
1 Introduction

The presence of a hydroxyl group, in addition to an
olefinic linkage, in the predominating fatty acid of castor oil
gives this vegetable oil many unique and interesting proper-
ties. It has been known for a long time as an industrial fluid
and also has reputation for its medical use. Moreover, castor
oil and its chemical derivatives are used as raw materials 
for different types of products in many chemical industries.

Castor oil is a topic of interest to the chemical industry for
several reasons: intense international awareness of bio-
degradability of castor oil and its derivatives and reduction
in the supply of petroleum, a non-renewable source, used for
the manufacture of several oleochemicals. Commercial ap-
plication of castor oil in the preparation of surface coatings,
printing ink, surface active agents, plasticizers is very well-
known. But the recent trend consists of utilization of castor
oil and its derivatives in the formulation of various lubricants
and greases [1, 2].

The conversion of natural raw materials like fats and 
oils by direct lipase-catalyzed transformation reactions into
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Interesterification of castor oil blended with some oils rich in saturated
fatty acids was done with the help of 1,3-specific lipase from Mucor
miehei in order to alter its viscosity characteristics and adhesion prop-
erties by the introduction of saturated fatty acid molecules. The inter-
esterification was done by an oil blend ratio of 50 : 50. 10% enzyme
were used. Temperature was kept at 60 °C under 2–5 mm Hg pressure
with constant stirring, and the reactions were carried out for 6 h. The
products were filtered to remove the enzyme and then analyzed for slip
point, specific gravity, and kinematic viscosity. The slip point of the in-
teresterified products was found to be much lower than the parent blend
and was in the range of 15–25 °C. Specific gravity and iodine value of
the products were in comparison with the theoretical ones. A very large
depression in kinematic viscosity was found with every interesterified
product from original castor oil and also from the blends at three differ-
ent temperatures.
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* Department of Chemical Technology, Oil Technology Division, 
Calcutta University, Calcutta, India.



value-added products is of considerable practical interest.
The major benefits offered by enzymes are specifically mild
conditions and reduced waste. Application of enzymes in
various biochemical modifications of fats and oils with non-
oxygenated fatty acids is well studied, but there is very few
literature information regarding the use of enzymes in the
modification of oils, which contain fatty acid with hydroxyl
groups. Catalytic activity of lipases toward hydroxy fatty
acids was studied by Hayes in his different publications
[3–5] and also by Lang et al. [6], Wagner et al. [7], Steffen et
al. [8], and Bhattacharyya et al. [9]. They all showed that 
lipases did not catalyze the esterification of the hydroxyl
group of the fatty acid with alcohol so that estolide or lactone
formation can be avoided. Taking these observations into 
account, Bevinakatti et al. transesterified castor oil with 
butanol by Lipozyme IM 20 catalyst [10].

This study includes interesterification of castor oil with
some saturated fatty acid rich oil using 1,3-specific Rhi-
zomucor enzyme to introduce some non-oxygenated saturat-
ed fatty acids into the castor oil molecule and examine sev-
eral properties of the products.

2 Materials and Methods

2.1 Materials

Refined, bleached, and deodorized palm stearin was im-
ported from Malaysia. Sal fat (Shorea robusta) in the form of
refined, bleached, and deodorized (R.B.D.) was supplied by
K.N. Oil Industries, M.P., India. Coconut oil was purchased

from a local marked of Calcutta and refined, bleached, de-
odorized, and fractionated in the laboratory. Refined castor
oil was purchased from V.K.V.K. Oil Industries, Calcutta, 
India, and then bleached in the laboratory.

Lipase from Mucor miehei (Lipozyme IM 20) was a gift of
NOVO Industries, Copenhagen, Denmark.

All solvents used were of analytical grade.

2.2 Methods

The lipase-catalyzed interesterification reaction of castor
oil blended with different saturated oils in a ratio of 1:1 was
done in a round-bottomed flask. Two oils were taken in a 
ratio of 1:1 (w:w) and placed on a constant temperature of
60 °C. Mucor miehei lipase (10% w/w on fat charge) was
added and stirring was continued for 5 h with the help of a
Teflon-coated magnetic stir bar under 758 mm of Hg vacu-
um. The product was isolated by filtration and the free fatty
acids formed during reaction were then neutralized by a
mixed solvent process developed by Bhattacharyya and
Bhattacharyya [11].

The products obtained were then tested for different phys-
ical properties like slip point [12], iodine value [13], specific
gravity [14], and kinematic viscosity [15] following standard
procedures.

3 Results and Discussion

The fatty acid compositions of the different lipid materi-
als used in this study are given in Tab. 1.
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Tab. 1. Fatty acid composition of the fats used in the present study.

Fat/oil Fatty acids [wt-%]

C12:0 C14:0 C16:0 C18:0 C18:1 C18:2 C18:3 C18:1:OH C20:0

Castor oil – – 1.7 – 5.0 5.0 – 88.3 –

Sal fat – – 7.3 42.5 42.3 2.1 – – 5.8

Palm stearin 0.4 1.1 53.9 3.6 33.7 7.3 – – –

Coconut stearin* 57.3 23.9 10.9 0.7 0.8 0.7 – – –

* Coconut stearin also contains C6:0 – 0.4%, C8:0 – 2.2%, C10:0 – 3.1%.

Fig. 1. Viscosity of different interesterified products of 
castor oil blended with other oils.



Tab. 2 depicts the physical properties of the products ob-
tained by interesterification of castor oil blended with some
oils rich in saturated fatty acids in the presence of 1,3-specif-
ic Mucor miehei lipase. When the castor oil was interesteri-
fied with sal oil at a 50% level, the slip point decreased from
31 °C (of the blend) to 24 °C. Also when the castor oil was
interesterified with palm stearin rich in palmitic acid in 50%
level, the slip point decreased from 44.5 °C to 25.2 °C and in
case of coconut stearin rich in lauric acid, the slip point 
decreased from 27.8 °C to a very low level. Specific gravity
and iodine value of the interesterified products are also com-
parable.

The viscosity values of the interesterified products and
the original blends (unesterified) at different temperature are
shown in Fig. 1. The interesterified products have invariably
lower kinematic viscosity values than the original castor 
oil and also than the blends. At 32 °C, the interesterified
blends of castor+sal, castor+palm stearin, and castor+
coconut stearin have kinematic viscosity values as
0.11 kg/m · s, 0.083 kg/m · s, and 0.16 kg/m · s, respectively,
whereas the castor oil has a kinematic viscosity of
0.32 kg/m · s at 32 °C. The kinematic viscosity values de-
crease with temperature and the nature of temperature rela-
tionship as evident from the curves helps to obtain an idea
about the extent of variation of viscosity of the products with
temperature.

In conclusion, castor oil can be successfully interesteri-
fied with other vegetable oils with the help of an enzyme,
and the interesterified products can be used in some product
formulations, e.g. by increasing its utilization as plasticizer,

film forming agent as well as in the lubricant and grease for-
mulations.
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Tab. 2. Analytical characteristics of the products obtained by lipase-
catalyzed interesterification of castor oil blended with some oils rich in
fatty acids.

Product Slip point Specific Iodine 
°C gravity value

1. Castor (50)
+ 24 (31) 0.889 61.3

Sal (50)

2. Castor (50)
+ 25.1 (44.5) 0.887 63.3

Palm stearin (50)

3. Castor 50
+ –* (27.8) 0.884 43.6

Coconut stearin (50)

Parenthesis represents values of the corresponding blends before 
interesterification.

* not determined as the product was liquid at quite lower temperature.


