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ABSTRACT
TIheaimof this studywas to evaluate the hybrid processes forextractionand separationof tocopherols fromcrude
palmoil.The saponification method was used to extract crude palm oil undervarious concentrationsofalcoholic
KO H in the range of 10-60%w/v in a lab scale unit. The experiments were conducted at a temperature and
saponification time in the range of 60-80°C and 20-40 min respectively. The performance and efficiency of
ultrafiltration were investigated by filtering a fraction of unsponifiables. The results showed that the optimum
condition of saponificationwas 10%alcoholic KOH withthe minimum loss of a-tocopherol ofaround 19%. Alab
scale filtration unit with a hydrophobic sheet membrane was operated under a frontal filtration mode at room
temperature. The results pointed out that ultrafiltration could remove most of the residual triglycerides and
phospholipidscontainedinunsponifiablesat aTMPof0.25·1.0 bars.Theremoval ofupto 70%oftriglyceridesand
phospholipids was reachedwhen the mixture was ultrafiltered, Inaddition, these hydride processes presentaone
ofthe great option fora-tocopherol purificationlosing about 5%ofyield.
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1.0 INTRODUCTION

Crude vege tab le oils are constituted mainly of
triglycerides but conta in some minor components
such as phospholipids, FFAs, coloring pigment s
and phytonutrients as carotenes, vitamin E (tocol,
tocopherols and tocotr ienols), and sterols [1]. It
was reported that crude palm oil consists of 1%
phytonutrients with a tocopherol con tent of 300­
1000 ppm . In compari ng th ese phytonutrient
groups it has been found that vitamin E is value
added and is the pro ductfor which there are
increas ing demands all over the world. Vitamin
E is a natural antioxidant that plays significant
roles in food preservat ion and disease prevent ion
[2-4] . Recen tly, several reports were published
saying that natural vitamin E has a more beneficial
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effect than the intake of synthetically produced
vitamin E. The main compounds of vitamin E in
crude palm oil are a-tocopherol and tocotrienols.

There are many separation processes for
extracting tocopherols due to their complexity,
their high instability when exposed heat, acids,
alkalis,UV light and oxygen [5, 6]. Saponification
is one of the met hods which may affect th e
deterioratio n of tocopherols dur ing heating as
oth er st udies have repor ted tha t alkali may
destroy and/ or change the structure of toco­
pherols [7 -10J. Alt hough th is method is
responsible for loss of tocopherols, it is the
conventional extraction technique that has often
been used to remove triglycerides, easily exploited
and can be used in furt her studies [10, 11]. The
importance of this study comes from the nature
of components in crude palm oil itself, in that
crude palm oil is constitu ted of about 95 %
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triglycerides. Therefore, it is difficult to separate
tocopherols directly from crude palm oil. As
ment ion ed above, focus will be on the sapo­
nification-separation technique for tocoph erols
from crude palm oil to solve this probl em by
hybrid sep ar ation process. Crude palm oil
requires slight ch emical modificati on mainly
sapon ificati on and provid es a beller under­
standing of a-tocopherol stability obtained from
saponification in crude palm oil. Moreover, it was
to eva lua te the opti mized co ndit io ns for
extraction and separation of o-tocopherol from
crude palm oil. Consideration of the optimized
conditio n was based on a -to copherol yield.
Moreover, the optimal conditions would be used
in the next step with ultrafiltration membrane
process to remove triglyceride from the sample.

2.0 METHODS/ TH EORY

2.1 Crude Palm Oil and Reagents

Th e crude palm oil wa s kindly provided by
Surattanee Palm Oil Industrial (Thailand)
because it still provided good results oftocopherol
yield in contrast to the crude palm oil obtained

. from three other mills after preliminary toco ­
pherol yield testing was done. The samples of
cru de pa lm oil were determined by various
parameters such as PFA (National Cottonseed
Products-AOAC Method) , saponification value
(Titrimetric Method :Final action), peroxide value
(American Oil Chemists' Society-AOAC Method)
and a -tocophe ro l content (HPLC ana lysis) .
Finally these results were compared with those
summarized in the tocopherol yields.

Standard and internal standard (a-tocopherols
and a -toco phe rols aceta te respectively) were
purchased from Sigma. Mobile phases such as
methanol and acetronitrile used HPLC grade [12,
13]. All other reagents used analytical grade such
as absolute ethanol, potassiumhydroxide, sodium
chloride and hexane.

2.2 Sapouification Process

Por saponification, the raw CPO from Suratthani
was weighted it in a Duran tube and then ascorbic

acid in absolute ethanoland potassium hydroxide
solution (concenlrationrange: 1O·60%w/v) were
added to the sample. The tubes were incubated
at 60-80' C for 20-40 minutes. After saponifica­
tion, the saponified was incompletely separated
from unsaponified. The top layer of the solution
is unsaponified. Therefore, the saponified is the
lower layer which forms soap and emulsion.Then,
sodium chloride was added after cooling to
completely separate the saponified from the
unsap oni fied mixt ure. The suspension was
exlracted three times with portions of hexane in
the ratio of 1:6 CPO:solvent.After extractionwith
hexane, the nutraceutical compounds were
dissolved in hexane (upper level) and the residue
was separated in the lower level.The upper phase
(dissolved in hexane) was separated and put into
a flask, followed by the next step which was
preparing to evaporate by vacuum-evaporator.
The organic phase was evaporated to dryness at
40' C and the residue was dissolved in 1.0 ml of
chloroform . Internal sta ndard solution (a­
tocopherol acetate in chloroform) was added to
the samples, after passing throug h a 0.2 fun
syringe filter nylon. After that, the a-tocopherol
conten t was measured by reversed-phase high­
performance liquid chromatrography. It was kept
at -20'C before injection but onlyremained stable
for a week [14].

2.3 Membrane Filtration Unit

Plat-sheet membr an e was made from PVDP
(hydrophobic membrane), of molecular weight
75 kDa (PVDP400 sheet membrane PPC fabric,
U.S.A.). The membrane presented an effective
filterin g area of 6.94 x 10-3 m2 (diameter of
4.7 cm) and rejected 95% wit h 2000 ppm
concentration of marker. The membrane was
studied for it effectiveness in separa t ing
triglycerides from the mixture. The optimum
conditions for saponification process were used
for these separation studies. Por ultrafiltration,
the sample from the optimal saponification
condition was used in this step. Since the optimal
conditions could not remove all saponifiable
substa nces such as triglycerides and phos­
pholipids, even if it gave a high yield of
tocopherols, so ultrafiltration was used after the
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2.4 HPLC Analysist

react ion s tep of sa pon ifica t ion inst ead of
evapora ted organic solvent (hexane) for rejecting
the residue of saponified substances from the
sample. Experiments were perform ed in a 150 ml
stirred dead-end cell pressur ized by nitrogen, as
shown in Figu re I. In a ll experiments, the
temperatu re used was 25°C and pressure varied
from 0.25 to I bar. Each ex pe riment was
performed in batch mode. Permeate samples were
collected and weighed in regular time intervals
in order to determine the permeate flux.

HPLC separation was performed with a Hewlett­
Packard liquid chromatographicsystem (Waldbron,
Ge rmany) eq uipped wit h a H p·1050 pump
system, and a Rheodyne Mod el 7125 injector
(Cotati, CA, USA) with a final loop volume of
500 ul,A HP-1040M UV-visible detection (VWD)
system was also used. The data was stored and
processed by an HPLC Chernstation (Dos Series,
Hewlett-Packard) . The column was a stainless
steel Zorba x SB·CI8 (150 x 4 .6 I.D., 5 urn
particle size).

The injection volume was 20 fLL. The mobile
phase was methanol:acetronitr ile (70:30, v/v) and
the elution was performed at a flow rate of I ml/
min. The analytical column was kept at T=25°C.
To determine the compounds in the samples and
peak area rat ios were used for calculat ions
following th e interna l s ta ndard me t hod .
Detection was performed at 292 nm and each run
lasted 8.6 min.
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Figure 2 Yields of o-tocopherols by saponifica-
tion un der different concentration of
alcoholic KOH 10-60%

Results of tocopherol yields by varying KOH
concentrations show in Figure 2 that decreasing
tocopherol yields was observed with the increase
in KOH concent rat ion from 10-60%. It was
ob served th at the higher conc entra tion of
alcoholic KOH has a remarkable effect on a­
tocopherol content. 95% removal of triglycerides
was reached when the concentrat ion of alcoholic
KOH was about 60%. Thi s is not surpr ising
because the higher concentrat ion of alcoholic
KOH is responsible for removing triglycerides and
phospholipids. However, it had significant effect
on the extraction of o-tocopherol content . The
reason for this is related to alkali that may destroy
and/or chan ge the st ructure of tocopherols.
Therefore, the great increase in deterioration of
a -to copherols was found in the limit of high
concentration alcoholic KOH.

Based on the a-tocopherolyields, the optimum
saponification condition was at 10% alcoholic
KOH with a minimum loss of about 18% e-toco­
pherol although th is condition did not remove
all tri glycerides. Th erefore, the coupling of
another separation unit should be employed in
the advanced stage to separate triglycerides and
other molecules. Figure 3 compares the e -toco­
pherol yields with times and temperatures at the
10% KOH concentration. As can be seen , the
operatingparameters, timeandtemperature,were
not significant in a-tocopherol loss compared to
the concentration of alcoholic KOH.

3.1 Optimal Saponification Conditions

3.0 RESULTS AND DI SCUSSIONS
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Figure 3 Yields of a-tocopherOls bysaponification
und er various conditions (T~60-80°C

and time ~ 20-40 min)

Por saponification reaction, it showed that
higher temperature corresponds with loss of toco­
pherols.Therefore, the most suitable iemperature
for this study is at T~70°C, as shown in Pigure
3. The saponification time results provided the
same trends as temperature results, that is,
suitable time should be determined to obtain
the opti mal a -tocopherol yields. The optimum
saponification time in this study is at time ~30

min, as shown in Figure 3. ,
As can be concluded in this part , the alcoholic

KOH concentration plays the most significant
variable compared t o tim e and tem perature.
Based on the e -tocopherol yield in th is work, the
optimum condition of the saponification sample
at alcoholic KOH 10% is at T~70°C and time~30

min. However this condition can not remove all
triglycerides even it provides a high yield of a­
tocoph erol s. Therefore, th e couplin g of th e
membrane separation unit should be employed
in the next step.

3.2 Ult rafilt rati on Process

Prom the optimized conditions of saponification,
all t riglycer ides were not removed after th e
reaction step. So the hexane phase of saponi­
fication pro cess was passed by ultrafiltration
membrane to separate the residue of triglycerides
and some minor components from this mixture.
It was found that ultrafiltration can remove the
large part icle size residue such as triglycerides
from th e mixture as shown in Figure 4. The

Figure 4 Effect of press ure on triglycerides
removal at T~25°C

removal efficiency of triglycerides decreased at
higher pressure. In contrast, % yield of toco­
pherols in the permeate was high when using the
TMP at 1 bar as compared to 0.25-0.75 bar, as
shown in Figure 5. Because of that lower pressure,
it led to a random arrangement of molecules. It
formed a gel on the membrane surface and this
phenomena played a key role as the second
membrane to retain triglyceride macromolecules
of and someminor components.

Figure 6 shows the effect of time processing
on permeate flux. A decrease in permeate flux
was observed in the initial period of filtration
time. In this case in particular it is believed that
during filtration, a reduction in permeate fluxwas
due to the polarization layer which usually leads
to the formation of a gel on the membrane surface
and extensive fouling [1)-
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Figure 5 Effect of pressure on % yield of
tocopherols atT~25°C

,~



Hybrid Processes for Extraction-separation of Tocopherols from Crude Palm Oil 19

REFERENCES

saponification process, 65.8% KOH is required
so as to sapon ify a n exa ct am oun t of fat
(triglycerides) . However in order to use up all
trig lycerides, a higher concentrati on of KOH
(> 60%) is needed and %yield oftocopherols will
be improved and bett er when the next step of
purification is investigated using nanofiltration
and also reverse osmosis.

35

•

30

••

2510 15 20
Time (min)

• • • • • •

5
01

o

1.2 '
•1"

t: i

~ 0.8 .

~ 0.6 :.

'"~ 0.4 ;\
E i ···
~ 0.2 '
~

Figure 6 Effect of processing time on permeate
flux at T=25°C and 1 bar pressure

The results showed th at th e optimum in
saponification condition wa s 10% alco ho lic
KOH with a minimum loss of around 19% a­
tocopherol. A lab scale filtr ati on unit wi th
hydrophobic sheet membrane was operated under
frontal filtration mode at room temperature. The
results pointed out th at ultrafiltration could
remove most res idua l triglycerides an d pho­
spholipids contained in unsponifiables at TMP
0.25-1.0 bar s. It can be conclude d th at th e
optimum pressure in this ultrafiltration study was
in the range of 0.75 to 1 bar under the consi­
deration of % yield of tocopherols, % removal of
triglycerid e and flux decline. The removal of
triglycerides and phospholipids reached 90% and
70% whe n th e mixture was ultr afil tered . In
addition, this hybrid process was one of the best
options for a -tocopherol purification losing about
5% of yield.

4.0 CONCLUSIONS

After the saponification process, the oil specimen
was in the form of transparent liquid without any
precipitate.This implies that ultrafiltration can be
applied under frontal filt rati on . Th e res ults
showed that th e optim um conditio n of sapo­
nificati on sample at alcoholic KOH 10% is at
T =7 0°C and time =3 0 min . However thi s
condition can not remove all triglycerides even if
it provides a high yield of a-tocopherols and the
best condi tion of triglyceride removal. Within the

[1] Juliana, M.L., N. de Moura, Lireny, and
A.G . Gon calves. 2005 . Degummin g of
Vegetable Oil by Microporous Membrane.
J. Food Eng. 70: 473-478.

[2] Olcott, H.S., and O.H. Emerson. 1973.
Antioxidants and the Autoxidation of Fats
IX: The Antioxidant Propert ies of Toco­
pherols. J. American OilChemist's Society
59: 1008-1009.

[3] Baue rn feind, J. in , L.J. Machlin . 1980 .
Vitamin E - A Comprehensive Treatise.
New York : Marcel Dekker.

[4] Burton, GW, and In gold , ICV . 1981.
Antioxidant Acti vity of Vitamin E and
Relat ed Cha in-breaking Phenolic Anti ­
oxidants in Vitro. J. American Chemist's
Society. 103: 6472-6477.

[5] Park, S-R., Y-HKim, H-J Park, and Y-S Lee.
2002. Stability of Tocopherols and Toco­
tr ien ols Extracted from Vnsaponifiable
Fract ion of Rice Bran Und er Various
Temperature and Oxygen Condition.

[6] Sanchez -Mac ha do , 0.1. , J. Lopez Cer ­
vantes. 2006. High-perfor mance Liquid
Chromatography Method for the Simulta­
neous Quantification of Retinol, a-toco­
pherol, and Cholesterol in Shrimp Waste
Hydrolysate. J. Chromatography A. 1105:
135-139.

[7] Di Mascio, P. , M.E. Murphy, and H. Sies.
1991. Antioxidant Defense Systems: The
Role of Caroteno ids, Tocopherols and
Thiols. American J. Clinical Nutrition. 53:
194-200.

[8] Gimeno, E., A.l. Castellote, R.M. Lamuela­
Raven tos, M.C. de la Torre , an d M.C.
Lopez-Sabate. 2000. Rapid Determination



20 K. Vachiraanan, ). Rattanapisit & P. Sridang

of Vitamin E in Vegetable Oils by Reversed
Phase High-performance Liquid Chromate­
graphy.]. Chromatography A. 881: 251-254.

[9J Ruperez, F.) ., C. Barbas, S. Martinez, and
E. Herrera. 1998. Rapid Detenn ination by
Reversed-phase High Performance Liquid
Chromatography of Vitamins A and E in
Infant Pormulas. T, Chromatography A.
823 : 483.

[10] Dionisi, F.,). Prodolliet, and E. Tagliaferri.
1995. Asses ment of Olive Oil Adulteration
by Reversed-phase Hi gh-performan ce
Liquid Chromatog raphy/ ampe rometric
Det ection of Tocopherols and Tocotrienols.
]. American Oil Chemists Society. 1505.

[11] Liet z , G., and C.) .K. Henry. 1997 . A
Mod ified Method to Minimise Losses of
Carot enoids and Tocopherols during HPLC
Analysi s of Red Palm Oi l. j. Food
Chemistry. 60: 109.

[121 Khachick, E , G.R. Beecher, N.F.Whitaker.
2000. The Potential for the Improvement
of Carotenoid Levels in Foods and the
Likely System ic Effects.]. Agricultural and
Food Chem. 54: 101.

[13] Nierenberg, D.W., D.C . Laser. 1985.
Extract ion of Fat-soluble Vitamins. j.
Chromatography. 345: 275.

[141 Epler, K.S., and L.C. Sander. 1992. Sepa­
ration of Carotenoids by High-performance
Liquid Chrom atography with Polymeric
and Monom eric Octadecylsilica Stationary
Phases. [. Chromatography. 595: 89.

[15J Gimeno, E., E. Calero, A.I. Castellote, R.M.
Lamuela-Raventos. 2000. Simultaneous
Determination of a-tocopherol an d fJ­
carotene in Olive Oil by Reversed-phase
High-perfonnanceLiquid Chromatography.
f. Chromatography A. 881: 255-259

(

(
. J",
d,
p
S
it

I
I,
eJ
c(

Sl,
rr. ,
In
I

t
.~


