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ABSTRACT

New developments in edible oil modification 
technology are necessary to enable the production 
of food fats with significantly lower trans fatty acid 
(TFA) levels which can be used without affecting the 
functional properties of the final product.

Reducing TFA levels by changing the process 
conditions during hydrogenation is only possible 
to a certain extent. A lower reaction temperature 
(e.g. below 100°C), a high hydrogen pressure (e.g. 
20 bar) and/or the use of a precious metal (Pd, Pt, 
etc.) catalyst substantially reduce TFA-formation. 
However, these process conditions also give rise to 
more unselective hydrogenation resulting in a high-
er saturated fatty acid content and worse physico-
chemical characteristics.  

Enzymatic interesterification (EIE) was recently 
successfully introduced on an industrial scale. ‘Ran-
dom’ EIE produces products with similar physico-
chemical characteristics as those obtained by chemi-
cal interesterification (CIE), but which have better 
nutritional quality and oxidative stability. New de-
velopments are now underway in the potential ap-
plication of sn 1,3-specific enzymes for the control-
led production of food fats with improved nutritional 
quality and/or specific functional properties. 

Developments in dry fractionation have resulted 
in new, more efficient crystallizer designs and high-
er performing separation technologies (high pressure 
filter presses, improved centrifugal separators, etc.). 
These improvements together with fine-tuned pro-
duction routes have resulted in higher quality frac-
tions with a broader range of application in various 
food products. 
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Dry fractionation combined with EIE, and 
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the production of low and/or zero trans food fats for 
use in frying fats, margarines or shortenings.

ABSTRAK

Perkembangan kemajuan dalam teknologi pemind-
aan minyak makanan penting untuk membolehkan 
pengeluaran lemak makanan yang mengandungi 
asid lemak trans (TFA) yang lebih rendah dan boleh 
digunakan tanpa mempengaruhi kefungsian produk 
akhir.

Penurunan TFA melalui pengubahan kaedah 
pemprosesan semasa penghidrogenan hanya boleh 
dilakukan sehingga ke satu tahap yang terhad sa-
haja. Suhu tindak balas yang rendah (seperti di 
bawah 100°C), tekanan gas hidrogen yang tinggi 
(seperti 20 bar) dan/atau penggunaan logam yang 
berharga (pd, pt, dan lain-lain) sebagai pemang-
kin boleh menurunkan pembentukan TFA. Walau 
bagaimanapun, proses ini boleh menimbulkan kesan 
fisiko-kimia yang lebih buruk kerana peningkatan 
penghidrogenan tidak terpilih akan menghasilkan 
peningkatan asid lemak tepu.

Pengesteran berenzim (EIE) telah diperkenalkan 
dalam skala industri dewasa ini. EIE rawak boleh 
menghasilkan produk yang serupa dari segi fisiko-
kimianya sebagaimana yang dihasilkan melalui 
pengesteran kimia (CIE). Di samping itu,  kaedah 
EIE juga mempunyai nilai pemakanan dan kestabi-
lan oksidatif yang lebih baik.  Pembangunan baru 
dalam aplikasi sn-1, 3-enzim sedang dijalankan un-
tuk menghasilkan lemak makanan yang lebih baik 
dan terkawal dengan  nilai pemakanan dan kefung-
sian yang tertentu.

Perkembangan dalam teknologi pemeringkatan 
kering juga telah menghasilkan reka bentuk 
penghablur yang baru yang lebih berkesan di 
samping teknologi  emparan yang ditambah baik 
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(penapisan bertekanan tinggi, pemisahan emparan 
yang ditambah baik dan sebagainya). Ini bersama 
dengan  kaedah laluan pemprosesan yang ditambah 
baik telah menghasilkan produk yang bermutu 
tinggi dengan rangkaian penggunaan yang lebih 
luas dalam produk makanan.

Teknologi pemeringkatan, EIE dan penghidro-
genan, kini digunakan dalam pengeluaran lemak 
makanan trans sifar untuk lemak penggorengan, 
marjerin atau lelemak.  

Keywords: trans fatty acid,  interesterification, 
hydrogenation, fractionation.

INTRODUCTION

The worldwide production of vegetable oils and 
fats in 2008 was about 133.5 t. Palm and soyabean 
oils accounted for more than half of this volume. 
In Europe, the main edible oil crops are rapeseed 
and sunflower. Although some of the vegetable oil 
stocks nowadays are used for technical applications 
(e.g. biodiesel production), a greater proportion is 
still used for food applications such as salad oils, 
frying oils, margarines, shortenings, specialty fats 
and structured lipids.

Crude vegetable oils consist mainly of triacylg-
lycerols but they also contain varying amounts of 
free fatty acids, phospholipids, minor components 
and contaminants. During refining, the undesired 
constituents are removed to produce a refined oil 
with optimal odour, colour, stability and nutri-
tional properties. Another important aspect of oils 
and fats is their functionality which includes melt-
ing profile, plasticity and crystallization behaviour. 
Most native refined oils need to be modified to ex-
tend their application as food fats. Known modifi-
cation processes are hydrogenation, fractionation 
and interesterification (chemical or enzymatic). The 
processes (all or singly) can produce a whole range 
of products, some of which are listed in Table 1. 

Over the past few years, the nutritional quality 
of oils and fats is getting increased attention. Food 
oils must have a balanced fatty acid composition 
and high tocopherol content, and should contain 
no trans fatty acids (TFA), fat degradation prod-
ucts or contaminants. TFA are naturally present in 
animal fats, but not in vegetable oils. They can be 
produced during the deodorization process and 
also during partial hydrogenation.  TFA formation 
during deodorization is negligible below 220°C, 
becomes significant between 220°C and 240°C, and 
is nearly exponential above 240°C. Owing to many 
recent design improvements, TFA formation during 
deodorization can be well-controlled and limited 

to a maximum of 0.5%-1%. Much more TFA (15%-
60%) are formed during partial hydrogenation. 

Increasing consumer awareness and stricter la-
belling and legislation have led to an increased de-
mand for low (<5% on fat basis) and zero (<0.5% on 
fat basis) trans fats. To comply with these new nu-
tritional standards, new developments in edible oil 
modification were necessary. An overview of some 
of these developments is given in this article.

ZERO OR LOW TRANS HYDROGENATION

Liquid oils are partially hydrogenated to adjust their 
melting range and physical properties, and to make 
them suitable for use in margarines, shortenings 
and specialty fats. During hydrogenation, double 
bonds are saturated which changes the fatty acid 
profile of the oil and also improves its oxidative 
stability. As a side reaction, isomerization can take 
place, transforming the double bond from the 
natural cis into the more stable, but undesired, trans 
configuration. In partially hydrogenated fats, the 
formation of TFA can be up to 65%, depending on 
the process conditions and degree of hydrogenation 
(Table 2). For certain applications (e.g. for use as a 
cocoa butter replacer), TFA formation is intended 
to obtain the desired steep melting curve.  Figure 
1 shows how the melting curve of partially 
hydrogenated soyabean oil is affected by its TFA 
level. Higher TFA levels result in a steeper melting 
curve which makes the fat more suitable for use as 
coating fat.

It is well-known that TFA formation during 
partial hydrogenation can be reduced by changing 
the process conditions (lower temperature, higher 
pressure) and/or by using precious metal catalysts 
(Pd, Pt, etc.) instead of the standard Ni-based cata-
lysts. TFA formation can also be reduced by using 
less catalyst in combination with an improved agi-
tator design (Maes et al., 2007). However, all these 
process modifications also give rise to a more un-
selective hydrogenation, resulting in a partially 
hydrogenated fat with a higher saturated fatty acid 
content and worse physico-chemical characteristics 
(Figure 2). It can therefore be stated that it is not as 
yet possible to produce a partially hydrogenated 
fat that combines a good melting profile with low 
TFA levels. 

Enzymatic Interesterification

In addition to the well-known chemical inter-
esterification (CIE), enzymatic interesterification 
(EIE) was recently introduced successfully on an 
industrial scale. Unlike CIE which is operated as a 
batch process, EIE is a continuous process in which 
the feedstock (blend) is pumped through a number 
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TablE 1. a sElEcTIon of vEgETablE oIl applIcaTIons and ThEIr rEquIrEd qualITy

application feedstock oil required quality

Frying oils Refined vegetable oils
Liquid olein fractions

High stability, 
long shelf-life

Salad oils Refined vegetable oils (soya, rapeseed, 
sunflower, olive, etc.)

High stability, 
good organoleptic quality

Margarine fats
Shortenings

Modified vegetable oil blends
Hard stearin fractions

High stability, high 
nutritional quality

Specialty fats Refined vegetable butter
(hardened) fractions (CBS, CBR)
Hard stearin fractions

Crystallization behaviour
Melting profile

Structured lipids Refined vegetable oils High nutritional quality

Note: CBS: cocoa butter substitutes; CBR: cocoa butter replacers.

TablE 2. characTErIsTIcs of dIffErEnT producTs obTaInEd afTEr soyabEan oIl 
hydrogEnaTIon

characteristic brush shortening Margarine coating stearin

Iodine value (-) 115   75    70 75 <5

TFA (%)   15   30   50  65 Low

C18:0 Abs (%)     5     9     7    7 85

Rel (%)     1     5     3    3 80

Temperature (°C) 170 150 210 210 220

Time (min)   30   60   60   60 150-300

Pressure H2 (bar)     1     2      1     2 Max.

Catalyst type Selective (non-selective) Selective Ni-S Highly active

Conc. catalyst (%) 0.02 0.04 0.04 0.2-0.4 0.2-0.6

 Ni (%) 0.005 0.01 0.01 0.05-0.1 0.05-0.15
 

Note: TFA – trans fatty acid.

Figure 1. Influence of trans fatty acid (TFA) content on the melting profile of partially hydrogenated 
soyabean oil (iodine value 65).
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of packed bed columns filled with immobilized 
enzyme and placed in series. After the last reac-
tor, 100% randomization is achieved. This random 
EIE gives products with similar physico-chemical 
characteristics as those obtained by CIE (Figure 3). 
However, less degradation products are formed 
during EIE. Moreover, valuable minor components 
such as tocopherols and tocotrienols are better pre-
served, resulting in EIE oils with an overall better 
nutritional quality and higher oxidative stability 
(Table 3, Costales-Rodriguez et al., 2009). To ensure 

acceptable enzymatic activity (flow rate through 
the reactors) and high productivity (enzyme life-
time), fully refined oils are preferred as feedstock 
for EIE. Oil losses during EIE are lower than in CIE 
as there is no or less need for post-treatment (i.e. no 
post-bleaching, but only mild deodorization is re-
quired).

Following the successful introduction of ran-
dom enzymes, new developments are now under-
way in the potential application of sn-1,3-specific 

Figure 2. Solid fat content (SFC) melting profiles of partially hydrogenated soyabean oil to iodine value (IV) 70, produced with the 
conventional process (200°C, 3 bar H2, 100 ppm Ni), low temperature hydrogenation (110°C, 20 bar H2, 100 ppm Ni), and precious-
metal catalyst (50°C, 4 bar H2, 50 ppm Pt).

Figure 3. Solid fat content (SFC) melting profiles of chemically (CIE) and enzymatically interesterified (EIE) 
palm stearin/soyabean oil (PSt: SBO) blends.
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TablE 3. sElEcTEd qualITy paraMETErs of a blEnd of palM sTEarIn and rbd soyabEan oIl 
(70/30) afTEr cIE/EIE and dEodorIzaTIon

parameter blend batch cIE batch EIE continuous EIE
FFA (%) 0.03 0.02 0.02 0.03
DAG (%)1 3.64 4.80 3.46 3.17
Tocopherols (ppm) 462 175 321 285
α-tocopherol 77 30 60 54
α-tocotrienol 37 16 30 28
γ- tocopherol 212 85 151 136
γ- tocotrienol 65 31 47 42
δ- tocopherol 61 13 30 23
δ- tocotrienol 10 0 3 2
TFA (%)2 0.11 0.16 0.15 0.14
CMP (°C)3 53.6 44.5 44.1 44.5

Note: 1diacylglycerols; 2trans fatty acids; 3clear melting point.
FFA – free fatty aicd.
CIE – chemical interesterification.
EIE – enzymatic interesterification.
TFA – trans fatty acid.

enzymes for the controlled production of food fats 
with an improved nutritional quality and/or spe-
cific functional properties (low calorie fats, infant 
formulation, high omega-3 fats, cocoa butter equiv-
alents etc.).  Combining this ‘specific’ enzymatic 
interesterification with dry fractionation seems to 
be a very interesting route for the production of a 
whole new range of high quality, trans-free food 
fats. 

dry fractionation 

Dry fractionation, unlike hydrogenation and 
interesterification, is a physical modification proc-
ess, which does not affect the chemical structure of 
the triacylglycerols. Therefore, together with enzy-
matic interesterification, dry fractionation is gain-
ing interest for use in the sustainable production of 
zero or low trans fats. The increased interest in dry 
fractionation has resulted in a series of improve-
ments over the last few years, including increased 
knowledge of the crystallization process itself, 
the design of new crystallizers and more efficient 
separation technology. These improvements to-
gether with fine-tuned production routes resulted 
in higher quality fractions with a broader range of 
application in various food products. Conventional 
crystallizers are cylindrically shaped and double-
jacketed, working under high shear dynamic mix-
ing conditions. For compositional reasons, some 
oils, like palm kernel oil, cannot be processed ac-
cordingly. Static crystallization can achieve final 
product requirements combining high quality and 
yield. On an industrial scale, the Statolizer® tech-
nology was implemented successfully for the con-
sistent production of palm kernel stearin iodine 
value (IV) ≤ 7 in a single-stage process which can 

then be used as a cocoa butter substitute (CBS) after 
full hydrogenation.  A double-stage process route 
permits the production of a high quality palm ker-
nel stearin with iodine value (IV) ≤ 5 that can be 
used without further modification as CBS in certain 
applications. Apart from the reduced hydrogena-
tion capacity, this double-stage process which in-
volves refractionation of the palm kernel olein also 
gives a higher total stearin yield as an additional 
benefit (Table 4).  

One of the latest developments in dynamic crys-
tallization is a design allowing crystallization un-
der low shear semi-dynamic mixing conditions. A 
cooling liquid is passed through a bundle of tubes 
that is moving through the oil slurry at a uniform 
and linear speed (Figure 4). This design favours 
crystal initiation and growth, and keeps the viscos-
ity of the slurry low even at high degrees of crystal-
lization. This new crystallizer, called Mobulizer, is 
applicable to a large variety of oils, including com-
modity oils and speciality fats. 

Palm oil is without any doubt the most widely 
fractionated feedstock. Most of the palm oil is frac-
tionated for food use (commodity oils and specialty 
fats) although some is also used in non-food ap-
plications in the form of fatty acids for oleochemi-
cal applications, or as methyl esters to improve the 
cold stability of biodiesel. The heterogeneous tria-
cylglycerol composition of palm oil makes it pos-
sible to produce a variety of different fractions with 
distinctly different properties via multi-stage dry 
fractionation. Commodity fractions such as palm 
olein, superolein, stearins and soft palm mid frac-
tions are produced in one or two stages, and find 
applications in margarine fats or shortenings, fry-
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TablE 4. propErTIEs of palM KErnEl sTEarIns and hydrogEnaTEd sTEarIn obTaInEd WITh ThE 
sTaTolIzEr® TEchnology (one- and two- stage fractionation)

one-stage Two-stage 

pKo1 pKs2 hpKs3 first stage 
pKs

second stage 
pKs

second stage 
hpKs

Iodine value (Wijs) 18.2 7.0 < 1 4.8 7.4 < 1

FAC (% w/w  GC)4

C10:0
C12:0
C14:0
C16:0
C18:0
C18:1

3.1
47.5
16.2
8.6
2.2

16.6

2.2
54.5
23.2
9.8
2.2
6.9

2.6
53.4
22.2
9.3

10.5
-

2.2
54.9
25.6
10.1
2.0
4.7

2.8
56.3
19.6
8.9
2.0
7.5

3.1
55.9
19.3
8.8

10.9
-

SFC (% at °C)5

10 
15 
20 
25 
30 
35

76.2
57.1
39.5
20.5
0.0
-

92.3
-

86.7
74.7
34.1
0.0

99.3
-

98.1
92.0
50.3
4.8

97.2
-

94.8
84.9
56.1
1.1

92.6
-

82.9
63.0
16.3
0.0

98.9
-

96.0
84.0
38.0
5.1

Note: 1 PKO: palm kernel oil;  2 PKS: palm kernel stearin; 3 hydrogenated palm kernel stearin; 4 fatty acid composition; 
5 solid fat content analyzed by IUPAC 2.150 serial method without special thermal pre-treatment.

Figure 4. Schematic drawing of the Mobulizer design.

ing or salad oils, cookies and biscuits, etc.  The hard 
palm mid fraction is a specialty fat widely used in 
the confectionery industry as an ingredient for co-
coa butter equivalent (CBE) formulation. Palm oil 
is indeed a valuable source of POP (2-oleo-diplam-
itin) and, at high POP levels, it becomes (after frac-
tionation) suitable as cocoa butter replacement fats. 
The content of POP in the hard palm mid fraction 
is significantly increased during the multi-step dry 
fractionation process; final enrichment in the frac-
tion can easily exceed 65% of POP. This specific 
composition provides the hard palm mid fraction 
with a very steep melting profile similar to that of 
cocoa butter for specialty fats applications (Figure 
5).  Developments in the separation step have also 

Figure 5. Solid fat content (SFC) profiles (IUPAC 2150 serial method with special tempering) of hard palm mid fractions (HPMF) 
produced by multi-step dry fractionation.
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to be taken into consideration. The objective of the 
separation is to efficiently separate the liquid and 
solid fractions, each of them for a specific physical 
characteristic and particular application. Separa-
tion can be done using different equipment, de-
pending on the required efficiency: vacuum filters 
(rotary drum or belt filters), centrifugal separators 
and press filters (membrane or hydraulic) (Kellens 
et al., 2007). Nowadays, many users of fractionation 
plants favour the automatic press filters, fitted with 
airtight membranes. Although they do not have the 
benefit of a continuous operation of the vacuum fil-
ters, their advantage lies mainly in the higher per-
centage of liquid they yield, by applying pressure 
to the cake during each filtration cycle. The purpose 
is to expel more of the liquid physically trapped in 
the crystals aggregates. The general trends in mem-
brane press filtration are increased volume (up to 
25 m3), increased plate size (up to 2 m x 2 m) and 
increased pressure (up to 50 bar).

CONCLUSION

Dry fractionation technology has largely improved 
over the last few years, enabling processors to dry-
fractionate nearly any type of fat. More efficient 
dynamic crystallizers and high pressure filter 
presses have been introduced on an industrial scale. 
Furthermore, controlled static crystallization has 
also been successfully implemented which further 
expanded the applicability of the dry fractionation 
technology. 

In parallel, enzymatic interesterification has 
also been further developed and is now generally 
accepted as a sustainable and reliable alternative to 
chemical interesterification. In comparison to CIE, 
EIE produces products with similar physical char-
acteristics but with higher nutritional quality and 
better oxidative stability. 

All these developments make it possible today 
to produce a whole range of food fats with low 
and/or zero TFA for use in frying fats, margarines, 
shortenings or speciality fats by combined dry frac-
tionation and (enzymatic) interesterification. 
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