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Abstract

Soybean oil deodorized distillate (SODD) is a byproduct from refining edible
soybean oil; however, the deodorization process removes unsaponifiable
materials, such as sterols and tocopherols. Tocopherols are highly added
value materials. Molecular distillation has large potential to be used in order
to concentrate tocopherols, because it uses very low levels of temperatures
because of the high vacuum and short operating time for separation and,
also, it does not use solvents. However, nowadays, the conventional way to
recover tocopherols is carrying out chemical reactions prior to molecular dis-
tillation, making the process not so suitable to deal with natural products.
The purpose of this work is to use only molecular distillation in order to
recover tocopherols from SODD. Experiments were performed in the range
of 140-220°C. The feed flow rate varied from 5 to 15 g/min. The objective of
this study was to remove the maximum amount of free fatty acids (FFA) and,
so, to increase the tocopherol concentration without add any extra component
to the system. The percentage of FFA in the distillate stream of the molecular
still is larger at low feed flow rates and low evaporator temperatures, avoiding
thermal decomposition effects.

Index Entries: Centrifugal distillation; molecular distillation; natural
products; tocopherol.

Introduction

Soybean oil is the most consumed vegetable oil in the world, repre-
senting 54% of the total world production (1). Brazil is the second largest
producer of soybeans. The refining process has several steps: degumming,
refining, bleaching, hydrogenation, and deodorization. Deodorization
removes compounds that give odor and flavor to the oil. Soybean oil
deodorized distillate (SODD) is produced in the deodorization step of the

*Author to whom all correspondence and reprint requests should be addressed.

Applied Biochemistry and Biotechnology 716 Vol. 129-132, 2006



Centrifugal Molecular Distillation 717

oil refining (2), corresponding from 0.1 to 0.4 wt% of the crude oil weight,
and contains between 0.8 and 10 wt% of tocopherols (3). SODD is a com-
plex mixture made up of free fatty acids (FFA), sterols, tocopherols, sterol
esters, hydrocarbons, breakdown products of fatty acids, aldehydes,
ketones, and acylglycerol species (4), and, therefore, it can be a good raw
material for producing vitamin E and sterols (5). Tocopherols are natural
antioxidants and have vitaminic activity. Sterols are important in the pro-
duction of hormones and in the artificial production of other vitamins (6),
for instance, vitamin D.

FFA are different according to the number of carbons and saturations.
SODD contains high levels of FFA (25-75%) and acylglycerols (3-56%), (7),
depending on the raw material and on the type (physical or chemical way)
and conditions of the refining process (4). FFA have molecular weights in
the range 180-300 g/gmol, and higher vapor pressure than tocopherols.

Tocopherols, which are substances physiologically active as vitamin E,
are important natural antioxidants and find extensive applications in food,
cosmetic, and pharmaceutical industries (7). Preparing high-purity con-
centrates of tocopherols normally involves a series of physical and chemical
treatment steps in conventional processes (8). Because deodorized distil-
late is a complex mixture and the properties of its components are very
similar, it is difficult to recover high-quality concentrates of tocopherols
with good yield (9).

Several processes can be used in order to separate FFA from tocopherols
and phytosterols. Some of them use molecular distillation together chemical
reactions, what mischaracterizes them as natural processes.

Ramamurthi et al. (10) studied the lipase-catalyzed esterification of
FFA. This process used methanol to esterify the FFA from canola oil deodor-
ized distillate.

Chang et al. (11) recovered tocopherols and FFA, investigating a super-
critical fluid CO, extraction process of SODD. Good recovery is achievable,
but it is necessary to employ high pressure. Lee et al. (12) studied the lipase-
catalyzed esterification, transesterification to form methyl esters, followed
by supercritical fluid CO,,.

Buczenko et al. (13) performed the separation of tocopherols from
sterols using a liquefied petroleum gas extraction. First, saponification step
is used to separate fatty acids from the raw material. Then, the separation
was carried out in the liquefied petroleum gas extractor.

Chu et al. (14,15) recovered tocopherols from palm distillate by batch
adsorption using an orbital shaker. The raw material was preconcentrated
through neutralization and so, extracted with hexane, centrifuged, and
dried. Then, the preconcentrate mixture is carried out at batch adsorption
equipment.

Chu et al. (16) studied the enzymatic hydrolysis using a commercial
immobilized Candida antarctica lipase, followed by hydrolysis and wash-
ing to remove FFA salts. Hirota et al. (2) distillated the SODD by molecular
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Fig. 1. Centrifugal molecular still schematic.

distillation, followed by a lipase-catalyzed hydrolysis and another molec-
ular distillation step to separate FFA from steryl esters.

Ghosh and Bhattacharyya (17) recovered tocopherol by lipase-
catalyzed hydrolysis and esterification reactions, followed by fractional
distillation of the derived ester product. Owing to the similar volatility of
sterols, tocopherols, and fatty acids, it is quite difficult to separate toco-
pherols and sterols from FFA using fractional distillation. Exposure to high
temperatures may degrade tocopherols.

The processes above have various operating steps and are laborious.
They need attention to prevent decomposition of tocopherols because of
the exposure to molecular oxygen, to light, and to high temperatures.

Molecular or short-path distillation is, generally, accepted as the most
suitable distillation method to separate and to purify both thermosensitive
and high-molecular-weight compounds (18). Two main types of molecular
stills are available: falling film and centrifugal (19). The centrifugal molec-
ular still scheme, used in this work, is shown in Fig. 1. Figure 2 shows the
material stream throughout the molecular distillator (20). The feed stream
is introduced in the center of the equipment. The liquid flows, by cen-
trifugal force, uniformly around the evaporator until the border of the
rotor in a thin film (21). The light compounds are volatilized and con-
densed (distillate stream) and the heavy compounds are collected as
residue stream. The process is characterized by high vacuum in the distil-
lation space, and a small distance between the evaporator and the con-
denser, resulting in a short exposure of the distilled liquid to the operating
temperature, on the order of a few seconds, which is guaranteed by dis-
tributing the liquid in the form of a thin film (22). Under these conditions,
i.e., short residence time and low temperature, distillation of heat-sensitive
materials is accompanied by only negligible thermal decomposition (21).
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Fig. 2. Centrifugal molecular still material streams.

Molecular distillation is applied at several areas, such as monoglycerides
concentration (23), carotenoids recovery from palm oil (24), heavy petroleum
characterization (25), and herbicides. The present study aims the recovery of
tocopherols and FFA from SODD just using molecular distillation.

Materials and Methods

Materials

SODD was provided by Bunge Ltda., Sdo Paulo, Brazil. All samples
were stored in the refrigerator at 4°C until analysis. All solvents and reac-
tants for the analyses were of analytical grade. A tocopherol kit consisting of
o-, B-, 7, and &-tocopherol (purity 295%) was purchased from Calbiochem
(San Diego, CA) and used as reference standards for tocopherols analysis.
The reactants used for the free fatty acid analysis were ethyl alcohol, phe-
nolphetalein and sodium hydroxide. The solvents, hexane, and isopropanol
for tocopherol analysis were of high-performance liquid chromatography
(HPLC) grade from Tedia Company, Inc. (Fairfield, OH).

Methods

Centrifugal Molecular Distillation

The FFA distillation was performed using a centrifugal molecular
still. The process conditions were maintained at 13.3 Pa, the feed tempera-
ture at 50°C, and the condenser temperature at 50°C. The molecular distil-
lation experiments were conducted according to the following procedure:
a sample of SODD was homogenized before feeding the equipment. The
distillation was performed at 140-220°C. The feed flow rate varied in the
range 5-15 g/min. For each molecular distillation run, samples of both
streams (distillate and residue) were collected and submitted to FFA and
tocopherols analyses.
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Table 1
Raw Material Characteristics

Analysis SODD
FFA (wt% as oleic acid) 53.04 £ 1.1
o-tocopherol 141 +£0.25
B-tocopherol 0.12 + 0.05
Yy-tocopherol 1.95 +0.15
d-tocopherol 0.58 + 0.09
Tocopherol total 4.06 + 0.54

Analytical Methods

The FFA analysis: FFA content were determined according to Method
AOCS Ca 5 a-40 (26). This method used titration with a standard alkali,
NaOH. The FFA concentration is expressed as percentage of oleic acid

(C,5.1)- The expression is:

alkali volume (mL)- alkali normality- 28.2

%FFA as oleic acid = .
sample weight (g)

Tocopherols analysis: the method AOCS Ce 8-89 (26) was used to deter-
mine the o-, B-, ¥-, and 6-tocopherol contents. A known amount of the sam-
ple was dissolved in hexane (approx 1 mg/mL) and 20 uL of the solution was
injected into a HPLC modular equipment composed by Waters 515 HPLC
pump (Mildford, MA), equipped with a fluorescence detector (Waters model
2475 multifluorescence, Mildford, MA). The flow rate of the mobile phase
(hexane:isopropanol, 99:1 v/v) was set at 1 mL/min. The separation was con-
ducted in a pporasil column 125 A, with particle size of 10 pm and 3.9 x
300 mm of dimension (Waters, Ireland). The tocopherols detected in the chro-
matograms were identified comparing the retention time of the compounds
with the retention time of standard solutions. Quantification of each type of
tocopherols was done using calibration curves. The data processing was car-
ried out through the Millennium software (Waters, Mildford, MA).

Results and Discussion

The SODD was analyzed in relation to the FFA and tocopherols contents.
Table 1 shows the characteristics of the soybean oil deodorizer distillate. The
SODD used is brownish and semisolid at room temperature.

The feed flow rate and the evaporator temperature are the main vari-
ables in the molecular distillation process (23,24), so the experiments were
performed from 140 to 220°C and the feed flow rate varied from 5 to 15
g/min. The procedure consists of keeping the evaporator temperature fixed
and the feed flow rate is varied. For all distillation runs, the condenser
temperature was maintained at 50°C (to avoid solidification of distillate
stream on the condenser) and the feed temperate at 50°C.
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Fig. 3. Distillation profile for the ratio D/F in function of feed flow rate at different
values of evaporator temperature.

The evaporation ratio D/F (mass of distillate/mass of feed) is a use-
ful parameter to evaluate the molecular distillation process. Figure 3
shows the profile of evaporation ratio D/F as a function of feed flow rate
(F) at different evaporator temperatures. The results show that the feed
flow rate affects significantly the evaporation ratio D/F. Increasing the
feed flow rate, the material, that it will be distillate, increases. The evapo-
rator efficiency is lower because of the poor contact between the material
and the heated surface, so the ratio D/F declines. At constant temperature,
the ratio D/F decreases increasing the feed flow rate. On the other hand,
increasing the evaporator temperature and maintaining the same feed
flow rate, the evaporation ratio D/F increases. At feed flow rate of 5 g/min
and 220°C is obtained the maximum distillate amount. Figure 4 shows the
profile of residue flow rate of the centrifugal molecular still. The residue
flow rate is directly proportional to the feed flow rate and inversely to the
evaporator temperature. As the vaporization rate was constant at one tem-
perature; the residue percentage rose with increased feed flow rate.

The percentage of FFA of SODD (before the centrifugal molecular distil-
lation) was 53.04%. FFA tends to concentrate in the distillate stream because
they are lighter molecules than tocopherols. As it is known, the split ratio
D/R (mass of distillate/mass of residue) is another important parameter to
evaluate the molecular distillation process (27). Figure 5 shows the free fatty
acid recovery in the distillate stream in function of the split ratio D/R. It can
be obtained a recovery higher than 90% using a split ratio higher than 2.

Figure 6 shows the FFA content in the residue streams. The loss of
FFA occurs in the residue stream of the centrifugal molecular still with the
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Fig. 4. Residue stream from centrifugal molecular still.
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Fig. 5. Percentage of FFA recovery in the distillate stream.

increase of feed flow rate and the decrease of the evaporator temperature.
It is important to note that the percentage of FFA in the residue stream
depends on the evaporator temperature and feed flow rate. At tempera-
tures of 140°C and 160°C, there is a great loss of FFA in the residue stream.
Then, it is necessary to operate the molecular distillation conditions at
5 g/min and evaporator temperature greater than 180°C.
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Fig. 6. Free Fatty Acid content in the residue stream.
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Fig. 7. Total tocopherols content vs feed flow rate in the distillate stream.

Figure 7 shows the total tocopherols content in the distillate stream
(loss of tocopherols, they are to be recovered in the residue stream). At
140°C, the percentage of total tocopherols was lower than 0.5% for all the
feed flow rates. At higher temperatures, the loss of tocopherols increases.
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Fig. 8. Total tocopherols content vs feed flow rate in the residue stream.

The increase of feed flow rate decreases the loss of tocopherols. The opti-
mum operating conditions are low evaporator temperatures (140°C) and
high feed flow rate (12.5 g/min).

The tocopherols content in the residue stream is affected by the
evaporator temperature and feed flow rate. It was observed in Fig. 8 that
at 180°C and 5 g/min the product reached 7.7% of total tocopherols. In
this case, the tocopherol enrichment was 1.9 for just one molecular
distillation step.

The profile of tocopherol recovery evaluating the split ratio was
observed in Fig. 9. It is possible to obtain a recovery higher than 90% using
a split ratio lower than 0.25. The increase of tocopherols recovery implies
a loss of FFA in the residue stream. The FFA loss decreases with increasing
the split ratio D/R.

It can be seen in Fig. 10 that the intersection of the tocopherol and FFA
recovery curves is the optimum ratio D/R. The optimum ratio D/R value
is 0.96. In this operating condition, 73% of total tocopherol and FFA are
recovered in its respective streams.

Concluding Remarks

In this work, the elimination of FFA and concentration of toco-
pherols present in SODD through the centrifugal molecular distillation
was studied. The initial composition of FFA in SODD was around 53%.
The percentages of distillate and residue compositions depend on oper-
ating variables (evaporator temperature and feed flow rate). High con-
centration of FFA is obtained using a split ratio higher than 2. It can be
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Fig. 10. Optimized conditions for tocopherols and FFA recovery.

used different evaporator temperature and feed flow rate to reach the
same split ratio. To concentrate tocopherols, it is necessary to work at a
low evaporator temperature and feed flow rate. Tocopherols were con-
centrated twice in relation to the raw material. Then, the split ratio used
to reach high recovery of tocopherols is low. At D/R split ratio of 0.96, it
is obtained a recovery of 73% of tocopherols and FFA.
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