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Abstract 
The bleaching of crude palm oil using activated plantain peel ash (APPA) was 
studied in this work. Historical data design (HDD) in response surface meth-
odology (RSM) experimental design was employed to optimize and correlate 
the process operating parameters (temperature, time and adsorbent dosage) 
to the percentage bleaching efficiency. The analysis of the results showed that 
the quadratic effects of the operating parameters were significant. The opti-
mum condition for the maximum adsorption efficiency of 70.04% was ob-
tained at 160˚C temperature, 60 minutes reaction time, and 4 g adsorbent 
dosage. The predicted bleaching efficiency of 74% was in good agreement 
with the optimum experimental yield. This study has revealed that APPA is a 
good source of adsorbent for palm oil bleaching. 
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1. Introduction 

Palm oil is an edible vegetable oil, produced by extracting its oil from the fresh 
fleshy fruits of oil palms which serves as an important ingredient for the food 
industry because of its superior characteristics and attributes [1]. Palm oil in its 
raw form contains impurities such as organic pigments, oxidation metals, trace 
metals and trace soaps [2]. For palm oil to be edible these impurities which 
negatively influence the taste and smell of the oil as well as its appearance and 
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shelf life stability must be removed through the bleaching process. The bleaching 
of the oil is accomplished via adsorption of the impurities onto a surface-active 
micro porous adsorbent material or bleaching agent for a period of time by 
Vander Waal forces [3] [4]. 

The refining of palm oil through adsorptive bleaching remains inevitable in 
the palm oil refining industry. The major adsorbent used in the industry is 
bleaching earth, but it is expensive in terms of production cost. To avert this, 
utilization of agro-wastes as adsorbents is currently receiving wide attention be-
cause of their abundant availability and low cost owing to relatively high fixed 
carbons and presence of porous structures [5]. Unripe plantain peel is a carbo-
naceous waste material that is currently disposed of either by burning in the 
open or left in the field to decay. Both disposal methods contribute to environ-
mental degradation [6]. Bleaching of palm oils with activated unripe plantain 
peel ash (APPA) therefore merits more investigations in order to combat envi-
ronmental pollution and to reduce cost of production in the refining industry. 

Optimization of the crude palm oil process variables is viable through the ap-
plication of statistical experimental design techniques in adsorption process de-
velopment that results in improved product yields and reduced development 
time and overall costs [7]. Regular methods of studying a process by maintaining 
other parameters involved at an undesignated constant level do not describe the 
combined effect of all the parameters involved [8]. This is referred as one factor 
at a time. This method is time consuming and requires a large number of ex-
periments to determine optimum levels, which are unreliable [3]. These limita-
tions can be avoided by optimizing all the parameters collectively by statistical 
experimental design such as response surface methodology [9]. 

Response surface methodology (RSM) is based on polynomial surface analysis 
and it is a collection of mathematical and statistical techniques that are useful for 
the modelling and analysis of problems in which a response of interest is influ-
enced by several variables [10]. It also employs multiple regression and correla-
tion analyses as tools to assess the effects of two or more independent factors on 
the dependent variables [11]. RSM has been applied in researches into complex 
variable processes by many authors to optimize operational conditions of proc-
esses [3] [8] [12] [13] [14] [15]. In this study, RSM was used to optimize the 
bleaching process variables such as temperature, contact time and adsorbent 
dosage in order to obtain optimum conditions for the bleaching of palm oil us-
ing Historical Data Design (HDD). 

2. Materials and Method 

The unripe plantain peels and crude palm olein (CPO) used in this study were 
obtained from the open market, Benin City, Edo State, Nigeria. The analytical 
grade reagents used was procured from LUCO-Consult Limited, Benin City. A 
constant gram of CPO was bleached with varying dosage of APPA at different 
temperatures and time. The heated mixture of CPO and APPA formed a slurry. 
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The slurry was cooled at room temperature in a water bath and filtered with 
Whatman’s filter paper for effective separation of the bleached oil and spent ad-
sorbent. The Labscience 721A UV-Spectrophotometer was used to analyse the 
bleached oil. The percentage bleached oil was determined using Equation (1) [3]. 

0

0

%Bleachedoil 100
A A

A
−

= ×                   (1) 

where A0 is the absorbance of unbleached palm oil and A is the absorbance of 
bleached palm oil. 

Experimental Design and Optimization 

The experimental design and statistical analysis were performed according to the 
response surface analysis method using Design Expert 7.0.0 (Stat-Ease Inc., Min-
neapolis, MN, USA) trial version software. Historical data design (HDD) was 
used for the optimization of bleached palm oil in order to examine the combined 
effect of the three different factors (independent variables): bleaching tempera-
ture, bleaching time and adsorbent dosage on bleaching performance (depend-
ent variable). The statistical analysis was performed using: Analysis of Variance 
(ANOVA), regression analysis and response surface plots of the interaction ef-
fects of the factors to evaluate optimum conditions for the bleaching process. 
The effects of the process variables on the bleaching efficiency were calculated 
and their respective significant evaluated by ANOVA test. The p-value was used 
as the yardstick for measuring the significance of the regression coefficients, 
values of p greater than 0.05 signified that the coefficient is significant. The ex-
perimental data were fitted to the second-order polynomial regression model 
and the adequacy of the model tested by the coefficient of determination 
R-Squared (R2) value as compared to the adjusted R-Squared (R2) value. 

3. Results and Discussion 
3.1. Regression Model Equation 

The developed model correlated the response to the process variables using sec-
ond degree polynomial. The model selected was based on the highest order 
model where the additional terms were significant and the model was not aliased 
and there was reasonable agreement between Adjusted R-Squared and predicted 
R-squared (within 0.2 of each other). The predictive model was given in Equa-
tion (2) in a coded term. The coded equation is useful for identifying the relative 
significance of the factors by comparing factor coefficients. Base on the experi-
mental design and the experimental results obtained, the second order response 
functions representing Y is the response for bleaching performance, A is the 
coded value of variable temperature (˚C), B is the coded value of variable ad-
sorbent dosage (gram) and C is the coded value of variable contact time (mins). 
From the model equation, time had highest effect on the bleaching performance 
with coefficient of 37.95 followed by temperature and lastly, adsorbent dosage. 
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49.29 16.34 8.44 37.95 2.29 13.25
      3.15 88.39 2 1.71 2 3.72 2
Y A B C AB AC

BC A B C
= + + ∗ + ∗ + ∗ + ∗ + ∗
− ∗ − ∗ − ∗ + ∗

   (2) 

3.2. Analysis of Variance (ANOVA) 

Table 1 shows the result of analysis of variance in which the Model F-value of 
42.87 implies the model is significant. There is only a 0.01% chance that a 
“Model F-Value” this large could occur due to noise. Values of “Prob > F” less 
than 0.0500 indicate model terms are significant. In this case A, B, C, AC, BC, 
A2, A2C are significant model terms. Values greater than 0.1000 indicate the 
model terms are not significant. In addition, the model did not show lack of fit 
and presented high determination coefficients, R2 = 0.94871 indicating that 
94.8% of the variability was explained by the model shown in Table 2. The “Pred 
R-Squared” of 0.8852 is in reasonable agreement with the “Adj R-Squared” of 
0.9266. “Adeq Precision” measures the signal to noise ratio. A ratio greater than 
4 is desirable. Your ratio of 22.636 indicates an adequate signal. This model can 
be used to navigate the design space. 

3.3. Model Diagnostic Plots 
3.3.1. Normal Plot of Residuals 
Figure 1 depicts normal probability plot which indicates normal distribution of 
residuals, in which the points follows a straight line. Some moderate scatter 
points maybe expected even with normal data. Transformation of the response 
maybe needed to provide a better analysis if patterns look like an “S-shaped” 
curve. 
 
Table 1. The analysis of variance (ANOVA) result. 

Source 
Sum of 
Squares 

df Mean 
F p-value 

 

value Prob > F 
 

Model 31,701.11 19 1668.48 42.87 <0.0001 Significant 

A-temp. 530.15 1 530.15 13.62 <0.0006 
 

B-adsorbent 164.21 1 164.21 4.22 <0.0459 
 

C-time 3317.94 1 3317.94 85.24 < 0.0001 
 

AB 25.92 1 25.92 0.67 <0.4189 
 

AC 867.56 1 867.56 22.29 <0.0001 
 

BC 163.07 1 163.07 4.19 <0.0467 
 

A^2 5208.88 1 5208.88 133.82 < 0.0001 
 

A^2C 1245.62 1 1245.62 32.00 <0.0001 
 

C^2 146.11 1 146.11 3.75 <0.0591 
 

Residual 1712.64 44 38.92 
   

Cor total 33,413.75 63 
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Table 2. Model summary statistics. 

R-Squared 0.9487 

Adj R-Squared 0.9266 

Pred R-Squared 0.8852 

Adeq Precision 22.636 

 

 
Figure 1. Normal plot of residuals. 

3.3.2. Predicted vs. Actual 
A graph of the actual response values versus the predicted response values is de-
picted in Figure 2. It helps to detect a value, or group of values, that are not eas-
ily predicted by the model. The data points should be spitted evenly by the 45 
degree line as it is seen in the graph. 

3.4. Model Graphs 

Figure 3 shows the response surface plot for bleaching performance as a func-
tion of bleaching temperature and adsorbent dosage. The interacting effect of 
temperature and adsorbent dosage has a positive influence on the crude palm oil 
bleaching. It was observed that increasing the APPA dosage from 1.0 gram to 4.0 
grams increased the bleaching efficiency. The results clearly indicate that the 
bleaching efficiency increases to an optimum value at adsorbent dosage of 4.0 g, 
this result is in agreement with the reports of [6] [13]. It is also observed that the 
bleaching efficiency increases as temperature increased. An optimum value of 
70% bleaching performance was attained as the temperature reached 160˚C, it 
was observed that further increase in temperature darkens the colour of oil. 

The effect of contact time and temperature on the bleaching efficiency is de-
picted in Figure 4. From the plot, bleaching does not proceed to any appreciable  
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Figure 2. A plot of predicted vs. actual. 

 

 
Figure 3. Effect of temperature and adsorbent dosage on the bleaching efficiency of crude 
palm oil. 

 

 
Figure 4. Effect of contact time and temperature on the bleaching performance of crude 
palm oil. 
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Figure 5. Effect of adsorbent dosage and contact time on the bleaching per-
formance of crude palm oil. 
 
degree at low contact time but as the time increased from 15 mins to 60 mins, 
the bleaching performance increased showing that reaction time favours and 
promotes access to further adsorption sites. It can be deduced that for essentially 
all bleaching temperatures investigated, the bleaching efficiency increases with 
contact time. A further increase of the temperature and time beyond 160˚C and 
60 minutes respectively may not have significant effect on the bleaching process. 
It is worthy to note that time and temperature factors in bleaching of palm oil 
improves the bleaching efficiency. 

The surface response curve of the calculated response (bleaching perform-
ance) against time and adsorbent dosage at constant temperature is shown in 
Figure 5. The adsorbent dosage was varied from 1.00 g to 4.00 g. The increase in 
bleaching performance of APPA on the oil was as a result of an increase in the 
number of active sites available for adsorption. Noticeable change in the bleach-
ing of the crude oil was observed as the time increases from 15 minutes to 60 
minutes. This is as a result of the palm oil having more interfacial contact with 
the adsorbent which improves the bleaching process. 

4. Conclusion 

The use of low-cost adsorbent developed from activated plantain peel ash 
(APPA) in adsorptive bleaching of palm oil has been investigated in this work. 
HDD in response surface methodology was successfully applied in the experi-
mental design in order to optimize the process operating parameters such as 
time, temperature and adsorbent dosage on the bleaching efficiency. The opti-
mum bleaching efficiency of 70% was obtained at 60 mins reaction time, 4 g ad-
sorbent dosage and 160˚C reaction temperature. Hence, the activated plantain 
peel ash has proved to be a good source of local adsorbent by performing opti-
mally in the bleaching of crude palm oil. 
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