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ABSTRACT

Modified  soybean oil samples were prepared by
interesterification of soybean oil with oleic acid at a ratio of 2:1
(w/w). The interesterification process was conducted at various
reaction temperatures (60, 90 and 120 °C), stirring periods (2.4 and 6
hr) and nickel concentrations (0.2, 0.4 and 0.6%) as a catalyst. The
fatty acid composition of the non-interesterified and interesterified
soybean oil samples were determined by gas-liquid chromatography.
The data demonstrated that the interesterification process altered the
fatty acid composition of soybean oil. Under the various
interesterification conditions, the levels of palmitic acid (16:0)and
stearic acid (18:0) were nearly unchanged, whilst the level of oleic
acid (18:1) was increased , linoleic acid (18:2) + linolenic acid (18:3)
were  decreased, respectively. The proposed interesterification
reaction conditions to produce soybean oil characterized by low
linolenic acid content (3.4%) were 0.2% or 0.4% nickel at 120°C and
4 hr stirring period . The recommended interesterification conditions
for producing modified soybean oil distinguished by high oxidative
stability were 0.2% nickel, 90°C reaction temperature and 4 hr
stirring period.
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1. INTRODUCTION

Interesterification process is often desirable to alter the
composition of acyl moieties of naturally occurring triacylglycerols in
fats and oils in order to modify their physical and chemical properties
(Young, 1985). It is usually involves at least two oils that have
different fatty acid composition (Konishi ef al., 1993). The classical
interesterification is characterized by randomization in the
distribution of acyl moieties in the triglyceride molecules by applying
a chemical catalyst such as sodium methoxide, sodium potassium
alloy, metallic sodium and sodium hydroperoxide (Sonntag, 1982). In
this respect, refined soybean oil and edible beef tallow were
interesterified with sodium methoxide as an alternative method to
hydrogenation for the production of margarine oils (Lo and Handel,
1983). Palm oil and linoleic acid containing oils (soybean oil, rice oil,
safflower oil, etc.) were interesterified in the presence of a catalyst
(alkali metal compound and or lipase) to produce an edible oil with
improved cold stability and flavour (Haga, 1986). Vanaspati-like fat
was manufactured by interesterification of palm oil-soybean oil
mixture (60:40, w/w) in the presence of 0.05-0.12% sodium
methoxide at 90-150°C and reaction time of 30 min (Bhattacharyya
and Newaz, 1987). Soft tube margarines were prepared by
interesterification of 20% by weight of glycerol tristearate and 80%
of olive oil in the presence of sodium methoxide as a catalyst
(Gavriilidou and Boskou, 1993).

For the woils and fats industry, enzymic (lipase)
interesterification processes offered a great potential to modify the
properties of different triglycerides. Castor oil, excellent natural
source for hydroxylated fatty acids, was used for interesterifications
with beef tallow by the action of chromo-bacterium viscosum lipase
(Haalck and Spener, 1989). Cocoa butter-like fat was prepared by
interesterification from completely hydrogenated cottonseed oil and
olive oil in the presence of lipase. The optimum reaction time to
produce the major component of coca butter (1(3) palmitoyl-3(1)
stearoyl-2- monoolein, POS) was 4 hr. The melting point of this
product was 39°C which compared well to the 36°C melting point of
natural coca butter (Chang ez al., 1990).
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The  main objective of the present study was to produce
soybean oil characterized by a low level of linolenic acid since this
component of soybean oil is responsible for the fishy odour during
frying. Also, deduce the interesterification reaction conditions that
lead to the production of soybean oil characterized by high oxidative
stability.

2. MATERIALS AND METHODS

2.1. Sources of lipid materials

2.1.1.Bleached soybean o1l was kindly supplied from the Cairo
Company of Oils. Its peroxide value was 1.8 meq. Kg™' and
nearly free from free fatty acids.

2.1.2. Oleic acid was purchased from the Chemical Company, Egypt.
The purity of oleic acid was checked by TLC and gave one
spot.

2.2. Chemicals and solvents

Nickel catalyst was supplied from the Cairo Company of Oils
with stated purity of 91%. Ali chemicals and solvents used
throughout the present work were of analytical grade.

2.3. Interesterification process

The interesterification reaction was carried out by adding oleic
acid to soybean oil at a ratio of 1:2 (w/w) in n-hexane . The reaction
conditions were 0.2% nickel, 60°C reaction temperature and 2 hr
stirring period. This experiment was repeated under the same
conditions of temperature and catalyst concentration whilst the
stirring period was extended to be 4 and 6 hr. This experiment was
also reconducted at temperatures of 90°C and 120°C under the above
mentioned same conditions of catalyst concentration. The
aforementioned set of experiments were performed again using 0.4%
and 0.6% nickel as a catalyst under the aforementioned conditions of
temperatures and stirring periods instead of 0.2% catalyst. At the end
of the experiment the reaction mixture was agitated with sat. sod.
bicarbonate solution and the glycerides were extracted with ether,
then the solvent was evaporated. The interesterified oil was analyzed.
Table (1) summarises the whole experiments relavant to various
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mserestenification conditions.

2.4 Preparation and methylation of fatty acids

Lipid samples (0.5 g) under study were saponified with KOH at
room temperature (20%, w/v) overnight. The unsaponifiables were
extracted three times with ether and the ether extract discarded. The
remaining soap solution was acidified with sulphuric acid (20%, v/v)
and the liberated fatty acids were extracted three times with ether.
The combined ether extracts were washed several times with distilled
water until the washings were netural to phenolphthalein and dried
over anhydrous sodium sulfate (Farag eral., 1994). The fatty acids
were methylated with diazomethane ethereal solution (Vogel, 1975).
the solvent was removed and the residue was dissolved in chloroform.
An aliquot from this solution was injected into gas-liquid
chromatograph.

Table (1): Interesterification process under different reaction
conditions.

Ni as Catalyst % Temperature (" C) Time (hr)
0.2 60 2,4and6
0.2 90 2,4and 6
0.2 120 2,4and 6
0.4 60 2,4and 6
0.4 90 2,4and 6
0.4 120 2,4and 6
0.6 60 2,4and 6
0.6 90 2,4and 6
0.6 120 2,4and 6

2.5. Gas-liquid chromatographic conditions for the determination
of fatty acids

The fatty acid methyl esters were analysed by a GCV Pye
Unicam gas chromatograph equipped with dual flame ionization
detectors and fitted with coiled glass columns (1.5m X 4 mm O.D.)
packed with chromosorb R (100-120 mesh, AAW) and coated with
10% polyethylene glycol adipate (PEGA). The column oven
emperature was Kkept constant at 190°C with a nitrogen flow rate of
30 ml/min as a carrier gas. The flow rates for hydrogen and air were
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33 ml/min and 330 ml/min, respectively. Detector and injector
temperatures were 300°C and 250 °C, respectively. Peaks were
identified using a standard methylated fatty acid mixture on the basis
of retention times and measured by using a programmable PU 4810
Philips computing integrator. All samples were analysed in triplicate
and the mean values agreed within 2%.

2.6. Statistical analysis

The standard analysis of variance procedure of the two
factorial experiments in a completely randomized design was applied
for all data according to the method outlined by Snedecor and
Cochran (1980). The least significant difference (LSD) test at 5%
level of probability was used to compare mean values of all
treatments.

3. RESULTS AND DISCUSSION

There are several methods used to improve soybean oil
oxidative  stability such as partial hydrogenation , addition of
synthetic antioxidants (Snyder eral. 1986 and Warner ef al. 1986),
natural selection and induce mutation to reduce the linolenic acid
content (Anonymous 1990 and Scowcroft 1990) . However, oxidative
stability problem has not been completely solved (Mounts et al., 1988
and Warner ef al ., 1989). Morcover , there is presently concern about
the nutritional safety of parially hydrogenated oils (Haumann, 1990} .
it is therefore, becoming more important to improve soybean oil
stability through changes in triacylglycerol composition and structure
through plant breeding (Scowcroft, 1990 and Haumann, 1990) and by
enzyme directed interesterification with more stable fatty acids (Latta,
1990) .

In the present study, soybean oil was interesterified by mixing
with oleic acid at a ratio of 2:1 (w/w) under various conditions of
temperatures, stirring periods and nickel concentrations as a catalyst.
The interesterification process under these different conditions was
conducted to establish the conditions that lead to the production of
modified soybean oil characterized by low linolenic acid 18:3 content
and long shelf-life.
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The conditions of  interesterification process under study
mognt lead 1o increase the peroxide value of the interesterified
ct due to the presence of nickel. In this circumstance, it is well
csizblished  that nickel acts as a poor prooxidant agent and, the
micresierfication process was conducted in an inert atmosphere (n-
hexane). Therefore, the peroxidation of the interesterified lipid
product is nearly limited.

3.1. Fatty acid profile of soybean oil

The fatty acid composition of the non-esterified soybean oil is
shown in Table (2). For simplicity, the fatty acid concentration of
soybean oil can be classified into three categories, i.e., trace (<1%),
minor (<10->1%) and major (>10%) component. Stearic {18:0) and
linolenic (18:3) acids occurred as minor saturated and unsaturated
constituents, respectively. -

Palmitic (16:0), oleic (18:1) and linoleic (18:2) acids were
present as major substances. The fatty acids of soybean oil can be
arranged according to their concentrations as follows : linoleic > _
oleic > palmitic > linolenic > stearic acids. j

3.2. Interesterification of sovbean oil by oleic acid using 0.2%
nickel. -
Table 2 shows the fatty acid composition of interesterified
soybean oil samples produced at 60,90 and 120°C for 2.4 and 6 hr
stirring  periods. The data for the fatty acids pattern of the
interesterified soybean oil samples showed that the level of oleic
acids 18:1 was obviously increased compared with the non-
interesterified oil. On the other hand, the concentrations of linoleic
(18:2) and linolenic acids (18:3) were remarkably decreased
compared with the non-interesterified soybean oil. In other words, the
interesterified soybean oil samples had less linolenic and linoleic
acids than the untreated sovbean oil. The content of palmitic acid
(16:0) and stearic acid (18:0) were nearly unchanged by
intersterification. In general, the interesterification process caused an
increase in the percentage of total low unsaturated fatty acids and a
decrease in the percentage of total hight unsaturated fatty acids. In
this respect, Kaima!l and Sarcja (1989) reduced the level of linolenic
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acid to 3% or less by interesterification (acidolysis) of the soybean oil
using lipase as a catalyst.

The data in Table (2) demonstrate that various stirring periods
at any temperature (60,90 and 120 C) had very little influence on the

interchange of oleic, linoleic and linolenic acids. However, the rise in
temperature altered the concentrations of these acids. For instance,

the reaction tempertures at 90 C and 120 C exhibited a higher increase
in oleic acid content than that at 60 C. Also, the reaction temperatures
at 60 C and 120 C caused a decrease in linoleic acid level whilst, the
reaction temperature at 90'C possessed much greater reduction in
linoleic acid level. Since the main purpose of the interesterification
process was to reduce the concentration of linolenic acid of sovbean
oil, the proposed interesterification reaction condition in this set of
experiments to obtain an oil with low linoleinc acid content (3.4%)
were : 120C reaction temperature, 0.2% Ni as a catalyst and 4 hr
stirring  period. The equation reported by Cosgrove ef al. (1987)
(Oxidizability= 0.02xoleic acid% + Ixlinoleic acid% + 2xlinolenic
acid%) was used to estimate the oxidizability of various
interesterified soybean oil samples. The oxidizability data (Table 2)
indicate that, the interesterification reaction conditions necessary to
produce soybean oil recognized by high stability were: 0.2% Ni, 90 C
reaction temperature and 4 hr stirring period.

3.3. Interesterification of soybean oil by oleic acid using 0.4%

nickel

The fatty acid composition of the interesterified soybean oil
samples under the reaction conditions at 60, 90, and 120C and
stirring periods of 2.4 and 6 hr are recorded in Table (3).
Interesterification under the aforementioned conditions demonstrated
that the level of plamitic acid 16:0 and stearic acid 18: 0 were nearly
unchanged; the levels of, oleic, linoleic and linolenic acids were
significantly increased and decreased, respectively. The resultant
interesterified soybean oil samples had less linoleic and linolenic
acids than the nonesterified soybean oil. In  other words,
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interesterification possessed an increase in the percentage of total
low unsaturated fatty acids and a decrease in the percentage of total
high unsaturated fatty acids. Generally speaking, the stirring period
at any reaction temperature had no effect on the levels of oleic,
linoleic and linolenic acids However, the rise in temperature in some
cases altered the fatty acid levels. For example, the reaction

temperatures at 60 and 90 C had no effect on the decrease of linolenic

acids content whilst, the reaction temperature at 120 C caused more
reduction on linolenic acids level compared with its levels at 60 and
90C.

The data in Table 3 eclucidate that the treatment under the
following conditions: 0.4% Ni, 120C reaction temperature and 4 hr
stirring period produced an esterified soybean oil characterized by the
lowest linolenic acids content (3.4%). Also, under these conditions
the resuitant modified soybean oil had a high stability towards
oxidative rancidity since its oxidizability value was the lowest
number (39.9) among the various modified soybean oil samples.

3.4. Interesterification of soybean oil by oleic acid using 0.6%

nickel

The fatty acid composition of different interesterified soybean
oil samples are shown in Table (4). The results showed that the level
of linolenic acids was nearly unaffected by different
interesterification conditions, but it was decreased compared with
uninteresterfied oil. The contents of linolenic acid was increased
under the present interesterification conditions. Conversely, the
percentages of hinoleic and linolenic acids were obviously decreased.
Once again, the modified soybean oil samples were recognized by
less linoleic and linolenic acid content than the untreated soybean
oil. In addition, interesterification exhibited an increase and decrease
in the percentages of total low saturated and hight unsaturated fatty
acids, respectively. Hence, the present interesterification conditions
had a role on the distribution of fatty acids in the triglycerides of
modified soybean oil samples. For instance, stirring for 2 hr at
any reaction temperature decreased the linolenic acid content
compared with linolenic acid level after stirring for 4 and 6 hr. Also,
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interesterification at 90 and 120C slightly decreased linolenic acid

content compared with its level at 60 C. In this set of experiments, a

modified soybean oil charaterized by low linolenic acid content
(3.4%) can be produced under the interesterification reaction

conditions of 0.6% Ni, 60C reaction temperature and 4 hr stirring

period.
Looking at all the data presented in Tables (2,3 and 4), the
interesterification reaction conditions required to produce soybean oil

with low linolenic acids (3.4%) were 0.2% or 0.4% Ni , 120C

reaction temperature and 4 h stirring period or 0.6% Ni, 60 C reaction
temperature and 4 h stirring period. To obtain soybean oil with high
stability, the interesterification conditions would be : 0.2% Ni, 90 C

reaction temperature and 4 hr stirring period.

As already mentioned, the interesterification process produced
modified soybean oil samples distinguished by high content of low
unsaturated fatty acids and low percentages of high unsaturated fatty
acids compared with the non-interesterified soybean oil. In order to
give more precise information on the distribution of various fatty
acids in the triglycerides during the interesterification process , the
ratios of stearic + oleic + linoleic + linolenic acids for the non-and
interesterified soybean oil samples were calculated and the results are
shown in Table (5). The ratios of stearic + oleic + linoleic + linolenic
acids for the non-interesterified soybean oil was 0.44. The range of
this ratio for the resultant soybean oil samples by interesterification at
various conditions of nickel concentrations (0.2, 0.4 and 0.6%),

reaction temperatures (60, 90 and 120eC) and stirring periods (2, 4
and 6 hr) was 0.93-2.25.
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