally deacidify the oil in an industrial opera-
ion.
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Figure 2. System of refined garlic oil (1} pure linoleic acid (4)+ 12.27

% aqgueous solvent [ethanol (6) water (7)] at (298.2+ 0.1) K: a,
experimental; — -, NRTL model;---, UNIQUAC model.

100 w.¢

Figure 4. Experimental fatty acid distribution coefficier®) and selectivi-
ties @) for systems of refined grape seed oil (2)commercial linoleic
acid (5)+ ethanol (6)+ water (7): prediction by — -, NRTL model;---,

Table 8. UNIQUAC and NRTL Parameters for the Systems with UNIQUAC model.

Refined Garlic Oil, Refined Grape Seed Oil, and Refined Sesame

Oil at (298.2 + 0.1) K 05
UNIQUAC model NRTL model ,Q
A A Al A 04- S
pairij @ K K K K o S
14 27909 —212.48 —2001.4  —119.70 0.69996 0.3 o
16 256.09  —50.397  214.87 1402.6  0.52262 f K
17 50019  —114.35 —1022.4 33595  0.12628 3 / A
25 299.909 —221.19 —1980.6  —127.03 0.69996 02- P -
26 266.86  —62.682  329.87 14083  0.52262 s R
27 49923  —110.32 —1043.3 3870.1  0.12628 e e
35 27830 —212.87 —19855  —111.24 0.69735 01456 LK
36 257.71  —59.762  229.62 1406.3  0.52746 o " v
37 48109  -119.35 —73540  3807.7  0.14089 1 et mmmmnTE T
46 18.5923 —39.008 5077.3 —2003.4  0.21917 0.0 O ESE - T
47 100.32 238.70 24975 14108  0.10121 A A A S
56 17.954 —38.548  5000.0 —2020.2  0.21917 0 5 1015 20 25 30 35 40 45
57 99.383 239.65 2546.1 1400.4  0.10121 100w,
67 33746 —279.92  —10.984 —173.64 0.15018

aRefined garlic oil (1), refined grape seed oil (2), refined sesame oil
(3), linoleic acid (4), commercial linoleic acid (5), ethanol (6), and Water

(7). ® Parameters taken from Rodrigues et ahd Gonalves et al2

30 30 AW (%)
Ko system 10@s UNIQUAC NRTL
25 IR refined garlic 0 1.33 0.58
\ oil 6.22 0.84 0.69
\ 12.27 0.67 0.58
207 / 09N 18.07 0.45 0.85
%g A Z_ \ global deviation of correlation 0.71 0.71
| ’ 2 \ refined grape 0 1.40 0.99
8B or|en Y seed oil 6.22 1.18 0.68
PR 14 ] 12.27 0.70 0.49
104 o 104« . 18.07 0.59 0.97
// // ’ ~ global deviation of correlation 0.98 0.74
/B 'S Qb refined sesame 0 1.62 0.72
s W/, 5. S oil 6.22 0.92 0.59
v A 12.27 0.67 0.68
s " oA global deviation of correlation 0.90 0.63
0 T T T T T T
0 5 101520 25 30 50 60 70 8%P 90 100 Figure 5 shows the partition coefficient of refined sesame
opP . . . g . . A
100w, 100w, oil (ks) as a function of acidity level in the oil (10@°"). It can

Figure 5. Distribution coefficient of refined sesame oil (3) at (2982
0.1) K: O, 100wzs = 0 mass %;a, 100w;s = 6.22 %; v, 100 wss =
12.27 %; -— -, NRTL model;---, UNIQUAC model.

Table 9. Mean Deviations in Phase Compositions

be observed that higher free fatty acid content in the system
increases the partition coefficient of oil. This can be attributed
wzs = 0 mass %A, 100wrs = 6.22 %;v, 100wss = 12.27 %;l, 100w;s to the increase of the oil and solvent mutual solubility at higher
= 18.07 %; -— -, NRTL model. free fatty acid concentration. In this figure, the effect of water

Moreover, these results show that both thermodynamic in the neutral oil loss minimization is confirmed.
models provide a good prediction of linoleic acid distribution
coefficient. In relation to selectivity, the deviation obtained for
UNIQUAC equation was very high in the case of high contents
of water in the solvent.

Figure 3. Distribution diagram at (298.2 0.1) K for systems of refined
garlic oil (1) + pure linoleic acid (4)+ ethanol (6)+ water (7): O, 100

Conclusions

It can be concluded that by adding water to the solvent there
is a large increase in the heterogeneous region and on the
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selectivity, with a slight decrease of the linoleic acid distribution (12) Gon,letl)lves, dC. B-f; B?]tista, E,; Meirel(l)is, IA. J. Ad. Liqﬁidiqtfid

i ; _ equilibrium data for the system corn oleic acid+ ethanol+
coefficient. The estimated parameters of the NRTL and UNI water at 298.15 KJ. Chem. Eng. Dat@002 47, 416-420.
QUAC models seem to be representative. With these parametersy 3) Gonalves, C. B.; Meirelles, A. J. A. Liquidliquid equilibrium data
the modeling and the simulation of liquidiquid extractors for for the system palm oft- fatty acids+ ethanol+ water at 318.2 K.
vegetable oils deacidification are possible. The results presented  Fluid Phase Equilib2004 221, 139-150.

- - P . : (14) Amagase, H.; Petesch, B. L.; Matsuura, H.; Kasuga, S.; Itakura, Y.
in this paper, phase equilibrium for systems involving vegetable Intake of garlic and its bioactive componeritsNutr. 2001 131 955S-

oils with high level of diunsaturated fatty acids, will support 962S.
an ample study about the deacidification of vegetable oils that (15) Molero Ganez, A.; Pereyra Loez, C.; Martnez de la Ossa, E.
is being developed by the authors Recovery of grape seed oil by liquid and supercritical carbon dioxide

extraction: a comparison with conventional solvent extract@irem.
Eng. J.1996 61, 227-231.
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