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Definition-properties Formulation

 Spreads/margarines or the
blends with butter can be 
produced in the fat range from 
10 to 99 %

 They can be liquid but mostly
semi-solid

 Produced by suitable
techniques and formulations

 Specific melting behaviors, 
crystal sturctures and rheology

 Need hard stock

 Used partial 
hydrogenation over the 
years

 But, high trans in the 
formulations

Fats, Spreads/Margarines



TransCis

Trans fatty acids are unsaturated fatty acids which have at

least one double bond in trans configuration.

Oleic acid, 9-cis-C18:1 

MP:13-14 oC

Elaidic acid, 9-trans-C18:1

MP:44-45 oC

http://en.wikipedia.org/wiki/Image:Oleic-acid-3D-vdW.png
http://en.wikipedia.org/wiki/Image:Oleic-acid-3D-vdW.png
http://en.wikipedia.org/wiki/Image:Elaidic-acid-3D-vdW.png
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Sources of TFAs

1
• Biohydrogenation

2
• Partial Hydrogenation

3
• Refining (High Deo Temp)

Industrial TFA
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atural TFA
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Partial hydrogenation is an edible fat modification

technique that is main source of TFAs

Unsaturated Fatty Acids

(Isomerization)

Conjugated Isolen Cis Trans

GeometricPositional



Why TFA? (in the past)

 Hydrogenation of liquid oils was discovered and patented by Wilhelm 
Normann in 1901 

 Partially hydrogenated products were popular until 1990. Because;
 For producer;

 Low cost
 High stability against oxidation
 Longer shelf life
 Desirable physical properties for fats ( steeper SFC curves)
 Desirable textural properties for bakery products

 Health aspect;
 Believing TFAs better than SFAs
 Therefore, food industry replaced SFAs with TFAs

 After scientific evidence for health effects of TFAs in 1990s, 
elimination studies started



 Trans fatty acids reduce HDL cholesterol while increase LDL cholesterol 

(Mensink and Katan 1990, EFSA 2004).

 Skeaff and Miller (2009) reported that intake of total fat, saturated fatty 
acids and monounsaturated fatty acids was not significantly associated 
whereas intake of TFAs was strongly positively associated with coronary 
heart disease mortality. 

 A meta-analysis of epidemiologic studies also showed that there is no

scientific evidence indicating dietary fat or saturated fat is associated

with an increased risk of CHD or CVD, except trans fat (Chowdhury et al

2014)

 WHO/FAO recommended daily energy from trans fat should not more

than 1%

 Many countries have officially restricted/limited using
trans fat in food products (less than 2% or banning
partial hydrogenation)



 Over the years, the trans
free trend has forced 
margarine 
manufacturers to use
suitable sources and 
different techniques to 
obtain trans free base 
stocks with desirable 
crystal structure, 
sensorial, rheologic and 
textural properties

Trans Free Production



What is/was the solution?

TFA-Free Base Stock

No TFA but 

non-

desirable

properties

Use very

little

amount

No TFA 

and having

desirable

properties

Need natural

saturated FAs

and TGs

(palm oil), 
R&D

Fractionation, 

interesterification, 

blending

Fully

hydrogenation

Seed oils

not very

suitable, 

high

SSS

Seed

oils not 

suitable, 

not 

enough

SFA



Advantages of using palm oil for TFA-free
fats

 Palm fruit has two different oils from pulp and kernel, providing wide 
range of FAs and TGs for the producers

 Palm oil is  naturally solid fat because of having a unique fatty acid 
composition (SAFA and UFA balanced)

 Unlike seed oil, it does not need to be hydrogenated, very suitable for 
modification techniques 

 Palm/palm kernel oils and their fractions are versatile due to having 
different TG  compositions and physical properties for various types of 
products

 High oxidative stability-FA comp. and high tocotrienols

 Availibility and competetive price

 Needs R&D to make formulations for trans free fats using palm oils or 
the fractions

 R&D should focus on getting desirable properties of targetted products 



Palm fruit has two different oils

Palm oil

Palm kernel oil



A wide range fatty acid composition of palm and palm kernel
oils (Aini and Miskandar, 2007)

42.5

Total SFA             50.2         45.8
Total UFA             49.7         54.2

Balanced FA comp.
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(deMan&deMan, 1994 and Pantzaris 1997)

Wide range of TGs

Palm and palm kernel oils contain large number of TAG. 
Palm oil has mainly C50 and C52 which are β’ tending
(Aini and Miskandar, 2007) while PKO has TGs with 
lower carbons.



 Triglycerides (TAG), the main molecules of fats
and oils, determine crystallization, melting,
polymorphic behaviors and crystal structures of
fats. TAG types in the mixture along with the
processing conditions leads to changes in the
microstructure of fat crystal networks, which
affects microstructural characteristics and hence
the macroscopic rheological properties of fats (Shi
et al., 2005)

Importance of Triglycerides for Fat 
Rheology



Triglycerides-Crystal formation

 β’-crystals, relatively small crystalls provide better 
crystall network by entrapping large amounts of 
liquid, and hence better products with good texture 
and desirable mouth-feel(deMan et al., 1989)

 For good β’-crystal stability in the blends, using 
lower type or similar TGs should be avoided (Peter 
1991).  Wide range of TG and diferent types of FA 
should be incorporated in to the blends.

 Palm/palm kernel oils and their fractions provide 
these variations



Very suitable to modifications

 Fractionation

 Interesterification

 Fully hydrogenation(without trans)

Because of equal saturated

and unsaturated fatty acid

distribution and high

unsaturation in 

2-position of TG
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Palm and Palm Kernel Oil Fractions are very suitable for fractionation
(MPOB, 2009;Kellens et al., 2007)

Possible to produce very wide range of products and TGs



Wide range of triglyceride contents
when palm oil is fractionated

Rich in POP and POO
Desired melting properties

Provides structure to the 
products, reduced by blending 
and/or interesterification



TG Composition of PKO and its fractions (%)
(Siew, 2001)

W
id

e 
ra

ng
e 

of
 s

ho
rt

 c
ha

in
 tr

ig
liy

ce
rid

es

PKO has high solids 

at low temperatures but a 

low one at 25 °C. 

Fractionation produces 

more solids but complete

melting at 35 °C, which 

creates steep melting 

curve and hence, the fat

is highly valued in the 

confectionery industry. 



Interesterification provides wider ranges of TG type
and content for formulations

(Rashid et al., 2018)



TG type and content varied when POS and PKO 
blended and interesterified (Zainal and Yusoff 1999)

Palm Kernel Oil

Palm stearin

POs/PKOo (40:60) before IE

POs/PKOo (40:60) after IE

Less PPP and lower SMP



Sellami et al 2012 obtained trans free margarine using palm
stearin and olein blend

 Transesterification reduced high melting point triglycerides 
and which lead to a better spreadability a rheological 
behaviour that was comparable to that of commercial 
sample.

(A) non-transesterified

palm stearin:palm olein blend (40:60) 

(A) non-transesterified

(A) transesterified

(A) transesterified



Interestrification- Improves Crystal Structure
(Aini and Miskandar, 2007)

High Percentage
Palm Oil in the

blends

Softer shortenings with more 
β’ crystals and minimal changes 
in consistency during storage 

Softer palm oil shortening by 
changing TG, high stirring speed, 
rapid crystallization (smaller and 
uniform crystalls) and minimal 
changes in consistency during 
storage 

Slow 
Crystalliz
ation
(Post 
hardening 
problem)

High Percentage
Palm Stearin in 

the blends

Harder 
products 
with more 
β-crystalls, 
high PPP

InteresterificationInteresterification



SFC profile of palm oil is very suitable for margarine which makes it very 
suitable for blending with other fats or oils (Aini and Miskandar, 2007)

Melting point of palm oil is close to body temp., 36°C. No need to hydrogenation, 

provides texture and structure to the margarines and shortenings

Palm oil



Blending of palm stearin and seed oils for TFA-free
shortenings (Nor Aini and Miskandar, 2007)

Very similar FA comp.

Very similar FA comp.



PS and PKO also suitable to blend with seed
oils (S.H.M. Fauzi et al, 2013)
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 Despite having 46 % of SFA, 
POL has only 13.7% of SFA 
at 2-position of TAG. 

 Thus it has good hardening 
potential after 
hydrogenation and/or 
interesterification
processes.

 Very suitable for blending, 
providing liquid phase in 
margarines and shortenings

Palm olein is very useful for interesterification 
and/or hydrogenation



 Palm olein was chemically interesterified for 
preparing low-trans vanaspati and considerably 
higher solid fat contents at all measuring 
temperatures were obtained (Farmani, et al., 
2006). Also the melting point rose from 17.9 to 
38.1 °C. 

 Slight hydrogenation of POL reduced IV from 
55.2 to 46.0 while TFA content increased from 
0% to 7.15%, SMP from 24.0°C to 37.8°C, which 
showed slightly hydrogenated POL had low TFA 
and appropriate melting ranges for trans-free
formulations (Musavi et al., 2011).

Palm Olein



Fatty Acid Profile, Trans Contents and Slip Melting Points of Trans Free 
Margarine Base Stock Formulations (Musavi et al., 2011) 

Composi
tion

Formulation no

F 1 F 2 F 3 F 4 F 5

30 % POL
40 % INTPOL
30 % HPOL 2

40 %POL
40 % INTPOL
20 % HPOL 3

30 % POL
50 % INTPOL
20 % HPOL 3

35 % POL
50 % INTPOL
15 % HPOL 4

40 %POL
50 % INTPOL
10 %  HPOL 7

SFA (%) 48.0 48.0 48.0 48.2 48.3

UFA  (%) 52.0 52.0 52.0 51.8 51.7

MUFA (%) 43.69 43.71 43.71 43.48 43.50

PUFA (%) 8.31 8.29 8.29 8.30 8.32

TFA (%) 0.72 0.80 0.82 0.80 0.70

SMP (°C) 35.3 35.2 35.8 36.0 35.1



SFC of selected blends  are within the ranges of the SFC values of 13 
different stick margarines marketed in Turkiye (Musavi et al., 2011) 

SFC of commercial stick margarinesSFC of selected blends



Farmani et al 2009 showed that int. palm olein:canola oil and FHSBO 
blends are suitable for some trans free margarine types

SFC, solid fat content; CI, chemically interesterified; EI, enzymatically interesterified; CO,

canola oil; POo, palm olein; FHSBO, fully hydrogenated soybean oil. 



Palm Oil, Palm Kernel Oil and their Fractions as Confectionary
Fats (Hassim and Dian 2017; MPOB, 2009; Talbot, 2007) 

 Confectionary Fats

 Non lauric

Fractionated Palm 
(Palm Mid-Fraction), 

Shea (CBE) etc.

Low Trans or No 
Trans Alternatives 

No need to tempering, 
stable β’ form

 Lauric (CBS)

 PKO with
modificatio

ns

 Fully Hyd. 
PKO

 Fully Hyd. PK 
Olein

 PK Stearin

 Non-temper (CBR) Temper

 Hyd. Frac. 
Palm oils

 Cacoa butter

Rich in POP, POSt 
and StOSt, sharp melting

They are also suitable for other confectionery applications such as soft chocolate, chocolate syrup,ice-cream coating and confectionery filling

POS and its blends with other 
VO for TFA-free CBR formulations  

Coating

Moulded
products and

coating



Conclusion

 Trans fatty acids are the only ones that their adverse effects on

human health were scientifically proven

Alternative sources and techniques are possible to eliminate

them from the products

The main alternative sources are palm products

Because, palm/palm kernels oils and their fractions provide

producers a wide range of choice for all types of margarine

/spreads, frying oils, confectionary fats etc.

Palm products are very suitable for modifications and

blending with other vegetabe oils, with desirable sensory,

melting and crystallization behaviors and good stability

High availibility and competetive price
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