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Abstract: Suitability of different solvents like acetone, benzene, chloroform, hexane and petroleum ether was
compared on the basis of oil recovery from splited peanut. Response surface methodology (RSM) was used
to optimize the factors like seed to solvent ratio and extraction time based on maximum oil recovery and high
sensory scores. A rotatable central composite design was used to develop models for the responses. The results
showed that hexane was best suited for oil extraction from peanut considering its highest value of extraction
constant (k=6.60 x 10-3 min-1) with rapid, efficient and maximum extraction of oil than other solvents. Oil
recovery found was linearly affected with seed to solvent ratio and time of extraction which was significant
at P≤ 0.01 with a correlation coefficient (R2) of 90%. Variation in the surface appearance, color and overall
acceptability were found significant with respect to seed to solvent ratio and time of extraction at second order
regression model. The optimum values for seed to solvent ratio and extraction time were found to be 1:6 and 5
hr respectively with an overall acceptability of 8.31 and oil recovery of 9.03%.
Keywords: Seed to solvent ratio, extraction time, response surface methodology, solvents, oil recovery

Introduction
Peanut (Arachis hypogaea.) is an important
legume crop. It is rich both in oil and protein content
and mostly grown and used for oil production (Zhang
and Jiang, 1998). Oil is extracted from oilseed
either mechanical or solvent extraction in a batch or
continuous process. The high temperature in most
of the efficient mechanical extractors damage the
edible quality of obtained defatted materials and
found not suitable for human consumption. The
problem of this nature is not associated with solvent
extraction. Solvent extraction is an efficient method
of oil extraction with less damage to solid material.
Various solvent were popularly used for extraction
but extraction rate was found consistent for sunflower
oil extracted using hexane (Durdev et al., 1982).
Recently, peanuts have aroused great interest as a
source of low-cost protein to supplement human diets.
In addition to the traditional food uses, peanut butter
and roasted peanuts, have also been successfully
utilized in supplemented foods such as bakery
products, extenders in meat product formulations,
in soups and desserts (Ismail et al., 1991; Wu et
al., 2007). Also the peanut cake or meal was used
as nutritional source for the manufacture of bakery
products (Ory and Conkerton, 1983) like cookies
(Tate et al., 1990), breads (Jan et al., 2003) and
chapattis (Bhat, 1977), breakfast cereals (Coccodrilli
et al., 1979), peanut butter (Lima et al., 2000) and
popular drinks (Holsinger et al., 1978).
And recent studies have also demonstrated that oil
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extraction produces a protein-rich co-product which
may be used for human consumption, if processed
from edible-grade peanut seed by commercially
accepted food processed (Cherry, 1990), generally,
this material is available as flakes or grits and may
be further processed to partially defatted peanut
flour (DPF). DPF, as a protein-rich, inexpensive and
underutilized product that offers the same health
and dietary benefits of peanut with less fat (Liu et
al., 1996), generally contains 47-55% high quality
protein with high essential amino acid content (Basha
and Pancholy, 1982) which lends itself being used
in many food applications (Prinyawiwatkul et al.,
1993).
Response surface methodology (RSM), as an
effective tool for optimizing the process, is usually
employed when many factors and interactions affect
the desired response (Triveni et al., 2001). By using
RSM, we could not only get information with less
cost and short time, but also obtain rapid and efficient
development of new products and processes (Pericin
et al., 2008). Response surface experiments, whose
aim is to identify the response that can be thought of as
a surface over the explanatory variables experimental
space, usually uses an experimental design such as
central-composite rotatable design (CCRD) to fit an
empirical, full second-order polynomial model. And
generally, a CCRD coupled with a full second-order
polynomial model, is a very powerful combination
that usually provides an adequate representation of
most continuous response surfaces over a relatively
broad factor domain (Deming, 1990). RSM is an
© All Rights Reserved
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effective statistical technique for the investigation
of complex processes. The main advantage of RSM
is the reduced number of experimental runs needed
to provide sufficient information for statistically
acceptable result. It is a faster and less expensive
method for gathering research result than the classical
method. RSM has successfully been applied for the
optimization of the different extraction conditions
(Tiezheng et al., 2010, Yi et al., 2011, Wani et al.,
2006, Li et al., 2005).
Present study was carried out for selection of
suitable solvent for oil extraction on the basis their
extraction rate as well as RSM was used to optimize
and to study the effect of seed to solvent ratio and
extraction time for maximum oil recovery and high
sensory score.
Materials and Methods
Materials
Punjab-1 peanut verity was procured from the
market of Ludhiana, India. The peanuts were dried in
laboratory scale hot air oven (Microsil, India) for 8 hr
at 70oC temperature. Then peanuts skin was separated
by rubbing between hands. The obtained splited
peanuts were passed through seed grader (Agrosaw
Seed Grader, Model-Junior) to obtain the seeds of
6.5 to 7.5 mm size for further investigations. The
solvents (Acetone, Benzene, Chloroform, Hexane
and Petroleum Ether), chemicals and reagents used
in the present investigation were of analytical reagent
grade.
Solvent Selection
Acetone, benzene, chloroform, hexane and
petroleum ether as solvents were used for extraction
of oil using SOCS PLUS apparatus (model SCS-6,
Make Pelican, Chennai, India). Ten gram split peanuts
were taken for extraction of oil as per condition
(Table 1). Suitability of solvents for oil extraction
was compared on the basis of oil recovery.
The oil extraction kinetics for different solvents
was calculated using equations 1.

Yt = Y0 e kt

(1)
Where, Yt is the percent extracted oil content at
time t; and Yo is the percent unextracted oil at time
zero, t is the time of extraction (min); k is the extraction
constant. The solvent suitability was identified on the
basis of oil recovery and extraction constant (k).
Standardization of oil extraction variables
Seed to solvent ratio and time were selected as
process parameters for the preparation of partially

Table 1. Condition maintained at the time of extraction
Solvent

Boiling
Point
(°C)

Heating
Plate
Temp.
(°C)

Seed:
solvent
Ratio
(wt/vol)

Time of
extraction
(Min)

Time
Interval
(Min)

Acetone

5656.5

100

1:10

360

60

Benzene

79-80

150

1:10

360

60

Chloroform

63-66

140

1:10

360

60

Hexane

63-70

140

1:10

360

60

Pet. Ether

40-60

110

1:10

360

60

defatted peanuts using hexane as solvent. The
experiment was carried out as per central composite
rotatable design (CCRD). Process parameters at the
design center point were as follows.
X1 (Seed: Solvent Ratio) = 1:6
X2 (Time, hr)		
= 5 hrs
The design depended upon the symmetrical
selection of variations increment about the center
point composition (Table 2). The range of levels of
process parameters were chosen with the criteria of
responses in the reasonable range.
Table 2. Experimental increments values of coded levels
for preparing partially defatted peanuts
Symbol

Levels

Coded

-1.414

-1

0

1

1.414

X1 (Seed:
Solvent Ratio)

1:2

1:3.175

1:6

1:8.828

1:10

X2 (Time, hr)

2.00

2.88

5.00

7.12

8.00

The process parameters were optimized on the
basis of percent oil recovery and sensory quality using
Response Surface Methodology (RSM). Sensory
analysis of partially defatted peanut was analyzed
on a nine point hedonic scale (Ranganna, 1986) by
semi trained panel of 15 members of the department.
Various parameters like color, appearance, texture and
overall acceptability (OA) were taken for analysis.
All the experiments were carried out thrice.
Statistical analysis
A central composite rotatable design (CCRD)
was used to evaluate the combined effect of different
variables on its product. The design matrix (Table
3) is a 22 factorial design combined with 5 central
points and 4 axial points where one variable is set at
an extreme level (±1.414) while other variables are
set at their central points (Montgomery, 1997).
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Table 3. Central composite rotatable design (CCRD) for the preparation of partially fatted
peanuts and their responses
Coded Values

No Seed: Solvent
		
1
-1		
2
1		
3
-1		
4
1		
5
-1.414
6
1.414		
7
0
8
0
9
0
10
0		
11
0		
12
0		
13
0		

Time

			
Oil Recovery#
(%)		

-1
-1
1
1
0
0
-1.414
1.414
0
0
0
0
0

5.55 ± 0.79
5.33 ± 0.69
17.11 ± 1.52
17.36 ± 0.56
6.71 ± 1.03
8.21 ± 0.39
3.98 ± 0.39
15.40 ± 0.96
9.07 ± 0.18
9.04 ± 0.11
9.00 ± 0.23
9.04 ± 0.14
9.02 ± 0.13

7.25 ± 0.29
7.75 ± 0.96
7.38 ± 0.75
7.50 ± 0.68
6.63 ± 0.41
6.88 ± 0.50
6.25 ± 0.96
7.25 ± 0.50
8.38 ± 0.63
8.50 ± 0.25
8.63 ± 0.28
8.50 ± 0.21
8.50 ± 0.41

R2

90.05		

82.24		

#Results are mean ± SD of three individual responses

Sensory Responses#

Appearance

Response surface methodology (RSM) was used
to determine the effect of independent variables
on product qualities. A second degree polynomial
equation (Eqn. 2) was fitted in each response to study
the effect of variables and to describe the process
mathematically.
n

n −1

Y = ao + ∑ ai x + ∑
i =1

n

∑

i =1 j = i +1

n

aij xi x j + ∑ aii xi2
i =1

(2)

Where, ao , ai , aii and aij are the regression
coefficients and xi , x j are the coded levels of
independent variables i and j . Model adequacy
was evaluated using F ratio and coefficient of
determination (R2) represented at 1, 5 and 10 % level
of significance accordingly.
Results and Discussions
Selection of solvents for oil extraction
The oil recovery data with respect to time is
represented in Table 4. The maximum oil recovery
obtained was 7.27, 20.03, 19.96, 20.05 and 6.54
percent for acetone, benzene, chloroform, hexane and
petroleum ether respectively. The oil extraction rate
was found maximum for benzene and chloroform.
Hexane showed a slow oil extraction rate initially
and increased exponentially afterward. The oil
extraction kinetics revealed that the extraction
constant (k) for different solvents were 4.71 x 10-3,
4.92 x 10-3, 4.04 x 10-3, 6.60 x 10-3 and 3.88 x 10-3
min-1 for acetone, benzene, chloroform, hexane and
petroleum ether, respectively (Table 4). So it was
interpreted that hexane had highest diffusivity than
that of other solvents. On the basis of extraction rates,
hexane could be considered as suitable solvent for oil
extraction than other solvents. The same finding for
sunflower oil was reported by Durdev et al. (2008).

Texture

Color

7.75 ± 0.65
7.63 ± 0.63
7.88 ± 0.63
7.13 ± 0.85
7.13 ± 1.03
7.63 ± 0.75
6.38 ± 1.60
7.25 ± 0.65
7.88 ± 0.48
8.00 ± 0.41
7.75 ± 0.29
7.75 ± 0.29
8.00 ± 0.41

7.38 ± 0.63
7.50 ± 0.82
7.13 ± 1.18
7.05 ± 1.22
7.50 ± 0.71
7.50 ± 0.91
6.38 ± 1.25
7.88 ± 0.63
8.25 ± 0.54
8.15 ± 0.67
8.50 ± 0.14
8.33 ± 0.45
8.25 ± 0.67

7.46 ± 0.37
7.58 ± 0.42
7.13 ± 0.83
7.88 ± 1.34
7.42 ± 1.19
7.29 ± 1.20
7.03 ± 0.93
7.10 ± 0.52
8.51 ± 0.23
8.03 ± 0.56
8.63 ± 0.34
8.13 ± 0.83
8.28 ± 0.44

80.00

84.55

53.51

OA		

Table 4. Effect of solvent on oil recovery
Oil Recovery (%)*

Time
(min)

Acetone

Benzene

Chloroform

Hexane

Pet. Ether

60

1.78±0.41

4.44±0.19

5.45±0.20

2.59±0.17

1.97±0.51

120

2.55±0.29

7.83±0.17

7.79±0.13

4.61±0.18

2.97±0.50

180

3.48±0.26

11.85±0.17

9.56±0.15

7.81±0.19

3.56±0.30

240

4.46±0.25

13.85±0.13

11.98±0.13

10.41±0.28

4.16±0.10

300

6.08±0.57

18.85±0.19

14.03±0.10

14.02±0.13

5.74±0.40

360

7.27±0.66

20.03±0.13

19.96±0.13

20.05±0.15

6.54±0.29

4.71 x 10-3

4.92 x 10-3

4.04 x 10-3

6.60 x 10-3

3.88 x 10-3

k
(min-1)

* Results are mean ± SD of three individual experiments, k is extraction constant

Standardization of solvent extraction variables
Responses for all the experimental design are
shown in Table 3. Linear, quadratic and interaction
effects were observed for each model. The correlation
coefficients for each model are shown in Table 5.
The correlation coefficients for the responses oil
recovery, surface appearance, sensory color and OA
(R2 = 90.05%, 82.24%, 80.03% and 84.55%) are quite
high for response surfaces and indicate that fitted
quadratic model accounted for more than 80% of the
variance in the experiment data which were found to
be highly significant. However seed to solvent ratio
doesn’t have significant effect on texture. Based on
t-statistics, the only regression coefficient significant
at 95 and 99% probability levels were selected for
developing the model given below.
Oil recovery (Y1) = 9.03 + 4.97 X2
(d.f.= 12 , R2 = 0.900)
Surface Appearance (Y3) = 8.50 – 0.69 X12 – 0.70 X22
(d.f.= 12, R2 = 0.822)
Sensory Color (Y4) = 8.32 - 0.38 X12- 0.52 X22
(d.f.= 12 , R2 = 0.800)
Overall acceptability (Y5) = 8.31 - 0.40 X12 - 0.55 X22
(d.f.= 12 , R2 = 0.845)
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Table 5. Coefficients of oil extraction responses for
partially defatted peanuts

1.50

1.00

Oil
Recovery
(%)

Appearance

Intercept

9.030

8.500

7.88

8.320

8.310

A

0.270

0.120

-0.020

0.030

0.080

Texture

Color

OA

B

4.970***

0.160

0.110

0.065

0.015

A2

-0.096

-0.690***

-0.120

-0.38***

-0.400***

B2

1.020

-0.700***

-0.410**

-0.52***

-0.550***

AB

0.120

-0.095

-0.160

0.045

0.170

*** coefficient are significant at 99 % level, ** coefficient are significant at 95 % level.

The variation in the oil recovery was significantly
affected by the time of oil extraction. But other
response variables were not significant at second
order polynomial model. The response surfaces were
obtained by plotting graphs between two variables.
The effect of seed to solvent ratio and time on oil
recovery, appearance, color and overall acceptability
of partially defatted peanut are presented in Figures
1 to 4. The oil recovery was found maximum with
increased time of extraction (Figure 1). Sensory
appearance, color and overall acceptability were
found acceptable near to design center point and then
it decreased because of increased time of extraction
(Figure 2, 3 & 4).
1.50

1.00

Time

0.50

0.00

-0.50

-1.00

-1.50
-1.50

-1.00

0.50

0.00

-0.50

0.00

0.50

1.00

1.50

Seed to Solvent Ratio

Figure 1. Effect of seed to solvent ratio and time on oil
recovery from peanut

-0.50

-1.00

-1.50
-1.50

0.00

0.50

1.00

1.50

1.50

1.00

0.50

0.00

-0.50

-1.00

-1.50
-1.50

-1.00

-0.50

0.00

0.50

1.00

1.50

Seed to Solvent Ratio

Figure 4. Effect of seed to solvent ratio and time on overall
acceptability of defatted peanut

Analysis of variance
When a model had been selected, an analysis of
variance was calculated to assess how well the model
represented the data. An analysis of variance for all
the responses is presented in Table 6. The F value
for oil recovery (32.59%) was significant at 99%
probability level and for surface appearance, color
and overall acceptability (6.48, 4.60 and 7.38 scores
respectively) was significant at 95% level. On this
basis it can be concluded that the selected models
adequately represent the data for oil recovery, surface
appearance, color and overall acceptability. There
was no outlier in the regression model.
Table 6. Analysis of variance for different models

1.00

Responses

0.50

Time

-0.50

Figure 3. Effect of seed to solvent ratio and time on
sensory color of defatted peanut

1.50

Y1

0.00

-0.50

Y3

-1.00

-1.50
-1.50

-1.00

Seed to Solvent Ratio

Time

Factors

Time

Coefficients

-1.00

-0.50

0.00

0.50

1.00

1.50

Y4

Seed to Solvent Ratio

Figure 2. Effect of seed to solvent ratio and time on
sensory appearance of defatted peanut

Y5
#

Sources of
Variation
Regression
Residual
Total
Regression
Residual
Total
Regression
Residual
Total
Regression
Residual
Total

P ≤ 0.01, * P ≤ 0.05
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d. f.
2
10
12
5
7
12
5
7
12
5
7
12

Sum of
squares
197.99
30.38
228.37
6.32
1.36
7.68
3.51
1.07
4.58
3.05
0.58
3.63

Mean
square
99.00
3.04

F
32.59#

1.26
0.19

6.48*

0.70
0.15

4.60*

7.38
1.70

7.38*
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Optimization of extraction variables
The overall acceptability was taken for the
optimization of process variables as oil recovery had
shown a linear relation with time for oil extraction
(Eqn. 4.1). The criteria of maximum overall
acceptability with other variables in the range were
kept to obtain the process conditions suitable to
obtain defatted peanuts.
Seed to solvent ratio and time found were
1:631 and 5.064 hrs respectively with maximum
overall acceptability value of 8.31. At the optimized
maximum OA level the oil recovery was 9.21% and
sensory texture, color and appearance values found
were 7.90, 8.32 and 8.51, respectively. The value at
assumed optimum for seed to solvent ratio 1:6 and
time 5hr resulted in overall acceptability value is 8.31
and oil recovery is 9.03% (Insignificantly different
with the found optimum condition).
Graphical optimization was carried out by
superimposing the contour plots (Figure 5) which
shows that X1 could be used from -0.80 to 0.66 level
while X2 from -0.60 to 0.70 level. Range of seed to
solvent ratio from 1:3.738 to 1:7.866 and time from
3.728 hr to 6.484 hr resulted in recovery range from
6.048% to 12.51% with OA more than 8.

Figure 5. Superimposed counter plots for all the responses
affected by seed to solvent ratio and time

Conclusions
The defatted peanut was prepared effectively by
optimizing the ingredient levels using RSM with a
minimum number of experiments. During this study
it was observed that hexane is suitable solvent for oil
extraction from peanut since it has highest value of
extraction constant (k=6.60 x 10-3 min-1) with rapid,
efficient and maximum extraction of oil than other
solvents. Oil recovery found was linearly affected
with the time of extraction which was significant at
P≤ 0.01 and R2 of 0.90. Five hours extraction time
was found suitable for the preparation of defatted
peanuts with 8.31 overall acceptability score and
9.21% oil recovery.
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