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Abstract

Groundnut oil was extracted using solvent extraction method, the prdeedsaction was investigated to check
the effect of moisture content, extraction temperature and extraction time oerdteatage oil yield obtained
from groundnut seeds. The experiment carried out was designed aittidtof central composite design of
response surface methodology while maintaining a constant particlef Sifamm throughout the experiment.
The optimum percentage oil yield of 50.85% was obtained at moisture toet&naction temperature and
extraction time of 6% (wet basis), ®Dand extraction time of 8hr respectively. While, the least value of 32.37%
was obtained at moisture content, extraction temperature and extraction 1ig% ¢fet basis), £ and 4hr
respectively. The data obtained were used to investigate the effedsbfrm@ontent, extraction temperature and
extraction time on percentage oil yield. A quadratic model was developed to phediercentage oil yield at a
given combination of the process factors. All the factors under insgstighas a significant effect on the
percentage oil yield obtained from groundnut seeds. The validation rektiits developed model showed that

there is good agreement between the experiment and predicted values.
Keyword; Oil Yield; Model; Central Composite Design, Response Surface Methodol ogy.

1.0 Introduction

Edible plant oil is an important contributor to diet in many countries, serving @sdasgurce of protein, lipid

and fatty acids for human nutrition (sanders 2002). It has been emathith be more desirable dietary ingredient
than saturated animal fats because of its wide range of health benefits (Buch&08kal.Apart from it uses in
cooking foods edible oils are also used as raw materials for the production of soap, petetgiedt and
cosmetics. In Nigeria, the most popular vegetable oil plant material is growidpetause of the abundance and
easy availabilityAs a resultof increase in population, the available sources of vegetable oil no longer meet the

increasing demands of domestic and industrial sectors (Olajide 200&efdie, this study work toward
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investigating the effect of extraction factors (moisture contents, extractigretature and extraction time) on
the percentage oil yield obtained from groundnut seeds using solvent ertraetivod, developing a statistical
model and validation of the developed model for extraction of oil framarginut seeds. Optimization of the

extraction process to increase the percentage oil yield obtained from groseeds.
20 Materials and Methods

21 Sample Preparation

Groundnut seeds used in this study were obtained from Towobowetyllgboora, Oyo State of Nigeriafter
the seeds were obtained, they were cracked and their shells were carefully remobéaintdhe kernels.
Thereafter, sorted and clean to remove damage seeds and impuritiesetbegried at SIT until a constant
moisture content of 10.20% (wet basis) was obtained, after which they were millpdrticke size of 0.6mm.
The milled seeds were conditioned to desired moisture level using the ymodedcribe by Siyanbola, et al.,

(2020).
22 Experimental Design

The experiment carried out were designed with the aid of design expert 11 softivgreamtral composite design
of response surface methodology. In designing the experiment, thes fegtsidered were the moisture content,
extraction temperature and extraction time, while the response of each exper@®mehosen to be the percentage
oil yield obtained from the seedBhe maximum and minimum level used for the factors is given in Talfle 1

total of twenty experimental runs were obtained and carried out using soxhlettappa

Table 1 factOrsand their levelsfOr central cOmpOsite design

Variables SymbOl Levels
Minimum Maximum
Moisture Content (%) A 6 18
Extractith temperature (C) B 40 60
Extraction Time (hr) C 4 8
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23 Extraction of Oil from Groundnut Seeds Using Solvent M ethod.

Oil was extracted using the procedure by Siyanbola, et al., (2020) forrttgi@moed seeds at various moisture
content extraction temperature and extraction time levels as stated in the experimental design taaimgaén

constant particle size of 0.6mm. Hexane was used as the solvent of extraction.
24 Model Development, Validation and Optimization

The percentage oil yield obtained from the experiments were entered into toeraercolumn in Design
Expert. The response together with the factors considered were analyzedratigumodel wsdeveloped. Using
the model, optimization of the percentage oil yield was carried out and the vathesfadtors required to give
optimum oil yield were obtained. The goals of all the factors was set to bege aad the response (percentage
oil yield) was maximizel. Validation of optimum conditions found was achieved by carrying owxaémaction

experiment at a selected set of optimum values of moisture content, extractioratanepand extraction time.
3.0 Resultsand Discussions
31 Per centage Oil Yield Obtained from Groundnut Seeds

Table 2. Experimental Design and Response

Runs  Moisture content (%) Extraction TemperaturéQ) Extraction Time (hr) % Oil Yield
1 18 40 4 32.37
2 22.0908 50 6 32.87
3 12 50 2.63641 35.69
4 18 60 4 37.52
5 18 40 8 38.58
6 6 60 4 39.73
7 1.90924 50 6 43.69
8 12 33.1821 6 45.37
9 18 60 8 45.83
10 6 40 4 46.59
11 12 50 6 47.32
12 12 50 6 47.77
13 12 50 6 48.08
14 12 50 6 48.67
15 12 50 6 48.79
16 12 66.8179 6 49.26
17 12 50 6 49.29
18 12 50 9.36359 49.45
19 6 40 8 49.89
20 6 60 8 50.85

The results obtained after the extraction of the oil from groundnut $e¢ussented in table 2. The factors,
moisture contentsextraction temperature and extraction time were combined in the experiment totbétain
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percentage oil yield as the response. The variation of oil yield obtained inditatt¢idet considered factors have
effects on the extraction of oil from groundnut seeds. It was obsé#maedhe highest percentage oil yield of
5085% was obtained at moisture conteektraction temperature and extraction time of 6%¢C6and 8hr
respectively. While the least oil yield of 32.37% was obtained at moisture conteattier temperature and
extraction time of 18%, 4C, 4hr respectively. The value obtained in this study has shown to be higher than the
range of 16.56% to 32.33% reported by Olajide, et al., (2014) ingtimization of oil yield from groundnut
kernel (arachis hypogeae) in hydraulic press using response sudtdumniogy. The higher result obtained in
this study indicated that solvent extraction method is more effective than traditimhaiechanical methods of

extracting oil from oil bearing seed

32 Effects of Moisture Contents, Extraction Temperature and Extraction Time on percentage oil

Yield

Figure 1Effect of factors considered on percentage oil yield of groundnut seeds
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figure 1 shows that, increase in moisture content has an effect on theggeashyield obtained from groundnut
seeds. The highest percentage oil yield of 50.85% was obtained at moisterg obi5% while the lowest olil
yield of 32.37% was obtained at a moisture content of 18%. Different resehaeberstablished the fact that,
moisture content has an effextthe quatity of oil obtained from oil bearing seeds. Investigations by Abidakun
et al. (2012) revealed that highest quantityibfwas obtaied at 6% moisture content for dika nut. Similarly,
Siyanbola et al., (2020) found out that the variation of moisture contentféeiscet the oil yield of Azardirachta
indica seeds with the highest percentage oil yield of 43.73% obtained at a nusiiene of 6%. Olajide (2000)
reported an optimum moisture content of 6.6% (wet basis) and 13% (wetshasi®d a substantial improvement
in oil recovery in both groundnut and sheanut kernels respectively. #ketal. (2006) observed that increased
in oil yield of sesame seeds was as a result of decreased in moisture ddakgmium oil yield of 50.4% at an
optimum moisture content of 4.6% wet basis was obtained. This implies thatotedhe moisture content, the

lower the percentage oil yield.

As shown in figure 1, The higher the temperature, the higher the extraeti® Different research and
investigation have established the fact that, extraction temperature has effects ontityeof@drobtained from
oil bearing seeds. Siyanbola et al., (2020) reported that, extraction timédrasefthe oil yield of Azardirachta
indica seeds. The highest percentage oil yield of 43.73% was obtained at an extiraetiohéhr. Oniya et al.
(2017) reported that, there is a reduction in oil yield for the extractioil ’bm sand box seed as the extraction
temperature decrease. It was observed that increase in extraction time favorsahiageoil yield of groundnut

seeds as shown in figuteas much time is required for extraction.
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33 Model Development and Validation

Table 3 Analysisof Variance

Source Sum of Squares  Df Mean Square F-value p-value
Model 669.84 9 74.43 69.63 0.0001
A-moisture content 190.13 1 190.13 177.87 0.0001
B-temperature 12.46 1 12.46 11.65 0.0066
C-extraction time 198.62 1 198.62 185.81 0.0001
AB 41.86 1 41.86 39.16 0.0001
AC 0.0013 1 0.0013 0.0012 0.9734
BC 12.30 1 12.30 11.51 0.0069
A2 175.42 1 175.42 164.11 0.0001
B2 1.25 1 1.25 1.17 0.3048
C? 56.05 1 56.05 52.44 0.0001
Residual 10.69 10 1.07

Lack of Fit 8.04 5 1.61 3.04 0.1237
Pure Error 2.64 5 0.5289

Cor Total 680.53 19

Table 4.Model summary

S R-sq R-sq(adj) R-sq(pred)

1.03389 98.43% 97.02% 89.52%

Model Equation
% 0il Yield = 48.31 — 3.73A + 0.95508 + 3.81C + 2.294B + 0.0125AC + 1.24BC — 3.49A% —

0.2946B2 — 1.97C> 0]

As shown in Table 3, the p-value was used to measure how significant the efffiecfasftorson the percentage

oil yield obtained from groundnut seeds. From the results obtained, it wawetisd the entire model was
significant because its p-value was less than 0.05 based on 95% confidend&ldeyelach of the terms of the
model was found to be significant as result of the obtained p-value less thafl@eQesults obtained revealed
that variation of moisture contemixtraction temperature and extraction time has a significant effect on gréundnu
oil yield using solvent extraction method. The R-squared value obtaineuakto be 98.43%. The obtained
R-squared value indicadthat the developed model equation for the percentage oil yield was a good representativ
of the system. In order to see the performances of the developed] inads used to predict the oil yield and the
results obtained were compared with the experimental values of the percentage oilshelras Figure 1.l

was discovered that, thereasa good agreement between the results obtained from the predicted and those
recorded from the experiments carried out. The graphical comparisba ofsults was found to be supporting

the R-squared value obtained from the analysis of variance of the pgledeoadratic model.
WWw.ijrp.org
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Figure 2. Experiment and Predicted Value of Groundnut Oil Yield
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34 Response Optimization

Design-Expert 11 software was used to optimize the percentage oil yield of guowsedns. The factors
considered (moisture content, extraction temperature and extraction time) wenmasgeiwith the response set
to maximum level. It was revealed that the combination of IZZ%9moisture content, 49.63°C extraction
temperature and extraction time of 7.9492hr as predicted gave an optimumtgmpzad! yield 0f51.0362% as
shown in Figure 3. The predicted variables obtained were subjected to experirakaasion. Oil was extracted
using the combined factors predicted and a percentage oil yigld?dP6was obtained. This shows a close value

with the predicted value.

Figure 3. Optimization Plot of Percentage Oil Yield
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4.0 Conclusion

Groundnut seeds with an initial moisture content of 10.20% (wet basis) was olatathpdeconditioned to the
various moisture content of 6%, 12%, and 18%raction temperature of 4GXC and 68C and extraction time
of 4hr, 6hr and 8hr as stated in the central compdsiign of response surface methodology using Design-expert

11. Groundnut oil was extracted using solvent extraction method, the procesisamtion was investigated to
WWw.ijrp.org
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check the effect of the factors considered, maintaining a constant particleG&enf. The optimum percentage
oil yield of 5085% was obtained at moisture content, extraction temperature and extraction time of 6% (wet
basis),6(°C and extraction time of 8hr respectively. While, the least value of 32.37% waseab&dimoisture

content extraction temperature and extraction time of 18% (wet ha€I%} and 4hr respectively.

Using the data obtained from solvent oil extraction from groundnut seidsSoxhlet apparatus, effect of
moisture content, extraction temperature and extraction time on percentageldivas determined and
gquadratic model equation was developed to predict oil yield at a given combinatierpodtiess factors. All the
factors under investigated has a significant effect on the percentage odhfigided from groundnut seeds. The
validation results of the developed model showed that there is good agreemernbtbimeperiment and

predicted values.
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