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Abstract

Refined bleached deodorised palm oil (RBDPO) was blended with 4 to 25% (w/w)
fully hydrogenated palm oil (HPO). The effect of blending, crystallisation kinetics
and storage temperatures on the physical, chemical, morphological and
macroscopic rheological properties of these samples were studied. The
microstructural level of crystal networks of the samples were also quantified via
fractal geometrical methods by rheological measurement (Df) and image analysis
(Db). The results showed a significant (p<0.05) increase in the slip melting point
(SMP) from 37 to 53°C and maximum solid fat content (SFC) of 69% at 5°C and
completely melted within 45 to 55°C with HPO added. However, X-ray
diffraction result showed that, the pure RBDPO and HPO blends at all ratios were
stabilised in the ' polymorphic form. Crystallisation kinetics studied using the
Avrami model indicated that, pure RBDPO and the blends crystallised in a rod-like
growth mechanism from instantaneous nucleation (Avrami exponent n=2) at 10°C
and by a disc-like growth mechanism with n = 3 from sporadic nucleation at 15 and
20°C. Blends with 4% of HPO at 15°C crystallised with a smaller crystallisation
rate constant (k= 0.00432 k’'™") Jower nucleation activation free energy (AGe,=
1.02 kJ/mol) and a shorter induction time (1) using the Fisher-Turnbull model.
During storage at 15, 20 and 25°C, there was an increase in storage modulus (G')
and hardness index (HI). At 15°C, fractal dimensions (Df and Db) of pure RBDPO
by both methods respectively decreased from Df=2.50 to 2.41 and Db=1.38 to 1.22
. The same trend was observed for fractal dimension of the crystal network at 20
and 25°C. However, there was no significant (p>0.5) increase in the SFC of the
microstructures of pure RBDPO and HPO blends. The B’ crystal of the
microstructures of the blends showed better dispersion and smaller clusters than
pure RBDPO. An increase in storage modulus (G'), hardness index (HI) and
compression force (g) indicated that the crystal network of the blends are becoming
more highly structured with increasing storage time. This implies that post-
hardening had occurred without transformation of polymorphic form and is due to
crystal networking after the crystallisation process.
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CHAPTER 1

INTRODUCTION

1.1 Palm Oil

Palm oil is derived from the mesocarp of the fruits of the oil palm species Elaeis
guineensis mainly of the hybrid Tenera. The palm oil industry worldwide has
provided the fastest increase in global oils and fats supplies over the last four
decades. World palm oil production increased 20-fold from a mere 2 million tonnes
in 1962 to 25.0 million tonnes in 2002, growing at a rate of 7.8% p.a. or more than
double that of the total world oils and fats production which has a growth rate of
3.5% p.a. during this period. Malaysia and Indonesia account for more than 80% of
the world’s palm oil production (Yusof et al., 2004). Palm oil has many
applications with potential applications currently being explored. The uses of palm
oil can be categorised into edible and non-edible purposes. One of the
technological concerns of the edible oil industry is how to expand the multiple
usage of palm oil. The growth of palm oil in the world oils and fats market had led

to many studies, particularly into its crystallisation behaviour and nutritional value.

Palm oil is a semi-solid oil at ambient temperature. It is a mixture of low and high
melting triglycerides and can be fractionated into a liquid fraction called palm olein
and a solid fraction called palm stearin. Palm olein is an excellent cooking oil and
palm stearin is an excellent hard stock for food applications as it is free from trans-

fatty acids as compared to other hydrogenated liquid vegetable oils.

1.2 Fat Crystallisation

Fat is a material that is composed of an intimate mixture of liquid and solid
fractions whose main constituents are triacylglycerols. Triacylglycerol structures
and crystallisation conditions will influence crystal behaviour upon crystallisation.
Crystals aggregate into larger structure that will eventually form a continuous 3-

dimensional network, which is largely responsible for the solid-like properties of
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