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ABSTRACT: Two classes of vegetable oils, olive and sun-
flower, were processed by physical refining in a pilot plant with
a capacity of up to 30 L by means of discontinuous deodoriza-
tion, and distillates were recovered by condensing and freezing
using steam and nitrogen as stripping gases. Two heating sys-
tems were evaluated in the deodorizer. In the first, the deodor-
izer oil and the distilled gases were heated so as to maintain the
same temperature in both. In the second, only the oil was
heated, resulting in a difference in temperature between the oil
and the distilled gases. In addition, two different oil tempera-
tures were evaluated for each stripping gas. By means of the first
heating system, the deacidification time for both oils was re-
duced and the efficiency of the process was notably improved.
On the other hand, the higher temperature had a negative influ-
ence over both parameters. For both heating systems the sterol
contents did not suffer significant variations. Substantial varia-
tions in trans FA were not observed, and the composition of FA
remained stable except for linoleic acid, which decreased,
although more slowly than when the temperature was not main-
tained, as a result of the rapid formation of its trans FA.
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The deodorization of edible vegetable oils in a batch process
is a function of the following parameters: the working tem-
perature of the oil, the absolute pressure at the head of the de-
odorizer (gas zone), the stripping gas flow rate, and the height
of the oil layer, which conditions the trajectory of the strip-
ping gas bubbles within the deodorizer. The free space be-
tween the surface of the oil and the gas exit allows some of
the stripped droplets to fall back into the oil due to gravity. At
the same time, distilled droplets condense on the colder sur-
faces within the trajectory to the exit. Traditionally, dry satu-
rated steam is used as stripping gas, and although the use of
nitrogen was proposed a number of years ago (1), it has only
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recently been tested as a stripping gas (with highly successful
results) in a laboratory-scale deodorizer (2,3), at pilot-plant
scale (4,5), and even at industrial scale (6).

The influence of the exit temperature of the deodorizer
gases on the efficiency of deodorization was demonstrated by
Deffense (7) after carrying out laboratory evaluations with
soybean oil enriched with stearic acid. Prieto Gonzdlez et al.
(8) evaluated two heating systems in a pilot-plant deodorizer
to study the effect of exit temperature of the gases. Nitrogen
was used as stripping gas, and two types of mixtures of oils
were employed: (i) refined commercial sunflower oil with
99.9% pure oleic acid and (ii) the same sunflower oil with
liquid distillates from the deodorization of olive oil. Main-
taining the temperature of the gases exiting the deodorizer
increased the deodorization rate and increased process effi-
ciency.

On the basis of the previous satisfactory results, the pres-
ent research was undertaken. The same method was applied
to two vegetable oils—virgin olive oil and sunflower oil—in
order to corroborate the results of the prior study and to ap-
proach as near as possible the conditions of industrial plants.
Two types of stripping gas were employed: dry water vapor
and food-grade nitrogen.

They determined the deacidification rate (FFADR), the
final acidity of the distillates collected in the FA condenser
(FFAC), the efficiency of the process (E), and the composi-
tion of the sterol fraction.

EXPERIMENTAL PROCEDURES

Description of the pilot plant. Physical refining was carried out
in the pilot plant at the Higher School of Industrial Engineer-
ing (ETSII) in Gijon (University of Oviedo, Spain), using a de-
odorizer constructed of AISI 316-L stainless steel (8,9).

The installation consisted of a 30-L capacity cylindrical
deodorizer (250 mm x 600 mm), the base being a semispheri-
cal cap with a flat top and a 120-mm torus ring at the bottom
with 0.5-mm diameter holes drilled at a 45° angle downward
and through which either nitrogen or steam from a steam gen-
erator, with a heat-generating system of a set of electrical ele-
ments, entered. The oil was electrically heated by means of
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ceramic clamps installed on the external casing of the deodor-
izer. The distilled gases were heated by means of heating strips
situated in the space for gases in the deodorizer and in the exit
tube for the gases. Below the deodorizer were a cylindrical
cooling unit for the finished oil, with a water-cooled coil, and a
water-cooled shell and tube FA condenser in which most of the
gaseous distillates were recovered, and a vertical shell and tube
freezer refrigerated with silicon oil at —40°C, in which the re-
maining gases, mainly consisting of sterols, tocopherols, and
hydrocarbons that were not previously condensed, were frozen.
A cylindrical drop separator with two vertical stages was pres-
ent, in which any possible unfrozen remains were condensed,
thus avoiding their entry into the vacuum pump, as well as a
vacuum pump (model PIL-11; MPR, San Sebastidn, Spain) ca-
pable of generating the necessary vacuum with a capacity of
100 m3/h. The entire installation, except for the cooler, was
thermally insulated with 60-mm-thick glass wool and equipped
with an automatic apparatus for registering the temperature and
the working pressure.

Description of the deodorization trials. Sixteen trials, di-
vided into two sets of eight trials each, were carried out, using
13 L oil in each assay. In the first set of trials, raw olive oil
with a free acidity of 7.4% (measured as wt% oleic acid) sup-
plied by the cooperative Jaencooperativa (Villanueva del Ar-
zobispo, Jaén, Spain) was used. This set of trials was divided
into two subsets, using nitrogen as stripping gas in four as-
says and steam in the other four. In two trials of each subset
(one with heating of the exit gases and the other without), the
oil temperature was 245°C, and in the other two, 265°C. A
mass flow rate of 22.5 g/h was employed in the trials with ni-
trogen. In the trials with steam, 65 g/h of water vapor was em-
ployed for olive oil and 56 g/h for sunflower oil.

The second set of eight trials was carried out with raw sun-
flower oil, supplied by SIMSA (Pontejos, Santander, Spain),
repeating the same protocol with the same parameters as
those used for the olive oil of the first set.

The procedure of physical refining employed was the fol-
lowing: Once the required pressure (between 3 and 5 mm Hg)
and the temperature inside the deodorizer reached 90°C, the
deodorizer was loaded with oil by vacuum aspirating from a
tank. The oil was then heated, and a small amount of strip-
ping gas was injected (8 L/h) beginning at 100°C in order to
stir the oil and to avoid localized overheating that would
cause oil damage. Upon reaching 180°C, the full mass flow
of gas was injected. At 225°C, a sample was extracted and its
acidity was determined; this point was designated as # < 0. On
reaching the working temperature, a sample was extracted
every hour, this instant being designated as # = 0. Once de-
odorization was completed, a sample was collected of the dis-
tillates condensed in the FA condenser and in the freezer. The
entire installation was emptied and cleaned with steam and
then dried with compressed air.

Methods. The rate of deacidification was determined in all
the trials by measuring the acidity of the oil during the
process of deodorization, and the final acidity of the distil-
lated gases (in the condensed and in the frozen distillates).
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Obtained were the final acidity, the percentage composition
of FA in the oil, the percentage composition of trans FA, and
the sterol content. For the acidity analysis, the AOCS stan-
dard method (10) was followed. The influence of the deodor-
ization temperature and of the heating systems in the forma-
tion of trans FA was also studied.

The efficiency of the process was likewise calculated in
each trial. In order to study possible variations in the percent-
age composition of the FA, which is traditionally assumed to
be similar to that of the initial oil, this variable was analyzed
in each sample of each deodorization trial.

The acidity of the oil in the deodorizer as a function of
time was approximated by the exponential mathematical ex-
pression y(t) = A - e in which ¥(t) represents the acidity of
the oil at time 7 and k corresponds to FFADR. This value gives
a measurement of the effectiveness of the deodorization: The
lower the FFADR, the greater the time needed to attain a spe-
cific final acidity, and vice versa. The deodorization effi-
ciency, measured as the vaporization efficiency, was ex-
pressed by Vian’s formula (11) and by that described by An-
dersen (12). The acidity of the distillates collected in the FA
condenser supplies the effectiveness of recovery of the oil
stripped by the gases on exiting and is thus an indicator of the
losses produced in the process. The greater the acidity, the
lower the amount of stripped neutral oil.

The statistical technique of blocking with paired compar-
isons (13) was employed to analyze the results and to estab-
lish the influence of the heating system, the temperature of
the oil in the deodorizer, and the amount of stripping gas on
the variables selected to describe the deodorization process.

RESULTS AND DISCUSSION

In the identification of each trial, the asterisk (*) indicates that
heating was carried out (UH = 1). When it is not present, this
means that there was no heating (UH = 0). Table 1 presents
the working conditions for each trial, as well as the different
values for acidity of the olive and sunflower oils during the
period of deodorization for UH = 1 and UH = 0.

For UH = 1, the average pressure inside the deodorizer
varied £ 1 mm Hg, and the temperature of the oil varied
+1.5°C with respect to the preestablished temperature. Like-
wise, the exit temperature of the distilled gases varied +2°C
with respect to the preestablished temperature of each trial.

For UH = 0, the average pressure varied + 1 mm Hg, and
the temperature of the oil varied +1.5°C with respect to the
preestablished working temperature. The exit temperatures of
the gases were: for the olive oil, 173 + 3°C for the trials at
245°C, and 205 = 3°C for the assays at 265°C; for the sun-
flower oil, 150 + 3°C for the trials at 245°C, and 175 + 3°C
for the trials at 265°C.

A slight decrease was observed in the acidity of the olive
oil from # < 0 until # = 0, due to the fact that deodorization
commenced before the preestablished temperature was
reached. A comparison of the values shows that: (i) when
steam was employed, deacidification was always faster than
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TABLE 1
Processing Conditions and Acidity in the Deodorizer (olive and sunflower oils)
Acidity (%)

Trial Stripping gas  m, (h) T€C) PmmHg t, Oh 1h 2h 3h 4h 5h 6h 7h  8h

Olive oil
E41 Steam 245 3.2 6.72 648 521 436 2.00 1.00 0.43 0.20 — —
E39? Steam 65 4.5 411 230 0.87 0.20 0.15 — — — — —
E43 Steam 265 4.2 6.83 3.32 1.60 098 0.38 0.19 0.15 — — —
E407 Steam 4.9 6.87 4.44 0.66 0.20 0.14 — — — — —
E37 N2 245 6.5 7.60 6.97 6.68 6.29 574 539 5.18 4.95 — —
E387 N, 225 7.3 6.99 6.68 6.45 592 511 4.22 3.77 3.50 — —
E36 N, : 265 7.0 6.80 5.39 4.07 3.74 357 343 334 312 295 —
E357 N2 6.2 7.08 476 230 185 1.74 1.72 1.72 1.66 1.67 —

Sunflower oil
E45 Steam 245 4.8 142 137 094 0.59 040 0.37 029 0.24 0.17 —
E492 Steam 56 5.8 144 130 1.11 0.70 0.38 0.18 — — — —
E47 Steam 265 4.4 1.35 130 0.97 0.72 0.58 0.53 0.58 0.60 0.65 —
E487 Steam 5.1 145 1.21 1.00 0.52 0.25 0.19 — — — —
E52 N2 245 1.4 1.50 150 1.43 1.10 1.07 1.01 0.9 0.76 — —
E552 N, 225 3.4 1.54 150 130 130 130 122 122 1.10 1.05 0.87
E53 N, : 265 4.1 163 161 139 129 126 122 1.16 1.15 1.10 —
E542 N2 3.5 1.60 1.48 134 132 1.04 0.76 0.68 0.56 045 0.42

Trials carried out with heating of the exit gases (UH = 1); m

izer; t_

as’

with nitrogen because the amount of steam was greater than
that of nitrogen and (ii) when the exiting distilled gases were
heated, the speed of deacidification was greater than when
there was no heating, when maintaining the same amount of
stripping gas, due to the decrease in refluxing distilled
droplets to the deodorizer because their condensation in the
exit stage was avoided.

Table 2 presents a comparison of FFADR, FFAC, and E re-
sults with UH = 0 and UH =1 for each trial and type of oil.
The values of FFADR were substantially higher for UH = 1
than for UH = 0, and the efficiency quotients were consider-
ably greater than unity. Those values indicate the positive ef-
fects on the process of heating the distilled gases. On the other
hand, the values of FFAC demonstrate that stripping of neu-

mass flow rate of stripping gas; T, assay temperature; P, pressure at the head of the deodor-
oy time to reach T=225°C; 0 h, time to reach the assay T; heating rate 1.7°C/min.

tral oil occurred, being substantially lower when nitrogen was
injected than when injecting steam, which diminishes the
losses in deodorization and increases the purity of the con-
densed distillates. Heating the exit gases had a slightly bene-
ficial effect on FFAC values.

Tables 3 and 4 present the mean and SD of the percentages
of each FA in the samples of olive and sunflower oils, respec-
tively. The percentage of each FA was quite stable, except for
linoleic acid, which decreased moderately. This change may
be due to the rapid formation of its trans FA.

Table 5 presents the variations throughout the process of
the contents of frans FA and sterols for olive oil. No signifi-
cant modifications were observed for sunflower oil. The for-
mation of trans FA was lower for UH = 1 and for steam. The

TABLE 2
Comparison of the Results with UH = 0 and UH = 1 for Raw Olive and Sunflower Oils?
Trial T omy, FFAC,y_; FFACL._,
UH =1 UH=0 (O (gh) FFADRy,_, FFADR,,_, (%) (%) Eun - 1/Eun o
Olive
E39 E41 245 65 0.879 0.684 58 36 1.989
E38 E37 22.5 0.131 0.061 72 48 1.862
E40 E43 265 65 0.775 0.637 54 50 1.902
E35 E36 22.5 0.053 0.049 90 56 1.365
Sunflower
E49 E45 245 56 0.607 0.258 62 16 2.052
E55 E52 22.5 0.031 0.109 79 84 1.503
E48 E47 265 56 0.571 0.090 55 34 1.889
E54 E53 22.5 0.190 0.037 83 80 2.072

“The values of the deodorization variables (FFADR and FFAC) and the quotients of E are compared for equal oil tempera-
tures and stripping gas mass flow rates with respect to the heating method (UH = 1 and = 0); T, processing temperature;

m, as’
ture; FFAC, free FA content; E, free FA vaporization efficiency.

nitrogen mass flow rate; FFADR, FA distillation rate, calculated from t =1 h after reaching the processing tempera-
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TABLE 3

Statistical Results of Percentages of Each FA of the Trials (olive oil)

J.C. BADA GANCEDO ET AL.

Palmitic (%) Stearic (%) Oleic (%) Linoleic (%)
Trial y s y s y s y s
E41 Deod. 10.16 0.11 2.98 0.08 77.73 0.95 3.86 0.21
Cond. 11.15 0.52 3.10 0.04 74.24 — 3.58 0.11
E394 Deod. 10.13 0.22 3.00 0.08 77.11 0.58 3.94 0.25
Cond. 10.65 — 1.66 — 75.91 — 4.21 —
£43 Deod. 10.02 0.23 3.09 0.10 77.49 0.45 3.57 0.47
Cond. 10.88 — 2.90 0.03 75.92 — 3.78 0.22
E40° Deod. 10.15 0.23 3.04 0.08 77.10 0.64 3.48 0.71
Cond. 10.11 0.17 2.86 0.11 76.55 — 3.60 0.33
37 Deod. 10.30 0.35 3.23 0.14 76.47 0.57 3.12 0.54
Cond. — — — — — — — —
E38° Deod. 10.67 0.37 2.96 0.12 77.21 0.64 3.38 0.59
Cond. 10.17 — 3.04 — 76.07 — 3.98 —
36 Deod. 10.80 0.63 3.10 0.21 76.19 1.42 2.22 1.08
Cond. 10.75 — 2.94 — 74.59 — 3.62 —
E354 Deod. 10.47 0.26 3.13 0.10 76.95 0.55 2.34 0.63
Cond. 10.35 0.42 2.24 — 71.06 — 2.17 —

Trials carried out with heating of the exit gases (UH = 1); y, sample mean; s, SD of the sample; Deod., samples taken from
the deodorizer; Cond., samples taken from the FA condenser.

TABLE 4

Statistical Results of Percentages of Each FA of the Trials (sunflower oil)

Palmitic (%) Stearic (%) Oleic (%) Linoleic (%)
Trial y s y s y s y s
£492 Deod. 7.27 0.17 5.70 0.21 25.83 0.68 52.54 2.98
Cond. 11.57 — 6.24 — 30.22 — 39.94 —
E487 Deod. 7.39 0.19 5.84 0.19 26.24 0.57 49.37 5.01
Cond. 8.93 — 5.30 — 23.76 0.42 45.77 0.66
£52 Deod. 6.56 0.04 5.00 0.07 23.54 0.11 58.98 1.50
Cond. — — — — — — — —
E552 Deod. 6.90 0.19 5.32 0.24 24.66 0.66 54.66 3.74
Cond. 12.54 — 5.37 0.04 28.15 — 45.60 2.57
E53 Deod. 6.77 0.06 5.14 0.08 23.77 1.01 51.01 8.08
Cond. — — — — — — — —
E544 Deod. 6.70 0.08 5.25 0.11 24.26 0.24 48.74 9.68
Cond. 9.76 — 3.45 — 22.80 — 45.17 4.51

Trials carried out with heating of the exit gases (UH = 1); ¥, sample mean; s, SD of the sample; Deod., samples taken from
the deodorizer; Cond., samples taken from the FA condenser.

TABLE 5

Content in trans FA of the Olive Oil (% of the total FFA)

Stripping My T P Trans fatty acids (%)
Trial gas (g/h) (°C) (mm Hg) o! Lot Lbe
E41 Steam 65 245 3.2 'Fr::j' 8:2(7) 8'1 5 8_1 5
E39° Steam 65 245 45 'F'::SI 8:; 8_1 5 8.1 5
E43 Steam 65 265 42 :Er:;lt;alll 8:3? 8.33 8.33
E40 Steam 65 265 4.9 'Fr::ﬁ' 8:3‘; 8.3 3 8_ 23
E37 N, 22.5 245 65 IFT:SI 8:3? 8.33 8.33
E38 N, 22.5 245 73 :Er:;lt;alll 8:3? 8.33 8.33
E36 N, 22.5 265 7.0 IFT:;&I” 8:3? 8.33 8.33
E35 N, 22.5 265 6:2 IFT:SI 8:3? 8.33 8.33

“Trials carried out with heating of the exit gases (UH=1); mg,, stripping gas mass flow rate; T, processing temperature; P,
pressure at the head of the deodorizer; OY, isomer 9t of oleic acid; L“!, isomer 9¢,12¢ of linoleic acid; L', isomer 9¢,12¢;
initial, initial content; final, content at the end of the process.
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TABLE 6
Sterols Content at the Beginning and End of the Deodorization Process in Olive Oil (ppm)
Sterols (ppm)
Trial Camp. B-Sit. A5-Av. Others Total
E41 Initial 74 1570+ 170 96 83 1823 £ 155
Final 69 1540 = 166 96 106 1811 + 154
394 Initial 59 1251 £ 135 65 78 1453 + 124
Final 61 1349 £ 146 76 89 1575+ 134
£43 Initial 76 1544 + 167 98 129 1847 + 157
Final 49 1090 £ 118 65 80 1284 + 109
E40° Initial 70 1662 =179 99 109 1940 + 165
Final 52 1152 + 124 70 84 1358 + 115
E37 Initial 79 1272 £ 137 56 94 1501 £ 128
Final 60 1314 £ 142 67 65 1506 + 128
387 Initial 56 1065 + 115 62 67 1250 + 106
Final 58 1275+ 138 71 64 1468 + 125
E36 Initial 49 989 + 108 51 82 1171 £ 100
Final 55 1086 + 118 62 112 1315 £ 112
354 Initial 57 1242 £ 134 64 62 1425 + 121
Final 60 991 £ 107 57 49 1157 £ 98

Trials carried out with heating of the exit gases (UH = 1); camp., campesterol; B-sit., B-sitosterol; A5-av., A5-avenasterol;
others: cholesterol, campestanol, stigmasterol, A7-campesterol, chlerosterol, sitostanol, A-5,24 stigmastadiol, A7-stigmas-
terol; total: total sterols content; initial: initial content; final: final content.

absolute values of the frans FA in olive oil were higher than
those contained in the European Union norm (14), because
we started out with an oil having a high initial frans FA con-
tent and high acidity.

Table 6 presents the values of the most interesting sterols
for olive oil, as well as their total amounts. The AOCS stan-
dards and the statistical method (15) were applied to calcu-
late methodological errors.

Table 7, in which Mgy represents the mass flow rate of
steam consumed and the mass flow rate of nitrogen expressed
in relation to equivalent steam in accordance with Graciani
Constante ef al. (16), presents the values of the coefficients
of significance for the influence of the process variables on
the parameters of the process, applying the statistical tech-
nique of blocking with paired comparisons. The process effi-
ciency was adversely affected by increased mass flow rate of

TABLE 7
Significance Coefficients of the Influence of the Process Parameters
on the Process Variables in Olive and Sunflower Oils (blocked pairs
method)

UH T Mg
(1=0,)-100
Olive
FFADR 95.45 97.20 99.98
E 96.92 94.95 99.08
FFAC 97.82 92.14 95.96
SC — 92.70 90.94
Sunflower
FFADR 92.00 — 95.48
E 93.34 — 97.85
FFAC — — 98.11

(1-0,)-100, significance coefficient; UH, heating; T, temperature; m,,,,
stripping gas mass flow rate; FFADR, deacidification rate; E, efficiency;
FFAC, acidity of the condensates; SC, sterols content.

the stripping gas and by heating the deodorization gases.
Temperature and heating increased the acidity of the conden-
sates collected during the process, and an increase in the strip-
ping gas flow rate reduced the acidities of the condensates.
The total sterols content decreased slightly only when in-
creasing the temperature or stripping gas flow rate and was
not affected by heating system. The speed of deacidification
was favored by heating the exit gases, and by the increase of
the stripping gas flow rate, decreasing with the temperature
of the oil. For sunflower oil, differences in that temperature
of the oil had no significant effects.
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