/
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ABSTRACT

Palm and kernel oils from the Tencra and Dura varieties of the oil palm (Elacis guineensis) were analysed for their

characier@ifh parameters to determine their susceptibility o oxidative deterioration. Palm oils from the two varieties
exhithited substantial differences in their firee faity acid (FFA)contents, peroxide value (PV) and saponification value (SV),
withoil from the redfruits of the Dura generally being higher in PV and FFA values thar the Tenera. fligher peroxide values

were also recorded for palm kernel oils from the red and peilow fruiis of the Dura, while FE4 cantents were higher in Tenera

palm kernel oils. FFA content, AV, and PV increased with period of light exposure for the two ail samples, with higher values

generally being recorded for Durapalm oil.

INTRODUCTION
Elaeis guineensis is the main specie of the oil palm
cultivated in Nigeria and provides a substantial
proportion of the edible and non-edible vegetable
oils required for domestic and industrial
consumption in the country. There are three major
varieties of the oil paim each distinguishable from
the other by the mesocarp and endocarp (shell)
thickness. These are the Dura (thin mesccarp, thick
endocarp), Temera (thick mesccarp and thin
endocarp) and the Pisifera with thick mesocarp but
with little or no endocarp (shell-less).
Recent stedies’ have revealed substantial variations
in the fatty acid contents and degree of unsaturation
of the oils of the Dura and Tenera varieties while
factors affecting the gmality of Nigerian palm oil
have also been discussed”. Much of the information
found in the literature on Nigerian palm oil have
been based om bulk samples without specific
reference to the varietal sources of the palm oil.
Oil paim products such as palm and kernel oils and
paim kemnel cakes are important raw materials for
the vegetable oil, confectionery, sosp and feed
industries. The reported’ variations in the fatty acid
compositicn of palm oils from the Dura and Tenera
vaxigtics of $he ol palm have neocssitated forther
work 10 determiue e differences, if any, in the
cheracteristic properties of these oils. 'The
uvailebility of sach data could lead to improved
® Luthor for conrespondence.
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handling of palm oil for longer shelf life and to
ease of selecting the oil or other oil palm products
fior domestic or industrial uses, based on properties
specific to the varietal source of the oil. Thisin
tnrn would tead to a more specific utilisation of
palm oil and enhanced carmmings for its producers.
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_60cm (40w) fluorescent tube (C) placed inside the
'back of the box 4¢cm from the bottom of the box. The
flnorescent lamp holder carries a 130cm flexible
cable fitted with a plug for connection to electricity
source. '

Sourcing and processing for oil samples

The palm fruits used in the extraction of palm oil
samples were collected from the Nigeria Institute for
Qil Palim Rescarch (NIFOR) at Abak, Akwa Ibom
State of Nigeria. The palm fruit bunches were
harvested and processed the same day to minimise
the degradation of the oil. The palm oil samples
were extracted and treated as described by Ekpa et
al'. The palm fruitsof each variety were isolated and
boiled for 30min, then mashed by pounding in a
wooden mortar and pestle while still hot and the oil
extracied by hand-squeczing the mashed mesocarp.
The oil was clarified by heating with one-third its
volume of water after which the oil on the surface
was drawn and dried by heating in an air-circulating
oven at 105°C for Sminutes. The clarified oil was
used in the fluorescent light study immediately after
theextraction.

For the determination of the characteristic
parameters, the above procedure was repeated but
this time with the fruits of each variety separated and
classified as red and yellow fruits depending on the
visnal appearance of the fruits'.

The nuts left over from the palm oil extractions were
separated from the fibre and sun-dried for 7days.
The kernels obtained by manually cracking the nuts
were crushed by pounding in a8 wooden mortar and
then finely ground with an -electric grinding mill.
Theresulting cake was extracted with two successive
portions of n-hexane by soaking in the hexane for 30
minutes, filtering and evaporating off the hexane
over a steam bath. The oil was dried in an
air-circulating oven at 102°C for 30 minutes.

Sample codes

The samples were described as Tenera red palm oil
(TRPO), Dura red palm oil (DRPO), Tenera red
kernel 0il (TRKO) and Dura red kernel oil (DRKO),
Oils from the yellow fruits were similarly classified
as TYPO, DYPO, TYKO and DYKO to represent
yellow palm and kernel oils.
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Determination of characteristic parameters of sam-
ples

The methods ased in the determination of the
characteristic parameters were those approved by
the TUPAC® for the analysis of fats and oils. The
parameters determined werg saponification value
(SV), free fatty acid (FFA), moisture content and
peroxide value (PV).

Saponification value

The saponmification value was determined by
refluxing 2.0g of the oil sample in 25¢cm’ of 0.5M
ethanolic potassium hydroxide on a heating mantle
for 60 minutes followed by titration with 0.5M HC1
to the phenolphthalein endpoint. A blank determin-
ation was carried out also and the difference in
volume of the HCl between blank and sanmiple
titrations was used in the calculation of SV.

Free fatty acid

To obtain the free fatty acid content, 5.0g of sample
in 50cm’ of 95% ethanol-diethyl ether solvent
mixture (1:1, v/v) was titrated with 0.1M ethanolic
KOH to the phenolphthalein endpoint. The volume
of KOH required to reach the endpoint was used in
calculating the FFA expressed as palmitic acid, afier
correcting for the blank.

Peroxide value
The peroxide value was obtained by dissolving 5.0g
of the oil sample in 10cm’ of chloroform and adding
1.0cm’ saturated KI and 150m’ concentrated acetic
acid. The mixture was gently shaken and then stored
in a dark cupboard for 5 minutes. 75cm’ of distilled
water was added. to. the mixture and titrated with
0.0 1M sodium thiosuiphate with starch as indicator.

Moisture content

5.0g of the sample was heated to a constant weight in
an air-circulating oven at 105°C. The difference in
weight before and after the heating gave the moisture
content of the sample. Results for all paxaméter
determinations are presented in Table 1.
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Effect of fluorescent light on the deterioration prop-
erties of palm oil samples

The oil samples obtained from fresh fruits of the
Tenera and Dura varieties were each divided into
four cqual portions (total of eight) and each portion
placed in a previously iabelled plastic plate. The oil
in each plate was stirred until completely
homogenous afier wiich aliquots of each were
withdrawn for the determination of peroxide values,
acid values (AV) and free fatty acid contents. These
determinations were carried out the same day the oil
samples were extracted which was designated as day
0. Four portions of the oil samples, two each of
Tenera and Dura, were placed inside the box
constructed specifically for this purpose while the
remaining four were left open on the laboratory desk
as controls. The box was closed and the fluorescent
light turned on. Aliquots of the samples was taken
for analysis after the first day of exposure
(designated as day 1) and, thereafter, every three
days for 13 days. Samples were thoroughly mixed
each time before aliquots were taken for the
determinations. Triplicate determinations were
carricd out for each sample, and the readings are
reported as mean of two separate determin ations per

variety.
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RESULTS AND DISCUSSION

Peroxide value

Peroxides are sensitive indicators of the oxidative
status of lipids. In this study, all the oils used were
relatively fresh and had not undergone marked
oxidative deterioration asindicated by their peroxide
values in Table 1. However, both the palm and
kernel oils exhibited significant differences
{P<0.05) in their peroxide value contents. Palm oil
samples obtained from the red and yellow fruits of
the Dura variety (DRPO and DYPO) had higher
peroxide values (1.51 and 1.32 respectively) than the
values for palm oils from the corresponding Tenera
variety (0.70 for TRPO and 0.80 for TYPO). Similar
trends in peroxide values were observed for the
kernel oils with the DRKO and DYPO having the
highest but almost the same peroxide values (DRKO
0.60; DYKO 0.62). The higher susceptibility of the
Dura palm oil to autoxidation than the
corresponding Tenera varicty could be due to the
differences in their fatty acid contents. According to
Ekpa et al.’, palm oil from the Dura variety of the oil
palm has higher unsaturated fatty acid content than
that obtained from the Temera. The rate of
antoxidation of fats and oils increases with
increasing level of unsaturation'.

Free fatty acid contents

Significant differences in free fatty acid contents
were observed for palm oils from the red and yellow
Duraand Tenerafruits, (P<0.05). Thefree fatty acid
content was higher in the DRPO (2.90%) than the
corresponding TRPO (2.20%) while essentially
equal amounts were recorded for the yellow fruits of
the two varieties (TYPO, 1.38% and DYPO, 1.30%)
(Table 1). The kernel oil samples had free fatty acid
percentages that fall within the range of 0.70 - 1.0.
The observed porcentage fros fatty acids for the
kernel oils did not differ significantly. Gemerally,
the average percentage free fatty acids of the pulin
oil samples are within the 2 - 5% runge weporied fir
Malaysian palm oil’ and lower thap the 3.5%
maximum recommended for Nigerisn palm ol
However, since the tefining loss is twics the
percentage free fatty acid of auy vegotahls oif, ps
oil from red fruits of Dura (DRPO) v
higher refining loss of 5.8% during e
processes in view of its high percentage frec fully
acid of 2.90.




Saponification values

The saponification values of the oil sampies ranged
from 197 for TRPO to 209 for TYPO. A
saponification value of 200.4 was recorded for
DYPO compared to 206 for DRPO. The SV for the
kernel oil samples were within the range of 242.8 -
251.0 which is comparable to that of 243 - 249
reported’ for Malaysian palm kernel oil. Also, the
value of 242 .8 obtained for TYKO is the same as that
reported’ for palm kernel oil liquid fraction.
Saponification value is a measure of the average
molecular weight of a fat or oil”. The higher the SV
the lower the average molecular weight and
chain-length of the constituent fatty acids making up
the triglyceride molecule. The low SV for Tenera
palm oil (197) suggests that this oil is slightly richer
in short-chain fatty acids, such as lauric and
myristic, than the other palm and kernel oils.

Deterioration properties of the palm oil samples
This study was carried out to determine the effect of
the observed differences in the characteristic
parameters between oils from the two varieties of the
oil palm on their tendency to undergo oxidative
degradation rea_ctiofxs. The deterioration of the oil
samples was followed by the measurement of three
characteristic parameters namely; peroxide value,
frec fatty acid contents and acid value for each of the
samples for 14 days at three day intervals. The
deterioration of an oil can take place by hydrolytic
cleavage of the ester bonds of the glyceride molecule
or by oxidative cleavage of the carbon-~carbon double
bonds of the constituent unsaturated fatty acids, or
both. The former reaction was followed by the
measurement of the free fatty acid content and the
latter by determining the peroxide contents of the oil
sarapies. The oils wsed for this study were free of
paispasy oxidation products and free faity acids,
witich were determined inwnediately afier their
axteactions (Day 0), as these were not detected in the
sanmnles.

The resulis of the fluorescent Hght studics are

ated i Figs. 2.4, The free faity acid content

«

| of

v formd fo crease wogressivaly with pe
ragure 1o light, with DRPO having higher FFA
saives than TRPO for both the control and the
exposed samples.  The FFA for TRPO increased
frewn 0.75 on the first day of exposure 16 3.41 on the
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13th day, compared to 0.92 for DRPO which
increased to 3.7% on the 13th day. Similar trends
were also observed for the acid value (AV), which is
a measure of the total acidity of the oils, with the
DRPO generally recording higher values than the
TRPO. Thenet effect of the fluorescent light on FFA
and AV formation was determined by subtracting
the values for the controls from those of the exposed
samples for each of the determinations. These are
recorded as  AFFA and AAV to represent the
differences in free fatty acid and acid values between
the exposed samples and the respective controls.

The FFA, AV, AFFA and AAV are represented
graphically in Fig. 2. Compared with the controls
the light had significant effect on the FFA formation
of the oil samples, with the effect being greater on the
TRPO than on the corresponding DRPO (Fig. 2 A)
especially after the 7th day when the change is
indicated by a rapid increase in FFA. Although there
is a significant rise in FFA of both samples on the 4th
day with the DRPO higher than the TRPO,
subsequent increase in DRPO is slower than that of
the TRPO, as indicated in Fig. 2B.

The effect is more pronounced when considering the
total acidity of the system as represented by the acid
value (Fig. 2 D-E), where the acidity of DRPO is

much lower than that of TRPO (Fig. 2E) by the 12th

day of exposure.

The effect of light on the peroxide values of the palm

oils is shown on Fig. 3. A lincar relationship existed

between the peroxide value and period of light

exposure, with the TRPO passing through the origin.

A significant increase in PV was observed for DRPO

on the first day of exposure (Fig. 3 A & B). with the

increase becoming gradual in subsequent days of
cxposure. A plot of APV against time of exposure

gave Fig. 3A which showed a sharp but stcady rise in

the PVof TRPC.

These results mdicate the tendency of the DHPG o

deteriorate more rapidly than the TRPO. Oncofthe

factors that could be responsible for this may b the

higher degree of wnsaturation of DRPO' than the

TRPO, which makcs the former more sesuepiilig fo

perexide oxidation

Tt should be noted that the resciien box is

and the deterioration of samples placed in i could
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also be influenced by factors such as oxygen and
moisture in the air. However, the fluorescent light is
the major contributor to the higher values of FFA,
AV and PV observed for these samples, otherwise
the value of these parameters would have been lower
than those observed for samples exposed to normal
room conditions where airflow, among other
variables, was not restricted.

Contributions of individual parameters to the
spoilage of the oil samples were determined from
plots of FFA and AV against PV (Fig. 4A & B).
Similar plots of PV versus FFA and AV versus FFA
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are also shown in Fig. 4 (C & D). These graphs
indicated that, when compared with peroxide valnes
of theindividual oil samples, there is a higher ratio of
FFA in TRPO at any specified time than in DRPO.
These results show that there is a proportionate
increase in free fatty acid with peroxide value. This
increase is linear for the conmtrol samples but
non-linear for those samples exposed to Light. A
linear relationship also exists between AV and PV
(controls) as well as between AV and FFA. The
results also indicate that the contribution of free fatty
acid to the spoilage of the palm oil smmples is higher
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| fluorescent
for TRPO, while DRPO is affected more by peroxide
oxidation. This was indeed manifested in the oil
san{ples when DRPO started developing offensive
odoly‘xr towards the end of the observation period. The
odour was absent in TRPO even though both had
become semi-solid by the end of this period. The
formation of free fatty acid is generally responsible
for the soapy taste associated with some oils while
the pervading off-odours are due to peroxide
exidation produets' that include aldehydes, ketones
and lower molecular weight carboxylic acids.

light.
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light to the change in peroxide value Sumple =oils exposed fo

CONCLUSION
The results of this study have revealed that palm oil
from the red fruits of the Dura has greater tendency
to undergo rapid autoxidation reactions than the
corresponding Tenera variety. Oils extracted from
the kernels of the red and yellow fruits of the Dura
would also be more susceptible to peroxide oxidation
as mmdicated by their higher peroxide values. Tenera
kernel oil, on the other hand, wounld be expected to
experience more refining losses during refiniug into
edible vegetable oil because of their higher froe fatty
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«id contents. Tenera palui oil would have a longer
shelf life which is desirable for those applications
that require bulk storage of the oil.
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