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A Simple Two-Step Method for Simultaneous Isolation of
Tocopherols and Free Phytosterols from Soybean Oil
Deodorizer Distillate with High Purity and Recovery

Novy S. Kasim,! Setiyo Gunawan,'> Maria Yuliana,! and Yi-Hsu Ju'
'Department of Chemical Engineering, National Taiwan University of Science and Technology,

Taipei, Taiwan

2Department of Chemical Engineering, Institut Teknologi Sepuluh Nopember, Kampus ITS Keputih

Sukolilo, Surabaya, Indonesia

Most of the methods reported for isolating phytosterols and
tocopherols from soybean oil deodorization distillate (SODD)
involved complicated steps or failed to obtain high content and
recovery. In this study, we succeeded in isolating «-, o-,
y-tocopherols, and free phytosterols (campesterol, stigmasterol,
and p-sitosterol) from SODD with high content and recovery.
Our protocol involved a simple two-step method. SODD was
separated into non-polar and polar fraction by modified soxhlet
extraction. Cold saponification was chosen instead of conventional
saponification which is carried out at a temperature no lower than
60°C. This study of cold saponification was applied to the polar
fraction to remove free fatty acids and acylglycerols. SODD
contains 9.13 + 0.28% tocopherols and 9.75 £ 0.12% free phytoster-
ols, was converted to a final product which contains 38.08 4-0.36%
tocopherols and 55.51 4 0.56% free phytosterols. The total recovery
of tocopherols and free phytosterols is 94 + 0.19%.

Keywords cold saponification; modified soxhlet extraction; phy-
tosterol; soybean oil deodorizer distillate; tocopherol

INTRODUCTION

Phytosterols and tocopherols are valuable bioactive
compounds. Phytosterols have many applications in the
food industry and in medicine because of their serum
cholesterol level-lowering effect (1,2). They are found in
cosmetics as an alternative way for the phytosterols intake
into the human body (3). Tocopherols have vitamin E
activity and are natural antioxidants and have been used
in supplements as nutraceuticals or functional foods.
Recently, a modified form of tocopherols, e.g., d-o -
tocopheryl polyethylene glycol 1000 succinate (vitamin E
TPGS) has been used as a novel emulsifier as well as a
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novel material when blended with nanoparticles of
biodegradable polymers for the formulation of anticancer
drugs as well as protein drugs (4,5). Soybean oil deodorizer
distillate (SODD) is a side product from refined soybean oil
with a total tocopherols and free phytosterols content of
ca. 20%. Three kinds of free phytosterols were found in
SODD: campesterol, stigmasterol, and f-sitosterol (6).
Four kinds of tocopherol compounds were also found in
SODD: é-tocopherol, y-tocopherol, a -tocopherol, and a
trace amount of f-tocopherol (6).

SODD has a high content of bioactive compounds
(18 ~ 32 wt%). It 1s a promising starting material for isolat-
ing squalene, fatty acid steryl esters (FASEs), tocopherols,
and free phytosterols. Past studies have reported several
methods for isolating either tocopherols or free phytoster-
ols from SODD. Martins et al. (7) succeeded in removing
96.16% free fatty acids (FFAs) and isolating tocopherols.
They reported a 81.23% recovery by molecular distillation
at 160°C and a feed flow rate of 10.4 gmin~'. This flow rate
is too low for commercial production and scale-up is still
the main obstacle for its commercial application. Fizet
(8) esterified phytosterols with FFAs into FASEs, and dis-
tilled the reaction product to obtain residue containing
tocopherols and FASEs. The residue was distilled again
to obtain tocopherols in the distillate and FASEs in the
residue. FASEs were transformed back into free phytoster-
ols by an acid-catalyzed transesterification. Watanabe at al
(9). applied short-path distillation to concentrate tocopher-
ols and free phytosterols in SODD. Free phytosterols and
acylglycerols were transformed into FASEs and fatty acid
methyl esters, respectively. The reaction mixture was dis-
tilled to obtain a product that contains 76.4% tocopherols
(89.6% recovery) and 97.2% FASEs (86.3% recovery).
Torres et al. (10) used a two-step enzymatic process to
obtain sterol esters, tocopherols, and fatty acid ethyl esters
(FAEEs) from SODD. Free phytosterols were esterified to
become FASEs (90% conversion) in 5h; FFAs were
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esterified to become FAEEs (>95% conversion). The final
products were used as starting materials for the purification
of FASEs, tocopherols, and FAEEs via supercritical fluid
extraction.

We reported (11,12) isolating squalene and FASEs from
SODD, both in high content and recovery. One key
principle to separate bioactive compounds is by exploiting
the difference in their polarities. This is best done by
modified soxhlet extraction (MSE). The main advantage
of the MSE method is that by coating SODD onto silica
gel, higher selectivity can be achieved than that of liquid-
liquid extraction. MSE is a simple and promising method
for the isolation of nonpolar lipid fraction (NPLF) and
polar lipid fraction (PLF) from SODD. Under optimized
MSE operational conditions, we have successfully concen-
trated squalene and FASEs in NPLF while FFAs, acyl-
glycerols, tocopherols, and free phytosterols were
concentrated in PLF. MSE is an efficient isolation
technique. It only requires a small amount of solvent and
is performed at atmospheric pressure. In this study, we
report a simple method for obtaining tocopherols and free
phytosterols from SODD with high content and recovery
by combining MSE and cold saponification techniques.
An important objective of this study is to reduce FFAs
content in the final product to less than 0.05%. The identi-
fication of compounds other than tocopherols and free
phytosterols in the final product was also investigated.

EXPERIMENTAL SECTION
Materials and Reagents

SODD was donated by TTET Union Corporation
(Tainan, Taiwan). 1-Oleoyl-rac-glycerol, cholesteryl stea-
rate, J-tocopherol, and decanal standards were obtained
from Sigma-Aldrich Inc. (St. Louis, MO). Dioleylglycerol,
linoleic acid, and stigmasterol standards were supplied by
Acros Organics (New Jersey, USA). Tripalmitin standard
was purchased from Tokyo Chemical Industry Co., Ltd.
(Tokyo, Japan). Potassium hydroxide (KOH) solution
IN in ethanol was obtained from Fluka Analytical
(Steinheim, Germany). Reagents used in the isolation of
free phytosterols and tocopherols were of industrial grade
and those used in the analyses (GC and TLC) were of
either HPLC grade or analytical grade. Silica gel (pore size:
60 A, 70-230 mesh) was purchased from Silicycle (Quebec,
Canada) while analytical TLC silica gel plates (0.25 mm
thickness, pore size: 60 A, specific surface: 480540 m?/g)
were obtained from Merck KGaA.

Isolation of PLF From SODD

Figure 1 shows the flow chart for the isolation of
tocopherols and free phytosterols from SODD. Foreign
particulates were removed from SODD at 50°C by using
a 7um Advantec filter paper (Toyo Roshi Kaisha Ltd.,

‘ SODD J

Modified soxhlet extraction

Hexane Ethyl acetate
1 1

1 PLF ] ‘ NPLF 1

Cold saponification—

Liquid-liquid extraction
1 1
{ Saponifiable matters ] ‘ Unsaponifiable matters W

(Product)

FIG. 1. Flow diagram of tocopherols and free phytosterols isolation.

Tokyo, Japan). Silica gel was activated by heating in an
oven at 150°C for 1-2h prior to use. A soxhlet extractor,
modified by constructing an additional jacket outside the
extraction chamber and is connected to a condenser
system, was set up as described by Gunawan et al. (11).
This design allowed the temperature inside the extraction
chamber to be controlled easily. SODD (20g) was dis-
solved in hexane (150mL). Activated silica gel (60 g) was
added to this solution. The mixture was magnetically
stirred at 300 rpm, 25°C for one hour. SODD was coated
onto the silica gel by removing the hexane at 60°C and
160 mmHg. The SODD-loaded silica gel was then packed
into an extraction thimble. The top surface of the thimble
was covered with cotton to prevent spillage. A thermo-
couple was inserted into the thimble and the thimble was
placed inside the soxhlet extractor. Less-polar lipids were
extracted with hexane (350mL) for approximately 12h.
The temperature inside the extraction chamber was set at
—6°C. Ethyl alcohol flowing through the jacket was the
refrigerant in the refrigerated circulating bath. The hexane
extract was referred to as the NPLF. More polar lipids, still
adsorbed on the silica gel, were then extracted with ethyl
acetate for 3h at 71 £ 1°C. This extract was designated as
the PLF.

Isolation of Tocopherols and Free Phytosterols from PLF
The PLF was subjected to cold saponification to remove
FFAs and acylglycerols. The method used is based on the
American Society for Testing and Materials (ASTM) D
5553 test method (13) with some modifications as this stan-
dard method describes a conventional saponification car-
ried out at a temperature no lower than 60°C. The
reactions (cold saponification) were carried out in a closed
system under nitrogen atmosphere with a magnetic stirrer
(400 rpm) at various temperatures (25, 40, and 50°C).
Ascorbic acid was tested for its effectiveness in preventing
the decomposition of tocopherols in cold saponification.
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The ratios of PLF-to-KOH solution (1 N) investigated in
this study were 1:5, 1:12.5, and 1:25 (g/mL).

GC Analysis

A Shimadzu GC-2010 equipped with a split/splitless
injector and a FID was used. The fused silica column used
was a DB-5HT (15m x 0.32mm i.d., 0.1 pm film thickness,
Agilent Tech. Palo Alto, CA). The initial column tempera-
ture was 80°C and then was raised to 180°C at 15°C/min,
to 185°C at 5°C/min, to 215°C at 15°C/min, to 250°C at
2°C/min, to 325°C at 15°C/min, to 365°C at 5°C/min,
and held at 365°C for 6.83 min. The total analysis time is
51 min. The temperature of the injector and detector was
370°C. The linear velocity of N, at 80°C was 30.0 cm/sec.

External standard calibration curves were obtained by
using 0.2-20mg pure standards. Regression analysis of
every calibration curve was further carried out to obtain
a correlation coefficient between peak area and concen-
tration of standard. This correlation coefficient was then
termed as the calibration factor. Cholesteryl stearate was
selected for the determination of the FASEs’ calibration
factor and was used for all FASEs. The calibration factor
of squalene, stigmasterol, y-tocopherol, monooleylglycerol,
diolein, and tripalmitin was used to quantify squalene, free
phytosterols, tocopherols, monoacylglycerols (MAGs),
diacylglycerols (DAGs), and triacylglycerols (TAGs),
respectively.

TLC Analysis

For TLC analysis, a specific reagent used to detect free
phytosterol spot, was prepared by dissolving 50mg
FeCl; - 6H,O in 90mL H,O, along with SmL acetic acid
and 5mL sulfuric acid. The desired spot will yield a
red-violet color. The mobile phase used in the TLC analy-
ses was HPLC grade n-hexane/ethyl acetate/acetic acid
(90/10/1v/v/v). The reagent was sprayed onto the TLC
plate, and then the plate was heated at approximately
100°C until the desired spot appeared. The spot was also
observed by ultraviolet light at 366 nm as confirmation.

Statistical Analysis

The reliability of the results was checked by statistical
analyses. Standard deviation of the measures (SD) was
calculated from the difference between the value of the
individual experiment and the mean value of the three inde-
pendent experiments.

The differences in mean values were evaluated by analy-
sis of variance (ANOVA) followed by Fisher’s LSD (Least
Significant Difference) method and cross-checked by using
Tukey’s method. Differences associated with p <0.05,
based on a two-tailed test, were considered significant.
ANOVA test is carried out by assuming that the errors
have normal distribution i.e., N(0, ¢%). Normality assump-
tion was checked using a normal probability plot of the

studentized residuals (14) and showed that the errors
distribution are approximately normal (data not shown),
which means the assumption is not violated.

RESULTS AND DISCUSSION
Isolation of PLF From SODD

The SODD used in this study was a brownish semi-solid
at room temperature. The objective of MSE was to
separate polar components in SODD from non-polar ones
by adjusting the mass ratio of silica gel-to-SODD and the
extraction temperature.

The effects of silica gel-to-SODD mass ratio and extrac-
tion temperature on separation were reported by Gunawan
et al. (11). The mass ratio of silica gel-to-SODD used in the
study was 3, 4, 5, or 6; the extraction temperature used in
the isolation of NPLF was 65°C, 55°C, 7°C, 3°C or —6°C.
The extraction temperature applied in isolating PLF was
60-70°C. Higher silica gel-to-SODD mass ratio resulted
in lesser amount of NPLF extracted, higher number of
extraction cycles and longer extraction time to recover
100% squalene and >95% FASEs in NPLF. At higher silica
gel-to-SODD mass ratio the larger adsorption area of silica
gel resulted in higher adsorption capacity of more com-
pounds onto silica gel, and thus more numbers of cycles
and longer times are needed to extract all squalene and
HCs, and the most FASE from the silica gel.

Lower silica gel-to-SODD mass ratio (less than 3) did
not result in higher amounts of NPLF extraction due to
insufficient adsorption area and less complete binding
between compounds and silica gel. A successful separation
between NPLF and PLF compounds could not be
achieved. Gunawan (15) reported that because PLF
adsorption onto silica gel is an exothermic process, an
increase in extraction temperature resulted in the increase
of the desorption rate of compounds in PLF; hence in poor
separation of NPLF and PLF.

It was found that at a silica gel-to-SODD mass ratio of 3
and an extraction temperature of —6°C, a NPLF which
recovered 100% squalene and 89.40% FASEs and a PLF
which recovered 92.26% tocopherols and 99.54% free
phytosterols can be obtained. Most FFAs (~80% recovery)
and acylglycerols (~99% recovery) were concentrated in
the PLF. The compositions of SODD, NPLF and PLF
are shown in Table 1.

The MSE method is comparable to supercritical fluid
extraction in terms of efficiency in isolating bioactive
components from vegetable oil deodorization distillate.
Vazquez et al. (16) modified sunflower oil deodorizer distil-
late (SuODD) into ethylated SuODD (60-70 wt% FAMEs
and FAEEs) and then pre-concentrated tocopherols, free
phytosterols, and FASEs by removing FAMEs and FAEEs
via supercritical CO,. They succeeded in recovering 98%
tocopherols, 98% free phytosterols, and 97% FASEs in
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TABLE 1
Compositions of SODD, NPLF, and PLF

Compounds SODD (%) NPLF (%) PLF (%)
FFAs 41.15+£0.39 25.29+£0.30 (18.81 +0.49)" 48.14+£0.30 (81.19£0.52)
Squalene 1.17+0.13 3.844+0.77 (100.00 £ 0.04) ND’
MAGs 0.154+0.01 ND 0.224+0.01 (99.98 £0.01)
Total tocopherols 9.13+£0.28 2.314+0.02 (7.74 +0.38) 12.144+0.28 (92.26 + 0.44)

d-Tocopherol 2.414+0.17 0.85+0.23 3.10£0.28

y-Tocopherol 5.814+0.01 1.03+0.20 7.924+0.13

a-Tocopherol 0.90+0.10 0.41+0.01 1.11+0.13
Total free phytosterols 9.75+0.12 0.15+0.21 (0.48 £0.43) 13.98 £0.03 (99.54 £0.35)

Campesterol 2.57+£0.04 ND 3.70£0.01

Stigmasterol 2.19+£0.02 ND 3.16+0.03

p-Sitosterol 4.99 £0.06 0.16 £0.01 7.12+0.01
DAGs 2.44+0.03 0.30+0.04 (3.80 £0.23) 3.394+0.01 (96.20 +-0.23)
FASEs 6.76 £0.08 19.75+£0.10 (89.40 £ 0.02) 1.06 +0.19 (10.90 £ 3.78)
TAGs 5.90+0.01 ND 8.50+0.41 (100.00 +0.02)
Others® 23.544+0.84 48.35+2.16 (62.86 = 1.77) 12.56 +£0.32 (37.04 £ 0.81)
Amount (g) 21.64+£0.01 6.62+0.14 15.01 £0.13

“Recovery.

bNot detected.

‘Hydrocarbons, aldehydes, ketones, pesticides, herbicides, and the degradation products of tocopherols and free phytosterols.

raffinate product. However, if using SODD as starting
material, which contains more bioactive compounds such
as squalene, supercritical CO, extraction is more difficult
to employ (17,18). The MSE method has some drawbacks;
a relatively more prolonged extraction period compared to
supercritical CO, method; and it may be difficult to upscale
for industrial application due to problems of uneven silica
gel packing and reusability. To overcome this shortcoming,
Fabian et al. (19) constructed a stirred batch-wise silica gel
adsorption-desorption vessel and overcame the problem of
uneven silica gel packing and separating SODD into NPLF
and PLF in less time. The performance of their batch vessel
is comparable to that of a modified soxhlet extractor. The
large amount of silica gel used in separation of SODD
increases the cost and may hinder its commercial appli-
cation. Cheng et al. (20) showed that silica gel can be regen-
erated, reused, and still achieved the same degree of
separation between NPLF and PLF in MSE.

Isolation of Tocopherols and Free Phytosterols from PLF
The GC chromatograms, Fig. 2, show that after MSE,
most FFAs along with tocopherols, and free phytosterols
were concentrated in the PLF. Table 1; the main impurity
in the PLF is FFAs (48.14%). One of the quality criteria of
refined soybean oil is its FFAs contents must not exceed
0.05wt% (21). Purification methods such as molecular dis-
tillation and supercritical CO, normally require multiple
steps in order to meet this stringent requirement on low

FFAs contents. Martins et al. (22) used a five-stage molecu-
lar distillation in order to reduce FFAs content from
57.80% in SODD to 1% in the distillate.

Methods such as solvent extraction, low temperature
crystallization, enzymatic esterification to transform FFAs
into fatty acid methyl esters (FAMEs), and cold saponifi-
cation were tested for their effectiveness in removing FFAs.
Except for cold saponification, all methods tested failed to

(a) () cle0  Cl8:1,CI82
FRAs _/LJ\/_L_JL
aEaR Tocopherols i
F
Tee
ot |
6 DAGs TAGs 10
° —*—— FASEs.
8 (| soo0 Bk 1] oo
o H
g
-4
a
| S
Unsaponifiable matters ﬁ LJULJ\‘—/
| —
0 5 10 15 20 25 30 35 40 45 50

Retention time, min

FIG. 2. Typical results of the HT-GC analysis. (a) The GC chromato-
gram of SODD, PLF, and unsaponifiable matters resulted from cold sap-
onification at 40°C, 2h, 10mL KOH, 0.1 g ascorbic acid. (b) Enlargement
of FFA region in (a).
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reduce FFAs contents to less than 2%. After cold
saponification, tocopherols and free phytosterols can be
recovered in the unsaponifiable matters via liquid-liquid
extraction using water-diethyl ether as the solvent. Diethyl
ether is the best solvent as it dissolves organic compounds
with a wide range of polarity. Water, a highly polar solvent,
ensures that complete separation of saponifiable matter
from unsaponifiable matter takes place. Some small amount
of neutral lipids, such as FFA, DAG, TAG, and FASE, still
remained in the unsaponifiable matter which was possibly
caused by incomplete cold saponification reaction.

The identification of FFA peaks in GC chromatogram is
important for ensuring the complete removal of FFAs.
Three FFA peaks appeared in GC chromatogram (see
Fig. 2b), which were identified as palmitic, oleic, and lino-
leic acids. All three appear at retention time of less than
11 min. An increase in the recovery of free phytosterol (to
higher than 100%) after being subjected to cold saponifi-
cation was observed and detected in the unsaponifiable
matters. This result agrees with the previous observation

that FASEs can be hydrolyzed into FFAs and free phytos-
terols under alkaline condition (23).

Effects of Temperature

The effects of saponification temperature on the contents
and recoveries of FFAs, acylglycerols, tocopherols, and free
phytosterols were investigated and the results are shown in
Table 2. It can be seen from Table 2 that the recoveries of
FFAs, acylglycerols, tocopherols, FASEs, and free phytos-
terols all decrease with increasing temperature. The
ANOVA and Fisher’s LSD methods were applied to deter-
mine the significance of differences in recovery. Change in
temperature resulted in significant difference (p <0.05) in
contents and recoveries of FFAs, tocopherols, and free phy-
tosterols, but did not give significant difference (p > 0.05) in
contents and recoveries of acylglycerols and FASEs. FFAs
can be removed in 2h by saponification at 40°C or 50°C.
At 25°C, the reaction product still contains 0.18% FFAs
at a reaction time of 2 h. However, by extending the reaction
time to 4h, FFAs can be removed completely.

TABLE 2

Effects of saponification temperature on the composition of unsaponifiable matters in the polar fraction of SODD*

Unsaponifiable matters (%)

Compounds PLF (%) 25°C 40°C 50°C
FFAs 48.14 0.18+0.21 ND¢ ND
(0.1140.12)°
MAGs 0.22 ND ND ND
Total tocopherols 12.14 39.05+£0.97¢ 38.08 £0.36° 36.43 +£1.26°
(92.25+3.06)° (89.79 £ 1.29) (84.86 £2.18)%
o-Tocopherol 3.10 10.36 +0.32 10.07£0.18 9.79+0.26
y-Tocopherol 7.92 25.234+0.56 24.65+0.28 23.40+0.93
a-Tocopherol 1.11 3.46+0.12 2.98 £0.65 3.25+0.09
Total free phytosterols 13.98 56.80 +0.68° 55.51 +0.56° 54.20+0.76°
(116.50 +1.23)¢ (113.67 +0.96)¢ (109.66 +1.11)¢
Campesterol 3.70 15.47+0.19 15.16 £0.11 14.79 £0.21
Stigmasterol 3.16 12.67+0.18 12.38 £0.08 12.07£0.18
p-Sitosterol 7.12 28.66 £0.35 27.97+£0.38 27.344+0.38
DAGs 3.39 ND ND ND
FASEs 1.06 0.64 +0.10° 0.66 +0.07° 0.81+0.13°
(17.35+2.44)¢ (17.91 £ 1.83)¢ (21.77 £ 3.70)¢
TAGs 8.50 0.21+0.01 0.22+0.01 0.22+£0.02
(0.71 £0.01) (0.74 £0.03) (0.72 £0.08)
Others? 12.56 3.11+1.30 5.534+0.80 8.08 +1.90
(7.10 £ 2.96) (12.61 +£1.83) (18.21 £4.37)
Amount (g) 2.02 0.58 +0.00 0.56 +0.02 0.574+0.01

“Reaction conditions: 2 g PLF, 25mL KOH, 0.1 g ascorbic acid, reaction time 2 h.

b Recovery.
“Not detected.

“EAEEs, ketones, degradation products of tocopherols and free phytosterols.

“/¢Data with the same letter indicate no statistical difference (p > 0.05).
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By comparing the effect of every temperature level (25,
40, and 50°C) using Fisher’s LSD method, it was found
that contents and recoveries of free phytosterols, and con-
tent of tocopherols were not significantly different between
various temperature levels. Meanwhile at 50°C, tocopher-
ols recoveries were significantly lower (p < 0.05) than those
obtained at 25°C and 40°C. If it is desirable to concentrate
tocopherols and free phytosterols in the final product, a
lower temperature is preferred because it minimizes the
degradation of bioactive compounds in the PLF. There-
fore, 40°C was chosen as the saponification temperature
in this study because at this temperature FFAs contents
were not detected after 2h and tocopherols recoveries in
the final product obtained was not significantly different
(p > 0.05) from those at 25°C.

Effects of Ascorbic Acid

Citric acid and phosphoric acid are used as antioxidants
because of their metal ions-binding or chelating property.
Butylated hydroxyanisole, butylated hydroxytoluene, and
propyl gallate possess antioxidant property due to their
radical scavenger ability. Ascorbic acid is a preferred anti-
oxidant; it is an effective, cheap, and one of the best oxygen
scavengers. The mechanism of ascorbic acid as oxygen
scavenger was proposed by Cort (24), as shown in Fig. 3.
Cort (24) reported that in the presence of O,, H,O, or both,
ascorbic acid will react to become dehydroascorbic acid. Its
solubility in KOH solution is higher than tocopherols, so,
ascorbic acid will be degraded before tocopherols during
saponification. The addition of ascorbic acid is expected
to prevent the loss of tocopherols during cold saponifi-
cation. Krukovsky (25) showed that the addition of ascor-
bic acid significantly increased the recovery of tocopherols
in milk fat.

The effects of adding ascorbic acid on the recoveries of
tocopherols and free phytosterols in cold saponification
were investigated in this study. Variable ascorbic acid
gives significant effect on the contents and recovery of
tocopherols but not on the contents and recoveries of free

HO OH HO O
2 /\/Zi % /\/Z:L
2 +  H,O
HO N0 HOO Y o O 22
HO H HO
Ascorbic acid ‘
o O
2 /\/z_/(\ + 2 H,0
HO” Y 2o O 2
HO H

Dehydroascorbic acid

FIG. 3. Proposed mechanism of ascorbic acid as oxygen scavenger.

phytosterols, FFAs, acylglycerols, and FASEs. No
addition of ascorbic acid gives significantly lower
recoveries of tocopherols compared to those of ascorbic
acid. As the amount of ascorbic acid added increases from
0.05g (2.5wt%) to 0.1 g (5 wt%); the recovery of tocopher-
ols increases significantly from 81.25% to 89.22%. Greater
amounts of ascorbic acid (0.3 g or 15wt%) did not result in
increasing the recovery of tocopherols. It is possible that
ascorbic acid competes with FFAs in reacting with sodium
hydroxide resulting in some unreacted FFAs being left in
the unsaponifiable matter, as shown in Table 3. The
oxidized form of ascorbic acid, e.g., dehydroascorbic acid,
in high concentration may also generate an oxidative
potential. In this study, 5wt% ascorbic acid was added in
cold saponification and resulted in the increase of the
recovery of tocopherols and free phytosterols of about
15% and 7% respectively, as shown in Table 3. Tukey’s
procedure, that analyzed the effect of ascorbic acid
amount, showed that the difference between the means of
the largest and the smallest samples is significantly differ-
ent. This indicates that ascorbic acid amounts significantly
affected the content and recovery of tocopherols.

Effects of Alkali Amount

The role of tocopherols as an antioxidant is due to its
free radical scavenger property. Free radical reaction is
often initiated by oxygen, light/UV, acid, or base catalyst.
For this reason, it is important to investigate the effects of
alkali amount on the removal of FFAs and on the recovery
of tocopherols. Table 4 shows the effects of the amount of
KOH (mL KOH per 2g PLF) used in cold saponification
on the removal of FFAs and the recoveries of tocopherols
and free phytosterols. The theoretical amount of KOH
needed for the complete conversion of all the fatty acids
(including FFAs and those in the forms of DAGs and
TAGs, and FASEs) contained in the PLF into fatty acid
potassium salts is calculated to be 8.94mlL, based on an
average fatty acid molecular weight of 278.43.

The ASTM method (13) recommends using 25 mL KOH
for 2 g PLF. Table 4, shows even the minimum amount of
KOH used (10mL) is more than enough to remove all
FFAs. Tocopherols, free phytosterols, FFAs, FASEs,
and acylglycerols contents and recoveries were not signifi-
cantly different (p>0.05) at 10mL KOH from that
obtained using 25 mL KOH. These may be the results of
a short reaction time (2h) and the addition of ascorbic
acid.

As the KOH amount increases from 10 mL to 50 mL or
25mL to 50 mL, both contents and recoveries of tocopher-
ols and free phytosterols decrease significantly (p < 0.05).
The KOH amount needed for complete saponification of
2 g PLF is about 10 mL. The addition of 50 mL KOH, five
times the theoretical amount needed, resulted in the
decrease of recovery of tocopherols as well as that of free
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TABLE 3
Effects of ascorbic acid on the composition of unsaponifiable matters in the polar fraction of SODD*
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Unsaponifiable matters (%)

Ascorbic acid (wt%)

Compounds PLF (%) No ascorbic acid 2.5 5 15
FFAs 48.14 ND” ND ND 4.36+£2.70
(2.71 £1.69)°
MAGs 0.22 ND ND ND ND
Total tocopherols 12.14 31.67 +£1.65° 3496 +1.18° 37.66+0.51" 34.49 4+ 3.06°
(73.76 £3.19)° (81.91 £0.67)° (89.22 £0.08)% (84.61 £6.75)"
o-Tocophe rol 3.10 9.29+0.38 10.31£1.19 9.85+0.18 10.52 +0.67
y-Tocopherol 7.92 19.69 +1.88 22.01 +0.60 24.514+0.29 21.38 +2.99
a-Tocopherol 1.11 2.69+0.15 2.64+0.27 3.31+0.04 2.58+0.66
Total free phytosterols 13.98 51.74 +£2.20°¢ 52.434+2.45° 54.254+0.22°¢ 53.25+1.17¢
(104.69 + 5.38)° (106.65 +2.27)° (111.63 +£1.87)° (113.49 +2.36)°
Campesterol 3.70 14.15+0.59 14.55+0.83 15.80 +0.05 14.82 +0.37
Stigmasterol 3.16 11.554+0.54 11.40+0.27 12.04 +0.04 11.54+0.48
p-Sitosterol 7.12 26.05+1.07 26.48 +1.35 27.424+0.13 26.90 +0.50
DAGs 3.39 ND ND ND ND
FASEs 1.06 0.79 +0.22°¢ 0.79 +0.52°¢ 0.56 +0.16° 0.71 +0.15°
(20.98 +5.95)° (21.16 £ 13.60)° (15.26 £4.22)° (19.89 +£4.45)°
TAGs 8.50 0.26 +0.04 0.49+0.34 0.234+0.02 0.37+0.15
(0.86+0.11) (1.64 £ 1.10) (0.78 0.06) (1.31 +£0.54)
Others? 12.56 15.54 +0.73 11.32+£4.09 7.30+0.47 10.56 £+ 3.00
(34.98 +£1.33) (25.81 +£10.07) (16.72+1.29) (25.09 +£7.35)
Amount (g) 2.02 0.57+0.01 0.58 +0.02 0.58 +0.01 0.60 +0.01

“Reaction conditions: 2 g PLF, 10mL KOH, reaction time 2 h, reaction temperature 40°C.

"Not detected.
“Recovery.

YEAEEs, ketones, degradation products of tocopherols and phytosterols.
e/¢Data with the same letter indicate no statistical difference (p > 0.05).

phytosterols. Overall, Tukey’s method shows that the dif-
ference between means of the largest and the smallest sam-
ples is significantly different. This implies that the alkali
amount significantly affected the contents and recoveries
of tocopherols and free phytosterols.

Time Courses

The effect of saponification time on the removal of
FFAs was investigated in order to determine the shortest
time required to remove FFA completely. Saponifications
at 40 and 50°C can effectively remove all FFAs within
2 h while it requires 4 h to remove all FFAs at 25°C. The
times required in this study are much shorter than the
12 ~ 48 h reported in the literature (26-28) for cold saponi-
fication carried out at room temperature. This may happen
because most of neutral lipid contained in PLF is FFAs.
Reaction rates of KOH with FFAs are faster than that with

TAGs. TAGs have to be hydrolyzed to become FFAs and
then react with KOH. This is supported by the results of
soybean oil saponification at 40°C for 2 h with the addition
of 25mL KOH in ethanol and 0.1 g ascorbic acid. TAGs and
DAGs were removed completely, while some FFAs were
detected in the unsaponifiable matters (data not shown).
In this study, the reaction vessel was immersed in a
thermal bath at constant temperature. Heat released by
the exothermic saponification reaction only induced an
increase of 1-3°C inside the vessel as measured by a ther-
mocouple immersed in the reaction mixture. Insignificant
thermal degradation of tocopherols was observed as
evidenced by the high recovery obtained at 25 and 40°C
as shown in Table 2. Resistance of tocopherols to oxidation
is due to the —-OH group position in tertiary carbon, which
has no hydrogen atoms on the carbinol carbon atom.
Oxidation occurs if the carbon-carbon bonds in the
tocopherol ring structure are broken (29). Tocopherols will
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TABLE 4

Effects of KOH amount on FFA and bioactive compounds®

Unsaponifiable matters (%)

Compounds PLF (%) 10mL KOH 25mL KOH 50mL KOH
FFAs 48.14 ND” ND ND
MAGs 0.22 ND ND ND
Total tocopherols 12.14 37.68 £0.36° 38.08 +0.36/ 27.51 +3.00%
(89.24 +0.06) ¢ (89.79 4 1.29Y (63.75£7.48)%
d-Tocopherol 3.10 9.83+0.13 10.07 +0.18 8.34+0.23
y-Tocopherol 7.92 24.54 +0.21 24.65+0.28 16.51+3.07
o -Tocopherol 1.11 3.324+0.04 2.98 +0.65 2.66+0.14
Total free phytosterols 13.98 54.63 £0.68° 55.51 £0.56° 47.71 £ 2.85°¢
(112.35+1.82)°¢ (113.67 £0.96)" (95.92 £5.12)%
Campesterol 3.70 14.89 +0.16 15.16 +0.11 12.99 +0.77
Stigmasterol 3.16 12.12+0.16 12.38 +£0.08 10.67 +£0.73
p-Sitosterol 7.12 27.62+0.36 27.97+0.38 24.05+1.35
DAGs 3.39 ND ND ND
FASEs 1.06 0.60 £0.13°¢ 0.66 +£0.07° 1.04 £0.36°
(16.25 +3.44)¢ (17.91 £ 1.83)° (27.46 +9.40)°
TAGs 8.50 0.234+0.02 0.224+0.01 1.444+0.54
(0.78 £0.05) (0.74 £0.03) (1.44 +£0.54)
Others? 12.56 7.30+0.47 5.53+0.80 23.30+1.18
(15.71 +£1.98) (12.61+1.83) (52.16 +£2.59)
Amount (g) 2.01 0.58+0.01 0.56+0.02 0.56 +0.00

“Reaction conditions: 2 g PLF, reaction time 2 h, reaction temperature =40°C, 0.1 g ascorbic acid.

bNot detected.
‘Recovery.

YFAEEs, ketones, degradation products of tocopherols and phytosterols.
¢/¢Data with the same letter indicate no statistical difference (p > 0.05).

be degraded if there are free radicals available in the system
because it will react with free radical and form tocopheryl
radical compounds. These will react with another free
radical to form tocopheryl quinine (30). In this study, the
presence of peroxyl and hydroperoxyl radicals, which are
formed in the presence of oxygen, UV radiation, or both,
was avoided by sealing the reaction vessel and carrying
out the reaction in a short time; reducing the loss of
tocopherols. With an extended reaction time of 12h at
40°C, no significant changes in the content and recovery
of tocopherols, free phytosterols, and other compounds
in the unsaponifiable matters were observed.

Identification of Other Compounds in Unsaponifiable
Matters

The total content of tocopherols and free phytosterols in
the final product (unsaponifiable matters) is about 95%
under optimum conditions (2h, 10mL KOH, 40°C, and
0.1 g ascorbic acid). This value drops to 75-80% if
harsher conditions (e.g., 2h, at 40°C, 50mL KOH, and
without ascorbic acid) were used (data not shown). The

identification of other compounds in the final product is
important for its possible commercial application. Before
subjection to cold saponification, the other compounds
that may exist in PLF are ketones, aldehydes, oxidation
products of free phytosterols, pesticides, and herbicides
(31). After saponification, a small amount of FAEEs was
detected in the GC chromatogram (data not shown). Due
to the presence of ethanol during saponification, some
FFAs and acylglycerols reacted with ethanol in base con-
dition to produce FAEEs as evidenced by TLC analysis
(Fig. 4a) and gas chromatography. In Fig. 4a, PLF fraction
(lane I) shows no spot at position correspond to FAEE
standard (ethyl stearate) spot (lane II), while spot corre-
spond to the unsaponifiable matters (lane III) does appear.

Aldehydes were also found in saponifiable matters after
acidification. Aldehydes might be reacted or oxidized in
alkaline conditions and the oxidation products of aldehyde
were removed along with the saponifiable matters. After
acidification using HCI, FFAs, and aldehydes were
discovered in the saponifiable matters (see Fig. 4b). By
comparing both the unsaponifiable matters (lane I) and
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FIG. 4. TLC analysis of the other compounds developed by using
n-hexane/ethyl acetate/acetic acid (90/10/1) as mobile phase: (a) Lane
I: PLF, lane II: FAEE standard (ethyl stearate), and lane III: unsaponifi-
able matters; (b) Lane I: unsaponifiable matters, lane II: aldehyde stan-
dard (decanal), and lane III: saponifiable matters.

the saponifiable matters (lane III) with aldehyde standard
(decanal) at lane II, it can be seen that the spot at lane
III appears at the same position as that of the aldehyde
standard. Both spots give the same color and absorbance
after being sprayed with a specific reagent, whereas no
aldehyde spot appears in the unsaponifiable matters.

The final contents of tocopherols and free phytosterols
in the unsaponifiable matters are 38.08+0.36% and
55.51 £0.56%, respectively, while the total recoveries of
tocopherols and free phytosterols are 83+ 0.57% and
113 £0.34%, respectively. The recovery of this two-step
procedure is comparable to the result of Fizet (8), in which
high yields of tocopherols (88%) and free phytosterols
(90%) were obtained. The time required to complete the
process in both studies are about the same (16-17 h). How-
ever, at least 4 steps were required in the work of Fizet (8).
Only two steps were needed in this work. Only moderate
operational temperatures were needed in this work which
avoid damaging the heat labile biocompounds, especially
tocopherols.

To fulfill the demands of commercial industry, it is
important to know the prospect of scale-up of the two-step
procedure developed in this work. The modified soxhlet
extractor is somewhat difficult to scale-up. However, it
was demonstrated that the function of a modified soxhlet
extractor can be accomplished by using a stirred batch-wise
silica gel adsorption-desorption vessel which can overcome
the drawback of uneven silica gel packing and long extrac-
tion time associated with modified soxhlet extraction, yet
still yield comparable separation efficiency (19). Further-
more, silica gel can be regenerated and reused up to three
times without significant loss of its performance in adsorp-
tion and desorption (20). It is straightforward to up scale
cold saponification.

CONCLUSIONS

We demonstrated in this study that a lipid mixture with
a total tocopherols and free phytosterols content of 95%
can be obtained by applying MSE to SODD to obtain
the PLF, and then removing more than 99.9% of FFAs
contents from PLF by cold saponification. The total
recoveries for tocopherols and phytosterols are 83% and
113%, respectively. Impurities that come with the lipid
product are FAEEs, ketones, and the degradation products
of tocopherols and free phytosterols. Similar to methods
such as molecular distillation, most bioactive compounds
are not affected by this cold saponification. However, the
process developed in this study is simpler because it
involved only two relatively simple steps as compared to
the other method which typically involves multiple
molecular distillation and other reactions.
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LIST OF NONSTANDARD ABBREVIATIONS

ASTM:: American Society for Testing and Materials
DAGs:  Diacylglycerols

FAEEs: Fatty Acid Ethyl Esters

FASEs:  Fatty Acid Steryl Esters

FFAs: Free Fatty acids

FID: Flame-Ionization Detector

HT-GC: High Temperature Gas Chromatograph
MAGs: Monoacylglycerols

MSE: Modified Soxhlet Extraction
NPLF: Non Polar Lipid Fraction
PLF: Polar Lipid Fraction
SODD:

Soybean Oil Deodorizer Distillate
SuODD: Sunflower Oil Deodorizer Distillate
TAGs: Triacylglycerols
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