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Interesterification is one of the processes usetiddify the physico-chemical characteristics o6 @hd fats.
Interesterification is an acyl-rearrangement resctin the glycerol molecule. On the other handrtyenation
involves addition of hydrogen to the double bonfisimsaturated fatty acids. Due to health implicadiaf
trans fatty acids, which are formed during hydrogenatidhe industry needs to find alternatives to
hydrogenated fats. This paper discusses some apptis of interesterified fats, with particular e@efnce to
interesterified palm products, as alternatives mrbgenation. Some physico-chemical properties of
interesterified fats used in shortenings are diseds With interesterification, more palm stearim dze
incorporated in vanaspati. For confectionary faid imfant formulations, enzymatic interesterificatihas been
employed.
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Introduction acids in margarine products have been lowérdthe
Interesterification is one of the four modificatiprocesses industry, therefore, needs to find alternativesiydrogen-
to alter the physico-chemical characteristics &f and fats, nated fats. Being naturally semi-solid, palm oilais ob-
the others being blending, fractionation and hydr@gion. vious choice to replace hydrogenated fats in dalidood
Interesterification is an acyl-arrangement reactidtatural formulations. The industry is now relying more oteim
oils and fats have a specific distribution of fatiyids. In esterification to produce low or zetmnsfats? Liquid
most oils and fats, the middle, or 2-position, oé triacyl-

glycerol molecules are preferentially occupied hyuasa- H A

turated fatty acid, such as linoleic or linolen@da During \_f’{

interesterification, the distribution of fatty asids ran- T

domized on the glycerol backbone. This leads toltzneal

triacylglycerol composition and increased triacytgirol 0
species. Consequently, this will affect the phgilsaharac- C—fff’
teristics of the oil or fat, including melting ardystalliza-

tion. OH

In hydrogenation, hydrogen is added to the bbou
bonds of unsaturated fatty acids. But in partiatroy
genation, some of the saturated acids are isonteitze
trans fatty acids from their naturals configuration. In the H
cis configuration, the two carbon moieties are on thaes \/\/\/\/j\/\/\/\/\ /G
side of the double bond and on opposite sideserirtims = c
configuration (Fig. 1). Theis configuration is a bent mo- | T
lecule, whereas theans configuration is a straight chain. H

Trans fatty acids have similar melting points to tho$e o
the corresponding saturated fatty acids and arng ivgror-
tant contributors to the functional properties ofdio-
genated products. Hydrogenation converts the licpild Figure 1. Molecular structure ofis andtrans isomers of C1821
into a semi-solid or solid fat. The margarine firspds (Reproduced with permission from Elsevier)
|ncrea§ed by hydrogenation of the basef stock duheto Correspondence address: Nor Aini Idris, Malaysian Palm Oil
formation of saturated anttans fatty acid$, however, Board, No. 6, Persiaran Institusi, Bandar Baru Badgi000
trans fatty acids are now considered a risk factor #ndo- Kajang, Selangor, Malaysia
vascular diseasésDue to the health implications, the oilsTel: 603-89282434: Fax: 603-89259446
and fats industry is moving towards zero or Ion@&ns  E-mail: aini@mpob.gov.my
products. For example, in Europe, the levelsrarfis fatty ~ Accepted 30th June 2005
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palm products such as palm olein can be inteniéist or
use in solid fat formulations. Interesterifipdim stearin
or its inter-esterified blends with other oilsfats can be
used in several food applications.

Interesterification
Interesterification was first used in the US in Q®4to

are much cheaper than lipases. The probassbeen
around for a long time, with the industrial procestuand
equipment available. Enzymatic interesterificatios i
more specific, requires less severe reaction conditand
produces less waste than chemical interesteriicatiin
view of the current concern ovians fatty acids, MPOB
have been investigating sevetans fatty acid-free pro-

improve the poor creaming properties of lard. Unamo ducts - shortenings, margarines, vanaspati, icaatraend

dified lard is a beta-tending fat, becoming graitue to
the uniform nature of its triglycerides. Most ofetlpal-
mitic acid in lard is located in the 2-position thie gly-
ceride molecule. In palm oil, the palmitic acidasated
in the 1, 3 positions. Interesterification elintes the
graininess in lard as the position of palmitic aéd
randomized, resulting in the formation of more desdie
beta prime crystals.

Interesterification can be carried out chethicar
enzymatically. A chemical, such as sodium methexisl
used as a catalyst in chemical interesterificatidnch
produces complete positional randomization of thgl a
groups in the triacylglycerols. On the other haendzy-
matic interesterification uses microbial lipases the
catalyst. Each type of interesterification has itkvaam-

confectionaries. For this paper, only selecteddpcts
will be discussed with work done elsewhere cited.

Table 1 shows the fatty acid compositions af-€o
mercial shortenings from five countries comparedhwi
two interesterified palm-based shortenings. Thelteof
trans acids is expressed as elaidic acid (Ct)8:The
shortening from the USA contained the highasins
acids at 15.1%, followed by that from Turkey with3%
and (closely behind) that from Canada at 11.0%. Al
these shortenings are based on hydrogenated oits. Th
South African shortening contained negligiblans acids
with a fatty acid profile similar to that of the atening
from Malaysia. It is, therefore, likely that it damed
high amounts of palm oil productsMalaysian shorte
nings are usually based on palm oil and palm steari

tages and disadvantages. The advantages of chemidake commercial Malaysian shortenings, the shortgnin

interesterification over the enzymatic reaction lude
cost recovery and low initial investment as thalyats

based on interesterified palm olein contained lugmi
tic and oleic acids [C16:0 and C18:1 (n-9), respebt].

Table 1. Faty acid composition of shortenings from differentintries and shortenings based on interesterifiep
palm olein (POo) and an interesterified blendalfipstearin (POs) with cottonseed oil (C30)

Fatty acid South . .
(%) USA Canada Turkey Affica Malaysia IE POo IE POs:CSO
12:0 0 0 0.8 0.7 0.2 0.2 0
14:0 0.1 0.3 0.9 1.4 1.1 1.1 0
16:0 12.0 16.1 24.8 52.7 45.4 39.9 38.2
16:1 0.1 0.1 0.2 0.1 0.2 0.1 0.1
18:0 11.0 9.9 6.2 4.9 4.6 4.1 4.7
18:1t 15.1 11.0 11.5 0.8 0.1 0 0

18:1(n-9) 40.0 327 27.7 29.5 37.0 43.2 27.1

18:2tt,ct 4.0 2.7 0.5 0.2 0.3 0.1 0.2

18:2(n-6) 21.0 22.4 24.7 7.3 10.2 11.0 26.0

18:3(n-3) 1.3 1.5 1.5 0.1 0.3 0 0.1
20:0 0.4 0.5 0.2 0.4 0.4 0 0.5
20:1 0 0.3 0 0.1 0 0 0
22:0 0 0.3 0 0 0 0 0
24:0 0 0.1 0 0 0 0 0

Others 1.7 0.1 0.9 1.7 0 0 0

®The fatty acids were analysed as methyl estersguairHewlett-Packard GC System HP 6890 Model G1580Allmington, DE);
Column: Fused silica capillary column, 60 m x Or@k, film thickness 0.25im; Oven temperature: 185°C; Injector temperat@d°C,
Detector temperature: 240°C; Carrier gas: He8 ntl/min. Quantification of the peak was carried asing an integrator built into the system.
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It also contained a moderate amount of linoleic acidMargarinesand shortenings
(C18:2). The shortening based on inter-esterifielmpa The slow crystallizing property of palm oil may letxa

stearin and cottonseed oil contained high palnata
and considerable amounts of oleic and linoleicscid

Applications of interesterification in product formulation
Interesterification is an effective way to incredlse slip
melting point (SMP) and solid fat content (SFC)pafm
olein:tallow blends. After interesterification, there were
changes in the triglyceride compositions of thentte

post-hardening in products such as margarine and sh
tening. Interesterification can ameliorate the jeob
Table 4 shows the consistencies of several palmdbase
shortenings during storage. The shortening made from
hydrogenated palm oil was the firmest. For cakeintpk

a softer shortening is preferred (yield value of) 20
500g/cnf). The softer shortening acts as a lubricant and
aids in the mixing of ingredients. The interestedfpalm

(Table 2) - lower C50 and C52 and higher C48 and.C5 oil shortening was softer than that made from urifiestl

The creaming performance improved in the interedri

palm oil. Similarly, the product based on interafitsl

palm olein: tallow blends, as did the baking performancepalm stearin:sunflower oil was generally softerntiibe

(Table 3).

Beta prime crystals are desirable in margaremed in
shortenings for icing and cakes. It is importdrttthe
fat crystals are able to remain in beta prime foluming
storage to maintain the textural quality and fumrcai

non-interesterified one. The changes in consistehey
ring storage were also minimal in the interestedfpro-
ducts.

Table 4. Consistency measureméntd several paln

properties. Studies at MPOB have shown productsemaddased shortenings

from hydrogenated palm oil to be stable in the Ipetae
form, even after two months from production. Sdre&a

crystals were found in products made from unmodifie
palm oil after the same storage time, but beta erim
crystals still predominated. Beta crystals were - pre

dominant in direct blends of palm stearin and swnér
oil. With interesterification, more beta prime dals
were formed in this blend.

Table 2. Slip melting point and triglyceride com-
position of direct and interesterified (IE) blerafspalm
olein (POo0) and tallow (T)

Samole POo:T IEPO0O:T POo:T IEPOO:T Commercial
P€70:30 70:30  60:40 60:40
Slip melting point {C)
33.8 39.7 33.9 35.5 43.8
Triglyceride composition (wt %) by carbon number
46 0.9 1.9 1.0 1.0 1.9
48 4.6 9.1 5.0 5.6 9.1
50 35.4 27.6 33.6 32.9 20.6
52 41.9 36.0 457 44.5 36.4
54 11.9 155 14.0 15.0 19.9
56 0.4 0.3 0.5 0.5 0

Table 3. Shortening baking tesbif blends of palm olei
(POo0) and tallow (*

Sample Specific cake volume (Zha)
POo:T 70:30 2.33
IE POo:T 70:30 2.38
POo0:T 60:40 2.46
IE POo:T 60:40 2.49
Commercial 2.30

Shortening PO HPO IEPO POs:SFO IE POs:SFO
Day
15 250 1120 190 224 240
30 260 1290 200 441 274
60 300 1370 220 444 365

An terms of yield value (g/cfh PO, palm oil; HPO, hydrogenated

palm oil; IEPO, interesterified palm o0iPOs, palm stearin; SF

sunflower oil.

Vanaspati

Vanaspati, or vegetable ghee, is a very populakingo

fat in India and Pakistan. In India, vanaspati edmfrom
hydrogenated vegetable oils. The oils commonly ased
palm, soybean, rapeseed and cottonseed. Malaysian m
nufacturers also produce vanaspati, mainly for exfm
Middle Eastern countries. The Malaysian products are
usually from direct blends of palm oil and palmasie.
Trans free vanaspati can be produced using palm stearin
and other liquid oils either by direct blending lmyr em-
ploying interesterification. Our studies at MPOBvéa
shown that more palm stearin can be incorporatedain
naspati with interesterificatioh.Figure 2 shows the SFC
profiles of some of the palm-based vanaspati coatpar
with a commercial hydrogenated vanaspati from India
The vanaspatis based on interesterified palm prechad
good characteristics, comparable to those in timenoer-

cial product. This is proof that interesterified rpal
products are good alternatives to hydrogenated oilse

Confectionary products

In confectionary, cocoa butter is an important raate-
rial. Although cocoa butter confers excellent egtijua-
lities, products containing it are subject to bloatifficult
to temper and may melt in hot climates. Furtheentre
inconsistent supply and high price of cocoa buti@ve
encouraged the search for alternatives. Thesaattees
are fats generally classified into three types,efdasn
their chemical composition and compatibility withcoa
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%0 of the weight of the original palm olein. Table lrows
80 the triacylglycerol compositions of a fraction after-
= 70 | esterified palm olein obtained by different solvent
S fractionation procedures.
£ 60 1
S 50 Infant formula
% 40 Another important application of interesterificatias
= infant formula. The fatty acid composition of huma
= 30 milk is often used as the basis for infant formareate
? 5o a close semblance to the milkHuman milk fat has
10 triacylglycerols which fatty acid structure, comjiias
and distribution are specific. Its unique chamastes in-
0 clude, firstly, two long-chain polyunsaturated ya#tcids

5 10 15 20 25 30 35 40
TemperaturéC

Figure 2. Solid fat content profiles of vanaspati formidas
compared to commercial ghee and vanaspati. A = aawial
ghee; B = IE PO; C = POs:SBO; D = IE POs:SBO; E = HPO
and F =-ommercial vanaspa

butter. Cocoa butter equivalents (CBE) have chdraitd
physical properties compatible with those of cobater,
and can be used to supplement cocoa butter in ciiorie
ery products. Cocoa butter substitutes (CBS) anemgdly
lauric fats incompatible with cocoa butter. Cocaatédr

(PUFASs) - arachidonic (C20:4, n-6) and dod@saenoic
(C22:6, n-3)- and, secondly, abundance of a saturated
fatty acid - palmitic (C16:0) - predominantly atett2-
position of the triacylglycerdf

To obtain a similar fatty acid composition apaoisi-
tional distribution as in human milk fat, oils afais may
be modified by interesterification. Lipid composiis for
infant formula, which mimics human milk, as well the
processes for preparation of the compositions lbgrdin
esterification, either chemical or enzymatic, agsatibed
in various international patents. In one, a migtuf
lipids containing palm oil enriched with palmiticid (for
example, from palm stearin), a vegetable oil highino-

replacers (CBR) are partially compatible with cocoaleic and alpha-linolenic fatty acids, an oil foaahidonic

butter. CBRs are primarily non-lauric fats whichvh

acid and another for docosahexaenoic acid in d&fine

properties in between those of CBEs and CBSs, amd aproportions are interesterified to obtain the resghifatty

sometimes referred to as non-lauric cocoa buttbstsu
tutes. Among these three principal types of aittve
fats, CBE is the most and CBS the least expensive.

acid composition with random distribution of thetya
acid residues between the 1-, 2- and 3- positidrthe
triacylglycerols. The interesterification can benatic

pically, the substitutes cost only one-third to one-fourth(catalyzed by a non-regiospecific lipase) or chamiBy

of cocoa hutter, making them more economicallyaattr
ive to consumers.

There are a number of fats suitable for totgpartial
replacement of cocoa butter. Palm oil is an imptrta
source oil in the development of substitutes orivagu
lents. Undurragaaet al.® used enzymatic interesteri-
fication of palm mid fraction with stearic acid ansolvent
free system with a commercially available enzymprtm
duce CBE. In an earlier study, Choagal.” used a
solvent-free lipase catalyzed inter-esterificatmnpalm
olein with stearic acid, followed by solvent fragtation
procedures to produce palm-based cocoa butterfdike
The yield of cocoa butter-like fat was approximat@bgo

Table 5. Composition of a fraction of interesterified pe
olein obtained by different solvent fractionatiologedure:
(A, B, C).

Triglyceride$ (%)

Fraction

POP POS SOS
F2(A) 15.3 44.1 29.6
F2(B) 16.0 38.7 23.1
F2(C) 13.7 38.5 24.8
Cocoa
butter 18.9 41.3 29.7

°P, palmitate; S, stearate; O, oleaf@eproduced with permission
from American Oil Chemists’ Society).

the reaction, the non-random distribution of fattyds on
the triacylglycerols of the natural lipids is conegl to
random distribution, with the fatty acids rearrathge
equally at the three positions. The randomized uméxt
was then interesterified with a mixture of freetfadcids
high in medium chain fatty acids and oleic acidngsa
1,3-regiospecific lipase. This step selectively aepk pal-
mitic acid at the 1- and 3- positions with othdtyfacids,
in particular, with medium chain fatty acids andiolbut
not with PUFAs. Many scientists have reported that
enzymatic interesterification using 1,3-specifipake is
the most effective way to produce triacylglycersisi-
lar to those found in human mik!’
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