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Solvent extraction is one of techniques that can be used to
extract oil. Solvent extraction is more preferable technique
compared to the other techniques due to the low cost, simple
and faster extraction process. It is also important to explore
more sources of vegetable oil as the demand of vegetable oil is
increasing rapidly due to its numerous applications. The
objectives of this research are to study the effect of different
extraction temperatures and the liquid/solid (L/S) ratio on the
solvent extraction of Arachis hypogea oil. Peanut oil was
extracted using solvent extraction technique and ethyl acetate
was used as solvent. The extraction temperatures were set at
35°C, 40°C, 50°C and 60°C, 70°C and 75°C. The samples then
were prepared with L/S ratio of 3:1, 4:1, 5:1, 6:1, 7:1 and 8:1.
After the solid-liquid and solvent-oil mixture were separated,
the oil yield was calculated. The samples were analyzed using
Gas Chromatography-Mass Spectrometry, (GC-MS) to
determine the chemical constituent. The optimum condition
was at the temperature of 70°C and L/S ratio of 6:1. The oil
yield obtained was 43.8%. The major fatty acid components
found in the extracted peanut oil were oleic acid, linoleic acid
and palmitic acid.

I. INTRODUCTION

Vegetable oils are chemical compound that are usually obtained
either from fruit or seed. They include soybean oil, olive oil,
almond oil, sunflower oil, palm oil and peanut oil. Edible vegetable
oils are widely used for industrial and domestic purposes [1].
Extracted oil from the seeds of cereals and legumes such as
sunflower, canola, peanuts and cotton are widely used for cooking.
Vegetable oils have also been considered to be used as solvents in
the recent years. Sunflower oils were used to extract astaxanthin
from shrimp [2].

These vegetable oils are extracted from numerous types of
plants and one of them is from nut plant [3]. Peanuts or groundnuts
(Arachis hypogea) are plants of the pea family which belongs to
the family of Fabaceae and subfamily of Leguminoseae [4]. Peanut
was cultivated as early as 2000 to 3000 before century in South
America [5]. It is also reported that, peanut initially originated
from South America in 950 before century. In the colonial age,
peanut was brought to Africa then transported to the North
America and recently, in the whole wide world there are more than
300 variety types of peanuts are grown [6].

Peanut plant is different from other plants because the flower
which is yellowish-colour is located at the central stem and the
fruits (peanuts) are produced underneath the ground. According to
Chang et al., [6] once the flowers are self-pollinated, they will lose
their petal and small stems will form and extend into the soil. This
growth process normally takes about four to five months. The
leaves are oval in shape and the plant can reach up until 18 inches
in height. One single plant is able to produce more than 40 peanuts.
Peanut is a fruit or pod annual legumes in which each pod

contains one to three seeds and when they are matured enough, the
pods are pushed underground.

Generally, the stem, leaf, flower and fruit of the peanut plant
have a variety of applications. The leaves and stems are usually
used for animal feeding, fruits are used for direct human
consumption and extract for the oil. Peanut contains up to 50% oil
content [7]. Peanut has the potential to be marketed widely not
only as a food product but also in other applications. Peanut oil
represents approximately 7 to 10% of the world production of
vegetable oil [5]. Peanut are used in many applications such as
cooking, production of soap, margarine, cosmetics, solvent and
emollient [8].

Few researchers have reported on various oil extraction
techniques such as mechanical pressing, soxhlet extraction,
supercritical extraction, microwave extraction, ultrasonic extraction
and solvent extraction. However, mechanical pressing, soxhlet
extraction, supercritical extraction, microwave extraction,
ultrasonic extraction have several drawbacks; most significantly
they are complex process and expensive equipment is used. Thus,
in this study, solvent extraction was chosen due to its simplicity,
low cost and shorter time [9]. In order to achieve the optimum
conditions, the effect of different temperature and L/S ratio on the
solvent extraction of peanut oil were studied.

1. METHODOLOGY
A. Sample Preparation

1 kg of peanuts was obtained from a supermarket in Shah Alam.
Peanut seeds were ground and then placed in the oven for 8 hour at
100°C to eliminate moisture. After that, dried powder was sieved
using a sieve shaker of 750um.

B. Solvent Extraction of Peanut Oil

The extraction condition was fixed at the extraction time 3 hour
and 200 rpm. 5 g of seed powder with ratio of 6:1 was placed in a
beaker. The first extraction temperature was set at 35°C. The
experiment was repeated at different temperatures which were
40°C, 50°C and 60°C, 70°C and 75°C. Next, the volume of ethyl
acetate (solvent) were prepared with the ratio of 3:1, 4:1, 5:1, 6:1,
7:1 and 8:1. The extraction temperature was set at the optimum
temperature. All samples were performed duplicate. The mixtures
were centrifuged to separate the liquid and solid residue. The
solvent in the mixture was evaporated at 80°C using rotary
evaporator. The oil obtained was weighed and the extraction yield
was calculated. The samples were stored in refrigerator at 4°C until
further analysis.

Oilyield (%) =  Weight of 0il (g)
Weight of seed sample (g)

x100 (%)
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C. GC-MS Analysis of Peanut Oil

The chemical constituent of peanut oil extracted by solvent was
analyzed via GC-MS (Varian 450 GC-240 MS) equipped with a
flame ionization detector and a capillary column DB-5 (50 m x
0.25 m x 0.25 m). The flow rate for helium as the carrier gas was
set to 3 mL/min. The temperature of injector, ion-source, and
detector was set to 260°C, 230°C, and 150°C respectively. 1.0uL
was injected to the GC-MS and electron ionization mode was set to
70 eV.

III. RESULTS AND DISCUSSION

A. The Effect of Temperature on Oil Yield

The effect of temperature on oil yield shown in Figure 1. A
positive relationship between temperature and oil yield was
observed. The oil yield is increasing as the temperature increase
until it reached the peak temperature at 70°C (43.8% oil yield).
This trend could be explain by the fact that, a higher temperature
promotes solvent penetration into the cell tissue and accelerated the
release of cell content into the extraction solution [10].

Moreover, a higher temperature resulted in a decrease in
viscosity and increase the solubitity of oil in the solvent. Due to the
increase in solubility, the diffusivity rate into the pores of seeds
also increase thus, improving the mass transfer of oil into the
solvent [5]. As a result, more oil yield can be obtained. Meziane et
al., [12] reported that olive oil yield increase with the increase of
temperature.

However, beyond 70°C, the oil yield started to decrease from
43.8% to 43.0%. The surface tension of the extracting solvent
decreased due to the high temperature used [13]. Elkhaleefa &
Shigidi [14] reported that the operating temperature above than
40°C did not increase the sesame seed oil yield.
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Figure 1: The Effect of Temperature on Oil Yield

B. The Effect of Liquid/Solid Ratio on Oil Yield

In order to investigate the effect of L/S ratio on oil yield, the
temperature was fixed at 70°C. Figure 2 shows, the oil yield
increased as the L/S increases from 3:1 to 6:1. The optimum oil
yield of 43.8% was obtained at the ratio of 6:1. Zou et al., [15] also
reported that the oil extraction positively increases with the L/S
ratio for oil extraction of mulberry at 43.2°C temperature and 40
minute extraction time.

The result was consistent with the mass transfer principles. The
increment of oil yield with the increase of L/S ratio was due to the
larger concentration gradient between the seeds and solvent [16]. It
promotes a greater driving force that allows the oil to be dissolved
in the solvent at a higher rate.

As can be seen in Figure 2, further increase of solvent volume
had no impact on the oil yield. The optimum L/S ratio of 6:1 has
been reported by Badwaik et al., [17] for solvent extraction of oil
from peanut using hexane as the solvent and 5 hour extraction
time. The insignificant changes for the oil yield at L/S ratio greater
than 6:1 also can be explained by the fact that, beyond certain
condition the mass transfer rate became constant due to the
maximum yield of extraction [18].
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Figure 2: The effect of L/S Ratio on Oil Yield

C. Chemical Constituents in Peanut Oil

Table 1 summarises the result from GC-MS analysis of the peanut
oil. Oleic acid was found at the retention time of 26.23 minutes
(min). Oleic acid is monosaturated acid which contain single
double bond and has the potential to formulate lubricating oil.
Previous study by Mahmud & Salimon [19] used oleic acid for the
production of bio-lubricant by esterification reaction. Orsavova et
al., [20] also stated that peanut oil has high amount of oleic acid
which has the characterisation to promote insulin resistance, anti-
apoptotic and anti-flammatory agent properties.

The present of linoleic acid was detected at the retention time of
25.87 min. Linoleic acid was also reported as a good fatty acids
that benefits the human health from numerous chronic diseases
includes heart diseases, cancer, hypertension, diabetes type two and
renal diseases [20]. Farvid et al., [21] studied the relationship
between dietary linoleic acid and the prevention of coronary heart
disease. It was found that the linoleic acid acid intake is inversely
proportional to coronary heart disease risk in a dose-response
manner.

Palmitic acid also appeared at the retention time of 8.76 min.
Orsavova et al., [20] stated that palmitic acid differed from the
other saturated acid as the other saturated acid such as lauric acid,
raise plasma cholesterol concentrations. Chowdhury et al., [22]
also reported that there is no relation between palmitic acid and
cardiovascular risk. However palmitic acid and other saturated acid
are known to stimulate pro-inflammatory response to human
immune cells [19].

Table 1: Chemical Constituent of Peanut Qil

No Retention Time (min) Chemical Constituent
1 6.83 9-Hexadecenoic acid
2 8.76 Hexadecanoic acid
3 18.17 Isopropyl Myristate
4 20.82 Estragole
5 20.95 Tridecanoic acid
6 21.11 Pentadecanoic acid
7 21.46 Dodecanoic acid
8 25.87 9,12-Octadecadienoic acid
9 26.23 9-Octadecenoic acid
10 27.71 Octadecanoic acid
11 30.00 11-octadecenoic acid

IV. CONCLUSION

In this study, the effects of different extraction temperature and
liquid/solid ratio on the solvent extraction of Arachis hypogea oil
were evaluated. It was found that, the optimum extraction
conditions obtained were liquid/solid ratio 6:1 and temperature
70°C with an oil yield of 43.8%. Peanut oil contains three major
fatty acids which are oleic acid, linoleic acid and palmitic acid.
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