






















































2.4 Palm oil 

The oil palm is a monocotyledon belonging to the genus Elaeis. It is a 

perennial tree crop and the highest oil producing plant. The crop is unique in that it 

produces two types of oil. The fleshy mesocarp produces palm oil, which is used 

mainly for its edible properties and the kernel produces palm kernel oil, which has 

wide application in the oleochemical industry. The genus Elaeis comprises two 

species, namely E. guineensis, E. oleifera. Currently, most of the world's production 

of palm oil comes fiom South-East Asia, in particular Malaysia and Indonesia. 

Like all oils, TGs are the major constituents of palm oil. Over 95% of palm oil 

consists of mixtures of TGs. During oil extraction fiom the mesocarp, the 

hydrophobic TGs attract other fat- or oil-soluble cellular components. These are the 

minor components of palm oil such as phosphatides, sterols, pigments, tocopherols, 

tocotrienols and trace metals. Other components in palm oil are the metabolites in the 

biosynthesis of TGs and products from lipolytic activity. These include the 

monoglycerols (MGs), diglycerols (DGs) and free fatty acids (FFAs). The oil palm 

h i t  is a drupe, which forms in a tight bunch. The pericarp comprises three layers: the 

exocarp (skin); mesocarp (outer pulp containing palm oil); and endocarp (a hard shell 

enclosing the kernel (the endosperm) which contains oil and carbohydrate reserves for 

the embryo). Composition of palm oil h i t  is shown in Figure 2.2. 

Figure 2.2 Composition of palm oil h i t .  





























































4.2 Batch process 

4.2.1 Biodiesel production fiom fatty acid using Novozym 435 in a solvent kee 

medium 

4.2.1.1 Optimization of process parameter 

1. Effect of reaction time 

In the process of biodiesel production, reaction temperature, methanol 

quantity and reaction time were fbund to be significant operating parameters, which 

are closely associated with energy costs from an economic perspective. In the 

esterification reaction, biodiesel was performed at 55OC using a 2: 1 ratio of methanol 

and palm fatty acid and enzyme 15% (based on palm fatty acid weight). 

Sterol ester 

FAME 
Trig1 yceride 

Fatty acid 

Figure 4.1 TLC for monitoring the methyl ester at reaction time 0.5, 1, 2, 3, 4, 5, 6, 7 

and 8 hours. 

The results analyzed by TLC were shown in Figure 4.1. The changes in 

product colnpositions with reaction time and the distribution of various con~ponents in 

the reaction system can be clearly seen. TLC analysis showed that the fiee fatty acid 

was converted rapidly to FAME within 30 minutes while the conversion was 

relatively constant after 2 hours. The ester content increased when increasing reaction 

time. 
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