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Abstract: The main objective of this work is to study the heat stability of refined palm oil produced from membrane-
based refining process. Two novel routes of refining process have been proposed in which the first one was to integrate
conventional refining process with ultrafiltration (UF) membrane technology while the second route was based on the
integration between conventional refining process and UF membrane-solvent extraction process. The results revealed
that the two novel refining routes showed improvement on free fatty acid (FFA) stability compared with the conventional
technique throughout 5-day studied period. With respect to peroxide value (PV), it is found that only the first proposed
route showed very similar increasing trend with the conventional refining process. In addition to this, it is also found that
the two refining routes which were operated at 260°C showed slightly better colour stability in comparison to

conventionally-produced oil.
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INTRODUCTION

Over the last 15 years, there are quite a number of
research works reporting the alternative methods for
vegetable oil refining process [1-4]. Of the methods
being evaluated as alternative process, membrane-
based separation is found to be the most suitable
solution to overcome the drawbacks associated with
conventional refining process and show the great
potential to be commercialized [5-9].

It is generally agreed that the adoption of
membrane technology into the refining process could
significantly reduce the use of chemicals and the cost
of utility, leading to little amount of effluent discharged.
It has been evidenced that without the presence of
additional chemical during degumming process,
membrane is found to be very useful in phospholipids
separation and the efficiency of its separation depends
on the membrane pore size selected [10-12]. Unlike
phospholipids which can form micelles in nonagueous
environment, separating free fatty acid (FFA) from
triglycerides (TGs) using membrane-based technology
is found to be very challenging. This is because of the
very similar molecular weights of these two
components. Current technology has limitation to
produce a membrane with very precise pore size that
can act as barrier to retain TG while allowing FFA to

*Address correspondence to these authors at the Advanced Membrane
Technology Research Centre (AMTEC), Universiti Teknologi Malaysia, 81310
Skudai, Johor, Malaysia; Tel: +6 07 553 5926;

E-mails: lwoeijye @utm.my, afauzi@utm.my

E-ISSN: 1929-6037/13

permeate. In view of this, membrane technology
integrated with solvent extraction process has been
proposed by Cheryan and his research team [13,14] in
1990s. The process proposed used alcohol-based
solvent to extract FFA from the oil followed by
nanofiltration process to recover the alcohol from the
solvent rich in FFA.

It is found that the number of relevant research
works published has showed no sign of decreasing in
the recent years. Many researchers have continued to
make new attempts to prove the feasibility of
membrane technology as alternative solution for
existing refining technology. Although membrane
technology showed great potential in refining process,
the complete implementation of this technology in
industrial scale still needs more efforts and time [15].
For the time being, it would be great to know if
membrane technology could be integrated with existing
refining process in the production of better quality of
refined oil. It is generally agreed that resistance to
oxidative degradation during storage is an important
issue for the successful development of alternative
refining process. The oxidation of unsaturated esters in
cooking oil during storage is a main concern to many
people as it may impair oil quality and subsequently
become a threat to human health.

The objective of this work is to study the thermal
stability of refined palm oil produced from three
different refining routes i.e. (a) conventional physical
steam refining, (b) conventional refining integrated with
membrane technology and (c) conventional refining
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integrated with membrane-solvent extraction
technology. To our best knowledge, there is so far no
research work reporting the stability of refined oil
properties produced using membrane-based
technology. Most of the relevant works only
documented the performances of membranes in either
degumming or deacidification process without taking
into consideration the possibility of integrating
membrane technology with existing refining process to
produce refined oils of better stability. In this work, all
the oil samples were analysed with respect to FFA, PV
and colour over a period of 5 days and it is expected
that results would lead to a better understanding of the
quality of oils produced from membrane-based
separation.

MATERIALS AND METHODS

Materials

Commercial polyvinylidene fluoride (PVDF) pellets
(Kynar® 740) purchased from Arkema Inc., USA was
used as main component in UF membrane formation.
The reason of choosing this polymer in membrane
preparation is mainly due to its excellent resistance
against thermal and chemical attacks. Other chemicals
used in this study for oil sample analysis were
purchased in analytical grade and used as received
without further treatment.

Crude Palm Oil Refining Process

Figure 1 shows the complete flow sheet of three
different routes of refining process conducted in this
work. The conventional physical refining process
involved three main stages of processing, i.e. (a) gums
removal with the addition of 0.01- 0.04% phosphoric
acid into crude palm oil (CPO) under 80-85°C and
vacuum condition, (b) pigments removal using 1%
bentonite bleaching earth under 95-100°C and vacuum
condition and (c) deodorization (together with
deacidification) through steam refining under 260°C
and vacuum condition to produce refined, bleached
and deodorized palm oil (RBDPO). In this study, two
novel refining routes were proposed with the objectives
of removing phospholipids in the absence of chemicals
and reducing the FFA content through solvent
extraction method. The final oil samples produced from
these two proposed routes are referred to as M-
RBDPO and M-SE-RBDPO, respectively. M is
designated to membrane while SE is for solvent
extraction. Besides different routes of refining process,
the effect of operating temperature in deodorisation

process on the stability of refined oil was also
investigated. In order to study the possibility of refining
CPO using novel refining route at lower energy
consumption, the operating temperature  of
deodorization process was reduced from typical 260 to
240°C.

Membrane Degumming

In the first proposed refining route, the conventional
degumming process using phosphoric acid has been
eliminated and replaced with membrane separation
process. The detailed procedures on the hollow fiber
fabrication can be found in our earlier publication [16].
During this experiment, a customized stainless-steel
permeation cell having a diameter of 6.5 cm and height
of 33 cm was used to conduct the degumming process.
A U-tube shaped hollow fiber module (average pore
diameter — 24 nm) which consisted of 60 fibers in 30
cm long (equivalent to 735 cm?® effective area) was
housed within the cell of 1050 mL capacity. The
transmembrane pressure and temperature of refining
process were maintained at 2 bar and 50 #1°C,
respectively  throughout the experiments. The
degummed palm oil collected from the downstream
side of the cell through %" stainless-steel tubing was
then used for the subsequent refining process as
shown in Figure 1.

Deacidification using Solvent Extraction

In the second proposed refining route, methanol
(Sigma Aldrich) was selected as the solvent mainly due
to its high selectivity to FFA compared with other types
of alcohol [17,18]. Prior to the solvent extraction, the
CPO was first degummed using PVDF UF membrane
as explained in the first proposed refining route. An
optimal ratio of 1.8g of methanol per gram of oil was
employed in an effort to maximize the amount of FFA
extracted. The mixture was then stirred for 30 min in
400 rpm at 50 *1 °C before transferring to the
separator funnel for settling. The oil phase at the
bottom of the funnel was collected after 30 min of
settling time and subjected to the subsequent refining
process as shown in Figure 1.

Analytical Methods

The stability of refined oil properties as a function of
time was estimated according to American Oil
Chemists’ Society (AOCS) method (http://www.aocs.
org/Methods/). Free fatty acid (FFA), phosphorus,
peroxide value (PV) and anisidine value (AnV) in the oil
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Figure 1: Flow sheet of crude palm oil refining process using different refining techniques.

samples were determined using AOCS method — Cd
3d-63, Ca 12-55 and Cd 8b-90 and Cd 18-19,
respectively. The colour of oil samples was determined
using Lovibond Tintometer (model F). The colour was
matched using colour racks of red (R) and yellow (Y).
Thermal stability test was conducted using accelerated
test method (industrially acceptable) by adding 1%
pure water into the oil sample and kept in oven at 90°C
to speed up the oxidation process. The properties of
the oil were determined daily for 5 consecutive days.
The accelerated heat stability of M-RBDPO and M-SE-
RBDPO was then compared with the RBDPO produced
from conventional refining technique.

RESULTS AND DISCUSSION

Membrane Filtration and Solvent Extraction

Table 1 shows the properties of oil refined using
membrane-based technology with and without
integration of solvent extraction method. As can be
seen from the table, there was a significant reduction in
the phosphorus content of membrane-based refining
process in comparison to the crude palm oil. The

content of FFA, however, was found to be reduced only
with the use of methanol in solvent extraction. In the
work of Raman et al. [13], it is also showed that partial
separation could be accomplished when solvent was
used. Besides showing remarkable reduction in
phosphorus and FFA (only for membrane process
integrated with solvent extraction method), it is also
found that membrane-based refining process was able
to remove the impurities and partially reduce moisture
and colour in the crude palm oil. It must be pointed out
that carotene which is a precursor to vitamin A was
further concentrated after membrane filtration process
and this indicated the capability of membrane in
producing the oils of higher content of nutrients. Similar
results were also reported by Ilyuke et al. [10] in which
the membrane treatment process did not affect the
carotene content of permeate sample.

Free Fatty Acid (FFA)

Figure 2 presents the FFA stability of refined oil as a
function of day for two novel refining processes. The
results obtained from the conventional physical refining
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Table 1: The Properties of Oil Pre-Treated Using Membrane (M-CPO) and Membrane-Solvent Extraction Technology
(M-SE-CPO)
Analysis "cPO Pre-treatment Process
Ultrafiltrated oil (bM-CPO) Ultrafiltrated+solvent extracted oil ("M-SE-CPO)

FFA, % 3.63 3.66 1.76
Phosphorus, ppm 11.88 3.26 4.44
Moisture, % 0.42 0.24 0.19
PV, meqg/kg Nil Nil 451
AnV 4.58 4.83 5.17
Impurities, % 0.021 0.003 0.004
Carotene, ppm 591.00 620.00 654.00

Colour 1" cell 27R 27Y 21R 21Y 23R 23Y

#CPO = Crude palm oil.

°M-CPO = Degumming of CPO using UF membrane technology. The average oil flux of membrane was 2.07 kg/mz.hr at 2 bar and 50°C.
“M-SE-CPO = Degumming and deacidification of CPO using membrane and solvent extraction technology.

process have also been included in this figure for
comparison. As can be clearly seen, all oil samples
showed no sign of FFA after the refining process
regardless of refining route. In comparison to the FFA
of RBDPO sample which reached 0.38% after 5 days
of study, the FFA content in M-RBDPO and M-SE-
RBDPO samples remained almost the same
throughout the studied period. These findings showed
a positive sign of oil samples with good stability. It must
be pointed out that the decrease in operating
temperature in deodorisation process from 260 to
240°C did not negatively affect the quantities of FFA as
these oil samples exhibited very similar results with
respect to FFA content. From the viewpoint of industry,
any reduction in operating temperature could contribute
greatly to energy savings, considering the huge
quantity of CPO needed to be refined daily [19].
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Peroxide Value (PV)

Figure 3 shows the change of PV of oil samples
produced from different refining process in 5 days. As
shown, the initial PV of oil samples was the same
regardless of refining process. Although PV is not one
of the criteria under Palm Oil Refiners Association of
Malaysia (PORAM) (http://www.poram.org.my)
standard specification of processed palm oil, a refined
oil of good quality usually needs to have less than 1.0
meqg/kg PV after refining. It is recorded that the PV of
RBDPO was increased steadily and reached 20.6
meqg/kg at Day 5. Similar increasing trend was also
observed in the oil samples refined using novel
technique. Among the samples tested, the PV of M-
RBDPO refined at 260°C was the lowest one. Its PV of
19 meqg/kg was slightly lower than that of conventional
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Figure 2: FFA stability of refined oil as a function of day, (a) M-RBDPO and (b) M-SE-RBDPO (Standard specification for

RBDPO (http://www.poram.org.my): 0.1% max. FFA).
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Figure 3: PV stability of refined oil as a function of day, (a) M-RBDPO and (b) M-SE-RBDPO.

refining process. There is a reason to believe that
instead of wusing phosphoric acid to remove
phospholipids (as widely adopted in conventional
refining process), the use of membrane technology
could minimize the loss of carotene and provide greater
resistance to oxidative deterioration, extending its
shelf-life [20,21]. Although M-SE-RBDPO showed very
stable with respect to FFA content, its PV stability was
not as good as M-RBDPO. The PV of M-SE-RBDPO
recorded was more than double the value of RBDPO,
reaching 42.8 and 42.0 for M-SE-RBDPO (240°C) and
M-SE-RBDPO (260°C), respectively. The reduced PV
stability as found in M-SE-RBDPO sample can be
caused by the additional refining step required in the
FFA extraction which increases the exposure time of oil
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sample to the surrounding air. Due to this, the addition
of oxygen at or near the double bond of fatty acid chain
might form unstable compounds which are generally
designated as peroxides and further deteriorating the
oil quality [19].

Colour

It is generally agreed that oxidation has a direct
effect on the colour of oil. It has potential to develop
coloured compounds of quinoid nature from the fatty
acids and/or acylglycerols of the oils, darkening the oil
refined. Figure 4 presents the effect of oxidation on the
colour stability of oil produced from different refining
routes. In industry, in order for the edible oil to be safe
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Figure 4: Change in colour of refined oil as a function of day, (a) M-RBDPO and (b) M-SE-RBDPO (Standard specification for

RBDPO (http://www.poram.org.my): 3.0 max Red).
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for human consumption, the standard colour of RBDPO
must be no more than 3.0 Red. As can be seen from
the figure, all oil samples except M-RBDPO at 240°C
fell within the acceptable range. The recorded red
colour value of M-RBDPO (240°C) was 5.1 at initial day
and increased to 5.3 at Day 5. This revealed that
operating temperature is very critical in ensuring the
minimal red colour of the final refined oil product. Any
reduction from the typical refining operating
temperature (260°C) would make the oil product failed
to meet the standard colour of refined oil. Besides
showing higher red colour value at the initial day,
refining the crude vegetable oil at lower temperature
also showed rapid development of red colour value as
evidenced in M-SE-RBDPO (240°C). With increasing
the refining temperature from 240 to 260°C, it is found
that the red values of M-RBDPO and M-SE-RBDPO
were significantly reduced. M-RBDPO (260°C) sample
showed 4.9% red colour reduction while M-SE-RBDPO
(260°C) displayed 24.4% colour reduction at the end of
studied period. This indicated that the novel refining
routes proposed somehow are able to produce similar
oil standard with respect to colour, provided the refining
temperature applied is the same as the one used for
RBDPO process.

CONCLUSIONS

In this study, the process of refining crude palm oil
using two novel refining routes has been successfully
conducted. The properties of their thermal stability with
respect to FFA, PV and colour have been compared
with the conventional physical steam refining process.
It is found that the palm oil refined using the proposed
refining routes demonstrated much better FFA stability
and showed insignificant increases on FFA content
throughout the 5-day studied period in comparison to
the conventionally-produced oil. With respect to PV,
results indicated that only the sample of M-RBDPO
refined at 260°C was found to display very similar
increasing trend with the conventional refining process.
The rest of the novel refining processes proposed
tended to show greater extent of PV increase. Results
also revealed that the oil samples refined at 240°C
using novel refining routes were tended to develop
higher red colour value in short period of time
compared with the oil samples refined at 260°C. Only
the oil samples refined at typical operating temperature
were able to show red colour values lower than that of
conventional refining process. Based on these findings,
it can be concluded that the stability of M-RBDPO
samples refined at 260°C is comparable with the oil
properties produced by the conventional refining.

Further investigation however is still needed to
examine the feasibility of proposed refining route with
respect to economic aspect in edible oil production.
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