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INTRODUCTION

Fats and oils that have been modified or restructured to incorporate new fatty 
acids are called structured lipids. Primarily, these fatty acids are either short 
or medium chain, and are preferentially essential fatty acids. The reasons 
for changing the fatty acid profile in the new oils are to introduce a new 
fatty acid into the existing oil, to reduce its saturation, improve nutritional 
requisites, or provide additional functional characteristics. Traditionally, the 
process involves either a chemical or an enzymatic catalyst. Now, many 
possibilities have emerged from research and also from an innovative new 
range of enzymes introduced by enzyme manufacturers. Modifications of 
oils and fats are common activities in most oils and fats enterprises. The 
more complicated processes such as those involving enzymatic reactions are 
less common due to the high capital and operational costs. However, the 
benefits offered by enzymes are specificity, mild conditions and less waste, 
or less of harmful side products (Yang and Xu 2001, Willis and Marangoni 
2002). Unwanted side products can be minimised through proper selection 
of the most suitable enzymes as well as control of the reaction conditions. 

Palm oil and its fractions with 
higher melting points are generally 
considered as suitable alternatives 
for replacing hydrogenated solid 
fats, especially in the bakery 
and confectionery industries. 
Interesterification of palm oil 
products with other oils and 
fats offers a wide spectrum of 

opportunities for new product 
ranges and oil properties. 
Interesterification can be classified 
according to the type of reaction, 
namely, acidolysis, glycerolysis, 
alcoholysis and transesterification 
(Yang and Xu, 2001; Rousseau and 
Marangoni, 2002). Considering 
the vegetable oils and fats, fatty 
acids and enzymes, the possibility 
of producing new structured lipids 
is great. Indeed, there are many 
commercialised products in the 
market which were initiated in 

research laboratories. Examples are 
the well-known BetapolTM, InfatTM, 
vegetable oil blends specifically 
produced to mimic human milk fat, 
and Enova, a dietary oil for reducing 
obesity. Other products developed 
include margarines with low trans 
fats, medium chain triglycerides 
(MCT)-enhanced products, and 
oils having enhanced conjugated 
linolenic acid (CLA) and high 
omega–3 polyunsaturated fatty 
acids (PUFA). This article attempts 
to provide some information on the 
possible structured lipids developed 
using palm oil products.

PRODUCTION OF LOW 
SATURATED FATS

Health regulators and food 
manufacturers throughout the world 
have been continuously searching 
for ways to increase the unsaturated 
content in oils by lowering their SFA 
content. This can be done either 
through the use of genetically 
modified plant crops, selective 
breeding, or an in-depth look at 
reformulation, and adapting recipes 
that could reduce the saturated fat 
levels. Application of an ultra-low 
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saturated fat would probably involve 
changing to a new fat system and 
invariably involving higher costs. 
The reasons ascribed for lowering 
the saturation levels in oils are based 
on the conviction that saturated 
fats are potential risk factors for 
arteriosclerosis diseases. However, the 
most recent studies by Chowdhury et 
al. (2014) have indicated that there is 
no significant evidence for concluding 
that saturated fats are responsible for 
cardiovascular diseases. In addition, 
work by Yamagishi et al. (2010) on 
dietary intake of SFA and mortality 
from cardiovascular disease in the 
Japanese population indicated that the 
lowest incidence of stroke mortality 
was observed in people with saturated 
fat intake between 18 g and 40 g SFA 
day-1, while reducing the intake to less 
than 18 g and between 15.4 g and 
17.9 g day-1 increased the relative 
risk by 20% and 66%, respectively. 
These studies indicate that palm oil 
products such as palm olein will pose 
no problem if consumed on a regular 
basis. However, in spite of numerous 

TABLE 1. ACYLGLYCEROL COMPOSITION OF OLEINS OBTAINED FROM MODIFICATION PROCESSES BY LIPASES 
LIPOZYME® RMIM AND TLIM USING BOTH BATCH (B) AND PACKED-BED (PB) REACTOR

Sample MG & FFA DAG Triunsat Diunsat Disaturated Trisaturated TAG

POo IV 62 0.2 6.2 8.9 53.7 30.9 0.1 93.6

B-RMIM 1.1 7.7 16.3 49.8 25.2 0.0 91.2

B-TLIM 3.2 11.5 20.1 43.9 21.3 0.2 85.4

PB-TLIM 0.8 8.0 20.1 46.4 24.7 0.1 91.2

Note: Triunsat = OLL, OLO, OOO; Diunsat = PLL, PLO, POO, SOO; Disaturated = MLP, PLP, POP, POS, SOS; Trisaturated = 
PPP, PPS.

studies redefining the role of SFA 
in nutrition, health organisations 
and national regulators continue to 
maintain the need to lower SFA in 
foods. 

In view of the conflicting and 
unsettled views and the need to 
cater for this specific market sector, 
MPOB has embarked on research to 
develop low saturated oils, having a 
saturation level below 35%, which 
are suitable as liquid oils. Table 1 
shows the acylglycerols composition 
of the new oleins developed with 
low saturation as compared with a 
feed oil, palm olein of IV 62.

Enzymatic interesterification (EIE) 
reaction of palm olein by Lipozyme® 
TLIM was carried out by using a 10-
kg pilot-scale continuous enzyme bed 
reactor. This 10-kg packed-bed reactor 
was specially designed by Novozyme 
Company for interesterification using 
lipase Lipozyme® TLIM. Initially, 
5 kg of Lipozyme® TLIM was fed 
into the clean column of the reactor. 

The condition of the reactor was 
monitored at 65°C. Feed palm olein 
of IV 62 was loaded into the column 
for the purpose of lipase conditioning. 
The flow rate of the feed was adjusted 
to 2 kg hr-1 for every kilogram of lipase 
by controlling the frequency of the 
pump. Oil samples were collected 
every 15 min to determine the stage 
of conditioning. The interesterified 
product was collected once the free 
fatty acid (FFA) content had been 
reduced to a constant value. The 
product was then collected and stored 
for analysis. Batch type reactions were 
conducted with RMIM (2%) and 
TLIM (5%) enzymes. Optimisation of 
the batch reaction using Lipozyme® 
TLIM has been reported by Saw 
and Siew (2014). Fractionation was 
carried out at 12ºC, and the oleins and 
stearins were further characterised.

The data show that these three 
modification processes increased 
the triunsaturated TAG while the 
diunsaturated and disaturated TAG 
contents were reduced (Table 1). In 

TABLE 2. FATTY ACID COMPOSITIONS OF OLEINS OBTAINED FROM MODIFICATION PROCESSES BY LIPASES 
LIPOZYME® RMIM AND TLIM USING BOTH BATCH (B) AND PACKED-BED (PB) REACTOR

Sample Area
C12:0 C14:0 C16:0 C18:0 C20:0 SFA C16:1 C18:1 MUFA C18:2 C18:3 PUFA IV

POo IV 62 0.3 1.1 36.3 3.6 0.4 41.7 0.2 44.9 45.1 13.0 0.2 13.2 62.0
B-RMIM 0.2 1.0 31.6 3.3 0.3 36.5 0.3 48.6 48.9 14.4 0.2 14.6 67.4
B-TLIM 0.2 0.9 28.9 3.0 0.3 33.3 0.3 51.2 51.5 15.1 0.2 15.3 70.7
PB-TLIM 0.2 1.0 29.4 3.0 0.3 33.9 0.3 50.2 50.4 15.2 0.5 15.7 70.7

Note: SFA = saturated fatty acid; MUFA = monounsaturated fatty acid; PUFA = polyunsaturated fatty acid.
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addition, the diacylglycerols content 
for batch TLIM was increased 
significantly, but was only slightly 
increased for the batch RMIM and 
packed-bed TLIM processes.  The 
triunsaturated TAG content was 
increased from 8.9% to a range 
between 16.3% and 20.1%.

The fatty acid composition 
(Table 2) results indicate that the 
modification process (EIE with 
fractionation) had reduced the 
saturated fat content from 41.7% 
to a range between 33.3% and 
36.5%, which in turn increased the 
iodine value from 62.0% to 67.5%-
70.7%. Both monounsaturated and 
polyunsaturated fatty acids contents 
also showed significant increments 
from 45.1% to a range varying from 
48.9%-51.5% and from 13.2% 
to 14.6%-15.7%, respectively. 
Characterisation of the low saturation 
palm oil products after continuous 
EIE and dry fractionation had been 
discussed by Saw et al. (2009). The 
results show that by interesterification 
and fractionation, a lower saturation 
can be obtained while retaining 
a higher oil yield. In the case of 
fractionation alone, the oil yield for an 
iodine value of 67-70 was very low.

PRODUCTION OF HIGH 
OLEIC PALM OILS

Studies have shown the benefits of 
oleic acid against coronary heart 
disease (Allman-Farinelli et al., 
2005; Huang et al., 2008), and 

that high concentrations can lower 
low density cholesterols and blood 
pressure (Reaven et al., 1991; Teres 
et al., 2007). On the whole, oleic 
acid is considered neutral when 
compared with polyunsaturated fats. 
Plant breeders and oil producers of 
other oil seed crops are clamoring to 
modify oil composition from highly 
unsaturated to that with a high oleic 
content, because of its better oil 
stability, and to compete with palm 
oil products. Palm oil is therefore 
facing competition from many 
angles, especially new oils such as 
high oleic soyabean, corn, sunflower 
and rapeseed oils (Orthoefer 2005). 
In view of these developments, there 
is a strong need to develop new oil 
compositions for palm oil products 
in line with marketing trends and 
consumer requirements.

High oleic oils can be produced 
via enzymatic acidolysis of palm 
olein, and examples of such oils have 
been presented by Siew and Saw 
(2009). The enzymatic acidolysis 
reaction was conducted in a 3-kg 
medium-scale batch reactor. Free 
fatty acids together with the non-
reacted oleic acids were removed via 
short path distillation. Fractionation 
of the purified high oleic product 
was conducted at 8°C, 10°C and 
15°C to remove the saturated TAGs 
formed during the acidolysis process. 
The new monounsaturated (MUFA) 
standard for the palm-based high 
oleic oil is 56%. In comparison, super 
olein’s MUFA is only 49%. Thus, the 

possibility of increasing oleic content 
can be realised by incorporating 
oleic in palm oil products. 

Table 3 shows the fatty acid 
composition of the high oleic palm 
products and the feed palm olein. 
The results indicate that SFA of palm 
olein of IV 56 has been reduced 
from 46.6% to 29.5%-30.7% for 
olein fractionated at 8°C, 10°C and 
15ºC. The reaction also increased the 
linoleic acid content from 11.4% to 
14.0%-14.5%. Oleic acid content 
was increased from 41.4% to a 
range between 55.1% and 56.0%. 
The highest oleic content (56.0%) 
was obtained from fractionation of 
the interesterified product at 8ºC, 
with an iodine value of 73.6. Further 
improvements can be achieved 
through further optimisation of the 
process conditions. 

HIGH DIACYLGLYCEROL 
OILS

Diacylglycerol oils, particularly from 
palm oil products, can be of value in 
many applications. Japan produces 
liquid diacylglycerol oil from rapeseed 
and other unsaturated seed oils. So 
far, a more solid type diacylglycerol 
oil is not available in the market. 
Various methods have been reported 
for the production of diacylglycerol 
oils using enzymatic processes, 
such as hydrolysis of triacylglycerols 
(Cheong et al., 2007), glycerolysis 
(Kristensen and Xu, 2005), and 
esterification of fatty acids and 

TABLE 3. FATTY ACID COMPOSITIONS OF THE HIGH OLEIC PRODUCTS AND THE FEED OIL (POo IV 56)

Sample
Yield

Area (%)
C12:0 C14:0 C16:0 C18:0 C20:0 SFA C16:1 C18:1 MUFA C18:2 C18:3 PUFA IV

POo IV 56 - 0.2 1.1 41.0 3.9 0.4 46.6 0.2 41.4 41.6 11.4 0.3 11.7 56.2
Olein 8°C 70.5 0.6 0.8 25.1 2.7 0.3 29.5 0.2 55.8 56.0 14.5 0.2 14.7 73.6
Olein 10°C 72.5 0.6 0.8 25.7 2.7 0.3 30.1 0.2 55.3 55.5 14.3 0.2 14.5 72.9
Olein 15°C 73.8 0.6 0.8 26.2 2.8 0.3 30.7 0.2 54.9 55.1 14.0 0.2 14.2 72.0

Note: SFA = saturated fatty acid; MUFA = monounsaturated fatty acid; PUFA = polyunsaturated fatty acid.
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TABLE 5.  FATTY ACID COMPOSITION OF DIACYLGLYCEROL FROM PALM OLEIN

Source C12:0 C14:0 C16:0 C18:0 C20:0 SFA C16:1 C18:1 MUFA C18:2 C18:3 PUFA IV

Palm olein IV 56 0.6 1.4 43.4 3.8 0.0 49.2 0.2 39.9 40.1 10.5 0.2 10.7 53.0

Palm olein high IV 0.1 0.8 31.5 4.0 0.2 36.6 0.2 48.7 48.9 14.5 0.1 14.6 67.2

TABLE 4. COMPOSITIONS OF DIACYLGLYCEROL OILS FROM PALM OLEIN

Source FFA (wt%) MAG (wt%) DAG (wt%) TAG (wt%)

Palm olein IV 56 0.4 14.0 81.8 3.9

Palm olein high IV 0.5 9.1 85.7 4.8

Note: FFA = free fatty acids, MAG = monoacylglycerols, DAG = diacylglycerols, 
TAG = triacylglycerols.

TABLE 6. SLIP MELTING POINT (SMP) 
AND TOCOLS OF DIACYLGLYCEROL 

OILS FROM PALM OLEIN

Source SMP (°C) Tocols (ppm)

Palm olein 

IV 56
52.5 1 129

Palm olein 

high IV 
46.5 1 571

glycerol in organic solvents as well 
as in solvent-free systems (Berger et 
al., 1992; Lo et al., 2004). Among 
the enzymatic processes, glycerolysis 
has been carried out for palm olein 
of IV 56 and IV 62. The reactions 
were carried out using Lipozyme 
TL IM in the presence of silica 
gel. The reaction products passed 
through two stages of purification 
to produce high diacylglycerol oils. 
The composition and properties of 
diacylglycerol oils produced from 
palm oleins are shown in Tables 4 to 
6. At least 80 wt% of diacylglycerol 
was achieved with high tocopherol 
and tocotrienol (tocols) content. 
The solid fat content curves for the 
products are shown in Figure 1. The 
high diacylglycerol products can be 
used for the production of margarine 
or other products.

CONFECTIONERY FATS

Cocoa butter (CB) is a solid fat 
obtained from cocoa (Theobroma 
cacao) beans along with cocoa 
powder, and has a melting range 
at 32°C-35°C (Shukla, 1997). The 
major triacylglycerols are symmetrical 
disaturated oleic glycerol esters 
and include POP (18%-23%), 
POS (36%-41%) and SOS (23%-
31%) (Gunstone, 2005), where P = 
palmitic, O = oleic and S = stearic. 
CB is generally traded at a premium 
price, leading to the application of 
cheaper alternatives which are able 
to mimic the CB properties. Table 7 
shows some tropical fats which can 
be used as a partial replacement 
for CB. Blending palm mid fraction 
with some exotic fats such as Sal 
stearin and Shea stearin brings the 

composition closer to that of CB; 
however, cheap exotic fats are hard 
to come by, being mostly sourced 
from jungle trees. As such, enzymatic 
modification has a role to play in 
providing SOS-type fats to cater 
to the confectionery industry. The 
enzymatic products are termed as 
cocoa butter alternatives (CBA), 
which have a very steep melting 
product, thus ensuring that the 
organoleptic properties of the end 
products are comparable to those of 
cocoa butter.

Several experiments on the 
production of CBA via EIE processes 
have been reported. The reactions 
applied by the researchers can be 
categorised into two types, namely, 
acidolysis and ester-ester exchange. 
Macrae (1983) reported acidolysis 

TABLE 7. SOME TYPICAL FATS THAT 
ARE USED IN PARTIAL REPLACEMENT 

OF COCOA BUTTER 
 

Common name
Major TAGS

POP POS SOS

Palm mid fraction

Illipe

Kokum powder

Sal stearin

Shea stearin

Cocoa butter

57

6                        

1                          

1                        

1                         

16

11

37

5

10

7

38

2

49

76

57

71

23

Note: P = palmitic, O = oleic, S = 
stearic. Figure 1. Solid fat content curves for the high diacylglycerol products.
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High DAG from palm olein IV 56
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of palm oil with stearic acid to 
produce SOS- and POS-type TAG 
using a specific lipase. Yassin et al. 
(2003) also conducted acidolysis to 
produce a cocoa butter-like product 
but using palm olein as the substrate 
and stearic acid as the acyl donor. 
Other acidolysis experiments were 
reported by Bloomer et al. (1990) 
and Undurraga et al. (2001). Both 
interesterified palm mid fraction with 
different acyl donors – palmitic acid 
by the former and stearic acid by 
the latter. In the same publication, 
Bloomer et al. (1990) also reported 
an ester-ester exchange using 
ethyl stearate and ethyl palmitate 
in the solvent media. Abigor et 
al. (2003) and Liu et al. (2007) 
applied transesterification processes 
to obtain a CB-like fat. The former 
interesterified a blend containing 
palm oil and hydrogenated soyabean 
oil while the latter compared the yield 
of the CB analogue from reacting 
two types of oils, namely, lard and 
palm oil, with tristearin in supercritical 
carbon dioxide. The reaction with 
lard produced a higher yield of CB 
analogue than with palm oil.

LIQUID PALM-BASED 
OILS WITH GOOD COLD 
STABILITY

These are oils which are developed 
to promote palm oil in selected niche 
markets. Besides this, there is a need 
to place palm oil in retail stores in 
countries with a temperate climate, 
especially during winter conditions. 
As palm olein crystallizes and forms 
sediments below 15°C, it would not 
be possible to market palm olein in its 
natural state when temperatures fall 
below this limit. Frequently, palm olein 
is blended in various proportions with 
local oils so that it will remain liquid 
in cold temperature. However, such 
blending requires large proportions 
of unsaturated oils. In spite of this, 

it is still impossible for the blends 
to achieve cold stability and to pass 
the AOCS cold test. A new blend 
of oils obtained through a modified 
fractionation process enables the 
new liquid fractions to achieve cold 
stability at 0°C for a minimum of 
5.5 hr. These oils with saturated: 
monounsaturated: polyunsaturated 
ratios of 0.4: 1: 0.4 and 1: 1: 1 are 
found to have suitable profiles of 
Omega 6 to Omega 3 fatty acids. 
They have been clinically tested and 
shown to have cholesterol-reducing 
properties (Teng et al., 2011; Voon et 
al., 2012). 

CONCLUSION

The growth in commercial production 
of structured fats and oils via enzymatic 
processes has not kept apace with the 
amount of research being carried out 
by various organisations, universities 
and research bodies. The main 
reasons for this are the existence of 
few really promising and high-value 
applications, high cost of enzymes, 
limited market, and a need for strong 
promotion of new products, among 
others. However, the strong move 
towards green technology, use of 
sustainable practices, and the use 
of natural ingredients can be the 
stimulus towards more development 
in the application of research findings 
in commercial production. We have 
identified a few possibilities of palm-
based oil products to be realised in the 
near future. Besides these, other fields 
such as applications in cosmetics, 
other health foods, vitamins and 
glycerol-based intermediates should 
also be looked into. 
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