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INTRODUCTION

Cocoa butter is a traditional fat used in the production of chocolate. It 
is the preferred fat because of its desirable characteristics, which include 
glossiness and snap ability as well as sensory attributes (such as mouth 
feel and flavour release), that are imparted to the end product, chocolate 
(Ozan et al., 2008; Lipp et al., 2001; Shukla, 1995). Its characteristic of 
being solid and crystalline at 20ºC while being capable of melting in the 
mouth at body temperature makes cocoa butter an outstanding fat for 
chocolate. However, it is not cost effective because of the uncertainty in 
its supply (as a result of low productivity, pest attacks and difficulties in 
cultivation of cocoa) (Tchobo et al., 2009; Abigor et al., 2003; Lipp and 
Anklam, 1998). In this regard, many researches have been carried out to 
produce cocoa butter alternatives (CBA). Currently, CBA from vegetable 
oils and fats, especially from palm oil, palm kernel oil and their fractions, 
are very popular in the market. One particular segment of CBA called cocoa 
butter equivalent (CBE) is attracting much interest as it has similar physical 
and chemical properties as cocoa butter. Hence, it is 100% compatible for 
blending with cocoa butter.
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CBE can be produced through 
the processes of fractionation 
and blending of oils. Hard palm-
mid fraction (HPMF) with an 
iodine value (IV) of less than 36 
which is obtained from the third 
fractionation stage is suitable as 
CBE (Kellens et al. 2007). The most 
well-known process to produce 
CBE is through blending, when 
soft palm-mid fraction (SPMF) is 
blended with other fats that are 
rich in 1(3)-dipalmitoyl-2-3(1) 
stearoyl-2-oleoyl-glycerol (POS) 
and 27% 1,3-distearoyl-2-oleoyl-
glycerol (SOS). As SPMF is rich in 
1,3-dipalmitoyl-2-oleoyl-glycerol 
(POP), the combination of SPMF 
and other fats that are rich in POS 
and SOS results in triglycerides that 
are similar to those of cocoa butter. 
These fats that are rich in POS and 
SOS are normally exotic fats such 
as illipe and sal fat (rich in POS) as 
well as kokum and shea fat (rich in 
SOS) (Bootello et al., 2012; Timms, 
2003). Although blending is not 
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related to chemical modification, 
the process to obtain the correct 
ratio of the constituent oils is by 
trial and error. 

Another process to 
produce CBE that has resulted 
from many research studies 
is interesterification. The 
rearrangement of fatty acids 
within or between triacylglycerols 
(TAG) is regarded as an invaluable 
tool for modifying oils and fats 
to obtain value-added products 
(Borhan et al., 2011). This is due 
to greater lipase specificity, minimal 
energy consumption, reduced 
development of by-products 
and efficient control of the final 
products (Aravindan et al., 2007). 
Interesterification through the 
enzymatic technique is preferred in 
the production of CBE as it results 
in structured TAG with sn-1,3 

regiospecific lipase. This technique 
will not affect the fatty acids at 
the sn-2 position and will only 
affect those fatty acids at the sn-1 
and -3 positions (Esteban et al., 
2011). Raw materials from palm 
oil and its fractions, such as palm 
olein and palm-mid fraction (PMF), 
have been used in many enzymatic 
interesterification (EIE) studies. 

ENZYMATIC 
INTERESTERIFICATION

The EIE process is grouped into 
three categories as follows:

i. Acidolysis
ii. Ester-ester exchange
iii. Alcoholysis

However, only acidolysis and 
ester-ester exchange are typically 
used for the production of CBE. 

Therefore, alcoholysis will not be 
elaborated further in this article. 

ACIDOLYSIS

Acidolysis is the most used 
technique to produce CBE. It is a 
reversible reaction between TAG 
and free fatty acids which proceeds 
until equilibrium is reached. 
Acidolysis still produces undesirable 
free fatty acids as a by-product 
(Xu, 2003). This by-product can 
be eliminated through stripping 
and a multi-step fractionation 
process (Gibon et al., 2009). 
Table 1 summarises information on 
the substrates (palm-based TAG and 
free fatty acids) and catalysts used 
for the production of CBE through 
acidolysis. PMF has received much 
attention in the EIE method for 
producing CBE through acidolysis. 
It has been utilised by Biswas et 

TABLE 1. PALM-BASED SUBSTRATES AND CATALYSTS USED FOR THE PRODUCTION 
OF CBE THROUGH ACIDOLYSIS

Ester
(Palm-based TAG)

Free fatty acids Catalyst Reference

80% palm-based blend (33.3% 
PMF, 33.3% PKO and 33.3% 
palm stearin)

Stearic and oleic acids
Immobilised (IM) sn-1,3 

regiospecific Thermomyces 
lanuginose lipase

Biswas et al. (2018)

Hard PMF and canola oil blend Stearic acid IM sn-1,3 regiospecific 
Rhizomucor miehei lipase

Mutia et al. (2016)

PMF
PFAD containing stearic, 

palmitic and myristic acids
IM sn-1,3 regiospecific 

Rhizomucor miehei lipase
Ibrahim (2013)

Palm olein
PFAD containing stearic 

and palmitic acids
IM sn-1,3 regiospecific 

Rhizomucor miehei  lipase
Ibrahim (2012)

PMF Stearic acid IM sn-1,3 regiospecific 
Rhizomucor miehei lipase

Gibon (2011)

PMF Stearic acid
IM sn-1,3 regiospecific 

Lypozyme lipase
(microbe was not stated)

Undurraga et al. (2001)

PMF Stearic acid IM sn-1,3 regiospecific Rhizopus 
arrhizus lipase

Mojovié et al. (1994, 
1993) 

Palm olein Stearic acid IM sn-1,3 regiospecific 
Rhizomucor miehei lipase

Chong et al. (1992)

Note: TAG - triacylglycerols, PKO - palm kernel oil, PMF - palm-mid fraction, and PFAD - palm fatty acid distillate.
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TABLE 2. PALM-BASED SUBSTRATES AND CATALYSTS FOR THE PRODUCTION OF COCOA 
BUTTER EQUIVALENT THROUGH ESTER-ESTER EXCHANGE

Ester
(Palm-based TAG)

Ester
(TAG)

Catalyst Reference

PMF Fully hydrogenated 
soyabean oil

Immobilised (IM) sn-1,3 
regiospecific Thermomyces 
lanuginose lipase

Soekopitojo et al. (2009)

Palm oil Methyl stearate sn-1,3 regiospecific Carica 
papaya lipase

Pinyaphong and Phutrakul 
(2009)

PMF Stearic acid methyl ester 
(SAME)

IM sn-1,3 regiospecific 
Lypozyme lipase
(microbe was not stated)

Wu and Deng (2005)

Palm oil Hydrogenated soyabean IM sn-1,3 regiospecific 
Rhizomucor miehei  lipase

Abigor et al. (2003)

Palm oil Tristearin IM sn-1,3 regiospecific 
Rhizomucor miehei  lipase

Liu et al. (1997)

Note: TAG - triacylglycerols, and  PMF - palm-mid fraction.

al. (2018), Ibrahim (2013), Gibon 
(2011), Undurraga et al. (2001) 
and Mojovié et al. (1994, 1993). 
This might be due to its high POP-
containing TAG. Palm fatty acid 
distillate (PFAD), a by-product 
of palm oil refining, on the other 
hand, has been used in two studies 
(Ibrahim 2012; 2013) along with 
PMF and palm olein, respectively. 
This approach indirectly increases 
the functionality of PFAD in the 
production of confectionery 
products. In order to obtain high 
yield, various parameters must be 
looked into; these include reaction 
time, reaction temperature, 
enzyme level, substrate ratio and 
water content. 1,3 regiospecific 
immobilised lipase such as 
Rhizomucor miehei lipase has been 
used quite often in these studies. 
However, no yield percentages 
were reported in these papers. 

ESTER-ESTER EXCHANGE

Ester-ester exchange is a reversible 
reaction between two esters or 
two TAG which proceeds until 

equilibrium is reached. In spite of 
this, ester-ester exchange does not 
produce any by-product (Xu, 2003). 
Table 2 summarises information 
on the substrates (palm-based 
TAG and other suitable TAG) and 
catalysts used in the production of 
CBE through ester-ester exchange. 
Palm oil and PMF dominate the 
palm-based TAG section. Palm oil 
has been utilised by Pinyaphong 
and Phutrakul (2009), Abigor et al. 
(2003) and Liu et al. (1997). PMF, 
on the other hand, was used by 
Soekopitojo et al. (2009) and Wu 
and Deng (2005). It is interesting 
to note that Pinyaphong and 
Phutrakul (2009) produced CBE 
from palm oil using a plant-based 
catalyst called sn-1,3 regiospecific 
Carica papaya lipase, and were 
able to achieve 55% yield. Other 
studies utilised microbial catalysts. 
Soekopitojo et al. (2009), Abigor 
et al. (2003) and Liu et al. (1997), 
on the other hand, were able to 
achieve 20.5%, 45% and 53.0% 
yield, respectively. Wu and Deng 
(2005), however, did not specify 
any yield.

CONCLUSION

CBE can be produced through EIE 
using palm fractions, as well as 
palm oil, as feedstock. These palm 
fractions are PMF, palm olein and 
PFAD. PMF is the most utilised 
fraction for EIE CBE production. The 
potential of palm-based feedstock 
used in EIE needs to be explored 
further to satisfy the growing 
demand for CBE. 
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