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Abstract

The effect of two process conditions (temperature and heating time) on some physico-chemical properties (pH value,
Free Fatty Acid (FFA), saponification value, acid value, refractive index and viscosity) of groundnut oil extracted with
a vertical screw jack was investigated. The following equipment were used: a vertical screw jack, digital weighing
balance (OHAUS CL Series, Model CL 201, China, accuracy: 0.1), stop watch (Nokia X2-01), and oil bottles and
containers. Three levels of temperature (50°C, 60°C and 70°C) and two levels of heating time (5 min and 10 min) were
used for processing the groundnut before oil extraction. The experimental design used was 3 x 2 factorial experiment
in a Randomized Completed Block Design (RCBD) with three replicates. A uniform experimental sample of 100 g per
run of prepared groundnut seeds was used as feedstock for oil extraction operation. Samples of oil extracted were
analysed for the physico-chemical properties with AOAC (2002) standard procedures. Results showed that the physico-
chemical properties of extracted oil decreased with increase in temperature from 50°C to 60°C and heating times but
later increased at 70°C. The range of values of physico-chemical properties obtained were: 5.05-5.45 for pH value,
3.32-3.43 mgKOH/g for FFA, 1.87-1.95 mgKOH/g for saponification value, 6.65-6.85 mgKOH/g for acid value, 1.443-
1.455 for refractive index and 1.44-1.45 cm/sec. for viscosity.
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1. INTRODUCTION

Groundnut (Arachis hypogaea L.) is a
leguminous crop that is commonly grown for
the extraction and utilization of the edible oil
from its oily seeds (Prasad et al., 2009). The
oily seeds are eaten as snacks after roasting and
are also used as feedstock for the production of
groundnut oil; cakes obtained after oil
extraction are used as raw materials for making
animal feeds. Ranshankar et al., (2007)
reported groundnut as the world’s numbers
four and three most important source of edible
oil and plant based protein respectively. Prasad
et al., (2009) reported that Nigeria, Congo,
Senegal, Sudan and Niger Republic as some of
the major countries that grow groundnut in
large quantities in Africa. In terms of
nutritional compositions, the oily seeds of
groundnut contain oil, protein and carbohydrate
in the range of values of 47% -53%, 25% —
36% and 10% - 15% respectively. The
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extracted edible oil from groundnut seeds has
calcium, sodium, potassium, phosphorus,
magnesium, thiamine, vitamins E and B,
selenium and zinc (Nkafamiya et al., 2010 and
Prasad et al., 2009). Apart from the uses of
edible plant based oils for cooking foods and
their uses in confectionery industries, edible
plant based oils can also be used as part of raw
materials for the production of soap, paints,
detergent and cosmetics (Wilfred et al., 2010
and Bachmann, 2001).

In the extraction of plant based oils, some of
the factors that can affect the final qualities of
extracted oils are: methods of oil extraction
(mechanical, traditional or manual, chemical
and others); extraction process conditions
(temperature, pressure, moisture content,
processing time, particle size, concentration of
chemical and so on); crop factors (type and
variety of crop, maturity level of crop and
storage history of the feedstock) and the level
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of technical know-how of the operator of the
oil extraction systems. Groundnut oil is one of
the most readily available plant based oils
because of the abundance and easy availability
of groundnuts. The factors earlier listed when
combined for extraction of groundnut oil can
either have positive or negative effect on the
final quality of extracted oil. Therefore, the
objective of this study was to investigate the
effect of two process conditions (temperature
and heating time) on some physico-chemical
properties (pH value, Free Fatty Acid (FFA),
saponification value, acid value, refractive
index and viscosity) of groundnut oil extracted
with a vertical screw jack.

2. MATERIALS AND METHODS

The following equipment were used: a vertical
screw jack (Figures 1 and 2), digital weighing
balance (OHAUS CL Series, Model CL 201,
China, accuracy: 0.1), stop watch (Nokia X2-
01), and oil bottles and containers. Three levels
of heating temperature (50°C, 60°C and 70°C)
and two levels of heating time (5 min and 10
min) were used for processing the groundnut
before oil extraction. The experimental design
used was 3 x 2 factorial experiment in a
Randomized Completed Block Design (RCBD)
with three replicates. A uniform experimental
sample of 100 g of prepared groundnut seeds
was used as feedstock for oil extraction
operation. After the extraction operation, all
the oil samples were analysed for pH value,
Free Fatty Acid (FFA), saponification value,
acid value, refractive index and viscosity in
accordance with AOAC (2002) standard
procedures. With the data obtained from
laboratory analysis of the physico-chemical
properties, combined effect of temperature and
heating time on the physico-chemical
properties of groundnut oil samples extracted
with the vertical screw jack were descriptively
analysed and presented with histogram. The
extraction operation was carried out at the
Department of Agricultural and Biosystems
Engineering workshop, University of llorin,
llorin, Nigeria, and the analysis of physico-
chemical properties of extracted groundnut oil
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was done at the Chemistry Department,
University of llorin, llorin, Nigeria.

)
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Figure 2: Exploded view of the vertical screw jack
3. RESULTS AND DISCUSSION

3.1 Effect of Temperature and Time of
Heating on pH Value and Free Fatty Acid
(FFA)

The effect of temperature and time of heating
on pH value and FFA is shown in Figures 3
and 4 respectively. From Figure 3, it is clearly
seen that increase in temperature and time of
heating caused the pH value to drop from about
5.37 to about 5.05 but later increased to a
highest value of about 5.45 at 70°C temperature
and 10 min time of heating. The highest pH
value of 5.45 obtained could mean that the
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groundnut oil extracted with the screw jack
would be self-preserving. Muibat et al., (2011)
and Akinoso et al., (2006) reported 6.20 and
6.0 pH values respectively for oil extracted
from Telfairia occidentalis and palm kernel.
Figure 4 shows that the free fatty acid of
groundnut oil decreases with increase in
temperature from 50°C to 60°C but later
increased to highest value at 70°C and heating
times. The highest free fatty acid value
obtained was slightly above 3.42 mg/KOH/g
which was close to 3.48Mg/KOH/g reported by
Muibat et al., (2011) for Telfairia occidentalis
oil. Also, the highest free fatty acid obtained
was close to 3.45 mg/KOH/g reported by
Akinoso et al., (2006) for palm kernel oil and
was greater than between 0.61-0.62 mgKOH/g
reported by Usman et al., 2015 for Oleander
oil.

pH Value
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t - Heating Time (mins)

Figure 3: Effect of temperature and time of Heating
on pH value
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Figure 4: Effect of Temperature and time of heating
on Free Fatty Acid (FFA)
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3.2 Effect of Temperature and Time of
Heating on Saponification value and Acid
Value

Figures 5 and 6 respectively show the effect of
temperature and time of heating on
saponification value and acid value on the
groundnut oil.  The saponification values
decrease from 50°C to 60°C but later increased
to 194 mg/KOH/g at 70°C temperature and 5
min heating time.
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Figure 5: Effect of temperature and time of heating
on saponification value
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Figure 6: Effect of temperature and time of heating
on acid value
However, the highest value of saponification
value obtained was 195 mg/KOH/g and was at
50°C temperature and 5 min heating time. In
all, the range of saponification value obtained
was between 187 — 195 mg/KOHY/g; this was
higher than 162 mg/KOH/g reported by
Nwabanne 2012 for oil extracted from fluted
pumpkin seed with n-hexane as the extraction
solvent. This value was greater than between
121.7-124.3 mgKOH/g obtained by Usman et
al., 2015 for Oleander oil. From Figure 6, the
trend for acid value is also very similar to that
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of saponification value. The highest acid value
of 6.86 mg/KOH/g was obtained at 70°C
temperature and 5 min heating time. This acid
value obtained was higher than 6.70 mgKOH/g
reported by Odewole et al., (2015) for oil
chemically extracted from fluted pumpkin seed
with petroleum ether.

3.3. Effect of Temperature and Time of
Heating on Refractive index and Viscosity
The effect of temperature and time of heating
on refractive index and viscosity is as shown in
Figures 7 and 8 respectively.
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Figure 7: Effect of temperature and time of heating
on refractive index
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Figure 8: Effect of temperature and time of heating
on viscosity

From the two figures, the refractive index and
viscosity decrease in in their values with
increase in temperature from 50°C to 60°C, but
later increase at 70°C. The value of refractive
index of the extracted groundnut oil with the
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screw jack was in the range of 1.43-1.450,
which is close to (1.54-1.49) obtained by
Eckey, 1954 for some fats in the nuts family.
The highest value of refractive index of 1.46
was obtained at 70°C and 5 min and 10 min
heating times; this value was very close to
about 1.461 obtained by Usman et al., (2009)
for oleander oil. The effect of temperature and
time of heating on viscosity is shown in Figure
8. From the figure, it is shown that the level of
viscosity decrease and later increase at the
highest level of temperature. The range
obtained was 1.44-1.45 cm/sec. Odewole et al.,
(2015) obtained close 2.0 cm/sec for fluted
pumpkin oil extracted by solvent extraction.

4. CONCLUSIONS

All the physico-chemical properties decreased
with increase in temperature from 50°C to 60°C
and heating times but later increased at 70°C.
The range of physico-chemical properties
obtained were: 5.05-5.45 for pH value, 3.32-
3.43 mgKOH/g for FFA, 1.87-1.95 mgKOH/g
for saponification value, 6.65-6.85 mgKOH/g
for acid value, 1.443-1.455 for refractive index
and 1.44-145 cm/sec for viscosity. More
process conditions and their higher levels as
well as qualities of groundnut oil extracted
with the screw jack under long time storage
conditions should be considered.
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