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Abstract

In this study, the seed oil was extracted from Allanblackia �oribunda seed and to model and optimize the process condition of oil
extraction, response surface methodology was used. Physicochemical properties of the oil were carried in order to determine the
suitability of the oil for industrial applications. �e seeds were collected from Oyigbo in Etche Local Government Area of Rivers
State, Nigeria. N-hexane was used as solvent for the extraction; the experiment was designed using Box-Behnken Design ap-
proach on three levels, three factors which generated 17 experimental runs. Independent factors considered were time of extrac-
tion (X1), volume of solvent (X2), and weight of sample (X3). �e accuracy of the regression model obtained from the optimiza-
tion so�ware was determined using the regression coe�cient.

Results showed the Allanblackia �oribunda seed was rich in oil with the predicted optimum seed oil yield of 49.04% (wt./wt.) was
established at the optimal condition of extraction time 50.74 min, sample weight 50.00 g and solvent volume 299.99 mL. �e opti-
mized condition was validated with the actual seed oil yield of 48.90% (et./wt.). �e predicted values were well within the range.
�e coe�cient of determination (R2), which determines the model accuracy was formed to be 99.97% while the R 2 (adj) was
99.93%, respectively. �ese values revealed that this regression was statistically signi�cant and therefore, it could be used in theo-

retical predication of the oil extraction, the study concluded that Allanblankia �oribunda seed are found to be rich in oil, with
high saponi�cation value and low iodine value and can be useful in many industries as raw material for products formation.

Keywords: Allanblackia Floribunda Seeds; Response Surface Methodology; Process Optimization; Oil Extraction; Physicochemi-
cal Properties; Regression Parameters
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Introduction

On a worldwide scale, the supplies and consump-
tion of oils and fats have generally been described in terms
of 17 commodity oils, four that originate from animals and
thirteen  that  are  derived  from  plants,  namely  soybean,
palm,  rape/canola,  sun�ower,  coconut,  palm  kernel,  cot-
tonseed, groundnut (peanut), olive, corn, sesame, rice bran,
and �axseed oil.

�e use of oil in industries for production of cos-
metic, biofuel, bio lubricant and other products has become
greatly  increase,  which  has  necessitated  the  need  to  search
for  alternative  source  through  biomass  (Agricultural  on
seeds) to meet up with the needs of the incessant increase in
the demand for oil by both domestic and industries have re-
sorted in search for using underutilized seeds as sources of
oil  supplement the already current traditional source of oil
(Ugbogu et al., 2014).

Allanblackia �oribunda seed is one of the underuti-
lized seed oil  with bioactive component.additionally,  few
studies have speci�cally focused on the roles of these phyto-
chemical  in  preventive  strategies  or  as  pharmacological
agents used in the treatment of chronic diseases.

Generally, the extraction of oil from the seeds can
be achieved via various methods such as mechanical press-
ing,  (Joglekaw  and  May,  1987;  Haidur  and  Pakshirahaj,
2007;  Schinas  et  al.,  2009)  pressurized  solvent  extraction
(Megiuely,  1991),  soxhlet  extraction  (Meher,  et  al.,  2006),
Ultrasonic  extraction  (Ramos  et  al.,  2009;  Rodriguez  et  al,
2012),  Agueous  Enzymatic  oil  extraction  (AEOE)  to  men-
tion but few (Perez-Serradilla et al., 2002).

Mechanical  pressing  is  the  oldest  and  easiest
method  used  widely  but  the  oil  produced  always  with  low
value  meanwhile  (Betiku  and  Adepoju,  2013)  reported  the
use of supercritical CO2 extraction. �e oil yield obtained
was higher than what was obtained from using solvent ex-
traction and of high purity but the high operating and in-
vestment cost make this method not suitable and invest-
ment cost make this method not suitable to be used. solvent
extraction has various advantage including high yield use
turbidity,  environmentally  friendly  and cost  e�ective  [1]

which was why solvent extraction of oil from Jatropha cur-

sus was carried out by Kian et al. (2012) while Umer et al.
(2011) studied the solvent extraction of oil from Moringa
Olifera. Betiku et al. (2012) extracted oil from sorrel seed us-
ing solvent extraction while solvent extraction of oil from

chrysophyllumn albinism oil seeds and its quality characteri-
zation was carried out by [1]. In other study, Betiku et al.
(2012) worked on solvent extraction of oil from Beniseed

(Sesamum indicum) oil seed.

�is  work  therefore  focused  on  the  possibility  of

using Allanblackia �oribunda  seed for oil production. for
modeling and process optimization, response surface metho-
dology (RSM)were employed so as to generate the number
of experimental runs, determine the predicted yields, com-
pare the error values and analysis the various variable fac-
tors responsible for optimum production of oil so as to in-

crease the process e�ciency. Lastly the properties of allan-

blackia seed oil were evaluated with a view to determining
its suitability as non-drying and edible oil.

Materials and Methods

Materials

�e  allanblackia  �oribunda  seeds  used  in  this
work was collected from Oyigbo in Etche Local Govern-
ment Area of Rivers State Sustainable Development Agency
(RSSDA). �e seeds used for the study were removed from
ripe mature fruits manually through maceration. �e ex-
tracted seeds were dried in the sun for three days until a con-
stant weight was obtained. Finally, the cleaned seed were
grinded into powder and all the chemical used in this study
are of analytical grades.

Methods

Experimental Design

To optimize the oil extraction from Alanblackia

�oribunda  seeds powder, three level – three factors were
considered Box-Behnken Design (BBDRSM) was employed
which generated 17experimented runs used to study the ef-
fects of selected factors on oil yield, Table l showed the se-
lected factors which are extraction time (X1), solvent vol-
ume (X2) and the sample weight (g) (X3) and their levels. �-
ese factors were also used for RSM modeling and optimiza-
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tion. For the coe�cient of the quadratic model of the re-
sponse �ttings, multiple regression models was adopted us-

ing design expert so�ware 6.0.3.1 to evaluate and determine
the coe�cient of the full  regression model equation and
their statistical signi�cance.

Table 1b: Factors and their levels for Box-Behnken

Coded Factors Levels

Variable Symbol -1 0 +1

TE (min) X
1 40 50 60

VS (mi) X
2 200 250 300

WS (g) X
3 50 55 60

TE = Time of extraction, VS=Volume of solvent, WS = Weight of sample

Descriptions of oil extraction procedure

Based on the experimental design by Box Behnken
design,  seventeen  experimental  runs  were  generated  and
were carried out, soxhlet extractor was used for the extrac-
tion  process;  the  powdered  sample  was  weighed  and  place

in the extractor through the muslin cloth placed in a thim-
ble of  the apparatus,  n-hexane was used as  organic solvent
for extraction. �eir level three factors were considered, the
excess n-hexane was recovered using rotary evaporator and
the yield of the oil was obtained using e.g. (1)

Physicochemical analysis of the extraction oil

�e properties of the oil were evaluated using stan-
dard of AOCS (2016) and o�cial analytic method of analy-
sis  16th  edition,  association  of  o�cial  analytical  chemist
Washington  D.  C.  AOAC,  (2016).

Variable interactive e�ects

To study the e�ects of independent variable on oil
yield, three factors were taking into consideration (Table 1).
�e interactive  e�ects  of  the  variable  on the  oil  yield  were
considered by allowing for the linear (X1, X2, X3), the interac-
t i o n  ( X 1 X 2 ,  X 1 X 3 ,  X 2 X 3 ) ,  a n d  t h e  q u a d r a t i c

 on     the      response.     �e variable inter-

active e�ect lead to the formation of regression equation
and explained vividly how the contour and three-dimension-
al plots are obtained.

Optimization of oil extraction
Important  aspect  of  any  regression  analysis  is  to

con�rm the simple linear regression model is satis�ed. �e
relationship between the response variable (oil yield) and se-
lected variables (X1, X2, X3), are assumed to be in form of lin-
ear, interaction and quadratic.

To check the model  accuracy and the model  esti-
mation capabilities,  the  coe�cient  of  determination (R 2)
was determined using e.g. (2). �eir values were used to-
gether by comparing the evaluated values for the models.
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Where Øi,exp is the experimental value, Øi,cal is the
calculated value and Øavg.exp is the average experimental val-
ue.

Results and Discussion

Optimization Study: Experimental oil yield and pre-
dicted data

Table  2a  depicts  the  actual  factors  considered  in
this study with experimental results, and the predicted val-
ues  obtained.  Design  Expert  6.0.3.l  so�ware  was  employed
to evaluate and determine the coe�cients of the full regres-
sion model equation and their statistical signi�cance. Table
2b showed the results of signi�cance for every regression co-
e�cient. �e results showed that the p-values of the model
terms  were  signi�cant,  i.e.  p<  0.05.  In  this  case,  the  linear
terms, the two cross products (X1X3 and X2X3), and the three

quadratic    terms  were   all        remarkably
signi�cant model terms at 95% con�dence level except X1X2

with f-value = 2.50; p-value >0.05. In order to minimize er-
ror, all the coe�cients were considered in the design. Table
2c shows the analysis of variance of regression. �e data ob-
tained �tted best to a quadratic model and the linear terms
were well interactive to exhibit low standard error. Further-
more, the coe�cient of determination (R) was found to be
99.97% while the R2 (adj) was 99.93% with low standard de-
viation of 0.0633 and mean average of 42.22, respectively.
Meanwhile, all p-value coe�cients were less than 0.1, which
implied that the model proved suitable for the adequate rep-
resentation of the actual relationship among the selected fac-
tors. �ese values revealed that this regression was statisti-
cally signi�cant; only 0.045% of total variations were not ex-
plained by this  regression model.  �erefore,  it  could be
used in theoretical prediction of the oil extraction.

Table 2a: Experimental oil yield (%) and predicted values

X
1 
(min) X

2 
(mL) X

3 
(g) OY %(wt./wt.) POY%(wt./wt.) Residual

-1.000 -1.000 0.000 42.91 42.91 0.0025

0.000 1.000 1.000 44.95 44.95 -0.0013

1.000 1.000 0.000 40.83 40.83 -0.0013

0.000 -1.000 1.000 42.46 42.46 0.0012

0.000 1.000 -1.000 39.72 39.72 0.0012

0.000 0.000 0.000 42.00 42.08 -0.0800

0.000 0.000 0.000 42.10 42.08 0.0200

1.000 0.000 -1.000 42.10 42.08 0.0200

0.000 0.000 0.000 49.04 49.04 -0.0013

0.000 -1.000 -1.000 42.00 42.08 -0.0800

-1.000 0.000 1.000 37.16 37.16 -0.0025

-1.000 0.000 -1.000 42.47 42.47 0.0012

1.000 0.000 1.000 42.20 42.08 0.1200

1.000 -1.000 0.000 41.67 41.67 0.0012

0.000 0.000 0.000 40.03 40.03 0.0000

-1.000 1.000 0.000 42.98 42.98 -0.0012

0.000 0.000 0.000 43.35 43.35 0.0000

POY = Predicted oil yield, OY = Oil yield
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Table 2b: Signi�cance for every regression coe�cient

Source Sum of Square df Mean Value Prob>F F-value

Model 95.40 9 10.60 2647.50 < 0.0001

X
1 2.94 1 2.94 734.42 < 0.0001

X
2 8.41 1 8.41 2099.38 < 0.0001

X
3 41.09 1 41.09 10262.62 < 0.0001

X
1
X

2 0.0100 1 0.0100 2.50 0.1580

X
1
X

3 2.74 1 2.74 684.15 < 0.0001

X
2
X

3 4.16 1 4.16 1039.47 < 0.0001

X
1

2

22.74 1 22.74 5678.94 < 0.0001

X
2

2

10.03 1 10.03 2506.36 < 0.0001

X
3

2

5.15 1 5.15 1287.05 < 0.0001

Residual 0.0280 7 0.0040

Lack of Fit 0.0000 3 8.333E-06 0.0012 0.9999

Pure Error 0.0280 4 0.0070

Cor Total 95.42 16

Table 2c: Analysis Coe�cients in Terms of Coded Factors

Factor Coe�cient of Estimate df Standard Erro 95% CI Low 95% CI High VIF

Intercept 42.08 1 0.0283 42.01 42.15 -

X
1 
(min) -0.6062 1 0.0224 -0.6591 -0.5534 1.0000

X
2 
(mL) 1.02 1 0.0224 0.9721 1.08 1.0000

X
3 
(g) -2.27 1 0.0224 -2.32 -2.21 1.0000

X -0.0500 1 0.0316 -0.1248 0.0248 1.0000

X -0.8275 1 0.0316 -0.9023 -0.7527 1.0000

X -1.02 1 0.0316 -1.09 -0.9452 1.0000

X
1
X

2 -2.32 1 0.0308 -2.40 -2.25 1.01

X
1
X

3 1.54 1 0.0308 1.47 1.62 1.01

X
2
X

3 1.11 1 0.0308 1.03 1.18 1.01

Std. Dev 0.0633 R-Squared 0.9997

Mean 42.23 Adj R-Squared 0.9993

C.V. 0.1498 Pred R-Squared 0.9995

Adeq Precision 244.7775
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Modeling equation �e �nal equation in terms of actual factors in qua-
dratic term is expressed in Eq. (2).

A graph can provide a kind of visual method to ob-
serve  responsive  value  and to  test  parameter  level  relation.
Figure 1  shows the relationship between the predicted and
actual experimental results obtained. Graphical observation
indicated that the predicted values were in line with the ex-
perimental results and the prediction values were so good.

Figure 2a shows the contour and the response sur-
face plots representing the e�ect of extraction time, solvent
volume  and  their  reciprocal  interaction  on  oil  yield  while
keeping  sample  weight  constant  at  zero  level.  �e  results
showed  that  mid  extraction  time  and  high  solvent  volume
favoured oil yield while viz-versa led to low oil yield (Figure
2a).  �e  contour  and  response  surface  plots  representing
the e�ect of extraction time, sample weight and their recip-

rocal interaction on oil  yield while keeping solvent volume
constant  is  depicted  in  Figure  2b.  �e  high  sample  weight
and  mid  extraction  time  produced  high  oil  yield  whereas
the  reverse  yielded  only  low  amount  of  oil.  �e  combina-
tion of high sample weight and low extraction time did not
signi�cantly increase the oil yield. However, the highest oil
yield  was  observed  at  low  sample  weight  and  high  extrac-
tion time. Figure 2c shows the contour and response surface
plots  representing  the  e�ect  of  solvent  volume,  sample
weight and their reciprocal interaction on oil yield while ex-
traction time constant at zero level. Highest oil yield was re-
corded at the highest sample weight and highest solvent vol-
ume.  A  decreased  in  level  of  oil  yield  was  observed  at  low
sample weight and high volume of solvent which give rise to
the low volume of oil produced.

Figure 1: Predicted Vs. Experimental oil yield

However,  based  on  statistical  solutions,  a  total  of
�ve (5) solutions were randomly selected by the RSM mod-
el, the solutions predicted that the highest conversion yield
of Allanblackia oil was 54.2689% (v/v) at the following opti-
mized conditions: sample weight of 50 g, solvent volume of
200 ml and extraction time of 40 min (Fig. 3c). Using these
optimal  factor  values  under  experimental  conditions  in

three independent replicates, an average content of 54.27%
(v/v)  was  achieved,  and  this  value  is  well  within  the  range
predicted  by  the  model.  �is  showed  RSM  is  a  good  opti-

mization  tool  in  modelling  and  optimization  of  Allan-

blackia seed oil extraction when n-hexane was employed as
solvent.
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Figure 2(a-c): Contour and three dimensional plots

Physicochemical  properties  of  Allanblackia  flori-
bunda oil

Table  3  shows  the  results  of  the  physicochemical

properties  of  the  extracted  (ASO) oilobtained using  AOCS
and AOAC (2016) standard methods. �e oil obtained was
darkyellowish  in  color  with  the  moisture  content  of  0.16%
and  speci�c  gravity  of  0.89  showing  thatthe  oil  is  higher

(a)

(b)

(c)
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than water and will form an upper layer in a water-oil mix-
ture.

�e low acid value is  usually twice as large as the
FFA was obtained in this study and itindicated the good re-
sistance of the oil to hydrolysis.

�e  peroxide  value  measures  the  content  of  hy-

droperoxides in the oil  and it's how value 8.6 meg/kg indi-
cates  resistance  to  oxidation.  High  saponi�cation  value  of
185.7 mg KOH/g with a low iodine value of 39 g/100 g indi-
cated  a  low  concentration  of  triglycerides  and  the  oilcon-
tained a substantial  level  of  unsaturation.  �e iodine value

determines the level of unsaturation, and the Allanblackia

�oribunda seed oil is classi�ed as non-drying because the io-
dine value is less than 100 g/100g.

Table 3: Physicochemical Properties of Oil

Parameters Values

Physical Properties

Moisture content % 0.16

Speci�c gravity @ 60
o

C 0.89

Viscosity @34.2
o

C (N.s/m
2

) 30.0

Density (kg/m
3

) @60
o

C 915.0

Refractive index @60
o

C 1.45

Chemical Properties

Free fatty acid 0.3

Acid value (mg/KOH/g) 0.6

Saponi�cation (mg/KOH/g) 185.7

Iodine value (g/100g) 39.0

Peroxide value (meq O
2
/kg oil) 8.6

�e  low  acid  value  0.6  mg  KOH/g  oil  o�he  seed
oil  showed  that  it  is  not  only  edible  but  could  also  have  a
long shelf life. A high saponi�cation value of (185.7 mgKO-
H/g oil) suggesting high concentration of the triglycerides.

Conclusions

�e  study  showed  that  Allanblackia  �oribunda
seed is rich in oil. �e work demonstratedresponse surface
methodology is a good tool for determining the optimal con-

dition for  thesolvent  extraction of  oil  from Allanblackia

�oribunda  seed. From the design expert employed in this
work,  the  predicted  optimum  seed  oil  yield  of  49.04%

(wt./wt.) was established at the optimal condition of extrac-
tion time 50.74 min, sample weight 50.00 g and solvent vol-
ume 299.99  mL.  �e optimized condition was  validated
with the actual seed oil yield of 48.90% (v/v). Physiochemi-

cal analysis of the allanblackia seed oil advocates it could
serve as useful oil forfood industries and feed stock in many
chemical industries.
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