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ABSTRACT
The effect of preheating temperature (25, 50, 75 and 100°C) and applied pressures (8400, 15000, 19500) on oil
production characteristics (oil yield, oil quality and energy input) of whole, kernels and crushed Jatropha seeds
was assessed between December 2017 and April 2018 at the Renewable Energy Laboratory of the University of
Dschang-Cameroon. For this purpose, 100 g of each type of seeds preheated for 5 minutes at the above
mentioned temperature, was introduced in the hydraulic press and subjected to the three levels of extraction
pressures also mentioned above. The main results were as follows. The non-preheated kernels (25°C) at the
applied pressure of 19500 had the highest oil yield (39.03£0.85%) significantly. the lowest oil yield was
observed with the crushed seed preheated at 50°C at the lowest pressure (6,10+0,08%). The lowest energy input
was obtained with crushed seeds preheated at 100°C with pressure of 8400 (2108.44+0.00 Joules). The highest
energy input significantly was obtained at non preheated whole seeds associated to extraction pressure of 19500
(8157,67+ 0,00). The lowest acidity (0,52+0,13 %) was obtained with the kernels preheated at 75°C at the
extraction pressure of 8400. the highest acid value (p <0.05) was obtained with the crushed seeds at the
temperature of 100°C associated with the pressure of 8400. The lowest iodine number (56,61+0,97) is obtained
with the kernels preheated at 50°C at the pressure of 8400. It was the highest (71,00+0,30) also with kernels at
the temperature of 50°C associated with the pressure of 19500. The highest peroxide (40,98 +5,75 meqO2/kg) is
obtained with the whole seeds preheated to 100°C associated at extraction pressure of 19500. It is the lowest
(3,49 £ 0,08 meqO2/kg) with non-preheated kernels (25°C) also at the highest extraction pressure. The oil
acidity, iodine and peroxide index were also significantly affected by the seed form, preheating temperature and
applied pressure levels.
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I. INTRODUCTION

In rural areas of developing countries, wood biomass are the most « green energy » ressources Used.
Almost 99% of the rural households use wet fuel wood for energy supply (SNV, 2013) using crude and
inefficient technology for heating, cooking and lighting (Tangka et al., 2016). The consequences of using these
crude technologies are sometimes disastrous to health conditions (suffocation and eyes illnesses) and caused
serious pressure on ecological resources like deforestation and climate change. This situation is further
aggravated by rapid increasing population. It is of great importance to choose another biomass as an alternative
to the conventional wood. Seeds oils in general and Jatropha curcas in particular seem to be one of the most
promising renewable and independent energy sources in rural areas (Francis et al., 2005 ; Kumar and Sharma,
2008).

Jatropha is multipurpose small tree belonging to the family of Euphorbiaceae which is found in the
tropics and subtropics (Petru et al., 2012 ; Herak et al., 2013). Energy production using Jatropha is considered
more suitable than any other food based crop such as palm, rapeseed, soybean and sunflower (Pinzi et al.,
2009 ; Achten, 2007). Jatropha curcas is more usable for its oil as a production of biofuels and for the residual
cake after extraction which can be valorized by thermochemically and biologically processes (Navarropineda et
al., 2016). There are different methods of oil extraction from Jatropha curcas seeds, solvent extraction (Sayyar
et al., 2009), enzyme assisted extraction (Winkler et al., 1997) and supercritical fluid extraction (Chen et al.,
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2012). Those methods provide a lot of energy input associated to high cost. The most notable and preferred
method for rural areas of developping countries is the mechanical pressing (Achten et al., 2007). It is then
important to produce knowledges for efficient protocol of jatropha energetic valorisation specifically on oil
quality and energy input for simple oil production.

Scientific littérature has been published on the various factors to improve the oil quantity. Notably,
applied pressure, pressing time, adjustment of moisture content, temperature were considered (Mpagalile and
clarke, 2005 ; Wilems et al., 2008 ; Tambunan et al., 2012). All these studies showed that kernels have higher
oil yield than whole seeds. Conflicted results have reported the effect of particle size on oil recovery between
Tambunan et al., (2012) and Subroto et al., (2015). Concerning the oil quality, Acid, peroxyde and lodine
values are the main indicators used to determine the quality of expressed oil. Oil production needs a lot of
energy input. In rural areas of developing countries, women who are involved at the level 75% in the extraction
process are concerned (Makkar, 2016). At this effect, studies are limited on the evaluation of oil quality and
energy input for the treatments mentioned above. For Kabutey et al., (2012), heat treatments could have positive
effect on deformation energy and compressive force. Subroto et al., (2015) shows that the acid value rises with
an increase in preheating temperature from 25 to 60°c. Whatever the case, optimum level of preheating
temperature coupled with optimum level of applied pressure are still to be determined. This research therefore is
aimed to study the effect of the seeds form, preheating temperature and applied pressure on oil yield, energy
input and oil quality (acid, iodine and peroxide values).

Il. MATERIALS AND METHODS
Production of seeds materials
The study was carried out between December 2017 and May 2018 at the Renewable Energy
Laboratory, Department of Rural Engineering at the University of Dschang-Cameroon (LN 5°20, LE 10°50). A
total of 30 kg of jatropha seed was obtained from the SODEPA ranch at Jakiri, Guinean Sudano Guinean Zone
(North West Region). The seeds were sun-dried to 1% water content (AOAC, 1990), then stored in an oven.

Effect of seeds form on the oil yield, extraction energy and oil quality

For each type of seed (Figure 1) namely whole, Kernels and crushed seeds, 6 kg of seeds previously
stored in the oven were used. The whole seed was used as such. To obtain the kernel, 6 kg of whole seeds were
dehulled using a manual rotary disk machine consisting of a sieve receiving residues from 1 to 2 mm, a 5 kg
roll steel used as a counterweight for hulling. With a dehulling rate of 60%, the procedure was repeated until 5
kg of kernels were obtained. With regard to obtain crushed seeds, The crushing of 5 kg of whole seeds was
carried out using a 2 kWh electric motor grinding machine. An adjustment of the spacing between the vis-sans-
fin and the crusher wall was operated to obtain the seeds of 3 and 3.7 mm size. Calibration was performed using
a sieve for this purpose. This operation was repeated until 5 kg of crushed seeds were obtained.

e~ ! .
a : whole seeds ; b ; kemels ; ¢ : coarse or crushed seeds

Figure 1 : Jatropha seeds forms

Effect of preheating temperature the oil yield, extraction energy and oil quality

Preheating was done at four temperature levels respectively, no preheating (25°C), 50, 75 and 100°C.
For this purpose, 100 grams of each type of seed (weighed using a seedburo balance of 0.001 g accuracy) was
introduced into an adjustable oven for five minutes (Subroto et al., 2015). The temperature in the oven was
measured using a thermocouple probe. At the end the preheating process, the sample was removed and
subjected to the hydraulic press.
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Effect of level Applied pressure on the oil yield, energy input and oil quality

Extraction was carried out using the method proposed by Kabutey et al., (2012). A hydraulic press
with a maximum pressure of 30000 or 500 bars (Figure 2) was used. It is composed of two independent units.
The hydraulic press consists of a pressing chamber made of iron bar with 10 cm diameter and a height of 12 cm.
A circular plunger of 10 cm diameter was used to apply the required applied pressure. The oil collector was
composed of a 50 ml volume bottle associated with a perforated plate of 1 cm high which separates the oil and
the residues.

1: Plunger ; 2 : pressing chamber; 3 : hydraulic piston ; 4 : pressure gauge ; 5 : hand pressure
Figure 2 : Representation of the hydraulic press

100 g of each of the preheated seeds (see above) randomly subjected to each of the pressures of 8400, 15000
and 19500 corresponding respectively to 181.81; 324.66 and 422.06 bars. Subroto et al., (2015) recommend an
optimal pressure of 200 MPa. The oil extraction was carried out using a crank handle. The pressure process was
stopped when the value of the desired experimental pressure was obtained and measured with a pressure gauge.
In order to measure the plunger displacement in pressing chamber, a meter tape graduated in cm was used. Each
procedures was in three replicates. At the end of the extraction, the oils were weighed, packaged in the plastic
bottles (20 ml) and labeled to determine the acid, peroxide value and iodine number values.
- Determination of oil production characteristics
Oil production was evaluated by determining the oil yield, energy input and the oil quality (Acidity, peroxide
and iodine values). The determination of oil yield was done by using the formula 1.1 (Adejumo et al., 2013).
Weigh of oil collected

weigh of seed sample
The determination of energy input (E) was also evaluated by equation 1.2 (Kabutey et al., 2012)
E=Px5%D E

0 oil yield =

where : . extraction energy (joules) ; P Applied pressure (N) ; 5. pressing

chamber surface (m?) ; D. displacement of plunger (m)
The determination of Acid, peroxyde and iodine values was according to AFNOR method (1981).
For the statistical analyses, the data obtained were analysed using the software package SPSS 23.0.

I11. RESULTS AND DISCUSSION
Effect of seeds form, preheating temperature and applied pressure on oil yield
Independently of the seed form, the applied pressure and the preheating temperature, the significantly
highest oil yield (Table 1) was obtained with kernels at the temperature of 25°C and at the pressure of 19500
(422.06 bars) and the lowest yield with the crushed seed preheated at 50°C to the lowest pressure (8400).
Whatever the seed form and the preheating temperature level, the oil yield increases with increasing applied
pressure. No significant difference (p> 0.05) was observed between the preheating temperature levels.
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Table 1: Effect of seedforms, preheating time and applied pressure on oil yield

Seed forms  Applied Preheating
pressure temperature
25°C 50°C 75°C 100°C
Whole 8400 11,10 = 1, 47bA*** 13,70 £ 1,21bB*** 10,00 + 0,66bB*** 9,76 + 0,76bB***
seeds 15000 20,30 + 1,27bA** 19,03 + 0,64bB** 16,50 = 1,13bB** 17,66 + 0,25bB**
19500 23,06 + 1,85bA* 22,63 +2,09bB* 20,63 + 0,92bB* 19,50 + 2,45bB*
8400 26,63 + 0,75aA*** 24,00 = 1,56aB*** 25,26 + 3,20aB*** 30,30 + 4,16aB***
Kernels 15000 35,53 £ 0,65aA** 29,06 + 2,24aB** 33,76 + 1,65aB** 34,06 + 0,72aB**
19500 39,03 + 0,85aA* 33,66 + 1,85aB* 35,16 + 0,37aB* 36,40 + 1,96aB*
8400 7,45 + 0,15cA*** 6,10 + 1,08cB*** 6,76 + 1,89cB*** 6,31+ 0,17cB***
Crushed
seeds 15000 12,00 £ 1,45cA** 11,00 £ 0,70cB** 11,46 £ 0,32cB** 10,36 + 2,04cB**
19500 14,86 + 0,35cA* 14,40 £ 0,45cB* 15,63 £+ 0,80cB* 12,96 + 1,15¢B*

a,b,c : means with the same letter on the same column are not significantly differents (p>0,05)
A,B,C :means with the same letter on the same line are not significantly different (p>0,05)
* . means with the same number of star in the same column are not significantly different (p>0,05)
8400, 15000, 19500 : 181,81 ; 324,66 ; 422,06 bars

It appears that the preheating temperature had no effect on the oil yield regardless of the seed form and
the applied pressure. The highest oil yield (39.03%) was obtained in non-preheated kernels at 25°C. This value
is lower than those found (47.06%) by Sirisomboon and Kitchaiya (2008) in kernels preheated to 80°C or
36.83% with preheating of 40°C. Our results tend to demonstrate no effect of preheating. This is opposed to
Tambunan et al., (2012) findings where preheating temperature increased with the oil yield. This difference
between our results may due to either the preheating time or to seed quality due to postharvest storage
condition. Indeed, a preheating time of 5 minutes was used in our work as opposed to one hour for Sirisomboon
experiment.

The seeds form has a significant effect on the extraction characteristics of the oil, the crushed seeds
registered the lowest oil yields.

The same results was obtained by Koreissi et al., (2005) But

in the contrary the best oil yield was obtained in crushed seed by Tambunan et al. (2012). One may
believe that crushed seed having specific surface, offer a better contact with the pressing chamber but the
porosity between the particles are very low, limiting the oil flow compared to the whole seeds and kernels.

Effect of seeds form, preheating temperature and applied pressure on energy input

The lowest energy input (Table 2), regardless of preheating temperature, applied pressure and seed
form, was obtained with crushed seeds preheated at 100°C with pressure of 8400. The highest energy input
significantly was obtained at non preheated whole seeds (room temperature) associated to extraction pressure of
19500. Regardless of the seed form and preheating temperature, the energy input was increased with the applied
pressure. No significant difference (p>0,05) was observed between the preheating temperature levels.

DOI:10.9790/1813-0708036975 www.theijes.com Page 72



Oil production and energy input from extraction of Jatropha curcas L.

Table 2: Effect of seed forms, preheating temperature and applied pressure on energy input

Extraction Preheating
Seed form
pressure temperature
25°C 50°C 75°C 100°C
wWhol 8400 2752,69 +5857aA*** 296744 + 135 25aA%** 2655,07 + 376,53aA%** 2850,28 + 178,92aA%**
Seeé’se 15000 6275,13 + 00,00aA** 5438,44 +209,17aA** 4880,65 + 639,02aA** 5298,99 + 639,02aA%*
19500 8157,67 + 0,00aA* 7069,98 + 271,92aA* 6707,41 + 684,32aA* 6616,77 +313,99aA*
8400 2928,39 + 351 41bA***  2819,94 +536,78bA*** 2850,30 + 294 78hA*** 2303,67 + 135,25hA%**
Kernels 15000 4288,00 +104,580A** 439259 + 209,17bA** 425314 + 870,84bA** 4880,65 + 319,51bA**
19500 5846,33 + 407,88bA* 6435,49 + 684,32bA* 5801,01 + 874,10bA* 643549 + 954,95hA*
8400 2459,85 +00,00bA*** 296743 + 178,92bA*** 2655,07 + 135,26bA*** 2108,44 + 0,00bA***
Seg‘ézhed 15000 4601,76 +209,17bA**  5089,82 + 319,51hA** 4810,93 +553,41bA** 460176 +55341bA%*
19500 5068,9 + 574,491bA* 6707,41 +784,97bA* 6163,57 + 156,99bA* 6254,21 +719,43bA*

a,b, : means with the same letter on the same column are not significantly differents (p>0,05)
A :means with the same letter on the same line are not significantly different (p>0,05)
* . means with the same number of star in the same column are not significantly different (p>0,05)
8400, 15000, 19500 : 181,81 ; 324,66 ; 422,06 bars

The energy input values between 2 and 5kJ are in the same range mentioned by Sirisomboon et al.,
(2007). In general the preheating temperature has no influence on the energy input. Our results are contrary to
those of Kabutey et al., (2012) who observed an increased in the extraction energy with the increase of the
preheating temperature. The difference observed may be due to either preheating time which was 6 times
greater than that of our work or to the long storage duration of our jatropha seeds which may have inhibited the
action of temperature on oleic cells. Kernels and crushed seeds obtained the lowest energy input. Till now very
few authors have assess the effect of seed form on energy input (Kabutey et al., 2012, Beerens, 2007). It appears
logically that the presence of hulks would have increased the energy required to grind whole seeds compared to
kernels and crushed seeds, which are less robust and consist of small particles respectively.

Effect of seeds forms, preheating temperature and applied pressure on oil quality -Oil Acidity

The effect of preheating temperature, applied pressure and seed form on the oil acidity( figure 3)
shows that the lowest acidity is obtained with the kernels preheated to 75°C and the highest (p <0.05) with the
crushed seeds at the temperature of 100°C associated with the pressure of 8400. No significant difference was
observed between the applied pressures.

Oil Acidity (%)
O E WO DR o

8400 15000 19500 8400 15000 19500 8400 15000 19500

whole seeds Crushed seeds
Seeds form and applied pressure

kernels

m25°C m50°C 75°C m100°C

Figure 3: oil acidity with regards to seed forms, preheating temperature and applied Pressure

The crushed seeds produced the highest acidity values. Similar results was obtained by Adeeko and
Ajibola (1990) in peanut seed extraction also with the smaller particle size. The formation of free fatty acids in
the seeds is mainly due to the destruction of the cells. Crushing, resulting in massive destruction of cells, lead
naturally to the production of acids. The difference between our results and those mentioned may be attributed
to the type of seeds amongst others.
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The acidity values of non-preheated whole seeds and kernels was between 0.2-3,0% slightly higher
than compared to the findings (0.29-1.75%) of Domergue and Pirot (2008) for seeds which have not undergone
any storage period after harvest. It may appears then that storage duration may not have significant effect on
acidity.

- lodine index

The lowest iodine number (figure4), irrespective of the preheating temperature, applied pressure and
the seed form, is obtained with the kernels preheated at 50°C at the pressure of 8400. It was the highest (p>0.05)
also with kernels at the temperature of 50°C associated with the pressure of 19500. The values of the iodine
number are between 50-71% regardless of the treatment performed. These results are in the range of 50-100%
established by Abulude (2007) indicating that our oil obtained is unsaturated.

0 “‘“‘“‘“‘“‘“‘“‘“‘“‘

8400 15000 19500 8400 15000 19500 8400 15000 19500

0
(=]
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(==

[ ENes)

lodine value (%)
oo

whole seeds kemels crushed seeds
Seeds form and applied pressure

m25°C m30°C 75°C m100°C

Figure 4: Effect of seeds forms, preheating temperature and applied pressure on lodine value

The iodine number measures the saturation level of an oil, the higher this index, then the lower is the
level of saturation. In terms of energy, a less unsaturated oil is a great advantage because the combustion of a
highly unsaturated oil leads to the polymerization of glycerides and consequently to deposits and the
deterioration of lubrication (Mittelbach et Remschmidt 2004; Belewu et al., 2010).

In general, no significant difference was observed between the seed forms. Also, regardless the seed
form, the iodine value increases with the applied pressure and decrease as the preheating temperature increase.
This observation is similar to Adejumo et al. (2013) findings. The rise in temperature may have induced
evaporation of water in the lipidic bonds and further promoted the rigidity of the chemical bonds and thus
reducing the level of unsaturation. Increased applied pressure may also have contribute to the increase to the
level of saturation. The temperature in addition to vaporization of water, expansion of volatile matter combined
with the compressive force and destruction of cell wall may have contribute to the unsaturated oil. This may
justify globally that the highest iodine index was observed the whole and crushed seeds.

- Peroxyde Index

The highest peroxide (figure 5) value (p <0.05), regardless of the preheating temperature, the applied
pressure and the seed form, is obtained with the whole seeds preheated to 100°C associated at extraction
pressure of 19500. It is the lowest with non-preheated kernels (25°C) also at the highest extraction pressure.
Indeed, the peroxide index indicate the resistance of oil to deterioration or rancidity.
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8400 | 15000 19500 8400 & 15000 19500 8400 | 15000 19500

Peroxyde Index (mO/k;

whole seeds Kernels Crushed seeds
Seeds form and applied pressure
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Figure 5 : Effect of seeds forms, preheating temperature and applied pressure on peroxide index
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With an average value of 17.86 meqO2/kg, whatever the treatment, it is much lower than that found on
the jatropha seeds of Nigeria and India 56 and 39 meqO2/kg respectively (Belewu et al., 2010). The difference
between our value and those of the literature may be due to seed characteristics or experimental conditions.

Oil from kernels obtained the lowest peroxide value, maybe due to the absence of the hulks. In fact, the
shells, being fibrous and difficult to degrade, increase the saturation level of the oil with the volatile material,
thus increasing the oxidative stability. The peroxide index increase with preheating temperature whatever the
seed form and applied pressure. This observation is contrary to the results obtained by Adéjumo et al. (2013).
The differences between our results may be due to the type seed material and experimental condition. The
increase in peroxide level with temperature can be explain by a rise in temperature favors the dilation of the cell
walls which contain organic matter. This organic matter combined to compressive forces liberate the oil with a
lot of material which promote longer oxidative stability as a consequence of high oxidation.

IV. CONCLUSION
At the end of this study, the main conclusions are as follows:

Oil yield was significantly affected by seed form and applied pressure level. On the other hand, the
preheating temperature had no effect on the oil yield. Thus it was the highest with non-preheated kernels (25°C)
and applied pressure of 19500. Energy input was significantly affected by seed form and applied pressure. Thus,
the significantly lowest value was observed with the crushed seeds preheated at 100°C associated with the
applied pressure of 8400. The oil acidity, iodine and peroxide index were also significantly affected by the seed
form, preheating temperature and applied pressure levels. For these three characteristics, the lowest value was
observed with kernels associated with the preheating temperature-extraction pressure pairs of 75°C-8400, 50°C-
8400 and finally 25°C-19500 respectively for the acid, iodine and peroxide number.
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